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Abstract

Opinion Statement

Recurrence, relapse and resistance to first-line therapies are common and pervasive issues in the 

treatment of depression in older adults. As a result, brain stimulation modalities are essential 

treatment options in this population. The majority of data for the effectiveness of brain stimulation 

modalities comes from electroconvulsive therapy (ECT) studies. Current ECT trials are focused on 

prolonging response after a successful course and mitigating the cognitive adverse effects. Newer 

forms of brain stimulation have emerged; unfortunately, as with most advances in medicine older 

adults have not been systematically included in clinical trials. Repetitive transcranial magnetic 

stimulation has demonstrated efficacy in younger adults and there is emerging data to support its 

use in late-life depression (LLD). It will be imperative that older adults be included in future 

transcranial direct current stimulation and magnetic seizure therapy clinical trials. Unclear efficacy 

results are a concern for both vagus nerve stimulation and deep brain stimulation.
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 Introduction

Major depressive disorder (MDD) is the most common mental health problem in older 

adults [1]. Older adults with late-life depression (LLD) have higher rates of suicide 

compared to younger adults with depression as well as higher mortality independent of 

suicide [2, 3]. The World Health Organization estimates that unipolar depression occurs in 

7 % of the general elderly population and accounts for 1.6 % of total disability among those 

aged 60 or older [4]. This presents a significant public health concern as this age group is 

expected to double in the next 10 years [5].

Although psychotherapy and pharmacotherapy have been shown to be effective, a substantial 

proportion of older depressed adults do not respond or have early relapse with antidepressant 

treatment [6]. Treatment-resistant depression (TRD) is defined as failure to respond to two 

adequate medication trials or as a relapse during treatment [7]. The STAR*D trial showed 

that 60 % of patients with MDD fail to respond to two antidepressant trials of optimal dose 

and duration, while a further 30 % failed to respond to four medication trials [8].

Treatment-resistant late-life depression (TRLLD) is a common problem where up to one 

third of patients are affected [9, 10]. Further, the elderly are more likely to experience 

relapses and recurrences than younger adults [11–13]. The failure of first-line treatment to 

induce remission in patients leads to impaired psychosocial function and diminished quality 

of life [14–16]. In addition, age-related changes that affect pharmacokinetics, 

pharmacodynamics, and drug interactions increase the risk of adverse effects and non-

compliance with pharmacotherapy [17].

Given the challenges with pharmacotherapy and the high rates of treatment resistance in 

older adults, brain stimulation treatments are an important clinical consideration. Newer 

brain stimulation treatments have emerged as promising alternatives for TRLLD, while 

electroconvulsive therapy (ECT) remains an important option. ECT is the oldest, most 

studied and most effective treatment for TRLLD with remission rates around 60 % [18–20]. 

However, the cognitive side effects are of great concern among patients [21]. This is 

especially significant for geriatric populations as age is a risk factor for cognitive side effects 

[21]. These factors and the societal stigma towards ECT have led to the investigation of 

other modalities including repetitive transcranial magnetic stimulation (rTMS), transcranial 

direct current stimulation (tDCS), magnetic seizure therapy (MST), vagus nerve stimulation 

(VNS) and deep brain stimulation (DBS). The purpose of the current review is to summarize 

recent advances in the use of brain stimulation modalities to treat LLD.
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 Electroconvulsive Therapy

ECT continues to be the most established brain stimulation intervention for TRD with over 

70 years of data [22]. Despite the paucity of clinical trials specifically focused on LLD as 

identified by a Cochrane review [23], the majority of studies have included older adults. 

These studies demonstrate that ECT is one of the most effective treatments for MDD with 

response around 60 % [18]. Recent studies in ECT for LLD focus on speed of remission in 

non-TRD patients, stimulus pulse width and maintenance protocols to address issues of 

neurocognitive side effects and relapse rates.

A very recent study [24•] reanalyzed subjects aged over 60 from two double blind, 

controlled trials to compare the speed of remission using ECT versus medication in elderly 

with MDD but not necessarily with TRD. The first selected trial [25] recruited adult MDD 

patients and randomized them to twice weekly right unilateral (RUL) brief pulse (1.0 msec) 

or ultra-brief pulse (0.3–0.37 msec) ECT eight times seizure threshold. The second trial [26] 

randomized elderly patients to venlafaxine or nortriptyline. The comparative study found 

that mean time to remission was 3.1 weeks (SD 1.1) for the ECT group and 4.0 weeks (SD 

1.0) for the medication group. The adjusted hazard ratio for remission within 5 weeks (ECT 

v. medication) was 3.4 (95 % CI 1.9–6.2). These findings substantiate the clinical impression 

that ECT has an important role in patients with severe LLD.

The speed of remission in LLD was supported by preliminary results from an ongoing trial 

[27] (ClinicalTrials.gov Identifier: NCT01028508). The Prolonging Remission in Depressed 

Elderly (PRIDE) study reported a mean of 7.3 (SD 3.1) ECT sessions to reach remission, 

which is a comparable duration of approximately 2.5 weeks with ECT administration three 

times weekly. This study has recruited 237 patients with unipolar depression over 60 years 

of age in phase 1 to receive ultra-brief pulse RUL ECT augmented with venlafaxine. The 

study will randomize patients in phase 2 to venlafaxine plus lithium or venlafaxine plus 

lithium with flexible maintenance ECT. The study design in older adults is informed by 

earlier trials in that they have included both younger and older adults that suggest enhanced 

efficacy of ECT with concomitant use of a noradrenergic antidepressant [20]. In this ECT 

and medication augmentation study, high dosage RUL, standard pulse width, ECT was also 

shown to be equally as effective as moderate dosage bitemporal ECT with reduced cognitive 

adverse effects. In the 6-month continuation phase of this study, however, a 50 % relapse 

rate was observed despite continuation pharmacotherapy with both antidepressant and 

lithium [28••]. The ongoing PRIDE trial will help elucidate whether flexible maintenance 

ECT may reduce relapse rates in older adults. In addition, the cognitive adverse effect data 

in this large sample will inform decisions around when to select RUL-UB ECT compared to 

other emerging brain stimulation modalities.

 Repetitive Transcranial Magnetic Simulation

Repetitive transcranial magnetic simulation (rTMS) is a brain stimulation method that uses 

magnetic field pulses, rather than an electrical current, and does not induce a seizure. The 

procedure requires a stimulator and coil to produce an electromagnetic field. A typical 

treatment course is 5 days per week between 4 and 6 weeks. In general, the treatment has a 

favourable adverse effect profile with common side effects including scalp discomfort and 
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transient headache. There are no cognitive adverse effects reported with rTMS. In 2008, the 

FDA approved rTMS as a treatment for depression for patients not responding to at least one 

antidepressant medication with a maximum age of 69 [29].

Despite the relatively large number of rTMS studies completed to date, there is a paucity of 

studies evaluating the efficacy of rTMS in TRLLD specifically. A number of older reports 

have suggested that older age is a negative predictor of response to rTMS [30–34]. However, 

these studies used suboptimal stimulation parameters particularly with respect to the 

stimulation intensity needed to overcome the prefrontal atrophy that occurs with advancing 

age. The proposed mechanism for these negative findings is likely related to the increased 

scalp-to-cortex distance in the elderly [30]. Imaging studies [34, 35] and a small 

uncontrolled clinical pilot study [36] have suggested a correlation between antidepressant 

effect of rTMS and scalp-to-cortex distance. Nahas et al. (2004) used an open design in 

which they adjusted stimulus intensity based on the distance of the scalp to the cortex and 

used MRI co-registration to target the dorsolateral prefrontal cortex (DLPFC), in 18 older 

subjects [36]. The average intensity required was 114 %, significantly higher than the 

intensity used in other treatment trials at the time. Interestingly, a more recent randomized 

controlled trial in an elderly sample with depression and cerebrovascular damage found 

unilateral rTMS at 110 % stimulation intensity resulted in a significant, but modest, 27.3 % 

remission rate [37].

The rTMS field has moved to using 120 % of the motor threshold intensity across the age 

range of subjects and as a result meta-analyses of more recent DLPFC rTMS have not found 

that older age is a negative predictor of response [38, 39]. Some preliminary data suggests 

that older adults may respond better to a sequential bilateral form of rTMS where low 

frequency (i.e. 1 Hz) right-sided stimulation is immediately followed by high-frequency (i.e. 

10 Hz) left-sided stimulation, using 120 % stimulation intensity [40•]. Other preliminary 

data suggests that older adults may respond better with a coil that has a larger induced 

electrical field than standard figure of eight coils [41].

Further study of rTMS in older adults is warranted given that optimal treatment parameters 

have demonstrated more promising results that earlier studies. Controlled studies across the 

age spectrum of older adults (i.e. over age 70) are needed to confirm efficacy and tolerability 

in this sub-group of older adults. Older adults may be particularly able to benefit from rTMS 

as daily schedules may be more conducive to the 5 days a week treatment schedule. rTMS 

has good patient acceptability due to the favourable adverse effect profile, in particular the 

lack of cognitive side effects.

 Magnetic Seizure Therapy

As a modality that has similarities to TMS and ECT, MST induces a seizure by utilizing a 

train of high-intensity repetitive magnetic field pulses that induce an electric field within the 

brain. The procedure for MST is the same as for ECT whereby patients receive low-dose 

anaesthesia and paralytic agent prior to the induction of the seizure. Magnetic field pulses 

are far more focal as they are not impeded or shunted by the skull or cerebrospinal fluid, 

thus preventing diffuse brain activation [42]. As a result there are far fewer cognitive side 

effects associated with MST compared with ECT [43–46].
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The largest published, randomized controlled trial [47] to date (n=20) compared MST (twin 

coil, 100 Hz, up to 600 pulses) to ECT (RUL, 0.5 brief pulse wave form) in TRD patients. 

The results showed statistically significant and similar antidepressant response in both 

groups. No significant cognitive side effects were noted in either group; however, those who 

had MST showed earlier time to recovery and reorientation post procedure. The study age 

inclusion restrictions were 18–65, which limits interpretations specific for LLD.

More recent pilot data continue to investigate the clinical effects and safety of 100 Hz MST 

[48, 49]. The cohort of younger TRD patients (n=13, mean age 46.8, SD 14.8) received 100 

Hz MST in trains up to 10 s for up to 18 treatments. There were significant group reductions 

in depression scores and at study conclusion, five were responders (38.5 %). There were no 

cognitive side effects.

Recent MST studies have failed to include geriatric patients, which prevents conclusions 

specific to LLD. A recent, case report described the induction of mania in a geriatric patient 

severe bipolar depression with psychotic features in the context of an open label MST trial 

that includes older adults up to age 85 [50]. Though the induction of mania was a serious 

adverse event, switches into mania with ECT also occur [51, 52]. The promising cognitive 

safety profile of MST may make it a more appealing approach for older adults with TRLLD. 

Until a definitive study comparing MST to ECT is conducted, questions will remain 

surrounding the relative efficacy balanced against the more advantageous cognitive adverse 

effect profile. Clinicians will demand to know if there is any efficacy lost with MST 

compared to ECT to gain the better cognitive adverse effect profile. Given that ECT is often 

indicated in older adults with severe depression, future MST studies must include this 

population.

 Transcranial Direct Current Stimulation

tDCS is a non-invasive neuromodulation modality that involves the placement of two surface 

scalp electrodes and the application of a weak, non-convulsive current (1–2 mA) to the 

brain. This mode of stimulation has been shown to effect cortical areas by modulating 

cerebral flood flow, metabolism and brain-derived neurotrophic factors [53–55]. Initial 

studies [56] in the 1960s produced mixed results as a result of methodological differences 

and confounding. There has been a renewed interest in the last decade with several trials and 

meta-analyses in the last few years, in particular.

A meta-analysis [57] in 2012 included 10 studies of which 6 were randomized controlled 

trials [58–63]. Pooled results (n=176) were reported as a continuous outcome showing that 

active tDCS was more effective in reducing depressive symptoms than sham tDCS. 

However, a meta-analysis in 2013 which included an additional trial [64] noted no 

differences between active and sham tDCS in reporting a categorical outcome in the form of 

remission or response rates in the pooled results (n=200).

Yet another meta-analysis in 2014 added to previous results by including an additional 

recent large trial [65]. This trial compared tDCS versus sertraline in a 2×2 factorial design 

that included sertraline/placebo and active/sham tDCS (anodal left/cathodal right prefrontal) 

in 120 moderate to severe MDD. tDCS only was superior to placebo/sham tDCS. The 
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combined treatment group (sertraline/active tDCS) also had greater therapeutic benefit 

compared to sertraline only. The tDCS only versus sertraline group had similar treatment 

responses. In this trial, inclusion criteria were limited those aged 18–65.

The meta-analysis in 2014 included both categorical and continuous outcomes in treatment 

response. With the additional larger study, the pooled results (n=259) showed that active 

tDCS was significantly superior to sham in symptom score, response and remission rates. 

Notably, it did not include the sertraline/active tDCS group from the new trial (which had the 

greatest treatment response) as it differed from the active treatment group in all other trials. 

The mean age of the population was 43.62 years (SD 10) owing to the exclusion of older 

patients in several trials. A meta-regression of the influence of age on the outcome did not 

show any correlation.

There is increasing evidence that supports the therapeutic benefit of tDCS in MDD. Further 

work is needed to elucidate the optimal parameters for neuromodulation and the inclusion of 

adequate samples of older populations to adequately investigate its utility in LDD. Data 

from the use of tDCS to enhance motor recovery in older stroke patients [66] suggests that 

older adults with depression may also stand to benefit from this intervention.

 Vagus Nerve Stimulation

Vagus nerve stimulation (VNS) is an invasive treatment that involves the implantation of an 

electrode around the vagus nerve that delivers intermittent electrical signals to the brain. 

VNS was initially approved by the FDA for treatment of refractory epilepsy in 1997 [29]. It 

was investigated for its antidepressant effects after improvement in mood in treated patients 

and in 2005, it was approved as a therapy for TRD by the FDA. Indications include failure of 

four other treatments, severe and recurrent MDD lasting 2 years or more. A recent industry 

funded meta-analysis concluded that response and remission rates with VNS were better 

than what could be with treatment as usual [67]. All studies reviewed were industry 

sponsored, including unpublished, patient-level data, which were mostly observational in 

nature and lacked a placebo control. It is difficult to make any conclusions regarding the 

effectiveness of VNS in older adults with depression as the six included trials had strict 

inclusion criteria and an overall mean age of 47.8 (SD 10.2).

Conversely, an independent systematic review concluded that there was insufficient evidence 

to evaluate VNS as a treatment for TRD. The study identified only one randomized 

controlled trial [68] that covered depression (n=235), which reported no statistically 

significant differences between the active intervention and placebo group (mean age 46.5, 

SD 9.0). The review identified that positive results were limited to uncontrolled trials.

There is a scarcity of data regarding VNS in the elderly depressed; however, there is a 

suggestion that VNS is safe and reasonably well tolerated by older adults from several small 

studies for indications other than depression [69, 70]. Overall, there is insufficient safety and 

efficacy data to guide practitioners on the use of VNS for TRLLD.
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 Deep Brain Stimulation

DBS is the most invasive of the brain stimulation modalities. It involves neurosurgical 

implantation of electrodes in the brain to target neuroanatomical areas with a generator 

implanted in the chest. It has been approved by the FDA for Parkinson’s and obsessive-

compulsive disorder, but not TRD. Imaging studies which have localized the Brodmann area 

25 and subgenual cingulate cortex in TRD have generated interest in DBS for depression 

[71].

Early studies of DBS in TRD have been limited to small case series [72]. Results show that 

approximately half of patients responded. In younger study subjects, one study [73] included 

10 MDD patients and 7 bipolar patients (mean age 42.0, SD 8.9) who had failed at least 4 

adequate antidepressant trials and employed a 4-week sham lead-in phase and active 

stimulation for 24 weeks. Despite a significant placebo effect in the sham lead-in phase, 

there was a sustained decrease in depression and increase in function was observed (41 % 

responded at 24 weeks, 36 % after 1 year, 92 % after 2 years). More recent studies have 

begun to investigate the relationship between stimulus parameters and clinical efficacy. A 

small double blind pilot study [74] (n=4) randomly changed frequency and pulse widths 

weekly in TRD patients who underwent DBS (aged 46–56). They found that longer pulse 

widths (270–450 μs) were associated with more robust antidepressant effects.

Concerns around efficacy of DBS compared to placebo have begun to emerge as trials 

emerge in the literature [75]. Other targets for DBS such as the medial forebrain bundle have 

shown significant promise and remain an option for future DBS studies [76]. The 

neurobiological underpinnings of depression in older adults may be more complex, and 

work to identify appropriate neuroanatomical targets is necessary before moving forward 

with clinical trials in LLD.

 Conclusion

The emergence of newer brain stimulation treatments is a necessary evolution in the 

treatment of depression as progress in psychotherapy and pharmacotherapy has stalled 

advances in the oldest form brain stimulation for LLD; ECT involves refinement in electrode 

placement using unilateral stimulation with ultra-brief pulse widths in an attempt to reduce 

cognitive adverse effects. However, cognitive adverse effects are not eliminated and public 

perception of the treatment remains an obstacle for patient acceptance. The results of the 

PRIDE study (ClinicalTrials.gov Identifier: NCT01028508) should further clarify the 

cognitive adverse effects of ECT in older adults with ultra-brief pulse width ECT. rTMS has 

emerged as an alternative treatment option for younger patients with resistant depression. 

Data suggests that adults up to age 69 can also benefit from this treatment. A bilateral 

treatment approach may be another consideration when treating older adults with rTMS. 

More studies of older adults above the age of 70 are necessary to clarify the role of rTMS in 

LLD in this population. tDCS may have a role in less severe and resistant forms of 

depression, yet efficacy data in older adults is lacking. The low cost and potential portability 

of this treatment make it an attractive alternative should efficacy data support its use. MST is 

still under investigation as a cognitively neutral alternative to ECT. Since older adults seem 

to show robust response to electrically induced seizures, they may also show similar effects 
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with electromagnetically induced seizures. The favourable cognitive profile of MST and the 

lack of stigma may lead to enhanced patient acceptability and as a result a larger proportion 

of patients treated who would otherwise refuse an effective treatment option. Future clinical 

trials comparing the efficacy and cognitive adverse effects of MST to ECT should include 

older adults. Very few older adults have been included in VNS and DBS clinical trials and 

thus the role of these treatments in LLD is unknown.
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