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Abstract
Background Over the last decades, brain surgery became a more frequently applied treatment for temporal lobe epilepsy 
(TLE). Despite its success, several studies found de-novo post-operative psychiatric symptoms in TLE surgery patients. 
Cognitive behavioural therapy is effective to treat brain healthy psychiatric patients but might not be translatable to patients 
with resections in emotion regulating networks as these areas seem to be essentially involved in successful psychotherapeutic 
treatment.
Methods Here we report the case of a female patient with medically refractory medial temporal lobe epilepsy resulting in 
left anterior temporal lobectomy at age 35. Post operation she did not show adequate fearful response but at the same time 
manifested symptoms of a severe panic disorder. We investigated if this patient, despite lesions in emotion-behaviour brain 
circuits, can benefit from cognitive behavioural therapy.
Results The intervention, customized to the specific resources and difficulties of the patient, was effective in stopping panic 
attacks and improving social functioning.
Conclusions This case shows that MTL brain surgery patients may benefit from CBT and demonstrates the important and 
if yet still somewhat mysterious role of the amygdala in emotion regulation processes.

Introduction

MTL Epilepsy and Treatment by Surgery

Temporal lobe epilepsy (TLE) is the most common form of 
focal epilepsy (Devinsky, 2004; Wiebe, 2000). A frequently 
diagnosed subtype of TLE is medial temporal lobe epilepsy 
(MTLE) where the internal (limbic) structures of the tem-
poral lobe are involved (Williamson et al., 1993). Recurrent 
seizures can have a negative effect on cognitive functions 
including memory, language or social judgments (Golouboff 
et al., 2008; Ledoux & Gordon, 2011; Zeman et al., 2012; 
Zhao et al., 2014). The prescription of anti-epileptic drugs 

is the first approach to reduce seizure frequency but up to 
one third of all epileptic patients are refractory to medication 
(Kwan & Brodie, 2000; Schuele & Lüders, 2008; Spencer, 
2002). For drug resistant MTLE, neurosurgery has shown 
promising results with up to 7 of 10 patients living seizure-
free afterwards (Engel et al., 2012; McIntosh et al., 2004). 
Surgical options for these patients include resection of parts 
of the temporal lobes (i.e. anterior temporal lobe resection, 
resection of the amygdala or hippocampus) or lobectomy 
of the entire temporal lobe, depending on the epileptogenic 
zone (Al-Otaibi et al., 2012). Currently, the main measure of 
surgery success is a reduction of seizure frequency (Wieser 
et al., 2003). Despite the reported achievement concerning 
seizure outcome as well as the importance of early referral, 
epilepsy surgery is still seen as a treatment of last resort 
(Erba et al., 2012). Because of the significant functional role 
of the temporal lobe areas, it is not only a crucial question 
how TLE surgery affects seizure frequency per se, but also 
how it might influence the mental well-being of the patient.

 * Theresa Halder 
 theresa.halder@psy.lmu.de

1 Department Psychologie, Ludwig-Maximilians-Universität 
München, Leopoldstrasse 13, 80802 Munich, Germany

2 German Center for Vertigo and Balance Disorders, 
Ludwig-Maximilians-Universität München, 
Marchioninistr. 15, 81377 Munich, Germany

http://orcid.org/0000-0002-5305-2563
http://crossmark.crossref.org/dialog/?doi=10.1007/s10608-022-10301-4&domain=pdf


839Cognitive Therapy and Research (2022) 46:838–851 

1 3

Emotional Disorders Before and After 
Surgery

The study of fear and anxiety is challenging and there has 
been a long debate about how to best investigate and define 
these emotions and what should be considered to be part 
of the neuroanatomical system underlying those emotions 
(see for example Lang, 1969; Berridge & Kringelbach, 2008, 
2011, for a discussion of the different viewpoints of the most 
influential contemporary scientists, see Mobbs et al., 2019). 
However, regarding the neuroanatomical correlates, research 
indicates that regions that are involved in TLE (and are thus 
the target of TLE surgery) also play an important role for 
human fear and anxiety. Regions that have been identified 
to process threat include the amygdala, insula, hippocam-
pus, parts of the brainstem and the anterior cingulate cortex 
and have been initially summarized under the term ‘fear-
network’ (Gorman et al., 2000). Other studies indicate that 
brain activity associated with the physiological response 
to a threat is distinct from the neuronal activity that leads 
to a conscious and subjective feeling of fear and anxiety 
(Bornemann et al., 2012; Feinstein et al., 2013; Hoppenbrou-
wers et al., 2016; Inman et al., 2020; Lang, 1969; LeDoux, 
2020; Öhman, 2005). In the ‘two-systems-model’ proposed 
by LeDoux and Pine, the amygdala is identified as a main 
contributor to immediate defensive bodily reactions and 
actions in response to threats (LeDoux & Pine, 2016). Feel-
ings of fear and anxiety arise from cortical circuits that are 
responsible for the conscious experience. The perception of 
fear or panic, in this perceptive, is the result of the cogni-
tive interpretation of a situation (Barrett, 2017; LeDoux & 
Brown, 2017; Taschereau-Dumouchel et al, 2020).

In anxiety-disorder patients, areas that regulate fear and 
anxiety show abnormal activity (Coplan & Lydiard, 1998; 
de Carvalho et al., 2010a; Etkin & Wager, 2007; Lai, 2011; 
Massana et al., 2003; Porto et al., 2009; Sakai et al., 2005; 
Sylvester et al., 2012). With respect to the underlying neuro-
circuitry of panic different proposal were made. Gorman 
proposed that these patients have a hypersensitivity with 
resultant hyperactivity in member areas of the fear network 
where especially the amygdala may foster panic disorders. 
This hyperactivity may counteract any inhibitory action of 
the frontal cortex and thus deprive the brain of an effective 
system to regulate fear responses (Gorman et al., 2000). This 
type of model is similar to the models proposed for other 
anxiety disorders such as PTSD. More recent functional 
studies on the neurocircuitry of panic disorder suggest that 
the abnormal activation takes place in the extended fear net-
work (in brainstem, anterior and midcingulate cortex, insula, 
and lateral as well as medial parts of the prefrontal cortex) 
and not exclusively in the amygdala (Etkin & Wager, 2007; 
Feldker et al., 2016; Sobanski & Wagner, 2017).

As TLE and the fear and anxiety circuits share common 
regions, the comorbidity of TLE with psychiatric disorders 
such as depression, anxiety disorders or obsessive–com-
pulsive disorder is not surprising (de Araujo Filho et al., 
2008; Glosser et al., 2000; Hermann et al., 2000; Kanner, 
2016). Panic disorder, for example, has prevalence rates 
ranging between 5 and 21% in TLE patients compared to 
0.5–3% in the general population (Brandt et al., 2010; Mula 
et al., 2009). Previous studies reported contradicting results 
concerning the psychiatric symptom changes and de novo 
appearance of psychiatric disorders after surgery. In 70 
TLE surgery patients, Pintor et al. (2007) found that anxi-
ety disorders decreased from 21.5% pre-surgery to 14.2% 
post-surgery over the first 12 month. In contrast to that, 
Glosser et al. (2000) reported 25% of patients experienced 
de novo psychiatric symptoms or even worsening of pre-
existing symptoms after TLE-surgery. Cleary et al. (2012) 
found in 280 patients that 38% of them had significant psy-
chiatric problems and 18% showed de novo psychopathol-
ogy over a period of 4 years after TLE surgery. Especially 
in patients with MTL resection postoperative anxiety sig-
nificantly increased, regardless of seizure outcome (Halley 
et al., 2010). One frequently reported risk factor for post-
operative psychiatric disease in TLE patients are pre-existing 
psychiatric symptoms (Anhoury et al., 2000; Devinsky et al., 
2005; Wrench et al., 2011).

Despite the high prevalence of comorbid anxiety in epi-
lepsy and postoperative anxiety and panic after TLE sur-
gery, very little is known about optimal treatment strate-
gies and helpful interventions for this patient group. The 
best established approach to treat symptoms of anxiety and 
panic is cognitive behavioural therapy (CBT). CBT is the 
recommended therapy in the guidelines for anxiety disor-
ders (Bandelow et al., 2014). However, data on efficacy of 
CBT from randomized controlled trials is only available 
for patients without brain damage (Beck et al., 1992; Clum 
et al., 1993; Gould et al., 1995; Haby et al., 2006; Otte, 
2011; Ougrin, 2011). In CBT the patient learns to change 
behavioural and thinking patterns regarding body sensations 
(Clark, 1986) leading to a better emotion regulation of anxi-
ety responses (Messina et al., 2013). The main hypotheses 
for the effect of CBT on brain functioning suggests that it 
influences the interaction between prefrontal areas and the 
subcortical fear and anxiety circuits (de Carvalho et al., 
2010b). This might be accomplished by a more effective 
top-down regulation of hypersensitive and limbic structures 
by prefrontal control networks (Gorman et al., 2000; Ken-
nedy et al., 2007; McNally, 2007; Roffman et al., 2005). In 
a multicenter brain imaging study, researchers investigated 
CBT treatment-related neural changes in patients with panic 
disorders (Kircher et al., 2013). In a fear-conditioning para-
digm, they found reduced activation in the amygdala, bilat-
eral anterior insula and the left inferior frontal gyrus (IFG) 
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for the conditioned responses. Additionally, results showed 
an increased connectivity between the IFG and the subcorti-
cal parts of the fear and anxiety circuits.

Given the correlative nature of brain-imaging outcomes, 
it remains unclear whether the observed changes in brain 
activity and connectivity play a causal role in the therapeutic 
success or put differently, it remains unclear whether the 
integrity of structures within the fear and anxiety circuits 
are an essential precondition for therapeutic success. Given 
the aforementioned putative reliance of CBT on the modula-
tion of frontal and limbic area, it remains unclear whether 
CBT can be effective in patients with damage to those brain 
areas, as in the case of TLE surgery patients. After TLE 
brain surgery, networks and interactions that usually respond 
to CBT are partially or completely removed or disconnected. 
Crucial brain areas are decoupled by surgery, resulting in 
an imbalanced activity and disturbed neural signalling, per-
haps leaving those brain areas unable to process and benefit 
from regulatory input induced by CBT. While case number 
of patients after TLE surgery increase with many of those 
patients suffering worse psychiatric symptoms after surgery 
than before, there is still curiously little known about the 
effects of psychotherapy in patients after TLE surgery. It has 
not been examined if CBT, primarily developed in and for 
patients without brain lesions, will improve or aggravate fear 
symptoms in patients where regions of the fear-network are 
neurologically compromised. Here, we want to pursue this 
issue by reporting the case of patient HZ who suffered from 
severe panic attacks and impaired emotion processing after 
anterior temporal lobe resection and amygdalohippocampec-
tomy in the left hemisphere. HZ received CBT which suc-
cessfully reduced and finally stopped her panic attacks, and 
allowed her to acquire successful coping strategies to deal 
with her functional deficits. After describing her case and 
the treatment procedure, we will also discuss the factors and 
implications for clinical psychologists working with patients 
after TLE surgery.

Case Report

Clinical History

HZ lives in a small village in Germany, is married and the 
mother of two children. After nine years of school, she vis-
ited a school for home economics and then took over her 
parent’s farm. She had no medical history of neurological 
complaints or psychiatric symptoms until the age of 30, 
when she started to have epileptic seizures. HZ’s epilepsy 
was diagnosed as focal epilepsy with epigastric and emo-
tional auras and automotoric and dialeptic seizures. Sei-
zures occurred several times a day for about 10 min each. 

She suffered from regular headaches with a sharp left-sided 
pain as well as depressive mood, irritability, sadness and 
insomnia.

Antiepileptic medical treatment reduced seizure fre-
quency from 10 to 15 seizures per day to at most one sei-
zure per week. Neurological examinations included EEG 
and Video-EEG examinations as well as SPECT, PET-CT 
and MRI. This traced the epileptic focus to the left temporal 
mesial region, which also corresponded to the observed sei-
zure type. Brain imaging revealed an enlarged left amygdala 
with local glucose hypometabolism. The diagnostic find-
ings suggested left temporal-lobe epilepsy with hippocampal 
sclerosis.

Different types of anticonvulsive medication did not 
reduce seizure frequency reliably long-term. HZ received 
an anteromedial temporal pole resection with amygdalohip-
pocampectomy in the left hemisphere 5 years after onset of 
epileptic seizures. The procedure was performed without 
any complications. Post-operative histopathology found hip-
pocampal sclerosis with reduced grey-white distinction and 
an enlarged amygdala with reactive gliosis. Figure 1 shows 
T1 MRI after the operation. Precautionary anticonvulsive 
medication was maintained. HZ was still seizure-free one 
year after surgery, therefore the medication was reduced and 
finally stopped. No seizures have occurred since.

In the months following the medical surgery, HZ expe-
rienced hypomania, insomnia and inner restlessness. Her 
mood improved but she was irritable and quick-tempered. 
She had difficulties to recall past events and worried about 
forgetting her plans unless she fixed those plans on paper. 
Most of all, HZ was unsettled because of a dramatic change 
in her ability to perceive and experience emotions. She 
noticed that she did not feel anxious anymore in situations 
she remembered as threatening from her past, for example 
working in great heights in the barn. She was perfectly able 
to identify this or other situations as potentially dangerous 
and realized that she risked her life in those situations while 
observing in herself a previously unknown lack of fear and 
concern. Additionally, HZ reported the absence of emotional 
closeness and affection towards her children and her hus-
band. She generally felt emotionally blunt, felt estranged to 
others, less empathetic and was emotionally unaffected by 
sad events (e.g. death of a neighbour). HZ had difficulties 
to empathize and avoided physical contact with friends and 
relatives. She also reported having difficulties in interpreting 
facial expressions even from close family members. HZ was 
highly concerned and unsettled by these changes. Approxi-
mately half a year post-operation she experienced occasional 
episodes of intense anxiety including rapid breathing, pal-
pitation, trembling and sweating combined with a desperate 
fear to faint. She had no motor phenomena, amnesia, loss 
of consciousness or any other neurological symptoms that 
could be interpreted as signs of an epileptic seizure. Her 
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attacks primarily occurred in social situations, for example 
when attending church or when waiting in a queue. The dis-
comfort would vanish as soon as she left the situation. Her 
initial reaction was to avoid these situations, which increas-
ingly restricted her in her everyday life. HZ did not take any 
medication to treat the panic attacks.

Neuropsychological Results

Neuropsychological examinations were conducted before 
and after TLE surgery (see Table 1). Before surgery, HZ 
noticed semantic and episodic memory problems: she had 
difficulties to remember names and appointments and occa-
sionally did not recall events that took place only some days 
or weeks in the past. She complained about word-finding dif-
ficulties in conversations. Her neuropsychological examina-
tion (Table 1) showed mostly age-appropriate cognitive per-
formance with the exception of a significant impairment in 
verbal learning. Signs of a minor depression were revealed 
in a self-evaluation report (BDI-II).

Post-operative neuropsychological examinations found 
verbal learning ability improved; verbal retrieval was only 
mildly impaired. On the basis of her psychiatric symptoms 
and her subjective description of difficulties in emotional 
perception (see H.Z.’s clinical history), she was tested with 
neuropsychological tests on emotion and face perception. 
The Ekman 60 Faces Test (Young et al., 2002) was used to 
evaluate emotional face perception. This test uses 60 photo-
graphs of six different male and female emotional faces dis-
playing anger, disgust, fear, happiness, sadness and surprise. 
There is a maximum of 60 correct responses, 10 for each 
emotion. Each face is shown for 5 s, responses are recorded 
by mouse click to the on-screen buttons. HZ assigned none 
of the fearful faces correctly. Instead, fearful faces where 

seen as anger (3), disgust (4), sadness (1) or surprise (2). 
HZ chose fear as response, albeit incorrectly (the correct 
emotion would have been sadness), in only one instance. The 
emotion perception deficit is not due to a general face per-
ception impairment as face perception tests (Benton Facial 
Recognition Test, Cambridge Face Memory Test) showed 
no impairment in face recognition abilities.

Cognitive Behavioural Therapy

Because HZ’s panic attacks persisted for several months 
and she was concerned about the impact on her everyday 
life, she sought psychotherapeutic help. HZ had exploratory 
sessions with a licensed psychotherapist. After these ses-
sions the therapist had doubts about the chance of success 
of any behavioural therapy intervention to treat HZ’s panic 
disorder. Due to HZ’s brain lesion, CBT process-relevant 
brain areas might be damaged and prevent therapy effect. 
HZ then started CBT with the co-author of this report (PM), 
a licensed psychotherapist with background in clinical neu-
ropsychology. Therapy started in 2015 (14-month post-sur-
gery). CBT lasted for 2.5 years. The first six month sessions 
were scheduled weekly. After, frequency of sessions was 
reduced to one session every few weeks or whenever neces-
sary. Until now HZ had about 50 sessions CBT. Her health 
insurance company confirmed the need for therapy and 
covered the costs of her treatment. HZ was very motivated 
throughout therapy. She wrote a daily journal during the 
time of therapy, which she also used to record notes of her 
emotional state and to keep track of changes she observed.

Therapy focused on HZ’s disrupted emotional experience 
after amygdalohippocampectomy, which most prominently 
led to (1) indifferent feelings towards close persons and (2) 
severe panic in inadequate situations. The characteristics of 

Fig. 1  T1 weighted imaging of HZ after amygdalohippocampectomy in the left hemisphere
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Table 1  Neuropsychological 
tests and results of patient HZ 
before MTL (pre-OP) surgery 
and after (post-OP)

PR percentile range, RW raw value, T T-value
Missing values are denoted by “–”. Missing values occurred because certain tests were not performed at 
specific assessment points

Neuropsychological test Results pre-OP Results post-OP

Aachener Aphasie test (AAT)
 Token test 0 errors 0 errors

Boston naming test—short version (CERAD Plus) 15/15 15/15
Digit-span
 Forward PR 25 PR 57
 Backward PR 56 PR 58

Corsi-block-tapping
 Forward PR 25 PR 78
 Backward PR 56 PR 92

California verbal learning test—version A (pre) and B (post)
 Learning efficiency PR 1 PR 17
 Word span PR 12 PR 44
 Distractor list PR 4 PR 49
 Immediate recall PR 31 PR 4
 Cued recall PR 34 PR 20
 Delayed recall PR 10 PR 10
 Cued delayed recall PR 24 PR 14
 Recognition PR 23 PR 23
 False-positives PR 35 PR 74

Visuospatial memory Rey figure (pre) and Taylor complex figure test (post)
 Immediate recall PR 34 PR 86
 Delayed recall PR 27 PR 88

Doors test
 Test A PR 75 PR 75
 Test B PR 75 PR 75
 Test A + B PR 75 PR 84

Rey figure copy 36/36 36/36
Word fluency
 Phonologically PR 34 –
 Semantically PR 88 –

Hamasch 5 point test Total: PR 93
Correct: PR 97

–

Tests of attentional performance (TAP)
 Tonic arousal T:53 T:55
 Phasic arousal T:49 T:53
 Go–NoGo T: 52 T:58
 Go–NoGo errors T:53 T:53
 Go–NoGo omissions T:39 T:39
 Incompatibility T:51 T:61
 Incompatibility errors T:63 T:57
 Incompatibility FGF × hand T:64 T:51
 Flexibility T:51 T:60
 Flexibility stability T:64 T:60
 Flexibility errors T:61 T:55

Benton facial recognition test – RW:44
Cambridge face memory test (CFMT) – 77% correct
Ekman 60 faces test – RW 44/60
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her recurrent episodes of anxiety met the DSM-5 criteria 
for agoraphobia with panic attacks (American Psychiatric 
Association 2013). The therapeutic goals were to support 
her in coping with these changes, extend her understanding 
of her brain impairment and to reduce and ideally stop panic 
attacks. Concerning the second goal, the therapist’s approach 
was to attend to HZ’s panic disorder using the standard CBT 
components for treatment panic disorder: (I) psychoeduca-
tion, (II) cognitive therapy, (III) relaxation methods, and 
(IV) exposure therapy (Bandelow et al., 2014; Heinrichs 
et al., 2009). The gradual exposure to situations that might 
induce panic attacks consisted of exercises (i.e. going to 
church or shopping) which HZ and her therapist carefully 
planned and prepared during therapy sessions. HZ reported 
the outcome in her following session and HZ and her thera-
pist analysed HZ’s experience to prepare the next exercise.

The therapeutic progress included the following steps:

1. Develop therapeutic relationship, anamnesis and address 
resources

 Discuss personal and family history, typical behaviour 
and attitude, guiding principles in life, support system 
(family, friends) and other resources.

  HZ brought photographs of her close family, her home 
and photographs of special occasions in her life into the 
first sessions. She described her husband, children and 
friends as being very supportive, caring and sympa-
thetic. She felt supported by her local church commu-
nity. Apart from information on social resources, the 
therapist and HZ collected information on activities that 
might help HZ to relax.

2. Analysis of the current state
 Address the patient’s own concept of her complaints. 

Under which circumstances do these complaints occur?
  HZ was alarmed by her lack of emotions towards her 

family and the occurrence of anxiety and panic in objec-
tively harmless situations (see SORC model illustrating 
one situation, below). She worried that due to increasing 
anticipatory anxiety she would withdraw from social life 
and consequently not be able to support her children as 
she wished to. In the following we will provide an exam-
ple of one SORC model for one specific panic-inducing 
situation, namely sitting in church.

  S: Situation = HZ is sitting in church during a mass in 
the middle of a church pew.

  O: Organism = “I don’t feel so good. I want to leave 
now. This will draw attention. Everyone would look at 
me and wonder why I leave.”

  R: Reaction = increasing heartbeat, sweaty hands, 
abdominal discomfort, fear to faint, feeling of being 
locked in.

  C: Consequence = short-term: leaving the church and 
instant ease of symptoms, feeling ashamed and irra-

tional, long-term: anticipatory anxiety, avoiding situa-
tions (crowded places) that might trigger panic attacks.

3. Set therapy goals
 Focus on one or two realistic goals that refer to the most 

pressing complaints and describe them as detailed as 
possible.

  HZ and the therapist identified two main goals:

1. Reduce number and intensity of panic attacks. A 
complete absence of panic attacks might not be 
achievable.

2. Integration of impairment and deficits in every-
day life. For HZ this meant primarily to be able to 
care in a compassionate way for her family despite 
changes in emotional perception.

4. Psychoeducation
  Provide information on current neuropsychological 

knowledge about the psychological condition.
  HZ was educated on the connection of brain state and 

emotional state, the emotional networks in the brain and 
probable changes in brain functioning (i.e. emotion per-
ception or memory function) due to TLE surgery.

5. Cognitive therapy
 Develop skills for reviewing one’s own perception and 

the interpretation of physical symptoms or behaviour.
  Cognitive restructuring with HZ included the follow-

ing instruments and exercises:

1. Cognitive triad (Thoughts, Emotions, Behaviour) 
(Beck, 2002) and SORC model (Kanfer et al., 1969).

2. The vicious circle of fear and the possibility to inter-
rupt (Hagena & Gebauer, 2014).

3. The concept of a benevolent companion and inner 
critic (Stinckens et al., 2013)

4. Training of perception and body reactions, mindful-
ness of own feelings and needs.

6. Developing mental and behavioural strategies for occur-
ring panic attacks

 Choose and exercise strategies to regain a sense of con-
trol when panic attacks occur.

  HZ was instructed with exercises to increase stress 
tolerance and self-regulation. She identified individual 
stress releasing actions such as squeezing a stress ball, 
imagination techniques (i.e. save space exercise (Red-
demann, 2017) as well as muscle relaxation techniques 
(Margraf & Schneider, 2018) and techniques to actively 
redirect attention (i.e. mental arithmetic).

7. Creating awareness for patients’s impairments in the 
patient’s social environment

 Enable the patient to talk about his or her impairments 
and needs and offer sessions with family, partners or 
friends if necessary.
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  This step included supporting HZ in communicat-
ing with family and close friends about the effects of 
the TLE-brain surgery, about the resulting disability to 
interpret facial expression and about the fact that this 
might cause irritation in social contacts. HZ was encour-
aged to talk openly about her condition and the changes 
in emotional perception that she experienced.

8. Gradual exposure therapy for panic inducing situations

Apply the developed strategies for extinction learning to 
gradually decrease the fear-response.

HZ was encouraged to try different strategies for stress 
reduction and attention-redirection techniques (see 6.) until 
she had identified the strategies that would help her to stay in 
the situation and tolerate the situation. Leaving the situation 
was the last choice.

Current Status

HZ is free from epileptic seizures and takes no anticonvul-
sive medication or psychiatric drugs. According to HZ and 
her therapist, she developed acceptance and management 
of the consequences of the MTL-resectomy. Her perception 
of facial expressions of emotions remains impaired and she 
reports having difficulties to sense emotions and moods of 
others in every-day life. In the beginning, the lack of this 
ability made her feel insufficient especially when interacting 
with her own children and insecure when interacting with 
others. Throughout therapy HZ acquired a better understand-
ing about the links between brain functioning and emotions 
and the probable changes due to her brain surgery. Learning 
about the neuronal networks of emotion regulation enabled 
her to explain her difficulties to close family and friends who 
reacted in an understanding and supportive way. HZ says, 
she is now more ready to directly ask someone about his or 
her emotional state. HZ’s reduced experience of fear consid-
erably changed her behaviour towards dangerous situations: 
for instance, she described that she would now be very much 
interested in trying out bungee jumping, an experience she 
had found to be rather life-threatening than thrilling before 
the surgery. Over the course of her therapy her panic attacks 
have become gradually less frequent. One year after the start 
of therapy the panic attacks have disappeared completely 
and have not re-emerged until now despite the fact that HZ 
exposes herself regularly to situations where she either has 
had panic attacks in the past or was worried about having 
one. HZ reports to still feel nervous in some situations occa-
sionally, but these symptoms do not meet the criteria for a 
panic disorder. She no longer avoids crowded places and 
applies stress-reducing techniques effectively. She schedules 
time for relaxation and recreation for each day. Currently, 

HZ schedules therapeutic sessions on demand. At least twice 
a year a meeting takes place to monitor her progress.

Discussion

We presented the case of HZ who received unilateral amyg-
dala resection for epilepsy treatment. This case offers help-
ful information for therapists working with TLE surgery 
patients and new insights on the effect of TLE surgery on 
emotion regulating networks.

Post-operation HZ displayed two distinct changes in 
emotional perception and processing: an impaired emo-
tional face perception and increased inadequate fearful 
responses. HZ’s limited abilities in interpreting facial emo-
tions in both experimental conditions and in every-day life 
are in accordance with earlier findings from patients with 
amygdala lesions that demonstrate the important role of 
the amygdala for recognizing and appropriately reacting 
to fear-inducing stimuli (Anderson, 2007). Indeed, several 
studies on patients with damage to the amygdala found 
an impaired ability to correctly recognize emotional facial 
expressions, especially in the case of fearful faces (Adolphs 
et al., 1994, 1999, 2003; Brierley et al., 2004; Calder, 1996; 
Pishnamazi et al., 2016). One of the most intensively stud-
ied patients with bilateral amygdala damage is S.M. This 
patient suffered from Urbach-Wiethe disease (Tranel & 
Hyman, 1990). S.M. showed absence of fear in the pres-
ence of fear inducing stimuli (i.e. venomous snakes or 
spiders) (Feinstein et al., 2011; Lilienfeld et al., 2018). 
Amygdala damage may affect not only visual perception 
but also the recognition of emotional voices (Dellacherie 
et al., 2011). The physiological reactions to arousing stim-
uli also seem to be altered by amygdala lesion according 
to some studies (Anderson & Phelps, 2002; Gläscher & 
Adolphs, 2003). Table 2 presents results from face-emotion 
tests of our patient in comparison to those from three other 
patients with amygdala damage (Broks et al., 1998). As can 
be seen HZ performed particularly poorly in that domain 
even in comparison with other patients.

One particularly interesting aspect of HZ’s post-operative 
clinical picture is the development of panic attacks. This 
exaggerated fear response occurred in objectively harmless 
situations, while in potentially life-threatening situations 
(e.g. great height) HZ showed no emotional response. The 
panic attacks unsettled and worried HZ so much that she 
sought therapeutic help. This provided us with the oppor-
tunity to examine an interesting question: Is it possible to 
treat panic disorder using CBT in a patient with damage to 
the amygdala?

The amygdala is a critical part of the fear and anxiety 
circuits. In laboratory settings these networks are frequently 
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studied by using classical conditioning experiments (LaBar 
et al., 1998). According to LeDoux this procedure can only 
provide information on one of the two critical systems, 
namely it provides information on the system that leads to an 
adequate fearful response but it provides no information on 
the system that cognitively evaluates and generates the feel-
ing of fear (LeDoux & Brown, 2017; Mobbs et al., 2019).

However, the role of the fear and anxiety circuits in gen-
erating panic is still not clear. Intuitively one might assume 
that an exaggerated fear-response is a neural correlate of 
anxiety and panic disorder. In fact, this presumption received 
support in fMRI studies with panic disorder patients. It was 
found in those patients that fear and anxiety related regions 
were hyper activated (de Carvalho et al., 2010a; Kircher 
et al., 2013). Kircher et al. described the influence of CBT 
on brain responses of patients with panic disorder during 
a fear conditioning experiment. Moreover, the study by 
Kircher et al. reported that successful CBT treatment is 
associated with activity-reduction in the fear and anxiety 
circuits. They described the influence of CBT on patients 
with panic disorder. Their pre–post comparison (t1 > t2) 
revealed a reduced activation in the amygdala, bilateral ante-
rior insula, in parts of the cingulate cortices as well as in the 
inferior frontal gyrus (IFG) after successful CBT. Because 
the IFG is involved in the experience and cognitive regula-
tion of emotions, the authors speculate that therapy could 
lower activation in fear and anxiety circuits that is caused by 
negative cognitions represented in frontal cortex. Another 
study on the impact of CBT found that successful treatment 
was related to an increase in right hippocampal activation 
and an inhibitory functional coupling between the anterior 
cingulate cortex and the amygdala (Lueken et al., 2013).

These findings imply that structurally intact fear-and-
anxiety circuits are critically involved in the pathogenesis 
of panic disorder and may also constitute an essential pre-
condition for the successful treatment of panic attacks. 
However, this conclusion is challenged by an interesting 
case report about a patient who developed panic attacks 
despite extensive, bilateral damage to the amygdalae 
(Wiest et al., 2006). Wiest and colleagues described the 
case of a patient who suffered from intense panic attacks 
at age 38 despite bilateral amygdala damage through 

Urbach-Wiethe disease since age 4. The patient had a 
normal emotional development and an appropriate range 
of mood and affect. Panic attacks occurred spontaneously 
without any identifiable external trigger. The patient also 
became depressive. The patient was treated with anti-
depressive medication and both the symptoms of depres-
sion and frequency of panic attacks decreased. However, 
for this patient no attempts at psychotherapeutic treatment 
were reported. That intact amygdalae are not required for 
a panic attack was also shown by a study of Feinstein and 
colleagues who induced panic attacks in three patients 
with amygdala lesions (Feinstein et al., 2013). This view 
is supported by functional studies that found abnormal 
activation mainly in the brainstem, anterior and midcin-
gulate cortex, insula, and lateral as well as medial parts of 
the prefrontal cortex (for a review see Sobanski & Wagner, 
2017).

Thus, while it seems clear that panic disorders can arise 
in the absence of an intact fear and anxiety network, it is still 
unclear whether psychotherapeutic treatment will be suc-
cessful under those conditions. This is the question that we 
wish to address in our current report.

The idea to offer CBT to patients with neurological 
impairment is not new but studies investigating its effec-
tiveness for this patient group showed mixed results. CBT 
can be suitable for treating post-brain-injury depression, 
anxiety and emotional distress and is also applicable to 
different groups of patients with cognitive deficits (Brad-
bury et al., 2008; Exner et al., 2021; Gallagher et al., 2019; 
Hodgson et al., 2005; Khan-Bourne & Brown, 2003; Wal-
dron et al., 2013). Although CBT can be effective after 
acquired brain injury, psychological distress could not be 
decreased in all cases (Hodgson et al., 2005; Rasquin et al., 
2009) and even worsened in some (Lincoln & Flannaghan, 
2003; Ramaratnam et al., 2008). However, altogether the 
evidence is encouraging: the majority of published studies 
report positive effects. Nevertheless, the specific question 
of whether an intact emotion-network is a critical precondi-
tion for successful CBT has not been answered by previous 
reports. Those previous studies used patient samples that 
were heterogenous with respect to the type of lesions (local 
or diffuse) and its causes (i.e. traumatic brain injury, tumor, 

Table 2  Results of Ekman 60 
faces test of CH compared to 
amygdala-lesion patients SE, 
YW and RB all from Broks 
et al. (1998)

A maximum of 10 points is possible for each emotion. Values that fell outside the normal range of the test 
and age-group are marked with “*”

Patient Lesion Anger Disgust Fear Happiness Sadness Surprise

HZ Left anterior temporal lobectomy 8 9 0* 10 8 9
SE Bilateral amygdala damage

(right > left)
10 10 3* 10 8 9

YW Bilateral amygdala damage (right > left) 7 7 4* 10 7 10
RB Left amygdala damage 6 9 5 10 8 9
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hemorrhage or stroke). Thus, cases such as HZ, with defined 
lesions, affecting specifically the fear-network, are particu-
larly interesting to shed more light on the preconditions for 
successful CBT.

The following two aims were pursued with the CBT of 
patient HZ: to help her manage life despite her partial emo-
tional blunting and to reduce the frequency of panic attacks. 
The outcome suggests that both aims were achieved. How-
ever, we have to be cautious in our interpretation. Given the 
single-case nature of this report with its inherent lack of a 
control group it is impossible to rule out that the observed 
improvements were the result of spontaneous recovery. 
Nevertheless, the tight coupling between the observed 
improvement and therapy support a causal role of CBT in 
the observed recovery. Symptoms were largely stable prior 
to therapy but decreased significantly during therapy. It is 
also remarkable that those aspects of the disorder improved 
most that were the target of the treatment during the time of 
observed improvement.

The successful outcome in this patient raises an interest-
ing question with respect to the role of the fear and anxiety 
circuits in the emergence and treatment of panic disorders. 
There seems to be a conflict between claims that assign an 
important role to the intact amygdala for the occurrence and 
treatability of panic disorders on the one hand and findings 
that suggest that such disorders can emerge and can be suc-
cessfully treated despite damage to the amygdala.

One explanation would be that the relevant network for 
these processes is not really compromised in HZ. However, 
this account is implausible. While the damage in patient 
HZ is restricted to only one hemisphere, she displays nev-
ertheless significant emotion-related impairments. In fact, 
as detailed above, some of her deficits are as pronounced 
as those found in patients with bilateral amygdala lesions.

Therefore, we favour a different explanation. Let’s assume 
the amygdala plays a critical role in assigning the correct 
emotion, that is, reacting fearful to appropriate situations but 
not in generating the fear-response itself. Under this assump-
tion it is not surprising that following amygdala lesions fear 
and even panic responses are still present but assigned inap-
propriately. This is exactly what we observed in HZ. She 
seems relaxed in dangerous situations but developed panic 
in harmless settings. The question is whether the automatic 
assignment provided by the amygdala might be overruled 
or replaced by a more knowledge-driven, cognitive assign-
ment process. The CBT applied in the case of HZ tested this 
possibility. HZ’s positive outcome suggests that a cognitive 
ability to assign appropriate emotions to given situations 
can be acquired. The success of CBT treatment also sug-
gests that this ability is not reliant on an intact amygdala and 
that CBT provides a promising avenue to address emotion 
disorders also in other patients with damage to the brain’s 
emotion network.

This second explanation concurs with the view that the 
amygdala is setting the appropriate preconditions for emo-
tion expression by “enhancing attention and associated per-
ceptual encoding of emotional events” (Anderson, 2007; but 
see also Anderson & Phelps, 2002). It also concurs with the 
model of two systems regulating fear and anxiety responses, 
where the amygdala controls immediate fear response and 
the frontal areas are engaged when the conscious feeling 
arises (LeDoux & Pine, 2016).

Moreover, the fact that CBT can be effective despite 
damage to the amygdala suggests (tentatively given that HZ 
has still one intact amygdala) that effective control over the 
fear-response from frontal areas does not depend on intact 
amygdala system but that this frontal control can bypath 
the amygdala system. We suggest that a knowledge-based, 
cognitive system compensates for the more automatic, but 
compromised amygdala-based system and allows CBT to 
work also in patients with damage to the amygdala. Sup-
port for such an interpretation comes also from HZ who has 
good cognitive insight into her deficit (more on this issue 
below) and is now able to assess the objective danger of 
situations correctly even though this ability eluded her in 
the first months after surgery. Such a cognitive pathway to 
emotion control might also play an important role in CBT 
for brain-healthy patients. This is also suggested by neuroim-
aging studies showing how CBT impacts on the activity of 
posterior cingulate cortex, prefrontal medial cortex, ventral 
anterior cingulate cortex, pons and hippocampus but not the 
amygdala itself (Beutel et al., 2010; Kircher et al., 2013; 
Prasko et al., 2004; Sakai et al., 2006).

Apart from the theoretical implications, this report might 
be of clinical relevance. HZ’s case suggests a useful role 
for CBT in patients with amygdala lesions. This single case 
might also offer practical implications about how treatment 
should be adapted and for which patients such a treatment 
might be successfully applied. For the therapeutic treatment 
of anxiety, CBT guidelines recommend two steps: psychoe-
ducation on fear responses and behaviour-emotion interac-
tion. Building on this, gradual exposure is combined with 
relaxation training to practise the regulation of physiological 
arousal. These strategies were developed to achieve both 
the extinction of conditioned fear and the cognitive regu-
lation of emotions. If therapists follow the guidelines for 
CBT when working with this special patient group, details 
such as frequency, the selection of exercises as well as docu-
mentation (if the patient has memory impairment) must be 
modified to the individual requirements of the patient. In 
our experience the following four points are useful to bear 
in mind: (1) basic neuropsychological knowledge is helpful 
for therapists and of particular importance to meet the spe-
cific concerns of this particular patient group. Apart from 
addressing behavior-emotion interactions, psychoeducation 
should focus on explaining the emotion regulatory circuits. 
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Therapists need to address that these networks are partially 
disrupted by brain TLE surgery. Patients need to be informed 
that the current state of science does not yet offer conclu-
sive answers on the recovery of cognitive and emotional 
processes after TLE surgery. However, studies on traumatic 
brain injury patients that benefit from CBT interventions 
are promising. (2) In TLE-surgery patients, memory func-
tion might be impaired due to lesions of hippocampal areas 
(Baxendale et al., 2006; Binder et al., 2010). In this case, 
therapist and patient should make use of external memory 
aids in the therapeutic progress, for example to minute the 
outcome for each therapeutic session (possibly even audio-
tape the entire session) and to write down exercises for the 
patient to practice at home. Patient HZ used a diary to keep 
track of her condition and any changes, which she brought 
to each session. (3) Therapy should aim at supporting the 
patient in coping and adjusting to new circumstances in 
everyday life. Patients might struggle to communicate their 
distress and needs with their families, partners or friends. In 
this case, therapists should help patients to find good ways to 
explain the patients’ psychological problems to friends and 
family and practice that type of communication with patients 
during their therapy sessions. For this part of the therapy, it 
might be helpful to invite relatives or friends to a session. 
As always, therapy should be resource oriented, focussing 
on helpful factors for recovery. For HZ it was helpful to 
remind her of her positive internal resources (her positive 
attitude or open-mindedness) and positive external resources 
(her supporting family and her work life). (4) It is impor-
tant to first establish that the patient is aware of and able to 
evaluate his or her own emotional state, as CBT is relying 
on the introspective abilities of a patient. Good insight into 
one’s own psychological state is a key factor for success-
ful therapy and influences the patient’s motivation (Lynch, 
2012). The question of insight is of particular concern in the 
case of patients with amygdala lesions. Can such patients 
develop sufficient awareness for their own emotional state 
as is required for the successful implementation of CBT? 
Ammerlaan et al. (2008) investigated how emotion-percep-
tion impairments interfere with interpersonal behaviour in 
patients with amygdalohippocampectomy. While they found 
subtle impairments in recognition of fear and disgust, these 
deficits did not extend to the patients’ self-reports of social 
intercourse. The Scale for Interpersonal Behaviour (SIB) 
(Arrindell et al., 2001) was used as an index of the partici-
pants’ social behaviour and skills. As the SIB showed no 
group differences, the authors concluded that patients with 
amygdalohippocampectomy are unaware of their emotion 
recognition deficits and have only limited insight into their 
own mental states and their own behaviour (Ammerlaan 
et al., 2008). However, we observed a different behaviour in 
HZ. She was highly distressed by changes in emotional per-
ception post-surgery and could describe the pre-post changes 

of her emotional experience with great precision. Interest-
ingly, she was also able to evaluate situations as dangerous 
and predict a “normal” reaction and behaviour, while she 
herself could not experience the expected reaction. This sug-
gests that lesions in the amygdala-hippocampal region do not 
necessarily results in patients having a lack of awareness for 
their own psychological problems or having reduced aware-
ness of their own emotional state.

There are several case-dependent factors that had 
a positive impact on the outcome. Her very supporting 
family and intact social network, her positive and opti-
mistic mind-set, her high motivation and her sense of self-
responsibility were probably important facilitating factors 
during HZ’s therapy. Additionally, in learning to deal with 
the impairments HZ was sustained in her efforts by her 
conviction that the TLE surgery, despite causing new psy-
chological problems, was an overall success. TLE surgery 
effectively cured her epilepsy and thus offered her the hope 
of a more normal life. Moreover, due to its abrupt post-
surgery onset the emotional problems were clearly seen 
by both HZ and her clinicians as the consequence of the 
brain-surgery. This meant the pathological nature of those 
problems and the need to address was never in doubt. This 
contrasts with the more typical situation in brain-healthy 
patients suffering from panic disorders where symptoms 
develop slowly and no obvious trigger can be identified. 
Consequently, many patients struggle with the fact, that 
their emotional reaction seems irrational or pathological. 
Thus, paradoxically, in this respect patients with psycho-
logical problems following brain damage may sometimes 
be more open to therapy and thus more promising candi-
dates for CBT than some brain-healthy patients.

Conclusion

To conclude, the case of patient HZ confirms that TLE sur-
gery can lead to substantial changes in emotion processing 
and experience. Paradoxically it can also lead to heightened 
fears in inappropriate situations, leading to panic attacks. 
This case suggests standard CBT, customized to the spe-
cific resources and difficulties of the patient, as a valuable 
intervention for the growing number of TLE surgery patients 
who may show de-novo psychiatric impairments after sur-
gery. Both the presence of panic attacks and the success of 
CBT therapy despite damage to the amygdala should prompt 
us to re-think the role of the amygdala in the pathogenesis 
and treatment of this disorder. Future research in form of 
group studies including functional neuroimaging is needed 
to further illuminate the cognitive, functional and neuronal 
mechanisms underlying effective psychotherapy in patients 
with damage to their emotion-regulating network.
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