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Impairment of emotional
expression detection

after unilateral medial temporal
structure resection

Wataru Sato'™, Naotaka Usui?*?, Reiko Sawada?, Akihiko Kondo?, Motomi Toichi® &
Yushi Inoue?

Detecting emotional facial expressions is an initial and indispensable component of face-to-face
communication. Neuropsychological studies on the neural substrates of this process have shown
that bilateral amygdala lesions impaired the detection of emotional facial expressions. However, the
findings were inconsistent, possibly due to the limited number of patients examined. Furthermore,
whether this processing is based on emotional or visual factors of facial expressions remains unknown.
To investigate this issue, we tested a group of patients (n=23) with unilateral resection of medial
temporal lobe structures, including the amygdala, and compared their performance under resected-
and intact-hemisphere stimulation conditions. The participants were asked to detect normal facial
expressions of anger and happiness, and artificially created anti-expressions, among a crowd with
neutral expressions. Reaction times for the detection of normal expressions versus anti-expressions
were shorter when the target faces were presented to the visual field contralateral to the intact
hemisphere (i.e., stimulation of the intact hemisphere; e.g., right visual field for patients with right
hemispheric resection) compared with the visual field contralateral to the resected hemisphere (i.e.,
stimulation of the resected hemisphere). Our findings imply that the medial temporal lobe structures,
including the amygdala, play an essential role in the detection of emotional facial expressions,
according to the emotional significance of the expressions.

Detecting emotional facial expressions is an initial and indispensable component of conscious emotional
communication'. Appropriate detection of others’ emotional expressions allows us to understand their emotional
states, and thus regulates social behavior and promotes the creation and maintenance of social relationships®.

Experimental psychology studies of healthy participants have demonstrated that using the visual-search
paradigm, emotional expressions were detected faster than emotionally neutral expressions*'*. For instance,
Williams et al.” instructed participants to search for target faces in arrays of distractor faces and tested the effects
of emotional expressions on search behavior. The reaction times (RTs) for the detection of emotional (e.g., angry
and happy) expressions among neutral expressions were shorter than those for the detection of neutral expres-
sions among emotional expressions. Some studies suggested that this efficient detection of emotional expressions
is due to the emotional, but not visual, factors of the expressions”®. For instance, Sato and Yoshikawa’ instructed
participants to search for normal emotional (angry and happy) facial expressions and their anti-expressions
among neutral expression distractors. The anti-expressions were artificial facial expressions with visual changes
quantitatively comparable with normal expressions and were categorized as emotionally neutral and rather
natural'. The RTs for the detection of normal emotional expressions were shorter than those for the detection
of anti-expressions. These data indicate that emotional facial expressions are efficiently detected because of their
emotional significance.

A few previous neuropsychological studies have examined the neural substrates of this process, and found
that a bilateral amygdala lesion impaired the detection of emotional facial expressions in visual-search tasks'>'6.
Specifically, Bach et al.’” tested two patients with bilateral amygdala damage, and a group of healthy controls,
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on a visual-search task in which participants searched for an angry target among an crowd of happy expressions
or a happy target among a crowd of angry expressions. Although controls detected angry expressions more
rapidly than happy ones, the patients showed the opposite pattern, detecting happy expressions more rapidly.
Dominguez-Borras et al.' tested a patient with bilateral amygdala damage, and a control group, on a visual-
search task in which participants searched for an emotional (fearful or happy) facial expression or a neutral
facial expression among a crowd of neutral facial expressions. Whereas controls detected facial expressions
of fear and happiness more rapidly than neutral expressions, the patient did not. Although the results are not
completely consistent, collectively, these studies imply that amygdala lesions impair the detection of emotional
facial expressions.

However, some issues regarding the involvement of the amygdala in the detection of emotional facial expres-
sions remain unresolved. First, one study'” has reported no effect of amygdala lesions on the detection of facial
expressions in a visual-search task. That study tested a bilateral amygdala-damaged patient and healthy controls
using a visual-search task, in which participants detected a fear expression among a crowd with neutral expres-
sions, or a neutral expression among a crowd with different neutral expressions. Both the patient and the controls
detected fearful expressions more rapidly than neutral ones. These results imply that amygdala lesions may not
impair the detection of emotional facial expressions. One plausible explanation for the inconsistent findings is
the small sample size of the studies, which tested only one or two bilateral amygdala-damaged patients. Because
such small samples do not provide reliable findings'®, investigating this issue in a group of patients is warranted.

Furthermore, whether impaired detection of emotional expressions in amygdala-damaged patients is due to
emotional or visual factors remains untested. Emotional and neutral facial expressions have not only different
emotional significance but also different physical features (e.g., oblique eyebrows in angry expressions versus
horizontal eyebrows in neutral expressions). Because some studies have demonstrated that several visual features,
such as oblique lines and curves, were detected more efficiently than other features, such as horizontal lines'*%,
it may be that the abnormal detection of emotional facial expressions in amygdala-damaged patients reported
in previous studies reflected problems with visual processing. Regarding this issue, some functional neuroimag-
ing studies have demonstrated that amygdala activity in response to emotional facial expressions reflected the
emotional significance, but not the visual features, of the expressions*?2. Based on these data, we hypothesized
that an amygdala lesion may impair the detection of emotional facial expressions, even after controlling for the
visual elements of the expressions.

To investigate this hypothesis, we tested a group of patients with unilaterally resected medial temporal lobe
structures, including the amygdala (Fig. 1), using a visual-search paradigm. Normal facial expressions of anger
and happiness in Caucasian models selected from a standard facial-expression database?, and their correspond-
ing anti-expressions, were the target stimuli among a crowd with neutral expressions presented to the unilateral
visual field (Fig. 2). Because the anti-expressions showed neutral emotions, but had visual feature changes
equivalent to those between normal emotional and neutral expressions'*, they allowed us to compare emotional
and neutral facial expressions while controlling for the effects of basic visual processing. Because visual images
presented in a unilateral visual field are primarily processed in the contralateral hemisphere*, we compared
the RT required to detect normal expressions and anti-expressions between intact- and resected-hemisphere
stimulation conditions. This visual half-field paradigm has been shown to effectively reveal the emotional and
social processing profiles in one hemisphere of healthy participants?®-!, split-brain patients*-*°, and patients
with unilateral medial temporal structure resection®”*. To confirm the emotional impact of normal expressions
and anti-expressions, we also obtained subjective ratings of the stimuli from the patients, in terms of valence
and arousal, and also investigated familiarity and naturalness as possible cognitive confounding factors®. Addi-
tionally, the performance of age-, sex-, and handedness-matched healthy controls was tested. We independently
analyzed the data from the controls and compared their RTs for the detection of normal expressions versus
anti-expressions between the left- and right-hemisphere stimulation conditions.

Results

Visual-search RT. The RTs of temporal lobe-resected patients obtained under each condition in the vis-
ual-search task are shown in Table 1, and RT differences between the normal-expression and anti-expression
conditions are shown in Fig. 3. Two-way analysis of variance (ANOVA) for RT differences between normal
expressions and anti-expressions, using stimulated hemisphere (resected, intact) and emotion (anger, happi-
ness) as factors, showed a significant main effect of stimulated hemisphere, indicating faster detection of normal
expressions versus anti-expressions when the intact hemisphere was stimulated (i.e., expressions were presented
to the visual field contralateral to the intact hemisphere) than when the resected hemisphere was stimulated
(i.e., expressions were presented to the visual field contralateral to the resected hemisphere) (F(1,22)=5.22,
P=0.032, #?,=0.192). The main effect of emotion and the stimulated hemisphere x emotion interaction were not
significant (F(1,22) <0.73, p>0.10, #?, < 0.032). One-sample t-tests with Bonferroni correction for RT differences
between normal expressions and anti-expressions revealed that the RT differences were significantly different
from zero only under the intact-hemisphere condition with angry and happy expressions (#(22) =3.59 and 3.19,
Bonferroni-corrected p=0.008 and 0.016, respectively).

To investigate the hemispheric functional asymmetry and resection method, four-way ANOVA was conducted
for RT differences with additional between-subjects factors of resected side (left, right) and resection method
(selective amygdala-hippocampus resection, temporal lobectomy). The results showed a significant main effect
only of the stimulated hemisphere as in the above analysis (F(1,19) =4.38, p=0.043, #?,=0.199) and no other
significant main effects or interactions (F(1,22) <0.88, p>0.10, #*,<0.089). The results imply no clear effect of
hemispheric functional asymmetry or resection method.
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Figure 1. Anatomical magnetic resonance images of the temporal-lobe-resected patients. Left is shown on the
right in the images.
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Figure 2. Illustrations of stimuli (left) and the visual search display (right). Actual stimuli were photographs of
faces. Images in the figure are drawn by the author Prof. Wataru Sato.

Normal Anti
Stimulated hemisphere Angry Happy Angry Happy
Resected 883.3 (27.1) 928.0 (38.0) 923.1 (32.1) 944.2 (33.1)
Intact 866.2 (26.2) 918.3 (32.8) 934.1 (33.5) 977.7 (41.3)

Table 1. Mean (+ SE) reaction times (ms) in the visual-search task in temporal-lobe-resected patients.
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Figure 3. Mean (+ SE) reaction time (RT) differences between the normal-expression and anti-expression
conditions in temporal-lobe-resected patients. Asterisks indicate a significant simple main effect of stimulated
hemisphere, indicating larger RT differences when the target faces were presented to the contralateral visual
field (i.e., stimulation of the intact hemisphere) compared with the ipsilateral visual field (i.e., stimulation of the
resected hemisphere). *p <0.05.

Normal Anti
Stimulated hemisphere | Angry Happy Angry Happy
Left 940.6 (42.6) | 953.2(38.3) | 1022.7 (40.9) |999.4 (42.1)
Right 933.7 (32.8) | 951.9 (37.6) | 1005.6 (32.1) | 996.8 (35.9)

Table 2. Mean (+ SE) reaction times (ms) in the visual-search task in controls.

The RT data from controls in the visual-search task are shown in Table 2 and Fig. 4. Two-way ANOVA for
the RT differences between normal expressions and anti-expressions, with stimulated hemisphere (left, right)
and emotion (anger, happiness) as factors, showed no significant main effect or interaction (F(1,22) <2.33,
P>0.10, #*,<0.096). Bonferroni-corrected one-sample t-tests demonstrated that the RT differences between
normal expressions and anti-expressions differed significantly from zero under all conditions of left and right
hemispheric stimulation with angry and happy expressions (#(22) >2.73, Bonferroni-corrected p <0.049).

Ratings. The subjective stimulus ratings of the temporal-lobe-resected patients are presented in Table 3. To
assess the subjective emotional impact of the stimuli, valence and arousal ratings were evaluated. The familiarity
and naturalness of the stimuli were included as possible covariates. The ratings were analyzed using two-way
ANOVA with stimulus type (normal, anti) and emotion (anger, happiness) as factors.

For the valence ratings, the main effects of stimulus type (F(1,22) =5.25, p=0.032, #>,=0.193) and emo-
tion (F(1,22)=16.60, p=0.001, 112p= 0.430), as well as the interaction between stimulus type and emotion
(F(1,22) =22.47, p<0.001, *, = 0.505) were significant. Follow-up analyses of the interaction showed significant
simple main effects of stimulus type for both angry and happy expressions (F(1,44) >8.64, p<0.01), indicating
more negative and positive valence ratings for normal angry and normal happy expressions, respectively, com-
pared with their corresponding anti-expressions. For the arousal ratings, only the main effect of stimulus type
was significant (F(1,22) =4.38, p=0.048, #*,=0.175), indicating higher arousal in response to normal expressions
than to anti-expressions.

Analysis of the familiarity ratings revealed significant main effects of stimulus type (F(1,22) =12.22, p=0.002,
112p =0.357) and emotion (F(1,22) =28.23, p<0.001, 112p =0.562), and the significant interaction (F(1,22) =34.31,
P<0.001, #°,=0.609). Follow-up analyses of the interaction showed that the simple main effect of stimulus type
was significant only for happy expressions (F(1,44) =44.20, p <0.001); i.e., normal happy expressions were more
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Figure 4. Mean (+ SE) reaction time (RT) differences between the normal-expression and anti-expression
conditions in controls.

Normal Anti
Rating Angry Happy | Angry Happy | Neutral
Valence 3.0(04) |6.4(04) |4.4(0.3) |3.9(0.3) |5.0(0.3)
Arousal 5.0(0.6) |54(0.5) |43(03) |47(0.3) |4.5(0.3)
Familiarity 3.6(04) |6.7(04) |43(04) |3.8(04) |56(0.3)
Naturalness 4.0(0.5) |[6.3(0.4) |53(0.4) |4.6(0.4) |6.1(0.4)

Table 3. Mean (+ SE) subjective ratings in temporal-lobe-resected patients.

Normal Anti
Rating Angry Happy | Angry Happy | Neutral
Valence 2.9(0.3) |6.9(0.3) |44(0.2) |44(0.2) |54(0.2)

(
Arousal 7.0(0.2) [6.1(0.3) |4.7(
Familiarity 2.3(0.2) |7.0(0.2) |4.5¢(
Naturalness 4.1(0.5) |6.5(0.3) |4.7(

2) |47(03) [43(0.3)
3) [3.9(02) |59(0.3)
4) 4.7(03) |7.2(0.3)

Table 4. Mean (+ SE) subjective ratings in controls.

familiar than anti-happy ones. For the naturalness ratings, the main effect of emotion (F(1,22) =6.40, p=0.019,
1%, =0.225) and the stimulus type x emotion interaction (F(1,22) =22.35, p <0.001, #%,=0.504) were significant.
Follow-up analyses of the interaction showed significant simple main effects of stimulus type on both anger
and happiness (F(1,44) > 6.84, p <0.05); i.e., naturalness ratings were higher for anti-angry than normal angry
expressions, and for normal happy than anti-happy expressions.

The subjective ratings of the controls are shown in Table 4. The rating data from the controls were analyzed
by two-way ANOVA using stimulus type and emotion as factors, like that described for the patients.

For the valence ratings, the main effect of emotion (F(1,22) =81.77, p <0.001, ’72.0 =0.788) and the interaction
between stimulus type and emotion (F(1,22) =63.97, p <0.001, 1%, =0.744) were significant. Follow-up analyses
of the interaction showed significant simple main effects of stimulus type for both angry and happy expressions
(F(1,44)>30.88, p <0.001), indicating more negative and positive valence ratings for normal angry and normal
happy expressions, respectively, compared with their corresponding anti-expressions. For the arousal ratings,
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only the main effect of stimulus type was significant (F(1,22) =5.85, p=0.024, #>,=0.210), indicating higher
arousal in response to normal expressions than to anti-expressions.

For familiarity, the main effect of emotion (F(1,22)=122.26, p<0.001, qu =0.847) and interaction
(F(1,22)=99.87, p<0.001, ?,= 0.819) were significant. Follow-up analyses of the interaction indicated significant
simple main effects of stimulus type both on anger and happiness (F(1,44) >40.10, p <0.001), indicating that the
familiarity ratings were higher for anti-angry expressions than for normal-angry expressions, and for normal-
happy than for anti-happy expressions. For the naturalness ratings, the main effect of emotion (F(1,22) =22.36,
P<0.001, #*,=0.504) and the stimulus type x emotion interaction (F(1,22) =21.84, p<0.001, #>,=0.498) were
significant. Follow-up analyses of the interaction showed a significant simple main effect of stimulus type only
for happy expressions (F(1,44) =18.65, p<0.001); i.e., the naturalness ratings were higher for normal happy than
for anti-happy expressions.

Discussion

Our results for the visual-search task in temporal-lobe-resected patients revealed that rapid detection of normal
versus anti-expressions of anger and happiness was more evident with stimulation of the intact hemisphere than
with stimulation of the resected hemisphere. Because we compared the RTs to normal expressions and their anti-
expressions, which had featural changes quantitatively comparable with normal expressions, we controlled for
visual factors. The subjective ratings of valence and arousal in the patients confirmed the difference in emotional
impact between normal expressions and anti-expressions. Because a previous study suggested that cognitive
aspects, such as familiarity, may modulate the detection of faces®, we also assessed the ratings of familiarity
and naturalness. The results of these ratings were similar to those of previous studies of healthy participants®!!
and demonstrated different patterns from the detection performance and emotional ratings, implying that they
did not account for the rapid detection of normal expressions versus anti-expressions. Visual-search results in
healthy controls confirmed that normal angry and happy expressions were detected more rapidly than their anti-
expressions in both hemispheres, thereby implying that both the right and left hemispheres can accomplish this
process. The subjective rating results from controls also verified that normal expressions and anti-expressions
had different emotional impact and that familiarity and naturalness ratings did not fit with the detection perfor-
mance. The visual-search task results in the patients are consistent with those from previous studies showing that
rapid detection of emotional expressions was impaired in patients with bilateral amygdala lesions!>'¢. However,
inconsistent findings were reported with respect to the detection of emotional facial expressions by patients with
bilateral amygdala lesions'’, and no previous study has compared the effects of visual and emotional factors in
this context. The results are also in line with previous findings from lesion studies showing that rapid, implicit
emotional processing was impaired in patients with unilateral amygdala damage®”**!. However, the detection
performance of stimuli was not tested. To the best of our knowledge, this is the first study showing that the
detection of facial expressions of anger and happiness is impaired by unilateral resection of medial temporal
lobe structures, including the amygdala, in accordance with emotional, but not visual, aspects of the expressions.

Our findings suggest that the amygdala plays a crucial role in the detection of emotional facial expressions.
This corroborates previous electrophysiological studies showing rapid activity in the amygdala during the pro-
cessing of emotional facial expressions. For example, some intracranial field potential recordings in the amygdala
showed that it was activated more rapidly in response to emotional expressions than to neutral expressions*>*.
Another study indicated that the amygdala modulated activity in the visual cortex during the observation of facial
stimuli*. Extending this literature, our findings imply that the amygdala is indispensable for the rapid processing
of emotional facial expressions, in part due to its involvement in the conscious detection of facial expressions.

Several limitations of this study should be acknowledged. First, the resected region was not restricted to the
amygdala; the anterior part of the hippocampus and parahippocampal gyrus were also resected. Several lesion
and functional neuroimaging studies have shown that the human hippocampus, and adjacent structures, are
involved mainly in spatial and episodic memory functions, implying a more important role of the amygdala in
emotional processing*>*®. However, animal anatomical studies revealed interconnections between the amygdala
and hippocampal/parahippocampal regions*” and human neuroimaging studies showed functional coupling
between these structures*®*, implying that the amygdala and hippocampal/parahippocampal regions act as a
functional circuit. Future studies including patients with more amygdala-specific resection or damage are war-
ranted to clarify the neural mechanisms underlying rapid detection of emotional facial expressions. Second,
because we used normal expressions selected from a facial-expression database?® and their anti-expressions,
the results may not be generalizable. Although this database® has been used in a vast number of studies, the
stimulus models are poorly diverse in terms of ethnicity™ and age®', and the database contains only acted facial
expressions, which could differ from spontaneous emotional expressions®>**. Further investigation using different
stimulus sets is needed to obtain robust findings. Third, although we created anti-expressions to make featural
changes quantitatively comparable with those of the emotional facial expressions vis a vis the neutral expressions,
we could not control for the holistic or configural aspects of facial expressions®**°. Some previous studies have
suggested that holistic/configural aspects may be relevant to rapid detection of emotional facial expressions®*™’.
Future studies investigating the influence of these visual aspects may elucidate the impaired detection of facial
expressions in patients with medial temporal lobe resection.

In conclusion, we tested a group of patients who had undergone unilateral medial temporal structure resec-
tion, including the amygdala, on a visual-search paradigm in which they detected normal facial expressions of
anger and happiness and their anti-expressions among a crowd with neutral expressions. RTs to normal versus
anti-expressions were shorter when the target face stimulated the intact hemisphere than when it stimulated
the resected hemisphere. These findings imply that the medial temporal structures, including the amygdala,
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play an indispensable role in the detection of emotional facial expressions, in accordance with their emotional
significance.

Methods

Participants. The patient group included 23 patients (8 females, 15 males; mean + SD age =32.7 + 12.8 years)
with medial temporal lobe structures that were unilaterally resected due to pharmacologically intractable sei-
zures. Although three additional candidates were tested, their data were not analyzed because they displayed a
visual deficit (n = 1; see “Procedure”), withdrew from the study (n=1), or slept during the task (n=1). We deter-
mined the sample size using an a priori power analysis. We used G*Power software®® (ver. 3.1.9.2) and assumed
to contrast the intact- versus resected-hemisphere stimulation with an « level of 0.05, power of 0.80, and effect
size d of 0.5 (strong). The results indicated that 21 participants would be required. All patients had undergone
the surgical procedure more than 1 year before the experiment. Seizures were well controlled in most of the
patients (n=17, 3, 2, and 1 for Engel Classes™ I, I1, III, and IV, respectively), and all were mentally stable during
the experiments. Handedness was assessed using the Edinburgh Handedness Inventory® (mean + SD laterality
quotient [LQ]=76.2+38.2); most patients were right-handed (i.e., LQ>0; n=22). Of the 23 participants, 12
(5 females, 7 males; mean+SD age=31.6+12.1 years; mean+SD LQ=89.3+12.3) and 11 (3 females, 8 males;
mean +SD age=33.9+14.0 years; mean+SD LQ=60.7+50.8) had undergone resection in the left and right
hemispheres, respectively. The resection method was selective amygdalohippocampectomy, which included the
amygdala, anterior part of the hippocampus, and anterior parahippocampal gyrus, in 17 patients, and anterior
temporal lobectomy, which included the amygdala, anterior part of the hippocampus, anterior temporal lobe
neocortex (4-5 cm from the temporal pole), and anterior parahippocampal cortex, in six patients. Postsurgical
magnetic resonance imaging confirmed resection of the target regions in all patients (Fig. 1). The healthy control
group included 23 adults (8 females, 15 males; mean + SD age =28.0+ 5.4 years; mean = SD LQ =84.1+16.3). The
control group was matched with the patient group for age (#(44) =1.67, p=0.115), sex (y*(1) =0.00, p=1.000),
and LQ (#(44)=0.91, p=0.369). All participants had normal or corrected-to-normal visual acuity, and all pro-
vided written informed consent following a full explanation of the procedure. This study was approved by the
Ethics Committee of Shizuoka Institute of Epilepsy and Neurological Disorders, and was conducted according
to institutional ethical provisions and the Declaration of Helsinki.

Apparatus. The experiments were run on a Windows computer (HP Z200 SFF; Hewlett-Packard Company,
Tokyo, Japan) with a 19-inch CRT monitor (HM903D-A; liyama, Tokyo, Japan) using Presentation 14.9 software
(Neurobehavioral Systems, San Francisco, CA, USA). The resolution of the monitor was 1024 x 768 pixels, and
the refresh rate was 100 Hz, as confirmed by a high-speed camera (1000 frames/s; EXILIM FH100; Casio, Tokyo,
Japan). A response box with a 2-3-ms RT resolution was used to obtain responses (RB-530; Cedrus, San Pedro,
CA, USA). A chin-and-forehead rest was used to maintain a distance of 0.57-m between the participant and the
monitor.

Stimuli. From a facial expression database?, we selected gray-scale photographs of a female (PF) and male
(PE) model with angry, happy, and neutral expressions, with the teeth not showing. The models were not known
to any of the participants. Anti-expressions were created from these normal expressions using morphing soft-
ware (FUTON System; ATR, Soraku-gun, Japan). First, we manually identified the coordinates of 79 facial-
feature points and readjusted them based on the coordinates of the iris of each eye. Next, the distances between
each feature point of the emotional (angry and happy) and neutral facial expressions were calculated. Finally,
anti-expressions were created by setting their feature positions to the same distance in the opposite direction.
Two types of adjustments were made to the stimuli using Photoshop 5.0 (Adobe, San Jose, CA, USA). First, the
photographs were cropped using an oval shape within the contour of the face, to eliminate factors irrelevant to
the expression (e.g., hairstyle). Second, significant differences in contrast were eliminated, thereby removing
possible identifying information. In addition, some minor color adjustments were made to a few pixels. The face
stimuli were all 1.58° horizontally and 1.93° vertically. Photographs of normal expressions and anti-expressions
of anger and happiness were used as target stimuli, and photographs of neutral expressions were used as distrac-
tor stimuli. The stimuli are illustrated in Fig. 2.

Procedure. Each participant was tested individually. The experiment comprised three sessions for the
patient group, i.e., visual field assessment, visual search, and rating sessions. For the control group, only the latter
two sessions were conducted. Participants were instructed to keep their gaze on the fixation cross (0.86°x 0.86°)
at the center of the display when the cross was presented throughout the sessions.

Visual field assessment. ~ Participants were assessed for possible visual-field defects in four trials. In each trial, a
white fixation cross (0.86°x 0.86°) was first presented in the center of the black display for 500 ms, followed by
the target stimulus (white circle subtending 1.0°), which was presented for 200 ms in the corner of the square
area where the faces were presented in the visual-search task. Participants were asked to look at the fixation
cross, and then to point to the place where the target appeared. No participant included in the analysis showed
any visual-field deficit.

Visual-search task. The visual-search task consisted of 512 trials presented in eight blocks of 64 trials, with an
equal number of target-present and target-absent trials (i.e., 256). Targets were present in half of the trials as in
the traditional visual-search task to prevent the effects of higher-level cognition and search strategies®’. In the
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target-present trials, a target face was presented among three neutral faces, while the target-absent trials showed
four neutral faces. Each target condition (normal anger, normal happiness, anti-anger, and anti-happiness for
resected and intact hemisphere stimulation) was represented by 32 trials. The trial order was randomized across
all conditions within a block. The interstimulus interval varied from 1300 to 1800 ms.

In each trial, after the fixation cross (0.86° x 0.86°) appeared for 500 ms in the center of the monitor, the 2 x 2
face stimulus array (4.30° x 4.30°) was presented against a black background until the participant responded.
All faces were presented in the unilateral left or right visual field. An example of the stimulus display is shown in
Fig. 2. Each facial array comprised pictures of a single model. Participants were instructed to look at a fixation
cross, and then to decide whether one face was different, or all four faces were the same, by pushing predefined
buttons on a response box using their left and right index fingers, as quickly and accurately as possible. The
position of the response buttons was counterbalanced across participants.

Rating task. ~ After the visual-search task, rating tasks for the target and distractor stimuli were performed. The
stimuli were presented individually. Participants were asked to rate each stimulus in terms of emotional valence
and arousal (i.e., the subjective ratings of the nature and intensity of the emotional experience), familiarity (i.e.,
the frequency with which they encountered the facial expressions depicted by the stimulus in daily life), and nat-
uralness (i.e., the degree to which the expression depicted by the stimulus seemed natural) using a scale ranging
from 1 to 9. The order of presentation of facial stimuli and rating items during the rating task was randomized.

Data analysis. All statistical tests were performed using SPSS 16.0 ] software (SPSS Japan, Tokyo, Japan).
The a-level for all analyses was set to 0.05. For the RT analysis of patient data, mean RTs of correct responses in
target trials were calculated for each condition and participant, with values+3 SD from the participant’s total
mean excluded as artifacts. To simplify the analyses, RT difference scores were calculated for each participant
by subtracting the RT for the normal expression condition from the RT for the anti-expression condition (posi-
tive values indicate faster reactions to normal expressions). The RT difference was then analyzed using two-way
repeated-measures ANOVA with stimulated hemisphere (intact, resected) and emotion (anger, happiness) as
factors. The RT differences were further tested for the difference from zero using one-sample ¢-tests (two-tailed)
with Bonferroni correction; the alpha level was divided by the number of tests performed (i.e., 4). To investigate
the effects of possible covariates, we also conducted ANOVAs of RT differences between normal-expression and
anti-expression conditions, including the between-subjects factors of resected side (left, right) and resection
method (selective amygdala-hippocampus resection, temporal lobectomy). Subjective ratings were also ana-
lyzed by ANOVA using the stimulus type (normal, anti) and emotion (anger, happiness) as factors. Preliminary
analyses conducted for accuracy using two-way ANOVA with the same design as the above RT analysis showed
no significant main effect or interaction (F(1, 22)<1.02, p>0.10, #?,<0.045). Hence, we report only the RT
results, as in previous studies (e.g., [7]). Data from controls were analyzed in the same way, except that the factors
included in the ANOVA for evaluation of RT differences were stimulated hemisphere (left, right) and emotion
(anger, happiness).

Received: 29 April 2021; Accepted: 5 October 2021
Published online: 18 October 2021

References
. Vuilleumier, P. How brains beware: Neural mechanisms of emotional attention. Trends Cogn. Sci. 9, 585-594 (2005).
. Frijda, N. H. Facial expression processing. In Aspects of face processing (eds. Ellis, H. et al.) 180-181 (M. Nijhoff, Dordrecht, 2013).
. Hansen, C. H. & Hansen, R. D. Finding the face in the crowd: An anger superiority effect. J. Pers. Soc. Psychol. 54, 917-924 (1988).
. Gilboa-Schechtman, E., Foa, E. B. & Amir, N. Attentional biases for facial expressions in social phobia: The face-in-the-crowd
paradigm. Cogn. Emot. 13, 305-318 (1999).
. Williams, M. A., Moss, S. A., Bradshaw, J. L. & Mattingley, J. B. Look at me, I'm smiling: Visual search for threatening and non-
threatening facial expressions. Vis. Cogn. 12, 29-50 (2005).
. Lamy, D., Amunts, L. & Bar-Haim, Y. Emotional priming of pop-out in visual search. Emotion 8, 151-161 (2008).
. Sato, W. & Yoshikawa, S. Detection of emotional facial expressions and anti-expressions. Vis. Cogn. 18, 369-388 (2010).
. Skinner, A. L. & Benton, C. P. Visual search for expressions and anti-expressions. Vis. Cogn. 20, 1186-1214 (2012).
. Sawada, R., Sato, W, Uono, S., Kochiyama, T. & Toichi, M. Electrophysiological correlates of detecting emotional facial expressions.
Brain Res. 1560, 60-72 (2014).
10. Sawada, R. et al. Sex differences in the rapid detection of emotional facial expressions. PLoS ONE 9, €94747 (2014).
11. Sawada, R. et al. Neuroticism delays detection of facial expressions. PLoS ONE 11, e0153400 (2016).
12. Sato, W. et al. Impaired detection of happy facial expressions in autism. Sci. Rep. 7, 13340 (2017).
13. Saito, A., Sato, W. & Yoshikawa, S. Older adults detect happy facial expressions less rapidly. R. Soc. Open Sci. 7, 191715 (2020).
14. Sato, W. & Yoshikawa, S. Anti-expressions: Artificial control stimuli for emotional facial expressions regarding visual properties.
Soc. Behav. Pers. 37, 491-502 (2009).
15. Bach, D. R., Hurlemann, R. & Dolan, R. J. Impaired threat prioritisation after selective bilateral amygdala lesions. Cortex 63,
206-213 (2015).
16. Dominguez-Borras, J., Moyne, M., Saj, A., Guex, R. & Vuilleumier, P. Impaired emotional biases in visual attention after bilateral
amygdala lesion. Neuropsychologia 137, 107292 (2020).
17. Tsuchiya, N., Moradi, E, Felsen, C., Yamazaki, M. & Adolphs, R. Intact rapid detection of fearful faces in the absence of the amyg-
dala. Nat. Neurosci. 12, 1224-1225 (2009).
18. Button, K. S. et al. Power failure: Why small sample size undermines the reliability of neuroscience. Nat. Rev. Neurosci. 14, 365-376
(2013).
19. Sagi, D. & Julesz, B. Enhanced detection in the aperture of focal attention during simple discrimination tasks. Nature 321, 693-695
(1986).
20. Wolfe, ]. M. & Horowitz, T. S. What attributes guide the deployment of visual attention and how do they do it?. Nat. Rev. Neurosci.
5,495-501 (2004).

v [N S

O 0 N

Scientific Reports |

(2021) 11:20617 | https://doi.org/10.1038/s41598-021-99945-y nature portfolio



www.nature.com/scientificreports/

21.
22.

23.
24.

25.
26.

27.

28.
29.

30.
31.

32.
33.
34.
35.

36.
37.

38.
39.
40.
41.
42.
. Méndez-Bértolo, C. et al. A fast pathway for fear in human amygdala. Nat. Neurosci. 19, 1041-1049 (2016).
44,

45.
46.

47.

52.
53.

54.
55.
56.
. Fox, E. & Damjanovic, L. The eyes are sufficient to produce a threat superiority effect. Emotion 6, 534-539 (2006).
58.

59.

60.
61.

Sato, W., Yoshikawa, S., Kochiyama, T. & Matsumura, M. The amygdala processes the emotional significance of facial expressions:
An fMRI investigation using the interaction between expression and face direction. Neuroimage 22, 1006-1013 (2004).

Sato, W., Kochiyama, T. & Yoshikawa, S. Amygdala activity in response to forward versus backward dynamic facial expressions.
Brain Res. 1315, 92-99 (2010).

Ekman, P. & Friesen, W. V. Pictures of Facial Affect (Consulting Psychologist Press, 1976).

Hunter, Z. R. & Brysbaert, M. Visual half-field experiments are a good measure of cerebral language dominance if used properly:
Evidence from fMRI. Neuropsychologia 46, 316-325 (2008).

Ley, R. G. & Bryden, M. P. Hemispheric differences in processing emotions and faces. Brain Lang. 7, 127-138 (1979).

Davidson, R. J., Mednick, D., Moss, E., Saron, C. & Schaffer, C. E. Ratings of emotion in faces are influenced by the visual field to
which stimuli are presented. Brain Cogn. 6, 403-411 (1987).

Hugdahl, K., Iversen, P. M., Ness, H. M. & Flaten, M. A. Hemispheric differences in recognition of facial expressions: A VHF-study
of negative, positive, and neutral emotions. Int. J. Neurosci. 45, 205-213 (1989).

Magnussen, S., Sunde, B. & Dyrnes, S. Patterns of perceptual asymmetry in processing facial expression. Cortex 30, 215-229 (1994).
Okada, T., Sato, W. & Toichi, M. Right hemispheric dominance in gaze-triggered reflexive shift of attention in humans. Brain Cogn.
62, 128-133 (2006).

Sato, W. & Aoki, S. Right hemispheric dominance in processing of unconscious negative emotion. Brain Cogn. 62, 261-266 (2006).
Prete, G., Capotosto, P.,, Zappasodi, E,, Laeng, B. & Tommasi, L. The cerebral correlates of subliminal emotions: An eleoencepha-
lographic study with emotional hybrid faces. Eur. J. Neurosci. 42, 2952-2962 (2015).

Kingstone, A., Friesen, C. K. & Gazzaniga, M. S. Reflexive joint attention depends on lateralized cortical connections. Psychol. Sci.
11, 159-166 (2000).

Prete, G. et al. The processing of chimeric and dichotic emotional stimuli by connected and disconnected cerebral hemispheres.
Behav. Brain Res. 271, 354-364 (2014).

Prete, G. et al. Conscious and unconscious processing of facial expressions: Evidence from two split-brain patients. J. Neuropsychol.
9, 45-63 (2015).

Prete, G., Laeng, B., Fabri, M., Foschi, N. & Tommasi, L. Right hemisphere or valence hypothesis, or both? The processing of hybrid
faces in the intact and callosotomized brain. Neuropsychologia 68, 94-106 (2015).

Prete, G. & Tommasi, L. Split-brain patients: Visual biases for faces. Prog. Brain Res. 238, 271-291 (2018).

Kubota, Y. et al. Emotional cognition without awareness after unilateral temporal lobectomy in humans. J. Neurosci. 20, RC97
(2000).

Okada, T. et al. Involvement of medial temporal structures in reflexive attentional shift by gaze. Soc. Cogn. Affect. Neurosci. 3, 80-88
(2008).

Tong, F. & Nakayama, K. Robust representations for faces: Evidence from visual search. J. Exp. Psychol. Hum. Percept. Perform. 25,
1016-1035 (1999).

Glascher, J. & Adolphs, R. Processing of the arousal of subliminal and supraliminal emotional stimuli by the human amygdala. J.
Neurosci. 23, 10274-10282 (2003).

Laeng, B. et al. Invisible expressions evoke core impressions. Emotion 10, 573-586 (2010).

Sato, W. et al. Rapid amygdala gamma oscillations in response to fearful facial expressions. Neuropsychologia 49, 612-617 (2011).

Sato, W. et al. Bidirectional electric communication between the inferior occipital gyrus and the amygdala during face processing.
Hum. Brain Mapp. 38, 4511-4524 (2017).

Burgess, N., Maguire, E. A. & O’Keefe, J. The human hippocampus and spatial and episodic memory. Neuron 35, 625-641 (2002).
Zeidman, P. & Maguire, E. A. Anterior hippocampus: The anatomy of perception, imagination and episodic memory Nat. Rev.
Neurosci. 17, 173-182 (2016).

Amaral, D. G,, Price, J. L., Pitkanen, A. & Carmichael, S. T. Anatomical organization of the primate amygdaloid complex. In The
Amygdala: Neurobiological Aspects of Emotion, Memory, and Mental Dysfunction (ed. Aggleton, J. P.) 1-66 (Wiley-Liss, New York,
1992).

. Dolcos, F, LaBar, K. S. & Cabeza, R. Interaction between the amygdala and the medial temporal lobe memory system predicts

better memory for emotional events. Neuron 42, 855-863 (2004).

. Roy, A. K. et al. Functional connectivity of the human amygdala using resting state fMRI. Neuroimage 45, 614-626 (2009).
. Conley, M. I et al. The racially diverse affective expression (RADIATE) face stimulus set. Psychiatry Res. 270, 1059-1067 (2018).
. Ebner, N. C,, Riediger, M. & Lindenberger, U. FACES—A database of facial expressions in young, middle-aged, and older women

and men: Development and validation. Behav. Res. Methods 42, 351-362 (2010).

Fernandez-Dols, J. M. & Crivelli, C. Emotion and expression: Naturalistic studies. Emot. Rev. 5, 24-29 (2013).

Reisenzein, R., Studtmann, M. & Horstmann, G. Coherence between emotion and facial expression: Evidence from laboratory
experiments. Emot. Rev. 5, 16-23 (2013).

Tanaka, J. W. & Farah, M. J. Parts and wholes in face recognition. Q. J. Exp. Psychol. A 46, 225-245 (1993).

Maurer, D., Grand, R. L. & Mondloch, C. J. The many faces of configural processing. Trends Cogn. Sci. 6, 255-260 (2002).

Fox, E. et al. Facial expressions of emotion: Are angry faces detected more efficiently?. Cogn. Emot. 14, 61-92 (2000).

Faul, E, Erdfelder, E., Lang, A. G. & Buchner, A. G*Power 3: A flexible statistical power analysis program for the social, behavioral,
and biomedical sciences. Behav. Res. Methods 39, 175-191 (2007).

Engel, J., Cascino, G. D., Ness, P. C. V., Rasmussen, T. B. & Ojemann, L. M. Outcome with respect to epileptic seizures. In Surgical
Treatment of the Epilepsies (ed. Engel, J.) 609-621 (Raven Press, New York, 1993).

Oldfield, R. C. The assessment and analysis of handedness: The Edinburgh inventory. Neuropsychologia 9, 97-113 (1971).

Levin, D. T., Angelone, B. L. & Beck, M. R. Visual search for rare targets: Distracter tuning as a mechanism for learning from
repeated target-absent searches. Br. J. Psychol. 102, 313-327 (2011).

Acknowledgements

The authors thank Yuji Sakura, Toshiki Kitamura, Saki Shimura, Kaho Miyazawa, Kazusa Minemoto, Masaru
Usami, and Yukari Sato for their technical support. Our study was supported by funds from funds from Japan
Science and Technology Agency CREST (JPMJCR17A5) and Japan Society for the Promotion of Science KAK-
ENHI (18K03174).

Author contributions
Conceived and designed the experiments: W.S., N.U,, R.S., A.K.,, M.T,, and Y.I. Performed the experiments: W.S.,
N.U,, and A.K. Analyzed the data: W.S., and N.U. Wrote the paper: W.S., N.U,, R.S., AK,, M.T., and Y.L

Scientific Reports |

(2021) 11:20617 | https://doi.org/10.1038/s41598-021-99945-y nature portfolio



www.nature.com/scientificreports/

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to W.S. or N.U.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2021

Scientific Reports|  (2021) 11:20617 | https://doi.org/10.1038/s41598-021-99945-y nature portfolio


www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Impairment of emotional expression detection after unilateral medial temporal structure resection
	Results
	Visual-search RT. 
	Ratings. 

	Discussion
	Methods
	Participants. 
	Apparatus. 
	Stimuli. 
	Procedure. 
	Visual field assessment. 
	Visual-search task. 
	Rating task. 

	Data analysis. 

	References
	Acknowledgements


