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Abstract The study aimed to investigate the volume of

the olfactory bulb (OB) in patients with temporal lobe

epilepsy (TLE). Specifically, we wanted to see whether the

olfactory deficit typically found in TLE patients also exerts

a top-down influence on the OB. Twenty patients, and 20

age- and sex-matched healthy controls underwent olfactory

testing by means of the Sniffin0 Sticks testing device

(measurement of odor threshold, and identification abili-

ties). In addition, they underwent an MR scan with 2-mm-

thick T2-weighted fast spin-echo images without interslice

gap in the coronal plane covering the anterior and middle

segments of the base of the skull. Olfactory function was

significantly impaired in TLE patients compared to healthy

controls both at threshold level and for odor identification

(p \ 0.001); in addition, OB volumes were smaller than in

controls (p = 0.013). The deficit seen at the level of the

OB did not correlate with the side of the epileptic focus.

Assuming that the olfactory deficit in TLE patients is due

to the central nervous epileptic focus it appears that the OB

volume is not only subject to changes in the periphery of

the olfactory system, but also changes as a consequence to

changes at a cortical level.
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Introduction

The olfactory bulb (OB) changes with olfactory function

[20, 23, 28, 32]. Most of the observations relate to bottom-up

influences. This means that the OB volume decreases in

relation to missing input, either following experimental

severing of the olfactory fibers or lateralized blockage of the

naris [28], destruction of olfactory receptor neurons fol-

lowing infections of the upper respiratory tract [31], or the

assumed rupture of olfactory fibers following head trauma

[6]. There are only a few examples which allow us to

hypothesize that this change in volume is also the case in

central nervous diseases affecting the sense of smell, e.g.

Parkinson’s disease [29], major depression [21], Alzhei-

mer’s disease [25] or schizophrenia [27]. However, at least

for Alzheimer’s disease [3, 7] or schizophrenia the function

of olfactory receptor neurons has been shown to be com-

promised [2, 26]. Accordingly, the change of the OB volume

may be due to either peripheral or central nervous damage.

The aim of the present study was to investigate olfactory

function and OB volume in patients with temporal lobe

epilepsy (TLE). This group of patients has been shown

repeatedly to have a reduced sense of smell [5, 9, 14, 18,

30]. Assuming that the olfactory deficit was also present in

our group of patients, we hypothesized that they should

also exhibit a decreased OB volume. This was based on the

assumption that OB volume is not only due to bottom-up

but also to top-down influences with central nervous pro-

cessing being affected in TLE.
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Materials and methods

Participants

The participants included 20 patients (10 men, 10 women;

mean age, 46.6 years; age range, 22–69 years) with uni-

lateral temporal lobe epilepsy and 20 healthy normal

control subjects (10 men, 10 women; mean age, 46.8 years;

age range, 22–67 years) matched for gender, and age.

Unilaterality of the symptomatology was established by

unilateral seizure origin and unilateral focal preponderance

of interictal epileptiform discharges in the EEG, unilateral

MRI findings, and the results of neuropsychological testing

during routine clinical workup; all of the patients partici-

pated in a presurgical epilepsy program. All patients were

on therapeutic levels of antiepileptic medication. None had

ever experienced olfactory auras.

Twenty healthy controls without history of chemosen-

sory disorders were selected to match the patient group in

gender and age; these subjects were randomly selected

from a previous investigation [4] that utilized exactly the

same techniques for investigating the OB and olfactory

function.

Detailed information about the experiment was given to

all participants and written consent was obtained. All

aspects of the study were performed in accordance with the

Declaration of Helsinki. The study protocol was approved

by the local Ethics Board of the Faculty of Medicine of the

Technical University of Dresden (numbers EK190207).

Olfactory testing

A detailed history was taken from all subjects. They were

instructed not to eat or to drink anything but water 1 h prior

to the measurements, in order to avoid chemosensory

desensitization. Odor thresholds for phenlethylalcohol (a

rose-like odor) were assessed monorhinally in all individ-

uals by means of the ‘‘Sniffin’ Sticks’’ test kit [15, 17]. In

addition, odor identification was measured in a birhinal

fashion using the 16-item kit from ‘‘the Sticks’’.

Magnetic resonance imaging (MRI)

All examinations were performed using a 1.5-Tesla mag-

netic resonance imaging system (Sonata Sonata; Siemens,

Erlangen, Germany) with a cp-head coil. Volumes of the

right and left OB were determined using 2-mm-thick

T2-weighted fast spin-echo images without interslice gap

in the coronal plane covering the anterior and middle

segments of the base of the skull. Measurements of OB

volume were performed by manual segmentation of the

coronal slices through the OBs using the AMIRA 3D

visualization and modeling system (Visage Imaging,

Carlsbad, USA) (Fig. 1). As suggested by Yousem and

colleagues (1996, 1997, 1998), the sudden change of

diameter at the beginning of the olfactory tract was used as

the proximal demarcation of the OB. Measurements were

performed ‘‘blinded’’ to the individual status. OB volumes

were calculated by planimetric manual contouring (surface

in mm2) and all surfaces were added and multiplied by two

because of the 2-mm slice thickness to obtain a volume in

mm3 (see Fig. 2 for a series of coronal slices through a pair

of OBs).

Statistical analyses

Data were analyzed by means of SPSS 19.0 (SPSS Inc.,

Chicago, IL, USA). Analyses of variance for repeated

measures and t tests were used wherever appropriate. The

level of significance was set at 0.05.

Results

Psychophysics: TLE patients versus controls

When comparing birhinal measurements for odor identifi-

cation, controls (M = 14.4, SD = 1.3) scored significantly

Fig. 1 Illustration of MRI with the tracings for the volumetry of the

olfactory bulb. The area of interest is magnified; left and right OB

(arrows) are outlined
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higher than TLE patients (M = 11.0, SD = 2.2) (t test:

t[38] = 5.81, p \ 0.001). Also, controls scored higher for

odor thresholds (controls: left M = 7.2, SD = 2.1; right

M = 8.0, SD = 2.7; TLE patients: left M = 4.6,

SD = 2.4; right M = 4.1, SD = 2.4) (factor ‘‘group’’:

F[1,38] = 21.7, p \ 0.001).

Psychophysics: side of focus versus ‘‘healthy’’ side

in TLE patients

When running comparisons in TLE patients only with

regard to the side of focus, patients with left-sided

focus (n = 11) were less sensitive on the left side

compared to people with a right-sided focus (n = 9)

(thresholds focus left side: M = 3.43, SD = 2.04;

thresholds focus right side: M = 5.97, SD = 2.03;

t test: t[18] = 2.78, p = 0.012). For the right side no

significant group difference was found (thresholds

focus left side: M = 3.55, SD = 2.57; thresholds focus

right side: M = 4.86, SD = 2.22; t test: t[18] = 1.21,

p = 0.24).

Correlations across all participants

Across all participants we found a significant correlation for the

left OB volume and odor identification (r28 = 0.43, p = 0.024)

but not odor threshold (r28 = 0.31, p = 0.11); for the right OB

we found a similar constellation (odor identification:

r28 = 0.42, p = 0.027; odor threshold: r28 = 0.26, p = 0.18).

The OB was only measurable in 14 patients; in six

patients, either imaging of the OB had not been performed

or the quality of the images, probably due to movement

artifacts, was considered too poor to allow reliable analysis

of the OB. Data from these 14 patients were compared to

the results from 14 controls matched for age and gender

(TLE patients: 8 men, 6 women; mean age, 44.5 years; age

range, 25–69 years; controls: 8 men, 6 women; mean age,

46.9 years; age range, 26–67 years).

OB volume: TLE patients versus controls

Controls exhibited larger OB volumes than TLE patients

(controls: left M = 68.3, SD = 13.9; right M = 69.4,

Fig. 2 Series of coronal slices through a pair of olfactory bulbs, from

the frontal beginning of the OB until its transition into the olfactory

tract which is delineated by a sudden change in diameter of the

structure. MRI measurements were performed with a 1.5-Tesla

scanner (Sonata Vision; Siemens, Erlangen, Germany) using an 8

channel-head coil. The investigation protocol included one whole

brain anatomical sequence without interslice gap (5-mm-thick

standard T1-weighted 3D sequance) for every participant to rule out

any organic brain disorders. The OB sequence included acquisition of

2-mm-thick T2-weighted fast spin-echo images without interslice gap

in the coronal plane covering the anterior and middle segments of the

base of the skull. Images were offline processed and left and right OB

limits were drawn manually on each coronal slice using the AMIRA

3D visualization and modeling system (Visage Imaging, Carlsbad,

USA). OB volumes were calculated by planimetric manual contour-

ing (surface in mm2) and all surfaces were added and multiplied by

two (2-mm slice thickness) to obtain a volume in mm3. The change of

diameter at the beginning of the olfactory tract was used as the distal

demarcation of the OB
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SD = 14.4; TLE patients: left M = 54.6, SD = 13.7; right

M = 54.9, SD = 15.4) (factor ‘‘group’’: F[1, 26] = 7.04,

p = 0.013).

OB volume: side of focus versus ‘‘healthy’’ side in TLE

patients

When running comparisons in TLE patients only with

regard to the side of focus, no significant difference was

found (left-sided OB volume: patients with a left-sided

focus (n = 7): M = 50.2, SD = 7.0; patients with a right-

sided focus (n = 7): M = 59.0, SD = 17.8; right-sided

OB volume: patients with a left-sided focus: M = 50.9,

SD = 12.0; patients with a right-sided focus: M = 58.9,

SD = 18.3) (t[12] \ 1.23, p [ 0.23) (Fig. 3).

Discussion

Our results indicated that (1) olfactory function was sig-

nificantly impaired in TLE patients compared to healthy

controls both at threshold level and for odor identification,

and (2) in addition, OB volumes were smaller in TLE

patients than in controls. The deficit seen at the level of the

OB did not correlate with the side of the focus.

These results confirm major portions of the literature on

olfactory function in epilepsy. While differences are found

in some investigations for odor identification only and not

for odor thresholds, other studies—at the present—report a

deficit at both threshold and suprathreshold level [5, 9, 14,

18, 30]. Interestingly, in contrast to work provided by

others [8, 16, 35] the present findings indicate a significant

decrease of olfactory sensitivity at the side of the focus

which appears to be intuitive, and also corresponds to

previous electrophysiological data [14]. These differences

between studies may be due to, for example, differences in

sample size or olfactory tests used.

The major finding of this study was that OB volume is

decreased in TLE patients compared to controls. This is

similar to changes in the OB volume observed in patients

with olfactory loss due to head trauma [10, 12, 20, 34],

infections of the upper respiratory tract [20, 24], or sinu-

nasal disease [11]. In addition, changes in OB volume have

been observed in depression [21], Alzheimer0s disease

and schizophrenia [27]. In healthy subjects the OB also

decreases with age [4, 33].

Considering the changes we see in TLE patients, there is

increasing evidence for changes of olfactory function sec-

ondary to changes at a cortical level. A number of inves-

tigations in patients with peripheral olfactory loss revealed

correlations between OB volume and odor thresholds, but

not as frequently between OB volume and suprathreshold

measures of olfactory function, i.e. odor discrimination and

odor identification abilities. Provided that odor thresholds

are more closely related to peripheral function [13, 19],

these results support the idea that OB volume is more

directly related to peripheral input than to higher central

nervous processing of olfactory information. This hypoth-

esis has to be reassessed, as top-down projections from the

olfactory cortex to the OB is reported to be much heavier

than bulbo-cortical afferent projection [22]. The specific

functional role of these projections however, are not yet

known in detail.

A drawback of the present study is that the volume of

the olfactory cortex as without such assessment one has to

be more careful with speculations on the present findings

especially with regard to the question whether the observed

OB atrophy would be related to a possible atrophy of the

olfactory cortex. In addition, it is interesting to note that

function was impaired dependent on the side of the epi-

leptic focus while OB volume was not. This maybe due to

the variability of the OB measures; however, it may also be

hypothesized that anti-epileptic medication exerted an

effect on OB volume.

In conclusion, when assuming that the olfactory deficit in

TLE patients is due to the central nervous epileptic focus, it

appears that the OB volume is not only subject to changes in

the periphery of the olfactory system [1], but also changes

in response to changes at a cortical level. However, it has to

be acknowledged that the number of patients and controls

was relatively small (14 patients and 14 controls) and thus,

these findings need further confirmation.

Fig. 3 MRI from a female patient with left-sided hippocampal

sclerosis (age 21 years) and left-sided epileptic focus. Odor thresholds

for phenyl ethyl alcohol were 2.75 for left-sided testing and 1.5 for

right-sided testing, which is not indicative of a significant difference

[36]. Olfactory bulbs were slightly smaller on the left (46.9 mm3)

compared to the right side (58.5 mm3)
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