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OBJECTIVE Although the parietal lobe is a common site for glioma formation, current literature is scarce, consists of
retrospective studies, and lacks consistency with regard to the incidence, nature, and severity of parietal association
deficits (PADs). The aim of this study was to assess the characteristics and incidence of PADs in patients suffering from
parietal lobe gliomas through a prospective study and a battery of comprehensive neuropsychological tests.

METHODS Between 2012 and 2016 the authors recruited 38 patients with glioma confined in the parietal lobe. Patients
were examined for primary and secondary association deficits with a dedicated battery of neuropsychological tests. The
PADs were grouped into 5 categories: visuospatial attention, gnosis, praxis, upper-limb coordination, and language. For
descriptive analysis tumors were divided into high- and low-grade gliomas and also according to patient age and tumor
size.

RESULTS Parietal association deficits were elicited in 80% of patients, thus being more common than primary deficits
(50%). Apraxia was the most common PAD (47.4%), followed by anomic aphasia and subcomponents of Gerstmann'’s
syndrome (34.2% each). Other deficits such as hemineglect, stereoagnosia, extinction, and visuomotor ataxia were also
detected, albeit at lower rates. There was a statistically nonsignificant difference between PADs and sex (72.2% males,
85% females) and age (77.8% at < 60 years, 80% at age > 60 years), but a statistically significant difference between the
>4 cm and the < 4 cm diameter group (p = 0.02, 94.7% vs 63.2%, respectively). There was a tendency (p = 0.094) for
low-grade gliomas to present with fewer PADs (50%) than high-grade gliomas (85.7%). Tumor laterality showed a strong
correlation with hemineglect (p = 0.004, predilection for right hemisphere), anomia (p = 0.001), and Gerstmann’s symp-
toms (p = 0.01); the last 2 deficits showed a left (dominant) hemispheric preponderance.

CONCLUSIONS This is the first study to prospectively evaluate the incidence and nature of PADs in patients with pa-
rietal gliomas. It could be that the current literature may have underestimated the true incidence of deficits. Dedicated
neuropsychological examination detects a high frequency of PADs, the most common being apraxia, followed by anomia
and subcomponents of Gerstmann’s syndrome. Nevertheless, a direct correlation between the clinical deficit and its
anatomical substrate is only possible to a limited extent, highlighting the need for intraoperative cortical and subcortical
functional mapping.
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achieve maximal tumor resection while preserv-
ing neurological function and, therefore, optimal
perioperative management is of paramount importance. In
this context, documentation of neuropsychological deficits
through a comprehensive clinical examination in patients
harboring gliomas is now considered an independent prog-

THE goal of modern neurooncological surgery is to

nostic factor both in the extent of survival and in quality
of life after tumor resection.'®!7?* In keeping with this, the
current literature has focused on higher-order deficits dur-
ing the preoperative neuropsychological assessment in pa-
tients with glioma, in relation to the location and extent of
the lesion involved.

Although there is extensive literature on neurological

ABBREVIATIONS DTI = diffusion tensor imaging; HGG = high-grade glioma; LGG = low-grade glioma; PAD = parietal association deficit; SLF = superior longitudinal fas-
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deficits caused by lesions in the parietal lobe, the amount
of sound data with regard to parietal lobe gliomas and
their relevant higher-order deficits encountered in the pre-
operative neurological examination through a battery of
dedicated neuropsychological tests is scarce. Although
the parietal lobe is a common site for glioma formation
and serves as a strategic converging cerebral area for in-
tegration of multimodality information (sensory, acoustic
and/or linguistic, and visual stimuli), current literature,
consisting of limited retrospective studies, lacks consis-
tency with regard to the incidence, nature, and severity of
neuropsychological parietal association deficits (PADs) in
patients harboring parietal gliomas. Thus, some authors
focus on PADs, i.e., Gerstmann’s syndrome and sensory
association disturbances, reporting that patients did not
suffer from aphasia, while others support the claim that
language deficits are the most common association symp-
tom, whereas Gerstmann’s syndrome is rare.?>?*

Hence, our objective was to shed light on this issue by
thoroughly assessing the unique characteristics of parietal
lobe higher-order deficits in patients suffering from pari-
etal lobe gliomas through a prospectively organized study
and a comprehensive neuropsychological examination. To
our knowledge this is the first prospective study that has
focused on this specific neuropsychological topic.

Methods

The study was conducted according to the guidelines
of the Helsinki Declaration, and permission was granted
by the local ethics committee. Informed consent was ob-
tained from all patients or their legal guardians prior to
their inclusion in the study. Inclusion criteria were 1) pa-
tients with newly diagnosed parietal lobe glioma, and 2)
good knowledge of the Greek language, so that the neu-
ropsychological assessment would be valid. Exclusion cri-
teria were 1) previous treatment, 2) history of intracranial
mass lesion, 3) history of traumatic brain injury, and 4)
history of other CNS diseases (e.g., stroke).

Thirty-eight consecutive patients harboring a primary
confined parietal lobe glioma for which resection was
planned were prospectively recruited over a 4-year peri-
od (2012-2016) from a single institution (Department of
Neurosurgery, “Evangelismos” Hospital, Athens, Greece).
Tumor location was verified using standard multiplanar
MR images. The classic anatomical landmarks—namely
the central sulcus anteriorly, the parieto-occipital fissure
posteriorly, and the posterior part of lateral sulcus infero-
laterally, were identified as the boundaries of the parietal
lobe. The tumor had to be located within those confines.
All patients were examined for parietal lobe secondary
association deficits during preoperative neuropsychologi-
cal assessment by the first author. Primary sensorimotor
(hypo- or hyperesthesia and/or paresis) and visual deficits
(hemianopia) were examined by 2 senior neurosurgical
residents. Clinical examination was conducted approxi-
mately 7 days prior to resection.

Secondary association deficits were grouped into 5 cat-
egories: 1) visuospatial attention, 2) gnosis, 3) praxis, 4)
upper-limb coordination, and 5) language. Deficits in vi-
suospatial attention included visual contralateral hemine-
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glect, double visual extinction, and double tactile extinc-
tion. Visual hemineglect was assessed through the line
bisection task and Balloons cancellation test for visual
inattention.'®* Visual and tactile extinction was evaluated
by applying unilateral and bilateral simultaneous sensory
stimulation (visual and tactile, respectively) in a randomly
alternative order for 3 consecutive trials. Deficits in gnosis
included stereoagnosia, somatoagnosia, and finger agnosia
(a manifestation of Gerstmann’s syndrome). Stereoagnosia
was investigated by asking blindfolded patients to recognize
objects stereotactically, e.g., coin, key, and pen, whereas so-
matoagnosia and finger agnosia were investigated by asking
patients to name or point to specific parts of their body and
to name their own or the examiners’ finger, respectively.
Deficits in praxis included constructional apraxia, ideomo-
tor apraxia, and ideational apraxia. With regard to the first
type we asked patients to draw a clock, whereas for the 2
latter ones we used the apraxia test developed by Zwinkels
et al.®? This specific test consists of 2 subtests: demonstra-
tion of object use, which evaluates ideomotor apraxia; and
imitation of gestures, which assesses ideational apraxia.
For ideomotor apraxia 9 tasks were applied: 3 verbal com-
mands with no objects presented (e.g., “Can you show me
how you would use a key?”); 3 verbal and visual commands
with the objects placed in front of the patients but without
their being allowed to touch them (e.g., “Can you show me
how you would use the spoon? You cannot touch it.”); and
3 tasks in which the patient was asked to use an object (e.g.,
a screwdriver) without naming it. With regard to ideational
apraxia, 6 gestures (e.g., saluting, making a fist) were dem-
onstrated as mirror images and the patient was invited to
imitate the examiner. Coordination deficit was defined as
visuomotor ataxia of the upper limb and assessed by the
finger-nose—tapping task. Language deficits included nom-
inal aphasia (anomia), alexia or dyslexia, and agraphia or
dysgraphia. Nominal aphasia was assessed by the Boston
Naming Test, alexia by asking patients to read aloud a text,
and agraphia by asking them to write a sentence."” Finally,
acalculia and left-right confusion, as parts of Gerstmann’s
syndrome, were also prospectively examined.

Patients with motor weakness or sensory loss were not
assessed for apraxia and tactile extinction and/or stereo-
agnosia, respectively, because to reliably diagnose a deficit
as a secondary association, the relevant primary function
needs to be intact.

For descriptive analysis, tumors were divided into 1)
high-grade gliomas (HGGs), which included glioblastoma,
anaplastic astrocytoma, anaplastic oligodendroglioma,
and anaplastic mixed glioma; and 2) low-grade gliomas
(LGGs), including WHO grade II astrocytoma, oligoastro-
cytoma, and oligodendroglioma.

Statistical Analysis

Data were analyzed using the SPSS software pack-
age (IBM SPSS Statistics for Windows, version 21; IBM
Corp.). Statistical analysis showed normal distribution of
data. Fisher exact tests were performed to examine the
relationship between demographic data, namely age (2
groups: 29—-60 years, and 61-79 years) and sex, tumor di-
ameter (> 4 cm and < 4 cm), laterality, grade (LGG and
HGG), and PADs.



Results

Demographic and clinical data at time of presentation
are listed in Table 1, as are tumor basic characteristics. Sex
was equally distributed across the sample, with patients
having a fair level of education and being right-handed ac-
cording to the Edinburgh Handedness Inventory, except
for 1 patient who was left-handed.”’ The most commonly
presenting symptoms were seizures (34%), followed by
cognitive changes (i.e., memory, concentration disturbance
([26.3%]), and muscle weakness (21%). Gliomas were al-
most equally distributed between the 2 hemispheres, with
the majority of them being HGGs histopathologically
(84.2% HGG vs 15.8% LGG).

Incidence of Deficits

Approximately 50% of patients presented with pri-
mary deficits such as contralateral weakness, hypesthesia,
and visual field deficits. Secondary parietal deficits were
elicited in 80% of patients, thus proving to be more com-
mon than primary ones. More specifically and in terms of
frequency, apraxia was the most common PAD—seen in
474% of patients. Language deficits and subcomponents
of Gerstmann’s syndrome were rated in second place with

TABLE 1. Characteristics of 38 patients with parietal glioma at
presentation
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an almost equal distribution of 34.2%, and were followed
(in order) by visuospatial contralesional hemineglect, ste-
reoagnosia, double visual and tactile extinction, somatoag-
nosia, and visuomotor ataxia. Table 2 shows the frequency
of parietal deficits in our sample.

Demographics and PADs

Results indicate a nonsignificant difference (p = 0.28)
in the presence of PADs between males (13/18, 72.2%) and
females (17/20, 85%). Regarding age, results also showed
no statistically significant difference (p = 0.58) between
younger age (29—60 years old, prevalence 77.8%) and old-
er age (61-79 years old, prevalence 80%) groups. When
the effect of demographics on each deficit was analyzed
separately, age was shown to have an effect (p = 0.031)
on ideomotor apraxia, with the older age group being af-
fected more frequently (7 of 20 patients, 35%) when com-
pared with the younger age group (1/18, 5.6%). There was
no statistical significance between demographic variables
and other deficits.

Tumor Characteristics and PADs

In relation to tumor size, results indicated a statistically
significant difference (p = 0.02) between the > 4 cm diam-
eter group (prevalence 94.7%, 18/19 patients) and the < 4
cm diameter group (63.2%, 12/19) concerning PADs. With
regard to tumor histology, although results did not reach

Characteristic No. of Patients (%)
Patient . .
Sex TABLI.E 2: Frequgnlcy of primary and nonprimary (secondary or
association) deficits
Male 18 (47.4)
Female 20 (52.6) Deficits Prevalence of Deficit (%)
Handedness Primary deficits
Rt 37 (97.4) Visual field loss 6 (15.8)
Lt 1(2.6) Weakness-hypesthesia 12 (31.6)
Age inyrs Nonprimary deficits
Mean + SD 59.7£13.2 Absent 8(21.1)
Range 29-79 Present 30(78.9)
Education in yrs Visual extinction 5(13.2)
Mean + SD 10.8+3.8 Tactile extinction 5(13.2)
Range 4-16 Hemineglect 6 (15.8)
Symptom at presentation Somatoagnosia 3(7.9)
Seizure 13 (34.2) Stereoagnosia 6 (15.8)
Headache 6 (15.8) Gerstmann’s (total) 13 (34.2)
Weakness 8 (21.1) Gerstmann’s syndrome (complete) 6 (15.8)
Mental alteration 10 (26.3) Gerstmann’s partial components
No symptom 1(2.6) Finger agnosia 1(2.6)
Tumor Acalculia 3(7.9)
Histology Agraphia 3(7.9)
LGG 6 (15.8) Apraxia (total) 18 (47.4)
HGG 32 (84.2) Ideational 5(13.2)
Laterality Ideomotor 8(21.1)
Lt 21(55.3) Constructional 5(13.2)
Rt 17 (44.7) Anomia 13 (34.2)
Mean diameter, range in cm 47,2.3-7 Ataxia 2(5.3)
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statistical significance (p = 0.094), there was a tendency
for the LGG group to present with fewer PADs (3/6 pa-
tients, 50%) when compared with the HGG group (27/32,
84.4%). However, the small size of the LGG group does not
allow for a definite conclusion to be drawn. Finally, with
respect to tumor laterality, results indicated a nonsignifi-
cant difference (p = 0.23) in the overall presence of PADs
between patients with a left hemispheric (18/21, 85.7%) and
a right hemispheric (12/17, 70.6%) glioma. When the effect
of tumor characteristics on each deficit was analyzed, tu-
mor laterality had a statistically significant correlation with
hemineglect (p = 0.004), which presented exclusively in
patients with a right parietal lesion (35.3%, 6/17). Addition-
ally, results disclosed a statistically significant difference
in anomia (p = 0.001) between left (12/21, 57.1%) and right
(1/17, 5.9%) parietal lobe pathologies. Finally, tumor later-
ality had a statistically significant difference (p = 0.01) in
Gerstmann’s syndrome (9/21 [42.9%)] for left vs 1/17 [5.9%)]
for right parietal lesions). Of note is the fact that the patient
with the right hemispheric lesion who presented with ano-
mia and Gerstmann’s syndrome was the same individual,
and the tumor-carrying hemisphere was the dominant one.
Tumor histology and tumor size did not have a statistically
significant effect on individual PADs.

Discussion

In the field of neurosurgical oncology, focused neuro-
psychological assessment of higher cognitive functions
and their putative deficiency due to glial tumors has be-
come increasingly prominent in the preoperative planning
and postoperative management of neurooncology patients.
Toward this direction, most of the published data have
mainly focused on frontal and temporal lobe higher-order
functions (e.g., executive functions, language, speech, lim-
bic functions, and so on), while the parietal lobe has been
so far relatively underrated. Apart from a few case series,
current neurosurgical literature consists of 2 retrospec-
tive studies that provide conflicting evidence with regard
to the nature and incidence of glioma-associated second-
ary parietal lobe deficits.?*?** To our knowledge, this is the
first prospectively organized study aiming to evaluate and
report the incidence of nonprimary deficits through a tai-
lored battery of neuropsychological tests in patients har-
boring parietal lobe gliomas.

Interestingly enough, the majority of patients enrolled
(approximately 80%) presented with various PADs when
examined systematically. This is consistent with previous
research, highlighting the fact that neuropsychological as-
sessment yields findings of higher-function deficits in the
majority of glioma patients, even when the results of the
standard neurological examination are negative, a fact
particularly prominent in patients presenting with LGGs.’
During our study the most common deficit encountered
was that of apraxia, followed by anomic aphasia and a va-
riety of Gerstmann’s syndrome clinical manifestations.

Apraxia and Parietal Lobe

Apraxia is defined as the inability to perform certain
subjectively purposeful movements or movement com-
plexes in the absence of “elemental” motor deficits or gen-
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eral cognitive impairment.!! Apraxic errors can involve
imitating gestures (ideational type of apraxia), performing
meaningful gestures and using tools or objects (ideomo-
tor type of apraxia), and reproducing patterns or joining
component parts into a whole that can be assessed by ask-
ing patients to draw or build 3D objects (constructional
apraxia). The anatomical substrate of apraxia remains as
yet an equivocal issue; even though lesions located in the
inferior parietal lobule and temporoparietal junction have
been traditionally related to apraxic symptoms, the pre-
motor cortex and basal ganglia have also been functional-
ly linked to apraxia, thus adding complexity to this topic.?
Recently, an increasing amount of evidence supports the
idea that “pure” parietal lobe lesions predominantly affect
imitation of gestures and consequently the use of tools,
whereas other types of apraxia result from more extensive
cerebral damage outside the boundaries of the parietal
lobe. Moreover, Buxbaum et al. have reported that patients
sustaining left or dominant hemisphere damage and pre-
senting with apraxia had a significantly higher incidence
of angular gyrus disruption than nonapraxic patients. No-
tably, 8 of the 10 apraxic patients had difficulties imitating
hand gestures, a symptom of ideational apraxia.’

With regard to the incidence of apraxia, this is the
first study in the literature to report its high incidence in
patients with parietal lobe gliomas. As a matter of fact,
apraxia was the most common PAD encountered. In
agreement with previous thought, ideomotor and ideation-
al forms of apraxia were seen in patients with dominant
parietal lesions, whereas constructional apraxia was found
only in nondominant parietal lobe gliomas. When viewed
as a symptom manifested mostly in clinical settings, evi-
dence suggests that apraxia is particularly debilitating, af-
fecting daily living,* and is associated with dependence
on caregivers for certain daily activities.*>12:28

Anomic Aphasia and Parietal Lobe

Anomia is defined as the inability to name visually pre-
sented objects while perception of their form and knowl-
edge of their meaning and usage remain intact. The ce-
rebral territory most involved in naming is the dominant
inferior parietal lobule, with current literature based on
intraoperative direct current stimulation confirming that
angular and supramarginal areas have the highest prob-
ability of producing anomic errors when their function
is temporarily disrupted.®® Findings from intraoperative
stimulation have also shown an extreme interindividual
variability regarding the localization of essential lan-
guage-related areas, thus making it impossible to predict
them preoperatively.®!” The presence of anomia, however,
is an indication that the arcuate fasciculus and the superior
longitudinal fasciculus (SLF), i.e., the major fiber tracts in-
volved in the dorsal stream of language processing, are
affected. This fact highlights the need for subcortical
mapping, especially in patients harboring LGGs, because
diffusion tensor imaging (DTI) might reconstruct fibers
displaced by the tumor, but may not depict fibers that are
invaded but are still functional.”® To complicate things fur-
ther, the SLF, the horizontal portion of the lateral segment
of the SLF (SLF III), and the arcuate fasciculus have all
been shown to produce nominal aphasia when stimulated.®



In the neurosurgical literature, the term “aphasia” has
been used broadly, and often encompasses fluency deficits,
reduced information content of spoken output, repetition
deficits, and nominal deficits (nominal aphasia).*® The pre-
operative identification of nominal aphasia is particularly
important in glioma surgery due to the fact that, in con-
trast to the other speech and language deficits, which usu-
ally resolve over time, nominal aphasia seems to persist
postoperatively.® In regard to previous studies, our results
provide further support to Sanai et al.’s findings, accord-
ing to which anomic aphasia is a rather common deficit in
patients harboring parietal gliomas.?> On the other hand,
our results are in disagreement with Russell et al.’s find-
ings, according to which aphasia was not detected in their
sample.?*

Gerstmann’s Syndrome

Gerstmann’s syndrome comprises symptoms of fin-
ger agnosia, agraphia, acalculia, and right—left confusion.
Ambiguity remains as to the anatomical substrate of the
syndrome, but most probably it involves the left angular
gyrus with its subcortical territory.! Interestingly, a “pure”
and complete form of Gerstmann’s syndrome is quite rare
because it usually unfolds as either an “incomplete” tet-
rad or is associated with other cognitive deficits, includ-
ing aphasia, alexia, and some perceptual disorders.” In a
study enrolling 194 stroke patients recently published by
Zukic et al., 59 had alexia, agraphia, and acalculia, or dif-
ferent combination of these deficits, and a complete, “pure”
Gerstmann’s syndrome was disclosed in only 2 patients.?!
Benton has also argued that the neuropsychological deficits
forming Gerstmann’s syndrome did not show a stronger
correlation with each other than did other combinations of
deficits.?

Regarding the classic Gerstmann’s syndrome, agraphia
is usually the absent clinical entity: This may be due to the
fact that agraphia has a more widespread anatomical vari-
ability and correspondence and has been mainly linked to
the superior parietal lobule, as opposed to the angular gy-
rus, which seems to underpin Gerstmann’s syndrome.'->!3
Accordingly, in our study agraphia was uncommon in the
so-called Gerstmann’s symptoms, seen in 3 patients—and,
interestingly enough, these patients belonged to the group
with larger tumors (> 4 cm). At the same time, one study
with 194 patients could find only 2 patients with a “pure”
Gerstmann’s syndrome, because Gerstmann’s symptoms
were always associated with some other extraneous symp-
toms—the most common being aphasia, followed by aprax-
ia.}! Therefore, in agreement with existing evidence, the 3
most common symptoms in our study were exactly those:
components of Gerstmann’s syndrome, apraxia, and apha-
sia.

With regard to previous studies, our results provide fur-
ther support to Russell et al.’s findings and disagree with
Sanai et al’s study, according to which components of
Gerstmann’s syndrome are rarely present in patients with
parietal gliomas.?32*

Low-Grade Glioma Versus High-Grade Glioma
There was a statistically nonsignificant trend for LGG
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to present with fewer PADs (50%) as compared with HGG
(84.4%), although the small number of patients with LGG
included in the present study does not allow for definite
conclusions to be drawn. Nonetheless, several hypotheses
regarding tumor histology can be made; thus, the faster
growth rate of HGG may not allow for enough time for the
recruitment of adjacent structures, which may compensate
for deficits.”” Moreover, the destructive growth pattern of
HGG may be more deleterious to parietal lobe function
than the infiltrating pattern of LGG. Such hypotheses are
also relevant when considering postresection deficits; the
contrast-enhancing portions of HGGs should not contain
any functional tissue and are not expected to produce new
deficits with their removal. On the other hand, LGGs,
which may grow diffusely around areas of potentially vi-
able tissue, could produce a higher incidence of neurologi-
cal deficits postoperatively.26-27

The present study was designed prior to the new WHO
classification and, therefore, tumors were categorized as
LGG and HGG based primarily on their histology. The
2016 WHO classification of CNS tumors uses molecular
parameters in addition to histology to define many tumor
entities. Undoubtedly, more objective and precisely de-
fined entities will allow for improved tailoring of patient
therapy, prediction of prognosis, better classification for
clinical trials and experimental studies, and more precise
categorization for epidemiological purposes. It is unclear
whether this updated taxonomy would have had an im-
pact on our findings, given the fact that even with the older
classification there were no statistically significant differ-
ences between the groups.

Strengths and Limitations of Our Study

The present study is the first prospective investigation to
evaluate PADs in patients harboring parietal lobe gliomas
by using a comprehensive battery of neuropsychological
tests. Current relevant literature consists of only 2 retro-
spective studies, which report conflicting results regarding
the incidence of aphasia and components of Gerstmann’s
syndrome.?*?* It could be that data mining of neurologi-
cal examinations (with varying degrees of specificity re-
garding detection of symptoms) may have underestimated
the true incidence of deficits. At the same time the small
number of patients, some of them harboring large tumors,
does not allow for a precise subgroup analysis regarding
location (for example superior vs inferior parietal lobule)
and histology.

Whether the detected deficits, primary or secondary,
are attributable to either a cortical or a subcortical dys-
function extending beyond the parietal lobe could be not
clarified in the present study. Such a differentiation would
require a combination of DTI-MRI studies and intraop-
erative cortical and subcortical mapping during an awake
craniotomy. Even with these investigations, the distinction
can be challenging, especially given the fact that most tu-
mors present with deficits caused by a combination of both
kinds of dysfunction.’

Conclusions
This is the first study to prospectively evaluate the in-
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cidence and nature of PADs in patients harboring parietal
gliomas. Dedicated clinical examination detects a high
frequency of PADs (80% of patients). The most frequent
deficit encountered in our patients was that of apraxia, fol-
lowed by anomic aphasia and components of Gerstmann’s
syndrome. Insight into the preoperative deficits, especially
those that may be subclinical and require a dedicated ex-
amination, helps the neurosurgeon to understand which
structures are affected and—most importantly—are at ad-
ditional surgical risk and may increase postoperative mor-
bidity. Knowing that a certain function is preoperatively
affected can help put imaging data (functional MRI and
especially DTI) into perspective and may strengthen the
indication for cortical and subcortical functional mapping.

The neuropsychological battery presented in this pa-
per embodies a core selection of easily reproducible tests
for the detection of secondary parietal deficits. Therefore,
these also represent a proposal for a standardized battery
of tests to examine parietal lobe function.
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