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Abstract: Background: Postoperative seizures (PS) occur in 10-15% of patients. This study aims to
provide an update on the role of surgery in PS. Methods: All children undergoing a craniotomy for
supratentorial lesions in the last 10 years were considered except those with preoperative seizures,
perioperative antiepileptic drugs prophylaxis, head-injury and infections, repeated surgery, or preop-
erative hyponatremia. Children undergoing surgery for intra-axial lesions (Group 1, 74 cases) were
compared with those harboring extra-axial lesions (Group 2, 91 cases). Results: PS occurred in 9%
of 165 cases and epilepsy in 3% of 165 cases (mean follow-up: 5.7 years). There was no difference
between the two study groups with regard to demographic data or tumor size. Group 1 showed a
higher rate of gross total tumor resection (p = 0.002), while Group 2 had a higher rate of postoperative
hyponatremia (p < 0.0001). There were no differences between the two groups in the occurrence of
seizures (6.7% vs. 11%) or epilepsy (2.7% vs. 3.2%). No correlations were found between seizures
and age, tumor location, histotype, tumor size, or the extent of tumor resection. Hyponatremia
affected the risk of PS in Group 2 (p = 0.02). Conclusions: This study shows a lower rate of PS and
epilepsy than series including children with preoperative seizures. Hyponatremia has a significant
role. Neurosurgery is safe but surgical complications may cause late epilepsy.

Keywords: epilepsy; postoperative seizures; brain tumors; neurosurgery; supratentorial lesions;
pediatric patients

1. Introduction

The occurrence of epileptic seizures after an intracranial neurosurgical operation
is a well-known phenomenon, occurring in 5% to 20% of patients undergoing brain
surgery [1-8]. Several risk factors have been propounded to explain such an event [9-15]:
(1) the type of lesion (low grade gliomas, meningioma, abscess, aneurysm, or chronic
subdural hemorrhage); (2) its location; (3) an age less than 2 years; (4) some comorbidities
(e.g., postoperative electrolytic imbalance in children, presence of cognitive impairment in
adults); (5) cortical damage related to the surgical approach. Usually, data about postopera-
tive seizures are deduced from analyses based on surgical series which are presented for
different reasons. Instead, studies specifically focusing on this problem are rare in children
and often they include patients with preoperative seizures [16].

The present study aims to investigate whether the advent of better surgical techniques
and more appropriate postoperative management have reduced the incidence of this
complication and the possible role of the surgical operation in its pathogenesis. The goal is
also to provide some more information about the role of other risk factors and on the still
debated role of the perioperative antiepileptic drug prophylaxis. This study exclusively
takes into account children and patients without preoperative seizures.
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2. Materials and Methods

All children consecutively admitted to our institution between January 2010 and
December 2019 who were undergoing surgery for supratentorial lesions were enrolled
for this study and retrospectively reviewed. This time period was considered to have
a homogeneous preoperative and postoperative work-up and management, as well as
a minimum follow-up of 2 years. Patients with preoperative seizures were excluded
as well as those receiving perioperative anti-seizure medications (ASMs), prophylaxis,
harboring acute lesions predisposing them to seizures (head-injury, brain abscess and
other infectious related lesions, preoperative evidence of electrolytic imbalance, early
recurrence of disease), and those undergoing repeated surgery. Finally, children undergoing
noncraniotomic neurosurgical procedures (e.g., neurendoscopy, transnasal endoscopy) or
shunting procedures or with other prosthesis left in place, were excluded as well as those
lost at follow-up. All patients received preoperative routine blood examinations, including
sodium levels screening.

The recruited patients were divided into two groups to assess the role of the brain
“violation” (cortical incision) compared with more anatomical routes (brain retraction). Ac-
cordingly, Group 1 was composed of children who underwent a corticotomy /corticectomy
for subcortical or deep lesions (e.g., transcortical route for high-grade glioma), while Group
2 included those who underwent an intracranial approach for “extra-cerebral” lesions not
requiring a cortical incision (e.g., trans-Sylvian route for optic pathways glioma). The
cortico—subcortical or deep location (e.g., thalamic or intraventricular region) of lesions
in Group 1 required a transcortical approach, with a brain incision or corticectomy and
mild brain retraction. Instead, the mainly cisternal location of lesions of Group 2 required
different approaches that were more “anatomical” but, at the same time, required a more
significant brain retraction (children are characterized by a “full” brain). The substantial
difference between the two types of approach is the main reason for the aforementioned
grouping choice.

PS were categorized as immediate (occurring within 24 h of surgery), early (within
one week), and late (after one week). Seizures were classified according to ILAE 2017
classification [17]. Children presenting postoperative seizures underwent an EEG and a
specific neurological follow-up.

The following variables were considered in the statistical analysis (x? test and 2-
tailed t-test) which aimed to assess possible differences between the two groups and the
possible correlation between PS and risk factors inside each group: patients” ages (namely,
< and >2 years) and sex, location of the lesion, size of the lesion, histotype, extent of the
tumor /lesion resection, and hyponatremia/electrolytic imbalance. Any p value < 0.05 was
considered as statistically significant.

3. Results
3.1. Characteristics of the Two Groups

In the considered period, about 4500 children were operated on. One fifth of them
(917 cases) underwent surgery for brain lesions and, finally, 165 were eligible for the present
study (18%). Overall, 752 children were excluded for the following reasons: preoperative
seizures (141 cases), therapy with perioperative anti-seizure medications (82 cases), acute
lesions predisposing them to seizures (169 cases), repeated surgery (81 cases), operation by
transnasal endoscopy (74 cases), incomplete follow-up (205 cases). All patients received a
craniotomic approach. Their main findings are summarized in Table 1.
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Table 1. Main findings in the two groups.
Group 1 Group 2
No 74 91
MYJF ratio 1.05 1.21
Mean age at surgery 11.2 years 10.6 years
Children < 2 year-old) 10 (13.5%) 11 (12%)

High grade gliomas: 10 (13.5%)
Low-grade gliomas: 17 (23%)
DNET: 7 (9.5%)
Choroid plexus tumors: 14 (19%)

Craniopharyngioma: 38 (42%)
Pituitary adenoma: 2 (2%)
Optic glioma: 16 (17%)
Pineal tumors: 14 (15%)

Type of lesion Ependymomas: 9 (12%) Arachnoid cyst: 10 (11%)
Cavernous angioma: 8 (11%) Chordoma: 4 (5%)
AT/RT: 5 (6.5%) Dermoid cyst: 4 (5%)
Other: 4 (5.5%) Other: 3 (3%)
Hemlsg?e;ic:I?fS(ALS.S %) Sellar/suprasellar: 60 (66%)
T 1;)1 ar;ﬂ, . Pineal: 14 (15%)
Region emporar Middle fossa: 11 (12%)

Parieto-occipital: 12
Intraventricular: 27 (36.5%)
Thalamic: 11 (15%)

Interhemispheric: 3 (3.5%)
Retro-orbital: 3 (3.5%)

Max diameter

<3cm 39 (52%) 34 (37%)
>3 cm 35 (48%) 57 (63%)

Extent of tumor removal
Gross/near total 59 (80%) 46 (57%) *
Subtotal/partial 15 (20%) 35 (43%) *
Postop hyponatremia 6 (8%) 39 (43%)

* Not including arachnoid cysts (which underwent only microsurgical fenestration).

74 patients (38 boys and 36 girls) composed Group 1, with a mean age at surgery
of 11.2 years (range: 2 weeks—18 years). The brain hemispheres and the ventricles were
the most commonly involved regions because astrocytomas, choroid plexus tumors, and
ependymomas were the most frequent histotypes. The number of lesions with diameters
less or more than 3 cm was roughly equivalent. A gross total/near total removal of the
tumor was possible in 80% of the cases. In all instances, a cortical incision was realized
to get and remove the lesion (corticotomy or corticectomy). No significant intraoperative
complications occurred. Postoperative electrolytic imbalance with transient hyponatremia
affected 8% of cases. Other postoperative complications were represented by: CSF leakage
(2 cases, 2.7%), subdural hygroma (2 cases, 2.7%), cortical infarction (2 cases, 2.7%), wound
infection (1 case, 1.3%), and transient behavior disturbance (1 case, 1.3%). All but 7 children
(90.5%) were alive at most current follow-up (mortality burdened mainly patients with
high-grade gliomas, ependymomas, and AT/RT). Permanent neurological morbidity affects
4 children (5.5%), one of them with postoperative epilepsy (see below).

91 patients belonged to Group 2 (50 boys and 41 girls). Their mean age at surgery was
10.6 years (range: 1 month-18 years). Craniopharyngioma was the most common histotype
followed by optic pathway gliomas, pineal tumors, and arachnoid cysts. Therefore, the
sellar /suprasellar region was widely the most frequently involved area (66%). Given the
complexity of this region, the larger number of lesions with a diameter more than 3 cm
(63%), and that some types of tumor are hard to completely resect (namely, optic pathway
gliomas), gross total/near total resection of the tumor was obtained in 57% (arachnoid
cysts are not counted because they were treated by microsurgical fenestration alone). For
similar reasons (namely, a high number of tumors involving the hypothalamus), the rate
of postoperative hyponatremia or sodium imbalance was as high as 43%. A relevant
intraoperative complication occurred in a child with craniopharyngioma (rupture of the
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right A2-segment of the anterior cerebral artery), without permanent sequelae nor epilepsy.
CSF leakage occurred in 5 cases (5.5%), CSF infection in 2 cases (2.1%), cortical infarction
and subdural hygroma in 3 cases each (3.2%), transient behavioral problems in 3 cases
(3.2%), worsening of visual functions in 4 cases (4.4%), worsening of endocrinological
imbalance in 7 cases (7.7%), and obesity in 8 cases (8.8%). All but 6 children (93.5%) were
alive at most current follow-up (mortality burdened mainly patients with optic pathways
gliomas, craniopharyngioma, and chordoma). Permanent neurological morbidity affects
14 children (15.3%), one of them with postoperative epilepsy (see below).

3.2. Postoperative Seizures and Epilepsy

Overall, PS occurred in 9% of cases (15 children). Focal seizures, with or without
secondary generalization, accounted for 53% of all PS (8/15 cases), while generalized
seizures covered the remaining 47%. The details are summarized in Table 2. Early seizures
(7/15, 46.8%) were more frequent than immediate and late seizures (4/15, 26.6% each).
Epilepsy burdened 5 children (3% of the whole series), two with focal to generalized tonic—-
clonic seizures, two with primary generalized tonic—clonic seizures and one with absence
seizures. The diagnosis of epilepsy was made at a mean of 3.4 months after surgery. No
epileptic syndromes occurred. EEG patterns varied according to the patients’ characteristics
and the brain lobe harboring the epileptic foci, mainly with intercritical slowing activity,
interictal spikes, or sharp waves (elicited by sleep), as well as irregular slow activity and
epileptiform activity during seizures. The follow-up ranges from 2.5 to 10.5 years (mean:
5.7 years).

Table 2. Postoperative seizures.

Group 1 Group 2 Total
No. 74 91 165
Postop seizures 5 (6.7%) 10 (11%) 15 (9%)
Timing and type
Immediate 2: FGTC + GT 2: both FGTC 4: FGTC (3) + GT
Early 2: FM + GTC 5 FM+FNM+GT +GTC (2)  7: FM (2) + FNM + GT + GTC (3)
Late 1: FM 3: A+ FGTC + GTC 4: A + FM + FGTC + GTC
Postop epilepsy 2 (2.7%) 3 (3.2%) 5 (3%)
Type and time from FGTC: 2.5 month . C’?Tgr;‘;gf)}r‘fth A + FGTC (2) + GTC (2)
surgery GTC: 4 months ‘ Mean time from surgery: 2.5 months

GTC: 3.5 months

A: absence (generalized), FM: focal motor seizure, FNM: focal non-motor seizure, FGTC: focal to generalized
tonic—clonic seizure, GTC: generalized tonic-clonic seizure, GT: generalized tonic seizure.

Postoperative seizures were detected in 6.7% of cases in Group 1 (5/74 children) and
11% of cases in Group 2 (10/91 children), while epilepsy occurred in 2.7% and 3.2% of
cases, respectively.

More specifically, Group 1 patients showed immediate and early seizures in two
cases each, and late seizures in the remaining case (Table 2). They were mainly focal
(3/5 cases) and multiple seizures (3/5 cases), with single seizures occurring in two cases
(no patient had hyponatremia). Transient ASMs were used in case of multiple seizures.
Only two patients ultimately developed epilepsy requiring prolonged ASMs (none with
postoperative hyponatremia). One of them (focal to generalized tonic-clonic seizure) had
the postoperative course complicated by subdural hygroma treated conservatively, while
the remaining one (generalized tonic—clonic seizures) developed a late cortico-subcortical
glio-malacic degeneration at the level of the surgical field (Figure 1). After a 5.7-year mean
follow-up, both children still require ASMs: the first one is seizure-free, while the second
one underwent vagal nerve stimulation for refractory epilepsy. The remaining patients are
seizure-free and drug-free.
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Figure 1. Preoperative brain MRI ((A): axial T2-weighted; (B): axial T1-weighted after gadolinium)
of a 9-year-old boy harboring an intra-axial schwannoma. Note the extensive perilesional edema
and the mass effect. The same sequences (C,D) five years later: no tumor recurrence but glio-malacic
cortical involution is present. The patient is relying on ASMs and vagal nerve stimulation.

In Group 2, early seizures (5/10 cases) were prevalent with late (3/10) and immediate
seizures (2/10) being less prevalent (Table 2). Purely focal seizures occurred in 2 out
of 10 cases, the remaining patients showed primary or secondary generalized seizures
(7 children had hyponatremia). Mainly, multiple seizures were evident (6 cases, 5 of them
requiring transient ASMs). Three children (3.2%) ultimately developed epilepsy (focal to
generalized tonic—clonic, generalized tonic—clonic, and absence in one each), at a mean
of 3.5 months after surgery. Two of them (one with optic-hypothalamic astrocytoma and
one with craniopharyngioma) had the postoperative course complicated by electrolytic
imbalance with hyponatremia due to STADH. The remaining patient (a young boy with
tentorial atypical meningioma) developed postoperative occipital subcortical glio-malacic
degeneration. At late follow-up, all of them are seizure-free; two of them still receive ASMs,
while the treatment has been discontinued in the boy with craniopharyngioma (Figure 2).
The remaining patients are seizure-free and drug-free.
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Figure 2. Preoperative MRI ((A): sagittal T1 after gadolinium, (B): coronal T2) of a 6-year old boy with
craniopharyngioma with sellar /suprasellar extension and extended up to the interpeduncular cistern.
The immediate postoperative MRI ((C,D), same MRI sequences) shows the tumor was removed
without significant brain damage but with subdural hygroma and subcutaneous CSF collection. The
patient developed postoperative epilepsy associated to hyponatremia. ASMs were discontinued
4 years after surgery. At that time, MRI was normalized ((E,F), same MRI views).

3.3. Risk of Postoperative Seizures

There were no statistical differences between Group 1 and Group 2 as far as demo-
graphic data and tumor size were concerned. A significant difference was detected in: the
extent of tumor resection, the gross total/near total resection being possible in 80% of cases
in Group 1 versus 57% of Group 2 (p = 0.002); and hyponatremia, which occurred in 9% of
cases in Group 1 versus 43% of cases in Group 2 (p < 0.00001) (Table 1).

No differences between the two groups were present in the frequency of PS and
postoperative epilepsy (Table 2).

In each group, no correlation was found between the occurrence of seizures/epilepsy
and: (1) age (infants <2 years versus children >2 years); (2) location (hemispheric vs. other,
suprasellar vs. other); (3) histotype (gliomas versus other tumors in Group 1, cranio-
pharyngioma versus other tumors in Group 2, high grade versus low grade tumor in both
groups); (4) size of the tumor (<3 cm versus >3 cm); (5) extent of tumor resection (gross
total versus subtotal/partial). A significant correlation was found in Group 2 between
hyponatremia and PS (p = 0.02). No correlation between other surgical complications and
seizures was found.

4. Discussion
4.1. Epidemiology

The real frequency of PS is hard to estimate. Especially when immediate and/or iso-
lated, they may be not adequately recorded and, subsequently, underreported. Moreover,
the variability of the treated lesions and the adopted surgical techniques prevent a reliable
assessment and comparison of the various series. Furthermore, most of the reported series
include patients who already showed preoperative seizures and received ASM prophy-
laxis [16,18,19]. Taking all these limitations into account, the incidence of PS described in
the literature ranges from 5% to 20% of cases in adults and 5% to 15% in children, with



Children 2022, 9, 1465

7 of 12

an estimated frequency of postoperative epilepsy of about 5-7% [1,2,4,6,11,20-23]. These
figures quite often are results from studies carried out in the past, the results of which are
still cited in recent articles. As mentioned, specific studies in children are missing, with
most of the current papers being focused on adults (often on the risks related to surgery
for meningiomas) [24-26] or on the use of ASM prophylaxis [27-29]. The few studies on
children usually comprise mixed series including either children with or without preopera-
tive seizures. For example, the exhaustive analysis provided by Saadeh and colleagues on
200 pediatric patients undergoing surgery for supratentorial tumors revealed a 34% rate of
PS but only 16.5% of children had strictly PS [16].

The main goal of the present study was to assess the risk of seizures following surgery.
For this reason, the spectrum of exclusion criteria for enrolling patients was wide, since
not only patients with preoperative seizures or receiving ASMs were excluded but also all
those where a perioperative or postoperative disease (head-injury, infection, hydrocephalus,
early recurrence of the tumor, etc.) or the use of intracerebral prosthesis could affect this
evaluation. The exclusion of patients with preoperative seizures is particularly important
for the reliability of our study because a relevant proportion of all pediatric brain tumors
(12%) and up to 75% of hemispheric brain tumors are diagnosed after the occurrence
of preoperative seizures [30,31]. As a result, the present paper provides an update of
the aforementioned figures, showing an overall incidence of postoperative seizures and
epilepsy of 9% and 3%, respectively. These figures are, on average, lower than those
reported in the literature since, as mentioned, they result more strictly from the effects
of surgery than from other predisposing factors. The current figures are even lower that
those presented in a previous personal study that was realized to assess the role of the
cortical incisions in the genesis of postoperative seizures [32]. That analysis revealed a 13.2%
overall rate of postoperative seizures and a 5.6% overall rate of epilepsy, without differences
between patients undergoing a cortical incision and those who did not. Although, a reliable
comparison between the two series is not possible. Since different populations of patients
and diagnostic and surgical techniques are involved, the decrease in the incidence of
seizures in the new series could reflect an improvement in the management of neurosurgical
children due to technical and technological advances. A further explanation could be found
in the more homogeneous materials and methods; in the more numerous sample size of
patients; and in the more condensed analysis period that characterizes the present study.

4.2. Onset and Type of Seizures

After the definition given by Jennet more than 40 years ago about post-traumatic
epilepsy, PS can be classified in terms of immediate, early, and late seizures [33]. Although
immediate and early seizures are common among neurosurgical patients [1,34], late seizures
are considered more prone to evolve into epilepsy as result of an iatrogenic epileptic focus
formation [13]. The present series confirms findings in the literature regarding onset and
type of seizures. Persisting epilepsy occurred at a mean of 3.4 months from the operation
(no patient developed epilepsy later than one year after surgery) and its semiology was
prevalently that of focal seizures. There were no significant differences between Group
1 and 2. Actually, according to the few studies available on this subject, the great majority
of operated-on patients experience postoperative epilepsy within the first year after surgery
(usually within 3 months) and only occasionally later [2,13]. Such an early onset has
been explained by taking into account possible pathogenic mechanisms, hyponatremia,
brain manipulation, or immediate surgical complications which would account for early
postoperative epileptogenic damage. The prevalence of immediate/early seizures (73.4%)
over late seizures (26.6%) in our study, compared with similar series where this relationship
is inverse [16,35], can be explained once again by the adopted exclusion criteria, favoring
the detection of purely “surgery-induced” seizures.

The aforementioned mechanisms could also explain the type of seizures, usually
resulting from localized brain damage (focal seizures, focal to generalized seizures) or
sodium imbalance (both focal and generalized seizures). In our experience, as well as in
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that of other authors [11,15,16], focal seizures were slightly predominant, namely in the
short-term postoperative period (see also Table 2). The prevalence of focal seizures in
Group 1 could be justified by the focal approach through the brain as well as the higher
number of (generalized) seizures in Group 2 could depend on the more extensive and
complex operations (also leading to electrolytic imbalance). On the other hand, one could
speculate that the prevalently generalized pattern of the late epilepsy is mainly due to more
extensive or multiple epileptic foci resulting from surgical complications.

4.3. Risk Factors

The etiology of PS represents a second problem that has been investigated quite exten-
sively in the literature concerning the adult population. Accordingly, histotypes as glioma
(brain infiltration) and meningioma (brain compression), vascular (AVM and aneurysm),
and infectious lesions (brain abscess) are considered important risk factors in adults, es-
pecially when a preoperative cognitive impairment is associated [6-8]. Some specific
studies on large series also pointed out the presence of consistent residual tumors (partial
resection/biopsy) and the use of intraoperative cortical stimulation as two important risk
factors [22]. As expected, such a risk must be evaluated taking into account the occurrence
of multiple, systemic diseases which can contribute to the genesis of PS in adults [8,13].
Actually, even patients undergoing evacuation of subdural hematoma present a significant
rate of postoperative seizures (14-18%) as result of the comorbidities of the elderly [9,10,36].

In children, the correlation between the type of lesion and postoperative seizures is less
clear. Hardesty and colleagues, in a series of 223 operated-on children, found an incidence
of perioperative epilepsy of 7.4% without any specific relationships with histotype, length
of the surgical procedure, and amount of associated blood losses. Instead, the authors
found supratentorial location, age < 2 years, and hyponatremia to be the only independent
factors associated with perioperative seizures [11]. Conversely, the other study available
in the literature on this topic, provided by Saadeh et al., showed a significantly increased
risk of PS in children with high-grade tumors (versus low-grade) and with embryonal and
pineal tumors (versus suprasellar tumors) in univariate analysis [16]. The same authors, in
multivariate analysis, confirmed the role of an age < 2 years as seizure risk factor, together
with preoperative seizures, hydrocephalus, and temporal lobe location. This study also
reinforced the evidence of an important role of hyponatremia and a trivial role of the extent
of tumor resection in favoring PS.

Our experience supports part of these observations. The first, most relevant matching
point concerns hyponatremia that, in our study, was the only complication affecting the
seizure/epileptic outcome. We did not include patients with preoperative electrolyte
imbalance because, in this instances, hyponatremia is not a consequence of surgery, while
the sodium imbalance following the hypothalamic manipulation is an effect of surgery.
This factor remains a challenging management problem in the pediatric age. Moreover,
in a specific study, it has been observed how hyponatremia affected postoperatively 12%
of 319 children undergoing a neurosurgical operation for brain tumors, causing seizures
and mental status alteration in 21% and 41% of cases, respectively [37]. In our series,
hyponatremia was associated with late postoperative epilepsy in 2 out of 5 cases and was
the main cause of transient early seizures in Group 2 (where the hypothalamus—pituitary
axis was often involved by the tumor or manipulated during surgery). A second, matching
point with previous studies is the missing role of the extent of tumor removal. Differently
from adults, the extent of tumor resection does not seem to affect the occurrence of seizures
in children, neither from a surgical (the more extensive approach necessary for a gross
total resection does not increase the risk of seizures) nor from an oncological point of view
(a larger amount of residual tumor, resulting from a partial resection, does not increase
the risk of seizures). In the present study, no significant differences between the two
Groups were found, in spite of the significant lower rate of gross total tumor resection
obtained in Group 2. Similarly, the diameter of the lesion did not affect the prognosis,
as observed in our previous study [32]. The tumor size, once again, seems to play a role
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mainly in adults undergoing surgery for meningiomas [18]. A further but partial matching
point is represented by the histotype, which was not relevant in our study as was the case
in Hardesty et al. [11] and for other authors [5] but was significant in the Saadeh et al.
analysis [16]. This could represent a limitation of the present study where the strict criteria
of patient selection (all patients presenting with preoperative seizures, which are one of the
most common signs in those harboring brain tumors, were excluded) made the samples
homogeneous for the postsurgical evaluation but less representative as far as the histotypes
are concerned.

Finally, the main difference between the previous two studies and the present one
concerns ages < 2 years, which was relevant for the aforementioned authors [11,16] but it
was not in our series as well as in other studies [15,23]. Such a difference probably results
from the small number of infants and the absence of patients with preoperative seizures
characterizing our series. Infants with brain tumors remain a population predisposed to PS
because of the quickly occurring brain changes and the prevalence of the influence of the
excitatory network on the inhibitory one [38].

The tumor location deserves a final mention. As for other authors, we did not find
differences related to the tumor location as far as the different regions of the supratentorial
area are concerned [5,32]. Compared with other studies where, as expected, the temporal
lobe plays a significant role [16,39], the present analysis did not confirm this data probably
because of the relatively small number of patients with involvement of the temporal lobe.
It is interesting to note that children operated on for posterior fossa tumors also can show
PS, though less frequently (1.8-6% in spite of ASMs prophylaxis), as result of metabolic
problems (acidosis, hyponatremia) or air embolism due to the sitting position [23,40].

4.4. Pathogenesis

PS are supposed to result from an acute cortical damage. More than one fifth of subjects
with a head injury causing cortical damage, for example, present spontaneous seizures
within 2 years from the trauma [41]. The intrinsic mechanisms of the epileptogenesis
would be mainly mediated by the oxidative stress/free radicals formation (caused by
extravascular leakage of blood components) and membrane ion imbalance (triggered by
hypoxic-ischemic injury) [13,42-44]. Similar mechanisms can be hypothesized in case of the
cortical injury resulting from the neurosurgical operation, where the microhemorrhages due
to the cortical incision and the local ischemic damage resulting from the coagulation and/or
the brain retraction (edema) can induce the aforementioned alterations, even though these
modifications do not necessarily cause postoperative seizures [26]. The surgical incision
of the brain can be considered per se as an epileptogenic stimulus. In a previous study
that, to date, is the only one focusing on this specific topic in the literature, we did not find
differences between children operated on through a cortical incision and those approached
through a more anatomical route (like the Sylvian fissure or the suboccipital transtentorial
route) [32]. In the present study, the same division into two groups (Group1/brain incision
versus Group 2/brain retraction) was maintained. The current results confirmed that
corticotomy / corticectomy does not increase the risk of PS, even in case of postoperative
cortical infarction. Indeed, Group 1 children showed even a lower rate of both PS (6.7%
vs. 11%) and epilepsy (2.7% vs. 3.2%) compared with Group 2, though this data did not
reach a statistical significance. The study suggests that manipulation of certain cerebral
regions associated to brain retraction can be more dangerous than cortical incision as far as
postoperative seizures are concerned.

These findings suggest that the low epileptogenicity of the transcortical approaches
could result from the advances in the neurosurgical technique and technology and from
the increasing attention paid by the neurosurgeons to the neuroprotection during the
operation. The improvement in terms of PS and epilepsy, which was noticed by comparing
the current experience (PS: 9%, epilepsy:3%) with the previous experience that ended about
10 years ago (PS: 13.2%, epilepsy: 5.6%), supports this hypothesis. On the other hand, brain
distortion, which can occur during the noncorticotomic approaches, may result in more
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danger than a cortical incision. Actually, a brain retraction, possibly causing postoperative
edema, infarction, and cortical atrophy, is often performed in extracerebral approaches in
children, whose brain is trophic but frail and the size of arachnoid cisterns is particularly
small. The pathogenetic role of brain manipulation or retraction is indirectly demonstrated
by the lower incidence (1%) of postoperative seizures following endoscopic transsphenoidal
surgery as compared with craniotomic approaches [45]. In some experimental animal
models, the craniotomy alone was enough to increase the risk of PS because of the induced
edema [46].

4.5. Perioperative ASMs Prophylaxis

The present study provides a little contribution to the undergoing discussion concern-
ing indications for ASM prophylaxis [7,12,14,28,41,47,48]. Actually, the rate of children
with PS after corticotomy or noncorticotomic approaches in the series considered here, in
which no antiepileptic prophylaxis was adopted, is similar or even lower to that observed
in surgical series where ASM prophylaxis was administered [23,49]. Most of the current
studies and analyses from the literature do not support the use of preoperative or periop-
erative ASM prophylaxis due to the lack of evidence of clinical advantages [27,50,51]. At
most, this prophylaxis could be considered in the cases of high-risk patients and according
to the context of each institution (e.g., use of intraoperative cortical stimulation) [22]. The
updated Cochrane review on this topic (2020) failed to show if ASM prophylaxis is effective
or not in preventing postsurgical early or late seizures, to due to the limited, low-certainty
evidence [28]. Therefore, good-quality, contemporary trials are needed to provide closure
to this debate.

5. Conclusions

The present study shows a lower rate of seizures and de novo onset epilepsy than in
the past following pediatric intracranial neurosurgical operations. This rate is lower than
that observed in adults undergoing similar procedures or after head injury. Among the
possible risk factors, hyponatremia plays a significant role. Since this study was mainly
focused on the role of surgery, other factors should also be considered according to the
literature, such as an age < 2 years, preoperative seizures, and temporal lobe location. The
surgical operation does not increase the risk of PS, but neurosurgical complications may
lead to postoperative epilepsy.

Author Contributions: Conceptualization: all authors; Methodology: L.M., PE. and D.I.B.; Software:
E.B.; Writing—Original draft: L.M.; Writing—Review and editing: L.M., PF, EB., L.E, D.IB. and G.T.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by Comitato Etico della Fondazione Policlinico Universitario A. Gemelli
IRCCS (protocol code 4971 and date of approval is 12 April 2021).

Informed Consent Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

1. De Santis, A.; Villani, R.; Sinisi, M.; Stocchetti, N.; Perucca, E. Add-on Phenytoin Fails to Prevent Early Seizures after Surgery for
Supratentorial Brain Tumors: A Randomized Controlled Study. Epilepsia 2002, 43, 175-182. [CrossRef] [PubMed]

2. Foy, PM.; Copeland, G.P; Shaw, M.D. The Incidence of Postoperative Seizures. Acta Neurochir. 1981, 55, 253-264. [CrossRef]

3. Grobelny, B.T.; Ducruet, A.F; Zacharia, B.E.; Hickman, Z.L.; Andersen, K.N.; Sussman, E.; Carpenter, A.; Connolly, E.S.
Preoperative Antiepileptic Drug Administration and the Incidence of Postoperative Seizures Following Bur Hole-Treated Chronic
Subdural Hematoma. J. Neurosurg. 2009, 111, 1257-1262. [CrossRef] [PubMed]

4. Kern, K,; Schebesch, K.M.; Schlaier, J.; Hansen, E.; Feigl, G.C.; Brawanski, A.T.; Lange, M. Levetiracetam Compared to Phenytoin
for the Prevention of Postoperative Seizures after Craniotomy for Intracranial Tumours in Patients without Epilepsy. J. Clin.
Neurosci. 2012, 19, 99-100. [CrossRef] [PubMed]


http://doi.org/10.1046/j.1528-1157.2002.24801.x
http://www.ncbi.nlm.nih.gov/pubmed/11903465
http://doi.org/10.1007/BF01808441
http://doi.org/10.3171/2009.6.JNS0928
http://www.ncbi.nlm.nih.gov/pubmed/19558304
http://doi.org/10.1016/j.jocn.2011.07.021
http://www.ncbi.nlm.nih.gov/pubmed/22133815

Children 2022, 9, 1465 11 of 12

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Kombogiorgas, D.; Jatavallabhula, N.S.; Sgouros, S.; Josan, V.; Walsh, A.R.; Hockley, A.D. Risk Factors for Developing Epilepsy
after Craniotomy in Children. Child’s Nerv. Syst. 2006, 22, 1441-1445. [CrossRef] [PubMed]

Sen, R.D.; Nistal, D.; McGrath, M.; Barros, G.; Shenoy, V.S.; Sekhar, L.N.; Levitt, M.R.; Kim, L.J. De Novo Epilepsy after
Microsurgical Resection of Brain Arteriovenous Malformations. Neurosurg. Focus 2022, 53, E6. [CrossRef]

Sughrue, M.E.; Rutkowski, M.].; Chang, E.E; Shangari, G.; Kane, A.J.; McDermott, M.W.; Berger, M.S.; Parsa, A.T. Postoperative
Seizures Following the Resection of Convexity Meningiomas: Are Prophylactic Anticonvulsants Indicated? Clinical Article. J.
Neurosurg. 2011, 114, 705-709. [CrossRef]

Zhang, B.; Zhao, G.; Yang, H.-F; Wang, D.; Yu, J.-L.; Huang, H.-Y. Assessment of Risk Factors for Early Seizures Following
Surgery for Meningiomas Using Logistic Regression Analysis. J. Int. Med. Res. 2011, 39, 1728-1735. [CrossRef] [PubMed]
Battaglia, F.; Lubrano, V.; Ribeiro-Filho, T.; Pradel, V.; Roche, P.-H. Incidence and clinical impact of seizures after surgery for
chronic subdural haematoma. Neurochirurgie 2012, 58, 230-234. [CrossRef] [PubMed]

Goertz, L.; Speier, ]J.; Schulte, A.P,; Stavrinou, P.; Krischek, B.; Goldbrunner, R.; Timmer, M. Independent Risk Factors for
Postoperative Seizures in Chronic Subdural Hematoma Identified by Multiple Logistic Regression Analysis. World Neurosurg.
2019, 132, e716—€721. [CrossRef] [PubMed]

Hardesty, D.A.; Sanborn, M.R.; Parker, W.E.; Storm, P.B. Perioperative Seizure Incidence and Risk Factors in 223 Pediatric Brain
Tumor Patients without Prior Seizures. J. Neurosurg. Pediatrics 2011, 7, 609-615. [CrossRef] [PubMed]

Komotar, R.J.; Raper, D.M.S,; Starke, R.M.; Iorgulescu, J.B.; Gutin, P.H. Prophylactic Antiepileptic Drug Therapy in Patients
Undergoing Supratentorial Meningioma Resection: A Systematic Analysis of Efficacy. . Neurosurg. 2011, 115, 483-490. [CrossRef]
[PubMed]

Manaka, S.; Ishijima, B.; Mayanagi, Y. Postoperative Seizures: Epidemiology, Pathology, and Prophylaxis. Neurol. Med.-Chir. 2003,
43, 589-600; discussion 600. [CrossRef]

Raper, D.M.S,; Kokabi, N.; McGee-Collett, M. The Efficacy of Antiepileptic Drug Prophylaxis in the Prevention of Early and Late
Seizures Following Repair of Intracranial Aneurysms. J. Clin. Neurosci. 2011, 18, 1174-1179. [CrossRef]

Visudthibhan, A.; Visudhiphan, P.; Chiemchanya, S.; Srirattanajaree, C. Seizures after Intracranial Surgery in Pediatric Patients. J.
Med. Assoc. Thail. Chotmaihet Thangphaet 1999, 82 (Suppl. S1), S111-5116.

Saadeh, ES.; Melamed, E.F.;; Rea, N.D.; Krieger, M.D. Seizure Outcomes of Supratentorial Brain Tumor Resection in Pediatric
Patients. Neuro-Oncology 2018, 20, 1272-1281. [CrossRef] [PubMed]

Scheffer, LE.; Berkovic, S.; Capovilla, G.; Connolly, M.B.; French, J.; Guilhoto, L.; Hirsch, E.; Jain, S.; Mathern, G.W.; Moshé, S.L.;
et al. ILAE Classification of the Epilepsies: Position Paper of the ILAE Commission for Classification and Terminology. Epilepsia
2017, 58, 512-521. [CrossRef]

Hwang, K; Joo, J.-D.; Kim, Y.-H.; Han, ].H.; Oh, C.W.; Yun, C.-H.; Park, S.-H.; Kim, C.-Y. Risk Factors for Preoperative and Late
Postoperative Seizures in Primary Supratentorial Meningiomas. Clin. Neurol. Neurosurg. 2019, 180, 34-39. [CrossRef]

Ranger, A.; Diosy, D. Seizures in Children with Dysembryoplastic Neuroepithelial Tumors of the Brain—A Review of Surgical
Outcomes across Several Studies. Child’s Nerv. Syst. 2015, 31, 847-855. [CrossRef]

Matthew, E.; Sherwin, A.L.; Welner, S.A.; Odusote, K.; Stratford, ].G. Seizures Following Intracranial Surgery: Incidence in the
First Post-Operative Week. Can. J. Neurol. Sci. 1980, 7, 285-290. [CrossRef]

North, J.B.; Penhall, R.K.; Hanieh, A.; Hann, C.S.; Challen, R.G.; Frewin, D.B. Postoperative Epilepsy: A Double-Blind Trial of
Phenytoin after Craniotomy. Lancet 1980, 1, 384-386. [CrossRef]

Oushy, S; Sillau, S.H.; Ney, D.E.; Damek, D.M.; Youssef, A.S.; Lillehei, K.O.; Ormond, D.R. New-Onset Seizure during and after
Brain Tumor Excision: A Risk Assessment Analysis. J. Neurosurg. 2018, 128, 1713-1718. [CrossRef] [PubMed]

Suri, A.; Mahapatra, A.K,; Bithal, P. Seizures Following Posterior Fossa Surgery. Br. . Neurosurg. 1998, 12, 41-44. [CrossRef]
[PubMed]

Cai, Q.; Wu, Y,; Wang, S.; Huang, T.; Tian, Q.; Wang, J.; Qin, H.; Feng, D. Preoperative Antiepileptic Drug Prophylaxis for Early
Postoperative Seizures in Supratentorial Meningioma: A Single-Center Experience. J. Neurooncol. 2022, 158, 59-67. [CrossRef]
[PubMed]

Elbadry Ahmed, R.; Tang, H.; Asemota, A.; Huang, L.; Boling, W.; Bannout, F. Meningioma Related Epilepsy- Pathophysiology,
Pre/Postoperative Seizures Predicators and Treatment. Front. Oncol. 2022, 12, 905976. [CrossRef] [PubMed]

Strand, P.S.; Sagberg, L.M.; Gulati, S.; Solheim, O. Brain Infarction Following Meningioma Surgery-Incidence, Risk Factors, and
Impact on Function, Seizure Risk, and Patient-Reported Quality of Life. Neurosurg. Rev. 2022, 45, 3237-3244. [CrossRef]
Chandra, V.; Rock, AK,; Opalak, C.; Stary, ].M.; Sima, A.P; Carr, M.; Vega, R.A.; Broaddus, W.C. A Systematic Review
of Perioperative Seizure Prophylaxis during Brain Tumor Resection: The Case for a Multicenter Randomized Clinical Trial.
Neurosurg. Focus 2017, 43, E18. [CrossRef]

Greenhalgh, J.; Weston, ]J.; Dundar, Y.; Nevitt, S.J.; Marson, A.G. Antiepileptic Drugs as Prophylaxis for Postcraniotomy Seizures.
Cochrane Database Syst. Rev. 2020, 4, CD007286. [CrossRef]

Walbert, T.; Harrison, R.A.; Schiff, D.; Avila, E.K.; Chen, M.; Kandula, P; Lee, ].W.; Le Rhun, E.; Stevens, G.H.J.; Vogelbaum, M.A;
et al. SNO and EANO Practice Guideline Update: Anticonvulsant Prophylaxis in Patients with Newly Diagnosed Brain Tumors.
Neuro-Oncology 2021, 23, 1835-1844. [CrossRef]

Hwang, S.L.; Lieu, A.S.; Kuo, TH.; Lin, C.L.; Chang, C.Z.; Huang, T.Y.; Howng, S.L. Preoperative and Postoperative Seizures in
Patients with Astrocytic Tumours: Analysis of Incidence and Influencing Factors. . Clin. Neurosci. 2001, 8, 426-429. [CrossRef]


http://doi.org/10.1007/s00381-006-0117-4
http://www.ncbi.nlm.nih.gov/pubmed/16733760
http://doi.org/10.3171/2022.4.FOCUS2288
http://doi.org/10.3171/2010.5.JNS091972
http://doi.org/10.1177/147323001103900515
http://www.ncbi.nlm.nih.gov/pubmed/22117973
http://doi.org/10.1016/j.neuchi.2012.04.002
http://www.ncbi.nlm.nih.gov/pubmed/22626817
http://doi.org/10.1016/j.wneu.2019.08.032
http://www.ncbi.nlm.nih.gov/pubmed/31421304
http://doi.org/10.3171/2011.3.PEDS1120
http://www.ncbi.nlm.nih.gov/pubmed/21631197
http://doi.org/10.3171/2011.4.JNS101585
http://www.ncbi.nlm.nih.gov/pubmed/21639698
http://doi.org/10.2176/nmc.43.589
http://doi.org/10.1016/j.jocn.2010.12.042
http://doi.org/10.1093/neuonc/noy026
http://www.ncbi.nlm.nih.gov/pubmed/29579305
http://doi.org/10.1111/epi.13709
http://doi.org/10.1016/j.clineuro.2019.03.007
http://doi.org/10.1007/s00381-015-2675-9
http://doi.org/10.1017/S0317167100022757
http://doi.org/10.1016/S0140-6736(80)90941-1
http://doi.org/10.3171/2017.2.JNS162315
http://www.ncbi.nlm.nih.gov/pubmed/28753117
http://doi.org/10.1080/02688699845500
http://www.ncbi.nlm.nih.gov/pubmed/11013647
http://doi.org/10.1007/s11060-022-04009-4
http://www.ncbi.nlm.nih.gov/pubmed/35434765
http://doi.org/10.3389/fonc.2022.905976
http://www.ncbi.nlm.nih.gov/pubmed/35860576
http://doi.org/10.1007/s10143-022-01840-1
http://doi.org/10.3171/2017.8.FOCUS17442
http://doi.org/10.1002/14651858.CD007286.pub4
http://doi.org/10.1093/neuonc/noab152
http://doi.org/10.1054/jocn.2000.0825

Children 2022, 9, 1465 12 0of 12

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Wilne, S.; Collier, J.; Kennedy, C.; Koller, K.; Grundy, R.; Walker, D. Presentation of Childhood CNS Tumours: A Systematic
Review and Meta-Analysis. Lancet Oncol. 2007, 8, 685-695. [CrossRef]

Massimi, L.; Battaglia, D.; Bianchi, F.; Peraio, S.; Peppucci, E.; Di Rocco, C. Postoperative Epileptic Seizures in Children: Is the
Brain Incision a Risk Factor? Neurosurgery 2018, 82, 465-472. [CrossRef] [PubMed]

Jennett, W.B. Early Traumatic Epilepsy. Definition and Identity. Lancet 1969, 1, 1023-1025. [CrossRef]

Mauro, A.M.; Bomprezzi, C.; Morresi, S.; Provinciali, L.; Formica, F; Iacoangeli, M.; Scerrati, M. Prevention of Early Postoperative
Seizures in Patients with Primary Brain Tumors: Preliminary Experience with Oxcarbazepine. . Neurooncol. 2007, 81, 279-285.
[CrossRef] [PubMed]

Bartolini, E.; Lenzi, B.; Vannozzi, R.; Parenti, G.F,; Iudice, A. Incidence and Management of Late Postsurgical Seizures in Clinical
Practice. Turk. Neurosurg. 2012, 22, 651-655. [CrossRef] [PubMed]

Ohno, K.; Maehara, T.; Ichimura, K.; Suzuki, R.; Hirakawa, K.; Monma, S. Low Incidence of Seizures in Patients with Chronic
Subdural Haematoma. J. Neurol. Neurosurg. Psychiatry 1993, 56, 1231-1233. [CrossRef] [PubMed]

Williams, C.N.; Belzer, ].S.; Riva-Cambrin, J.; Presson, A.P,; Bratton, S.L. The Incidence of Postoperative Hyponatremia and
Associated Neurological Sequelae in Children with Intracranial Neoplasms. . Neurosurg. Pediatrics 2014, 13, 283-290. [CrossRef]
Moussazadeh, N.; Souweidane, M. Brain Tumors in the First Two Years of Life. In Principles and Practice of Pediatric Neurosurgery;
Thieme: New York, NY, USA, 2015; pp. 423-444.

Brokinkel, B.; Hinrichs, FL.; Schipmann, S.; Grauer, O.; Sporns, P.B.; Adeli, A ; Brokinkel, C.; Hess, K.; Paulus, W.; Stummer, W,;
et al. Predicting Postoperative Seizure Development in Meningiomas—Analyses of Clinical, Histological and Radiological Risk
Factors. Clin. Neurol. Neurosurg. 2021, 200, 106315. [CrossRef]

Lee, S.T.; Lui, TN.; Chang, C.N.; Cheng, W.C. Early Postoperative Seizures after Posterior Fossa Surgery. J. Neurosurg. 1990, 73,
541-544. [CrossRef]

Temkin, N.R. Antiepileptogenesis and Seizure Prevention Trials with Antiepileptic Drugs: Meta-Analysis of Controlled Trials.
Epilepsia 2001, 42, 515-524. [CrossRef]

Durmus, N.; Giiltiirk, S.; Kaya, T.; Demir, T.; Parlak, M.; Altun, A. Evaluation of Effects of T and N Type Calcium Channel Blockers
on the Electroencephalogram Recordings in Wistar Albino Glaxo/Rij Rats, an Absence Epilepsy Model. Indian |. Pharmacol. 2015,
47,34-38. [CrossRef] [PubMed]

Losi, G.; Marcon, I.; Mariotti, L.; Sessolo, M.; Chiavegato, A.; Carmignoto, G. A Brain Slice Experimental Model to Study the
Generation and the Propagation of Focally-Induced Epileptiform Activity. J. Neurosci. Methods 2016, 260, 125-131. [CrossRef]
[PubMed]

Marino Gammazza, A.; Colangeli, R.; Orban, G.; Pierucci, M.; Di Gennaro, G.; Lo Bello, M.; D’ Aniello, A.; Bucchieri, F.; Pomara,
C.; Valentino, M.; et al. Hsp60 Response in Experimental and Human Temporal Lobe Epilepsy. Sci. Rep. 2015, 5, 9434. [CrossRef]
Lai, L.; Morgan, M.K.; Trooboff, S.; Harvey, R.J. A Systematic Review of Published Evidence on Expanded Endoscopic Endonasal
Skull Base Surgery and the Risk of Postoperative Seizure. J. Clin. Neurosci. 2013, 20, 197-203. [CrossRef]

Forcelli, P.A.; Kalikhman, D.; Gale, K. Delayed Effect of Craniotomy on Experimental Seizures in Rats. PLoS ONE 2013, 8, e81401.
[CrossRef] [PubMed]

Tremont-Lukats, L W,; Ratilal, B.O.; Armstrong, T.; Gilbert, M.R. Antiepileptic Drugs for Preventing Seizures in People with Brain
Tumors. Cochrane Database Syst. Rev. 2008, 2, CD004424. [CrossRef]

Wu, A.S,; Trinh, V.T,; Suki, D.; Graham, S.; Forman, A.; Weinberg, J.S.; McCutcheon, LE.; Prabhu, S.S.; Heimberger, A.B.; Sawaya,
R.; et al. A Prospective Randomized Trial of Perioperative Seizure Prophylaxis in Patients with Intraparenchymal Brain Tumors. J.
Neurosurg. 2013, 118, 873-883. [CrossRef] [PubMed]

Mekitarian Filho, E.; de Carvalho, W.B.; Cavalheiro, S. Perioperative Patient Management in Pediatric Neurosurgery. Rev. Assoc.
Med. Bras. 2012, 58, 388-396. [CrossRef]

Ansari, S.F; Bohnstedt, B.N.; Perkins, S.M.; Althouse, S.K.; Miller, ].C. Efficacy of Postoperative Seizure Prophylaxis in Intra-Axial
Brain Tumor Resections. J. Neurooncol. 2014, 118, 117-122. [CrossRef]

Lockney, D.T.; Vaziri, S.; Walch, F.; Kubilis, P.; Neal, D.; Murad, G.J.A.; Rahman, M. Prophylactic Antiepileptic Drug Use in
Patients with Brain Tumors Undergoing Craniotomy. World Neurosurg. 2017, 98, 28-33. [CrossRef] [PubMed]


http://doi.org/10.1016/S1470-2045(07)70207-3
http://doi.org/10.1093/neuros/nyx221
http://www.ncbi.nlm.nih.gov/pubmed/28973391
http://doi.org/10.1016/S0140-6736(69)91822-4
http://doi.org/10.1007/s11060-006-9229-7
http://www.ncbi.nlm.nih.gov/pubmed/16944312
http://doi.org/10.5137/1019-5149.JTN.6084-12.0
http://www.ncbi.nlm.nih.gov/pubmed/23015346
http://doi.org/10.1136/jnnp.56.11.1231
http://www.ncbi.nlm.nih.gov/pubmed/8229039
http://doi.org/10.3171/2013.12.PEDS13364
http://doi.org/10.1016/j.clineuro.2020.106315
http://doi.org/10.3171/jns.1990.73.4.0541
http://doi.org/10.1046/j.1528-1157.2001.28900.x
http://doi.org/10.4103/0253-7613.150324
http://www.ncbi.nlm.nih.gov/pubmed/25821308
http://doi.org/10.1016/j.jneumeth.2015.04.001
http://www.ncbi.nlm.nih.gov/pubmed/25863141
http://doi.org/10.1038/srep09434
http://doi.org/10.1016/j.jocn.2012.06.010
http://doi.org/10.1371/journal.pone.0081401
http://www.ncbi.nlm.nih.gov/pubmed/24324691
http://doi.org/10.1002/14651858.CD004424.pub2
http://doi.org/10.3171/2012.12.JNS111970
http://www.ncbi.nlm.nih.gov/pubmed/23394340
http://doi.org/10.1016/S0104-4230(12)70212-9
http://doi.org/10.1007/s11060-014-1402-9
http://doi.org/10.1016/j.wneu.2016.10.079
http://www.ncbi.nlm.nih.gov/pubmed/27777152

	Introduction 
	Materials and Methods 
	Results 
	Characteristics of the Two Groups 
	Postoperative Seizures and Epilepsy 
	Risk of Postoperative Seizures 

	Discussion 
	Epidemiology 
	Onset and Type of Seizures 
	Risk Factors 
	Pathogenesis 
	Perioperative ASMs Prophylaxis 

	Conclusions 
	References

