
A R T I C L E S

Emotion can affect perception, memory and behavior1,2, with emo-

tional events receiving prioritized attention and enhanced process-

ing3–6. Functional neuroimaging studies show that emotionally

negative (for example, fear-related) visual stimuli activate not only

brain areas traditionally implicated in emotion, such as the amyg-

dala1,7, but also the visual cortex8–10. Thus, seeing faces with fearful

expressions produces greater activation of the face-responsive areas of

the fusiform cortex than does seeing faces with neutral expres-

sions9,11,12. Similarly, face-selective neurons in the monkey temporal

cortex show enhanced responses to threatening expressions as com-

pared to neutral expressions13. It has been speculated that such

increases in neuronal activity may reflect a boost in perceptual analysis

caused by “feedback” or reentrant influences from the amygdala14–16.

Here we provide a direct test of this proposal using functional neu-

roimaging in human subjects with or without amygdala damage.

The amygdala has a central role in fear processing1,17–19. It has

extensive connections with many cortical and subcortical areas,

including back-projections to the visual cortex that may modulate

sensory processing in these areas based on emotional signals20,21. To

date, there was only indirect evidence supporting this putative modu-

latory role9,22. Monkeys with bilateral amygdala lesions disregard

aversive visual stimuli18,23, and in humans, surgical excision of tem-

poral regions, including the amygdala, can abolish the detection

advantage for negative over neutral stimuli4. But no study has directly

tested whether amygdala damage specifically disrupts the enhanced

neural response to emotional stimuli in distant visual areas.

Using whole-brain fMRI in humans, we tested the prediction that

lesions in the amygdala would eliminate the enhanced activation typ-

ically exhibited by the occipital and fusiform visual areas in response

to fearful (compared to neutral) faces, even when these areas

remained intact. We studied patients with the well-characterized syn-

drome of medial temporal lobe sclerosis24,25, either involving or spar-

ing the amygdala26,27. These patients were initially selected based on

clinical signs of left-sided sclerosis, but (as described below) some

also showed various degrees of right sclerosis, which allowed us to test

the effect of damage to either side of the amygdala. Matched healthy

controls also participated. During event-related fMRI, patients and

controls were presented with faces with fearful or neutral expressions

at task-relevant or task-irrelevant positions. Our findings provide the

first direct demonstration that structural damage to the amygdala

(but not to the hippocampus) eliminates the increased activation that

normally occurs in the visual cortex in response to emotional facial

expressions, but does not affect the enhanced fusiform-cortex activity

linked to voluntary attention to faces based on task relevance. We also

show by voxel-based volumetry that amygdala damage has a func-

tional impact on the distant visual cortex despite the latter remaining

structurally intact.

RESULTS

We studied 13 patients who had sclerotic damage to both the amygdala

and the hippocampus (the AH group); 13 patients who had sclerotic

damage limited to the hippocampus, sparing the amygdala (H group);
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Emotional visual stimuli evoke enhanced responses in the visual cortex. To test whether this reflects modulatory influences

from the amygdala on sensory processing, we used event-related functional magnetic resonance imaging (fMRI) in human

patients with medial temporal lobe sclerosis. Twenty-six patients with lesions in the amygdala, the hippocampus or both,

plus 13 matched healthy controls, were shown pictures of fearful or neutral faces in task-releant or task-irrelevant positions

on the display. All subjects showed increased fusiform cortex activation when the faces were in task-relevant positions. Both

healthy individuals and those with hippocampal damage showed increased activation in the fusiform and occipital cortex

when they were shown fearful faces, but this was not the case for individuals with damage to the amygdala, even though

visual areas were structurally intact. The distant influence of the amygdala was also evidenced by the parametric

relationship between amygdala damage and the level of emotional activation in the fusiform cortex. Our data show that

combining the fMRI and lesion approaches can help reveal the source of functional modulatory influences between distant

but interconnected brain regions.
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To determine the functional impact of amygdala damage on dis-

tant, structurally intact areas, we exploited an event-related fMRI par-

adigm previously used in healthy volunteers11. We manipulated

emotional expression (fearful or neutral) on the faces displayed to the

subjects and manipulated the subjects’ focus of attention (faces being

either attended or ignored), and used these conditions as orthogonal

factors in a 2 × 2 design. On each trial, pictures of two faces and two

houses were briefly shown together (250 ms). On any given trial, both

faces had the same expression: either neutral or fearful, in a random-

ized sequence (Fig. 1). Participants were told before each of the two

blocks of trials to focus on just one pair of stimuli at a time (either the

vertical or the horizontal pair) and to judge whether they were the

same or different. Because the target of focus and the facial expres-

sions were randomized across trials, participants could not anticipate

a particular type of stimulus or emotion. Behavioral performance

during fMRI did not differ between groups (Fig. 1 and Table 1).

Modulation of visual cortex by selective attention

We first examined the effect of attention on fMRI, comparing, in each

patient group separately, the trials in which participants judged faces

only versus the trials in which they judged houses only. As

expected11,33, bilateral fusiform regions were activated in all groups

when the focus of attention was on the faces (Fig. 2a–c and Table 2).

These data confirm that participants attended selectively to the stimuli

as instructed, reliably activating the fusiform cortex for task-relevant

faces. These fusiform activations did not differ between groups, as

confirmed by a voxel-by-voxel comparison across the whole brain for

all 39 participants: no area showed significant group × attention inter-

action, except for greater activation of the left entorhinal and parahip-

pocampal cortices in N compared to AH and H, consistent with

medial temporal sclerosis32 (x y z coordinates = –21 –21 –21 and –27

–39 –21, respectively, F > 11.2, P < 0.001).

Modulation of visual cortex by selective attention

We next examined the main effect of emotion in each group sepa-

rately, comparing the effect of fearful faces in all trials to that of neu-

and 13 normal volunteers (N group) who were matched to the demo-

graphic characteristics of the affected patients (Table 1 and Methods).

Amygdala and/or hippocampal sclerosis was assessed by tissue inten-

sity on structural MRI, using conventional spin-echo dual echo images

known to provide reliable quantitative assessment of sclerotic lesions

in medial temporal lobe structures24,25. The amygdala and/or hip-

pocampus were classified as abnormal when average tissue intensity,

measured using a standard procedure24,28 by T2 MRI values through-

out the volume of either structure, was at least 2 s.d. above the mean of

normal controls (see Methods). ANOVA on these T2 values showed a

significant triple interaction between following factors: group (AH

versus H), region (amygdala versus hippocampus) and hemisphere

(right versus left) (F1,24 = 8.45, P = 0.008). As expected, both the AH

and H groups showed higher T2 intensity, indicative of sclerosis, in the

left hippocampus compared to their own right hippocampus or to the

hippocampi of the healthy population (t12 > 9.21, P < 0.001; see 

Table 1). Hippocampal sclerosis did not differ between AH and H

patients (t24 = 1.15, nonsignificant). However, AH patients showed

higher T2 intensity in the left amygdala (t12 = 5.61, P < 0.001). The H

group did not (t12 = 1.09, nonsignificant), as damage to the subjects in

this group was restricted to the hippocampus. The severities of hip-

pocampal and amygdala sclerosis were not correlated (r = 0.275,

P = 0.18; ref. 26). The average T2 signal in the right amygdala was also

higher in AH patients than in H patients (t24 = 2.41, P = 0.024), despite

initial clinical selection on the basis of left-sided sclerosis only (see

Methods), indicating some degree of bilateral structural losses. This

allowed us to examine the role of structural lesions parametrically on

either the left or right side (see below). Note that factors other than

amygdala damage (temporal sclerosis and medical history) were con-

trolled for by comparing the AH and H groups (Table 1), thus mini-

mizing any general effects due to temporal lobe disease and

epilepsy29,30. All groups had structurally intact cortex outside the

medial temporal lobe. Indeed, in a direct voxel-by-voxel morphomet-

ric analysis31,32, no other brain region showed significant differences

in gray-matter volume between patient groups (all P > 0.05 corrected),

as confirmed in more detail below for visual areas.

A R T I C L E S
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Table 1 Demographic and behavioral data for each group of participants (mean ± s.d.)

A+H H only N controls

Age 34.8 (±9.4) 36.7 (±8.4) 35.9 (±8.6) n.s.

Male/female 7:6 5:8 7:6

R/L handedness 12:1 12:1 12:1

L hippocampus sclerosis T2 intensity (ms) 95.5 (±1.2) 93.6 (±3.6) 86.6 (±2.5) AH = H > N (*)

R hippocampus sclerosis T2 intensity (ms) 87.7 (±1.5) 86.7 (±1) 86.6 (±2.5) AH = H = N

L amygdala sclerosis T2 intensity (ms) 94.5 (±1.6) 88.1 (±1.8) 88 (±2) AH > H (*); H = N

R amygdala sclerosis T2 intensity (ms) 89.2 (±2.9) 85.9 (±2.3) 88 (±2) AH > H (**); H = N

L hippocampus volume (mm3) 1932 (±384) 1807 (±414) - - n.s.

R hippocampus volume (mm3) 2964 (±383) 2647 (±423) - - n.s.

Cranial volume (cm3) 155 (±22) 147 (±15) - - n.s.

Age at onset (years) 6.6 (±4.6) 7.2 (±7.8) - - n.s.

No. of seizures/month 6.2 (±5.9) 7.6 (±9.9) - - n.s.

No of drugs/day 2.23 (±0.9) 2.15 (±0.8) - - n.s.

Total drug dose (mg) 826 (±898) 898 (±906) - - n.s.

WAIS-R IQ-P 102.7 (±16.7) 98.6 (±15.7) - - n.s.

WAIS-R IQ-V 95.7 (±12.9) 90.3 (±9) - - n.s.

Behavior during fMRI:

Accuracy (% correct) 73.6 (±18.1) 69.0 (±20.7) 72.3 (±19.3) n.s.

Reaction time (ms) 975 (±186) 985 (±250) 874 (±224) n.s.

*P ≤ 0.001, **P ≤ 0.02.
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tral faces, irrespective of the spatial attention of the subjects. This gave

rise to activation of the right amygdala in all three groups, regardless

of whether faces were task relevant or not (confirming previous find-

ings related to this paradigm11; see Table 2 and Supplementary Fig. 1

online). Emotional expressions had a similar effect on the left amyg-

dala but in N and H patients only, consistent with the major left

amygdala damage in group AH.

Our main question concerned how brain areas distant from but

connected to the amygdala, such as the visual cortex, would respond

to fearful faces. As expected8,9,11, the healthy N group showed signifi-

cantly higher bilateral activity in the fusiform and extrastriate cortices

in response to fearful versus neutral faces (Fig. 2d and Table 2), con-

sistent with the enhanced visual processing of emotional stimuli13. A

similar pattern of increased activation in response to fearful faces ver-

sus neutral faces was found in H patients in the (predominantly left)

fusiform cortex, as well as in other areas (Fig. 2e and Table 2). AH

patients, however, showed no effect in the fusiform regions, not even

at a low statistical threshold (P < 0.05 uncorrected). They showed

only a weak increase in response to fearful faces in the left posterior

inferior temporal gyrus (Fig. 2f and Table 2). Thus, amygdala sclerosis

in AH patients abolished the enhanced neural responses to fearful

faces normally seen in distant fusiform areas, and also found here for

both healthy controls and for patients in the H group.

This difference between groups in visual activation in response to

fearful faces was confirmed by three further analyses. First, we ana-

lyzed in each group the main effect of emotional versus neutral faces

within those fusiform voxels responding to task-relevant faces (as

determined by the orthogonal main effect of attention). Fusiform

activity was significantly enhanced by fearful expressions for the 

N group in both hemispheres and across both attentional conditions

(that is, with faces in a task-relevant or task-irrelevant position;

Fig. 2g,h). The H group showed similar fusiform enhancement,

greater in the left hemisphere (Fig. 2i) than in the right (see Table 2).

By contrast, AH patients showed only a weak response to emotion,

and in just a single voxel of face-responsive regions in the posterior

left temporal cortex (Fig. 2j), with no significant effect in the fusiform

cortex on either side (not even at threshold of P < 0.05 uncorrected).

Second, we performed a voxel-wise analysis across the whole brain

for all 39 participants to identify any areas in which activation by fear-

ful versus neutral faces differed as a function of group (that is, for

which there was an interaction between group and the main effect of

emotion). This revealed significant differences in bilateral temporal

regions (Table 2, and Fig. 3), including in the bilateral fusiform and

left occipital cortices, as well as in the right superior temporal sulcus

and in the right anterior cingulate cortex. In all these regions, the

interaction was a result of greater activation by fearful faces for the N

and H groups than for the AH group (Table 2, and Fig. 3e,f). Note that

this bilateral loss in visual enhancement of cortex activation for AH

patients is consistent with the fact that, as a group, they showed higher

T2 sclerosis values in the amygdala on both sides (see above), even

though they were initially selected based on left-side sclerosis only.

Ipsilateral  amygdala-cortical modulations

Finally, and notably, we performed a parametric analysis to identify

brain regions, in individual subjects, where activation by fearful ver-

sus neutral faces differed in direct proportion to the severity of struc-

tural amygdala sclerosis on either side. Instead of splitting affected

patients into two different groups as before (H versus AH), we now

pooled them all together in a multiple regression analysis. Statistical

parametric mapping (SPM) contrasts from the main effect of fearful

minus neutral faces were computed for each participant as a depend-

ent variable, while structural T2-intensity values in the amygdala or

hippocampus (left or right side separately) for each individual served

as four independent predictors within a single regression model (see

Methods). This allowed us to test for regions across the whole brain

where differential responses to fearful minus neutral faces were

attenuated as a linear function of increased structural sclerosis (as

indexed by T2 intensity24,28) in either the amygdala or hippocampus.

When examining the effect of the left amygdala T2 values, we found a

significant relationship between the amount of sclerosis and reduced

emotional activation in the visual cortex, particularly in the left pos-

terior fusiform (Fig. 4a) and left occipital cortices (–3 –99 3, T = 3.38,

P < 0.001). A similar relationship was found in the left medial hypo-

thalamus (Fig. 4c), left retrosplenial cortex (–12 –48 21, T = 3.91,

P < 0.001), left hippocampus (–39 –24 -12, T = 4.02 P < 0.001), bilat-

eral anterior cingulate cortex (15 57 0, –9 57 –9, T > 3.58, P < 0.001),

right parietal operculum (48 –6 24, T = 3.67, P < 0.001) and right

superior temporal sulcus (42 –48 18, T = 2.86, P < 0.005). Likewise,

when we examined the effect of right amygdala T2 values in the same

parametric analysis, we also found increased sclerosis to correlate

Figure 1 Sample visual stimuli. Two faces and

two houses appeared on each trial, with each pair

showing either the same items (half of all trials) or

different items from the same category (other half

of trials). Faces were either vertically or

horizontally aligned (half of trials each), and both

bore the same expression in each trial (fearful or

neutral). In one block of trials, participants

judged only the vertical pair (same/different)

while ignoring horizontal stimuli, whereas in

another block of trials, they judged only the

horizontal pair while ignoring vertical stimuli (64

trials each). Block order was counterbalanced

across participants and groups. An ANOVA on

accuracy and reaction times showed similar performance across AH, H and N (see Table 1; mean 71.6% correct, mean reaction time 945 ms; no group

effects, F2,36 = 0.34 and 0.86, respectively). There was an effect of attended stimulus category (more errors and slower responses for faces versus houses:

67% versus 77% correct, 1,004 ms versus 886 ms, F1,36 = 16.6 and 24.1, respectively; P < 0.001), but none related to emotion (for fearful versus neutral

faces in the display, 71% versus 73% scored correctly, reaction times were 958 ms versus 930 ms, F1,36 = 0.61 and 2.57, respectively, P > 0.12). There

was no interaction between attention and emotion or between either of these and the group factor in behavior. Eye position was recorded throughout scanning

(Applied Science Laboratory, Bedford, Massachusetts) and showed no systematic differences between conditions or groups (data available for offline analysis

in seven participants in each group; ANOVA on mean displacement during a 250-ms period after stimulus onset, with factors of group, attended location,

attended category and emotion: all F values < 2.4, P > 0.10).

A R T I C L E S
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A R T I C L E S

with reduced emotional responses in visual cortex, but this time in

the other (but once again ipsilateral) hemisphere: in the right poste-

rior fusiform cortex (Fig. 4b) and the right peristriate cortex (12 –84

24, T = 3.18, P = 0.002). These were almost mirror images of the left-

hemispheric effects that correlated with left amygdala T2 sclerosis

(Fig. 4a). Thus, although the subjects were initially clinically selected

based on left sclerosis (see Methods), our results show that the vary-

ing degrees of sclerosis of the right amygdala had a significant

impact, exerting a parametric effect on visual activation by emo-

tional faces within the same ipsilateral hemisphere.

These data indicate that, across all subjects, the degree of differen-

tial activation in the visual cortex by  faces with fearful expressions

was reduced by the amount of sclerotic amygdala tissue within the

ipsilateral hemisphere. We found no such parametric correlation of

emotional activation in distant brain areas to structural T2 values in

the left or right hippocampus, confirming that our results are spe-

cific to amygdala sclerosis. We also performed further regression

analyses including independent covariates for amygdala and hip-

pocampal T2 sclerosis, plus two other covariates to model any inter-

action due to coexisting lesions in both structures34, by combining

together the T2 values from both regions on each side (see Methods).

This again confirmed the selective impact of amygdala sclerosis on

visual areas, without any differential effect owing to sclerosis in both

the amygdala and the hippocampus (which showed a correlation

only with entorhinal-cortex activity on both sides, and with activity

in right retrosplenial regions). Figure 4d illustrates the inverse rela-

tionship between the effect of emotion on the left fusiform cortex

and left amygdala (but not hippocampal) T2 sclerosis intensity for

trials with task-relevant as well as task-irrelevant faces (see also

Supplementary Fig. 2 online).

Our parametric analyses thus identify a network of brain regions

(including the fusiform cortex) in which an increased response to

fearful, as compared to neutral, faces depends on the integrity of the

amygdala. The greater the degree of amygdala sclerosis, the smaller

the differential response to fearful faces in all these distant areas. We

do not believe that medial temporal lobe disease was responsible for

this influence, as neither hippocampal sclerosis alone, nor an interac-

tive combination of amygdala-and-hippocampal sclerosis, produced

any parametric effect on cortex responses to emotional visual stimuli.

Although the effect of fearful faces on the bilateral fusiform and

temporo-occipital areas was eliminated in the AH group, these visual

areas were nevertheless structurally intact, as shown by normal mod-

ulation during attention to faces and by structural analysis. Indeed,

voxel-by-voxel morphometry31,32 applied to the visual regions show-

ing a distant functional response to amygdala damage (see above and

Methods) revealed no differences in gray-matter density between

patient groups (even at threshold of P < 0.05, uncorrected).

Moreover, no correlation was found between left- or right-amygdala

T2 and gray-matter density in these visual regions.

DISCUSSION

Our study demonstrates that an intact amygdala is necessary for the

enhanced activation of distant areas—including face-responsive

regions in the extrastriate cortex and early occipital areas—in

1274 VOLUME 7 | NUMBER 11 | NOVEMBER 2004  NATURE NEUROSCIENCE

Figure 2 Activation by attention and emotion.

(a–c) SPMs showing main effects of attention

(faces > houses at task-relevant locations,

irrespective of emotion), overlaid on the mean

anatomical scan for each group (threshold

P < 0.01 for illustration). Activation of fusiform

cortex by attention to faces was found similarly in

all three groups. (d–f) SPMs showing main effects

of emotion (fearful > neutral faces, irrespective of

attention). Activation of fusiform and posterior

temporal cortex by fear was found in normal

controls (d) and in patients with hippocampal

damage only (e), but not in patients with

amygdala damage (f; see dotted ellipses). 

(g–j) Average parameter estimates of activity 

(± s.e.m.) showing effects of emotion in face-

responsive regions of fusiform cortex, plotted for

all conditions in each group. Volumes of interest

in fusiform were defined by the main effect of

attention (faces > houses, threshold at P < 0.05)

and then inspected for activation by emotional

expression. In healthy group N, fearful

expressions produced significant increases (g) in

right anterior fusiform (96 voxels showing joint

effects of attention and emotion; peak

coordinates 39 –45 –24, T = 4.33, P < 0.05

corrected for small volume of interest) and (h) in

two left fusiform regions (total 13 voxels

activated; anterior peak coordinate –42 –78 –9, 

T = 2.88; anterior peak coordinates –45 –45 –21,

T = 2.74; P < 0.007 uncorrected). (i) In patients

with left hippocampal damage only (H group), fearful expressions also increased activity in two regions of left fusiform (total 39 voxels; anterior peak

coordinates –36 –60 –21, T = 5.41; posterior peak coordinates –27 –75 –12, T = 3.44; P < 0.05 corrected for small volume). (j) In patients with additional

damage to left amygdala (AH group), fearful expressions produced significant increases in just one single face-selective voxel of posterior inferior temporal

gyrus (–42 –72 –21, T = 3.53, P = 0.002 uncorrected). There was no significant fear-related increases in fusiform in this group, including left anterior

fusiform activated by attention to faces (maximum fear trend found at coordinates –45 –60 –24, T = 1.66, P = 0.06 uncorrected). Fear-related effect were

similarly found in posterior right fusiform for H but not AH patients (see Table 2).
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A R T I C L E S

response to faces with fearful expressions. Amygdala lesions can thus

change the functional pattern of activation to emotional stimuli in

regions that are distant from the amygdala itself. This provides the

first direct evidence supporting previous speculation that enhanced

activation to fearful stimuli in these distant sensory regions depends

on amygdala function9,13,14,20–22. Although temporal lobe disease is a

complex and variable medical condition30, our comparison of

patients with AH and H damage (in addition to our analyses of para-

metric structural loss) helped us control for potential confounding

factors stemming from the presence of temporal-lobe disease or

epilepsy and from treatment.

We were further able to show that the influence of the structural

integrity of the amygdala on functional activations in the visual cor-

tex operates predominantly via ipsilateral connections. This was

clearly indicated by the parametric correlation between emotional

enhancement in the left or right extrastriate areas, with T2 sclerosis

intensity in left or right amygdala, respectively. These data suggest

that the emotional modulation of visual areas by the amygdala is

organized in a largely symmetrical manner in both hemispheres.

These results are consistent with anatomical studies of connectivity

in monkeys20,21 and humans35 showing direct projections from the

amygdala to many ipsilateral areas along the cortical visual pathways,

including to the striate and temporal cortex. Our work expanded

upon these studies, directly demonstrating that these projections had

a functional significance. Previous animal studies provided only

indirect evidence, including enhanced activity of face-selective neu-

rons in the temporal cortex in response to emotional facial expres-

sions13, or deficits in visual behavior and learning after lesions were
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Table 2 SPM peaks of activation for each group

N controls H patients HA patients

Main effects of attention: faces relevant > irrelevant

x y z t x y z t x y z t

L post fusiform –39 –72 –18 5.03 –30 –72 –23 6.05 –39 –78 –18 4.14

L ant fusiform – – –39 –51 –27 4.98 –42 –54 –24 3.51  *

R fusiform 42 –51 –27 4.49 42 –66 –33 5.99 45 –48 –27 4.44

R lateral occipital 54 –72 3 5.22 45 –81 –9 4.25 42 –78 –15 3.35  *

L sup temporal sulcus –45 –45 9 5.43 –54 –36 6 4.72 – –

R sup temporal sulcus 54 –42 –3 4.13 51 –51 9 4.37 45 –48 9 3.01  *

R inferior frontal – – 51 15 –9 4.24 54 21 0 4.14

R middle frontal – – 45 6 33 6.61

Main effect of emotion: fearful > neutral faces

x y z t x y z t x y z t

L fusiform –54 –63 –18 3.69 –36 –60 –21 5.41 – –

L inferior temporal –39 –66 –3 5.26 –27 –75 –12 3.44   * –30 –90 –18 3.88

L middle temporal –60 –51 –6 4.32 –45 –60 15 4.20 – –

L peristriate –15 –72 27 3.78 –21 –90 15 5.44 – –

R fusiform 33 –45 –18 5.15 39 –78 –18 3.26    * – –

R sup temporal sulcus 54 –42 –18 4.45 48 –42 –9 3.37   * – –

R amygdala 24 –3 –21 4.29 33 –9 –27 5.06 16 –12 –24 3.79

L amygdala –15 –3 –21 3.62   * –18 –9 –18 2.37   # – –

R insula 33 12 –15 5.63 48 0 –6 3.06    * 51 3 –6 4.35

L insula –39 12 –15 3.99 24 9 9 3.87 – –

L inferior frontal – – – – –48 24 6 6.17

Group differences for emotion ANOVA: interaction Contrast: fear effect

fear effect × group N + H > AH group

x y z F t

L striate –6 –99 3 13.4 4.89

L post fusiform –36 –69 –9 8.27 3.56

L medial fusiform –18 –66 –12 3.39   * 2.50   #

L ant fusiform –36 –45 –15 3.03   * 2.81   *

L sup occipital –21 –90 12 8.15 3.63

L lateral occipital –48 –75 12 6.73 3.66

L lingual –15 –93 –15 4.97 3.15   *

R medial fusiform 15 –66 –18 7.25 3.48

R ant fusiform 36 –39 –18 6.06 2.77   *

R post fusiform 27 –72 –12 4.72 2.91   *

R lat occipital 42 –78 –3 7.54 3.77

R lingual 12 –66 –9 6.61 2.79   *

R sup temporal sulcus 57 –42 –12 6.03 3.04   *

R rostral cingulate 18 48 0 6.12 3.43

Coordinates (x y z) are given in MNI space. For t-test contrasts, all P ≤ 0.001 uncorrected except *P ≤ 0.005, #P ≤ 0.01 (random effects). For ANOVA F-tests, all P ≤ 0.01,

except *P ≤ 0.05.
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remaining patients had already proceeded to surgery). In line with pre-

vious studies showing no effect of unilateral focal amygdala lesions on

explicit judgments of expression39,40,42, none of these AH patients

exhibited any significant impairment with respect to explicit recogni-

tion of facial expression (correct choice for fearful = mean 70% ± 10%

in 4 AH patients, versus 64% ± 6% in 8 controls; total correct for all 6

basic expressions = 77% ± 5% in AH, 75% ± 2% in controls; all t <

1.22, P > 0.25 (P. Rotshstein and P. Winston, personal communica-

tion)). Moreover, unilateral amygdala lesions may not impair con-

scious subjective emotional experiences either43. We therefore suggest

that the enhancement of sensory responses by the amygdala (as shown

here for the visual cortex) might be more critical for eliciting adaptive

allocation of processing resources based on affective values4,14, and for

boosting perceptual analysis and memory of threat stimuli15,21,38,

rather than for explicit appraisal of facial emotion. Future studies

could adapt our approach to examine how modulation of distant

visual areas by the amygdala might contribute to subsequent enhanced

memory for faces with affectively salient expressions38,44,45.

In our study, amygdala damage also reduced differential responses

to fearful faces in other brain regions beyond the visual cortices,

including in the left medial hypothalamus, the retrosplenial cortex,

and the hippocampal region. All are directly connected with the

amygdala, forming a coordinated network regulating responses to

emotional events17,46. Amygdala sclerosis also reduced emotional

Figure 3 SPMs of emotion × group interaction

(threshold P < 0.01 for illustration). (a–d) ANOVA

across the whole brain showed that the main

effect of fearful versus neutral faces differed

between groups in (a) bilateral fusiform and lateral

occipitotemporal areas (b) left striate occipital

cortex, and (c,d) right superior temporal sulcus

(STS). (e,f) Parameter estimates of the relative

size of effect in this ANOVA (arbitrary units, mean-

centered) for peaks in (e) left fusiform (–36 – 69

–9) and (f) left striate cortex (–6 –99 3), showing

increased activation to fearful expressions in both

N controls and H patients, but not AH patients.

Right STS showed the same pattern.

A R T I C L E S

made in the amygdala18,23,36. Our new results support proposals21

that one function of amygdala projections is to enhance sensory pro-

cessing of emotional stimuli. Further, although previous neuroimag-

ing studies of healthy subjects have reported increased activation of

the visual cortex in response to fear-related stimuli8,11, here we show

for the first time that this activation depends on the integrity of the

amygdala, and that it therefore truly results from emotional evalua-

tion of the stimuli, rather than simply relating to particular visual

features that might be extracted in a feedforward manner within

visual cortex itself. The sites of emotional modulatory effects within

the striate and fusiform cortices were very similar in our study to

those found in previous reports9,11,37.

Our orthogonal manipulation of attention confirmed that the

influence of the amygdala on the fusiform cortex can be dissociated

from modulation by attention in our paradigm11 (but see ref. 37 for

different task conditions). The effects of expression and attention

were additive in controls and H patients, and amygdala damage in AH

patients affected only the fear-related activations, not the attention

effect. These amygdala influences, which can boost visual processing

of fearful stimuli, provide a plausible neural substrate for the prioriti-

zation of emotional stimuli over neutral stimuli in perception3–5 and

for the formation of subsequent memories1,2,17,22,38.

However, this amygdala modulation of visual processing is presum-

ably not necessary for explicit recognition of fearful expressions12,

because such judgments are not consistently impaired in humans with

unilateral amygdala lesions, even when these lesions are more exten-

sive than the focal sclerosis in our subjects39–42. Owing to clinical con-

straints, it was not possible to test all of the present patients on explicit

behavioral judgments of emotion. However, several of our patients

underwent more precise tests (P. Rotshtein and P. Winston, personal

communication) using a facial-expression classification task40 (the

1276 VOLUME 7 | NUMBER 11 | NOVEMBER 2004  NATURE NEUROSCIENCE

Figure 4 SPM parametric analysis. (a) Higher T2 intensity of sclerosis in

left amygdala was inversely related to the main effect of fearful minus

neutral faces in distant left posterior fusiform cortex (–24 –78 –15, 

T = 3.66, P = 0.001). (b) Symmetrically, higher T2 intensity in right

amygdala was inversely related to the effect of fearful expressions in distant

right posterior fusiform cortex (36 –71 –15, T = 3.47, P = 0.001). (c) A

similar correlation between higher left amygdala T2 intensity and reduced

activation to fearful faces was found in left medial hypothalamus (–6 –12

–15, T = 3.51, P = 0.001) and other regions connected to the amygdala

(see text). (d) Difference in activation to fearful minus neutral faces in left

fusiform plotted against T2 sclerosis intensity in left amygdala across the

26 patients (AH and H), showing a reliable correlation both when faces

were task-relevant (R = –0.29) and when task-irrelevant (R = –0.38). There

was no such correlation with T2 sclerosis intensity in left hippocampus

(0.09 and –0.06, respectively). See also Supplementary Figure 2.
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A R T I C L E S

responses in the right superior temporal sulcus (STS) and rostral cin-

gulate cortex, which have previously been implicated in emotional

and social processing47. Our new findings indicate that activation in

response to emotional faces in these regions also depends on amyg-

dala integrity, rather than just on local processing alone.

In conclusion, through fMRI of patients with focal temporal lesions

and appropriate controls, we showed that amygdala damage disrupts

functional activation by emotional stimuli of distant, structurally

intact but connected areas of the brain, notably the visual cortex. This

reveals a distant functional influence of the amygdala on posterior sen-

sory cortices, and provides a mechanism for prioritized processing of

fear-related stimuli. Such influences were first hypothesized on purely

anatomical20,21 or behavioral4 grounds, but were directly shown here

for the first time through the functional effects of structural amygdala

damage on neural activity in distant areas. More generally, we show

that fMRI can be exploited to assess interactions between intercon-

nected brain systems, revealing how a focal lesion to a ‘higher-level’

structure such as the amygdala can affect the function of other areas,

including the ‘lower-level’ visual cortex. The lesion approach can

therefore be usefully combined with functional imaging techniques to

examine the functional influences of distant brain regions.

METHODS
Patients. All patients (n = 26) were clinically tested, before surgical treatment, for

chronic epilepsy due to medial temporal lobe sclerosis. Healthy controls were

chosen from among groups that included spouses, partners and friends, to match

each patient’s age and socioeconomic status. Controls had no history of neuro-

logical or psychiatric illness, and none was included in our previous work11.

Patients were initially selected for unilateral left temporal sclerosis in order to

generate a sufficiently large sample of subjects with well-defined lesions; because

other ongoing projects were examining left-hemisphere verbal functions (results

not reported here); and because predominant activation of the left amygdala had

been observed in normal subjects in a previous study using the same paradigm11.

Some patients also showed varying degrees of structural loss in the right

amygdala (leading to right-amygdala T2 values that were higher, on average, for

the AH group than for the H group). This allowed us to test for distinct effects of

left- or right-amygdala damage in this patient sample (see parametric analyses).

The participants in the AH, H, and N groups (n = 13 each) included 6, 8,

and 6 females, respectively, and had a mean age 35.8; all but one subject in each

group were right-handed. The AH and H patient groups did not differ statisti-

cally in age, duration of epilepsy, type and frequency of seizures, drug regimen,

neurological status, and general cognitive functions (see Table 1). None of the

patients had a seizure around the time of our investigations. Clinical and neu-

roradiological diagnosis of left medial temporal sclerosis was made prior to

our study by independent physicians. Several patients participated in a behav-

ioral study (P. Rotshstein & P. Winston, personal communication) following

our investigation where they showed no significant recognition deficit (see

main text) for basic facial expressions (fear, surprise, anger, sadness, disgust,

happiness; from ref. 48), by pointing to the appropriate label out of six

choices40. All participants had normal or corrected vision, and gave informed

consent according to procedures approved by the Ethical Committee of the

National Hospital for Neurology and Neurosurgery, London.

Structural MRI T2 measures. To identify amygdala and hippocampus sclero-

sis, T2 relaxation times were measured using spin-echo dual-echo sequences

on a 1.5-T MR scanner (GE), in both patients and healthy controls, as part of

a standard clinical protocol used to assess temporal lobe epilepsy24,28.

Hippocampal T2 values were measured from regions of interest drawn on

contiguous coronal 5-mm slices throughout the extent of each hippocampus.

Amygdala T2 values were measured on the more anterior slices rostral to the

hippocampus, according to previously described procedures24,25. T2 values

provide refined measures of tissue damage and glial sclerosis in medial tem-

poral structures, in addition to the cell loss indexed by volumetry measure-

ments49,50. These measurements were made by clinicians independent of our

study. We selected patients who had had structural T2 values showing clear-

cut abnormalities in the left hippocampus and/or left amygdala (>2 s.d. above

the mean for a healthy population). T2 sclerosis intensity in the amygdala and

hippocampus were not significantly correlated (r = 0.275, P = 0.18)26. In

addition, T2 values from the right temporal lobe allowed a comparison of

right and left amygdala sclerosis in the same patients (see text). Detailed clin-

ical and neuroradiological evaluation showed that other brain regions were

intact (including formal voxel-based morphometry of visual cortex), and that

general cognitive functions were preserved as shown by Wechsler Adult

Intelligence Scale (see Table 1).

fMRI scanning and visual stimuli. Stimulus parameters were similar to those

in our previous study of healthy subjects11. The stimuli included representa-

tions of 10 fearful faces47, 10 neutral faces from our own database, and 20

houses, with pictures from each category repeated equally across all trials.

Average stimulus-onset asynchronies between stimulus events was 4.5 s (with

a range of 2.4–6.8 s), with 32 events for each of the conditions (fearful or neu-

tral faces at relevant or irrelevant locations, irrespective of position).

Data were acquired on a 2T Magnetom VISION system (Siemens, Erlangen,

Germany) equipped with a head-volume coil. Functional images were obtained

with a gradient echo-planar T2* sequence using blood oxygenation level

dependency (BOLD) contrast, each comprising 32 contiguous axial slices (2

mm thick, 3 × 3 mm in-plane). Volumes were acquired continuously with a TR

of 2.43 s (313 scans total) in a single session (13 min). Images were processed

using SPM99 (www.fil.ion.ucl.ac.uk/spm). Scans were realigned, normalized,

slice-time corrected, and spatially smoothed by an 8-mm full-width half-maxi-

mum Gaussian kernel. A high-pass frequency filter (with a cutoff at 120 s) and

corrections for auto-correlation between scans were applied to the time series.

Individual events were modeled by a standard hemodynamic response func-

tion. Movement parameters from realignment corrections were entered as

covariates of no interest. Parameter estimates of event-related activity were

obtained using the general linear model for each voxel in each condition and

each subject. A two-stage random-effect analysis was performed using a one-

sample t-test on contrast images obtained for each individual subject. Similarly,

individual contrasts from appropriate conditions were entered into a voxel-by-

voxel ANOVA with a three-level factor for the groups of subjects (AH, H, N) to

test for condition × group interactions. A multiple regression analysis was per-

formed on individual fear-minus-neutral contrast images, using the severity of

T2 sclerosis measures in medial temporal lobe (amygdala or hippocampus,

right or left) as four independent linear parametric covariates, entered in the

same design matrix (further analyses also included two additional covariates

modeling any multiplicative interaction of combined lesions in amygdala and

hippocampus, considered jointly for each side). For all these second-stage ran-

dom-effect analyses, resulting SPMs of the t-statistic (d.f. = 12) at each voxel

were thresholded at P < 0.001 uncorrected, unless mentioned otherwise.

Additional activations at lower thresholds are reported when relevant.

Voxel-based morphometry. After cortical segmentation, gray-matter density

in T1 anatomical scans was compared between patients across the whole

brain31, and more particularly for all activated visual regions (using a large

volume of interest defined by the sum of all brain regions activated by atten-

tion or emotion across all groups, at P < 0.05 uncorrected).

Note: Supplementary information is available on the Nature Neuroscience website.
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