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Abstract 

Background: Entomophobia is a frequent specific phobia characterized by intense, persistent, and 

intense fear of insects. Recently, the effectiveness of noninvasive brain stimulation (NIBS) techniques, 

such as transcranial direct current stimulation (tDCS), has been shown in psychiatric disorders. Here, 

a new, intensified protocol has been developed, which ich suggested to induce late-phase long-term 

potentiation (LTP)-like plasticity, and increases efficacy of the intervention. Methods: In the present 

case report, we evaluated the effectiveness of a new intensified tDCS protocol (30 sessions, 2 mA for 

20 min, 2 sessions daily with 20 min interval between daily sessions, for 15 days) applied to the left 

ventromedial prefrontal cortex (AF3 according to EEG International 10-20 system), which is 

suggested to induce late phase plasticity, and therefore is expected to have superior clinical effects, 

in a girl with severe cockroach phobia. Severity of phobia symptoms, the anxiety level to phobic 

stmuli (cockroach), general anxity, depression and emotional distress were measured before and 

immediately after intervention and for follow-up (3 weeks and 6 weeks after the last intervention). 

Results: The results show a significant improvement of phobia symptoms post intervention for up to 

6 weeks after the last intervention, and side effects, including burning sensations and skin redness, 

were mild. These findings suggest that an intensified tDCS stimulation protocol over the left vmPFC 

may effectively improve phobia symptoms. Conclusion: Moreover, the results showed that this 

intensified protocol is safe and tolerable. In order to substantiate the effects of the current protocol, 

further investigations in larger patient groups are required. 

Keywords: entomophobia; cockroach phobia; vmPFC; tDCS; anxiety 

 

Introduction 

Entomophobia is an irrational and persistent fear of insects even when it is known by the 

patients that most insects are not harmful [1]. Entomophobia is defined not as a separate disease 

entity in the 5th edition of the Diagnostic and Statistical Manual for Mental Disorders (DSM-5), but 

subsumed under the topic of specific phobias (SP). The revised DSM-5 defines crucial  criteria for 

the diagnosis of a specific phobia including having fear or anxiety about a certain object or situation, 

an immediate anxiety response, avoidance behavior or enduring extreme fear and anxiety, 

inadequately severe fear or anxiety, typically lasting for 6 months or more, resulting in significant 

distress or impairment, which is not explained by another disorder [2]. According to the DSM-5, Five 
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subtypes of SP are available (animal, natural environment, blood-injection-injury, situational, and 

others); these subtypes are usually explored in studies by collapsing categories, but evidence suggests 

these phobias may have different associated key factors, such as  animal fears, which are more 

frequent in females,  and threat control, which is more frequent in the environmental subtype of 

specific phobia [3,4]. The animal subtype (e.g., bee, spider) is close to the entomophobia concept, and 

resembles the most frequent phobia subtype beneath acrophobia. The lifetime prevalence of SPs 

ranges from 3% to 15% worldwide, and in 10-30% of cases, this type of phobia persists [5]. A 

systematic review suggests that exposure therapy (ET) and cognitive behavioral therapy (CBT) are 

well-suited psychotherapies for a range of SPs, and ET can be augmented by other technology-based 

(e.g virtual reality)  and pharmacologic interventions [6]. Effects of ET, and CBT have been also 

described in a respective meta-analysis [7]. Besides the effectiveness of ET as the gold standard 

treatment for SPs, about one-third of the patients experience relapse of fear, vegetative reactions, and 

avoidance, thus there is a need for alternative well-tolerated and efficient treatments in SP [6,8,9]. 

Transcranial direct current stimulation (tDCS) is a non-invasive brain stimulation method that alters 

excitability and plasticity of cortical areas by delivering electrical currents at subthreshold levels with 

regard to the generation of action potentials; at the macroscale level cathodal and anodal stimulation 

over cerebral target regions have excitability-enhancing and -reducing effects respectively with 

standard stimulation protocols  [10]. Studies have suggested that tDCS  effectively reduces 

symptoms of a variety of psychiatric disorders, including depression, obsessive-compulsive disorder, 

and schizophrenia [11–13]. A review including 32000 interventions in 1000 healthy humans and 

patients did not report serious adverse effects of tDCS protocols. Therefore, standard protocols can 

be accounted as safe [14]. Recently, intensified tDCS protocols have been described. These protocols 

were developed to induce long-term effects similar to l-LTP, by applying more than one stimulation 

session per day at specific time intervals [15–19], have shown positive results in psychiatric disorders  

[14] and to be safe and feasible in previous studies. In the project research, the focus is on determining 

the effectiveness of an enhanced number of tDCS sessions within the conceptual frame described 

above  (30 sessions). Previous findings in other psychiatric disorders suggest that the therapeutic 

effect of 2mA stimulation with these intensified protocols may be superior to 1mA intensified tDCS 

[18,20].  

Studies exploring the neurophysiological mechanisms of fear-related behaviors in humans and 

rodent models suggest that different parts of the prefrontal cortex (PFC) have a key role in the 

development and extinction of fear [21]. Evidence from animal studies shows that the prelimbic (PL) 

and infralimbic (IL) cortices, the homologues of the medial prefrontal cortex (mPFC) in humans, are 

involved in top-down regulation of subcortical regions involved in fear processing crucial for an 

appropriate behavioral fear response [22]. High-frequency stimulation of the mPFC induces top-

down regulation in humans, leading to enhanced fear extinction. The proposed mechanism 

underlying this process involves activation of a specific type of GABA ergic neurons in the amygdala, 

the intercalated cells, by the mPFC. These neurons play a crucial role in the inhibition of the 

amygdala, which is a key region involved in the initiation of fear responses [23]. Similar to animal 

models, recent studies in healthy humans show that increasing vmPFC activity via non-invasive 

brain stimulation, namely anodal tDCS, enhances fear extinction, which has implications for the 

treatment of anxiety disorders [24]. Studies suggest that targeting the vmPFC via tDCS with the 

anode over that region (atDCS), and the cathode (ctDCS) over the DLPFC can have a positive effect 

on fear, fear memory, and the enhanced classification accuracy of threat, extinction, and extinction 

recall [25–28]. This is the first time that an intensified tDCS protocol with repeated stimulation with 

a short interval (20 min) is used for treating SP. In this case report, we stimulated the vmPFC [24] in 

an entomophobia patient (extreme fear of cockroaches) with 30 intensified anodal tDCS sessions with 

2.0 mA conducted twice daily with a twenty-minutes interval  to reduce fear-related symptoms. We 

hypothesized that anodal tDCS over the vmPFC (AF3)  significantly improves the severity of phobia 

symptoms and the anxiety level to phobic stmuli (cockroach) in a female patient with severe 

cockroach phobia. 
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Case Report 

The patient was a 23-year-old woman who was massively afraid of cockroaches. She was not 

tolerating to see pictures of the animals, sometimes experienced the illusion of the sound of 

cockroaches and did not go to places where she was not sure that there were no cockroaches. This 

fear had led to disruptions in her daily life, she was not able to do things properly and had difficulty 

in doing things that required attention. She did not have any memories or experiences that caused 

this phobia and stated that she was always afraid of cockroaches since she can remember. In addition, 

there was no history of this fear in any of her family members. It should be noted that she had not 

taken any treatment until she came to us, and she did not receive any other intervention at the time 

of tDCS treatment. The diagnosis was made by a psychiatrist according to the respective DSM-5 

criteria. 

The psychological assessment of the patient was done in six stages: 1) one week before the 

intervention (baseline), 2) immediately after the end of 10 stimulation sessions, 3) immediately after 

the end of 20 stimulation sessions, 4) immediately after the end of 30 stimulation sessions and, 5) 3 

weeks (follow-up1), 6) 6 weeks after the terminal intervention (follow-up2). 

Before the intervention, the overall goal, and procedure was fully explained to the participant 

so that she was aware of the treatment process. She was evaluated for suitability for tDCS treatment 

based on standard inclusion/exclusion criteria such as no previous history of neurological diseases, 

brain surgery, epilepsy, seizures, brain injury, head injury or metal brain implants. Also, she signed 

a written informed consent before tDCS treatment. The treatment protocol involved 30 sessions with 

the anodal electrode placed over the left vmPFC (electrode position over the AF3 electrode position 

in accordance with the International 10 20 Electrode system),  and the cathodal electrode placed over  

the contralateral shoulder [29]. Each day, two tDCS sessions were administered with a 20-minute 

interval inbetween. The current intensity was set at 2 mA for 20 minutes per session, totaling 15 days 

of treatment. Direct current stimulation was delivered by a transcranial electrical stimulation device 

(V.L340. liv. Iran) through a pair of saline-soaked physiotherapy sponges and conductive rubber 

electrodes (5 x 7 cm) with a ramp up for 15 s and a ramp down of 15 s at the start and end of 

stimulation. 

After each stimulation session, the participant completed a tDCS side effect questionnaire [30]. 

Questionnaires for evaluating symptoms of phobia behavior and psychiatric symptoms were 

answered by the patient at six time points of the study, as outlined above. To explore phobia-related 

symptoms, the Severity Measure for Specific Phobia – Adult (SMSP) [31]), and the Snake Anxiety 

Questionnaire (SNAQ) [32] were used. In the latter scale, the word "snake" was replaced by 

"cockroach" [33]. In order to evaluate other psychiatric symptoms, the patient completed the Beck 

Depression Inventory (BDI-II) [34,35] and Beck Anxiety Inventory (BAI) [36,37]. In order to measure 

behavioral metrics related to cockroach phobia, a 2-minute film with pictures of cockroaches was 

shown to the patient (baseline, after every 10 stimulation sessions and also 3 weeks and 6 weeks after 

the last stimulation session).  

Negative affective states elicited by these short film clips, emotional distress and threat 

(estimating the possibility of emotional and physical harm) were assessed with visual analog scales 

(0-100) [38]. The cockroach movie was presented to the patient until she reported being unable to 

continue watching. The duration of movie-watching was measured to assess the intensity of 

avoidance behavior in response to fearful stimuli. The movie contained 10 different pictures of 

cockroaches from the internet. Each picture was displayed for about 7 seconds and then the picture 

was changed, after ten pictures these were repeated for a total duration of the movie of 2 minutes 

and after viewing the pictures, the level of emotional disturbance was measured. 

The trial was performed in accordance with the Declaration of Helsinki, and approved by the 

Ethics Committee of Zanjan University (Ethics code: IR.ZNU.REC.1402.029). 

The steps and protocol of the study are shown in Figure 1. 
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Figure 1. A The experiment was conducted in a single subject research design. The anodal electrode (red) was 

placed over the left vmPFC (AF3) and the cathode (black) over the right shoulder. In order to measure behavioral 

metrics related to cockroach phobia, a 2-minute film with pictures of cockroaches was shown to the patient 

(baseline, after every 10 stimulation sessions and also after 3 weeks and 6 weeks after the last stimulation 

session). In order to measure behavioral metrics related to cockroach phobia (SMSP, SNAQ) and clinical 

measures (BDI-II, BAI), a 2-minutes film with pictures of cockroaches was shown to the patient (baseline, after 

every 10 stimulation sessions and also after 3 weeks and 6 weeks after the last stimulation session), and subjective 

stress and threat data obtained.  B The induced electric fields (EF) were calculated using SimNIBS [39], an open-

source pipeline for Non-invasive Brain stimulation (available at https://simnibs.github.io/simnibs/). SimNIBS 

employs the mri2mesh tool, integrating FSL and FreeSurfer, to estimate the EF distribution. FSL segments 

extracerebral tissues, while brain segmentation and gray matter surface reconstructions were conducted with 

FreeSurfer. Simulations were performed for the MNI-152 standard head [40]. Stimulation protocols were 

modeled for 7 × 5 cm electrodes, with 2 mA current intensity (10–20 EEG electrode positioning system). 

Results 

The results of the psychological evaluations are reported in Table 1. A significant improvement 

in both scales evaluating symptoms of phobia behavior emerged comparing outcomes before and 

after intervention. For the SNAQ scale, the percentage of reduction from pre-intervention to post-30 

stimulation sessions was -25.00% and from pre-intervention to the follow-up after 3 and 6 weeks -

50.00%. For  the SMSP scale, the symptom reduction was -55.56% from pre-intervention to post-30 

stimulation sessions and -44.44% from pre-intervention to 3 and 6 weeks follow-up.  During 

presentation fear stimuli, the percentage of reduction of emotional distress and threat appraisals from 

pre- intervention to post-30 stimulation sessions was in order -10.00%, -20.00% and from pre-

intervention to follow-up-3 and 6 weeks -25.00%, -30.00%. 
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Table 1. Behavioral metrics and psychiatric symptom evaluations one week before intervention (baseline), after 10, 20, and 30 tDCS sessions and  three and six weeks after intervention are 

shown. 

 Baseline (score) 

First post-

test (after 

10 sessions)  

Percentage of 

changes pre to 

first post-test 

Second 

post-test 

(after 20 

sessions) 
 

Percentage of 

changes pre to 

second post-

test 

Third post-

test (after 30 

sessions) 
 

Percentage of 

changes pre to 

third post-test 

First 

follow-up 

(after 3 

weeks) 
 

Percentage of 

changes pre to 

First follow-up 

Second 

follow-up 

(after 6 

weeks) 

 

Percentage of 

changes pre to 

Second follow-

up 

BDI-II 10 9 -10 8 -20 8 -20 8 -20 10 0 

            

BAI 22 20 -9.09 20 -9.09 17 -22.73 20 -9.09 20 -9.09 

            

SNAQ 12 12 0 10 -16.67 9 -25 6 -50 6 -50 

            

SMSP 27 24 -11.11 21 -22.22 12 -55.56 15 -44.44 15 -44.44 

            

Fearful stimulus 

presentation 

(cockroach, maximal 

movie duration 120 

sec) 

Emotional 

distress  
100 95 -5 90 -10 90 -10 85 -15 75 -25 

Threat 

appraisals 
100 95 -5 89 -11 80 -20 75 -25 70 -30 

duration of 

tolerated movie 

watching (in 

seconds) 

0 10 - 14 - 18 - 25 - 30 - 

Note:  BDI-II = Beck Depression Inventory ; BAI = Beck Anxiety Inventory; SNAQ= Snake Anxiety Questionnaire; SMSP = Severity Measure for Specific Phobia – Adult. 
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The total length of the cockroach movie presentation was 2 minutes. Before the intervention, the 

patient did not tolerate to look at the movie at all (0). After 10 sessions, she tolerated to watch it for 

10 seconds, after 20 sessions for 14 seconds, after 30 sessions for 18 seconds and at the 3- and 6-months 

follow up, she tolerated to watch the movie for 25 and 30 seconds. 

For the questionnaires obtaining information about other psychiatric symptoms, specific 

changes after intervention as compared to baseline were seen. The percentage of reduction in the 

depression scale BDI-II from pre-intervention to post-30 stimulation sessions was -20.00%, from pre-

intervention to the follow-up 3 weeks -20.00%   and for the follow-up 6 weeks after intervention it 

was 0.00%. For the BAI scale, the score reduction from pre-intervention to post-30 stimulation 

sessions was -22.73% and from pre-intervention to follow-up 3 and 6 weeks -9.09%. 

In order to measure side effects of stimulation, after each tDCS session, the patient answered a 

respective questionnaire. The respective results showed that the patient tolerated the stimulation 

well. Only minor side effects of mild intensity, including burning sensations and skin redness were 

reported by the participant on the anodal side (Left VMPFC) (Table 2). 

Table 2. Means of reported tDCS side effects. 

Sessions Itching Burning Pain Skin redness Fatigue 
Trouble 

concentrating 

1-10  0.500 1.60 0.400 1.40 0.400 0.500 

11-20 0.700 1.50 0.400 1.70 0.500 0.400 

21-30 0.800 2.1 0.600 1.60 0.600 0.600 

Overall 

average 
0.666 1.73 0.466 1.56 0.500 0.500 

Discussion 

In this case report study, we examined the effects of an intensified tDCS protocol (30 sessions, 2 

mA stimulation for 20 minutes, twice a day with a 20-minute interval)  over the left vmPFC with a 

cathodal return electrode over the right shoulder in a patient with a specific insect phobia. To our 

knowledge, this is the first study that applied this protocol for phobia symptoms. Our findings 

suggest intensified tDCS as an efficient treatment for Entomophobia. The patient showed significant 

improvement (up to 55 percent reduction) of phobic symptom severity in the third post-test 

immediately after the last intervention. This is not consistent with previous studies indicating that 

single session tDCS combined with ET did not affect phobia severity [41]. The reason for this 

difference is most likely the intensitied stimulation in the present study, including twice daily 

stimulation over multiple days. In the present study, the intensity of phobic symptoms was moreover 

reduced during  (-11%, -22% and -55%) and after intervention at the 3 and 6 weeks follow-ups  (-

44%) on the SMSP scale. Additionally, we observed that the tolerated watch time for movies 

containing phobic objects increased from 0 seconds to 18 seconds in the the final post-test ,  the 3 

weeks follow- up and the 6 weeks follow- up This behavioral measure indicates a significant 

reduction of avoidance of fearful objects. One likely reason for the larger efficacy of the applied 

intensified protocol as compared to previous studies might be that this protocol is suggested to 

induce late LTP-like plasticity, as shown for motor cortex excitability [19]. Also, previous randomized 

clinical trials show that the 2 mA intensified   (20 sessions, 2 mA stimulation for 20 minutes, twice a 

day with a 20-minute interval) tDCS protocol has a larger effect than the 1 mA intensfied protocol on 

social anxiety disorder and obsessive-compulsive disorder symptoms, which indicates that higher 

tDCS intensity enhances efficacy [20,30]. We furthermore explored safety and tolerability of the 

transcranial direct current stimulation (tDCS) protocol used here. The patient did report mild burning 

sensations and skin redness  after intervention.  In addition to the side effects questionnaire, the 

participant was asked about other side effects, but no serious side effects were reported, consistent 
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with findings from Buchanan et al., which supports the safety of tDCS [42]. It is however important 

to note that our study involved only a single patient, and larger sample sizes may reveal different 

results regarding treatment side effects. 

The results of the BDI-II showed that depression decreased by 20% during intervention, and  

for the 3 week follow-up, but no improvement was observed for the 6 week follow-up compared to 

the baseline value. Also for anxiety, which was measured by the BAI questionnaire, a decrease of 22% 

during the three weeks of intervention was observed, but in the 6 week follow-up, this improvement 

was reduced to  9% as compared to the baseline. 

These findings are promising for the treatment of specific phobia with tDCS, but because of 

missing sham and/or active control conditions, and only a single patient involved delivers only 

preliminary evidence. Further studies with a larger sample size and a rigorous randomized placebo-

controlled design with long term follow-up are needed to substantiate these results. Ideally, a sham-

controlled comparative analysis of tDCS alone versus combined protocols (e.g. tDCS + 

psychotherapy) should be conducted. In addition, one limitation of our study is the uncertainty 

regarding whether the improvement in film watching duration is attributable to the effect of tDCS or 

to habituation from repeatedly presenting the movie containing the fearful object during sessions, or 

a cmbined effect. Therefore, it is recommended in future studies to use different stimuli in separate 

sessions. In conclusion, our study provides preliminary evidence for the effectiveness, safety and 

tolerablity of a novel intensified tDCS protocol on Entomophobia symptoms .  Further studies are 

needed to determine the effectiveness of this intervention on different types of phobias. Finally, 

future studies are suggested to combine tDCS with neuroimaging for gaining mechanistic 

information about the tDCS effects. 
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