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Abstract OBJECTIVES: The aim of this study is to summarize our experience with neu-
ropsychological changes after radiosurgical treatment for mesial temporal lobe 
epilepsy and subsequent surgery due to insufficient seizure control.
METHODS: Between November 1995 and May 1999, 14 patients underwent radio-
surgical entorhinoamygdalohippocampectomy with a marginal dose of 18, 20 or 
25 Gy to the 50% isodose. 9 of these patients subsequently underwent surgery. 
We compared Memory Quotients and Intelligence Quotients before and after the 
interventions.
RESULTS: We found a slight, but nonsignificant decline in intelligence and 
memory quotients one year after GKRS. Two years after radiosurgery there were 
no significant changes in any of the quotients. After surgery, we found significant 
increase in Global and Visual MQ, (p<0.05). There were no statistically significant 
changes in verbal memory and intelligence performance after surgery.
CONCLUSION: Epilepsy surgery after unsuccessful radiosurgery could lead to 
improvements in cognitive functions in patients with mesial temporal lobe epilepsy. 

Abbreviations: 
AMTR - anteromesial temporal lobe resection
CPS - complex partial seizures
EEG - electroencephalography
FS - full scale
GKRS - radiosurgery using Leksell Gamma Knife
IQ - Intelligence Quotients
MQ - Memory Quotients
MRI - magnetic resonance imaging
MTLE - mesial temporal lobe epilepsy
SAH - selective amygdatolohippocampectomy
WAIS-R - Wechsler Adult Intelligence Scale-Revised
WMS-R - Wechsler Memory Scale- Revised
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INTRODUCTION
More than 30% of epilepsy patients continue to expe-
rience seizures while on multiple antiepileptic drugs. 
Mesial temporal lobe epilepsy (MTLE) in particular 
is often pharmacoresistant. Epilepsy  surgery  is a suc-
cessful treatment option for these patients and its effi-
cacy has been confirmed by two randomized clinical 
trials (Engel et al. 2012; Wiebe et al. 2001). It results in 
long-term seizure freedom in about 70% (62–83%) of 
cases (Mathon et al. 2015). Mortality following  tem-
poral  resection approaches zero. However, the rate of 
neurological and surgical complications is not negli-
gible (Georgiadis et al. 2013). Nonetheless, permanent 
sequelae are typically below 2%.

The goal of epilepsy surgery is seizure control as well 
as preventing decline in social, vocational, and cogni-
tive performance and minimizing the risk of accident or 
sudden unexplained death in epilepsy. However, cogni-
tive  outcomes may be affected by  surgery. As  tempo-
ral lobes play an important role in declarative memory 
function, including episodic and semantic memory, 
surgical  resection is linked to memory difficulties. 
This morbidity is dependent on several factors. The 
primary predictor of postsurgical memory loss follow-
ing temporal resection is the presurgical functional 
and structural status of the mesial temporal lobe to be 
resected (assessed by structural or functional magnetic 
resonance imaging – MRI, FDG-PET and intact pre-
surgical verbal memory ability on neuropsychological 
or Wada testing.) (York et al. 2003; Helmstaedter et 
al. 2011). At group level, anterograde verbal memory 
decline is the most consistently reported impairment, 
typically after left-sided resections (Hamberger & 
Drake 2006). It occurs in between 22% and 63% of these 
patients (Sherman et al. 2011). Performance memory 
impairments are reported less consistently after resec-
tions in the speech nondominant temporal lobe and 
occur in approximately 6%–32% of patients (Dulay et 
al. 2009b). The type of operation may also play some 
role in seizure and cognitive outcome. More extended 
resections may be superior with regard to seizure con-
trol (Schramm 2008). In his review Schramm found 
five studies which reported better seizure outcome with 
more extensive anteromesial temporal lobe resection 
(AMTR), but seven studies which did not. A compari-
son of selective amygdatolohippocampectomy (SAH) 
and AMTR yields even more confusing results. Six out 
of eight studies did not demonstrate a worse seizure 
outcome for SAH. However, more functional tissue may 
be resected during more generous resections, thereby 
causing a worse cognitive outcome. There is consider-
able evidence for somewhat better neuropsychological 
results with SAH, although this was not found con-
sistently. It follows that, from the neuropsychologi-
cal point of view, smaller and tailored resections with 
minimal effect on the functional integrity of tissues or 
fibre tracts may be preferable (Helmstaedter 2013). The 

development of alternative treatment strategies capable 
of minimizing the cognitive and surgical risks inherent 
in conventional epilepsy surgery is justifiable.

The principle of stereotactic radiosurgery using 
Leksell Gamma Knife (GKRS) is to administer a single 
high dose of radiation in a precisely targeted fashion 
to destroy or functionally inactivate the cells within 
a defined structure without affecting nearby normal 
brain tissue. This method was conceptualized by Leksell 
for functional neurosurgery (Leksell 1951). Currently it 
is a treatment option for several vascular and neoplas-
tic diseases (Yang & Barbaro 2007). Its minimal inva-
siveness and efficacy in the treatment of symptomatic 
epilepsy caused by difficult-to-access lesions (e.g. intra-
cerebral tumors, arteriovenous malformations, cavern-
ous hemangiomas and hypothalamic harmatomas) also 
make it an attractive treatment modality for MTLE. The 
first GKRS for MTLE was performed by Regis et al. in 
1993 (Régis et al. 1995). It had originally been hypo-
thetized that GKRS as a neuromodulatory treatment 
could be effective in subnecrotic doses (Régis 2013). 
Later clinical experience showed that seizure reduction 
could only be achieved by the destruction of the target 
structures (Chang et al. 2010).

Several advantages and disadvantages of GKRS com-
pared with standard microsurgery have been reported 
(Régis & Roberts 1999). Its main advantages are the 
completely bloodless nature of the procedure, with 
a shorter hospital stay and recovery period. Another 
advantage is the possibility of performing subsequent 
open resection in cases of treatment failure. However, 
any significant antiseizure effect is delayed (e.g. 8–26 
months after GKRS) (Bartolomei et al. 2008). Other 
disadvantages of GKRS include early (collateral edema, 
intracranial hypertension) or delayed (late radiation 
necrosis, cyst formation) post-irradiation side effects 
due to the large target volume (Hoggard et al. 2008, 
Kawamura et al. 2012). These risks bring into question 
any comparison of invasiveness between microsurgery 
and GKRS. The absence of histological confirmation of 
the diagnosis may also be considered to be a disadvan-
tage. The obvious advantages of open surgery include 
the opportunity to conduct electrocorticography and 
functional mapping, direct visualization of target struc-
tures, and immediate efficacy. The risks involved in 
open surgery have been mentioned above.

Regarding the irradiation dose, a marginal dose at 
24±1 Gy appears more effective than using lower doses 
(15–24 Gy) (Regis et al. 2004; Kawai et al. 2001). Stud-
ies concerning antiseizure efficacy and the rate of com-
plications have yielded extremely diverse results. We 
previously reported that in our patient group seizure 
outcome was worse than reported by other authors, 
early complications with the occurence of intracra-
nial hypertension lead to the need for corticostereoid 
treatment (Vojtěch et al. 2009) and late morphological 
changes require life-long follow-up by MRI (Kawamura 
et al. 2012; Vojtěch 2015). 
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GKRS has the potential benefit of treating target 
structures selectively without injury to the surrounding 
cortical regions and white matter tracts. It also has been 
suggested that it may produce less cognitive decline 
than standard surgery in patients with MTLE (Mathon 
et al. 2015). If this were true it would be a strong reason 
to promote this treatment modality. The aim of this 
study is to assess cognitive performance during the 
long-term follow-up of patients treated by GKRS for 
MTLE and after reoperation due to insufficient seizure 
control. The article would only be of historical interest if 
clinical trials of the use of GKRS for this indication had 
not been encouraged and planned (Kondziolka 2012). 

MATERIAL AND METHODS
Patient group
Between November 1995 and May 1999, we diagnosed 
14 patients with MTLE caused by hippocampal sclerosis 
and treated them using GKRS (Table 1). We described 
our group’s characteristics, the presurgical evaluation 
protocol, and seizure outcome in our previous article 
(Vojtěch et al. 2009). To briefly recapitulate, there were 
eight female and six male patients, in whom epilepsy 
began at a mean age of 10.9 years (2.5–38 years) and 
whose mean age at the time of treatment was 33.4 years. 
By the time GKRS was performed, the patients had had 
epilepsy for an average of 23.2 years (9–46). Early risk 
factors were present in 12 patients. These were mostly 
febrile seizures; one patient (Patient 1) had a history of 

purulent meningitis and the other patient (Patient 6) 
had experienced repeated afebrile generalized seizures 
since an early age. All the patients had complex partial 
seizures (CPS), and auras appeared either indepen-
dently or at the beginning of the seizure in six of them. 
CPS occasionally led to secondary generalization in 
four patients. 

Each patient underwent a routine presurgical 
examination [neurologic and neuropsychological 
testing, repeated interictal electroencephalography 
(EEG), scalp video-EEG study with ictal recording, 
MRI and intracarotid Amytal test]. The MRI study 
included a T1-weighted three-dimensional acquisition, 
a tilted coronary T2-weighted acquisition with a long 
second echo, and fluid-attenuated inversion-recovery 
sequences.

In addition to a standard scalp 10–20 electrode 
system, sphenoidal electrodes were used for the inter-
ictal video-EEG evaluation in two patients (Patients 1, 
2). Foramen ovale electrodes for ictal recording were 
inserted in seven patients (Patients 2, 4–9). In one 
patient (Patient 9) non-invasive data were inconclusive 
and an invasive study was performed with a combina-
tion of strip and depth electrodes. A similar electrode 
combination was also used in Patient 1, as temporal 
lobe atrophy found on MRI did not exclude neocortical 
temporal lobe epilepsy.

Unilateral MTLE was diagnosed in all patients. 
After completion of the preoperative evaluation, 

therapeutic options (AMTR or GKRS) were suggested 

Tab. 1.  Group’s characteristics and seizure outcome.

Case SR (m/y)
Volume 
(mm3)

Dose (Gy)
Treated 

side (R/L)
ES/40 Surgery ES/BO ES/LV FU FU/BO FU/AO

1 XI/95 8,900 20 R IIA None N/A IIIA 236 N/A N/A

2 VI/96 7,700 25 L IIIA XII/13 IIIA IA 229 210 19

3 XII/96 7,300 20 R IVB II/03 IVB IA 223 74 149

4 II/97 6,700 25 R IVB V/01, IVB IA 221 51 170

5 II/97 7,400 25 L IIIA None N/A IIB 221 N/A N/A

6 II/97 7,600 25 L IIIA X/13 IVB IA 221 200 21

7 IX/97 7,600 25 L IIIA VI/06 IVB ID 214 105 109

8 XI/97 6,600 25 R IVC III/01 IIIA IA 212 40 172

9 IV/98 5,200 18 L IVB VI/07 IVB IIC 207 110 97

10 XI/98 5,900 18 R IVB None N/A IVB 200 N/A N/A

11 XI/98 5,700 18 L IVB None N/A IVB 200 N/A N/A

12 XII/98 6,000 18 L IIIA XI/05 IVC IA 199 81 118

13 V/99 6,100 18 L IIIA VI/04 IVA IIC 194 61 133

14 V/99 6,000 18 L IIIA None N/A IB 194 N/A N/A

Abbreviations: ES/40, Engel Class at 40 months after GKRS; ES/BO, Engel Class before operation; ES/LV, Engel Class at last visit; FU, total 
length of follow-up in months; FU/AO, length of follow-up after operation in months; FU/BO, length of follow-up before operation in 
months; N/A, not applicable; SR (m/y), month/year of GKRS; surgery, month/year of open surgery; 
Note: Patient 4 died in XII/12 from influenza.  
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to the patients, who then chose one of them. All subjects 
received full and detailed information and gave their 
informed consent. The GKRS technique in the treatment 
of MTLE was approved by the local Ethics Committee.

Radiosurgical parameters
The patients underwent GKRS targeted to the medial 
temporal lobe (to the amygdala, sparing the superior 
and mesial part, to the head and anterior half of the 
body of hippocampus, and to the anterior part of the 
parahippocampal gyrus) (Table 1). Five patients were 
treated on the right and 9 patients on the left side. The 
radiosurgical parameters for six of our patients (Patients 
2, 4–8) were the same as those described by Rėgis et al. 
(Régis et al. 1995, Régis et al. 2004). Prominent radia-
tion-induced responses led us to reduce the dose and 
volume in Patients 3 and 9–14. The mean irradiated 
volume for the whole group was 6.764 mm3. In patients 
treated with 18–20 Gy, it was 6.388 mm3 on average 
(ranging from 5.200 to 8.900), whereas in those irra-
diated with 25 Gy, the average volume was 7.267 mm3 
(6.600–7.700). 

Neuropsychological testing
This study was approved by the hospital Ethics Commit-
tee. We reviewed cognitive performance in both oper-
ated and unoperated patients. We compared Memory 
Quotients (MQ) (Wechsler Memory Scale-Revised- 
WMS/WMS-R) and Intelligence Quotients (IQ) 
(Wechsler Adult Intelligence Scale-Revised-WAIS-R) 
before and after interventions (Wechsler 1945, 1981, 
1987). Patients were tested in two sessions, each lasting 
60–90 minutes. On the first day a neuropsychological 
interview was performed and the complete WAIS-R 
was presented (Wechsler 1987). On the second day 
memory functions were assessed using WMS/WMS-R. 

Statistics
The results were analyzed using Statistica v10. Data are 
summarized using mean and SD. The changes between 
pre-/post-GKRS and pre-/postoperative neuropsy-
chological results were evaluated using paired T-tests. 
Reported p-values were not corrected for multiple 
comparisons. 

RESULTS 
Seizure outcome
Mean follow-up in the whole group was 212.2 months 
(median 213, range 194–236). At the time our first patients 
underwent AMTR (40 months) 1 patient was Engel 
IIA, seven were IIIA, five were IVB and one Engel IVC. 

We offered all our patients the option of open sur-
gery and five of them refused. In the remaining nine 
patients, an AMTR was performed on the side treated 
by radiosurgery because of insufficient seizure control. 
No surgery was indicated for any of the patients for 
either early or late complications. 

Of the five unoperated patients, one was Engel Class 
IB, one IIB, one IIIA, and two IVB at their last visit. 
They were followed-up for mean 210.2 months (median 
200, range 194–236). 

Of nine operated patients, two were Engel IIIA, 
one was IVA, 5 were IVB and one Engel IVC before 
the operation. They were followed-up for mean 103.6 
months (median 81, range 40–210) before the opera-
tion and for mean 109.8 months (median 118, range 
19–133) after the operation. At their last visit, they had 
become Engel Class IA in five cases, one patient was ID 
and two IIC. In one patient (Patient 2) the follow-up 
was not sufficiently long (19 months) to justify classi-
fication (he would be Engel IB). There was one death 
unrelated to epilepsy as a seizure-free patient (Patient 4) 
died from influenza 127 months after AMTR. 

Neuropsychological outcomes
Pre-/post GKRS and pre-/post AMTR neuropsycho-
logical results and the mean change in the groups of 
treated patients for memory (WMS/WMS-R) and intel-
ligence (WAIS-R) are summarized in Table 2. Neuro-
psychological data were not available for all patients, so 
the numbers of patients in certain groups differ from 
numbers of patient actually treated. These numbers are 
given in Table 2. 

Figure 1 and Figure 2 only display differences in full 
scale FS-IQ and global MQ in those patients for whom 
neuropsychological data were available pre/post GKRS 
and pre/postAMTR, respectively.

We found a slight statistically nonsignificant decline 
in intelligence and memory quotients one year after 
GKRS. Attention/concentration worsened by more than 
–17 points (p=0.03). Two years after GKRS there were 
no significant changes in any of the quotients (Figure 1). 

Overall cognitive performance improved in 8 oper-
ated patients. After surgery, we found a significant 
increase in Global and Visual MQ, mean change was 
9.3 and 15.3 points (p<0.05), respectively (Figure 2). 
This figure shows clear memory improvement after 
the operation. There were no statistically significant 
changes in verbal memory and intelligence perfor-
mance after AMTR. 

DISCUSSION
Memory preservation and even improvement after 
MTLE surgery is not an unrealistic goal. Postopera-
tively, gains in verbal episodic memory were described 
after right temporal  lobe  surgery, and visual episodic 
memory improvement after left  temporal  lobe  sur-
gery (Baxendale et al. 2008). Verbal memory may even 
improve in about 9% of patients after left-sided AMTR. 

There are several ways to preserve (and potentially 
improve) cognitive functions after MTLE surgery. 

Destroy the mesiotemporal structures incompletely, 
preferentially targeting routes of seizure spread. These 
approaches have been suggested in descriptions of 
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Tab. 2. WMS/WMS-R and WAIS-R Scores in the group of patients.

before GKRS 
(SD)

diff
0–1 y

p-value
diff

0–2 y
p-value

before AMTR
mean (SD)

Diff
0–1 y after AMTR

p-value

Memory WMS/WMS-R n=13 n=12 n=9 n=8 n=8

Global MQ 83 (15) 4.5 0.39 4.2 0.46 82 (12.6) –9.3 0.02

Verbal MQ 86 (12,5) 7 0.47 5 0.64 82 (8.8) –4,1 0.07

Visual MQ 85 (10,8) 10 0.37 –1.5 0.9 91 (13.4) –15.3 0.01

Attention/Concentration 86 (10,1) 17 0.03 18.5 0.11 71 (13.6) 2.1 0.64

Delayed Recall 83 (12.4) 7.8 0.42 –2.3 0.75 82 (11.3) –6.3 0.14

Intelligence WAIS-R n=13 n=12 n=9 n=10 n=8

Full-Scale IQ 86 (7.5) 1.2 0.42 1.3 0.51 89 (10.5) 0.5 0.76

Verbal IQ 87 (8.8) 2 0.12 –0.2 0.89 89 (11.1) 1.8 0.28

Performance IQ 87 (10.5) 0 1 3.4 0.31 91 (12.3) –1.5 0.51

Note: Statistically significant values are marked with bold print. Positive values represent a lower score after the interventions.
Abbreviations: diff, difference; y, year
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Fig. 1: Development of FS-IQ and global MQ after GKRS in nine 
patients for whom data were available both before and after 
GKRS.

Fig. 2: The same changes prior to and after AMTR in patients for 
whom data were available both before and after the operation 
(n= 8). 

multiple hippocampal transection (Patil & Andrews 
2013) and stereotactic amygdalohippocampectomy 
methods (Vojtěch et al. 2015). As better verbal memory 
is reported after surgeries with larger residual hippo-
campal volumes (Skirrow et al. 2015) the next argument 
for possible memory preservation after GKRS is the 
incomplete destruction of the target structures (espe-
cially on the left) and smaller resection volumes, e.g. 
sparing the posterior hippocampus. GKRS is not a neu-
romodulatory treatment and may only work in necrotic 
doses. Nonetheless, the destruction of mesial temporal 
structures is incomplete and viable neurons have been 
found in specimens obtained after subsequent resection 
(Vojtěch et al. 2015). However, it is debatable to what 
extent the remaining neurons could support memory. 

Completely destroy target structures and preserve 
other regions important for cognitive functions (e.g. the 
temporal neocortex, connections to the frontal lobe). 
This is the mechanism behind such procedures as SAH, 
stereotactic amygdalohippocampectomy and laser abla-
tion (Willie et al. 2014). This approach respects the fact 
that postoperative memory decline can occur even 
in patients with dominant temporal lobe epilepsy in 
whom hippocampus was spared (Wagner et al. 2013). 
Early post-GKRS complications with signs of intracra-
nial hypertension and temporal neocortical structure 
involvement do not suggest that GKRS is any more 
sparing of the extramesiotemporal structures than 
open surgery (Vojtěch 2015) and point to extramesio-
temporal lesions after GKRS.
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Render the patient seizure-free. Poor postoperative 
seizure control has been suggested as a risk factor for 
material specific memory decline in both dominant and 
non-dominant AMTR (Dulay et al. 2009a; Sanyal et al. 
2005). Other authors report that this decline is inde-
pendent of seizure outcome (Andersson-Roswall et al. 
2010). However, our patients were not seizure-free after 
the procedure.

As there was a nonsignificant worsening of memory 
functions in our group of patients after the procedure, 
we do not think any of these mechanisms work in 
GKRS. As this worsening was transient and we could 
not identify it two years after the procedure, it was most 
likely caused by persisting radiation-induced changes 
early after GKRS. 

Neuropsychological outcome data following GKRS 
for MTLE are scarce. In a prospective multicenter study 
(Barbaro et al. 2009), the prevalence of verbal memory 
impairment was 15% (4/26 patients). Of the 12 patients 
treated in the language dominant temporal lobe, 3 
(25%) experienced a significant decline in one measure 
of verbal memory, and 2 (16%) significantly improved 
in one measure. After recalculating their results in a 
subsequent study of the same patient group the authors 
found no overall decreases in verbal memory for the 
patients treated in the dominant temporal lobe (Quigg 
et al. 2011). However, they only reported the Delayed 
Recall Score of the Logical Memory subtest from the 
WMS-R (Wechsler 1987). The authors admit that 
patients treated with high dose GKRS in the dominant 
temporal lobe showed deterioration of some (noncon-
textual) aspects of verbal memory. In a low-dose sub-
group they found no verbal memory impairment. As 
only 58.8% (10/17) of patients in the lower-dose group 
were seizure-free, these results mean that preservation 
of memory function in this group was counterbalanced 
by seizure outcome inferior to open surgery. Patients 
who underwent GKRS of the nondominant temporal 
lobe did not demonstrate any apparent decline in cogni-
tion after GKRS. The authors conclude that GKRS may 
not be inferior to open surgery from a neuropsycho-
logical point of view. 

A small case series found no group changes at six 
months follow-up, although some individuals showed a 
decline in at least one cognitive domain (Srikijvilaikul, 
et al. 2004). McDonald et al. focused on cognitive out-
comes on three patients. After dominant GKRS, they 
found no consistent changes in cognition (McDonald, 
et al. 2004). Each patient, however, showed deterioria-
tion of at least one measure of verbal memory (long 
delayed verbal memory). No patient declined when IQ, 
visual memory, or language were measured. Radiation-
induced edema was present at the time all three patients 
were tested, which may have affected verbal memory 
performance. These data suggest that GKRS produces 
neuropsychological changes similar to those produced 
by left AMTR up to 2 years post-GKRS treatment. A 
potential confounder of these studies was that the 

GKRS dose of 20 Gy used may be too small for effec-
tive seizure treatment (Barbaro et al. 2009; Barbaro & 
Quigg 2008) and the neuropsychological follow-up 
period may have been too short for the development 
of a definitive radiosurgical lesion (Barbaro et al. 2009, 
Regis, et al. 2004).

Poor results have also been reported after linear 
accelerator based stereotactic radiotherapy for MTLE 
(Liang et al. 2010). In a small group of 7 patients no 
patient was seizure-free (2 deteriorated) and 2 cases 
showed a drop in IQ, memory decline and permanent 
neurologic complications. The obvious shortcoming of 
this report is the difference in the treatment technique. 

After unsuccessful temporal lobe resection, sub-
sequent reoperation could lead to seizure freedom in 
approximately 70% of selected patients (Grote et al. 
2015), especially in cases with incomplete resection of 
the epileptogenic zone (Zachenhofer et al. 2011). Neu-
ropsychological losses after first surgery more often 
improve than decline after the reoperation. Likewise, 
if  GKRS  has failed, reoperation may be a reasonable 
option.

In our group of patients originally treated with 
GKRS, subsequent AMTR performed for poor seizure 
outcome lead to an Engel I or II outcome in all patients. 
After the operation we found slight but significant 
improvement in Global and Visual MQ. There were no 
statistically significant changes in verbal memory and 
intelligence performance after surgery. As most of our 
patients were treated on language-dominant side, we 
(quite understandably) found an improvement in func-
tions of unoperated temporal lobe. It could be hypo-
thetized that these results are a consequence of better 
seizure control after the operation. Yet, we interpret 
these results conservatively as an absence of cognitive 
worsening after AMTR following GKRS. They may 
result from a practice effect due to repeated adminis-
tration of the same tests. Furthermore, as AMTR rep-
resents more complete lesion of target structures than 
GKRS, our results do not support the view that incom-
plete lesion of mesiotemporal structures by GKRS 
could cause better neuropsychological results after the 
procedure. 

We are aware of the many weaknesses of this work. 
It is a single-center experience with a small group of 
patients and it does not include a control group. How-
ever, in this study the operated patients themselves act 
as selfcontrols. Historically, GKRS was used in a limited 
number of institutions. Therefore, long-term follow-up 
results are limited and thus valuable. Because of the 
small number of treated patients we did not stratify 
our patients according to the laterality of epileptic foci, 
dose of radiation and treated volume. The number of 
patients in these groups would be too small to enable us 
to reach any conclusion. Patient selection is certainly a 
bias as more patients were treated on their left (language 
dominant) side. It may mirror our former convinction 
that GKRS is a less invasive alternative to open surgery 
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which we may subconsciously transfer to our patients, 
thereby affecting their decision as to the choice of treat-
ment modality.

CONCLUSIONS 
GKRS with 25, 20, or 18-Gy marginal dose levels did not 
lead to cognitive changes (except in the Attention/con-
centration domain) but neither did it lead to sufficient 
seizure control. Subsequent epilepsy surgery could stop 
seizures and also lead to better memory performance. 
As MTLE is a surgically treatable condition with a high 
success rate, the risk of adverse events and inferior rate 
of seizure control of GKRS suggest that GKRS is not an 
alternative to conventional surgery. This fact is corrob-
orated by our finding that neuropsychological results 
after GKRS may be inferior to open surgery. Our aim is 
to warn the epileptological community against the use 
of an experimental method for the diagnosis in which 
other treatment options are safe and effective.
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