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Abstract  

Obsessive-compulsive disorder (OCD) is characterized by widespread executive function 

impairments linked to disrupted fronto-striatal circuits. Ablative therapies such as capsulotomy 

show promise efficacy in treatment-refractory OCD, yet their effects on executive neural 

substrates remain poorly understood. This study explores how OCD and capsulotomy influence 

executive prefrontal function.  

Twenty-three post-capsulotomy OCD patients, thirty OCD controls, and thirty-two health 

controls (HC) were recruited in the study. Post-capsulotomy patients were recruited at least 6 

months following surgery to allow for post-operative stabilization. Participants completed 

three executive function tasks assessing distinct cognitive domains: the Extra-Dimensional 

Intra-Dimensional (EDID) task testing set-shifting, the N-back task testing working memory 

and flanker task measuring conflict processing. The EDID and N-back tasks were administered 

during concurrent task-based fMRI, while the flanker task provided only behavioral measures. 

In the EDID task, OCD capsulotomy patients demonstrated greater post-error flexibility 

towards ID versus ED shifting relative to both OCD controls and healthy controls, despite 

exhibiting more ED errors. OCD controls showed less shifts after errors compared to HC, 

which was not revealed in the capsulotomy group. OCD patients showed less neural 

differentiation between ED versus ID in lateral and mesial prefrontal regions relative to HC. 

Capsulotomy was associated with decreased pre-supplementary motor area activity to ED shifts 

compared to HC, indicating impairments in neural reactivity to ED shifting. No evidence 

supported the influence of capsulotomy in the n-back or the flanker task. Specifically, both 

OCD groups showed impaired working memory performance at high memory load along with 

dysfunction in the whole frontoparietal network. In the flanker task, impairment in dissociating 

congruent and incongruent conditions were found in both OCD groups but not in the HC group.  



These findings suggest capsulotomy specifically remediates error-monitoring and behavioral 

flexibility through mesial prefrontal remodeling, while leaving working memory and conflict 

processing deficits intact. This dissociation implies that cognitive flexibility may represent a 

state-dependent process amenable to intervention, whereas working memory and conflict 

processing impairments may reflect trait markers of OCD vulnerability. These results have 

clinical implications on relative safety profile of capsulotomy and patient selection for 

precision neuromodulation. 
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Introduction 

Obsessive-compulsive disorder (OCD) is a prevalent and chronic psychiatric condition 

characterized by intrusive, recurring thoughts and repetitive behaviours related to aberrant 

frontostriatal circuitry. Surgical interventions such as deep brain stimulation (DBS) and 

ablation have shown efficacy targeting specific brain structures within this network for severe 

OCD.1-3 A common target in both DBS and ablative surgeries is the white matter anterior limb 

of the internal capsule (ALIC) which connects key prefrontal and subcortical regions associated 

with OCD. Converging evidence from DBS surgeries highlight rostral dorsal cingulate fiber 
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tracts traversing the ALIC associated with optimal clinical responses. Similarly, our studies on 

capsulotomy highlight modulation of aversive processing in this same region.4-7 

Previous studies have suggested that executive deficits may serve as endophenotypic markers 

and risk factors for the development of OCD.8 A range of deficits are commonly observed in 

OCD in executive impairments including error monitoring,9,10 inhibitory control,11,12 set-

shifting,13 goal-directed control and planning,14-16 along with visual memory deficits.17,18 A 

meta-analysis focusing on trait endophenotypes comparing OCD patients and their unaffected 

relatives highlighted a range of cognitive impairments in inhibition, planning and reward-based 

decision tasks as trait risk factors and further suggested set-shifting and visual memory 

impairments observed commonly in OCD also reflected incipient sub-syndromal OCD.19 To 

identify the neural correlates underlying executive impairments, task-based neuroimaging 

studies in OCD focusing on executive function implicated in set shifting, inhibition and conflict 

and error processing (e.g., Wisconsin Card Sorting Test, Stop Signal Task and Stroop) have 

found abnormal activity in key brain structures of the frontostriatal network, including the 

anterior cingulate cortex (ACC)10,20,21, orbitofrontal cortex (OFC),10,20 lateral prefrontal cortex 

(lPFC),22-25 and subcortical regions,15 all of which are within the frontostriatal network likely 

modulated by various surgical interventions.26 Studies on the impact of surgical interventions 

have focused predominantly on behavioural rather than on imaging substrates.27 Understanding 

of the impact of capsulotomy on cognitive processes in OCD is crucial to assessing the potential 

risks and benefits and further to aid patient selection and optimal targeting across neurosurgical 

procedures in OCD. 

In the present study, we selected cognitive tasks known to be impaired in OCD and reflecting 

differing prefrontal substrates to assess the effect of capsulotomy using task-based fMRI. We 

have previously shown in this same cohort that OCD capsulotomy modifies hyperactive 

aversive expectation mediated by downregulation of activity in the dorsal cingulate.7 

Furthermore, we show that OCD is characterized by impairments in dorsal cingulate and 

anterior insula activity in differentiating uncertainty which remains unchanged by capsulotomy 

suggesting a trait effect.28 Here we tested OCD controls (OCD contr), OCD patients post-

capsulotomy (OCD cap) and healthy controls (HC) on the Extra-Dimensional Intra-

Dimensional (EDID) set-shifting task (testing attentional set shifting), the N-back task (testing 

working memory) and the Flanker task (testing conflict and adaptation). We hypothesized that 

the capsulotomy procedure could modify executive functioning and neural activity within the 



frontostriatal network during executive tasks, potentially explaining changes or stability in 

performance among OCD patients compared to controls. 

 

Materials and methods  

Participants 

A total of 85 participants (30 OCD contr, 23 OCD cap and 32 HC) were recruited. Each task 

was completed by a subset of participants (See Supplementary Table S1-S3 for exact numbers 

and demographic information of participants in each task). All patients who underwent 

capsulotomy were scanned no earlier than six months post-surgery. This timing is based on 

long-term follow-up studies indicating that the therapeutic outcomes of the procedure typically 

stabilize after six months,29,30 while cognitive changes are most frequently observed between 

three and six months afterward.31 Comorbidities of schizophrenia, bipolar disorder, substance 

abuse or dependence (except for dependence on nicotine), personality disorder and severe 

major depressive episode were excluded. Participants with any severe medical, neurological, 

psychosis symptoms and head injury were also excluded. In the OCD contr group, one 

participant had comorbid with mild generalized anxiety disorder and two participants had mild 

depressive symptoms. In the OCD cap group, one participant had mild depressive symptoms. 

Detailed criteria can be found in the supplementary materials as well as in our previous 

publications.7,28 The study was approved by the ethics committee of Ruijin Hospital and written 

informed consent forms were obtained. 

 

Stimuli and procedure 

Extra-Dimensional Intra-Dimensional (EDID) Set Shift task 

The EDID paradigm (Fig.1A), adapted from the attentional set-shifting task used in previous 

neuroimaging studies,32 consisted of 2 runs with each containing 2 sections and 14 blocks in 

total. In each block, participants saw two different shapes, each paired with a different letter, 

and had to identify the "correct" feature (shape or letter) by pressing left or right on a button 

box (Fig.1B). The same feature needed to be selected twice to ensure that participants were 

adhering to the instructions and the location of the stimuli could change. Each response was 

followed by immediate feedback (lasting for 0.6s) to help participants learn the correct feature 



over several trials. In the event that the participant chose two different stimuli, the trial would 

be disregarded, and a new trial would commence, with the inter-trial interval randomized 

between 1 and 4 seconds. Following three consecutive correct trials (considered "learned"), the 

task shifted either extra-dimensionally (ED) or intra-dimensionally (ID) between the two 

dimensions (shape or letter). An ID shift was defined as a shift to a new target feature within 

the same dimension similar to a reversal (e.g., letter “S” to “T”). An ED shift was defined as a 

shift to a new target feature from a different dimension (e.g., letter “I” to shape “triangle”). 

When a shift occurred, participants received incorrect feedback if they chose the correct feature 

from the previous block. This prompted them to learn a new sorting rule based on the feedback 

provided. Each section of the task consisted of 3 extra-dimensional (ED) shifting blocks and 3 

intra-dimensional (ID) shifting blocks, resulting in a total of 4 acquisition blocks, 12 ED blocks, 

and 12 ID blocks. 

 

N-back task 

We used a conventional block-design n-back task to test working memory (Fig.2A). The task 

consisted of three levels: 0-back, 1-back, and 2-back. During each block, a series of letters were 

presented at the center of the screen. Each letter was displayed for 2.5 seconds, followed by a 

0.5-second inter-stimulus interval. Participants were required to determine whether the current 

letter matched or did not match the letter "X" in the 0-back condition, or the previous one or 

two letters in the 1-back and 2-back conditions, respectively. A total of 9 blocks were 

administered, with 15 letters presented in each block. There was a 12-second rest between two 

blocks. The order of the blocks was randomly determined before the study and counterbalanced 

across participants. 

 

Flanker task 

The flanker paradigm (Fig.3A) was performed to compare behavioural differences in conflict 

situations but was not as a fMRI task in the current cohort. Each trial consisted of two frames: 

a flanker frame and a target frame. In the flanker frame, a 3 by 5 matrix of arrows pointing 

towards a specific direction was briefly displayed for 50 ms. The middle arrow in the matrix 

was missing. Following the flanker frame, a target frame was presented, where the middle 

arrow could either point in the same direction as the surrounding arrows (congruent condition) 



or in the opposite direction (incongruent condition). The target frame remained visible for 150 

ms, and the maximum response period varied randomly between 1100 ms and 3200 ms to 

introduce jitter and prevent anticipatory responses. Participants were instructed to respond as 

quickly as possible by categorizing the target as either ‘congruent’ or ‘incongruent’. 

Subsequently, a 1000 ms feedback was displayed. In total, there were 200 trials administered 

throughout the task. 

 

Behaviour data analyses 

For the EDID task, we first focused on the average number of errors made within a block for 

each condition. We also examined responses following a no-shift choice with incorrect 

feedback, which indicates a behavioural adaptation following an error assessing both error 

monitoring and post-error adaptation. After a no-shift error, there are three potential choices: 

ID shift, ED shift, and no shift. While the former two shifts are reasonable as this task was 

deterministic, choosing no shift represents an incorrect response. For the N-back task, we used 

the d’ as the main dependent variable. The calculation of d’ utilizes signal detection theory as 

follows: d’ = hit rate – false alarm rate. This approach, frequently employed in working 

memory assessments, reflects participants' sensitivity in distinguishing between the two 

choices (i.e., match/non-match).33 In the flanker task, accuracy and reaction time (RT) were 

calculated for congruent and incongruent trials separately. Post-error RT was also assessed to 

evaluate error sensitivity and post-error slowing and adaptation. Mixed-effects ANOVAs were 

used to test group by condition interactions for all task behaviours. Post-hoc analyses were 

corrected using LSD. 

 

Statistical analyses 

The statistical analyses mainly employed frequentist methods using IBM SPSS statistics 26. 

Comparisons between conditions were conducted using repeated-measures ANOVAs. 

Mauchly’s Test of Sphericity was used to test the assumption of sphericity. If sphericity was 

not assumed, Pillai’s Trace correction was used with Multivariate Tests. Frequentist post-hoc 

analyses were adjusted using the Least Significant Difference (LSD) correction for multiple 

comparisons.  



Given our limited sample size, we also reported Bayes factors (BF10) calculated using JASP 

as supplement for both clinical and behavioural testing. The Bayesian framework permits a 

quantitative evaluation of evidence supporting H1 and H0, offering a distinct advantage in 

small-sample research. This approach enables a more comprehensive interpretation of the 

results, avoiding a rigid significant/non-significant dichotomy to better characterize the 

observed effects. 

 

General Linear Model (GLM) analyses 

MRI data acquisition and preprocessing are reported in the Supplement and previous 

publications.28 In the EDID task, onsets of the first presentation of acquisition, ED shifts, ID 

shifts and no shifts (according to participants’ responses) were modeled separately. All 

presentations of stimuli for the second choice were modeled as one regressor as processing 

during this frame required replication of the previous choice rather than set-shifting. Button 

press and feedback were also modeled with the six head movement regressors. We first 

conducted a whole-brain analysis comparing ED versus ID shift in the HC group to obtain 

regions-of-interest (ROIs) sensitive to different dimensions of set-shifting. We then extracted 

beta values from ROIs in all groups after multiple correction (p<0.05 FDR cluster corrected, 

cluster size > 100 voxels) and conducted 2 (shift) × 3 (group) mixed-effect ANOVAs for each 

ROI to examine the differences. In the N-back task, 0-back, 1-back and 2-back were modeled 

as blocks separately. The duration of each block was set to 45 seconds. The six head movement 

regressors were also included. A 3 (n) × 3 (group) repeated-measure ANOVA was used for 

statistical purposes.  

 

Results 

Demographics and clinical characteristics 

Demographic and clinical characteristics are summarized in Table 1. Depression scores were 

the highest in OCD contr and lowest in HC, with Bayes factors providing extreme evidence of 

group differences. Frequentist post-hoc analyses revealed significant difference between 

groups (OCD contr vs. OCD cap: p = 0.007; OCD contr vs. HC: p <0.001; OCD cap vs HC: p 

=0.001). Bayes factors showed extreme and strong evidence of higher BDI in OCD contr 



(BF10=7.285×104) and OCD cap (BF10=19.525) compared to HC, respectively, with only 

anecdotal evidence of difference between two OCD groups (BF10=2.476). No significant 

differences were found in gender, age or education years across three groups, and Bayesian 

analyses supported moderate null results only for gender and education years. For the two OCD 

groups, Y-BOCS scores (total, obsessions and compulsions) were higher in OCD contr, 

supported by both frequentist and Bayesian analyses. Moderate evidence supported no 

difference in onset age, while only anecdotal evidence supported no difference for disease 

duration. See Supplementary Table 4 for detailed post-hoc results for demographic and clinical 

characteristics of all three groups. 

 

Behaviour results 

EDID task 

We performed 2 (condition) × 3 (groups) repeated-measure ANOVAs for the number of errors 

of the EDID task (Fig. 1C, top). To ensure that age and gender did not confound our results, 

we first conducted a Bayesian analysis using age and gender as covariates. The Bayesian model 

comparison revealed BF10 values of 3.932×104, 7.308×104, and 1.199×105 for interaction 

models including age, gender, and no covariates, respectively, demonstrating the model 

without age and gender as the best model. Consequently, we did not include age and gender as 

covariates in the subsequent behavioural analyses of the EDID task. Results showed that the 

main effect of condition was significant (F(1,58)=46.674, p<0.001, η²p=0.446; 

BF10=2.680×105), reflecting higher errors made in ED compared to ID shifts. No group 

difference was revealed by the frequentist analysis (F(2,58)=1.066, p=0.351, η²p=0.035), which 

was anecdotally supported by the Bayesian analysis (BF10=0.353). A significant interaction 

was found (F(2,58)=3.521, p =0.036, η²p=0.446; BF10=1.516), driven by more errors made in 

OCD cap compared to HC in the ED shift (p=0.025; BF10=4.562) but not in the ID shift 

(p=0.863; BF10=0.324). For all three groups, less errors were made in ID compared to ED shifts 

(OCD contr: p<0.001, BF10=29.30; OCD cap: p<0.001, BF10=91.49; HC: p=0.023, 

BF10=4.693). 

A critical measure is whether one stays or switches after an error. We examined responses 

following a no-shift choice with incorrect feedback (Fig. 1C, bottom). After a no-shift error, 

there were three potential choices: ID shift, ED shift, and no shift. While the former two shifts 



were reasonable, choosing no shift represented an incorrect/inflexible response. By using a 3 

(shifts) × 3 (groups) repeated-measure ANOVA, we observed a significant interaction effect 

(F(4,116)=2.825, p=0.028, η²p=0.089; BF10=6.565). In post-hoc analyses, a significant larger 

proportion of no-shift choices after no-shift errors was found in OCD contr compared to HC 

(p=0.020; BF10=3.106). No differences were found between OCD cap vs HC (p =0.322) or 

OCD contr vs OCD cap (p=0.265), with anecdotal evidence supporting null results of the two 

comparisons (BF10=0.631 and 0.446, respectively). These findings indicated that OCD patients 

were more likely to stay and make suboptimal inflexible choice behaviours following an error, 

which may be remediated to some extent after capsulotomy. OCD cap patients also showed a 

greater likelihood of making ID shifts relative to ED shifts after no-shift errors (p=0.006; 

BF10=5.395) while this pattern was not exhibited in the other two groups (OCD contr: p=0.950, 

BF10=0.223; HC: p=0.356, BF10=0.308). 

 

N-back task 

For the n-back task, we focused on the index of d’ using 3 (conditions) × 3 (groups) repeated-

measure ANOVAs (Fig. 2B). The Bayesian model including covariates showed that the BF10 

of interaction models with age or gender were 2.613×109 and 2.085×109, respectively, while 

the BF10 of the interaction model without age or gender was 4.855×109, indicating that adding 

age or gender may worsen the model fitting. Thus, we did not include them in the following 

analyses. Main effect of d’ (F(2,74)=36.475, p<0.001, η²p=0.496; BF10=1.84×109) and 

interaction (F(4,150)=3.077, p=0.018, η²p=0.076; BF10=5.768) were observed, while the group 

difference was insignificant indicated by the frequentist analysis (F(2,75)=2.120, p=0.127, 

η²p=0.053) with anecdotal evidence supporting no difference according to the Bayesian 

analysis (BF10=0.549). In the post-hoc analyses, lower d’ was only found in the 2-back 

condition for OCD contr (p=0.027; BF10=3.783) and OCD cap (p=0.006; BF10=5.381) 

compared to HC, with no difference between OCD contr and OCD cap (p=0.537; BF10=0.327). 

Moreover, OCD contr (p=0.024; BF10=1.294) and OCD cap (p=0.028; BF10=1.114) showed 

lower d’ in 2-back compared to 1-back, which was not shown in HC (p=0.244; BF10=0.604).  

 

Flanker task 



In the flanker task, accuracy was firstly analyzed by a 2 (conditions) × 3 (groups) repeated-

measure ANOVA (Fig. 3B, left). Again, the Bayesian model with age or gender as covariates 

revealed a BF10 = 2.128×1022 and 1.442×1022, respectively and BF10 of the model without age 

or gender was 5.823×1022, indicating the best model without age or gender. Therefore, the 

following analyses did not include covariates. The main effect of congruency was significant 

(F(1,68)=180.091, p<0.001, η²p=0.726; BF10 = 1.485×1023), while no differences were found 

for the group effect (F(2,68)=1.666, p=0.197, η²p=0.047; BF10=0.421) or interaction 

(F(2,68)=0.803, p=0.452, η²p=0.023; BF10 = 0.205).  

We further divided reaction times into correct and incorrect trials for congruent and 

incongruent conditions and ran a 2 (congruency) × 2 (correctness) × 3 (group) repeated-

measure ANOVA (Fig. 3B, right). Main effects of condition (F(1,67)=21.108, p<0.001, 

η²p=0.240; BF10=24.809) and correctness (F(1,67)=37.419, p<0.001, η²p=0.358; 

BF10=5.911×103), as well as their interaction (F(1,67)=9.330, p=0.003, η²p=0.122; BF10 = 

19.236) were significant and supported H1-favored hypothesis by Bayesian analyses, 

indicating a robust flanker effect. The 3-way interaction was also significant (F(2,67)=3.511, 

p=0.035, η²p=0.095; BF10 = 15.423). Post-hoc analyses showed that in the congruent condition, 

HC exhibited lower RTs for incorrect trials (p=0.007; BF10 = 5.209×104), while such difference 

was not found in OCD contr (p=0.626; BF10 = 0.225) and OCD cap (p=0.884; BF10=0.280). 

On the other hand, a group effect was also found (F(2,67)=4.250, p=0.018, η²p=0.113; BF10 = 

3.139) indicated by generally longer RTs for OCD contr (p=0.043; BF10 = 382.047) and OCD 

cap (p=0.010; BF10 = 1.991×104) compared to HC. These findings suggest that in HC, incorrect 

answers were associated with faster and more impulsive decision-making. In contrast, in OCD 

patients, particularly when the task demands were low, they tended to invest more effort and 

time, even in making incorrect responses. 

 

fMRI results 

EDID task 

Similar to the way we conducted our previous imaging analysis in this cohort,28 we first 

conducted a whole brain analysis to identify ROIs implicated in different dimensions of set-

shifting in HC by comparing ED versus ID activity (p<0.05 FDR cluster corrected, cluster size > 

100 voxels, supplementary Table 5). Seven clusters were extracted and we then conducted a 2 



(shifts) × 3 (groups) repeated-measures ANOVA for each cluster (Fig. 4). Significant 

interactions were found in cluster 1 (F(2,58)=3.439, p=0.039, ηp
2=0.106), cluster 2 

(F(2,58)=5.348, p=0.007, ηp
2=0.156), cluster 3 (F(2,58)=3.810, p=0.028, ηp

2=0.116) and 

cluster 4 (F(2,58)=3.382, p=0.041, ηp
2=0.104), with post hoc analyses indicating greater brain 

activity during ED versus ID shifting in HC group, including bilateral pre-supplementary motor 

area (pre-SMA) and dorsolateral prefrontal cortex (dlPFC). Specifically with ED shift, OCD 

cap patients showed lower activity in bilateral pre-SMA compared to HC (p=0.021) but not ID 

shifts, which may underlie the increased error rates observed in OCD cap specifically during 

ED shifts (Fig.1C). For cluster 5 (F(2,58)=1.753, p=0.182, ηp
2=0.057), cluster 6 

(F(2,58)=2.001, p=0.144, ηp
2=0.065), and cluster 7 (F(2,58)=1.197, p=0.309, ηp

2=0.040), no 

interactions were revealed, reflecting relatively intact function in parietal regions in OCD.   

 

N-back task 

In the n-back task, we conducted a 3 (loads)×3 (groups) repeated-measure ANOVA. No voxels 

survived interaction after multiple comparison. The main effect of memory load was significant 

(p<.05 FDR cluster corrected) indicating a robust working memory effect in the frontoparietal 

network (Fig. S1).  

 

Discussion 

We highlight the effects of anterior capsulotomy in OCD on behavioural flexibility following 

errors in the EDID task. The shift appears to be associated with greater ID relative to ED 

flexibility with the lower ED post-error flexibility possibly also indicating greater ED shift 

errors. OCD patients showed less neural differentiation between ED versus ID in lateral and 

mesial prefrontal regions relative to HC. Capsulotomy was associated with lower pre-SMA 

activity to ED shifts compared to HC indicating impairments in neural reactivity to ED shifting. 

In contrast, OCD patients had enduring impaired working memory particularly for difficult 

contexts and slower responding during incorrect answers in response to conflict, both showed 

limited influence caused by capsulotomy. Critically, capsulotomy improved OCD symptom 

severity along with quality of life and disability7 suggesting the improvement in flexibility 

post-error may be state-related to symptom improvement whereas the enduring impairments in 



working memory and conflict response may reflect trait markers or risk factors for the disease 

unrelated to symptom change and treatment response.  

 

Cognitive inflexibility and error monitoring 

Cognitive flexibility or attentional set-shifting is impaired in OCD across numerous paradigms, 

ranging from traditional tasks such as the Wisconsin Card Sort Task (WCST) 34,35 and the Trail-

Making Task (TMT) 17,36 to the EDID task 13 which dissociates ED from ID shifting.13 We 

found significantly more ED errors in OCD cap group compared to HC. In OCD controls we 

observed a numerical but not statistical difference compared to HC suggesting this lack of 

difference to be related to sample size similar to other observations in the literature 37,38 rather 

than an effect of capsulotomy per se. Moreover, OCD capsulotomy patients appeared to show 

lower pre-SMA activity to ED relative to HC. Thus, OCD capsulotomy targeting the ALIC 

does not improve ED shifting in OCD, and indeed might be associated with greater ED errors 

supported by greater deactivation in the pre-SMA relative to HC. This impairment in ED 

shifting in OCD capsulotomy versus HC which was not observed in OCD controls versus HC 

has several potential interpretations. Critically, we emphasize that capsulotomy appears to 

improve OCD symptoms without necessarily being mediated through improving this specific 

form of cognitive flexibility. In our previous publication we also reported trend group 

differences (which could not survive multiple correction) showing a greater number of 

incorrect responses across ID/ED conditions (EEDS) in both capsulotomy patients and OCD 

controls compared to HC.7 This result aligns with our current findings as both findings 

potentially suggest that capsulotomy does not appear to improve either ED or ID shifting. An 

alternate explanation is that capsulotomy might have a negative effect on impairing ED shifting 

and decreasing pre-SMA activity. This is a plausible explanation although we show little 

supporting evidence. ED shifting impairments are a robust and reproducible finding in OCD 

(effect size medium-large) and further show a trait-level effect with impairments observed in 

unaffected family members.13,37,38 As such, that we did not observe ED shift impairments in 

the OCD controls versus HC was unexpected, and along with the lack of ED shift differences 

between OCD cap and OCD contr, markedly limits our interpretation of the ED impairments 

observed between OCD cap and HC. Given the small sample size, we believe the unexpected 

lack of ED impairment in the OCD controls versus HC is much more likely related to a sample 

size issue consistent with lack of an effect of capsulotomy on ED impairments rather than a 



negative effect of capsulotomy in the OCD cap group. Further longitudinal studies are indicated 

with larger sample sizes to fully address the effects of capsulotomy on ED shifting. 

A DBS study has shown that targeting the ventral capsule/ventral striatal (VC/VS), which is 

part of the ALIC, improves depressive symptoms but not cognitive flexibility,39 indicating 

different neuromodulation mechanisms underlying ablation and DBS. Meanwhile, targeting 

the anteromedial STN (amSTN) behaviourally improving ED shifting,39 implying that OCD 

patients with marked impairments in ED shifting may potentially be benefited from DBS of 

the amSTN. However, that OCD symptoms improve post-capsulotomy without any clear 

change in ED shifting constrains this as a potential clinical predictor at least in the context of 

OCD capsulotomy.  

Critically, in this study, OCD controls were less likely to shift following an error compared to 

HC, while no such impairment was found in OCD caps. This deficit specific to the response 

after errors is consistent with hyperactive error monitoring, a process that can be described in 

OCD as monitoring thoughts or actions more carefully to avoid losing control or committing 

errors. It has been proposed that error monitoring is intrinsically associated with cognitive 

inflexibility, which prevents OCD patients from shifting cognitive strategies and adapting to 

new rules when situation demands.40 However, our findings suggest a potential effect of 

capsulotomy not on behavioural inflexibility but on error monitoring implicating the mesial 

prefrontal cortex with subsequent greater flexibility post-errors.  

 

Working memory 

Both OCD groups show working memory impairment and poorer performance in higher 

loads,39,40 while capsulotomy have probably no influence in this function (but only supported 

by anecdotal evidence according to the Bayesian analysis). This aligns with our own findings 

in the same cohort showing no working memory changes post-capsulotomy using the 

CANTAB spatial working memory task,7 as well as with other studies reviewed in systematic 

analysis.27,43 Improved performance in executive tasks, however, have been observed with 

other forms of brain modulation.44 Despite inconsistencies,45,46 transcranial magnetic 

stimulation targeting bilateral dlPFC and high-definition transcranial alternating-current 

stimulation (tACS) targeting the left prefrontal cortex and the left temporal cortex 47 both have 

been reported to improve working memory in OCD (e.g., digit span backward 48).  



 

Flanker task: cautious responding during errors 

The flanker task assesses basic attentional processing with congruent stimuli, while examining 

action monitoring and response inhibition with prepotent responses to incongruent stimuli. We 

found longer response latency among OCD participants in response to incorrect trials during 

congruent conditions, suggesting faster and more impulsive decision-making for incorrect 

answers in HC, whereas OCD patients invested more effort and time, even when their 

responses were incorrect. This result aligns with our previous findings from the same cohort 

using a card gambling task, which demonstrated increased caution, worse performance, and 

greater evidence accumulation.28 OCD patients are generally slower in making decisions 

compared to controls and tend to gather more evidence during the process, indicating 

cautiousness in decision making under certain circumstances.28,49 This may be driven 

potentially by overactive action monitoring, causing patients to fear ambiguous situations 

where errors are likely to occur.50 This greater caution during conflict errors and during 

uncertainty in OCD appears unaffected by capsulotomy suggesting a potential trait-related 

markers of OCD rather than state-dependent. 

 

OCD and capsulotomy effects on brain functional activity 

Set-shifting implicates the lateral frontoparietal and mediofrontal networks in supporting 

executive function and cognitive flexibility.51-53 In the current study, we observed greater right 

dlPFC and bilateral pre-SMA during the set-shifting process in HC, with OCD cap 

demonstrating significant lower activity in pre-SMA during ED shifting compared to HC. 

These findings align with decreased activity in OCD patients in these same regions during set-

shifting tasks.51,53 Despite behavioural changes in post-error flexibility in capsulotomy patients 

compared to OCD contr, no change in the corresponding ROI analyses was found. There are 

several potential explanations for this dissociation which might include compensatory 

recruitment of neural substrates outside the measured ROIs, methodological issues with 

sensitivity of the specific task for post-error adaptation and limited statistical power given the 

small sample size. Our findings suggest that OCD postoperative cognitive changes within 

specific domains might have relevance to the anterior–posterior ventral–dorsal tracts 

organization arranged topographically within the striatum.4 We show that capsulotomy may be 



associated with impaired activity during ED shifting in the mesial prefrontal pre-SMA but we 

did not observe any specific effects of capsulotomy on lateral prefrontal processes typically 

involved in executive processing. Likewise, we found no significant between-group differences 

in brain activity for the n-back task, except for a significant main effect of memory load (1, 2 

and 3-back) in the lateral prefrontal area, indicating a robust working memory effect. Our 

previous studies in this same cohort showed downregulation of hyperactive rostral dorsal 

cingulate regions with aversive expectation and conditioning following capsulotomy.7,28 Thus, 

one plausible explanation is that capsulotomy has a greater effect on normalizing aberrant 

mesial prefrontal activity rather than lateral prefrontal activity, and that this effect may have a 

greater effect on improving treatment outcomes. Capsulotomy appears to have less influence 

on the lateral prefrontal executive processes as compared to mesial prefrontal aversive 

processing.7 Further studies involving measures such as inhibition that also implicate the 

ventrolateral prefrontal cortex or using tractography are indicated to further elucidate this 

hypothesis. Furthermore, our observation of possibly greater ED errors and decreased pre-SMA 

activity during ED shift might suggest limiting the dorsal extent of capsulotomy might improve 

ED shifting. However, given the improvement in OCD Y-BOCS score post-capsulotomy, how 

this might link to or impact OCD symptoms remains unclear. 

 

Limitations 

This study is not without limitations. Firstly, our study is quite small in sample size and have 

included fMRI tasks examining the changes of executive functions after surgery given time 

constraints. As this study was part of a larger study in which we investigated other OCD-

relevant cognitive mechanisms known to map across prefrontal regions connected to the ALIC 

tracts targeted in capsulotomy, we were only able to selected three executive paradigms. We 

assessed other executive domains (including inhibition and planning functions) using 

behavioral tasks and have reported the results in a previous publication.7 Briefly, executive 

planning revealed no group difference using the Stockings of Cambridge paradigm following 

multiple comparisons; trend group differences (p=0.08) were found in response inhibition 

(Stop signal task) in which post-capsulotomy subjects showed greater inhibitory impairments 

relative to OCD controls with the addition of YBOCS scores as a covariate. Further functional 

task-based MRI studies addressing the effects of inhibition may be indicated given our trend-

level behavioural findings.  



Secondly, the impact of capsulotomy on executive function, the ‘trait vs state’ hypothesis in 

particular, while mechanistically plausible, should ideally be examined by comparing within-

subject pre- and post-surgery performance on executive paradigms. As the study was designed 

as a parallel study, we cannot rule out neurocognitive differences in the executive domain 

between OCD contr and OCD cap before the surgical intervention. Further research including 

longitudinal or familial comparison to clarify this putative ‘trait vs state’ effect on executive 

functions following neuroablation is needed. It is also noteworthy that, beyond investigating 

how capsulotomy reshapes executive function, another key objective of this study was to 

explore how capsulotomy alters brain executive functions in ways that distinguish treated 

patients from non-refractory OCD patients. Future longitudinal studies incorporating pre- and 

post-surgical assessments on behaviour and function will be critical for demonstrating 

executive-circuit remodeling following capsulotomy. 

 

Conclusion 

We highlight the remodeling effect of capsulotomy on potentially improving error monitoring 

process implicating particularly mesial prefrontal regions in OCD. In contrast, lateral prefrontal 

cortical activity implicated in working memory and conflict appears unaffected and may relate 

to stable trait markers in OCD. These findings have relevance in guiding more accurate 

selection of neuromodulation targets and techniques, highlighting the need for larger-scale 

studies to predictive biomarkers for the safety profile of capsulotomy.  

 

Data availability 

All data reported in this paper will be shared by the corresponding author upon reasonable 

request. 

 

Funding 

This study was supported by the National Natural Science Foundation of China (Grant No. 

82571730 to Y-J.Z. and 82501765 to H.C.), the Medical Research Council Senior Clinical 

Fellowship (Grant No. MR/P008747/1 to V.V.), the Science and Technology Development 



Fund of Shanghai Pudong New Area (Grant No. PKJ2024-Y33 to Y-J.Z.), the Shanghai 

Pujiang Talent Plan (Grant No. 24PJA013 to H.C.), the Academic Leaders Training Program 

of Shanghai Pudong New Area Health Commission (Grant No. PWRd2024-10 to Y-J.Z.) and 

the Tongji University Medicine-X Interdisciplinary Research Initiative (Grant No. 2025-0708-

ZD- 02 to Y-J.Z) 

 

Acknowledgements 

We thank Jun Li and Qiong Ding for their help in data collection. We sincerely thank all 

participants for taking part. 

 

Competing interests 

All authors claim that there are no conflicts of interest. 

 

Supplementary material 

Supplementary material is available at Brain online. 

 

References 

1. Rasmussen SA, Goodman WK. The prefrontal cortex and neurosurgical treatment for 

intractable OCD. Neuropsychopharmacology. Jan 2022;47(1):349-360. doi:10.1038/s41386-

021-01149-5 

2. Dougherty DD, Brennan BP, Stewart SE, Wilhelm S, Widge AS, Rauch SL. 

Neuroscientifically Informed Formulation and Treatment Planning for Patients With 

Obsessive-Compulsive Disorder: A Review. JAMA Psychiatry. Oct 1 2018;75(10):1081-

1087. doi:10.1001/jamapsychiatry.2018.0930 

3. Sheth SA, Mayberg HS. Deep Brain Stimulation for Obsessive-Compulsive Disorder 

and Depression. Annu Rev Neurosci. Jul 10 2023;46:341-358. doi:10.1146/annurev-neuro-

110122-110434 



4. Zhang C, Kim SG, Li J, et al. Anterior limb of the internal capsule tractography: 

relationship with capsulotomy outcomes in obsessive-compulsive disorder. J Neurol 

Neurosurg Psychiatry. Jan 18 2021;92(6):637-44. doi:10.1136/jnnp-2020-323062 

5. Li N, Baldermann JC, Kibleur A, et al. A unified connectomic target for deep brain 

stimulation in obsessive-compulsive disorder. Nat Commun. Jul 3 2020;11(1):3364. 

doi:10.1038/s41467-020-16734-3 

6. Haber SN, Yendiki A, Jbabdi S. Four Deep Brain Stimulation Targets for Obsessive-

Compulsive Disorder: Are They Different? Biol Psychiatry. Nov 15 2021;90(10):667-677. 

doi:10.1016/j.biopsych.2020.06.031 

7. Cui H, Zhang Y, Zhao Y, et al. Mechanisms underlying capsulotomy for refractory 

obsessive-compulsive disorder: neural correlates of negative affect processing overlap with 

deep brain stimulation targets. Mol Psychiatry. Jul 2023;28(7):3063-3074. 

doi:10.1038/s41380-023-01989-1 

8. Riesel A, Endrass T, Auerbach LA, Kathmann N. Overactive Performance 

Monitoring as an Endophenotype for Obsessive-Compulsive Disorder: Evidence From a 

Treatment Study. Am J Psychiatry. Jul 2015;172(7):665-73. 

doi:10.1176/appi.ajp.2014.14070886 

9. Riesel A, Klawohn J, Grutzmann R, et al. Error-related brain activity as a 

transdiagnostic endophenotype for obsessive-compulsive disorder, anxiety and substance use 

disorder. Psychol Med. May 2019;49(7):1207-1217. doi:10.1017/S0033291719000199 

10. Norman LJ, Taylor SF, Liu Y, et al. Error Processing and Inhibitory Control in 

Obsessive-Compulsive Disorder: A Meta-analysis Using Statistical Parametric Maps. Biol 

Psychiatry. May 1 2019;85(9):713-725. doi:10.1016/j.biopsych.2018.11.010 

11. van Velzen LS, Vriend C, de Wit SJ, van den Heuvel OA. Response inhibition and 

interference control in obsessive-compulsive spectrum disorders. Front Hum Neurosci. 

2014;8:419. doi:10.3389/fnhum.2014.00419 

12. Morein-Zamir S, Fineberg NA, Robbins TW, Sahakian BJ. Inhibition of thoughts and 

actions in obsessive-compulsive disorder: extending the endophenotype? Psychol Med. Feb 

2010;40(2):263-72. doi:10.1017/S003329170999033X 



13. Chamberlain SR, Solly JE, Hook RW, Vaghi MM, Robbins TW. Cognitive 

Inflexibility in OCD and Related Disorders. Curr Top Behav Neurosci. 2021;49:125-145. 

doi:10.1007/7854_2020_198 

14. Gillan CM, Kalanthroff E, Evans M, et al. Comparison of the Association Between 

Goal-Directed Planning and Self-reported Compulsivity vs Obsessive-Compulsive Disorder 

Diagnosis. JAMA Psychiatry. Jan 1 2020;77(1):77-85. 

doi:10.1001/jamapsychiatry.2019.2998 

15. Vaghi MM, Hampshire A, Fineberg NA, et al. Hypoactivation and Dysconnectivity of 

a Frontostriatal Circuit During Goal-Directed Planning as an Endophenotype for Obsessive-

Compulsive Disorder. Biol Psychiatry Cogn Neurosci Neuroimaging. Nov 2017;2(8):655-

663. doi:10.1016/j.bpsc.2017.05.005 

16. Voon V, Baek K, Enander J, et al. Motivation and value influences in the relative 

balance of goal-directed and habitual behaviours in obsessive-compulsive disorder. Transl 

Psychiatry. Nov 3 2015;5(11):e670. doi:10.1038/tp.2015.165 

17. Shin NY, Lee TY, Kim E, Kwon JS. Cognitive functioning in obsessive-compulsive 

disorder: a meta-analysis. Psychol Med. Apr 2014;44(6):1121-30. 

doi:10.1017/S0033291713001803 

18. Savage CR, Baer L, Keuthen NJ, Brown HD, Rauch SL, Jenike MA. Organizational 

strategies mediate nonverbal memory impairment in obsessive-compulsive disorder. Biol 

Psychiatry. Apr 1 1999;45(7):905-16. doi:10.1016/s0006-3223(98)00278-9 

19. Bora E. Meta-analysis of neurocognitive deficits in unaffected relatives of obsessive-

compulsive disorder (OCD): comparison with healthy controls and patients with OCD. 

Psychol Med. Jun 2020;50(8):1257-1266. doi:10.1017/S0033291720001634 

20. Gu BM, Park JY, Kang DH, et al. Neural correlates of cognitive inflexibility during 

task-switching in obsessive-compulsive disorder. Brain. Jan 2008;131(Pt 1):155-64. 

doi:10.1093/brain/awm277 

21. Grutzmann R, Endrass T, Kaufmann C, Allen E, Eichele T, Kathmann N. 

Presupplementary Motor Area Contributes to Altered Error Monitoring in Obsessive-

Compulsive Disorder. Biol Psychiatry. Oct 1 2016;80(7):562-71. 

doi:10.1016/j.biopsych.2014.12.010 



22. Vaghi MM, Vertes PE, Kitzbichler MG, et al. Specific Frontostriatal Circuits for 

Impaired Cognitive Flexibility and Goal-Directed Planning in Obsessive-Compulsive 

Disorder: Evidence From Resting-State Functional Connectivity. Biol Psychiatry. Apr 15 

2017;81(8):708-717. doi:10.1016/j.biopsych.2016.08.009 

23. Marsh R, Horga G, Parashar N, Wang Z, Peterson BS, Simpson HB. Altered 

activation in fronto-striatal circuits during sequential processing of conflict in unmedicated 

adults with obsessive-compulsive disorder. Biol Psychiatry. Apr 15 2014;75(8):615-22. 

doi:10.1016/j.biopsych.2013.02.004 

24. Cools R, Clark L, Owen AM, Robbins TW. Defining the neural mechanisms of 

probabilistic reversal learning using event-related functional magnetic resonance imaging. J 

Neurosci. Jun 1 2002;22(11):4563-7. doi:10.1523/JNEUROSCI.22-11-04563.2002 

25. Aron AR, Robbins TW, Poldrack RA. Inhibition and the right inferior frontal cortex: 

one decade on. Trends Cogn Sci. Apr 2014;18(4):177-85. doi:10.1016/j.tics.2013.12.003 

26. Shephard E, Stern ER, van den Heuvel OA, et al. Toward a neurocircuit-based 

taxonomy to guide treatment of obsessive-compulsive disorder. Mol Psychiatry. Sep 

2021;26(9):4583-4604. doi:10.1038/s41380-020-01007-8 

27. Laseca-Zaballa G, Lubrini G, Perianez JA, et al. Cognitive outcomes following 

functional neurosurgery in refractory OCD patients: a systematic review. Neurosurg Rev. Jun 

23 2023;46(1):145. doi:10.1007/s10143-023-02037-w 

28. Zhao YJ, Zhang Y, Wang Q, et al. Evidence Accumulation and Neural Correlates of 

Uncertainty in Obsessive-Compulsive Disorder. Biol Psychiatry Cogn Neurosci 

Neuroimaging. Oct 2023;8(10):1058-1065. doi:10.1016/j.bpsc.2023.05.011 

29. Csigó K, Harsányi A, Demeter G, Rajkai C, Németh A, Racsmány M. Long-term 

follow-up of patients with obsessive-compulsive disorder treated by anterior capsulotomy: a 

neuropsychological study. J Affect Disord. Oct 2010;126(1-2):198-205. 

doi:10.1016/j.jad.2010.02.127 

30. Gong F, Li P, Li B, et al. A study of cognitive function in treatment-refractory 

obsessive-compulsive disorder treated with capsulotomy. J Neurosurg. Feb 2018;128(2):583-

595. doi:10.3171/2016.9.jns152494 



31. Laseca-Zaballa G, Lubrini G, Periañez JA, et al. Cognitive outcomes following 

functional neurosurgery in refractory OCD patients: a systematic review. Neurosurg Rev. Jun 

23 2023;46(1):145. doi:10.1007/s10143-023-02037-w 

32. Hampshire A, Owen AM. Fractionating attentional control using event-related fMRI. 

Cereb Cortex. Dec 2006;16(12):1679-89. doi:10.1093/cercor/bhj116 

33. Cowan N. The magical number 4 in short-term memory: a reconsideration of mental 

storage capacity. Behav Brain Sci. Feb 2001;24(1):87-114; discussion 114-85. 

doi:10.1017/s0140525x01003922 

34. Baykal S, Karabekiroglu K, Senses A, Karakurt MN, Calik T, Yuce M. 

Neuropsychological and Clinical Profiles of Children and Adolescents Diagnosed with 

Childhood Obsessive Compulsive Disorder. Noro Psikiyatr Ars. Dec 2014;51(4):334-343. 

doi:10.5152/npa.2014.6862 

35. Henry JD. A meta-analytic review of Wisconsin Card Sorting Test and verbal fluency 

performance in obsessive-compulsive disorder. Cogn Neuropsychiatry. Mar 2006;11(2):156-

76. doi:10.1080/13546800444000227 

36. Hashimoto N, Nakaaki S, Omori IM, et al. Distinct neuropsychological profiles of 

three major symptom dimensions in obsessive-compulsive disorder. Psychiatry Res. May 15 

2011;187(1-2):166-73. doi:10.1016/j.psychres.2010.08.001 

37. Chamberlain SR, Fineberg NA, Menzies LA, et al. Impaired cognitive flexibility and 

motor inhibition in unaffected first-degree relatives of patients with obsessive-compulsive 

disorder. Am J Psychiatry. Feb 2007;164(2):335-8. doi:10.1176/ajp.2007.164.2.335 

38. Kim T, Kim M, Jung WH, et al. Unbalanced fronto-pallidal neurocircuit underlying 

set shifting in obsessive-compulsive disorder. Brain. Apr 29 2022;145(3):979-990. 

doi:10.1093/brain/awab483 

39. Tyagi H, Apergis-Schoute AM, Akram H, et al. A Randomized Trial Directly 

Comparing Ventral Capsule and Anteromedial Subthalamic Nucleus Stimulation in 

Obsessive-Compulsive Disorder: Clinical and Imaging Evidence for Dissociable Effects. Biol 

Psychiatry. May 1 2019;85(9):726-734. doi:10.1016/j.biopsych.2019.01.017 

40. Endrass T, Schuermann B, Kaufmann C, Spielberg R, Kniesche R, Kathmann N. 

Performance monitoring and error significance in patients with obsessive-compulsive 

disorder. Biol Psychol. May 2010;84(2):257-63. doi:10.1016/j.biopsycho.2010.02.002 



41. van der Wee NJ, Ramsey NF, Jansma JM, et al. Spatial working memory deficits in 

obsessive compulsive disorder are associated with excessive engagement of the medial 

frontal cortex. Neuroimage. Dec 2003;20(4):2271-80. doi:10.1016/j.neuroimage.2003.05.001 

42. Heinzel S, Kaufmann C, Grutzmann R, et al. Neural correlates of working memory 

deficits and associations to response inhibition in obsessive compulsive disorder. Neuroimage 

Clin. 2018;17:426-434. doi:10.1016/j.nicl.2017.10.039 

43. Wiseman M, Sewell IJ, Nestor SM, et al. Cognitive effects of focal neuromodulation 

in neurological and psychiatric disorders. Nature Reviews Psychology. 2024;3(4):242-260.  

44. Brunoni AR, Vanderhasselt MA. Working memory improvement with non-invasive 

brain stimulation of the dorsolateral prefrontal cortex: a systematic review and meta-analysis. 

Brain Cogn. Apr 2014;86:1-9. doi:10.1016/j.bandc.2014.01.008 

45. Shayganfard M, Jahangard L, Nazaribadie M, et al. Repetitive Transcranial Magnetic 

Stimulation Improved Symptoms of Obsessive-Compulsive Disorders but Not Executive 

Functions: Results from a Randomized Clinical Trial with Crossover Design and Sham 

Condition. Neuropsychobiology. 2016;74(2):115-124. doi:10.1159/000457128 

46. Sachdev PS, Loo CK, Mitchell PB, McFarquhar TF, Malhi GS. Repetitive 

transcranial magnetic stimulation for the treatment of obsessive compulsive disorder: a 

double-blind controlled investigation. Psychol Med. Nov 2007;37(11):1645-9. 

doi:10.1017/S0033291707001092 

47. Reinhart RMG, Nguyen JA. Working memory revived in older adults by 

synchronizing rhythmic brain circuits. Nat Neurosci. May 2019;22(5):820-827. 

doi:10.1038/s41593-019-0371-x 

48. Jahangard L, Haghighi M, Shyayganfard M, et al. Repetitive Transcranial Magnetic 

Stimulation Improved Symptoms of Obsessive-Compulsive Disorder, but Also Cognitive 

Performance: Results from a Randomized Clinical Trial with a Cross-Over Design and Sham 

Condition. Neuropsychobiology. 2016;73(4):224-32. doi:10.1159/000446287 

49. Banca P, Vestergaard MD, Rankov V, et al. Evidence accumulation in obsessive-

compulsive disorder: the role of uncertainty and monetary reward on perceptual decision-

making thresholds. Neuropsychopharmacology. Mar 13 2015;40(5):1192-202. 

doi:10.1038/npp.2014.303 



50. Marzuki AA, Pereira de Souza A, Sahakian BJ, Robbins TW. Are candidate 

neurocognitive endophenotypes of OCD present in paediatric patients? A systematic review. 

Neurosci Biobehav Rev. Jan 2020;108:617-645. doi:10.1016/j.neubiorev.2019.12.010 

51. Dajani DR, Uddin LQ. Demystifying cognitive flexibility: Implications for clinical 

and developmental neuroscience. Trends Neurosci. Sep 2015;38(9):571-8. 

doi:10.1016/j.tins.2015.07.003 

52. Uddin LQ. Cognitive and behavioural flexibility: neural mechanisms and clinical 

considerations. Nat Rev Neurosci. Mar 2021;22(3):167-179. doi:10.1038/s41583-021-00428-

w 

53. Seeley WW, Menon V, Schatzberg AF, et al. Dissociable intrinsic connectivity 

networks for salience processing and executive control. J Neurosci. Feb 28 2007;27(9):2349-

56. doi:10.1523/JNEUROSCI.5587-06.2007 

 

Figures 

 

Figure 1 

 

 



 

Figure 2 

 

 

Figure 3 

 



 

Figure 4 

 

Figure Legends 

Figure 1 Between-group differences of set shifting performances as measured with the 

Extra-Dimensional Intra-Dimensional (EDID) set-shifting task. (A) Schematic depiction 

of the EDID task. (B) Working procedures of the intra-dimensional (ID) and extra-dimensional 

(ED) shifts: an ID shift was defined as the shifting to a new target feature from the different 

dimension (e.g., letter “S” to letter “T”); an ED shift was defined as the shifting to a new target 

feature from a different dimension (e.g., letter “I” to shape “triangle”). (C) Error rate: 

significant group by condition interaction driven by greater numbers of errors made during ED 

shifts in OCD cap group compared to HC. (D) Percent choice: significant group by condition 

interaction driven by greater percent no-shift choice made after no-shifts errors in OCD contr 

group compared to HC. Abbreviations: OCD contr, OCD control group; OCD cap, OCD 



capsulotomy group; HC, healthy control; ns, not significant. *P < 0.05, **P < 0.01, 

***P < 0.001. 

 

Figure 2 Between-group differences of working memory performances as measured with 

the N-back task. (A) Schematic depiction of the n-back Task: during N-back task, participants 

were asked to determine if the current letter matched a specific target (e.g., "X") in the 0-back 

condition, or if it matched the letter from one (1-back) or two (2-back) trials back. (B) Signal 

detection measure d’: significant group by condition interaction driven by greater d’ in HC 

compared to both OCD contr and OCD cap during 2-back conditions, with no differences in 

between. Abbreviations: OCD contr, OCD control group; OCD cap, OCD capsulotomy group; 

HC, healthy control; ns, not significant. *P < 0.05, **P < 0.01. 

 

Figure 3 Between-group differences of action monitoring performances as measured with 

the flanker task. (A) Schematic depiction of the flanker task. (B) Left: significant main effect 

of congruency was found in the response accuracy, with no group main effect or interaction. 

Right: significant group by condition interaction driven by longer reaction time for correct 

trials only in HC group. Abbreviations: OCD contr, OCD control group; OCD cap, OCD 

capsulotomy group; HC, healthy control; ns, not significant. **P< 0.01. 

 

Figure 4 Regional brain activity results underlying functional response to Extra-

Dimensional Intra-Dimensional (EDID) set-shifting task. Brain areas, including the pre-

supplementary motor cortex (pre-SMA) and left dorsolateral middle frontal cortex (dlPFC), 

have shown higher ED shift-induced activity in the HC group compared to OCD cap and OCD 

contr. In HC participants, higher regional activity during ED-shift in contrast with ID-shift 

were shown in all four clusters of significance, including the pre-SMA and bilateral dlPFC. 

Bilateral pre-SMA showed lower activity between HC and OCD cap during ED-shift. 

Abbreviations: OCD contr, OCD control group; OCD cap, OCD capsulotomy group; HC, 

healthy control; ID, intra-dimensional shift; ED, extra-dimensional shift; ns, not significant. 

*P < 0.05, **P < 0.01, ***P < 0.001. 

 


