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The amygdala is a complex structure that plays its role in perception and threat-

related behaviour by activity of its specific nuclei and their separate networks. In

the present functional magnetic resonance imaging study, we investigated the

role of the basolateral amygdala in face and context processing. Five individuals

with focal basolateral amygdala damage and 12 matched controls viewed fear-

ful or neutral faces in a threatening or neutral context. We tested the hypothesis

that basolateral amygdala damage modifies the relation between face and threa-

tening context, triggering threat-related activation in the dorsal stream. The

findings supported this hypothesis. First, activation was increased in the right

precentral gyrus for threatening versus neutral scenes in the basolateral amyg-

dala damage group compared with the control group. Second, activity in the

bilateral middle frontal gyrus, and left anterior inferior parietal lobule was

enhanced for neutral faces presented in a threatening versus neutral scene in

the group with basolateral amygdala damage compared with controls. These

findings provide the first evidence for the neural consequences of basolateral

amygdala damage during the processing of complex emotional situations.
1. Introduction
Facial expressions represent a substantial part of the threat signals humans have

to deal with on a daily basis. We are scared because someone shows anger and

we feel threatened when other people show signals of fear. The importance

these threat signals acquire for our behaviour may often be a function of the

whole context in which we encounter those signals. In real life, we rarely see

a facial expression completely isolated from any other source of information.

Instead, we recognize it, taking into account the information provided by the

person’s identity, the voice, the scene and other aspects that constitute the

everyday context. Even seeing a neutral face feels different in broad daylight

compared with when it is observed in a dark and empty alley. These intuitions

indicate that to understand face perception and emotion recognition one must

reckon with the role of the context.

Recent evidence indicates that the natural context plays an important role in

determining how facial and also bodily expressions of emotion are processed

and reacted to [1–13]. A facial expression is recognized faster when presented

in a congruent emotional background (for example, a fearful face in a threaten-

ing context) [9]. On the other hand, the context can also bias the processing of
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the face towards the emotional valence of the scene in which it

is seen. Naturalistic face processing is still relatively unexplored

but several recent studies have provided the first insight into

the neural basis of face context perception. For instance,

scene context influence occurs early in time. The N170, an

event-related potential that is linked to the first stages of face

processing, shows an increase or decrease in amplitude

depending on the context [3,8]. The few studies that have

used functional magnetic resonance imaging (fMRI) to investi-

gate the effect of affective context information on one or

another stimulus category (faces, bodies, scenes) reported

that the presence of affective information influences activity

in the relevant category representation in the ventral stream,

that is in the fusiform face area (FFA), the extrastriate body

area (EBA), and the parahippocampal place area (PPA)

[2,6,7]. The standard view is that the amygdala (AMG) is the

central structure in orchestrating such up or down modulation

[10,13,14]. For example, when a neutral face is seen in a threa-

tening context, increased activation is observed in the FFA [6].

The presumed mechanism is based on feedback connections

between the FFA and the AMG, similar to what was argued

previously for the finding that a fearful face compared with a

neutral face leads to increased activation in the FFA [15]. This

picture reflects the standard function attributed to the AMG

in human fMRI studies, whereby the AMG detects the valence

or relevance of a stimulus [16,17].

So far, most previous studies on the human AMG did not

specify the contributions of the different AMG subnuclei to

the processing of the face and the context in which a facial

expression is perceived. In order to push forward our under-

standing of the mechanisms whereby the AMG represents

the affective, relevance and motivation dimension of infor-

mation [18–20], one must take into account that the AMG

is a heterogeneous structure. It consists of a large number of

subnuclei with different connectivity patterns to major corti-

cal areas involved in emotion perception and in adaptive

reaction [21]. It would then seem that it is at the level of these

nuclei, their interconnections and their connection profile to

cortical structures that the effects of the AMG must be under-

stood. In view of the complexity of the AMG, it may be that

understanding its role is not only simply a matter of the

range of stimuli in themselves that the AMG is sensitive to,

but also of the context in which they appear [22]. Indeed, the

AMG integrates the stimulus valence with task goals and con-

text in a flexible way [23–25]. Viewed from this perspective,

investigations of context rich stimuli provide a means of

unravelling the complex machinery of the AMG.

The central-medial amygdala (CMA) and the basolateral

amygdala (BLA) are presumably the most important subnuclei

for understanding the role of the AMG in threat signal per-

ception and the subsequent behavioural response. These two

major subnuclei have very different connectivity profiles

[26,27], but cooperate closely in regulating perception and

action in the face of threat. The BLA and BLA-driven con-

nections play a crucial role in the integration of emotional

cues and computation of the affective value of the stimulus

[28,29]. On the other hand, a CMA-network mediates reflexive

reactions to threat [30,31], and this process is modulated by the

BLA. Such modulation would seem to be needed when a neu-

tral face is shown in a fear-triggering context, or, in the opposite

direction, when a fearful face is seen against a bucolic scene

background. It is known from animal studies that the BLA

has strong connections with different brain areas not only in
the ventral, but also dorsal stream [32–36], and influences

activity in these networks [37]. These direct connections

between the BLA and areas known to contribute to emotion

expression perception in the ventral stream area, such as the

fusiform gyrus, superior temporal sulcus and in action-related

dorsal stream areas such as precentral gyrus, have also been

observed in humans [38]. Both feed-forward and feedback con-

nections between the amygdala, possibly the BLA [39] and

ventral regions, such as the FFA, mediate contextual emotional

face perception [5,40,41].

Studies of individuals with BLA damage offer a unique

opportunity to clarify the role of the BLA and thereby that of

the CMA in the overall picture of context-sensitive threat proces-

sing of the AMG. We tested a group of individuals with selective

bilateral BLA damage and twelve matched controls. Several

findings already suggest that damage to this structure would

impact the processing in the dorsal stream more than the ventral

stream during contextual emotional face perception. No consist-

ent effect of damage to the AMG, including the BLA, on activity

in ventral regions has been reported [15,42]. Against this back-

ground, we expected that damage to BLA would modify

activity in the dorsal stream. We used the validated faces-in-con-

text task [6,7], in which fearful or neutral faces are presented in a

threatening or neutral background scene. In this task, attention is

directed to the central target face such that the information from

the scene is not relevant to the task and is processed implicitly.

This is also in keeping with ecological situations, as the gaze of

the observer tends to be primarily attracted by the face. Under

these conditions, the context is preferentially engaging the

dorsal stream areas [39,43–45]. We expected this implicit proces-

sing of unattended emotional contextual information in the

dorsal stream to be enhanced in participants with BLA

damage. In line with this suggestion, our previous behavioural

results showed that BLA damage does not lead to impairments

in emotion recognition per se, but to a deficit in ignoring task-

irrelevant threat signals [46,47], suggesting no impairment in

ventral stream (recognition), but possibly an enhancement of

dorsal stream (detection) processing. In addition, previous

studies highlight the notion of reflexive reactions when con-

fronted with threat [48–50], something that is possibly

increased after BLA damage [46]. BLA normally inhibits reflex-

ive responsiveness to threat when a neutral face is presented in a

threatening context or vice versa. Therefore, our prediction is

that after BLA-damage, increased activation in dorsal action

and specifically motor perception and preparation regions,

such as the inferior parietal lobule and (pre)motor area, will

be observed for faces presented in a threatening scene, even if

the face is neutral in emotion. Furthermore, for participants

with BLA damage, seeing a fearful face with a neutral back-

ground may not dampen activity in dorsal, action-related areas.
2. Material and method
(a) Participants
Five female participants with Urbach–Wiethe disease (UWD)

partly from the South African UWD cohort [51] and 12 matched

controls took part in the experiment. UWD, also known as lipoid

proteinosis [52], is a rare genetic disorder that leads to a variety

of symptoms such as thickening of the skin and beaded eyelid

papules, and also results in calcification of brain tissue. Mutations

in the extracellular matrix protein (ECM1) gene on chromosome 1

(1q21) are responsible for UWD symptoms [53]. The five UWD

http://rstb.royalsocietypublishing.org/


Table 1. Demographic data. VIQ, verbal IQ; PIQ, performance IQ; FSIQ, full-scale IQ. Means and standard deviations are reported. No significant differences
between groups, p’s � 0.78.

UWDs (n 5 5) controls (n 5 12)

UWD 1 UWD 2 UWD 3 UWD 4 UWD 6 mean mean

age 27 34 38 52 39 38+ 9.14 37.17+ 5.20

VIQ 97 84 93 82 83 87.80+ 6.76 86.67+ 4.68

PIQ 99 87 85 84 87 88.40+ 6.07 88.17+ 5.39

FSIQ 98 84 87 81 83 86.60+ 6.73 85.83+ 4.43
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participants in the present study have a Q276X mutation in exon 7

of the ECM1 gene [54]. Both UWD and control participants live in

the mountain desert areas of Namaqualand in the Northern Cape

region in South Africa, are of mixed Western European and Indi-

genous Nama/Khoisan descent, and were matched on

demographics and neurophysiological characteristics (table 1, see

also [55]). None of the participants had a history of secondary

psychopathology or epileptic insults. Participants were unaware

of the aim of the study.
(b) Basolateral amygdala lesion
Previous work that assessed the extent of the lesion by means of

structural and functional MRI showed that the calcification is

restricted to the BLA, with other AMG regions unaffected

[46,55,56]. The cytoarchitectonic probability that lesion voxels

were located in the BLA was greater than 80% across the UWD

group with minimal overlap with the CMA and superficial amyg-

dala. Moreover, functional analysis revealed increased activity in

the CMA during an emotion versus shape-matching task. In

figure 1, the location and size as well as a three-dimensional recon-

struction of the lesion are presented. The three-dimensional

reconstruction of the AMG subnuclei was based on cytoarchitec-

tonic probability maps from Amunts et al. [57] in Eickhoff et al. [58].
(c) Stimuli and task
An adaptation of the faces-in-context task [6,7] was used in which

fearful or neutral faces or a control shape were paired with a threa-

tening, neutral or scrambled background. Figure 2 presents

examples of the stimuli. Male and female faces were taken from

the MacBrain Face Stimulus Set. We used different ethnicities

to match the diversity of the population and thereby increase eco-

logical validity. Background scenes were taken from Sinke et al. [7]

and Van den Stock et al. [6]. Scenes (buildings, cars, and land-

scapes) with either a neutral or threatening value were used (for

example, a parked car versus a car accident). No humans or ani-

mals were present in the scenes. Scrambled versions of the

scenes were created by randomly rearranging the picture in

10 000 squares. Faces or triangles were presented in the middle

of the background scene. To avoid floating faces, a black

body-like shape accompanied the faces.

A passive oddball task [59] was used. Participants were

instructed to fixate on the cross overlaid on the nose of the face

and pay attention to the transition of this cross into a red circle.

To counteract any possible contamination of the blood-

oxygenation-level dependent signal (BOLD) response by motor

responses, participants did not have to make an overt response.

The task and procedure were explained to the participant outside

the scanner by a nurse familiar to the participants. The experiment

commenced when participants indicated that they completely

understood the instructions.
A block design was used and participants completed two

runs of 6.5 min. Each run consisted of 18 stimulation blocks

(nine different conditions repeated twice) and three oddball

blocks presented in a random order, and two rest blocks presented

at a fixed time point (block 11 and 22). The inter block interval was

6 s. During a stimulation block, 12 stimuli belonging to the same

category (for example, fearful face in threatening background)

were presented in a random order for 800 ms each, with an inter

stimulus interval of 200 ms (total duration 12 s). In total, 48 trials

per condition were presented (four blocks balanced over two

runs). Rest blocks were included for a dynamic presentation, and

no stimuli were shown during these blocks. Stimuli were presented

using E-Prime 2.0 software (Psychology Software Tools, Pittsburgh,

PA, USA), projected onto a screen located at the end of the scanner

bore. Each new event was synchronous with a new scan volume.

(d) Image acquisition
Functional and anatomical data were acquired with a Siemens

Magnetom Allegra 3 Tesla head-only scanner (Siemens Medical

Systems GmBH, Erlangen, Germany) at the Cape Universities

Brain Imaging Centre in Cape Town, South Africa. Earplugs attenu-

ated the scanner noise and padding was used to reduce head

movements. A two-dimensional echo-planar images sequence

was used for functional whole-brain coverage. Each volume con-

tained 36 slices acquired in ascending order with a 3.5 mm

isotropic resolution (interslice gap ¼ 0.525, repetition time (TR)¼

2000 ms, echo time (TE)¼ 27 ms, flip angle (FA)¼ 708, field of

view (FOV)¼ 225 � 225 mm2, matrix size¼ 64� 64). In total,

201 functional volumes were collected. A high-resolution

T1-weighted anatomical scan was obtained with 1 mm isotropic

resolution (no gap, TR¼ 2300 ms and TE¼ 39 ms, FA ¼ 98,
FOV ¼ 240 � 256 mm2, matrix size¼ 256 � 256).

(e) Functional magnetic resonance imaging
preprocessing and analyses

Data preprocessing and analyses were carried out using

BrainVoyager QX v. 2.8.4 (Brain Innovation, The Netherlands,

www.brainvoyager.com). The first four volumes of each run

were discarded from the analyses to avoid T1 saturation effects.

Preprocessing of the functional data consisted of three steps.

First, slice time correction (using sinc interpolation), a rigid-body

algorithm to correct for small movements between scan (trilin-

ear/sinc estimation and interpolation) and temporal high-pass

filtering (GLM-Fourier with two cycles sine/cosine per run includ-

ing linear trend removal) were applied. Next, functional data were

co-registered to the anatomical data and normalized into Talairach

space. Third, cortex-based alignment [60,61] was used to reduce

individual macro-anatomical differences between participants

and the two groups, thereby increasing statistical power. Using

the individual curvature information derived from the gyri and

sulci folding pattern, this high-resolution cortical mapping

http://www.brainvoyager.com
http://rstb.royalsocietypublishing.org/
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Figure 1. Location and size of the BLA damage. Coronal view of T2-weighted magnetic resonance images (left) and three-dimensional reconstruction (right) of the
lesion for the five UWD participants with birth year indicated.

rstb.royalsocietypublishing.org
Phil.Trans.R.Soc.B

371:20150376

4

 on April 11, 2016http://rstb.royalsocietypublishing.org/Downloaded from 
procedure results in non-rigid and superior alignment of different

brains. Electronic supplementary material figure S1 presents the

pre- and post-CBA alignment between the participants. No further

spatial smoothing was used as the CBA procedure already applies

smoothing to the data.

Data analyses consisted of two steps. First, at the single-subject

level fixed-effects whole-brain general linear models (GLMs) were

applied using a regression model with each condition and oddball

block defined as predictors. Several predictors of no interest were

added to the model. Besides the z-transformed motion predictors,

outlier predictors were included [62,63]. This was done to further

reduce error variance. For each run of each participant an outlier
map was created. In this map, clusters with a time course value

of greater than 6 s.d. above the mean were identified and manually

inspected. The z-transformed time course of a cluster was only

included in the design matrix if not related to incidental spike or

movement. To prevent overfitting, we checked each design

matrix for shared variance. If a predictor of no interest was

explained by the combination of other predictors of no interest

(R2 . 0.80), it was removed from the design matrix. Thus, besides

the task predictors (9 þ 1 oddball), motion predictors and possible

outlier predictors were included in the design matrix. The number

of predictors of no interest ranged between 5 and 7 and did not

differ between groups, p’s . 0.99.

http://rstb.royalsocietypublishing.org/


Figure 2. Examples of the stimuli. Neutral ( first column) or fearful faces (second column) or control shapes (third column) were presented on a neutral ( first row),
threatening (second row) or scrambled (third row) background.

rstb.royalsocietypublishing.org
Phil.Trans.R.Soc.B

371:20150376

5

 on April 11, 2016http://rstb.royalsocietypublishing.org/Downloaded from 
Second, at the group level, a random-effects GLM was per-

formed. We first assessed general categorical task effects to

validate and compare the current dataset with the two previous

studies by Van den Stock et al. [2,6] that used the same task

design in healthy students. We used the two main categorical con-

trasts to map functional activation for the two groups combined by

contrasting faces versus control shapes, and scenes versus

scrambled scenes. Next, a between-subjects dummy-coded GLM

was used to test our a priori hypotheses. First, we tested the overall

effect of a threatening versus neutral scene regardless of the face

condition (analysis I), as well as overall effects of fearful versus

neutral faces regardless of the context condition (analysis II).

Next, we mapped the specific effect of a neutral scene on the pro-

cessing of fearful faces (analysis III) by contrasting fearful faces in a

neutral scene versus fearful faces in a threatening scene. Lastly, we

tested the specific effect of a threatening scene on process-

ing of neutral faces (analysis IV) by contrasting neutral faces

in a threatening scene with neutral faces in a neutral scene.

All between-subjects maps were tested for UWDs . controls and

controls . UWDs. The latter contrast revealed no significant

clusters. Besides the between-subjects maps, we also reported the

within-subjects maps for the UWD and control group separately

and combined. For the between-subjects maps a whole-brain

correction was applied using cluster-size correction that corre-

sponds to a cluster-level false-positive rate (a) of 5% [64].

Recently, it was shown that a liberal initial threshold can increase

false positives and result in low spatial specificity with large

clusters [65]. However, given the unique sample, the use of

cortex-based alignment and a random-effects GLM, the fine

trade-off between type I and type II errors [66], as well as the obser-

vation of small clusters, we used a liberal initial single-voxel

threshold of p ¼ 0.01 with 1000 Monte-Carlo simulation iterations

[61]. In line with guidelines for data visualization [67], we report if
clusters survived a more stringent initial single-voxel threshold. The

within-subjects maps for UWDs and controls were tested against

zero using a one-sample t-test with a threshold set at p , 0.01 and

with an extended cluster size of 25. All statistical maps are shown

on the average group-aligned surface reconstruction, and Talairach

coordinates and t- and p-values of peak vertices are reported.

Besides whole-brain analyses, we performed exploratory

region of interest (ROI) analyses based on the main results of the

previous studies using the same paradigm in neurotypical popu-

lations [6,7]. The following ROIs (5 � 5 � 5 mm sphere; x, y, z
coordinates of centre of the ROI reported) were created: right occi-

pital face area (OFA: 39, 272, 211), right FFA (39, 241, 220),

bilateral PPA (RH: 19, 250, 0/LH: 222, 251, 24), right EBA (38,

269, 4), bilateral superior temporal sulcus (RH: 45, 250, 13/LH:

261, 241, 3) and the right cuneus (15, 294, 22). The majority of

these regions were also activated in the study that used bodies

instead of faces [2]. After extracting the b values from the ROIs,

we tested the four main contrasts as well as a GLM for repeated

measurements with faces (3) and scenes (3) as within subject

factors, and group (2) as between subject factor.
3. Results
In line with previous results [2,6], faces versus control shapes

elicited stronger activation in face selection regions in the

fusiform gyrus, while scenes versus scrambled scenes resul-

ted in increased activation in the transverse occipital sulcus,

as well as the lingual and fusiform gyrus (electronic

supplementary material, figure S2, tables S1 and S2). No differ-

ences were observed between UWD and controls for faces

versus control shapes. However, UWD compared with

http://rstb.royalsocietypublishing.org/
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Figure 3. Basolateral amygdala damage and neural activation during contextual emotional face processing. UWDs compared with controls showed increased acti-
vation in the right precentral gyrus for threatening versus neutral scenes (a). UWDs in contrast with controls showed increased activation in the right ACC for fearful
versus neutral faces (b), the middle temporal gyrus for fearful faces presented in a neutral compared with a threatening scene (c), and the right superior temporal
gyrus, left aIPL and the bilateral middle frontal gyrus for neutral faces presented in a threatening compared with a neutral scene (d ). Inset shows the location of the
IPL cluster. All activations are cluster-size corrected and lines denote if clusters survive a more stringent initial single voxel threshold.
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control showed increased activation to scenes versus

scrambled scenes in the left superior frontal gyrus, providing

preliminary evidence for potential differences in the processing

of contextual information.

Compared with controls, UWDs showed more activation

to threatening versus neutral scenes regardless of the type of

face in the right precentral gyrus (figure 3a). Controls showed

only increased activation in the cuneus for this contrast.

Dorsal structures, such as the precentral gyrus and the

inferior parietal lobule were less activated for threatening

compared with neutral scenes (electronic supplementary

material, table S2). Secondly, UWDs compared with controls

showed enhanced activation for fearful faces versus neutral

faces independent of context in the right anterior cingulate

gyrus (ACC) (figure 3b). Thirdly, more activation was

observed in the UWDs compared with the controls in the

right middle temporal gyrus for fearful faces in a neutral

scene compared with fearful faces in a threatening scene

(figure 3c). Testing the specific effect of a threatening versus

neutral scene on neutral face processing indicated that

UWDs displayed increased activation in the right and left

middle frontal gyrus, right superior temporal gyrus and left

anterior inferior parietal lobule (aIPL) compared with con-

trols (figure 3d ). We ran the last two between-group

analyses again, only with scrambled scenes as a control con-

dition. When contrasting fearful faces in neutral scenes with

fearful faces in scrambled scenes no significant between-

group clusters emerged, even when an initial single voxel

threshold of p ¼ 0.05 was used. Using the same threshold

revealed a similar between-group map when contrasting neu-

tral faces in a threatening scene versus neutral faces in a

scrambled scene. UWDs compared with controls showed

more activation in the left aIPL and bilateral middle frontal

gyrus during this contrast (electronic supplementary

material, figure S3). The clusters in the middle frontal gyrus

were slightly more anterior to the premotor cortex. Together,

these results suggest that damage to BLA enhances activity in
the dorsal stream when processing faces in a threatening con-

text. Table 2 and electronic supplementary material tables

S2–S5 report the results in detail.

(a) Exploratory region of interest analyses
What are the effects on activity in the ventral stream? We

tested the effect of BLA damage on activity in ventral regions

that were previously implicated in contextual face processing

[2,6,7]. In line with the previous results[6], increased acti-

vation in face-selective areas (OFA and FFA) was observed

for (fearful) faces compared with control shapes, while

scenes compared with scrambled scenes increased activation

in the right PPA for UWDs and controls combined. Only two

between-group effects were found. First, a general between-

group effect was found for the right Cuneus, with UWDs

exhibiting more activation compared with controls for all

conditions. Second, more activation was observed in the

UWDs compared with the controls for fearful faces in a neu-

tral scene, compared with fearful faces in a threatening scene

in the right STS. While the cuneus lies at the beginning of the

ventral and dorsal stream division, the STS receives input

from both the ventral and dorsal streams [68,69]. Overall,

the results suggest that after BLA damage no impairment is

visible in the ventral stream during contextual face percep-

tion. See the electronic supplementary material table S6 for

the ROI results.
4. Discussion
In this study, we investigated the role of the BLA on the neural

circuitry of context-sensitive threat processing. The central

hypothesis was that after BLA damage, faces presented in a

threatening scene would lead to enhanced activation in action

and motor regions of the dorsal stream. Results confirmed

these expectations. BLA-damaged participants in contrast

with control participants showed more activity in the right

http://rstb.royalsocietypublishing.org/


Table 2. Outcome of the between-group functional activation analyses. For all clusters, UWDs . controls and p , 0.01, cluster-size corrected.

hemisphere

Talairach coordinates

Brodmann t p-values no. verticesx y z

threatening versus neutral context

precentral gyrus RH 37 218 56 4 5.777 0.000037 98

fearful faces versus neutral faces

anterior cingulate RH 7 36 7 24 4.108 0.000932 38

fearful faces in a neutral scene compared with fearful faces in a threatening scene

middle temporal gyrus RH 60 216 27 21 3.779 0.001820 36

neutral faces in a threatening scene compared with neutral faces in a neutral scene

middle frontal gyrus RH 44 8 37 9 5.060 0.000141 51

superior temporal gyrus RH 59 236 17 40 9.166 ,0.000001 134

anterior inferior parietal lobule LH 256 235 27 40 4.662 0.000307 102

middle frontal gyrus LH 240 15 42 8 5.701 0.000042 29
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precentral gyrus for threatening versus neutral scenes. Further-

more, activity was also increased in the bilateral middle frontal

gyrus and left aIPL for neutral faces presented in a threatening

versus a neutral scene. When comparing fearful faces with neu-

tral faces, regardless of the context, increased activation was

found for BLA-damaged participants in the right ACC com-

pared with controls. We also did not find decreased activation

in action-related areas for fearful faces presented in a neutral

scene in the BLA-damaged compared with the control group.

Only activity in the right middle temporal gyrus was increased

in this contrast. In addition, we did not observe a decrease in

activity in ventral regions. Together, these findings suggest

that BLA damage selectively influences dorsal stream activity.
(a) Motor and action regions
The present results suggest that after BLA damage, processing of

facial expressions is more controlled by a dorsal-based route,

especially when these are encountered in a threatening scene.

Indeed, we observed increased activation for BLA-damaged

participants compared with controls in the precentral gyrus

during the perception of threatening versus neutral scenes, but

also enhanced activation in the anterior part of the IPL and

the bilateral middle frontal gyrus during the perception of neu-

tral faces in a threatening scene. Activation of these regions may

point to enhanced action-related mechanisms. First, the IPL,

including the anterior part has been linked not only to action

processes [70] but also to fear processing [48,71–73]. The aIPL

is connected to premotor regions [74], and the areas found in

the middle frontal gyrus correspond to the premotor cortex.

Direct connections between the BLA and the primary and pre-

motor cortex have been observed in primates [75] and humans

[38]. This pathway would sustain a direct influence of the BLA

on the mechanisms implementing reflexive reactions to threat.

In the presence of BLA damage reflexive reactions may be

seen irrespective of the contextual relevance of the threatening

signal. Thus, when perceiving a neutral face in a threatening con-

text, processing of the face stimulus is biased by the presence of

irrelevant threat. In this study, we did not have behavioural

measures but previous findings support this possibility

[46,47]. Individuals with BLA damage have a lower threshold
for recognition of fearful faces, a longer gaze duration to the

eye region of fearful faces, and more interference from non-

consciously perceived fearful faces [46]. And in line with this,

they are more distracted by task-irrelevant threatening aspects

of a stimulus like a happy face in combination with an angry

body [47]. It is likely that an impaired ability to distinguish

between relevant and irrelevant threat leads to increased prep-

aration for reflexive reactions to threat.

(b) Prefrontal cortex
The observed increase in activity in the subgenual part of

the ACC for fearful in contrast with neutral faces for the

BLA-damaged compared with control participants fits this

reasoning. The BLA has bidirectional connections with

regions in the medial prefrontal cortex including the anterior

cingulate [32,33], and these connections are proposed to

mediate safety signalling and emotion regulation [28]. For

example, a study in humans found that coupling between

the subgenual part of the ACC and the AMG was related

to emotion regulation [76]. Interestingly, the previous neuro-

typical study reported increased activity in this region for

faces presented in threatening versus neutral scenes, and

this was influenced by the personality of the observer [6].

Related to this, social anxiety is correlated with activity in

the subgenual ACC [77]. While the importance of the subgen-

ual ACC in concert with the AMG in adaptive emotional

reactions is well appreciated, an outstanding question

remains of how BLA damage influences these processes.

(c) Visual regions
Previous studies investigating context effects on emotional

face, body or scene perception in neurotypical populations

found activation predominantly in category-selective regions

in the ventral stream, such as the EBA and PPA [2,6,7]. For

example, two previous studies by Van den Stock et al. [2,6]

increased activation in the EBA for threatening compared

with neutral scenes, but found no activation of dorsal stream

regions. The increased activation in the EBA has been inter-

preted as enhanced ambiguity reduction due to a cross-

categorical bias between emotional expression and scenes [2].
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Interestingly, we did not observe that activity in the EBA or in

the PPA was changed in the BLA damage group compared

with the control group for threatening versus neutral scenes.

This suggests a relative independence of encoding of stimulus

valence between ventral and dorsal structures. BLA neurons

presumably encode the valence of the stimulus, and connec-

tions between the BLA and temporal regions have been

implicated in emotion categorization [29]. As we did not

observe any substantial differences in the ventral stream

between the BLA-damaged and control group in the present

study, it remains to be investigated whether BLA damage

leads to reduced activation in the ventral stream, to selective

increase in activity in the dorsal stream, or both. No clear indi-

cations are available from the literature. An early study that

tested face processing in patients with hippocampus and

amygdala damage, revealed decreased activity in the fusiform

cortex for fearful compared with neutral faces, but normal

activity for faces versus houses [15]. This suggests that the fusi-

form gyrus remains functional, but that AMG-mediated

contextual regulation is disrupted. In line with our results, a

recent study reported no differences in ventral stream activity

between participants with unilateral amygdala damage and

healthy controls during the processing of emotional images [42].

(d) Ventral and dorsal stream
The present results are consistent with a broader framework

for understanding the complex way in which the brain deals

with affective signals. Our proposal of a dual route of affective

perception [39], and related perspectives [50,78–80], suggest

that relatively independent detection and recognition routes

underlie affective signal processing. These routes correspond

to a dorsal and ventral division, respectively [69,81,82]. The

first route comprises subcortical regions, such as the pulvinar

and AMG as well as the dorsal stream and orbitofrontal

cortex, and sustains early emotion processing, automatic

action preparation and reflexive reactions. The second and par-

allel route sustains more elaborate stimulus recognition,

decision-making and reflective action. Recent studies report

on the reorganization of ventral and dorsal stream processing

in a variety of populations [83,84]. For example, a recent study

investigating visual processing in Williams syndrome found

substantial reorganization of the dorsal stream, while the

ventral stream was relatively unchanged [83]. As Williams syn-

drome has been associated with changes in AMG functioning

[85–87], it provides important clues for the role of the AMG.

One study reported that long-term damage to the entire AMG

did lead to morphometric changes in the ventral stream, but

not the dorsal stream [88]. On this account, BLA damage reveals
the relative independence of these two routes. Moreover, our

results suggest that the BLA is a crucial organizational hub

that influences ventral and dorsal stream processing.
5. Conclusion
In this fMRI study, we investigated the role of the BLA in per-

ception of faces in natural contexts focusing on the neural

consequences of bilateral BLA calcification during contextual

emotional face processing. Taken together, our results indi-

cate that the BLA plays an important role in contextualizing

threat perception as shown by the finding that bilateral

BLA calcification leads to a ventral-to-dorsal processing

shift. In other words, the BLA-driven changes in the network

could result in a dominant role of a dorsal-based route

sustaining rapid detection and reflexive defensive behaviour.
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