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Summary

Objective—Developmental differences in structure and function have been reported along the 

hippocampal subregions. The aims of this study were to determine if there were volumetric 

differences in hippocampal head (HH), body (HB), tail (HT), and total hippocampus (TotH)) in 

children with nonlesional localization-related epilepsy relative to controls, and the relation 

between hippocampal subregions with episodic memory and clinical parameters.

Methods—Forty-eight children with nonlesional localization-related epilepsy, consisting of 29 

left-sided and 19 right-sided epilepsy, and 27 healthy controls were recruited. All patients and 

controls underwent volumetric T1-weighted imaging, and verbal and nonverbal memory testing. 

The volume of hippocampal subregions was compared between patients and controls. The 

associations between left hippocampal subregions with verbal memory; right hippocampal 

subregions with nonverbal memory; and hippocampal subregions with age, age at seizure onset, 

and seizure frequency were assessed.

Results—Patients with left-sided epilepsy had smaller left HH (p = 0.003) and HB (p = 0.012), 

right HB (p = 0.021) and HT (p = 0.015), and right TotH (p = 0.020) volumes. Those with right-

sided epilepsy had smaller right HT (p = 0.018) volume. There were no statistically significant 

differences between verbal and nonverbal memory in left-sided and right-sided epilepsy relative to 

controls (all p > 0.025). In left-sided epilepsy, there was a significant association between left HH 

volume with verbal memory (β = 0.492, p = 0.001). There was no significant association between 

left and right hippocampal subregions with verbal and nonverbal memory, respectively, in right-

sided epilepsy and controls (all p > 0.002). In left-sided and right-sided epilepsy, there was no 

significant association between hippocampal subregions with age, age at seizure onset, and seizure 

frequency (all p > 0.002).

Address correspondence to Dr Elysa Widjaja, 555 University Avenue, Toronto, ON M5G 1X8, Canada. Elysa.Widjaja@sickkids.ca. 

Disclosure
EW received funding from Sickkids Foundation/CIHR Institute of Human Development, Child and Youth Health, and GE-AUR. None 
of the authors has any conflict of interest to disclose. We confirm that we have read the Journal’s position on issues involved in ethical 
publication and affirm that this report is consistent with those guidelines.

Epilepsia. Author manuscript; available in PMC 2014 April 24.
Published in final edited form as:

Epilepsia. 2014 April ; 55(4): 519–527. doi:10.1111/epi.12540.

C
IH

R
 A

uthor M
anuscript

C
IH

R
 A

uthor M
anuscript

C
IH

R
 A

uthor M
anuscript



Significance—We have found hippocampal volume reduction, but did not identify a gradient in 

the severity of volume reduction along the hippocampal axis in children with localization-related 

epilepsy. Further study is needed to clarify if there are volumetric changes within the cornu 

ammonis subfields and dentate gyrus.

Keywords

Hippocampus; Localization-related epilepsy; Pediatric

Developmental differences in structure and function have been reported along the 

longitudinal axis of the hippocampus.1–3 A previous study indicated that the total volume of 

the hippocampus is unchanged from age 4–25 years; however, the posterior hippocampal 

volume decreases and the anterior hippocampal volume increases over time.1 A functional 

magnetic resonance imaging (fMRI) study showed that activity in the anterior hippocampus 

was associated with episodic retrieval in adults; in contrast, activity in the posterior 

hippocampus rather than the anterior hippocampus was associated with episodic retrieval in 

children.3

Volume reduction in the hippocampus has been demonstrated in pediatric localization-

related epilepsy, including mesial temporal lobe epilepsy (TLE) and extratemporal lobe 

epilepsy.4–11 However, most of these studies have evaluated the whole hippocampus rather 

than subregions of the hippocampus. For the purpose of this study, the term “hippocampal 

subregions” was used to refer to hippocampal division to hippocampal head (HH), body 

(HB), and tail (HT), and not to subfields of the cornu ammonis (CA1, CA2, CA3, and CA4). 

Because developmental differences occur along the longitudinal axis of the hippocampus, 

vulnerability to seizure-related changes may also differ along the axis of the hippocampus in 

childhood epilepsy. Several studies of adult patients with mesial TLE have reported greater 

atrophy in subregions of the hippocampus.12–14 The aims of this study were to determine if 

there were volumetric differences in hippocampal subregions (HH, HB, HT, and total 

hippocampus [TotH]) in children with nonlesional localization-related epilepsy (overall 

epilepsy group) relative to controls, and to examine for potential relations between the 

volume of subregions and performance on episodic memory tasks as well as clinical 

parameters. The secondary aims of this study were to determine if there were volumetric 

differences in hippocampal subregions in subgroups with frontal lobe epilepsy (FLE) and 

TLE relative to controls, and the relations between volume of hippocampal subregions and 

episodic memory tasks as well as clinical parameters in these subgroups.

Methods

Subjects

The study has the approval of research ethics board at the Hospital for Sick Children and 

written informed consent was obtained from parents and assents from children. Children 

with localization-related epilepsy were recruited from the epilepsy clinic. Location of the 

epileptogenic zone was defined using seizure semiology, ictal and interictal video–

electroencephalography (EEG), magnetoencephalography (MEG), and fluorodeoxyglucose–

positron emission tomography (FDG-PET) scan. Forty-eight patients (27 female and 21 
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male) with nonlesional localization-related epilepsy were recruited with a mean age of 13.5 

years (standard deviation [SD] 2.9; range 7.0–17.5 years). All patients had normal MRI on 

3T scanner. Twenty-nine patients had left-sided epilepsy and 19 had right-sided epilepsy 

(Table 1). Twenty-four patients had FLE (13 left-sided and 11 right-sided), 18 had TLE (14 

left-sided and 4 right-sided), 5 had multilobar epilepsy (2 left-sided and 3 right-sided), and 

one had right parietal lobe epilepsy. The mean age at seizure onset was 8.0 years (SD 3.7), 

the mean duration of epilepsy was 5.2 years (SD 3.1), mean seizure frequency was 9.1/week 

(SD 19.1), and mean number of antiepileptic medications was 2.1 (SD 0.7, range 1–3 

medications). Twenty-seven healthy controls (12 female and 15 male) with no neurologic or 

psychiatric disorders were recruited. The mean age of controls was 13.9 years (SD 3.0; 

range 7.0–18.7 years). There was no significant difference between the age of patients and 

controls (p = 0.523).

MRI scanning

MRI was performed on Philips 3T scanner (Achieva, Philips Medical System, Best, The 

Netherlands) using an eight-channel phased array head coil in all patients and controls. The 

imaging in patients and controls included axial volumetric three-dimensional (3D) T1 

(TR/TE 4.9/2.3 msec, slice thickness 1 mm, field of view [FOV] 22 cm, matrix 220 × 220), 

angled to the anterior commissure-posterior commissure plane. Patients had additional 

sequences done on the same scanner including axial and coronal fluid-attenuated inversion 

recovery (FLAIR), T2-weighted, and proton density.

Hippocampal segmentation

Automated segmentation of the whole hippocampus was carried out using FreeSurfer, v5.1.0 

(http://surfer.nmr.mgh.harvard.edu/). FreeSurfer uses probabilistic information estimated 

from a large training set of expert measurements to automatically assign a neuroanatomic 

label to each voxel in the brain. The technical details of the FreeSurfer whole brain 

segmentation procedure have been described in detail in previous publications.15,16 All 

FreeSurfer segmentation of the whole hippocampus was visually inspected for accuracy 

prior to segmentation into the three principal subregions. Subsequently the hippocampus was 

manually segmented into three principal subregions using ITK-SNAP, v2.4.0.17 The 

subregions were defined based on Duvernoy18 and Malykhina et al.19 guidelines, and 

consisted of HH, HB, and HT. Both of the head-body and body-tail boundaries were 

identified in the coronal planes, perpendicular to the anterior commissure-posterior 

commissure plane. The most posterior slice of the HH was the first slice where the uncal 

apex was clearly present.18 The first slice where the fornix was clearly seen in full profile 

was marked as the boundary between HB and HT.19 The left and right hippocampal labels 

were extracted from the FreeSurfer whole brain segmentation and converted into whole 

hippocampal masks. The structural T1 image and the hippocampus mask were then loaded 

into ITK-SNAP while maintaining the FreeSurfer boundaries; the hippocampus was 

subdivided into HH, HB, and HT (Fig. 1).

Neuropsychological testing

All patients and controls underwent the same battery of neuropsychological testing. The 

Wechsler Abbreviated Scale of Intelligence20 was administered to obtain Full Scale 
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Intelligence Quotients (IQs). The Children’s Auditory Verbal Learning Test-II21 was used to 

measure verbal memory (learning, interference, immediate, and delayed recall), and the Face 

Recognition subtest of the Children’s Memory Scale22 was used to measure nonverbal 

memory (immediate and delayed recognition). The tests selected allow for administration of 

materials across the age range included in the study. The raw verbal and nonverbal memory 

test scores were converted to z-scores, and the mean z-scores across the dependent variables 

of each measure were computed to yield a composite score of each of verbal and nonverbal 

memory.

Statistical analyses

Statistical analyses were performed with the Statistical Package for Social Sciences software 

(SPSS) version 18 (IBM SPSS, New York, US). Group differences in HH, HB, HT, and 

TotH volume of left and right lateralized epilepsy were compared to controls using 

multivariate analysis of covariance (MANCOVA) with age, sex, and intracranial volume as 

covariates. A p-value of <0.025 would be considered significant for the MANCOVA 

analyses to account for comparisons of left and right lateralized epilepsy relative to controls. 

Subgroup analyses of HH, HB, HT, and TotH volumes of left and right FLE and TLE were 

also compared to controls using MANCOVA with age, sex, and intracranial volume as 

covariates. Group differences in verbal and non-verbal memory between left and right 

lateralized epilepsy were compared to controls using t-test, with p-value of <0.025 

considered significant. Subgroup analyses of verbal and nonverbal memory of left and right 

FLE and TLE compared to controls were also performed using t-test. Linear regression was 

performed between left hippocampal subregions and verbal memory, and between right 

hippocampal subregions and nonverbal memory, with IQ as a covariate in patients with left 

and right lateralized epilepsy and controls. To account for multiple comparisons in the 

regression analyses, a p-value of ≤0.002 was considered statistically significant. 

Subsequently, linear regression was done to assess the relations between hippocampal 

subregions and age, age at seizure onset, and seizure frequency in left and right lateralized 

epilepsy. Subgroup analysis was also done to assess the relations between left hippocampal 

subregions and verbal memory, and between right hippocampal subregions and nonverbal 

memory in patients with left and right FLE and left TLE using linear regression, with IQ as 

a covariate. Similarly the relations between hippocampal subregions and age, age at seizure 

onset, and seizure frequency were assessed using linear regression in patients with left and 

right FLE and left TLE. Regression analyses were not done in the group with right TLE due 

to the small number of subjects in this group (n = 4).

Results

Hippocampal volume in left-sided and right-sided epilepsy compared to controls

Left and right lateralized epilepsy—The HH, HB, HT, and TotH volume in left (n = 

29) and right (n = 19) lateralized epilepsy and controls are shown in Fig. 2. In left lateralized 

epilepsy, there was a significant difference in overall hippocampal volume between patients 

and controls (F = 4.073, p = 0.001), with significantly smaller volume in left HH (p = 

0.003), left HB (p = 0.012), right HB (p = 0.021), right HT (p = 0.015), and right TotH (p = 

0.020) in patients. There was no significant difference in overall hippocampal volume 
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between right lateralized epilepsy and controls (F = 2.167, p = 0.056); however, the right HT 

(p = 0.018) was significantly smaller in patients. The percentage difference in HH, HB, HT, 

and TotH of left and right lateralized epilepsy relative to controls is shown in Table 2.

FLE—In left FLE (n = 13), there was a significant difference in overall hippocampal 

volume between FLE patients and controls (F = 5.524, p < 0.001), with smaller volume in 

left HH (p = 0.016), left HT (p = 0.002), right HT (p = 0.003), and right TotH (p = 0.015) in 

patients. In right FLE patients (n = 11), there was a significant difference in overall 

hippocampal volume between patients and controls (F = 3.065, p = 0.014), with smaller 

volume in left HH (p = 0.021) in patients.

TLE—In left TLE (n = 14), there was no significant difference in overall hippocampal 

volume between TLE patients and controls (F = 2.355, p = 0.044), but the left HH (p = 

0.021) and left HB (p = 0.005) were smaller in patients. In right TLE (n = 4), there was no 

significant difference in overall hippocampal volume (F = 1.605, p = 0.189) or hippocampal 

subregions between patients and controls.

Neuropsychological testing

The mean IQ of patients was 92.6 (standard deviation [SD] 15.4). The mean IQ of controls 

was 113.2 (SD 9.5). Patients had significantly lower IQ than controls (p < 0.001).

Memory function

Left and right lateralized epilepsy—The mean z-scores of verbal memory in left and 

right lateralized epilepsy and controls were −0.338 (SD = 1.371), −0.451 (SD = 1.293), and 

0.000 (SD = 0.976), respectively. The mean z-scores of nonverbal memory in left and right 

lateralized epilepsy and controls were −0.378 (SD = 1.138), −0.283 (SD = 0.926), and 

−0.001 (SD = 0.973), respectively. There was no significant difference between verbal (p = 

0.296) and nonverbal (p = 0.212) memory in patients with left lateralized epilepsy relative to 

controls. Significantly reduced memory was defined as performance below two z-scores; 

using this criterion, four patients with left lateralized epilepsy had reduced verbal memory 

and three had reduced nonverbal memory. There was no significant difference between 

verbal (p = 0.184) and nonverbal (p = 0.337) memory in patients with right lateralized 

epilepsy relative to controls. In patients with right lateralized epilepsy, three had reduced 

verbal memory and one had reduced nonverbal memory.

FLE—There was no significant difference between verbal (p = 0.478) memory and a trend 

for lower nonverbal memory (p = 0.033) in patients with left FLE relative to controls. Of 

those with left FLE, three had reduced verbal memory and three had reduced nonverbal 

memory. There was no significant difference between verbal (p = 0.091) and nonverbal (p = 

0.525) memory in patients with right FLE relative to controls. Of those with right FLE, one 

had reduced verbal memory and one had reduced nonverbal memory.

TLE—There was no significant difference between verbal (p = 0.237) and nonverbal (p = 

0.423) memory in patients with left TLE relative to controls. Of those with left TLE, one 

had reduced verbal memory and none had reduced non-verbal memory. There was no 
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significant difference between verbal (p = 0.373) and nonverbal (p = 0.566) memory in 

patients with right TLE relative to controls. None of the patients with right TLE had reduced 

verbal or nonverbal memory.

Relation between hippocampal volume and memory function

Left and right lateralized epilepsy—In patients with left lateralized epilepsy, there was 

a significant association between left HH (β = 0.492, p = 0.001) with verbal memory (Fig. 

3), and weak associations between left TotH (β = 0.456, p = 0.003) with verbal memory and 

right TotH (β = 0.412, p = 0.012) with non-verbal memory.

In patients with right lateralized epilepsy, there was no significant association between left 

hippocampal subregions with verbal memory, or between right hippocampal subregions with 

nonverbal memory (β = −0.003 to 0.288; p = 0.274–0.989).

In controls, there was also no significant association between left hippocampal subregions 

with verbal memory, or between right hippocampal subregions with nonverbal memory (β = 

−0.139 to 0.301, p = 0.150–0.875).

FLE—In patients with left FLE, there were weak associations between left HH (β = 0.434, p 

= 0.05) with verbal memory, and between right HT (β = 0.702, p = 0.017) with nonverbal 

memory. In right FLE, there was no significant association between left hippocampal 

subregions with verbal memory, or between right hippocampal subregions with nonverbal 

memory (β = −0.321 to 0.209, p = 0.412–0.953).

TLE—In patients with left TLE, there were weak associations between left HH (β = 0.645, 

p = 0.015) and left TotH (β = 0.799, p = 0.011) with verbal memory, and between right HT 

with nonverbal memory (β = 0.763, p = 0.043).

Relation between hippocampal volume and clinical parameters

Left and right lateralized epilepsy—In patients with left lateralized epilepsy, there was 

a weak association between left HB with age (β = 0.555, p = 0.009). In those with right 

lateralized epilepsy, there was no significant association between hippocampal subregions 

with age (β = −0.064 to 0.293, p = 0.238–0.800). There was also no significant association 

between hippocampal subregions with age at seizure onset (β = −0.001 to 0.403, p = 0.087–

0.994) and seizure frequency (β = −0.289 to 0.253, p = 0.185–0.965) in patients with left 

and right lateralized epilepsy.

FLE—In patients with left and right FLE, there was no significant association between 

hippocampal subregions with age (β = −0.273 to 0.588, p = 0.057–0.872), age at seizure 

onset (β = −0.341 to 0.365, p = 0.254–0.964), and seizure frequency (β = −0.303 to 0.442, p 

= 0.130–0.917).

TLE—In patients with left TLE, there were weak associations between HB (β = 0.708, p = 

0.049) and HT (β = 0.798, p = 0.018) with age, and no significant association between 

hippocampal subregions with age at seizure onset (β = −0.003 to 0.474, p = 0.087–0.991) 

and seizure frequency (β = −0.234 to 0.298, p = 0.271–0.910).
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Discussion

We have found that children with nonlesional localization-related epilepsy have reduced 

hippocampal volume, affecting HH, HB, HT, and TotH. However, we did not identify a 

gradient in volume reduction along the hippocampal axis. The hippocampal volume 

reduction was detected not only in children with TLE, but also in children with seizures 

remote from the hippocampus, including FLE. The reduction in left HH volume was 

significantly associated with reduced verbal memory in left lateralized epilepsy. There was 

no significant association between the volume of hippocampal subregions and clinical 

parameters.

Volumetric studies of the hippocampus in adults with mesial TLE have shown ipsilateral and 

in some cases contralateral hippocampal volume reduction.14,23–25 However, there is no 

consensus on whether regional reduction in hippocampal volume occurs. Quigg et al.23 

found that overall volume loss in hippocampal sclerosis is diffuse, neither favoring the head 

nor body-tail. Bernasconi et al.14 found the HH was more atrophic than the HB and HT in 

patients with mesial TLE. Others have found greater atrophy in the HB than in the HH or 

HT12,13 in patients with mesial TLE.

Most studies on pediatric epilepsies have assessed the whole hippocampus rather than 

subregions of the hippocampus.4–11 Previous studies have reported that children with 

localization-related epilepsy have unilateral4 or bilateral6 hippocampal atrophy. The 

reduction in hippocampal volume varied from 10% to 31%.5,6,10 One study assessed 

subregions of the hippocampus in 19 children with complex partial seizures and showed a 

significant reduction in the anterior hippocampal volume, and a trend for smaller posterior 

hippocampal volume,26 with a reduction of 21.7% in TotH volume, 51.5% in anterior, and 

11.8% in posterior hippocampal volume. The lack of a statistically significant reduction in 

posterior hippocampal volume may have been due to the relatively small sample size. We 

have found that the reduction in TotH volume varied from 7.5 to 10.2%, which was within 

the range of volume loss described in the literature. However, the reduction in HH (9.4–

15.8%) was less than the reduction in anterior hippocampal volume reported by Daley et al.
26

We have assessed children with localization-related epilepsy and did not find a gradient in 

the severity of volume reduction along the hippocampal axis. Failure to identify regional 

differences along the hippocampal axis may be due to several reasons. First, we have used 

HH, HB, and HT to define the hippocampal subregions, which may not be differentially 

susceptible to seizure-related injury. Volumetric changes have been identified in different 

subfields of the cornu ammonis and dentate gyrus in adults with TLE with and without 

hippocampal sclerosis.27 Future study assessing volumetric changes within subfields of the 

cornu ammonis and dentate gyrus may shed light on the regions that are more susceptible to 

seizure-related injury in children with epilepsy. Second, volumetric measurement may not be 

sufficiently sensitive to identify subtle differences in hippocampal subregions. Further study 

using alternative technique such as shape analysis may uncover more subtle differences in 

hippocampal subregions. There were more subregions of the hippocampus that demonstrated 

volume reduction in left lateralized epilepsy than in right lateralized epilepsy, as well as in 
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left FLE than right FLE. There were also several subregions that demonstrated volume 

reduction in left TLE, but not right TLE. The smaller number of patients in the right TLE 

subgroup may have confounded the findings, resulting in failure to detect volume changes in 

this subgroup. The greater number of subregions demonstrating volume reduction in left-

sided epilepsy may be related to the involvement of the dominant hemisphere or different 

networks in left-sided epilepsy relative to right-sided epilepsy.

Previous study of children and young adults with seizures remote from the hippocampus has 

shown prolongation of T2 relaxation time in the hippocampus.28 We have found 

hippocampal volume reduction in children with focal seizures remote from the 

hippocampus. Together, these findings suggest that there is a network between the remote 

epileptogenic zone and hippocampus that facilitates spread of seizures to the hippocampus, 

thereby resulting in injury to the hippocampus. Histology from patients with 

extrahippocampal seizures has shown neuronal loss in the hippocampus.29–31 The reduction 

in hippocampal volume in children with extrahippocampal seizures in our study may be 

secondary to neuronal loss from seizures. We did not detect a significant association 

between TotH or hippocampal subregions with age, age at seizure onset, and seizure 

frequency. The reason for this lack of significant association between hippocampal volume 

and clinical parameters was not apparent. Eroglu et al.5 also did not identify an association 

between hippocampal volume and age at seizure onset and duration of epilepsy, despite a 

reduction in corrected TotH volume. Similarly, Daley et al.26 did not detect an association 

between anterior hippocampal volume with age at seizure onset, duration of epilepsy, seizure 

frequency, and number of antiepileptic medications; the TotH and posterior hippocampal 

volume was associated with duration of epilepsy, but not with the other clinical parameters.

Despite the lack of significant differences in verbal and nonverbal memory in children with 

left and right lateralized epilepsy relative to controls, we found mild volume reduction in 

subregions of the hippocampus that was detected by quantitative measures but was not 

apparent on visual inspection. There may be a threshold volume loss before significant 

impairment in verbal or nonverbal memory is manifested. We found a significant association 

between reduced left HH volume with reduced verbal memory in left lateralized epilepsy. 

Previous studies have shown that greater HH volume was associated with higher delayed 

recall test scores in nondemented elderly subjects32 and elevated diffusivity in the left HH 

was significantly associated with verbal episodic memory impairment in early Alzheimer’s 

disease.33 These data suggest that the left HH may play a greater role in verbal memory 

function than the rest of the hippocampus, both in children and adults. There was one prior 

study in children with TLE showing a correlation between left hippocampal volume and 

word recall, but paradoxically, the association was negative; there was no relation between 

story recall or visual memory with left or right hippocampal volume.4

There are several limitations to this study. We have defined the epileptogenic zone 

noninvasively using seizure semiology, video-EEG, magnetoencephalography, and FDG-

PET scan. It is possible that in some patients with FLE, the epileptogenic zone may have 

been more extensive and involved the temporal lobe as well. Due to the relatively small 

number of TLE patients, we have not categorized these patients to mesial TLE and 
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neocortical TLE. Patients with mesial TLE may have greater volume reduction in the 

hippocampus relative to those with neocortical TLE.

We have used automated segmentation of the hippocampus. Manual segmentation of the 

hippocampus is more sensitive in detecting hippocampal atrophy than automated 

segmentation,34–36 but it is time-consuming and prone to operator error. Automated 

segmentation of the hippocampus has the potential to provide rapid and accurate assessment 

of the hippocampal volume, and has been shown to be sensitive at detecting hippocampal 

atrophy.34,36–39 Automated segmentation using FreeSurfer has shown good correlation with 

expert manual segmentation (correlations ranging from 0.61 to 0.84).34,36,39

We have found hippocampal volume reduction in children with seizures remote from the 

hippocampus, suggesting that there may be an abnormal network that facilitates spread of 

seizures from the remote epileptogenic zone to the hippocampus, resulting in injury to the 

hippocampus. However, there was no gradient in the severity of volume reduction along the 

hippocampal axis. Further study evaluating the cornu ammonis subfields and dentate gyrus 

volume may shed light on the regions that are more susceptible to seizure-related injury. We 

have found a significant association between reduced left HH volume with reduced verbal 

memory in left lateralized epilepsy, suggesting that the left HH may play a greater role in 

verbal episodic memory than the remaining hippocampus. Longitudinal studies of adult 

patients with TLE have shown a decline in hippocampal volume with continuing 

seizures40,41 and cessation of seizures was associated with arrest in hippocampal volume 

loss.40 Longitudinal study is needed to clarify whether there is a differential rate of volume 

reduction along the axis of the hippocampus, in the cornu ammonis subfields and dentate 

gyrus in children with continuing seizures.
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Figure 1. 
Sagittal oblique T1-weighted MRI demonstrating the hippocampal head, body, and tail.
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Figure 2. 
Boxplots showing (A, C, and E) left and (B, D, and F) right hippocampal head (HH), body 

(HB), tail (HT), and total (TotH) volume in children with (A and B) left and right lateralized 

epilepsy, (C and D), frontal lobe epilepsy (FLE), and (E and F) temporal lobe epilepsy 

(TLE), and controls. The box represents the 25th to the 75th percentiles and the bar 

represents the 50th percentile. In left lateralized epilepsy group, the left HH (p = 0.003), left 

HB (p = 0.012), right HB (p = 0.021), right HT (p = 0.015), and right TotH (p = 0.020) are 

smaller in patients. Patients with right lateralized epilepsy have smaller right HT (p = 0.018). 

In left FLE, the left HH (p = 0.016), left HT (p = 0.002), right HT (p = 0.003), and right 

TotH (p = 0.015) are smaller in patients. In right FLE patients, the left HH (p = 0.021) is 

smaller. Patients with left TLE have smaller left HH (p = 0.021) and left HB (p = 0.005).
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Figure 3. 
Scatterplots of left hippocampal (A) head, (B) body, (C) tail, and (D) total volume against 

verbal memory, and right hippocampal (E) head, (F) body, (G) tail, and (H) total volume 

against nonverbal memory in left and right lateralized epilepsy and controls. Patients with 

left lateralized epilepsy show significant association between left HH (p = 0.001) with verbal 

memory. In patients with right lateralized epilepsy and controls, there is no significant 

association between left hippocampal subregions and verbal memory, or right hippocampal 

subregions and nonverbal memory.
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Table 1

Characteristics of patients and controls

Patients (n = 48)

Controls (n = 27)Left-sided epilepsy (n = 29) Right-sided epilepsy (n = 19)

Age 13.5 (2.9) 13.5 (3.0) 13.9 (3.0)

Female:male 14:15 13:6 12:15

Intelligence quotient 91.2 (15.2) 94.7 (16.0) 113.2 (9.5)

Type of epilepsy

 Frontal lobe 13 11

 Temporal lobe 14 4

 Other 2 4

Age at seizure onset (years) 7.7 (3.3) 8.6 (4.2)

Duration of epilepsy (years) 5.4 (3.4) 4.8 (2.9)

Seizure frequency (per week) 6.7 (11.0) 12.7 (27.0)

Number of antiepileptic medications 2.1 (0.7) 2.1 (0.7)

SD, standard deviation.
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Table 2

Percentage difference in total hippocampus, hippocampal head, body, and tail volumes of left-sided and right-

sided epilepsy relative to controls

L/R % Difference in left-sided epilepsy % Difference in right-sided epilepsy

Left and right lateralized epilepsy (n = 48)

 Total hippocampal volume R 7.5 10.2

L 9.0 9.3

 Hippocampal head volume R 9.4 15.2

L 15.8 15.8

 Hippocampal body volume R 10.8 5.9

L 10.0 9.2

 Hippocampal tail volume R 14.1 11.4

L 15.1 13.0

Frontal lobe epilepsy (n = 24)

 Total hippocampal volume R 8.3 11.8

L 7.6 13.1

 Hippocampal Head volume R 9.6 23.0

L 13.5 21.8

 Hippocampal body volume R 11.6 3.4

L 7.0 6.3

 Hippocampal tail volume R 19.4 11.9

L 25.8 19.2

Temporal lobe epilepsy (n = 18)

 Total hippocampal volume R 7.2 0.7

L 11.0 0.6

 Hippocampal head volume R 8.3 0.3

L 18.6 1.7

 Hippocampal body volume R 11.3 4.3

L 13.2 13.7

 Hippocampal tail volume R 8.4 9.4

L 6.1 4.9
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