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Abstract

The individual efficacy and safety of intravenous racemic (IV) ketamine, psilocybin, and

theta burst stimulation (TBS) for major depressive disorder have been demonstrated

through meta‐analyses of randomized controlled trials (RCTs), but the comparative

usefulness of these novel treatments has not yet been fully examined. We systemati-

cally searched the CENTRAL, Medline, CINHAL, and ClinicalTrials.gov databases for

randomized controlled trials up to July 4, 2024. Random‐effects network meta‐analyses

were conducted to compare the Comparative antidepressant effects and safety of

intravenous racemic ketamine, psilocybin and theta burst stimulation for major

depressive disorderantidepressant efficacy, tolerability, and acceptability of IV keta-

mine, psilocybin, and TBS. Twenty‐eight RCTs were included. All treatments were

superior to placebo, with IV ketamine and psilocybin showing significantly greater an-

tidepressant efficacy than TBS. No significant differences were detected between all

treatments and placebo in tolerability and acceptability. In a subgroup analysis focusing

on short periods of 1 week or less, only IV ketamine was significantly more effective

than placebo. In another subgroup analysis focusing on periods of 4 weeks or longer, IV

ketamine and psilocybin showed significantly better antidepressant effects than

placebo. The confidence in the evidence ranged from very low to moderate. Specifically,

there is a scarcity of studies on psilocybin and a lack of direct comparison trials. The

findings suggest that IV ketamine and psilocybin may be more effective treatments

compared to TBS. Additionally, IV ketamine may have an advantage in terms of rapid

onset of action. The number of included studies is limited, especially for psilocybin, and

therefore the current findings are preliminary, necessitating further accumulation of

direct‐comparison RCTs.
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INTRODUCTION

Approximately 185 million people worldwide suffer from major

depressive disorder (MDD), making it a significant global disease

burden.1 The gold standard antidepressant treatment faces chal-

lenges such as inadequate efficacy and high dropout rates due to

the burden of side‐effects.2 In particular, the delay onset of

antidepressant effect is a pressing issue, for example, in patients with

imminent suicidal ideation and in those who have difficulty

continuing treatment. Therefore, novel treatments have emerged

that focus on the rapid onset of antidepressant effects while seeking

higher antidepressant efficacy and safety: theta burst stimulation

(TBS), ketamine, and psilocybin.

The efficacy and safety of TBS for MDD have been demon-

strated in a meta‐analysis of randomized controlled trials (RCTs).3

TBS reduces treatment time compared to standard repetitive

transcranial magnetic stimulation (rTMS), thereby lessening patient

burden while maintaining comparable antidepressant efficacy.4

Advances in TBS protocols have been particularly noteworthy; for

instance, Stanford Neuromodulation Therapy (SNT) demonstrated

rapid and impressive antidepressant effects immediately following a

5‐day intervention in a small‐scale, double‐blind RCT with 29 parti-

cipants (TBS group: remission rate 57.1%, response rate 71.4%; sham

group: 0%, 13.3%).5

The rapid antidepressant effect and safety of intravenous

racemic (IV) ketamine for MDD were also verified in a previous

meta‐analysis of RCTs.6 Although the US Food and Drug Adminis-

tration (FDA) approved intranasal esketamine for treatment‐resistant

depression, IV ketamine has shown superior antidepressant efficacy

and acceptability compared to intranasal esketamine.6,7 The time

course of antidepressant efficacy for IV ketamine in treatment‐

resistant depression has been shown to emerge at 4 h, peak at 24 h,

and diminish by 7 days after a single infusion, according to a previous

meta‐analysis.8

Psilocybin has also demonstrated rapid antidepressant efficacy

and safety for MDD9,10 and has recently been designated as a

breakthrough therapy by the FDA.11 Although current evidence

primarily supports its use in combination with psychotherapy, two

high oral doses of psilocybin may sustain antidepressant effects for

3 to 6 months.12,13

Assessing the relative rapidity of antidepressant effect, magni-

tude of antidepressant effect, and safety of these novel treatments at

the present time would be useful for designing future RCTs. There-

fore, we conducted a systematic review and random‐effects network

meta‐analyses of these treatments.

METHODS

The protocol was registered in advance with PROSPERO

(CRD42024562855). The study adhered to the PRISMA guidelines

for network meta‐analyses (Preferred Reporting Items for Systematic

Reviews and Meta‐analysis).14

Inclusion criteria for articles in the review

Type of studies

We included RCTs that evaluated the relative antidepressant efficacy

of TBS, IV ketamine, and psilocybin using either placebo/sham con-

trols or direct comparisons between these three active interventions

for the treatment of MDD.

Study participants

Participants were primarily diagnosed with MDD according to stan-

dard diagnostic criteria. To account for heterogeneity, studies were

excluded if they included more than 20% of participants with bipolar

disorder or focused on patients with other psychiatric or physical

conditions, and studies with fewer than 20 participants were

excluded.

Intervention

In addition to monotherapy, TBS, IV ketamine, and psilocybin were

also included in combination with other psychotropic drugs or psy-

chotherapies, provided there was no significant difference in alloca-

tion between the treatment and control groups. Controls were pla-

cebo and sham stimulation. Anesthetics, such as midazolam, were not

considered eligible as placebo. In psilocybin research, very low doses

of the active drug are often considered placebos. In this study, we

included very low doses of psilocybin in the placebo group, based on

the determination that such low doses are unlikely to exhibit anti-

depressant effects.15

Type of outcomes

Primary outcomes

Continuous changes in depressive symptoms between pre‐ and post‐

intervention were measured. We avoided converting continuous

variables into arbitrary binary variables to prevent drawing incorrect

conclusions that could arise from setting arbitrary cut‐off points,

which would reduce information and decrease statistical power.16

For outcome measurement scales, we used the following predefined

hierarchy: first, the Montgomery–Åsberg Depression Rating Scale

(MADRS), followed by the Hamilton Rating Scale for Depression

(HRSD), and finally the Beck Depression Inventory (BDI). For post‐

intervention time points, we used values as close to the end of the

intervention as possible in trials with repeated dosing, and for single‐

dose trials, we used the point showing the most pronounced anti-

depressant effect in the active intervention group. This approach was

taken because, while the effects of ketamine are known to wane

after a single dose,8 it is expected that the time point immediately
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following the intervention in repeated dosing trials will show the

maximum antidepressant effect for all drugs. However, recognizing

the importance of comparing antidepressant effects after some time

has passed, we included the comparison of antidepressant effects at

4 weeks or later as a secondary outcome. Additionally, safety out-

comes were defined as tolerability, measured by the discontinuation

rate due to adverse events, and acceptability, measured by the dis-

continuation rate due to any reason.

Secondary outcomes

We compared the antidepressant effects for rapid efficacy within a

time point of 1 week. For repeated dosing trials, we used the closest

reported time point within the 1‐week period, and for single‐dose

trials, we selected the point where the antidepressant effect was

most pronounced. Additionally, mid‐term antidepressant effects

were evaluated using the time point closest to 4 weeks, with a

minimum duration of 4 weeks.

Measures of treatment effects

For binary variables, we calculated pooled odds ratios, whereas for

continuous variables, we calculated pooled standardized mean dif-

ference (SMD).

Search strategies

We searched the Medical Literature Analysis and Retrieval System

Online (MEDLINE), Cochrane Central Register of Controlled Trials

(CENTRAL), Cumulative Index to Nursing and Allied Health Literature

(CINAHL), and ClinicalTrials.gov databases up to June 27, 2024,

without any language or country restrictions (Table S1). Additionally,

we reviewed the reference lists of relevant studies. Two reviewers

(Itsuki Terao and Wakako Kodama) screened the titles and abstracts

and then conducted full‐text reviews.

Data extraction and quality assessment

Itsuki Terao initially performed the data extraction and quality

assessment, which was then verified by Wakako Kodama Quality

assessment, which was conducted using the Risk of Bias 2 tool for

evaluating antidepressant efficacy in the primary analysis.17 The

data extraction form included information on demographic

and clinical characteristics, primary or secondary outcomes, and

potential effect modifiers. Values not disclosed in tables or text were

extracted from the figures using WebPlot Digitizer Version 4.6,18

which has been shown to have good validity and reliability.19 Authors

were contacted to obtain any missing data needed for the analysis.

Network meta‐analyses

The transitivity assumption was evaluated by examining the clinical

and methodological characteristics gathered during data extrac-

tion. Frequentist random‐effects network meta‐analyses was

conducted using R software Version 4.2.120 with the “netmeta”

package.21

Assessment of the confidence of the evidence

The confidence of the evidence regarding changes in depressive

symptoms for the primary analysis was assessed using the Confi-

dence in Network Meta‐Analysis (CINeMA) framework.22

This assessment focused on six domains: “within‐study bias,”

“reporting bias,” “indirectness,” “imprecision,” “heterogeneity,” and

“incoherence.”22,23

RESULTS

Identification of relevant studies

The literature search identified 5080 candidate records, and 28

studies were included after screening and full‐text review

(Figures S1 and S2 & Table S2).5,24–50 Details of the trials excluded

from the full‐text review are described in Table S3. There are nine

studies (226 participants) investigating IV ketamine, 16 studies

(416 participants) on TBS, and three studies (231 participants)

on psilocybin. IV ketamine was evaluated in seven single‐

administration trials and psilocybin in three, whereas all TBS

studies involved repeated administrations. The mean ages of

participants in the included studies range from 14.6 to 52.7 years.

The proportion of male participants in the included studies ranges

from 0.0% to 92.3%. In almost all included studies, the subjects

were blinded. Baseline depression severity scores indicate mod-

erate to severe depression. Most participants in the studies were

diagnosed with treatment‐resistant depression. As potential effect

modifiers, there were inevitably differences in intervention

methods, although there were no obvious differences in patients'

medical conditions, such as treatment resistance and depression

severity.

Risk of bias assessment

The risk of bias was “low” for most studies (Figure S3). The main

issues were the lack of protocol details in the manuscript, pre-

venting assessment of protocol deviations, and the absence of

descriptions of randomization methods. Substantial imbalances in

dropouts were observed in one study each for IV ketamine and

psilocybin.40,41
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Results of network meta‐analyses

Primary outcomes

Efficacy

The primary outcomes are shown in Table 1a. All interventions

demonstrated significantly superior antidepressant effects compared

to placebo. IV ketamine and psilocybin showed significantly greater

antidepressant effects than TBS. There were no significant differ-

ences in the other comparisons.

Tolerability and acceptability

No significant differences in tolerability or acceptability were

detected between any of the interventions and placebo (Tables 1b

and 1c).

Secondary outcomes

The secondary outcomes are presented in Table 2. For anti-

depressant effects within one week, IV ketamine showed signifi-

cantly greater effects compared to placebo, while neither TBS nor

psilocybin demonstrated a significant difference from placebo

(Table 2a). No significant differences in antidepressant effects

were detected between the interventions. For antidepressant ef-

fects at 4 weeks or longer, both IV ketamine and psilocybin dem-

onstrated significantly superior effects compared to placebo, while

TBS did not show a significant difference from placebo (Table 2b).

IV ketamine showed significantly greater antidepressant effects

than TBS. Even when analysis was limited to a single IV ketamine

infusion, post hoc analysis confirmed that IV ketamine remained

significantly superior to placebo at time points beyond 4 weeks.

Specifically, we confirmed that a single dose of IV ketamine had an

antidepressant effect significantly superior to placebo at a time

point of 4 weeks or longer (SMD = 12.86, 95% confidence interval

[4.67; 21.05]). Furthermore, due to concerns that age might

influence the results of the analysis as an effect modifier, we

performed a post‐hoc network meta‐analysis of antidepressant

effects restricted to studies where the mean age of participants

was ≥18 years; no studies were excluded for IV ketamine or psi-

locybin, and two studies were excluded for TBS.48,49 The results of

the analyses were generally similar to those for all ages, but TBS

was significantly superior to placebo for antidepressant effects

over 4 weeks (Table S4).

TABLE 1a Network meta‐analysis results for antidepressant efficacy.

IV ketamine

4.7503 [1.1983; 8.3023] TBS

−2.0956 [−7.8412; 3.6499] −6.8459 [−12.2867; −1.4052] Psilocybin

8.2905 [5.4597; 11.1212] 3.5402 [1.3946; 5.6857] 10.3861 [5.3862; 15.3860] Placebo

Note: Bold text indicates statistical significance. Values above 0 suggest the superior efficacy of drugs in columns over those in rows.

Abbreviations: IV, intravenous racemic; TBS, theta burst stimulation.

TABLE 1b Network meta‐analysis results for tolerability.

IV ketamine

2.0992 [0.4701; 9.3731] TBS

0.8449 [0.0837; 8.5337] 0.4025 [0.0423; 3.8282] Psilocybin

1.7905 [0.5836; 5.4930] 0.8529 [0.3166; 2.2980] 2.1192 [0.2804; 16.0182] Placebo

Note: Bold text indicates statistical significance. Values above 1 suggest the inferior tolerability of drugs in columns over those in rows.

Abbreviations: IV, intravenous racemic; TBS, theta burst stimulation.

TABLE 1c Network meta‐analysis results for acceptability.

IV ketamine

0.7608 [0.2354; 2.4583] TBS

1.2076 [0.2863; 5.0944] 1.5874 [0.4395; 5.7331] Psilocybin

0.6235 [0.2415; 1.6096] 0.8196 [0.4110; 1.6343] 0.5163 [0.1748; 1.5248] Placebo

Note: Bold text indicates statistical significance. Values above 1 suggest the inferior acceptability of drugs in columns over those in rows.

Abbreviations: IV, intravenous racemic; TBS, theta burst stimulation.
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The confidence of the evidence

The confidence of the evidence for each outcome ranged from very

low to moderate (Table S5). The most common factor leading to the

downgrading of confidence of the evidence was heterogeneity. In IV

ketamine studies, heterogeneity might be attributed to differences in

administration frequency and varying time points, while the use of

different protocols could be the cause for TBS. However, excluding

these heterogeneous studies would result in an insufficient number

of studies for a valid analysis.

DISCUSSION

This study is the first systematic review and network meta‐analyses

to compare the antidepressant effects, tolerability, and acceptability

of IV ketamine, psilocybin, and TBS for MDD. The primary outcomes

reaffirmed that all interventions have significantly superior anti-

depressant effects compared to placebo3,6,7,9 and, importantly,

showed for the first time that IV ketamine and psilocybin may be

more effective than TBS.

In terms of tolerability and acceptability, no significant differences

were observed between any of the interventions and placebo, or among

the interventions themselves, which aligns with previous studies.3,7,9

Regarding the secondary outcome, IV ketamine demonstrated signifi-

cant rapid antidepressant effects within 1 week, whereas TBS and psi-

locybin did not. Additionally, IV ketamine and psilocybin showed sig-

nificant antidepressant effects at 4 weeks or longer, whereas TBS did

not. Therefore, IV ketamine, psilocybin, and TBS are suggested to be all

effective and safe treatments for MDD, with IV ketamine and psilocybin

potentially being more effective than TBS, and IV ketamine possibly

being the most superior due to its robust and rapid onset of action.

IV ketamine demonstrated significant antidepressant effects in

seven out of nine studies,25,26,34,42,44,47,50 and psilocybin showed

significant effects in all three studies,30,40,45 despite being single‐

dose studies. Because single doses have the advantage of reducing

patient burden, IV ketamine and psilocybin administration is clinically

useful. Furthermore, as mentioned in the introduction,7 the attenu-

ation of the effects of single‐dose ketamine administration has been a

problem, but we confirmed post hoc that the significant anti-

depressant effects of a single dose of IV ketamine are sustained for

4 weeks or longer. This also highlights the usefulness of IV ketamine.

Focusing on the 95% confidence intervals, which are close to 0,

the antidepressant effects of psilocybin for less than 1 week are likely

to become statistically significant as the number of RCTs increases

(Table 2). Therefore, direct comparative studies focusing on the rapid

antidepressant effects of psilocybin and IV ketamine are to be ex-

pected. On the other hand, TBS treatment seems to be at the stage of

exploring effective protocols rather than comparing them with other

interventions, as there is a wide variation in effectiveness across

protocols and it does not appear to have a greater or more rapid

antidepressant effect than IV ketamine or psilocybin when taken

together as a whole. For example, the SNT protocol has been shown

to have a rapid and high antidepressant effect, and a series of RCTs

on SNT in the future could show comparable efficacy to IV ketamine

and psilocybin.5

In a meta‐analysis restricted to participants with a mean age of

18 years or older, the antidepressant effect of TBS was significantly

superior to placebo at 4 weeks or more, underlining the usefulness of

TBS in patients in this age group. Only two studies of TBS alone were

conducted in inclusion studies in which participants were under

18 years of age,48,49 requiring further accumulation of IV ketamine,

psilocybin, and TBS studies in adolescents with depression. In par-

ticular, the antidepressant effect was non‐significant compared to

TABLE 2a Network meta‐analysis results for antidepressant efficacy within 1 week.

IV ketamine

4.3579 [−1.0579; 9.7736] TBS

1.4024 [−5.7341; 8.5389] −2.9555 [−10.1646; 4.2536] Psilocybin

7.1625 [3.4016; 10.9234] 2.8047 [−1.0922; 6.7016] 5.7602 [−0.3049; 11.8252] Placebo

Note: Bold text indicates statistical significance. Values above 0 suggest the superior efficacy of drugs in columns over those in rows.

Abbreviations: IV, intravenous racemic; TBS, theta burst stimulation.

TABLE 2b Network meta‐analysis results for antidepressant efficacy at 4 weeks or more.

IV ketamine

9.8568 [1.8627; 17.8509] TBS

6.7154 [−3.1520; 16.5828] −3.1414 [−12.0906; 5.8077] Psilocybin

14.4160 [8.0448; 20.7872] 4.5592 [−0.2692; 9.3876] 7.7006 [0.1658; 15.2354] Placebo

Note: Bold text indicates statistical significance. Values above 0 suggest the superior efficacy of drugs in columns over those in rows.

Abbreviations: IV, intravenous racemic; TBS, theta burst stimulation.
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placebo in the study involving adolescents and young adults with

major depressive disorder by Zhang et al. (N = 90).48 They attributed

this to the high placebo effects and to the fact that the participants

had a lower pulse rate of 600–1200 pulses/day (considering that the

brain is still developing), whereas a previous meta‐analysis showed

that antidepressant effects are superior at 1800 pulses/day or

more,51 suggesting that the number of pulses in the study by Zhang

et al. was inadequate. As the significant antidepressant effect of

rTMS on adolescent depression has been demonstrated in a previous

meta‐analysis,52 it is expected that further protocol refinements will

demonstrate the antidepressant effect of TBS on adolescent

depression.

In treatment‐resistant depression, IV ketamine showed signifi-

cantly better antidepressant effects than aripiprazole and lithium.7 In

addition, a recent network meta‐analysis reported that there was no

significant difference in antidepressant efficacy between ECT and IV

ketamine in severe depression, and rather side‐effects such as

headache and memory impairment were significantly less with IV

ketamine.53 These support the clinical benefit of IV ketamine over

conventional treatments. Psilocybin did not differ significantly from

IV ketamine in its antidepressant effect in the present study, leading

to a speculation that psilocybin may also be superior to conventional

treatments. As mentioned in the Introduction section, the efficacy of

TBS treatment is comparable to that of rTMS,4 and furthermore,

rTMS did not significantly differ from aripiprazole in antidepressant

efficacy,54 implying that TBS treatment may be comparable to con-

ventional treatment in antidepressant efficacy. The relative

effectiveness of these treatments is expected to be determined in

head‐to‐head trials.

LIMITATIONS

This study has several limitations. (1) The transitivity assumption may

have been violated by the following potential effect modifiers:

patient characteristics, such as age, gender, depression severity, and

comorbid conditions; treatment‐related factors, like the type, inten-

sity, and adherence to therapy; and biological variables, including

genetic polymorphisms, neuroinflammation markers, and metabolic

differences. The IV ketamine and TBS studies had small sample sizes,

which may have biased the small‐study effect to produce an appar-

ently higher antidepressant effect. In addition, variation in placebo

response rates per intervention suggests imbalance of the effect

modifiers. Furthermore, the interventions were not directly com-

pared in head‐to‐head RCTs, resulting in their relative effectiveness

being assessed solely through indirect comparisons. Therefore, the

current findings are preliminary and direct comparative RCTs need to

be conducted on these interventions. (2) The RCTs involving IV

ketamine and psilocybin largely consisted of single‐dose studies,

introducing a degree of heterogeneity. This reliance on single‐dose

studies presents a drawback for IV ketamine, particularly since

repeated‐dose trials have demonstrated that its antidepressant

effects tend to increase with the number of doses.35,41,55 Even so, it

is noteworthy that both IV ketamine and psilocybin have shown

antidepressant efficacy for periods extending beyond 4 weeks. (3)

There are concerns regarding whether blinding was maintained for all

interventions, as the side‐effects specific to each intervention would

not occur with placebo or sham stimulation. However, although this

is a partial assessment, clearly disproportionate dropout rates oc-

curred in only two studies. Direct comparison trials are needed. (4)

The common side‐effects of ketamine, such as headaches, nausea,

dissociation, psychotomimetic effects, and increased blood pres-

sure,56 as well as the common side‐effects of psilocybin, such as “bad

trips” and risky behavior, have not been comprehensively evaluated

across all RCTs, making a relative risk assessment infeasible. Addi-

tionally, the risks of misuse and abuse need to be evaluated over the

long term.57 Furthermore, psilocybin treatment requires psycho-

therapy, which can pose limitations on clinical feasibility.58 (5) There

are various protocols in the research on TBS, resulting in varying

effects. (6) The confidence in the evidence, which ranges from

moderate to very low, indicates that the results could potentially shift

in direction. (7) The number of studies included in this analysis is

extremely small, with only three studies for psilocybin, which is

particularly notable. Therefore, the results are preliminary, and fur-

ther accumulation of RCTs is necessary. (8) The current review fo-

cused on three interventions that were expected to have an earlier

onset of antidepressant effect, and clinical treatment choice should

be based on more comprehensive evidence. (9) We were not able to

search important databases, such as Embase or PsycINFO.

CONCLUSION

This study suggests that IV ketamine and psilocybin may be superior

to TBS in the treatment of MDD, with IV ketamine alone demon-

strating a significant antidepressant effect within the first week.

However, due to various limitations, particularly the small number of

included studies, especially for psilocybin, and the absence of direct

comparative trials, these findings should be interpreted as prelimi-

nary. Future head‐to‐head RCTs should be designed to confirm these

findings.

AUTHOR CONTRIBUTIONS

Itsuki Terao contributed to the conception and design of the study,

acquisition and analysis of data, and drafting the manuscript and

figures. Wakako Kodama contributed to the conception and design of

the study, acquisition and analysis of data, and drafting the manu-

script and figures.

ACKNOWLEDGMENTS

N/A.

CONFLICT OF INTEREST STATEMENT

The authors declare no conflicts of interest.

6 of 8 | META‐ANALYSES OF TBS, KETAMINE, AND PSILOCYBIN



DATA AVAILABILITY STATEMENT

The datasets analyzed in the current study are available from the

corresponding author upon reasonable request.

ETHICS APPROVAL STATEMENT

N/A.

PATIENT CONSENT STATEMENT

N/A.

CLINICAL TRIAL REGISTRATION

N/A.

ORCID

Itsuki Terao http://orcid.org/0000-0003-0662-5637

Wakako Kodama http://orcid.org/0009-0000-6018-7506

REFERENCES

1. G. B. D. Mental Disorders Collaborators. Global, regional, and
national burden of 12 mental disorders in 204 countries and terri-
tories, 1990‐2019: a systematic analysis for the Global Burden of
Disease Study 2019. Lancet Psychiatry. 2022;9(2):137–50.

2. Kennedy SH, Lam RW, McIntyre RS, Tourjman SV, Bhat V, Blier P,

et al. Canadian Network for Mood and Anxiety Treatments
(CANMAT) 2016 clinical guidelines for the management of adults
with major depressive disorder: Section 3. Pharmacological treat-
ments. Can J Psychiatry. 2016;61(9):540–60.

3. Voigt JD, Leuchter AF, Carpenter LL. Theta burst stimulation for the
acute treatment of major depressive disorder: a systematic review
and meta‐analysis. Transl Psychiatry. 2021;11(1):330.

4. Blumberger DM, Vila‐Rodriguez F, Thorpe KE, Feffer K, Noda Y,
Giacobbe P, et al. Effectiveness of theta burst versus high‐frequency
repetitive transcranial magnetic stimulation in patients with
depression (THREE‐D): a randomised non‐inferiority trial. The
Lancet. 2018;391(10131):1683–92.

5. Cole EJ, Phillips AL, Bentzley BS, Stimpson KH, Nejad R, Barmak F,
et al. Stanford Neuromodulation Therapy (SNT): a double‐blind ran-
domized controlled trial. Am J Psychiatry. 2022;179(2):132–41.

6. Bahji A, Vazquez GH, Zarate Jr. CA. Comparative efficacy of racemic
ketamine and esketamine for depression: a systematic review and

meta‐analysis. J Affect Disord. 2021;278:542–55.

7. Terao I, Tsuge T, Endo K, Kodama W. Comparative efficacy, tolerability

and acceptability of intravenous racemic ketamine with intranasal es-
ketamine, aripiprazole and lithium as augmentative treatments for
treatment‐resistant unipolar depression: a systematic review and net-
work meta‐analysis. J Affect Disord. 2024b;346:49–56.

8. Marcantoni WS, Akoumba BS, Wassef M, Mayrand J, Lai H, Richard‐
Devantoy S, et al. A systematic review and meta‐analysis of the effi-

cacy of intravenous ketamine infusion for treatment resistant depres-
sion: January 2009–January 2019. J Affect Disord. 2020;277:831–41.

9. Haikazian S, Chen‐Li DCJ, Johnson DE, Fancy F, Levinta A, Husain MI,
et al. Psilocybin‐assisted therapy for depression: a systematic review
and meta‐analysis. Psychiatry Res. 2023;329:115531.

10. Metaxa AM, Clarke M. Efficacy of psilocybin for treating symptoms
of depression: systematic review and meta‐analysis. BMJ. 2024;
385:e078084.

11. Donovan LL, Johansen JV, Ros NF, Jaberi E, Linnet K, Johansen SS,
et al. Effects of a single dose of psilocybin on behaviour, brain 5‐HT
(2A) receptor occupancy and gene expression in the pig. Eur
Neuropsychopharmacol. 2021;42:1–11.

12. Carhart‐Harris RL, Bolstridge M, Day CMJ, Rucker J, Watts R,
Erritzoe DE, et al. Psilocybin with psychological support for treatment‐
resistant depression: six‐month follow‐up. Psychopharmacology.
2018;235(2):399–408.

13. Carhart‐Harris RL, Bolstridge M, Rucker J, Day CMJ, Erritzoe D,
Kaelen M, et al. Psilocybin with psychological support for treatment‐
resistant depression: an open‐label feasibility study. Lancet
Psychiatry. 2016;3(7):619–27.

14. Hutton B, Salanti G, Caldwell DM, Chaimani A, Schmid CH, Cameron C,

et al. The PRISMA extension statement for reporting of systematic re-
views incorporating network meta‐analyses of health care interventions:
checklist and explanations. Ann Intern Med. 2015;162(11):777–84.

15. Marschall J, Fejer G, Lempe P, Prochazkova L, Kuchar M, Hajkova K,
et al. Psilocybin microdosing does not affect emotion‐related
symptoms and processing: a preregistered field and lab‐based study.
J Psychopharmacol. 2022;36(1):97–113.

16. Riley RD, Cole TJ, Deeks J, Kirkham JJ, Morris J, Perera R, et al. On
the 12th day of christmas, a statistician sent to me. BMJ. 2022;
379:e072883.

17. Sterne JAC, Savović J, Page MJ, Elbers RG, Blencowe NS, Boutron I,
et al. RoB 2: a revised tool for assessing risk of bias in randomised
trials. BMJ. 2019;366:l4898.

18. Rohatgi A (2022) WebPlotDigitizer. Available at: https://automeris.

io/WebPlotDigitizer (accessed 1 February 2023).
19. Drevon D, Fursa SR, Malcolm AL. Intercoder reliability and validity of

webplotdigitizer in extracting graphed data. Behav Modif. 2017;
41(2):323–39.

20. R Core Team (2023) R: A language and environment for statistical

computing, R Core Team : Available at https://www.R-project.org/.
21. Rücker GKU, König J, Efthimiou O, Davies A, Papakonstantinou T,

Schwarzer G, (2022) netmeta: Network Meta‐Analysis using Fre-
quentist Methods_. R package version 2.5‐0,. Available at: https://
CRAN.R-project.org/package=netmeta.

22. Nikolakopoulou A, Higgins JPT, Papakonstantinou T, Chaimani A,
Del Giovane C, Egger M, et al. CINeMA: an approach for assessing
confidence in the results of a network meta‐analysis. PLoS Med.
2020;17(4):e1003082.

23. Papakonstantinou T, Nikolakopoulou A, Higgins JPT, Egger M,

Salanti G. CINeMA: software for semiautomated assessment of the
confidence in the results of network meta‐analysis. Campbell Syst
Rev. 2020;16(1):e1080.

24. Baeken C, Wu G, Sackeim HA. Accelerated iTBS treatment applied
to the left DLPFC in depressed patients results in a rapid volume
increase in the left hippocampal dentate gyrus, not driven by brain

perfusion. Brain Stimulation. 2020;13(5):1211–7.
25. Chen MH, Li CT, Lin WC, Hong CJ, Tu PC, Bai YM, et al. Persistent

antidepressant effect of low‐dose ketamine and activation in the
supplementary motor area and anterior cingulate cortex in
treatment‐resistant depression: a randomized control study. J Affect

Disord. 2018;225:709–14.
26. Chen MH, Wu HJ, Li CT, Lin WC, Tsai SJ, Hong CJ, et al. Low‐dose

ketamine infusion for treating subjective cognitive, somatic, and
affective depression symptoms of treatment‐resistant depression.
Asian J. Psychiatry. 2021;66:102869.

27. Chistyakov AV, Kreinin B, Marmor S, Kaplan B, Khatib A, Darawsheh N,
et al. Preliminary assessment of the therapeutic efficacy of continuous
theta‐burst magnetic stimulation (cTBS) in major depression: a double‐
blind sham‐controlled study. J Affect Disord. 2015;170:225–9.

28. Chou PH, Tu CH, Chen CM, Lu MK, Tsai CH, Hsieh WT, et al.
Bilateral theta‐burst stimulation on emotional processing in major
depressive disorder: a functional neuroimaging study from a ran-
domized, double‐blind, sham‐controlled trial. Psychiatry Clin
Neurosci. 2023;77(4):233–40.

29. Duprat R, Desmyter S, Rudi DR, van Heeringen K, Van den Abbeele D,
Tandt H, et al. Accelerated intermittent theta burst stimulation

META‐ANALYSES OF TBS, KETAMINE, AND PSILOCYBIN | 7 of 8

http://orcid.org/0000-0003-0662-5637
http://orcid.org/0009-0000-6018-7506
https://automeris.io/WebPlotDigitizer
https://automeris.io/WebPlotDigitizer
https://www.R-project.org/
https://CRAN.R-project.org/package=netmeta
https://CRAN.R-project.org/package=netmeta


treatment in medication‐resistant major depression: a fast road to
remission? J Affect Disord. 2016;200:6–14.

30. Goodwin GM, Aaronson ST, Alvarez O, Arden PC, Baker A,
Bennett JC, et al. Single‐dose psilocybin for a treatment‐resistant
episode of major depression. N Engl J Med. 2022;387(18):1637–48.

31. Guan M, Liu X, Guo L, Zhang R, Tan Q, Wang H, et al. Improved pre‐
attentive processing with occipital rTMS treatment in major
depressive disorder patients revealed by MMN. Front Hum
Neurosci. 2021;15:648816.

32. Gupta T, Karim HT, Jones NP, Ferrarelli F, Nance M, Taylor SF, et al.
Continuous theta burst stimulation to dorsomedial prefrontal cortex
in young adults with depression: changes in resting frontostriatal
functional connectivity relevant to positive mood. Behav Res Ther.
2024;174:104493.

33. Holczer A, Németh VL, Vékony T, Kocsis K, Király A, Kincses ZT,
et al. The Effects of bilateral theta‐burst stimulation on executive
functions and affective symptoms in major depressive disorder.
Neuroscience. 2021;461:130–9.

34. Hu YD, Xiang YT, Fang JX, Zu S, Sha S, Shi H, et al. Single i.v.

ketamine augmentation of newly initiated escitalopram for major
depression: results from a randomized, placebo‐controlled 4‐week
study. Psychol Med. 2016;46(3):623–35.

35. Ionescu DF, Bentley KH, Eikermann M, Taylor N, Akeju O, Swee MB,

et al. Repeat‐dose ketamine augmentation for treatment‐resistant
depression with chronic suicidal ideation: a randomized, double
blind, placebo controlled trial. J Affect Disord. 2019;243:516–24.

36. Li CT, Chen MH, Juan CH, Huang HH, Chen LF, Hsieh JC, et al. Efficacy
of prefrontal theta‐burst stimulation in refractory depression: a ran-

domized sham‐controlled study. Brain. 2014;137(Pt 7):2088–98.
37. Li CT, Cheng CM, Chen MH, Juan CH, Tu PC, Bai YM, et al. Anti-

depressant Efficacy of prolonged intermittent theta burst stimula-
tion monotherapy for recurrent depression and comparison of
methods for coil positioning: a randomized, double‐blind, sham‐
controlled study. Biol Psychiatry. 2020;87(5):443–50.

38. Plewnia C, Pasqualetti P, Große S, Schlipf S, Wasserka B, Zwissler B,
et al. Treatment of major depression with bilateral theta burst
stimulation: a randomized controlled pilot trial. J Affect Disord.
2014;156:219–23.

39. Prasser J, Schecklmann M, Poeppl TB, Frank E, Kreuzer PM, Hajak G,
et al. Bilateral prefrontal rTMS and theta burst TMS as an add‐on
treatment for depression: a randomized placebo controlled trial.
World J Biol Psychiatry. 2015;16(1):57–65.

40. Raison CL, Sanacora G, Woolley J, Heinzerling K, Dunlop BW,
Brown RT, et al. Single‐dose psilocybin treatment for major depressive
disorder: a randomized clinical trial. JAMA. 2023;330(9):843–53.

41. Singh JB, Fedgchin M, Daly EJ, De Boer P, Cooper K, Lim P, et al. A
double‐blind, randomized, placebo‐controlled, dose‐frequency study

of intravenous ketamine in patients with treatment‐resistant
depression. Am J Psychiatry. 2016;173(8):816–26.

42. Šóš P, Klírová M, Novak T, et al. Relationship of ketamine's anti-

depressant and psychomimetic effects in unipolar depression. Neuro
Endocrinol Lett. 2013;34:287–93.

43. Stöhrmann P, Godbersen GM, Reed MB, Unterholzner J, Klöbl M,
Baldinger‐Melich P, et al. Effects of bilateral sequential theta‐burst
stimulation on functional connectivity in treatment‐resistant
depression: first results. J Affect Disord. 2023;324:660–9.

44. Tiger M, Veldman ER, Ekman CJ, Halldin C, Svenningsson P,

Lundberg J. A randomized placebo‐controlled PET study of keta-
mine's effect on serotonin(1B) receptor binding in patients with
SSRI‐resistant depression. Transl Psychiatry. 2020;10(1):159.

45. von Rotz R, Schindowski EM, Jungwirth J, Schuldt A, Rieser NM,

Zahoranszky K, et al. Single‐dose psilocybin‐assisted therapy in
major depressive disorder: a placebo‐controlled, double‐blind, ran-
domised clinical trial. EClinicalMedicine. 2023;56:101809.

46. Wilkening J, Witteler F, Goya‐Maldonado R. Suicidality and relief of
depressive symptoms with intermittent theta burst stimulation in a

sham‐controlled randomized clinical trial. Acta Psychiatr Scand.
2022;146(6):540–56.

47. Cao Z, Lin CT, Ding W, Chen MH, Li CT, Su TP. Identifying ketamine
responses in treatment‐resistant depression using a wearable fore-

head EEG. IEEE Trans Biomed Eng. 2019;66(6):1668–79.
48. Zhang M, Li W, Ye Y, Hu Z, Zhou Y, Ning Y. Efficacy and safety of

intermittent theta burst stimulation on adolescents and young adults
with major depressive disorder: a randomized, double blinded,
controlled trial. J Affect Disord. 2024;350:214–21.

49. Zhao Y, He Z, Luo W, Yu Y, Chen J, Cai X, et al. Effect of intermittent
theta burst stimulation on suicidal ideation and depressive symp-
toms in adolescent depression with suicide attempt: a randomized
sham‐controlled study. J Affect Disord. 2023;325:618–26.

50. Zolghadriha A, Anjomshoaa A, Jamshidi MR, Taherkhani F. Rapid and

sustained antidepressant effects of intravenous ketamine in
treatment‐resistant major depressive disorder and suicidal ideation:
a randomized clinical trial. BMC Psychiatry. 2024;24(1):341.

51. Chu HT, Cheng CM, Liang CS, Chang WH, Juan CH, Huang YZ, et al.
Efficacy and tolerability of theta‐burst stimulation for major

depression: A systematic review and meta‐analysis. Prog
Neuropsychopharmacol Biol Psychiatry. 2021;106:110168.

52. Sigrist C, Vöckel J, MacMaster FP, Farzan F, Croarkin PE, Galletly C,
et al. Transcranial magnetic stimulation in the treatment of adoles-

cent depression: a systematic review and meta‐analysis of aggre-
gated and individual‐patient data from uncontrolled studies. Eur
Child Adolesc Psychiatry. 2022;31(10):1501–25.

53. Terao I, Kotake K, Banno M, Kataoka Y. A letter to the editor: con-
cerning the conclusions drawn in the article entitled “ketamine and

electroconvulsive therapy for severe depression: a network meta‐
analysis of efficacy and safety”. J Psychiatr Res. 2024a;177:435.

54. Papadimitropoulou K, Vossen C, Karabis A, Donatti C, Kubitz N.
Comparative efficacy and tolerability of pharmacological and
somatic interventions in adult patients with treatment‐resistant
depression: a systematic review and network meta‐analysis. Curr
Med Res Opin. 2017;33(4):701–11.

55. Anand A, Mathew SJ, Sanacora G, Murrough JW, Goes FS,
Altinay M, et al. Ketamine versus ECT for nonpsychotic treatment‐
resistant major depression. N Engl J Med. 2023;388(25):2315–25.

56. Rhee TG, Shim SR, Forester BP, Nierenberg AA, McIntyre RS,
Papakostas GI, et al. Efficacy and safety of ketamine vs electroconvulsive
therapy among patients with major depressive episode: a systematic
review and meta‐analysis. JAMA Psychiatry. 2022;79(12):1162–72.

57. Wilkinson ST, Palamar JJ, Sanacora G. The rapidly shifting ketamine
landscape in the US. JAMA Psychiatry. 2024;81(3):221–2.

58. Carhart‐Harris RL, Leech R, Williams TM, Erritzoe D, Abbasi N,
Bargiotas T, et al. Implications for psychedelic‐assisted psycho-
therapy: functional magnetic resonance imaging study with psilo-

cybin. Br J Psychiatry. 2012;200(3):238–44.

SUPPORTING INFORMATION

Additional supporting information can be found online in the Sup-

porting Information section at the end of this article.

How to cite this article: Terao I, Kodama W. Comparative

antidepressant effects and safety of intravenous racemic

ketamine, psilocybin and theta burst stimulation for major

depressive disorder: a systematic review and network meta‐

analyses of randomized controlled trials. Psychiatry Clin

Neurosci Rep. 2024;3:e70042.

https://doi.org/10.1002/pcn5.70042

8 of 8 | META‐ANALYSES OF TBS, KETAMINE, AND PSILOCYBIN

https://doi.org/10.1002/pcn5.70042

	Comparative antidepressant effects and safety of intravenous racemic ketamine, psilocybin and theta burst stimulation for major depressive disorder: A systematic review and network meta-analyses of randomized controlled trials
	INTRODUCTION
	METHODS
	Inclusion criteria for articles in the review
	Type of studies
	Study participants
	Intervention

	Type of outcomes
	Primary outcomes
	Secondary outcomes

	Measures of treatment effects
	Search strategies
	Data extraction and quality assessment
	Network meta-analyses
	Assessment of the confidence of the evidence

	RESULTS
	Identification of relevant studies
	Risk of bias assessment
	Results of network meta-analyses
	Primary outcomes
	Efficacy
	Tolerability and acceptability

	Secondary outcomes
	The confidence of the evidence


	DISCUSSION
	LIMITATIONS
	CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT
	ETHICS APPROVAL STATEMENT
	PATIENT CONSENT STATEMENT
	CLINICAL TRIAL REGISTRATION
	ORCID
	REFERENCES
	SUPPORTING INFORMATION




