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Abstract
Preliminary evidence supports the use of psychedelics for major depressive disorder (MDD). However, less attention has been

given to the neural mechanisms behind their effects. We conducted a systematic review examining the neuroimaging correlates of

antidepressant response following psychedelic interventions for MDD. Through MEDLINE, Embase, and APA PsycINFO, 187

records were identified and 42 articles were screened. Six published studies and one conference abstract were included. Five

ongoing trials were included from subjective outcomesTrials.gov. Our search covered several psychedelics, though included stud-

ies were specific to psilocybin, ayahuasca, and lysergic acid diethylamide. Three psilocybin studies noted amygdala activity and func-

tional connectivity (FC) alterations that correlated with treatment response. Two psilocybin studies reported that FC changes in

the medial and ventromedial prefrontal cortices correlated with treatment response. Two trials from a single study reported global

decreases in brain network modularity which correlated with antidepressant response. One ayahuasca study reported increased

activity in the limbic regions following treatment. Preliminary evidence suggests that the default mode and limbic networks may be

a target for future research on the neural mechanisms of psychedelics. More data is required to corroborate these initial findings

as the evidence summarized in this review is based on four datasets.

Keywords
depression, treatment-resistant depression, neural correlates, psychedelics, psilocybin, LSD, ayahuasca, systematic review

Received 5 May 2022; accepted 7 July 2022

Introduction
Depressive disorders are among the leading causes of disabil-
ity worldwide.1 From 1990 to 2017, the number of global
cases of depression reportedly increased by 49.86%.2 With
the global incidence of depression on the rise, the social, eco-
nomic, and health-related burdens of this psychiatric disorder

are increasingly evident at both the individual and societal
levels.

Monoaminergic antidepressants have been used extensively
as a first-line treatment for depressive disorders.3 However, it is
estimated that only 42–53% of depressed patients respond to
antidepressant medications.4 Psychotherapies, such as cognitive

1Interventional Psychiatry Program, Mental Health and Addictions Service,

St. Michael’s Hospital, 193 Yonge Street 6-013, M5B 1M8, Toronto, Ontario, Canada
2Institute of Medical Science, Faculty of Medicine, University of Toronto, 1 King’s

College Circle, Medical Sciences Building, M5S 1A8, Toronto, Ontario, Canada
3Department of Psychiatry, Faculty of Medicine, University of Toronto, 250

College Street, M5T 1R8, Toronto, Ontario, Canada
4Li Ka Shing Knowledge Institute, St. Michael’s Hospital, 209 Victoria Street,

M5B 1T8, Toronto, Ontario, Canada
5Department of Anesthesiology and Pain Medicine, University of Toronto,

250 College Street, M5T 1R8, Toronto, Ontario, Canada
6Department of Anesthesia, St. Michael’s Hospital, 193 Yonge Street 6-013,

M5B 1M8, Toronto, Ontario, Canada

7Center for Depression and Suicide Studies, St. Michael’s Hospital, Unity

Health Toronto, 30 Bond Street, M5B 1W8, Toronto, ON, Canada
8Keenan Research Center for Biomedical Science, St. Michael’s Hospital,

Unity Health Toronto, 30 Bond Street, M5B 1W8, Toronto, Ontario,

Canada

*Denotes first co-authorship.

Corresponding Author:
Venkat Bhat, Interventional Psychiatry Program, St. Michael’s Hospital, 193

Yonge Street, Suite 6-013, Toronto, Ontario, Canada, M5B 1M8.

Email: venkat.bhat@utoronto.ca

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-

NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution

of the work without further permission provided the original work is attributed as specified on the SAGE and Open Access page (https://us.sagepub.com/en-

us/nam/open-access-at-sage).

Review

Chronic Stress

Volume 6: 1–22

© The Author(s) 2022

Article reuse guidelines:

sagepub.com/journals-permissions

DOI: 10.1177/24705470221115342

journals.sagepub.com/home/css

https://orcid.org/0000-0002-8208-3561
https://orcid.org/0000-0001-7876-4981
https://orcid.org/0000-0002-8768-1173
mailto:venkat.bhat@utoronto.ca
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://us.sagepub.com/en-us/nam/open-access-at-sage
https://us.sagepub.com/en-us/nam/open-access-at-sage
https://us.sagepub.com/en-us/nam/open-access-at-sage
https://us.sagepub.com/en-us/journals-permissions
https://journals.sagepub.com/home/css


behavioural therapy and interpersonal psychotherapy, have also
been used as a first-line treatment for depression, though as
many as 40% of patients with Major Depressive Disorder
(MDD) do not benefit from these therapies.5,6 Due to the high
rates of non-response to first-line interventions, there is a
growing need for novel, more effective treatment options.

In recent years, psychedelic compounds have gained inter-
est in the field of psychiatry as viable pharmacological treat-
ments for psychiatric disorders.7 Such compounds include
psilocybin, ayahuasca, lysergic acid diethylamide (LSD),
3,4-methylenedioxymethamphetamine (MDMA), and N,
N-Dimethyltryptamine (DMT). Their antidepressant effects
appear to be notably more rapid and long-lasting compared
to traditional antidepressant medications.8 Additionally, psy-
chedelics appear to effectively alleviate depressive symptoms
while also providing depressedpatientswith unique and adaptive
psychological benefits, including increased cognitiveflexibility,9

mindfulness,9 psychologicalflexibility,10 acceptance,11 connect-
edness,11 and catharsis.12 One clinical trial13 implied that these
unique effects may be exclusive to psychedelics, in that they
are not commonly found with classical antidepressant medica-
tions. Moreover, psychedelic interventions have shown prelimi-
nary clinical efficacy in treating depressive disorders, including
MDD and treatment-resistant depression (TRD).14 For instance,
psilocybin with psychological support has been shown to reduce
anhedonia15 and pessimism bias16 in patients with TRD.
Psilocybin has also been shown to rapidly alleviate symptoms
of anxiety and depression in MDD patients17–19 and patients
with life-threatening diseases,20 as well as effectively treat sec-
ondary depression in cancer patients.19 Moreover, single-dose
ayahuasca administrations have shown a rapid reduction in
depressive symptoms in patients with recurrent depression.21

Recent evidence has pointed to disrupted functional con-
nectivity (FC) within and between higher-order intrinsic con-
nectivity networks (ICNs) in depression.22 Neuroimaging
research has suggested that MDD is characterized by func-
tionally deviant coupling within the central executive
network (CEN), default mode network (DMN), and salience
network (SN).22–24 The CEN and SN have been connected to
attentional processes, cognitive control, task-switching, and
decision-making,25–27 all of which are often impaired in
depression.28–30 The DMN has been associated with internal-
ized thought and self-reflection.31 Individuals with depres-
sion have been found to excessively engage in these
cognitive processes.32,33 Hyperactivity of the DMN is
linked to depressive symptomatology, including rumina-
tion34 and disturbed self-referential processing.35 In patients
with TRD, studies have shown reduced FC between the CEN
and DMN and between the anterior and posterior DMN.36

Depressed patients have also exhibited decreased flexibility
in the SN compared to healthy controls.37

Depressed patients have also been found to have aberrant
FC within the brain’s limbic regions, including the amygdala,
hippocampus, medial prefrontal cortex (mPFC), and anterior
cingulate cortex (ACC).38 Enhanced FC between the

amygdala and prefrontal regions has been associated with
rumination and worry in depressed patients.39 Given that
the limbic regions are central to emotional regulation, it is
unsurprising that disturbances in emotional processing are a
prominent feature of depressive symptomatology.40,41

In MDD and TRD patients, select ICNs and brain regions
are implicated in mediating antidepressant response. For
MDD, a meta-analysis42 found that following antidepressant
drug treatment, the amygdala, hippocampus, parahippocam-
pal region, ventral ACC, orbitofrontal cortex, and insula
showed decreased activation, while the dorsolateral, dor-
somedial, and ventrolateral prefrontal cortices (PFC)
showed increased activation. In TRD, cerebellar–cerebral
FC in the PFC and DMN were significantly decreased. At
the same time, increased FC was shown in the parahippocam-
pal gyrus and visual recognition network (lingual gyrus,
middle occipital gyrus, and fusiform) following antidepres-
sant treatment.43 Identifying neuroimaging correlates of anti-
depressant treatment response has allowed researchers to
better understand the mechanisms behind the action of
monoamine-based psychopharmacology – specifically, how
antidepressant medications impact select brain regions and
ICNs, leading to clinical improvement of MDD symptoms.

Previous research has highlighted efforts taken toward
understanding the therapeutic effects of psychedelics by
studying brain activity and FC.44 However, the neural mech-
anisms behind the antidepressant effects and unique psycho-
logical benefits of psychedelics remain less understood
compared to conventional antidepressant medications. This
gap may be due to the lack of neuroimaging outcomes in
MDD clinical trials exploring the efficacy and feasibility of
psychedelic treatments, given the novelty of the field.
Existing evidence concerning the neural underpinnings
behind the effects of psychedelic treatments primarily
emerges from studies conducted among healthy participants.
Psychedelics appear to target the frontomedial, medial tem-
poral, and occipital cortices, as well as exert an inhibitory
effect on the DMN.45 One model proposes that psychedelics
dysregulate neuronal activity among various brain regions by
agonistically acting on 5-HT2A serotonin receptors, which
gives rise to transient breakdowns of ICNs.46 The 5HT2A
receptor is a main proteomic binding site of serotonergic psy-
chedelics47 (i.e., ayahuasca, DMT, LSD, psilocybin, etc.) and
is abundantly expressed throughout the CEN, DMN, and
SN.48 Psychedelics may, therefore, bring about their thera-
peutic effects by targeting particular ICNs in which 5HT2A
receptors are heavily populated. In line with this serotonin
receptor model, a recent meta-analysis49 on psychedelic
interventions in healthy individuals found altered FC and
activation patterns in regions with high densities of 5HT2A
receptors – notably, the peristriate area 19 of the occipital
cortex, dorsal anterior and posterior cingulate cortices
(PCC), mPFC, dorsolateral PFC (DLPFC), supramarginal
gyrus, temporal cortex, and right amygdala.48 Several of
these brain regions comprise the DMN.
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Given the lack of research investigating the neural mecha-
nisms of psychedelic treatment response in MDD, there is a
growing need to examine neuroimaging studies in this domain.
Specifically, neuroimaging research may demonstrate how the
therapeutic effects of psychedelics are achieved via functional
alterations within ICNs and implicated brain regions.
Furthermore, the identification of these neural correlates may
give rise to valuable prognostic tools that can be used to
predict successful responses to psychedelic interventions
among patients with depression. This knowledge could lead to
an appropriate selection ofMDDpatients to undergopsychedelic
treatments as opposed to conventional antidepressant treatments,
which are often accompanied by adverse effects,50,51 delayed
onset of action,52 and lack of therapeutic response.53

A previous systematic review45 provided a comprehen-
sive outline of clinical studies that studied neuroimaging cor-
relates of psychedelic interventions in healthy individuals.
However, to our knowledge, there is no systematic review
that examines such correlates in patients with depression.
We review both published and ongoing clinical trials to
provide a more detailed and practical overview of the
current research landscape, avoid positive results bias, and
highlight the advancements and future directions in this field.

Methods
We conducted a comprehensive search of both published
studies and registered clinical trials encompassing various
neuroimaging modalities and psychedelic interventions in
MDD patients. This article was prepared in accordance
with the PRISMA guidelines for systematic reviews.54

Refer to Supplementary 1 to view a detailed description of
the Methods for registered clinical trials.

Search Strategy
Published studies. A neuroimaging-focused search of three
databases (MEDLINE, Embase, and APA PsycINFO) was
conducted through the OVID and PubMed search engines.
The following search terms were included: psilocybin, aya-
huasca, LSD, DMT, MDMA, mescaline, depress*, neuroi-
mag*. To view the complete search strategy, refer to
Supplementary 2. We searched grey literature using the
European database OpenGrey (http://www.opengrey.eu/),
which included an advanced search of the term psychedelic*
in conjunction with the terms pertaining to various neuroim-
aging modalities (ie, positron emission tomography [PET],
single-photon emission computed tomography [SPECT],
functional magnetic resonance imaging [fMRI], magnetic
resonance imaging [MRI], electroencephalography [EEG],
magnetoencephalography [MEG]). The end date of the
searches was April 18, 2022. Two authors (A.D. and S.K.)
were responsible for independently conducting the primary
screening and assessment of retrieved articles for inclusion.

Inclusion Criteria
The present systematic review included published studies,
registered/ongoing clinical trials, and conference abstracts
involving psychedelic interventions in patients with depres-
sion. Studies had to contain neuroimaging measures as
primary or secondary outcomes. The enrolled participants
had to have a valid depression diagnosis according to a rec-
ognized depression scale or the MDD diagnostic criteria as
per the Diagnostic and Statistical Manual of Mental
Disorders (i.e., DSM-IV or DSM-5) or the International
Classification of Diseases (i.e., ICD-9 or ICD-10). Studies
that enrolled patients with comorbid psychiatric disorders
were excluded, with the exception of comorbid anxiety disor-
ders due to the high rate of their co-occurrence with MDD.
Moreover, non-primary articles (i.e., reviews, systematic
reviews, meta-analyses, etc), non-interventional studies (ie,
observational studies), and non-human trials were excluded
from the review. Non-English articles were also excluded.
Studies were only included if subjects were 18 years or
older. Finally, no date limit was applied.

Screening Process
The PRISMA flow diagram outlines the screening process
for both published and registered clinical studies
(Figure 1). The screening was conducted independently by
the two first authors (A.D and S.K). Results were compared
to detect any potential discrepancies, which were resolved by
a tertiary arbitrator (I.D).

Variable Extraction
Published studies. The following variables of interest were
extracted: the mean age, participant sex, as well as the
intention-to-treat (ITT) and per-protocol (PP) sample sizes.
The psychiatric diagnosis of the participants was recorded,
as well as the inclusion criteria required to meet a valid
depression diagnosis at screening (i.e., Hamilton Rating
Scale for Depression [HAM-D], Montgomery-Åsberg
Depression Rating Scale [MADRS], Beck Depression
Inventory [BDI], etc) or the MDD diagnostic criteria as per
the Diagnostic and Statistical Manual of Mental Disorders
(ie, DSM-IV or DSM-5), including any reported minimal
scale thresholds set up by researchers for inclusion.
Furthermore, several study characteristics were extracted:
study duration, drug administration route, dosage, number
of treatments, comparison type (ie, placebo-controlled or
open-label), allocation (ie, randomized or nonrandomized),
masking procedure (ie, single-masked or double-blind), and
interventional model (ie, single group assignment, parallel
assignment, or crossover assignment).

Furthermore, information about the treatment protocol of
the psychedelic intervention was extracted (i.e., the class of
psychedelic, dosage, and duration of the treatment period).
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The neuroimaging modalities used in the studies (i.e., EEG,
fMRI, MEG, MRI, MRS, PET, and SPECT) and analyzed
metrics (i.e., the amplitude of low-frequency fluctuation
[ALFF], blood-oxygen-level-dependent [BOLD] response,
cerebral blood flow [CBF], FC, neurometabolic concentra-
tions) were reported. Moreover, the neural correlates of
assessor-rated clinical outcomes, subjective clinical out-
comes (i.e., self-report measures), and adverse effects
within each study were also extracted. Notably, the
p-values and correlation coefficient (Pearson’s r) values
were recorded when presented to highlight the statistical sig-
nificance of the given findings, as well as the direction and
strength reported in the correlation analyses.

Quality of Assessment
All published studies included in this systematic review
were assessed for quality of evidence using the Grading
of Recommendations, Assessment, Development, and

Evaluations (GRADE) checklist.55 The corresponding
table summarizing the included studies in terms of the
GRADE criteria can be found in Supplementary 3. All
but one trial included in this review was open-label, creat-
ing a high potential for performance bias. In addition, all
included studies reported data consistent with their out-
comes of interest, suggesting a low risk of selective report-
ing bias.

Results

Search Results
A total of 187 relevant articles were retrieved through the
OVID databases and assessed for eligibility. Overall, 42 arti-
cles remained after applying automation tools to limit the
search results to only English language articles, clinical
trials, and studies containing adult participants. Of the 42 arti-
cles, 16 were excluded due to focusing on psychedelic

Figure 1. PRISMA flow diagram of published studies and registered trials screened and evaluated for eligibility.
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interventions in healthy individuals, 14 due to being unre-
lated to psychedelic interventions or depression, 5 due to
being non-primary articles (i.e., book chapters, reviews),
and 1 due to having no accessible results. After assessing
the full text of the 6 remaining articles for eligibility, 5 pub-
lished studies56–60 and 1 conference abstract61,62 were
included. An additional article by Daws et al63 (2022) was
retrieved from other sources (i.e., PubMed). The conference
abstract included in this review by Wall et al61,62 (2021) has
also been recently made available as a pre-print.62 Detailed
results of the published studies are provided in Table 1. It
is important to note that 4 out of 7 published studies56–
58,61,62 included in this review reported their neuroimaging
and clinical findings from the same cohort of subjects.
Therefore, the main characteristics of the studies listed in
Table 1 were similar to each other. However, we have dis-
played these characteristics to resemble how they were
reported in the included studies, to highlight pertinent neuro-
imaging aspects in this review. No relevant clinical studies
were obtained from the OpenGrey database. Additionally,
detailed results of ongoing clinical trials are provided in
Supplementary 1.

Psychedelic Type
Five published studies56–58,60,63 and one conference
abstract61,62 used psilocybin as their primary intervention.
Of these studies, Daws et al63 (2022) conducted both an
open-label trial and a randomized controlled trial (RCT);
these two trials will be referred to separately throughout the
review. One published study59 examined ayahuasca
(Figure 2).

Research Design
Four studies56–59 followed an open-label, non-randomized,
single-group interventional model. One clinical trial from
Daws et al63 (2020) also used an open-label, non-
randomized, single-arm design, whereas the second clinical
trial from Daws et al63 (2020) was a double-blind RCT.
Doss and colleagues60 (2021) used an open-label interven-
tional design that was randomized and not placebo-
controlled. Roseman et al58 (2018) was categorized as a fea-
sibility trial but did not include a placebo group. Lastly, the
conference abstract61,62 followed an interventional, open-
label and single-group assignment design.

Sample Size and Clinical Diagnosis
All six published studies56–60,63 had ITT and PP sample sizes
of less than 30 participants. Wall et al61,62 (2021) did not
report their ITT sample size but had a PP sample size of
fewer than 30 participants. Carhart-Harris et al57 (2017)
had PP sample sizes of 16 participants for their arterial spin
labeling (ASL) analysis and 15 for their resting-state FC

(RSFC) analysis. Doss et al60 (2021) had PP sample sizes
of 20 for resting-state analysis and ACC scans, 19 for left hip-
pocampus scans, and 18 for right hippocampus scans. Daws
et al63 (2022) had PP sample sizes of 16 for their open-label
trial and 22 for the RCT. Three studies56–58 and one confer-
ence abstract61,62 included patients diagnosed with TRD in
the trials, while two studies59,60 included patients with
MDD. Additionally, Daws et al63 (2022) recruited TRD
patients for their open-trial study but MDD patients for
their RCT (Figure 3).

Treatment Parameters
Four studies56–58,63 and one conference abstract61,62 investi-
gating psilocybin used the same dosage and number of treat-
ments. These studies each had a first session consisting of a
10 mg per os (p.o.) test dose followed a week later by a 25
mg p.o. therapeutic dose. Doss et al60 (2021) used a moder-
ately high dose of 20mg/70 kg followed by a second high
dose of 30mg/70 kg administered 1.6 weeks apart. The
RCT in Daws et al63 (2022) used 25mg psilocybin sessions
on two separate dosing days with 3 weeks of daily placebo
capsules following each dosing day. Mertens et al56 (2020),
Roseman et al58 (2018), Doss et al60 (2021) and Daws
et al63 (2022) specified that psilocybin was administered
via a capsule. Carhart-Harris et al57 (2017) and Wall
et al61,62 (2021) did not specify the route of administration.
Each subject in Sanches et al59 (2016) drank a single dose
of 120 to 200 mL of ayahuasca (See Table 2).

Clinical, Safety, and Tolerability Outcomes
All six published studies56–60,63 analyzed changes in depres-
sion scores using either the 21-item HAM-D, BDI,
GRID-HAMD or MADRS. Only one study59 reported vom-
iting as an adverse effect of ayahuasca, present in 47% of
their patients. the RCT by Daws et al63 (2022) did not
observe adverse effects following psilocybin treatment. The
remaining studies did not report or mention collecting the
data on adverse effects (See Table 2).

Neuroimaging Modality & Psychedelic Type
Six studies56–58,60 and one conference abstract61,62 collected
neuroimaging measurements at baseline and post-treatment.
Roseman et al58 (2018) and Mertens et al56 (2020) collected
functional neuroimaging data the morning after psilocybin
administration, while Carhart-Harris et al57 (2017) and the
open-label trial by Daws et al63 (2022) collected functional
neuroimaging data 1 day after treatment. Roseman et al58

(2018) and Mertens et al56 (2020) collected fMRI data
during an emotional face paradigm pre- and post-psilocybin.
Carhart-Harris et al57 (2017) collected fMRI data at resting-
state pre- and post-psilocybin. These researchers also used
perfusion-weighted imaging (PWI) to measure changes in
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CBF at baseline and 1 day after a psilocybin treatment. Doss
et al60 (2021) collected fMRI and magnetic resonance spec-
troscopy (MRS) data pre-and post-psilocybin. The RCT by
Daws et al63 (2022) collected data at baseline and at 1 day
and 3 weeks post-treatment. During the psilocybin therapy
session, patients were sitting in a comfortable environment
and listening to music. Additionally, follow-up sessions
took place after the psilocybin therapy session to discuss par-
ticipants’ experiences. Wall et al61,62 (2021) collected fMRI
data 1 week prior to the first psilocybin session and 1 day
after the second psilocybin session. fMRI scans were
acquired at rest and also while the participants were listening
to music. Sanches et al59 (2016) collected SPECT data before
ayahuasca intake and 8 h following treatment (See Table 3).

Neuroimaging Outcomes
fMRI BOLD response/activity. Roseman et al58 (2018) was the
only published study that used an emotional faces task with
BOLD fMRI to measure changes in neural activity following
psilocybin administration. Following the second dose,
increased activity was found in the right amygdala, temporal
lobe and visual areas. The conference abstract by Wall
et al61,62 (2021) used ALFF to measure changes in brain
activity following psilocybin. Following psilocybin intake,
greater ALFF was observed in the bilateral superior temporal
cortex during music listening and in a small cluster of the
right ventral occipital lobe during the resting state.
Additionally, increased responsiveness was located in the
superior and bilateral superior temporal lobes and supramar-
ginal gyrus during the music listening scans.

fMRI functional connectivity. Mertens et al56 (2020) used a
task-based emotional faces paradigm while Carhart-Harris
et al57 (2017) and Daws et al63 (2022) measured FC at
resting state. Mertens et al56 (2020) found decreases in ven-
tromedial PFC (vmPFC) to right amygdala FC during face
processing post-treatment. They also found increases in FC
between the amygdala and vmPFC to occipital-parietal corti-
ces during face processing. In addition, increases in FC were
found between the amygdala and visual areas, as well as
between the vmPFC and right angular gyrus, right lateral
occipital cortex, and other visual areas in the right hemi-
sphere following psilocybin treatment. Carhart-Harris
et al57 (2017) reported decreases in FC between the DMN
and right frontoparietal network as well as increased DMN
within-network FC post-treatment. Carhart-Harris et al57

(2017) also found increases in FC within the anterior and
posterior cingulate cortices and decreases in FC between
the medial/lateral PFC and parahippocampus following treat-
ment. Finally, they reported increases in FC between the
vmPFC and bilateral inferior-lateral parietal cortex (ilPC)
post-treatment. Doss et al60 (2021) found no significant
changes in ACC-PCC static FC. The researchers did find
increased dynamic functional connectivity (dFC) between

the ACC and PCC 1 week after psilocybin therapy.
However, this was no longer present at 4 weeks post-
psilocybin administration. Daws et al’s63 (2022) open-label
trial found increased between-network FC between the
DMN and CEN and the DMN and SN as well as reductions
in within-DMN FC one day after psilocybin treatment.

fMRI brain modularity. Daws et al63 (2022) used brain
network modularity as a metric following psilocybin treat-
ment. In both their open-label trial and RCT, they found
brain network modularity was significantly reduced at 1
day and 3 weeks post-psilocybin therapy.

PWI cerebral blood flow. Carhart-Harris et al57 (2017) used
whole-brain analysis to measure CBF and found decreases
in the resting-state CBF within the amygdala and temporal
lobe following a second psilocybin dose.

SPECT. Sanches et al59 (2016) used SPECT imaging to
measure brain functioning following ayahuasca administra-
tion. Researchers reported increases in activation within the
left nucleus accumbens (NAcc), right insula, and left subgen-
ual area.

MRS. Doss et al60 (2021) used MRS to investigate biochem-
ical changes following psilocybin administration. The
researchers found that glutamate and N-acetylaspartate
(NAA) were decreased in the ACC 1-week post-psilocybin
(See Table 4).

Neuroimaging Correlates of Treatment Response
In three psilocybin studies,56–58 changes in amygdala
activity and FC were correlated with treatment response.
Mertens et al56 (2020) found that reduced right amygdala
to vmPFC FC was significantly associated with reduced
depressive rumination scores at 1-week post-treatment.
This study56 also reported increased FC between the
amygdala and visual areas under psilocybin, though
these changes were not significantly associated with
depressive outcomes. Carhart-Harris et al57 (2017)
reported that decreased CBF in the amygdala was predic-
tive of lower depressive scores. Moreover, Roseman
et al58 (2018) found that increased right amygdala activity
in response to fearful versus neutral faces was strongly
predictive of favorable clinical outcomes.

Changes in the ventromedial and medial PFC FC were
significantly correlated with depressive outcomes in two
studies. Mertens et al56 (2020) found that 1 week follow-
ing psilocybin treatment, decreased right amygdala to
vmPFC FC was associated with depressive rumination
scores. Additionally, they found vmPFC-occipital lobe-
parietal lobe FC was negatively affected which was corre-
lated with BDI scores.56 Carhart-Harris et al57 (2017)
found that increased vmPFC to bilateral ilPC FC and
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decreased parahippocampal to PFC FC were predictive of
psilocybin treatment response at 5 weeks post-treatment.
In the latter study, reduced FC between the parahippocam-
pus and the medial and lateral portions of the PFC also sig-
nificantly predicted treatment response at 5 weeks
post-psilocybin.57

Decreased brain modularity was significantly correlated
with improvements in BDI scores at 1 week, 3 months and
6 months post-psilocybin in the open-label trial by Daws
et al63 (2022). The RCT by Daws et al63 (2022) also found
that decreases in brain network modularity were significantly
associated with clinical improvements in depressive symp-
toms at 3 weeks post-psilocybin. In the same RCT,63

increased CEN dynamic flexibility also strongly correlated
with greater improvement in depressive symptoms at 6
weeks post-treatment.

Ongoing Clinical Trials: Overview of Results
Detailed information on ongoing clinical trials can be
found in Supplementary 1. Four of the five ongoing clin-
ical trials64–67 are using psilocybin as their primary inter-
vention, and one trial68 is investigating LSD. When
examining changes in brain activity, all clinical trials
will assess changes in depressive symptomatology using
various standardized questionnaires following psilocybin
and LSD administration (See Table S1 in the supplemen-
tary for more detailed findings). fMRI is the most common
neuroimaging modality being used to measure psilocybin
effects in clinical trials, with three trials65,66,68 including it
as their outcome measure. One clinical trial64 is using PET
to measure the effects of psilocybin on brain activity,
while another study67 is using EEG. Another
fMRI-based clinical trial68 is also using both DTI and
PWI (ie, ASL) to measure brain perfusion in LSD
administration.

Discussion

Summary of the Findings from Published Studies
The present systematic review investigated six interventional
studies and one conference abstract on neuroimaging corre-
lates of psychedelic response in MDD patients. Due to the
high variability in neuroimaging metrics, sample sizes, and
study designs, a meta-analysis was considered unsuitable
for examining the current state of the literature.69

Preliminary evidence suggests that FC and brain activity
changes in the DMN—particularly, the amygdala and
mPFC/vmPFC— may be associated with psilocybin treat-
ment response in MDD patients. Select psilocybin studies
reported alterations in the activity and FC of the temporal
gyri, ACC and PCC/precuneus, and visual areas following
psilocybin intake. However, alterations in these regions
were not associated with treatment response. The single
study on ayahuasca reported increased activation in the
limbic regions, including the left NAcc, right insula, and
left subgenual areas, though these changes did not correlate
with treatment response.

Neuroimaging Correlates of Psychedelic Treatment
Response in MDD Patients
Psilocybin. Previous research has illustrated that select ICNs
and brain regions are implicated in the neural mechanisms
behind antidepressant response. In particular, the CEN,
DMN and SN, which integrate critical brain areas including
the dorsal ACC (dACC), anterior insula, DLPFC, and amyg-
dala, all have demonstrated specific alterations in MDD
patients who underwent treatment with typical antidepres-
sants.70 In the open-label trial by Daws et al63 (2022), psi-
locybin led to reductions in within-DMN FC and increases
in DMN to SN and DMN to CEN FC. Though these FC
changes did not correlate with clinical outcomes in said
trial,63 changes in within-DMN and between-DMN FC
may explain the observed improvements in depressive
symptoms following psilocybin treatment given that
changes to this network have previously been associated
with antidepressant response.71,72 Furthermore, it is plau-
sible that FC reductions to this network may alleviate
depressive symptoms, considering that greater DMN dom-
inance and heightened FC have been associated with
depressive symptomatology, particularly rumination,
among MDD patients.34,73

The RCT by Daws et al63 (2022) observed that
psilocybin-induced increases in CEN dynamic flexibility
strongly correlated with greater improvement in depressive
symptoms, even when combining several CEN regions
with the SN and dorsal attention network. Diminished
dynamic flexibility has been closely linked to depressive
symptoms.74 Thus, psilocybin may lead to clinical

Figure 2. Type of psychedelic intervention examined in the

published studies and conference abstract.
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improvements in depressive symptoms by altering functional
dynamics of specific neural networks.

A key finding was that psilocybin-induced changes in the
amygdala activity and FC correlated with treatment response

in select studies.56–58 Recent studies have highlighted the
amygdala’s role in antidepressant treatment response in
MDD patients. For example, changes in intrinsic connectiv-
ity between the amygdala and subgenual cingulate cortex

Figure 3. Published studies by the per-protocol sample size for each study. Note: Carhart–Harris et al (2017) has two different sample

sizes for their ASL and RSFC sample sizes. Doss et al (2021) has four different sample sizes for their RSFC, ACC, left hippocampus and right

hippocampus analyses. Daws et al (2022) has two different sample sizes for their psilocybin open-label trial and double-blind RCT.

Table 2. Treatment Dose and Duration of Treatment Period for Published Studies.

Study Citation Dose

Number of

Treatments Duration of Treatment Period

Administration

Route

Carhart-Harris et al57

(2017)
Test Dose: 10 mg of psilocybin

treatment Dose: 25 mg of

psilocybin treatment

2 Test dose and treatment dose were

given 1 week apart

N/A

Roseman et al59 (2018) Test Dose: 10 mg of psilocybin

treatment Dose: 25 mg of

psilocybin treatment

2 Test dose and treatment dose were

given 1 week apart

Oral

Mertens et al58 (2020) Test Dose: 10 mg of psilocybin

treatment Dose: 25 mg of

psilocybin treatment

2 Test dose and treatment dose were

given 1 week apart

Oral

Sanches et al62 (2016) 120 to 200 mL of ayahuasca (2.2 ml/

kg)

1 4 h Oral

Wall et al55,56 (2021) Test Dose: 10 mg of psilocybin

treatment Dose: 25 mg of

psilocybin treatment

2 Test dose and treatment dose were

given 1 week apart

N/A

Doss et al60 (2021) First dose: 20mg/70 kg Second high

dose: 30mg/70 kg

2 First dose and second dose

administered 1.6 weeks apart

Oral

Daws et al61 (2022)
Open-label trial

First Dose: 10 mg of psilocybin

treatment Second Dose: 25 mg of

psilocybin treatment

2 First dose and second dose were

given 1 week apart

Oral

Daws et al61 (2022)
RCT

Two 25mg psilocybin treatment

session on two separate dosing

days

2 Three weeks of daily of placebo

capsules following each dosing

day (6 weeks)

Oral

Abbreviations: LSD = lysergic acid diethylamide, RCT = Randomized Control Trial.
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have been associated with antidepressant treatment response
to ketamine in patients with TRD.75 Moreover, changes in
amygdala BOLD response to sad facial stimuli have been
predictive of antidepressant treatment response to scopola-
mine in MDD patients.76 Changes in the amygdala activity
and FC may, therefore, broadly characterize antidepressant
response and extend to psilocybin treatment. However, it
remains unknown whether the reported activity and FC
changes result from the specific effect of the psychedelic.
Future studies should focus on differentiating the amygdala
functional properties specific to psilocybin from those char-
acterizing responses to other antidepressant interventions
that target neurotransmission.

It is of note that clinical trials enrolling healthy volun-
teers have also reported changes in the amygdala activity
and mood following psilocybin treatment. Barrett et al77

(2020) reported that a single dose of psilocybin in
healthy volunteers reduced negative affect and the amyg-
dala responsiveness to facial stimuli 1-week post-
treatment. In another study78 involving a single-dose
administration of psilocybin to healthy subjects,
psilocybin-induced decreases in the right amygdala respon-
siveness to negative stimuli were correlated with enhanced
positive mood following intake. Therefore,
psilocybin-induced changes in the amygdala activity may
in fact explain improvements in depressive symptoms in
MDD patients, given that associations between the amyg-
dala activity and mood are well established in healthy
individuals.

Another preliminary finding emerging from two reviewed
studies56,57 was that FC changes in the mPFC/vmPFC corre-
lated with improvements in depressive symptoms. Recent
studies have highlighted the role of the vmPFC and mPFC,
which are integral components of the DMN, in mediating
antidepressant response among MDD patients. For instance,
vmPFC to cerebellar vermis FC has been implicated in selec-
tive serotonin reuptake inhibitor (SSRI) treatment response in
MDD patients, with responders showing decreased FC
between these regions compared to non-responders.79

Moreover, mPFC intrinsic connectivity prior to antidepres-
sant treatment has been predictive of remission outcomes in
MDD patients.80 Despite existing evidence supporting the
amygdala and mPFC/vmPFC as neural correlates of treat-
ment response following conventional antidepressants,

more data are necessary to determine how robust and replica-
ble these neural correlates are and whether they are equally
pertinent in the context of psilocybin.

As summarized in the review by Dos Santos et al45

(2016), Carhart-Harris et al81 (2012) reported that the magni-
tude of decreased mPFC activity was related to the subjective
effects of psilocybin in healthy volunteers. Additionally,
Vollenweider et al82 (1997) found that increased activity in
the PFC, as revealed by increased CMRglu, was positively
associated with psilocybin’s dose and subjective effects in
healthy subjects. Thus, changes in depressive symptoms
associated with altered FC in the mPFC/vmPFC among
MDD patients may similarly resemble subjective state
changes associated with altered PFC activity among
healthy volunteers, so this neural correlate is well worthy
of more detailed investigation.

With regard to large-scale neural effects of psilocybin,
two trials by Daws et al63 (2022) reported global decreases
in brain modularity which significantly correlated with treat-
ment response. Interestingly, enhanced resting-state network
modularity has been linked to depression severity.83,84 Thus,
it is plausible that psilocybin mediates its therapeutic effects
by diminishing network modularity among certain neural
networks that are commonly overactive in depressed patients.

Other brain regions that showed altered activity and/or FC
under psilocybin were the right middle58 and left superior
temporal gyri,57 bilateral temporal cortex,61,62 visual
areas,56,58,61,62 as well as regions of the DMN, including
the ACC57,60 and PCC/precuneus.56,57,60 However, these
reported changes did not correlate with improvements in
depressive symptoms. Increased PCC/precuneus and
middle temporal gyrus activation has been predictive of
SSRI treatment response in MDD patients.85,86 Taken
together, activity changes in these brain regions warrant
further investigation into their associations with depressive
symptoms and treatment response.

In contrast, reported changes in brain activity may be con-
founded by experimental tasks that participants were required
to complete. For instance, Roseman et al58 (2018) found
increased activation in the right amygdala and right middle
temporal gyrus for the fearful > neutral contrast during an
emotional faces image task. In a clinical trial by Pourtois
et al87 (2005), perception of emotional faces was associated
with activation in the medial temporal gyrus and enhanced

Table 3. Neuroimaging Technique by Psychedelic Intervention in Published Studies.

Neuroimaging Technique

Psychedelic fMRI SPECT PWI MRS

Psilocybin 6 1 1

Ayahuasca 1

Abbreviations: fMRI = functional magnetic resonance imaging, MRS = Magnetic resonance spectroscopy, PWI = perfusion-weighted imaging, SPECT =
single-photon emission computerized tomography.
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Table 4. Main Imaging Findings from Published Studies.

Observed Result

Studies with Observed

Result

Task-based, Resting state,

Music listening

Psilocybin

Changes in BOLD response/activity (fMRI)
Increased right amygdala activity Roseman et al59 (2018) Task-based

Increased activity in visual/occipital regions Roseman et al59 (2018) Task-based

Increased temporal lobe activity Roseman et al59 (2018) Task-based

Greater ALFF in the bilateral superior temporal cortex Wall et al55,56 (2021) Music listening

Greater ALFF in the right ventral occipital lobe Wall et al55,56 (2021) Resting state

Changes in FC (fMRI)
Decreased DMN to right frontoparietal network FC Carhart-Harris et al57

(2017)

Resting state

Increased DMN within-network FC Carhart-Harris et al57

(2017)

Resting state

Decreased within-DMN FC Daws et al61 (2022)

Open-label trial
Resting state

Increased between-network FC between the DMN and EN Daws et al61 (2022)

Open-label trial
Resting state

Increased between-network FC between the DMN and SN Daws et al61 (2022)

Open-label trial
Resting state

Increased cingulate cortex (ie, PCC, ACC) FC Carhart-Harris et al57

(2017)

Resting state

Increased vmPFC to bilateral inferior-lateral parietal cortex FC Carhart-Harris et al57

(2017)

Resting state

Decreased medial and lateral PFC to PH FC Carhart-Harris et al57

(2017)

Resting state

Increased vmPFC to left occipital and parietal lobe FC Mertens et al58 (2020) Task-based

Increased FC between the vmPFC to right angular gyrus, right lateral occipital

cortex, and other visual areas in the right hemisphere

Mertens et al58 (2020) Task-based

Increased FC between the amygdala and vmPFC to occipital-parietal cortices Mertens et al58 (2020) Task-based

Decreased vmPFC to right amygdala FC Mertens et al58 (2020) Task-based

Increased FC between the amygdala and visual areas (ie, intracalcarine and

supracalcarine cortex, cuneus, precuneus and right lateral occipital cortex)

Mertens et al58 (2020) Task-based

Increased dFC between the ACC and PCC Doss et al60 (2021) Resting state

Significant Reduction Daws et al61 (2022)

Open-label trial
Resting state

Significant Reduction Daws et al61 (2022) RCT Resting state

Changes in CBF (PWI)
Decreased CBF within the amygdala Carhart-Harris et al57

(2017)

Resting state

Decreased CBF within the temporal lobe Carhart-Harris et al57

(2017)

Resting state

Magnetic Resonance Spectroscopy (MRS)
Decreased glutamate and NAA in the ACC Doss et al60 (2021) Resting state

Ayahuasca
99mTc-ECD SPECT imaging
Increased activation in the limbic regions (ie, the left NAcc, right insula, and left

subgenual area)

Sanches et al62 (2016) Resting state

Abbreviations: ACC = anterior cingulate cortex, CBF = cerebral blood flow, dFC = dynamics of functional connectivity, DMN = default mode network,

EN = executive network, FC = functional connectivity, NAcc = nucleus accumbens, PCC = posterior cingulate cortex, PFC = prefrontal cortex, PH =
parahippocampus, PWI = perfusion-weighted imaging, vmPFC = ventromedial prefrontal cortex, RCT = Randomized Control Trial, SN = salience network.

16 Chronic Stress



activity in the right amygdala during exposure to fearful
faces. Moreover, in a meta-analysis88 exploring emotional
face processing in healthy subjects, the amygdala and
middle temporal gyrus were among the key regions found
to be significantly activated while processing emotional
stimuli. Therefore, it remains unclear whether the observed
alterations in brain activity in Roseman et al58 (2018) result
from the unique effects of psilocybin or due to the processing
of emotional stimuli.

Furthermore, the conference abstract61,62 noted greater
ALFF in the bilateral superior temporal cortex during
music listening. However, a recent meta-analysis89

reported activation in the bilateral superior temporal
gyrus during music perception in healthy subjects.
Consequently, it remains unclear whether the increased
ALFF in the bilateral superior temporal cortex in Wall
et al61,62 (2021) results from psilocybin intake or is due
to the neural mechanisms of music perception. Future
research should take task-based paradigms into account
and introduce control groups to determine the isolated
effects of psilocybin on neural activity.

Ayahuasca. A single SPECT study59 investigated the effects
of ayahuasca in patients with recurrent depression.
Ayahuasca was associated with increased activity in the
limbic regions, including the left NAcc, right insula, and
left subgenual area. Though no specific neural correlates of
psychedelic effects were reported, the authors did note that
ayahuasca intake led to increases in psychoactivity and
reductions in depressive symptoms.

Previous research has highlighted the involvement of
the limbic system in the neural mechanisms behind antide-
pressant response. For instance, increased insula activity
in response to emotional stimuli following antidepressant
treatment has been correlated with clinical improvements
in MDD patients.90 Moreover, clinical improvements in
depressive symptoms following fluoxetine treatment
have been associated with decreased glucose metabolism
in the limbic areas, particularly in the subgenual area, hip-
pocampus, insula, and pallidum.91 Therefore, changes in
the limbic system activity may offer valuable insight into
the neural correlates of treatment response following
ayahuasca.

Furthermore, clinical trials in healthy controls have
highlighted ayahuasca’s activity in the limbic region.
Specifically, the amygdala92 and parahippocampus92,93

have also shown increased activity under ayahuasca.
Another clinical trial94 involving healthy participants
reported increased ACC to SN connectivity, decreased
PCC to DMN connectivity, and increased SN to DMN con-
nectivity following a single session of ayahuasca. In the
same trial,94 increases in FC between the SN and DMN
were significantly associated with negative affect scores.
Considering the role of the limbic system in emotion reg-
ulation, ayahuasca-induced activity changes within this

region may, therefore, explain clinical improvements in
depressive symptoms among MDD patients.

Registered Clinical Trials
Five registered clinical trials provide insight into the chang-
ing landscape of psychedelic neuroimaging studies in
MDD. While four clinical trials64–67 are investigating the
neural effects of psilocybin (80%), one trial68 (20%) is
exploring the neural effects of LSD-assisted psychotherapy.
Given the shortage of research investigating LSD for the
treatment of MDD, this trial is especially important as it
may increase our understanding on the unique effects of
certain psychedelics on brain activity. Neuroimaging
research in healthy volunteers has shown that LSD reduces
FC of the anterior mPFC and globally alters dynamic FC.95

Moreover, LSD-induced decreases in FC between the para-
hippocampus and retrosplenial cortex have been associated
with self-reports of mystical experiences, such as ‘ego-
dissolution’ and ‘altered meaning.’96

However, neuroimaging research exploring LSD for
depression is lacking. For this reason, the single, upcoming
LSD trial68 can provide valuable insight into the neural
mechanisms of LSD in the context of depression.
Moreover, this is the only trial to use psychedelic-assisted
psychotherapy. Published studies have shown variable
methods when using psychedelic-assisted psychotherapy,
however, it is important to examine this aspect as well.
Comparing interventional methods while investigating neu-
roimaging correlates and psychedelic efficacy can contribute
to the evidence supporting one treatment regimen over
another.

Furthermore, all but one67 clinical trials investigating psi-
locybin have estimated sample sizes of 30 or more. This pro-
vides researchers with more accurate and reliable data that
may be used to refine sample size estimates for future
large-scale psychedelics trials for MDD. Overall, unpub-
lished clinical trials offer insight into the neural interactions
of psychedelics in MDD patients and how their clinical
effects are achieved.

Strengths, Limitations, and Future Directions
A strength of this systematic review is the inclusion of both
published and registered clinical trials to provide a more real-
istic representation of the existing state of research.
Moreover, three databases (MEDLINE, Embase, APA
PsycINFO), one clinical registry (Clinicaltrials.gov), and
one grey literature database (OpenGrey) were searched to
gather as much relevant literature as possible.

The main limitation of the current research landscape is
the low number of published studies exploring the neuroim-
aging correlates of psychedelic treatment response in MDD
patients, given the relatively recent emerging interest in this
area of research. A new systematic review97 reported the
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use of oral psilocybin as a well-tolerated and efficacious
treatment for psychiatric conditions such as depression,
anxiety, and substance use disorders. Therefore, though the
current scope of psychedelic efficacy trials supports their
use, mechanistic neural studies exploring psychedelic activ-
ity remain scarce. In a rigorous methodological review of
psychedelic clinical trials, Aday et al98 (2022) emphasize
the importance of including objective and reliable biomarker
measures, including predictive biomarkers and surrogate
endpoints, in the design of future trials to reduce bias associ-
ated with self-report and clinician-administered assessments
of clinical outcomes. Including an fMRI component in the
design of future psychedelics trials represents one of the
avenues for this emerging field of research to delineate plau-
sible neural mechanisms that could predict or explain the
action of psychedelics in MDD. Efforts should be made to
standardize this fMRI component as more trials enter the psy-
chedelic neuroimaging space – acquisition sequences and
data analysis scripts should be shared across labs, new data
analysis models should be tested against previously reported
models, and hypotheses should be based on previously
reported neuroimaging findings, including the neural signa-
tures identified in this systematic review, in attempts to rep-
licate them with independent data.44

A secondary key limitation of this review, related to the
main limitation, is the small sample sizes used in all the
included studies and the identical cohort of subjects
employed in Carhart Harris et al57 (2017), Roseman et al58

(2018), Mertens et al56 (2020) and Wall et al61,62 (2021).
In addition, several studies did not include control groups.
Future research should aim to increase study sample sizes
and allocate sizeable participants to both control and experi-
mental study groups to increase the validity and strength of
the findings and minimize confounding effects. A review
by Aday et al98 (2022) emphasized the importance of
having control groups in psychedelic research. Particularly,
there is a need for active control groups in psychedelic
research, such as a placebo that mimics some of the effects
of psychedelics, to exclude treatment-nonspecific factors as
one of the sources of treatment outcome differences. This
also applies to neuroimaging studies of psychedelics for
MDD - for example, most of the studies included in our
review were open-label, resulting in a heightened risk of
treatment-nonspecific effects on corresponding clinical out-
comes, such as the Hawthorne effect,99 whereby MDD
patients may have unconsciously changed their behaviour
in response to being observed by research personnel.

In the field of neuroimaging, treatment-nonspecific effects
associated with the administration of psychedelics remain
unknown in relation to how they affect fMRI metrics in par-
ticipants with MDD. Therefore, in line with the general rec-
ommendations to improve the ability to discern the
treatment-specific effects of psychedelics,98 fMRI studies
should aim to identify neural characteristics associated with
treatment-nonspecific effects, such as placebo and nocebo

response, as well as with a single versus repeated administra-
tion of psychedelics. From the study design perspective,
future trials will also benefit from introducing control
groups, including active comparator, to identify the impact
of treatment-nonspecific effects on clinical and neuroimaging
outcomes.

Another limitation of our review concerns the fact that all
included studies conducted neuroimaging scans at baseline
and shortly after treatment, thereby concealing the long-term
impact of psychedelics on neural activity. Future research
should aim to corroborate the literature’s current findings
by conducting clinical trials investigating the neuroimaging
correlates of antidepressant response following psychedelic
treatments at multiple time points post-treatment and
during follow-up to assess the sustainability of treatment
effects at the neural level. Moreover, as evidenced by this
review, psilocybin and ayahuasca are currently the only psy-
chedelics that have been explored in the context of MDD.
Therefore, studies are yet to investigate other psychedelic
treatments, such as DMT and LSD, in MDD patients.

Another significant limitation of the included psilocybin
studies is the variation in study design concerning the use
of either task-based, task-free, or music listening neuroimag-
ing scans, as well as the presence or absence of
psychedelic-assisted psychotherapy. While resting-state
studies may naturalistically provide insight into the brain
functions associated with the experience of being treated
with psychedelics, potential for the use of task-based fMRI
has also been demonstrated.44 It is, therefore, difficult to
equally weigh and compare the findings across the studies
bearing that methodological variability in scan and treatment
protocols may potentially confound neuroimaging results. A
review by McCulloch et al44 (2022) highlighted this method-
ological heterogeneity within psychedelic literature, as the
field is still in its nascent stages. For instance, eyes-closed
and eyes-open resting-state fMRI metrics have both been
employed across psychedelic neuroimaging studies.44

While it is suggested that scans are acquired with the eyes
closed due to visual alterations and associated changes in
brain dynamics produced by psychedelics, this underscores
the need for more research to determine which procedures
work best44 by replicating the designs of the included psilo-
cybin studies. This will help determine if these conflicting
study methodologies do, in fact, significantly impact neuro-
imaging outcomes.

Conclusion
Psychedelic interventions appear to have potential clinical
benefits for patients with MDD and TRD as fast-acting alter-
natives to first-line antidepressants. The findings of the
present review indicate that the DMN— particularly, the
amygdala and mid-prefrontal regions (i.e., mPFC, vmPFC)
—may offer a preliminary foundation for hypothesis genera-
tion and theory interrogation for future research aiming to
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investigate the underlying neural mechanisms of antidepres-
sant response following psilocybin treatment. Although these
mechanisms are not clearly understood, the evidence sug-
gests that these brain regions and associated ICNs may be
involved in mediating antidepressant response, although
this evidence is based only on four datasets with extremely
different methods. Psilocybin also appears to target multiple
other brain regions within the temporal lobe, DMN (ie, ACC
and PCC) and visual areas, though there is no evidence to
date to suggest that these correlates can be used to predict
antidepressant response following psilocybin treatment.
Moreover, ayahuasca may mediate its therapeutic effects by
increasing activity in the limbic regions, though this assump-
tion is constrained to the findings of a single clinical trial.59

Several ongoing, registered clinical trials plan to further
investigate the neuroimaging correlates of psychedelics,
such as psilocybin and LSD, in MDD patients specifically.
Importantly, incorporating neuroimaging modalities in psy-
chedelic interventions could enhance this developing area
of research by providing insight into the neural mechanisms
underlying psychedelic treatment efficacy in MDD, although
standardization across neuroimaging acquisition parameters
and data analysis pipelines is critically needed. Importantly,
the neural signatures identified in this review represent
early observations. Further research and integration among
datasets are required to replicate these observations and
draw more definitive conclusions regarding the effect of psy-
chedelics on the brain in patients with MDD.
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