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Treatment-resistant bipolar depression (TRBD) has been reported in about one-quarter of patients
with bipolar disorders, and few interventions have shown clear and established effectiveness.
We conducted a narrative review of the published medical literature to identify papers discussing
treatment-resistant depression concepts and novel interventions for bipolar depression that focus on
TRBD. We searched for potentially relevant English-language articles published in the last decade.
Selected articles (based on the title and abstract) were retrieved for a more detailed evaluation.
A number of promising new interventions, both pharmacological and non-pharmacological, are being
investigated for TRBD treatment, including ketamine, lurasidone, D-cycloserine, pioglitazone,
N-acetylcysteine, angiotensin-converting enzyme inhibitors, angiotensin |l type 1 receptor blockers,
cyclooxygenase 2 inhibitors, magnetic seizure therapy, intermittent theta-burst stimulation, deep
transcranial magnetic stimulation, vagus nerve stimulation therapy, and deep brain stimulation.
Although there is no consensus about the concept of TRBD, better clarification of the neurobiology
associated with treatment non-response could help identify novel strategies. More research is
warranted, mainly focusing on personalizing current treatments to optimize response and remission

rates.

Keywords: Bipolar disorder; depression; treatment-resistant bipolar disorder

Introduction

Bipolar depression accounts for most symptomatic
periods in bipolar disorder (BD) and is associated with
elevated suicide risk and high morbidity and mortality
rates.” Despite a current lack of consensus about its
definition, treatment-resistant bipolar depression (TRBD)
has been reported in about one-quarter of BD patients.?
No interventions have shown clear and established
effectiveness for its treatment.?* This review will discuss
the concept of TRBD, its associated variables and
neurobiology, novel strategies for decreasing its burden,
and the potential of new paradigms to identify more
precise and effective treatments for psychiatric diseases.
We performed a narrative review of the medical literature
to identify papers discussing treatment-resistant depres-
sion (TRD) and novel interventions for bipolar depression
that focus on TRBD. We searched for potentially relevant
English-language articles published in the last decade.
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Selected articles (based on the title and abstract) regard-
ing TRD and TRBD were retrieved for a more detailed
evaluation.

The concept of treatment-resistant depression

Traditionally, the concept of TRD is based on the expec-
ted outcome and in its measurement. Thus, different
studies have approached TRD in distinct forms, which
have also been influenced by changes in the definition of
depression itself. As Demyttenaere and Van Duppen
pointed out, “TRD refers to the failure in obtaining an
acceptable outcome, yet what is an acceptable outcome
is not a universally agreed-upon definition.”® Even though
this article will address TRD in BD, this concept has been
historically discussed in the context of major depression
disorder (MDD), and the vast majority of published
studies on this topic focus on MDD.® This paper will con-
sider resistance and refractoriness as similar concepts,
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since they are frequently used interchangeably, referring
to related clinical situations. Although non-adherence,
non-psychiatric comorbidities, and a lack of adequate
evidence-based interventions can contribute to treatment
non-response,’ for the purposes of the present article,
we will use the term TRBD to designate cases in which
treatment resistance suggests a lack of response to
therapeutic interventions per se.

Most studies have considered TRBD as a failure in
two or more interventions. This agrees with a recent
consensus of internationally recognized experts, which
defined TRBD as “failure to reach sustained sympto-
matic remission for 8 consecutive weeks after two
different treatment trials, at adequate therapeutic doses,
with at least two recommended monotherapy treatments
or at least one monotherapy treatment and another
combination treatment.”® More specifically, multi-ther-
apy resistant bipolar depression was conceptualized like
TRBD, with the addition of failure in psychotherapeutic
treatment, at least one trial with an antidepressant, and
electroconvulsive therapy.® Hidalgo-Mazzei et al., the
authors of the consensus statement, also provided the
adequate drug dose range for the main evidence-based
drugs and the plasma levels for lithium, which was
similar to the approach of Pacchiarotti et al.° Among the
implications for this consensus definition, the authors
state that it will help clinicians and researchers decide
when to consider novel strategies for TRBD.®

Variables associated with treatment-resistant bipolar
depression

Clinical variables

The Group for the Study of Resistant Depression reported
demographic and clinical characteristics associated with
TRBD, defined as the failure to reach a score of less than
17 in the 17-item Hamilton Depression Rating Scale
(HDRS) after at least two consecutive adequate anti-
depressant treatments (4 weeks or more at the optimal
dose of an adequate antidepressant in combination with
a well-established mood stabilizer).? Among the 375
patients with BD type | or Il and a history of at least one
adequate antidepressant treatment associated with a
mood stabilizer, approximately one-quarter (26.4%) met
the criteria for TRBD.? The authors found that higher
severity, melancholic temperament, suicide risk, and
social phobia were significantly associated with treatment
resistance.? Fornaro et al. found a similar proportion
(28.3%) of patients with TRBD (defined as “a lack of
response to at least two previously established treat-
ments for bipolar depression”), in whom mixed features
according to the DSM-5 specifier, in addition to symptoms
of irritability, impulsivity, and distractibility, were consid-
ered predictors of TRBD.® Similarly, cognitive dysfunc-
tion has been described as highly frequent in patients
with TRBD. Kessler et al. reported global cognitive
impairment (processing speed, attention/vigilance,
working memory, verbal learning, visual learning, and
reasoning and problem solving), including clinically sig-
nificant dysfunction in two or more cognitive domains,
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in almost 70% of patients with BD type | and 40% of
patients with BD type Il with TRD.'®

Neurobiological variables

Genetic, biochemical, bioenergetic, inflammatory, and
brain activity and connectivity dysfunction have been
reported as associated with BD.""'? These dysfunctional
biological processes can help identify effective treatment
interventions.’'"'* However, the neurobiology could be
even harder to disentangle when dealing with specific
clinical characteristics and mood states, such as treat-
ment-resistant depression.

Most of the studies that have addressed the neurobiol-
ogy of TRD have approached it presumably in the context
of unipolar depression. For instance, studies by the Group
for the Study of Resistant Depression have identified
genes associated with treatment resistance that have a
role in the serotoninergic system, neuroplasticity, and
neuronal cell adhesion, such as BDNF, 5SHTR2A, CREB1,
and GAP43.">'® Immune system dysfunction has also
been extensively reported as associated with TRD. The
findings of Clark et al., who investigated DNA methylation
signatures associated with depressive status, suggest
that TRD has an immune signa’[ure.17 In a review, Yang
et al. found that higher interleukin-6 and C-reactive
protein/high-sensitivity-C-reactive protein could predict
treatment resistance, and a study with patients with and
without TRD reported a relationship between overall
activation of the inflammatory system and non-response
to antidepressants.'®'® Fabbri et al. compared genes
linked to pathways associated with TRD to genes
associated with the targets of drugs in development to
identify potential pharmacological options for the treat-
ment of resistant-depression (with the purpose of drug
repositioning).?® Several mechanisms of action have
been found for compounds in TRD-related pathways,
including those involved in monoamine and glutamatergic
neurotransmission, inflammation/immune response, per-
oxisome proliferator-activated receptor-gamma (PPAR-v)
agonists, oxidoreductase reaction modulators, angioten-
sin signaling, and GSK3 modulation, the most promising
of which are modulators of neural plasticity and
inflammation.?® One of the most remarkable medications
treating resistant depression is ketamine, an N-methyl-D-
aspartate receptor antagonist, which suggests that gluta-
matergic neurotransmission dysfunction has an important
role in the pathophysiology of BD. This finding has
stimulated the investigation of novel glutamatergic agents
for TRBD.*2"22 The administration of ketamine has also
been associated with changes in the kynurenine system,
a pathway that intersects immune response and the
glutamatergic system.??

Increased amygdala activity, decreased ventromedial
prefrontal cortex (PFC) activity, and connectivity dysfunc-
tion between these regions during emotional tasks have
been reported in patients with BD. Moreover, increased
activity has been found in the ventral striatum, the
orbitofrontal cortex, and the ventrolateral PFC, and
dysfunctional connectivity between them during reward
anticipation.’® However, few studies have investigated
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these patterns in the context of TRBD. Downar et al.
applied repetitive transcranial magnetic stimulation (TMS)
over the dorsomedial PFC in patients with bipolar or
unipolar TRD. At baseline, non-responders presen-
ted significantly lower connectivity than responders in
regions related to reward-behavior, such as the striatum,
the ventral tegmental area, and the ventromedial PFC.24
The brain circuitry pattern of mood regulating regions in
TRD patients who responded to deep brain stimulation
(DBS) of subcallosal cingulate white matter was distinct
from that of non-responders. For instance, among treat-
ment responders, there were bilateral pathways between
the activated region and the medial frontal cortex, the
rostral and dorsal cingulate cortex, and the subcortical
nuclei; among non-responders, these connections were
inconsistent.>

These neurobiological pathways could lead to the
identification of novel treatments for TRBD and should
be further investigated. We will describe some promising
interventions for TRBD that have demonstrated positive
results or whose mechanism of action suggests potential
benefits.

Novel treatment strategies

In a randomized trial, which was part of the Systematic
Treatment Enhancement Program for Bipolar Disorder,
Nierenberg et al. compared the recovery rates of patients
with TRBD after treatment augmentation with inositol,
lamotrigine, or risperidone.?® This was the first rando-
mized study of TRBD to compare adjunctive interven-
tions. The results showed that the three medications did
not significantly differ concerning recovery rates, which
were relatively low, ranging from 12.5-37.5% (inositol) to
16.7-26.7% (lamotrigine) to 7.7-9.1% (risperidone).?®
More recently, a systematic review and meta-analysis of
randomized controlled trials addressing TRBD manage-
ment showed that ketamine was associated with a
significant response rate one day after infusion. Simul-
taneously, electroconvulsive therapy presented similar
efficacy for TRBD and treatment-resistant unipolar
depression.* Some results also suggested a potential
as an augmentation treatment for pramipexole, a
dopaminergic agonist, and modafinil/armodafinil, a psy-
chostimulant, in the reduction of depressive symptoms
in patients with TRBD.*

The high frequency of TRD in patients with BD, in
addition to the narrow range of effective interventions,
clearly requires both novel therapeutic strategies and a
different paradigm for approaching TRBD. In the present
paper, we considered novel strategies to be any thera-
peutic interventions with a new mechanism of action, a
new target for pharmacological or neuromodulatory inter-
vention, or an intervention that was first tested for TRBD.

Pharmacological strategies

Lurasidone

Lurasidone is an atypical antipsychotic agent with a high
antagonist affinity for 5-HT2A, 5-HT7, and D2 receptors,
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moderate partial agonist affinity for 5-HT1A receptors,
and small affinity for H1 and M1 receptors.?” In 2014,
a double-blind, randomized-controlled trial of treatment
augmentation with lurasidone compared to placebo was
published. The inclusion criteria were a diagnosis of
BD type | with a current major depressive episode of
moderate severity (at least four weeks but less than
12 months). All patients were already receiving a mood
stabilizer (lithium or valproate) and had not achieved
remission with mood stabilizers at appropriate serum
levels. A total of 348 participants were included.?® The
primary outcome was the mean change from baseline to
week 6 in total MADRS score, which was significantly
higher in the lurasidone group than the placebo group
(-17.1 vs. -13.5, p = 0.005, effect size = 0.34). The
treatment group’s MADRS scores surpassed those of the
placebo group at week three and continued to do so
throughout all subsequent study visits. A significantly
higher proportion of the lurasidone group met the
response criteria than the placebo group after six weeks
of treatment (57% vs. 42%, p = 0.008, number needed
to treat [NNT] = 7), and the median time to response
was significantly shorter for the lurasidone group (28 vs.
42 days, log-rank p < 0.001). Finally, the proportion of
patients who achieved remission by the endpoint was
significantly higher in the lurasidone group (50% vs. 35%,
p = 0.008, NNT = 7), and the median time to remission
was considerably shorter for the lurasidone group (35 vs.
43 days, p = 0.001).

In 2016, Schaffer et al. published an open-label trial of
lurasidone.?® Unlike the previous study, this was con-
ducted in a clinical setting in a more naturalistic way. It
had minimal exclusion criteria and included participants
with BD type | or Il. All participants were non-responders or
partial, but inadequate, responders to numerous previous
trials of standard BD medications (both approved and not
approved by the U.S. Food and Drug Administration); thus,
they would fulfill the criteria for TRBD. Over the course of
the eight-week open-label trial, the observed response rate
was 45%. Responders had a lower rate of medication
failure than non-responders (15.9 vs. 21.6).

Aripiprazole

Aripiprazole is a partial agonist of D2, D3, and D4
receptors, as well as serotonin receptors 5-HT1A,
5-HT2C, 5-HT7.%° A retrospective study of aripiprazole
augmentation®' in 85 patients with bipolar or unipolar
TRD found that the aripiprazole intervention remission
rate was 36.5% after 6 weeks. Multiple logistic regression
analysis indicated that aripiprazole was significantly
more effective for bipolar depression than MDD. A lack
of comorbid anxiety disorders and a current episode
longer than three months were both significantly asso-
ciated with the efficacy of aripiprazole augmentation.
However, a recent systematic review and network analysis
of pharmacological treatments for acute BD depression did
not report significant differences between aripiprazole and
placebo. In addition, aripiprazole was associated with a
higher discontinuation rate due to adverse events than
placebo.®?



Ketamine

An open-label trial with multi-infusion ketamine augmen-
tation showed that ketamine infusions were associated
with improved depressive symptoms after one week for
38 patients with TRBD and suicidal ideation (a mean
HDRS score reduction of 49.8%). Nonetheless, relapse
occurred during the second week after treatment, and the
authors suggested that the clinical efficacy of ketamine
augmentation is transient.3® Furthermore, a double-blind,
randomized, crossover, placebo-controlled study®* on the
effects of ketamine in TRBD (18 patients with a current
major depressive episode of at least four weeks who had
previously failed at least one adequate antidepressant
trial and did not respond to either valproate or lithium
for a minimum period of 4 weeks at appropriate levels)
found that 56% of the participants receiving ketamine
responded, with only two (13%) showing remission
40 minutes after ketamine application; the rates of
response and remission after one day were 44% and
31%, respectively.

D-cycloserine

As discussed above, maintaining an initial clinical response
after ketamine infusion can be challenging. One study
analyzed the efficacy of D-cycloserine, a partial agonist of
the glycine co-agonist binding site of N-methyl-D-aspartate
receptors, as an augmentation treatment in patients with
TRD (17 with MDD and 15 with bipolar depression) who
initially responded to ketamine. During the 6-week treat-
ment, total HAMD scores did not significantly differ
between the D-cycloserine and placebo groups. The
results remained consistent when stratified by diagnosis.
A mixed model analysis indicated that the D-cycloserine
group had lower HAMD scores for item 3 (suicide) than
the placebo group throughout the follow-up period (p =
0.01). The superior anti-suicidal effect of ketamine in the
D-cycloserine group was maintained, which suggests
that D-cycloserine may be therapeutically beneficial for
patients with TRD who have a good initial response to
ketamine infusion.®®

Minocycline and aspirin

Savitz et al.®® tested the efficacy of aspirin and mino-
cycline as an augmentation therapy for bipolar depres-
sion. Ninety-nine outpatients with BD were enrolled in
a six week, double-blind, placebo-controlled trial and were
randomized to one of four groups: active minocycline +
active aspirin, active minocycline + placebo aspirin,
placebo minocycline + active aspirin, and placebo mino-
cycline + placebo aspirin. The primary outcome was
treatment response, which was defined as a decrease of
at least 50% in total MADRS score. When all four arms
were included in the statistical analysis, the main effect of
aspirin on treatment response was driven by the active
minocycline + active aspirin and the placebo-minocycline
+ active aspirin arms (p = 0.019, OR = 3.67, NNT = 4).
Additionally, there was a significant 3-way interaction
between aspirin, minocycline, and IL-6, indicating that
the minocycline response was significantly greater in
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participants in the minocycline group with higher IL-6
concentrations. Further, participants in the minocycline
group who responded to treatment had significantly
greater decreases in IL-6 levels between baseline and
visit seven vs. non-responders. Neither aspirin nor mino-
cycline had a significant main effect for mean change in
MADRS score across visits.

Pioglitazone

Selective agonists of the nuclear transcription factor
PPAR-y, which are also called thiazolidinediones or
glitazones, have anti-inflammatory and insulin-sensitizing
properties and are widely used to treat type 2 diabetes
mellitus.®” An 8-week, double-blind, randomized, pla-
cebo-controlled trial assessed pioglitazone’s efficacy in
treating bipolar depression, although not necessarily
TRBD. Thirty-eight outpatients with BD in a current
depressive episode were randomized to pioglitazone
(15-45 mg/day) or placebo. The primary outcome mea-
sure was the change in total 30-item Inventory of
Depressive Symptomatology, Clinician Rated scores from
baseline to endpoint. The mean score reduction from
baseline to week 8 was -6.59 for pioglitazone and -11.63
for placebo. Mixed-effects modeling showed a borderline
significant difference between the two groups (p = 0.056)
in favor of placebo. A meta-analysis of pioglitazone as a
depression treatment indicated that it has more significant
benefits for remission than placebo in patients diagnosed
with MDD, as opposed to BD (27% vs. 10%, p = 0.008).%8

N-acetylcysteine

N-acetylcysteine is a precursor of reduced glutathione,
which has important antioxidant properties in the brain.®®
Studies have shown that, by regulating glutathione levels,
N-acetylcysteine can decrease the oxidative stress
caused by reactive oxygen species.*®*' A meta-analy-
sis*® assessed the efficacy of N-acetylcysteine for
depressive symptoms in subjects with psychiatric con-
ditions, including TRBD. Five studies were included,
providing data on 574 participants, of whom 291 were
randomized to receive N-acetylcysteine and 283 to
placebo. Two studies included participants with BD and
current depressive symptoms. N-acetylcysteine improved
depressive symptoms (according to MADRS and HDRS
scores) compared to placebo (standardized mean differ-
ence [SMD] = 0.37; 95%CI 0.19-0.55; p < 0.001);
participants receiving N-acetylcysteine had better depres-
sive symptom scores on the Clinical Global Impressions-
Severity of lliness scale at follow-up than the placebo group
(SMD = 0.22; 95%CI 0.03-0.41; p < 0.001).

Angiotensin-converting enzyme inhibitors and angiotensin
Il type 1 receptor blockers

The renin-angiotensin system has been proposed as a
new target for depression, both in bipolar and unipolar
depression, including TRBD.*® In a retrospective sample
of 836 men without a history of depression enrolled in the
Geelong Osteoporosis Study, 80 (9.6%) were exposed to
angiotensin-converting enzyme inhibitors. No one in this
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group had a new depressive episode, whereas 40 (5.3%)
of the 756 non-exposed participants had a new episode
of depression.**

Celecoxib

Celecoxib is a cyclooxygenase 2 inhibitor. Halaris et al.
investigated the potential of its anti-inflammatory proper-
ties as a treatment for TRBD,*® analyzing data from
47 participants with BD who were using escitalopram
and were randomized to celecoxib or placebo. The
participants were also using a mood stabilizer (other than
lithium) and/or an atypical antipsychotic. Treatment-
resistance was defined in this study according to the
Maudsley Staging Method, and most participants were
classified as having moderate to severe treatment-
resistance.*® The results showed that adjunctive cele-
coxib had clear benefits in comparison with placebo: the
odds for response and remission rates were 4.13 (95%Cl
1.03-18.48; p = 0.02) and 14.34 (95%CI 2.59-153.17;
p < 0.001), respectively. Figure 1 provides some potential
targets for pharmacological interventions.*”

Non-pharmacological strategies: non-invasive treatments

Sleep deprivation and light therapy

One study*® assessed the efficacy of total sleep depriva-
tion with sleep phase advance in TRD, including parti-
cipants with both unipolar and bipolar depression who
were already on antidepressants and mood-stabilizers.
The intervention lasted four days and included one night
of total sleep deprivation and three consecutive nights
with sleep phase advance. Ten participants (50%) fulfilled
the criteria for response, defined as a decrease of more
than 50% in HDRS score on the 14th day of the inter-
vention. Another study investigated a combination of sleep

deprivation and light therapy, called combined chronother-
apy, in patients with TRD and its implementation in daily
clinical practice.*® The sample comprised 26 individuals
with bipolar or unipolar depression who received combined
chronotherapy, i.e. three nights of sleep deprivation with
alternating recovery nights, light therapy, and conti-
nued antidepressant medication. The primary outcome,
Inventory of Depressive Symptoms (IDS-C) scores, were
determined before chronotherapy and at weeks 1, 2, and 4.
The mean scores at pre-treatment, week 2, and week 4
were 39.3+9.6, 28.4*+10.2, and 28.6*+14.0, respec-
tively. The overall response rate was 34.6% and the
remission rate 19.2%. However, this study was open-
label and did not include a control group.

Magnetic seizure therapy

One study assessed the efficacy and safety of magnetic
seizure therapy for TRBD, a novel intervention still limited
to investigation at specialized centers.®° In this open-label
trial, 26 patients with TRBD were treated with magnetic
seizure therapy for up to 24 sessions or until remission.
The primary outcome, total HDRS score, significantly
decreased. Adequate trial completers had a remission
rate of 23.1% and a response rate of 38.5%. Per-protocol
completers had a remission rate of 30% and a response
rate of 50%.

Intermittent theta-burst stimulation

One small trial investigated the safety and efficacy of
neuronavigated intermittent theta-burst stimulation in
people with TRBD; 26 patients were randomly allocated
to receive either active (n=12) or sham (n=14) stimu-
lation. According to depression and MADRS score
changes, the response and remission rates were high
following active stimulation (72% and 42%, respectively).

Treatment-resistant bipolar disorder:
possible new targets
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Nevertheless, the differences between active treatment
and sham stimulation were not significant (42% and
25%).5

Deep transcranial magnetic stimulation

Tavares et al. investigated a modality of transcranial
magnetic stimulation (TMS), deep TMS, for patients with
TRBD.®? Their criterion for TRBD was failure to achieve
remission with two or more interventions approved as
first, second, or third-line therapies for BD according to
The Canadian Network for Mood and Anxiety Treatments
guidelines. They found that deep TMS was superior to
sham in decreasing depressive symptoms at weeks 4 and
6, despite no differences regarding response (48% vs.
24%, respectively, at week 4; 32% vs. 24%, respectively,
at week 8) or remission (28% vs. 16%, respectively, at
week 4; 24% vs. 24%, respectively, at week 8). Another
study assessed the efficacy of deep TMS for reducing
depressive symptoms in people with treatment-resistant
BD or MDD, as well as whether continuing deep TMS
after the course of treatment was completed had any
influence on sustained remission. After the deep TMS
treatment sessions were completed, a significant reduc-
tion in mean HDRS score was observed (from 23 to 9).
In addition, those who received additional deep TMS
sessions as a maintenance treatment had sustained
remission at 12-months of follow-up, which did not occur
in those who did not received maintenance sessions.>®

Non-pharmacological strategies: invasive treatments

Vagus nerve stimulation therapy

A case series described the outcomes of 25 patients with
TRBD who were included in acute and long-term early
studies of vagus nerve stimulation therapy (VNS) as a
treatment for depression.>* The authors reported that the
antidepressant efficacy outcomes for these TRBD patients
were similar to those of unipolar TRD patients.

The Treatment-Resistant Depression Registry is a
long-term, prospective, multicenter, open-label, non-ran-
domized, longitudinal, naturalistic study assessing clinical
course and outcomes over five years in two large cohorts
of patients with TRD. Registry patients received either
treatment as usual or treatment as usual with adjunctive
VNS. It was hypothesized that the VNS arm would have
better clinical outcomes (long-term depression and
mortality rates) than the treatment-as-usual arm.>® The
population included 795 patients (494 patients in the VNS
arm and 301 patients in the treatment-as-usual arm).
About 27% (n=134) of the patients in the VNS arm and
24% (n=71) of the patients in the treatment-as-usual arm
were diagnosed with BD type | or Il. The mean number of
failed depression treatments at baseline was 8.2 in the
VNS arm and 7.3 in the treatment-as-usual arm, and the
mean lifetime number of attempted suicides was 1.8 in
the VNS arm and 1.2 in the treatment-as-usual arm. The
response rate was considered the primary outcome, and
there was a statistically significant difference between
the VNS arm and the treatment-as-usual arm over the
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5-year follow-up period (cumulative response rates,
67.6%, 95%CI 63.4-71.7 and 40.9%, 95%CI| 35.4-47.1,
respectively, p < 0.001). Remission was considered a
secondary outcome, based on a total MADRS score < 9
during follow-up. Patients in the VNS arm were signifi-
cantly more likely to experience remission than those in
the treatment-as-usual arm (43.3%, 95%CI 38.9-47.7 and
25.7%, 95%CI 20.7-31.1, respectively, p < 0.001).5°

Deep brain stimulation

Deep brain stimulation (DBS) is a neurosurgical technique
in which high-frequency stimulation electrodes are placed
subcortically or in deep cortical regions to target neural
circuits, whose dysfunction is associated with neuropsy-
chiatric manifestations.®® DBS is approved for treating
dystonia, treatment-resistant Parkinson’s disease, and
severe epilepsy and has been investigated as for its role
in the management of psychiatric disorders such as
MDD,®” obsessive-compulsive disorder,%® and anorexia
nervosa.®® In an open-label trial, Holtzheimer et al.
reported that DBS had similar efficacy in the bilateral
subcallosal cingulate white matter of patients with
treatment-resistant unipolar (n=10) and bipolar (n=7)
depression, with the latter reporting more lifetime epi-
sodes of depression and psychotropic medication use.
No patients presented hypomania or mania, and there
were no significant changes in hypomanic/manic symp-
toms during the study, whose primary outcome was
measured at 24 weeks of active DBS treatment.®® These
authors reported findings from 8 years of follow up, and a
sustained treatment response occurred in most of the
patients with TRBD.®' Ramasubbu et al. compared long
vs. short pulse width subcallosal cingulate stimulation in a
sample of 22 individuals (17 with unipolar TRD), five of
whom had TRBD. Three (60%) of these responded to
treatment during the six-month follow-up.®? Although few
studies have assessed DBS as a treatment for patients
with TRBD, the available results suggest efficacy. No
severe adverse effects have been reported within the
follow-up period, which encourages further investiga-
tion.%® Box 1 provides a summary of some potential
strategies for TRBD and their mechanisms of action or
stimulation sites.

Precision psychiatry and treatment-resistant
bipolar depression

According to DSM criteria, a major depressive episode is
a highly heterogeneous clinical concept. Several distinct
phenotype combinations are possible in depression, and
they could express different etiological and pathophysio-
logical aspects. Identifying neurobiologically-based bio-
types and considering environmental and developmental
influences could help determine more precise and per-
sonalized treatments.®#%° This approach may reduce
the response delay and the prolonged suffering asso-
ciated with a “trial and error” strategy. Rajpurkar et al.
evaluated whether machine learning models based on
clinical symptoms of depression and electroencephalo-
graphic data could predict treatment response to
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Box 1 Potential pharmacological and non-pharmacological strategies for treatment-resistant bipolar depression

Type of intervention

Mechanism of action or regions of stimulation

Pharmacological
Aripiprazole
D-cycloserine
Ketamine
Lurasidone
AT1R blocker
Minocycline
Pioglitazone
N-acetylcysteine

Non-pharmacological
Non-invasive
Deep TMS

Magnetic seizure therapy

Partial agonist of D2, D3, D4, 5-HT1A, 5-HT2C, and 5-HT7 receptors®’

Partial agonist at the glycine recognition of the NMDA receptor®

NMDA receptor antagonist®*

Antagonist of 5-HT2A, 5-HT7, and D2 recegtors, agonist of 5-HT1A receptor?®
Modulator of the renin-angiotensin system*

Anti-microbial with anti-inflammatory and neuroprotective properties®®
Selective PPAR-y agonist with anti-inflammatory properties®®

Decreases the oxidative stress caused by ROS through glutathione regulation*

Over the left dorsolateral PFC®2
iTBS Over the left dorsolateral PFC®"
Over the bilateral PFC or the vertex®°

Invasive
DBS Bilateral subcallosal cingulate white matter®®
VNS therapy Vagus nerve®®

2

AT1R = angiotensin Il type 1 receptor; DBS = deep brain stimulation; iTBS = intermittent theta-burst stimulation; NMDA = N-methyl-D-aspartate;
PFC = prefrontal cortex; PPAR-y = peroxisome proliferator-activated receptor-gamma; ROS = reactive oxygen species; TMS = transcranial direct-

current stimulation; VNS = vagus nerve stimulation.

antidepressants. They reported that, by considering most
of the evaluated symptoms and the relevance of pre-
treatment EEG data, machine learning had satisfactory
discriminative performance for treatment response.®®
Drysdale et al. used neuroimaging biomarkers defined
by resting-state connectivity to identify biotypes capable
of predicting treatment response for depression with
repetitive TMS. For instance, 82.5% of the individuals
categorized as biotype 1 presented a significant improve-
ment to repetitive TMS, compared to 25% of those with
biotype 2, even though these two biotypes were asso-
ciated with similar fatigue and anergia symptomatology.®”
Based on a study of patients with a clinical history of
psychosis, the Bipolar-Schizophrenia Network for Inter-
mediate Phenotypes study investigated biomarkers that
discriminate subgroups with similar biological character-
istics.®® Using neuropsychological and sensorimotor
reactivity data, Clementz et al. found biotypes that did
not match a DSM-based diagnosis. They showed distinct
associations with social functioning measures and the
frequency of relatives with a history of psychosis.®® They
argued that, depending on the biotype, treatments that
target specific cognitive dysfunctions would be more
efficacious in correcting reduced neural activation or
neuronal hyperexcitability.® With the advance of preci-
sion psychiatry and the identification of clinical-neurobio-
logical-based biotypes, the current concept of TRD may
be reframed. Moreover, it is expected that more precise
and novel strategies for known and new targets could
help reduce the burden of TRD in patients with BD.

Conclusion

In 1973, the World Congress of Psychiatry organized a
symposium called “Therapy Resistant Depression.”®®
Some of the issues discussed at that meeting were the
definition, clinical classification, and therapeutic differen-
tial criteria of TRD, and its potential association with

Braz J Psychiatry. 2022;44(2)

biochemical and genetic characteristics.?®"° These dis-
cussions are still current almost fifty years later, despite a
better understanding of the neurobiological mechanisms
underlying psychiatric disorders.”"”? The interventions
discussed in this article are promising leads for TRD
treatment. Considering that all these studies have
addressed depression as it is currently classified, clinical
trials with more homogenous samples, both in terms of
clinical and biological characteristics, with appropriate
designs, could optimize intervention efficacy.®*
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