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Background: Patients suffering from refractory obsessive-compulsive disorder

(OCD) who have undergone deep brain stimulation (DBS) surgery require

repeated in-person programming visits. These sessions could be labor-intensive

and may not always be feasible, particularly when in-person hospital visits are

restricted. Telemedicine is emerging as a potential supplementary tool for post-

operative care. However, its reliability and feasibility still require further validation

due to the unconventional methods of interaction.

Methods: A study was conducted on three patients with refractory OCD who

had undergone DBS. Most of their programming sessions were completed via

a remote programming system. These patients were recruited and monitored

for a year. Changes in their clinical symptoms were assessed using the Yale-

Brown Obsessive-Compulsive Scale–Second Edition (Y-BOCS-II), the Hamilton

Anxiety Scale-14 (HAMA), the Hamilton Depression Scale-17 (HAMD), and the

Short Form 36 Health Survey Questionnaire (SF-36). The scores from these

assessments were reported.

Results: At the last follow-up, two out of three patients were identified as

responders, with their Y-BOCS-II scores improving by more than 35% (P1: 51%,

P3: 42%). These patients also experienced some mood benefits. All patients

observed a decrease in travel expenses during the study period. No severe

adverse events were reported throughout the study.

Conclusion: The group of patients showed improvement in their OCD

symptoms within a 1-year follow-up period after DBS surgery, without

compromising safety or benefits. This suggests that telemedicine could be a

valuable supplementary tool when in-person visits are limited.
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Introduction

Over 10% of patients with obsessive-compulsive disorder
(OCD) are resistant to first-line psychopharmacological treatment,
either alone or in combination with cognitive-behavior therapy
(CBT), which includes exposure and response prevention (Denys,
2006). For those with severe, treatment-resistant symptoms, deep
brain stimulation (DBS) has been granted a Humanitarian Device
Exemption (HDE) by the US Food and Drug Administration
(FDA) (U.S. Food and Drug Administration, 2009). DBS has
demonstrated cost-effectiveness (Ooms et al., 2017; Gadot et al.,
2022), although its efficacy partially depends on the quality of post-
operative management (van Westen et al., 2021). Conventional
DBS programming sessions necessitate repeated in-person follow-
ups at specialized centers, posing a significant burden on both
patients and their caregivers, particularly those with disabilities or
those living far from such centers (Pintér et al., 2022).

Telemedicine, which includes teleconsultation, telemonitoring,
and telerehabilitation, has been rapidly adopted by healthcare
professionals to provide remote medical service. Specifically,
the remote programming system of DBS involves parameter
adjustment, battery status check, and device troubleshooting
(Zhang et al., 2018). Several studies have validated the cost-
effectiveness and satisfaction of telemedicine among patients with
movement disorders (Esper et al., 2022; Nie et al., 2022). However,
studies focusing on the use of DBS telemedicine in psychiatric
disorders are relatively scarce and mostly involve short-term
follow-up (<6 months) (Lin et al., 2020).

In this study, we retrospectively evaluated the 1-year outcomes
of three OCD patients who underwent bilateral Bed Nucleus of
the Stria Terminalis (BNST) DBS. This work aims to contribute
to a better understanding of post-operative management through
telemedicine for OCD patients with DBS.

Methods

Participants

The study involved three refractory OCD patients who had
undergone bilateral BNST DBS and finished 1-year post-operative
programming sessions partially via DBS telemedicine. All patients
were diagnosed by an experienced psychiatrist using a standardized
mental health examination based on the Diagnostic and Statistical
Manual of Mental Disorders, Fifth Edition (DSM-5) (Association
Psychiatric Association, 2013).

The surgical procedure and criteria were similar to those used
in our previous lesion surgery study (Yin et al., 2018; Zhang
et al., 2021a). Non-directional electrodes (contact length = 1.5 mm,
inter-electrode spacing = 1.5 mm, Model 1200, SceneRay,
China) and neurostimulators capable of remote programming
(Model 1180, SceneRay, China) were implanted (Li et al., 2017).
The neurostimulators were activated for temporary stimulation
before discharge. Written informed consent for the surgery and
subsequent follow-ups was obtained prior to surgery. The study
protocol was reviewed by the local Institutional Review Board and
complied with the Declaration of Helsinki.

Remote programming

Similar to conventional in-person programming sessions,
doctors initially collected clinical symptom information and
medication specifics from patients or their families, then informed
them of potential side effects related to stimulation. After the IPG
was connected, programmers checked the impedance and verify the
position of the electrodes using fused images from post-operative
CT and preoperative MRI scans.

Each contact was examined using monopolar stimulation,
applied in increments of 0.5–1 V up to around 5 V (with a
fixed pulse width of 180 µs and frequency of 130 Hz). Acute
clinical effects (such as decreased anxiety, less intrusive obsessions,
increased spontaneous speech, etc.) and stimulation-related side
effects (like dizziness, irritability, blushing, palpitation, etc.) for
each parameter were recorded. These acute effects were observed by
programmers via remote video conferencing and used to determine
the therapeutic window for each contact. Optimal or sub-optimal
parameters were set as different groups (van Westen et al., 2021).

Long-term clinical responses (like reduction of obsessive
thoughts and compulsive behaviors) and side effects (such as
sleep problems, hypomania, etc.) could take days to weeks to
manifest and were difficult to predict during the programming
process. We recommended patients to receive programming
once every 1 to 2 weeks for timely adjustment. However,
the actual programming interval varied among patients, who
usually scheduled programming appointments based on their own
feelings. The product used in this study could retain up to 16
parameter groups. Once a new group was set, the previously used
parameter was saved in case the newer one was not tolerated.
Psychotropic medications remained unchanged for 1 month after
each programming session and were adjusted by the psychiatrist
based on clinical assessment at each follow-up visit.

Cyber security

Both patients and programmers were required to log on to
the remote programming system with a secured username and
password. The data generated during the programming session was
stored in a secured cloud-based database, ensuring the privacy and
security of patient information (Chen et al., 2014; Zhang et al.,
2020).

Data collection

Participants were assessed at 1 week before surgery (baseline),
and at 1-, 3-, 6-, and 12-month post-operative follow-ups, with the
12-month follow-up being the last (LFU). The primary outcome
was the change in scores of the Yale-Brown Obsessive-Compulsive
Scale–Second Edition (Y-BOCS-II, Mandarin Chinese Version)
(Zhang et al., 2019). Patients with an improvement of more than
35% compared with baseline were classified as responders. Other
outcomes were assessed on the change in scores of the Short Form
36 Health Survey Questionnaire (SF-36) (Brazier et al., 1992), the
Hamilton Depression Scale-17 (HAMD) (Hamilton, 1960) and the
Hamilton Anxiety Scale-14 (HAMA) (Hamilton, 1959), with higher
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scores representing better Quality of Life (QoL), greater depression,
and anxiety severity, respectively. Medication adjustment and
adverse events were also documented in the study.

Additionally, we estimated the approximate cost of post-
operative management for each patient based on the distance
between their residences and our center. Cost components
included: (a) transportation (focusing on train and taxi fares); and
(b) registration fee for in-person programming. The fee for remote
programming was 200 Yuan (Chinese Yuan) per session.

Due to the small size of this study, a descriptive analysis
of outcome was performed. Data were collected using Excel
(Microsoft, San Jose, CA, USA).

Results

(Table 1) presents the characteristics and clinical improvements
of each patient within the study time frame. One patient (P1) had
a comorbid Major Depressive Disorder (MDD) according to the
diagnostic criteria of DSM-5 (Association Psychiatric Association,
2013).

At the LFU, two patients (P1, P3) showed significant
improvement in OCD symptoms (51.2, 42.3% score reduction
on the Y-BOCS-II), compared with the baseline. They also
demonstrated marked improvement in depression and anxiety
(with a reduction of 94.1, 100% on the HAMD score and 76.5,
100% on the HAMA score). One patient (P2) showed the most
modest benefit in OCD symptom (22.9% on the Y-BOCS-II) and
was deemed as non-responder, along with a modest improvement
in symptoms of depression and anxiety (with a reduction of 0 and
37.5% on the HAMD and HAMA score).

At the 3-month follow-up, 2 patients (P1, P3) were classified
as responders. However, at the 6-month follow-up, an aggravation
of OCD symptoms was observed in them, and P1 became a non-
responder, while P3 sustained relatively considerable improvement.
At the LFU, improvement in Y-BOCS-II score was noted in all
patients, but P2 was still classified as a non-responder (Figure 1A).

In terms of mood, the changing trends of HAMD and
HAMA over the timeframe were consistent. Improvements
in depression and anxiety were concurrently observed in
two responders (P1, P3) at LFU but fluctuated at 6-month
follow-up (Figures 1B, C). Similarly, these responders obtained
improvement in QoL at the last follow-up compared to the baseline
(Figure 1D).

A total of 40 programming sessions were completed before the
LFU, 38 of which were completed remotely (Table 2). The average
cost of each in-person programming session for the 3 patients was
208 Yuan, 1322 Yuan and 444 Yuan, respectively, which was higher
than the fee of each telemedicine procedure.

With respect to adverse events, P2 reported a headache
which could be ameliorated after parameter adjustment (reducing
stimulation intensity), acute depressive symptoms that lasted for
3 days after drug withdrawal at the 3-month follow-up, and
nocturne dysthymia at the LFU (ameliorated within 5 days after
switching to the former parameter group). No severe adverse
events were observed.

Discussion

This study highlights the utility of DBS telemedicine in
the post-operative management of OCD patients. This approach
allowed follow-up sessions to continue and patients to gain
clinical benefits during the COVID-19 epidemic when visits
were constrained.

Patient P1 exhibited a response in the 3-month and final follow-
ups, but not in the 6-month follow-up (Figure 1A). This fluctuation
of symptom was also documented in previous studies (Fayad
et al., 2016; Graat et al., 2021), probably due to daily life stress
or other factors. P2 was consistently classified as a non-responder
throughout the study, which is not unusual (Gadot et al., 2022).
Factors such as age of disease onset, sexual/religious symptoms, and
target selection may be potential predictors of response (Guzick
et al., 2020). However, a recent large-sample real-world study found
no significant predictors of response (Mar-Barrutia et al., 2022).

Three patients completed 40 programming sessions before
LFU, with 38 conducted remotely. Considering the distance
between these patients, telemedicine significantly reduced travel
cost during post-operative management. In this study, we estimated
the approximate cost primarily by the fare of trips, the actual cost
of in-person follow-ups could be higher considering the loss of
working time of both patients and their caregivers.

Two patients (P1 and P2), who maintained a relatively
high level of depression and anxiety, requested more remote
programming sessions. Increased programming requests are often
observed in patients with anxiety or depression in clinical
practice. We hypothesized that remote programming could provide
psychological support to some extent. In a previous study

TABLE 1 Characteristics and clinical outcomes of enrolled patients.

Case Diagnosis Age at
surgery

Duration
of

disease

Baseline/ LFU

No. (Years) (Years) HAMD HAMA Y-BOCS II SF-36 Medication

P1 OCD and
MDD

30 7 17/1 14/4 41/20 127/400 Flu 250 mg, Que
20 mg/Flu 200 mg

P2 OCD 31 5 10/10 16/10 35/27 442/414 Ser 200 mg/Ser
100 mg

P3 OCD 29 7 13/0 12/0 26/15 608/788 Flu 100 mg/Flu
100 mg

LFU, last follow-up; Flu, fluvoxamine; Que, Quetiapine; Ser, sertraline.
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FIGURE 1

Changes of main outcomes at baseline and each follow-up. (A) YBOCS-II score; (B) HAMD score; (C) HAMA score; and (D) SF-36 score.

TABLE 2 Programming sessions and cost estimated for each patient.

Case Distance
(km)

Programming frequency Cost estimated (Yuan)

(No) Telemedicine In-person Total Telemedicine In-person Total

P1 114 19 0 19 3800 0 3800

P2 1679 17 1 18 3400 1322 4722

P3 340 2 1 3 400 444 844

(Zhang et al., 2021b), some patients expressed satisfaction with the
remote programming even without any actual adjustment. Patient
P3 chose remote programming in the last two sessions after
obtaining satisfactory improvement. An increase in the number of
programming sessions was observed after the lock-down measures
of COVID-19 (Zhang et al., 2021b), suggesting that as patients
become more accustomed to telemedicine, demand for remote
programming may rise.

In our experience, remote programming might be more
recommended for those with OCD compared to movement
disorders. Programming for patients with movement disorders
primarily relies on the evaluation of motor performance (Picillo
et al., 2016), which is more challenging to observe in a
teleconferencing setting (Lin et al., 2020). Furthermore, the impact
of voltage increments on mental disorders is not always immediate,
necessitating more frequent adjustments (van Westen et al., 2021).

The results of this case series are promising but should be
considered preliminary due to the following limitations. The study
included only a small patient sample without a comparison group,
and there was potential for bias and confounding. Additionally,
this study was conducted during the COVID-19 period, and travel

restrictions affected the patients’ choice of programming method.
Further research is needed to support or refute these findings before
drawing any firm conclusions.

Conclusion

Repeated in-person visits are burdensome for OCD patients
who have undergone DBS. The use of DBS telemedicine
proves beneficial for the post-operative management of these
patients. However, further exploration is needed to establish
participant selection criteria and reach a consensus on the
programming algorithm.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Frontiers in Human Neuroscience 04 frontiersin.org

https://doi.org/10.3389/fnhum.2024.1296726
https://www.frontiersin.org/journals/human-neuroscience
https://www.frontiersin.org/


fnhum-18-1296726 February 13, 2024 Time: 10:20 # 5

Wan et al. 10.3389/fnhum.2024.1296726

Ethics statement

The studies involving humans were approved by Ethics
Committee of Ruijin Hospital. The studies were conducted
in accordance with the local legislation and institutional
requirements. The participants provided their written informed
consent to participate in this study. Written informed consent
was obtained from the individual(s) for the publication of any
potentially identifiable images or data included in this article.

Author contributions

XW: Writing – original draft. ZL: Formal Analysis, Writing –
review and editing. ZZ: Writing – review and editing. YZ: Data
curation, Writing – review and editing. CD: Writing – review and
editing. CZ: Conceptualization, Writing – review and editing. DL:
Conceptualization, Supervision, Writing – review and editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This study
was funded by the Shanghai Municipal Health Commission [grant
Number 202140181 to DL], the Shanghai Science and Technology

Commission [grant Number 22Y11903900 to DL], and Guangci
Innovative Technology Launch Program [GCQH202205 to DL].

Acknowledgments

We thank all the patients for participating in this study during
the COVID-19 period.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

References

Association Psychiatric Association (2013). Diagnostic and statistical manual
of mental disorders: DSM-5, 5th Edn. Washington, DC: Association Psychiatric
Association.

Brazier, J. E., Harper, R., Jones, N. M., O’Cathain, A., Thomas, K. J., Usherwood, T.,
et al. (1992). Validating the SF-36 health survey questionnaire: New outcome measure
for primary care. BMJ 305, 160–164.

Chen, Y., Hao, H., Chen, H., Tian, Y., and Li, L. (2014). The study on a real-time
remote monitoring system for Parkinson’s disease patients with deep brain stimulators.
Annu. Int. Conf. IEEE Eng. Med. Biol. Soc. 2014, 1358–1361. doi: 10.1109/EMBC.2014.
6943851

Denys, D. (2006). Pharmacotherapy of obsessive-compulsive disorder and
obsessive-compulsive spectrum disorders. Psychiatr. Clin. North Am. 29, 553–584.

Esper, C. D., Merola, A., Himes, L., Patel, N., Bezchlibnyk, Y. B., Falconer, D.,
et al. (2022). Necessity and feasibility of remote tele-programming of deep brain
stimulation systems in Parkinson’s disease. Parkinsonism Relat. Disord. 96, 38–42.
doi: 10.1016/j.parkreldis.2022.01.017

Fayad, S. M., Guzick, A. G., Reid, A. M., Mason, D. M., Bertone, A., Foote,
K. D., et al. (2016). Six-nine year follow-up of deep brain stimulation for
obsessive-compulsive disorder. PLoS One 11:e0167875. doi: 10.1371/journal.pone.01
67875

Gadot, R., Najera, R., Hirani, S., Anand, A., Storch, E., Goodman, W. K., et al.
(2022). Efficacy of deep brain stimulation for treatment-resistant obsessive-compulsive
disorder: Systematic review and meta-analysis. J. Neurol. Neurosurg. Psychiatry 93,
1166–1173.

Graat, I., Mocking, R., Figee, M., Vulink, N., de Koning, P., Ooms, P., et al. (2021).
Long-term outcome of deep brain stimulation of the ventral part of the anterior limb
of the internal capsule in a cohort of 50 patients with treatment-refractory obsessive-
compulsive disorder. Biol. Psychiatry 90, 714–720. doi: 10.1016/j.biopsych.2020.08.
018

Guzick, A., Hunt, P. J., Bijanki, K. R., Schneider, S. C., Sheth, S. A., Goodman, W. K.,
et al. (2020). Improving long term patient outcomes from deep brain stimulation
for treatment-refractory obsessive-compulsive disorder. Expert Rev. Neurother. 20,
95–107.

Hamilton, M. (1959). The assessment of anxiety states by rating. Br. J. Med. Psychol.
32, 50–55.

Hamilton, M. (1960). A rating scale for depression. J. Neurol. Neurosurg. Psychiatry
23, 56–62.

Li, D., Zhang, C., Gault, J., Wang, W., Liu, J., Shao, M., et al. (2017). Remotely
programmed deep brain stimulation of the bilateral subthalamic nucleus for the
treatment of primary Parkinson disease: A randomized controlled trial investigating
the safety and efficacy of a novel deep brain stimulation system. Stereotact. Funct.
Neurosurg. 95, 174–182. doi: 10.1159/000475765

Lin, Z., Zhang, C., Zhang, Y., Dai, L., Voon, V., Li, D., et al. (2020). Deep brain
stimulation telemedicine programming during the COVID-19 pandemic: Treatment
of patients with psychiatric disorders. Neurosurg. Focus 49, E11. doi: 10.3171/2020.9.
FOCUS20666

Mar-Barrutia, L., Ibarrondo, O., Mar, J., Real, E., Segalàs, C., Bertolín, S., et al.
(2022). Long-term comparative effectiveness of deep brain stimulation in severe
obsessive-compulsive disorder. Brain Stimul. 15, 1128–1138.

Nie, P., Zhang, J., Yang, X., Shao, Y., Zhang, X., Liu, W., et al. (2022). Remote
programming in patients with Parkinson’s disease after deep brain stimulation: Safe,
effective, and economical. Front. Neurol. 13:879250. doi: 10.3389/fneur.2022.879250

Ooms, P., Blankers, M., Figee, M., Bergfeld, I. O., Van Den Munckhof, P.,
Schuurman, P. R., et al. (2017). Cost-effectiveness of deep brain stimulation versus
treatment as usual for obsessive-compulsive disorder. Brain Stimul. 10, 836–842.

Picillo, M., Lozano, A. M., Kou, N., Puppi Munhoz, R., and Fasano, A. (2016).
Programming deep brain stimulation for Parkinson’s disease: The Toronto western
hospital algorithms. Brain Stimul. 9, 425–437.

Pintér, D., Járdaházi, E., Janszky, J., and Kovács, N. (2022). Potential clinical and
economic benefits of remote deep brain stimulation programming. Sci. Rep. 12:17420.
doi: 10.1038/s41598-022-22206-z

U.S. Food and Drug Administration (2009). MEDTRONIC (ACTIVA)DEEP BRAIN
STIMULATION FOR OCD THERAPY. Silver Spring, MD: U.S. Food and Drug
Administration.

van Westen, M., Rietveld, E., Bergfeld, I. O., De Koning, P., Vullink, N., Ooms, P.,
et al. (2021). Optimizing deep brain stimulation parameters in obsessive-compulsive
disorder. Neuromodulation 24, 307–315.

Yin, D., Zhang, C., Lv, Q., Chen, X., Zeljic, K., Gong, H., et al. (2018). Dissociable
frontostriatal connectivity: Mechanism and predictor of the clinical efficacy of

Frontiers in Human Neuroscience 05 frontiersin.org

https://doi.org/10.3389/fnhum.2024.1296726
https://doi.org/10.1109/EMBC.2014.6943851
https://doi.org/10.1109/EMBC.2014.6943851
https://doi.org/10.1016/j.parkreldis.2022.01.017
https://doi.org/10.1371/journal.pone.0167875
https://doi.org/10.1371/journal.pone.0167875
https://doi.org/10.1016/j.biopsych.2020.08.018
https://doi.org/10.1016/j.biopsych.2020.08.018
https://doi.org/10.1159/000475765
https://doi.org/10.3171/2020.9.FOCUS20666
https://doi.org/10.3171/2020.9.FOCUS20666
https://doi.org/10.3389/fneur.2022.879250
https://doi.org/10.1038/s41598-022-22206-z
https://www.frontiersin.org/journals/human-neuroscience
https://www.frontiersin.org/


fnhum-18-1296726 February 13, 2024 Time: 10:20 # 6

Wan et al. 10.3389/fnhum.2024.1296726

capsulotomy in obsessive-compulsive disorder. Biol. Psychiatry 84, 926–936. doi: 10.
1016/j.biopsych.2018.04.006

Zhang, C. C., Gong, H., Zhang, Y., Jin, H., Yang, Y., Li, B., et al.
(2019). Development and psychometric evaluation of the Mandarin
Chinese version of the yale-brown obsessive-compulsive scale – second
edition. Braz. J. Psychiatry 41, 494–498. doi: 10.1590/1516-4446-2018-
0126

Zhang, C., Kim, S. G., Li, J., Zhang, Y., Lv, Q., Zeljic, K., et al. (2021a).
Anterior limb of the internal capsule tractography: Relationship with capsulotomy
outcomes in obsessive-compulsive disorder. J. Neurol. Neurosurg. Psychiatry 92,
637–644.

Zhang, C., Zhu, K., Lin, Z., Huang, P., Pan, Y., Sun, B., et al. (2021b). Utility of
deep brain stimulation telemedicine for patients with movement disorders during
the COVID-19 outbreak in China. Neuromodulation 24, 337–342. doi: 10.1111/ner.
13274

Zhang, C., Zhang, Y., Zhan, S., Li, D., Jin, H., Denys, D., et al. (2018). Telemedical
deep brain stimulation: Merits and limitations. Stereotact. Funct. Neurosurg. 96,
272–273. doi: 10.1159/000491603

Zhang, J., Hu, W., Chen, H., Meng, F., Li, L., and Okun, M. S. (2020).
Implementation of a novel bluetooth technology for remote deep brain stimulation
programming: The pre– and post-COVID-19 Beijing experience. Mov. Disord. 35,
909–910. doi: 10.1002/mds.28098

Frontiers in Human Neuroscience 06 frontiersin.org

https://doi.org/10.3389/fnhum.2024.1296726
https://doi.org/10.1016/j.biopsych.2018.04.006
https://doi.org/10.1016/j.biopsych.2018.04.006
https://doi.org/10.1590/1516-4446-2018-0126
https://doi.org/10.1590/1516-4446-2018-0126
https://doi.org/10.1111/ner.13274
https://doi.org/10.1111/ner.13274
https://doi.org/10.1159/000491603
https://doi.org/10.1002/mds.28098
https://www.frontiersin.org/journals/human-neuroscience
https://www.frontiersin.org/

	Telemedicine in patients with obsessive–compulsive disorder after deep brain stimulation: a case series
	Introduction
	Methods
	Participants
	Remote programming
	Cyber security
	Data collection

	Results
	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


