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ABSTRACT: Background/Objective: The superior parietal lobule (SPL) plays a strategic role in somatosensory and visuomotor integration.
This study aims to evaluate the clinical, neurocognitive, and behavioral characteristics of isolated SPL stroke. Methods We assessed neuro-
psychological and behavioral findings in 14 patients with isolated SPL stroke among 4200 patients with ischemic stroke. All patients under-
went neuroimaging, clinical and neuropsychological assessment after stroke. Results: Of the 14 patients enrolled, the first complaints were
tactile and visuospatial disorders at stroke onset. Except for 6 patients with only 1 cognitive impairment, the majority of patients (57%) expe-
rienced more than 1 cognitive impairment category. Functional hemispheric asymmetries have been found in different cognitive processes,
such as between visuospatial and body image functions and language process. Among visuospatial abilities disorders, spatial disorientation,
visuospatial neglect, and visual extinction were found in two-thirds (63%) of patients with right SPL lesion. Body schema and image disorders
were observed in all patients with right-sided lesions, such as alien hand, autotopagnosia for body parts (36%), autotopagnosia for sensory
sensations (36%), and fading limb (21%). Two-thirds (57%) of patients with left SPL had impairment in language abilities. Conclusion Our
findings after stroke suggest that SPL plays a pivotal role in the regulation of visuospatial abilities, body schema and body image processing,
and language skills through bilateral frontoparietal networks and interhemispheric parietal networks.

RÉSUMÉ : Troubles cognitifs et comportementaux chez des patients atteints d’infarctus du lobule pariétal supérieur. Contexte/objectif :
Le lobule pariétal supérieur (LPS) joue un rôle stratégique dans l’intégration somatosensorielle et visuomotrice. Cette étude vise à évaluer les
caractéristiques cliniques, neurocognitives et comportementales de l’AVC isolé du LPS. Méthodes : Sur 4200 patients atteints d’un AVC
ischémique, nous avons évalué les résultats neuropsychologiques et comportementaux de 14 patients atteints d’un AVC isolé du LPS. À noter
que tous ces patients avaient subi une évaluation clinique, neuropsychologique et en neuro-imagerie après leur AVC. Résultats : Sur les 14
patients recrutés, leurs premières remarques ont porté sur des troubles tactiles et visuospatiaux au début de leur AVC. À l’exception de 6
patients ne présentant qu’un seul trouble cognitif, la majorité d’entre eux, soit 57 %, ont présenté plus d’une catégorie de troubles cognitifs.
Des asymétries hémisphériques fonctionnelles ont par exemple été constatées dans le cadre de différents processus cognitifs, notamment entre
les fonctions visuospatiales et d’image corporelle et le processus du langage. Parmi les troubles des capacités visuospatiales, la désorientation
spatiale, la négligence visuospatiale, l’extinction visuelle ont été notées chez presque deux tiers (63%) des patients présentant une lésion du LPS
droit. Des troubles du schéma corporel et de l’image du corps ont été observés chez tous les patients présentant des lésions du côté droit, par
exemple la main étrangère, l’autotopagnosie des parties du corps (36 %), l’autotopagnosie des sensations sensorielles (36 %) et
l’évanouissement du membre (fading limb) (21 %). Enfin, environ deux tiers (57 %) des patients dont le LPS gauche était atteint ont
présenté des troubles du langage. Conclusion : Ces résultats après un AVC suggèrent donc que le LPS, outre les compétences linguistiques,
joue un rôle central dans la régulation des capacités visuospatiales, du schéma corporel et du traitement de l’image corporelle par l’entremise
des réseaux fronto-pariétaux bilatéraux et des réseaux pariétaux inter-hémisphériques.
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Introduction

The superior parietal lobule (SPL) is separated from the inferior
parietal lobule (IPL) by the intraparietal sulcus. It is separated
anteriorly from the postcentral gyrus by the postcentral sulcus.
It continues onto the medial surface of the ipsilateral hemisphere
as the precuneus.

The SPL plays a strategic role in many sensory and cognitive
processes, including somatosensory and visuomotor integration,1,2

motor learning,3,4 spatial perception,3 mental rotation,5,6 visuospa-
tial attention,7 and memory.8,9 The SPL was first defined in the
Brodmann atlas as including two anteriorly to posteriorly arranged
subareas, BA 5 and BA 7.10 The anterior BA5 has been described as
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primarily integrating information from the somatosensory cortex
and providing the dorsal premotor cortex (dPM) with a spatial
representation of the body parts.11,12,13 The posterior BA7, in
contrast, was considered to receive input from the visual cortex
and provide visual information for the dPM in the context of visu-
ally guided reaching movements.14,15,16 Moreover, the SPL (areas
5,7) has reciprocal connections with Sm I and with the dorsal tier
of lateral thalamic nuclei. SPL is concerned with discriminative
aspects of sensation, such as the qualities of shape, roughness, size,
and texture, and also in remembering the positions of objects in
space. It is responsible for a general awareness of the contralateral
body image and the body part localization processing.

Consistent with the established role of the parietal cortex in
multisensory integration, many sensory and cognitive process
disorders have been reported following damage of the SPL, most
frequently in the right hemisphere.17,18 Moreover, the anterior
subregions of SPL were involved in action processes and in visually
guided visuomotor functions, and the posterior subregions were
associated with visual perception, spatial cognition, reasoning,
working memory, and attention.19 In connection with these data,
many neuropsychological studies have reported associations
between SPL (with adjacent precuneus) and different manifesta-
tions of somatosensory and visual motor integration disorders,
in particular xenomelia, anosodiaphoria, Doppelgänger, visuospa-
tial neglect, optic ataxia, and optic apraxia; however, the precise
contribution of SPL to these abnormal findings has yet to be deter-
mined. In this study, we evaluated a series of consecutive patients
to investigate the clinical, neurocognitive, and behavioral features
of isolated SPL strokes.

Subjects and Methods

Between January 2013 and October 2019, fourteen patients with
ischemic lesions restricted to the SPL were recruited from
4200 patients with ischemic stroke. They were with first-ever

stroke consecutively enrolled in the prospective Ege Stroke
Registry. A written informed consent was taken from all patients,
and the study was reviewed and approved by the ethics committee
of Ege University Medical Center. Our registry is hospital-based,
that collects a wide range of clinical and neuropsychological data
on hospitalized patients with stroke to determine the risk and cause
of cerebrovascular disease and to study cognitive features of
cerebrovascular events.20 All patients had a standardized evalu-
ation for their clinical and neuropsychological pictures, and
consecutively recorded variables included age, gender, stroke risk
factors, blood pressure, etiological subtypes, topography of lesions
on CT and MRI. CT and magnetic resonance, 2D-echocardiog-
raphy, and 24-hour electrocardiography (Holter) monitoring were
performed in all cases. The cause of stroke was assessed according
to the criteria described previously as large-artery disease, small-
artery disease, cardioembolic, others, and unknown.21 Patients
with previous stroke, old lesions on neuroimaging, or concomitant
acute multiple lesions outside the SPL were excluded.

Discriminative aspects of sensation, such as the qualities of
shape, roughness, size and texture, and remembering the posi-
tions of objects in space, were assessed on the first day of stroke.
All patients were examined for a general awareness of the
contralateral body image and the location of its parts. They were
asked to identify familiar objects manually and examined for
awareness of the side of the body opposite to the lesion.
Based on the body awareness disorders, several aspects of body
schema and body image disorders (BSIDs) were systematically
assessed in all patients. This included alien hand syndrome,
tactile allochiria, anosognosia for hemiplegia, autotopagnosia
for body parts or for body sensations, motor neglect, fading
limb, finger agnosia, micro- or macrosomatognosia, supernum-
erary limb, hemiconcern, xenomelia, anosodiaphoria, and
tactile extinction. Definition and assessment of BSIDs are
presented in Table 1.

Table 1: Definition of clinical terms and syndromes

Allochiria (tactile): It is also known as somatosensory allochiria and can be defined as the misplacement of a tactile stimulus to the opposite side of the body.

Alien hand syndrome: A phenomenon in which one hand is not under control of the mind and denial of ownership for one’s limb when visual cues are
made unavailable.

Autotopagnosia for body parts: Patients with autotopagnosia exhibit an inability to point to human body parts, either one’s own or those of someone else.

Autotopagnosia for sensory sensation: Autotopagnosia for bodily sensations was presumed if the patient localized incorrectly tactile stimulation over the body.

Fading limb: Patients presenting with a fading limb have a sense of loss of a particular limb when not under visual control.

Supernumerary limb: Patients with supernumerary limb have the sensation of having an extra or sometimes two extra limbs.

Microsomatognosia: A phenomenon in which the patients have a smaller perception of the size of body parts.

Macrosomatognosia: A phenomenon in which the patients have a bigger perception of the size of body parts.

Hemiconcern syndrome: An uncommon syndrome in which patients concentrated on the left side of their bodies, looking at it for long periods and
relentlessly rubbing, touching, pinching, pressing, lifting.

Tactile extinction: Patients are aware of being touched on a contralesional limb, but seem unaware of similar contralesional touch if touched
simultaneously on their ipsilesional limb.

Tactile agnosia: It is the inability to recognize or identify an object by naming, matching to sample, or demonstrating its use by solely tactual
manipulations, despite intact elementary tactile perceptions.

Finger agnosia: It is an inability to distinguish, name, or recognize the fingers, not only the patient’s own fingers but also the fingers of others.

Anosodiaphoria: A phenomenon in which the patients are indifferent to the existence of their handicap.

Xenomelia: Unusual behavioral condition in which individuals desire for the amputation of a healthy limb.

Doppelgänger: Invisible doppelgänger refers to the awareness of feeling of the physical presence of another person or “being” in the near extracorporeal space.

Topographic disorientation: It is the inability to orient oneself in one’s surroundings.
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Assessment of Other Neurocognitive Impairments

Based on the current knowledge about the SPL, different aspects of
neuropsychological impairments were systematically assessed by a
test battery. The neurocognitive assessment and the BSIDs were
conducted by two neuropsychologists (H.A., G.Ç.) with accredita-
tion in neurocognitive science in the first week of stroke. A z-score
of each patients’ neurocognitive test point was calculated, and a
score below the cutoff or a z-score inferior to -2 was considered
as pathological. Topographical memory was examined
by Topographical Recognition Memory Test (to find the difficul-
ties in perceiving topographical features or the retention of topo-
graphical information over very short intervals) (normal mean
+SD, 30 + 6); episodic memory by Rey Auditory Verbal
Learning Test, immediate free recall/new learning subtest (List
A Trials 1–3) (normal mean+SD, 6.3 + 2.1); semantic memory
by Controlled Oral Word Association Test (normal mean+SD of
animals named, 18 + 4.5); spatial/topographic orientation by
Benton’s Judgment of Line Orientation Test (mean+SD,
11.5 + 2.1); visuospatial neglect by the bells test (normal mean
+SD, 35 + 6); visual extinction by finger movements for
5 times on both visual hemi-fields (normal mean+SD, 5 + 1);
motor neglect by observation of underutilization of one side,
without defects of strength, reflexes. Other neurological/neuro-
psychological syndromes were systematically checked such as
visual agnosia (tested by “incomplete letters” of the Visual
Object and Space Perception Battery) (mean+SD, 20 + 4);
constructional apraxia, ideational apraxia, dressing apraxia, optic

ataxia (disturbance to reach and grasp the examiner’s finger placed
successively in different sectors of the visual field), optic apraxia
(disorder of controlled, voluntary, and purposeful eye movement),
and left/right indistinction (inability to distinguish between right
and left). Language skills such as verbal fluency, comprehension,
naming and word finding, repetition, reading, writing, and calcu-
lation were tested with the Ege Aphasia Test.

Magnetic Resonance Imaging Acquisition and Data
Acquisition, Normalization

MRI was performed within one week after stroke by 3T scanner
(Siemens Sonata, Siemens Medical Solutions, Erlangen,
Germany) as part of the standard examination. Routine MRI
sequences are obtained, including T1-weighted imaging, T2-
weighted imaging, DWI, and fluid-attenuated inversion recovery.
Two vascular neurologists with accreditation in neuroimaging
retrospectively reviewed the noncontrast MRI sequences blinded
to clinical variables. The SPL is separated from the IPL by the lower
margins of the intraparietal sulcus. Anteriorly, it is separated from
the postcentral gyrus by the postcentral sulcus. It continues as the
precuneus on the medial surface of the ipsilateral hemisphere.
However, patients with precuneal involvement were not included
in the study. However, 5 patients had partial involvement of the
IPL which is located posterior to the postcentral gyrus and is
the inferior component of the parietal lobe. For each normalized
individual imaging, we used SPM12 (https://www.fil.ion.ucl.ac.
uk/spm/software/) with standard parameters applied in the

Figure 1: The superior parietal lobe is supplied by the posterior parietal branches of the medial cerebral artery.
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MATLAB environment (2019 version, MathWorks). During this
step, all normalizedMRIs (MNI152 brain)weremanually controlled
to verify that all normalizations were of adequate quality. Then, we
manually drew the ischemic areas and converted them into binary
images using MRIcroGL software (http://www.mccauslandcenter.
sc.edu/ mricrogl/home). To assess stroke volume in distinct cogni-
tive groups, we used the nonparametric Mann-Whitney test.

Results

The patient population consisted of seven females and males each,
with a mean + standard deviation (SD) age of 65.57 + 6.02 years
and a mean educational level of 10.36 + 3.48 years (5-16).
Twelve patients were right-handed, and for 8 of them, the ischemic
lesion was located in the right hemisphere (Figure 1A).
Demographic and clinical features are given in Table 2.

At stroke onset, there were miscellaneous neurological and
behavioral complaints after lesions of the left or right hemisphere
such as tactile size (57%), roughness (50%), shape (57%), texture
(50%) discrimination disorders, astereognosia (36%) tactile
memory of objects in space (14%), tactile feeling of strangeness
(43%), tactile agnosia (7%), finger agnosia (7%), topographical
disorientation (14%), left/right indistinction (21%), acalculia
(21%), alexia (14%), and agraphia (7%) (Figure 2) (Tables 3 and
4). Among six patients with mild hemiparesis, 4 had right hemi-
sphere stroke and 2 of them had anosognosia for hemiparesis.
Motor deficits were improved in 2 weeks.

Memory Disorders (MDs)

In the acute phase of stroke, topographical memory was impaired
in 2 patients (P7, P8) with right-sided lesions, characterized by loss
of recognition of 10 important non-color photographs of outdoor
topographical scenes. Episodic memory which carries information
about personal events and episodes which are time and space-
specific was impaired in 4 patients (P6, P8,P13, and P14). Four
patients (P6, P7, P8, and P12) had semantic memory deficits
characterized by disturbances of information and knowledge of
the world and objects.

Visuospatial Disorders (VSDs)

Spatial disorientation, characterized by deficits to match two
angled lines, was present in 2 patients (P7, P8). Visuospatial neglect
demonstrated by line bisection test was found in 4 patients (P1, P4,
P7, and P8). Visual extinction (29%) andmotor neglect (14%) with
underutilization of the upper extremity for tasks were found in
patients with right hemisphere lesion. Optic ataxia was observed
in one patient (P14) with superior and partial IPL stroke.

BSIDs

On the first day of stroke, ten patients had at least one BSDs
(ranging from one to six). Allochiria (tactile) (7%), alien hand
syndrome (7%), autotopagnosia for body parts (36%), autotopag-
nosia for sensory sensations (36%), fading limb (21%), supernum-
erary limb (7%), microsomatognosia (7%), macrosomatognosia
(7%), hemiconcern syndrome (7%), tactile extinction (21%), anoso-
diaphoria (14%), xenomelia (7%), and invisible doppelgänger (7%).
Patients with BSDs are presented in Table 4. Fading limb is related to
the whole hemi-body for patients P3 and P7, the arm and hand for
P8. Two patients (P6, P7) had anosodiaphoria, characterized by
awareness of deficiency, but failed to fully comprehend this or its
significance for functioning. Three patients with fading limb (P3,
P7, and P8) had disturbance of “transparency” feeling of their limbs
and had difficulty locating the contralesional part of the limbs in the
space when they had the eyes closed. Patient 2 had autotopagnosia
for sensory sensations, macrosomatognosia, perceiving the left parts
of her body as disproportionately large and xenomelia characterized
by a desire for the amputation of healthy left leg. Patient 3 had simul-
taneously fading limb and the feeling of the presence of his invisible
Doppelgänger (Figure 3).

Verbal Disorders (VDs)

Verbal comprehension (14%), naming and word finding
(21%), repetition (21%), reading (14%), writing (14%), calculation
(14%) were impaired at stroke onset. Patient 13 had alexia with
agraphia syndrome.

Table 2: Demographic and clinical findings of patients with superior parietal lobule infarct

P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 P14 Mean+SD Frequency (%)

Age (year) 65 59 71 64 62 67 71 55 68 59 78 65 71 63 65.57 + 6.02* –

Education
level (year)

8 12 6 13 12 8 14 6 11 14 5 8 12 16 10.36 + 3.48* –

Infarct
volume, cm3

12 16 14 18 25 32 35 30 28 32 23 21 28 31 24.64 + 7.42* –

Sex M F F M F M M F M F F F M M – 7 M (50)/7 F (50)

Lesion side Right Right Right Right Right Right Right Right Left Left Left Left Left Left – 8 R (57)/6 L (43)

Infarct
location

SPL SPL SPL SPL SPL SPL SPL + IPL SPL + IPL SPL SPL + IPL SPL SPL SPL + IPL SPL + IPL – 9 SPL/(64); 5
SPL + IPL/(36)

Manual
laterality

Right Left Right Right Right Right Right Right Left Right Right Right Right Right – 12 R (86)/2 L (14 )

Cause of
stroke

LAD CE CE LAD CE UN LAD CE UN CE LAD CE CE UN – 4 LAD/(29); 7 CE/
(50); 3 UN/(21)

AD: antero-dorsal precuneus; CE: cardioembolism; LAD: large-artery disease (extracranial or intracranial atherosclerosis causing≥ 50% luminal stenosis); UN: unknown; SPL: superior parietal
lobule; IPL: inferior parietal lobule; M: male; F: female; R: right; L: left.
Values in parentheses are percentage of raws.
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Other Neuropsychological Disorders

Constructional apraxia (21%), ideational apraxia (7%), and
dressing apraxia (7%), especially in the post-stroke period, were
also presented. Patient 14 had optic ataxia and apraxia with
absence of voluntary, purposeful eye movement, and deficit in
reaching visual goals. Fisher’s exact test showed that patients
with memory disorders (P < 0.05) and VSDs (P < 0.05) had
larger stroke volume (>25cm3) than those without these

disorders. Although body schema disorders are seen in all
right-sided lesions, verbal disorders were observed in 67% of
left-sided lesions.

Discussion

This study showed the role of SPL in various types of cognitive and
behavioral functions such as memory, body schema, and body
image, visuospatial and linguistic functions. The current study

Figure 2: Axial and sagittal MRI images of the brain, showing high intensity in the anterior and posterior parts of the superior parietal lobule (SPL). Inferior parietal lobe (IPL) was
involved partially in 5 patients (P7,P8,P10,P13,P14).

Table 3: Clinical findings of patients with superior parietal lobule infarct and frequency of findings in first week after stroke

Clinical findings

Right side superior parietal lobule infarcts Left side superior parietal lobule infarcts

P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 P14 Frequency (%)

Mild hemiparesis − − − + − + + + − − − − + + 6 (43), 4 (r), 2 (l)

Tactile size discrimination − + + − + + − − − + + − + + 8 (57), 4 (r), 4 (l)

Tactile roughness discrimination + + − + − − − + − − + − + + 7 (50), 4 (r), 3 (l)

Tactile shape discrimination + − − − − + + + − + − + + + 8 (57), 4 (r), 4 (l)

Tactile texture discrimination − + + + − − − + − + − + − + 7 (50), 4 (r), 3(l)

Astereognosia − − − − − − + + − − + − + + 5 (36), 2 (r), 3 (l)

Tactile memory of objects in space − − − − − − + + − − − − − − 2 (14), (r)

Tactile feeling of strangeness − − − − + − + + − + − − + + 6 (43), 3 (r), 3 (l)

Tactile agnosia − − − − − − − + − − − − − − 1 (7), (r)

Finger agnosia − − − − − − − − − − − − − + 1 (7), (l)

Topographic disorientation − − − − − − + + − − − − − − 2 (14), (r)

Anosognosia for hemiparesis − − − − − − + + − − − − − − 2 (14), (r)

Left/Right indistinction − − − − − − − − − + − − + + 3 (21), (l)

P4, P6, P7, P8, P13, P14 are patients with hemiparesis at the onset of stroke. r, right side; l: left side.
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Table 4: Cognitive disorders of patients with superior parietal lobule infarct in the first week after stroke

Neurocognitive characteristics

Right side superior parietal lobule infarcts Left side superior parietal lobule infarcts

P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 P14 Frequency (%)

Memory disorders

Topographic memory disorder − − − − − − + + − − − − − − 2 (14), (r)

Episodic memory disorder − − − − − + − + − − − − + + 4 (29), 2 (r), 2 (l)

Semantic memory disorder − − − − − + + + − − − + − − 4 (29), 3 (r), 1 (l)

Visuospatial function disorders

Spatial disorientation − − − − − − + + − − − − − − 2 (14), (r )

Visuospatial neglect + − − + − − + + − − − − − − 4 (29), (r)

Visual extinction + − − + − + − + − − − − − − 4 (29), (r)

Motor neglect − − − − − + − + − − − − − − 2 (14), (r)

Visual agnosia − − − − − − − − − + − − + − 2 (14), (l)

Optic ataxia − − − − − − − − − − − − − + 1 (7), (l)

Body schema and body image disorders

Allochiria (tactile) − − − − − + − − − − − − − − 1 (7), (r)

Alien hand syndrome − − − + − − − − − − − − − − 1 (7), (r)

Autotopagnosia for BP + − + − − − + + − − − + − − 5 (36), 4 (r), 1 (l)

Autotopagnosia for SS − + − − + − + − + − − − + − 5 (36), 4 (r), 1 (l)

Fading limb − − + − − − + + − − − − − − 3 (21), (l)

Supernumerary limb − − − + − − − − − − − − − − 1 (7), (r)

Microsomatognosia − − − − + − − − − − − − − − 1 (7), (r)

Macrosomatognosia − + − − − − − − − − − − − − 1 (7), (r)

Hemiconcern syndrome − − − − + − − − − − − − − − 1 (7), (r)

Tactile extinction − − − − + − + + − − − − − − 3 (21), (r)

Anosodiaphoria − − − − − + + − − − − − − − 2 (14), (r)

Xenomelia − + − − − − − − − − − − − − 1 (7), (r)

Doppelgänger − − + − − − − − − − − − − − 1 (7), (r)

Apraxia

Constructional apraxia − − − − − + − − + − − − + − 3 (21), 1 (r), 2 (l)

Ideational apraxia − − − − − − − − − + − − − − 1 (7), (l)

Dressing apraxia − − − − − − − + − − − − − − 1 (7), (r)

Optic apraxia − − − − − − − + − − − − − + 2 (14), 1 (r), 1 (l)

Language and semantics

Verbal fluency − − − − − − − − − − − − − − 0

Comprehension − − − − − − − − − + − − − + 2 (14), (l)

Naming and word finding − + − − − − − − − − − − + + 3 (21), 1 (r), 2 (l)

Repetition − − − − − − − − − − + − + + 3 (21), (l)

Alexia − − − − − − − − − − − − + + 2 (14), (l)

Agraphia − − − − − − − − − + − − + − 2 (14), (l)

Acalculia − − − − − − − − − + − − + − 2 (14), (l)

+: deficit (i.e. Z< 2 or score < cutoff); −: no deficit; BP: body parts; SS: sensory sensations; SD: first week after stroke; 3 M = three months after stroke. TMT: Trail Making Test; r: right side; l: left
side. Spatial neglect was present in 7 patients, and one of them, P4, had left side lesion. Note that, for P1 and P2, the fading limb concerned the entire hemi-body; for P6, it concerned the leg
while, and for P11, it concerned the hand and the leg. For P9, it concerned the entire hemi-body. For P7, themacrosomatognosia concerned the arm, and for P3,microsomatognosia involved the
leg and the foot. For P1, 3, and 5, the autotopagnosia for BP involved the entire body part. Semantic matching and fluency deficit were present in the half of patients.

Le Journal Canadien Des Sciences Neurologiques 547

https://doi.org/10.1017/cjn.2022.81 Published online by Cambridge University Press

https://doi.org/10.1017/cjn.2022.81


identified that involvement of different areas of the SPL following
ischemic stroke, typically the anterior or the posterior parts, and
sometimes the whole SPL were likely to build the neural basis of
these disorders.

Though precentral gyrus is normally associated withmovement
and postcentral gyrus with sensory function, in the meantime SPL
is activated for integration of sensory stimuli. Transient paralysis of
the limbs in six patients could be explained by the edematous effect
of the infarct site or by transient hypoperfusion of adjacent areas.
The SPL is responsible for the integration and differentiation of
tactile stimuli from the postcentral gyrus, and its damage has been

shown to impair these processes. No distinction was observed
between the right and left hemispheres in tactile discrimination
dysfunctions. However, our topographical analysis indicated that
the SPL was likely to comprise the neural correlate of the VSDs,
including spatial disorientation, spatial neglect, visual extinction,
and motor neglect. Indeed, previous studies indicated that SPL
plays a crucial role in regulating visuospatial attention and visuo-
spatial functions resulting from unbalanced interactions between
the bilateral frontoparietal networks and the interhemispheric
parietal network.22-24 It has been unraveled that the right SPL
predominantly mediated visuospatial attention compared to left

Visuospatialdisorientation
50

Doppelgänger

Allochiria
50

Alienhand

30 Xenomelia 30 Autotopagnosia for BP

Optic ataxia Visuospatial neglect

36

14 10 29 10

7
Anosodiaphoria 7 7

7

7 7
36 Autotopagnosia for SS

14 21 7 7 7 7 21

14 29

Tactileextinction Fading limb

Visual agnosia Visualextinction

Motor neglect

Hemiconcern syndrome

Macrosomatognosia

Supernumerary limb

Microsomatognosia

Visuospatial disorders Body schema and image disorders

B

A

Figure 3: Schematic drawings of ischemic lesions. (A) Ischemic damaged sectors of the precuneus are plotted individually onto the standardMNI152 template using MRIcroGL. (https://
www.mccauslandcenter.sc.edu/mricrogl/home). (B) Radar plot of visuospatial and body schema and image disorders observed in the first week after stroke. Values shown as
percentage of cases. BP: autotopagnosia for body parts; SS: autotopagnosia for body sensations (see also Tables 2 and 3).
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SPL. It is also worth noting that some patients had lesions
extending toward the IPL, a border region between anterior and
middle cerebral artery. Considering the known functions of these
brain regions in spatially guided behavior and cross-modal integra-
tion, respectively,24,25 damage to these regions, in principle, can
lead to VSDs.

Quite recently, new studies demonstrated the selective role of
the right parietal cortex in topographical memory.26,27 Their recog-
nition memory performance for topographical scenes, unknown
buildings, and landscapes was remarkably impaired. However,
their spatial learning skill performance was preserved. The topo-
graphical memory impairment presented in this study was prob-
ably related to the dysfunction of the network between the SPL,
IPL, extrastriate regions, bilateral occipitotemporal areas, and
bilateral parahippocampal gyrus. Moreover, it is worth noticing
that some patients experienced episodic and semantic memory
disorders which are functionally distinct, though overlapping
memory systems might be disturbed by damage of SPL whose
interlinked selectively with cingulate and prefrontal cortices.28

It should be noted that various BSIDs related to SPL strokes
were found in this study. It is possible that different aspects of
BSIDs might be developed either by suppression of some tactile
information as observed in alien hand and fading limb, and auto-
topagnosia for body parts, or by over or underestimation of the size
of specific body parts as seen in micro- or macrosomatognosia and
supernumerary limb. This is in line with the fact that BSIDs are
linked to impaired sensorimotor integration.29-31 Selective disrup-
tion of these processes may lead to a fading limb, anosodiaphoria,
doppelgänger as we presented here, three of them (P3, P7, and P8)
had a large SPL infarct, extending toward IPL, experienced a sense
of loss of contralesional limb when not under visual control.
Indeed, the integration of both tactile and proprioceptive modal-
ities from the contralesional body, or maintaining a representation
of the current limb position, is critical for determining the location
of a body member in space.32-34

It is also noted a patient with xenomelia who had desire for the
amputation of upper left limb arose from right SPL stroke. This
body integrity identity disorder probably resulted by inadequate
activation of the right SPL leading to the unnatural situation in
which the sufferer can feel the limb in question being touched
without it actually incorporating into their body image, with a
resulting desire for amputation.35 On the contrary, hemiconcern
syndrome which is characterized by concentration on the left side
of the body andmanipulation parts of the left arm, and leg with her
right hand or foot, was seen in one patient.

Impaired language skills such as difficulties in understanding,
word finding, naming, and repetition were found in patients with
lesions extending to the IPL., suggesting that the left SPL and IPL in
man may be crucial for the sensorimotor linguistic integration.
This linguistic integration is running principally between the
SPL and superior temporal gyrus which are connected by the
middle longitudinal fascicle. Pure agraphia and agraphia plus
alexia have also been noted in patients with lesions extending
posteriorly. In fact, some authors36,37 have described cases of pure
agraphia clinically indistinguishable from ours, in which the left
SPL is involved. The present cases would seem to confirm that
SPL plays a role in writing and reading but, in our view, additional
information is required before drawing conclusions on the nature
of these findings.

This study had some limitations. Sample size is small, but it is
uncommon for a stroke injury in the isolated parietal lobule

without extension to other parts of the brain. The modern imaging
technique, MRI, has made a significant contribution to showing
the isolated lesion borders from the axial and coronal aspects. It
should be noted that this study did not undertake specific exper-
imental tasks and functional imaging studies. However, this study
showed that ischemic lesions of the SPL can cause a variety of
cognitive and behavioral disorders related to disruption of a broad
network in a wider range of associative subcortical and cortical
structures. Furthermore, we cannot completely exclude the
possibility that ischemic adjacent cortices may also play a role in
the development of cognitive deficits. For example, some patients
(P7, P8, P10, P13, P14) had an infarction partially involving IPL.
Given the established role of these brain areas in visuospatial
functions, somatosensory processing, and language skills, ischemic
damage to these areas can ultimately lead to a wide and diverse
spectrum of cognitive impairment. It is worth noting that in some
cases, the posterior SPL was also affected, which has reached
connections with visuomotor system. Patients with optic ataxia
and apraxia had ischemic lesions extending posteriorly, including
the intraparietal sulcus and superior part of the IPL, or more often
various parts of the SPL. The weak co-occurrence of optic ataxia,
apraxia, and hemispatial neglect, and their different lesion sites,
indicate a double dissociation between these symptoms.14,38

Eventually, it seems that a lesion involving these structures may
cause distinct but related visuomotor control disorders. Another
limitation of our study is that MR images were taken after stroke,
and control examinations were not available. Also, it should be
noted that stroke volume was associated with some cognitive func-
tions. However, it is difficult to establish an association between
body schema disorders, verbal functions, and volume size due to
the low number of cases and the fact that the disorders are part
of a wide functional network.

The main cause of SPL ischemic lesions was embolism, which
originated from atrial cardiopathy and carotid atherosclerotic
plaques. Isolated lesions in the SPL could most likely be due to
the fact that these small embolic particles damaged certain
small areas.

To summarize, our findings after stroke suggest that the SPL
plays a pivotal role in the regulation of memory, visuospatial abil-
ities, body schema and body image processing, and language skills
by interactions between the bilateral frontoparietal networks and
the interhemispheric parietal network.
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