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Abstract

The management of patients after initial epilepsy surgical failure is challenging. Here we 

report our experience using the stereoelectroencephalography (SEEG) method in the re-

evaluation of patients after initial epilepsy surgical failure. We selected 28 patients explored 

by SEEG in our department for drug resistant focal epilepsy following initial epilepsy surgical 

failure. For each patient, the residual SOZ as defined by SEEG (rSOZ) was classified as 

follows: contiguous rSOZ when the SOZ was focal and close to the surgical cavity (same 

lobe); non-contiguous rSOZ in cases where the SOZ included site(s) distant from the surgical 

cavity.  The rSOZ was defined according to visual analysis of SEEG traces completed by an 

estimation of the epileptogenicity index (EI). A second surgical procedure was performed in 

12 patients (45%). A favorable outcome (class I or II Engel) was obtained in 9/12 patients (6 

in Engel Class I, 50%). The proportion of patients that had reoperation was higher in the 

contiguous group (80%) than in the non-contiguous group (22%) (p=0.02).  A rSOZ localized 

in close relation to the initial surgical resection zone (contiguous group) was found in 10 

patients (35%). Among them, 8 have since been reoperated and a good outcome (Engel I) was 

achieved in 5/8 (63%). A rSOZ involving a distant region from the first surgery was observed 

in 18 patients (65%) (non-contiguous group). Among them only 4 have been reoperated 

leading to a failure in 2 (Engel class III or IV) and a good outcome in 2 (IA).  Ten patients 

had a first standard temporal lobectomy and in 50% of these cases the insula was involved in 

the rSOZ. SEEG offers a unique way to evaluate the residual seizure onset zone at the 

individual level and thus guide further surgical decision making. The best results are observed 

in patients having a focal rSOZ close to the site of the first surgery. 

Highlights 

- 28 patients explored by SEEG for drug resistant focal epilepsy following initial 

epilepsy surgical failure were studied

- A focal contiguous residual SOZ was found in 10 patients (35%)

- A distant (often non focal) residual SOZ was found in a majority of cases (65%)
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- The best surgical results are observed in patients having a focal residual SOZ close to 

the site of the first surgery. 

- SEEG offers a unique way to evaluate the residual seizure onset zone at the individual 

level 

Key words

SEEG, focal epilepsy, epilepsy surgery, networks, reoperation

1. Introduction

Patients with focal drug resistant epilepsy (DRE) may undergo resective brain surgery with 

the aim of stopping seizures[1]. The overall success rate of surgical interventions in DRE 

patients is at around 50% and the proportion of patients remaining seizure free tends to 

decrease with the duration of follow up[2] with outcomes being better for temporal lobe 

epilepsies than extra-temporal lobe epilepsies. The last 15 years have seen an important 

evolution in epilepsy surgical indications, leading to increasing numbers of invasive 

presurgical investigations. Notably, increasing worldwide use of 

stereoelectroencephalography (SEEG) has likely been driven by larger numbers of patients 

referred with extra-temporal lobe and MRI-negative epilepsies, these categories posing 

particular challenges for presurgical evaluation [3]. 

The management of patients after initial epilepsy surgical failure is challenging [4-7]. 

Persistence of seizures in these patients may be associated with worsening of their 

neurological, neuropsychological and psychological status, leading to reduced quality of life 

(QOL)[6]. The mechanisms of failure remain unclear in many cases [8] [7]. Careful re-

evaluation of cases of epilepsy surgical failure may have beneficial consequences and in 

particular may lead to subsequent successful surgery in some[9]. Previous studies 

investigating the role of reoperation in patients who have failed a first epilepsy surgery report 

a positive outcome in 9-53% of cases ( Engel class I or II) [5]. A recent meta-analysis found 

that a mean of 47% of patients after repeated surgery achieved seizure freedom[10].
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Prognostic indicators in these cases have been related to several factors, including those 

related to the epilepsy or to the procedure [4-7, 9, 10]. Jehi et al found that only patients with 

local recurrence (“contiguous focus”) became seizure-free after reoperation [7].

Here we report our experience using the SEEG method in the re-evaluation of patients after 

initial epilepsy surgical failure. SEEG offers a unique way to evaluate the residual seizure 

onset zone at the individual level and thus guide further surgical decision making. 

2. Material and Methods

We retrospectively selected 28 patients explored by SEEG in our department between 2001 

and 2016 for drug resistant focal epilepsy following initial epilepsy surgical failure (Engel 

class III or IV). These 28 cases are selected from a database of 298 SEEG covering the same 

period. In the same period we re-operated 5 patients without doing a SEEG procedure, 

essentially due to an insufficient volume of the resection of the first operation

All patients had benefited from initial presurgical evaluation following the usual work-up 

based first on non-invasive approaches. They underwent detailed clinical examination, surface 

video-EEG recording of seizures, cerebral MRI, functional imaging and neuropsychological 

assessment. Thirteen patients had also undergone SEEG recording as part of presurgical 

evaluation before the initial surgery, performed following discussion by the multidisciplinary 

team, utilizing the clinical and imaging data, and the results from the non-invasive phase. 

Initial surgical approach was decided after multidisciplinary epilepsy surgery meeting. 

A diagnosis of surgical failure (persistent disabling seizures (Engel Class III or IV) was 

established through follow-up visits, leading to the decision to perform a new presurgical 

evaluation. This second post-operative evaluation included non-invasive explorations (MRI, 

video-EEG recordings). The MRI checked the limits of the first resection, the presence of 

residual epileptogenic lesion and/or signs associated with the resection (e.g. hemosiderin 

deposit or gliosis). Video-EEG recordings in particular evaluated any changes in semiology 

since surgery, compared to the original seizure type. In 19/28 cases, no drastic changes in 

clinical presentation were observed.  In all 28 cases, after these non-invasive investigations, 

there were sufficiently robust clinical hypotheses of the likely cause of surgical failure to 

justify SEEG in the framework of a new presurgical evaluation. For each patient, the residual 

SOZ as defined by SEEG (rSOZ) was classified according to Jehi et al [7] as follows: 

contiguous rSOZ when the SOZ was localized and close to the surgical cavity (same lobe); 
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non-contiguous rSOZ in cases where the SOZ included site(s) distant from the surgical cavity 

(in the same hemisphere or/and contralateral to the surgical cavity (homotopic or not).

The SOZ was defined according to visual analysis of SEEG traces completed by an estimation 

of the epileptogenicity index (EI) [11]. This method allows to quantify the content of fast 

activities at seizure onset, for each analyzed channel. After normalization this quantity ranges 

from 0 (no epileptogenicity) to 1 (maximal epileptogenicity) (for details see [12]. Two 

examples of EI quantification are shown in figures 3 and 4. 

Surgical outcome evaluation was based on Engel’s classification. Bivariate analysis used the 

non-parametric Mann-Whitney test for quantitative data and Fisher’s exact test for qualitative 

data. A p-value smaller or equal to 0.05 was considered to be statistically significant.

3. Results

The main clinical data are detailed in tables 1 and 2. 

3.1. Preoperative findings and initial surgical intervention

The mean age at epilepsy onset was 5.5 years (min-max: 1-30) and the mean epilepsy 

duration was 21 years (min-max: 5-66). Four patients had febrile seizures during childhood, 8 

had familial history of epilepsy or seizures, and 2 had encephalitis during childhood. Five 

patients had normal MRI before initial surgery. The other patients had a lesion identified on 

the MRI including FCD in 10 and DNET or ganglioglioma in four (Table 1). A first SEEG 

had been performed in 13 patients (Table 2). The first surgery consisted of a lesionectomy in 

3, and standard anterior temporal lobectomy in 10 (5 right, 5 left).  Cortectomies tailored 

according to SEEG results were performed in 14 patients (9 frontal, 2 fronto-temporal, 1 

parietal, 2 insular). One patient had had Gamma Knife radiotherapy (amygdalo-

hippocampectomy) using 24Gy at the 50% isodose curve. 

3.2. Post-operative SEEG results and second surgical intervention

The delay between the first operation and the second SEEG ranged from 1 to 10 years 

(median =  4.5). A rSOZ was found to be temporal in 8 cases: temporal-plus in 5 (temporo-

perisylvian in 2, temporo-frontal in 2 and temporo-occipital in 1). A frontal SOZ was found in 
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4 cases, being a large fronto-parietal network in 2 cases. An insular rSOZ was found in 8 

cases. 

Based on these results, a second surgical procedure was performed in 12 patients (45%) (See 

figure 1). A favorable outcome (class I or II Engel) was obtained in 9/12 patients (6 in Engel 

Class I, 50%). Results were different according to the type of rSOZ found after the second 

SEEG. The proportion of patients that had reoperation was higher in the contiguous group 

(80%) than in the non-contiguous group (22%) (p=0.001 Fisher exact test).  

Indeed, in 10 patients (35%) the SEEG defined a rSOZ localized in close relation to the initial 

surgical resection zone (contiguous group). The rSOZ concerned residual mesio-temporal 

structure in 3 patients (2 with previous lesionectomy and 1 with amygdalo-

hippocampectomy), temporal neocortex in 3 patients (including 2 with previous ATL and 1 

with lesionectomy). insula in 2 patients, and residual frontal cortex in one.  Among them, 8 

have since been reoperated. A good outcome (Engel II or I) was observed in 7/8 (87%) (5/8 

Engel class I, 63%). One patient has had good outcome following radiofrequency 

thermocoagulation in the left mesial temporal region (pt24, 2 years follow up) and has not yet 

been reoperated at last follow up. Another was not operated due to the risk of language deficit 

given involvement of the left basal temporal region (pt10). 

A rSOZ involving a distant region from the first surgery was observed in a majority of 

patients (18 pts, 65%) (non-contiguous group). The anatomical localization and the 

organization of the rSOZ were highly variable from one patient to the other (for details see 

table 2). This is illustrated in figures 3 and 4.  Among them only 4 have been reoperated 

leading to a failure in 2 (Engel class III or IV) and a good outcome in 2 (IA).  Three patients 

in the non-contiguous group who were not candidates for reoperation underwent 

thermocoagulations during the second SEEG and have since shown some improvement in 

seizure control. 

Interestingly, in 10 patients the first surgery consisted of standard anterior temporal 

lobectomy, for different etiologies (4 focal cortical dysplasia, 1 ganglioglioma, 4 hippocampal 

sclerosis). Among them, only two had SEEG before the first surgery. In five cases (50%), the 

rSOZ was in the insular cortex, while in the other cases different patterns of rSOZ 

organization were found (table 2).  

We studied the following factors comparing the groups with contiguous rSOZ versus non-

contiguous SOZ: age at epilepsy onset, epilepsy duration, familial history of epilepsy, delay 

of seizure recurrence after first surgery, an invasive (SEEG) procedure before the first surgery 

and a normal (versus abnormal) MRI. None of these factors were significantly different in the 
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two groups, except age at epilepsy onset, which was younger (median 2.5 years) in the group 

with contiguous rSOZ than in the non-contiguous group (median = 7; p=0.02, Mann Whitney 

test).  

4. Discussion

The main objective of this study was to report the role of the SEEG in the management of 

patients with a first epilepsy surgical failure. In a recent meta-analysis of a total of 782 

reported patients from across published series [10], the rate of seizure freedom after a second 

surgery was 47% (class I Engel). Re-operation seems thus a valuable option in this context.  

Our series includes a limited number of patients from a single center but it focuses on the role 

of SEEG investigation at the individual level to guide the second operation.  The SEEG 

approach is now widely used and recognized as a gold standard method to identify the SOZ 

provided that clear hypotheses about the epilepsy location have been formed from non-

invasive data [13-15]. Indeed, in the present series, only those patients for whom clear 

hypotheses existed with regards to likely organization of persistent seizures were selected for 

SEEG in the context of a new presurgical evaluation. 

Taken as a whole, we observed that 75% of our re-operated patients were improved and 50% 

were completely seizure free. As suggested in ECoG studies [7], the possibility of proposing a 

second surgical intervention proved to be greatly dependent on the type of residual SOZ 

found in the second SEEG exploration. 

We found indeed that in a non-negligible number of patients, we were able to identify a rSOZ 

in close relation with the first surgery (35%). This number is lower than the number of 

“contiguous” focus found in a study focusing on temporal lobectomy failures (45%)[7]. In 

this situation, we found that the prognosis of the second surgery (when possible) was 

generally good (87% in Engel class I or II). The failure of the first surgery in such cases could 

be linked to an insufficient resection size of the epileptogenic zone due to its incorrect 

definition in presurgical check-up (i.e. lesionectomy instead of ATL) or to neurosurgical 

technical difficulties (i.e. nearby eloquent cortex, insular cortex). An alternative hypothesis is 

related to an epileptogenic effect of lesions caused by the first surgery but this notion has been 

always considered to be highly speculative [6]. 

However, in a majority of cases (65%), the rSOZ disclosed a more complex pattern including 

regions distant from the first surgery (non-contiguous cases). In these cases, the rSOZ was 

found to be widespread, bilateral or showing maximum epileptogenicity distant from the 

region of the first resection. In this situation, the surgical decision was most often therapeutic 
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abstention (only 26% having been operated); surgical outcome in those who were re-operated 

tended to be more uncertain. 

Many previous studies have focused on reoperation after temporal lobectomy. Recurrence of 

seizures in these cases has been linked to different possibilities: incomplete resection of 

internal temporal structures, involvement of the temporal neocortex, involvement of the 

contralateral temporal cortex or an extratemporal region that would have been missed before 

temporal lobectomy or that would have developed after surgery [6, 7]. Ten patients (8/10 

without previous SEEG) of our series had a first standard temporal lobectomy. In 50% of 

these cases the insula was involved in the rSOZ. The extension of the rSOZ in the perisylvian 

/insular cortex in these cases could correspond to several mechanisms including insufficient 

sampling of the insular cortex during the first SEEG, a factor evoked to explain temporal 

lobectomy failures [16, 17]. This finding strongly supports the need to systematically explore 

the insular cortex in cases of temporal lobe epilepsies explored by SEEG.  

Another process that has the potential to cause seizure recurrence after localized surgery is the 

hypothesis of a more diffuse epileptogenic process of genetic or encephalitic origin. This 

factor has indeed been found to carry a poor prognosis in a recent meta-analysis of 

reoperation after failed surgery[10]. 

Another mechanism for explaining complex modes of recurrence could be related to the 

network characteristics of the epileptic process. In the model of epileptogenic networks, 

different involved brain regions represent distinct nodes of the network [18]. Simulation 

studies have revealed that minimal changes in connectivity properties may lead to imbalance 

of the system and create new modes of firing[19]. In a model of interaction between regions, 

hyperexcitable neuronal populations may exert reciprocal inhibition of firing (configuration 5 

in [20]). The removal of nodes in these models and the changes in connectivity could 

potentially be factors explaining the appearance of new network configurations and the onset 

of seizures in other nodes [20, 21]. New large scale modelling like the Virtual Brain [22]or 

other approaches [23]appear to be promising perspectives in this field to predict these kind of 

network changes after surgery. 

5. Conclusion

The individual approach for estimating the surgical outcome is challenging, particularly in 

cases of reoperation. Indeed, what emerges from the literature analysis[10] is great clinical 

heterogeneity, with outcomes that are difficult to predict. The SEEG provides a means of 



9

accurately analysing the organisation of the rSOZ and thus guides the decision regarding 

subsequent re-operation on a case-by-case basis. Our series shows that in this context only a 

small part of the candidates with a SEEG will finally be operated (45%) and only a small 

fraction (6/28, 21%) of the population who have had a SEEG will finally be completely 

seizure-free. SEEG also offers an opportunity to perform thermocoagulations, which are 

palliative techniques that can be used in cases where surgery is not possible allowing 

improvement in some cases [24]. 
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Legends of Tables and Figures

Table 1. General clinical data. Abbreviations y: years; FS: febrile seizures, m:male; f: female, 

R: right, L: left DNET: dysembryoplastic neuroepithelial tumours, FCD: focal cortical 

dysplasia, HS: hippocampal sclerosis, nk: not known

Table 2: SEEG and surgical data

Abbreviations: SOZ : seizure onset zone ; rSOZ : residual seizure onset zone ; T : temporal, R 

: right ; L : left ; SF : seizure free, MT : mesial temporal, ATL : anterior temporal lobectomy, 

SPL : superior parietal lobule ; IPL : inferior parietal lobule ; lat: lateral, Orb: orbital frontal; 

TG: thermocoagulations; Hip Hippocampus

Figure 1; Flow chart of patients included in the study. Abbreviations SEEG1+ patients have 

benefited from stereoelectroencephalography before the first surgery. SEEG-: patients did not 

have SEEG before first surgery. ATL: anterior temporal lobectomy. GK: gamma knife
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Figure 2: Summary of the initial surgery and of the results of the second SEEG according to 

the first putative or identified Soz. A/ contiguous cases B/ non contiguous cases

Figure 3 A. SEEG in a case of a left ATL failure and in whom rSOZ is classified as non 

contiguous with the lobectomy bed:  A/ Selected SEEG channels (bipolar montage) showing 

the seizure onset marked by rapid discharges mainly affecting the inferior frontal cortex and 

lateral temporal cortex (B’ lateral), and residual mesial temporal cortex (TB’1-2; C’1-2) B/ 

representation of  Epileptogenicity index (EI) values, on the electrodes contacts projected into 

the patient’s MRI 3D brain mesh. Cortical meshes were obtained from each patient MRI by 

FreeSurfer software. Then we performed co-registration of the reference MRI with either a 

CT scan or an MRI with the SEEG electrodes, using the SPM toolbox 

[http://www.fil.ion.ucl.ac.uk/spm/software/spm12/]. After transformation to the MRI 

coordinate system, these electrodes were represented together with the cortical surface in 

Matlab in a 3D plot. We reconstructed each SEEG electrode as black and white cylinders 

corresponding to the contacts and the insulated parts respectively. As EI values were 

computed on a bipolar montage, they are drawn between each pair of contacts of the bipolar 

derivation. The diameter of the circles and position on the color scale are proportional to the 

normalized EI values[12].   The red line delineates the bed of the first surgery. 

Figure 4. SEEG in a case of parietal cortectomy failure (red line). A/ Selected SEEG traces 

showing that the seizure starts from the fusiform gyrus (not contiguous rSOZ). B/ EI values 

expressed on the MRI 3D brain mesh (see explication in Fig 2)











Table 1. General clinical data. Abbreviations y: years; FS: febrile seizures, m: male; f: female, R: right, 
L: left DNET: dysembryoplastic neuroepithelial tumours, FCD: focal cortical dysplasia, HS: 
hippocampal sclerosis, nk: not known

Patients
Gender, 

handedness

duration of 
epilepsy 

before first 
surgery  (y)

Age at 
onset 

(y)
childhood risk 

factors

familial 
history of 
epilepsy

Pre-op 
seizure 

frequency 
(/month)

Etiology (MRI, 
or/and 

histopathology)
1 m, L 13 7 FS 1 y N 30 perinatal stroke
2 m, R 22 6 N Y 10 ganglioglioma
3 f, R 37 4 N N 5 FCD  II
4 m, R 19 7 N Y 60 unknown
5 m, R 20 5 N Y 150 FCD I
6 f, R 16 1 N Y 100 FCD I
7 m, R 38 9 N N 100 DNET
8 f, R 16 8 N Y 30 DNET
9 f, R 66 1 encephalitis N 20 HS

10 f, R 22 1 FS 1 y N 200 FCD II
11 m, R 16 2 N N 45 FCD II
12 m, R 33 1 N Y 20 glial tumour
13 m, R 23 4 FS N 3 unknown
14 f, R 4 4 N N 200 unknown
15 m, R 5 30 FS 2 y N 25 unknown
16 f, R 15 7 N N 30 DNET

17 m,R 17 1 N Y 60 unknown
18 m,R 26 2 N N 140 FCD II
19 m, R 5 1 N N 30 FCD I
20 f, R 36 8 encephalitis Y 4 HS
21 f, R 9 11 N N 4 FCD I
22 m, R 6 6 N Y 12 FCD II
23 m, L 23 3 N N 120 DNET
24 m, R 36 5 Y Y 4 HS
25 f, L 7 10 N N 4 HS
26 f, R 7 6 N N 5 Ganglioglioma
27 f, R 20 12 N N 30 perinatal stroke
28 M, R 13 7 Viral meningitis N 4 unknown



Table 2 : SEEG and surgical data

Abbreviations : SOZ : seizure onset zone ; rSOZ : residual seizure onset zone ; T : temporal, R : right ; L : left ; SF : seizure free, MT : mesial temporal, ATL : 
anterior temporal lobectomy, SPL : superior parietal lobule ; IPL : inferior parietal lobule ; lat: lateral, Orb: orbital frontal; TG: thermocoagulations; Hip 
Hippocampus, C : contiguous, NC: non-contigous.

 Patient
s

SOZ (first SEEG) Initial surgery Outcom
e first 
surgery
(Engel 
Class) 

Delay to 
seizure 
recurre
nce 
(month
s)

rSOZ (second SEEG) Relationship with first SOZ Second 
surgery

Result/
outcome

Outcome 
duration 
(years)

1 SPL L Parietal cortectomy L III 6 R  Temporal Pole NC (contralateral, other lobe) no SF since SEEG 7
2 - Lesionectomy T L III 12 L   MT C Y IIA 15 
3 L prefrontal Prefrontal cortectomy L III 6 L   Temporal (mesial) NC (ipsilateral, other lobe) y IA 7
4 Temporo-frontal 

R
Fronto-temporal 
cortectomy R

III 12 R  T+ (Temporo-Insular) NC (ipsilateral, other lobe) no  -  

5 - ATL R IV 6 R  Insula post NC (ipsilateral, other lobe) y IV 10
6 Prefrontal left Prefrontal cortectomy L IV <1 R  and L   Insular NC (contralateral, other lobe) no -
7 Prefrontal R Prefrontal cortectomy R III 3 R  Parietal NC (ipsilateral, other lobe) y III 6
8 - Lesionectomy T mesial  R IV 12 R  temporal lateral C y IIA 5
9 L MT amygdalo-

hippocampectomy
 IV 0 L Temporal mesial C y IA 11

10 - ATL L IV 6 L   T (temporo-basal) C no  -  
11 IPL L Parietal cortectomy L III 3 L   Frontal (preF and PM) NC (ipsilateral, other lobe) no -
12 - lesionectomy T R (lateral) IV 6 R  MT C y IA 13
13 MT and lat R ATL plus lateral R III <1 R  Frontal operculum NC (ipsilateral, other lobe) no  -  
14 Insula R Insular cortectomy R III 6 R  Insula post C y IB 2
15 MT R ATL R IV 6 L Temporal mesial lateral NC (contralateral, same lobe, ipsilateral 

other lobe)
no  -  

16 - ATL R IV 12 R T+ (temporo-fronto-
parietal)

NC ( ipsilateral, other lobes) no  -  

17 operculo- insular 
R

Cortectomy pars 
operculum R

IV <1 R insula C yes III 4



18 SPL R Parietal cortectomy R IV <1 R parietal operculum and 
Frontal

NC (ipsilateral, other lobes) no -

19 operculo-insular 
L

Cortectomy L insula III 6 L insula C y I 2

20 - ATL R III 24 R insula NC (ipsilateral, other lobe) no TG (IIA) 3
21 Left MT ATL L IV 6 L T+( insula and  MT (hip)) NC (ipsilateral other lobe) no TG (IIA) 2

22 Frontal Orb left Frontal cortectomy L IV <1 L Frontal C y IA 1
23 Operculo-insular 

L
Lesionectomy IV 6 L Premotor NC (ipsilateral, other lobe) no -

24 - ATL R III 44 R temporal lateral C no TC (II) 2
25 - ATL R IV <1 R insular NC (ipsilateral, other lobe) oui III 1
26 SPL R Parietal cortectomy R IV 12 R parietal and R Fusiform NC (ipsilateral, other lobe) no
27 _ ATL L IV 6 L   insula NC (ipsilateral, other lobe) no  _
28 - ATL L IV 12 L T+ (temporal lateral and 

basal, OFC)
NC (ipsilateral, other lobe) no TG (I) 0.6


