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Introduction

Irritable bowel syndrome (IBS) is a common condition characterized by abdominal pain and altered bowel habits, affecting around 11% of individuals globally. It is linked to dysregulation of the brain-gut axis, with altered activity and connectivity in various brain regions. IBS patients often have psychiatric comorbidities like anxiety, or obsessive-compulsive disorder (OCD). Deep brain stimulation (DBS) is an established treatment option for severe, therapy-refractory OCD. It has been suggested that DBS for OCD could also have a beneficial effect on accompanying IBS-symptoms.





Methods and patients

Nine patients with treatment-refractory OCD who underwent DBS in the bed nucleus striae terminalis (BNST) have been included in this study (4 males, 5 females, mean age: 39.1 ± 11.5 years). Patients were examined with the Gastrointestinal Symptom Rating Scale for Irritable Bowel Syndrome (GSRS-IBS) as well as the Yale-Brown Obsessive Compulsive Scale (Y-BOCS) both before the beginning of DBS as well as throughout several follow-up visits for 12 months following the start of DBS.





Results

Three patients displayed clinically relevant levels of IBS-symptoms at baseline (GSRS-IBS scores at or beyond 32). All of those three patients showed a reduction of the GSRS-IBS score at the last follow-up (12-40%). For the other 6 patients, 5 of them showed also a reduction of the GSRS-IBS compared to the score at baseline. The mean score for all patients showed a descriptive trend toward score reduction throughout the study period and until the last follow up visit after 12 months. The mean Y-BOCS decreased from 31.11 at baseline to 16.50 at the last follow-up. Out of the 9 patients, 7 (78%) were considered responders with Y-BOCS scores decreasing between 37% to 74%. Moderate-to-large correlations between both scales could be observed at both the 9-month and the 12-month follow-up visit. However, none of these associations was statistically significant.





Conclusion

In this study, we found alleviation of IBS symptoms after DBS of the BNST, along with improvement in OCD symptoms. Future research using larger sample sizes should address whether the reductions are tied to the improvement of OCD symptoms or if DBS exerts positive effects on IBS independently of OCD symptoms.
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Introduction

With a global prevalence of 11% (1), irritable bowel syndrome (IBS) is a very common condition. It is characterized by abdominal pain or discomfort with altered bowel habits such as constipation, diarrhea, or both. but without pathological alterations in bowel tissue (2, 3). Many affected individuals can control their symptoms by managing diet, lifestyle and stress, whereas others are substantially impaired in their quality of life (4, 5).

Despite being identified more than 150 years ago, IBS continues to pose a clinical challenge with only limited treatment options (6, 7). According to the biopsychosocial model, IBS symptoms arise from the interplay of psychological, behavioral, sociocultural, and environmental factors, but the exact pathophysiological mechanisms remain incompletely understood (8–12).

There is increasing evidence that IBS is related to abnormal processing of internal pain signals, leading to changes in visceral sensitivity (13). Both central and peripheral mechanisms have been proposed to play a role in the emergence of pain symptoms (14), with multiple studies linking IBS to a dysregulation of the brain-gut axis, in which an imbalance can manifest as either sensory changes in the peripheral nervous system or disruptions in central processing (15–18). The term “brain-gut axis” subsumes bidirectional communication between the gut and the brain, both at rest and during stimuli such as postprandial states or luminal distension, regulating motions, reflexes, and sensory perceptions in the gastrointestinal tract. These ongoing complex interactions between the gastrointestinal tract and the central nervous system are essential for maintaining homeostasis and regulating gastrointestinal physiology (16).

Neuroimaging studies of patients with IBS have shown increased activation in various brain regions including anterior cingulate cortex, mid cingulate cortex, amygdala, anterior insula, posterior insula and prefrontal cortex (19). In individuals with IBS, these brain regions are linked to aberrant emotional arousal, intrinsic pain regulation, gastrointestinal hyperactivity and regulation of the hypothalamic-pituitary-adrenal (HPA) axis (20–23).

According to recent studies, patients with IBS are frequently suffering from psychiatric comorbidities like anxiety, obsessive-compulsive disorder (OCD) and depression (24–27). Among patients with functional bowel disorders, obsessive-compulsive disorder (OCD) is the second most prevalent psychiatric comorbidity, occurring in approximately 20% of cases (28, 29). For patients with OCD, similarly, the prevalence of gastrointestinal disorders is notably high, ranging from 14,9% (30), 16% (31) up to about 35% (32). Furthermore, patients with OCD are nearly twice as likely to report constipation of medically unexplained or mental origins (33). The co-occurrence and high prevalence of gastrointestinal symptoms should be thus a significant therapeutic consideration in the treatment of OCD patients, and vice versa (34).

OCD is a very debilitating disease, with approximately 40–60% of patients achieving only partial recovery with standard therapies, while around 10% of patients with OCD exhibit chronic, severe, and refractory illness, resulting in considerable functional impairments (35–37). Deep brain stimulation (DBS) represents a treatment option for severe, therapy-refractory OCD. In DBS, electrodes are stereotactically implanted in designated brain regions. Electrical impulses generated by a battery-driven stimulator situated beneath the skin of the upper chest are transmitted through these electrodes in order to affect brain activity in the targeted area(s). This procedure has become an established treatment option for patients with Parkinson’s disease, dystonia, tremor and other movement disorders. DBS has also been explored for the treatment of various psychiatric disorders with best evidence being available for the treatment of OCD (38). In 2009, the U.S. Food and Drug Administration (FDA) approved DBS for treatment-refractory OCD as a humanitarian device exemption (HDE H050003) (39). For the treatment of OCD, various targets were investigated including the anterior limb of internal capsule (ALIC) (40–42), the bed nucleus striae terminalis (BNST) (43), the ventral capsule/ventral striatum (VC/VS) (44–46), the nucleus accumbens (NA) (47–49), and the nucleus subthalamicus (STN) (50), with most of them reporting statistically significant effects (51, 52). This can be explained by the fact that many of the target areas are located in close proximity to each other or are functionally connected respectively. In a case report, it has been reported that DBS targeting the anterior limb of the internal capsule (ALIC) in a 55-year-old female patient with both OCD and IBS led to a substantial and reproducible reduction in IBS symptoms. This improvement was dependent on specific stimulation parameters and was not directly associated with changes in OCD symptoms (53).

Here we aimed to further explore effects of DBS in OCD patients on IBS symptoms. For this purpose, we analyzed IBS symptoms in our patients with treatment-refractory OCD who received DBS in the BNST (54). To do so, we investigated whether DBS in the BNST in patients suffering from OCD would lead to decreases both in measures of OCD as well as IBS symptom severity. Additionally, we looked at the correlation between the two symptom domains across the study period in order to get a deeper understanding of the potential temporal dynamics between symptom domains. Hence, we report of 9 patients, who underwent DBS in the BNST for their OCD between January 2021 and 2023 at the multidisciplinary center of deep brain stimulation at the University of Regensburg, Germany. Please note that the results of the same assessment instrument (e.g. Y-BOCS) may differ compared to the first study (54), as not all patients who were presented in the first study are also presented in the current one.





Methods and patients

All patients have provided written informed consent to this study, which was approved by the ethic committee of the University of Regensburg (ethic vote: 21-2707-104). Potential candidates for DBS were screened for their eligibility first at the outpatient clinic of the department of psychiatry and psychotherapy and then at the outpatient clinic of the department of neurosurgery. The inclusion process consisted of multiple screening visits to confirm the OCD diagnosis, to check all available health records and to get a detailed summary of previous treatment trials, as well as to collect information on the patient’s psychosocial history and overall functioning.

The two main inclusion criteria were treatment resistance and disease severity. We defined treatment resistance as non-response to adequate trials with a maximum tolerated dose of at least two different serotonin reuptake inhibitors (SSRI) and one trial with clomipramine or augmentation with an antipsychotic (risperidone or aripiprazole) as well as non-response to cognitive-behavioral therapy (CBT) for at least one year (>50 sessions), including exposure therapy and non-response to an adequate multi-professional treatment procedure (e.g., inpatient clinic with different therapy modalities). Regarding severity, we considered overall impairment in social, occupational functioning and patient’s normal routine.

Patients who met the criteria for DBS during the psychiatric assessment were referred to the neurosurgery department for evaluation of their surgical eligibility. Patients were provided with comprehensive information regarding the surgical procedure. All patients provided informed written consent for the surgical procedure, and the operation was conducted only after a minimum deliberation period of 60 days.




Surgery

Preoperative MR imaging was conducted two days before the procedure using a 3T SIEMENS Magnetom Skyra scanner, with patients under general anesthesia throughout the imaging to prevent movement artifacts in preparation for DBS surgery. Sagittal T1 and axial and sagittal T2 images aligned with the intercommisural plane were obtained for trajectory planning, along with T1 images enhanced with a double dose of Gadolinium to delineate essential blood arteries and minimize the risk of hemorrhage during the insertion of stylets and DBS electrodes. On the day of surgery, a preoperative CT scan, utilizing a stereotactic frame affixed to the patient’s head (CRW, Integra Radionics, Burlington, USA), was acquired from a SIEMENS Somatom Definition Flash scanner and served as the reference for surgical planning. Trajectories avoiding relevant blood vessels, sulci and crucial neurological structures were defined using iPlanNet 3.0 (BRAINLAB, Munich, Germany) with targets in the bed nucleus striae terminalis (BNST). The stereotactic implantation of the electrodes (3391, 3387 or B3301533; Medtronic plc, Dublin, Ireland) and the implantation of the internal pulse generator (IPG) (ActivaRC or PerceptPC; Medtronic plc, Dublin, Ireland) was performed in one setting with the patient under general anesthesia. Postoperatively, the position of the electrode was verified using CT scans with a slice thickness of 1mm, which were integrated with MR imaging.





Stimulation

Stimulation typically started 6-8 weeks post-surgery and was adjusted by a psychiatrist experienced in DBS. Bilateral stimulation of each of the four contacts was initially assessed for tolerability and efficacy. Subsequently, the optimal contact voltage was gradually increased to attain maximum therapeutic efficacy. Upon achieving optimal voltage, subsequent optimization of additional stimulation parameters, including frequency and pulse width, was conducted. If the target effectiveness was not achieved, the same procedure was conducted with the second-best contact.





Assessment tools

Y-BOCS was used to evaluate the existence and severity of OCD symptoms (55), which measures the severity of symptoms of OCD based on scores of obsessions and compulsions. The Y-BOCS comprises ten items that assess the severity and influence of both obsessions and compulsions. Each of the ten items is evaluated on a five-point scale ranging from zero to four, as follows: No symptoms are indicated by a value of 0, while extreme symptoms are defined by a value of 4. The Y-BOCS has a maximal possible score of 40. It is divided into the following categories: Obsessions subscale (Items 1–5): Scores range from 0 to 20. Compulsions subscale (Items 6–10): Scores range from 0 to 20.

The scores are generally interpreted with the following criteria: 0–7: Subclinical or no symptoms, 8–15: Mild symptoms of OCD, 16–23: Moderate symptoms of OCD, 24–31: Symptoms of OCD that are severe, 32–40: Severe symptoms of OCD.

For IBS-symptoms, we used the Gastrointestinal Symptom Rating Scale for Irritable Bowel Syndrome (GSRS-IBS) (56), in its German version (Reizdarm-Fragebogen RDF), which proves to be an effective, reliable, and valid questionnaire for the assessment of symptom severity in IBS (57). The GSRS-IBS is a 13-item measure of gastrointestinal symptom severity for the last week. The items measure severity of abdominal pain (Item 1), pain relieved by a bowel action (Item 2), bloating (Item 3), passing gas (Item 4), constipation (Item 5), diarrhea (Item 6), loose stools (Item 7), hard stools (Item 8), urgent need for bowel movement (Item 9), incomplete bowel emptying (Item 10), fullness shortly after meal (Item 11), fullness long after eating (Item 12), and visible distension (Item 13). The items are scored between 1 and 7, where 1 corresponds to “no discomfort at all” and 7 to “very severe discomfort” from the symptom (58).

The GSRS-IBS is not designed to serve as a diagnostic instrument for IBS, but rather for evaluating the severity of symptoms over time. In general, a higher total score indicates more severe symptoms. In our analysis, we considered scores of 32 and above as an indicator of clinically relevant symptom severity, as this cut-off score has been shown good levels of sensitivity and acceptable levels of specificity (59).





Analysis of results

All statistical analyses were performed using R (version 4.3.2) and R-Studio (2023.12.1 Build 402) with the nlme package (version 3.1-166 (60) Pinheiro et al., 2021).

To evaluate symptom changes in Y-BOCS and GSRS-IBS scores over study visits (baseline, before stimulation, optimized stimulation, 3 months follow-up, 6 months follow-up, 9 months follow-up, and 12 months follow-up), linear mixed effects models were applied. Models were estimated using restricted maximum likelihood estimation (REML) without specific imputation of missing values, assuming data were missing at random (MAR). In these analyses, study visit was treated as a fixed effect and the individual patient as a random effect. In case of a significant effect of study visit (tested using the expected mean squares approach), post-hoc pairwise comparisons of the fixed effects were performed. In case of the Y-BOCS scale, post hoc results were adjusted using the Tukey method. For the GSRS-IBS, post hoc testing of differences between time points was conducted irrespective of overall significance for the fixed effect and without adjustment of p-values for multiple comparisons, meaning each comparison was independently tested for significance without correction for cumulative error probability. The level for statistical significance was set at 5%. The liberal testing of significant differences between time points for the GSRS-IBS was chosen due to the exploratory nature of the study and the restricted sample size. The primary goal was to identify potential trends and relationships that warrant further investigation in future, more targeted studies. Adjusting the alpha level might increase the risk of Type II errors, potentially obscuring meaningful findings in this early phase of research. As such, we present the results without correction to avoid an overly conservative approach, but acknowledge that any significant findings should be interpreted with caution and confirmed in subsequent confirmatory analyses. Additionally, we performed a bivariate correlation analysis using Spearman’s rho in order to investigate the associations between the Y-BOCS scale scores and the GSRS-IBS for each of the study visits.






Results

Since not all of our patients were investigated with GSRS-IBS, we are reporting in this study only the results of those 9 patients who completed the questionnaire (4 males, 5 females; age between 24 and 61 years, mean age: 39.1 ± 11.5 years).

The results are primarily presented in a descriptive manner due to the small sample size. For detailed scores over different timepoints, please see Supplementary Materials.




GSRS-IBS




Descriptive analysis

Only three patients scored more than 32 points at baseline. As shown in Table 1, the mean score did not differ substantially between baseline assessment (27.78) and the optimization of stimulation (24.71), however there was a descriptive trend toward score reduction throughout the study period and until the last follow up visit after 12 months (23.88). As can also be seen from the Table, there were slight fluctuations in the number of completed questionnaires across the study period (see Table 1).


Table 1 | GSRS-IBS mean scores over study visits.



Three patients were scoring 32 points or more at baseline, and all of them showed a reduction of the GSRS-IBS score at the last follow-up (12% (patient 1), 30% (patient 7), and 40% (patient 6)). Among the other 6 patients, five showed decreased scores at last follow-up.

The linear mixed effects model revealed no significant (fixed) effect of study visit (F(6, 43) = 1.90), p >.10). The (fixed) effect of study visit (marginal R2= .037) explained only 3.7% of variance, while the specified model explained a total of 82.4% of variance in the data (conditional R2 = .824), implying strong effects of the (random) effect of patient (i.e. large interindividual differences in the scale scores). However, exploratory post-hoc comparisons between study visits showed significant or near-significant differences between GSRS-IBS scores between study visits at baseline or before stimulation versus those conducted at the 9 or 12 month follow-ups (see Figure 1). Re-running the model in the subsample of three patients with clinical GSRS-IBS scores (≥ 32) at baseline yielded similar results: the fixed effect of study visit remained non-significant (F(6, 10) = 2.25, p >.12). However, in this subsample, marginal R2 increased to.214, indicating that study visit accounted for 21.4% of variance—a notable increase compared to the full sample. The conditional R2 = .719 showed that the full model still explained 71.9% of variance, reinforcing the strong interindividual differences in scale scores driven by the random effect of patient.




Figure 1 | GSRS-IBS scores progression over follow-up for individual patients (star symbols mark patients displaying clinical levels of IBS).








Y-BOCS




Descriptive analysis

The 9 patients had baseline scores ranging from 23 to 37 points. Regarding severity according to Y-BOCS, one patient of them was showing moderate symptoms, three patients were showing severe symptoms, while five patients were showing extreme symptoms. After optimizing the stimulation, the mean Y-BOCS score decreased from 31.11 at baseline to 16.89 after the optimization of stimulation. Furthermore, the reduction in Y-BOCS score remained stable through following visits to reach 16.50 at the last follow-up.

The treatment response was defined as a reduction in YBOCS of at least 35% compared to baseline, in accordance with established standards (61). Out of the 9 patients, 7 of them (78%) were responders with Y-BOCS score decreases ranging from 37% to 74%. All three patients displaying clinical levels of IBS were responders with Y-BOCS score decreases ranging from 45% to 62% (see Table 2).


Table 2 | Y-BOCS mean scores over study visits.



The linear mixed effects model revealed a significant (fixed) effect of study visit (F(6, 43) = 27.54), p <.0001). The (fixed) effect of study visit explained 50.1% of variance (marginal R2= .501), while the specified model explained a total of 81.9% of variance in the data (conditional R2 = .819). The conducted post-hoc comparisons between study visits showed highly significant differences in Y-BOCS scores between study visits at baseline or before stimulation versus all subsequent study visits (see Figure 2), since Y-BOCS scores dropped considerably with optimization of the deep brain stimulation. As can also be seen from the Figure, this drop in Y-BOCS scores was stable at the level of the individual patients.




Figure 2 | Y-BOCS’ scores progression over follow-up for individual patients (star symbols mark patients displaying clinical levels of IBS).








Correlation between GSRS-IBS and Y-BOCS

In order to test for potential associations between OCD and IBS symptoms, bivariate correlations between the GSRS-IBS and Y-BOCS scale scores were calculated for each of the study visit timepoints (see Table 3). As can be seen, there were negligible associations between scale scores both before the beginning of DBS treatment as well as throughout the first half of the follow-up period (i.e. until the 6-month follow-up visit). Following this, however, there was an increase in the strength of association and moderate-to-large correlations between scale scores could be observed at both the 9-month and the 12-month follow-up visit (.38 -.51, see Table 3). However, none of these associations was statistically significant (all p’s >.19).


Table 3 | Correlations between GSRS-IBS and YBOCS over study visits.








Discussion

Irritable bowel syndrome (IBS) is a chronic functional gastrointestinal disorder that affects 9%-23% of the population across the world. It can be both physically and emotionally debilitating, making it difficult for people to work, socialize, and even take care of daily activities (62).

While drug therapy has successfully induced remission in many cases of IBS, its effectiveness is limited and it may result in significant adverse effects (63).

Given the rising prevalence of psychological disorders in gastroenterology, innovative strategies are necessary to enhance the management of patients with IBS (27). Both patients and clinicians have actively sought alternate therapeutic options, which has led to an increasing interest in neuromodulative approaches within the IBS-research field (64, 65). For example, some studies have been conducted to assess the potential of vagus nerve stimulation (VNS) in this area depending on its anti-inflammatory effects, in both its invasive (66–69), or non-invasive variant (70, 71), yielding promising findings. Also, other neurostimulative methods like invasive sacral nerve stimulation (72, 73), non-invasive tibial nerve stimulation (74), auricular neurostimulation (75), transcutaneous electrical acustimulation (76), and transcranial magnetic stimulation (77) have been suggested.

Both OCD and IBS are diseases which often coexist together, and could also be exacerbated by increased stress and anxiety. The explanation of the pathogenesis of IBS has been often linked with chronic stress as a role factor (78, 79). The link between psychological disturbances and the digestive tract in the so called brain–gut axis appear to be primarily modulated by the autonomic nervous system (79, 80). Acute or chronic stress, even in healthy persons, causes the autonomic nervous system to release corticotrophin-releasing factor, which is known to disrupt gut function and may consequently result in gastrointestinal symptoms (81). In IBS, the HPA axis becomes dysregulated (79), leading the individual to be more susceptible to, and less able to recover from, stressful events (82). This dysregulation HPA axis is also known to have a role in many psychiatric disorders like OCD and depression (83, 84), which could explain the frequent co-existence of such disorders with IBS (27). Studies have shown that IBS patients have altered activity in brain regions associated with pain processing and emotion regulation (85, 86). It has been suggested that the parts of the brain that regulate visceral pain are located in the central amygdala, hippocampus, BNST and locus coeruleus, while the brain regions located in hypothalamus, amygdala, and dorsal raphe nucleus (DRN) affect psychological state (87).

For OCD, stress is also believed to play an important role. Research indicated that stress may serve as both a triggering and aggravating factor for OCD-symptoms (88), demonstrating that stress has obvious effects on brain regions or circuits that are involved in the pathogenesis of OCD, like corticostriatal and limbic circuitry. For instance, stress can lead to neuronal atrophy in frontal cortices, the dorsomedial striatum, and the hippocampus as well as neuronal hypertrophy in the dorsolateral striatum putamen and amygdala (89).

As mentioned before, deep brain stimulation for OCD has been studied in treatment-resistant patients targeting different brain regions. For DBS in OCD, the BNST is considered to be a reliable implanting target option, yielding satisfying results. Many studies have shown that BNST-DBS for OCD can be effective (54, 90–92), comparable to other brain targets (93) or even with better outcome (43, 94).

The BNST is considered as a part of the “extended amygdala” (95), and believed to be involved in striatal circuitry that integrates descending glutamatergic input with ascending modulatory inputs (96). The BNST plays a crucial role in linking limbic forebrain structures to hypothalamus and brainstem regions involved in autonomic and neuroendocrine functions, hence facilitating the integration of physiological and behavioral responses (97).

In this study we investigated treatment resistant patients with severe OCD, who underwent DBS treatment with respect to IBS symptoms.

In this group three patients (33%) had a GSRS-IBS score of at least 32 corresponding to a significant impairment by co-morbid IBS symptoms, which is in the expected range of IBS comorbidity among OCD patients (30–32). The other patients had GSRS-IBS baseline scores between 15 and 28. In the majority of patients IBS symptoms fluctuated over the course of treatment with a slight tendency toward improvement. In all but one patient the GSRS-IBS score at the end of follow-up was lower than at baseline. The patient whose IBS symptoms worsened did not respond to DBS regarding his OCD symptoms. Importantly, OCD symptoms decreased in all treated patients, with symptom decreases of at least 35% of Y-BOCS scores occurring in 7 out of 9 patients. We found moderate-to-large correlations between scores in the Y-BOCS and the GSRS-IBS at the 9 month and 12 month follow-up visits (see Table 3), albeit these associations did not reach statistical significance which may be due to the small sample size.

The lack of statistical significance has to be put into perspective of the small sample size in which only 3 patients exhibited clinically relevant IBS symptoms. The small sample size, particularly with only three patients meeting criteria for clinically relevant IBS symptoms, naturally limits the generalizability and robustness of our conclusions, necessitating cautious interpretation. Thus, with our data we can neither confirm nor exclude an effect of DBS on IBS symptoms. Whereas IBS symptoms showed relatively large fluctuations over time in most participants and were only very loosely correlated with OCD symptoms at the beginning, the correlation between the GSRS-IBS and the Y-BOCS scores tended to increase and were largest at the 9 months and 12 months follow-up visits. One may speculate that the tendency toward IBS symptom reduction and toward increased correlation between OCD and IBS symptoms over the course of treatment might reflect an effect of DBS on IBS symptoms. Whether this may be a direct effect of stimulation or whether the effects are mediated via OCD symptom improvement remains speculative as well. Furthermore, it is important to acknowledge the possibility that gastrointestinal symptom changes observed in some patients may not solely reflect therapeutic benefits but could also represent complications or side effects of the DBS treatment process. This perspective highlights the complexity of interpreting symptom changes and reinforces the need for future studies to carefully distinguish between potential therapeutic effects and side effects.

Notably, the observation of gastrointestinal side effects further underscores, that stimulation of the NAc-ALIC region can have an impact on gastrointestinal regulation. Whether stimulation results in beneficial effects or in adverse effects may depend on the individual’s symptomatology and related brain activity. One could imagine that IBS related increased connectivity can be disrupted by DBS, which then results in symptom reduction, whereas disruption of physiological brain activity in patients without IBS might cause gastrointestinal side effects.

Since the reported correlations were statistically insignificant (despite medium-to-large effect sizes, see Table 3), they should be considered as preliminary and clearly need to be replicated and extended in future, larger trials. Given the limited statistical power inherent in such a small cohort, even medium-to-large effect sizes may not have reached statistical significance. Therefore, these results should be regarded as exploratory and hypothesis-generating rather than conclusive.

Nevertheless, our findings support the notion that DBS exhibits an effect on comorbid IBS symptoms in OCD patients and warrants further investigations of this topic. It also has to be considered that the stimulation protocol was optimized in every individual patient in order to achieve maximal reduction of OCD symptoms (see Table 4). We cannot exclude that other stimulation parameters and especially other contacts at the stimulation electrode might have been more successful for reduction of IBS symptoms, as suggested in a previous case report (53). This raises the broader question of whether the BNST represents the “optimal” target for patients with co-occurring OCD and IBS symptoms. To investigate these possibilities more robustly, future studies with larger sample sizes are needed, ideally encompassing more patients with more severe IBS symptoms. Future studies could benefit from multi-center collaborations to recruit a larger, more representative cohort or by specifically targeting patients with both severe OCD and IBS symptoms to better assess the effects of DBS.


Table 4 | Individual stimulation’s parameter for each patient.
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OEBPS/Images/table2.jpg
All patients Patients with IBS

Timepoint
Mean SD n Mean SD

YBOCS_BL 3111 478 9 32 557 | 3
YBOCS_BS 3144 305 9 3233 306 3
YBOCS_OS 1689 | 679 9 16 7 3
YBOCS_3m 1678 | 743 9 1433 | 289 3
YBOCS_6m 1600 | 757 9 1533 | 058 @3
YBOCS_9m 1613 | 887 8 1467 1,53 | 3
YBOCS_12m 1650 | 845 8 1533 | 231 3

BL, Baseline; BS, Before stimulation; OS, Optimized stimulation; 3-12m, Follow-up visit 3/6/9/
12 months after optimization of stimulation.
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Year of Surgery DBS parameters (at LFU*) Active Contacts

Amplitude, Frequency, pulse width

1 3 2021 5,8V, 160Hz, 60ms 0&8
2 3 2021 5,5V, 130Hz, 120 ms 0&8
3 Q 2021 4,6V, 160Hz, 120ms 1&9
4 Q 2022 4V, 170Hz, 80ms 0&8
5 ‘ 3 2022 4,7V, 130Hz, 120ms 0&8
6 ‘ Q 2022 4,8V, 150Hz, 70ms 0&8
7 Q 2022 4,6V, 130Hz, 60ms 3&11
8 Q 2023 4,5V, 130Hz, 60ms 1&9
9 3 2023 5,5V, 130Hz, 60ms 2&10

*LFU, last follow-up.





OEBPS/Images/table3.jpg
Timepoint rs p-value n

BL -01 98 9
BS A7 .68 8
(O] -.09 .85 7
3m .06 .87 ' 9
6m 24 53 9
9m .51 .19 8
12m .38 35 7 8

rs, Spearman’s tho; BL, Baseline; BS, Before stimulation; OS, Optimized stimulation; 3-12m,
Follow-up visit 3/6/9/12 months after optimization of stimulation.
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All patients Patients with IBS

Timepoint

Mean SD n Mean SD n
GSRS-IBS_BL 2778 1225 | 9 | 4233 862 3
GSRS-IBS_BS 2588 1292 8 4150 | 1061 @ 2
GSRS-IBS_OS 2471 716 | 7 | 3050 495 | 2
GSRS-IBS_3m 2511 1320 9 | 3633 | 13.65 | 3
GSRS-IBS_6m 2600 1211 9 | 3867 666 3
GSRS-IBS_9m 2250 910 8 3033 751 | 3
GSRS-IBS_12m 2388 1056 8 31 1136 | 3

BL, Baseline; BS, Before stimulation; OS, Optimized stimulation; 3-12m, Follow-up visit 3/6/9/
12 months after optimization of stimulation.





