
Abstract
Object While scarcely reported in low-grade glioma

(LGG), accurate assessment of higher functions is

essential to evaluate then preserve the quality of life.

We assessed verbal working memory (vWM) in pa-

tients with LGG in language areas, before and after

surgery, to evaluate the effect of glioma and resection

on cognition, respectively.

Methods About 23 patients harboring a LGG in

language areas underwent awake surgery. All patients

had a vWM assessment, before and immediately after

the resection, in addition to KPS. vWM was also

evaluated 3 months after surgery in eight patients

(KPS in all cases), who performed postoperative

rehabilitation.

Results Preoperatively, 91% of patients had vWM

disorders (KPS ‡90 in 22 patients). Immediately after

surgery, 96% of patients had vWM worsening (50% of

KPS ‡90). At 3 months, among the eight patients

examinated, five recovered their preoperative vWM

score, and three significantly improved it (KPS ‡90 in

23 patients).

Conclusion In LGG, neuropsychological assessment

is encouraged in addition to KPS. vWM evaluation

before treatment showed that most patients had a

cognitive deficit. Moreover, surgery induced a transient

vWM worsening, which nevertheless recovers within

3 months. Specific rehabilitation might help to recover

and even to improve the preoperative cognitive status.

Keywords Brain mapping Æ Language Æ Low-grade

glioma Æ Surgery Æ Working memory

Introduction

The primary objective of low grade glioma (LGG)

surgery is to preserve eloquent brain areas whilst

obtaining the maximum degree of tumor resection

[1, 2]. Currently, in addition to the preoperative neu-

rofunctional imaging, intraoperative direct cortico-

subcortical electrical stimulation enables to optimize

the benefit-to-risk ratio of surgery, since definitive

morbidity is less than 5% and the resection is total or

subtotal in approximately 80% of cases [2, 3]. Thus, the

development of functional brain mapping has allowed

resective surgery to be focused on one of the basic

principles of neuro-oncology: maintaining and even

improving the patient’s quality of life (QoL) [4].

Nevertheless, neurosurgeons must not forget that

this concept also includes cognitive aspects. Therefore,

the effect of surgery on patients’ higher functions

should be considered, as previously extensively
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reported in epilepsy surgery [5]. In this way, before

being able to analyse this effect, it is mandatory to

demonstrate if such functions are really intact in LGG

patients before surgery. Indeed, although it was re-

ported for a long time that most of patients harboring a

LGG had normal higher functions (only 10% of mental

status abnormalities described by De Angelis in 2001

[6]), recent studies have found that, if extensive neu-

ropsychological assessment was performed, approxi-

mately 91% of patients with LGG have in fact

cognitive disorders before any treatment [7].

With the aim to test neurocognition accurately,

working memory (WM) represents a sensitive and

reliable task. Indeed, any WM dysfunction has a neg-

ative impact on higher functions. The theoretical con-

cept of WM assumes that a limited capacity system,

which temporarily maintains, stores and allows

manipulation of information, supports human thought

processes by providing an interface between percep-

tion, long-term memory and action [8]. Therefore an

objective decrease in this WM capacity reflects a cog-

nitive function disorder.

Here, we report a homogeneous series of 23 patients

who underwent surgical resection for LGG in the

dominant hemisphere whilst operated on under local

anaesthesia using intrasurgical electrical mapping. Due

to the location of the tumors in language regions, the

preoperative status of the verbal WM (vWM) was

systematically assessed using specific neuropsycholog-

ical tests, in addition to the classical functional scale in

neuro-oncology––Karnofksy Performance Status

(KPS)––in order to better evaluate the QoL. The same

battery of vWM tests was also used to analyse the ef-

fect of surgery in the immediate postoperative period

in all patients, and 3 months later in eight patients

(KPS score was evaluated in all cases). The aim was to

determine (i) the patients’ higher functions before any

treatment, (ii) the effect of surgery on these functions

in the immediate and delayed postoperative periods

and (iii) the actual contribution of the vWM assess-

ment in addition to the classical functional scale.

Patients and methods

Patient population

This is a longitudinal study of a consecutive surgical

series of 23 patients harboring a LGG located in lan-

guage areas, who underwent surgical resection under

local anaesthesia with intraoperative functional map-

ping using direct cortico-subcortical electrical stimula-

tions, and who benefited from a vWM assessment

before and after operation. All patients were operated

on by the two senior neurosurgeons (H. D. and L. C.)

in the Pitié-Salpêtrière hospital between 2002 and

2005.

The socio-demographic variables collected were sex,

age, education level, handedness and past medical

history of major illness. The education level was de-

fined as a qualitative variable with two categories: less

than or equal to 9 years of schooling, or over 9 years of

schooling, in accordance with the French educational

system. Handedness was evaluated using the Edin-

burgh Inventory. The language hemispheric domi-

nance was assessed by functional MRI using a protocol

associating a semantic fluency task, a covert sentence

repetition task, and a story listening.

Clinically, patients who presented with seizures

were recorded, and classified according to their seizure.

In cases that did not present with seizures, the symp-

toms leading to a brain tumor diagnosis were recorded.

The preoperative KPS score was defined and a con-

ventional neurological examination was carried out the

day before of the surgical intervention.

The patients undergoing antiepileptic treatment

before surgery were determined.

Radiologically, the characteristics of the lesion, its

homogeneity or heterogeneity, and whether or not

there was contrast uptake, were defined using T1, T2

and FLAIR weighted MRI. In addition, the tumor

location was defined according to the criteria described

by Duffau et al. [9] and the tumor volume was sys-

tematically evaluated.

Preoperative neuropsychological assessment

Since all tumors were located within language areas in

the dominant hemisphere, a preoperative neuropsy-

chological assessment was systematically performed by

a speech therapist (P. G.), using the picture naming test

(DO80) [10] and the Boston Diagnostic Aphasia

Examination (BDAE) (French adaptation 1982) [11].

Subtests of BDAE requiring the greatest involvement

of vWM were selected for the assessment (see below).

DO80 looks for a possible disturbance in the process

of naming, which involves three levels: visual-percep-

tive, semantic and lexical. Indeed, naming disorder is

one of the troubles that are detected earliest in many

types of aphasias. The test is based on 80 pictures and

is scored according to the age of the patient (between

20 and 59 years, and between 60 and 79 years) and the

education level (9 years or less, and over 9 years) [10].

Its standardization is related to a total of 108 subjects

distributed in a homogeneous way according to indi-

vidual factors’ of age (three classes from 20 to
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75 years), duration of schooling (up to 9 years included

and higher than 9 years) and sex [10]. In order to

balance possible regional linguistic particularisms, the

subjects were recruited in different geographical re-

gions. The test proposes two modes of quotation: one

known as ‘‘strict’’ with finality of research, and the

other, more adapted with the standard clinical practice.

Results of the DO80 test were considered pathological

if they were below the limits of normality, established

according to age and years of education.

Eight subtests were selected from the BDAE [11].

All subtests had a minimum store of 0 and a maxi-

mum score that varied according to the test. Scores

for the BDAE subtests were considered normal if

they fell between twice the standard deviation and the

maximum score for each subtest. The test of com-

mands and the test of logic and reasoning were se-

lected from the auditory comprehension section of the

BDAE. Indeed, when both the language’s syntax and

semantics, and the order of more complex sentences,

are detected and understood, these tests involve

vWM. The maximum score was 15 for the first test,

and 10 for the second one. In the written compre-

hension section, the vWM is also essential for

decoding and recognizing the words, and for recalling

the words that have already been read. The vWM is

equally crucial to maintain the thematic thread so that

the meaning of the ideas read can be understood. The

test of reading phrases aloud was used. This test has a

maximum score of 10. Furthermore, the vWM is in-

volved in the repetition section, as information about

each word segment entering through the auditory

pathways needs to be converted. This information

needs to be stored in the memory and then converted

into material to be correctly pronounced. The greater

the length and complexity of the material to be re-

called, the greater are the demands on the vWM.

Three subtests were selected: word repetition, con-

crete phrase repetition and abstract phrase repetition.

The maximum score was 10 for the first test, and 8 for

the second and third one. The spelling test was also

selected from the written language comprehension

section. This was because, unusually, the subject first

has to identify the letters from their sound and then

subsequently associate them with vocabulary. This

test requires considerable attention capacity and

vWM. The scores ranged between 0 and 8. Finally, in

the sentence dictation test taken from the writing

section, the patient receives information through the

auditory pathway. This information must then be

converted into graphemes, which also requires the

manipulation of information. The maximum score for

this test was 12.

Surgical variables

The surgical technique, i.e. the on-line cortico-subcor-

tical electrical functional mapping guiding the limits of

the resection under local anaesthesia, was widely

detailed in previous reports [1–3]. The double aim was

first to track and preserve the eloquent structures at

each moment and each site of the resection, in order to

avoid postoperative sequelae, second to continue the

LGG removal until essential functional areas were

encountered, in order to optimize the quality of

resection. Briefly, following the detection of glioma

boundaries using intraoperative ultrasonography, a

5-mm spaced tips bipolar electrode delivering a bi-

phasic current (pulse frequency of 60 Hz, single pulse

phase duration of 1 ms, amplitude from 2 to 6 mA

under local anaesthesia) was applied on the brain.

First, the electrical mapping was realized at the cortical

level, before tumor removal, to identify the essential

eloquent sites which must be avoided, thus to define

the boundaries of the resection according to functional

data. In addition to sensorimotor mapping, language

tasks including counting, picture naming and reading

were systematically performed [2, 3]. A trained speech

therapist and/or neuropsychologist was systematically

present in the operative room all along the awake

period, in order to accurately interpret the tasks. Sec-

ond, direct stimulations, with the same electrical

parameters as those used at the cortical level, were

continuously applied during glioma removal at the

subcortical level to detect sensorimotor and/or lan-

guage pathways, which represent the deep functional

limits of resection [2, 3]. As a consequence, the resec-

tion was systematically continued until the language

areas were encountered, with no any margin.

It is worth noting that WM was not mapped intra-

operatively, because it was never demonstrated previ-

ously that this function was altered before and after

LGG surgery. This was exactly the goal of our study, in

order to propose or not to add WM mapping during

the resection for future operations according to the

results of the present pre- and post-surgical assess-

ments.

Factors which could have a negative impact on the

tolerance of the awake procedure have been evaluated,

namely seizures, anxiety or extreme tiredness. The

accurate intensity of the electrical stimulations and the

duration of surgery were also recorded.

Postoperative assessment

Postoperatively, the results of neurological examination

and KPS were detailed in all cases. In addition, the 23
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patients had neuropsychological vWM assessment using

the same test battery than preoperatively, within seven

days after surgery, depending on the patient’s state.

A control MRI has evaluated the quality of resec-

tion within 48 h after surgery, according to the classi-

fication proposed by Berger et al. [1], namely: partial

resection in cases of residual tumor larger than 10 cc,

subtotal resection in cases of residual tumor lesser than

10 cc, and total resection in cases of no signal abnor-

mality on MRI.

Histological results were recorded according to

WHO classification criteria.

Three months after surgery, KPS and clinical

examination were reassessed in all patients. Moreover,

the eight last patients of the series, who underwent a

specific language rehabilitation primarily focussed on

strengthening vWM in the three postoperative months,

were tested again using the same battery of vWM than

described above. The rehabilitation was carried out by

a speech therapist. It began after the discharge and

took place in one hour sessions three times a week. The

exercises performed were presented through auditory

or visual channels and arranged in an increasing hier-

archy.

Statistical methods

Statistical analyses were performed with SPSS 11.0

software (version 11.0). Nonparametric test were used,

since the sample was relatively small and the variables

did not meet criteria for normality, evaluated by the

Kolmogorov–Smirnov test and even the logarithmic

transformation.

Comparisons between patients, before and after

surgery (immediate and later postoperative) were

performed using the two-sided Wilcoxon rank sum test

for continuous variables and comparisons variables

means assessed more than twice were performed using

the Friedman test. All statistical tests were two-tailed;

a p value of 0.05 or less was considered significant.

Results

Demographic characteristics of the 23 patients

There were twelve (52.2%) men and eleven (47.8%)

women. The average age was 34 years. The educa-

tional level was of 9 years or less in 39.1% of patients,

while over 9 years in 60.9% of patients. Nineteen pa-

tients were right-handed, two were ambidextrous, and

two were strongly left-handed.

Two patients had a past medical history: one patient

had congenital hemiparesis and the other suffered from

seizures since childhood.

Clinical history

The diagnosis was made after inaugural seizures in all

cases but two. Ten patients presented with generalized

tonico-clonic seizures, four with sensory partial sei-

zures, four with motor partial seizures and three with

mild language disorders. Moreover, one patient expe-

rienced an intracranial hypertension. Finally, the

diagnosis of one patient was incidental.

At the onset of the illness, 95.6% of the patients

had a normal conventional neurological examination,

except for the patient who presented with signs of

intracranial hypertension. This examination was nor-

malized after a first cytoreductive surgery performed

in emergency. The examination of the patient with

congenital hemiparesis was considered to have no

new deficit, taking into account the past medical his-

tory.

The preoperative KPS score was of 100% in four

patients, 90% in 18 patients and 80% in one patient.

MRI examination

In all cases, the tumor was hypointense on the T1

images and hyperintense on T2 and FLAIR images.

On the T1-weighted images, the tumor was homoge-

nous in 16 patients and heterogeneous in the other

patients, with a punctiform contrast uptake observed

in six cases. The tumors were located in the following

areas: 6 in the supplementary motor area (1 right, 5

left), 5 in the left premotor cortex, 1 in the left frontal

operculum, 1 in the left operculo-insular region, 4

within the sole insula (2 right, 2 left), 1 in the left

parieto-retrocentral area and 5 in the parieto-temp-

oro-occipital junction (3 left, 2 right). The average

tumor volume was 48.2 cc, with extremes of range of

10 cc to 140 cc.

Preoperative neuropsychological vWM

examination (Table 1.)

The percentage of patients scoring below normal levels

were: DO80 14.3%; auditory comprehension: com-

mands 38.1% and logic 90.4%; written comprehension

: reading 23.8%; repetition: word repetition 23.8%,

concrete phrase repetition 19%, abstract phrase repe-

tition 14.3%; written language comprehension: spelling

14.2%; writing: sentence dictation 5.2%.
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Surgical treatment

All patients in this series were operated on from 3 to

9 months after the first symptoms. The average dura-

tion of surgery was 5 h (SD 1.2 h) and the average

duration of the awake period was 2 h. The average

intensity of the electrical stimulation was 4.3 mA (SD

1.4 mA). The operation was carried out without inci-

dents in 20 patients. One patient presented repetitive

seizures: therefore, electrostimulation was stopped.

Another patient had an excessive anxiety, which im-

posed a rapid procedure with no extensive repeated

mappings. Due to the prolongation of the surgery, one

patient presented extreme fatigue that led to stop the

procedure, which was completed in a second stage.

There was no case of complication due to the anaes-

thetic procedure or cerebral oedema.

In all cases, cortical and/or subcortical stimulation

induced transient language disturbances, demonstrat-

ing the presence of essential language structures in the

immediate vicinity of the tumor. More precisely,

slowness of initiation was elicited in the six patients

with a lesion involving the supplementary motor area,

anomia in the five patients with a lesion in the pre-

motor area, anarthria in the six patients with a lesion

involving the operculum and/or the insula, phonemic

paraphasia in the patient with a lesion in the parietal

area, and semantic paraphasias in the five patients with

a lesion involving the parieto-temporo-occipital junc-

tion. In the 23 patients, the resection was stopped into

the contact of these functional boundaries, provided by

electrical mapping.

Immediate postoperative period (Table 1.)

No focal deficit was observed in 34.8% of the patients

in the immediate postoperative period. Four patients

presented a transient supplementary motor area syn-

drome (which recovered in a few days), six presented

language disorders, one had a pure motor deficit and

two a sensory deficit. Two patients presented a com-

bined motor, sensory and language deficit.

In the immediate postoperative period, the KPS

score was of 90% for 12 patients, 80% for ten patients,

and 70% for one patient.

The results of the neuropsychological vWM assess-

ment in the immediate postoperative period, expressed

as the percentage of patients below normal limits in

Table 1 Preoperative and immediate postoperative vWM assessment in the 23 patients

Patient D080 Commands Logic Reading Word
repetition

Concrete
phrase
repetition

Abstract
phrase
repetition

Spelling Sentence
dictation

Preop Postop Preop Postop Preop Postop Preop Postop Preop Postop Preop Postop Preop Postop Preop Postop Preop Postop

1 75 55 14 8 9 5 6 4 8 8 7 6 7 4 6 1 12 11
2 78 76 15 13 12 11 10 10 10 10 8 8 8 6 8 7 10 10
3 79 79 15 13 9 7 8 9 10 9 8 6 7 2 8 5 4 4
4 52 64 13 14 6 11 7 9 9 10 6 7 4 7 8 8 12 12
5 77 80 15 10 10 8 9 9 10 10 8 7 8 7 8 7 12 9
6 78 78 15 13 10 8 9 9 10 10 7 7 8 7 8 6 12
7 76 78 13 13 10 8 10 10 10 9 8 7 8 7 8 8 12
8 76 13 7 10 10 8 8 5 6
9 80 78 15 14 11 10 8 9 10 10 8 8 8 5 8 8 12 10
10 77 15 9 6 10 8 8 8 12
11 80 80 15 15 11 11 10 10 10 10 8 8 8 7 8 7 12 12
12 80 78 15 15 11 8 10 10 10 10 8 8 6 8 7 6 12 6
13 80 80 14 15 10 12 10 10 10 10 8 8 8 8 7 8 12 12
14 78 16 15 13 7 10 9 7 8 6 8 4 5 2 - 10
15 75 70 15 14 8 4 10 10 10 7 8 4 7 4 8 6 11 5
16 76 78 15 14 7 10 10 9 9 10 8 5 8 8 5 5 12
17 78 77 15 13 9 9 10 8 10 10 8 8 8 8 6 5 12 10
18 78 76 14 12 10 6 10 9 10 9 8 8 8 8 8 7 12
19 78 76 14 14 10 11 10 8 10 10 8 8 7 7 7 8 12 10
20 80 79 15 15 11 11 10 10 10 10 8 8 8 8 8 8 12 12
21 78 63 15 15 12 11 10 10 10 10 8 7 7 7 7 6 12 10
22 80 80 14 15 10 10 10 10 10 10 8 8 8 8 8 8 12 10
23 77 79 14 13 8 8 7 5 9 9 7 7 6 5 6 5 - 6

%Pbn 14.2 34.7 38.1 69.5 90.4 91.3 23.8 21.7 23.8 30.4 19 47.8 14.2 34.7 14.2 30.4 4.7 26

%pbn: percentage of patients scoring below normal level
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each test, were: DO80 30.4%; commands 69.5%; logic

91.3%; reading 21.7%; word repetition 30.4%; con-

crete phrase repetition 47.8%; abstract phrase repeti-

tion 34.7%; spelling 30.4%; and dictation 26.08%. Only

one patient had results within the limits of normality

(Table1.). Statistically significant differences between

the preoperative and immediate postoperative results

were observed in the auditory comprehension com-

mands test (p = 0.005), concrete phrase repetition

(p = 0.031), abstract phrase repetition (p = 0.029),

spelling (p = 0.008) and sentence dictation (p = 0.007).

There was no change in vWM function related to the

completeness of resection, nor related to tumor loca-

tion in primary or supplementary cortex (NS).

The histological examination revealed the diagnosis

of WHO grade II glioma in the 23 cases (seven astro-

cytomas and 16 oligodendrogliomas).

Delayed postoperative examination at 3 months

(Table 2.)

Seven patients had a normal clinical situation 3 months

after surgery. Seizures persisted in three patients and

they underwent an increase of antiepileptic therapy.

One patient presented a slight right-sided paresis (who

recovered almost to within normal limits 3 months la-

ter). Another patient had still mild language disorders.

Finally, 11 patients mentioned slight difficulties in

attention, in performing two tasks at the same time and

mental fatigue among other symptoms.

The KPS score at this time was of 100% in seven

patients, 90% in 13 patients and 80% in three patients.

The rehabilitation treatment, primarily focused on

language and vWM, was carried out for all patients by

our speech therapist (P. G.). In the eight last patients of

the series, a neuropsychological assessment 3 months

after surgery was again performed, and expressed as the

percentage of patients with scores below normal value

(Table 2.). Five patients recovered their preoperative

vWM score, and three significantly improved it. The

result for the DO80 test was 12.5%. The results for the

BDAE subtests were: commands 62.5%; logic 87.5%;

word repetition 25%; concrete phrase repetition 50%;

abstract phrase repetition 12.5%; spelling 0%; reading

12.5%. A statistical comparison of the results of both

DO80 and global BDAE scores, before and three

months after surgery, revealed that there was no signifi-

cant difference (p > 0.05). More precisely, in three

BDAE subtests, the postoperative scores after

3 months were better than the preoperative scores, in

reading, abstract phrase repetition and sentence dicta-

tion. The scores were equal in DO80 and word repeti-

tion, while the scores were slightly lower in commands,

logic, concrete phrase repetition and spelling.

Discussion

Preoperative study of cognitive functions

The conventional neurological examination is ‘‘classi-

cally’’ thought to be normal in most patients harboring

a LGG. Moreover, the majority of QoL assessement

has been based on the sole KPS. However, this score is

very incomplete, since it does not record data such as

the emotional, social nor in particular cognitive status

of the patient. As a consequence, in 2001, DeAngelis

[6] has reported that patients with LGG had normal

higher functions in 90% of cases.

Yet, our results call into question such a proposition.

Indeed, while 22/23 patients had a KPS ‡90%, only

two patients’ results before surgery felt within the

limits of normality for all the neuropsychological tests

here performed. Especially, it is significant that in tests

requiring a greater involvement of vWM, up to 90.4% of

the patients’ results were below normal levels.

Table 2 Postoperative vWM 3 months following LGG resection in eight patients

Patient D080 Commands Logic Reading Word
repeti-
tion

Concrete
phrase
repetition

Abstract
phrase
repetition

Spelling Sentence
dictation

1 75 55 64 14 8 12 9 5 4 6 4 7 8 8 9 7 6 7 7 4 7 6 1 5 12 11 12
2 78 76 78 15 13 15 12 11 10 10 10 10 10 10 9 8 8 7 8 6 8 8 7 7 10 10 12
3 79 79 78 15 13 14 9 7 10 8 9 10 10 9 10 8 6 7 7 2 8 8 5 8 4 4 12
4 52 64 79 13 14 14 6 11 7 7 9 10 9 10 10 6 7 7 4 7 6 8 8 8 12 12 12
5 77 80 79 15 10 14 10 8 11 9 9 10 10 10 10 8 7 8 8 7 8 8 7 8 12 9 12
12 80 78 79 15 15 15 11 8 10 10 10 10 10 10 10 8 8 8 6 8 8 7 6 8 12 6 12
21 78 63 80 15 15 15 12 11 12 10 10 10 10 10 10 8 7 8 7 7 8 8 6 8 12 10 12
22 80 80 80 14 15 14 10 10 11 10 10 10 10 10 10 8 8 8 8 8 8 8 8 8 12 10 12

%Pbn 12.5 37.5 12.5 37.5 62.5 62.5 75 100 87.5 37.5 12.5 12.5 25 25 25 25 62.5 50 25 37.5 12.5 0 25 12.50 12.5 37.5 0
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WM is a common instrument of the higher functions

since it enables to temporarily retain information to be

manipulated [8]. For language, i.e. vWM, the infor-

mation is maintained through the articulatory process.

In the framework of Baddeley’s model, vWM is di-

vided into a phonological store and an articulatory

rehearsal module. The former would involve the left

supramarginal gyrus, whereas the latter would be dis-

tributed rather over the left inferior frontal (Broca’s)

area. This manipulation is essential for carrying out

complex cognitive tasks [8]. Thus, a systematic study of

LGG patients’ vWM enables to provide a representa-

tion of their higher functions’ overall performance. If

the vWM is slightly affected, this only leads to a dys-

function in those tasks requiring a high degree of

vWM, such as for instance more abstract problems.

Moreover, recent articles suggest a close interaction

between the WM neural networks and the processes of

selective attention and decision making [12]. Test

efficiency could therefore be optimized by including

additional examination of these functions, and by

refining cognitive assessment tools, as previously sug-

gested in stroke and brain injury [13].

Interestingly, our results are in accordance with re-

cent publications, which have reported that, in fact,

LGG were most often associated to cognitive deficits,

identified only if accurate neuropsychological assess-

ments were made [7]. Indeed, extensive examinations

of higher functions in patients harboring LGG have

shown cognitive deficits, in particular involving exec-

utive functions [14], picture and word recognition

memory [15] or verbal fluency performance.

However, antiepileptic drugs may also have an

adverse effect on cognition [7]. In addition, seizures

themselves can affect higher functions, whilst also

causing significant obstacles to the patient’s psychoso-

cial adaptation [7]. In 38% of patients from our series,

the seizures had not been completely controlled before

surgery even though anticonvulsivant medications

were used.

On the other hand, it is remarkable that patients

with voluminous LGG located within eloquent regions

have only mild deficits, since necessitating extensive

neuropsychological assessment to be detected. One

likely explanation is the potential of brain plasticity,

which allows constant functional reorganization whilst

the tumour proliferates and spreads [16]. Such func-

tional compensation is especially based on the

recruitment of perilesional areas. Consequently, since

even mild cognitive disorders could be interpreted as a

limit of brain plasticity potential, it is crucial for LGG

resection that a very accurate and reliable intraopera-

tive functional mapping can be performed, in order to

preserve imperatively the peritumoral eloquent sites

essential for recovery [16].

Immediate postoperative study of cognitive

functions

In the immediate postoperative period, the neurocog-

nitive assessement worsened in 22 out of 23 patients,

despite 52% of KPS ‡ 90%. In five out of the 9 tests,

the differences between preoperative and postopera-

tive scores were statistically significant. These findings

confirm that LGG surgery within eloquent areas has

temporary negative effects on cognition. While in

accordance with the well-known possible neurological

(sensorimotor and language) worsening when the

resection comes into contact of the functional cortico-

subcortical pathways [2, 3], these data also show that

vWM assessment is more sensitive than classical KPS

to detect post-operative impairment (as described pre-

operatively). However, tests requiring less involvement

of the vWM are not notaby affected after surgery,

whereas tests requiring higher vWM participation had

lowest scores. Indeed, in the logic and reasoning tasks,

91.3% of the patients obtained scores below normal

levels. Such data are important, since as for sensori-

motor functions, neurosurgeons should inform patients

and their families about this risk of worsening, albeit

transient, of cognition. This would also help to plan an

intensive and specific rehabilitation program for the

immediate postoperative period, to recover more

effectively and rapidly.

Delayed postperative study of cognitive functions

Complete data is only available for the last eight pa-

tients of the series. While this is a very small sample,

the great interest is to benefit, for the first time to our

knowledge, from a longitudinal neuropsychological

study of vWM before and following surgical resection of

LGG – moreover, before and after specific rehabilita-

tion during the postoperative period.

Scores for sentence dictation, abstract phrase repe-

tition and reading tests were higher 3 months after

surgery than in the preoperative period. In two more

tests, the scores were unchanged. Thus, the patients not

only recover their cognitive functions, but also they

may surpass certain preoperative test scores 3 months

after surgery in comparison to the preoperative status.

At least three explanations could be suggested. First, a

decrease of loco-regional mass effect due to the

resection of the more bulky LGGs, in particular

the left insular tumors, allowing decompression of

perilesional areas often involved in the functional
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compensation [16]. Second, a potential unmasking of

latent cognitive networks induced by the cortical hy-

per-excitability due to the surgical act itself, as previ-

ously described for sensorimotor and language

functions [17]. Third, a likely important participation

of the specific neurocognitive rehabilitation on vWM

[18], as already demonstrated in aphasia [19]. In this

way, the incomplete normalization of scores 3 months

after surgery in the three last tests in which vWM is

highly involved (auditory comprehension tests of

commands and logic, and concrete phrase repetition),

could be due to the need for a longer or more adapted

WM rehabilitation.

Finally, from an oncological point of view, we sug-

gest to perform regular neuropsychological examina-

tions during a longer follow-up, to detect an eventual

LGG recurrence through a worsening of the cognitive

functions without any other symptoms––as recently

reported [20]. Moreover, the rapidity of the neuro-

psychological worsening might be correlated to the

aggressiveness of the glioma [16].

Conclusions

Our study shows that patients harboring a LGG in

language areas, even if they usually have a ‘‘normal’’

clinical examination, and a ‘‘normal’’ score according

to functional scales classically used in neuro-oncology

(e.g. KPS), present in fact an actual cognitive deficit

more frequently than previously thought. Such a de-

cline of higher functions can be detected by performing

a more systematic neuropsychological assessment,

especially by examining vWM, before any treatment.

Furthermore, despite the use of intraoperative func-

tional mapping, particularly for language, surgical

resection induces most of the time an immediate

postoperative cognitive worsening, again identified if a

neuropsychological examination is performed––and

not systematically by KPS alone.

Therefore, in order to improve the QoL of patients

operated on for a LGG, it can be considered:

– to better recognize cognitive deficits before and after

surgery. To do that, it is essential to establish new

batteries to complete the assessment of higher

functions, and to perform such extensive neuropsy-

chological examination, not limitated to the vWM, in

all the patients with a LGG (whatever the location of

the tumor). Moreover, such batteries would also

enable to better understand the brain reshaping due

to LGG growth and to surgery, then to adapt specific

cognitive rehabilitation programm;

– and to monitor WM during glioma resections, in the

same way than motor, sensory and language func-

tions, at least in selected patients (e.g. in relation to

their preoperative cognitive status);

Finally, from a fundamental point of view, such

systematic studies should increase our knowledge of

the functional anatomy of WM, which is an essential

function for cognition thus for QoL, in order to com-

plete the model proposed by Baddeley [8].
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adaptée du Boston Diagnostic Aphasia Examination. E.A.P.
Editions Psychotechniques, 1982

12. Gruber O, Goschke T (2004) Executive control emerging
from dynamic interactions between brain systems mediating
language, working memory and attentional processes. Acta
Psychol 115:105–121

13. Mcalister T, Flashman L, Sparling M, Saykin A (2004)
Working memory deficits after traumatic brain injury: cate-
cholaminergic mechanisms and prospects for treatment- a
review. Brain Inj 18:331–350

14. Goldstein B, Armstrong CL, Modestino E, Ledakis G, John
C, Hunter JV (2004) The impact of left and right intracranial
tumors on picture and word recognition memory. Brain
Cogn 54:1–6

312 J Neurooncol (2007) 81:305–313

123



15. Goldstein B, Obrzut JE, John C, Ledakis G, Armostrong CL
(2004) The impact of frontal and non frontal brain tumour
lesions on Wisconsin Card Sorting Test performance. Brain
Cogn 54:110–116

16. Duffau H (2001) Lessons from brain mapping in surgery for
low-grade glioma: insights into associations between tumour
and brain plasticity. Lancet Neurol 4:476–486

17. Duffau H (2005) Acute functional reorganisation of the
human motor cortex during resection of central lesions: a
study using intraoperative brain mapping. J Neurol Neuro-
surg Psychiatr 70:506–513

18. Wilson BA (1996) Rehabilitation and management of
memory problems. Acta Neurol Belg 96:51–54

19. Doesborgh SJ, van de Sandt-Koenderman MW, Dippel DW,
van Harskamp F, Koudstaal PJ, Visch-Brink EG (2004) Ef-
fects of semantic treatment on verbal communication and
linguistic processing in aphasia after stroke: a randomized
controlled trial. Stroke 35:141–146

20. Armstrong CL, Goldstein B, Shera D, Ledakis GE, Tallent
EM (2003) The predictive value of longitudinal neuropsy-
chologic assessment in the early detection of brain tumor
recurrence. Cancer 97:649–656

J Neurooncol (2007) 81:305–313 313

123


	Assessment of verbal working memory before and after surgery for low-grade glioma
	Abstract
	Introduction
	Patients and methods
	Patient population
	Preoperative neuropsychological assessment
	Surgical variables
	Postoperative assessment
	Statistical methods
	Results
	Demographic characteristics of the 23 patients
	Clinical history
	MRI examination
	Preoperative neuropsychological vWM examination (Table 1.)
	Surgical treatment
	Immediate postoperative period (Table 1.)
	Tab1
	Delayed postoperative examination at 3 months (Table 2.)
	Discussion
	Preoperative study of cognitive functions
	Tab2
	Immediate postoperative study of cognitive functions
	Delayed postperative study of cognitive functions
	Conclusions
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


