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This Academic Highlights section of The Journal of Clinical 
Psychiatry presents the highlights of the Southwest Forum on 
Difficult to Treat Depression: Focus on Approach, Algorithms, 
and Access, which was held July 11–12, 2024, in Phoenix, 
Arizona.
The forum was chaired by Jordan F. Karp, MD, Department 
of Psychiatry, College of Medicine, University of Arizona, 
Tucson. The faculty were Roberta D. Brinton, PhD, Center 
for Innovation in Brain Science, University of Arizona, Tucson, 
Arizona; Jay C. Fournier, PhD, Department of Psychiatry and 
Behavioral Health, The Ohio State University, Columbus, Ohio; 
Lisa Harding, MD, Yale University School of Medicine, New 
Haven, Connecticut, and Depression MD, Milford, Connecticut; 
Manish K. Jha, MD, Department of Psychiatry and Center for 
Depression Research and Clinical Care, University of Texas 
Southwestern Medical Center, Dallas, Texas; Eric J. Lenze, MD, 
Department of Psychiatry, Washington University, St. Louis, 
Missouri; Sanjay J. Mathew, MD, Menninger Department 
of Psychiatry and Behavioral Sciences, Baylor College of 
Medicine, Houston, Texas; Samantha Meltzer-Brody, 
MD, MPH, Department of Psychiatry, School of Medicine, 
University of North Carolina at Chapel Hill; David C. Mohr, 
PhD, Department of Preventive Medicine and the Center for 
Behavioral Intervention Technologies, Northwestern University 
Feinberg School of Medicine, Chicago, Illinois; Patricio Riva-
Posse, MD, Department of Psychiatry, Emory University, 
Atlanta, Georgia; Ilse Wiechers, MD, MPP, MHS, Office of 
Mental Health, Veterans Health Administration, Washington, 
DC, and Department of Psychiatry and Behavioral Sciences, 
San Francisco School of Medicine, University of California, San 
Francisco, California; and Nolan R. Williams, MD, Department 
of Psychiatry, Stanford University, Palo Alto, California.
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The pandemic refocused interest on the burden of depression 
across the lifespan; the increased efforts to prevent and 
treat depression are now a priority of health care systems, 

insurers, patient advocates, digital therapeutic engineers, 
telemedicine platforms, and community health agencies. However, 
the challenges of treating depression to remission in adult 
patients who do not respond to first, second, or third levels of 
oral pharmacotherapy remain. The increased prevalence of these 
conditions is at odds with the shrinking psychiatric workforce.

Since addressing difficult to treat depression is situated 
in a rapidly evolving treatment landscape, The University of 
Arizona College of Medicine – Tucson Department of Psychiatry 
organized and hosted the Southwest Forum on Difficult 
to Treat Depression: Focus on Approach, Algorithms, and 
Access in July 2024. The Forum convened 11 internationally 
renowned experts in the science and treatment of depression, 
in particular difficult to treat depression, for a day of teaching 
and discussion. Based on their expertise, participants were 
asked to address one of the following three themes: 

1. Novel Mechanism Approaches for 
Difficult to Treat Depression

2. What Do I Do Next? Evidence-Informed 
Algorithms to Get Patients Better Faster

3. Access: Providing Comprehensive Depression 
Care Across the Spectrum of Clinical Severity

Made possible by unrestricted support by J&J Innovative 
Medicine Neuroscience, the Forum’s mission is to disseminate 
knowledge about this disease state through this Academic 
Highlights article and in-depth videos with 6 of the experts. 
These “Insights” videos are available at Psychiatrist.com. 

The authors hope that after learning from this Academic 
Highlights and reviewing the linked interviews with the 
experts, readers will (1) feel more confident in their care of 
patients with difficult to treat depression; (2) consider the 
most strategic, cost-effective, and clinically useful sequencing 
of interventional treatments, and (3) consider issues of 
social justice, medical complexity, and emerging biomarkers 
as they implement novel mechanism medications and 
brain stimulation treatments in patient and family-focused 
approaches to the care of difficult to treat depression.
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Table 1. 
Comparison of Psychiatric Intervention Treatment Modalities and Access to Care in the USa

Esketamine Ketamine ECT TMS Brexanolone
FDA Approval + + + + +

Used by Experts in Psychiatry Safely + + + + +

Psychiatric Indications MDD & MDSI OFF LABEL Major depressive disorder 
(unipolar and bipolar), 
catatonia, NMS, acute suicidal 
ideation in pregnancy

Treatment resistant: major 
depressive disorder and 
obsessive-compulsive disorder, 
smoking cessation, migraine 
with aura

PPD
Administered continuously by 
intravenous infusion (into the 
vein) over 2.5 days (60 hours)

Cost (of drug) + – Anesthesia + + +

Cost of Delivery to Patient – + + –/+ (Indication dependent) +

Covered by Insurance + – + –/+ (Indication dependent) ?

Robust Safety Data for Psychiatric 
Indications

+ – + + +

aPatient costs may vary.
Abbreviations: ECT = electroconvulsive therapy, MDD = major depressive disorder, MSDI = major depressive disorder with suicidal ideation or behavior, 

NMS = neuroleptic malignant syndrome, PPD = postpartum depression, TMS = transcranial magnetic stimulation.
Symbols: + = yes/more, – = no/less.

ADVANCED TREATMENTS, LIMITED 
REACH: Considering Access and Social 
Justice in Interventional Psychiatry

Lisa Harding, MD

Nearly 1 in 5 adults in the US experience mental 
illness at some moment in their life. Major depressive 
disorder (MDD) continues to be one of the most significant 
health challenges globally and impacts nearly 9% of 
the US population at some time in their life.1 In the 
US, the estimated 12-month prevalence of medication-
treated MDD is 8.9 million adults, with 2.8 million 
experiencing treatment-resistant depression (TRD). The 
overall annual economic burden of medication-treated 
MDD is approximately $92.7 billion, with $43.8 billion 
linked explicitly to TRD. These findings underscore the 
disproportionate healthcare costs and unemployment 
associated with TRD, indicating substantial economic and 
societal benefits from effective management strategies.2 

Effective treatments reduce symptoms, healthcare 
utilization, and associated costs, but approximately 
50% of those with MDD do not respond to their initial 
antidepressant treatment.1 A considerable number of 
these patients fail to benefit from subsequent treatment 
options, ultimately developing TRD. Although there is no 
universally accepted TRD definition, it is frequently defined 
as MDD that has not responded to at least 2 different 
antidepressants of adequate dose and duration.1 The 
Sequenced Treatment Alternatives to Relieve Depression 
(STAR-D) clinical trial taught us that switching between 
medication classes does not yield significant benefits, with 
one-third of patients continuing to not respond.3 With 
the emergence of new treatments with novel mechanisms 
and rapid onset of action, critical analysis of emerging 
science, safety, and limitations is necessary as these 
interventions are brought from the lab to the clinic.

With the advance of brain stimulation treatments and 
novel-mechanism medications, ensuring equitable access 
to these interventions is essential to uphold medical and 
social justice. However, accessing mental health treatments 
remains particularly challenging for marginalized groups, 
including minoritized, low-income, and immigrant 
communities.4 Common barriers to mental health care 
include stigma, lack of available and evidence-based 
services, and inability to afford services. Ensuring access 
to care involves providing all communities with timely 
access to appropriate services. Access to care is the ability 
to obtain necessary, affordable, convenient, acceptable, 
and effective health services promptly, including access 
to qualified, culturally competent providers providing 
screening, prevention, and treatment. To meet these 
criteria of equitable access, each intervention must meet 
all of these criteria when addressing access to care. This 
is especially pertinent for interventional treatments 
for MDD, such as transcranial magnetic stimulation 
(TMS), esketamine, electroconvulsive therapy (ECT), 
intravenous ketamine, and brexanolone, particularly 
in relation to indications, medication costs, delivery 
expenses, and insurance coverage. Table 1 lists the 
psychiatric indications, cost of drug, cost of delivery, 
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insurance coverage status, and safety data that are part 
of the calculus of access and equity in treatment. 

Health insurance coverage and formularies play a 
significant role in determining accessibility of various 
treatments, especially those treatments which require 
prior authorizations. Accessing off-label treatments, 
such as intravenous, intramuscular, and sublingual 
ketamine, or brain stimulation treatments that are not 
approved by insurers, presents particular challenges for 
patients with limited resources. Most insurance carriers, 
including Medicare and Medicaid, tend to favor coverage 
of oral medications over procedural interventions, and 
every insurer requires prior authorizations for these 
interventional approaches, mandating the documented 
failure of alternative, less expensive treatments before 
granting approval. Additionally, insurers often adhere to 
outdated guidelines, such as the American Psychiatric 
Association’s depression guidelines, which have not 
been updated since 2015.5 This reliance on antiquated 
protocols further restricts access to newer, potentially 
more effective treatment options. Consequently, in our 
shared mission to advance personalized psychiatry and 
promote medical justice, a thorough understanding 
of healthcare affordability, effectiveness, and quality 
is crucial for recognizing both the opportunities and 
barriers to achieving equitable access to care.

BUILDING THE BRIDGE BETWEEN 
PRIMARY CARE AND INTERVENTIONAL 
PSYCHIATRY: The Roles for Patient 
Navigators and Measurement Based Care

Manish K. Jha, MD

The STAR*D study enrolled more than 4,000 
participants, approximately 40% of whom were treated 
in primary care settings and 60% in psychiatric clinics. 
A key finding of STAR*D remains that the time it took 
for individuals to achieve remission was similar whether 
they received care in primary care or psychiatric settings. 
This teaches us that various strategies can be employed 
to manage depression effectively within primary care.6

Less than 20% of patients suffering from TRD achieve 
remission through the use of standard antidepressants 
or their combinations. One study revealed that 60% of 
individuals with TRD were initially prescribed selective 
serotonin reuptake inhibitors (SSRIs). Mirtazapine 
and bupropion emerged as the most frequently utilized 
medications for TRD, followed by escitalopram and 
venlafaxine. The median duration from the onset of the 
MDD episode until the index data for TRD was recorded 
was 552 days. Furthermore, the intervals between the 
first and second treatments and the second and third 
treatments were 165 days and 197 days, respectively.7 

Approximately one-third of antidepressant 
prescriptions may be deemed inappropriate, primarily 

due to off-label usage or the lack of strong scientific 
evidence for such prescriptions. 8 To achieve improved 
outcomes, it is essential to enhance the recognition 
of depression, ensure accurate diagnoses, and select 
suitable medications with appropriate dosages alongside 
sustained treatment that aligns with evidence-based 
guidelines. The limited availability of behavioral health 
resources has prompted the creation of various models 
that facilitate depression screening and subsequent care 
within primary care environments. By identifying and 
effectively managing clinical depression in these settings, 
both access to and the quality of behavioral healthcare 
can be enhanced, particularly for minority, low-income, 
and uninsured populations.8 This methodical approach 
can minimize clinical inertia and hasten the referral to 
interventional psychiatry programs for those patients 
who are not getting well with less intensive treatments.

One study examined treatment approaches and 
outcomes for outpatients suffering from depression who 
were treated in primary care settings compared to those 
in specialty care, utilizing citalopram treatment data from 
the STAR*D study.9 Participants received 5 recommended 
treatment visits, standardized pharmacotherapy according 
to a proscribed algorithm, and continuous support 
and guidance from a clinical research coordinator. 
Treatment was delivered using a measurement-based care 
(MBC) approach that included structured assessments 
of (1) depressive symptoms, (2) side effects, and (3) 
adherence at each appointment (with contingency clinical 
recommendations based on cutoff scores) and a centralized 
system for treatment monitoring and feedback. The 
findings of this analysis indicated that when identical 
approaches to treatment that followed the principles of 
MBC were administered, the remission and response rates 
were equivalent in primary and specialty care settings.9 

Reviewing the remission rates in the STAR*D 
trial, 24% of patients attained remission after a single 
treatment, and 41% achieved remission after 2 treatments. 
The remaining 60% of patients either did not achieve 
remission or relapsed as soon as they remitted. Of those 
who did not achieve sustained remission, 90% were 
diagnosed with TRD.9 Given that TRD may require 
alternative interventional psychiatry treatments such 
as ECT, IV ketamine, intranasal esketamine, and TMS, 
access to these specialty-clinic and hospital-based 
treatments creates additional challenges for primary care 
providers. Deciding which interventional approach to try 
requires an individualized approach based on patients’ 
priorities, risk factors, treatment history, and practical 
issues such as transportation and insurance status.

The implementation of screening tools for mental 
illness in primary care can be traced back to the 1970s. 
However, research utilizing these screening instruments 
in primary care has yielded inconsistent findings, with 
some evidence indicating that the advantages of diagnosis 
do not necessarily translate into enhanced outcome 
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Missing Link

Patient Navigator for TRD

Primary Care Interventional Psychiatry

• Transcranial magnetic 
stimulation

• Intranasal esketamine
• Electroconvulsive therapy
• Others like o�-label 

IV ketamine

• Universal screening for 
depression

• Initial course (or 2) of 
antidepressants

• Prompt identification of 
TRD with Measurement 
Based Care (MBC)

Figure 1. 
Proposed Role for Patient Navigators in the Management of Treatment-Resistant Depression

Abbreviations: IV=intravenous, TRD=treatment-resistant depression.

measures. In the 1990s, initiatives aimed at quality 
improvement emerged, concentrating on formulating 
treatment guidelines for primary care physicians. These 
guidelines encompassed medication protocols and 
psychotherapy suggestions. Nevertheless, the mere 
distribution of these practice guidelines to physicians did 
not result in universal enhancement of quality of care 
or improved patient outcomes. In response to relatively 
poor uptake of these clinical practice guidelines and 
to improve primary care provider clinical capacity and 
confidence, extensive efforts have been made in educating 
and training providers in the diagnosis and management 
of mental health disorders to improve patient outcomes.10

An alternative, and perhaps more efficient, approach 
to enhancing the delivery of mental health services within 
primary care involves augmenting the management 
of depression and anxiety by specialists. This can be 
achieved by increasing referrals to external resources 
or integrating mental health specialists within primary 
care facilities. 11 Co-located care is characterized by two 
providers operating “in parallel under the same roof.” 
Collaborative care represents a multifaceted, healthcare 
system-level intervention that employs care managers 
to connect primary care providers, patients, and mental 
health specialists. This model aims to enhance routine 
screening and diagnosis of depressive disorders, promote 
evidence-based protocols for proactively managing 
diagnosed conditions, and bolster clinical and community 
support for active patient involvement in treatment 
goal-setting and self-management. Systematic review of 
randomized controlled trials has shown that collaborative 
care is superior to usual care in improvement of 
depression.12 However, efforts to implement collaborative 
care models in real-world clinical settings have been 
inconsistent. For example, a large study that implemented 
a collaborative care model in 75 primary care clinics 
found no significant difference in remission rates between 
clinics providing usual care versus those that utilized 

collaborative care.13 Although primary care providers 
may be able to provide appropriate care for the majority 
of patients with depression, especially those with mild 
to moderate severity, adopting methods to ensure that 
primary care providers can rapidly connect patients who 
require higher levels of care to interventional clinics 
when needed is essential. Patient navigators for TRD 
that implement an MBC approach may be the missing 
link to facilitate the seamless (and earlier) integration 
of interventional psychiatry approaches in the longer-
term care of patients with TRD; see Figure 1.

OPTIMIZING RECOVERY ACROSS THE 
SPECTRUM OF DISEASE SEVERITY VIA 
COMPREHENSIVE CARE PATHWAYS FOR 
DEPRESSION: Learning From the OSU 
Depression Recovery Center

Jay C. Fournier, PhD

Nationally, only a third of patients with diagnosed 
mental health conditions see a mental health specialist,93 
and in a recent simulated patient study, researchers 
found that they could schedule a new patient visit with 
fewer than 30% of psychiatrists in a major insurance 
carrier’s database, with an average wait time for a first 
appointments of 25 days.94  The Ohio State University 
(OSU), with funding from the state’s Department of 
Medicaid, set out to reorganize and reconceptualize 
care pathways for depression in patients across the 
entirety of the outpatient severity spectrum. The 
OSU team developed their services at the Depression 
Recovery Center to achieve 3 goals: increase access to 
care, achieve response and remission more efficiently, 
and increase the sustained remission rate. 

To re-conceptualize the care pathways for depression, 
the OSU team first described the standard pathway in 
which patients received standard first-line treatments 
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with medication management, psychotherapy, or a 
combination. When patients did not respond to first-
line treatments, interventional options, such as TMS, 
ketamine infusion, or ECT, were initiated. The OSU 
team reorganized the care pathway by breaking the acute 
treatment phase into 3 pathways: mild to moderate, 
moderate to severe, and TRD. A short-term relapse 
prevention intervention was added to increase the rate of 
sustained remission following acute treatment (Figure 2). 

In the new pathway, treatment for mild to moderate 
depression includes behavioral activation, delivered in a 
group format. This recommendation is based on evidence 
from decades of placebo-controlled trials showing little-
to-no specific benefit from active treatments compared to 
placebo for patients in this range.14 Comparatively, a recent 
meta-analysis suggested that group behavioral activation 
showed better results than waitlist and treatment as 
usual and equivalent results to other active treatments.15 
Therefore, the most appropriate treatment for these 
patients is triaging them away from resource-intensive 
treatments and instead providing a group-based, time-
limited, effective treatment with relatively few side effects. 

Individualized medication management and 
psychotherapy are reserved for patients with moderate 
to severe depression. A meta-analysis comparing all 
head-to-head trials of standalone cognitive behavioral 
therapy (CBT) versus standalone medications revealed 
no difference in efficacy between CBT and medication.16  
It also observed that the equivalency between CBT 
and medication is maintained across the severity 
spectrum. 16 Therefore, medication treatment and CBT, 
both individually and in combination, are utilized 
for patients with moderate-to-severe depression. 

Treatment of TRD was reorganized to start with a 
comprehensive re-assessment including psychodiagnostic, 
treatment history, personality, trauma history, functioning, 
cognitive ability, and medical evaluations. Once the 
comprehensive assessment is performed, psychologists and 
psychiatrists evaluate the results and make a consensus 
diagnosis and treatment recommendations. Treatment 
approaches include interventional therapies, like TMS, 
ketamine, ECT, and psychotherapy. There is growing 
evidence that CBT shows benefits in the TRD population. 
Three studies have examined CBT for TRD, demonstrating 

that adding CBT increased remission rates 6 months 
later.17-19 Two of those studies followed patients for 12 
months and found that the effect of CBT was maintained 
over 12 months.17,19 Several new psychotherapies, such 
as Augmented Depression Therapy (ADepT), specifically 
focus on patients with more chronic, anhedonic depression 
to help them increase positive affect, functional recovery, 
and well-being. A pilot study comparing CBT and ADepT 
in patients with TRD suggested that ADepT was at least as 
good as CBT at reducing depression and offered patients a 
50% chance of increasing well-being more than did CBT.20 

The addition of a targeted relapse prevention 
intervention as a final pathway out of the OSU 
Depression Recovery Center is important because 
depression tends to be a relapsing disorder. Group-
delivered mindfulness-based cognitive therapy (MBCT) 
is recommended for relapse prevention. A recent meta-
analysis showed that MBCT at the end of treatment 
does have a relapse prevention effect compared both 
to no MBCT and to other active treatment options.21

The OSU Depression Recovery Center is an example 
of the strategic use of evidence-based resources to 
improve depression care and perhaps is feasible only 
because (1) of the investment by the Ohio Medicaid 
program and (2) they are part of a relatively well-
resourced tertiary care academic medical center. While 
this aspirational and comprehensive approach may not 
be feasible for many clinics and hospitals, especially 
in developing countries, it is a model from which 
payors, patient advocates, and providers may choose to 
implement certain components, as they strive to meet 
the depression care needs of their communities.

WHEN ALL ELSE FAILS TO PROVIDE 
RELIEF: The Case for Surgical 
Neuromodulation Options in 
Treatment-Resistant Depression

Patricio Riva-Posse, MD

Patients with TRD have higher rates of relapse, with 
65% of patients relapsing within 3.1 months after 2 
failed trials and 71% of patients relapsing within 3.3 
months after 3 failed treatment trials.3 Following high-
quality diagnostic assessments and failing first-line 
therapy, patients are directed toward various therapeutic 
alternatives, encompassing pharmacological suggestions, 
psychotherapeutic approaches, repetitive transcranial 
magnetic stimulation (rTMS), ECT, ketamine or 
esketamine therapies, and surgical neuromodulation. 
Because of 2 negative multisite trials (terminated 
for futility but with a number of methodological 
problems),23 stigma, safety, very limited access, and 
lack of training in the ongoing care of patients with 
neuromodulation systems for depression, there persists 
a reluctance to pursue surgical neuromodulation, with 
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Mild to Moderate15

• Group-Based
Behavioral Activation

Moderate to Severe16

• Medications
• Cognitive Behavioral Therapy

Treatment Resistant Depression22

• Comprehensive Assessment 
• Treatments: 

• TMS
• Ketamine/Esketamine
• ECT
• Recovery Focused 

Psychotherapy (ADepT)

Relapse Prevention21

• Mindfulness-Based
Cognitive Therapy

Figure 2. 
Depression Recovery Center Pathways of Carea

aBased on Weitz et al,16 Simmonds-Buckley et al,15 McAllister-Williams et al,22 and Kuyken et al. 21

a preference to explore all other available options 
beforehand. Despite these challenges, deep brain 
neuromodulation and computer-brain technologies 
may offer hope for some patients with TRD.

In 2005, inspired by neuroimaging findings that 
showed increased metabolism in the subcallosal cingulate 
in depressed mood induction experiments as well as 
reduction in that metabolism with successful treatments, 
an initial trial of deep brain stimulation (DBS) implanted 
leads in that region in 6 patients. Stimulation of white 
matter tracts adjacent to the subgenual cingulate gyrus 
was associated with a striking and sustained remission 
of depression in 4 of 6 patients.24 Since then, DBS has 
been tested in different targets (eg, ventral capsule/
ventral striatum or anterior limb of the internal capsule, 
nucleus accumbens, medial forebrain bundle, inferior 
thalamic peduncle) that reached clinical trials but 
have not yet provided solid evidence. DBS has been 
approved by the FDA for treatment-resistant OCD under 
a Humanitarian Device Exemption, and most data for 
DBS have demonstrated promising long-term data where 
stable response is maintained over several years.25-27 

Vagus nerve stimulation (VNS) uses an electrode 
attached to the vagus nerve and a pulse generator 
implanted in the chest wall. VNS received FDA approval 
for treating depression in 2005 and is indicated for 

the long-term adjunctive treatment of chronic or 
recurrent depression in patients 18 years and older who 
are experiencing major depressive episodes and have 
not responded adequately to 4 or more appropriate 
antidepressant therapies. While the initial pivotal trial 
demonstrated a response rate of nearly 30%,28 the 
subsequent study noted a more modest response rate. 
These inconsistent results led to the Centers for Medicare 
and Medicaid Services revoking coverage for the procedure.

A 5-year observational study of patients with VNS 
compared with treatment as usual (TAU) showed VNS had 
better clinical outcomes than TAU, including a significantly 
higher 5-year cumulative response rate (67.6% compared 
with 40.9%) and a significantly higher remission rate (first-
time remitters, 43.3% compared with 25.7%). VNS does 
not work acutely but over a period of time, and it is the 
stability that allows patients to regain their quality of life.29 

RECOVER is a large, sham-controlled, randomized 
trial to evaluate the efficacy of adjunctive treatment with 
surgically implanted VNS therapy in improving depressive 
symptoms and health outcomes. Inclusion in RECOVER 
requires failure of 4 or more adequate antidepressant 
trials in the patient’s current major depressive episode. 
Patients included in the trial (n=493) had a mean 
duration of a current major depressive episode of 17.8 
years, and 70.8% had received previous interventional 
psychiatric treatment, including TMS, ECT, ketamine, 
or combinations.30 Although results have not yet been 
published, a recent press release from the study sponsor 
informed that the primary endpoint concerning the 
duration of response between active VNS and sham VNS 
was not achieved. The press release described, however, 
that a number of secondary endpoints were clinically 
significant.92 Medicare will evaluate the totality of evidence 
to determine coverage in 2025. Several additional surgical 
options are being investigated for the treatment of TRD, 
including implantable devices that work like TMS. These 
implanted devices carry the potential of being less invasive 
than DBS, invisible, and reversible, and of increasing 
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access to these therapies. These surgical options have the 
potential to enable new paradigms for clinical therapy. 

Surgical interventions for TRD are needed because 
despite the discovery of new treatment approaches, 
whether novel pharmacological options or refinement 
of established treatments, TRD has very high rates of 
recurrence. This makes the case for sustained continuous 
delivery of treatment that other noninvasive techniques (ie, 
TMS or ECT), or intermittent pharmacologic interventions 
(ie, esketamine), cannot provide. During the next couple 
of years, there will be clearer indications whether VNS 
and DBS offer sustained relief for a group of patients who 
continue to have significant symptomatology and reductions 
in their quality of life despite appropriate “noninvasive” care.

MANAGING LATE-LIFE DEPRESSION IN THE 
ERA OF CLINICAL COMPLEXITY

Eric J. Lenze, MD 

The US population curve is shifting to the right, with 
greater numbers living to advanced age. This means 
that the practice of geriatric psychiatry is increasingly 
clinically complex: patients are likely to have co-
occurring neurocognitive disorders (such as Alzheimer’s 
disease); have multiple medical comorbidities such as 
diabetes, cardiovascular disease, and cancer; and take 
numerous medications, including psychotropics and 
other co-prescribed medications (including CNS-active 
medications). These features of clinical complexity mean 
that finding an effective and safe psychiatric treatment 
is more challenging—and more important—than ever. 

Late-life depression (LLD) is a major depressive 
illness in adults aged 60 and above. Approximately 
30% of these patients have treatment-resistant late-
life depression (TRLLD), defined as a major depressive 
episode that persists in spite of 2 or more antidepressant 
trials that are adequate in dose and duration.31 The 
features of clinical complexity described above are 
particularly salient here, as TRLLD is strongly associated 
with multimorbidity, accelerated cognitive decline, and 
biological and functional indicators of accelerated aging.31 

Studies in young or mixed-age adults have looked at 
antidepressant augmentation or switching strategies for 
treatment-resistant depression. Two large randomized 
controlled trials (RCTs) are particularly notable in this 
respect. First, in the VA Augmentation and Switching 
Treatments for Improving Depression Outcomes (VAST-D) 
trial, a large, randomized trial of veterans with treatment-
resistant depression (mean age of 54.4 years), augmentation 
with either aripiprazole or bupropion was slightly more 
effective than a switch to bupropion.32 Second, the STAR*D 
trial reported remission rates of 13% to 14% after multiple 
unsuccessful medication trials.6 These studies included 
few older adults and those who were included tended 
to be younger and less medically ill and complex.

In older adults, there has been a concern that 
augmentation may lead to more adverse effects and 
a greater risk of drug interactions.33 This safety issue 
has led to studies focused on TRLLD. In the first, 
augmentation with aripiprazole was more effective 
than with placebo for reducing depression and suicidal 
ideation in individuals whose depression had failed to 
respond to an adequate trial of venlafaxine XR.34 

In the second, the OPTIMUM trial evaluated the 
advantages and disadvantages of augmentation versus 
switching strategies for TRLLD.35 Remission rates were 
greater among patients who were augmented with 
either aripiprazole or bupropion versus those switched 
to bupropion, yielding rates of 29%, 28%, and 19%, 
respectively. Similarly, improvement in psychological well-
being was greater with augmentation versus switching. 
For those patients who did not exhibit improvement in 
this phase, a second step randomized patients to either 
lithium augmentation or a switch to nortriptyline, resulting 
in remission rates of 19% and 21.5%, respectively. The 
relatively low rates of syndromal remission observed 
in both phases of the trial underscore the difficulties 
associated with treating depression following the failure 
of previous medications.35 In fact, for two of the treatment 
strategies tested—switch to bupropion in the first step 
and lithium augmentation in the second step—less than 
10% of participants both remitted and stayed on the 
randomized strategy (eg, if randomized to bupropion 
switch, they were also still taking only bupropion at an 
adequate dose at the end of the 10-week step). This finding 
suggests that these two treatment strategies in particular 
may be futile for TRLLD. Moreover, the low rates of 
remission after 3 failed trials (including 1 augmentation 
trial) suggest that higher-intensity interventions such 
as TMS, ketamine/esketamine, or ECT may be needed 
(Figure 3). The challenge of personalized medicine 
is to identify those patients earlier in their course of 
treatment to determine who should be offered brain 
stimulation or ketamine. Overall, the OPTIMUM trial 
yielded similar effectiveness findings as the VAST-D and 

Figure 3.
Evidence-Based Care for Depression  
in Older Adults a

SSRI (escitalopram, sertraline preferred)
(chance of remission >50%)95

SNRI (venlafaxine/desvenlafaxine/duloxetine)
(chance of remission 47%)95

Augmentation (aripiprazole preferred)
(chance of remission 29%–44%)34,35

Neuromodulation or esketamine

Further down 
in algorithm 
needs specialty 
psychiatric care.

Evidence-based 
psychotherapy 
fits anywhere in 
this algorithm.

 aData from Lenze et al34,35  and Buchalter et al.95
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STAR*D trials did in younger adults: there is a place for 
augmentation, but also low remission rates after multiple 
failed trials of oral antidepressant pharmacotherapy.

A major question in geriatric psychiatry is whether 
certain treatments have safety issues that are highly 
relevant to older adults, such as increasing the risk for falls. 
The OPTIMUM trial specifically tested safety outcomes 
and did not find that patients in the augmentation 
groups had an overall increased likelihood of adverse 
events than those in the switch groups. However, 
compared to aripiprazole augmentation, the rate of 
falls was higher with bupropion augmentation. Falls 
are a clinically salient outcome in older adults because 
they frequently lead to serious injuries or even death. 

In conclusion, our increasing knowledge about how 
to treat TRLLD is creating a clinical pathway for better 
treatment outcomes. Antidepressant trials including 
augmentation can guide patients to remission using the 
best and safest treatment option. Still, many older adults 
with TRLLD, especially those with cognitive impairment 
and multimorbidity, do not achieve remission with oral 
medications and are thus at high risk for persistent 
suffering, suicide risk, and accelerated cognitive decline. 
These patients need better, and safer, treatment options, 
which should be the focus of emerging research.

EMBRACING TECHNOLOGY: Digital Mental 
Health Treatments for Depression

David C. Mohr, PhD

Digital mental health treatments (DMHTs) use 
commonly available technologies such as smartphones, 
browsers, or virtual reality to provide evidence-based 
psychological strategies to treat common mental health 
conditions, including depression. A large number of 
randomized controlled trials have consistently found 
DMHTs to be effective in treating depression. While 
fully automated DMHTs, delivered without human 
support, result in modest improvements, outcomes are 
significantly stronger when provided with human support 
and are not inferior to outcomes in psychotherapy. 36

Because DMHTs can be accessed at any time, from 
anywhere, they have the potential to overcome many 
access barriers to traditional psychological treatments. 
However, if provided alone, continued use may require 
intrinsic motivation, which is often low for patients with 
anhedonia or depression. Dropout rates in RCTs are 
around 26% but are much higher in real-world use. 37,38 
Thus, the human support from digital care navigators is 
important for many patients to initiate engagement and 
maximize benefit. 39 There is no significant difference 
in outcomes between support provided by trained 
lay coaches and mental health professionals. 40

It is important to distinguish between wellness apps, 
which support lifestyle change but do not require evidence, 

and digital therapeutics, which aim to treat or prevent a 
disease or disorder and are supported by evidence. The 
FDA’s regulatory policy for digital mental health is evolving. 
Currently most mental health apps are considered low-
risk and fall under “discretionary enforcement,” meaning 
review is not required. Many companies nevertheless 
are submitting their DMHTs for FDA approval and 
clearance. As of this writing, the Centers for Medicare 
and Medicaid Services have proposed reimbursement 
codes for DMHT products and human support services. 

DMHTs are beginning to be implemented as cost-
effective frontline treatments for depression in routine 
care. 41,42 As with any treatment for depression, some 
patients will not respond adequately to DMHTs and 
must therefore be integrated into care pathways. 
DMHTs generally collect standardized assessments, 
such as the Patient Health Questionnaire-9 (PHQ-9), 
which can be integrated into electronic medical records 
and patient registries, facilitating care management. 
Thus, DMHTs can support measurement-based care, 
providing symptom assessment at regular intervals, 
revisions to the treatment plan as needed, and, for 
patients whose depression is not improving or is 
getting worse, triaging to higher levels of care. 

Smartphones contain networked sensors, which 
generate and can continuously transmit data that reflect 
human behavior. Many of these behavioral markers 
have consistently been shown to be correlated with 
depression, including features derived from GPS such as 
time spent at home and number of locations visited and 
patterns of communication through text messaging.43

Notably, GPS features have shown a unidirectional 
association, wherein changes in movement patterns 
precede symptom change, while changes in symptoms do 
not lead to alterations in movement behaviors, suggesting 
a causal relationship.44 However, the effect sizes have been 
modest, in part due to the heterogeneity across populations. 
For example, while the amount of time spent at home 
is associated with increased likelihood of depression in 
many populations, the effect is reversed in low-income 
populations.45 Behavioral markers may also vary depending 
on weather, location (eg, urban vs rural, latitude), age, and 
culture. In addition, depression itself is heterogeneous, 
making it a difficult target to estimate. It is possible that 
with larger population-level data that can account for the 
heterogeneity, passive sensing of mental health conditions 
may become viable, reducing the reliance on self-report 
and thereby allowing more timely treatment. However, 
passive sensing can detect well-defined behaviors related 
to depression, such as physical and geographic movement, 
digital communications, digital tool use, and sleep, which 
may be useful in DMHT and psychological treatments. 
Future research with DMHTs should include interventions 
personalized for those with severe and/or chronic 
symptoms of depression and studied in combination with 
brain stimulation and other interventional approaches.
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Figure 4. 
Utilization of Somatic Treatments Among VA 
Patientsa
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ALGORITHMS FOR TRD TREATMENT 
SUCCESS: Lessons from the Veterans 
Health Administration

Ilse Wiechers, MD, MPP, MHS

The Veterans Health Administration and the 
Department of Defense have established and refined 
an algorithm and clinical practice guidelines to 
identify and manage MDD. The initial segment of 
the treatment algorithm, Module A, emphasizes the 
importance of initial assessment and treatment, 
primarily within a primary care environment, and may 
include psychotherapy as monotherapy. Subsequently, 
Module B addresses advanced care management, 
offering treatment alternatives for patients who have 
not responded to adequate treatment trials.46 

The recommendations prioritize engaging in discussions 
with patients and making clinical decisions tailored to 
individual patient characteristics rather than adhering to a 
generalized recommendation. It is essential to comprehend 
the challenges and barriers faced by patients to provide 
optimal treatment options, particularly when considering 
recommendations for ECT, TMS, ketamine infusions, and 
emerging novel-mechanism drugs such as psilocybin.46 

Although the literature describing head-to-head 
comparison of interventions for TRD is sparse, a recent 
study merits note. This project, sponsored by the Patient-
Centered Outcomes Research Institute (PCORI), included 
patients with TRD (without psychosis) who were assigned 
to receive either 3 weeks of ECT (3 times per week) or 
IV ketamine (0.5 mg/kg of body weight 2 times per 
week). Although the study was designed and powered as 
a noninferiority trial to determine if IV ketamine was as 
good as ECT for nonpsychotic TRD, the study observed that 
55.4% of the patients in the ketamine group met criteria 
for response (defined as a decrease of at least 50% from 
baseline in the score on the 16-item Quick Inventory of 
Depressive Symptomatology–Self-Report) compared to 
41.2% of those receiving ECT.47 These results support the 
effectiveness of IV ketamine for these patients, but do 
not address the question of what to do next for patients 
who did not respond to either IV ketamine or ECT. 
Another PCORI-sponsored noninferiority study is currently 
underway to evaluate the effectiveness of racemic ketamine 
versus esketamine in treating depression among individuals 
with TRD. This study will randomize participants in a 
1:1 ratio and monitor them over a 5-year period.48 

The VA recently completed a national survey to 
evaluate the availability of somatic treatments for TRD 
within VA facilities. The emerging patterns over the 
past several years indicate an increase in the use of 
TMS, IV ketamine, and esketamine, contrasted with a 
decline in the use of ECT (see Figure 4). This suggests 
that patients are asking for these treatments, and 
clinicians are selecting them instead of ECT. Durability of 

treatment response, transitions from TMS and ketamine/
esketamine to ECT because of relapse or recurrence, 
and longer-term safety reports are needed to guide 
iterative refinement of the above-described algorithm.

This work to appreciate the increasing use of ketamine 
in VA settings is ongoing. An example is a recently 
published VA study of clinical outcomes associated with IV 
ketamine treatment for depression. This study reviewed 
data from 215 patients, who presented with a mean 
baseline PHQ-9 score of 18.6. These patients had received 
an average of 2 trials of antidepressant medications in the 
preceding year and a total of 6 trials over the 2 decades 
prior to their initial ketamine infusion. These were high-
utilizers of healthcare who were living with moderate to 
severe symptoms: on average, these patients had attended 
39 mental health appointments in the 6 months leading up 
to their first IV ketamine treatment, with 22% requiring 
psychiatric hospitalization. The patients received an 
average of 18 ketamine infusions, with approximately 50% 
demonstrating significant improvement and 26% achieving 
response. Although only a small proportion of patients 
treated with IV ketamine for depression attained response 
or remission, the symptom improvements noted within 
the initial 6 weeks were maintained for at least 6 months, 
accompanied by a reduction in the frequency of infusions.49 
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As the VA is the largest integrated healthcare system 
in North America, with relatively high prevalence of 
neuropsychiatric conditions, the leadership of the VA has 
identified behavioral medicine as a programmatic priority. 
But to do this in the most patient-centered, safe, and 
cost-effective way, more research is required to advance 
treatment algorithms for depression, including TRD, that 
moves beyond evidence-informed to a truly evidence-
based approach to providing depression care for veterans.

EMERGING BIOMARKERS TO ADVANCE 
PRECISION PSYCHIATRY: EEG Gamma 
Oscillations as a Prognostic Marker for 
IV Ketamine in Treatment-Resistant 
Depression

Sanjay J. Mathew, MD

Ketamine has been recognized as an effective 
antidepressant; however, there is considerable 
variability in individual responses to both ketamine 
and esketamine, with most studies indicating response 
rates ranging from 35% to 60%. This variability 
underscores the necessity for a more stratified approach 
in psychiatry to identify patients who are most likely 
to benefit from ketamine infusions. At present, there 
are no established clinical or biological predictors that 
can reliably forecast a patient’s response to ketamine, 
leading to clinical practice that often depends on a 
trial-and-error methodology.51 Previous research has 
suggested several potential predictive markers for 
ketamine response, including the severity of depressive 
symptoms, history of suicide attempts, early onset of 
depression, a chronic and treatment-resistant course 
of the disorder, and the presence of dissociative side 
effects during and after infusion. However, these findings 
have yielded mixed results.52 While neuroimaging 
biomarkers for ketamine response remain elusive, 
three consistent brain-based predictors identified post-
treatment include enhanced functional connectivity 
within the prefrontal cortex, increased activation in 
the striatum (as measured by arterial spin labeling and 
task-based functional magnetic resonance imaging 
[fMRI]), and heightened gamma power measured with 
electroencephalogram (EEG) in frontoparietal regions. 
Furthermore, direct electrophysiological measures, 
such as EEG, provide a noninvasive and cost-effective 
method for assessing brain function compared to 
more complex neuroimaging techniques like fMRI 
and positron emission tomography (PET).52,53 

A commonly accepted theory about how ketamine (an 
NMDA receptor antagonist) treats depression is through 
its inhibition of activity at GABAergic interneurons, 
resulting in the disinhibition of GABA activity and a 
subsequent increase in presynaptic glutamate release. 
The released glutamate interacts with AMPA receptors, 

leading to AMPA receptor potentiation and downstream 
effects on neuroplasticity. This surge in glutamate 
appears to be a crucial pathway for the acute effects of 
ketamine. The inhibition of NMDA receptors results in 
the suppression of GABAergic interneurons, followed by 
the disinhibition associated with the glutamate surge. 
This disinhibition can be observed through increases in 
gamma band power, indicating that gamma serves as a 
marker for the peak plasma concentration of ketamine.54 

The auditory steady-state response is a passive approach 
to assessing gamma potentiation. An auditory click train 
lasting 1,000 milliseconds triggers a response that results 
in a 40-hertz gamma oscillation. Clinical findings have 
consistently shown that a 0.5 mg per kilogram dosage 
of ketamine is optimal. During a 40-minute infusion in 
patients with treatment-resistant depression, monitoring 
electrodes placed in the frontal region revealed a rapid 
and significant increase in frontal gamma potentiation, 
which subsequently normalized over 4 hours.55 

Additional studies suggest that ketamine not only 
increases the amplitude of gamma oscillations but also 
reduces the activity of theta and alpha waves. In the 
prefrontal regions, a decrease in depression severity was 
linked to a reduction in low-frequency neural activity 
alongside an elevation in high-frequency activity.56 A 
new study is exploring the relationship between baseline 
gamma power prior to a course of ketamine treatments 
and the within-subject effects of ketamine on gamma 
compared to saline infusions. Low baseline gamma 
levels may indicate deficits in neuroplasticity. The study 
aims to assess gamma power during the first and fourth 
infusions to establish the stability of this biomarker. 

Decoding the severity of depression through neural 
activity deepens our fundamental understanding of 
its manifestation in the human brain and provides a 
distinct neural signature for tailored neuromodulation 
treatments. EEG is utilized to assess target 
engagement and advance the administration of various 
medications for mood disorders. Ongoing research 
seeks to examine the potential of the gamma band 
response induced by ketamine as a biomarker linked 
to both rapid and sustained therapeutic effects. 

NEUROSTEROIDS AND POSTPARTUM 
DEPRESSION: The Brexanolone and 
Zuranolone Journey from Bench to Bedside

Samantha Meltzer-Brody, MD, MPH

Postpartum depression (PPD) is one of the most 
common complications of childbirth that can profoundly 
impact both the mother and her infant, affecting 
approximately 1 in 8 women. The precise etiology of 
PPD remains unclear and is likely influenced by multiple 
factors. Tragically, suicide ranks among the leading 
causes of mortality during the postpartum period.57,58 
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Figure 5. 
Brexanolone Injection Is Hypothesized to Work 
in Postpartum Depression by Increasing GABA 
Functiona

aAdapted with permission from Sage Therapeutics; based on data from 
Luscher et al,74 Deligiannidis et al,72 Epperson et al,73 Maguire and Mody,69 

and Bialer et al.71

Various theories regarding the pathophysiology of PPD 
suggest contributions from endocrine, genetic, epigenetic, 
synaptic transmission, neural network, inflammatory, 
neurosteroid, and stress-related mechanisms.59-65 

The efficacy of traditional first-line medication 
treatments for PPD is often limited for patients with 
PPD, as their therapeutic effects generally manifest 
after a duration of 4 to 6 weeks. This delay has created 
a significant demand for innovative pharmacologic 
therapies that can offer a quicker onset of action and 
sustained remission of depressive symptoms.66,67 One of 
the underlying hypotheses of PPD has been GABAergic 
hypofunction, which developed from the literature 
on allopregnanolone, the neuroactive metabolite of 
progesterone and a positive allosteric modulator of GABAA 
receptors. Brexanolone is a proprietary formulation 
of allopregnanolone, and the rapid onset of action of 
the antidepressant effects observed with this novel 
neuroactive steroid (NAS), GABAA positive allosteric 
modulator, offers great promise in the treatment of 
PPD. Specifically, NAS medications aim to address the 
underlying pathophysiology of PPD by normalizing 
GABA and NAS levels (Figure 5), thereby alleviating 
anxiety and symptoms associated with depression.68 
Consequently, the observed rapid antidepressant effects 
and efficacy of brexanolone led to approval by the FDA 
in March 2019, followed by subsequent development of 
zuranolone, which received FDA approval for PPD in 2023. 

Brexanolone injection, delivered via a 60-hour 
peripheral IV infusion, is hypothesized to work in PPD 
by increasing GABA function. Brexanolone has shown 
a swift reduction in symptoms of PPD across the 3 
HUMMINGBIRD trials that employed nearly identical 
methodologies. These investigations revealed that a 
single 60-hour infusion of brexanolone led to rapid and 
statistically significant enhancements in depressive 
symptoms, as measured by the 17-item Hamilton Rating 
Scale for Depression (HAM-D) when compared to placebo. 
Furthermore, brexanolone maintained its efficacy on 
the HAM-D even after 30 days post-treatment. 68,69

The administration of brexanolone is only via an IV 
infusion and is accessible with a restricted risk evaluation 
and mitigation strategy (REMS) program, which requires 

that administration of brexanolone must occur under 
the supervision of a qualified healthcare professional. 
This has made uptake of this drug limited due to the 
complexity and the cost of administration. Adverse 
reactions observed in brexanolone placebo-controlled 
studies included excessive sedation and sudden 
loss of consciousness. Some patients experienced 
sedation and somnolence that necessitated either 
a dose interruption or a dose reduction during the 
infusion. The duration for full recovery from any loss or 
alteration of consciousness following a dose interruption 
varied between 15 and 60 minutes. Due to the risk of 
excessive sedation, the FDA has issued a black box 
warning, mandating that patients be monitored for 
12 hours post-administration of brexanolone.70 

The efficacy observed with brexanolone for treatment 
of PPD provided the critical foundation for development 
of the oral neuroactive steroid zuranolone. Zuranolone 
is very similar in structure to brexanolone but has been 
slightly modified for oral administration. Zuranolone 
represents the first oral treatment approved for PPD 
and is a much more convenient formulation for patients 
compared to the IV administration of brexanolone. 
Zuranolone is administered once daily for 14 days. 
The efficacy of zuranolone at 30 mg and 50 mg was 
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established through 2 randomized, placebo-controlled 
trials known as ROBIN and SKYLARK, respectively. 
Both studies indicated a statistically significant decrease 
in 17-item HAM-D score from baseline to 15 days 
following treatment initiation with zuranolone compared 
to the placebo group. In the ROBIN study, zuranolone 
demonstrated a rapid reduction of symptoms as soon as 
day 3 of therapy. Zuranolone was generally well tolerated, 
with the most frequently reported adverse effects being 
somnolence, dizziness, and sedation. There were no 
indications of loss of consciousness, withdrawal symptoms, 
or heightened suicidal thoughts associated with its use.75,76 

In summary, brexanolone and zuranolone are the 
first antidepressant medications targeting endocrine 
perturbations associated with the period after childbirth 
that have FDA approval for PPD. They have demonstrated 
efficacy via a new mechanism of action for PPD and 
provide an effective new treatment option. The ease 
of administration of the oral drug, zuranolone, given 
once daily for 14 days, is a major benefit and has led 
to much wider use since FDA approval. NAS therapy 
demonstrates a quicker onset of action compared 
to conventional antidepressants, which is a great 
benefit during the vulnerable postpartum period. 

HASTENING REMISSION USING 
PERSONALIZED MEDICINE:  
The Future of Interventional 
Neuropsychiatry

Nolan R. Williams, MD

Major depressive disorder (MDD) is a leading 
cause of disability worldwide, affecting nearly 300 
million people and resulting in over 700,000 suicides 
annually. 77 Effectively managing MDD is complex, 
as an estimated 30%-65% of patients fail to achieve 
remission and are diagnosed with TRD. 78 

Accelerated, targeted, personalized medicine is 
transforming neuropsychiatry by offering faster and more 
precise treatments for individuals with TRD. Tailoring 
treatment based on an individual’s brain networks may 
offer more rapid, effective relief in a shorter period of time. 

Conventional repetitive transcranial magnetic 
stimulation (rTMS) is a non-invasive brain stimulation 
technique with proven effectiveness in modulating brain 
circuits. rTMS for the treatment of TRD has historically 
been applied over the course of 6-9 weeks and directed 
toward the left dorsolateral prefrontal cortex (L-DLPFC) 

Figure 6.
Depression Scores Before and After Active or Sham Stanford Neuromodulation Therapy (SNT) In 
Participants With Treatment-Resistant Depressiona

aReprinted with permission from Cole et al.83 The x-axis starts at baseline, just before the initiation of treatment, which is indicated between weeks 0 and 1 
by shading. Error bars in panels A–D indicate 95% confidence intervals. Panels E and F show MADRS raw scores for individual participants in the active and 
sham treatment groups, respectively. Bonferroni-corrected post hoc testing indicated significant differences between groups at all posttreatment time points 
(P < .005) for all assessments. 

Abbreviations: HAM-D = Hamilton Depression Rating Scale, MADRS = Montgomery-Åsberg Depression Rating Scale.
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100% remission from suicidality in patients with 
TRD following 5 days or fewer of treatment. 

SAINT therapy exemplifies the shift toward 
accelerated, targeted, and personalized treatment in 
neuropsychiatry. Interventions such as SAINT not 
only speed up recovery but also enable each patient 
to receive personalized care specific to their brain 
networks. This marks a new era in treating TRD as we 
endeavor to offer more effective relief for patients facing 
severe and intractable neuropsychiatric conditions.

TRANSITION STATES AND 
REPROGRAMMING NEURAL SYSTEMS:  
Lessons from the Midlife Female Brain 
to Understand the Intersection of 
Endocrinological Aging, Brain Health,  
and Depression

Roberta D. Brinton, PhD

Neurological aging is commonly perceived as 
a straightforward decline; however, it is, in fact, a 
complex and non-linear phenomenon. This complexity 
is particularly evident in the female brain during 
midlife, which is marked by 3 distinct phases: the 
early chronological phase (pre-menopause), the 
endocrinological phase (perimenopause), and the late 
chronological phase (post-menopause). Each of these 
phases exhibits a unique gene transcription profile. 
The endocrinological transcriptomic profile has the 
most significant change in the hippocampus, showing a 
10-fold increase compared to changes observed in the 
hypothalamus. During this period of endocrine aging, the 
hippocampus experiences substantial transformations 
in the biological systems that govern bioenergetics.85,86 

In the pre-menopause phase, variability in brain 
responses is low. In contrast, perimenopause is 
characterized by heightened variability in neuropsychiatric 
symptoms, which coincides with activation of the innate 
immune system followed by a reduction in brain glucose 
metabolism, prompting a compensatory mechanism 
that utilizes alternative energy sources, such as lipids 
and ketone bodies (Figure 7). The shift in fuel reliance 
places the brain’s largest reservoir of local fatty acids, 
namely white matter, at risk of being catabolized as lipids 
that may be used to produce ketone bodies via astrocytic 
beta-oxidation. This process leads to the generation of 
myelin debris and triggers a response from microglia, 
which recognize this debris as foreign, leading to 
activation of the adaptive immune system, infiltration of 
peripheral immune cells, and an autoimmune profile in 
the brain. During the menopausal transition, the brain 
undergoes metabolic and immune reprogramming that 
places the brain at risk for neuropsychiatric disorders 
such as depression and cognitive impairment.85,87,88 
While the majority of women experience some 

Watch the Insights Video

Hastening Remission Using 
Personalized Medicine 

Nolan R. Williams, MD

using scalp-based landmarks. This approach has resulted 
in an effective antidepressant treatment for some patients 

but with an overall low remission rate of about 35% in 
moderately treatment-resistant depression, falling to 17% 
in more treatment-resistant depression.79 Additionally, 
for patients experiencing a psychiatric emergency, the 
average inpatient hospital stay is limited to just 1 week, 
which consequently hinders the use of rTMS in severe cases 
of TRD, where rapid intervention and initiation of a safe 
treatment with fast onset of clinical benefit are crucial.80 

There have been several recent advancements in the 
delivery of rTMS for the treatment of TRD. Intermittent 
theta burst stimulation (iTBS) is a more advanced form 
of high-frequency rTMS, delivering similar results in a 
significantly shorter timeframe while proving equally 
effective in reducing depressive symptoms with similar 
safety and tolerability. iTBS offers a more efficient option 
for both clinicians and patients. 81 Further, functional 
MRI (fMRI) has been implemented to guide targeting and 
ensure treatment is precisely delivered to the brain region 
implicated in both symptoms and recovery. Depression is 
associated with increased functional connectivity between 
the default mode network (DMN) and the subgenual 
anterior cingulate (sgACC), and the degree of treatment 
resistance appears to be associated with a higher degree 
of sgACC-DMN connectivity. Growing evidence suggests 
that targeting the left DLPFC reduces hyperactivity in the 
sgACC and decreases overactivity in the DMN. Precise 
targeting of this region with rTMS using imaging-based 
personalized medicine approaches decreases the risk of 
off-target effects and may maximize clinical benefit.82 

Building on these advances, research at the Stanford 
Brain Stimulation Lab has resulted in the FDA 
clearance of an innovative personalized, fMRI-guided 
TMS treatment for TRD termed Stanford Accelerated 
Intelligent Neuromodulation Therapy (SAINT). By 
incorporating individualized brain mapping, SAINT 
targets specific neurocircuit nodes within the left DLPFC 
with precision to restore connectivity with the sgACC. 
As described earlier, in people with MDD, these areas 
show disrupted connectivity. SAINT has demonstrated 
high remission rates from depression of 79%-90% 
(RCT83 and open-label,84 respectively) (Figure 6) and 
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neuropsychiatric symptoms during the menopausal 
transition, approximately 20% of women will transition 
asymptomatically.86 A goal of the clinical study of 
bioenergetics and neural inflammation during transition 
states is to learn how to make neuropsychiatric symptoms 
during this phase of life the exception, not the rule. Among 
emerging developments from our group is the development 
of an estrogen-receptor-beta–targeting nutraceutical, 
PhytoSERM (NCT06186531, NCT05664477). Activating 
estrogen receptor beta promotes estrogen action in the 
brain while inhibiting activation of estrogenic signaling 
in the breast, which is key to addressing women’s 
concerns regarding estrogen therapy and risk of breast 
cancer. Relevant to a neuropsychiatric condition that 
disproportionately impacts women, estrogen receptor 
beta is associated with prevention and decrease of 
depressive symptoms.  The combination of activating 
estrogen response in brain while inhibiting estrogen 
action in the breast has the dual impact of promoting 
brain health to potentially reduce the risk of menopause-
related depression and later-life Alzheimer’s while 
simultaneously sustaining breast health. Additionally, we 
are developing the neurosteroid allopregnanolone as a 
regenerative therapeutic that may promote neurogenesis 
and neuroregeneration. More research is needed to 
determine if fluctuating levels of allopregnanolone during 
perimenopause contribute to insufficient plasticity of 
GABA-A receptors and increased risk for depression.

Research suggests that endocrinological aging 
may be a “tipping point” during midlife, potentially 
triggering the onset of the prodromal phase of late-
onset Alzheimer’s disease (AD). The prodrome of 
AD often includes behavioral changes, in particular 
depression, anxiety, and circadian rhythm changes. 89 
The presence of the APOE4 genotype can accelerate the 
menopausal process. Interventions aimed at addressing 
both metabolic and immune changes associated with 
midlife aging may have the potential to modify the risk 
trajectory for both prodromal behavioral changes and 
the incidence of Alzheimer’s in later life. Additionally, for 
the advancement of precision medicine in Alzheimer’s 
disease (which must also consider behavioral and 
emotional symptoms, and not just cognitive changes), 
it is essential to consider chromosomal sex as a vital 
factor alongside APOE genotype, other genetic risk 
factors, and the stage of the disease. 85 Neuropsychiatric 
disorders exhibit pathological characteristics commonly 
associated with both prodromal and syndromal AD, 
such as heightened oxidative stress, inflammation, 
disruption of excitatory and inhibitory signals, protein 
aggregation, and both beta-amyloid accumulation and 
tau hyperphosphorylation have been linked to conditions 
like depression, insomnia, and epilepsy.90,91 Endocrine 
changes associated with aging, evolving bioenergetics, 
and “inflammaging” all may serve as keys to unlocking the 
mysteries of the intersection of gender and depression. 

Figure 7. 
Symptoms During Perimenopause

aAdapted with permission from Brinton et al.86 Perimenopause is characterized by heightened variability in neurological symptoms, which is co-incident with a 
decline in glucose metabolism in the brain. (A) Variability of symptoms in premenopause, perimenopause, and postmenopause (blue line, left axis; glucose 
metabolism in the brain (red line; right axis). (B) Diversity of neurological symptoms during perimenopause. The majority of women will experience neurological 
symptoms during perimenopause; however, a small proportion (~20%) of women will transition without symptoms. 

A. B.
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