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Juting blocks of affectively
Jeaative still pictures. Bilateral activation in the amyg-
bl that was significantly correlated with the changing
Julence of the visual stimuli was found in all three
gubjects. These findings are consistent with the large
Jorpus of data from non-human studies suggesting that
Jte amygdala is a key structure for extracting the affec-
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] ECHO-PLANAR functional magnetic resonance imaging
EP-MRI) was used to study the activity of the amyg-

hbe while three normal female subjects viewed alter-
neutral and affectively

give significance from external stimuli. This is the first

Jbown report of phasic amygdala activation detected

§rith EP-fMRI in normal human subjects responding to

Buffective stimuli.
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{ntroduction

Disruptions in affective behavior resulting from
{emporal lobe insults were first documented more
{itan a century ago.! Brown and Schafer noted disrup-
fions in emotional behavior, including tameness,
fncreased  oro-alimentary  exploration,  reduced
{eeding and abnormal sexual behavior, in several
wecies of monkeys following temporal, but not
jucipital lobe resections. Kluver and Bucy??® redis-
fovered this phenomenon (the Kluver-Bucy syn-
qfome) in rhesus monkeys following gross temporal
jobe lesions. Non-human studies underscore the
dentrality of one temporal lobe structure, the amyg-
{lla, in affective processes. Weiskrantz* performed
e first specific study of the neuroanatomical basis
§if the Kluver-Bucy syndrome. Bilateral amygdala
ghltion in rhesus monkeys produced the classic
Aivpoemotional response to threatening stimuli. In a
quique study, Downer® prepared split-brain monkeys
Hith a unilateral amygdalectomy and a lesion to the
{ptic chiasm. When presented with threatening visual
Jomuli to the eye (hemisphere) with the amygdala,
4 monkey showed an appropriate fear response.
fWhen the same stimuli were presented to the eye
ghemisphere) without the amygdala, no response was
Soduced. In rodents, the amygdalae have been
B&iown to be necessary for involuntary affective

=
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behavior such as the conditioned fear response.s”
Without the amygdalae, rats can neither learn, nor
once learned, express a conditioned fear response.

Evidence related to the function of the amygdalae
in human affective processes is inconclusive and
largely derived from brain-damaged patients. Bechara
and colleagues® compared human patients with
either complete amygdala, hippocampus or amygdala
and hippocampus damage on performance in a
conditioning task. Using skin conductance to index
conditioned affective associations, the patient with
amygdala damage failed to acquire stimulus—affect
associations, but correctly identified the target
stimuli (the conditioned stimuli). The patient with
hippocampus damage acquired the affective associa-
tions, but could not identify the target stimuli. The
patient with both amygdala and hippocampus damage
failed in both respects. Patients with damage to the
amygdalae also show impairment in the recognition
of facial expressions of fear.” However, Tranel and
colleagues'® showed that a patient with complete
bilateral destruction of the amygdalae was able to
acquire non-conscious associations between strangers
and the affective valence of their behavior.

Several studies have used positron emission tomog-
raphy (PET) to examine regional cerebral blood flow
or glucose metabolism in the amygdalae in response
to affective manipulations.!”!> With the exception of
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two recent studies that used MRI-PET co-registra-
tion techniques to isolate activity in the amyg-
dalae,'#> the findings from other studies are
questionable due to constraints in the spatial resolu-
tion of PET which make it impossible to isolate
amygdala activity from that of other nearby struc-
tures.

Functional magnetic resonance imaging (fMRI) has
better spatial resolution than PET and a temporal
resolution that better approximates the time course
of affective responses. The current study examined
human amygdalae activation in response to viewing
affective visual stimuli using fMRI in a normal human
sample. We hypothesized that bilateral activation in
the amygdalae would increase when subjects viewed
affectively negative rather than neutral pictures.

Materials and Methods

fMRI uses the principles of MRI to non-invasively
detect local changes in blood oxygenation coincident
with changes in local neuronal activity.'"® Imple-
mentation of this technique requires a paradigm that
produces alternating brain states every tens of
seconds, during which functional images are obtained
every few seconds. Changes in MR signal between
alternating states reflect changes in neuronal activity.
In the current study, the alternatmg states were nega-
tive affect (produced by Vlewmg aversive pictures)
and no affect (produced by viewing neutral pictures).
Subjects: Six female right-handed subjects (age
18-32 years) were recruited through advertisements in
the Department of Psychology and paid $50.00 (US)
for their participation. All subjects signed a consent
form which was approved by the Institutional Review
Board. The experiment took place in three sessions.
Session 1 acquainted subjects with the procedures
using a mock scanner. Session 2 was the actual scan-
ning session. In Session 3, subjects made ratings of the
pictures to which they were exposed.
Stimulus presentation: Still pictures were selected
from the International Affective Picture System
(IAPS).”” Based on the large-sample valence (posi-
tive—negative) ratings, pictures were selected as
neutral (e.g. a book) or negative (e.g. a mutilated
face). Moderately positive pictures (e.g. sunset) were
selected for a control trial. Pictures were presented
on a screen located at the foot of the scanner bed
and subjects used a mirror built into a standard head
coil to see the screen while in the supine position.
Pictures were presented under computer control and
synchronized with the start of the scanner for each
trial. A trial consisted of 11 blocks of five valence-
constant pictures, with each picture presented for 6.6
s. The first trial consisted of blocks of only positive
pictures. The second trial consisted of alternating
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blocks of neutral and negative pictures, always begin-
ning and ending with a neutral block.

Scanning protocol: An initial anatomical scan was
used to locate the amygdalae in each subject with
reference to a standard atlas.”® Three contiguous
5 mm coronal slices with the middle slice centered
on the amygdalae were prescribed from which func-
tional data were acquired. A gradient-echo echo-
planar pulse sequence (TE =50ms, TR = 1500 ms,
flip angle =90° matrix = 128 x 64, FOV =40x 20,
NEX=1) was wused to acquire functional
images (246 per slice per trial) using a GE Signa 1.5T
(General Electric, Waukesha, WI) scanner equipped
with Advanced Nuclear Magnetic Resonance
(ANMR, Boston, MA) whole-body gradients. A
three-dimensional Spoiled GRASS pulse sequence
(TE =14 ms, TR =35 ms, flip angle = 35°, matrix=
256 x 256, FOV =20x20, NEX =1) was used to
acquire whole-brain anatomical images.

Results

Manipulation check: The subjects’ picture ratings
confirmed that the intended manipulation of affec-
tive response was successful. The difference in valence

ratings across subjects between the neutral (5.18: §
0.58, mean + s.d.) and negative (2.45 + 0.57) pictures §
was significant (t(53) = 17.60, p < 0.001; 1 = negative _
- purpose of
convolved v

to 9 = positive).

Head motion detection and correction: 'The image
data were examined for signs of head movement. Thi
included both visual examination for signs of gross
head movement, and examination of correlational
patterns. The latter was accomplished by cross-corre-
lating the MR time course of pixels in the region of
interest (ROI), the amygdala, with all other pixels in
the image. High correlations (positive or negative)
between the ROI and the rim of the image are sugges-
tive of head movement.!” Three of the six subjects
had activation patterns consistent with movement
artifact. Image data were then motion corrected with
the automated image registration (AIR)? algorithm
using the first image in the time series as the refer-
ence image. The inferred head movement based upon
the correlation procedure in the three subjects was
corroborated by comparing the results of the time
course analysis (described below) between the uncor-
rected and AIR-corrected data. For the three subjects
whose data we present, there were no correlational
patterns suggestive of head movement, and analysis
of the uncorrected and AIR-corrected data yielded

. . . . 3
virtually identical results. The head movement in the

other three subjects was judged to be too severe for
motion correction.
Time course analyses: Time course analyses were

conducted on the motion-corrected data by
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gomputing a three-parameter (i.e. amplitude, slope,
‘ Jrean) least-squares fit between a reference function
2l scan was und the MR image pixel values which yields a corre-
jubject with §uion coefficient indexing the goodness of fit.*' The
. contiguous gference function was a box-car corresponding to
Bte presentation of alternating picture blocks. The
‘Fremodynamic delay between change in picture blocks
8 change in MR signal was 3 s (i.e. two functional
mges). The first picture block was 6 s (four func-
wnal images) longer than subsequent blocks to

lways begin-

fice centered
which func-
_echo echo-

g(= 1500 ms,
V = 40 x 20,

. functional fRmsure an accurate measure of the baseline MR signal.
E Signa 1.5T @Tus, a phase offset of six functional images was
her equipped W for all analyses. The Student’s ¢ threshold for
' Resonance ~Be correlation coefficient was set at 2.3 [p <0.01,

= 237; (246 images—6 offset images—3 parameters)].
se sequence @atomical co-registration and subject averaging:
5°, matrix = @he least-squares analysis yields a statistical para-
as used to | baric map (SPM) identifying those regions which
e significant  paradigm-correlated  activation.
inalysis of Functional Neurolmages (AFNI)*? was
sed to co-register the SPMs with the anatomical
mges. This allows precise anatomical localization of
fe areas of activation, as well as transformation into
dairach® coordinates, which then permits compar-
ons across subjects.
Figure 1 shows representative time courses from
pixel with the maximum value of Student’s ¢ from
right and left amygdala of one subject. For
rpose of visualization, these time courses were
nvolved with a 22-point (width of the picture
Hocks) Hamming window to remove high frequency
bmponents which are a function of image-to-image
fuctuations  (e.g. shot-to-shot variability) during
kquisition. The fitting procedure for these pixels
ilded a Student’s ¢t of 4.99 and 2.83, and activation
rcentage change in signal from neutral to negative
cure blocks) of 1.86% and 0.85% for the right
bop) and left amygdala (bottom), respectively. The
biterns of these time courses are consistent with the
othesis that there was an increase in activation in
amygdalae when subjects were viewing negative
her than neutral pictures. There were no pixels
th significant paradigm-correlated activity in the
vgdalae during the trial where subjects saw only
sitive pictures. Significant activation in the amyg-
1 was found in all three subjects, though not in
exact location and not at the same levels. The
simum Student’s ¢ ranged from 2.75 to 4.99 with
ivation ranging from 0.75% to 1.86% for the right,
42,50 to 3.53 with activation ranging from 1.14%
4 1.36% for the left amygdala.
Figure 2 shows areas of common activation across
w0 different pairings of the subjects. The activation
ipresented co-registered with anatomical images in
sirach coordinates with coronal, axial and sagittal
ws shown (the left side of the coronal and axial
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FIG. 1. Reference function (broken line) and MR signal (solid line)
from a single pixel in the right (top} and left (bottom) amygdala
from Subject 1. Beginning and ending with neutral picture blocks,
the MR signal reveals an oscillation that is in good correspondence
with the alternation of picture blocks.

images is the subject’s right). Figure 2, left, shows
bilateral foci of activation in the medial region of the
amygdalae (Talairach coordinates: x = £15, y =6, z
=—11; Subjects 1 and 2). The average activation for
these pixels ranges from 0.50% to 1.50%. Figure 2,
right, shows a focus of activation in the lateral region
of the right amygdala (Talairach coordinates: x = 26,
y =6, z =-12; Subjects 1 and 3). The average acti-
vation for these pixels ranged from ~0.50% to 1.85%.
The values of the color bars indicate the upper bin
boundaries. Note that this figure displays only pixels
in these planes that were common across subjects,
but bilateral activation in the amygdala was found in
all subjects.

Because our hypothesis was about amygdalae
activation, the planes shown in Figure 2 were
selected to display activation in the amygdalae to
the exclusion of other planes. However, common
activation in other regions in these planes is evident.
For example, in addition to the robust amygdalae
activation, the coronal view in the left panel in Figure
2 reveals a small focus of activation (yellow) in the
region of left insular cortex as well as a small focus
of activation (red) in the lateral right temporal lobe.
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FIG. 2. Coronal (top), sagittal {middle) and axial (bottom) views of anatomical images showing coregistered activation foci. The images are
presented in the Talairach coordinate system. Left: bilateral amygdala activation common to Subjects 1 and 2, with coordinates for the foci
in the right and left amygdala being x =-15, y = -6, z=~11, and x =-15, y = -6, z =~11, respectively. Right: unilateral (right) amygdala activa-
tion common to Subjects 1 and 3, with the coordinates of the focus being x =-26, y =-6, z = -12. Color scale indicates average percentage
increase in signal between neutral and negative picture blocks where the values are the upper boundaries of the bins.

1768 Vol 7 No 11 29 July 1996

Human am

If the viewir
significant in
expect other
in the limited
functional in

Discussiol

Using a nc
f resolution ne
brief affectiy
b capable of |
 cortical struc
 first time in
f the amygdal:
 visual stimul
E creased whes
| neutral still
and builds u
. human lesior
} dala as the nc
¢ the affective ¢
 In this study
- of the stimuli
F This change
signal intenst
 in local neu

observed MR
. between ~0.51
- tical regions 2
 of these types
| in the process
and, therefor
 between thes:
We do not
Eings are assoc
s or with ne
tigators have
amygdalae in
 have implied
 Until a comy
 between amy:
tive and pos:
| remain unresc
Finally, the
Lamygdala sho
§ activation in rq
o this region.



neurofgeport

B0% 0.74% 0.99% 1.24%  1.99% A% 0.74% 085% 124%

o visws of
¢

s picture blocks where




W. Irwin et al , Hman amygdala activation

neurofgeport

Al the viewing of the negative pictures resulted in a
Finificant increase in non-specific arousal, one would
Govect other regions of activation to emerge. In fact,
Fnthe limited region (1.5 cm) from which we obtained
‘functional images such activation was not found.

Piscussion

@ Using a non-invasive technique with the temporal
rsolution necessary to capture the time course of a
hief affective response and a spatial resolution
Faable of localizing the activation of small sub-
Horical structures, we have demonstrated for the
ist time in a normal human sample activation in
&) amygdalae in response to affectively negative
@ual stimuli. Activation in the amygdalae was in-
Jrused when subjects viewed negative rather than
butral still pictures. This finding is consistent with,
%ud builds upon, the findings from non-human and
man lesion studies that have identified the amyg-
Bila as the neural structure responsible for extracting
$:affective content from stimuli in the environment.
%0 this study, it was the affective saliency (valence)
rthe stimuli which changed between picture blocks.
his change was correlated with variations in MR
bonal intensity in the amygdalae, reflecting changes
% local neuronal activity. The magnitude of the
Sserved MR signal increase in the amygdalae ranged
Fuween ~0.50 and 1.85%. Other cortical and subcor-
Bl regions are obviously involved in the processing
‘W these types of stimuli, but those regions are active
# the processing of both neutral and negative pictures
&, therefore, not revealed as significant changes
Peween these conditions in activation levels.

We do not know from this study whether our find-
s are associated with the activation of affect per
& or with negative affect in particular. Some inves-
®::ors have claimed a very general role for the
vgdalae in all affective behavior,”* while others
ve implied a specific role for fear-related affect.’
il a comparison in the same subjects is made
eween amygdalae activation in response to nega-
pe and positive affective stimuli, this issue will
main unresolved.

Finally, the fact that we observed activation in the
igdala should not be interpreted as showing that
ivation in response to negative pictures is restricted
tthis region. In this study, we only imaged a limited
bion of brain activity, Our laboratory is now
nducting studies that include whole-brain acquisi-
ho while both negative and positive affective states
s generated. Only with such data will we be in a
tion to describe the circuitry that participates in
wiive processes.

=3

ifoci. The images are
prdinates for the fac
kht) amygdala activa- ;
average percentage

Conclusion

This study is the first to show MR signal changes
in the human amygdalae produced in response to
affective stimuli. Our findings are consistent with the
results from non-human and human brain damage
studies on the role of the amygdala in affect and
extend those studies to normal humans. Because only
negative affect was manipulated in our paradigm, we
cannot address whether amygdala activation is a non-
specific component of the generation of all affect,
independent of valence, or whether it is specific to
negative affect. Future studies will utilize whole-brain
fMRI during both positive and negative affective
states in both normal individuals and patients with
affective disorders so that the detailed circuitry that
subserves affect, differentiates between positive and
negative affect, and is abnormal in psychopathology,
can be better understood.
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