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Key points

Question: What is the clinical efficacy and acceptability of non-surgical brain stimulation

protocols for the acute treatment of major depressive episodes in adults?

Findings: In this network meta-analysis, 10 out of 18 treatment protocols were associated with
higher response rates relative to sham, most notably bitemporal and high-dose right unilateral
electroconvulsive therapy. All treatment protocols were at least as acceptable as sham

treatment.

Meaning: Non-surgical brain stimulation techniques constitute viable alternative or add-on

treatment strategies for adult patients with major depressive episodes.
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Abstract

Background: Non-surgical brain stimulation techniques have been applied as tertiary
treatments in major depression. However, the relative efficacy and acceptability of individual
protocols is uncertain. Our aim was to estimate the comparative clinical efficacy and
acceptability of non-surgical brain stimulation for the acute treatment of major depressive
episodes in adults.

Methods: Embase, PubMed/MEDLINE and PsycINFO were searched up until May 8, 2018,
supplemented by manual searches of bibliographies of recent reviews and included trials. We
included clinical trials with random allocation to electroconvulsive therapy (ECT), repetitive
transcranial magnetic stimulation (rTMS), accelerated TMS (aTMS), priming TMS (pTMS),
deep TMS (dTMS), theta burst stimulation (TBS), synchronised TMS (sTMS), magnetic
seizure therapy (MST) or transcranial direct current stimulation (tDCS) protocols or sham. Data
were extracted from published reports and outcomes were synthesised using pairwise and
network random-effects meta-analysis. Primary outcomes were response (efficacy) and all-
cause discontinuation (acceptability). We computed odds ratios (OR) with 95% confidence
intervals (CI). Remission and continuous post-treatment depression severity scores were also
examined.

Results: 113 trials (262 treatment arms) randomising 6,750 patients (mean age = 47.9 years;
59% female) with major depressive disorder or bipolar depression met our inclusion criteria. In
terms of efficacy, 10 out of 18 treatment protocols were associated with higher response relative
to sham in network meta-analysis: bitemporal ECT (OR=8.91, 95%CI 2.57-30.91), high-dose
right-unilateral ECT (OR=7.27, 1.90-27.78), pTMS (OR=6.02, 2.21-16.38), MST (OR=5.55,
1.06-28.99), bilateral rTMS (OR=4.92, 2.93-8.25), bilateral TBS (OR=4.44, 1.47-13.41), low-
frequency right rTMS (OR=3.65, 2.13-6.24), intermittent TBS (OR=3.20, 1.45-7.08), high-
frequency left rTMS (OR=3.17, 2.29-4.37) and tDCS (OR=2.65, 1.55-4.55). Comparing active
treatments, bitemporal ECT and high-dose right-unilateral ECT were associated with increased
response. All treatment protocols were at least as acceptable as sham treatment.

Conclusion: We found that non-surgical brain stimulation techniques constitute viable
alternative or add-on treatments for adult patients with major depressive episodes. Our findings
also highlight the need to consider other patient and treatment-related factors in addition to
antidepressant efficacy and acceptability when making clinical decisions; and emphasize

important research priorities in the field of brain stimulation.
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71 Treatment abbreviations

72 ECT = Electroconvulsive Therapy

73 = BF ECT = bifrontal ECT (1)

74 = BT ECT = bitemporal ECT (2)

75 = RUL ECT=right unilateral ECT

76 o H-RUL = high-dose RUL ECT (3)

77 o LM-RUL = low to moderate-dose RUL ECT (4)

78  rTMS = repetitive Transcranial Magnetic Stimulation

79 = HF-L rTMS = high-frequency rTMS of the left DLPFC (5)
80 = HF-R rTMS = high-frequency rTMS of the right DLPFC (6)
81 * LF-R rTMS = low-frequency rTMS of the right DLPFC (7)
82 = LF-L rTMS = low-frequency rTMS of the left DLPFC (8)
83 =  BL fTMS = bilateral rTMS of the DLPFC (9)

84  dTMS = deep Transcranial Magnetic Stimulation (10)

85  pTMS = priming Transcranial Magnetic Stimulation (11)

86  aTMS = accelerated Transcranial Magnetic Stimulation (12)
87  sTMS = synchronised Transcranial Magnetic Stimulation (13)
88  TBS = Theta Burst Stimulation

89 = iTBS = intermittent TBS of the left DLPFC (14)
90 = ¢TBS = continuous TBS of the right DLPFC (15)
91 = DbITBS = bilateral TBS of the DLPFC (16)

92  MST = Magnetic Seizure Therapy (17)
93  tDCS = transcranial Direct Current Stimulation (18)
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94  Background

95  Major depression is a highly prevalent and debilitating illness' with considerable disease
96  burden?. Its disease course is often recurrent and can become chronic, with relapse rates of up
97 to 80% within one year of remission®. Multiple treatment strategies are available —
98  pharmacological interventions and psychological therapies are the most frequently prescribed
99 treatments. However, the effectiveness of these treatments remains limited and less than 50%
100  of patients respond to an initial course of drug treatment*. A significant number of patients do
101  not tolerate pharmacotherapy because of undesired effects including sexual dysfunction, weight
102  gain and insomnia>®. Combination strategies with multiple pharmacological agents increase the
103 risk for adverse events and drug interactions’. These factors limit medication-adherence and
104  potentially cause discontinuation of treatment®. Similarly, psychological therapies are not

105  effective for every patient and may also be associated with undesired effects’.
106

107  Non-surgical brain stimulation techniques including electroconvulsive therapy (ECT) and
108  repetitive transcranial magnetic stimulation (rTMS) have been applied as tertiary treatments or
109  are considered to be alternative or add-on treatments for major depressive episodes. Over the
110 past decade, novel modifications of standard rTMS have been developed to optimize treatment:
111  deep transcranial magnetic stimulation (dTMS), theta burst stimulation (TBS), priming
112 transcranial magnetic stimulation (pTMS), accelerated transcranial magnetic stimulation
113 (aTMS) and synchronised transcranial magnetic stimulation (sTMS). Clinical trials have also
114  examined the antidepressant efficacy of magnetic seizure therapy (MST) and transcranial direct

115  current stimulation (tDCS) (Supplement 1).
116
117  Previous meta-analyses have examined the clinical efficacy and acceptability of brain

118  stimulation compared to placebo!® or within pairs of active treatments'!. However, these
119  approaches provide limited insights into the overall treatment hierarchy because the available
120 evidence was not synthesised in one step. Moreover, the absence of head-to-head clinical trials

121  for some treatment comparisons creates uncertainty for decision-makers.
122

123 Network meta-analysis (NMA) includes both direct and indirect treatment comparisons'?, and
124 should be regarded as the highest level of evidence in treatment guidelines'® and may overcome
125 a lack of head to head evaluation. Two NMAs of brain stimulation therapies for major
126  depressive episodes have been published but were limited in scope of included

127  interventions'*!>. The NMA by Brunoni et al.'"* provided a comprehensive synthesis of the
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available evidence for rTMS, but did not include ECT, MST or tDCS. Moreover, studies that
had co-initiated pharmacotherapy were included in their analyses, potentially inflating efficacy
estimates of rTMS. The Chen et al.!> NMA included trials that had compared rTMS to ECT,
but did not include sham-controlled trials or distinguish the various electrode placements or

electrical dosages of ECT.

Objective
The primary aim of this study is to estimate the efficacy and acceptability of non-surgical brain
stimulation protocols for the acute treatment of major depressive episodes in adults

participating in randomised clinical trials (RCTs).
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138  Methods

139  We followed the PRISMA guidelines for NMA'®. The study was conducted between January

140 17,2017 and September 14, 2018. No review protocol or registration are available.
141

142 Criteria for considering studies for this review

143 We included RCTs with parallel-group or cross-over designs. Only data from period one were
144  analysed to avoid potential carry-over effects. Studies needed to include a clinician-
145  administered depression rating scale, the Hamilton Depression Rating Scale (HDRS)!” or the
146 Montgomery-Asberg Depression Rating Scale (MADRS)'®. Conference abstracts, editorials,
147  reviews, meta-analyses and case reports or case series were excluded. We also excluded non-

148  English language publications and those reporting duplicate data.
149
150  Participants had to be adults (age > 18 years) with RDC, DSM or ICD diagnosis of major

151  depressive disorder (MDD) or bipolar depression. Other primary diagnoses were excluded, as
152 were trials that recruited patients with a subtype of depression (e.g. postpartum depression) or
153  with depression as secondary diagnosis (e.g. fibromyalgia and depression). Finally, we

154  excluded non-human studies.
155
156  Studies had to include at least two of the following treatments: tDCS, rTMS, TBS, dTMS,

157  sTMS, pTMS, aTMS, ECT, MST or sham. For rTMS, protocols were grouped according to coil
158 location and stimulation frequency: high-frequency stimulation of the left dorsolateral
159  prefrontal cortex (DLPFC; HF-L), high-frequency stimulation of the right DLPFC (HF-R), low-
160  frequency stimulation of the right DLPFC (LF-R), low-frequency stimulation of the left DLPFC
161  (LF-L) and bilateral stimulation of the DLPFC (BL). TBS protocols were grouped in a similar
162  fashion: intermittent stimulation of the left DLPFC (iTBS), continuous stimulation of the right
163  DLPFC (cTBS) and bilateral stimulation of the DLPFC (bITBS). Finally, ECT protocols were
164  grouped according to electrode placement (BF = bifrontal; BT = bitemporal; RUL = right
165  unilateral), and for RUL ECT also according to electrical dosage (H-RUL = high-dose right
166  unilateral; LM-RUL = low to moderate-dose right unilateral). For multi-arm trials, treatment
167  groups that could not be included individually were combined'®. All sham controls were merged
168  into one node. Supplement 2 shows the network of potential treatment comparisons. We assume
169  that any patient enrolled in one of the trials included in our review is, in principle, equally likely

170  to be randomised to any other trial in the network.
171
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172 Studies examining vagus nerve stimulation or related interventions were excluded. We also
173 excluded trials in which pharmacological or psychological treatments were co-initiated with

174  brain stimulation.
175

176 ~ Search methods for identification of studies

177  The Embase, PubMed/MEDLINE and PsycINFO databases (accessed via Ovid) were searched
178  for articles published between the first date available and May 8th, 2018. A full description of
179  our search methods can be found in Supplement 3. Two authors (JM & VV) independently
180  performed the literature search, screened titles and abstracts, selected relevant full-texts and

181  assessed these for eligibility.
182

183  Data extraction

184  One author (JM) extracted relevant information from eligible trials and a second author (VV)
185  independently reviewed these data. Discrepancies were resolved by consensus. Data that could
186  not be retrieved from the original publications were requested from the corresponding authors
187  or searched for in other reviews. We used WebPlotDigitizer (https://apps.automeris.io/wpd/) to

188  extract numerical data from figures.
189

190  Participant characteristics.

191  Sex (n male/female); age in years (mean, standard deviation and range); hospitalisation status
192 (outpatient, inpatient or mixed); whether patients with psychotic symptoms were excluded from
193  the trial (yes/no); diagnosis (MDD, bipolar depression or mixed); treatment strategy
194  (monotherapy, add-on therapy or mixed); and whether patients were considered treatment

195  resistant (yes, no or mixed).
196

197  Intervention characteristics.
198  ECT: electrical dosage (multiples of seizure threshold) and electrode placement. rTMS: coil
199  location and stimulation frequency (in hertz). Similar data were extracted for TBS, also

200  including the treatment protocol (iTBS, cTBS or bITBS).
201
202  Study design and outcomes.

203  Cross-over design (yes/no); HDRS version; response and remission criteria; n patients
204  randomised; n patients meeting response and remission criteria at primary treatment endpoint;

205 n patients discontinuing treatment for any reason; and » patients analysed.
206
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207 Risk of bias assessment

208  The Cochrane tool for assessing risk of bias in randomised trials?® was used to evaluate each
209  study. Potential sources of bias include random sequence generation, allocation concealment,
210  blinding of participants and personnel, blinding of outcome assessment, incomplete outcome
211  data and selective reporting. Each trial received a study-level score of low, high or unclear risk
212 of bias for each domain. Two authors (JM & VV) independently conducted this assessment and

213 discrepancies were resolved by consensus.
214

215  Data synthesis

216  We computed odds ratios (ORs; Mantel-Haenszel method) and standardised mean differences
217  (SMD; Hedge’s g) with 95% confidence intervals (Cls) to estimate effect sizes for categorical
218 and continuous outcomes, respectively. The primary outcome measure of efficacy was
219  response, defined in most trials as a > 50% reduction in depressive symptoms at primary
220  treatment endpoint. Remission was our secondary outcome measure of efficacy, according to
221  the criteria used in each trial (e.g. HDRS < 7 at primary treatment endpoint). Continuous post-
222  treatment depression severity scores constituted our tertiary efficacy outcome measure. If trials
223 reported data on both HDRS and MADRS, the HDRS data were selected for analyses to
224 facilitate comparability between trials. In case of multiple HDRS versions, the original 17-item
225  version was analysed. Data based on the intention-to-treat (ITT) or modified intention to treat

226  (mITT) sample were preferred over data based on completers for all analyses.
227

228  Pairwise meta-analysis.
229  We conducted frequentist random-effects meta-analyses of all direct treatment comparisons,
230 allowing for heterogeneity in treatment effects between studies. All pairwise analyses were

231  conducted using the ‘meta’ package®! in RStudio 1.0.143.
232

233 Statistical heterogeneity within each pairwise comparison was estimated using the I statistic,
234  with values of 25%, 50% and 75% representing little, substantial and severe level of
235  heterogeneity 2. When severe heterogeneity was exhibited, this was investigated using
236  subgroups to explore the effect modifiers. Subgroups included treatment resistance, diagnosis,

237  hospitalisation status and exclusion of patients with psychotic features.
238

239  Network meta-analysis.
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240  Network plots were produced for each outcome to visualise network geometry and node
241  connectivity?’. NMAs were fit within a frequentist framework using a multivariate random-
242 effects meta-analysis model?*?° that accounts for the correlations between effect sizes in trials

243 with more than two groups.

244

245  We assumed network consistency and a common heterogeneity parameter across all treatment
246  contrasts. Relative ORs or SMDs and 95% Cls for all treatment comparisons were presented in
247  league tables. We also present relative treatment effects with 95% Cls and 95% prediction
248  intervals (Prls) for all sham comparisons in forest plots. To obtain treatment hierarchies, we
249  computed ranking probabilities for all ranks and outcomes using a parametric bootstrap

926,27

250  procedure with 10,000 resamples®. All NMAs were conducted using the ‘mvmeta and

251  ‘network’?® packages in Stata SE 15.0.
252

253  We assessed the transitivity assumption by comparing the distribution/frequency of potential
254  effect modifiers across treatment comparisons: continuous (depression severity at baseline, age,
255 percent female) and categorical (treatment resistance, diagnosis, hospitalisation status,

256  exclusion of patients with psychotic features and treatment strategy).
257

258  Assuming equivalence of direct and indirect evidence (i.e. consistency) in NMA may lead to
259  inaccurate conclusions when there is evidence for significant inconsistency?’. We assessed the
260  assumption of consistency by fitting a design-by-treatment interaction model**?’ that accounts
261  for loop and design inconsistencies and provides a global Wald test to evaluate inconsistency

262 in the entire network.
263

264  We also computed inconsistency factors (IFs) and 95% ClIs for each closed triangular and
265  quadratic loop within treatment networks to estimate absolute differences between direct and
266  indirect evidence. We used a method of moments estimator of loop-specific heterogeneity,

267  assuming a common heterogeneity parameter for all comparisons within the same loop.
268
269  Sensitivity analysis.

270  We conducted two sensitivity analyses to assess the robustness of our findings for response and
271  all-cause discontinuation rates: (1) trials that examined tDCS were excluded and (2) trials with

272 high overall risk of bias were excluded.

10
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273 Results

274  The PRISMA flowchart is presented in Figure 1. 113 RCTs (262 treatment arms) met our

275  inclusion criteria. Full citations can be found in Supplement 4-5.
276

277  [insert Figure 1]

278

279  Overall, N=6,750 patients were randomised to treatment. The mean age was 47.9 years and
280  59% (n = 3,545) were women. The median study sample size was 40 patients (range=6—414).
281  The risk of bias assessment is presented in Supplement 6. Briefly, 23.9% of the included trials
282  were considered low risk, while 57.5% and 18.6% were categorised as unclear or high risk,

283  respectively.
284
285  Most trials (80.9%) recruited only patients with treatment resistant depression (TRD), typically

286  defined as a minimum of two failed pharmacological treatments. Only 12.8% recruited both
287  TRD and non-TRD patients; the remaining 6.4% recruited patients with non-TRD. 58.5% of
288  the studies excluded patients with psychotic features. 49.1% recruited patients with MDD only.
289  For the trials that recruited both patients with MDD and bipolar depression (46.2%), few
290  patients were diagnosed with bipolar depression. 48.8% of trials recruited outpatients only,
291  whereas 29.1% and 22.1% recruited inpatients only or both outpatients and inpatients,
292 respectively. In 63.2% of the studies brain stimulation was an add-on treatment to stable
293  pharmacotherapy in most, if not all, patients. Baseline depression severity, percent female and
294  age were similar across most treatment comparisons. As such, the assumption of transivity is

295  likely to hold in our data.
296

297  Pairwise meta-analysis

298  The results of the pairwise meta-analysis and heterogeneity estimates are presented in
299  Supplement 7. Briefly, BT ECT, HF-L rTMS, LF-R rTMS, tDCS and dTMS were more
300 efficacious than sham across all outcomes (ORs=1.69 [min] to 5.50 [max]; SMDs=-0.29 [min]
301  to -0.77 [max]). BL rTMS was more efficacious than sham when considering response (4.93,
302 2.78-8.75; ’=0%) and remission (4.67, 1.84—11.84; ’=0%), while iTBS was more efficacious
303  than sham in terms of response (4.25, 1.22-14.84; I’=0%). There were few differences between
304  active treatments. Most notably, BT ECT was more efficacious than LM-RUL ECT across all
305  outcomes (ORs=3.87 [min] to 6.67 [max]; SMD=-0.88, -1.28 to -0.49; ’=0%). In terms of all-

306 cause discontinuation, we found no differences between active treatments and sham and

11
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307  heterogeneity between trials could not be explained by stratifying analyses according to

308  hospitalisation status, psychotic symptoms, treatment resistance or diagnosis.
309

310 Network meta-analysis

311  The results of the NMA of the primary outcome of efficacy (response) and acceptability (all-
312 cause discontinuation) are presented in Table 1.

313

314 [insert Table 1]

315

316  Response rates were available for 208 treatment arms (n = 5,962) including all 18 active
317  interventions and sham (Figure 2).

318

319  [insert Figure 2]

320

321  The results of the NMA indicate that BT ECT (OR=8.91, 95%CI 2.57-30.91), H-RUL ECT
322 (7.27,1.90-27.78), pTMS (6.02, 2.21-16.38), MST (5.55, 1.06-28.99), BL rTMS (4.92, 2.93—
323  8.25), bITBS (4.44, 1.47-13.41), LF-R rTMS (3.65, 2.13-6.24), iTBS (3.20, 1.45-7.08), HF-L
324 TMS (3.17, 2.29-4.37) and tDCS (2.65, 1.55-4.55) were more efficacious than sham (Figure
325  3). However, MST, iTBS and tDCS did not remain significant when examining prediction
326  intervals.

327

328  [insert Figure 3]

329

330  Comparing active treatments, BT ECT was associated with higher response than BF ECT, LM-
331 RUL ECT, LF-L rTMS, cTBS and dTMS. H-RUL ECT was associated with higher response
332 than LM-RUL ECT and cTBS. pTMS and BL rTMS were more efficacious than ¢TBS. No

333 other significant differences between active treatments were found (Table 1).
334

335  All-cause discontinuation rates were available for 227 treatment arms (n = 6,362), including all

336 18 active interventions and sham (Figure 4).

337

338  [insert Figure 4]

339

340  The NMA results suggest that pTMS was more acceptable than LF-L rTMS (OR=0.11, 95%CI
341  0.02-0.59), MST (0.13, 0.02-0.95), aTMS (0.16, 0.03—0.93), tDCS (0.18, 0.05-0.61), LF-R

342 rTMS (0.23, 0.08-0.72), dTMS (0.25, 0.07-0.92), HF-L rTMS (0.26, 0.08-0.79) and sham

12
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343 (0.21, 0.07-0.65). Moreover, BL rTMS was associated with fewer drop-outs than tDCS and
344  sham (Table 1). All treatments were at least as acceptable as sham and these conclusions did

345  not change when examining prediction intervals (Figure 5).
346

347  Findings pertaining to the secondary and tertiary efficacy measures (remission and continuous

348  post-treatment depression severity scores) are shown in Supplement 8—10.
349
350 Ranking probabilities.

351  Ranking plots for all outcomes are presented in Supplement 11. The most efficacious treatments
352  interms of response were BT ECT (35.6%) and pTMS (19.3%), while LF-L rTMS (30.3%) and
353 c¢TBS (29.7) were least efficacious. In terms of all-cause discontinuation, pTMS (40.6%) and
354  bITBS (22.8%) had the highest probabilities of being best accepted while LF-L rTMS (28.2%)

355 and HF-R rTMS (23.4%) had similar probabilities of being least accepted.
356

357 Inconsistency.

358  Fitting the design-by-treatment interaction model provided no evidence for significant
359 inconsistency for response, remission and all-cause discontinuation (global Wald tests: p =
360  0.42-0.99). However, there was some evidence for inconsistency in the post-treatment
361  depression severity network (global Wald test: p = 0.09). We present inconsistency plots for
362  each outcome in Supplement 12. For our primary outcome measure of efficacy (response), we
363  found evidence for inconsistency in 3/21 (14%) loops, while there was no evidence for

364  inconsistency for all-cause discontinuation.
365

366  Sensitivity analysis

367  Excluding trials that investigated tDCS did not materially change our results and overall
368  conclusions (Supplement 13). When trials with high overall risk of bias were excluded, MST
369 and iTBS were no longer associated with higher response than sham. There was also no
370  evidence that pTMS was associated with fewer drop-outs than any other treatment in the

371 network.
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372 Discussion

373  This is the most comprehensive systematic review and network meta-analysis of non-surgical
374  brain stimulation for the acute treatment of major depressive episodes in adults. We included
375  data from 113 clinical trials including 6,750 patients with MDD or bipolar depression who were
376  randomised to 18 distinct treatment protocols or sham. The quality of the evidence was typically

377  of low or unclear risk of bias (92 out of 113 trials; 81.4%).
378

379  Our findings provide evidence for the antidepressant efficacy of ECT. Previous comparative
380 analyses did not consistently favour BT ECT or RUL ECT, and it has been suggested that RUL
381 ECT needs to be delivered at multiples of seizure threshold to be effective®!32. Trials that
382  employed electrical dosages at or just above seizure threshold may have underestimated
383  treatment effects. Our findings support this view. We found no evidence of differences in
384  efficacy between H-RUL ECT and BT ECT across outcomes, while LM-RUL ECT (i) was less
385  efficacious than BT ECT across outcomes in pairwise meta-analyses, (ii) was associated with
386  lower response rates than BT ECT and H-RUL ECT in NMA and (iii) failed to separate from

387  sham.
388

389  Two trials**** evaluated the antidepressant efficacy of MST compared to moderate-dose RUL
390  ECT and one trial*® compared MST to H-RUL ECT. While we found no evidence of differences
391  between treatments in pairwise meta-analysis, the NMA of response provides preliminary
392  evidence in favour of MST compared to sham. However, this estimate relies on indirect

393  evidence only and a sham-controlled trial is needed to confirm this finding.
394

395  Consistent with previous analyses
396  efficacy of HF-L and LF-R rTMS. The efficacy of BL rTMS is comparable to both HF-L and
397  LF-R rTMS!!, with little evidence for additional benefit of bilateral compared to unilateral

1436-39 our results provide evidence for the antidepressant

398  stimulation. The finding that neither LF-L nor HF-R rTMS were more efficacious than sham
399  lends support to the view that the antidepressant effects of rTMS depend on specific stimulation

400  frequency and coil location.
401

402  We found limited evidence in support of the more recent treatment modalities. Compared to
403  sham, iTBS and pTMS were associated with improved response and remission in NMA, while
404  bITBS was associated with higher response. However, when considering data from pairwise

405  direct comparisons only, the evidence in favour of iTBS compared to sham was limited to
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406  higher response. With respect to dTMS we found evidence of antidepressant efficacy across
407  outcome measures in pairwise analyses but not in NMA. Considering that the direct evidence
408  is based on data from two RCTs***! only, further investigations are warranted. We found no
409  evidence suggesting that cTBS, aTMS and sTMS are effective treatments for major depressive
410  episodes. However, these findings need to be treated with caution due to the limited number of
411  included studies. Finally, while previous meta-analyses of the antidepressant efficacy of tDCS

10,42-46

412  yielded inconsistent results , we found tDCS to be efficacious across outcomes in both

413  pairwise and network meta-analyses.
414

415  There was little evidence for differences in all-cause discontinuation between active treatments
416  and sham. The notable exception was pTMS for which lower drop-out rates were reported.

417  However, we did not examine specific undesired and adverse effects associated with treatment.
418

419  Limitations were that most included studies exhibited unclear risk of bias, particularly with
420  respect to random sequence generation and allocation concealment. Overall risk of bias was
421  deemed high in 21 trials (18.6%). In a sensitivity analysis excluding these trials we found that
422  iTBS and MST were no longer associated with higher response than sham. Moreover, we found

423 no evidence of differences in all-cause discontinuation between pTMS and other treatments.
424

425  There was some evidence for statistical heterogeneity within pairwise comparisons and a small
426  number of loops in our NMA of response suggested inconsistency between direct and indirect
427  sources of evidence. To facilitate interpretation of our results taking the magnitude of
428  heterogeneity into account, we presented predictive intervals for all sham-comparisons. For
429  MST, iTBS and tDCS the estimate of a future trial might suggest that these treatment protocols

430  are no more efficacious than sham.
431
432 While several RCTs have compared different rTMS or different ECT protocols, few trials have

433  compared novel brain stimulation techniques to ECT. A conceivable explanation is that rTMS
434  and related interventions require no anaesthetic but a higher level of cooperation from the
435  patient, whereas ECT can be prescribed to patients who are more severely depressed. However,
436  most trials that were included in our analyses were conducted after multiple pharmacotherapies
437  had failed and patient characteristics did not materially differ between most treatment
438  comparisons. Trials that examined tDCS were excluded in a sensitivity analysis because these
439  studies showed some differences with other treatment comparisons and because tDCS is a less

440  invasive treatment protocol. Excluding these studies did not materially change our results.
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441

442  Finally, we focused on the acute antidepressant effects at primary study endpoint and our
443  conclusions might not apply to the long-term effects of non-surgical brain stimulation.

444  Continuation and maintenance treatment will need to be reviewed separately.
445

446  Our findings have implications for clinical decision-making and research. They inform
447  clinicians, patients and healthcare providers on the comparative efficacy and acceptability of
448  multiple non-surgical brain stimulation techniques. Moreover, they are relevant to policy
449  makers involved in regulating medical devices and developing treatment guidelines. This
450  review also highlights important research priorities in the field of brain stimulation, for instance
451  the need to conduct further well-designed RCTs comparing novel treatment modalities and

452  sham-controlled trials investigating MST.
453

454  Conclusion

455  We found that non-surgical brain stimulation techniques constitute viable alternative or add-on
456  treatments for adult patients with major depressive episodes. Our findings also highlight the
457 need to consider other patient and treatment-related factors in addition to antidepressant

458  efficacy and acceptability when making clinical decisions.
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620  Figure I. PRISMA flow diagram.
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621  Figure 2. Network plot of available treatment comparisons for response rates. The size of
622  the nodes is proportional to the number of patients randomised to each treatment. The width of
623  the lines is proportional to the number of RCTs comparing each pair of treatments. SHM =
624  Sham; MST = Magnetic Seizure Therapy; ECT = Electroconvulsive Therapy; LMRUL = Low
625  to Moderate-Dose Right Unilateral ECT; rTMS = repetitive Transcranial Magnetic Stimulation;
626  LFR = Low-Frequency Right rTMS; LFL = Low-Frequency Left rTMS; HRUL = High-Dose
627  Right Unilateral ECT; HFR = High-Frequency Right rTMS; HFL = High-Frequency Left
628 rTMS; BT = Bitemporal ECT; BL = Bilateral rTMS; BF = Bifrontal ECT; tDCS = transcranial
629  Direct Current Stimulation; STMS = synchronised Transcranial Magnetic Stimulation; pTMS
630 = priming Transcranial Magnetic Stimulation; TBS = Theta Burst Stimulation; iTBS =
631 intermittent TBS; dTMS = deep Transcranial Magnetic Stimulation; cTBS = continuous TBS;
632  bITBS = Bilateral TBS; aTMS = accelerated Transcranial Magnetic Stimulation.
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LFL * 1.11(0.21,5.87) (0.16,7.57)
HFR * 1.68 (0.36,7.77) (0.28,10.17)
dTMS * 1.87 (0.78,4.49) (0.52,6.69)
aTMS * 2.03 (0.64,6.48) (0.46,9.01)
sTMS 4 2.09 (0.76,5.77) (0.53,8.29)
tDCS T 2.65 (1.55,4.55) (0.91,7.69)
LMRUL * 2.74 (0.81,9.29) (0.59,12.76)
HFL — 3.17 (2.29,4.37) (1.20,8.36)
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LFR —_—— 3.65(2.13,6.23) (1.26,10.57)
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BL — 4.92 (2.93,8.25) (1.71,14.12)
MST 4 5.54 (1.06,28.95) (0.82,37.35)
pTMS * 6.01 (2.21,16.38) (1.53,23.58)
HRUL 4 7.27 (1.90,27.74) (1.41,37.33)
BT * 8.91 (2.57,30.87) (1.88,42.23)
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051 2 4 8 16 32
Favours sham Favours active treatment

633  Figure 3. Forest plot of active vs sham treatment comparisons for response rates. Effect
634  sizes represent relative odds ratios (ORs) with 95% confidence intervals (Cis) and 95%
635  prediction intervals (Prls). SHM = Sham; MST = Magnetic Seizure Therapy; ECT =
636  Electroconvulsive Therapy; LMRUL = Low to Moderate-Dose Right Unilateral ECT; rTMS =
637  repetitive Transcranial Magnetic Stimulation; LFR = Low-Frequency Right rTMS; LFL = Low-
638  Frequency Left rTMS; HRUL = High-Dose Right Unilateral ECT; HFR = High-Frequency
639  Right rTMS; HFL = High-Frequency Left rTMS; BT = Bitemporal ECT; BL = Bilateral rTMS;
640  BF = Bifrontal ECT; tDCS = transcranial Direct Current Stimulation; sTMS = synchronised
641  Transcranial Magnetic Stimulation; pTMS = priming Transcranial Magnetic Stimulation; TBS
642 = Theta Burst Stimulation; iTBS = intermittent TBS; dTMS = deep Transcranial Magnetic
643  Stimulation; ¢TBS = continuous TBS; bITBS = Bilateral TBS; aTMS = accelerated

644  Transcranial Magnetic Stimulation.
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645  Figure 4. Network plot of available treatment comparisons for all-cause discontinuation
646  rates. The size of the nodes is proportional to the number of patients randomised to each
647  treatment. The width of the lines is proportional to the number of RCTs comparing each pair of
648  treatments. SHM = Sham; MST = Magnetic Seizure Therapy; ECT = Electroconvulsive
649  Therapy; LMRUL = Low to Moderate-Dose Right Unilateral ECT; rTMS = repetitive
650  Transcranial Magnetic Stimulation; LFR = Low-Frequency Right rTMS; LFL = Low-
651  Frequency Left rTMS; HRUL = High-Dose Right Unilateral ECT; HFR = High-Frequency
652  Right rTMS; HFL = High-Frequency Left rTMS; BT = Bitemporal ECT; BL = Bilateral rTMS;
653  BF = Bifrontal ECT; tDCS = transcranial Direct Current Stimulation; sSTMS = synchronised
654  Transcranial Magnetic Stimulation; pTMS = priming Transcranial Magnetic Stimulation; TBS
655 = Theta Burst Stimulation; iTBS = intermittent TBS; dTMS = deep Transcranial Magnetic
656  Stimulation; ¢TBS = continuous TBS; bITBS = Bilateral TBS; aTMS = accelerated

657  Transcranial Magnetic Stimulation.
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Treatment vs sham OR (95%Cl) (95%Prl)
pTMS * 0.21 (0.07,0.65) (0.07,0.65)
bITBS . 0.37 (0.04,3.60) (0.04,3.70)
cTBS * 0.46 (0.04,4.80) (0.04,4.93)
BL —— 0.49 (0.29,0.84) (0.28,0.85)
sTMS ——— 0.72 (0.36,1.44) (0.36,1.45)
BT ——— 0.75 (0.40,1.41) (0.40,1.42)
BF ——— 0.78 (0.35,1.74) (0.35,1.75)
LMRUL —_— 0.79 (0.33,1.90) (0.32,1.92)
HRUL ————— 0.80(0.37,1.72) (0.37,1.73)
HFL —e—t 0.83(0.61,1.12) (0.61,1.12)
dTMS — 0.85(0.43,1.70) (0.42,1.71)
HFR * 0.90 (0.03,28.44) (0.03,29.63)
LFR ——— 0.91(0.47,1.77) (0.47,1.79)
iTBS —————— 1.00 (0.46,2.14) (0.46,2.16)
tDCS —r— 1.17 (0.72,1.91) (0.71,1.93)
aTMS *> 1.36 (0.33,5.60) (0.33,5.69)
MST * 1.69 (0.31,9.16) (0.31,9.35)
LFL *> 2.02 (0.53,7.73) (0.52,7.85)
T T T T

05 1 2 4 8 16

Favours active treatment Favours sham

658  Figure 5. Forest plot of active vs sham treatment comparisons for all-cause
659  discontinuation rates. Effect sizes represent relative odds ratios (ORs) with 95% confidence
660 intervals (Cis) and 95% prediction intervals (Prls). SHM = Sham; MST = Magnetic Seizure
661  Therapy; ECT = Electroconvulsive Therapy; LMRUL = Low to Moderate-Dose Right
662  Unilateral ECT; rTMS = repetitive Transcranial Magnetic Stimulation; LFR = Low-Frequency
663  Right rTMS; LFL = Low-Frequency Left rTMS; HRUL = High-Dose Right Unilateral ECT;
664  HFR = High-Frequency Right rTMS; HFL = High-Frequency Left rTMS; BT = Bitemporal
665 ECT; BL = Bilateral rTMS; BF = Bifrontal ECT; tDCS = transcranial Direct Current
666  Stimulation; sTMS = synchronised Transcranial Magnetic Stimulation; pTMS = priming
667  Transcranial Magnetic Stimulation; TBS = Theta Burst Stimulation; iTBS = intermittent TBS;
668  dTMS = deep Transcranial Magnetic Stimulation; cTBS = continuous TBS; bITBS = Bilateral
669  TBS; aTMS = accelerated Transcranial Magnetic Stimulation.
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Table 1. Network meta-analysis of response and all-cause discontinuation rates.

DCS STMS pTMS iTBS dTMS cTBS bITBS aTMS MST LMRUL LFR LFL HRUL HFR HFL BT BL BF SHM
s 1.62 117 137 255 3.12 0.86 0.69 1.48 1.28 058 147 1.30 1.41 1.56 1.50 117
(0.70,3.78) (0.47,2.91) (0.59,3.20) (0.23,2801) | (0.31,31.59) | (0.19,3.83) (0.12,4.03) (0.54,4.06) (0.56,2.92) (0.14,2.41) | (0.59.3.66) (0.04,42.23) | (0.80,2.51) (0.70,3.45) (0.59,3.82) (0.72,1.91)
S 127 337 0.72 0.85 1.57 1.93 053 043 091 0.79 036 091 0.80 0.87 0.96 147 092 0.72
s (0.41,3.95) (0.92,12.38) | (0.26,2.03) (0.32,2.24) (0.14,18.13) | (0.182047) | (0.11,2.55) (0.07,2.65) (0.30,2.79) (0.30,2.05) (0.08,1.61) | (0.32,2.54) (0.02,26.93) | (0.41,1.84) (0.38,2.44) (0.61,3.52) (0.32,2.65) (0.36,1.44)
TV 0.4 035 047 057 027 027 024 028 0.4 027
P (0.14,1.36) (0.08,1.43) (0.04,6.19) (0.05,6.85) (0.07,1.11) (0.07,1.02) (0.01,8.84) (0.08,1.01) (0.16,1.16) (0.07,1.06)
TS 0.83 0.65 1.88 117 2.17 2.66 073 059 1.26 1.09 0.49 125 110 1.20 133 2.03 1.28 1.00
(0.32,2.16) (0.18,2.37) (0.54,6.57) (0.42,3.28) (0.19.24.42) | (02627.58) | (0.15,3.49) (0.09,3.71) (0.40,3.95) (0.41,2.92) 0.11,227) | (0.44,3.58) (0.03,37.38) | (0.59,2.47) (0.51,3.44) (0.82,5.05) (0.44,3.73) (0.46,2.14)
A 1.42 L12 ! 171 1.86 i 0.63 0.50 1.08 093 042 1.07 0.94 1.03 L13 1.74 1.09 0.85
(0.51,3.95) (0.29,4.25) (0.85,12.11) | (0.53,5.58) (0.1621.41) | (0.21,24.18) | (0.13,3.01) (0.08,3.13) (0.35,3.29) (0.36,2.42) (0.09,1.90) | (0.383.01) (0.03,31.80) | (0.49,2.18) (0.45,2.88) (0.72,4.16) (0.38,3.13) (0.43,1.70)
S i 2.03 3.11 1.82 1.23 034 027 058 0.50 023 058 051 055 0.61 I 0.59 0.46
(0.66,10.06) | (0.41,10.18) (0.80,12.08) | (0.39,8.37) (0.06,24.03) | (0.02,5.18) (0.02,4.89) (0.05,7.11) (0.04,5.72) (0.02,338) | (0.056.79) (0.01,32.89) | (0.05,5.86) (0.05,6.91) (0.08,10.30) | (0.05,6.98) (0.04,4.80)
T 0.60 047 135 0.72 042 023 027 022 047 041 0.19 047 042 045 0.50 0.76 048 037
(0.17,2.04) (0.11,2.11) (0.32,5.71) (0.21,2.45) (0.10,1.72) (0.05,1.02) (0.02,3.93) (0.01,3.72) (0.04,5.35) (0.04,4.23) (0.01,256) | (0.04,5.11) (0.01,25.60) | (0.05,4.39) (0.05,5.19) (0.08,7.52) (0.04,5.25) (0.04,3.60)
S 131 1.03 2.96 1.58 092 051 2.19 081 173 1.49 0.67 171 151 1.65 1.81 i 1.74 1.36
(0.36,4.69) (0.22,4.80) (0.66,13.40) | (0.40,6.20) (0.22,3.94) (0.09,2.77) (0.45,10.71) (0.09,7.19) (0.33,8.96) (0.32,6.98) (0.10,4.67) | (0.35836) (0.04,62.09) | (0.41,6.60) (0.40,8.32) (0.62,12.41) | (0.35,8.64) (0.33,5.60)
RS 048 038 1.08 058 034 0.19 0.80 037 2.14 1.85 0.84 2.12 1.87 2.04 225 3.44 2.16 1.69
(0.08,2.72) (0.05,2.63) (0.16,7.41) (0.09,3.54) (0.05,2.19) (0.02,1.47) (0.11,5.81) (0.05,2.69) (0.42,10.78) | (030,1127) | (0.10,7.18) | (0.44,1026) | (0.04,86.69) | (0.37,11.10) | (0.44,1137) | (0.5920.15 | (0.43,10.88) | (0.31,9.16)
MRUL | 097 0.76 2.19 117 0.68 038 1.62 0.74 2.02 0.86 039 0.99 0.87 095 1.05 161 1.01 0.79
(0.25,3.68) (0.16,3.74) (0.46,10.50) | (0.28,4.88) (0.15,3.07) (0.07,2.14) (0.31,8.33) (0.14,3.87) (0.64,6.36) (0.29,2.57) (0.08,1.93) | (0.43231) (0.02,30.58) | (0.39,2.33) (0.47,2.33) (0.58,4.47) (0.46,2.22) (0.33,1.90)
o 0.73 057 1.65 0.88 051 028 1.22 0.56 1.52 0.75 045 L15 1.01 110 1.22 1.86 117 091
(0.34,1.55) (0.18,1.80) (0.62,4.42) (0.35,2.21) (0.18,1.43) (0.07,1.09) (0.37,4.03) (0.16,1.94) (0.27,8.51) (0.20,2.79) (0.11,1.95) | (0.423.13) (0.03,33.81) | (0.56,2.19) (0.50,2.99) (0.99,3.49) (0.42,3.26) (0.47,1.77)
i 239 1.89 ’ 2.89 1.69 093 4.00 1.83 5.00 247 ! 254 224 2.4 2.69 b 259 2.02
(0.42,13.77) | (027,1326) | (0.79.37.15) | (0.46,17.99) | (026,11.08) | (0.12,7.43) (0.5529.34) | (024,13.67) | (048,51.70) | (0.32,1925) | (0.59,18.32) (0.55,11.82) | (0.0690.30) | (0.63,9.45) 0.62,11.72) | (0.99,17.17) | (0.5512.21) | (0.53,7.73)
— 036 029 0.83 0.4 026 0.14 0.61 028 0.76 0.38 0.50 0.15 0.88 0.96 1.06 1.62 1.02 0.80
(0.09,1.55) (0.05,1.55) (0.16,4.36) (0.09,2.04) (0.05,1.28) 0.02,0.88; (0.11,3.44) (0.05,1.60) (0.22,2.63) (0.12,2.08) (0.02,1.28) (0.03,29.99) | (0.44,2.08) (0.61,1.83) (0.64,4.09) (0.60,1.73) (0.37,1.72)
R 1.58 1.24 ! 1.90 L1l 0.61 2.64 121 330 1.63 2.17 0.66 X 1.09 1.20 1.84 116 0.90
(0.31,7.97) (0.20,7.79) (0.58,22.00) | (0.35,1048) | (0.19,6.48) (0.09,4.40) (0.40,17.31) | (0.18,8.06) (0.35,30.98) | (0.23,11.38) | (0.44,10.81) | (0.07,627) | (0.57,32.63) (0.03,3434) | (0.0439.79) | (0.06,60.14) | (0.0339.61) | (0.03,28.44)
— 0.84 0.66 1.90 1.01 0.59 033 1.40 0.64 175 0.87 L15 035 230 053 110 1.69 1.06 0.83
(0.45,1.56) (0.23,1.91) (0.69,5.22) (0.46,2.20) (0.23,1.50) (0.09,1.17) (0.45,4.33) (0.21,1.99) (0.34,9.11) (0.26,2.91) (0.67,1.98) (0.07,1.86) | (0.60.8.75) (0.11,2.46) (0.58,2.08) (0.95,2.99) (0.47,2.37) (0.61,1.12)
- 030 023 0.67 036 0.50 023 0.62 041 0.82 0.19 036 1.53 0.96 0.75
(0.08,1.15) (0.05,1.17) (0.14,3.28) (0.08,1.53) (0.10,2.61) (0.04,1.21) (0.18,2.14) (0.11,1.55) (0.45,1.49) (0.03,1.34) (0.10,1.23) (0.68,3.45) (0.53,1.73) (0.40,1.41)
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o 0.54 043 1.22 0.65 038 021 0.90 041 L13 0.56 0.74 023 1.48 034 0.64 1.81 0.63 0.49
(0.26,1.13) (0.14,1.32) (0.49,3.05) (0.26,1.62) (0.14,1.05) (0.06.0.79) (0.29,2.83) (0.12,1.44) (0.20,6.30) (0.15,2.07) (0.41,1.35) 0.04,1.27) | (0.36,6.14) (0.07,1.70) (0.37,1.11) (0.48,6.87) (0.24,1.63) (0.29.0.84)
- 0.78 0.62 177 0.94 055 030 131 0.60 1.63 0381 1.07 033 2.14 0.50 093 2.62 145 0.78
(0.17,3.65) (0.11,3.60) (0.31,10.14) | (0.19,4.79) (0.10,2.98) (0.05,2.04) (0.21,7.99) (0.10,3.71) (0.41,6.44) (0.36,1.82) (0.23,4.92) (0.04,2.93) | (0.83,5.53) (0.06,4.01) (0.22,3.93) (1.03.6.71) (0.32,6.63) (0.35,1.74)
v 2.65 2.09 6.02 3.20 1.87 1.03 4.44 2.03 5.55 2.74 3.65 L1l 127 1.68 3.17 891 4.92 3.40
(1.55.4.55) (0.76,5.77) (221.1638) | (1.45.7.08) (0.78,4.49) (0.29,3.60) (1.47.13.41) | (0.64,6.48) (1.06.28.99) | (0.81,9.31) (2.13.6.24) 021,587) | (1.9027.78) | (0.36,7.77) (229.437) 2573091 (2.93.8.25) (0.80,14.41)

Note. Effect sizes represent relative odds ratios and 95% confidence intervals. For the lower triangle (response rates), values lower than 1 favour the
treatment in the corresponding row, while values higher than 1 favour the treatment in the corresponding column. For the upper triangle (all-cause
discontinuation rates), values lower than 1 favour the treatment in the corresponding row while values higher than 1 favour the treatment in the
corresponding column. SHM = Sham; MST = Magnetic Seizure Therapy; ECT = Electroconvulsive Therapy; LMRUL = Low to Moderate-Dose
Right Unilateral ECT; rTMS = repetitive Transcranial Magnetic Stimulation; LFR = Low-Frequency Right rTMS; LFL = Low-Frequency Left rTMS;
HRUL = High-Dose Right Unilateral ECT; HFR = High-Frequency Right rTMS; HFL = High-Frequency Left rTMS; BT = Bitemporal ECT; BL =
Bilateral rTMS; BF = Bifrontal ECT; tDCS = transcranial Direct Current Stimulation; sSTMS = synchronised Transcranial Magnetic Stimulation;
pTMS = priming Transcranial Magnetic Stimulation; TBS = Theta Burst Stimulation; iTBS = intermittent TBS; dTMS = deep Transcranial Magnetic
Stimulation; ¢cTBS = continuous TBS; bITBS = Bilateral TBS; aTMS = accelerated Transcranial Magnetic Stimulation.


https://doi.org/10.1101/426866
http://creativecommons.org/licenses/by-nc-nd/4.0/

