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Letter to the editor
The superolateral medial forebrain bundle (slMFB) is a whitematter structure connecting established targets for deep brain
stimulation (DBS) in obsessive-compulsive disorder (OCD) [1].
Recently, it has been proposed as a stimulation target itself [2]
(see supplement S1 for presumed mode of action). The authors
now present clinical outcome data of this treatment approach in
form of an open label case series.
Nine consecutive patients (4 female) suffering from severe
treatment-resistant OCD (mean duration of disease ¼ 23.4 years,
range 11e39 years) with a mean age of 39.2 years (range 25e52
years) have been treated with DBS of the slMFB by our research
group (see supplement S2 for sample selection). All patients
received various disease-speciﬁc prior treatments, reported substantial impairment in their daily life due to OCD symptoms and
were classiﬁed as treatment-resistant by our multi-professional
and specialized team (psychiatrists and psychologists) based on
comprehensive visits and provided medical documents. They underwent DBS surgery between December 2017 and January 2020
and were followed up. The neurosurgical procedure including imaging, ﬁber tracking, surgery and postoperative care has been
described in detail in patients with treatment-resistant depression
[3]. The target region is located in the corridor between red nucleus,
substantia nigra/subthalamic nucleus and the mammillothalamic
tract [2e4]. In contrast to Ref. [3] all patients received segmented
DBS electrodes (Vercise Cartesia, Boston Scientiﬁc, Valencia, USA).
Eight patients received a rechargeable pulse generator (Vercise
Gevia, Boston Scientiﬁc); one patient received a non-rechargeable
pulse generator (Vercise PC, Boston Scientiﬁc). Pulse generators
were placed subclavicularly.
Comprehensive symptom development (clinical outcome) was
assessed regularly up to 36 months following stimulation onset, using clinician-based psychometric measurements (see supplement
S3 and S4). We here focus on the Yale-Brown obsessive compulsive
scale (Y-BOCS) [5] as measurement of symptom severity.

At baseline, mean Y-BOCS sum score of the sample was 31.0
(SD ¼ 5.7). After three months of active stimulation three patients
reached response criterion (>35% reduction of Y-BOCS sum score
[6]) and three other patients reached >20% reduction of Y-BOCS
sum score at this time point.
Mean duration until response criterion was reached for the
ﬁrst time was three months (ranging from stimulation onset to
eight months). After one year of stimulation (range 10e13
months) seven patients were classiﬁed as responders and sustained response until last follow-up (FU, ranging from 11 to 36
months of stimulation, depending on date of surgery). Two patients responded occasionally only (Fig. 1F). As three-month
data is available for six out of nine patients, this time point has
been selected for short-term evaluation: By this time, mean YBOCS sum score had decreased by 43.1% (SD ¼ 23.6, n ¼ 6)
compared to baseline. This score had decreased by 55.9%
(SD ¼ 20.0) after one year of stimulation and by 53.5%
(SD ¼ 23.7) at last FU. In absolute numbers this refers to a mean
reduction of 12.2 points (SD ¼ 6.7, n ¼ 6) at three months, 16.9
(SD ¼ 5.4) after one year and 16.2 (SD ¼ 6.7) at last FU. For absolute
scores see supplement Table S1, where improvement of depressive symptoms and global functioning is depicted, as well.
Current applied therapeutically ranged between 1.4 and 5.5mA.
For detailed information on stimulation settings see supplement S7.
Stimulation related side effects resembled the ones described in
previous publications on slMFB DBS in depression [4] and could
be resolved immediately by adjustments of the stimulation parameters. All further adverse events are listed in the supplement material (S8).
Comparing our data to existing literature, after three months of
stimulation our results resemble the Y-BOCS reduction rates 45.1%
(95% CI ¼ [29.4%; 60.8%]) reported in a meta-analysis on DBS in OCD
[8] but exceed this rate notably in the long run. Regarding size
equivalent studies, some agreement with the clinical effects we
report here, was achieved by DBS of the anteromedial subthalamic
nucleus (amSTN) in a comparably affected sample with OCD (n ¼ 8)
[7]. Three months of amSTN stimulation resulted in 13 points
reduction of Y-BOCS score whereas we achieved 12.2 points reduction (n ¼ 6) in the same time frame. The long-term outcome with
51.2% (SD ¼ 21.2) reduction rate after 46 months (n ¼ 12) and 9/
11 responders [9] is similar to our last follow-up results, as well.
The amSTN is an anatomically distinct target from ours. However,
especially with respect to other publications [1], principal overlap
of the stimulated area is conceivable. Surprisingly, diplopia is not
reported as side effect in Ref. [7], although we consider it a characteristic side effect in slMFB stimulation [4]. The comparison with
existing literature demonstrates that DBS of the slMFB might
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Fig. 1. Electrode positions of all patients in MNI normative space and clinical outcome.
Legend: RN red nucleus; SN, substantia nigra; STN, subthalamic nucleus. For information on methods see supplement S6.
All electrodes are located in the ventral tegmentum anterior to the red nucleus (red) and medial of the subthalamic nucleus indicating involvement of a separate system (hence
slMFB) as opposed to Ref. [7]. A, coronal template with contacts (yellow spheres); B-D, axial templates. E, 3D reconstruction with effectively stimulated contacts three months after
stimulation onset in yellow. Non-responder electrodes are displayed in brown/red. Electrodes are curled due to individual registration to normative space. F, Relative change
regarding the Y-BOCS sum scores compared to baseline as indicator of severity regarding OCD over time for each patient. Mean has been calculated only if at least two data entries
were available for the time of measurement. . (For interpretation of the references to colour in this ﬁgure legend, the reader is referred to the Web version of this article.)
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reduce OCD symptoms just as much or even more than DBS of other
targets and supports further research on efﬁcacy and safety of this
target.
Beyond OCD symptoms, eventually depressive symptoms
decreased quickly after stimulation onset in seven patients (supplement Table S1). This antidepressant effect is not surprising but
expectable as previous studies on DBS of the slMFB in treatmentresistant depression have demonstrated rapid response onsets
[4]. This result supports the idea of a shared disease-network and
is in line with the underlying hypothesis of a normalization of the
reward network induced by the modulation of the slMFB-activity
[1,2,10]. Further imaging studies proving this hypothesis on a functional level are pending.
Generally, results of this report have to be interpreted
cautiously as this is an open-label case series. Although visits
at our unit are standardized, we did not follow a formalized
research protocol. This results in continuous open stimulation
without controlled sham-phases and might result in an overestimation of improvement as well as the unstable concomitant
medication and psychotherapy. Therefore, future studies should
be designed as RCTs to generate deeper insight into the efﬁcacy
and safety-proﬁle of the treatment. Nevertheless, considering
the enormous burden of illness of OCD in its severest form as reported here, the large effect, the long-term efﬁcacy data and the
safety-proﬁle reported, we believe that this report clearly makes
the point of adding the slMFB to brain stimulation target studies
for this disease.
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