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ARTICLE INFO ABSTRACT

Keywords: Acalculia is an acquired disorder of numerical skills whose assessment is not traditionally included in the
Glioma three-stage protocol specific to awake glioma neurosurgery. Nevertheless, this disorder can significantly
acalculia impact patient’s daily life. This review aims to describe the importance of assessing numerical and practical

assessment

awake neurosurgery

skills to optimize quality of life.

Ninety-eight articles from three databases were reviewed by at least two authors, selecting 17 for qualitative

analysis (n = 297 patients). Most scored 75-100% on the CARE grid, with robustness classifying 10 as C, 3

as D, and 4 as B.

Among the 297 patients, 239 were preoperatively investigated for a potential acalculia with 8.8% (n=21)

showing numerical disorders. Postoperatively, among 132 patients assessed for an acalculia, 14.4% (n=19)

had numerical disorders. Of these, 42.1% (n = 8) were inaugural cases while 36.8% (n = 7) had no specific

numerical skills assessment. Lastly, among 162 patients assessed at all three phases, 88.9% (n = 144)

showed no postoperative numerical disorder. Then, this review highlights disparities in numerical

assessment during awake neurosurgery: none of the 17 studies follows the same evaluation protocol,

especially for numerical tasks.

These findings suggest assessing numerical skills during operative phases specific to awake surgery helps

prevent the onset of postoperative acalculia. However, it is regrettable that these data cannot be completed

and compared with the percentage of patients who performed some numerical tasks 90.6% (n =269) without

being screened for a postoperative acalculia 39.7% (n = 107). Finally, this analysis highlights significant

disparities between protocols used to assess numerical skills.

1. Introduction

1.1. Gliomas and Awake Condition

Gliomas are infiltrative brain tumors that are estimated to represent
24.7% of primary tumors [1]. Among these are low-grade diffuse
gliomas (LGDG), for which the first-line treatment is awake
neurosurgery with pre- and intra-operative brain mapping. The awake
condition is also used for certain high-grade tumors (HGDG) when the
location allows it. It aims to preserve post-operative quality of life by
optimizing resection while maintaining an “onco-functional balance” [2,

3]. It involves assessing the patient pre-, intra-, and post-operatively,
using various tests, including cognitive tests such as those for language,
to map the brain regions that need to be preserved during the resection
and to evaluate potential post-operative deficits. However, while it is
now clear that prioritizing the patient’s cognitive and language abilities
is crucial, a deficit in numerical skills can also significantly impact their
everyday life.
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1.2. Acalculia in Gliomas

Acalculia is an acquired disorder of numerical abilities that occurs
following brain injury and can be primary (due to a loss of numerical
concepts), secondary (associated with other cognitive disorders: aphasic,
memory, executive) or found in Gerstmann syndrome which is an
association of four symptoms: digital skills disorders, digital agnosia,
right-left disorientation and agraphia [4]. Moreover, numerical skills are
not localized to a single area of the cortex but can be affected by lesions
in the parietal, occipital, temporal, or even frontal and subcortical
regions [4]. The evaluation of numerical disorders is not standardized
across neurosurgery departments. It may involve a counting task [1-3, 5,
6], sometimes referred to as a numerical task but often considered more
of an automatic linguistic process, an addition, subtraction, or
multiplication task [2, 3, 7-12], or, in some cases, the use of a battery
such as the number processing and calculation (NPC) battery [7].
Moreover, currently, the literature on the assessment of acalculia during
neurosurgery is quite limited, and most of the evaluation protocols
available focus primarily on language.

Given the proximity between the areas involved in numerical skills and
the brain regions considered eloquent from a linguistic and cognitive

perspective, as well as the impact that acalculia can have on a patient’s

Table. 1. Search equations according to the selected databases.
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everyday life, it seems essential to consider these disorders, which
should potentially be subject to systematic evaluation. Highlight the
prevalence of acalculia during neurosurgery of gliomas would allow the
systematic integration of numerical skills assessment into the three-step
protocol specific to awake surgery.

2. Materials and Methods

We followed PRISMA recommendations to write the systematic review
[13]. The review was registered on Prospero in July 2024 as Acalculia
Assessment in Glioma Patients: A Systematic Review (ID:
CRD42024471675).

2.1. Search Strategy

The search was firstly translated into keywords. The HeTOP (Health
Terminology/Ontology Portal) platform was chosen to select the most
appropriate  Medical Subject Headings (MeSH) terms. Secondly,
synonyms were identified so as not to exclude any terms for
terminological reasons. A time filter from January 2000 to May 2024
was systematically applied. Articles were selected between February and
July 2024. Table 1 summarizes the different search equations according
to the databases.

DATA BASES SEARCH EQUATION

PUBMED

SCIENCE DIRECT

WEB OF SCIENCE

(((glioma) OR ("glial cell tumor")) OR ("low grade glioma")) AND (((mathematic) OR (acalculia) OR (dyscalculia) OR
("Numerical concept") OR ("Numerical skill") OR (Transcoding) OR ("Calculation ability") OR ("calculation skill") OR
("calculation task") OR ("Arithmetical ability") OR ("Arithmetical skill"))) AND ((("glioma surgery") OR ("Awake
craniotomy") OR ("Awake surgery") OR ("Intraoperative electrical stimulation") OR ("Direct electrical stimulation") OR
("Wakefulness") OR ("tumor surgery") OR ("brain surgery") OR ("surgical resection"))) NOT ((child*) OR (pediatric) OR
(teenager)) AND (1997:2024[pdat])

(glioma OR "glial cell tumor") AND (acalculia OR dyscalculia OR "numerical skill" OR "calculation task" OR "arithmetical
ability") AND ("brain surgery" OR "surgical resection ») filter:1997-2024

(((ALL=((glioma OR "glial cell tumor" OR "low grade glioma"))) AND (ALL=((mathematic) OR (acalculus) OR
(dyscalculia) OR ("Numerical concept") OR ("Numerical skill") OR (Transcoding) OR ("Calculation ability") OR
("calculation skill') OR ("calculation task") OR ("Arithmetical ability") OR ("Arithmetical skill') OR ("gerstmann
syndrome")))) AND (ALL=((("glioma surgery") OR ("Awake craniotomy") OR ("Awake surgery") OR ("Intraoperative
electrical stimulation") OR ("Direct electrical stimulation") OR ("Wakefulness") OR ("tumor surgery") OR ("brain surgery")
OR ("surgical resection")))))

2.2. Eligibility Criteria

2.3. Article Selection

i) Patients with glioma (diffuse gliomas in adults according to the 2021
WHO classification [14]). All diffuse gliomas in adults were included to
ensure no patient was excluded for terminological reasons. ii) Adult
patients (>18 years old). iii) Numerical skills mentioned. iv) Case
Reports or Original Articles only. v) Article written in French or English.
vi) Publication between 2000 and 2024.

The selection of the articles has been achieved according to a process
respecting the recommendations in force (PRISMA) [13]. Figure 1
summarizes the study selection process.
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Fig. 1. PRISMA 202 flow diagram for new systematic reviews which included searches of databases, registers and other sources.

2.4. Data Extraction

A coding grid was designed to facilitate statistical processing. This grid
was duplicated, and the data was extracted twice (EC and A-VO) in a
double-blind process to minimize the risk of error during data retrieval.

2.5. Assessing the Quality of the Studies

This systematic review includes only case series or case studies.
Consequently, the CARE (consensus-based clinical case reporting
guideline) grid [15], designed to assess the completeness, transparency,
and analysis of data in case reports, was selected and used. Initially, this
grid has 30 items, but only 28 were selected because of two items which
were not relevant to the study (timeline and patient perspectives). One
point was assigned per item, and each score was then converted into a
percentage (excellent quality above 90%, good quality between 75% and
89%, average quality between 50% and 74%, and poor quality below
50%). Moreover, to assess the robustness of all the studies, the article by
Ebbels [16] serves as a reference. The study’s design and the number of
participants are taken into account, categorizing them into one of four
proposed models: A, B, C and D. Models A and B exhibit strong
experimental control (model B involving a larger participant pool than
model A). Conversely, models C and D demonstrate weaker
experimental control (model D including more participants than model

C). As aresult, model B is deemed the most reliable, while model C is
considered the least reliable.

2.6. Results of the Systematic Search

Initially, ninety-eight results were obtained from the search equations in
three databases. Two duplicate records were removed before the analysis
of titles and abstracts. Then, eighty-three articles were excluded by
reading titles and abstracts because they did not meet the eligibility
criteria. All the above steps were carried out under double-blind
conditions to control for selection bias. Therefore, thirteen articles were
read in their entirety and all bibliographies were analyzed. Eleven
articles were included out of thirteen - two of them met the inclusion
criteria but were purely theoretical without inclusion of patient, and
therefore were excluded after reading. Six articles reviewed and found
in bibliographies were also added. Therefore, seventeen articles were
selected for the systematic literature review. Figure 1 shows all steps of
the selection process, according to the PRISMA flowchart model.
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Table. 2. Patient-related clinical data.

World Neurosurgery 12 (2025)

Author(s) No. of Patients (%)*  Sex Age (yrs) Handedness Pathology Localization
. Insula (n =1); fronto-opercular (n = 2);
Barbagallo et al. [1] n=4(13%) male 2 mean 485 /a 2 LGG; 1 cavernous righthemn=2 temporal
e ‘ ’ female 2 range 38-60 hemangioma; 1 HGG left hemn =2 P
lobe (n =1)
ietal 1 terior -parietal
male 15 mean 65.8 . Parletfa obe' (posterior emr?oro parieta
D’Andrea et al. [5] n =27 (9%) assessed butnot reported ~ HGG (IV) left hemisphere junction; dominant and subcortical areas of
female 12 range 41-79
AG, SMG, IPS)
male 1 mean 60 parietal lobe
Dell . =3(19 ight-h H [ ight hemisph
ella Puppaetal [7] n=3(1%) fomale 2 range 5068 right-handed GG (IV) right hemisphere
1 1 62 ietal lob
Della Puppa etal. [8] n=2(0.9%) mate meat right-handed HGG (IV) right hemisphere parieial lobe
female 1 range 57-67
1 / ieto-occipital juncti
Duffau et al. [25] n=1(03%) mate mean 44 right-handed LGG left hemisphere T o occtpraljunction
female 1 range
male 30 mean 38 left-handed n = 15 right hem n =25  primarily situated in the frontal, temporal,
Tus et al. [26 =58 (19.5% LGG (II
us et al. [26] " ( ) female 28 range 19-61 right-handed n =43 a left hemn =33 and insular lobes
1 1 ietal lob the AG
Kurimoto et al. [18]  n=1(0.3%) mate fmean 67 right-handed HGG (IV) left hemisphere T 00 NEATTE
female / range
Li Maldonado et 1 6 44,1 inferi ietal lob
tma adonado el — 14 (143%) mate meatt § right-handed 13LGG (I ;] HGG (I left hemisphere o1 0" PATICIALIO0E
al. [6] female 8 range 27-62
male / mean . . parietal lobe
Matsuda et al. [2] n=1(0.3%) 56 right-handed HGG (11I) left hemisphere
female 1 range
. male 59 mean 40,8 49 LGG (II); 58 HGG (44 righthemn=26  frontal lobe (n =64); temporal lobe (n=21);
Pallud et D 3 =107 (36% d but not ted
allud et Dezamis [3] - n (36%) female 48 range 16-74 assessed bt noLTepor grade I1I and 14 grade IV) left hem n = 81 parietal lobe (n = 14); insula (n = 8)
. parietal lobe (n =2); temporal lobe (n = 1);
1 3 25 ht h =1
Puetal [9] n=5(1.7%) mate meat right-handed LGG rgn emn parieto-temporal lobe (n = 1) ¢; frontal lobe
female 2 range 17-33 lefthemn =4 (n=1)
n=
2 HGG (III); 2 metastases; . close to the AG or involving the posterior
male 2 mean 52 . . right hemn =1 .
Roux et al. [10] n==6(2%) right-handed 1 cavernoma and 1 cortical parietal area
female 4 range / . lefthemn =5
dysplasia
various brain lesions: low- parietal lobe (n = 10) (including AG n =9);
) male 10 mean 42,7 left-handed n =1 grade or high-grade F2 (n=5)
R tal [11 =20%(6.7% /i
oux etal. [11] " (6.7%) female 10 range 21-75 right-handed n =15 astrocytoma, metastasis, va 1 patient with “no area found”; n = 4*: n/a
cavernoma
24 HGG (13 glioblastomas parietal lobe
Russell et al. [19] 28 (9.4%) male 18 mean 44 left-handed n =2 and 11 anaplastic tumors); 4 n/a
u etal. n= E 5
o female 10 range 18-75 right-handed n =26 P

LGG
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Scarone et al. [23]
Wu et al’® [24]

Yuetal [12]

n=15(%)
n=4(13%)
n=1(03%)

male
female
male
female
male
female

6 mean 37,6
9 range 28-54
3 mean 38,7

1 range 34-41
1 mean 41

/ range

left-handed n =2
right-handed n = 13

right-handed

right-handed

LGG

right hem n =2
lefthemn =13

LGG (2 astrocytomas and 2

oligodendrogliomas)

LGG
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parietal lobe (SPL n =4; SMG n =4); frontal
lobe (SMA n=4; F2-F3 n=2); insula (n =1)

frontal lobe (around Broca’s area)

left hemisphere

temporal lobe

left hemisphere

LGG: Low-Grade Glioma (I, IT); HGG: High-Grade Glioma (III, IV); hem: Hemisphere; AG: Angular Gyrus; SMG: Supramarginal Gyrus; IPS: Intraparietal Sulcus; AF: arcuate fasciculus; GBM: glioblastoma multiforme;
F2: middle frontal gyrus; SPL: superior parietal lobe; SMA: supplementary motor area; F2-F3: middle and Inferior Frontal Gyri

“In this study, cortical stimulation was performed on only sixteen cases because four patients had preoperative symptoms of acalculia and were excluded from the brain mapping procedure. Therefore, some results in (Table
1) are based on sixteen cases instead of twenty.

®In this study, there are 4 patients as well as 14 control subjects. Only the data concerning the 4 patients will be reported in the table.

“In this case, for the review, the patient with the temporo-parietal lesion was grouped with the patients who had parietal lesions.

*The value represents the number of cases unless otherwise indicated.

Table. 3. Characteristics of the interventions.

Assessment
Preoperative Perioperative Postoperative
Mention of Mention of .
. . . . Mention of
L. No. of Assessment(s) (batteries, | acalculia Assessment(s) acalculia Assessment(s) (batteries, . .
Author(s) Localization(s) . Assessors . Assessors . . Assessors acalculia (primary/
Patients tests...) (primary (batteries, tests...) (primary/ tests...)
/secondary) secondary) secondary)

Barbagallo |Insula;  fronto-|n =4 n/a Linguistic assessment: naming | 7 = 0 a surgeon | Linguistic assessment: | n =1 1 NP Linguistic assessment: | n =0
et al. (2018) | opercular; and word generation tasks naming task, counting performed but not detailed
[1] temporal lobe Other  cognitive  function task Other  cognitive function

assessment: / Other cognitive assessment: /

Calculation skills assessment: function  assessment: Calculation skills

n/m visuo-spatial assessment: n/m

recognition
D’Andrea et| parietal lobe and |n =27 |[2NS;1ST |EHI n=3 none n/a n=0 2NS Linguistic assessment: | n =0
al. (2016) | posterior Linguistic assessment: BDAE BDAE (italian  version)
[5] temporo-parietal (italian  version) including including number naming
junction number naming task task
Other  cognitive  function Other  cognitive  function

assessment: /

assessment: /
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Calculation skills assessment:

Calculation skills

/ assessment: /
Della Puppa | parietal lobe n=3 n/a EHI; KPS n=0 1ST Linguistic assessment: | n =3 n/a Linguistic assessment: AAT |n =0
et al. (2013) Linguistic assessment: AAT DO80 and counting (fluency task); DO80 +
[7] (fluency task); DO80 + Calculation skills neurologic assessment
neurologic assessment assessment:  Single- including spontaneous
including spontaneous speech, digit addition and speech, word generation,
word generation, repetition, multiplication,  each repetition, picture naming,
picture naming, reading, or with a single operand reading, or writing
writing Other  cognitive  function
Other  cognitive  function assessment:  Visual-spatial
assessment: Visual-spatial functions, executive
functions, executive functions, functions, memory, praxis
memory, praxis Quality of life _and mood
Quality of life and mood state: state:
EORTC QLQ-C30; HADS QLQ-C30; Hospital Anxiety
Calculation skills assessment: and Depression Scale tests
Number  Processing  and Calculation skills
calculation battery (35 tasks) assessment:
Number Processing and
calculation battery (35 tasks)
Della Puppa | parietal lobe n=2 1 ST for|EHI n=0 1ST Calculation skills | n =2 n/a Quality of life and mood|n =0
et al. (2015) calculation | Quality of life and mood state: assessment:  Single- state:  EORTC QLQ-C30;
[8] tasks (at | EORTC QLQ-C30; HADS digit addition and HADS
least) Linguistic assessment: Subtest multiplication,  each Linguistic assessment:

of AAT; Token test;
Repetition; Written language
Reading; DO80

Other
assessment: ENB

cognitive  function

Calculation skills assessment:

counting abilities (simple fact
rule-based
processing, and mental and

retrieval,

written calculation in all 4

operations), number

with a single operand

Subtest of AAT; Token test;
Repetition; Written language

Reading;

DO80

Other cognitive function:
ENB

Calculation skills

assessment: counting abilities
(simple fact retrieval, rule-
based processing, and mental
and written calculation in all
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comprehension, numerical 4 operations), number
transcoding, calculation, comprehension, numerical
arithmetic  reasoning, and transcoding, calculation,
conceptual knowledge arithmetic reasoning, and
conceptual knowledge
Duffau et al. | parieto-occipital [n =1 n/a Harris  test of lateral|{n =0 n/a Linguistic assessment: |n = 1 n/a Linguistic assessment: n=1
(2002) [25] |junction dominance verbal counting, spontaneous speech, word
Linguistic assessment: picture naming generation, repetition, picture
spontaneous speech, word Calculation skill’s naming, writing, and reading
generation, repetition, picture assessment:  Simple Other  cognitive function
naming, writing, and reading multiplication assessment: Visuospatial
Other  cognitive  function problems; Subtraction tests
assessment: Visuospatial tests of seven from one or Calculation skills
Calculation skills assessment: two digit numbers assessment: Reading aloud
Reading Arabic numbers, (only presented Arabic numerals, writing
writing them from dictation, verbally and not also them from dictation,
comparing single and multi- visually) comparing single and multi-
word numbers, reciting times word numbers, mentally
tables,  writing  complex solving simple multiplication
calculations, mentally and subtraction problems
subtracting seven in sequence,
and recalling number
sequences  forwards  and
backwards
Ius et al |primarily situated | n =58 |1NS EHI n/a I NS Linguistic assessment: | n/a I NS Linguistic assessment: n/a n/a
(2011)[26] |in the frontal, Linguistic assessment: n/a counting, picture Other  cognitive function
temporal, and Other  cognitive  function naming, and reading assessment: n/a

insular lobes

assessment: n/a
Calculation skill assessment:
n/a

tests, a repetition or
semantic task*

Other
function assessment: a

cognitive

bisection line task*
Calculation skill
assessment:

calculation task*

Calculation skill assessment:

n/a
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*depending the tumor

location
Kurimoto et | parietal lobe, | n =1 n/a KPS n=1 n/a Linguistic assessment: [n =1 n/a KPS n=1
al.  (2006) | near the AG Linguistic assessment: object|> suspected object naming, Calculation skill assessment:
[18] naming, repetition, | Gerstmann repetition, simple and complex addition
spontaneous conversation syndrome spontaneous and subtraction;
Calculation skill assessment: conversation multiplication and division
simple addition and Calculation skill
subtraction assessment:
simple addition and
subtraction (no
complex tasks)
Lima inferior parietal [n =14 |1NS;1ST |EHI n=0 1 NS; 1| Linguistic assessment: |7 =0 1 NS; 1] Linguistic assessment: | n =2
Maldonado | lobe Linguistic assessment: DO80; ST picture naming with ST DO80; BDAE (including
et al. (2011) BDAE (including counting) DO80; counting counting)
[6] Other  cognitive  function Other cognitive function: /
assessment: / Calculation skill assessment:
Calculation skill assessment: / /
Matsuda et | parietal lobe n=1 1 senior NS; | Linguistic assessment: | n =0 1 senior | Linguistic assessment: | n =1 1 senior | Linguistic assessment: [ n = 0
al.  (2019) 1ST performed but not detailed NS; 1 ST |picture naming and NS; 1 ST | performed but not detailed
[2] Neurologic assessment: counting tasks Neurologic assessment:
performed but not detailed Calculation skill performed but not detailed
assessment: 1-digit
addition and 1-digit
multiplication
alternately
Pallud & | frontal; n =107 |1 senior NS; | EHI; KPS n=9 1 senior | Linguistic assessment: | n/a 1 senior | KPS n/a
Dezamis temporal lobe; 1ST Linguistic assessment: BDAE; NS; 1 ST | picture naming NS; 1 ST | Linguistic assessment:

(2017) [3]

parietal lobe;
the insular lobe

timed picture naming task with
the DOS8O0; fluency semantic
and phonological tasks; timed
task;

semantic  association

timed reading task

(DO80) and counting
tasks

BDAE,; timed picture naming
task with the DO80; fluency
semantic and phonological
timed

task;

semantic
timed

tasks;
association
reading task




Chaulet E et al

World Neurosurgery 12 (2025)

Other
assessment:

function
(Rey
Figure); memory*; attention*;

cognitive

praxis*

executive function*
Calculation skill assessment:
(addition,
subtraction, and multiplication
tasks)

*depending the tumor location

calculus*

Other  cognitive  function
assessment: praxis* (Rey
Figure); memory*;
attention*; executive
function*

Calculation skill assessment:
(addition,
subtraction, and

calculus*

multiplication tasks)

*depending the tumor
location
Pu et al |parietal lobe; n=>5 NP team; 1|EHI; KPS n=0 n/a Linguistic assessment: | n =0 NP team;| KPS n=1
(2011)[9] | temporal lobe; ST Linguistic assessment: WAB language function 18T Linguistic assessment: WAB
frontal lobe (Chinese version): picture mapping (Chinese version): picture
naming Calculation skill naming
Other  cognitive  function assessment: Other  cognitive  function:
assessment: MMSE subtraction and MMSE
Calculation skill assessment: multiplication tasks Calculation skill assessment:
numerical processing numerical processing
examinations (number examinations (number
comparison, single-digit comparison, single-digit
multiplication and simple multiplication and simple
subtraction) subtraction)
Roux et al. |close to the AG|n=6 1 physician | EHI n=4 n/a Linguistic assessment: | n =6 1 Linguistic assessment: | n = 1
(2003) [10] | or involving the Linguistic assessment: Written A naming task; a physician | Written and oral
posterior parietal and oral comprehension, reading task; a writing comprehension, naming,
area naming, language fluency, task language fluency, reading,
reading, computation, Other functions computation, dictation,
dictation, repetition, written assessed: A finger- repetition, written
transcription, object handling, recognition task; a transcription, object
and writing abilities color-naming task handling, and  writing
Other  cognitive  functions Calculation skills abilities
assessed: A finger-recognition assessment: basic Other functions assessed: A

task; a color-naming task

addition tasks

finger-recognition task; a
color-naming task




Chaulet E et al

World Neurosurgery 12 (2025)

Calculation skills assessment:
Oral and written calculation
abilities, comprehension of

signs
estimation of

arithmetical and
numbers,
quantities, reading numbers,

and counting abilities

skills
assessment: Oral and written

Calculation

calculation abilities,
comprehension of
arithmetical ~ signs  and
numbers, estimation  of

quantities, reading numbers,
and counting abilities

Roux et al. | parietal lobe | n =20* | NP team EHI n=4 NP team | Linguistic assessment: | n = 14 NP team | Linguistic assessment: | n = 8 4
(2009) [11] | (including AG); Linguistic assessment: naming performed but not naming and reading tasks|preoperatively and
F2 and reading tasks (but not detailed (but not detailed) 4 others
detailed) Calculation skill Calculation skill assessment: | postoperatively)
Other  cognitive  function assessment: naming, number production, | whom n = 2 (at 12
assessment: / alphabetic script numerosity judgement, | months)
Calculation skill assessment: reading, and Arabic numerical  facts, various
number production, number reading; calculation tests (written and
numerosity judgement, calculating tasks mental), number
numerical ~ facts,  various comparisons, number
calculation tests (written and knowledge, and suite
mental), number comparisons, production
number knowledge, and suite
production
Russell  et| parietal lobe n=28 |n/a Wada test n=0 2 / n=0 n/a Linguistic assessment: | n = 1
al.  (2005) Linguistic assessment: surgeons performed but not detailed
[19] performed but not detailed Other cognitive function:
Other  cognitive  function performed but not detailed
assessment: performed but not Calculation skill assessment:
detailed n/a (but signs of Gerstman
Calculation skill assessment: syndrome investigated)
n/a (but signs of Gerstman
syndrome investigated)
Scarone et parietal lobe|n=15 |1 EHI n=0 1 ST (at|Linguistic assessment: |7 =0 1 ST (at|Linguistic assessment: | n = 4 (immediate
al.  (2009) | (SPL; SMG); neurologist; | Linguistic assessment: BDAE least) picture naming with least) BDAE (French version); | postoperative
[23] frontal lobe 1ST;3NS | (French version); writing DO80; counting (1 to auditory comprehension, | among whom n = 1
(SMA; F2); abilities  (“Mechanics  of 10) counting, object naming, | (at 9 months)
insula spontaneous speech; writing
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writing  examination” and
“Recall of written symbols™)
Other

assessment: /

cognitive _ function

Calculation skill assessment: /

Other cognitive function: /

Calculation skill assessment:

/

(2011)[12]

Linguistic assessment: naming
tasks
Other
assessment: a simple reaction

cognitive __ function

time test, a verbal working
memory (digit span) test

Calculation skill assessment:
single  digit  subtraction,
Stroop-like
comparison; calculation tasks

number

picture naming task
Other
function: a

cognitive

simple
reaction time test, a
verbal working
memory (digit span)
test

Calculation skill

assessment:

simple
subtraction and simple
and single-digit
multiplication tasks

naming tasks
Other cognitive function: a

simple reaction time test, a
verbal working memory
(digit span) test

Calculation skill assessment:

single digit subtraction,
Stroop-like

comparison; calculation tasks

number

Wu et al | Frontal lobe|n=4 1ST EHI; KPS n=0 1ST Linguistic assessment: | n =0 1ST KPS n=0
(2008)° [24] | (around Broca’s Linguistic assessment: WAB picture naming, Linguistic assessment: WAB
area) (chinese version): auditory counting, repetition (chinese version)

word judgment, auditory word Other cognitive function:
repetition, picture naming MMSE
Other  cognitive  function Calculation skill assessment:
assessment: MMSE /
Calculation skill assessment: /

Yu et al |temporal lobe n=1 n/a EHI n=0 n/a Linguistic assessment: [ n =1 n/a Linguistic assessment: | n =0

LGG: Low-Grade Glioma (I, II); HGG: High-Grade Glioma (III, IV); hem: Hemisphere; AG: Angular Gyrus; SMG: Supramarginal Gyrus; IPS: Intraparietal Sulcus; AF: Arcuate Fasciculus; GBM: Glioblastoma Multiforme;

F2: Middle Frontal Gyrus; SPL: Superior Parietal Lobe; SMA: Supplementary Motor Area; F2-F3: Middle And Inferior Frontal Gyri; NS: Neurosurgeon; ST: speech-therapist; NP: Neuropsychologist

AAT: Aachener Aphasia Test; BDAE: Boston Diagnostic Aphasia Examination; DO-80: Test de Dénomination Orale D’images; EHI: Edinburgh Handedness Inventory; ENB: Esame Neuropsicologico Breve; EORTC QLQ-
C30: European Organization for Research and Treatment of Cancer Quality of Life Questionnaire-C30; HADS: Hospital Anxiety and Depression Scale; HTLD: Harris test of lateral dominance; KPS: Karnofsky Performance

Scale; MMSE: Mini Mental State Examination; NPCB: Number Processing and calculation battery; WAB: West Aphasia Battery

*None, as a controlled variable.

“In this study, cortical stimulation was performed on only sixteen cases because four patients had preoperative symptoms of acalculia and were excluded from the brain mapping procedure. Therefore, some results in (Table

1) are based on sixteen cases instead of twenty.
°In this study, there are 4 patients as well as 14 control subjects. Only the data concerning the 4 patients will be reported in the table.
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3. Results

3.1. Characteristics of the Population

Across all studies combined, a total of 297 patients were included (Table
2). The cohorts range is from 1 [2, 12, 17, 18] to 107 [3] participants
depending on studies. Among this population, 47% (n = 139) were
female and 53% (n = 158) were male and the mean age is 47.4 years +
20.7 years.

Among 277 patients (Only 277 patients are included because the article
by Roux ef al. [11] does not specify the number of patients per lesion),
54.9% had a low-grade diffuse glioma, 43.3% had a high-grade diffuse
glioma, and 1.8% had another type of lesion (cavernous hemangioma,
cavernoma, cortical dysplasia, etc.). Among the 249 patients, lesions
were predominantly located in the left hemisphere 75.1% (n = 187),
which corresponds to the majority of right-handed patients (87%) when
handedness is reported (available for only 82.8% of the 187 patients).
Across all studies, so 297 patients, the most commonly affected lobe was
the parietal lobe with 118 cases, followed by the frontal lobe with 81
cases and the temporal lobe with 25 cases. Additionally, 10 cases
involved lesions in the insula. Furthermore, 63 patients (Ius ez al., 2011;
Roux et al., 2009) were not classified due to the precise location of the
lesions not being specified for each case. Finally, it is important to
underline that in the study by Roux et al. [11], 20 patients were initially
included, but four were excluded due to preoperative acalculia.

3.2. Characteristics of the Interventions

Ofthe 297 patients, 242 underwent awake conditions for tumor resection
(Table 3). Indeed, in two studies [5, 19], this approach was not proposed:
in the first case, general anesthesia with sensory and motor monitoring
during the operation was used, while in the second, the study aimed to
evaluate the benefits of an alternative method to awake surgery.

3.3. Assessments of Numerical Abilities

Among the seventeen studies, there is a lack of consistency across
departments in the methods of assessment. Some rely on standardized
test batteries, while others use isolated tasks or automatic routines such
as numerical counting rhymes.

3.3.1. Standardized Batteries of Tests

Regarding the assessment of numerical abilities, seven studies mention
the use of standardized test batteries like the Boston Diagnosis Aphasia
Examination (BDAE) [20], the Western Aphasia Battery (WAB) [21] or
the NPC [22].

The BDAE, which is not specifically designed to assess impairments in
digital skills, is used by four research teams using a subtest consisting of
oral and written automatic sequences and a 5-number dictation [3, 5, 6,
23]. However, only D’Andrea et al. [5] explicitly mention using the
“number naming task” whereas the other teams only state that they used
the BDAE without specifying which tasks were employed. Similarly, the
WAB, which is also not specifically designed to assess impairments in
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numerical skills, is used by two teams [9, 24]. This battery includes a
subtest that assesses the ability to solve mathematical problems, ranging
from simple to more complex ones. On the other hand, Della Puppa et
al. [7] employed the NPC [22], which provides a more targeted
evaluation in this area.

Among all the included studies, Della Puppa ez al. [7] is the only one to
have administered a comprehensive battery dedicated to assessing
numerical skills. The other studies do include tasks aimed at assessing
numerical skills, although these are not necessarily linked to a
standardized test battery. Depending on the study, the tasks vary both in
number and content, including activities such as calculation, numerical
transcoding, number comparisons, or recitation of the numerical
sequence.

3.3.2. Assessments of Digital Skill Subdomains

Some subdomains are more thoroughly investigated than others. In fact,
numerical transcoding, mental arithmetic, written calculation abilities,
comparisons, counting task (recitation of the numerical sequence) are
among the most commonly studied.

In addition to the study by D’Andrea et al. [S] which used BDAE subtest,
three other studies assessed a numerical transcoding task [8, 10, 25]
among other numerical tasks for some of them (Table 3). Four out of the
seventeen studies focused on mental arithmetic tasks (addition,
subtraction or multiplication) [3, 9, 12, 18]. The investigation of written
calculation abilities is found in four studies [8, 10, 11, 17], but only
during pre- and postoperative phases. Four studies also investigated
numerical comparisons. Then, several studies included a counting task,
also referred to as “verbal numerical sequence recitation” [1, 3, 6, 23,
24].

3.3.3. Operative Phases and Numerical Assessment

It is interesting to highlight that assessments differ across the three
characteristic phases of awake surgery. Generally, the pre-operative and
post-operative phases are more exhaustive than the perioperative phase,
which is primarily explained by the more limited time available in the
operating room [5, 8, 12, 17, 18]. Moreover, all articles mentioned pre-,
peri-, and postoperative phases except the study by D’Andrea et al. [5],
in which an alternative method is assessed and there is not a three phases
protocol. In the study by Russell e al. [19], three phases are mentioned,
but the perioperative phase is not conducted in an awake state.

In the preoperative phase, three main areas of assessment are identified:
language, cognitive functions, and numerical skills, as well as the
patient’s handedness. Among the proposed assessments, a handedness
questionnaire is typically included, notably the Edinburgh Handedness
Inventory [3, 5-12, 23, 24, 26, 27]. Duffau et al. [25] proposed the Harris
test of lateral dominance [28]. Moreover, a language assessment is
conducted with an oral picture naming test such as the DO80 naming test
[29], which is the most referenced [3, 6-8, 23], or (BDAE) for certain
department [3, 5, 6, 23]. Other cognitive skills, such as numerical skills
[3, 7-12, 18, 25], visuo-spatial skills [3, 7, 25], or memory skills 3, 7,
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12] may also be investigated depending on the studies, their objectives,
as well as the areas and needs of the patients.

Then, the perioperative phase is typically defined, in most articles, by a
language assessment which is conducted using the same oral picture
naming test proposed preoperatively, except for the study by Scarone et
al. [23], in which they mentioned the use of the DO80 [29] without
confirming its use in the preoperative phase. Perioperatively, among the
17 studies, 10 conducted a somewhat exhaustive numerical assessment
[12, 18, 19, 25], and 4 more if we include the 1-to-10 counting task [3,
6,23, 24]. For some others team, a mental arithmetic task is proposed [2,
7-12, 18, 25, 26]. lus et al. [26] clarified, however, that this evaluation
was not systematic for the included patients and depended on the
location of the glioma. Lastly, for most articles, the postoperative
assessment is similar, if not identical, to the preoperative assessment,
except regarding the patient’s handedness.

3.4. Acalculia Investigation

Among the 297 included patients, 90.6% (n = 269) underwent at least
one numerical skills assessment during the pre-, peri-, or postoperative
phases [1-3, 5-12, 18, 23-26]. However, in the study by Ius et al. [26]
this assessment depended on tumor location, and we therefore have no
precise idea of the number of patients assessed for their numerical
abilities. Assessment at all three phases: 65% (n = 175) of the 269
patients were assessed at all three phases (pre-, peri-, and postoperative)
[3, 6-12, 18,23-25]. Perioperative assessment only: 23.4% (n=63) were
assessed only during the pre- and postoperative phases [1, 2, 26].
Assessment pre- and postoperatively: 10% (n = 27) were assessed solely
during the perioperative phase [5]. In some studies, assessments were
limited to a 1-to-10 counting task. For 13.7% of the patients (n =37) [1,
6,23, 24], this was therefore more of an automatic, language-based task
than a comprehensive numerical skills evaluation.

Some studies did not report investigating acalculia (n/a in Table 2),
whether in the pre- [26], peri- [3, 26], or postoperative [3, 26] phases.
Consequently, the following data are based on patients who were
explicitly assessed for acalculia: Preoperative phase: among the 239
patients investigated, 8.8% (n = 21) had numerical disorders [3, 5, 10,
11, 18]. It should be highlighted that Roux et al. [11] excluded 4 patients
from their perioperative protocol due to preoperative acalculia.
Perioperative phase: acalculia was observed in 23.2% (n = 30) of the 129
(Considered 4 patients out of 20 in Roux ez al. [11] study who do not
underwent surgery because of their preoperative acalculia) patients who
underwent evaluation during surgery [1, 2, 7, 8, 10-12, 25]. This was
sometimes due to the protocol, aiming to map eloquent regions
associated with numerical skills, thereby inducing a transient acalculia
during stimulation. Postoperative phase: among the 132 evaluated
patients at this phase, 14.4% (n = 19) had a numerical disorder. Of these,
42.1% (n=8) [6, 9, 19, 23] were inaugural cases, with no prior acalculia
detected during the pre- or perioperative phases. However, for 36.8% (n
= 7) of these 19 patients, no specific numerical skills assessment was
conducted, except a potential BDAE subtest for 31.5% (n = 6) of the 19
[6, 23]. Lastly, among the 19 patients, one patient [19] appears not to
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have undergone evaluation across all three phases, or these evaluations
were not explicitly reported by the authors.

Then, among the 65% (n = 175) of the 269 patients assessed at all three
operative phases, 93.3% (n = 251) did not present postoperative
acalculia. However, if we focus on studies that both evaluated patients
at all three phases and explicitly investigated potential postoperative
acalculia, the study by Pallud et Dezamis [3] must be excluded. The total
number of patients to consider is therefore 162, with 88.9% (n = 144)
showing no postoperative numerical disorder.

3.5. Quality of Life Impact

Roux et al. [11] mentioned that acalculia can have a huge impact on the
daily life of a patient suffering from brain damage, including damage
caused by a glioma, especially as number manipulation is necessary for
many activities other than pure mathematics. Moreover, they
demonstrated that patients may experience complaints that arise later,
distantly from the surgery, which should also be taken into account.

Those arguments are also evocated by Della Puppa et al. [8].

3.6. Characteristics of the Included Studies

3.6.1. Characteristics of the Studies

The systematic review of the literature includes 17 articles. All of them
were published between 2003 and 2019, even though the inclusion
criteria spanned from 2000 to 2024. None of our articles were published
before 2002; 44% were published between 2002 and 2010, and 56%
between 2011 and 2020. Additionally, no studies on the subject have
been published since 2019. Only original papers were included in the
systematic review.

3.6.2. Methodological Quality and Robustness of Studies

Using the Gagnier and colleague’s grid (2013), most of the articles
selected in this review are between 75% and 100% concerning the
methodological quality (excellent quality above 90%, good quality
between 75 and 89%, average quality between 50 and 74%): 8 were of
excellent methodological quality [2, 7, 10, 11, 18, 19, 23, 25] according
the 28 items of the CARE grid, 10 of good quality [1, 3, 5, 6, 8, 9, 12,
24] and one of average quality [26]. Regarding the robustness of the 17
studies according the article by Ebbels [16], 10 fall under model C [1, 2,
7,8-10, 12, 18, 24, 25], 3 lean towards model D [6, 11], 3 lean towards
model B [5, 19, 23], and 1 to model B [3].

4. Discussion

The aim of this review of the literature was to provide an overview of
current practices concerning acalculia and glioma awake surgery.
Notably, no previous review has attempted to determine a prevalence of
acalculia in this context. Consequently, this review underlines two points
of interest. Firstly, none of the included studies has proposed a
comprehensive evaluation of acalculia, both analytical and functional,
and above all, this disorder is not systematically investigated as
evidenced by the seventeen studies reviewed. In fact, there is significant
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variability in how numerical skills are assessed in this context, making
it difficult to compare findings across studies. Secondly, it has been
observed a lack of consideration and understanding of the functional
impact that numerical skill disorders can have on patients’ daily life,
beyond the analytical aspect and impact.

According to these two points of interest, one of the key challenges in
estimating the prevalence of acalculia in awake glioma surgery, stems
from the lack of harmonization in international practices and the lack of
awareness regarding the wider implications of this disorder. First of all,
it is important to highlight the distinction between dyscalculia, which
refers to neurodevelopmental disorders, and acalculia, which is still not
sufficiently clear, making precise terminology crucial. In fact,
“dyscalculia” should not be used in the context of acquired brain injuries

such as glioma.

Then, it is crucial to consider patient as an active participant in their own
care, especially concerning a glioma resection and the possibility of an
awake surgery. While most of patients included have lesions
predominantly located in the left hemisphere, it would be an
oversimplification to conclude that only left-sided lesions could lead to
deficits in numerical skills. Indeed, some studies emphasize the role of
the right hemisphere, particularly the posterior part of the parietal lobe,
which plays akey role in certain numerical tasks [5,7, 17, 18]. Arsalidou
and Taylor [30] demonstrate that the parietal, frontal, and prefrontal
lobes, the insula, as well as certain gyri such as the left fusiform gyrus,
the bilateral inferior, medial, and superior frontal gyri, are involved in
numerical processing to varying degrees. Awake surgery for gliomas is
distinctive in that it takes into account the patient’s complaints.
However, numerical skills are not always highlighted when assessing
potential postoperative deficits, as their preservation is generally not a
priority compared to other cognitive functions such as language, except
in cases where the patient’s profession directly relies on these skills [2].
Consequently, both before and after surgery, numerical impairments are
often underestimated. This tendency is reinforced by the widespread
belief that acalculia firstly affects calculation abilities (e.g., addition,
subtraction) rather than transcoding, estimations or problems solving, in
other words, various numerical abilities which can also have a significant
impact on patients’ daily life and potentially even more so than
calculation itself. While some authors are beginning to underscore the
importance of numerical skills in daily life and their relevance during
awake glioma surgery [7, 9-11, 25], this perspective remains in the

minority.

Indeed, these observations indicate that patients rarely report difficulties
related to acalculia spontaneously, and this is not limited to glioma
resections [31, 32]. Therefore, the tailored assessment approach
presented by Duffau in his 2022 paper, which is one of the fundamental
principles of awake glioma surgery [17], must necessarily take into
account the potential impact of an acalculia on a patient’s everyday life,
even in the absence of any explicitly stated complaint before the
operation. The review highlights a lack of harmonization regarding the
assessment of acalculia, which complicates the ability to determine the
potential prevalence of these kinds of disorders. The 1-to-10 counting
task, frequently used to assess numerical abilities in the articles analyzed
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as part of this review, also raises concerns due to its automatic nature.
Like reciting multiplication tables, numbers from 1 to 10 are often
recited automatically. However, it is worth noting that this aspect is not
systematically discussed by the authors who used this task.

One other limitation of some of the included articles, concerning the
assessment, is that some used the awake condition during glioma
resection to explore numerical cartography [6-8, 12]. This suggests that
their aim was not to assess numerical skills in the context of glioma
surgery, but rather to use this setting to gain more insight into the
numerical areas of the brain. Others, though a minority, underline the
importance of considering a numerical disorder and the role of the awake
condition in this neurosurgery in maximizing the preservation of the
patient’s calculation abilities in order to optimize the postoperative
quality of life for patients [2, 9, 11, 25]; nevertheless, the limitation of
these studies is that they focus solely on the analytical aspect of a
numerical disorder, without considering the functional impact, which
can nevertheless be just as limiting as aphasia [11].

Secondly, it remains to be asked whether we ensure that the patient is
aware of the omnipresence of numerical tasks in their daily life, like
telling the time, cooking, managing one’s budget, etc. [33], beyond just
basic calculation tasks. It is interesting to add the perspective of Benn et
al. [33] because they highlighted, for the first time in the literature, the
alarming lack of diagnosis and appropriate support for patients with
acalculia. They also emphasised the emotional impact this can have on
these patients, potentially leading to social isolation. Indeed, among the
complaints gathered, patients reported difficulties in managing
passwords and numerical information more generally, for tasks such as
cooking (measurements, cooking times, etc.), handling phone numbers,
managing their finances independently, and following temporal
instructions (schedules, telling the time, etc.). Acalculia remains an
under-investigated disorder, although it can have a significant impact on
patients’ quality of life. It would therefore be pertinent to adopt a more
systematic approach in its investigation, particularly in the context of
glioma. At the very least, it is crucial to inform patients, from the
preoperative phase onwards, about the potential consequences of
acalculia on their daily lives after the surgery. This would allow patients
to make informed decisions regarding surgical options in collaboration
with the neurosurgeon and the medical and paramedical team, in line
with the personalized approach inherent to this type of surgery.

Moreover, considering this functional impact, it may be relevant to
recommend using a more functional and patient-centered assessment
protocol to evaluate numerical skills appropriately in both clinical and
research settings. At the very least, it would be advisable to propose a
questionnaire like the Numerical Activities of Daily Living
questionnaire [32] or to conduct a screening using tools such as those
recently proposed by the dCALQ [34]. In fact, this kind of questionnaire
or screening could be particularly useful for better targeting patients'
complaints and identifying more persons who may specifically report
difficulties with calculation, rather than relying on a broad question
about numerical skills during anamnesis which does not always elicit a
clear complaint. According to the results, a more in-depth assessment

using more “functional” batteries, such as the Ecological Assessment
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Battery for Numbers [35] could be suggested. Then, in cases where these
tests show pathological results, a more analytical investigation could be
implemented with transcoding, estimation, mental calculation, or
problem-solving, always in a discussion with the patients and their
wishes. Indeed, some more analytical test batteries like NPC [22] could,
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therefore, complete the investigation if necessary. Acalculia should,
therefore, be considered in its globality, taking into account the various
disorders it may cause. Figure 2 presents a proposed standardized
protocol for evaluating numerical skills during awake glioma surgery.

NADL
Screening / questionnaire dCALO
elc.
Normal score Impaired score
| l
i . ) EABN
i.p Functional/ecological Assessment - ele.
Normal score Impaired score
. NPC*
Analytical Assessment
elc

@ Numerical Activities of Daily Living questionnaire, Semenza et al., 2014

b Ecological Assessment Battery for Numbers, Villain et al., 2013
¢ Number Processing and Caleulation, Della Puppa et al., 2013

Fig. 2. Recommendation of a standardized protocol for numerical skills assessment during awake glioma surgery.

Finally, this review could permit to determine a potential prevalence of
acalculia, but the variety of proposed assessments, as well as whether
they were conducted at all operative stages or only at one or two, and
finally, the more or less systematic nature of the investigation of
numerical disorders, make determining this prevalence difficult.
Moreover, the authors provide very limited raw data, making it
impossible to differentiate between pathological and non-pathological
scores or to assess the severity of the disorders. In fact, future prospective
studies are recommended to use standardized tools and collect clear and
precise data to better understand the true prevalence of acalculia and its
clinical implications in this population. From a methodological
perspective, most of the included articles are of good to very good
quality. However, several studies are limited to single cases, and few
articles report on large cohorts. This reinforces the idea that it is difficult
to extract a clear guiding principle from the body of literature regarding
the assessment of acalculia in the context of awake neurosurgery.

5. Conclusion

To conclude, all in all, the lack of standardized protocols for assessments
has led to the use of different tests and batteries across studies to assess
numerical skills in the context of glioma awake surgery. This variability
in methodologies and the lack of awareness regarding acalculia,
complicates the interpretation and comparison of results. Without a
unified framework, researchers and clinicians face challenges in drawing

consistent conclusions and developing evidence-based guidelines. This
variability highlights the urgent need for harmonization to ensure
reliable and comparable outcomes in this field.
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