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Summary
Purpose—Neuroimaging studies suggest a history of febrile seizures, and depression, are
associated with hippocampal volume reductions in patients with temporal lobe epilepsy (TLE).

Methods—We used radial atrophy mapping (RAM), a three-dimensional (3D) surface modeling
tool, to measure hippocampal atrophy in 40 patients with unilateral TLE, with or without a history
of febrile seizures and symptoms of depression. Multiple linear regression was used to single out
the effects of covariates on local atrophy.

Key Findings—Subjects with a history of febrile seizures (n = 15) had atrophy in regions
corresponding to the CA1 and CA3 subfields of the hippocampus contralateral to seizure focus
(CHC) compared to those without a history of febrile seizures (n = 25). Subjects with Beck
Depression Inventory II (BDI-II) score ≥14 (n = 11) had atrophy in the superoanterior portion of
the CHC compared to subjects with BDI-II <14 (n = 29).

Significance—Contralateral hippocampal atrophy in TLE may be related to febrile seizures or
depression.
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Temporal lobe epilepsy (TLE) often is associated with mesial temporal sclerosis (MTS) on
magnetic resonance imaging (MRI) (Cendes et al., 1993). MTS is characterized by neuron
loss, gliosis, and hippocampal atrophy ipsilateral to seizure foci (Mathern et al., 1995).
Because neuron loss and the extent of hippocampal atrophy vary among patients with TLE,
comparing hippocampal volumes across diagnostic groups may reveal relationships among
structural pathology, clinical features, and comorbidities.

MTS and decreased hippocampal volume are associated with mood disorders in some but
not all studies of TLE (Quiske et al., 2000; Shamim et al., 2009; Wrench et al., 2009).
Measuring whole hippocampal volumes may overlook local shape and volume differences
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with potential clinical relevance, since MTS may be associated with restricted neuronal loss
leading to local deformations in surface morphology (Lin et al., 2005). Identifying these
patterns may help detect patients most at risk for affective symptoms and elucidate the
epilepsy-depression link.

Prolonged febrile seizures (FS) are associated with acute hippocampal injury (Van
Landingham et al., 1998; Scott et al., 2002), increased risk for epilepsy (Verity & Golding,
1991), and MTS (Cendes et al., 1993; Van Paesschen et al., 1996; Kim et al., 1999;
Theodore et al., 1999; Pittau et al., 2009). Histologic studies indicate loss of specific
neuronal populations (Blüumcke et al., 1999; Crespel et al., 2002), and visualizing three-
dimensional (3D) profiles of local hippocampal atrophy may elucidate pathology related to
FS.

Radial atrophy mapping (RAM) computes distances from a structure's center to reconstruct
neuroanatomic surfaces and visualize local changes in surface anatomy. These distances can
be averaged and compared across groups or covaried with other clinical data. Hippocampal
RAM on patients with TLE predicted postsurgical outcome, with seizure-free patients
displaying greater presurgical hippocampal asymmetry than those not seizure free after
temporal lobectomy (Lin et al., 2005). A recent RAM study found a difference in
hippocampal surface anatomy between two electrographically distinct forms of epilepsy
(Ogren et al., 2009).

We used RAM to investigate the effects of depressive symptoms, febrile seizure history, and
epilepsy duration on hippocampal surface anatomy in 40 subjects with TLE.

Methods
Subject selection

Forty patients (16 female; mean age 34 years, range 16–56 years) who had been referred to
the National Institute of Neurological Disorders and Stroke (NINDS) Clinical Epilepsy
Section for uncontrollable seizures were included. All had unilateral TLE (23 left-sided) and
complex partial seizures, with or without secondary generalization, as established by ictal
video electroencephalography (EEG) monitoring. All subjects completed a Beck Depression
Inventory II (BDI-II) and a structural MRI. A history of FS and age at onset of epilepsy
(recurrent nonfebrile seizures) were established by patient and family (when available)
interview, as well as medical record review. Because of the retrospective nature of the data,
we were unable to collect reliable information on febrile seizure length and semiology. MTS
diagnosis was made by a neuroradiologist on T2-weighted MR images. Patients were taking
a wide variety of antiepileptic drugs (AEDs), but were not currently on antidepressant
therapy, although past exposure was reported. The subjects had been included in a separate
study measuring hippocampal volume in patients with depression (Shamim et al., 2009). The
study was approved by the National Institutes of Health (NIH) Brain Internal Review Board.

Depressive symptoms
Subjects scoring ≥14 on the BDI-II were designated as presenting with symptoms of
depression (Beck et al., 1996). The BDI cut-off we chose has a sensitivity of 90% and
specificity of 99% for depression screening (Lasa et al., 2000).

MR imaging and processing
Thirty-five subjects underwent 1.5-Tesla (T) coronal 3D spoiled gradient recalled (SPGR)
acquisition [matrix 256 × 256 with 0.9375 × 0.9375 × 1.5 mm resolution, echo time (TE): 3,
repetition time (TR): 27, acquisition time (TA): 20, FOV 240 mm, number of excitations
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(NEX): 1] MRI scans (GE, Milwaukee, WI, U.S.A.); three subjects had axial MRI scans
using the same imaging sequence and scanner. Two subjects underwent 3T sagittal 3D fast-
SPGR acquisition (matrix 256 × 256 with 0.9375 × 0.9375 × 1.5 mm resolution, TE: 3, TR:
6, TA: 12, FOV 240 mm, NEX: 1) MRI scans (Phillips 5 Achieva 3T, The Netherlands). All
images were loaded onto a Linux-based system and visualized using MEDx (Medical
Numerics, Germantown, MD, U.S.A.). We applied a nonparametric nonuniform intensity
normalization (N3) to correct for artifactual differences in intensity inhomogeneity (Sled et
al., 1998). Corrected images were normalized by linear (12 parameter) transformation to a
default MNI template using Statistical Parametric Mapping (SPM2) software
(http://www.fil.ion. ucl.ac.uk/spm) and resliced into 1 mm × 1 mm × 1 mm voxels using the
default SPM2 trilinear interpolation.

The hippocampus was traced in the coronal plane by a single-blinded rater (AF) using
MultiTracer software (Laboratory of Neuroimaging, UCLA). Briefly, the first slice traced
was the posterior hippocampal border where gray matter could be differentiated along the
lateral ventricle medial border. The CA fields, dentate gyrus, and subiculum were included
in all tracings; the protocol was modified to exclude the fimbria. The alveus served as the
superior and anterior borders of the hippocampal head. Traces were verified in axial and
sagittal views, and a standard neuroanatomic atlas consulted when necessary (Duvernoy,
2005). The intraclass correlation coefficient (ICC) was 0.84 for the hippocampus
contralateral (CHC) and hippocampus ipsilateral (IHC) to the epileptic focus on six subjects
randomly selected for retracing (Shrout & Fleiss, 1979). Subjects with right-lateralized
seizure foci had hippocampal traces flipped, so that left-side was ipsilateral to the seizure
focus in all subjects.

Radial atrophy mapping
Hippocampal traces were extracted in uniform contour file (UCF) format. 3D parametric
surface mesh models were created from each contour, with surface points spatially uniform
within and across slices for group averaging (Thompson et al., 2004). Each hippocampus
central core was derived as a medial curve threading down the centroid. The hippocampus
was split into dorsal and ventral halves along the medial curve. The radial distance (from
central core to each surface point) was digitally recorded at each 3D boundary point on
hippocampal mesh models. Subjects were divided into diagnostic groups, and radial size
was averaged within each group. Averaged radial size at each point was compared across
groups using analysis of variance (ANOVA). A color-coded representation of local atrophy
[ratio (R)-map: showing percent atrophy in one group versus the other] and corresponding
significance (p-value) maps were generated for each comparison. We also analyzed duration
of epilepsy as a covariate that might influence radial size. We used multiple linear regression
to identify effects of independent covariates, including FS history, BDI score, epilepsy
duration, MTS, and side of seizure focus.

To correct for multiple comparisons and establish an overall p-value for each contour
segment, we ran permutation tests simulating random subject assignments, yielding
reference distributions used to determine chance probability of observing overall effect
patterns (Thompson et al., 2003). Permutations can be used to assess significance of diffuse
rather than focal atrophy, since all points across a 3D anatomic surface are tested
(Thompson et al., 2004). We ran one million iterations at a threshold of p < 0.05 for the
ipsilateral and contralateral dorsal and ventral segments, corresponding to inferior and
superior segments of our template (Fig. 1). The resulting permutation test reports the
likelihood of observing a greater proportion of the surface as significant (p = 0.05) by
chance alone.
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Statistical analysis
We used Student's t-test and Pearson's correlation coefficient to examine relationships
between subject data and hippocampal volumes. Fisher's exact test was used to compare
nominal data.

Results
Subject characteristics

Twenty-one subjects (53%) met criteria for MTS on MRI. Fifteen subjects (38%) reported a
history of FS (FS+). Eleven (28%) had a score ≥14 on the BDI-II (range 16–43; mean 25 ±
9.8). Although, following previous studies (Lasa et al., 2000), we used the total BDI-II score
in our classification (including both affective and somatic symptoms), all patients with
scores ≥14 endorsed several affective symptoms; 8 of 11 had scores ≥14 based on affective
symptoms alone.

Average epilepsy duration varied [mean ± standard deviation (SD) 20.0 ± 15.5, range 2–50
years]. Average IHC volume was 1,388.0 ± 536.4 mm3 (mean ± SD) (range 421.9–2,281.5
mm3), and average CHC volume was 1,776.0 ± 410.5 mm3 (mean ± SD) (range 730.3–
2,735.9 mm3) on normalized MRIs. As might be expected, the CHC was significantly larger
than the IHC (t = 3.63, p < 0.001).

Subject age was negatively correlated with IHC (r = −0.47, t = 3.27, p < 0.01) but not CHC
volume (r = 0.08, t = 0.46). Epilepsy duration was also negatively correlated with IHC (r =
−0.49, t = 3.46, p < 0.01) but not CHC volume (r = 0.0, t = 0.0). There were no statistically
significant correlations between BDI scores and hippocampal volume (ipsilateral, r = −0.19,
t = 1.19; contralateral, r= −0.15, t = 0.95).

Febrile seizures
FS+ patients (n = 15) were significantly older, had longer epilepsy duration, smaller IHC
volume, and more frequently had MTS than those without FS history (FS−) (Table 1).

A qualitative assessment of the atrophy maps shows that FS+ patients had increased
hippocampal atrophy in areas corresponding to CA3 and the CA1-subiculum border in the
CHC compared to FS− (Fig. 2). IHC atrophy was more diffuse, with a large deformation
across superior and inferior portions of hippocampal head and anterior hippocampal body as
well as along inferior portions of hippocampal tail. After the effects of epilepsy duration,
gender, seizure focus hemisphere, and BDI score were regressed out as covariates (Fig. 2C),
statistical significance of atrophy in CHC changed minimally, whereas the statistical
significance of IHC atrophy decreased.

After multiple regression, permutation tests for FS+ versus FS− subject volume differences
failed to reach statistical significance in dorsal CHC (p = 0.50), ventral CHC (p = 0.12),
dorsal IHC (p = 0.92), and ventral IHC (p = 0.86).

Depression
Subjects classified as depressed by the BDI-II (n = 11) were not significantly different by
any reported measure and did not have an increased incidence of FS compared to
nondepressed subjects (Table 2).

A qualitative assessment of the atrophy maps shows that depressed subjects had increased
hippocampal atrophy in the CHC and IHC compared to nondepressed subjects (Fig. 3). The
most significant hippocampal atrophy was confined to the superoanterior portion of the
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CHC, in the area corresponding to the superior aspect of the hippocampal head, running
along the entire mediolateral extent of the hippocampus, and possibly representing a
deformation in all CA fields. There is also atrophy in the anterolateral aspect of the CHC,
along an area corresponding to CA1-subiculum border. Although the R-map shows a diffuse
decrease in IHC radial distance, few regions reached statistical significance. There was no
change in statistical significance after epilepsy duration, gender, seizure focus hemisphere,
and FS history were regressed out as covariates.

After multiple regression, permutation tests for depressed versus nondepressed subjects
showed a trend toward significance in the dorsal CHC segment (p = 0.054). The ventral
CHC (p = 0.26), dorsal IHC (p = 0.94), and ventral IHC (p = 0.82) segments were not
statistically significant.

Epilepsy duration
We used epilepsy duration as a covariate of local hippocampal atrophy to assess a linear
relationship between the two variables. A qualitative assessment of the atrophy maps shows
that epilepsy duration was negatively correlated with hippocampal radial distance across the
entire IHC extent, with little deformation of the CHC (Fig. 4). The negative correlation was
statistically significant along the inferior aspect of the IHC corresponding to subiculum, as
well as the lateral aspect of the IHC corresponding to CA1. Only FS history and BDI-II ≥14
diagnosis were regressed out as covariates. The extent of statistically significant atrophy in
IHC decreased after multiple regression.

Before multiple regression, p-values were significant in both the dorsal (p = 0.004) and
ventral (p = 0.004) segments of the IHC, but neither segment of the CHC (dorsal: p = 0.55;
ventral: p = 0.83). After multiple regression, p-values were no longer significant for the
ventral IHC (p = 0.88) or dorsal IHC (p = 0.50), as well as the ventral CHC (p = 0.74) and
dorsal CHC (p = 0.57).

Mesial temporal sclerosis
Subjects with MTS identified on MRI had significantly decreased radial distance across the
entire extent of the IHC before and after multiple regression (Fig. 5). The extent of
statistically significant atrophy across the CHC appeared to be reduced after multiple
regression. After multiple regression, p-values were significant in the dorsal IHC (p =
0.0003) and ventral IHC (p = 0.0003), but not the dorsal CHC (p = 0.13) and ventral CHC (p
= 0.25).

Discussion
Using RAM, a relatively new approach to hippocampal structural analysis, we found that
patients with a history of FS, and BDI-II ≥14, had evidence for atrophy contralateral as well
as ipsilateral to the seizure focus, suggesting that both FS and depressive symptoms have
widespread effects.

Although RAM is a reliable method for detecting differences in surface morphology across
groups, interindividual variation in substructures complicates histologic interpretation of
these differences. Surface deformations may reflect inner subfield as well as hippocampal
surface atrophy. Moreover, use of different tracing protocols may affect the surface position
of hippocampal substructures across reported studies using RAM. Our study's amended
tracing procedure produced volumes about half as large as reported in healthy volunteers
(Pruessner et al., 2000); part of this difference can be explained by exclusion of the fimbria
(Hsu et al., 2002) and possible bilateral hippocampal atrophy associated with TLE. Our
results are comparable to those reported in some previous RAM studies in TLE (Lin et al.,
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2005), but lower than in others (Ogren et al., 2009). The absolute volume measurements
would not affect detection of bilateral effects of FS or depressive symptoms.

After multiple linear regression to correct for the effects of epilepsy duration, MTS,
depressive symptoms, and side of seizure focus on hippocampal radial distance, FS+
subjects had statistically significant decreases in radial distance in the CHC but not IHC.
IHC volume loss in FS+ relative to FS− subjects has been reported (Bernasconi et al., 2005),
although this relationship was not significant in another study (Bower et al., 2000). A history
of FS may not affect IHC surface morphology in TLE.

The pattern of CHC surface deformation in FS+ subjects in our study is indicative of MTS,
with atrophy in areas corresponding to CA1 and CA3 and relative sparing of the area
between the two subfields. Previous studies have documented the relation of FS to MTS
(Cendes et al., 1993; Van Landingham et al., 1998; Theodore et al., 1999). Because only a
minority of our patients with MTS had no history of FS, we used multiple regression to
isolate factors contributing to CHC atrophy. Qualitatively, the extent of statistically
significant decreases in radial distance along the CHC was not appreciably reduced by
multiple linear regression.

Voxel-based morphometry (VBM) studies in TLE show gray matter volume reductions in
brain regions contralateral to seizure focus, although usually not in the CHC (Keller &
Roberts, 2008). A 4T MRI study of subfield volumes in patients with TLE found no
difference in CHC subfield volumes between subjects with and without MTS (Mueller et al.,
2009). However, whether volumetric studies generalize to surface mapping is unclear, since
each measures a different property of the hippocampus.

A trend toward CHC in FS+ patients with TLE has been reported (Theodore et al., 1999),
although the study did not control for MTS; it was suggested that an early global insult
caused by FS may predispose FS+ patients to CHC atrophy (Theodore et al., 1999). There
was also evidence of endfolium sclerosis identified by postmortem histology in CHC of
patients with unilateral TLE, suggesting that unilateral TLE may be associated with bilateral
hippocampal changes not identifiable using MRI or volumetry (Margeris & Corsellis, 1966;
King et al., 1995).

We found focal atrophy in the CHC in subjects with BDI ≥14. A large surface deformation
across the superoanterior aspect of the CHC is in the same anatomic position as atrophy
identified in a previous RAM study comparing elderly depressed subjects with controls
(Ballmaier et al., 2008). This study suggested that increased hypothalamic input to CA3 and
CA2 may make these neurons more susceptible to damage from corticosteroids (Herman et
al., 1989; Ballmaier et al., 2008). The idea is further supported because the internal
digitations of the hippocampal head expose these hippocampal subfields, so that this area
may provide a more sensitive measure of neuron loss. In our study, volume loss associated
with TLE may have masked this deformation in the IHC. Previous studies in patients with
TLE indicate that left hippocampal volume reduction is associated with depression
(Baxendale et al., 2005; Shamim et al., 2009). Our study is complicated by comparison of
hippocampi based on side of seizure focus. We did not find a difference in seizure focus
lateralization between subjects with symptoms suggestive of depression and those with
fewer symptoms. Our data suggest a bilateral effect of depression on hippocampal surface
anatomy in TLE, but comparing left and right hippocampi explicitly may reveal unilateral
effects of depression.

We also report that decreased IHC radial distance is associated with increased duration of
epilepsy and MTS. Our finding is consistent with cross-sectional imaging studies in patients
with MTS and long epilepsy duration that show progressive hippocampal atrophy and
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hypometabolism in the seizure focus as well as areas outside the focus (Tasch et al., 1999;
Theodore et al., 1999). Ipsilateral hippocampal volume loss over 3–4 years in patients with
TLE was associated with generalized tonic-clonic (Briellmann et al., 2002) or partial (Fuerst
et al., 2003) seizure frequency. Thirteen percent of patients with newly diagnosed epilepsy
developed ipsilateral hippocampal volume decrease over 2–3 years, associated with longer
epilepsy duration and higher seizure number before treatment (Salmenperä et al., 2005). A
longitudinal study of outpatients with a variety of epilepsy syndromes over 3.5 years found
significant atrophy of hippocampus, neocortex, or cerebellum in 17% of patients and 6.7%
of controls; there was no effect of seizure frequency or epilepsy duration (Liu et al., 2005).
A cross-sectional study using VBM found no evidence for CHC atrophy, or an association
of IHC atrophy with FS, epilepsy duration, or onset age (Keller et al., 2002).

Our study showed that CHC surface morphology is not significantly different between TLE
patients with and without MTS. Although a negative correlation between CHC volume and
epilepsy duration has been reported (Jokeit et al., 1999), we failed to find an association
between duration of epilepsy and CHC volume or surface morphology. VBM and
volumetric studies have not found a definitive association between MTS and CHC volume
(Keller & Roberts, 2008; Mueller et al., 2009).

Our study had several limitations. We were unable to determine whether FS were simple,
complex, or prolonged, which limited our ability to predict a causal relationship between FS
and CHC atrophy. The relationship between FS and MTS needs additional investigation.
Fourteen children who had large hippocampal volumes and prolonged T2 relaxation time
after prolonged FS showed return toward normal values 4–8 months later, but hippocampal
volume asymmetry increased significantly, consistent either with resolution of acute edema
but development of MTS, or reappearance of a preexisting hippocampal abnormality (Scott
et al., 2003). A recent study in eight healthy adults suggested an association between a
history of simple FS and reduced hippocampal volume compared to controls (Auer et al.,
2008).

Although the BDI-II is a reliable indicator of depressed mood, we were not able to obtain a
more detailed assessment of depression for all of our subjects. The BDI-II allowed us to
characterize subjects' current depressive state and examine a linear relationship between
depressive symptoms and hippocampal volume and shape. However, the test may have
missed past depressive symptoms or a history of depression that could contribute
hippocampal atrophy. Assessing current and past depression using a Structured Clinical
Interview for DSM-IV Axis I Disorders (SCID-I) would improve our classification of
depressed and nondepressed subjects and may strengthen our results.

Quantitative statistical significance was lost after a permutation procedure. Previous studies
of the effects of depression and febrile seizures on hippocampus in TLE have not used this
rigorous approach. Permutation methods are widely used in statistical brain mapping
(Nichols & Holmes, 2002) and have been used extensively to assess the overall significance
of surface-based maps of statistics (Thompson et al., 2004). Advantages include the fact that
they are nonparametric, and do not make assumptions that the residuals of the statistical
model are Gaussian—the model is built from the null distribution of the empirical data.
Possible explanations for loss of significance in our study include relatively small sample
size (a problem common in imaging studies), as well as interactions among the variables we
wished to test. Like FS, depression is a risk factor for epilepsy, and can contribute to
bilateral hippocampal atrophy, as well as the neurotransmitter and metabolic alterations
found in patients with TLE (Hesdorffer et al., 2006; Gilliam et al., 2007; Hasler et al., 2007).
Possible links between febrile seizures and depression have not been examined.
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In conclusion, our RAM study shows that FS, and depression, are associated with specific
patterns of bilateral hippocampal atrophy in patients with TLE.
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Figure 1.
Relative position of hippocampal subfields on the contour map. Left side (superior view)
represents the dorsal segment; right side (inferior view) represents the ventral segment. The
inferior view was made by flipping the superior view along the vertical axis. Subfield
positions were adapted from Ogren et al. (2008) using a standard neuroanatomic atlas
(Duvernoy, 2005) on a group-averaged contour map.
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Figure 2.
Subjects with a history of FS have increased atrophy in the CHC. Hippocampal segments
were compared between febrile and nonfebrile subjects. (A) Ratio-map showing relative
atrophy before multiple regression. (B) Probability (p) map showing statistical significance
of atrophy before multiple regression. (C) p-map showing statistical significance of atrophy
after the effects of BDI score, duration of epilepsy, side of seizure focus, and MTS were
regressed out as covariates.
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Figure 3.
Subjects with symptoms suggestive of depression (BDI >14) have a large surface
deformation in the superior head of the CHC when compared to nondepressed subjects. (A)
Ratiomap showing relative atrophy before multiple regression. (B) Probability (p) map
showing statistical significance of atrophy before multiple regression. (C) p-map showing
statistical significance of atrophy after the effects of febrile seizure history, duration of
epilepsy, side of seizure focus, and MTS were regressed out as covariates.
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Figure 4.
Duration of epilepsy is negatively correlated with radial distance along the entire extent of
the IHC before but not after multiple regression. (A) Ratio-map showing relative atrophy
before multiple regression. (B) Probability (p) map showing statistical significance of
atrophy before multiple regression. (C) p-map showing statistical significance of atrophy
after the effects of febrile seizure history and BDI score were regressed out as covariates.
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Figure 5.
Subjects with MTS have significantly smaller radial distances across the entire IHC but not
CHC. (A) Ratio-map showing relative atrophy before multiple regression. (B) Probability
(p) map showing statistical significance of atrophy before multiple regression. (C) p-map
showing statistical significance of atrophy after the effects of febrile seizure history, BDI
score, side of seizure focus, and epilepsy duration were regressed out as covariates.
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Table 1

Characteristics of subjects with a history of febrile and subjects with no history of febrile seizures

Febrile (n = 15) Afebrile (n = 25) Sig.

Age 30.2 ± 10.7 30.2 ± 10.7 **

Epilepsy duration 29.7 ± 14.6 14.4 ± 13.2 **

Female 7 (47%) 9 (36%) NS

BDI-II 12.7 ± 8.4 10.7 ± 12.0 NS

Depressed 5 (33%) 6 (24%) NS

Mesial temporal sclerosis 13 (87%) 8 (32%) **

Left seizure focus 8 (53%) 15 (60%) NS

IHC volume 1,068.7 ± 337.2 1,579.6 ± 546.9 **

CHC volume 1,641.9 ± 336.9 1,856.4 ± 435.5 p = 0.11

Data presented as mean ± SD or total (%).

NS, not significant;

**
p < 0.01.
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Table 2

Characteristics of subjects classified as depressed and subjects classified as not depressed

BDI > 14 (n = 11) BDI < 13 (n = 29) Sig.

Age 35.4 ± 12.4 33.8 ± 12.3 NS

Epilepsy duration 23.2 ± 17.2 18.8 ± 15.0 NS

Female 5 (45%) 11 (38%) NS

Febrile seizure history 5 (45%) 10(34%) NS

Mesial temporal sclerosis 8 (72%) 13 (45%) p = 0.11

Left seizure focus 7 (64%) 16(55%) NS

IHC volume 1,208.5 ± 539.85 1,456.12 ± 508.33 NS

CHC volume 1,610.75 ± 472.54 1,838.63 ± 370.22 NS

Data presented as mean ± SD or total (%).

NS, not significant;

**
p < 0.01.
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