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Abstract

It has been suggested that the inferior longitudinal fasciculus (ILF) may play an impor-

tant role in several aspects of language processing such as visual object recognition,

visual memory, lexical retrieval, reading, and specifically, in naming visual stimuli. In

particular, the ILF appears to convey visual information from the occipital lobe to the

anterior temporal lobe (ATL). However, direct evidence proving the essential role of

the ILF in language and semantics remains limited and controversial. The first aim of

this study was to prove that patients with a brain glioma damaging the left ILF would

be selectively impaired in picture naming of objects; the second aim was to prove

that patients with glioma infiltrating the ATL would not be impaired due to functional

reorganization of the lexical retrieval network elicited by the tumor. We evaluated

48 right-handed patients with neuropsychological testing and magnetic resonance

imaging (MRI) before and after surgery for resection of a glioma infiltrating aspects of

the left temporal, occipital, and/or parietal lobes; diffusion tensor imaging (DTI) was

acquired preoperatively in all patients. Damage to the ILF, inferior frontal occipital

fasciculus (IFOF), uncinate fasciculus (UF), arcuate fasciculus (AF), and associated cor-

tical regions was assessed by means of preoperative tractography and pre-/pos-

toperative MRI volumetry. The association of fascicles damage with patients' perfor-

mance in picture naming and three additional cognitive tasks, namely, verbal fluency

(two verbal non-visual tasks) and the Trail Making Test (a visual attentional task), was

evaluated. Nine patients were impaired in the naming test before surgery. ILF dam-

age was demonstrated with tractography in six (67%) of these patients. The odds of

having an ILF damage was 6.35 (95% CI: 1.27–34.92) times higher among patients

with naming deficit than among those without it. The ILF was the only fascicle to be

significantly associated with naming deficit when all the fascicles were considered
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together, achieving an adjusted odds ratio of 15.73 (95% CI: 2.30–178.16, p = .010).

Tumor infiltration of temporal and occipital cortices did not contribute to increase

the odd of having a naming deficit. ILF damage was found to be selectively associ-

ated with picture naming deficit and not with lexical retrieval assessed by means of

verbal fluency. Early after surgery, 29 patients were impaired in naming objects. The

association of naming deficit with percentage of ILF resection (assessed by 3D-MRI)

was confirmed (beta = �56.78 ± 20.34, p = .008) through a robust multiple linear

regression model; no significant association was found with damage of IFOF, UF or

AF. Crucially, postoperative neuropsychological evaluation showed that naming

scores of patients with tumor infiltration of the anterior temporal cortex were not

significantly associated with the percentage of ILF damage (rho = .180, p > .999),

while such association was significant in patients without ATL infiltration

(rho = �.556, p = .004). The ILF is selectively involved in picture naming of objects;

however, the naming deficits are less severe in patients with glioma infiltration of the

ATL probably due to release of an alternative route that may involve the posterior

segment of the AF. The left ILF, connecting the extrastriatal visual cortex to the ante-

rior region of the temporal lobe, is crucial for lexical retrieval on visual stimulus, such

as in picture naming. However, when the ATL is also damaged, an alternative route is

released and the performance improves.
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1 | INTRODUCTION

The inferior longitudinal fasciculus (ILF) is connecting the occipital

extrastriatal visual cortex with the anterior aspect of the temporal

lobe (ATL) (i.e., pole, anterior middle, and inferior temporal gyri), the

hippocampus and parahippocampal gyrus (Catani & Thiebaut de

Schotten, 2008) and it is one of three associative white matter tracts

that constitute the ventral language pathway. The other two tracts

are the uncinate fasciculus (UF) connecting the temporal pole with the

orbitofrontal cortex and the inferior fronto-occipital fasciculus (IFOF)

connecting the occipital cortex with the orbitofrontal cortex through

the temporal stem (Hickok & Poeppel, 2004). More precisely, the

occipital projections of the ILF originate in the ventral surface of the

posterior lingual and fusiform gyri, and medial regions of the precu-

neus. The ILF runs ventrally along the main axis of the temporal lobe,

laterally to the IFOF, adjacent to the subcortical white matter of the

middle and inferior temporal cortices.

The hypothetical function of the ILF is to transfer visual informa-

tion (Catani, 2003) from posterior temporal and occipital lateral corti-

ces to the anterior temporal semantic storage areas and to allow for

visual object recognition (Catani & Mesulam, 2008), visual emotion

and face processing (Philippi et al., 2009), reading words (Epelbaum

et al., 2008), and visual memory (Ross, 2008). Given the semantic role

of the ventrolateral anterior temporal areas (Mion et al., 2010), the ILF

might be an essential structure for fast interactions between the ATL

and information processes rooted in the occipital and parietal regions,

and, consequently, for naming objects. If this hypothesis were true, all

tasks requiring lexical retrieval on visual stimuli would be impaired

after ILF disconnection, while spontaneous speech or verbal fluency

would be preserved. Similarly, visual tasks, such as the Trail Making

Test, not requiring a verbal answer, would remain intact.

There are several sources of evidence concerning the role of the

ILF, as, for example, studies with diffusion tensor imaging (DTI) tracto-

graphy in patients with semantic dementia (Agosta et al., 2010;

Catani & Mesulam, 2008; Mummery et al., 2000) and studies explor-

ing language recovery after stroke (Blom-Smink et al., 2020;

McKinnon et al., 2017) (see Herbet et al., 2018, for a review). Addi-

tional anatomical evidence comes from postmortem studies

(Déjérine & Déjérine-Klumpke, 1895; Tusa & Ungerleider, 1985; Mar-

tino et al. 2011) and further DTI Tractography studies (Martino et al.,

2010, 2013; Sarubbo et al., 2013; Zigiotto et al., 2022).

In contrast, in an intraoperative monitoring (IOM) study about

12 brain glioma patients undergoing partial resection of the ILF, Man-

donnet et al. (2007) showed that all four patients who had suffered

severe naming impairment immediately after surgery, completely

recovered after rapid, intensive, and specific speech therapy. More-

over, these same patients had not produced naming errors during

IOM with direct electrical stimulation of the ILF. Therefore, at that

time, the authors concluded that the ILF was not indispensable for

language since its function could be compensated during IOM and

after resection. More recently, however, the same group (Herbet

et al., 2019) in an IOM study on 11 patients showed that stimulation
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of the anterior-to-middle part of the left ILF systematically induced

anomia during a picture naming task, but only when the cortex of the

ATL was spared by the tumor. This result not only supported the role

of the ILF in lexical retrieval but also showed that the ILF was not

essential when the damage involved the ATL, likely due to the release

of an alternative route. Similarly, in an IOM study, Papagno et al.

(2011) found that in a group of low-grade glioma patients, alternative

domain-specific cortical networks for living and non-living semantic

categories, reflecting the reorganization of cortical regions driven by

the subcortical fibers of those networks.

Given all the above considerations, we could argue that in the

case of the ILF, the lexical deficit depends on a specific disconnection

between extrastriatal visual areas and lexical representations stored in

the temporal lobe. In other words, ILF damage might produce a clinical

picture like optic aphasia, a rare and debated syndrome in which

patients are unable to name visually presented objects but they can

mimic their use or name them on tactile or verbal presentation. In gli-

oma patients with ILF damage, we should expect, therefore, a deficit

in naming pictures or real objects, but not in verbal fluency, naming by

description or spontaneous speech.

With the aims to clarify the role of the ILF in naming objects, we

evaluated the extent of presurgical anatomic damage of the four main

fascicles involved in language (ILF, UF, IFOF, and AF) with preopera-

tive DTI tractography and the extent of surgical resection of the four

fascicles with postoperative magnetic resonance imaging (MRI) volu-

metry in 48 patients with a glioma infiltrating the left temporal lobe.

Then, we evaluated the association of presurgical and postoperative

performances on four neuropsychological tasks with the extent of

damage of each fascicle. In particular, the first aim of this study was to

investigate whether glioma patients with left ILF damage would be

selectively impaired in picture naming of objects, but not on verbal

fluency, in which lexical retrieval is not required from visual stimuli,

nor in a task requiring visual detection of stimuli (Trail Making Test;

TMT) that does not imply lexical retrieval. In fact, it is well known that

for example in optic aphasia single letters (as those presented in TMT

B) are recognized and a letter-by-letter reading can occur, while

patients cannot retrieve the name of visually presented objects

(Kwon & Lee, 2006; Marsh & Hillis, 2005). The second aim was to

investigate whether patients with tumor infiltration of the ATL do not

show naming deficits nor deterioration of naming performance after

ILF resection at surgery. According to Herbet et al. (2019)'s results, no

effect of ILF resection on lexical retrieval of visual stimuli would be

expected when the ATL is infiltrated by gliomas.

2 | MATERIALS AND METHODS

2.1 | Participants

We retrospectively investigated a continuous series of 48 right-

handed patients (31 males and 17 females) undergoing the first re-

section of a glioma infiltrating the left temporal lobe and the adjacent

perisylvian regions. They were part of a larger cohort of patients

recruited at Humanitas Research Hospital, Rozzano (Milan, Italy)

between April 2012 and November 2015, as previously reported

(Figini et al., 2018); patients with the following criteria were excluded

from the present study: non-native Italian speakers, left-handed

patients, and patients with right hemisphere or recurrent tumors (not

at first surgery).

The mean age of the 48 patients was 46.9 years (standard devia-

tion, SD, 15.4; range 22–74) and the mean educational level 12.5 (SD

3.8; range 5–23) (see Tables 1 and 2). Handedness was evaluated by

means of the Edinburgh Handedness Inventory (Oldfield, 1971). Four-

teen subjects were diagnosed with IDH-mutant 1p/19q-codeleted oli-

godendroglioma, 11 with IDH-mutant astrocytoma, and 23 with IDH-

wildtype glioblastoma according to the World Health Organization

(WHO) central nervous system tumor classification of 2021.

Written informed consent was obtained from all participants. The

study was conducted in accordance with the Declaration of Helsinki,

with the approval of the local ethics committee (IRB-1299).

2.2 | Neuropsychological assessment

All 48 patients were submitted to a neuropsychological evaluation at

three time points: (i) presurgical (within a week before surgery);

(ii) early postoperative (in the 2 weeks after surgery); (iii) later postop-

erative (3 months after surgery). Here, we report only the pre- and

early postsurgery evaluations. The following tests were administered

to the patients: language, memory, apraxia, and executive functions as

described by Papagno et al. (2012).

Specifically, we used a 48-stimuli naming test including 24 from

living (6 animals, 6 birds, 6 fruits, and 6 vegetables) and 24 from non-

living (6 furniture, 6 kitchen items, 6 tools, and 6 clothing pieces) cate-

gories, controlled for several variables (visual complexity, visual famil-

iarity, name agreement, frequency, and age of acquisition). One point

was assigned for each correct response. This task is part of a stan-

dardized battery for the assessment of semantic memory disorders

(Catricalà et al., 2013). The cut-off score for this test is 41.99, as

assessed on 106 healthy participants (see Capitani & Laiacona, 1997,

for statistical procedure).

Patients also performed, as part of the entire battery, verbal flu-

ency on phonemic, and semantic cue and the Trail Making Task A and

B. Unfortunately, only a limited number of patients (n = 10) also per-

formed a naming by description task.

2.3 | MR imaging and DTI acquisition

Brain MRI including DTI was acquired at 3.0 Tesla (Siemens Verio,

Erlangen Germany), reducing head movements with foam pillows and

laces. The conventional MRI protocol for morphological characteriza-

tion of lesions included axial T2-weighted TSE sequence (TR/TE

3000/ 85 ms; field of view [FOV], 230 mm; 22 slices;

section thickness, 5/1-mm gap; matrix, 512 � 512; SENSE factor,

1.5); axial 3D-FLAIR sequence (TR/TE 10000/110 ms; FOV, 230 mm;
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TABLE 2 Neuropsychological tests of the 48 patients with left glioma.

ID

Picture naming
score n.
v. > 41.48

Verbal fluency
TMT –
A n.v.
< 93

TMT –
B n.v.
< 282

TMT
B-A n.v.
< 187

Semantic
(n.v. ≥ 25)

Phonemic
(n.v. ≥ 17)

1 46.59 34.00 27.00 26.00 57.00 31.00

2 43.41 42.00 29.00 29.00 95.00 66.00

3 39.38 36.00 29.00 30.00 119.00 89.00

4 45.97 38.00 24.00 37.00 142.00 105.00

5 47.21 29.00 28.00 24.00 67.00 43.00

6 48 47.00 23.00 23.00 79.00 56.00

7 46.18 43.00 28.00 27.00 82.00 55.00

8 36.77 25.00 15.00 62.00 234.00 172.00

9 46.79 49.00 33.00 25.00 28.00 3.00

10 46.38 37.00 40.00 24.00 89.00 65.00

11 46.38 67.00 45.00 25.00 81.00 56.00

12 38.18 25.00 19.00 44.00 179.00 135.00

13 45.97 36.00 21.00 60.00 183.00 123.00

14 48 47.00 43.00 36.00 123.00 87.00

15 46.18 27.00 26.00 61.00 189.00 128.00

16 48 62.00 41.00 37.00 124.00 87.00

17 46.38 44.00 38.00 24.00 74.00 50.00

18 45.97 38.00 22.00 35.00 104.00 69.00

19 46.38 40.00 29.00 41.00 102.00 61.00

20 40.79 33.00 26.00 31.00 96.00 65.00

21 44.77 40.00 39.00 21.00 89.00 68.00

22 48 34.00 11.00 36.00 142.00 106.00

23 48 37.00 20.00 71.00 169.00 98.00

24 44.77 40.00 14.00 39.00 137.00 98.00

25 45.62 51.00 62.00 26.00 40.00 14.00

26 46.62 34.00 21.00 45.00 65.00 20.00

27 43.97 35.00 30.00 37.00 127.00 90.00

28 46.38 34.00 23.00 28.00 97.00 69.00

29 42.59 24.00 27.00 52.00 188.00 136.00

30 48 19.00 20.00 53.00 163.00 110.00

31 8.79 7.00 7.00 29.00 113.00 84.00

32 44.41 42.00 26.00 15.00 38.00 23.00

33 46.82 33.00 29.00 61.00 152.00 91.00

34 48 50.00 16.00 16.00 26.00 10.00

35 48 53.00 25.00 30.00 125.00 95.00

36 40.82 23.00 27.00 21.00 91.00 70.00

37 43.77 22.00 32.00 113.00 315.00 202.00

38 22.62 19.00 15.00 30.00 164.00 134.00

39 46 30.00 20.00 37.00 142.00 105.00

40 48 43.00 13.00 45.00 162.00 117.00

41 48 52.00 19.00 29.00 96.00 67.00

42 46.79 49.00 45.00 12.00 23.00 11.00

43 43 24.00 26.00 84.00 230.00 146.00

44 24.82 22.00 10.00 37.00 68.00 31.00
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120 slices; section thickness, 1.5/0-mm gap; matrix, 224 � 256;

SENSE factor 2); and postcontrast T1-weighted inversion recovery

sequence (TR/TE 2000/10 ms; FOV, 230 mm; 22 slices;

section thickness, 5/1-mm gap; matrix, 400 � 512; SENSE factor,

1.5). The following DTI parameters were used: TE = 96 ms,

TR = 15 s, eight b = 0, and 60 diffusion volumes (b values: 2000 s/

mm2) with 40 diffusion gradient directions; 64 axial sections with Field

of View of 256 � 256 mm2 and isotropic resolution of

2.0 � 2.0 � 2.0 mm3 were acquired. The total acquisition time of the

DTI sequence was about 20 min.

Preprocessing with eddy current and movement distortion cor-

rections were applied by means of ExploreDTI software. The diffusion

tensor was calculated with nonlinear RESTORE algorithm (Robust Esti-

mation of Tensors by Outlier Rejection) in ExploreDTI. White matter

tracts were reconstructed using Trackvis (http://www.trackvis.org).

The following thresholds for the reconstruction of the streamlines

were applied: tracking angle <45� and FA >0.10. The following fascic-

uli were reconstructed using a deterministic approach with two

regions of interest (ROI) (Catani & Thiebaut de Schotten, 2008): ILF,

IFOF, UF, and three segments of the arcuate fasciculus (AF). Delinea-

tion of ROIs was performed in all patients by the same neuroradiolo-

gist (AG, 3 years of experience) within 1 week interval time; the

position of all ROIs was confirmed by a neuroradiologist (AB, 18 years

of experience); both were blinded with respect to all patients' clinical

data. Three ROIs were manually delineated to track the three ventral

fascicles: a first ROI was delineated in the occipital lobe white matter

on coronal slice positioned at the level of the splenium of the corpus

callosum; a second ROI for tracking the ILF was placed in the white

matter of the anterior aspect of the left temporal lobe; a second ROI

for tracking the IFOF was delineated in the temporal stem and in the

anterior aspect of the extreme capsule. Tracking of the UF was

achieved connecting the ROI in the temporal stem with that in the left

ATL white matter.

The three segments of the AF were reconstructed separately

according to Catani et al. (2005). To track the long (direct) segment

that connects Wernicke with Broca areas, two ROIs were delin-

eated in the subcortical white matter adjacent to pars triangularis,

pars opercularis of the inferior frontal gyrus and Broadman Area

6 (Broca area) and adjacent to the posterior third of the middle and

superior temporal gyrus (Wernicke area). A third ROI was

delineated in the subcortical white matter of the inferior parietal

lobule (Geschwind's territory) and connected with Broca and Wer-

nicke areas to track the anterior and posterior indirect segments of

the AF, respectively.

A qualitative assessment of the integrity of the six white matter

tracts was performed independently by two neuroradiologists (AB and

AG, 18 and 3 years of experience in white matter tractography,

respectively) blind to neuropsychological test results and intraopera-

tive findings. The tracts were classified as normal, dislocated, infil-

trated, and interrupted; it was noted when a tract was coursing

through edematous areas. Normal and dislocated tracts were consid-

ered together as intact, while infiltrated and interrupted tracts were

considered pathological. In addition, we examined the integrity of the

ILF separately considering three parts of the ILF, namely, the anterior,

middle, and posterior third. A consensus was reached between the

two neuroradiologists after review of the tractography results in each

patient. We did not perform FA tract-specific measurements because

it may not be a reliable quantitative measure, especially so when the

tracts are infiltrated by gliomas. The increase in extracellular water in

edematous tissue leads to increased MD and decreased FA, introduc-

ing a bias in the measurement that is not related to tracts integrity

(Pasternak et al., 2009).

2.4 | Tumor lesion and ILF resection overlay
mapping

Analysis of the extent of tumor lesion was performed on preoperative

3D-MRI. The analysis of extent of resection of the four fascicles was

performed on postoperative 3D-MRI acquired the day of the postop-

erative neuropsychological testing. Individual tumor lesion and tract

resection mapping were performed by independent judges (RP, GM,

and AB), who manually traced a volume of interest (VOI) delineating

the tumor location (on preoperative T1 axial slices) and the surgical

cavity (on postoperative T1 axial slices) with the MRIcron software

(www.mricro.com/mricron). The VOI delineated on preoperative MRIs

considered signal changes in T2 or FLAIR sequences when necessary

to define tumor boundaries. The VOI delineated on postsurgery MRIs

included the surgical cavity, namely, the brain tissue removed by sur-

gical procedure; residual tumor, if present, was not included. All VOIs

TABLE 2 (Continued)

ID

Picture naming
score n.
v. > 41.48

Verbal fluency
TMT –
A n.v.
< 93

TMT –
B n.v.
< 282

TMT
B-A n.v.
< 187

Semantic
(n.v. ≥ 25)

Phonemic
(n.v. ≥ 17)

45 48 33.00 45.00 45.00 115.00 70.00

46 47.82 55.00 34.00 45.00 61.00 16.00

47 48 53.00 44.00 22.00 70.00 48.00

48 40.21 25.00 10.00 NA NA NA

Note: Pathological scores are depicted in bold.

Abbreviations: NA, not available; n.v., normal value; TMT, Trail Making Test.
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were then smoothed in the three planes (FWHM = 4 mm) and

inspected by two neuroradiologists (AB and AG, 18 and 3 years of

experience, respectively) to ensure that tumor and surgery boundaries

were correctly defined on pre- and postsurgery MRI, respectively.

Lastly, patients' MRIs and lesion maps were normalized to an MNI T1

template in SPM8 (Statistical Parametric Mapping; Ashburner &

Friston, 1999): the estimate and write option was used on high-

resolution T1 images computing the warp that best registers the

source image to match the standard template, then the estimated

parameters for warping were applied to VOIs (Campanella

et al., 2018; Mattavelli et al., 2019; Pisoni et al., 2019). The normalized

lesions were used to create overlap images and to compute the per-

centage of postsurgery resection for each fascicle and cortical area

based on a normative atlas of white matter connections (Catani &

Thiebaut de Schotten, 2008, Thiebaut de Schotten et al., 2011) and

on the Harvard–Oxford cortical structural atlas (Makris et al., 2006),

respectively.

2.5 | Statistical analyses

Individual associations between naming deficits with damage to fasci-

cles and cortical occipito-temporal regions were evaluated by comput-

ing odds ratios, with 95% confidence intervals, through conditional

maximum likelihood estimate. Sensitivity and specificity values (with

95% confidence intervals computed with Clopper–Pearson method)

were also calculated for each fascicle and cortical area.

A multiple logistic regression model (Model 1—“Association of

naming deficit with fascicles' damage before surgery”) was used to

investigate the combined effect of fascicles' damage (regressors) in

the naming deficit, considered as a dichotomous response. This model

captures and quantifies the relationship between the response and

each regressor, adjusted for all other regressors, estimating the proba-

bility of having a deficit in the naming test based on the damage to

the fascicles. A likelihood ratio test was used to determine the joint

effect of including the three segments of the AF and, separately, the

tumor infiltration of cortical regions as additional regressors in the

previous model.

Fisher's test was used to assess associations between the integ-

rity of the ATL and a naming disruption in patients with ILF damage.

The scores obtained in the four neuropsychological tests

(i.e., naming, semantic verbal fluency, phonemic verbal fluency, and

Trail Making Test) were compared between the two groups of

patients with and without ILF damage in an integrated analysis

employing a second multiple logistic regression model (Model 2—

“Association of ILF damage with neuropsychological tests before sur-

gery”), with the groups being the dependent variable (or response)

and the scores of the four tests being the regressors. This model esti-

mated the probability of having damage in the ILF based on the scores

of the four neuropsychological tests.

A robust multiple linear regression model (Model 3—“Association
of naming performance with fascicles' damage after surgery”) was

used to study the association between the postoperative scores of

the naming test and the percentage of lesions in the fascicles, taking

into account the presence of possible outliers in the lesion data. Sub-

group analysis was performed using Pearson's coefficient, adjusted

with Bonferroni correction. Finally, longitudinal comparisons of nam-

ing test performance among the preoperative and the two postopera-

tive evaluations were conducted using Wilcoxon signed-rank tests,

adjusted with Bonferroni correction.

Analyses were performed with R software (version 4.1.2), pack-

age “exact2�2” (Fay, 2010) was used for running Fisher's test, and

package “robustbase” for the robust multiple linear regression model.

The significance threshold was set at .05.

3 | RESULTS

Hereinafter, we report the pre- and postoperative results. We begin

with the preoperative performances in the naming test, and then, we

show how they are associated to tumor infiltration of fascicles and

cortical regions (considered individually and together). Then, we focus

on the association between ILF damage with ATL involvement and on

their combined effect on naming deficit before surgery. Additionally,

we show that tumor infiltration of ILF was not associated with the

preoperative scores obtained in the other tasks. Finally, we present

the results on the evolution in time of the naming test performances,

and the association of postoperative naming test scores with extent

of ILF resection.

3.1 | Naming test performance before surgery

Patients were assigned to two groups based on the object picture

naming test score before surgery. Nine patients with a score <41 in

the test were assigned to the impaired group (mean age 53.6 years,

SD = 17.3 with a range of 23–74 years; mean educational level:

11.3 years, SD = 3.6 with a range of 8–17 years), the remaining

39 patients with a normal performance (mean age: 45.3 years,

SD = 14.8 with a range of 22–74 years; mean educational level: 12.8,

SD = 3.9 years with a range of 5–23 years) were assigned to the

unimpaired group. The impaired patients' mean score was 32.49

(SD 11.26, range 8.79–40.82), while the mean score of patients with-

out naming deficits was 46.39 (SD 1.56, range 42.59–48). The nine

impaired patients had IDH-wildtype glioblastoma in five cases, IDH-

mutant 1p/19q-codeleted oligodendroglioma in three cases, and IDH-

mutant astrocytoma in one case. No statistical difference between

the glioma subtype distribution of the two groups was found

(p = .7939, Fisher test).

3.2 | Effect of damage to individual fascicles and
cortical regions on preoperative naming deficit

Damage of the ILF was associated with a deficit in the naming test,

with an odds ratio of 6.35 (95% CI 1.27–34.92). Damage of the

8 PAPAGNO ET AL.
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posterior and mid-third, but not of the anterior third of the ILF, and of

the posterior segment of the AF (AFp), were also associated with a

naming deficit, as shown in Table 3. No other fascicles and none of

the cortical regions (Table 3) were individually associated with naming

performance.

The ILF was damaged in six patients out of nine with a naming

deficit: three with IDH-wildtype glioblastomas and three with IDH-

mutant 1p/19q-codeleted oligodendrogliomas (Table 4). In four out

of these six patients, the lesion concerned the middle third of the

fascicle (plus the posterior third in three patients), while in the

other two patients, only the anterior third was damaged. In the

remaining three patients, the ILF was dislocated in one and intact

in two.

In the group with normal naming test scores, the ILF was not

damaged in 30 out of 39 (77%) patients: it was intact in 23 and dislo-

cated in seven patients. In the nine patients with no naming deficits

despite ILF damage (Table 5), the ILF was infiltrated in three patients

and interrupted in six. Notably, in all nine patients with preserved

naming performance the ILF damage was localized in its anterior third

and, in four of them, it was associated with tumor infiltration of the

ATL. All nine patients did not have AF damage.

No significant difference (p = .622, Fisher test) was found when

comparing glioma subtype distribution of the nine patients with ILF

damage and normal naming test performance against that of the six

patients with ILF damage and a naming deficit.

3.3 | Combined effect of fascicles and cortical
damage on preoperative naming deficit

Among the fascicles, only damage to the ILF showed a significant

association with a deficit in the naming test (adjusted odds

ratio = 15.726 [95% CI: 2.303–178.157], p = .0105) when adjusting

for the effects of all the fascicles together (namely, AF, UF, IFOF, and

ILF) in Model 1, as reported in Table 6. Interestingly, the additional

inclusion of damage to the AF posterior, anterior, and long segments

in Model 1 was not significant (likelihood ratio test, p = .2883), fur-

ther confirming that the ILF was the only fascicle to be strongly asso-

ciated with a deficit in the naming test. Likewise, the inclusion of gray

matter regions (see Table 3) as additional regressors in Model 1 was

not significant (likelihood ratio test, p = .2201).

As supplementary analysis, in order to independently evaluate the

specific effect of each of the three thirds of the ILF on the naming

deficit, we examined three different versions of Model 1 which

included the anterior, mid, and posterior third of the ILF, respectively,

as regressor in place of the whole ILF. We found that all three ver-

sions of Model 1 were not significantly different from the null model

(i.e., a model with no regressors), thus showing that the individual

thirds of the ILF were not significantly associated with naming deficit

when adjusting for the other fascicles (likelihood ratio tests for Model

1 with anterior third of ILF: p = .8266; for Model 1 with mid third of

ILF: p = .1879; for Model 1 with posterior third of ILF: p = .1175).

TABLE 3 Sensitivity, specificity and
odds ratio of impaired fascicles and
cortical areas in patients with and
without a deficit in the naming test
before surgery.

Sensitivity Specificity

Odds ratio (95% CI)% (95% CI) n/N % (95% CI) n/N

Fascicles

ILF 67 (30–93) 6/9 77 (61–89) 30/39 6.35 (1.27–34.92)

ILF anterior third 22 (3–60) 2/9 77 (61–89) 30/39 0.95 (0.12–5.45)

ILF middle third 44 (14–79) 4/9 87 (73–96) 34/39 5.18 (1.00–30.20)

ILF posterior third 33 (7–70) 3/9 97 (87–100) 38/39 17.16 (1.63–502.06)

IFOF 33 (7–70) 3/9 62 (45–77) 24/39 0.80 (0.15–3.90)

UF 33 (7–70) 3/9 59 (42–74) 23/39 0.72 (0.14–3.51)

AF anterior 0 (0–34) 0/9 92 (79–98) 36/39 0.00 (0.00–7.72)

AF long 11 (0–48) 1/9 87 (73–96) 34/39 0.85 (0.03–9.08)

AF posterior 33 (7–70) 3/9 97 (87–100) 38/39 17.16 (1.63–502.06)

Grey matter

ATL 22 (3–60) 2/9 74 (58–87) 29/39 0.83 (0.11–4.82)

Fusiform gyrus 22 (3–60) 2/9 95 (83–99) 37/39 5.03 (0.48–53.54)

ITG 33 (7–70) 3/9 92 (79–98) 36/39 5.69 (0.85–39.00)

MTG 0 (0–34) 0/9 90 (76–97) 35/39 0.00 (0.00–5.05)

Hippocampus 22 (3–60) 2/9 77 (61–89) 30/39 0.95 (0.12–5.45)

Insula 33 (7–70) 3/9 62 (45–77) 24/39 0.80 (0.15–3.90)

STG 22 (3–60) 2/9 69 (52–83) 27/39 0.65 (0.09–4.11)

Occipital lobe 11 (0–48) 1/9 90 (76–97) 35/39 1.09 (0.04–9.65)

Abbreviations: AF, Arcuate Fasciculus; ATL, Anterior temporal lobe; IFOF, Inferior Fronto-Occipital

Fasciculus; ILF, Inferior Longitudinal Fasciculus; ITG, inferior temporal gyrus; MTG, middle temporal

gyrus; STG, superior temporal gyrus; UF, uncinate Fasciculus.
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3.4 | Preoperative association of ILF damage with
ATL involvement.

A total of 15 patients had a preoperative damage in the ILF caused by

the tumor. Six of them had a deficit in the picture naming test, whereas

nine patients did not. The MRI and the DTI tractograms of two

patients with ILF damage are illustrated in Figures 1 and 2, respec-

tively. The first patient presented with naming deficits and the MRI

showed tumor sparing of the ATL. The second patient presented with-

out naming deficits and the MRI showed tumor infiltration of the ATL.

TABLE 4 Fascicles status in the nine patients with naming deficit.

ID WHO 2021 classification

ILF

IFOF UF

AF

Anterior
third

Mid
third

Posterior
third Anterior Long Posterior

Without infiltration of the ATL

8 IDH-mutant 1p/19q-cod

oligodendroglioma

Normal interrupted interrupted dislocated normal normal normal interrupted

38 IDH-wt GBM Normal interrupted interrupted infiltrated normal normal interrupted interrupted

48 IDH-wt GBM Normal infiltrated infiltrated infiltrated normal normal normal normal

43 IDH-wt GBM Normal interrupted normal normal normal normal normal normal

12 IDH-mutant 1p/19q-cod

oligodendroglioma

Interrupted normal normal dislocated normal normal normal normal

20 IDH-mutant Astrocytoma Normal normal normal interrupted interrupted normal normal normal

31 IDH-wt GBM Normal dislocated normal dislocated normal normal normal normal

With infiltration of the ATL

3 IDH-mutant 1p/19q-cod

oligodendroglioma

Interrupted normal normal normal interrupted normal normal interrupted

36 IDH-wt GBM Normal normal normal dislocated interrupted normal normal normal

Note: Only interrupted and infiltrated fascicles were considered “damaged”.
Abbreviations: AF, Arcuate Fasciculus; ATL, anterior temporal lobe; cod, codeleted; GBM, glioblastoma; IFOF, Inferior Fronto-Occipital Fasciculus; ILF,

Inferior Longitudinal Fasciculus; UF, Uncinate Fasciculus; wt, wildtype.

TABLE 5 Fascicles status in the nine patients with normal naming test scores despite ILF damage.

ID WHO 2021 classification

ILF

IFOF UF

AF

Anterior

third Mid third

Posterior

third Anterior Long Posterior

Without infiltration of the ATL

37 IDH-wt GBM interrupted interrupted interrupted normal interrupted normal normal normal

11 IDH-mutant 1p/19q-cod

oligodendroglioma

infiltrated infiltrated normal infiltrated normal normal normal normal

6 IDH-mutant 1p/19q-cod

oligodendroglioma

infiltrated infiltrated normal interrupted interrupted dislocated dislocated normal

28 IDH-wt GBM interrupted interrupted normal interrupted interrupted normal normal normal

17 IDH-mutant astrocytoma infiltrated normal normal infiltrated infiltrated normal normal normal

With infiltration of the ATL

15 IDH-mutant astrocytoma interrupted normal normal interrupted interrupted dislocated dislocated dislocated

7 IDH-mutant 1p/19q-cod

oligodendroglioma

interrupted normal normal infiltrated interrupted normal normal normal

9 IDH-mutant 1p/19q-cod

oligodendroglioma

interrupted normal normal interrupted interrupted normal normal normal

46 IDH-wt GBM interrupted interrupted normal interrupted interrupted normal normal normal

Note: Only interrupted and infiltrated fascicles were considered “damaged”.
Abbreviations: AF, Arcuate Fasciculus; ATL, anterior temporal lobe; cod, codeleted; GBM, glioblastoma; IFOF, Inferior Fronto-Occipital Fasciculus; ILF,

Inferior Longitudinal Fasciculus; UF, Uncinate Fasciculus; wt, wildtype.
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In 10 out of the 15 patients with ILF damage, infiltration spared

the ATL, whereas in five patients (three with IDH-mutant 1p/19q-

codeleted oligodendroglioma, one with IDH-wildtype glioblastoma,

and one with IDH-mutant astrocytoma), infiltration also involved

the ATL. In the former subgroup, picture naming was impaired in

5 out of 10 patients (50%), while in the latter subgroup only 1 out

of 5 (20%) had a pathological score. There was no significant differ-

ence (p = .58) between the two groups although these results

should be interpreted with caution due to the very small sample

size. In addition, a difference in tumor overlap between the two

subgroups was noted on lesion maps. In the subgroup of six patients

with naming deficit the lesion map showed that the maximal overlap

occurred in the ILF (n = 5), with relative sparing of the ATL

(Figure 3a). In contrast, in the subgroup of nine patients without

naming deficit, the maximal tumor overlap occurred in the ATL

(n = 9) (Figure 3b).

3.5 | Potential alternative routes when the ILF is
damaged

The finding of nine patients without naming deficits among the

15 patients with ILF damage raised the question about the exis-

tence of possible alternative routes that may substitute the ILF to

carry the visual input to the temporal brain area where lexical rep-

resentations are stored. We divided patients with ILF damage in

two subgroups: with and without ATL infiltration. In the subgroup

of five patients with ATL infiltration, the AFp was intact in all four

who did not have a naming deficit, while it was infiltrated in the

only one patient with a naming deficit. Interestingly, the IFOF and

UF were both infiltrated by the tumor in the four patients without

the deficit.

Similarly, in the subgroup of 10 patients with sparing of the

ATL, the AFp was intact in all five patients without naming deficit,

TABLE 6 Model 1 results showing
the association of preoperative naming
deficit with fascicles' damage adjusted
for the other tests.

Fascicle Coefficient estimate (SE) Adjusted odds ratio (95% CI) z-score p-value

ILF 2.755 (1.077) 15.726 (2.303–178.157) 2.558 .0105*

IFOF �1.146 (1.117) 0.318 (0.029–2.610) �1.026 .3051

UF �0.695 (1.030) 0.499 (0.058–3.662) �0.674 .5001

AF 0.759 (0.996) 2.137 (0.271–15.517) 0.762 .4459

Model intercept �2.182 (0.716) 0.113 (0.021–0.386) �3.047 .0023*

Note: Significant values are indicated with an asterisk in the last column. This model (Model 1) is globally

significant (p = .0446) as estimated by a likelihood ratio test for comparing this model against the model

without regressors. Confidence intervals (CI) are computed through profile-likelihood method.

Abbreviations: AF, Arcuate Fasciculus; IFOF, Inferior Fronto-Occipital Fasciculus; ILF, Inferior

Longitudinal Fasciculus; SE, Standard Error; UF, Uncinate Fasciculus.

F IGURE 1 36-year-old male with
oligodendroglioma IDH-mutant, 1p/19q
codeleted. Before surgery the patient is
presenting with naming deficit and partial
interruption of the left ILF. Sagittal
postcontrast T1WI (a) and axial T2WI
(b) show the non-enhancing mass
infiltrating the left superior and middle
temporal gyri and the adjacent deep white
matter. The tumor spares the anterior
ventral aspect of the temporal lobe (ATL).
Left lateral view of the tractograms of the
three fascicles of the ventral language
pathway tracked with DTI deterministic
tractography were overlaid on a sagittal
fractional anisotropy (FA) map (c) and
displayed in relation to the mass (d). The
ILF (streamlines in violet) is thinner than
normal due to partial interruption by the
infiltrating mass; the IFOF (orange) and
UF (cyan) are within normal limits.
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while it was infiltrated in 2 of 5 patients with a naming deficit. The

IFOF and UF were both infiltrated by the tumor in the four of the

five patients without the deficit. These data suggest that the AFp is

the main candidate to substitute the ILF to carry visual stimuli to

the ATL or to the area that is replacing it when it is infiltrated by the

glioma.

F IGURE 2 36-year-old female with oligodendroglioma, IDH-mutant, 1p/19q codeleted. Before surgery the patient is presenting without
naming deficit and partial interruption of the left ILF, especially in its anterior third aspect. Sagittal postcontrast T1WI (a) and axial T2WI (b) show
the non-enhancing mass infiltrating the left ventral and mesial aspect of the left temporal lobe and the adjacent deep white matter. The tumor is
infiltrating the anterior ventral aspect of the temporal lobe (ATL). Left lateral view of the tractograms of the three fascicles of the ventral language
pathway tracked with DTI deterministic tractography, were overlaid on a sagittal fractional anisotropy (FA) map (c) and displayed in relation to the
mass (d). Note the interruption of the anterior third of the ILF (streamlines in violet) and dorsolateral dislocation of the middle and posterior thirds
of the ILF by the infiltrating mass. The temporal arm of the UF (cyan) is also interrupted; the posterior half of the IFOF (orange) is dorsally
dislocated by the mass.

F IGURE 3 Lesion overlap maps of 15 patients with preoperative ILF damage, separated in two subgroups according to the presence (A, n = 6)
or absence (B, n = 9) of a deficit in the naming test. Maps are overlaid on a T1-template in MNI space 1 � 1 � 1 mm3. MNI coordinates of each
transverse section (z-axis) and a sagittal slice for visualization are reported. Color scales indicate the number of patients with a lesion in that voxel.
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3.6 | Preoperative association of ILF damage with
other neuropsychological tasks

The association of preoperative ILF damage with naming deficit was

selective.

Patients with ILF damage performed significantly worse than

those without ILF damage only in the naming test (odds ratio 1.372

[95% CI 1.098–1.928], p = .0303), as indicated by Model 2 (Table 7).

In contrast, the performance did not statistically differ for verbal flu-

ency on phonemic and semantic cue and for the Trail Making Test (all

p > .05). In detail, the 15 patients with ILF damage had a mean score

of 36.0 (SD 14.3, range 19–67) in semantic verbal fluency, 25.3

(SD 10.3, range 10–45) in phonemic verbal fluency, and 85.4 (SD 59.8,

range 3–202) at the Trail Making Test; the 33 patients without ILF

damage had a mean score of 37.6 (SD 11.2, range 7–62) in semantic

verbal fluency, 27.8 (SD 11.7, range 7–62) in phonemic verbal fluency,

and 75.1 (SD 35.9, range 10–146) at the Trail Making Test.

3.7 | Postoperative naming deficits

At early and 3 months postoperative time points, naming test scores

were available in 44 and 34 patients, respectively. We observed a

marked and significant decrease in performances at the early postop-

erative assessment with respect to the preoperative scores, with an

average score of 26.8 (SD 15.8) and 43.8 (SD 7.3), respectively

(adjusted p < .001), as illustrated in Figure 4. This sharp decrement

was transitory, as the naming scores significantly increased (adjusted

p < .001) at the 3 months follow-up, reaching an average value of

34.1 (SD 14.5), although still significantly lower than the presurgical

scores (adjusted p = .004). In summary, in 9 patients, the naming defi-

cit was present before and early after surgery; in 23 patients, the defi-

cit appeared early after surgery; in 12 patients, no naming deficit was

present before and after surgery. Unfortunately, naming test scores

were available at the 3 months follow-up only in 21 of the 32 patients

who had early postoperative deficit: the naming deficit was main-

tained in all but one of them.

Boxplots represent the distribution of the naming test scores at

three time points: preoperative (preop, n = 48), first early

postoperative (1st postop, n = 44), and second postoperative follow-

up (2nd postop, n = 34). Red dots represent individual patient scores.

Green and blue lines connect the scores of the same patients across

time points (from preop to 1st postop, and from 1st postop to 2nd

postop, respectively). Horizontal black-dashed line indicates the Italian

cut-off score for the naming test. The asterisks on top of the boxplots

indicate significant differences between naming test scores for each

pairwise comparison of the three time points (all adjusted p-values of

the Wilcoxon signed-rank test were <0.05 after Bonferroni

correction).

3.8 | Association of early postoperative naming
deficit with extent of ILF resection

The extent of ILF resection (measured as percentage of the resected

fascicle) was significantly associated with a deficit in the naming test

(p = .0082), while other fascicles did not exhibit any significant asso-

ciation according to Model 3 (Table 8). Interestingly, this association

TABLE 7 Model 2 results showing the association of ILF damage with each neuropsychological test before surgery, adjusted for the other
tests.

Neuropsychological test Coefficient estimate (SE) Adjusted odds ratio (95% CI) z-score p-value

Object naming 0.316 (0.146) 1.372 (1.098–1.928) 2.166 .0303*

Phonemic fluency 0.001 (0.040) 1.001 (0.925–1.086) 0.027 .9787

Semantic fluency �0.070 (0.048) 0.932 (0.841–1.021) �1.465 .1429

TMT �0.007 (0.010) 0.993 (0.972–1.013) �0.703 .4822

Model intercept �10.022 (6.201) 4 � 10�5 (3 � 10�11-0.404) �1.616 .1061

Note: Significant values are indicated with an asterisk in the last column. This model (Model 2) is globally significant (p = .0348) as estimated by a

likelihood ratio test for comparing this model against the model without regressors. Confidence intervals (CI) are computed through profile-likelihood

method.

Abbreviations: ILF, Inferior Longitudinal Fascicle; TMT, Trail Making Test; SE, Standard Error.

F IGURE 4 Longitudinal comparison of naming test performance

among pre- and two postoperative evaluations.
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was not observed when considering only the subgroup of patients

with a preoperative ILF damage (Pearson's rho = .096, adjusted

p > .999), but resulted significant for the subgroup without preopera-

tive ILF infiltration (rho = �.527, adjusted p = .012). Similarly, the

subgroup of patients with preoperative ATL infiltration did not show

any association between the naming test scores and the percentage

of ILF resection observed early after surgery (rho = .180, adjusted

p > .999), whereas the subgroup of patients without ATL involvement

showed significantly decreased visual naming performance as the per-

centage of ILF resection increased (rho = �.556, adjusted p = .004).

4 | DISCUSSION

This study on 48 patients with a glioma growing in the left temporal

lobe showed that a deficit in picture naming was selectively associ-

ated with ILF damage before and after surgery.

The first aim of our study was, indeed, to assess whether in

patients with left ILF damage, there were lexical retrieval deficits, and

they were confined to visually presented stimuli. For this reason, we

examined picture naming, and three additional tests, namely a visual

divided attention one, not involving lexical retrieval but requiring

visual identification of verbal stimuli (letters and digits), that is, the

Trail Making Test, and two lexical retrieval tasks that do not involve

visual stimuli, that is, verbal fluency on phonemic and semantic cues.

We integrated the analysis of the effect of the left ILF damage on the

four neuropsychological tests in a single multiple linear regression

model, which was found to be globally significant. According to the

model, the effect of the left ILF damage on picture naming of objects

was selective, since the performances of verbal fluency and Trail Mak-

ing Test were not affected by ILF damage. We suggest, therefore, that

a disconnection of visual areas from left ATL regions in which lexical

representations are stored is the most important factor for impaired

picture naming of objects, preventing the subject to retrieve the

appropriate lexical representation on visual input; however, the lexical

representation can be accessed when it does not require processing a

visual information. Notably, in our study, the ILF was the only fascicle

(after adjusting for the effect of the other fascicles) to be significantly

associated with lower performance on naming visual stimuli.

These results confirm our expectation based on previous studies.

Indeed, in a DTI study, Agosta et al. (2010) showed that five patients

with semantic dementia had significantly higher mean, parallel, and

transverse diffusivities in the left ILF and UF than controls, coupled

with severe impairment on the Boston Naming Test but normal per-

formance in speech fluency (WAB). The authors suggested that in

semantic dementia, the combination of cortical ATL and ILF damage,

with sparing of the posterior visual cortex, produces a ‘disconnection’
between the degraded semantic memory store and normal visual per-

ceptual functions.

In a retrospective study on 110 patients who underwent glioma

resection, Herbet et al. (2016) provided additional evidence that the

ILF is an essential component of the lexical retrieval network on the

visual input. The lexical retrieval deficit was observed with picture

naming; no deficits in the other lexical retrieval tasks, such as verbal

fluency or naming by description, were reported.

The inability of a patient to retrieve a lexical entry in response to

a visual stimulus is a clinical syndrome known as optic aphasia, a con-

troversial syndrome that usually occurs in patients with left deep

temporo-occipital lesions.

Our results suggest that the inability to name visually

presented objects/pictures could be due to left ILF damage, being

interpreted as a disconnection in the route connecting the structural

description to the phonological output lexicon (Ratcliff &

Newcombe, 1982).

A few single-case studies on optic aphasia also support the essen-

tial role of the ILF in picture naming. For example, Shinoura et al.

(2010) described a 74-year-old patient with anaplastic astrocytoma

examined with MRI and neuropsychology testing at 6 months interval.

At the first time point, the patient did not show any deficit in object

naming, with the tumor causing a disruption of the left IFOF but not

of the left ILF, nor of the left superior longitudinal fascicle. 6 months

later, the patient had a marked deterioration in object naming perfor-

mance and DTI Tractography showed “interruption of the left ILF”.
Similarly, Endo et al. (1996) reported the case of a patient who fell off

a cliff and had surgical evacuation of a large left acute epidural hema-

toma. This patient with right homonymous hemianopia named audito-

rily presented objects and could make semantic association tasks,

while he was unable to name visually or tactually presented objects. A

CT scan acquired 16 months after surgery showed a porencephalic

hypodense lesion involving the left lingula, the ipsilateral optic radia-

tions, and the occipital aspect of the IFOF and ILF; the inferior tempo-

ral and fusiform gyri were also affected. The authors concluded that

the left posterior hemisphere lesions were likely preventing transmis-

sion of information from two specific sensory modalities to the com-

mon semantic memory store in the ATL, and they were responsible

for optic and tactile aphasia and apraxia. In fact, multiple lesions in dif-

ferent anatomic regions in addition to the ILF could have caused optic

aphasia in this patient.

TABLE 8 Model 3 results showing the association between
naming test scores and percentage of postoperative lesions in each
fascicle, adjusted for the other fascicles.

Fascicle Beta coefficient (standard error) p-value

ILF �56.78 (20.34) .0082*

IFOF �13.72 (14.80) .3598

UF 6.88 (11.00) .5355

AF �33.01 (26.88) .2272

Model intercept 41.12 (7.71) <.0001*

Note: Coefficients and p-values were estimated through a robust linear

regression model (Model 3) that included the postoperative naming test

performance as dependent variable, and the percentage of postoperative

lesions in each fascicle as regressor. Overall, the model was significant

(robust Wald Test, p < .0001). Significant regressors are indicated with an

asterisk in the last column.

Abbreviations: AF, Arcuate Fasciculus; IFOF, Inferior Fronto-Occipital

Fasciculus; ILF, Inferior Longitudinal Fasciculus; UF, Uncinate Fasciculus.
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Regarding the second aim, we found that most patients with

tumor infiltration of the ATL did not present with preoperative pic-

ture naming deficits, thus confirming with a different technique

(i.e. MRI and tractography) Herbet et al. (2019)'s results obtained

with IOM. Overlap lesion maps in the 15 patients with ILF damage

showed that overlap of gliomas was maximal in the ATL in the sub-

group of patients without naming deficits. In contrast, the maximal

tumor overlap occurred in the left ILF and spared the ATL in the

subgroup of patients with low naming scores. In addition, we found

that patients with tumor infiltration of the ATL did not have postop-

erative naming deficits regardless of the extent of ILF resection.

Early postoperative scores in the naming test decreased as the per-

centage of ILF damage increased only in patients with the tumor

sparing the ATL. These findings suggest, as already proposed by

Papagno et al. (2011), that cortical damage may elicit a reorganiza-

tion of existing networks possibly shaped by neuroplasticity phe-

nomena. This may be particularly true for slow-growing tumors,

such as IDH-mutant gliomas, which in our sample represented most

of the patients with both ILF and ATL involvement. These results

have important clinical implications for neurosurgery since they sug-

gest that extensive exeresis of gliomas in the left ATL is possible

without causing permanent naming deficits, thus reaching an effi-

cient oncological outcome without damaging the functional status

of the subject.

Finally, we found that the AFp appears to be the main candidate

to substitute the ILF when it is damaged by glioma infiltration, either

when the ATL is damaged or spared. Our data showed the AFp was

not infiltrated in all patients without naming deficits despite ILF and

ATL damage. This finding suggests that the brain area replacing the

ATL in storing lexical representations may be located in the proximity

of AFp terminations. Similarly, the finding that the AFp was not infil-

trated in all five patients without naming deficit despite ILF damage

suggests that terminations of the AFp may eventually carry visual

stimuli to the ATL. The combined tumor infiltration of IFOF and UF in

patients with naming deficits despite ILF damage indirectly further

supports this vicarious role of the AFp. The AF is a large fasciculus

with very distributed cortical terminations. Our results are in line with

Giampiccolo and Duffau (2022) who have recently pointed out that

the AFp may contribute to lexical functions with terminations that

extend beyond the superior temporal gyrus and reaching the antero-

ventral temporal language areas in the anterior and middle aspect of

the inferior temporal and fusiform gyri. Involvement of the AFp in

semantic tasks during LGG resection in awake surgery (Papagno

et al., 2011) and in semantic dementia (Agosta et al., 2010) is also in

agreement with our results.

A few limitations should be acknowledged. The number of gli-

oma patients with a preoperative deficit in picture naming is rela-

tively small. Recruitment of consecutive glioma patients with

different tumor histology raises the concern that IDH-wildtype glio-

blastomas may produce more invasive ILF damage than infiltrative

IDH-mutant gliomas (Bizzi et al., 2012). Indeed, the fact that nine

patients with ILF lesion were not impaired, while six were, could be

associated with tumor invasiveness. However, in our cohort, we did

not find a significant difference in glioma subtype or grade between

the two subgroups of patients. A third limitation is that DTI tracto-

graphy was not acquired after surgery because of the presence of

susceptibility artifacts and time constrains. It is well known that

pneumocephalus and blood products may affect accuracy of fasci-

cles tracking in early postoperative brain tumor patients. We

acknowledge that the preliminary results about a possible alterna-

tive route should be interpreted with caution due to the low number

of patients with ILF damage included in this study. Another limita-

tion was that naming by description as well as tactile naming should

have been performed in all patients to verify that naming without a

visual input was preserved. This would have further supported our

hypothesis. However, patients underwent an already extensive neu-

ropsychological battery that made it difficult for ethical reasons, to

add further testing. Lastly, we did not retest the patients at longer

time intervals from surgery to establish whether the naming deficits

were long-lasting or permanent.

In future studies, the hypothesis that the disconnection of the ILF

may produce a specific deficit in naming visual stimuli will have to be

confirmed in a larger multi-institutional study, using comprehensive

testing. Finally, if the disconnection is between visual information and

lexical retrieval, any stimuli requiring this transfer should be affected,

such as colors and faces.

In conclusion, we showed that a deficit in the picture naming test

was associated with a selective damage of the ILF due to glioma inva-

sion or infiltration, as estimated by DTI tractography. The naming defi-

cit was associated also with the extent of ILF surgical resection, as

estimated by MRI volumetry. In contrast, verbal fluency and visual

attention tasks were preserved, indicating that ILF damage was selec-

tively associated with lexical retrieval impairment from visual stimuli.

Remarkably, we observed that decreasing picture naming perfor-

mance after surgery was associated with the percentage of ILF re-

section only in those patients without presurgical ATL involvement,

further supporting the hypothesis that adaptive functional reorganiza-

tion of the lexical retrieval network is probably elicited by tumor infil-

tration. Our preliminary data suggest that an alternative route may

run through the posterior segment of the AF.

Finally, we believe that these clinico-radiological results will have

a clinical impact for the evaluation of glioma patients at presentation,

preoperative counseling, surgical planning, and intraoperative neuro-

psychological mapping.
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