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Resection of dominant fusiform gyrus is associated with decline of naming 
function when temporal lobe epilepsy manifests after the age of five: A 
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Caroline Reindl a,*,2, Anna-Lena Allgäuer a, Benedict A. Kleiser a,e,5, Müjgan Dogan Onugoren a, 
Johannes D. Lang a,6, Tamara M. Welte a, Jenny Stritzelberger a, Klemens Winder a,f, 
Michael Schwarz a,7, Stephanie Gollwitzer a, Regina Trollmann d, Julie Rösch c, Arnd Doerfler c, 
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S U M M A R Y   

Objective: To determine patients’ characteristics and regions in the temporal lobe where resections lead to a 
decline in picture naming. 
Methods: 311 patients with left hemispheric dominance for language were included who underwent epilepsy 
surgery at the Epilepsy Center of Erlangen and whose picture naming scores (Boston Naming Test, BNT) were 
available preoperatively and 6-months postoperatively. Surgical lesions were mapped to an averaged template 
based on preoperative and postoperative MRI using voxel-based lesion-symptom mapping (VBLSM). Post-
operative brain shifts were corrected. The relationship between lesioned brain areas and the presence of a 
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brandner@uk-erlangen.de (S. Brandner), dominik.madzar@uk-erlangen.de (D. Madžar), frank.seifert@uk-erlangen.de (F. Seifert), stefan.rampp@uk-erlangen.de 
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postoperative naming decline was examined voxel-wise while controlling for effects of overall lesion size at first 
in the total cohort and then restricted to temporal lobe resections. 
Results: In VBLSM in the total sample, a decline in BNT score was significantly related to left temporal surgery. 
When only considering patients with left temporal lobe resections (n = 121), 40 (33.1%) significantly worsened 
in BNT postoperatively. VBLSM including all patients with left temporal resections generated no significant 
results within the temporal lobe. However, naming decline of patients with epilepsy onset after 5 years of age 
was significantly associated with resections in the left inferior temporal (extent of BNT decline range: 10.8−
14.4%) and fusiform gyrus (decline range: 12.1− 18.4%). 
Significance: Resections in the posterior part of the dominant fusiform and inferior temporal gyrus was associated 
with a risk of deterioration in naming performance at six months after surgery in patients with epilepsy onset 
after 5 years of age but not with earlier epilepsy onset.   

1. Introduction 

Epilepsy surgery is an effective procedure for temporal lobe epi-
lepsies refractory to medication with a number needed to treat of two 
(Wiebe et al., 2001; Josephson et al., 2013). Resection strategies 
increasingly allow a tailored approach selective to the epileptogenic 
zone (Drane et al., 2015; Ross et al., 2018; Liu et al., 2021). The extent of 
resection is a tradeoff of sufficient removal of the epileptogenic zone and 
prevention of cognitive deficits (Helmstaedter, 2013; Baxendale and 
Thompson, 2018). A recent study showed that epilepsy surgery was not 
pursued due to expected postoperative deficits in 11% of epilepsy sur-
gical evaluations (Khoo et al., 2021). Postoperative decrease in language 
functions such as naming is one of the neuropsychological deficits which 
clinicians are worried about when counselling surgical candidates 
(Krauss et al., 1996). On average, a naming decline was found in one 
third of patients after left-sided temporal surgery (Sherman et al., 2011; 
Helmstaedter, 2013). However, it is still not entirely clear where specific 
language functions are located in the left temporal lobe and in particular 
how critical a damage is to be able to advise patients well and to plan 
tailored resections optimally. 

Lüders et al. identified a basal temporal language area (BTLA) as a 
language processing area, mainly responsible for confrontational 
naming (Lüders et al., 1991). The BTLA was delineated by high- 
frequency cortical stimulation during stereo-EEG 10 to 90 mm from 
the temporal pole, primarily located in the fusiform gyrus, extending 
into the parahippocampal gyrus, the inferior temporal gyrus, and the 
occipito-temporal sulcus (Krauss et al., 1996; Bédos Ulvin et al., 2017; 
Abdallah et al., 2021). Studies applying fMRI showed functional con-
nectivity of the area around the gyrus fusiformis with attentional, visual 
and auditoy-sensory, lexical semantic processing, and articulation, 
reflecting the involvement in a language network (Binder et al., 2009; 
Forseth et al., 2018; Chen et al., 2019). In patients with left temporal 
resections, factors predicting a postoperative impaired function of lan-
guage were an onset of epilepsy after early childhood, in particular after 
the age of 5, a typical organization of language, older age at surgery, and 
high baseline naming performance (Krauss et al., 1996; Helmstaedter 
and Witt, 2012; Busch et al., 2016). 

Voxel-based lesion-symptom mapping (VBLSM) has shown to be a 
powerful tool to identify brain regions necessary for specific cognitive 
processes (Rorden et al., 2007). A recent lesion-symptom mapping study 
found the fusiform gyrus as an essential language area for visual naming 
(Binder et al., 2020). The results were obtained from a study cohort of 65 
epilepsy patients that underwent dorsally extending left temporal re-
sections and often had a postoperative naming deficit. 

In our study, we examined postoperative naming decline in patients 
who underwent epilepsy surgery using voxel-based lesion-mapping It 
has been shown that deterioration of naming can also occur in regions 
outside of the left temporal lobe but not to the same extent (Busch et al., 
2016). To test for a systematic association between lesion localisation 
and naming decline also outside the left temporal region, we first per-
formed VBLSM in all patients without restrictions to the lesion location. 
In a second step, we focussed on left temporal patients. We aimed not 
only to identify the brain region essential for naming function in a large 

cohort of patients but also to investigate the influence of patient char-
acteristics, such as age at epilepsy onset, on the localization of naming 
function and to quantify the extent of postoperative naming impairment 
in relation to the extent of resection. 

2. Methods 

2.1. Patients 

We identified all patients who underwent epilepsy surgery at the 
Epilepsy Center of Erlangen between 1998 and 2020. As part of their 
presurgical assessment, all patients underwent video-EEG monitoring, 3 
T or 1.5 T MRI, and neuropsychological testing. In addition, post-
operative follow-up included repeat MRI and a neuropsychological re- 
testing at 6 months after surgery. Inclusion criteria comprised avail-
ability of a pre- and postoperative 3D data set of T1 weighted MRI as 
well as Boston naming test (BNT) (Kaplan et al., xxxx) and left hemi-
spheric dominance for language. Lateralization of language function was 
based on neuropsychological testing, handedness, and supplementary 
WADA testing and fMRI of speech, if available. Postoperative seizure 
outcomes were scored according to Engel classification (Engel, 1992). 
All patients gave written general informed consent for participating in 
scientific studies. Our institutional ethical review committee approved 
the conduct of this non-interventional study in a retrospective design 
and waived an ethics application. 

2.2. Pre- and postsurgical neuropsychological assessment 

The Boston naming test, a tool to examine picture naming ability, is 
part of the standard pre- and postoperative neuropsychological evalu-
ation (Baxendale et al., 2019; Kaplan et al., xxxx). The assessments were 
performed and supervised by trained staff neuropsychologists. Patients 
were requested to name one by one a series of 60 line-drawings of 
increasing difficulty. An item was named correctly when the patient’s 
response was given within a window of 5–7 s after presentation and did 
not deviate from the target name either semantically or phonologically. 
The test was discontinued after half of the drawings if patients had six or 
more consecutive errors at easy and medium difficulty due to severe 
anomia. In our cohort, this was the case in five patients with left tem-
poral epilepsy and three patients with right temporal epilepsy. Overall 
test performance was calculated as the sum score of correctly named 
items. A pre- and postoperative score of 48 was considered as unim-
paired (Nicholas et al., 1988). 

A significant clinically meaningful change in BNT was defined by 
using an epilepsy specific reliable change indices (RCI) of ≥ 5 offered by 
Sawrie et al. (1996) (Sawrie et al., 1996). One drawback of a difference 
score is that it does not consider the baseline level and therefore, un-
derestimates the level of impairment in particular in patients with low 
baseline performance. We additionally calculated a percent change 
score by taking into account the preoperative score (100*(correct items 
postoperative – correct items preoperative) / correct items preoperative) 
and considered similar to Binder 10% as moderate decline (Binder et al., 
2020). This change score of 10% was approximately equivalent to the 
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RCI of ≥ 5. 

2.3. Resection types 

All mesial temporal resections encompassed the amygdala and most 
of the hippocampus and were classified as standard anterior temporal 
lobectomy (ATL), a more tailored resection of the temporal pole, and an 
amygdalohippocampectomy (pole + AH) when removal of anterior/ 
posterior neocortex was more limited, and selective amygdalohippo-
campectomy (selective AH) (Zentner, 2016; Wiebe et al., 2001; 
Josephson et al., 2013). The extent of the lateral neocortical resection 
varied in our cohort. 

2.4. Imaging and lesion delineation 

For all patients in this study, magnetic resonance imaging was per-
formed according to a standard epilepsy protocol of the Epilepsy Center 
of Erlangen (3 Tesla, Magnetom Trio or in 15% of cases 1.5 Tesla 
Magnetom Sonata, Siemens Healthcare, Erlangen, Germany, ~9% 
changed from 1.5 T (pre-) to 3 T (postsurgery). High resolution T1- 
weighted 3D datasets with a resolution of 1 × 1 × 1 mm were ac-
quired utilizing a MP-RAGE sequence. Lesion mapping was carried out 
using SPM 12 (https://www.fil.ion.ucl.ac.uk/spm) and following the 
method of Rorden (2012) and Karnath (2019) (Rorden et al., 2012; 
Karnath et al., 2020). First, pre- and postoperative T1 sequences were 
aligned in reference to the anterior and posterior commissure and co- 
registered to each other. T1 images were then resliced to a 2 × 2 × 2 
mm resolution for manual tracing of the lesion. Lesions were delineated 
slice by slice on the postoperative T1 image using MRIcron software 
(https://www.mricro.com) (Rorden and Brett, xxxx) starting in the 
coronal plane and editing in axial and sagittal view. Displacement of 
brain tissue into the resection cavity is a common problem in particular 
with increasing resection volume. To correct for these postoperative 
shifts the lesion mask was overlaid on the preoperative T1. The lesion 
mask was then extended or adjusted based on the preoperative outline of 
the gyri, sulci, midline, ventricle, or mesial structures of the hippo-
campus and amygdala. Postoperative T1 and lesion masks were then 
transformed into standard stereotactic space (MNI) using the ‘clinical 
toolbox’ implemented in SPM12 (https://www.nitrc.org/projects/clin-
icaltbx/). Images were normalized to a template of an older adult using 
enantiomorphic lesion masking to minimize normalisation artefacts by 
replacing the lesion with brain tissue from the intact contralateral 
hemisphere and unified normalization-segmentation routines (Nachev 
et al., 2008; Ashburner and Friston, 2005). The normalized T1 scans and 
lesion map were resampled to 1 × 1 × 1 mm voxels, visually inspected 
for quality and in case of failed normalisation excluded from further 
analysis. When overlaying lesion maps of all patients we noticed in some 
patients that the lesions did not expand to the border of the skull (e.g. 
basal region of the temporal lobe). To correct for this mismatch, an 
average T1 image of 200 patients with high quality normalized T1 was 
created. This template was used to generate a binary mask to define 
common outer borders of the brain. Lesion maps were overlapped with 
this mask and missing lesion volumes to the borders was manually 
added. 

The resulting normalized lesion maps were used for statistical 
analyses. 

2.5. Statistical analysis and voxel-based lesion-symptom mapping 

Lesion-symptom mapping was calculated with NiiStat 
(https://www.nitrc.org/projects/niistat). VBLSM analyses to calculate 
correlation of lesion site and occurrence of naming deficits (yes/no) 
were corrected for the lesion volume and restricted to voxel resected in 
at least 5 patients. Analyses used the Freedman-Lane test and 10,000 
permutations to correct for multiple comparisons and thresholds were 
one tailed (p <0.05, with an extend threshold of 50 contiguous voxels). 

Coordinates of significant clusters were presented in the Montreal 
Neurological Institute (MNI) space and displayed on the MNI152 
standard-space T1-weighted average structural template image for 3D- 
visualization in MRIcroGL (https://www.nitrc.org/projects/mricrogl) 
(Rorden and Brett, xxxx). 

We calculated the extent of naming decline within the significant 
cluster, using a MatLab script. For this purpose, the extent of naming 
decline was transferred to the volume of interest as a point value. The 
mean value of all significant voxels of interest corresponding to the 
VBLSM was then color-coded for visualization. 

Statistics of demographic and behavioral data were performed using 
IBM SPSS Statistics 22.0 (http://www.spss.com). Statistical analysis of 
differences between groups were only performed in patients with left 
temporal epilepsies. First, deterioration of BNT (yes, no) was used as 
group factor to identify potential factors for patients on risk of BNT 
deterioration. Proportions were compared using Pearson’s Chi2 test, 
continuous variables were compared using the Mann-Whitney U test. 
Variables showing significant group differences were considered 
candidate covariates for multivariate analyses using binary logistic 
regression to identify independent predictors. Further, we examined the 
effect of seizure onset and computed group comparisons between pa-
tients with onset before and after 5 years of age. Two-sided p values of 
<0.05 were considered statistically significant. We used the STROBE 
cohort checklist when writing our report (von Elm et al., 2008). 

3. Results 

3.1. Total patient group 

A total of 311 epilepsy patients could be included (female: 162 
(52.1%), age: median 37, IQR 27 – 49 or mean 38 +/-12.8 SD). Of our 
total cohort, 278 patients (89%) were right handed and Wada/fMRI was 
performed in 105 patients (34%). Not surprisingly, Wada/fMRI were 
most often carried out in patients with left temporal epilepsies (53%) or 
left handed/ ambidextrous patient (70%; for a more detailed breakdown 
see Supplementary information, Table 2). One hundred and twenty-one 
patients had left temporal lobe resections, 20 patients left extra- 
temporal resections (15 frontal, 4 parietal, 1 occipital), 140 patients 
right temporal resections, and 30 patients right extra-temporal re-
sections (21 frontal, 6 parietal, 3 occipital) (see Table 1). Fig. 1 shows 
the lesion overlap for all patients thresholded to show only voxels 
resected in at least 5 patients. Fig. 2A illustrates the result of VBLSM 
analysis, showing that postoperative deterioration in naming perfor-
mance in the total patient group was significantly associated with left 
temporal resection in 86,833 voxels (p <0.05). 

3.2. Patients with left temporal resection 

Patients with left temporal lobe resections worsened by a mean of 
6.0% (15.0% SD) in BNT 6 months postoperatively. The degree of 
deterioration was widely distributed within the group; 33.1% (n = 40) 
deteriorated by more than 10%, 14.9% (n = 18) showed deterioration by 
more than 20%, and 5.8% (n = 7) showed deterioration by more than 
30%. In univariate analyses (Table 2), patients with postoperative 
deterioration of BNT were significantly older at the time of epilepsy 
manifestation as well as at the time of surgery, and received more 
extensive resections and more often a mesial temporal resection. His-
topathology was not significantly associated with postoperative naming 
deficit. The postoperative seizure outcome was not significantly 
different. Due to the high intercorrelation between lesion volume and 
resection type, we only included lesion volume as potential predictor. In 
multivariate analysis, only age at seizure onset and lesion size survived 
as independent predictors for postoperative BNT decline (goodness of fit 
Nagelkerke 0.28) (Table 2). The risk of postoperative decline of naming 
increased by 5% with each year of later initial manifestation and also 
with each ml of resected volume. 
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Surgical resection types varied in our cohort of temporal lobe epi-
lepsy. Table 1 in the supplementary material specifies neuropsycho-
logical outcome by resection type. 

Considering only patients with left temporal lobe resections, we 
could not identify significant voxels within the temporal lobe across 
subjects in VBLSM analysis which predicted decline in naming perfor-
mance. We hypothesized that this finding may reflect individual lan-
guage allocation possibly influenced by the individual expression of the 
epilepsy in the plastic first years of life. 

3.3. Patients with epilepsy onset before and after 5 years of age 

We repeated lesion mapping including only patients with epilepsy 
onset ≥ 5 years of age. This was done to minimize effects of possible 
language reorganization due to early manifestation of the epilepsy 
(Krauss et al., 1996; Berl et al., 2014). Thus, we excluded 13 patients. 
These excluded patients showed a significantly lower level of education 
in school years and were significantly more likely to have a poor pre-
operative naming performance (Table 3). Patients with onset of epilepsy 
before 5 years of age had significantly more extensive resections in terms 
of lesion volume. In addition, the duration of epilepsy at the time of 
surgery was significantly longer when epilepsy began in early 
childhood. 

VBLSM of patients with onset of epilepsy after 5 years of age showed 
a significant correlation of BNT decline and lesions in the left temporo- 
basal area for 587 voxels (p <0.05; Fig. 2B). In standardized stereotaxic 
space, the cluster was located in the inferior temporal gyrus (ITG) 
extending from 34 mm from the temporal pole to 40 mm posterior of the 
pole (MNI coordinates of peak voxel -52 × -12 × -37, 161 voxels) and in 
the fusiform gyrus (FG) extending from 40 mm from the temporal pole to 
46 mm posterior to the pole (MNI coordinates of peak voxel -38 × -21 ×
-32, 177 voxels in cluster). Resections in the ITG were associated with an 
extent of BNT decline of 10.8 to 14.4% (mean 12.1%), while resection in 
the FG was associated with a BNT decline of 12.1 to 18.4% (mean 
15.8%) (Fig. 2C). BNT decline in FG was significantly higher than in the 
ITG (p <0.001). 

Of the 13 patients with early epilepsy manifestations, 60 – 80% 
received a resection within the significant regions of the ITG and FG, two 

Table 1 
Patients’ characteristics.   

Left 
temporal 
resection 

Left 
extratemporal 
resection 

Right 
temporal 
resection 

Right 
extratemporal 
resection 

N 121 20 140 30 
Female 

gender, n 
(%) 

60 (49.6) 6 (30.0) 79 (56.4) 17 (56.7) 

Age at 
epilepsy 
onset, m 
(range) 

21.0 
(0–62) 

16.5 (3–53) 17.0 (0–59) 16.5 (2–52) 

Age at 
surgery, m 
(range) 

38.0 
(17–68) 

30.0 (20–54) 39.0 
(18–67) 

29.0 (18–53) 

Years 
between 
epilepsy 
onset and 
surgery, m 
(range) 

13.0 
(0–57) 

13.5 (0–37) 18.0 (0–59) 11.0 (1–35) 

Normalized 
lesion 
volume in 
ml, m 
(range) 

27.8 
(0.3–63.3) 

29.8 
(1.4–110.5) 

44.2 
(0.3–100.5) 

12.6 
(0.6–112.9) 

BNT decline 
greater 
than 10 %, 
n(%) 

40 (33.1) 3 (15.0) 3 (2.1) 1 (3.3) 

6 months 
Outcome 
Engel class 
1, n(%) 

96 (79.3) 12 (63.2) 105 (75.0) 24 (80.0) 

Abbreviations: n number, m median, BNT Boston Naming Test. 

Fig. 1. Lesion overlap map of total patient group showing regions with lesions in at least 5 patients. Coordinates are presented in MNI space, results are presented on 
an averaged T1 brain template of our cohort in axial, sagittal and coronal view, 3D-visualization is presented on a standard MNI152 template. Color bar visualizes 
number of patients with overlapping resection zones. R: right; L: left. 
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patients suffered from a postoperative naming decline: one after selec-
tive transcortical amygdalohippocampectomy (with a dorsal extent from 
the temporal tip of 53 mm) and one after anterior temporal lobectomy 
(with a dorsal extent from the temporal tip of 68 mm) (Fig. 1, Supple-
mentary material). 

4. Discussion 

4.1. Main findings of our study 

This voxel-based lesion-symptom mapping study investigated the 
association of epilepsy surgery and postoperative decline in picture 

naming. Our findings showed that in patients with epilepsy onset after 5 
years of age, resection of posterior parts of the dominant inferior tem-
poral (ITG) and fusiform gyrus (FG) were likely to lead to postoperative 
decline in picture naming. The risk of deterioration in naming perfor-
mance was more pronounced in the FG than in the ITG, and the extent of 
naming decline was greater with more temporo-posterior resections. 
The risk of postoperative decline of naming increased by 5% with each 
year of later initial manifestation. 

Our findings confirm previous data that postoperative picture 
naming decline is related to left temporal lobe surgery (Helmstaedter, 
2013; Sherman et al., 2011). In addition, our results complement pre-
vious data with a precise localization of an temporo-basal area 

Fig. 2. Voxel-based lesion-symptom mapping (VBLSM) showing regions associated with significant postoperative deterioration in picture naming. Coordinates are 
presented in MNI space, results are presented on an averaged T1 brain template of our cohort in a sagittal and coronal view, 3D-visualization and magnified view of 
the left temporal lobe are presented on a standard MNI152 template. A) All patients, p <0.01. Voxels with significant correlation are colour coded according to their 
z-value. B) Only patients with left temporal epilepsy surgery and onset of epilepsy ≥5 years, p <0.05. Voxels with significant correlation are colour coded according 
to the z-value. C) Extent of naming decline in percent in regions with significant correlation of surgical resection and postoperative picture naming performance, 
magnified to left temporal lobe in coronal view. 
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extending from 34 to 46 mm (standardized stereotaxic space) from the 
temporal pole where resection is at risk of naming decline resulting in 10 
– 20% postoperative naming decline across this area. 

4.2. Localization of picture naming deficit 

Neuropsychological deficit-lesion mapping showed a significant as-
sociation of naming decline and resection of the ventral temporal 
neocortex in the area of the ITG and FG, an area corresponding to the 
basal temporal language area (BTLA) localized in the dominant hemi-
sphere. Delineated by electrical cortical stimulation, this language area 
has an extension of 10 to 90 mm posterior to the temporal pole, 
comprising the ITG, FG, and parahippocampal gyrus (Krauss et al., 1996; 
Abdallah et al., 2021). Electrical cortical stimulation in the middle FG 
only disrupted naming in isolation, while other tasks, like the ability to 
repeat sentences, were preserved (Forseth et al., 2018). Studies using 
fMRI depict the dominant temporo-basal area as an essential lexical 
semantic hub within the language network with connections to the left 
anterior temporal lobe, left frontal and prefrontal regions, left angular 
gyrus, and occipital cortex (Binder et al., 2009; Forseth et al., 2018; 
Chen et al., 2019; Trimmel et al., xxxx). A strong functional connectivity 
to other brain regions was associated with better clinical naming per-
formance (Trimmel et al., 2018; Trimmel et al., 2021; Trimmel et al., 
2019). On the other side, damage of the white matter system could cause 
a disconnection of the regions involved and has shown to contribute to 
naming impairments as well (Kaestner et al., 2022; McDonald et al., 
2008; Duffau et al., 2008). Using VBLSM, lesions affecting brain regions 
crucial for specific cognitive functions can be identified (Rorden et al., 
2007). A correlation of naming decline with BTLA resection has been 
reported for both a distance of on average 25 mm and a distance of 40 to 
60 mm posterior of the temporal tip (Abdallah et al., 2021; Binder et al., 
2020). The critical area for picture naming of the present VBLSM study 
extended from 34 to 46 mm from the pole and were, thus, within the 
resection limits of a standard temporal resection (Wiebe et al., 2001). 

4.3. Role of age at epilepsy onset for postoperative naming deficit 

Our study also demonstrates the importance of age at epilepsy 
manifestation for postoperative cognitive deficits: age at seizure onset 
was an independent predictor of postoperative naming decline. In line 
with these results, age at seizure manifestation modulated our results in 
lesion mapping. A significant association between naming decline and 
lesion location was only found in the subgroup of patients with epilepsy 
onset after the age of 5 years (n = 108). It has been long argued that 
epileptic activity at a young age has the potential to induce reorgani-
zation of language (Janszky et al., 2003). However, at around 5 years of 
age, the development of the language network is largely at a mature 
stage (Springer et al., 1999; Derakhshan, 2008). Our subgroup with 
epilepsy onset < 5 years was significantly more likely to have a naming 
performance that was already abnormal preoperatively compared to 
patients with an onset ≥ 5 years. Early occurrence of initial precipitating 
injuries or epileptic activity may interrupt normal language develop-
ment, which then is reflected by preoperative language deficits. This 
alteration may lead to weaker functional connectivity in patients with 
earlier epilepsy onset (Trimmel et al., 2018). In our cohort, these pa-
tients with early onset could tolerate larger temporal resections without 
additional postoperative naming decline. Of note, language reorgani-
zation concerns especially patients with seizure onset in early childhood 
(before the age of 5 or 6 years) (Krauss et al., 1996; Springer et al., 1999; 
Berl et al., 2014). Language dominance and typical to atypical repre-
sentation is a continuum, and the organization of the language network 
may vary at regional levels. In addition to inter-hemispheric reorgani-
zation, there is also intra-hemispheric reorganization, for example, from 
temporal to extratemporal areas (Berl et al., 2014). Patients with early 
onset of left temporal epilepsy can present language related activation 
patterns with bilateral activation of ITG and increased activation of 

Table 2 
Postoperative decline in picture naming in patients with left temporal resections 
and logistic regression for BNT.   

No 
decline 
of BNT 
(n =
81) 

BNT 
decline 
(n =
40) 

Uni- 
variate 
analysis 
p value 

Logistic 
regression 
OR (95% 
CI) 

Logistic 
regression 
p value 

Demographics      
Female gender, 
n(%) 

42 
(51.9) 

18 
(45.0)  

0.480   

Years of 
education, m 
(IQR) 

10 (8 – 
12) 

10 (8 – 
10)  

0.201   

Age at surgery, 
m(IQR) 

36 (24 – 
44) 

48 (34 
– 55)  

0.0006 1.03 
(0.990 – 
1.069)  

0.148 

Epilepsy      
Age at onset, m 
(IQR) 

16 (9 – 
26) 

28 (20 
– 39)  

0.0005 1.05 
(1.011 – 
1.087)  

0.011 

Years between 
epilepsy onset 
and surgery, m 
(IQR) 

12 
(4–26) 

15 (5 – 
27)  

0.589   

Histopathology      
Hippocampus 
sclerosis, n(%) 

25 
(31.2) 

15 
(36.6)  

0.557   

Tumor, n(%) 39 
(48.7) 

15 
(36.6)  

0.205   

Non-lesional, n 
(%) 

10 
(12.5) 

11 
(26.8)  

0.05   

Other 
pathology, n 
(%) 

6 (7.5) 2 (4.9)  0.584   

BNT preoperative 
normal, n(%) 

49 
(60.5) 

23 
(57.5)  

0.753   

Normalized 
lesion volume 
in ml, m(IQR) 

24.4 
(7.5 – 
36.5) 

34.5 
(22.5 – 
43.0)  

0.002 1.05 
(1.014 – 
1.080)  

0.004 

6 months 
Outcome Engel 
class 1, n(%) 

68 
(84.0) 

28 
(70.0)  

0.076   

Statistically significant values (p <0.05) are expressed in bold. Abbreviations: n 
number, m median, IQR interquartile range, BNT Boston Naming Test, OR Odds 
ratio, CI confidence interval. 

Table 3 
Demographics of patients with left temporal resections and early versus later 
epilepsy onset.   

Age at 
onset < 5 
(n ¼ 13) 

Age at 
onset ≥ 5 
(n ¼ 108) 

p value 

Demographics    
Female gender, n(%) 5 (38.5) 57 (50.9)  0.398 
Years of education, m(IQR) 8 (8 – 9) 10 (8 – 12)  0.0006 
Age at surgery, m(IQR) 34 (25 – 40) 39 (28 – 50)  0.243 

Epileptic syndrome    
Years between epilepsy onset and 
surgery, m(IQR) 

32 (23 – 40) 11 (4 – 22)  <0.0001 

Age at onset, m(IQR) 2 (1 – 3) 23 (15 – 36)  <0.0001 
Neuropsychological results    

BNT preoperative normal, n(%) 4 (30.8) 68 (63.0)  0.026 
BNT postoperative decline, n(%) 2 (15.4) 38 (35.2)  0.153 

Resection type    
Temporal neocortical, n(%) 5 (38.5) 51 (47.2)  0.551 
Temporal mesial, n(%) 8 (61.5) 57 (52.8)  0.551 

Normalized lesion volume in ml, m 
(IQR) 

36.6 (24.8 – 
46.6) 

26.6 (13.3 – 
37.1)  

0.031 

6 months Outcome Engel class 1, n(%) 9 (69.2) 87 (80.6)  0.343 

Statistically significant values (p <0.05) are expressed in bold. Abbreviations: n 
number, m median, IQR interquartile range, BNT Boston Naming Test. 
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frontal language areas (Cousin et al., 2008). However, temporal regions 
in particular may also be affected by reorganization in epilepsy patients 
(Trimmel et al., 2021). Although our findings were based on a rather 
small cohort of 13 patients and certainly need further validation and 
replication in larger samples. They are in line with the assumption that 
in patients with seizure onset in early childhood language network is 
often reorganized, thus leading to atypical localization of the naming 
function in the left temporal areas. Precedent lesion-mapping studies 
provided no data on the actual range on seizure onset, leaving unclear 
whether patients with seizure onset before age of 5 years were included 
at all. Our results emphasize the age of epilepsy onset as an important 
factor when planning resection zones in epilepsy surgery. In patients 
with temporal lobe epilepsy of the dominant hemisphere with onset in 
early childhood, an atypical distribution of language function in the 
temporal lobe may be likely. Therefore, these patients might be on the 
safer side with regard to postoperative naming disorders after temporo- 
basal resections. However, in patients with epilepsy onset in later 
childhood, presurgical analysis of language organization on a regional 
level could optimize the prediction of naming deficits. 

4.4. Risk for postoperative picture naming decline 

Picture naming deteriorated in 33% of our patients 6 months after 
left temporal resection, which was at the lower end of a range of the risk 
for picture naming decline that varied from 21 to 51% in precedent 
studies (Helmstaedter, 2013; Sherman et al., 2011; Busch et al., 2016; 
Binder et al., 2020). Recent research has shown that the presence and 
severity of postoperative naming deficits depends on the time of testing. 
While early naming evaluation within one year after resections 
including the BTLA resulted in a naming impairment for the majority of 
patients, the long-term outcome observed after one year after resection 
of BTLA showed a partial recovery or even no lasting deficit (Abdallah 
et al., 2021). The time course of postoperative naming deficit is also 
reflected in a higher proportion of patients with deficits at an exami-
nation time point approximately 6 months postoperatively from 41 to 
51% reported by Busch et al. and Binder et al. compared with a lower 
proportion of patients with a deficit one year postoperatively from 21 to 
34% described by Helmstaedter et al. and Sherman et al. (Busch et al., 
2016; Binder et al., 2020; Helmstaedter, 2013; Sherman et al., 2011). 

4.5. Extent of postoperative picture naming decline 

The BTLA does not appear to harbor exclusively picture naming 
functions but rather be partially compensable leading to an extent of 
picture naming decline of 10 to 20% but no complete anomia after 
resection. Because of the dynamic of neuropsychological changes 
following surgery, results of long-term postoperative neuropsychologi-
cal assessment are more relevant, yet early postoperative deficits with 
the risk of partial persistence can be of relevance for the individual 
patient and should thus be noted (Baxendale et al., 2019; Wilson et al., 
2015; Rössler et al., 2015; Trimmel et al., 2019). 

4.6. Strengths and limitations of our study 

Our study had strengths and limitations. We included a large patient 
cohort with a higher patient number than previous studies (Binder et al., 
2020) and our cohort comprised different surgical procedures with 
variability in lesion location and a wide spread coverage of resections 
across the left temporal lobe. This may have provided a sufficient basis 
to detect associations between lesions and behavior. VBLSM allowed for 
a precise delineation of the anatomical region associated with deterio-
ration of visual naming, showing the true functional impact of neuro-
surgery. There were also limitations to our work due to its monocentric, 
retrospective design. Naming outcome was only assessed at 6 months 
after surgery. Thus, we did not investigate long-term dynamics of 
postoperative deficits. Manual lesion delineation is observer dependent 

and time consuming. We explored a potential advantage of using 
1x1x1mm voxels in terms of accuracy, however in comparison to a 
reduced resolution of 2x2x2 mm, the improvements were marginal 
while considerably increasing the needed time for manual tracing. A 
WADA test or fMRI for a reliable determination of language dominance 
was only performed in cases of uncertainty and not in all patients. 
Therefore, it cannot be excluded that a small number of patients with 
atypical representation were included after all. Statistical analyses were 
only performed in regions with a minimum of five lesions overlapped 
and eloquent areas tended to be avoided for clinical reasons. Although 
VBLSM is not only restricted to gray matter, no conclusions can be made 
regarding phenomena of postoperative disconnection. 

5. Conclusions 

Our study showed that postoperative naming decline can occur after 
epilepsy surgery in the posterior dominant ITG and FG in patients when 
language organization is largely complete at epilepsy onset. Resection in 
the dominant temporal lobe in patients with epilepsy onset after 5 years 
of age was associated with a higher risk of deterioration in naming 
performance, averaging from 10 to 20%, and was more pronounced in 
the FG as compared to the ITG. 
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