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Abstract

Background: The management of late-life depression is challenged by high rates of treatment-

resistance and adverse effects, along with medical comorbidities and polypharmacy. Together with 

the limited data on managing treatment-resistant depression in older adults, there is a need for 

investigating the efficacy of non-pharmacological treatment strategies. Repetitive transcranial 

magnetic stimulation (rTMS) is one modality that may better serve this patient population.

Methods: The present study examines data from two previous clinical trials (NCT00305045 and 

NCT01515215) to explore the efficacy of bilateral and unilateral high-frequency left-sided (HFL) 

rTMS in older adults suffering from treatment-resistant depression. A total of 43 adults aged 60 or 

older, with a current major depressive episode, were randomized to bilateral sequential, unilateral 

HFL, or sham. Bilateral sequential stimulation involved low frequency (1Hz) right dorsolateral 

prefrontal cortex (DLPFC) stimulation followed immediately by high frequency (10Hz) left 

DLPFC. The unilateral condition was HFL stimulation alone and the placebo condition was either 

HFL or sequential bilateral form of sham. The primary outcome was remission of depression.

Results: Participants receiving bilateral rTMS experienced greater remission rates (40%) 

compared to unilateral (0%) or sham (0%) groups. Response to rTMS in the Hamilton Depression 

Rating Scale scores similarly favored the efficacy of bilateral rTMS.
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Conclusion: This study suggests that sequential bilateral treatment may be an optimal form of 

rTMS when used for treatment-resistant depression in older adults. Further large-scale 

comparative effectiveness trials of bilateral rTMS in this population are warranted.
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INTRODUCTION

Clinically, late-life depression (LLD) complicates medical comorbidities and patient 

wellbeing with increased functional impairment and mortality1–4. The management of 

depression in older adults presents further challenges as patients often present with 

complicated medical histories, frailty, polypharmacy, and pharmacologic adverse events, the 

latter of which may be more frequent and more serious than in their younger counterparts5,6.

The burden of depression can be further compounded by the failure of first-line therapies, as 

treatment-resistant depression (TRD) is associated with longer illness duration and higher 

medication doses7. Accordingly, the impact of TRD is more pronounced in older adults8–11. 

In this context, more effective interventions for the management of treatment-resistant LLD, 

especially through novel non-pharmacologic approaches, are urgently needed.

One emerging non-pharmacological intervention for TRD is repetitive transcranial magnetic 

stimulation (rTMS). To date, the most common rTMS target in TRD has been the 

dorsolateral prefrontal cortex (DLPFC). The DLPFC is known to subserve the cognitive 

regulation of emotions and its dysfunction has been implicated in the neurobiology of 

depression12. The most thoroughly explored types of rTMS include: unilateral high-

frequency left-sided (HFL), unilateral low-frequency right-sided (LFR), and a sequential 

bilateral combination of LFR promptly followed by HFL.

All three of these types of DLPFC-rTMS have demonstrated efficacy when compared to 

sham stimulation for TRD. According to a recent meta-analysis, almost 30% of patients 

responded to HFL compared to only 10% of those undergoing sham treatment13. LFR 

designs have also demonstrated greater efficacy relative to sham stimulation, with one meta-

analysis identifying response rates of 38% and 15% to LFR and sham rTMS, respectively14. 

The superiority of bilateral rTMS to sham has also been demonstrated in a separate meta-

analysis, with 25% of patients considered responders to treatment, compared to 7% among 

controls15. Finally, in a recent network meta-analysis evaluating the effect of multiple brain 

stimulation techniques for MDD, Brunoni et al. (2017) reported that bilateral rTMS was 

significantly more effective than sham for response and remission, with an OR of 3.39 (95% 

CI, 1.91 – 6.02) and 5.75 (95 % CI, 1.93 – 17.24), being ranked in the first two positions for 

response16. In addition, bilateral rTMS was more effective than HFL and LFR, with direct 

evidence showing the superiority of bilateral rTMS to HFL for remission, with an OR of 

4.02 (95% CI, 1.3 – 12.35)16. It is less clear whether bilateral rTMS is consistently superior 

to HFL or LFR rTMS, with some studies supportive14,16 and others showing no advantage15 

However, a recent randomized, double-blind, sham-controlled clinical trial conducted by 
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Kaster et al. (2018) demonstrated the superiority of bilateral deep TMS over sham using the 

H1 coil for the treatment of MDD in 55 subjects from 60 to 85 years old (6012 pulses, 18 

Hz, 120% of resting motor threshold, delivered over the dorsolateral and ventrolateral 

prefrontal cortex 5 days per week over 4 weeks)17. Authors reported a significantly higher 

remission rate in the active group (40% vs. 14.8%), with a number needed to treat of 4 (95% 

CI: 2.1 – 56.5). No changes on any executive function were reported, as well as no severe 

adverse effect, contributing to the hypothesis that bilateral rTMS is superior to sham, safe, 

and well tolerated in the treatment of LLD17.

While support for rTMS in TRD accumulates, there remains limited evidence regarding its 

efficacy in older adults. Earlier studies suggest that advanced age predicts a poorer response 

to rTMS, possibly due to prefrontal atrophy and a greater coil-to-cortex distance18–21. Thus, 

we undertook a sub-analysis from two randomized controlled trials (RCTs) with adults over 

the age of 60 with treatment-resistant LLD who were submitted to bilateral, unilateral HFL, 

or sham rTMS. We hypothesize that bilateral rTMS achieves higher response and remission 

rates, in comparison to HFL and sham stimulation.

MATERIALS AND METHODS

Participants

Participants were recruited at an urban tertiary mental health centre (Centre for Addiction 

and Mental Health, Toronto, ON, Canada). The complete details of the inclusion criteria are 

available in the original published studies, ClinicalTrials.gov IDs NCT00305045 22 and 

NCT01515215 23. The present study included data obtained from participants who were 

between the ages of 60–85, meeting criteria for a major depressive episode without 

psychotic features (as diagnosed by SCID-IV-TR), a score above 19 on the 17-item 

Hamilton-Depression Rating Scale (HDRS), non-response or intolerability of two 

antidepressant trials (across separate classes and at adequate doses), and were on four or 

more weeks of a stable dose of all psychotropic medication preceding randomization. 

Individuals meeting DSM-IV criteria for non-nicotine substance dependence (within the 

preceding six months) or substance abuse (within the preceding month), borderline 

personality disorder, or antisocial personality disorder were excluded from participation. 

Other exclusion criteria were: active suicidality, metal implants in the cranium, an unstable 

medical or neurologic illness, previous seizures, a diagnosis of dementia, or a Mini-Mental 

Status Exam (MMSE) score less than 24. Participants provided written informed consent, 

with study approval via the research ethics board of the Centre for Addiction and Mental 

Health.

Treatment Protocol

Participants were randomized to bilateral, HFL, or sham rTMS. Clinical operators were 

aware of the treatment condition as they applied the rTMS, but participants and evaluators 

were blinded.

Both studies followed similar treatment protocols comprising two phases. First, a total of 15 

treatment sessions were administered at five sessions/week over three weeks. At the 
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conclusion of the first phase, a blinded evaluator would determine whether the participants 

had achieved remission, defined as a 17-item HDRS ≤ 10. Remitters terminated treatment, 

while non-remitters continued treatment for an additional 15 sessions.

If a participant failed to attend greater than two consecutive sessions, he/she was withdrawn 

from the trial. Missed sessions were added to the end of each treatment course.

The rTMS used was the Magventure RX-100 Repetitive Magnetic Stimulation (Tonika/

Magventure, Denmark) with a cool B-65 figure-of-8 coil. Stimulation was applied at 

intensities drawn from previously published protocols24,25. In one of the contributing 

clinical trials, stimulation intensity was adjusted for coil-to-cortex distance, specifically at 

120% of the distance-adjusted resting motor threshold23. Participants in the other trial 

received stimulation at 120% of the RMT unadjusted for coil-to-cortex distance22. 

Localizing the DLPFC was determined either as 5cm anterior to the site of maximal 

stimulation of the abductor pollicis brevis22 (study 1) or through MRI (magnetic resonance 

imaging) neuronavigation23 (study 2). Treatment parameters, outlined in Table 1, were in 

accordance with safety guidelines. The bilateral stimulation was performed starting with the 

LFR stimulation, followed by the HFL stimulation, with no interval between each side, 

except for the time of repositioning the coil. The sham procedure included placing the coil at 

90˚ off the scalp in a single-wing tilt position, out of the view of participants, creating an 

experience comparable to active rTMS26. Participants were asked after the treatment phase 

whether their assignment was to the active or sham group.

Assessments

The Structured Clinical Interview for the DSM-IV (SCID) and the 17-item HDRS were used 

to evaluate diagnosis and depression severity at baseline, respectively. The SCID-II was used 

to assess for antisocial and borderline personality disorders, while the MMSE was used to 

identify participants with dementia.

The end-time point for outcome comparisons was defined as the final week of treatment for 

each participant (i.e., week 3 or week 6). The rates of remission (a score ≤ 10 on the 17-item 

HDRS) were compared between groups as the primary outcome. Response rates (> 50% 

reduction in HDRS scores) were also assessed. Adverse events and tolerability data were 

recorded in a separate log.

Statistical Analysis

Data analysis was performed using SPSS statistical software (SPSS for Windows 22.0; SPSS 

Inc. Chicago, Ill.) with an intention-to-treat design using the last observation carried over 
approach. Categorical variables were assessed with χ2 or 2-tailed Fisher’s exact tests. 

Fisher’s exact tests were used for two-way pairwise comparisons between groups. 

Demographic and clinical variables at baseline were analyzed between groups. Analyses 

were two-tailed, with a significance level of alpha = 0.05.
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RESULTS

A total of 43 participants were included in the intention-to-treat analysis. Subjects were 

allocated to: (1) sham (n=12; three in study 1); (2) HFL (n=11; 4 in study 1); (3) bilateral 

rTMS (n=20; 12 in study 1). We observed no differences in the proportion of subjects who 

were treated using the MRI neuronavigation system and the 5-cm rule in each arm (Fisher’s 

exact p = .146). Demographic and baseline clinical variables are outlined in Table 2. By six 

weeks, 39 participants (90.7%) had completed treatment. There was no significant difference 

between participants who did not follow-up and those who completed treatment with 

reference to any demographic or baseline clinical variables. Of 41 participants where data 

was available, 25 (58.1%) accurately guessed their placement to active or sham, although 

there were no significant group differences, χ2(2) = 0.83, p = .662.

Remission rates differed significantly between treatment conditions: bilateral (8 of 20, 40%), 

unilateral HFL (0 of 11, 0%), and sham (0 of 12, 0%), Fisher’s exact = .004. In the 

intention-to-treat analysis, remission for bilateral rTMS was significantly greater compared 

to unilateral (Fisher’s exact p = .028) and sham (Fisher’s exact p = .014); with no difference 

between the unilateral and sham (Fisher’s exact p = 1).

The proportion of participants responding to treatment significantly differed between 

conditions: bilateral (9 of 20, 45%), unilateral HFL (0 of 11, 0%), and sham (2 of 12, 

16.7%), (Fisher’s exact p = .016). Response to bilateral rTMS was greater compared to 

unilateral (Fisher’s exact p = .012), but not sham (Fisher’s exact p = .139); with no 

difference between unilateral and sham (Fisher’s exact p = .478).

A total of four patients (9.3%) dropped out of the study. Three dropped out due to lack of 

response; one subject could not tolerate the treatment. Only two patients reported moderate 

to severe adverse effects that were thought to be associated with treatment, both in the HFL 

group, with no significant difference between groups (Fisher’s exact p = .140). One patient 

reported moderate-to-severe insomnia, and another patient reported moderate-to-severe 

headaches. No moderate to severe adverse events were reported in the sham or the bilateral 

groups. The proportion of participants who dropped out did not differ significantly across 

groups: bilateral (1 of 20, 5%), unilateral (2 of 11, 18.2%), and sham (1 of 12, 8.3%) 

Fisher’s exact p= 0.798.

DISCUSSION

The present study compared the efficacy of bilateral, unilateral HFL, and sham rTMS for 

treatment-resistant depression in older adults. It was hypothesized that bilateral rTMS would 

demonstrate superior efficacy compared to the other treatment groups. Consistent with this 

prediction, remission rates for the bilateral group were significantly greater than for the 

unilateral and sham groups. Response rates and changes in HDRS scores were also 

significantly different across treatment conditions, with bilateral rTMS achieving a 

significantly greater response rate compared to unilateral or sham rTMS. These findings are 

supported by a recent network meta-analysis that suggests the superior efficacy of bilateral 

rTMS compared to other rTMS designs, including unilateral and sham16.
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One possible explanation for the comparative success of bilateral over unilateral stimulation 

follows the presence of dysfunction in both right and left DLPFC in patients with LLD. For 

instance, Chang et al. (2011) used structural MRI to identify reduced cortical volume in both 

the right and left DLPFC among older adults with depression27. Functional studies 

associated with executive-control tasks identified attenuated activity in the left DLPFC, and 

reduced functional connectivity within the right DLPFC-DACC (dorsal anterior cingulate 

cortex) cognitive circuit28. Bilateral stimulation may thus target the neural substrates of 

MDD more broadly than unilateral stimulation.

From a mechanistic perspective, it has been proposed that depression may ensue from 

functional insufficiency of both left and right prefrontal regions, each responsible for 

different symptom clusters29. In a more detailed recent model, it has been proposed that 

depression may involve dysfunction in two goal-pursuit systems: a left DLPFC ‘promotion 

system’ related to goal-directed activity, and a right DLPFC ‘prevention system’ related to 

anxiety and avoidance 30. In support of this proposal, Rossini et al. (2010) reported HFL 

stimulation to achieve less improvement in patients with high psychic anxiety symptoms, 

and LFR stimulation to achieve less improvement in patients with high levels of 

psychomotor retardation/impaired work and activities 31. Targeting both hemispheres could 

therefore potentially achieve greater efficacy by addressing a wider spectrum of pathology 

and thus a larger proportion of LLD patients, compared to unilateral stimulation. Future 

work in a larger sample may help to clarify whether HFL and LFR stimulation address 

different aspects of MDD pathology.

Limitations of the present study include the small sample and the unbalanced number of 

participants across the three groups, with smaller sample sizes in the unilateral and sham 

groups compared to the bilateral group. The smaller sample sizes may not have provided 

sufficient power to assess for clinically significant differences between the unilateral and 

sham groups. The small sample size of the HFL group may have contributed to the lack of 

remitters in this group.

Another limitation arises from the different DLPFC localizing methods employed in the two 

studies. One of the contributing clinical trials22 localized the DLPFC using the original 5cm 

method. This method has been shown to miss the DLPFC in up to 1/3 of patients32 and has 

been associated with an inferior treatment response when compared to neuronavigation 

capable of incorporating anatomical variability across patients33,34. In addition, the two 

studies employed a passive form of sham stimulation which has been criticized as an inferior 

form of sham stimulation. However, we did not see a differential correct guess rate in the 

three groups. Further limitations include the lack of a formal method of assessment of 

anxiety symptoms and the use of different psychotropic medications, including 

benzodiazepines and augmentation with atypical antipsychotics (Table 2). Nevertheless, 

given the potential for benzodiazepines to interfere with the efficacy of the rTMS, we limited 

the doses of benzodiazepines to a maximum of 2mg equivalents of lorazepam per day.

Despite these limitations, the present analysis provides further evidence for the potential 

value of rTMS in LLD, specifically when bilateral stimulation is employed. This finding 

contrasts with previous work suggesting that advanced age portends a weaker response to 
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rTMS18–21. Previous reports suggest that prefrontal atrophy, manifesting as an increased 

distance from the rTMS coil to the DLPFC, may contribute to the attenuated response to 

rTMS among older adults19,20. Indeed, one protocol that adjusted for the greater coil-to-

cortex distance, by increasing stimulation intensity, ultimately generated modest rates of 

remission 35. Of note, the aforementioned studies profiling the weaker response to rTMS 

among older adults only examined unilateral HFL stimulation18–21. This may further explain 

the absence of remission or response to unilateral rTMS in the present study. The marked 

contrast between the remission rates of 0% among participants following unilateral 

stimulation compared to the 40% remission rates following bilateral stimulation may suggest 

that the challenges associated with treating older adults may be overcome with bilateral 

stimulation.

Alternatively, bilateral stimulation may achieve greater efficacy in LLD by addressing both 

left- and right-hemisphere components of the broader pattern of network dysfunction 

reported in imaging studies of MDD27,28. The stronger remission rates and treatment 

response observed in the present analysis may thus reflect a combination of the adjusted 

stimulation intensity employed in each trial, in addition to the broader-spectrum effects of 

bilateral stimulation in addressing more cortical regions that are potentially involved in 

depression.

Taken together, these secondary analyses support the efficacy of bilateral rTMS in older 

adults with treatment-resistant depression. Although exploratory, the remission rate of 40% 

among older adults, who have failed more than two adequate medication trials, is clinically 

meaningful and may compare favourably to the outcomes for additional trials of medication 

(35). In fact, our findings are in line with the recent meta-analysis that suggests a possible 

superiority of bilateral rTMS over sham17 and over HFL16. Overall the procedures were 

well-tolerated, with few participants dropping out. These preliminary findings call for future 

confirmatory research exploring the utility of bilateral rTMS in treatment-resistant late-life 

depression.
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Key points

• Bilateral rTMS was superior to unilateral high frequency rTMS and sham 

stimulation for remission and response rates according to the Hamilton 

Depression Rating Scale

• The proportion of participants who dropped out did not differ significantly 

across groups, as well as the adverse effects severity or frequency.

• Sequential bilateral treatment may be an optimal form of rTMS when used for 

treatment-resistant depression in older adults.

• Further large-scale comparative effectiveness trials of bilateral rTMS for 

Treatment-Resistant Late-Life Depression are warranted.
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Table 1.

Treatment Parameters

Study Blumberger et al. 2012
(120% RMT)

Blumberger et al. 2016
(120% AdjRMT )

High Frequency Unilateral (HFL) Frequency: 10Hz
Pulses Per Train: 30
Trains: 48 + 1 (10 pulses)
Total Pulses: 1450

Frequency: 10Hz
Pulses per train: 30
Trains: 70
Total pulses: 2100

Bilateral Frequency: 1 Hz
Pulses Per Train: 100
Trains: 4 + 1 (65 pulses)
Total Pulses: 465
Frequency: 10Hz
Pulses Per Train: 30
Trains: 25
Total Pulses: 750

Frequency: 1 Hz
Pulses per train: 100
Trains: 6
Total pulses: 600
Frequency: 10Hz
Pulses Per Train: 30
Trains: 50
Total Pulses: 1500

AdjRMT: RMT adjusted for coil-cortex distance
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Table 2.

Demographic and Baseline Clinical Variables

Characteristic Bilateral (n=20) Unilateral
(n=11)

Sham (n=12)

Age, y, mean (SD) 66.8 (5.8) 66.1 (8.5) 64.1 (3.7)

Gender, M/F 13/7 4/7 3/9

Years of education, mean (SD) 14.5 (3.2) 12.6 (2.7) 16.9 (4.1)

Onset age, y, mean (SD) 32.1 (16.7) 20.1 (14.7) 38.5 (14.7)

Duration of current episode, months, mean (SD) 27.2 (16.3) 17.7 (10.1) 31.4 (28.1)

Number of episodes, mean (SD) 2.9 (2.7) 3.3 (3.2) 3.9 (4)

Current episode severe (%) 2 (10) 4 (36.4) 1 (8.3)

Current episode moderate (%) 18 (90) 7 (63.6) 11 (91.7)

Atypical features (%) 2 (10) 2 (18.2) 1 (8.3)

Melancholic features (%) 3 (15) 0 (0) 0 (0)

Prior Medication History

SSRI (%) 10 (50) 5 (45.5) 7 (58.3)

SNRI (%) 6 (30) 4 (36.4) 5 (41.7)

TCA (%) 7 (35) 6 (54.5) 8 (66.7)

Mirtazapine (%) 4 (20) 1 (9.1) 1 (8.3)

Lithium (%) 1 (5) 0 (0) 0 (0)

Active Medication During Study

Benzodiazepine (%) 6 (30) 4 (36.4) 5 (41.7)

Antipsychotic (%) 4 (20) 3 (27.3) 2 (16.7)

No antidepressant (%) 3 (15) 0 (0) 0 (0)

ATHF score, mean (SD) 6.8 (4.0) 5.7 (2.2) 4.6 (2.1)

Baseline HDRS, mean (SD) 24.6 (4.2) 26.5 (3.4) 24.5 (3.5)

SD = standard deviation; y = years; M/F = male/female; SSRI = selective serotonin reuptake inhibitor; SNRI = serotonin-norepinephrine reuptake 
inhibitor; TCA = tricyclic antidepressant; ATHF = antidepressant treatment history form; HDRS = 17-item Hamilton Depression Rating Scale.
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