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Background: Treatment-resistant late-life depression (TRLLD) affects nearly half of older adults with major
depression. This systematic review evaluates published evidence of effectiveness of both pharmacological and
non-pharmacological treatments for TRLLD.

Methods: A search of MEDLINE, EMBASE, CINAHL, PsycINFO, the Cochrane Library, and online trial registries up
to March 2024 was conducted to identify randomized controlled trials (RCTs) evaluating pharmacological and
non-pharmacological interventions for TRLLD.

Results: Seven studies assessed the effectiveness of pharmacological interventions (antidepressants, antipsy-
chotics, mood stabilizers, or ketamine) and another seven examined non-pharmacological approaches (psycho-
therapy, electroconvulsive therapy, repetitive transcranial magnetic stimulation (rTMS), and computerized
cognitive remediation). Aripiprazole (2 studies), venlafaxine (1 study), ketamine (1 study), and lithium (1 study)
were associated with a reduction in depressive symptoms post-treatment compared to the comparator treatment
group. rTMS (2 studies), sequential bilateral theta burst stimulation (1 study) and cognitive remediation (1
study) also showed significant improvements in depressive symptoms post-treatment compared to a comparator
treatment group. Quality of evidence varied from very low to medium among the included studies. Most studies
reported data on small sample sizes.

Conclusions and Implications: We identified a small number of RCTs evaluating treatments for TRLLD. Aripiprazole
augmentation appears to be an effective treatment based on two studies, with an acceptable side effect profile.
Other treatments may be effective, but the evidence is based on very low-quality evidence. Future large-scale
RCTs are urgently needed to draw firm conclusions.

1. Introduction after receiving an antidepressant at a mean dosage equivalent to

30 mg/day of fluoxetine (Gutsmiedl et al., 2020; Lenze et al., 2015). TRD

Patients whose depressive disorder does not respond adequately to
appropriate treatment are considered to have a more difficult-to-treat
form of depression, commonly known as treatment-resistant depres-
sion (TRD) (Thase and Rush, 1997). In a recent meta-analysis, only
50.7 % of patients aged 65 years and older with late-life depression
(LLD) achieved a reduction of at least 50 % on depressive symptoms

in late life (TRLLD) is often accompanied by other medical comorbid-
ities, such as anxiety, and sleep disturbances which impact older peo-
ples’ quality of life (Gareri et al., 2002; Soysal et al., 2017; Steffens,
2024; Subramanian et al., 2023). People with TRD are also more likely
to experience higher rates of suicide and suicide attempts (Kern et al.,
2023).
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Treatment of TRLLD presents a significant challenge. Patients who
do not respond to two antidepressant trials, most commonly selective
serotonin reuptake inhibitors (SSRIs) or serotonin-norepinephrine re-
uptake inhibitors (SNRIs), are also unlikely to respond to subsequent
drug treatments (Buchalter et al., 2019). A US cohort study based on
Medicare data showed that, for patients aged > 65 years, all-cause total
healthcare costs for TRD were approximately 1.5 times higher than for
non-TRD major depressive disorder (MDD) (Benson et al., 2020). Due to
limited access to geriatric psychiatric care, TRLLD is frequently
managed in primary care settings, which can often be suboptimal
(Hamm et al., 2022). The most common definition of TRD requires a lack
of response to two adequate treatments (Gaynes et al., 2020; Steffens,
2024). However, other authors including Cooper et al., (2011) have used
less stringent criteria, defining TRD by a lack of response to one or more
adequate courses of treatment (Cooper et al., 2011).

There are currently no comprehensive clinical guidelines specifically
dedicated to the treatment of TRLLD (Steffens, 2024). The 2021 Cana-
dian Guidelines on the Prevention, Assessment, and Treatment of
Depression Among Older Adults recommend that clinicians prioritize
assessing medication adherence as a first step in managing partial
response or treatment resistance (Canadian Coalition for Seniors’ Mental
Health, 2021). Additionally, ECT is suggested as a viable option for
continuation or maintenance therapy in older patients who exhibit
partial response, treatment resistance, or intolerance to pharmaco-
therapy during the acute phase of treatment (Canadian Coalition for
Seniors” Mental Health, 2021). The only systematic review of effec-
tiveness of treatments for refractory LLD was published in 2011 by
Cooper et al. (2011). This review concluded that 52 % of older people
(95% CI=42-62; N=2381) with refractory MDD (defined as not
responding to at least one course of treatment for depression), respond
to pharmacological treatments. The only treatment found to be clinically
effective for TRLLD was lithium augmentation to another antidepressant
(when patients had not previously responded to antidepressant mono-
therapy) with a response rate of 42 % (95 % CI=21-65; N =57).

Since then, only narrative reviews have been published synthesizing
the evidence, with studies using heterogeneous definitions, trial designs,
and treatments (Blaszczyk et al., 2023; Patrick et al., 2024; Roose and
Brown, 2022; Subramanian et al., 2023). As a result, there are currently
no updated systematic reviews with detailed evidence from existing
RCTs reporting on effectiveness of treatments, their designs, definitions
of TRLLD used and quality of trials conducted to date. Our objective
therefore was to undertake a systematic review of worldwide evidence
reporting on the clinical effectiveness of treatments for TRD and to
comment on the quality of the evidence.

2. Methods

We searched all related LLD, resistant, and treatment terms in major
databases (MEDLINE, EMBASE, CINHAL, PsycINFO and the Cochrane
library). We also searched for ongoing trials, through national and in-
ternational trial registers, and specialized databases of psychological
treatments of depression up to March 2024 (see Supplementary Online
Material for details of search terms). We registered our review in
PROSPERO (protocol registration number: CRD42024510508).

Inclusion criteria were as follows: 1) participants were older people
(> 60 years) with a formal diagnosis of major depression according to
widely accepted clinical criteria, such as DSM-5 (Diagnostic and Sta-
tistical Manual of Mental Disorders) (American Psychiatric Association,
2013), ICD-10 (International Classification of Diseases) (World Health
Organization, 2004), or a comparable diagnostic system, 2) resistant
major depression, defined as depression not responding to at least one
course of antidepressant treatment, 3) reporting effectiveness or efficacy
data based on an RCT, on 4) patients receiving any type of pharmaco-
logical or non-pharmacological treatment.

Three reviewers (BPM, DGB and KJP) worked independently to
identify studies that met inclusion criteria and extracted data.
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Disagreements were discussed with the last author (VO). We contacted
authors of primary trials if there were any missing data and employed
the Cochrane Risk of Bias Tool 2 for Systematic Reviews to assess the
quality of the evidence.

2.1. Definition of treatment-resistant depression

For a study to be eligible for inclusion in this systematic review, all
the participants had to meet criteria for TRLLD at the point at which they
were randomly allocated to treatment. Given the lack of a consensus
definition of TRD (McIntyre et al., 2023), we adopted a broad definition
by including all studies that used the terms "resistant" or "refractory"
LLD. We included clinical trials assessing the effectiveness or efficacy of
any treatment reporting on clinical improvement of depressive symp-
toms after the completion of at least one adequate antidepressant
treatment course. We categorized our results into two groups: patients
who had failed to respond to two antidepressant treatments (meeting the
most used criteria for TRLLD) and those who had received only one
course of antidepressant treatment (see Table 1).

2.2. Types of interventions

The experimental interventions were based on the ’next step’
approach of the management of LLD that had not responded to prior
treatment.

As the main objective of this systematic review is to measure the
degree of beneficial effect under “real world” clinical settings, we
addressed the practical question of an intervention as it would occur in
routine clinical practice; which treatment leads to the greatest reduction
in depressive symptoms in a population with TRLLD, and used the term
“effectiveness” (Godwin et al., 2003; Tunis et al., 2003).

We divided treatments into pharmacological and non-
pharmacological interventions:

Within the pharmacological interventions group, we included:

switching to placebo

switching to a different pharmacological treatment

switching to a different non-pharmacological intervention
augmenting with placebo

augmenting treatment with another pharmacological treatment
augmenting treatment with a non-pharmacological intervention

Pharmacological treatments included antidepressants, antipsy-
chotics, mood stabilizers or ketamine.
Studies examining non-pharmacological interventions included:

adding psychotherapy
adding cognitive remediation
adding rTMS

adding ECT

2.3. Types of outcome measures

2.3.1. Primary outcome

Change in depressive symptoms was measured by validated rating
scales, either clinician-rated (e.g. HAM-D, Montgomery-Asberg
Depression Rating Scale (MADRS), or self-report (e.g. PHQ-9).

2.3.2. Secondary outcomes

Treatment response was usually defined as at least a 50 % reduction
on depressive symptoms on the HAM-D or MADRS (Riedel et al., 2010),
but we accepted a study’s original definition of response if reported.
Depression remission was typically based on scoring at a specific cut off
on a depression measure (i.e. 7 or less on the HAM-D), but again we
accepted a study’s alternative definition if this was reported.
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Table 1
Characteristics of the included studies.
Author, year & Design Arms and N, sex, Inclusion criteria/ Change from baseline Outcomes Absolute value GRADE
country objectives Mean age resistant depression in depression rating response and/or  of effect sizes Score,
definition remission certainty

Studies including patients with TRLLD defined as > 2 unsuccessful antidepressant treatments
Pharmacological trials

Lenze 2023 2stepRCT,10  Step 1: A STEP 1: a) > 60 years Change from baseline Remission (< 10  Change in Change
USA weeks aripiprazole vs n=619 b) MDD (DSM-5) in MADRS scores (LS on the MADRS MADRS from from
A bupropion vs (F=413; ¢) PHQ-9 initially mean): or < 5 on the baseline baseline
S to bupropion M=206) > 6 and then Step 1: A aripiprazole PHQ-9) between 2 MADRS:
Step 2: A STEP 2: changed to > 10 —7.60 vs A bupropion  Step 1: A groups: Step 1:
Lithium vs S to n=248 d) no dementia —7.23 vs S to aripiprazole Step 1: DDDD
nortriptyline (F=173; (Short Blessed > 10 bupropion —4.14 289% vs A A aripiprazole vs  Step 2:
M= 75) and/or clinical Step 2: A lithium bupropion A to bupropion: DPPD
STEP 1: evidence of —4.63 vs S to 28.2% vs S to d=0.031
Mean age dementia) nortriptyline —5.33 bupropion A bupropion vs.
=69.2 >2AD 19.3% S to bupropion:
(7.1) Step 2: A lithium d =0.257
STEP 2: 18.9% vs S to A aripiprazole
Mean nortriptyline vs. S to
age=68.5 21.5% bupropion:
(5.85) RR compared to d=0.289
S to bupropion Step 2
(95 % CI): A lithium vs S
Step1: A nortriptyline:
aripiprazole d =0.057
1.50 vs A
bupropion 1.49
vs S to

bupropion 1.00
RR compared to

S to
nortriptilyne
(95 % CI):
Step 2: A lithium
0.84 vs S to
nortriptyline 1
Mazeh 2007 Single-blind S to paroxetine N=30(F= a)>65years Changes from baseline ~ Remission (<7 Change in HAM-  Change
Israel RCT, 8 weeks vs S to 17; M= 13) b) MDD (DSM-1V) in HAM-D scores: on the HAM-D) D from baseline from
venlafaxine Mean age ¢) HAM-D (21-item) S to paroxetine -12.5 S to paroxetine between 2 baseline
=75.9 >18 vs S to venlafaxine 33% vs S to groupsd =0.526  HAM-D:
(3.87) d) no dementia (7- -19.1 venlafaxine Change in GDS SOO0O
min screen for HAM-D: F(1207) 60 % from baseline
dementia) =14.4; P < 0.0003 Response (< between 2
>2AD Changes from baseline 50 % on the groups d =0.158
in GDS scores: HAM-D)

S to paroxetine-3.2vs S to paroxetine
S to venlafaxine —-6.0 20% vs S to
GDS: F(1207) =1.29; venlafaxine

P<0.2 20%
Ochs-Ross 2020 RCT, BD, PC S to esketamine N=137 a) > 65 years Changes from baseline Remission (<12 Change in Change
USA multicenter (flexibly-dosed) (F= 85; b) recurrent in MADRS scores: on the MADRS) MADRS from from
study, 4 +AD vs S to M= 72) moderate to severe S to esketamine + AD S to esketamine baseline baseline
weeks placebo + AD Mean MDD (DSM-5) —10.0 vs S to placebo +AD 17.5% vs between 2 MADRS:
age=70 ¢) IDS-C30 > 31 +AD —6.3 S to placebo groups: OPDO
(4.52) d) without impaired Difference of LS +AD 6.7 % d =0.336
cognition (MMSE Means MADRS —3.6 Response
<25 (or <22 if less (p=0.059) (>50 % change
than the equivalent in MADRS)
of a high school S to esketamine
education) +AD 27.0% vs
>2AD S to placebo
+AD 13.3%

Luzny, (2013) RCT Citalopram iv N =20 (F= a) > 65 years Effect (< 50 % Not enough data Effect (<
Czech vs UL ECT 15; M= 5) b) MDD (ICD-10)) on the HAM-D) provided to 50 % on the
Republic Mean >2AD citalopram iv calculate effect HAM-D):

age=67.8 83.3% vs UL sizes SOO00O
ECT 87.5%
(p=0.112)
Non pharmacological trials
Zhao 2019 China  RCT, 4 weeks A rTMS vs no N=88 a) > 60 years Changes from baseline Not enough data ~ Change
TMS (F=41; b) MDD (DSM-1V) in HAM-D scores: provided to from
M=47) ¢) HAM-D (24-item) HAM-D scores W1: A calculate effect baseline
Mean age: >17 rTMS (20.5-22.21) sizes HAM-D:
65.6 (4.05)  d) excluded if —1.71 vs A placebo SOO0O
cerebral organic (20.5-23.48) —2.98

(continued on next page)
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Author, year & Design

country

Arms and
objectives

N, sex,
Mean age

Inclusion criteria/
resistant depression
definition

Change from baseline
in depression rating

Outcomes
response and/or
remission

Absolute value GRADE
of effect sizes Score,

certainty

disorders (dementia
not specifically
mentioned)

>2AD

HAM-D scores W2: A
1rTMS (17.60-22.21)
—4.61 vs A placebo
(20.45-23.48) —3.03
(p<0.05)

HAM-D scores W3: A
rTMS (14.5-22.21)
—7.71 vs A placebo
(20.45-23.48) —3.03
(p < 0.05)

HAM-D scores W4: A
1rTMS (12.6-22.21)
—9.61 vs A placebo
(21-23.48) —2.48
(p<0.05)

Studies including patients with TRLLD defined as > 1 unsuccessful antidepressant treatments

Pharmacological trials

Lenze 2015 USA RCT PC, 12 A aripiprazole N=181 a) > 60 years Changes from baseline Remission (< 10 Change in HAM- Change
weeks vs A placebo (F=103; b) MDD (DSM-1V) in HAM-D (17-item) on the MADRS) D (17-item) from from
M=78) ¢) MADRS > 15 scores: A aripiprazole baseline
Mean age: d) no dementia A aripiprazole —5.78 44.0% vs A between 2 HAM-D:
66 ((25th/ (medical records, vs A placebo —4.02 placebo 28.9 % groupsd =0.345  PHDO
75th cognitive screening, The aripiprazole Oddsratio (95%  Change in
Centile: formal dementia group showed a CI) remission MADRS from
62.8/70.5) criteria) significantly greater Aripiprazole vs.
No remission after improvement (F Placebo: 2.0 between 2
> 12 weeks of [1170]=5.1, p=0.03) (1.1-3.7), p: groups d = 0.098
treatment with Changes from baseline ~ 0.03
venlafaxine at > 4 in MADRS scores:
weeks at the highest A aripiprazole —7.5 vs
tolerated dose A placebo —5
(150-300 mg/d) The aripiprazole
group showed a
significantly greater
improvement.
Kok 2007 The RCT, 6 weeks A lithium vs S N=29 a) > 60 years Changes from baseline ~ Remission (< 10 ~ Change in Change
Netherlands to phenelzine (F=22; b) MDD (DSM-1V) in MADRS scores: on the MADRS) MADRS from from
M=7) ¢) MADRS > 20 A lithium -13.1 Alithium 33.3%  baseline baseline
Mean age: d) no dementia (p<0.001) vs S to vs S to between 2 MADRS:
73.12 (MMSE <15 or DSM-  phenelzine 0.7 phenelzine 0 % groups: SPO0O
IV criteria for Changes from baseline  (p.0.042) d=1.475
dementia) in HAM-D (17-items) Response (< Change in HAM-
>1AD scores: 50 % on the D (17-items)
A lithium —10 MADRS) from baseline
(p <0.001) vs S to Alithium 46.7%  between 2
phenelzine —0.1 vs S to groups:
phenelzine d =1.580
7.1% (p 0.035)
Remission (< 7
HAM-D (17-
items))
Alithium 33.3 %
vs S to
phenelzine 0 %
(p 0.042)
Response (<
50 % on the
HAM-D (17-
items))
Alithium 46.7 %
vs S to
phenelzine
7.1% (p 0.035)
George 2017 DB controlled A subcutaneous N=16 a) > 60 years Changes from baseline ~ Remission (< 10 ~ Main effect of Change
Australia multiple- ketamine HCI (F=6; b) MDD or BP (DSM-  in MADRS scores: on the MADRS) each 0.1 mg/kg from
crossover in ascending M=10) v) ketamine HCIL: at least at one increase in baseline
study, 7 days doses vs Mean age c) depressive episode ~ —0.1 mg/kg —9.71 point during the  ketamine dose: f =~ MADRS:
A single dose of  =65.6 of duration >4 w (p=0.06) trial (across all =0.34 SOO00O
control 5.7) d) MADRS> 20 —0.2mg/kg —6.1 dose levels and
treatment, e) patients with (p<0.01) time points)
(midazolam) dementia non —0.3mg/kg —3.75 A Ketamine
within the first excluded (p <0.001) 68.8% vs A
3 treatment Insufficient —0.4mg/kg —8.7 midazolam 14 %
sessions. therapeutic response (p <0.001) Response (<

(continued on next page)
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Author, year & Design Arms and N, sex, Inclusion criteria/ Change from baseline Outcomes Absolute value GRADE
country objectives Mean age resistant depression in depression rating response and/or of effect sizes Score,
definition remission certainty
to > 1 adequate trials ~ compared with 50 % on the
of an AD medication midazolam —1.1 MADRS) at least
during the current at one point
episode during the trial
(across all dose
levels and time
points)
A Ketamine
68.8% vs A
midazolam 29 %
No participant
sustained
response or
remission to
midazolam
treatment at Day
7
Non pharmacological trials
Kaster 2018 RCT DB PC, 4 ATrTMS vs A N=52 a) 60-85 years Changes from baseline ~ Remission (<10 Differences in Change
Canada weeks sham rTMS (F=20; b) MDD (DSM-1V) in HAM-D (24-item) on the HAM-D the change in from
M=32) ¢) HAM-D (24-item) scores: (24-item) and HAM-D (24- baseline
Mean age: >22 rTMS —11.5 vs sham <60 % on the item) scores over =~ HAM-D:
65.2 (5.45) d) no dementia rTMS —10 HAM-D (24- time d = 0.873 S ]00)
(MMSE <26 and HAM-D (24-item) item) on 2 Differences in
clinical evidence) scores over time: F consecutive the change in
>1AD =36.5, d.f. =189.0; weeks) HAM-D (24-
p <0.001). ITT sample item) scores for
HAM-D (24-item) rTMS 40 % vs an effect of
scores for an effect of sham rTMS treatment
treatment condition: 14.8% condition
(F = 3.3, d.f. = 49.0; (p <0.05) d =0.519
p=0.08) PP sample Time by
Time by treatment rTMS 50 % vs treatment
interaction (F = 0.9, d. sham rTMS interaction:
f. = 189.0; p=10.438) 14.8% d=0.138
(p<0.05)
Response (<
50 % on the
HAM-D (24-
item) on 2
consecutive
weeks)
ITT sample
1TMS 44 % vs
sham rTMS
18.5%
(p <0.05)
PP sample
rTMS 55 % vs
sham rTMS
18.5%
(p<0.05)
Blumberger Randomized ArTMS vs A N=172 a) > 60 years Changes from baseline ~ Remission (< 10  Change in Change
2022 Canada non Sequential (F=92; b) MDD (Mini- in MADRS scores: on the MADRS): MADRS from from
inferiority bilateral TBS M=80) International ArTMS —8.3vs ATBS  ArTMS 32.9% baseline baseline
trial, 12 Mean age: Neuropsychiatric -9.9 vs ATBS 35.4%  between 2 MADRS:
weeks 66.7 (6.04) Interview) (p-value = 0.0008) (p 0.046) groups: SPPO
c) MADRS >18 Changes from baseline  Response (< d =0.224
d) no dementia in HRSD—17 scores: 50 % on the Change in
(Short Blessed > 10) A rTMS —6.1 vs A TBS MADRS): HRSD-17 from
>1AD -7.1 A 1TMS 32.9% baseline
(p=0.0002) vs ATBS 44.3%  between 2
(p < 0.001) groups:
Remission (< 7 d=0.175
on the HAM-D

(17 items))

A TTMS 27.2%
vs A TBS 33.8%
(p<0.012)
Response (<

50 % on the
HAM-D (17
items))

A 1rTMS 29.6 %

(continued on next page)
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Author, year & Design Arms and N, sex, Inclusion criteria/ Change from baseline Outcomes Absolute value GRADE
country objectives Mean age resistant depression in depression rating response and/or of effect sizes Score,
definition remission certainty
vs A TBS 41.9 %
(p < 0.001)
Stoppe 2006 RCT, 4 weeks StoRULECTvs N=39 (F= a) > 60 years Changes from baseline ~ Remission (< 10  Not enough data ~ Change
Brasil S to BL ECT 22; M=17) b) MDD (DSM-1V) in MADRS scores: on the MADRS): provided to from
Mean age: ¢) MADRS> 20 4th session: RUL ECT 88.2% calculate effects baseline
75.15 d) no dementia RULECT —15.27vs BL  vs BL ECT sizes MADRS:
>2ADor >1 AD ECT —15.7 68.2% [110[0)
in severely ill (U =122.00, (p=0.25)
patients, history of P=0.06)
poor 8th session:
pharmacological RULECT —24.28 vs BL
response and good ECT -21
ECT results in (U =118.00,
previous episodes P=0.13)
12th session:
RULECT —27.46 vs BL
ECT —23.7
(U =51.50, P =0.06)
16th session:
RUL ECT —24.1 vs BL
ECT -27.8
Reynolds 2010 RCT, 16 IPT with N=124 a) > 60 years No data Remission (< 7 Not enough data ~ Remission
USA weeks escitalopram vs (W=85; b) MDD (DSM-1V) on the HAM-D provided to (< 7 on the
A DCM with M=39) ¢) HAM-D (17 item) score for 3 calculate effects HAM-D
escitalopram Mean age: >15 weeks): sizes score for 3
72.3(7.4) d) mild cognitive IPT group: 58 % weeks):
impairment included vs DCM group: SPPO
dementia excluded 45% (p=0.14)
(MMSE < 18 or with in the ITT
diagnosed dementia) Response (three
Partial responders to final scores on
one AD the HAM-D of
(escitalopram) 8-10.): IPT
group: 82 % vs
DCM group:
77 % in the ITT
Gebara 2019 RCT, 8 weeks immediate N=11 a) > 60 years Changes from baseline ~ No data Changes from Change
USA BBTI vs delayed (F=3; b) MDD (DSM-5) in the PHQ—9 (minus baseline in the from
BBTI (3-weeks M=8) c) MADRS > 15 the sleep) scores: PHQ-9 (minus baseline
wait-list Mean age: d) Insomnia Severity Immediate BBTL: —3.8 the sleep) PHQ-9:
control) 65 (4.1) Index (ISI) score (SE = 3.5) vs delayed between 2 SOO00O
>15. BBTL: —2.4(SE = 2.2) groups: g
e) cognitive =0.196
impairement
excluded (MoCa
<24)
>1AD
Morimoto 2020 DB, RCT, 4 nCCR designed N=30 a) > 60 years Changes from baseline ~ Remission (<10 Changes from Change
USA weeks to target CCD, (F=19; b) MDD (DSM-1V) in MADRS scores: on the MADRS): baseline in from
active control M=11) c) MADRS > 15) nCCR: —12.1 (SD = nCCR group MADRS between baseline
not targeting Mean age: d) no dementia 7.7) vs active control 58 % vs active 2 groups: MADRS:
CCD 73.5 years (DSM-IV criteria for —6.6 (SD = 8.0). control 8 % d =0.858 D00
(7.8) dementia) Treatment group X Response
>1AD time interaction (F (<50 % on

(1,61.8)=11.37,
p=0.002)

MADRS): nCCR
group 58 % vs
active control
16 %

Abbreviations: A: Adding; AD: Antidepressant; BBTL: Brief Behavioral Treatment for Insomnia; BP: Bipolar Disorder; CCD: Cognitive Control Functions; CGI: Clinical
Global Impression Scale; d: Cohen’s d; DCM: Depression care management; DSM-5: Diagnostic and Statistical Manual of Mental Disorders, 5th Edition; ECT: Elec-
troconvulsive Therapy; f: Cohen’s f; F: Female; g: Hedges’ g; GDS: Geriatric Depression Scale; HAM-D: Hamilton Depression Rating Scale; IDS-C30: Inventory of
Depressive Symptomatology - Clinician Rated (30-item); ITT sample: intention-to-treat sample; IPT: interpersonal Psychotherapy; IV: Intravenous; M: Male; MDD:
Major Depressive Disorder; MADRS: Montgomery—f\sberg Depression Rating Scale; MMSE: Mini-Mental State Examination; nCCR: Neuroplasticity based computerized
cognitive remediation; PHQ-9: Patient Health Questionnaire-9; PP sample: per protocol sample; QIDS-SR-16: Quick Inventory of Depressive Symptomatology (16-
item) (self-report); RCT: Randomized Controlled Trial; rTMS: repetitive transcranial magnetic stimulation; RUL: Right Unilateral; S: Switching; TBS: Theta Burst
Stimulation; Ul: Unilateral; W: week GRADE certainty ratings: low: @O QQ), very low: @PO (), moderate: HHPH ), high: DHPHP.
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Identification

Screening
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Identification of studies via databases and registers

]

Records identified from*:
Databases
(Embase n = 2065
Medline n = 1435
PsycINFO n = 1044
CINAHL n = 777)
Clinical trials resisters (n

=1556)

Articles found by reference

trackina (n =2)

A4

Records screened after
duplicated removed
(n=5104)

Records removed before
screening (n=6877)

Duplicate records removed (n
=1775)

\ 4

Full-text articles assessed for
eligibility (n = 48)

Records excluded as irrelevant
(n =5056)

2.4. Effect size calculation

To facilitate comparison among the included trials, effect sizes were
calculated based on Cohen’s d (Lipsey and Wilson, 2001). The effect
sizes however could not be aggregated due to the heterogeneity of

studies.

\

Studies included in review
(n=14)

-4 RCT assessing the efficacy of
pharmacological interventions for
TRLLD defined defined as 22
unsuccessful treatments.

-1 RCT assessing the efficacy of
non-pharmacological
interventions for TRLLD defined
defined as 22 unsuccessful
treatments.

-3 RCT assessing the efficacy of
pharmacological interventions for
TRLLD defined defined as 21
unsuccessful treatment.

-6 RCT assessing the efficacy of
non-pharmacological
interventions for TRLLD defined
defined as =1 unsuccessful
treatment.

\ 4

Records excluded (n = 34)
Reasons for exclusion:

Not a randomized controlled trial
(n=24)

Included patients younger than
60 years (n = 8)

Protocol only, no results available
(n=1)

Did not assess the effect of a
treatment on depression (n = 1)
Duplicate study (n = 1)

Fig. 1. Prisma Flowchart of the selection and identification of studies.

3. Results

3.1. Search results

The search strategy yielded a total of 6877 articles (see Fig. 1 for
details of the search process). After removal of duplicates and clearly
irrelevant articles, we retrieved 48 full text records. Of these, 34 studies



B. Pozuelo Moyano et al.

were excluded for various reasons (see Table 1 of Excluded Studies
Supplementary Online Material). A total of 14 studies were eligible for
inclusion (Blumberger et al., 2022; Gebara et al., 2019; George et al.,
2017; Kaster et al., 2018; Kok et al., 2007; Lenze et al., 2015; Lenze et al.,
2023; Luzny, 2013; Mazeh et al., 2007; Morimoto et al., 2020; Ochs-Ross
et al., 2020; Reynolds et al., 2010; Stoppe et al., 2006; Zhao et al., 2019)
(see Table 1 for main study characteristics). Due to the heterogeneity of
definitions of TRLLD, and interventions tested we were not able to
perform a meta-analysis.

3.2. Description of studies

The mean age of participants was 69.3 years (taking into account
only Step 1 of Lenze 2023), with a mean age range of 65 (Gebara et al.,
2019) to 75.9 (Mazeh et al., 2007). Follow-up outcome timepoints
varied from 7 days (George et al., 2017) to 16 weeks (Reynolds et al.,
2010). All studies included 2 arms except for one, which had 2 steps with
3 arms in the first step (Lenze et al., 2023). Sample sizes ranged from 11
(Gebara et al., 2019) to 619 (in Step 1 (Lenze et al., 2023)).

Three studies evaluated effectiveness (Blumberger et al., 2022; Lenze
et al., 2023; Luzny, 2013) and nine evaluated efficacy (Gebara et al.,
2019; George et al., 2017; Kaster et al., 2018; Kok et al., 2007; Lenze
et al., 2015; Mazeh et al., 2007; Morimoto et al., 2020; Ochs-Ross et al.,
2020; Stoppe et al., 2006), two studies did not distinguish in their aims
or methods if they were assessing effectiveness or efficacy (Reynolds
et al.,, 2010; Zhao et al., 2019); for these two studies, following Gar-
tlehner et al.’s recommendations (Gartlehner et al., 2006), one evalu-
ated efficacy (Zhao et al., 2019) and the other effectiveness (Reynolds
et al., 2010) (see Fig. 2).

3.3. Criteria for treatment resistant depression

All participants had a diagnosis of MDD according to DSM or ICD.
Across all trials, participants were additionally required to have a min-
imum score on a specific scale on the PHQ-9, HAM, IDS-C30 or MADRS
(see Table 1). Of the 14 studies, 5 studies included patients with LLD and
two or more unsuccessful treatments (Lenze et al., 2023; Luzny, 2013;
Mazeh et al.,, 2007; Ochs-Ross et al., 2020; Zhao et al., 2019). The
remaining 9 studies included patients with LLD and only one unsuc-
cessful treatment (Blumberger et al., 2022; Gebara et al., 2019; George
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et al., 2017; Kaster et al., 2018; Kok et al., 2007; Lenze et al., 2015;
Morimoto et al., 2020; Reynolds et al., 2010; Stoppe et al., 2006).

3.4. Cognitive impairment or dementia

Most of the studies except two (George et al., 2017; Luzny, 2013)
excluded people with dementia, cognitive impairment or cerebral
organic disorders (see Table 1).

3.5. Treatments

3.5.1. Trials of pharmacological treatments

Two studies assessed the efficacy of switching to another antide-
pressant (paroxetine versus venlafaxine (Mazeh et al., 2007) or esket-
amine plus antidepressant versus placebo plus antidepressant
(Ochs-Ross et al., 2020)), and 2 studies assessed the efficacy of adding a
new psychotropic (aripiprazole versus placebo (Lenze et al., 2015);
subcutaneous ketamine in separate sessions versus a single dose of
midazolam randomly inserted in one of the first three sessions (George
et al., 2017)). Three studies compared switching versus adding a new
psychotropic (adding aripiprazole versus adding bupropion versus
switching to bupropion (Lenze et al., 2023)); adding lithium versus
switching to nortriptyline (Lenze et al., 2023) or adding lithium versus
switching to phenelzine (Kok et al., 2007)). One study provided no in-
formation about the switching or adding strategy when reporting the
effectiveness of intravenous (iv) citalopram versus electroconvulsive
therapy (ECT) (Luzny, 2013).

3.5.2. Trials of non-pharmacological treatments

There were 7 trials of non-pharmacological interventions. Three
trials examined effectiveness of adding rTMS (Blumberger et al., 2022;
Kaster et al., 2018; Zhao et al., 2019). One study added rTMS versus not
adding rTMS to an antidepressant (venlafaxine XR) (Zhao et al., 2019).
One study added rTMS versus sham rTMS to stable doses of psychotropic
medications (Kaster et al., 2018). The third study compared adding to
pharmacotherapy rTMS versus sequential bilateral Theta Burst Stimu-
lation (TBS) (Blumberger et al., 2022). One study assessed the efficacy of
switching to bilateral (BL) versus right unilateral (RUL) ECT (Stoppe
et al., 2006).

Two studies assessed the effectiveness or efficacy of psychotherapy

Study N Effect size Objective
Pharmacological trials
Lenze (2023): change MADRS A Arvs A B 619 -0.031 —— effectiveness
Lenze (2023): change MADRS ABvs S B 619 -0.257 —— effectiveness
Lenze (2023): change MADRS AArvs S B 619 -0.289 —— effectiveness
Lenze (2023): change MADRS ALvs SN 248 0.057 —i— effectiveness
Mazeh (2007): change HAM-D SPvs SV 30 0.526 —a— efficacy
Ochs-Ross (2020): change MADRS S ESK+AD vs S PL+AD 137 -0.336 —— efficacy
Lenze (2015): change MADRS A Arvs A PL 181 -0.098 u efficacy
Kok (2007): change MADRS A L vs A PH 29 -1.475 L efficacy
Non pharmacological trials
Kaster (2018): change HAM-D A rTMS vs A sham 52 -0.138 L efficacy
Blumberger (2022): change MADRS A I'TMS vs A TBS 172 -0.224 —— effectiveness
Gebara (2019): change PHQ (minus the sleep) iBBTI vs dBBTI 1" -0.196 L efficacy
Morimoto (2020): change MADRS nCCR CCD vs nCCR not CCD 30 -0.858 —— efficacy

Fig. 2. Effect sizes across studies on change from baseline in depressive symptoms at post-treatment. Abbreviations: A: Adding; AD: Antidepressant; Ar: aripi-
prazole; B: bupropion; BBTI: Brief Behavioral Treatment for Insomnia; dBBTI: delayed Brief Behavioral Treatment for Insomnia; ESK: esketamine; HAM-D: Hamilton
Depression Rating Scale; iBBTI: immediate Brief Behavioral Treatment for Insomnia; L: lithium; MADRS: Montgomery-Asberg Depression Rating Scale; N:
Nortriptyline; nCCR CCD: Neuroplasticity based computerized cognitive remediation targeting Cognitive Control Functions; nCCR not CCD: Neuroplasticity based
computerized cognitive remediation not targeting Cognitive Control Functions; P: paroxetine; PH: phenelzine; PHQ-9.
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(Gebara et al., 2019; Reynolds et al., 2010); one trial assessed the
effectiveness of adding interpersonal psychotherapy (IPT) with escita-
lopram versus depression care management (DCM) with escitalopram
(Reynolds et al., 2010); the other assessed the efficacy of immediate
Brief Behavioral Treatment for Insomnia (BBTI) versus delayed BBTI
(3-weeks wait-list control) (Gebara et al., 2019). We also identified one

an outcome. Seven studies used MADRS, four the HAM-D with one study
using the PHQ-9. Four studies used more than one depression measure
(HAM-D, GDS or MADRS).

3.7. Secondary outcomes: Response or remission rates

trial assessing the efficacy of cognitive remediation versus active control

(Morimoto et al., 2020).

Studies reported a dichotomous outcome of response and/or remis-
sion to treatment using different cut-offs in the MADRS or HAM-D (see
Table 1).

3.6. Primary outcome, change in depressive symptoms

All studies reported one or more measures of depressive symptoms as

Table 2

Side effects that occur in 5 % or more of the cases across all interventions and study arms.

Author, year & Arms

country

Side effets

Studies including patients with TRLLD (>2 unsuccessful antidepressant treatments)

Pharmacological trials

Lenze 2023 A Aripiprazole
USA
A Bupropion
S Bupropion
A Lithium
S Nortriptyline
Mazeh 2007 S Venlafaxine
Israel S Paroxetine

Ochs-Ross 2020 USA S Esketamine + AD

Lunzy 2013 Czech
Republic

Intravenous
Citalopram
Unilateral ECT
Non pharmacological trials

Zhao 2019 China A rTMS

Falls: 33 %, Dizziness: 17 %, Gastrointestinal distress: 13 %, Reduced salivation: 7 %, Tension, inner unrest, or anxiety: 14 %, Sleep
disturbances: 18 %

Falls: 55 %, Dizziness: 20 %, Gastrointestinal distress: 17 %, Reduced salivation: 15 %, Tension, inner unrest, or anxiety: 10 %, Sleep
disturbances: 9 %

Falls: 38 %, Dizziness: 20 %, Gastrointestinal distress: 18 %, Reduced salivation: 11 %, Tension, inner unrest, or anxiety: 14 %, Sleep
disturbances: 16 %

Falls: 47 %, Dizziness: 22 %, Gastrointestinal distress: 16 %, Reduced salivation: 10 %, Tension, inner unrest, or anxiety: 6 %, Sleep
disturbances: 5 %

Falls: 38 %, Dizziness: 17 %, Gastrointestinal distress: 17 %, Reduced salivation: 42 %, Tension, inner unrest, or anxiety: 7 %, Sleep
disturbances: 5 %

Nausea: 33 %, Dizziness: 26 %, Sedation: 26 %, Dry mouth: 20 %, Constipation: 20 %, Insomnia: 26 %

Nausea: 26 %, Dizziness: 40 %, Sedation: 26 %, Dry mouth: 33 %, Constipation: 20 %, Insomnia: 26 %

Dizziness: 21 %, Nausea: 18 %, Increased blood pressure: 12 %, Fatigue: 12 %, Headache: 12 %, Dissociation: 12 %, Vertigo: 11 %,
Urinary tract infection: 8 %, Hypoesthesia oral: 7 %, Vomiting: 7 %, Dysgeusia: 6 %, Dysphoria: 6 %, Hypoesthesia: 6 %, Insomnia:
6 %, Paresthesia: 6 %

Extrapyramidal parkinsonism: 8.3 %, Anxiety: 8.3 %

Memory impairment: 25 %

No serious effects reported

Studies including patients with TRLLD (>1 unsuccessful antidepressant treatments)

Pharmacological trials

Lenze 2015 USA A Aripiprazole
Kok 2007 The A Lithium
Netherlands

S Phenelzine

George 2017
Australia

Non pharmacological trials

Kaster 2018 Canada

Blumberger, 2022
Canada

A rTMS
A Bilateral rTMS

A TBS

Stoppe 2006 Brasil Bilateral ECT

Unilateral ECT

A subcutaneous Ketamine

Concentration difficulties: 9 %, Fatigue: 17 %, Sleepiness or sedation: 6 %, Tension/inner unrest: 15 %, Reduced sleep:
24 %, Increased dream activity: 27 %, Emotional indifference: 7.0 %, Tremor: 6 %, Akathisia: 12 %, Paraesthesia: 6 %,
Headache: 12 %, Increased salivation: 10 %, Reduced salivation: 10 %, Nausea/vomiting: 12 %, Diarrhea: 9 %,
Constipation: 8 %, Micturition disturbances: 12 %, Polyuria: 10 %, Orthostatic dizziness: 9 %, Photosensitivity: 6 %,
Weight gain: 20 %, Diminished sexual desire: 14 %, Erectile dysfunction: 8 %, Orgastic Dysfunction: 6 %, Dry Vagina: 17 %
Anxiety: 7 %, Insomnia: 13 % Weakness/fatigue: 20 %, Increased appetite: 13 %, Headache: 13 %, Tremors: 80 %, Rigidity,
stiffness: 7 %, Akathisia: 7 %, Dystonia: 13 %, Blurred vision: 13 %, Dry mouth: 33 %, Nausea, vomiting: 20 %, Diarrhea:
13 %, Constipation: 20 %, Syncope/dizziness: 27 %, Impaired urination: 20 %, Weight gain: 33 %

Anxiety: 21 %, Agitation: 21 %, Insomnia: 57 %, Weakness/fatigue: 57 %, Memory impairment: 50 %, Increased appetite:
7 %, Headache: 7 %, Tremors: 21 %, Rigidity, stiffness: 21 %, Akathisia: 21 %, Dystonia: 7 %, Blurred vision: 28 %, Dry
mouth: 57 %, Nausea, vomiting: 21 %, Diarrhea: 7 %, Constipation: 28 %, Syncope/dizziness: 43 %, Impaired urination:
21 %, Weight gain: 14 %

0.1 mg/kg: Flushing: 6 %, Dizziness: 6 %, Fatigue/Sleepiness/Poor

Concentration/Feeling vage: 19 %, Dry mouth: 12 %, Blurred vision: 6 %, Restlessness: 12 %, Headache: 12 %

0.5 mg/kg: Dizziness: 44 %, Fatigue/Sleepiness/Poor

Concentration/Feeling vage: 67 %, Paresthesia: 11 %, Blurred Vision: 44 %, Nausea: 11 %

Headache after treatment: 56 %, Pain at stimulation site: 16 %
Headache: 56 %, Nausea: 7 %, Dizziness: 19 %, Fatigue: 6 %, Anxiety/agitation: 8 %, Back/neck pain: 7 %

Headache: 54 %, Nausea: 8 %, Dizziness: 21 %, Fatigue: 6 %, Anxiety/agitation: 9 %, Back/neck pain: 11 %

Post-ECT delirium responsible for treatment interruption: 18.2 %, Headache, Confusion/Delirium and Dizziness/Nausea:
Not enough data provided to calculate the %

Dizziness/Nausea and Confusion/Delirium: Not enough data provided to calculate the %

Side effects were not considered as outcomes in the trial

Reynolds 2010 USA A Escitalopram + IPT

A Escitalopram + Care Side effects were not considered as outcomes in the trial

Management

Gebara 2019 USA Behavioral Treatment for Side effects were not considered as outcomes in the trial
Insomnia

Morimoto 2017 USA Computerized Cognitive Side effects were not considered as outcomes in the trial
Remediation

Abbreviations: A: Adding; AD: Antidepressant; ECT: Electroconvulsive Therapy; rTMS: repetitive transcranial magnetic stimulation; S: Switch- ing; TBS: Theta Burst
Stimulation.
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3.8. Ongoing trials

We did not identify any ongoing studies.
3.9. Risk of bias in included studies

Ratings of bias in included studies are presented in Table 2 of Sup-
plementary Online Material. Risk of bias was detected predominantly in
the randomization process and outcome measures. Two studies did not
report details of the randomization process (Gebara et al., 2019; Luzny,
2013). In 6 studies, participants were not blinded to treatment
(Blumberger et al., 2022; Gebara et al., 2019; Kok et al., 2007; Lenze
et al., 2023; Reynolds et al., 2010; Zhao et al., 2019), and in two trials
there were no blinded assessors (Mazeh et al., 2007; Zhao et al., 2019).
Two studies did not provide information about blinding of assessors
(Gebara et al., 2019), or the blinding process (Luzny, 2013). Given the
small number of included studies, no assessment of publication bias was
undertaken.

3.10. Effects of interventions

We did not identify any study reporting results of switching to pla-
cebo in monotherapy.

3.10.1. Studies assessing the effectiveness of switching to another
antidepressant

The first study (n = 30) showed a statistically significant difference
in changes from baseline in HAM-D scores when comparing paroxetine
and venlafaxine, with more pronounced improvements in the ven-
lafaxine group [F (1207) = 14.4, P < 0.0003] (Mazeh et al., 2007). The
same study reported a response rate of 20 % when switching to either
paroxetine or venlafaxine, and remission rates of 60 % when switching
to venlafaxine and 33 % when switching to paroxetine (Mazeh et al.,
2007).

The second study (n = 137) compared switching to esketamine and
one antidepressant (duloxetine, escitalopram, sertraline, or venlafaxine
XR) versus switching to placebo and one of the mentioned antidepres-
sants (Ochs-Ross et al., 2020)). Although there was a difference in the
change in MADRS between the two groups from baseline to day 28, with
greater changes in the esketamine with antidepressant group, the results
were not statistically significant (difference in LS mean MADRS —3.6
(p = 0.059)) (Ochs-Ross et al., 2020).

3.10.2. Studies assessing the effectiveness of adding a new psychotropic

In one study assessing the efficacy of aripiprazole versus placebo
(n = 181), results showed that both groups showed improvement on
depression (based on the HAM-D-17 score), but the aripiprazole group
showed a significantly greater improvement (F[1170]=5.1, p = 0.03)
(Lenze et al., 2015). The same study reported higher remission rates in
the group receiving aripiprazole, with this group being two times more
likely to achieve a treatment response (OR: 2.0 (1.1-3.7), p = 0.03)
(Lenze et al., 2015).

The study comparing adding an ascending dose of subcutaneous
ketamine versus adding a single dose of midazolam as a control treat-
ment (n = 16), reported that the ketamine group receiving 0.4 mg/kg
achieved greater improvements in depressive symptoms from baseline
(8.7 points in MADRS) compared to the midazolam group (-1.1)
(p < 0.001) (George et al., 2017). Both remission and response rates
were higher in the ketamine compared to the midazolam group (George
et al., 2017).

3.10.3. Studies assessing the effectiveness of switching versus adding a new
psychotropic

We found three studies assessing the effectiveness of switching
versus adding a new psychotropic. The first study included two steps; in
the first step, patients (n = 619) received either an added dose of

10

Ageing Research Reviews 107 (2025) 102710

aripiprazole or bupropion or switched to bupropion (Lenze et al., 2023).
In the second step, patients (n = 248) either received an added dose of
lithium or switched to nortriptyline (Lenze et al., 202.3).

In step 1, changes from baseline in MADRS scores were —7.60 (95 %
CI, —9.20 to —5.99) in the aripiprazole-augmentation group, —7.23
(95 % CI, —8.86 to —5.59) in the bupropion-augmentation group, and
—4.14 (95 % CI, —5.81 to —2.48) in the switch- to-bupropion group. In
step 2, changes in MADRS scores were —4.63 (95 % CI, —6.78 to—2.49)
in the lithium-augmentation group and —5.33 (95 % CI, —7.52 to
—3.14) in the switch-to nortriptyline group. In Step 1, changes in
depressive symptoms (MADRS) and remission rates for the augmenta-
tion groups (aripiprazole and bupropion) were statistically significant
compared to the switch-to-bupropion group. The most significant
reduction in MADRS scores from baseline and the highest remission
rates were observed in the group adding aripiprazole, followed by the
group adding bupropion.

In Step 2, neither the changes in depressive symptoms nor the
remission rates between the lithium augmentation group and the switch-
to-nortriptyline group differed to a statistically significant extent.

One trial assessed differences between adding lithium versus
switching to phenelzine (n = 29). Both remission and response rates
(MADRS and HAM-D) were significantly higher in the lithium
augmentation group (Kok et al., 2007).

3.10.4. Studies assessing the effectiveness of rTMS

One of the studies (n = 88) showed that depression scores (HAMD)
significantly decreased in the rTMS group compared with the control
group at post-treatment (Zhao et al., 2019). Two studies assessed the
efficacy of rTMS versus sham rTMS (n = 52) (Kaster et al., 2018) or
versus sequential bilateral TBS (n = 172) (Blumberger et al., 2022).
When comparing rTMS versus sham rTMS, the group receiving rTMS
showed greater changes in depressive symptoms from baseline over time
(F = 36.5, d.f. = 189.0; p < 0.001), but there was no significant dif-
ferences in the change between the two groups (F = 0.9, d.f. = 189.0;
p = 0.438); the group of patients receiving rTMS also had higher rates of
response and remission (Kaster et al., 2018).

The third study compared the effectiveness of rTMS versus a
sequential bilateral TBS treatment (n = 172) (Blumberger et al., 2022).
The study demonstrated significant noninferiority of TBS compared to
standard bilateral rTMS in depressive symptoms post-treatment, with an
adjusted difference of 1.55 points in MADRS score change (95 % CI:
—0.67). TBS also showed significant noninferiority in the MADRS
response (44.3 % vs. 32.9 %, adjusted difference 11.4 %, 95 % CI:
—1.1 %), within the noninferiority margin (& < 15 %). Similarly, the
MADRS remission rate for TBS was 35.4 % compared with 32.9 % for
standard bilateral rTMS with an estimated adjusted difference of 2.5 %
favoring TBS, with a lower 95 % CI of —9.7 %, smaller than the non-
inferiority 6< 10 %.

3.10.5. Studies assessing the effectiveness of ECT

One study compared the efficacy of BL versus RUL treatment with
ECT (n = 39). Remission rates for RUL ECT (88.2 %) and BL ECT
(68.2 %) were similar (p = 0.25) as were the reduction rates of
depressive symptoms from baseline (Stoppe et al., 2006). The second
study compared iv citalopram versus RUL ECT (n = 20); there were no
statistically significant differences between the two groups in depressive
symptoms post- treatment (Luzny, 2013).

3.10.6. Studies assessing the effectiveness of psychotherapy

Two studies assessed the effectiveness or efficacy of psychotherapy.
The first added IPT versus a DCM intervention with escitalopram
(n = 124). Remission rates for escitalopram with IPT and with DCM
were similar across groups in intention-to-treat analyses (IPT vs. DCM:
58 [95 % CI: 46, 71] vs. 45 % [33,58]; p 1/4 0.14) (Reynolds et al.,
2010).

In the second study (n = 11), assessing the therapeutic efficacy of
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BBTI on symptoms of insomnia and depression, the treatment group
experienced a 33 % rate of clinically significant positive change on the
PHQ-9, compared to a 20 % rate in the delayed treatment group; how-
ever, this difference was not statistically significant (Gebara et al.,
2019).

3.10.7. Studies assessing the effectiveness of cognitive remediation

In one study (n = 30) participants received neuroplasticity-based
computerized cognitive remediation (nCCR), or an active control con-
dition (Morimoto et al., 2020). The average reduction in depressive
symptoms (MADRS) over 4 weeks was 12.1 points for the nCCR group,
compared to 6.6 points in the control group. In the nCCR group, 58 % of
participants achieved remission and response, while in the control
group, only 8 % reached remission and 16 % responded. There was a
significant interaction between group and time (F(1, 61.8) =11.37,
p = 0.002), indicating that the nCCR group experienced a greater
decline in depressive symptoms over time compared to the control
group.

3.11. Effect Sizes

The absolute values are presented in Table 1, while Fig. 2 illustrates
effect sizes (Cohen’s d and 95 % confidence intervals) reported or
calculate based on data provided in each of the studies.

3.12. Side-effects

Side effects that occurred in more than 5 % of the treated cases are
listed in Table 2.

All studies of pharmacological treatments reported side-effects
affecting > 5 % of the study sample. A total of 11 studies reported
data on side-effects or adverse events associated with the interventions.
The most commonly reported side-effects were tremor (in 80 % of pa-
tients with an added lithium intervention) (Kok et al., 2007), falls (in
47 % of an added lithium treatment or in 55 % when adding bupropion
to an existing pharmacological medication) (Lenze et al., 2023) and
insomnia (in 57 % of patients with switching to a phenelzine) (Kok et al.,
2007). Fatigue was present in 57 % of patients switching to a phenelzine
treatment (Kok et al., 2007) and 66 % of patients with 0.5 mg/kg of
subcutaneous ketamine (George et al., 2017).

For non-pharmacological interventions, headache had a frequency of
56 % of patients with rTMS treatment in two studies (Blumberger et al.,
2022; Kaster et al., 2018). Cognitive impairment was frequent in pa-
tients with ECT. One study found that participants who were random-
ized at BL ECT experienced greater cognitive impairment across all
evaluations compared to the group that received RUL ECT. In this study,
a neuropsychologist conducted a blinded assessment 2-4 days before
the first ECT treatment and again 1 month after the final session. The
difference was not significant after the 4th ECT (U = 47.00, P = 0.09)
but reached significance after the 8th (U = 39.50, P = 0.03), the 12th (U
=29.00, P G 0.01), and 16th ECT sessions (U = 27.5, P G 0.01) (Stoppe
et al, 2006). A small study (n=20) reported memory impair-
ment—defined in that trial as a decrease of 2 or more points on the
Mini-Mental State Examination (MMSE)—in 25 % of the sample
following RUL ECT treatment (Luzny, 2013). Post-ECT delirium was
common in ECT treatment (Stoppe et al., 2006). The studies assessing
the effectiveness of psychotherapy treatment did not report side effects
as outcomes.

4. Discussion

In this review, we aimed to establish an up-to-date and accurate
estimate of the effectiveness of both pharmacological and non-
pharmacological treatments for older adults with resistant or re-
fractory major depression. We encountered several challenges, the most
important being the limited number of RCTs examining the effectiveness
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of antidepressant treatments in patients with TRLLD. The studies also
varied greatly in terms of the definitions of TRD and the treatments
evaluated, which meant that it was not possible to conduct a meta-
analysis.

4.1. Studies assessing the effectiveness of pharmacological interventions

We identified three studies with relatively large sample sizes and low
risk of bias, reporting on the effectiveness of aripiprazole, bupropion,
lithium, nortriptyline and esketamine for the reduction of depressive
symptoms in patients with TRLLD (Lenze et al., 2015; Lenze et al., 2023;
Ochs-Ross et al., 2020). The first study showed that augmentation
strategies with aripiprazole and bupropion resulted in statistically sig-
nificant improvements in depressive symptoms and remission of
depression rates compared to the group that switched to bupropion,
based on a large sample (n = 619) (Lenze et al., 2023). The second step
of this trial, reporting on a smaller sample size (n = 249), showed that
switching to nortriptyline was associated with more important im-
provements from baseline in MADRS than adding lithium therapy;
however, this difference did not reach statistical significance (Lenze
et al., 2023).

The second study with a large sample size concluded that, when
added to existing antidepressants, aripiprazole was significantly supe-
rior to placebo in treating depressive symptoms (Lenze et al., 2015). The
effectiveness of aripiprazole as an augmentation strategy is in line with
systematic reviews and meta-analyses assessing the effectiveness of TRD
treatments in younger adults (Edwards et al., 2013; Nunez et al., 2022;
Zhou et al., 2015). The third study (n = 137) showed that switching to
esketamine combined with an antidepressant was not associated with a
statistically significant reduction of depressive symptoms when
compared to switching to placebo plus an antidepressant (Ochs-Ross
et al., 2020).

The main difference between our systematic review and that of
Cooper et al. lies in the selection criteria. We included only randomized
controlled trials (RCTs) with the initial aim of obtaining comparable
results, whereas Cooper et al. additionally included primary research
studies evaluating treatments for refractory depression, but not single
case reports. Another key difference is that the review by Cooper et al.
focused on older adults aged 55 and above. In contrast, to better define
the population affected by LLD, we decided to include only studies
involving participants aged 60 and older.

The remaining studies assessing the effectiveness of pharmacological
interventions had small sample sizes, making their findings less reliable.
One of the small-scale studies (n =29), reported that augmenting
treatment with lithium showed significantly greater response and
remission rates compared to phenelzine (Kok et al., 2007). Another
small study showed that doses of subcutaneous ketamine > 0.2 mg/kg
were significantly more efficacious than midazolam in treating depres-
sive symptoms (George et al., 2017). Similarly, a small study reporting
on 30 participants concluded that switching treatment to venlafaxine
was significantly superior to switching to paroxetine for depressive
symptoms (Mazeh et al., 2007). The results of these studies supporting
the efficacy of ketamine and venlafaxine are interesting and indicate
that larger studies are urgently needed to confirm these results.

4.2. Studies assessing the effectiveness of non-pharmacological
interventions: rTMS

The effectiveness of rTMS was tested in three trials, with varying
sample sizes and risk of bias. The study with the largest sample and
lowest risk of bias showed that bilateral TBS was superior to standard
bilateral rTMS in reducing depressive symptoms (Blumberger et al.,
2022). The remaining two studies were smaller (Kaster et al., 2018; Zhao
et al., 2019) and found that rTMS was effective compared to placebo or
no treatment, with statistically significant changes in depressive symp-
toms at 4 weeks. Given that the evidence base for rTMS remains limited,
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future large-scale studies with longer follow-ups and adhering to the
conventionally used frequencies (10 Hz or 1 Hz) (Cappon et al., 2022)
will be key to establishing the effectiveness of these treatments.

4.3. Studies assessing the effectiveness of non-pharmacological
interventions: ECT

With respect to ECT, two studies with small sample sizes (Luzny,
2013; Stoppe et al., 2006) assessed effectiveness at post-treatment. One
of these concluded that RUL ECT was as effective as BL ECT (Stoppe
et al., 2006) in reducing depressive symptoms. The second study, which
had high risk of bias in several domains, found that ECT was not more
effective than iv citalopram in reducing symptoms of depression (Luzny,
2013). It is important to note that in this study participants with de-
mentia were not specifically excluded. These findings indicate that the
evidence base of the clinical effectiveness of ECT for TRLLD remains
small, despite its widespread use.

4.4. Studies assessing the effectiveness of non-pharmacological
interventions: psychotherapy and cognitive remediation interventions

We found insufficient evidence to derive meaningful conclusions
from studies investigating the effectiveness of psychotherapy in TRLLD,
highlighting the need for further research in this area. We identified only
2 studies that assessed the effectiveness of psychotherapy for the treat-
ment of depressive symptoms in patients with TRLLD, defined as > 1
unsuccessful treatments. The first study with a large sample size and low
risk of bias found no differences on remission rates between IPT and
DCM with escitalopram (Reynolds et al., 2010). The second study, which
was of smaller size, concluded no significant differences between the
immediate and delayed BBTI groups at post-treatment (Gebara et al.,
2019). We also identified a small study reporting on a computerized
cognitive remediation intervention which improved depressive symp-
toms compared to an active control condition. However, all studies so
far remain small therefore any conclusions remain limited (Morimoto
et al., 2020). Given the insufficient level of evidence for these in-
terventions future large-scale studies focusing on psychological or
cognitive remediation interventions are urgently needed.

4.5. Side effects

Based on the limited available data we can conclude that aripipra-
zole and ketamine (either in nasal spray form or subcutaneous ketamine
HCI) appear to be the most well-tolerated (Lenze et al., 2023). Three
studies assessed the side effects of rTMS; one of these studies concluded
that there were no serious side effects associated with rTMS (Zhao et al.,
2019). The remaining two studies reported that 56 % of patients expe-
rienced headaches after a rTMS treatment (Blumberger et al., 2022;
Kaster et al., 2018). ECT was associated with a high risk of cognitive
impairment and post seizure delirium (Luzny, 2013; Stoppe et al., 2006).

Further large-scale studies are needed to conduct a risk-benefit
analysis of treatments for TRLLD. Studies including measurements of
blood levels could also be particularly valuable, considering inter-
individual variations in pharmacokinetics and pharmacodynamics
(Hilmer, 2021). This is especially relevant for older patients, who often
take multiple medications (Toh et al., 2023), some of which may act as
enzyme inhibitors. Addressing these factors will enhance our under-
standing of treatment effectiveness and safety in older patients, helping
to mitigate potential adverse effects.

4.6. Effect Size

This systematic review highlights that effect sizes reported across
studies assessing changes in depressive symptoms from baseline to post-
treatment were generally small. Adding lithium versus phenelzine
showed a large effect size however, due to the small sample size, this
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effect was not found to be significant, while other pharmacological in-
terventions were associated with small effects. Among non-
pharmacological treatments, nCCR targeting CCD versus an active
control showed a moderate to large effect size, the other non-
pharmacological interventions had smaller effects. Adding aripiprazole
was associated with a small effect size across different studies (vs. pla-
cebo or other treatments). However, these results should be interpreted
with caution given the small sample sizes and variations in the pop-
ulations studied.

4.7. Quality of the evidence

Risk of bias was unclear for multiple domains in several of the studies
evaluated, with published information sometimes insufficient to deter-
mine risk of bias. Only the area of missing outcome data was judged as
low risk, with most studies rated as high quality for this criterion.
Several studies had uncertainties on the areas of random sequence
generation, and allocation concealment, with some rated as high risk.
Given that most studies to date remain small (George et al., 2017; Kaster
et al., 2018; Kok et al., 2007; Stoppe et al., 2006), with risk of bias
present across several domains, it will be important that future trials
adhere to the highest standards of evaluation and reporting.

To assess the quality of the evidence, we employed the GRADE
framework (Prime, 2024). The substantial heterogeneity in criteria for
antidepressant resistance across studies, coupled with the absence of at
least two studies with comparable comparators, limits grouping the
studies under a common endpoint, such as change from baseline in
depressive symptoms. Furthermore, not all studies assessed the same
endpoint; for example, two studies (Luzny, 2013; Reynolds et al., 2010)
evaluated remission and/or response rather than change to depressive
symptoms from baseline.

Consequently, we conducted separate GRADE assessments for each
study (or for individual steps within multi-phase studies). The results
revealed considerable variability: five studies were rated as having very
low certainty, four studies as low certainty, four studies as moderate
certainty, with only one study—comprising two steps with distinct
GRADE evaluations—achieving high certainty in both steps (see
Table 1).

Overall, the certainty of evidence was rated as low or very low in the
majority of studies. Future studies and evaluations of certainty of evi-
dence are therefore likely to encounter the same challenges if the
marked heterogeneity in pharmacological approaches and in the criteria
used to define antidepressant resistance persists.

As mentioned earlier, we found a limited number of RCTs assessing
the effectiveness of different interventions for TRLLD, with studies
reporting on larger sample sizes urgently needed. However, this remains
an important challenge in both research and clinical practice. Over the
past decades, more than 500 RCTs have examined the effects of anti-
depressants or psychotherapies for depression, but only a few have
specifically focused on TRD (Cuijpers et al., 2020). These trials often
lack statistical power to determine who benefits most, limiting the
reliability of individualized evidence. Varied outcome measures make it
difficult to aggregate results, and most studies fail to assess long-term
effects (Cuijpers et al., 2020).

There are also challenges that are unique to TRLLD. These relate to
recruiting and retaining participants who are frail older people. Factors
such as a lack of perceived benefit, poor health, and mobility problems
often create significant barriers in recruiting older patients (Provencher
et al., 2014). To address these issues, we propose international collab-
orations for the delivery of RCTs targeting TRLLD and leveraging reg-
istry datasets across nations to reflect "real-world" data. Additionally,
addressing the heterogeneity of definitions of TRLLD, and standardizing
outcomes are important objectives for future studies.
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4.8. Strengths and limitations

This systematic review has some strengths as it represents the most
updated synthesis since 2011, comprehensively covering the most
relevant databases available to date. We included only RCTs, ensuring a
high standard of evidence in our findings. Furthermore, multiple defi-
nitions of TRLLD were incorporated, allowing for a broader and more
inclusive overview of the condition. However, there were several limi-
tations, the most important being the small number of studies, and the
variability in definitions and criteria of TRLLD used, which precluded a
meta-analysis. This variability in definitions may have also led to the
exclusion of some RCTs that otherwise might meet our inclusion criteria.
The majority of studies included small sample sizes with only a few
exceptions (Blumberger et al., 2022; Lenze et al., 2015; Lenze et al.,
2023; Ochs-Ross et al., 2020; Reynolds et al., 2010; Zhao et al., 2019),
which limits the robustness and generalizability of the findings. Another
important limitation was the short duration of follow-up periods, with
most studies reporting follow-up outcomes of only 4-7 weeks. This is an
important limitation which presents significant challenges for under-
standing long-term outcomes of current treatments. We also found evi-
dence of risk of bias across several studies, and different domains. Lastly,
not all RCTs included were placebo-controlled, potentially impacting
the consistency of comparisons.

4.9. Recommendations for future research

Currently, although guidelines do exist for TRD in the general adult
population (American Psychological Association, 2019; Baba et al.,
2022; Bennabi et al., 2019; Gebara et al., 2019; Rybak et al., 2021), there
are currently no clinical guidelines for the treatment of TRLLD.
Recently, recommendations have been published (Patrick et al., 2024;
Steffens, 2024; Subramanian et al., 2023), however based on our review
augmentation strategies with second-generation antipsychotics, lithium,
or another antidepressant, as well as switching drug classes, are not
based on high quality evidence. Non-pharmacological approaches like
psychotherapy and lifestyle interventions which are valuable due to
their low risk, are also urgently needed. Although ECT is widely used,
our data show that it remains less studied, with limited clinical effec-
tiveness data in older people with TRLLD, and preliminary evidence of a
high risk of side effects.

A significant challenge for future research in the area is the lack of
consensus regarding the definition of TRLLD, which necessitates an ur-
gent review to advance research on the effectiveness of treatments for
TRLLD. Similar efforts have already been undertaken by certain research
groups studying TRD in older adults (Rybak et al., 2021).

5. Conclusion

Current evidence on the clinical effectiveness of both pharmacolog-
ical and non-pharmacological treatments for TRLLD remains limited,
with the quality of existing studies suboptimal. The absence of a stan-
dardized definition for TRLLD complicates the assessment of treatment
effectiveness in clinical trials. Evidence from two adequately powered
RCTs with a low risk of bias suggests that aripiprazole reduces depres-
sive symptoms in patients with TRLLD, but this requires replication and
longer term follow ups. Other treatments, including venlafaxine, rTMS,
lithium, ketamine, and computerized cognitive remediation, show
promise but require validation through larger, high-quality trials. There
is an urgent need for well-designed RCTs to establish effective treat-
ments and clinical guidelines for TRLLD.
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