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Background: Most conventional treatments for MDD (major depressive disorder) fail to demonstrate significant results, which highlights an urgent need
for novel treatments. DBS (deep brain stimulation) has shown great promise in several clinical trials. However, the efficacy of DBS, compared to
conventional treatments for patients with TRD (treatment “resistant depression), and the targets with highest efficiency for treatment of TRD remain
understudied objectives.

Methods: A systematic search in PubMed, ProQuest Dissertations and Theses Global, Embase, PsycINFO, and Scopus accompanied by a hand search in
journals and grey literature was conducted in (January 10“‘, 2025). Any controlled trial with at least one group for comparison such as sham group was
included. A random-effects meta-analysis was performed, quantitatively probing the efficacy of DBS vs sham/placebo for patients with TRD. A meta-
analysis of response rate after long™term follow-up was also conducted. In addition, a meta-regression analysis was implemented to detect potentially
moderating variables. Quality assessment was performed by utilizing the NOS (Newcastle Ottawa Scale) and Jadad scale.

Results: 1744 records were identified and screened for relevance, among which 14 were included in the quantitative analysis. Meta-analysis of the included
studies revealed a medium-large effect size (SMD (standardized mean difference) Hedge’s g = -0.51) in favor of active stimulation compared to sham' In
the sensitivity analysis the effect size was statistically insignificant only when randomized controlled trials were included' The effect size and pooled
response rate after long-term follow-up was = -1.12 and 56.14%, respectively.

Conclusion: The results indicate that DBS is potentially favorable for TRD compared to sham, as DBS exhibited greater efficacy compared to sham in both

clinical trial and long-term follow-up phases: Further large-scale evidence-based studies, however, are required to substantially support these findings.

Corresponding authors: Ali Sepas, asepas20@student.aau.dk; Torben Moos, tmoos@hst.aau.dk

Introduction

MDD (major depressive disorder) is among the world’s leading non-fatal causes of disability, affecting hundreds of millions worldwidelll. Additionally,
depressive patients may experience associated issues such as eating disorders, poor sleep, suicidal ideation, as well as problems with work, education, and
social relations/2IBII4], A Jarge Canadian study!l included 568,242 patients and found the treatment costs of depressed individuals to be more than three times
that of comparably ill, non-depressed patients. The significantly increased costs can be explained by non—adherence to treatment and, possibly, by a greater

number of doctor’s visits by individuals in the depressed cohort2ll which illuminates a need for better handling of patients with depression.

The established treatment for MDD consists of psychotherapy and pharmacotherapy with antidepressantsl®[Zl- The medical treatment includes SSRIs
(selective serotonin reuptake inhibitors), TCAs (tricyclic antidepressants), MAOIs (monoamine oxidase inhibitors), as well as various augmentation strategies,
e.g,a TCA + Lithium!®l. While these strategies are valid for most clinically depressed patients, a large study (n = 3,671) found that only two-thirds of the
patients with non-psychotic depression achieved remission following four consecutive stages of antidepressant treatment, each stage lasting approximately
three months and consecutive stages being more aggressive than the precedingl8l. Additionally, patients who suffer from TRD (treatment-resistant
depression) are usually referred to as ECT (electroconvulsive therapy)@. However, meta-analyses of published studies indicate that nearly half of the patients
with a history of medication failure in the current depressive episode do not achieve clinical response following ECTI9 Furthermore, the relapse of

depressive symptoms following ECT remains a significant challengelmIEL e.g.arecent study reported a relapse rate of 2849181

The failure of aggressive medical interventions for treating patients with severe TRD calls for novel approaches. One such approach is DBS (deep brain

stimulation), which is a neurosurgical intervention that essentially functions as ‘a pacemaker for the brain’, delivering electrical impulses with the aim of
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disrupting pathological neural activityw’ In 2005, Mayberg and colleagues published the first clinical trial testing the effect of DBS on patients with TRD
through stimulation of the SCC (subcallosal cingulate gyrus) of the brain (Brodmann area 25)15}
These were followed by additional studies, which expanded the DBS targets for depression to include the MFB (medial forebrain bundle), the internal capsule

(IC), the Acb (nucleus accumbens), the ITP (inferior thalamic peduncle) and the caudate nucleus (Cn),

among others[28l7]- The literature, however, remains undecided regarding the effects of DBS for treatment of TRD. Some studies report significant alleviation

of depressive symptoms!8L. While others report no effect compared to sham2) hence necessitating an up-to-date review of the literature.

This systematic review and meta-analysis reveal the first assessment of the efficacy of DBS for TRD. Our study also provides the first meta-analysis that
reviews the findings of separate DBS treatment in RCTs (randomized controlled trials). Furthermore, we provide a meta-analysis of DBS treatment efficacy
and the pooled response rate after long-term follow-up. As a secondary goal’ our systematic review and meta-analysis also aim at detecting potential
moderator variables that would influence the efficacy of DBS to lay the foundation for more specialized DBS treatment regimens for patients suffering from

TRD.

Methods

Search Strategy

A systematic search was conducted (January 10t 2025) in the following databases: PubMed, ProQuest Dissertations and Theses Global, Embase, PsycNet, and
Scopus. An all-fields search was conducted in all databases except for ProQuest Dissertations and Theses Global and Scopus in where the search was

conducted in all fields except for full text to limit the number of search outcomes to relevant hits only. An overview of the search terms can be seen in Table 1.

AND
Psychiatric disorder Disease stage Intervention Comparison
Treatment resist*
Sham
Failed treatment
Compar*
Depres* Unresponsive DBS
OR Placebo
Major depression Unmanageable Deep brain stimulation
Set against
Depressive disorder Refractory treat*
Relation
Drug resist*
Intractable

Table 1. A schematic illustration of the search string used for the systematic search. The full search string is presented in the supplementary materials.

Additionally, to maximize the number of potentially eligible articles, a hand search was performed in the following journals: Jama Network, Brain Stimulation,
Depression & Anxiety, Biological Psychiatry, Neuropsychopharmacology, and Journal of Psychiatry & Neuroscience with the search term: “Treatment-resistant
Depression and Deep Brain Stimulation”. An additional search for ongoing trials in clinicaltrials.gov and a hand search in related articles such as citations
from previously published systematic reviews and included studies were also conducted. The authors of the present manuscript also attempted to contact
researchers identified in the literature search to obtain possible unpublished data, although no data was received. All identified articles were independently

screened for inclusion by AS, HA and VA, and discrepancies were resolved internally with the senior authors CB and TM

Selection Criteria

All potentially eligible articles were subjected to the following inclusion/exclusion criteria.

Inclusion:

« Articles include patients with TRUD (treatment-resistant unipolar depression as primary diagnosis), as defined by the authors of the included study
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Any form of a controlled trial with at least one comparison group such as sham, lithium treatment, another DBS target etc.

Articles containing any form of DBS treatment for TRUD

Only studies on humans, no age restriction

Applied the proper instruments to measure depression, such as HAMD or any similar measurement tools

Quantitative analysis of outcomes in the intervention and comparison group

Articles from any country, articles in the English, Danish and Turkish languages were eligible

Full text should be available for free online (including institutional access provided by the Aalborg University)
Exclusion:

« Articles include patients with anxiety, schizophrenia, and other psychiatric disorders except for unipolar depression
e Animal models of DBS for TRD

» Case studies, reviews, books, newspaper articles, posters, and letters to editors

 Exclusively qualitative analysis of outcomes

« Articles that do not include DBS treatment

Data Extraction

All the included articles assessed depression severity using various versions of the HAMD (Hamilton Depression Rating Scale) such as HAMD-17, HAMD-24,
HAMD-29 or MADRS (Montgomery-Asberg Depression Rating Scale). HAMD or MADRS scores were extracted. Only data from patients with TRUD was
extracted when possible. Authors were contacted if data from bipolar patients could not be separated.

For each study, group means, and standard deviation (HAMD/MADRS score) were extracted, as well as publication year, national setting, sample size (number
of patients included in the quantitative analysis), mean age of subjects at study entry, duration of active stimulation in the controlled trial phase, DBS target,
and utilized depression scale. These were obtained from tables or calculated from individual data found in the published version of the studies included. For

some studies, the tool WebPlotDigitizer was utilized to extract means and standard deviations from the graphs provided.

Quality Assessment

The methodological quality of each study was assessed using the JADAD scale for RCTs and the NOS (Newcastle-Ottawa scale) for non-RCTs (non-randomized
controlled trials). Each scale returns a score, and based on this score, each article was given a ranking of either low, medium, or high quality. For RCTs, a
maximum of five points was given in the following domains: randomization, blinding, and an account of outcomes in all patients. Studies were of high,
moderate, or low quality if the score was > 4, 2-3, or < 2, respectively.

The NOS assigns a maximum of nine points, assessing the categories of comparability, selection, and outcome. Studies were judged to be of high, medium, or

low methodological quality if the score was > 5, 3-5, or < 3 respectively.

Statistical Analysis

The SMD (standardized mean difference), Hedge’s g of each study was computed manually (accounting for paired and non-paired samples) based on the mean
score and standard deviation of the depression scale in the intervention and comparison group post-treatment. Potential differences in sample sizes in the
beginning and end of an intervention were accounted for through modified pooled standard deviation, where both sample sizes were included in addition to
the sample size from the sham group, and the harmonic mean was used to account for changes in the intervention group. The effect sizes were synthesized by
using the DerSimonian and Laird random effects model29 in the statistics software RIZLL The random effects model was applied since the studies were
estimating related but different effect sizes due to variations in study design, surgical procedure, stimulation duration, depression rating scale, etcl22l, A two-

way p-value of < 0.05 was considered significant.
Statistical heterogeneity was assessed by I%, 1% < 50% was considered low.
For sensitivity analysis’ different meta-analyses were conducted where:
i. Only the results of RCTs for estimating the pooled effect size were included-

ii. Studies were excluded when the data from patients with unipolar and bipolar depression could not be separated-

iii. Studies were used when upfront randomization or blinded discontinuation were used
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iv. Only medium and high quality RCTs were included

v. Only medium and high quality non-RCTs were included

Meta-regression analysis was performed in R to identify potential moderator variables that might have influenced the effect sizes!2ll, The included potential
moderators were age, gender, stimulation length in the controlled trial phase, duration of the current depressive episode at the study entry stimulation
optimization duration, long-term follow-up duration, upfront randomization or blinded discontinuation' Effect sizes from two different DBS targets vs. sham

in the studies by Raymaekers et al. (2017)23l were considered separately in the meta-analysis.

Publication Bias

Funnel plots were used to evaluate bias and plot asymmetry. Additionally, Egger’s test was utilized to quantitatively assess the asymmetry in the funnel plot.
Finally, the non-parametric trim-and-fill method24 was applied to detect whether any studies should be imputed in calculating the pooled effect sizes,

possibly adjusting these effects.

Results

The initial search returned 1864 results (1082 after removal of duplicates); these were all screened for relevance based on title and abstract. Following this
selection, 245 articles remained. Articles were then filtered by full-text screening based on the previously described inclusion/exclusion criteria. A total of 11

articles remained, which were all quantitatively analyzed. A PRISMA flow diagram illustrating the search procedure can be seen in Fig. 1.

Records identified through database
searching (n = 1077), Records identified
through hand search (n=787)

l

Records after duplicates removed
(n=1082)

|

Records screened by abstract
and title (n=1082)

=

837 of records, not about topic of interest.

Articles assessed for eligibility 235 records excluded.
by full text, if possible
(n=245) 1. Reviews (n=29)
_ > 2. Animal studies (n=7)

3. Full text not available (n=4)

4. Not a clinical trial (n=12)

5. Qualitative analysis (n=1)

6. Insufficient data to calculate effect size (n=2)
1 study included Studies i“d“defi in meta- 7. DBS in patients without TRD (n=23)
by hand search |— analysis 8. Not about topic of interest (n=157)

in references. (n=11)

[Included } [Eligi ili } [Screening ’ [Identiﬁcation’

Figure 1. Flowchart

189 unique patients were included in the meta-analysis; the number of patients with unipolar depression was 187, and the number of patients with bipolar
depression was 2. The average stimulation duration (trial phase) was 2013 weeks. Some studies reported a follow-up extension period, where changes in
pharmacotherapy were allowed concurrently with DBS or DBS parameters were adjusted to induce greater clinical efficacy’

The mean age of subjects across all studies was 49.4 + 99 years. All studies were blinded, and, among the included studies, 4/11 utilized a crossover design with

patients functioning as their own controls. Eight of the studies included were RCTs (Table 2). Inclusion criteria and the definition of TRD differed from study
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to study. HAMD measures for inclusion ranged from >17 to > 21 and MADRS from > 21 to > 26. Most studies defined TRD as a failure of four adequate
antidepressant trials and ECT, analogous to stage V resistance described by Thase et al. in their seminal study of TRDIZ, All studies utilized a definition of TRD
where at least two adequate antidepressant trials had failed to alleviate depressive symptoms: The definition of TRD in each study can be found in

Supplementary Table S1.
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Table 2. Summary of study characteristics

BPID = Bipolar I Disorder, BPIID = Bipolar II Disorder, TRD = treatment-resistant depression, NA = not available, HAMD = Hamilton Depression Rating Scale, RCT:
randomized controlled trial, MADRS: Montgomery-Asberg Depression Rating Scale, SCC: Subcallosal cingulate gyrus, IC: internal capsule, MFB: medial forebrain bundle,
* Data from the first year of the study was included, due to high dropout rate, **active outcome based on data from 26 weeks of stimulation. Although stimulation was
continued for 52 weeks, patients were required to maintain the same medication for 6 months post-surgery,*** data from 1 year of follow-up included in subgroup meta
analysis. ****active outcome = average of all active settings.***** Data from only 24 months was used for long-term follow-up analysis since data from all patients
after 36 weeks (about 8 and a half months) were not available, ****** Data from only 24 weeks used for long-term follow-up analysis, data excluded from 28 weeks due
to 50% drop out. + only 8 MDD patients remained after 2 years, not possible to separate BP from MDD patients for response rate analysis. ++ data from 2 years not
included due to significant dropout rate in follow-up meta-analysis. For follow-up meta-analysis, data from n=82 was included, Data from 26 weeks (n= 90) at baseline

were included in a primary meta-analysis of controlled results compared to long-term active (n= 30) baseline sham.

The meta-analysis of 11 included studies (189 patients) comparing DBS to sham treatment revealed that active DBS led to a greater reduction in depressive
symptoms compared to sham, with Hedges’ g = —0.51, 95% CI [-0.97; —0.05], I = 64%. The non-parametric trim-and-fill analysis did not adjust the effect size

(Table 3, Fig. 2., Fig. 4(a)).
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Figure 2. Stimulation Targets and Meta-analytic Results: Trial Phase

After excluding non-RCTs, the analysis of eight studies (169 patients) resulted in an effect size of g = —0.52, 95% CI [-1.01; —0.04] (Table 3) I? = 62%. Six studies
utilized upfront randomization, and the combined pooled effect size was g = -0.35, 95% CI [-1.07, 0.36], I = 59% (Table 3)- In a separate comparison of internal

capsule (IC) vs. inferior thalamic peduncle (ITP) DBS (5 patients), the effect size was g = —0.21, 95% CI [-1.38; 0.96] (Table 3) Egger’s test indicated publication

bias in the pooled analysis of all studies, that had a long-term follow-up phase (p = 0.03).
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Number of studies (subjects at Hedge’s g with 95% p- Adjusted Hedge’s g with Significant
baseline) CI value 95% CI Moderators
DBS vs sham 11 (189) -0.51[-0.97, -0.05] < 0.05 No adjustments None
DBS vs sham (only RCTs) 8(169) -0.52 [-1.01, -0.04] <0.05 -0.19 [-0.76, 0.39] None
DBS vs sham (only medium to high quality
1(10) -1.64 [2.80;-0.83] <0.05 No adjustments None
non-RCTs)
DBS vs sham (excluding studies with bipolar
9 (165) -0.58 [-1.10; -0.06) <0.05 No adjustments None
patients)
DBS vs sham upfront randomization 6 (49) -0.35 [-1.07, 0.36] > 0.05 -0.80 [-1.62, 0.015] None
DBS vs sham blinded discontinuation 5 (140) -0.65 [-1.30, 0.01] > 0.05 -0.14 [-093, 0.66] None
DBS SCC vs sham 5(112) -0.47 [-1.13,0.19] >0.05 No adjustments None
DBS SCC vs sham (only RCTs) 4(102) -0.18 [-0.56,0.21] >0.05 No adjustments None
DBS SCC vs sham (excluding studies bipolar
4 (104) -0.65 [-1.33, 0.04] >0.05 -0.24 (099, 0.51] None
patients)
DBS IC vs sham 3 (51) -0.88 190, 0.14] > 0.05 -0.88 [[1.904, 0.14] None
DBS MFB vs sham 3(26) -0.12 [-0.97,0.73] >0.05 -0.12 [-0.97,0.73] None
DBS MFB vs sham (RCT) 1(16) -0.65 [-1.60, 0.32] >0.05 No adjustments None
DBS MFB vs sham (excluding bipolar patients) 2 (10) 0.25 [-0.96, 1.45] > 0.05 No adjustments None
ITP DBS vs. sham 1(5) -0.58 [-1.70, 0.53] >0.05 No adjustments None

Table 3. Summary of meta-analysis and sensitivity analysis (trial phase)

*Adjusted Hedge’s g values were calculated in STATA following the application of non-parametric trim-and-fill analysis for reducing publication bias by imputing more

studies.

The overall pooled response rate was r = 0.56, 95% CI [0.36; 0.76], I? = 92% (Table 4, Fig. 5(a)). When non-RCTs were excluded, the response rate adjusted to r =
0.48, 95% CI [0.25; 0.70], I? = 91% (Table 4, Fig. 6). Furthermore, upfront randomization vs. blinded discontinuation as a moderator was also significant in DBS

vs sham (excluding studies with bipolar patients, response rate) (Table 4). Eight studies (166 patients) conducted open-label long-term follow-up, yielding a

pooled effect size of g = —1.12, 95% CI [-1.89; —0.36), I? = 74% (Table 5, Fig. 3, Fig. 6).
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patients)

Number of studies Hedge’s g with Adjusted Hedge’s g with
p-value Significant Moderators
(subjects) 95% CI 95% CI
None
DBS vs sham 8 (166) 0.56 [0.36; 0.76] <0.01 0.29 [0.0184, 0.55]
DBS vs sham (only RCTs) 6 (146) 0.48[0.25,0.70] 0.010.26 [-0.01, 0.53] None
DBS vs sham (excluding studies with Upfront randomization vs blinded
6 (142) 0.54[0.30, 0.77] < 0.05 0.28 [-0.02, 0.58]
bipolar patients) discontinuation
DBS vs sham (only medium to high quality <001 No adjustments
1(10) 092 [0.65,099] None
non-RCTs)
DBS vs sham upfront randomization 4 (44) 0.81[0.56,1.06] <0.01 No adjustments None
DBS vs sham blinded discontinuation 4(122) 0.37[0.20, 0.54] <0.01 0.31[0.09, 0.52] None
DBS SCC vs sham 4(107) 0.50 [0.19, 0.82] <0.01 0.28 (0.018, 0.55] None
DBS SCC vs sham (only RCTs) 3097) 0.28(0.18,0.38] >0.05 0.26 [-0.01, 0.53] None
DBS SCC vs sham (excluding studies
3(99) 0.56 [0.15,0.96] <0.01 0.26 [-0.19, 0.70] None
bipolar patients)
p>0.05
DBS IC vs sham 2(35) 0.46 [-0.01, 0.93] No adjustments None
DBS MFB vs sham 2(26) 0.79 [0.59,1.00] p<0.05 No adjustments None
DBS MFB vs sham (RCT) 1(16) 0.88 [0.64,0.97] p<0.05 No adjustments None
DBS MFB vs sham (excluding bipolar
1(10) 0.66 [0.35, 0.88] p<0.05 No adjustments None

Table 4. Summary of response rate meta-analysis

*Adjusted Hedge’s g values were calculated in STATA following the application of non-parametric trim-and-fill analysis for reducing publication bias by imputing more

studies.

For the long-term follow-up, the exclusion of non-RCTs resulted in six studies, yielding g = —0.80, 95% CI [-1.29; —0.30], p < 0.05, I? = 42% (Table 5). The trim-

and-fill analysis adjusted the effect size to g = —0.41, 95% CI [-0.98; 0.16]. When studies involving bipolar patients were excluded, the meta-analysis of DBS vs.

sham produced an effect size of g = -1.08, 95% CI [-2.12; —0.04) p < 0.05, I2 = 68% (Table 5)- Five studies specifically assessed SCC DBS vs. sham, with an effect

size of g = —0.47, 95% CI [-1.13; 0.19], p > 0.05, I? = 58% (Table 5, Fig. 3, Fig. 6(b)). Excluding non-RCTs in the analysis of SCC DBS vs. sham adjusted the result to

g = —0.18, 95% CI [-0.56; 0.21], I = 47% (Table 5). For medial forebrain bundle (MFB) DBS vs. sham (26 patients), the effect size was g = —0.12, 95% CI [-097,

0.73], P = 43% (Table 5, Fig. 3, Fig. 6(d)). Since all the RCTs were of high quality, no further sensitivity analysis was required. Accordingly, only high quality

RCTs were included in the relevant analyses. Age was found to be a significant moderator in the analysis of DBS vs. sham (all studies included, long-term

follow-up), and DBS vs. sham (excluding studies with bipolar patients, long-term follow-up). Upfront randomization vs. blinded discontinuation was a

significant moderator in the analysis: DBS vs. sham (only RCTs, long-term follow-up) (Table 5). The most relevant funnel plots are presented in (Figs. 7-9).
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Number of studies Hedge’s g with p- Adjusted Hedge’s g with
Significant Moderators
(subjects) 95% CI value 95% CI
DBS vs sham 8 (166) -1.12 [-1.89; -0.36] | < 0.05 —0.59 [-1.64, 0.46] Age
Upfront Randomization or Blinded
DBS vs sham (only RCTSs) 6 (146) -0.80 [-1.29,-0.30] | < 0.05 -0.41[-098, 0.16]
discontinuation

DBS vs sham (excluding studies with

6 (142) -1.08 [-2.12;-0.04] | < 0.05 No adjustments Age
bipolar patients)
DBS vs sham (only medium to high quality
1(10) -1.64 [-2.8;-0.83] | <0.05 No adjustments None
non-RCTs)
DBS vs sham upfront randomization 4 (44) -173[-3.29,-0.18] | < 0.05 No adjustments None
DBS vs sham blinded discontinuation 4(122) -0.49 [-0.86,-0.13] | < 0.05 -0.40 [-0.75, -0.05] None
DBS SCC vs sham 4(107) -1.42 [-3.07,0.23] >0.05 -0.43 [2.27,1.40] None
DBS SCC vs sham (only RCTs) 3(97) -0.47[-092,-0.01] | < 0.05 -0.37 [-0.78, 0.0371] None
DBS SCC vs sham (excluding studies bipolar
3(99) -1.63 [-3.94, 0.69] >0.05 -1.63 [-3.95, 0.69] None
patients)

DBS IC vs sham 2(35) -0.73 [-1.61, 0.16] >0.05 No adjustments None
DBS MFB vs sham 2(26) -1.09 [-2.52,0.33] | >0.05 o adjustments Nne
DBS MFB vs sham (RCT) 1(16) -1.80 [2.77,-0.81] | < 0.05 No adjustments None

DBS MFB vs sham (excluding bipolar
1(10) -0.35[-0.53,1.45] | >0.05 No adjustments None

patients)

Table 5. Summary of meta-analysis and sensitivity analysis (long term follow-up phase)

*Adjusted Hedge’s g values were calculated in STATA following the application of non-parametric trim-and-fill analysis for reducing publication bias by imputing more

studies. Number of subjects in baseline is included.

—~ N Ventral Capsule/ Ventral Striatum

-0.38 [-1.01; 0.25]
Anterior Limb of Internal Capsule

-0.73[-1.61,0.16]

Subcallosal Cingulate Gyrus

-1.42 [-3.07,0.23]
Medial Forebrain Bundle

-1.09 [-2.52,0.33]

Figure 3. Stimulation Targets and Meta-analytic Results: Long-term Follow-up

geios.com doi.org/10.32388/47TW5N 11


https://www.qeios.com/
https://doi.org/10.32388/47TW5N

Study Hedge's g SE(Hedge's g)
Bergfeld et al. 2016 -1.5500 0.3691
Coenen et al. 2019 -0.6490 0.4867
Dougherty et al. 2015 0.1120 0.3617
Fenoy et al. 2018 -0.3000 0.5587
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Merkl et al. 2017 0.5280 0.6320
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Figure 4. Forest plots comparing the effect of active DBS to sham (trial phase).
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Figure 5(b). SCC DBS vs. sham (all studies included)
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Figure 6(d). MFB DBS vs. sham (all studies included)

Figure 6. Forest plots comparing the effect of active DBS to sham (long term follow-up phase)
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Figure 7(a). DBS vs. sham (all studies included)
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Figure 7(b). SCC DBS vs. sham (all studies included)
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Figure 7. Funnel plots of DBS vs. sham (trial phase)
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Figure 8(d). MFB DBS vs. sham (all studies included)

Figure 8. Funnel plots of response rate
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Figure 9(b). SCC DBS vs. sham (all studies included)
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Figure 9(d). MFB DBS vs. sham (all studies included)

Figure 9. Funnel plots of active DBS vs. sham (long-term follow-up phase)
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Discussion

This paper analyzed the efficacy of DBS as a treatment for TRD B6I33134135] Corroborating earlier reports, DBS significantly alleviated depressive symptoms
in TRD patients. Meta-analysis yielded a mediumflargelﬁ1 effect size comparing DBS to sham, with a Hedges’ g = —0.51, 95% CI [-0.97; —0.05]. Additionally,
meta-analysis of DBS vs. sham (excluding non-RCTs) yielded a SMD of g = —0.52, 95% CI [-1.01; —0.04], which suggests that DBS represents a possible
alternative when conventional treatment strategies fail. Analysis of the different targets showed that SCC as DBS target has greater efficacy than sham g = —
0.47,95% CI [-1.13; 0.19). Furthermore, the sensitivity analysis of SCC DBS vs sham (excluding non-RCTs) did not yield significant difference g = —0.18, 95% CI
[-0.56; 0.21]. Consequently, future RCTs with bigger sample sizes are required to assess whether SCC DBS outperforms sham surgery. Most of the RCTs had
small sample sizes, resulting in wider confidence intervals and greater uncertainty in interpreting the results. Patient-specific stimulation design in RCTs,
originally guided by MRI/CT scansi2% and now by diffusion tractography/2Z, vary in both target location and stimulation settings (amplitude, pulse width,

frequency)28131l The chosen settings critically influence clinical outcomes, highlighting the need for individualized treatment protocols.

Age was found to be a significant moderator in the analysis of DBS vs. sham (all studies included, long-term follow-up), and upfront randomization vs. blinded
discontinuation as a moderator variable was also significant in DBS vs' sham (only RCTs, long-term follow-up). These findings suggest that age and
stimulation strategy could play a role in how well patients respond to DBS over time' However, these findings are based on a few studies, and no moderator

was consistently significant across all sensitivity analyses; consequently, current evidence remains too limited for firm conclusions.

Prior meta-analyses have also assessed the efficacy of DBS in TRD. All have demonstrated significantly better results with active stimulation compared to
sham{161331[341[35]. 5 meta-analysis of Hitti and colleaguesfﬁl yielded similar results to the current study. The authors found DBS to be better than sham
overall in the trial phase’ The differences can be attributed to the inclusion of the study by Fenoy et al. and accounting for changes in sample sizes during the
time course of some of the trialsl2Zl, Furthermore, in studies where patients underwent sham stimulation before active stimulation, we used the difference
between sham and corresponding active stimulation endpoints to account for possible insertional effects.

Additionally, when calculating the effect sizes for individual studies, no considerations regarding paired or unpaired samples were made. The differing
efficacies reported by literature may be attributed to multiple factorsl6l- Firstly, the neurophysiological properties of depression vary from individual to
individual, making it difficult to pinpoint which target(s) is ideal for DBSEZ. Current studies do not fully account for these neurobiological differences.
Secondly, it is yet to be explored whether non-responders to DBS of one brain target region may benefit from stimulation of an alternative target!3Zl, However,
the neurosurgical nature of DBS treatment limits these possibilities. Thirdly, differing efficacy may relate to the accuracy of measurement of treatment
outcomes. As noted by Rabin et al 38l suboptimal measures of outcomes stand in the way of truly recognizing signs of effective treatment. While depression
rating scales are generally acknowledged for assessing depression, they do present some inadequacies, especially when synthesizing data in meta-
analyses[39)

For instance, multiple versions of the HAMD scale were used in the literature, despite all versions being tailored to different uses and including different
domains of assessment. This may lead to overestimation of the importance of certain factors, depending on which scale is used. This, of course, extends to
differences between HAMD and other rating scales, such as MADRS.

A great advantage of DBS is that active/sham stimulation can be compared within the same patient. This reduces inter-subject variability and allows for
greater statistical power with fewer participants. This advantage was reflected in the included trials that utilized crossover design. However, the two largest of
the included trials both used a parallel design analysisl2129l Both studies reported substantially lower efficacy of active stimulation compared to sham. A
possible explanation for this discrepancy, as noted in the study by Raymaekers et al.@l, is that subjects were able to correctly “guess” whether stimulation

was on or off, which suggests that adequate blinding was not achieved.

Limitations and direction for future research

Most studies utilized various versions of HAMD, which have been criticized for being flawed and incapable of depicting depression severity, as well as some of
the main aspects of depression e.g. feelings of worthlessness and anhedonia%. Furthermore, some evidence suggests that the total score of HAMD, which
was utilized in the present study, does not adequately reflect depression severity@l. However, a more recent critical review of various forms of HAMD
validated the scale and reported it as being sensitive2%l. MADRS was utilized as well in some studies’ however this scale has been criticized for being less

sensitive in detecting treatment effects compared to HAMDIALL,
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Another limitation may be the lack of a coherent definition for TRD in scientific literature. Some studies resorted to defining TRD as the failure of response to
multiple adequate trials of various antidepressants, while others utilized a staging approach such as the Thase-Rush five-stage classification. Nevertheless
further evidence is required to assess the efficacy of such staging models!“2. A consensus that seems to emerge is to define TRD as a failure of response to at

least two adequate trials of antidepressants[341431

Future studies should consider utilizing large-scale double-blinded RCT designs and utilize a better definition of TRD, where consensus is emerging.
Additionally, researchers should consider the most appropriate depression scale based on their approach for assessing treatment efficacy; for instance, if the
goal is to assess the different severity levels of depression, then HAMD-17 can be utilized. Conversely, if treatment efficacy of DBS is compared to sham, then
HAMD-6 may be better suited29, An optimal study design for future trials should consider methods of blinding patients, where patients are not able to
“guess” whether DBS is on or off, as reported in the study by Raymaekers et al (221, Future studies should compare DBS to a specific type of conventional

treatment for TRD such as lithium or ECT.

Advances in target-localization methodologies, from conventional anatomical MRI to individualized tractography, indicate that DBS efficacy in TRD is
contingent upon both the selected anatomical target and the fiber bundle. Consequently, a singular “one-target-fits-all” is unlikely to optimize therapeutic
outcomes across the heterogeneous TRD population. Future clinical trials should therefore consider personalized targets, rather than restricting DBS to a
single region such as SCC, to enhance the efficacy and reproducibility of DBS interventions in TRD.

Conclusion

The results obtained indicate that DBS, when performed correctly at the correct target in the correctly identified patient is potentially superior to sham. DBS
indicated greater efficacy compared to sham in clinical trial phase and long-term follow-up phase. The pooled response rate after long-term follow-up was

found to be 56%.
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