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Introduction

Deep brain stimulation (DBS) has recently emerged as a vi-
able option for treatment-resistant depression (TRD). Among
several neuroanatomical targets (subcallosal cingulate, nu-
cleus accumbens, ventral capsule/ventral striatum, inferior
thalamic peduncle and habenula),1 DBS of the subcallosal cin-
gulate (SCC) has been the most investigated. Four open-label
studies of SCC-DBS involving a total of 66 patients with TRD
(major depressive disorder and bipolar depression) showed
efficacy and safety.2–7 Although these results are encouraging,
about 40%–50% of patients did not respond and 70%–80%
did not achieve clinical remission with SCC-DBS.3,4,7

Adjusting stimulus parameters in patients with poor or
suboptimal response may improve outcomes in Parkinson
disease and TRD.5,8 However, the selection of optimal stimu-
lation parameters (frequency, pulse width, amplitude) can be
time-consuming, even when studying movement disorders
for which there are immediate objective motor outcomes to
measure.9 At present, there is no evidence-based approach
for the selection of optimal stimulus parameters for TRD. The
optimization of stimulation settings for individual patients is
guided by the experience and preference of the clinician and
by adapting DBS parameters used for movement disorders.3

To establish an evidence-based standardized algorithm for
optimal DBS for TRD, we need double-blind, controlled studies
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Background: Deep brain stimulation (DBS) of the subcallosal cingulate (SCC) is reported to be a safe and effective new treatment for
treatment-resistant depression (TRD). However, the optimal electrical stimulation parameters are unknown and generally selected by
trial and error. This pilot study investigated the relationship between stimulus parameters and clinical effects in SCC-DBS treatment for
TRD. Methods: Four patients with TRD underwent SCC-DBS surgery. In a double-blind stimulus optimization phase, frequency and
pulse widths were randomly altered weekly, and corresponding changes in mood and depression were evaluated using a visual ana-
logue scale (VAS) and the 17-item Hamilton Rating Scale for Depression (HAM-D-17). In the open-label postoptimization phase, depres-
sive symptoms were evaluated biweekly for 6 months to determine long-term clinical outcomes. Results: Longer pulse widths
(270–450 µs) were associated with reductions in HAM-D-17 scores in 3 patients and maximal happy mood VAS responses in all 4 pa-
tients. Only 1 patient showed acute clinical or mood effects from changing the stimulation frequency. After 6 months of open-label ther-
apy, 2 patients responded and 1 patient partially responded. Limitations: Limitations include small sample size, weekly changes in
stimu lus parameters, and fixed-order and carry-forward effects. Conclusion: Longer pulse width stimulation may have a role in stimulus
optimization for SCC-DBS in TRD. Longer pulse durations produce larger apparent current spread, suggesting that we do not yet know
the optimal target or stimulus parameters for this therapy. Investigations using different stimulus parameters are required before embark-
ing on large-scale randomized sham-controlled trials.



examining the effect of each electrical stimulation parameter
on clinical symptoms. In the present study, we examined the
clinical and mood responses of patients with TRD to weekly
changes in frequency and pulse width stimulation in a double-
blind fashion for the first 3 months after DBS implantation. We
then examined the clinical efficacy and safety of these stimulus
parameters over the following 6 months.

Methods

This pilot study consisted of 4 phases: preoperative screening
and baseline evaluation, DBS surgery, double-blind postop-
erative stimulus optimization, and open-label postoptimiza-
tion stimulation. The study was conducted at Foothills Hos-
pital in Calgary, Alta., and approved by the University of
Calgary research ethics board.

Preoperative screening and evaluation

Two study psychiatrists (R.R. and G.M.) independently
screen ed patients referred by local psychiatrists to determine
their eligibility to participate in the study. Criteria for inclu-
sion were presence of major depressive disorder, as deter-
mined using the Structured Clinical Interview for DSM-IV;10

severe depression with a minimum score of 20 (out of 52) on
the 17-item Hamilton Depression Rating Scale (HAM-D-17);11

treatment resistance, as determined by failure to respond to
4 different classes of antidepressants (including augmenta-
tion or combination strategies with lithium, atypical antipsy-
chotics, anticonvulsants and antidepressants), evidence-
based psychotherapy or electroconvulsive treatment despite
adequate dosage, duration and compliance with treat-
ment;12–14 willingness to comply with long-term follow-up;
and age between 20 and 60 years. Exclusion criteria were
other Axis I psychiatric disorders, including schizophrenia,
bipolar disorder or obsessive compulsive disorder; dementia;
psychotic symptoms; history of substance abuse in the
6 months preceding the study; and active suicidal ideation. In
addition, cerebrovascular risk factors, previous stroke, head
injury, pregnancy or medical and general contraindications
for DBS surgery were also exclusion criteria. 
Enrolled patients were among the most treatment-resistant.

Both patients and family members were fully informed about
the aims, benefits and risks of the study. After providing con-
sent, participants underwent magnetic resonance imaging
(MRI), neuropsychological tests and clinical assessment using
the HAM-D-17, Montgomery–Åsberg Depression Rating
Scale (MADRS),15 Hamilton Anxiety Rating Scale (HAM-A)16

and Clinical Global Impression (CGI) scales.17 These clinical
assessments were repeated 1 week before surgery, and the
 averaged scores of 2 time evaluations before surgery were
considered baseline scores.

Surgery

The surgical implantation procedure was performed as de-
scribed by others.18 Briefly, under local anesthesia, the SCC was
targeted, as suggested by Hamani and colleagues,19 using

stereotactic frame-based MRI, surgical planning software
 (Atamai) and microelectrode recording. Quadripolar DBS elec-
trodes (lead model 3387; Medtronic) were implanted bilater-
ally spanning the grey–white–grey matter of the SCC gyrus,
such that at least 1–2 active poles of the DBS lead (labelled
0,1,2,3 for the left brain and 4,5,6,7 for the right brain) were in
the subgenual target. Three days later, the DBS electrodes were
connected to the implantable pulse generator (Kinetra;
Medtronic) placed subcutaneously in the left infraclavicular re-
gion under general anesthesia. We used MRI (Appendix 1,
Fig. S1, available at cma.ca/jpn) and high-resolution computed
tomography postoperatively to evaluate the contact location
within the SCC and rule out any intracranial hemorrhage. Pa-
tients were discharged 1–2 days after the implantation of the
pulse generator with the stimulator turned off.

Double-blind stimulus optimization

The optimization of electrical stimulation parameters took
place in the first 3 months after the implantation of the DBS
system. Monopolar stimulation was applied and pulse width
(60–450 μs), frequency (2–185 Hz) and amplitude (0–10.5 V)
were adjusted. Two weeks of sham stimulation were in-
cluded in this double-blind randomized stimulus optimiza-
tion phase.
At week 1, when the stitches were removed, each electrode

was tested for immediate effects on mood using the Positive
and Negative Affective Scale (PANAS)20 and the visual ana-
logue scale (VAS). The VAS involved a 100 mm horizontal
line with a schematic neutral face at one end corresponding
to a score of 0 and a schematic mood state at the other end
corresponding to a score of 10. The VAS was used to assess
the following moods: sadness, happiness, anger, fear, dis-
gust, anxiety and alertness. For this initial testing, we used
monopolar stimulation with a frequency of 135 Hz and a
pulse width of 60 μs.7 The amplitude was progressively in-
creased, allowing time for patients to identify an effect. We
recorded the amplitude at which positive effects on mood or
adverse effects, such as dizziness, paraesthesia and disorien-
tation, were identified. The optimal electrode contact was se-
lected as the one with the lowest amplitude required to elicit
a positive mood effect and the highest threshold for an ad-
verse effect. If there were no positive or adverse effects, then
the 1 or 2 poles of the DBS lead that were in the described
SCC white matter target19 (Appendix 1, Fig. S1) were selected
for stimulation. The pulse generator was programmed at this
initial setting, and patients were sent home.
During weeks 2–7, different frequencies of stimulation (0, 5,

20, 50, 130 and 185 Hz) were tested in a randomized manner,
changing the frequency weekly and keeping pulse width
(90 μs) and amplitude (5 V) constant, and assessing clinical
and mood responses using the PANAS, VAS and the HAM-D-
17. Patients and psychiatrists were blinded to the frequencies
tested. During weeks 8–11, the pulse widths were altered
while keeping the frequency constant at 130 Hz. Various pulse
widths were tested (0, 90, 150, 270, 450 μs) in a randomized
and double-blind fashion. For pulse widths up to 150 μs, the
voltage was set at 5 V, but at higher pulse widths, the voltage
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was reduced to 3 V to limit charge density (30 µC/cm).3,21 Clin -
ical and mood responses were assessed using the PANAS,
VAS and the HAM-D-17. At week 12, the optimal stimulation
parameters for each patient were selected based on the specific
frequency or pulse width that was associated with 50% reduc-
tion in HAM-D-17 score from the pretreatment baseline and
maximal mood response in either the VAS or PANAS.

Open-label postoptimization stimulation

For a further 6 months after this double-blind period, all pa-
tients received open-label continuous stimulation using the
stimulus parameters that were considered optimal at the end
of the optimization phase. No changes were allowed in
stimu lus parameters or electrode contacts, even if there was
no improvement in depression. However, downward titra-
tion of pulse width or amplitude occurred if the patient ex -
perienced any side effects (e.g., dizziness, paraesthesia, wors-
ening anxiety, restlessness, insomnia) that may have been
related to stimulation. We evaluated clinical efficacy every
2 weeks using the HAM-D-17,11 MADRS,15 HAM-A16 and the
CGI scales.17 The same comprehensive battery of neuro -
psychological tests to assess general cognitive, intellectual
and emotional functions as well as 4 domains of frontal lobe
function that we performed before surgery was repeated at

9 months. We monitored patients for potential adverse
events that had been reported in previous SCG-DBS studies.4,5

Results

The demographic and clinical characteristics of each patient,
including current and past treatments for drepression are
shown in Table 1. All 4 patients completed both the double-
blind stimulus optimization and postoptimization phases of
the study. Postoperative imaging confirmed adequate place-
ment of electrodes with either 1 or 2 contacts in the correct lo-
cation (Appendix 1, Fig. S1). No reproducible acute effects of
stimulation were observed during intraoperative testing of
individual DBS contacts. No patient had surgery- or device-
related adverse events. Owing to the small sample size, data
are presented in descriptive format only.

Stimulus optimization phase

During the first 6 postoperative weeks, we altered the fre-
quency of stimulation, keeping pulse width (90 μs) and volt-
age (5V) constant. Patient 2 showed a 50% reduction in HAM-
D-17 scores as well as a maximal increase in positive affect
and decrease in negative affect at DBS frequencies of 20 Hz
and 130 Hz. However, this patient did not respond to the

Table 1: Clinical and demographic characteristics of patients undergoing subcallosal cingulate deep brain stimulation for treatment-resistant
depression

Characteristic Patient 1 Patient 2 Patient 3 Patient 4

Age, yr 49 56 46 50

Sex Female Female Male Female

Marital status Married Divorced Single Married

Family history of depression Yes Yes Yes Yes

Age at onset of MDD, yr 23 20 13 13

Current episode duration, mo 32 120 72 84

Lifetime no. of depressive episodes 2 5 6 1

Prior psychiatric hospital admission 1 3 2 2

Prior suicide attempt No No No No

Secondary Axis I diagnosis Agoraphobia with panic
disorder

Chronic fatigue syndrome Hypochondriasis Anorexia nervosa as a
teenager

Prior psychotherapy Yes Yes Yes Yes

Previous medications Fluoxetine, citalopram,
bupropion, lamotrigine,

venlafaxine, plus
augmentation with lithium,

quetiapine

Phenelzine, doxepin,
fluoxetine, fluoxamine,
sertraline, paroxetine,

moclobemide, venlafaxine,
amitriptyline, plus

augmentation with lithium,
trazodone, buspirone,

tryptophan

Amitriptyline, desipramine,
imipramine, nortriptyline,

phenelzine,fluoxetine
tranylcypromine, fluoxamine,

paroxetine, sertraline,
venlafaxine, bupropion,

moclobemide, lamotrigine,
with thyroxine augmentation,

St. John’s wort

Bupropion, fluoxetine,
phenelzine, moclobemide
dualoxetine, escitalopram,

mirtazepine,
methylphenidate, plus

augmentation with lithium,
atypical antipsychotics,

dexamphetamine

Medications (dosage) during SCC-
DBS

Citalopram (60 mg/d),
clonazepam (0.5 mg qhs),

lithium carbonate (600 mg/qhs),
quetiapine (150 mg/qhs),

multivitamins

Dualoxetine (60 mg/d),
zopiclone (22.5 mg/qhs),
gabapentin (1200 mg/d),
clonazepam (1.5 mg/d),
synthyroid (0.15 mg/d)

No antidepressants, vitamin
D 4000 IU + calcium,

sporadic testosterone im

Dextroamphetamine (10 mg/d),
risperidone (0.75 mg/qhs),

mirtazepine (11.25 mg/qhs),
aripiprazole (6 mg/qhs)

Prior ECT Transient positive response No response No response with severe
memory deficits

Positive response with severe
memory deficits

Prior rTMS No prior treatment No prior treatment No response Responded but relapsed
Stages of treatment resistance* Stage IV Stage IV Stage IV Stage IV

ECT = electroconvulsive therapy; im = intramuscular; MDD = major depressive disorder; qhs = every evening or bedtime; rTMS = repetitive transcranial magnetic stimulation;
SCC-DBS = deep brain stimulation of the subcallosal cingulate.
*As per Thase and Rush.12



same settings later during the pulse width optimization
phase, possibly owing to carry forward effects or changes in
life events. Patient 4 showed a maximal increase in positive af-
fect at 50 Hz without change in depression scores. The other
2 patients did not respond to changes in frequency (Table 2).
During the next 5 weeks, we altered pulse width while fre-

quency (130 Hz) was kept constant. All 4 patients showed
maximal response in happy mood (VAS-H) at longer pulse
widths (270 or 450 μs; Fig. 1) and 3 patients (1–3) showed a
50% reduction in HAM-D-17 scores at these longer pulse
widths (Table 2). Patient 1 experienced confusion and
drowsiness within 2 days after her pulse width was increased
to 450 µs, therefore we decreased voltage from 2 V to 1 V to
mitigate these adverse effects. Sham stimulation was applied
twice during this optimization phase, and depressive symp-
toms remained reduced in some patients (Table 2).

Poststimulus optimization phase

Table 3 details the electrode contacts and stimulation para-
meters used chronically. Patients 2 and 3 reached the clinical
response criterion (50% reduction in HAM-D-17 scores from
pre-DBS baseline), and patient 1 achieved a partial response
of 35% reduction in HAM-D-17 scores from baseline (Fig. 2).
Patient 4 (nonresponder) received standard stimulation set-
tings as previously published (90 μs, 130 Hz, 5 V),4 because
she did not respond acutely to any setting tested during opti-

mization. Table 4 provides secondary outcomes, including
MADRS and HAM-A scores.
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Table 2: Results of blinded pulse width and frequency alterations in the stimulus optimization phase in patients undergoing subcallosal cingulate
deep brain stimulation for treatment-resistant depression

Scale Baseline

Pulse width Frequency

Off 90/5 150/5 270/3 450/2 Off 5 Hz 20 Hz 50 Hz 130 Hz 185 Hz

Patient 1

HAM-D-17 33 26 25 21 17* 28 34 25 27 24 29 29

VAS-H 0 0 1.5 0 2.5↑ 0 0 0 3 0 0 0

PANAS-P 14 15 13 21 16 15 11 11 16 15 10 12

PANAS-N 41 36 27↓ 28 27↓ 36 25 37 27 38 45 28

Patient 2

HAM-D-17 30 17 18 22 24 13* 26 17 13* 20 12* 27

VAS-H 1 3 4 0 1 6↑ 0 1 1 1 4.5↑ 0

PANAS-P 15 31 32↑ 25 15 32↑ 14 17 15 16 19 14

PANAS-N 34 18 21 28 29 16↓ 14 17 20 16 16↓ 16

Patient 3

HAM-D-17 33 26 23 27 22 16* 28 28 28 29 31 29

VAS-H 0.3 0.2 0.4 0.4 0.5 6↑ 0.3 0.3 0.3 0.3 0.3 0.3

PANAS-P 17 16 20 12 25 37↑ 14 17 15 16 19 14

PANAS-N 16 13 14 13 20 14 14 17 20 16 16 18

Patient 4

HAM-D-17 27 25 22 24 24 24 23 25 25 21 21 24

VAS-H 0.8 0.8 1 1.7 1.2 4.5↑ 3 1.2 1.2 3.5↑ 2.7 2.4

PANAS-P 17 15 15 16 14 16 19 16 14 14 17 16

PANAS-N 30 28 27 23↓ 30 25 26 28 29 25 27 30

↓ = maximal decrease; ↑ = maximal increase; HAM-D-17 = 17-item Hamilton Rating Scale for Depression;11 PANAS = Positive and Negative Affective Scale, P for positive, N for
negative;20 VAS-H = visual analogue scale for happy mood.
*Signifies a 50% reduction in HAM-D-17 scores. Two patients inadvertently used flat affect (emotionally blunt) to score the sad feelings on the VAS sadness scale; therefore, those
results are not reported. Frequency was kept constant at 130 Hz, and voltage was 2–4 V during pulse width changes. Pulse width and voltage were kept constant at 90 µs and 5 V during
frequency changes. Patients 1, 2 and 3 showed 50% reduction in HAM-D-17 scores from the baseline following long pulse width (210 and 450 µs) stimulation. Only patient 2 showed
clinical response with 20 and 130 Hz stimulation.
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Fig. 1: Visual analogue scale (VAS) of patient-reported happiness
as a function of pulse width applied. Frequency was kept constant
(130 Hz), and changes were made weekly to pulse width. Stimulus
intensity was applied at 3–5 V but was reduced at higher pulse dura-
tions to keep the charge density within the maximum allowable limit
(30 µC/cm2). A pulse width of 0 indicates that the stimulation was
turned off. Each patient is shown as an individual line/ symbol/ colour.
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Table 3: Optimal and chronically used stimulation parameters in patients undergoing subcallosal cingulate deep brain
stimulation for treatment-resistant depression

Electrode; stimulation Patient 1 Patient 2 Patient 3 Patient 4

Type of stimulation Monopolar Monopolar Monopolar Monopolar

Electrode contacts*† C+ 2–
C+ 5–

C+ 3–
C+ 4–

C+ 0–
C+ 4–/5–

C+ 2–/3–
C+ 4–/5–

Optimal stimulation parameters
determined by 12-week optimization
phase (blinded)

2 V, 270 µs, 130 Hz 2 V, 450 µs, 130 Hz 2 V, 450 µs, 130 Hz Not determined

Stimulation setting used in
postoptimization phase (open label)

3 V, 150 µs, 130 Hz 3 V, 210 µs, 130 Hz 2 V, 450 µs, 130 Hz 5 V, 90 µs, 130 Hz

*0–3 for left brain and 4–7 for right brain, where 3 and 7 are most dorsal, and 0 and 4 are most ventral poles of deep-brain stimulation lead.
†C+ neurostimulator case as anode and – electrode contact as cathode.

Randomized optimization phase Open-label phase
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Fig. 2: Mean and individual scores on the 17-item Hamilton Rating Sale for Depression
(HAM-D-17)11 over time in all 4 patients. The horizontal grey bar indicates the baseline HAM-
D-17 scores with standard deviation (SD). Each patient is shown as an individual line/ symbol/
colour, and the black indicates mean HAM-D-17 scores and SD for the entire group.

Table 4: Postoptimization phase test scores of patients undergoing subcallosal cingulate deep brain stimulation for treatment-resistant depression

Scale Pre-DBS Week 14 Week 16 Week 18 Week 20 Week 22 Week 24 Week 26 Week 28 Week 30 Week 32 Week 34 Week 36

HAM-D-17

Patient 1 33 19 17 18 23 26 24 20 15 25 19 22 23

Patient 2 30 13 21 28 19 24 18 15 11 11 11 14 15

Patient 3 33 22 28 25 28 20 26 19 24 17 21 17 16

Patient 4 27 23 24 22 23 24 26 23 24 23 24 25 25

MADRS

Patient 1 42 27 24 30 32 34 31 24 24 25 29 27 24

Patient 2 35 16 32 32 22 25 20 19 14 13 11 22 17

Patient 3 40 25 33 29 32 20 26 24 29 21 26 19 17

Patient 4 34 36 38 34 38 32 40 36 39 38 39 38 39

HAM-A

Patient 1 39 23 25 24 25 31 29 23 27 28 29 26 26

Patient 2 33 17 25 32 27 28 26 21 15 14 17 24 17

Patient 3 28 25 27 24 26 22 22 20 25 21 22 18 19

Patient 4 27 20 21 22 22 22 22 23 23 22 24 23 22

DBS = deep brain stimulation; HAM-A = Hamilton Anxiety Rating Scale;16 HAM-D-17 = 17-item Hamilton Rating Scale for Depression;11 MADRS = Montgomery–Åsberg Depression
Rating Scale.15



Adverse events included anxiety manifested as dizzy spells
and fainting in patient 1, which resolved without stimulus ad-
justment and were attributed to her preoperative panic attacks.
Anxiety in patient 2 resolved by reducing DBS pulse width
from 450 µs to 210 µs. Nocturnal insomnia that began 2 months
after the initiation of 450 µs, 130Hz, 2 V stimulation in patient 3
was improved by turning the stimulation off at night.
In neuropsychological testing, 2 DBS responders showed

small improvements on speed in timed tasks, consistent with
improvement in depression. Patient 1 did not complete post-
DBS testing owing to poor motivation, and patient 4 showed
improved performances in spatial working memory, select -
ive attention and phonemic fluency.

Discussion

To our knowledge, this is the first study to systematically ex-
amine the effects of electrical parameters (pulse width and
frequency) on clinical response to SCC-DBS in patients with
TRD in a double-blind manner. Stimulation using longer
pulse widths (270 or 450 μs) was related to short-term clinical
improvement and positive mood response in 3 of 4 patients.
Two of these patients showed clinical improvement at
6 months with similar long pulse length stimulation. There
was no consistent association between DBS frequency and
mood or clinical response. Two patients (50%) showed clin -
ical response at the end of 6 months of the open-label optimal
stimulation phase.
Despite the limitations of our study design (listed in the

next section), our results are consistent with those of a recent
report in which 8 patients also responded to longer pulse
width stimulation (180–270 μs, 135 Hz, 3.5–5 V).6 However,
3 other SCC-DBS studies used shorter pulse width stimulation
in the range of 60–90 μs, frequencies of 110–140 Hz and ampli-
tudes of 2.5–9 V.4,5,7 Taken together, these data suggest that
shorter pulse widths with higher amplitude stimulation (up
to 9 V) and longer pulse widths with lower amplitude stimu-
lation may produce comparable benefit, as might be expected
from the physics of current injection into nervous tissue.22 In-
dividual variations in response may depend on differences in
individual anatomy, fibre pathways, clinical factors or elec-
trode placement. In the absence of predictors of response to
DBS, testing both low and high pulse widths could help opti-
mize the response for individual patients. For example, when
clinical efficacy is lacking at a low pulse width, increasing the
pulse width may provide clinical benefit.
The mechanism underlying the association between long

pulse width and clinical efficacy/mood response in SCC-DBS
remains unclear. One possibility relates to the spread of current
to other pathways projecting to or from ventromedial and or-
bitofrontal cortical areas that are modulated by SCC-DBS in re-
sponders.2 Longer pulse duration could influence pathways far-
ther from the electrodes.22,23 The increased happiness that was
experienced by all of our patients using longer pulse widths
suggests activation of the SCC–nucleus accumbens network.24

Long pulse width stimulation has disadvantages. It nar-
rows the therapeutic window between beneficial and adverse
effects, as demonstrated by 2 of our patients not tolerating a

pulse width of 450 μs. In these patients, the long pulse width
stimulation induced insomnia, anxiety, confusion and
drowsiness, which could be related to downstream fibre
tracts connecting the SCC with the amygdala,  thalamus/
hypothalamus and brainstem.25 Other concerns with long
pulse width stimulation are decreased battery life of the
pulse generator and risk of tissue damage due to higher elec-
trical charge density. Rechargeable batteries are now readily
available to eliminate the need for frequent battery replace-
ments. To prevent tissue damage, longer pulse width was
paired with a decrease in voltage to keep charge density be-
low the allowable maximum limit.21

Our results of a clinical response rate of 50% after 6 months
of optimal stimulation are similar to those reported in previ-
ous open-label studies. Deep brain stimulation failure may
have been with our selection of stimulation parameters,
based on 1 week of trial stimulation in the optimization
phase. We did not allow changes in DBS parameters, even if
there was inadequate clinical response, whereas other groups
modified parameters frequently to obtain clinical responses
in the 50%–60% range.3–5,7 When we increased pulse width to
330 μs (3 V, 130 Hz) in the nonresponder (patient 4) at the
end of the 9-month study, her HAM-D-17 score dropped by
30% within 1 month. This highlights the error in our study
design, which was planned before recent publications sug-
gesting a cumulative effect of stimulation over time for pa-
tients with TRD3,5 and other conditions.26–28

Limitations

There are several limitations to our pilot study, including small
sample size, and carry-forward and fixed-order effects during
the optimization phase, because of the within-subject design.
Owing to fixed-order design, the administration of pulse
width changes at weeks 8–12 following the frequency changes
at weeks 2–7 may have confounded our results. Recent studies
have suggested a carry-forward cumulative effect of stimula-
tion over time.3,5 The successive improvement observed in
mean HAM-D scores from weeks 9 to 12 (Fig. 2) regardless of
pulse width changes may be due to cumulative effects and/or
effective stimulation. The changes in pulse width (90, 150, 270
and 450 μs) and frequencies (long and short) were adminis-
tered in random order, though the results of pulse width and
frequency are shown in ascending order for clarity (Table 2,
Fig. 1). That means some patients received long pulse width
stimulation in earlier sessions, whereas others received it in
later sessions; the same applies to frequency changes. Hence, it
is unlikely that the observed temporal association of long
pulse width stimulation with 50% change in HAM-D-17 score
from baseline and 2- to 6-fold increases in happy scores can be
exclusively attributed to carry-forward effects.
We designed this pilot study for feasibility and before re-

cent studies suggested time as an important factor in benefit.
Therefore, we used weekly adjustments in frequency and
pulse width based on programming used for movement dis-
orders. Weekly changes were likely too short a period to
evaluate the relationship between stimulation parameters
and clinical response in depression. The effect of negative or
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positive life events within a 1-week period may have con-
founded the clinical responses. Such frequent changes might
have also caused carry-forward effects, which may explain,
in part, the ongoing reduction in depressive symptoms dur-
ing sham stimulation.5 Other possibilities include too short a
period of null stimulation (1 wk) or placebo effect.29 The clin -
ical efficacy assessment in postoptimization phase was an
open-label design, making it impossible to tease out the
placebo effects of stimulation.
Other issues of importance to future studies of SCC-DBS

include electrode placement, which cannot be easily stan-
dardized for this target. Contrary to deep brain targets for
movement disorders, where placement is based on standard
anatomic landmarks, cortical gyral anatomy is variable, and
therefore targets must be individualized. This was why we
used asymmetric electrode contacts in some patients to opti-
mize the cathode(s) in the white matter of the subgenual cin-
gulate gyrus. This highlights the importance of learning what
the true target is for this therapy, such as which white matter
tract emanating from the SCC is the relevant one for TRD.

Conclusion

Our preliminary results suggest that there is a role for SCC-
DBS in patients with TRD and that more rigorous evaluation
of different electrical parameters are required before embark-
ing on large sham-controlled trials. Future studies should
consider a parallel 2-arm randomized controlled design with-
out crossover; however, such trials are often difficult and
have failed for other conditions.30
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