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Focus on Suicide

Bilateral Repetitive Transcranial Magnetic Stimulation  
Decreases Suicidal Ideation in Depression
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ABSTRACT
Objective: The purpose of this study was to evaluate the effects 
of repetitive transcranial magnetic stimulation (rTMS) on suicidal 
ideation in patients with treatment-resistant major depression 
(TRD) (patients who failed to clinically respond to at least 2 
medication trials).

Methods: We pooled data from 2 published prospective 
randomized controlled trials of rTMS applied to the dorsolateral 
prefrontal cortex in patients with TRD. We compared the effect 
of bilateral, left unilateral, and sham rTMS on suicidal ideation as 
measured by the suicide item of the 17-item Hamilton Depression 
Rating Scale (HDRS) (N = 156). 

Results: Suicidal ideation resolved in 40.4%, 26.8%, and 18.8% 
of participants randomized to bilateral, left unilateral, and sham 
rTMS, respectively. The difference between bilateral and sham 
was significant (OR = 3.03; 95% CI, 1.19–7.71; P = .02), unlike the 
difference between left unilateral and sham (OR = 1.59; 95% 
CI, 0.61–4.12; P = .33). There was a modest correlation between 
change in suicidal ideation and change in depression severity 
(Pearson r = 0.38; P < .001) and no difference in change of HDRS-16 
score between suicide remitters and nonremitters (P = .32).

Conclusions: Bilateral rTMS was superior to sham rTMS in reducing 
suicidal ideation in patients with TRD. Only a small portion of the 
reduction in suicidal ideation was attributable to the reduction in 
depressive symptoms. These data suggest that suicidal ideation 
could be a specific target symptom construct for rTMS.
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Major depressive disorder (MDD) has an annual and 
lifetime prevalence of 4.7% and 11.3%, respectively, 

in Canada,1 and 6.6% and 16.2%, respectively, in the United 
States.2 MDD presents with several symptoms including 
suicidality, which encompasses suicidal ideation.3 The 
lifetime rate of completed suicide is 15% to 20% among 
patients with MDD or bipolar depression.4 About 90% of 
individuals who complete suicide suffer from a psychiatric 
illness.5 Depression appears to be the most significant risk 
factor for death by suicide, with a population attributable risk 
for suicide from depression of 28%.6

Fink and Kellner7,8 have advocated for the role of 
electroconvulsive therapy (ECT) in patients with mood 
disorders and suicidality. Lithium has also been shown to 
reduce suicidality in patients with mood disorders.9 However, 
both treatments are associated with adverse effects (eg, 
anterograde amnesia with ECT; renal disease with lithium). 
Experimental treatments such as ketamine10 have also been 
associated with antisuicidal effects. However, given that 
the number of completed suicides globally remains above 
800,000 per year and that suicide is the second leading cause 
of death in individuals aged 15–29 years, other treatment 
options for suicidality are needed.11

Repetitive transcranial magnetic stimulation (rTMS) is 
an evidence-based treatment for patients with treatment-
resistant major depression (TRD).12 While presumably 
not as efficacious as ECT, rTMS is more acceptable to 
many patients because it is less invasive, does not require 
anesthesia, carries less stigma, and is not associated with 
adverse cognitive effects.12 In a recent meta-analysis of 29 
randomized controlled trials (RCTs) of rTMS applied to 
the left dorsolateral prefrontal cortex (DLPFC) for TRD 
(N = 1,371), the pooled response and remission odds ratios 
were both 3.3 for rTMS compared to sham.13 Considering 
that rTMS shows significant efficacy in TRD and that 
ECT is efficacious in treating suicidality,8 the question of 
whether rTMS can be used as a treatment specifically for 
suicidal ideation is consequential. The only sham-controlled 
trials that evaluated the effects of rTMS specifically on 
suicidal ideation to date are of small sample, with limited 
methodology and equivocal results.14,15,16

To comprehensively address the question of whether rTMS 
reduces suicidal ideation in patients with TRD, we analyzed 
data from 2 published RCTs17,18 that compared efficacy of 
bilateral, unilateral, and sham rTMS on TRD, with study 
sizes of 6817 and 12118 subjects. In both trials, bilateral rTMS 
was shown to be significantly more efficacious than sham 

https://clinicaltrials.gov/ct2/show/NCT01515215
https://clinicaltrials.gov/ct2/show/NCT00305045
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Table 1. Summary of Methods and Major Outcomes of 2 Randomized Controlled Trials Providing 
Pooled Data

Blumberger et al, 201217 Blumberger et al, 201618

No. of participants, total N (females/males) 68 (28/40) 121 (44/77)
Age of participants, mean (SD); range, y 51.5 (13.9); 22–80 47.0 (12.8); 18–84
HDRS-17 baseline suicide item score 0: n = 17 (25.0%)

1: n = 10 (14.7%)
2: n = 34 (50.0%)
3: n = 7 (10.3%)
4: n = 0 (0%)

0: n = 14 (11.8%)
1: n = 23 (19.3%)
2: n = 69 (58.0%)
3: n = 13 (10.9%)
4: n = 0 (0%)

Treatment parameters Target localization by 5 cm rule Target localization by structural MRI
Coil type Medtronic Repetitive Magnetic 

Stimulator and hand-held  
70-mm figure-of-8 coil

Magventure RX-100 repetitive 
magnetic stimulator and  
cool B-65 figure-of-8 coil

Coil placement Left Unilateral Bilateral Left Unilateral Bilateral
Frequency, Hz 10 R: 1, L: 10 10 R: 1, L: 10
Intensity, % RMT for Blumberger et al17 

and % AdjRMT for Blumberger et al18
Age < 60 y: 100
Age > 60 y: 120

100
120

120 120

Pulses per train Age < 60 y: 50
Age > 60 y: 30

R: 100, L: 50
R: 100, L: 30

30 R: 100, L: 30

No. of trains Age < 60 y: 29
Age > 60 y: 48+1

R: 4 + 1, L: 15
R: 4 + 1, L: 25

70 R: 6, L: 50

Intertrain interval(s) 30 30 30 30
Total pulses 1,450 R: 465, L: 750 2,100 R: 600, L: 1,500
Treatment course 15 sessions over 3 weeks

(repeated if patient did not reach 
remission)

15 sessions over 3 weeks
(repeated if patient did not reach 

remission)
Primary outcome Remission: HDRS-17 score < 10 Remission: HDRS-17 score < 7
Efficacy Bilateral > sham (P = .028)

Bilateral > unilateral (P = .002)
Unilateral = sham (P = .48)

Bilateral > sham (P = .014)
Bilateral = unilateral (P = .20)
Unilateral = sham (P = .27)

Abbreviations: AdjRMT = resting motor threshold adjusted for distance, HDRS-17 = 17-item Hamilton Depression Rating 
Scale, L = left, MRI = magnetic resonance imaging, R = right, RMT = resting motor threshold.

rTMS at inducing remission from TRD (remission rates of 
34.6%17 and 20%18). The results for efficacy of unilateral 
rTMS compared to bilateral rTMS on TRD in these studies 
was less conclusive, with bilateral rTMS more efficacious 
than unilateral in one study (P = .002)17 but not in the second 
(P = .20).18 See Table 1 for details of these studies. Given the 
similarities in methods and results, we combined these data 
sets to examine the effects of rTMS specifically on suicidal 
ideation within this patient sample. With the viewpoint that 
suicidal ideation is a symptom construct that is related, but 
distinct from, other depression symptomatology, as indexed 
by the 17-item Hamilton Depression Rating Scale (HDRS-
17), we hypothesized that, similar to its effect on other 
depressive symptoms in the original studies, bilateral rTMS 
would be significantly more effective at reducing suicidal 
ideation than sham, yet that this improvement would not 

be closely correlated with remission of other depressive 
symptoms (HDRS-16).

METHODS

We analyzed pooled data from 2 published RCTs.17,18 
As summarized in Table 1, these 2 RCTs used similar 
methods and had similar results, with identical definitions 
of TRD: a failure to achieve clinical response with, or 
failure to tolerate, at least 2 antidepressant medications 
of different classes over the span of at least 6 weeks in the 
current depressive episode.17–19 Both original studies were 
approved by the Centre for Addiction and Mental Health 
research ethics board, and written informed consent was 
obtained from all patients prior to the studies’ onset.17,18 
Suicidal ideation was measured with the HDRS-17 suicide 
item (item 3) throughout the treatment phase. This item 
consists of the following scoring system: 0 (absent), 1 
(feels life is not worth living), 2 (wishes he were dead or 
any thoughts of possible death to self), 3 (suicide ideas or 
gestures), 4 (attempts at suicide—any serious attempts). 
Nearly all HDRS-17 assessments of both original studies 
were completed by 1 bachelor’s-level psychology graduate, 
trained by coauthor Z.J.D., therein removing concerns 
about interrater reliability.
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s  ■ There is a fundamental lack of understanding of the 

phenomenology of, and few evidence-based treatments 
for, suicidal ideation and suicidality in general.

 ■ Bilateral repetitive transcranial magnetic stimulation 
is a viable treatment option for treatment-resistant 
depression, and early evidence suggests that it appears to 
be successful in treating comorbid suicidal ideation.
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Table 3. Rates of Resolution of Suicidal Ideation and Raw Data for Change in Suicide Item Scores and Change in Depression 
Severity With Bilateral, Left Unilateral, or Sham rTMS

Suicidal Ideation 
Resolution vs Sham

HDRS-16 Suicide Item

Treatment Arm Total N
Suicidal Ideation 

Resolved, N
Baseline, 

Mean (SD)
Endpoint, 
Mean (SD) % Reduction

Baseline, 
Mean (SD)

Endpoint, 
Mean (SD) % ReductionOR 95% CI P

Bilateral 52 21 3.03 1.19–7.71 .02 22.7 (3.5) 15.8 (7.4) 30.3 1.88 (0.58) 0.94 (0.98) 50.0
Left unilateral 56 15 1.59 0.61–4.12 .33 24.3 (3.4) 19.4 (6.3) 20.2 1.91 (0.58) 1.21 (0.97) 36.4
Sham 48 9 NA NA NA 24.3 (3.2) 19.6 (5.8) 19.2 1.96 (0.58) 1.33 (0.81) 31.9
Abbreviations: HDRS-16 = 16-item Hamilton Depression Rating Scale (ie, HDRS-17 minus suicide item), NA = not applicable, OR = odds ratio, rTMS = repetitive 

transcranial magnetic stimulation.

Table 2. Demographic and Clinical Characteristics of 156 Subjects 
Included in Suicidal Ideation Analysis

Characteristic
Sham rTMS 

(N = 48)

Unilateral 
rTMS 

(N = 56)

Bilateral 
rTMS 

(N = 52)
Sex of participants, females/males, n 29/19 40/16 28/24
Age of participants, mean (SD), y 47.1 (12.2) 47.4 (13.8) 49.4 (13.4)
HDRS-16 baseline score, mean (SD) 24.3 (3.2)* 24.3 (3.4) 22.7 (3.5)*
Suicide item baseline score, mean (SD) 1.96 (0.6) 1.91 (0.6) 1.88 (0.6)
No. of depressive episodes, mean (SD)a 5.0 (2.4) 3.7 (2.2) 3.8 (3.9)
Comorbid anxiety, n 4 2 7
Concurrent antipsychotic, n 12 12 12
Concurrent SSRI, n 21 24 27
Concurrent SNRI, n 20 19 22
Concurrent benzodiazepine, n 17 22 24
Prior ECT, n 3 6 4
aFor number of depressive episodes: sham rTMS, n = 23; unilateral rTMS, n = 27; 

bilateral rTMS, n = 24.
*Significant difference per t test at α = .05, but nonsignificant at α = .01.
Abbreviations: ECT = electroconvulsive therapy, HDRS-16 = 16-item Hamilton 

Depression Rating Scale (ie, HDRS-17 minus suicide item), rTMS = repetitive 
transcranial magnetic stimulation, SNRI = serotonin-norepinephrine reuptake 
inhibitor, SSRI = selective serotonin reuptake inhibitor.

We analyzed measurements at baseline before initiation of 
the intervention and at primary endpoint, 3 or 6 weeks later 
depending on the participant’s response.17,18 Acute suicidality 
was an exclusion criterion in both studies. As such, there were no 
subjects with HDRS-17 suicide item score greater than 3 in either 
trial. Our primary outcome was resolution of suicidal ideation, 
defined as a decrease from any nonzero score at baseline to a 
score of zero at study endpoint on the HDRS-17 suicide item.8,20 
After we removed 33 participants with baseline suicide scores 
of 0 (ie, no suicidal ideation), 156 participants remained in the 
analysis.

To test our primary hypothesis, we used odds ratios to compare 
resolution of suicidal ideation in bilateral rTMS and left unilateral 
rTMS versus sham rTMS. We used a Pearson correlation to assess 
the relationship between change in suicidal ideation (ie, suicide 
item score) and change in depression severity (ie, total score on 
the HDRS-17 after removing the suicide item: HDRS-16). To 
further assess this relationship, we performed a Welch 2-sample 
t test comparing average change in HDRS-16 from baseline to 
endpoint between suicide remitters and nonremitters for the 156 
subjects in the remission analysis.

RESULTS

The demographic and clinical characteristics of the 156 
participants included in these analyses are summarized in 

Table 2. The only significant difference between active 
groups compared to sham rTMS was a significantly 
lower baseline HDRS-16 score in the bilateral rTMS 
group compared to sham. Baseline and endpoint scores 
of the suicide item and HDRS-16 are shown in Table 3. 
Suicidal ideation resolved in 40.4%, 26.8%, and 18.8% of 
participants randomized to bilateral, left unilateral, and 
sham rTMS, respectively. The difference in resolution 
of suicidal ideation between bilateral and sham rTMS 
was significant (OR = 3.03; 95% CI, 1.19–7.71; P = .02), 
unlike the difference between left unilateral and sham 
rTMS (OR = 1.59; 95% CI, 0.61–4.12; P = .33) (Table 
3). Of the 33 participants in the original studies with 
baseline suicide item scores of 0, 4 in the sham rTMS 
group (N = 13), 2 in the unilateral rTMS group (N = 6), 
and 1 in the bilateral rTMS group (N = 14) had suicidal 
ideation at the study’s end.

A multiple logistic regression model with a treatment-
by-study interaction term was not a significant 
improvement over the simpler model without this 
interaction term (likelihood ratio testing χ2 = 5.82, 
P = .12). Thus, there is no direct evidence that the 2 
studies differed in terms of the treatment effect on 
suicidal ideation (see Supplementary eTable 1).

The correlation (Pearson r) between change in suicidal 
ideation and change in depression was 0.38 (P < .001). 
There was no difference between suicide remitters and 
nonremitters in change of HDRS-16 according to Welch 
2-sample t test (P = .3198).

DISCUSSION

We pooled data from 2 published prospective 
randomized sham-controlled trials of rTMS in patients 
with TRD and compared the effects of bilateral, left 
unilateral, and sham rTMS on suicidal ideation. We 
found that suicidal ideation was more likely to resolve 
with bilateral rTMS than sham rTMS, but this was 
not the case for left unilateral rTMS. There was only a 
modest correlation between change in suicidal ideation 
and change in depression severity. Below, we discuss each 
of these findings.

The relationship between change in suicidal ideation 
and change in depression severity was significant in 
our study, but the correlation was modest: the change 
in depression severity accounted for approximately 15% 
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of the change in suicidal ideation. Furthermore, the rate of 
resolution of suicidal ideation was higher than the rate of 
remission of depressive symptoms (40.4% vs 25.8% with 
bilateral rTMS). When patients were divided into suicide 
remitter and nonremitter groups, the change in HDRS-
16 scores did not differ across groups. This supports the 
concept that the response of suicidal ideation to bilateral 
rTMS treatment does not depend on overall depressive 
symptom response, or vice versa. Furthermore, singling out 
suicidality through the suicide item of the HDRS-17 has 
been validated21 through a principal component analysis 
of a study on 281 suicide attempters, in which the suicide 
item was successfully isolated into one of 3 independent 
dimensional factors for the total HDRS-17. Similar results 
were found in a large outpatient study (N = 660) in which 
factor analysis found 3 factors for the HDRS-17, one being a 
“cognitive” factor consisting of suicide and guilt items.22 We 
therefore conclude that suicidal ideation is not simply related 
to improvement of depressive symptoms but can be treated 
as a separate entity, which is congruent with emerging 
evidence that suicidality may be its own transdiagnostic 
neuro-endophenotype.23 Specific prefrontal structures 
and serotonin neurotransmission are key mechanisms of 
dysfunction in suicidality.24 Our findings suggest that suicidal 
ideation could be a specific target symptom construct for 
rTMS delivered to the DLPFC bilaterally. Additional work 
is needed to determine whether rTMS is also effective in 
reducing suicidal ideation in patients with other psychiatric 
disorders and whether other target regions exert an effect 
on suicidal ideation.

The HDRS-17 suicide item has been used previously 
to measure treatment response, specifically by Kellner et 
al8 to assess resolution of suicidality with ECT treatment. 
In that study, suicidality resolved in 81% of 131 patients 
defined as “high suicide” (ie, with a score of 3 or 4 on the 
HDRS-17 suicide item).8 This number is greater than that 
demonstrated in our study (ie, 40.4% with bilateral rTMS) 
but baseline levels of suicidality were much higher in the 
ECT study, which limits the comparison of these 2 studies. 
In another pooled secondary analysis on treatment of late-
life depression, the HDRS-17 suicide item was successfully 
used to stratify suicide risk at baseline and predict response 
of suicidality to antidepressant treatment.20 These studies 
support the approach of measuring response of suicidality to 
treatment through the HDRS-17 suicide item and emphasize 
the clinical utility of isolating suicidality or suicidal ideation 
as a symptom construct independent of depression.

There have been previous studies that assessed the 
efficacy of various forms of TMS on resolution of suicidal 
ideation. Three of these studies were sham-controlled TMS 
trials, and while results were promising, they failed to show 
significant clinical effect of TMS on suicidal ideation.14,15,16 
Of note, 1 trial15 was a pilot study and administered only 9 
sessions of high-frequency left DLPFC rTMS (3 times daily 
over 3 days), leaving open the possibility of underdosing 
compared to the number of sessions administered in the 
trials examined in this study (see Table 1). This trial also 

included only inpatients, which limits comparison to 
the outpatient sample in our study. Another trial14 only 
conducted intermittent theta burst stimulation over 4 days. 
Finally, all 3 of these studies used left unilateral DLPFC-TMS 
rather than the sequential bilateral technique that showed 
significant antisuicidal ideation effects in the present study, 
the implications of which are described below. Of the other 
research on TMS and suicidal ideation, 2 open-label trials 
found significant decreases in suicidal ideation with deep 
TMS25 and left prefrontal rTMS26 over time. In a direct 
comparison of rTMS to ECT in depressed patients, rTMS 
treatment significantly decreased suicidal ideation, although 
significantly less than ECT.27 Taken together, the existing 
evidence of various forms of TMS treatment on suicidal 
ideation in depression is patchwork, with mixed results, and 
nonexistent in terms of right DLPFC targeted treatment.

There is some early neurophysiological and neuroimaging 
evidence suggesting that targeting the right DLPFC may 
address neural substrates of suicidality specifically. For 
example, a study of near infrared spectroscopy measured 
blood flow in brain regions during a verbal fluency task 
and showed that patients with depression and suicidality 
had significant decreased mean oxy-hemoglobin in the 
right DLPFC, right orbitofrontal cortex (OFC), and right 
fronto-polar cortex regions when compared to patients 
without suicidality.28 Another study measuring metabolic 
rates of glucose with fluorodeoxyglucose positron emission 
tomography found significantly lower regional metabolism 
in the right DLPFC in depressed suicide attempters than 
in depressed nonattempters.29 Most recently, Sun et 
al30 demonstrated that greater baseline levels of cortical 
inhibition in the right DLPFC, measured through TMS-
EEG, predict resolution of suicidal ideation by magnetic 
seizure therapy in patients with TRD. Collectively, these 
findings suggest that rTMS targeting the right DLPFC may 
have a more potent and specific effect on suicidal ideation, 
compared to the more commonly used left DLPFC-rTMS, 
which agrees with the results of our study.

There are some limitations to our study. Neither of the 
RCTs used in our study were designed or powered to test 
our specific hypothesis of the effect of rTMS on suicidal 
ideation. Also, the left unilateral rTMS did not do better than 
placebo for depression in both trials, which is not consistent 
with most studies of unilateral rTMS on TRD; this may have 
contributed to why bilateral rTMS alone was efficacious. 
However, emerging evidence suggests that bilateral rTMS 
may be a more efficacious treatment for TRD than unilateral 
rTMS.31 Bilateral treatment may cover the inherent biological 
and clinical phenomenological heterogeneity of depression 
including suicidality. In both trials, suicidal ideation was 
measured with the suicide item of the HDRS-17, as opposed 
to a more comprehensive suicide scale such as the Beck 
Suicidal Ideation Scale. This prevented a more nuanced 
assessment of the effect of rTMS on different aspects of 
suicidal ideation, such as active versus passive thoughts of 
death, as previously done.32 Also, this study did not include 
patients with severe, emergent suicidality, as measured by 
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a score of 4 on the HDRS-17 suicide item, which limits the 
generalizability to emergent forms of suicidality or suicidal 
ideation. It is common to exclude patients with severe 
suicidality in rTMS studies, as these patients are often 
hospitalized on an involuntary basis due to the very high risk 
to themselves, precluding them from research participation. 
Our findings, therefore, do not generalize to this severely ill 
patient population. We are considering future rTMS studies 
on suicidality in inpatients that can potentially address this 
issue by including committed patients with high suicidality. 
Additionally, while there was no difference in baseline 
suicidal ideation between groups, the baseline HDRS-16 
scores were statistically different between sham and bilateral 
rTMS groups (at α = .05 but not at α = .01), which suggests 
that response to bilateral rTMS for suicidal ideation may be 
confounded to some degree by the bilateral group having 
marginally lower baseline HDRS-16 scores; this should be 
controlled in future studies. Finally, both RCTs were from 1 
research center, reducing the external validity of our findings.

Notwithstanding these limitations, our findings suggest 
that bilateral rTMS of the DLPFC may be an effective 
treatment for suicidal ideation in patients with TRD 
independent of its effect on overall depression severity. 
Future RCTs of rTMS should be designed with suicidal 

ideation as one of the primary outcomes. These trials need 
to use outcome scales specific to suicidal ideation and to 
enroll participants with high suicidality. They should also 
explore the effect of unilateral rTMS targeting the right 
DLPFC, not only in patients with MDD, but also in patients 
with other mental disorders associated with a high rate of 
suicidal ideation, such as borderline personality disorder 
and posttraumatic stress disorder. Finally, cortical targets 
outside the right DLPFC (eg, the right OFC) should also 
be assessed.

In summary, the present findings suggest that DLPFC-
rTMS, when given bilaterally, may have therapeutic effects on 
suicidal ideation specifically, in addition to its antidepressant 
effects. This finding suggests that there could be a role for 
rTMS prior to ECT for treatment of suicidal ideation in TRD, 
similar to established depression treatment pathways.33 
Given that only 1% of patients with TRD are currently 
treated with ECT33 and that neither treatment capacity nor 
patient acceptability for ECT is likely to improve several-fold 
in the foreseeable future, additional forms of intervention for 
TRD and suicidal ideation are urgently needed. The present 
study suggests that bilateral DLPFC-rTMS may offer an 
alternative intervention for suicidal ideation in cases where 
ECT is declined, not tolerated, or difficult to access.
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eTable 1.  Odds ratio testing for active treatment versus sham, with a model taking into 
account the interaction of individual study results on the combined results. 
 

 OR lower upper 

 0.44 0.03 7.02 0.55 
Unilateral 0.14 0.00 6.46 0.31 
Bilateral 9.81 0.30 320.75 0.19 
Study factor 0.69 0.14 3.39 0.64 
Unilateral: Study factor 4.11 0.48 35.14 0.19 
Bilateral: Study factor 0.49 0.06 3.63 0.47 
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