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Objectives: To implement and validate the use of coronal
dual echo T2 maps for the measurement of T2 relaxation
time of the amygdala (AT2) as a rapid and reproducible
method for identifying amygdala abnormality.
Methods: 20 healthy subjects and 25 patients with known
hippocampal sclerosis (HS) were studied using a dual
echo CSE sequence on a 1.5T MRI GE scanner. The T2
relaxation time of the amygdala was calculated and
measured using a previously validated method.
Results: The mean control AT2 was 88.1 ms (SD 2 ms).
The coefficient of reliability was good at 6.3% test-retest
and 7.4% inter-rater. The upper limit of normal AT2 was
92 ms. AT2 was abnormal ipsilaterally in six, and bilater-
ally in three, of 20 patients with unilateral HS. Two of five
patients with bilateral HS had unilateral abnormal AT2.
Conclusion: Reliable T2 measurements can be obtained
in the amygdala, and may be useful in the detection of
amygdala abnormality.

Hippocampal sclerosis (HS) is the most common abnor-

mality underlying intractable temporal lobe epilepsy

(TLE), with 60% to 70% of these patients becoming sei-

zure free after surgery.1

There is also electro-clinical evidence of seizure onset in the

amygdala in 10% and simultaneous onset in the amygdala and

hippocampus in 50% of patients with TLE.2

Although amygdala lesions may be seen in pathological

specimens, the detection rate by visual assessment on

magnetic resonance imaging (MRI) is very low.3 4

The identification of an abnormality in the amygdala with

non-invasive imaging is important as it could affect the extent

of the surgical procedure performed in a patient with HS and

also the post-surgical outcome in these patients. Furthermore,

the identification of an abnormal amygdala in a patient with

no overt abnormality would be very important in the consid-

eration of possible surgical treatment.2 5

Increased signal within the hippocampus on T2 weighted

magnetic resonance scans is a well known feature of HS.6 In

about 20% of patients with HS, there is also evidence of amy-

gdala disease.7 Previously described techniques for measuring

amygdala T2 relaxation times have involved the use of a 16

echo technique in an axial oblique plane parallel to and above

the long axis of the hippocampus.2 This technique prolongs

the total examination time as it requires a separate data

acquisition.

The aim of this study was first to implement and evaluate

AT2 mapping using sequences that are used for clinical imag-

ing and T2 measurements of the hippocampus8 and secondly,

to examine whether a randomly selected subgroup of patients

with HS have abnormally increased amygdala T2 measure-

ments, and whether this subgroup had specific clinical

characteristics.5

METHODS
Twenty healthy subjects and 25 patients with MRI evidence of

HS according to qualitative and quantitative criteria9 were

scanned using a dual echo conventional spin echo sequence.

All scans were obtained on a 1.5T IGE Signa Echospeed MRI

scanner (Milwaukee, WI). Twenty eight contiguous 5 mm

thick sections were obtained with the sections orientated in

the coronal oblique plane, in the same axis as the brain stem,

orthogonal to the hippocampus. The parameters were

TR=2000/TE1=30, TE2=120/1nex with a 192×256 matrix and

a 18×24 cm field of view. Amygdala T2 relaxation times were

obtained from a 5 mm section in the plane of the anterior

brain stem and anterior to the head of hippocampus.

Image data were transferred to a Sun Microsystems

(Mountain View, CA) workstation and converted to a variant

of the University of Carolina’s “/usr/image” format. Pixel by

pixel T2 maps were calculated from the images by using the

expression T2= (TE2−TE1)[In(S1/S2)], where S1 and S2 are

the signal intensity in the early echo and late echo images,

with echo times TE1 and TE2 respectively. T2 maps were pre-

sented and regions of interest drawn using the Dispimage

(University of London, London, UK) image display program.13

The section anterior to the head of the hippocampus was used

for the amygdala T2 measurements. Elliptical regions of inter-

est were placed within the amygdala and were as large as they

could be, typically 20 mm2, avoiding boundaries that would

give rise to partial volume effects (fig 1).

The T2 maps of the healthy subjects were measured twice

with an interval of two weeks by one rater and measured once

by another rater. Subsequently, the T2 maps of the healthy

subjects and the patients were blinded and again measured

twice by one rater and once by the second rater to establish

test-retest and inter-rater reliability.

Statistics
Amygdala T2 (AT2) data were analysed using SPSS 9.0 (SPSS,

Chicago, IL) on a Dell PC. Test-retest reliability and inter-rater

reliability were assessed on 40 amygdalae from the healthy

subjects and 50 amygdalae from the HS patient group by cal-

culating the coefficient of reliability,14 which is a stringent test

of repeatability and is calculated as 2 × standard deviation of

the mean difference between two measures divided by the

mean of both measures. The normal range of AT2 was defined

as the control mean (2 SD).

Fisher’s exact and Mann-Whitney tests were used to evalu-

ate the association between categorical and continuous

variables and abnormal AT2 times.
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RESULTS
Evaluation of measures of amygdala T2 relaxation
times in a control population
Data were available from 40 amygdalae in 20 healthy subjects.

There was no difference in AT2 between the left and the right

side in healthy controls. Mean AT2 in the control group was

88.1 ms with a standard deviation of 2 ms. The upper limit of

normality of AT2 was defined as the control mean (2 SD), thus

an AT2 value of greater than 92 ms was considered abnormal.

Reliability of measures
The test-retest repeatability in the total of 20 controls and 25

patients was −0.4 (2.7) ms and the inter-rater repeatability

was 0.5 (3.2) ms, which gives a coefficient of repeatability of

6.3% and 7.4% respectively.

Evaluation of measures of amygdala T2 relaxation
times in a patient population
Data were available from 50 amygdalae in 25 patients with

well documented TLE on clinical and EEG grounds—10 with

MRI evidence of right HS, with MRI evidence of left HS and

five with bilateral HS on quantitative grounds (fig 2).9

Amygdala T2 mapping in patients with right HS
Six of the 10 patients measured had normal T2 measurements—

that is, each amygdala measured less than 92 ms.
Three patients had a unilateral raised measurement on the

right side—that is, greater than 92 ms.
One patient had bilaterally increased T2 measurements. The

left measuring 92 ms and the right measuring 94.1 ms.

Amygdala T2 mapping in patients with left HS
Five of the 10 patients measured had normal T2 measurements—

that is, each amygdala measured less than 92 ms.
Three patients had a unilaterally raised measurement on

the left side—that is, greater than 92 ms.
Two patients had bilaterally increased T2 measurements but

with the left measurement greater than the right.

Amygdala T2 mapping in patients with bilateral HS
Three of the five patients had normal T2 measurements—that

is, each amygdala measured less than 92 ms.
Two patients had increased T2 measurements on the right

only. The hippocampal T2 measurements were equally
increased bilaterally.

Clinical correlates
Age of onset of seizures, history of prolonged early childhood

convulsion, duration of epilepsy, frequency of seizures,

frequency of secondarily generalised seizures, and complex

partial seizures were not significantly related to AT2 being

normal or abnormal.

DISCUSSION
AT2 mapping using the coronal dual echo conventional spin

echo technique that was used for producing proton density

and T2 weighted images and to calculate HT2, was straight-

forward to implement. The excellent inter-rater and intra-

rater repeatability indicated the method was reliable.
It was an easy and reliable technique to perform and can be

added to the current routine measurement protocol, with a
processing and measurement time of five minutes per case.

In accordance with other studies of AT2 measurements,2

44% of patients with HS also had an increased AT2 ipsilateral
to increased HT2 and bilateral raised AT2 in 3 of 20 (15%),
with the higher AT2 value ipsilateral to the HS.

The placement of the region of interest requires care and as
the slice thickness of the imaging sequence is 5 mm, there may
be some partial volume effect with tissue other than amygdala
being included in the measurement. It is possible that there
could be some residual high signal tissue from the
hippocampus present in the region, and great care was taken
to guard against this.

Figure 1 Placement of region of
interest on T2 calculated image.

Figure 2 Boxplot (showing median, quartiles, smallest and largest
values, and outlier) of the T2 measurements of the ipsilateral
amygdala in patient group with unilateral hippocampal sclerosis in
comparision with the contralateral amygdala of same group and the
control group.
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The spatial resolution of the T2 maps does not permit reli-

able measurements of individual amygdala subnuclei.

As already discussed, the dual echo method is easy and reli-

able to acquire but although it gives a reproducible result, the

values given are not the true T2 values compared with the 16

echo technique.8 In a clinical setting however, in which the

important issue is whether the value is normal or not, this is

not a concern.

As with studies of amygdala volumetrics,10–12 there were no

evident clinical correlations to the coexistence of high AT2

with HS.

The pathological basis of increased AT2 has included

amygdala sclerosis and micro dysgenesis.2 As the patients

were randomly selected for this study, only three have

proceeded to surgery and the pathological material is not

available as piecemeal removal of the amygdala is used in

anterior temporal lobe resection at our hospital.

Post-surgical follow up studies will determine whether

raised AT2 affects outcome after anterior temporal lobe resec-

tion and may lead to different surgical approaches for patients

with high or low AT2. The further application of this technique

will permit routine measurement of the AT2 and permit

exploration of the relevance of raised AT2 values in patients

with no visually evident abnormality and normal hippocam-

pal quantification. These studies are now underway.
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