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Background: A preliminary report in six patients suggested that deep brain stimulation (DBS) of the subcallosal cingu-

late gyrus (SCG) may provide benefit in treatment-resistant depression (TRD). We now report the results of these and

an additional 14 patients with extended follow-up. Methods: Twenty patients with TRD underwent serial assessments

before and after SCG DBS. We determined the percentage of patients who achieved a response (50% or greater reduc-

tion in the 17-item Hamilton Rating Scale for Depression [HRSD-17]) or remission (scores of 7 or less) after surgery.

We also examined changes in brain metabolism associated with DBS, using positron emission tomography. Results:

There were both early and progressive benefits to DBS. One month after surgery, 35% of patients met criteria for re-

sponse with 10% of patients in remission. Six months after surgery, 60% of patients were responders and 35% met

criteria for remission, benefits that were largely maintained at 12 months. Deep brain stimulation therapy was associ-

ated with specific changes in the metabolic activity localized to cortical and limbic circuits implicated in the pathogene-

sis of depression. The number of serious adverse effects was small with no patient experiencing permanent deficits.

Conclusions: This study suggests that DBS is relatively safe and provides significant improvement in patients with

TRD. Subcallosal cingulate gyrus DBS likely acts by modulating brain networks whose dysfunction leads to depression.

The procedure is well tolerated and benefits are sustained for at least 1 year. A careful double-blind appraisal is required

before the procedure can be recommended for use on a wider scale.

(Reprinted with permission from Biological Psychiatry 2008; 64:461–467)

Depression is a common disorder and a leading
cause of years lived with disability worldwide (1–3).
While treatment is often effective, a substantial
subgroup of patients with depression, approxi-
mately 10% to 20% of sufferers, continue to be
severely disabled despite adequate trials of antide-
pressant drugs, psychotherapy, and electroconvul-
sive therapy (ECT) (4). For these patients with
treatment-resistant depression (TRD), the illness
not only affects quality of life but is also a major
cause of suicide and contributes to increased mor-
tality in the context of comorbid disorders in-
cluding diabetes and cardiovascular disease (5–
7). Recent advances in understanding the
neurobiology and brain circuitry of depression
are driving novel treatment approaches for pa-
tients with TRD (8).

Functional imaging has shown that depression is
associated with increased activity in the subcallosal
cingulate gyrus (SCG), a brain area involved in
mood regulation (9–11). That this overactivity is
important in the pathophysiology of depression is
supported by the finding that disparate interven-
tions including pharmacotherapy, transcranial
magnetic stimulation, and electroconvulsive ther-
apy ameliorate the clinical features of depression
and alter the activity of the SCG (12, 13). These
observations have sparked interest in the possibility
of directly modulating the output of the SGC and,
consequently, its downstream targets in TRD.
Deep brain stimulation (DBS) represents an adjust-
able and reversible method of focally modulating
the activity of dysfunctional brain circuits with
electrical stimulation. Leveraging our experience
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with DBS in treating patients with Parkinson dis-
ease (14–16), we implanted DBS electrodes in the
SCG in six TRD patients and showed improve-
ments in symptoms of depression were associated
with decreased activity in SCG (17).

We now report the clinical effects, safety, and
the changes in the activity of brain circuitry in
the 6 initial patients and an additional 14 pa-
tients with TRD receiving DBS of the SCG for a
longer time, 12 months.

METHODS AND MATERIALS

PATIENTS

Twenty patients with TRD received DBS of the
SCG between May 2003 and November 2006 (Ta-
ble 1). Referrals came from hospital and commu-
nity psychiatrists who were aware of the protocol
and were not directly involved in its implementa-
tion. All patients met criteria for major depressive
disorder (MDD), were in a current major depres-
sive episode (MDE) as determined by the Struc-
tured Clinical Interview for DSM-IV Axis I Disor-
ders Patient Edition (SCID-I/P) (18), and had a
minimum score of 20 on the 17-item Hamilton

Rating Scale for Depression (HRSD-17) (19). In-
clusion and exclusion criteria have been previously
described (17). Essentially, inclusion criteria re-
quired a duration of at least 1 year for the current
MDE and treatment resistance as defined as failure
to respond to a minimum of four different treat-
ments, including antidepressant pharmacotherapy
of sufficient dose and duration, evidence-based psy-
chotherapy, and electroconvulsive therapy. Exclu-
sion criteria included comorbid Axis I psychiatric
conditions, a cluster B Axis II diagnosis as deter-
mined by the Structured Clinical Interview for
DSM-IV Axis II Personality Disorders (SCID-II)
(20), suicidal behavior within the past year or a
score of 3 or more on the HRSD-17 suicide item,
and concurrent neurological or medical conditions
that could interfere with the treatment. The study
was approved by the Institutional Review Board of
the University Health Network, Baycrest Centre,
and the Centre for Addiction and Mental Health.
Signed informed consent was obtained from each
patient.

ASSESSMENT

Psychiatric assessments and stimulator adjust-
ments (if warranted) were performed at 1, 2, and 4

Table 1. Demographic Characteristics and History in 20 Subjects with
Treatment-Resistant Depression

Patients Male Female

Number of Patients 20 9 11

Age at Enrollment (years) 47.4 � 10.4 49.6 � 14.2 45.3 � 5.6

Age of Onset of MDD (years) 27.1 � 8.3 24.4 � 9.2 29.2 � 7.3

Length of Current Episode (years) 6.9 � 5.6 6.8 � 6.0 7.0 � 5.5

Number of Lifetime MDE (n) 3.9 � 3.1 3.6 � 2.6 4.1 � 3.5

Positive Family History MDD (n) 14/20 6/9 8/11

Received ECT (n) 17/20 8/9 9/11

Received Psychotherapy 20/20 9/9 11/11

Melancholic Subtype (n) 13/20 7/9 6/11

Atypical Subtype (n) 7/20 2/9 5/11

Employment Status Subjects unemployed
preoperative (n)

18/20 7/9 11/11

Employment Status Subjects unemployed
12 months postoperative (n)

12/20 5/9 7/11

Baseline HRSD-17 24.4 � 3.5 24.4 � 3.9 24.3 � 3.3

Baseline BAI 14.1 � 9.2 10.2 � 6.6 16.5 � 10.2

Baseline BDI 27.5 � 9.2 20.6 � 6.7 31.9 � 7.9

Values � standard deviation. T test of gender difference in baseline BDI (t � 2.65, p � .05). All other comparisons p � .05.
BAI, Beck Anxiety Inventory; BDI, Beck Depression Inventory; ECT, electroconvulsive therapy; HRSD-17, 17-item Hamilton Rating Scale for Depression; MDD, major
depressive disorder; MDE, major depressive episode.
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weeks after surgery; biweekly for 3 months; and
then monthly for up to 12 months. The primary
outcome measure was the percentage of patients
who achieved a 50% or greater reduction in the
severity of depression, as measured by HRSD-17
scores (defined as “response”) with a secondary
outcome as those who achieved clinical “remis-
sion”(defined as a HRSD-17 score of 7 or less).
Other standardized ratings included the Beck
Anxiety Inventory (BAI) (21), the Beck Depres-
sion Inventory (BDI) (22), and the Clinical
Global Impression for Severity (CGI-S) scale.
Neuropsychological testing was administered to
establish baseline intellectual and cognitive func-
tion prior to surgery and to monitor for changes
after 3, 6, and 12 months of continuous stimu-
lation. A preliminary report on the neuropsycho-
logical battery utilized and results obtained in a
subgroup of these patients is described elsewhere
(23). Positron emission tomography (PET) scan
measures of regional glucose metabolism were
used to quantify changes in brain activity with
chronic stimulation, expanding on findings re-
ported in the initial cohort of these patients (17).

SURGICAL PROCEDURE

A Leksell stereotactic frame (Elekta, Stockholm,
Sweden) was applied using local anesthesia. Mag-
netic resonance imaging (MRI) was obtained using
a 1.5 T scanner (Signa, General Electric, Milwau-
kee, Wisconsin). Images of 2 mm thickness without
overlap were reconstructed in three dimensions us-
ing neuronavigation software (Stealth, Medtronic,
Minneapolis, Minnesota). The SCG was identified
by direct visualization on coronal images and target
points spanning the entire vertical height of the
gyrus were chosen. Bilateral burr holes were placed
1 cm anterior to the coronal suture and 2 cm from
the midline under local anesthesia. Microelectrode
recordings were used to identify the upper and
lower cortical banks and the intervening white mat-
ter of the SCG. Quadripolar DBS electrodes
(Medtronic 3387, Medtronic) were implanted with
the most distal contact (contact 0 on the right, con-
tact 4 on the left) adjacent to the ventral bank of
gray matter, the two central contacts (contacts 1
and 2 right, contacts 5 and 6 left) in white matter,
and the uppermost contacts (contact 3 right, con-
tact 7 left) adjacent to the upper bank of gray matter
of the SCG gyrus using fluoroscopic guidance and
confirmed on postoperative MRI. A dual channel
programmable internal pulse generator (Kinetra,
Medtronic) was implanted subcutaneously in the
infraclavicular area under general anesthesia. Pa-
tients were discharged on postoperative days 2 to 5.

STIMULATION SETTINGS

Blinded stimulation through the implanted
DBS electrodes was applied intraoperatively and
in the immediate postoperative period. The
acute response to stimulation was noted at each
contact and each setting with the patient blinded
to the stimulator settings or changes. The selec-
tion of electrode contacts for the initial settings
for chronic stimulation was made on the basis of
the observation of acute behavioral effects with
stimulation. These included calmness, improved
mood, and increased interest and motivation and
were achieved using 3 V to 6 V. As part of dose
finding, stimulation intensity was increased to
look for adverse effects. In two patients, mental
slowing occurred at high settings of 8 V to 10 V,
particularly at the higher contacts (3 and 7). In
patients who showed little or no acute behavioral
changes, we started stimulation at contacts 1 and
5 set at 3.5 V, 90 microseconds, and 130 Hz.
Adjustments to the neurostimulator at follow-up
visits were made if the patient was failing to show
improvement (less than a 10% reduction in the
HRSD-17 scores) or developed adverse effects,
for example increased anxiety. Changes consisted
of choosing different contact pairs for stimula-
tion or adjusting the voltage. Patients received
continuous monopolar stimulation at settings
that ranged from 3.5 V to 5.0 V with the pulse
width set at 90 microseconds and the frequency
at 130 Hz with the pulse generator case set as the
positive terminal. Notably, patients reported in-
ability to discern if the contacts were on or off
during these subsequent sessions and remained
blinded as to which contact was being stimulated
and the parameter settings.

STATISTICAL ANALYSIS

A reduction from baseline to end point in total
HRSD-17 score of 50% or greater (i.e., respond-
ers) was chosen as the primary measure of effec-
tiveness. We also determined the proportion
achieving a score of 7 or less at end point on the
HRSD-17 (i.e., remitters). We further examined
changes in the subcomponents of the HRSD-17
(mood, anxiety, somatic, and sleep) (24). Pair-
wise comparisons between the results of the base-
line evaluation and the results of the follow-up
evaluations were made with the Student t test. To
evaluate long-term effectiveness, data were exam-
ined at 6 and 12 months after surgery. Data from
early terminators were analyzed in a last observa-
tion carried forward manner.
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PET SCAN ACQUISITION AND DATA ANALYSIS

We have previously characterized specific abnor-
malities in regional cerebral blood flow in patients
with TRD (compared with healthy age-matched
control subjects), as well as changes with SCG DBS
(17). We sought to confirm and expand on these
observations in the current study. Positron emis-
sion tomography scans were used to establish
changes in brain activity after 3 and 6 months of
chronic stimulation relative to the presurgical base-
line. In the initial report, regional blood flow was
measured using 150-water PET (as previously de-
scribed). Due to technical issues including installa-
tion of a new PET scanner and lack of subsequent
availability of the blood flow tracer, regional glu-
cose metabolism was measured instead using 18F-
fluorodeoxyglucose (18FDG) in the last 11 patients
(3 patients were not imaged). The PET protocol
and analysis are described in Supplement 1.

RESULTS

PRIMARY OUTCOME MEASURES

The clinical and demographic features of 20 pa-
tients with TRD undergoing SCG DBS are shown
in Table 1. We treated 9 men and 11 women with
SCG DBS. All had failed multiple trials of pharma-
cotherapy and psychotherapy and all but three
(who refused) also received a course of electrocon-
vulsive therapy during the current episode without

response. The mean duration of the current major
depressive episode was 6.9 years (SD 5.6). One pa-
tient who initially was diagnosed with unipolar de-
pression had more accurately, in retrospect, previ-
ously undiagnosed bipolar II disorder. All were
required to maintain a stable dosing regimen in the
4 weeks prior to surgery.

The mean number of medications at the time of
surgery was 4.2 and the median was 4. Eleven pa-
tients were receiving two antidepressants from dis-
tinct classes augmented with an atypical antipsy-
chotic or lithium and a benzodiazepine. Five
patients were receiving one antidepressant com-
bined with a benzodiazepine or antipsychotic
agent, two were receiving an antidepressant alone,
and two had discontinued all antidepressants but
continued to receive a benzodiazepine. So as to not
confound the effects of DBS, we attempted not to
change medications during the course of the study,
and no new antidepressant medications were pre-
scribed in the first 6 months after surgery. The
emergence of dose-related, medication-specific ad-
verse effects or clinical improvement led to reduc-
tions in the number or dose of medications. Minor
medication changes occurred over time as de-
scribed in Supplement 2.

The mean total HRSD-17 score in the 20 pa-
tients was significantly improved at all time points
examined 1 month or longer after DBS than at
baseline (Figure 1). After 1 week of stimulation,
40% of patients were responders and one patient
was in remission. Some of this initial benefit may be
related to a microlesion effect as is commonly ob-
served in Parkinson’s disease where the mere inser-
tion of a DBS electrode can produce transient clin-
ical benefits. Consistent with this notion, the
response rate fell to 30% with one patient in remis-
sion 2 weeks after surgery.

We observed a progressive improvement with
chronic DBS. From 2 weeks to 6 months after sur-
gery, an increasing proportion of patients im-
proved, reaching a plateau at 6 months when 60%
of patients met response criteria and 35% achieved
remission (Figure 2). These benefits were largely
maintained for the duration of the study. At 12
months, 55% of patients were responders and 35%
achieved or were within 1 point of remission (scor-
ing 8 or less on the HRSD-17 scale). Eight (72.7%)
of 11 patients who met criteria for response at 6
months also met criteria for response at 12 months,
while 3 (33%) of 9 patients who were not deemed
responders at 6 months obtained response status at
12 months (Fisher exact test p � .08). There was no
difference in response rates at 12 months post-DBS
between those that had previously received ECT
and those that had not (9/17 vs. 2/3, Fisher exact

Figure 1. Mean HRSD-17 score for 20
patients with TRD receiving SGC DBS at
baseline and at subsequent visits over a
12-month period.

The values at all time points from 1 to 12 months are significantly different com-
pared with baseline p � .001. Error bars indicate standard deviation. DBS, deep
brain stimulation; HRSD-17, 17-item Hamilton Rating Scale for Depression; SGC, sub-
callosal cingulate gyrus; TRD, treatment-resistant depression.
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test p � .58). There was no significant loss of effect
requiring dose adjustments over time, an observa-
tion that mimics the relative stability of DBS stim-
ulation parameters in patients with other disorders
including Parkinson’s disease and dystonia.

Deep brain stimulation was associated with
global improvements in depressive symptomatol-
ogy as measured by the mood, anxiety, somatic, and
sleep subcomponents of the HRSD scale (Table 2).
Improvements in each of the symptom clusters in-
creased with time after the initiation of stimulation.
The maximal improvement in the mood compo-
nent occurred by 3 months. Longer times were re-
quired to reach maximal improvements in anxiety,
sleep, and somatic symptoms (Table 2). An analysis
of the rates of symptom cluster improvement in
responders versus nonresponders at 12 months sug-
gested that responders achieved greater symptom
improvement in the mood cluster of symptoms at
months 3, 6, and 12 and in the somatic cluster of
symptoms at 1 and 12 months compared with non-
responders. There were no baseline differences in
total HRSD-17 score or any of the symptom cluster
scores between patients who achieved or failed to
achieve response status at 12 months. The different
responses times of the various depression compo-
nents suggest that the distinct symptoms of depres-
sion may be supported by different neural sub-
strates, a hypothesis further supported by the time
course of PET changes described below.

SECONDARY MEASURES

We sought to validate the improvements in
depression as measured with the HRSD-17 rat-
ings obtained by examining the patients with the
patient’s self-rating of their response to DBS.
Self-reported depressive symptoms at 12 months
as measured by the BDI demonstrated a robust
positive correlation with the physician-rated
HRSD-17 at 12 months (r � .73, p � .001),
indicating a congruency in the clinical and self-
reported impressions of improvement. Addition-
ally, the total BAI score and HRSD-17 scores at
12 months were significantly correlated (r � .58,
p � .01). Consistent with these observations,
patients improved from a mean baseline Clinical
Global ImpressionSeverity rating of 5.1 (mark-
edly to severely ill) to a mean rating of 3.1 at 6
months and 3.2 at 12 months (mildly to moder-
ately ill) (Table 2). Improvements in CGI-S
scores were seen at 1 month and remained statis-
tically significant for the entire 12 months of the
trial. Further, 6 of 17 patients who were not
working due to their illness at enrollment re-
turned to employment after being unemployed

for 2 to 7 years, indicating that DBS also led to
significant social reintegration.

PET MEASURES OF REGIONAL GLUCOSE
METABOLISM: EFFECTS OF STIMULATION

Of the 11 patients undergoing 18FDG PET
scans, there were 8 responders and 3 nonre-
sponders. As only two nonresponders completed all
three PET scans, results are presented only for the
eight responders. The response to treatment with
DBS was accompanied by widespread changes in
metabolic activity in limbic and cortical areas as
measured with 18FDG PET (Figure 3). Areas of
significant change included decreases in orbital
(Brodmann area [BA] 11), medial frontal cortex
(BA 10/9/8), and insula and increases in lateral pre-
frontal cortex (BA 11/47, BA 46/10/9), parietal
(BA 40), anterior midcingulate (BA 24), and pos-
terior cingulate areas (BA 23) (Supplement 3). The
medial and orbital frontal decreases were seen by 3
months and were sustained at 6 months (Supple-
ment 3, Figure 3). A different pattern was seen in
both ventrolateral and dorsolateral prefrontal, pari-
etal, midcingulate, and posterior cingulate regions,
where changes were only significant at 6 months
(Supplement 3). The topography of the brain areas
affected with DBS is specific and is consistent with
the known connectivity of the subcallosal cingulate
gyrus. The pattern of metabolic changes seen here
generally replicates those seen in the original study
of blood flow PET (Figure 3). Taken together,
these results indicate that SCG DBS produces strik-
ing changes in cognitive and limbic brain areas and
they provide a biological basis for the observed im-
provements in depression in these patients.

Figure 2. Patients meeting response or
remission criteria after DBS.

The proportion of patients responding or reaching remission increased over time to
plateau from 6 to 12 months. DBS, deep brain stimulation.
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Of interest, opposite metabolic changes were
present at the target of stimulation, the subcallosal
cingulate white matter, and the immediately adja-
cent gray matter. In contrast to our previous report
using blood flow where only decreased SCG activ-
ity was observed, we noted focal increases in metab-
olism in the immediate vicinity of the stimulating
electrode with decreases in metabolism in the adja-
cent caudal subcallosal gray matter consistent with
the previous blood flow results (Figure 3, sagittal
image, left). These results suggest that there is a
direct activation of the white matter at target that
can lead to either metabolic activation or inhibition
in distinct remote brain areas.

ADVERSE EVENTS

Table 3 shows the adverse events in the 20 pa-
tients. Four patients had wound infections. In three
cases, this occurred early in the series when elec-
trodes were externalized for several days before
the internal pulse generator was inserted. These
three patients had their hardware removed. In

one patient, the hardware was reimplanted after a
6-month delay with recapture of the clinical ben-
efit. In the two others who did not receive signif-
icant benefit, the explanted hardware was not
replaced. All patients from patient 6 on had elec-
trode and pulse generator inserted in a single
surgery. One patient had superficial scalp cellu-
litis 2 weeks after surgery that responded to an-
tibiotics. One patient experienced a generalized
seizure the evening of surgery. He was treated
with phenytoin for 3 months with no further
seizures. Four patients reported headache or pain
at the site of the pulse generator implant in the
immediate postoperative period. The behavioral
aspects of this pain included crying and despair.
Such responses were unanticipated, as they are
rarely seen in other patient populations having
similar DBS surgery for other diagnoses. In seven
patients, there were no emergent adverse effects.
Finally, neuropsychological testing confirmed
the absence of any cognitive adverse effects (23).
There were no cases of hypomania with stimula-
tion in these patients.

Table 2. HRSD-17 Scores and Subcomponent Scores at Baseline and 1, 3, 6,
and 12 Months (n � 20) after DBS for TRD

Baseline
(Mean and SD)

1 Month Mean
and SD and p

Value

3 Month Mean
and SD and p

Value

6 Month Mean
and SD and p

Value

12 Month Mean
and SD and p

Value

Total HRSD-17 24.4 � 3.5 15.4 � 5.7 12.5 � 7.2 11.8 � 5.9 12.6 � 6.3
t � 6.19 t � 6.49 t � 9.70 t � 8.70
p �.0001 p �.0001 p �.0001 p �.0001

Mood Subscore 11.9 � 1.5 7.1 � 3.3 5.2 � 3.6 5.1 � 3.2 5.9 � 3.7
(items 1, 2, 3, 7, 8) t � 5.36 t � 7.28 t � 9.21 t � 6.62

p �.0001 p �.0001 p �.0001 p �.0001
Anxiety Subscore 3.8 � 2.4 2.1 � 1.9 2.0 � 1.6 1.8 � 1.9 1.6 � 1.9

(items 9, 10, 11, 15, 17) t � 2.97 t � 2.68 t � 3.32 t � 3.80
p �.01 p �.05 p �.01 p �.01

Sleep Subscore 3.6 � 2.0 1.9 � 1.8 1.8 � 1.8 1.7 � 1.7 2.0 � 1.3
(items 4, 5, 6) t � 3.85 t � 3.12 t � 3.91 t � 3.28

p �.005 p �.01 p �.001 p �.005
Somatic Subscore 4.9 � .8 4.2 � 1.3 3.4 � 1.8 3.2 � 1.2 3.0 � 1.4

(items 12, 13, 14, 16) t � 2.16 t � 3.13 t � 4.98 t � 5.18
p �.05 p �.01 p �.0001 p �.0001

BAI 14.1 � 9.2 13.1 � 9.4 12.8 � 10.2 12.5 � 10.6 12.9 � 10.6
t � .29 t � .17 t � .54 t � .53
p � .78 p � 0.87 p � .60 p � .60

BDI 27.5 � 9.2 22.7 � 10.9 22.3 � 11.8 20.9 � 11.3 22.6 � 11.5
t � 1.79 t � .95 t � 1.83 t � .47
p � .10 p � .36 p � .09 p � .65

CGI-Severity 5.1 � .7 4.0 � 1.2 3.4 � 1.2 3.1 � 1.4 3.2 � 1.4
t � 4.52 t � 6.03 t � 7.12 t � 6.62
p �.0005 p �.0001 p �.0001 p �.0001

The HRSD-17 contains 17 items that are assigned to various symptom clusters. As defined by Shafer (24), items from the HRSD-17 representing depressed mood,
guilt, suicide, work and interests, and psychomotor retardation comprised the mood subscore. Psychic and somatic anxiety, agitation, hypochondriasis, and insight
loss comprised the anxiety subscore. The insomnia and somatic subscores were derived from the three HRSD-17 sleep items and libido, energy, appetite, and
weight loss, respectively.
BAI, Beck Anxiety Inventory; BDI, Beck Depression Inventory; CGI, Clinical Global Impression; DBS, deep brain stimulation; HRSD-17, 17-item Hamilton Rating Scale
for Depression; TRD, treatment-resistant depression.
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DISCUSSION

IMPACT OF DBS ON TRD
We found that SCG DBS produced robust im-

provements in depression in patients with TRD.
Benefits were seen across multiple domains of de-
pression as reflected by improvements in each of the
mood, anxiety, somatic, and sleep subcomponents
of the HRSD-17 scale. The maximal benefits were
delayed and progressive. They reached a plateau at
6 months and were generally sustained up to last
time point measured at 12 months. Patients who
showed a benefit at 1 month were likely to maintain
response 6 and 12 months later, indicating that the
relapse rate was low among responders. Overall,
patients were markedly improved with surgery and
the benefits were sustained over time, leading in
certain cases to reintegration into their family and
social activities and a return to their past work ac-
tivities. These results, particularly in this treatment-
resistant patient population, are striking.

MECHANISM OF ACTION

The SCG is synaptically connected with cortical
and subcortical structures implicated in the patho-
physiology of major depression including pre-
genual anterior cingulate, midcingulate, and poste-

rior cingulate; ventromedial and dorsomedial
frontal cortex; and the hypothalamus, amygdala,
hippocampus, nucleus accumbens, and periaque-
ductal areas. The SCG is thus in a position to in-
fluence neural elements that underlie major aspects
of depression including mood state, cognitive pro-
cesses, sleep and circadian rhythm, appetite, corti-
sol regulation, pain processing, reward mecha-
nisms, and emotional reactivity. Our PET results
show that DBS produces large changes in brain
activity that are distributed along these down-
stream targets of the SCG. Of interest, distinct
therapies including antidepressant medications,
cognitive behavioral therapy, and electroconvulsive
therapy produce similar changes in many of these
same brain regions (25). This suggests that SCG
DBS together with other therapies that also amelio-
rate depression exert their effects on a common set
of neural substrates. These observations support the
idea that the changes in the clinical attributes of
depression we have observed with DBS are a con-
sequence of changes in the activity of these brain
regions. We cannot be certain, however, to what
extent these changes in brain activity are necessary
or sufficient to produce the clinical benefit or
whether they are merely biological markers of the
state of improvement.

Despite the clinical and metabolic changes in
brain circuits, we do not know the precise mecha-

Figure 3. Changes in regional activity in TRD patients treated with chronic SCG
DBS.

Changes relative to baseline in DBS responders studied at 3 and 6 months of treatment using 18F-fluoro-deoxyglucose PET (FDG, n � 8) or 15O water blood flow
PET (n � 3). Increases in activity shown in red; decreases in blue; significance threshold p � .005. Note similar pattern of relative glucose metabolism and blood
flow changes in orbital frontal (oF), medial frontal (mF), dorsolateral prefrontal (dF) and posterior cingulate (PCC) with both tracers. Discordance is seen in the sub-
callosal cingulate gyrus target region (SCG) with focal glucose metabolic increases restricted to the adjacent white matter (SCWM) in the FDG scans and more
widespread SCG decreases in the blood flow scans. Abbreviations: 18FDG, 18F-fluoro-deoxyglucose; DBS, deep brain stimulation; dF, dorsal frontal; ht, hypothala-
mus; mF, medial frontal; MCC, mid cingulate cortex; oF, orbital frontal; ofWM, orbital frontal white matter; p, pons; PCu, precuneus; PCC, posterior cingulate cor-
tex; PET, positron emission tomography; SCG, subcallosal cingulate gyrus; SCWM, subcallosal cingulate white matter; vF, ventral frontal.
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nism of action through which stimulation exerts its
effects at the cellular level. The proposed physio-
logic effects of DBS include axonal excitation, de-
polarization blockade, synaptic release of neuro-
transmitters, jamming of abnormal neuronal firing,
and disruption of pathological neuronal synchrony
(26). Both anterograde and retrograde effects may
contribute to the observed clinical effects. Our re-
sults are consistent with the notion that SCG DBS
drives focal activity at the immediate target, which,
in turn, leads to inhibition or excitation in adjacent
and remote areas to which it is connected. We hy-
pothesize that DBS disrupts pathological activity in
the circuits underlying depression and allows more
normal cerebral function and behavior.

RESPONDERS VERSUS NONRESPONDERS

One of the greatest challenges is to understand
why some patients with TRD respond to SCG
DBS and others do not. The majority of patients in
the study receiving DBS met response criteria and
most others, indeed all but two patients, showed
some drop in HRSD-17 scores; no patient experi-
enced a worsening of symptoms. The reasons for
the variability in response across this patient popu-
lation with TRD are not well understood but likely
are related to the heterogeneity of MDD. To date,
we have not identified demographic, clinical, or
image-based predictors of response. There were too
few nonresponders to characterize responder/non-
responder differences in the PET changes, espe-
cially since there is a strong partial response in non-
responders. This may change with a larger sample.
We also considered the possibility that the response
to SCG DBS could be a function of the location of

electrode placement and the specificity of the neu-
ral structures being stimulated. Our preliminary
analysis suggests that there are no significant differ-
ences in electrode location within the SCG in re-
sponders and nonresponders. We are using diffu-
sion tensor imaging and voxelbased morphometry
to study whether neuroanatomic variations includ-
ing the position of axonal afferents and efferents
within the SCG or differences in gray matter den-
sity across subjects could contribute to the variabil-
ity (27).

LIMITATIONS

A limitation of this study is the open label assess-
ment of outcomes. While we do not know the rel-
ative magnitude of its contribution, there are sev-
eral observations that argue against a placebo
response playing a major role. First, the response
was progressive over time. A different pattern with
an initial large effect followed by a decay would be
more in keeping with a placebo response. Second,
we have noted that for each patient, the effects vary
with which electrode contacts and electrical stimu-
lation settings are chosen, arguing for the specificity
of stimulation. Third, in two patients, one planned
and another unplanned, blinded discontinuation of
stimulation was associated with a recurrence of de-
pression within 1 week and a recapture of benefit
within 1 week of reintroduction of the stimulation.
Finally, examination of placebo response rates in
patients with chronic and severe depression, partic-
ularly those with melancholia, show a reduced pro-
pensity for placebo-mediated improvements (28,
29), including a reported placebo response rate to
vagus nerve stimulation in a comparably treatment-
resistant patient population of 10% at 10 weeks
(30). Taken together, the results suggest that the
improvements are highly dependent on the delivery
of effective stimulation to the SCG.

CONCLUSION

We conclude that SCG DBS improves many of
the symptoms of severe depression in patients who
have failed to respond to conventional treatments.
Improvements are seen within 1 month and last for
at least 1 year. The procedure is well tolerated and
no patient suffered a permanent serious adverse ef-
fect. In contrast to previously utilized ablative neu-
rosurgical procedures for depression, DBS is adjust-
able and stimulation is reversible. These features
increase safety and may offer advantages for both
the efficacy of the therapy and its acceptance in the
patient, medical, and psychiatric community.

We have shown that DBS applied to the SCG

Table 3. Adverse Effects in 20 Treatment-
Resistant Depression Patients Followed
for 12 Months

Adverse Effect
Number of

Patients

Wound Infection and Hardware removal 3

Reinsertion of DBS Hardware 1

Wound Infection Managed with Antibiotics Alone 1

Perioperative Seizure 1

Worsening Mood/Irritability 2

Perioperative Headache 4

Pain at Pulse Generator Site 1

No Adverse Effects 7

DBS, deep brain stimulation.
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produces striking changes in the metabolic activity
of the brain circuits that mediate depression. Our
results are consistent with the notion that changes
in activity in these selected brain circuits are respon-
sible for the behavioral changes and clinical im-
provements we have seen in this treatment-resistant
population. Deep brain stimulation in treatment-
resistant patients requires a dedicated multidisci-
plinary team of neurosurgeons, psychiatrists, and
support staff. While these results, particularly in
this difficult-to-treat population, are promising,
they represent an initial step and a blinded evalua-
tion of DBS in TRD is required before it could be
adopted on a wider scale.
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