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Abstract: Anterior temporal lobe resection (ATLR) is often complicated by superior quadrant visual field deficits 
(VFDs) because of damage to the anterior portion of the optic radiation (Meyer’s loop). This study reports the evalu-
ation of optic radiation mapping in protecting against VFDs in the ATLR. We retrospectively analyzed 52 patients 
with medically refractory temporal lobe epilepsy undergoing ATLR between January 2012 and December 2013. The 
surgical operations in Group I (n=32) were performed with the modified ATLR, and the operations in Group II (n=20) 
were aided by combining optic radiation mapping by diffusion tensor imaging, microscopic-based neuronavigation 
and the intraoperative magnetic resonance imaging (iMRI) technique. A t-test was used to compare the size of ATLR, 
and a chi square test was applied for the postoperative VFD and seizure outcomes. The optic radiation was recon-
structed in all patients in Group II. The size of ATLR was 5.11±1.34 cm (3.3-8 cm), and 3.24±0.75 cm (2.2-4.8 cm) 
in Groups I and II, respectively; the size of ATLR was significantly smaller in Group II (F=9.803; P=0.00). The visual 
fields assessment by the Humphrey Field Analyser 30-2 test showed 27 patients (84.4%) in Group I suffered VFDs at 
3 months post-operation, whereas only eight patients (40.0%) in Group II showed VFDs (Pearson chi square =11.01; 
P=0.001). The 6-month follow-up survey showed that 90.6% of patients in Group I achieved a good outcome (Engel 
class I-II), outperforming 85.0% in Group II, however, there was no statistically significant difference (chi square 
=0.382, P=0.581). This techniques of combining optic radiation mapping, microscopic-based neuronavigation and 
iMRI aided in precise mapping and hence reduction of the risk of visual field deficits in ATLR. The size of ATLR guided 
by optic radiation mapping was significantly smaller but the seizure outcome was not significantly affected.

Keywords: Intraoperative magnetic resonance imaging (iMRI), optic radiation mapping; diffusion tensor imaging 
(DTI), visual field deficits (VFD), anterior temporal lobe resection (ATLR)

Introduction

Up to 40% of patients with temporal lobe epi-
lepsy (TLE) are refractory to medication [1, 2] 
and anterior temporal lobe resection (ATLR) is a 
well-established and effective means of treat-
ment [3]. ATLR is often complicated by superior 
quadrant visual field deficits (VFDs) because of 
damage to the Meyer’s loop of the optic radia-
tion. Meyer’s loop, the most anterior portion of 
the optic radiation, passes through the tempo-
ral lobe, and is therefore at risk during surgery. 
The ability to drive is a key goal of patients who 

are undergoing surgery [4], but postoperative 
VFDs are significant enough to preclude driving 
in 4-50% of patients, even if a patient is free of 
seizures [5-7].

Anatomic dissection and experience from tem-
poral lobe surgery since the 1940s have pro-
vided copious information on the anatomy of 
the optic radiation and the consequences of 
surgery. However, the optic radiation cannot be 
distinguished using clinical magnetic reso-
nance imaging (MRI) sequences. More recently, 
diffusion tensor imaging (DTI) tractography has 
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Table 1. Clinical characteristics of patients in Groups I and II
Characteristic Group I Group II p-value
No. of patients 32 (61.5) 20 (38.5)
Mean age (years) (26.8±8.5) (27.5±8.9) .797a

Mean duration of epilepsy (years) (9.6±8.8) (6.4±5.0) .094a

Identifiable lesions on magnetic resonance imaging 17 (53.1) 9 (45.0) .569b

Intracranial grids 11 (33.3) 6 (30.0) .801b

Left temporal lobe epilepsy 17 (53.1) 14 (70.0) .228b

Values are presented as mean ± SD or number (%). a: t-test, b: Chi square test. The research protocol was approved by the Eth-
ics Committee of The General Hospital of People’s Liberation Army and all patients gave informed consent for the study.

enabled depiction of the optic radiation in vivo, 
with these data now routinely used to guide 
tumor neurosurgery. The DTI technique has 
also been applied to evaluate the relationship 
between white matter fibers and the epileptic 
foci in the temporal lobe, in sensorimotor cor-
tex epilepsy or in occipital lobe epilepsy [8-13] 
for better decision making on resection sizes 
and for better estimation of the potential func-
tional deficits [14].

Using DTI, the location of lesions can be visual-
ized relative to the adjacent eloquent cortex 
and fiber tracts, which allows a surgeon to pre-
operatively design optimal resection trajecto-
ries for maximally removing the lesions as well 
as preserving function. Beyond preoperative 
mapping and planning, the intraoperative MRI 
(iMRI) technique further provides immediate 
evaluation of the surgical outcome [15]. To 
make full use of the neuroimaging data, micro-
scope-based functional neuronavigation allows 
on-line evaluation of the extent of resection by 
continuously updated intraoperative images 
with brain shift addressed, which makes intra-
operative adaptation of the surgical procedure 
feasible.

Here we describe the size of ATLR, the postop-
erative VFD and the seizure outcomes of opera-
tions on 52 patients with temporal lobe epilep-
sy. Operations for 32 patients were performed 
with the modified anterior temporal lobe resec-
tion between January 2012 and December 
2012, and operations for 20 patients were 
guided by combining optic radiation mapping, 
microscopic-based neuronavigation and the 
iMRI technique between January 2013 and 
December 2013. In this paper, we focus on 
comparisons of the size of ATLR, the postopera-
tive VFD and the seizure outcomes between the 
two patient groups who underwent different 
surgical procedures.

Methods

Subjects

We studied 52 patients with medically refrac-
tory temporal lobe epilepsy undergoing ATLR at 
the General Hospital of PLA, Beijing, China, 
between January 2012 and December 2013. 
Of the 52 patients, 30 had left- and 22 right-
sided resections. The subjects were 31 males 
and 21 females. The types of seizure experi-
enced by the subjects included complex partial 
seizures, generalized tonic-clonic seizures, and 
status epilepticus. Common pre-surgical evalu-
ation procedure was applied to all patients, 
including continuous video electroencephalog-
raphy (EEG) monitoring and MRI. Additional 
examinations including magnetoencephalogra-
phy (MEG), positron emission tomography 
(PET), and intracranial grids were performed for 
a few patients. The pre-surgical examination of 
visual fields was assessed by the Humphrey 
Field Analyser 30-2 test in all patients; only one 
patient had a partial quadrant visual field defi-
cit. All patients were divided into two groups 
chronologically; each group underwent differ-
ent surgical procedures. Group I (n=32) were 
surgically treated with the modified ATLR [16, 
17] (3-8 cm of lateral temporal cortex, the 
uncus, the amygdala, and 2-4 cm of anterior 
hippocampus) between January 2012 and 
December 2012. Group II (n=20) was surgically 
treated with the guidance of optic radiation 
mapping, microscopic-based neuronavigation, 
and the iMRI technique between January 2013 
and December 2013. The clinical characteris-
tics of Groups I and II are summarized in Table 
1.

Image acquisition

MRI was performed for all patients using 1.5 T 
scanners (Siemens Espree, Erlangen, Ger- 
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many). For Group I, only conventional MRI was 
performed to show the identifiable lesions or 
hippocampal sclerosis. For Group II, Both con-
ventional MRI and DTI were performed. A 
T1-weighted 3D magnetization-prepared rapid-
acquisition gradient echo sequence was mea-
sured with an echo time of 3.02 milliseconds, a 
repetition time of 1650 milliseconds, a matrix 
size of 256×256, a field of view of 250×250 
mm, a slice thickness of 1 mm, and a slab of 16 
cm. In addition, T2-weighted images (echo time, 
93 milliseconds; repetition time, 5500 millisec-

onds; matrix size, 512×512; field of view, 
230×230 mm; slice thickness, 3 mm), T2 fluid-
attenuated inversion recovery images (echo 
time, 84 milliseconds; repetition time, 9000 
milliseconds; matrix size, 256×256; field of 
view, 230×230 mm; slice thickness, 3 mm), 
and postcontrast 3D T1-weighted images were 
scanned. 

For DTI, we applied a single-shot spin-echo dif-
fusion-weighted echoplanar imaging sequence 
(echo time, 147 milliseconds; repetition time, 

Figure 1. Preoperative surgical plan. A-C: The left optic radiation (green) was partially shown in the axial (lateral 
region of temporal horn), sagittal (outside of temporal stem) and coronal (outside of lateral ventricular trigone), T1 
magnetic resonance imaging views. D: The left optic radiation was completely shown in 3D views.
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9400 milliseconds; matrix size, 128×128; field 
of view, 251×251 mm; slice thickness, 3 mm; 
bandwidth, 1502 Hz per pixel; diffusion encod-
ing gradients in 12 directions using b values of 
0 and 1000 s/mm2; and voxel size, 1.9×1.9×3 
mm). We used 40 slices, no intersection gap, 
40 continuous free interval collection slices, 
and 5 time repetitions. The total scan time was 
10 minutes 22 seconds).

Intraoperative scans were performed immedi-
ately when the anterior temporal lobe was com-
pletely removed or when intraoperative scan-
ning was necessary for brain shift correction in 
Group II.

Image processing (tractography) 

For fiber tracking, we implemented a tracking 
algorithm based on a tensor deflection algo-

rithm. Generally, the course of a fiber is defined 
by following the direction of maximum diffu-
sion. We used the fiber-tracking module of the 
neuronavigation planning software iPlan 2.6 
(BrainLab, Feldkirchen, Germany) to recon-
struct the optic radiation. Details of the method 
have previously been published. Before track-
ing was initiated, the fractional anisotropy 
threshold was adjusted to 0.15, the angle 
threshold to 20, and the minimum fiber length 
to 50 mm (stop criteria). Tract seeding was per-
formed by defining a rectangular volume of 
interest (VOI) in the coregistered standard T1 
anatomic data sets. We used a multi-VOI algo-
rithm for fiber tracking of the optic radiation. 
For the ventral bundle of the optic radiation (the 
Meyer loop), the first VOI was placed on the lat-
eral geniculate body. The second VOI was 
placed to cover the lower lip of the visual occipi-

Figure 2. The optic radiation (green) was projected onto the cortex of the anterior temporal lobe in the viewing field 
of the neuronavigation microscope. The operation was performed anterior to the anterior limit of the optic radiation. 
A: A preoperative two-dimensional projection of the optic radiation, B: A preoperative three-dimensional projection 
of the optic radiation, C: A postoperative two-dimensional projection of optic radiation, D: A view of the temporal 
lobe resection.
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tal cortex (calcarine cortex). We identified the 
lateral geniculate body by selecting the axial 
slice at the level of the transition from the pos-
terior limb of the internal capsule to the cere-
bral peduncle. At this level, the lateral genicu-
late body is visible posterolateral to the pedun-
cle. To reconstruct the dorsal bundle of the 
optic radiation (central and posterior bundle), 
the first VOI was also placed on the lateral 
geniculate body, and the second VOI was 
placed to cover the middle and upper lip of the 
visual occipital cortex. The fiber tract that 
passed through both VOIs was the final tract of 
interest. After selection of the appropriate fiber 
bundle, a 3D object was “created” automati-
cally by wrapping neighboring fibers with a hull. 
The closing lines around all fibers from all slices 
together resulted in the 3D object (optic radia-
tion). The anterior limit of the optic radiation 
was the Meyer loop. The time required to pro-
cess the DTI data and to acquire the 3D object 
was approximately 10 minutes.

For segmentation and 3D reconstruction of the 
lesion and hippocampus, we used the “object 
creation” module. Segmentation of the lesion 
was performed on the T2 fluid-attenuated 
inversion recovery (FLAIR) anatomical data set, 
on a slice-by-slice basis. After all slices contain-
ing the lesion were outlined, a 3D image of the 
lesion was reconstructed. If the MRI showed 
hippocampal sclerosis only or no identifiable 
lesions, we only reconstructed the optic radia-
tion (Figure 1).

Microscope-based neuronavigation and intra-
operative MRI

In Group II, the DTI was registered with anatom-
ical images. The technical details have been 
published elsewhere [18-20]. The contours of 
lesions, hippocampal sclerosis and optic radia-
tion were displayed in the viewing field of the 
neuronavigation microscope (Pentero, Carl 
Zeiss, Oberkochen, Germany) (Figure 2). We 
resected the anterior temporal lobe anterior to 
the anterior limit of the optic radiation for each 
patient in Group II. iMRI was performed to 
examine whether the optic radiation was dam-
aged, to make the decision if we should con-
tinue the resection of the anterior temporal 
lobe (Figure 3). In the cases when further 
resection was needed, the neuronavigation 
was updated based on the intraoperative MRI 
images and corrected for shifting of the brain. 

Mapping of the optic radiation was also updat-
ed with the fiber tracking module.

Evaluation of sizes of ATLR, postoperative VFD 
and seizure outcomes

We obtained the size of the ATLR according to 
the medical records in Group I, and the results 
measured during operation in Group II. A t-test 
was used to compare the size of the ATLR 
between Group I and Group II. All patients were 
followed for at least 6 months and the seizure 
outcome was compared at 6-month follow-up. 
The seizure outcome was evaluated according 
to Engel’s classification [21]. Class I patients 
were those who showed absence of seizures or 
presence of auras only or presence of seizures 
only during drug withdrawal. Class II patients 
had rare seizures or nocturnal seizures only. 
Class III patients showed worthwhile improve-
ment, and Class IV patients showed no improve-
ment. Automated static perimetry was per-
formed, and the preoperative and postopera-
tive visual fields were assessed by the 
Humphrey Field Analyser 30-2 test. The postop-
erative VFD was evaluated at 3 months post-
operation. The chi square test was used to 
compare the seizure outcome and postopera-
tive VFD across patient groups. 

Results

In Group II, the presurgical diffusion tensor 
images reconstructed the optic radiation in all 
cases. We measured the distance from the tip 
of the optic radiation to the temporal pole in all 
subjects and removed a length of the anterior 
temporal lobe no greater than this distance. 
iMRI was performed at least once and the optic 
radiation was reconstructed in all patients in 
Group II. The size of the ATLR was 5.11±1.34 
cm (3.3-8 cm), and 3.24±0.75 cm (2.2-4.8 cm) 
individually in Groups I and II, respectively. The 
size of the ATLR was significantly smaller in 
Group II (F=9.803; P=0.00). 

All patients had preoperative and postopera-
tive visual fields assessed by the Humphrey 
Field Analyser 30-2 test; only one patient in 
Group I had a partial quadrant visual field defi-
cit before the operation. Twenty-seven patients 
(84.4%) in Group I suffered VFDs at 3 months 
post-operation, whereas only eight patients 
(40.0%) in Group II suffered VFDs at 3 months 
post-operation (Pearson chi square =11.01; 
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P=0.001). Only one of the eight patient with 
VFDs in Group II suffered contralateral upper 
quadrant VFDs; the other patients showed less 
than quadrant VFDs. Of the 27 patients with 
VFDs in Group I, one showed hemianopia, 16 
patients had quadrant VFDs, and the remaining 
patients had partial quadrant VFDs (Figures 4, 
5).

The 6-month follow-up survey showed a good 
outcome in 90.6% patients in Group I (Engel 
class I-II), outperforming 85.0% in Group II; 

however, there was no statistically significant 
difference (chi square =0.382, P=0.581). The 
seizure outcomes, postoperative VFD and ATLR 
size in Groups I and II are summarized in Table 
2.

Discussion

ATLR for epilepsy was pioneered by Wilder 
Penfield from the Montreal Neurological 
Institute and Murray Falconer from the Guy’s-
Maudsley Neurosurgical Unit, London from the 

Figure 3. Fusion of preoperative and intraoperative magnetic resonance imaging (MRI) scans. After removing the 
anterior temporal lobe according to the projection of the optic radiation onto the cortex, an intraoperative MRI scan 
was performed and the optic radiation was reconstructed (green). We then judged whether the residual temporal 
lobe tissue needed to be removed. The intraoperative MRI scan was then fused to the preoperative MRI. Comparing 
the intraoperative optic radiation (green) with the preoperative optic radiation (yellow), we found that shifting of the 
brain because of cerebrospinal fluid movement during surgery was very common. The temporal lobe usually shifted 
toward the center line and the top of the head, but there was very little shift from front to back if the patient’s head 
was positioned on the side.
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Figure 4. Left visual field deficits demonstrated by the Humphrey Field Analyser 30-2 test on right ATLR. One patient showed hemianopia and most others showed 
upper quadrant VFDs in Group I (A). In Group II, most of the patients had partial quadrant VFDs or no VFDs (B, C).



Visual field deficits in ATLR

14290 Int J Clin Exp Med 2015;8(8):14283-14295

Figure 5. Right VFDs demonstrated by the Humphrey Field Analyser 30-2 test on left ATLR. Most of the patients in Group I showed upper quadrant VFDs (A), and 
most of the patients in Group II had partial quadrant VFDs or no VFDs (B, C).
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late 1940s onward. Penfield found that when 
the line of removal was less than 6 cm posteri-
or to the tip, it generally resulted in no postop-
erative visual field defect. If the removal includ-
ed more than 6 cm posterior to the tip, it is apt 
to produce contralateral upper quadrant hom-
onymous hemianopia. When the line was 
pushed back to 8 cm, there was likely to be a 
complete homonymous hemianopic defect 
[22]. Studies showed that the rates of quadran-
tanopia complicating lobectomy range from 
50-70% [6, 23-25] to 90-100% [26-29]. The 
original 6-cm safety margin proposed by 
Penfield [22] is clearly an overestimate, with 
subsequent studies suggesting margins of 
30-40 mm [26] and 45 mm [27] from the tem-
poral pole to avoid a VFD. Over time, estimates 
have gradually reduced further and a key find-
ing is substantial variability among subjects, 
reflecting anatomic variability in the location of 
Meyer’s loop. Despite the anatomic variability, 
a linear relationship between the severity of a 
VFD and the degree of resection has been 
shown [30]. Studies have concluded that field 
loss is related to resection length, and that 
Meyer’s loop extends more anteriorly than esti-
mated in traditional surgical studies.

The optic radiation cannot be distinguished 
using clinical MRI sequences. However, DTI 
tractography is an advanced MRI technique 
that enables the parcellation of white matter. 
Recently the DTI technique has also been 
applied to evaluate the relationship between 
white matter fibers and epileptic foci for better 
decision making on resection sizes and for bet-
ter estimation of the potential functional defi-

cits. Several authors have found that the visual 
field can be protected in ATLR by reconstructing 
the optic radiation [30-37].

In Group II of this study, the optic radiation was 
successfully reconstructed in all patients using 
the DTI technique. The size of ATLR in Group II 
was 3.24±0.75 cm (2.2-4.8 cm), and compared 
with Group I there was a smaller resection size. 
Regarding the size of ATLR and the anterior 
limit of the optic radiation, Jason J. S. Barton’s 
study [30] showed in 24 patients that the dis-
tance was 24 to 28 mm from the anterior limit 
of Meyer’s loop to the anterior temporal pole. 
Taoka [32] examined 14 patients who under-
went temporal resection for temporal lobe epi-
lepsy and found that the mean T-M distance 
(between the temporal tip and the anterior limit 
of the Meyer loop) was 36.6 mm. The interindi-
vidual variation of the distance ranged from 
30.0 to 43.2 mm. Yogarajah’s study [33] 
showed that the distance from the tip of Meyer’s 
loop to the temporal pole was 24-43 mm (mean 
34 mm), and 24-47 mm (mean 35 mm) in their 
two patient groups. Winston [35] showed that 
Meyer’s loop was 4.4 to 18.7 mm anterior to 
the resection margin in his patients. In Borius’s 
study [37], MRI studies performed in 18 
patients and 13 controls with DTI with fiber 
tracking found a marked individual difference 
in the TP-ML distances (mean: 25.4 mm; range 
18.2-38.3 mm; standard deviation: 4.7) but 
with no significant difference between patients 
and controls. All these studies showed a small-
er size between the temporal pole and anterior 
limit of the optic radiation; however, those were 
preoperative or postoperative results. In our 
group, we obtained the size of ATLR from the 
presurgical plan and also updated intraopera-
tive data, avoiding deviation because of the 
brain shift due to loss of cerebrospinal fluid, 
especially from the open temporal horn. Our 
result was 2.2-4.8 cm (mean: 3.24 cm); the 
considerable variation is consistent with oth-
ers. We also found that compared with Group I, 
the reconstruction of optic radiation with DTI 
technique reduced the size of ATLR in Group II.

Many studies have shown different levels of 
VFDs after ATLR. In some cases this can be 
severe enough to prohibit driving, even if a 
patient is free of seizures. Winston [35] studied 
20 patients undergoing ATLR, with the help of 
structural MRI scans and DTI. Twelve of the 
twenty patients (60%) suffered a VFD (10-92% 

Table 2. Seizure outcomes, postoperative VFD 
and the size of anterior temporal lobe resection 
(ATLR) between Groups I and II 

Total number (n=52) Group I 
(n=32)

Group II 
(n=20) p-value

Size of ATLR 5.11±1.34 3.24±0.75 0.00a,*

Postoperative VFD .001b,*

    No VFD 5 (15.6) 12 (60.0)
    VFD 27 (84.4) 8 (40.0)
Engel outcome .537b

    I-II 29 (90.6) 17 (85.0)
    III-IV 3 (9.4) 3 (15.0)
Values are presented as number (%). a: t-test, b: Chi square 
test. *P<0.05. Anterior temporal lobe resection (ATLR); Visual 
field deficits (VFD).
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of upper quadrant; median, 39%) and eight 
patients had no VFD; the size of the resection 
was significantly greater in those developing a 
VFD than those without a VFD. In another study 
in 21 postoperative patients, 6 of the 11 
patients undergoing a left ATLR suffered post-
operative VFDs, compared with 3 of the 10 
patients undergoing a right ATLR [33]. Taoka 
[32] using diffusion tensor tractography of 
Meyer’s loop in temporal lobe resection for 
temporal lobe epilepsy, found a statistically sig-
nificant correlation between the degree of the 
visual field defect and the M-R distance (the 
anterior limit of the Meyer loop to the posterior 
limit of the temporal lobe resection); however, 
detailed studies of visual outcomes are lacking. 
In our cohort, 27 patients (84.4%) suffered 
from VFDs in Group I, whereas only 8 patients 
(40.0%) showed VFDs in Group II. Compared 
with other studies, our rate of VFDs is lower. All 
studies together show that the anterior limit of 
the optic radiation is in the anterior portion of 
the temporal lobe, and passes through it. The 
anterior limit of the optic radiation in most of 
the patients in Group I was damaged, so the 
patients suffered complete or partial superior 
quadrant VFDs. If the dorsal and ventral bun-
dles of the optic radiation were damaged dur-
ing surgery, the patients suffered hemianopia. 
For example, one patient received an 8-cm 
anterior temporal lobe resection in Group II, 
which resulted in hemianopia. Only one of the 
eight patients with VFDs in Group II suffered 
contralateral upper quadrant VFDs, the other 
seven patients had significantly lesser quad-
rant VFDs, showing that there was only partial 
damage to the anterior limit of the optic radia-
tion in these seven patients. Analyzing the rela-
tionship between the size of ATLR and VFDs, we 
found that in Group I, the size of ATLR was larg-
er, corresponding to a higher rate of postopera-
tive VFDs, and in Group II, the size of ATLR was 
smaller, corresponding to a lower rate of the 
postoperative VFDs. 

The 6-month follow-up survey showed that 
90.6% of patients in Group I achieved a good 
outcome (Engel class I-II), outperforming 85.0% 
in Group II, however, this was not statistically 
significant (chi square =0.382, P=0.581). That 
is to say, in our study, the size of ATLR did not 
affect the efficacy of postoperative seizure con-
trol. In our groups, medial temporal lobe epi-
lepsy was confirmed in all 52 patients by intra-

cranial electrodes, explicit hippocampal sclero-
sis or lesion in the hippocampus-amygdala 
region by MRI. However, previous studies did 
not describe seizure outcomes [30-32].

Cushing [38] and Bjork [26] suggest that the 
optic radiation clothes the temporal horn and 
lies anterior to it. However, Van Buren [39] and 
Marino [23] depict the optic radiation ending 
just posterior to the temporal horn. Recent 
studies suggest that the optic radiation is ante-
rior to the temporal horn, at least in the majori-
ty of cases. In one study, the average distance 
from temporal pole to temporal horn was 32 
mm, with the optic radiation predicted to be 24 
mm on average from the temporal pole [30], 
which is supported by dissection studies. In 
Nilsson’s study [31], seven healthy volunteers 
and two patients with previous temporal lobe 
resection were recruited. In the healthy sub-
jects, the mean distance between the most 
anterior part of Meyer’s loop and the temporal 
pole was 44 mm (range 34-51 mm). Meyer’s 
loop did not reach the tip of the temporal horn 
in any subject. We thought that the distance of 
the temporal horn to the temporal pole may be 
constant; however, the anterior limit of optic 
radiation has a considerable variability in its 
anterior extent. So, in our study, we did not cal-
culate the distance of the anterior edge of optic 
radiation to the temporal horn. 

Shifting of the optic radiation and anterior hip-
pocampus because of cerebrospinal fluid loss 
during surgery is very common. Intraoperative 
MRI has been proven to be a sound technique 
that allows a neurosurgeon to update neuro-
navigation data in real-time, to evaluate the 
extent of tumor resection, to correct for brain 
shift, to modify surgical strategy if necessary, 
to guide instruments to the lesion, and to evalu-
ate presence of intraoperative complications at 
the end of surgery [40]. In this paper, we applied 
the iMRI technique, combined with microscop-
ic-based neuronavigation to 20 patients in 
Group II. The iMRI technique confirmed that 
there was no hematoma; however, the shift of 
brain tissue occurred in every patient, and neu-
ronavigation data was updated to help with 
accurate resection. This may be the reason 
that our rate of VFDs is lower than others. If the 
reconstruction of the optic radiation by iMRI 
scan showed remnant brain tissue anterior to 
the anterior limit of the optic radiation, the 
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resection was continued. Then the intraopera-
tive MRI scan was fused to the preoperative 
MRI, and, comparing the intraoperative optic 
radiation with the preoperative optic radiation, 
we found that shifting of the brain is very com-
mon. The temporal lobe most often shifted 
toward the center line and the top of the head, 
but there was very slight shift from front to back 
if the patient’s head was on the side.

Eight patients (40.0%) in Group II still suffered 
some VFDs. We suggest reasons that we could 
not completely protect the visual field as fol-
lows. 1) The size of anterior temporal lobecto-
my is too small; it is difficult to resect the hip-
pocampus without excessively pulling the 
stump of the temporal lobe, causing secondary 
damage of optic radiation. 2) Brain shift may 
occur because of cerebrospinal fluid movement 
during the surgery; although this was partially 
corrected for by iMRI. 3) Currently, there is no 
standardized way to perform tractography. 
Choice of tractography method affected the 
visualized location of Meyer’s loop significantly 
in a heterogeneous, clinically relevant study 
group. Lilja et al. showed that to determine the 
anterior extent of Meyer’s loop, probabilistic 
tractography is superior to deterministic trac-
tography, and the probability level of probabilis-
tic tractography matters [41].

Conclusion

The techniques of combining optic radiation 
mapping, microscopic-based neuronavigation 
and iMRI aided in precise mapping and hence 
reduction of the risk of visual field deficits in 
ATLR. The size of ATLR with the guide of optic 
radiation mapping was significantly smaller but 
this had no significant effect on seizure 
outcome.
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