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abstRact
IntroductIon: Epilepsy surgery is increasingly used to 
treat children with medically intractable epilepsy. This study 
investigates the aetiology and seizure outcome in Danish 
children operated between 1996 and 2010. 
Methods: Retrospectively collected data on structural 
magnetic resonance imaging (MRI) diagnoses, surgical pro-
cedures and seizure outcomes classified according to the 
Engel Classification were used. Changes over time grouped 
as 1996-2000, 2001-2005 and 2006-2010 were analysed. 
results: A total of 95 children underwent epilepsy surgery. 
Sixty-three operations were performed in Denmark and 50 
abroad. In all, 14 children needed reoperation. The median 
follow-up period was four years. At the latest follow-up, En-
gel class I (indicating no disabling seizures) was found in 
67% of the patients. Cortical dysplasia, mesial temporal 
sclerosis and tumour were the most common MRI findings. 
The percentage of tumours operated decreased over time, 
and frontal lobe resections increased. In the 2006-2010  
period, resections with normal MRI were performed, result-
ing in a less favourable Engel outcome. Persistent, unex-
pected complications were seen in three of 113 operations. 
conclusIons: The majority of children who undergo epi-
lepsy surgery have a good, worthwhile seizure outcome. 
The seizure outcome for Danish children corresponds to 
that of other epilepsy surgery centres. The clinical criteria 
for selection of patients changed over time. 
FundIng: none. 
trIal regIstratIon: The Danish Data Protection Agency 
approved the project with record number: 2013-41-2459.

At the age of 15 years, approximately 1.3% of Danish 
children have been diagnosed with epilepsy, and the in-
cidence has been estimated to 360 per year [1]. Some 
25-30% of these children will develop medically intract-
able epilepsy (MIE) which leads to a debilitating life for 
the child and a burden for the families [2]. Chronic epi-
lepsy can delay cognitive development [3], and early sur-
gery may yield a better seizure outcome [4]. In the past 
two decades, these findings have triggered an increased 
activity in the field of paediatric epilepsy surgery. The 
Commission on Neurosurgery of the International 
League Against Epilepsy (ILAE) initiated the Paediatric 
Epilepsy Surgery Subcommission to formulate interna-
tional guidelines for referral of paediatric patients to 
specialised epilepsy centres in 2006 [5]. The latest  

studies report seizure-free outcome after epilepsy sur-
gery in approximately two thirds of the children [6, 7]. 
Surgical complications have decreased significantly over 
time [8], and epilepsy surgery should be considered at 
an early stage in patients with MIE. In 1991, the Danish 
Health and Medicines Authority restricted epilepsy sur-
gery to resections of the temporal lobe and recom-
mended a cautious attitude towards epilepsy surgery, 
especially in children. As a consequence of that policy, 
children in need of extratemporal operations were re-
ferred to epilepsy surgery centres abroad (Gothenburg, 
Sweden; Bielefeld and Vogtareuth, Germany; Cleveland 
and Rochester, USA; and Paris, France) at the expense of 
the Danish Health Authorities. These restrictions were 
lifted in 2004; and extratemporal resections as well as 
intracranial investigations could from then on be per-
formed in Denmark except for hemispherectomy and 
callosotomy where referral to Gothenburg in Sweden re-
mains necessary.

In this study, we evaluate the aetiology and seizure 
outcome for all Danish children who had epilepsy sur-
gery performed between 1996 and 2010, and we ana-
lyse the changes over time in five-year periods.  

mEthOds
This retrospective study comprised 95 Danish children 
(50 boys, 45 girls) with MIE who had epilepsy surgery 
performed in the 1996-2010 period. Patients who were 
younger than 19 years at the time of surgery were in-
cluded. The inclusion criteria were incapacitating epilep-
tic seizures (≥ 4 seizures/month with impaired con-
sciousness) in patients who had been treated with a 
minimum of three anti-epileptic drugs (AED) and who 
had tried a minimum of two AEDs simultaneously. Data 
were collected by reviewing the patients’ medical re-
cords.

Data on structural magnetic resonance imaging 
(MRI) diagnoses were registered at first surgery, and 
data on seizure outcome were collected from the latest 
surgery follow-up consultation. In the analysis of surgical 
procedures, data from the patients’ latest surgery were 
used. All 113 operations were included in the investiga-
tion of surgical complications. 

The patients were referred from all Danish regions 
and were followed either at Rigshospitalet (33 children) 
or at Epilepsy Hospital Filadelfia (62 children). The same 
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paediatric neurologist, Peter Uldall, followed all patients 
during the evaluation programme for epilepsy surgery. 
The programme included video electroencephalogram 

(EEG) monitoring, MRI and neuropsychological evalu-
ation (data not included). Preoperatively, the patients 
were scanned at Hvidovre Hospital in a 1.5-Tesla Sie-
mens Vision Scanner using a dedicated MRI epilepsy 
protocol. A few patients were scanned in a three-Tesla 
Siemens Trio Scanner. A subset of children also had in-
terictal and/or ictal single photon emission computer to-
mography and positron emission tomography (41 and 22 
patients, respectively). Furthermore, 15 patients were 
evaluated with intracranial EEG.

All patients were examined at six weeks and at six, 
12, 18, and 24 months post-surgery. Additional follow-
up consultations were carried out if needed. The follow-
up period therefore ranged 1-15 years. Five children had 
surgery in 2010 and therefore some have not completed 
the standard two-year follow-up programme before cut-
off for this study in February 2012. Four patients were 
excluded from the general analysis on seizure outcome 
as they had undergone a palliative operation (callo-
sotomy) where a seizure-free outcome is not expected. 
During the follow-up period, AED treatment was re-
duced on an individual basis without strict guidelines 
(data not included). Seizure outcome was classified ac-
cording to the Engel classification I, II, III and IV [9]. Post-
operative complications were divided into three catego-
ries; persistent unexpected complications (hemiplegia, 
severe behavioural changes), temporary complications 
(hemiplegia, paresis, aseptic meningitis) and minor com-
plications (e.g. quadrant hemianopsia, temporary ad-
verse behavioural changes and depressive episodes). 

Trial registration: The Danish Data Protection Agency ap-
proved the project with record number: 2013-41-2459.

REsUlts
Fourteen patients had epilepsy surgery in 1996-2000, 34 
patients in 2001-2005 and 47 in 2006-2010. The median 
age at epilepsy onset was three years with an age span 
from two months to 18 years at the time of surgery (me-
dian 12 years). The median time from onset of epilepsy 
to first surgery was five years. Time from inclusion in the 
epilepsy surgery programme to surgery was 1.1 years.  
In total, 113 operations were performed on 95 patients, 
ten patients had two operations and four had three op-
erations. There were 63 operations in Denmark and 50 
operations abroad. The number of patients who had sur-
gery performed increased over time (table 1). The per-
centage of patients who underwent operation in Den-
mark increased from 36% (five out of 14) to 77% (36 out 
of 47) from the first to the last period. The median fol-
low-up time was four years.

Post-operative outcome
In all, 67% of all patients in the study were classified as 

tablE 1

Post-operative outcome 
after last surgery was 
classified according to the 
Engel classificationa. The 
values are n (%).

classification 1996-2000 2001-2005 2006-2010b total

Engel I 10 (71.4) 22 (73.3) 29 (61.7) 61 (67)

Engel II   1 (7.1)   1 (3.3)   4 (8.5)   6 (6.5)

Engel III   3 (21.4)   5 (16.7)   8 (17) 16 (17.6)

Engel IV -   2 (6.7)   6 (12.8)   8 (8.8)

Total 14 30 47 91

a) I: free of disabling seizures; II: rare disabling seizures (“almost sei-
zure-free”); III: worthwhile improvement; IV: no worthwhile improve-
ment. 
b) Excluded are 4 patients who were regarded as unclassifiable.

tablE 2

Diagnosis based on structural MRI scan before first surgery and the number of patients with outcome 
Engel I after last surgery. The values are n (%).

diagnosis 1996-2000 2001-2005 2006-2010 total Engel ia

Cortical dysplasia   3 (21.4)   6 (17.7) 14 (29.8) 23 (24.2) 14 (60.9)

MTS   1 (7.1)   4 (11.8) 12 (25.5) 17 (17.9) 16 (94.1)

Tumour/DNET   3 (21.4)   6 (17.6)   4 (8.5) 13 (13.7)   7 (53.8)

Infarction -   6 (17.7)   3 (6.4)   9 (9.5)   5 (55.6)

Uncertain MRI findings   2 (14.3)   2 (5.9)   3 (6.4)   7 (7.4)   5 (71.4)

Hypoplasia or atrophy   1 (7.1)   2 (5.9) -   3 (3.2) -

Hemimegaencephaly   1 (7.1)   3 (8.8) -   4 (4.2)   3 (75)

Rasmussen syndrome -   3 (8.8)   2 (4.3)   5 (5.3)   2 (40)

Sturge-Weber   1 (7.1)   1 (2.9) -   2 (2.1)   1 (50)

AV-malformation - -   2 (4.3)   2 (2.1)   1 (50)

Haemorrhagia - -   1 (2.1)   1 (1.1)   1 (100)

Normal - -   4 (8.5)   4 (4.2)   1 (25)

Otherb   2 (14.3)   1 (2.9)   2 (4.3)   5 (5.3)   5 (100)

Total 14 34 47 95 61 

AV = arteriovenous; DNET = dysembryoplastic neuroepithelial tumour; MRI = magnetic resonance im-
aging; MTS = mesial temporal sclerosis. 
a) % of Engel I is calculated for each diagnosis separately.  
b) Include sequelae from earlier surgery, cysts, schizencephaly or sequelae from encephalitis

tablE 3

Site of operation and Engel I classification after last surgery. The values are n (%).

site 1996-2000 2001-2005 2006-2010 total Engel ia

Temporal lobe   6 (42.9) 14 (46.7) 22 (43.1) 42 (44.2) 32 (76.2)

Frontal lobe –   2 (6.7) 14 (27.5) 16 (16.8)   8 (50.0)

Hemisphere   2 (14.3)   7 (23.3)   7 (13.7) 16 (16.8) 12 (75)

Multilobular   4 (28.6)   6 (20.0)   1 (2.0) 11 (11.6)   5 (45.5)

Corpus callosum – –   4 (7.8)   4 (4.2) –

Parietal lobe   1 (7.1)   1 (3.3)   1 (2.0)   3 (3.2)   2 (66.7)

Occipital lobe   1 (7.1) –   1 (2.0)   2 (2.1)   2 (100)

Cerebellum – –   1 (2.0)   1 (1.1) –

Total 14 30 51 95 61

a) % of Engel I is calculated for each site of operation separately.
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Engel I indicating no disabling seizures at the latest fol-
low-up, including seven re-operated children (Table 1). 
For 24% of the patients, the post-operative outcome 
was classified as Engel II or III indicating rare disabling 
seizures or a worthwhile improvement, whereas less 
than 10% had Engel IV, i.e. no worthwhile improvement. 
Fewer children were classified as Engel I in the last time 
period (2006-2010) than in the two previous periods. 

structural magnetic resonance imaging diagnoses
The three most frequent MRI diagnoses were cortical 
dysplasia (24.2%), mesial temporal sclerosis (MTS; 
17.9%) and tumour/dysembryoplastic neuroepithelial 
tumour (DNET; 13.7%). Changes over time were seen 
with an increasing percentage of patients with cortical 
dysplasia and MTS and a decreasing number of patients 
with tumours (table 2). Patients in Engel class I were un-
equally distributed according to the MRI diagnoses. MTS 
had the best result for Engel class I (94%) and reoperat-
ed children were included in the analysis. Among chil-
dren with normal MRI, only 25% were classified as Engel 
I. Figure 1 illustrates the MRI findings in a child with 
hemimegaencephaly and a child with MTS.

site of resection and type of surgery
Temporal lobe resection was the most common type of 
resection (44.2%), followed by frontal lobe resection 
(16.8%), hemispheric resection (16.8%) and multilobular 
resection (11.6%) (table 3). The percentage of frontal 
lobe resections increased over time, whereas multilobu-
lar resections decreased. Focal resections, standard tem-
poral resection with amygdalohippocampectomy and 
functional hemispherectomies were the three dominat-
ing surgical procedures throughout the time intervals. 
The largest proportion of patients with Engel class I was 
seen in the cases in which the surgical procedure stand-
ard temporal resection with amygdalohemicampectomy 
(AHE) was performed. None of the patients operated 
with corpus callosotomy became seizure-free, but three 
patients had a worthwhile seizure reduction, especially 
with respect to the devastating drop attacks.

complications
Persistent unexpected complications were found in 
three out of 113 operations. One patient developed 
hemiplegia after a focal temporal resection of a tumour, 
and two patients experienced severe worsening of at-
tention deficit disorder after one frontal resection and 
one standard temporal resection with AHE. Ten opera-
tions had temporary complications and eight operations 
had minor complications. 

Regions
Most patients were referred from the Region of South-

ern Denmark (23 patients), followed by the Capital Re-
gion (20 patients) and the Central Denmark Region (19 
patients). Two patients were from the Faroe Islands and 
one from Greenland. One patient had moved abroad at 
cut-off for this study. When considering the number of 
operated patients per 10,000 inhabitants in each region, 
most patients were from Region Zealand (0.22 per 
10,000), followed by Region of Southern Denmark and 
Region of North Denmark (0.19 per 10,000 each). The 
Capital Region had the lowest number with 0.11 per 
10,000 inhabitants. 

discUssiOn 
In childhood epilepsy surgery, the purpose is to render 
the patient seizure-free by removing the epileptogenic 
zone or by interrupting the neuronal network without 
creating new deficits. Additional improvements of devel-
opmental, psychosocial and behavioural impairment are 
hoped for. 

In this study of 113 surgical procedures performed 
in Denmark and abroad in children with MIE, we found 
that seizure freedom or a significant reduction of seizure 
frequency was the result for the vast majority of op-
erated patients. Engel class I was found in 67% and rare 
disabling seizures or worthwhile improvement in an 
add itional 24% at a median follow-up of four years. 

The present study consists of a nation-wide popula-
tion of children, and all children were evaluated and fol-
lowed in the same epilepsy surgery programme. A de-
tailed multidisciplinary assessment by an epilepsy 
surgery team to localise the epileptogenic zone is critical 
before a decision about surgery can be made. Based on 

FigURE 1

a. The structural magnetic resonance imaging of a ten-week-old child with hemimegaencephaly (axial T2 
weighted, 1.5 Tesla). b. The structural magnetic resonance imaging of a nine-year-old child with mesial 
temporal sclerosis (paracoronal T2 weighted, 1.5 Tesla).

a b
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the accumulated current experience, the ILAE has there-
fore recently proposed recommendations for diagnostic 
test utilisation [10]. In the majority of our patients, a 
non-invasive pre-surgical workup was sufficient. Never-
theless, in recent years a small subset of patients in-
cluded in the evaluation programme for epilepsy surgery 
had no lesion on MRI. This highlights the importance of 
the developments in advanced MRI, functional imaging 
and intracranial EEG to define the epileptogenic zone; 
and these developments open possibilities for patients 
not previously considered for epilepsy surgery [11]. As 
found in other studies, Engel class I was less frequently 
found in those of our patients who had a normal MRI. 
Most patients with MTS were Engel class I, and this fa-
vourable result may be due to that reoperated patients 
were included in the analysis.

Our data are in agreement with previous publica-
tions about seizure outcomes of paediatric epilepsy sur-
gery. In the study by Hallbook et al [12], approximately 
50% of the children became seizure-free after surgery, 
and another 13% experienced a considerable reduction 
in the number of seizures. This favourable seizure out-
come remained throughout a long-term follow-up  
period of 5-21 years, a time period somewhat longer 
than our study (1-15 years). The follow-up period is im-
portant because it has been shown that the number of 
seizure-free patients may decline with time [13].  

With regard to surgical procedures and site of op-
eration, several studies highlight that focal resections of 
the temporal lobe have the most favourable seizure out-
come [6, 14]. These procedures also dominated in our 
study and may have contributed to the good overall 
seiz ure outcome of 67% of the children being classified 
as Engel I. In patients with extratemporal epilepsy, the 
presence of a visible MRI-detected lesion and tumour-
ous aetiology has been reported by Hanáková et al to be 
associated with significantly better seizure outcome as 
compared with no demonstrated lesion [15]. Extratem- 
poral epilepsy surgery was also studied by McIntosh [16] 
who found a probability of freedom from disabling seiz-
ures of 14.7% with a follow-up of five years, whereas the 
number in the study by Hanáková et al reached 37.5% at 
five years post-operatively. However, a more favourable 
result for extratemporal surgery has recently been pre-
sented by Englot et al [17]. In their systematic review 
and meta-analysis including 1,259 patients, the percent-
age of seizure-free patients after extratemporal surgery 
was 56%. This result is in accordance with our study, 
where Engel I was found in 45% of multilobular resec-
tions, in 50% of frontal resections and in 67% of parietal 
resections. The seizure outcome for the hemispherecto-
mies was also in accordance with that reported in other 
studies. These patients’ preoperative pareses were, in 
general, unchanged post-operatively.

The operations were performed in several coun-
tries, with an increasing number of patients operated in 
Denmark in the later years, reflecting increased experi-
ence of the Danish epilepsy surgery team and a change 
of recommendations by the Danish health authorities. 
The benefit of being operated in familiar settings is obvi-
ous – avoiding long flight travel for a child with daily 
seiz ures and maintaining continuity with the clinicians. 
The reduced number of children with Engel class I in the 
latest period should be seen in connection with this  
period’s first operations on children with a normal MRI 
and the increased number of children with frontal lobe 
epilepsy, which is well known to have a worse prognosis.

Three major unexpected complications occurred, 
and this is consistent with the complication rate re-
ported in other studies [8, 18]. The complications associ-
ated with epilepsy surgery have decreased substantially 
over time. They are seen as an infrequent, but unavoid-
able consequence of epilepsy surgery [19]. There has 
been a historical reluctance to operate in very young pa-
tients, though experience is accumulating that persistent 
early seizures are detrimental, and recent reports, in-
cluding one by Kumar et al [20], have reported that even 
in children under one year of age, epilepsy surgery is, in 
many cases, a good treatment option. 

In addition to seizure outcome, it is important to in-
vestigate pre- and post-operative cognitive function in 
relation to epilepsy surgery, and an article regarding this 
topic will be published separately.
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