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Objective: A prevalence of at least 30%
for treatment-resistant depression has
prompted the investigation of alternative
treatment strategies. Deep brain stim-
ulation (DBS) is a promising targeted
approach involvingthe bilateral placement
of electrodes at specific neuroanatomical
sites. Given the invasive and experimental
nature of DBS for treatment-resistant
depression, it is important to obtain both
short-term and long-term effectiveness
and safety data. This report represents
an extended follow-up of 20 patients
with treatment-resistant depression who
received DBS to the subcallosal cingulate
gyrus (Brodmann’s area 25).

Method: After an initial 12-month study
of DBS, patients were seen annually and
at a last follow-up visit to assess depres-

sion severity, functional outcomes, and
adverse events.

Results: The average response rates 1, 2,
and 3 years after DBS implantation were
62.5%, 46.2%, and 75%, respectively. At
the last follow-up visit (range=3-6 years),
the average response rate was 64.3%.
Functional impairment in the areas of
physical health and social functioning
progressively improved up to the last fol-
low-up visit. No significant adverse events
were reported during this follow-up, al-
though two patients died by suicide dur-
ing depressive relapses.

Conclusions: These data suggest that in
the long term, DBS remains a safe and ef-
fective treatment for treatment-resistant de-
pression. Additional trials with larger sam-
ples are needed to confirm these findings.

(Am J Psychiatry 2011; 168:502-510)

Major depressive disorder presents a substantial
health burden worldwide (1, 2), and atleast 30% of patients
demonstrate treatment resistance to antidepressants (3).
This high prevalence of treatment-resistant depression
has prompted investigators to explore alternative treat-
ment avenues.

The term “treatment-resistant depression” is generally
applied to patients who fail to respond to at least two ade-
quate trials of antidepressants from different drug classes,
although a staging model has been proposed to describe
progressive failures to respond to other antidepressant
classes and ECT (4). While ECT has a robust evidence base
for efficacy, access and tolerability issues have restricted
its use (5). Nevertheless, there has been growing inter-
est in different neurostimulation options over the past
decade (6).

Deep brain stimulation (DBS) is a targeted therapeu-
tic alternative for treatment-resistant depression that
involves the bilateral placement of electrodes at specific
neuroanatomical sites to deliver continuous stimulation
from a subcutaneously implanted pulse generator (7). We
initially reported (7) 6-month outcomes for six patients
who received DBS to the subcallosal cingulate gyrus (Brod-
mann’s area 25) for treatment-resistant depression, and

we subsequently reported (8) on 12-month outcomes in
an expanded sample of 20 patients. In the latter group, the
response rate was 60% (with response defined as a decrease
of 250% in total score on the 17-item Hamilton Depression
Rating Scale [HAM-D] [9]) and the remission rate was 30%
(with remission defined as a HAM-D score <7). Given the
invasive and experimental nature of DBS for treatment-
resistant depression, it is particularly important to obtain
long-term effectiveness and safety data. Here we report on
the extended follow-up of these 20 patients, with data from
3 to 6 years (mean=3.5 years) after DBS implantation.

Method

Participants

Patients who received implantation to the subcallosal cingu-
late gyrus between May 2003 and November 2006 (N=20) were
asked to participate in a follow-up study to evaluate the long-
term effectiveness and safety of DBS. Full details of inclusion
and exclusion criteria, rationale for target selection, stimulation
procedures, and surgical procedure have been described previ-
ously (7, 8). Briefly, inclusion criteria were a DSM-IV-TR diagno-
sis of major depressive disorder with a current major depressive
episode of a duration >1 year, documented nonresponse to
at least four adequate treatment trials (pharmacotherapy, ECT,
and evidence-based psychotherapy), and a HAM-D score >20.

This article is featured in this month’s AJP Audio and is discussed in an editorial by Dr. Hirschfeld (p. 455).
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TABLE 1. Demographic and Clinical Characteristics of 20 Patients With Treatment-Resistant Depression Who Received

Deep Brain Stimulation

Variable All Patients (N=20) Male Patients (N=9) Female Patients (N=11)
Mean SD Mean SD Mean SD
Age at surgery (years) 47.4 10.4 49.6 14.2 453 5.6
Age at onset of major depression (years) 27.0 8.3 24.4 9.2 29.2 7.3
Duration of current episode (years) 6.9 5.6 6.8 6.1 7.0 5.5
Lifetime number of major depressive episodes 3.9 3.1 3.6 2.6 4.1 3.5
Number of medications 4.2 4.1 4.4 6.3 3.6 23
Baseline Hamilton Depression Rating Scale score 24.4 3.5 24.4 3.9 243 33
N % N % N %
Employed before surgery 2 10.0 1 11.1 1 9.1

All procedures were approved by the Research Ethics Board of
the University Health Network, and patients provided written
informed consent.

Assessments and Procedures

Patients were assessed annually by the study psychiatrists (P.G.
and S.H.K.), and data were collected at a “last follow-up visit”
between September 1 and December 30, 2009. At each annual
visit, the HAM-D was administered and details of medications,
stimulator adjustments, and adverse events were collected. At
baseline, year 1, and last follow-up visit, the 36-item Short-Form
Health Survey Questionnaire (SF-36) (10) was completed. This
measure of health status yields domains of physical, emotional,
and social functioning in addition to two broad dimensions for
physical and mental health.

Statistical Analysis

The primary effectiveness outcome measure was the percent-
age of patients who had responded by the time of the last follow-
up visit. Secondary outcome measures were the percentage of
patients in remission, the absolute change in HAM-D scores out
to 3 years and at last follow-up visit, and changes in functioning
from baseline on the SF-36.

Chi-square tests were used to compare the percentages of
patients who responded and who remitted across time. HAM-D
and SF-36 data were examined using a repeated-measures anal-
ysis of variance (ANOVA) with observed-case and intent-to-treat
methods. Pairwise comparisons were used on scores at differ-
ent time points and were corrected for multiple comparisons.
Paired-sample t tests were used to compare SF-36 scores at year
1 and last follow-up visit. Function according to responder sta-
tus was evaluated using a one-way ANOVA with SF-36 score as
the dependent variable and responder status as the indepen-
dent variable.

Results

The mean duration of postsurgery follow-up for the
cohort of 20 patients from DBS implantation to last
follow-up visit was 42.1 months. The cumulative duration
of follow-up was 841 months, or 70 patient-years. Table 1
summarizes participants’ demographic and clinical char-
acteristics. Four of the 20 patients were unavailable for
assessment at the 12-month follow-up: two had their DBS
device explanted because of lack of efficacy, one left the
country, and one was lost to follow-up.

During the second year, one patient died from an
unrelated cancer and another patient requested explan-
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FIGURE 1. Retention of Patients With Treatment-Resistant
Depression During Follow-Up After Surgery for Deep Brain
Stimulation
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tation because of lack of efficacy, leaving 14 patients
at the beginning of the third year. During this year, the
patient who had previously left the country returned
and reentered follow-up, and another patient died by
suicide 35 months after DBS implantation. Of the 14
patients who completed year 3 of follow-up, five had
not reached the end of year 4 by December 2009 (Figure
1). Four patients were followed out to 6 years, and the
death of one of these patients after 75 months was
an unconfirmed suicide (see the Adverse Events sec-
tion for details of suicides).

Clinical Effectiveness

Percentages of patients who responded and remitted. In
the observed-case analysis, the percentage of patients
who responded was 62.5% after 1 year, 46.2% after 2 years,
75.0% after 3 years, and 64.3% at last follow-up visit. Using
the intent-to-treat method, a similar pattern of response
rates was noted, with 55% after 1 year, 45% after 2 years,
60% after 3 years, and 55% at last follow-up visit (Figure 2).
The majority of the responders at last follow-up visit (8 out
of 11) had also been responders at year 1.

Remission rates over time also remained consistent: for
the observed-case analysis, they were 18.8% after year 1,
503
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FIGURE 2. Percentages of Patients With Treatment-Resis-
tant Depression (N=20) Who Responded or Remitted Up
to 3 Years After Surgery for Deep Brain Stimulation and at
Last Follow-Up Visit?
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2 Response was defined as a reduction of >50% from baseline in
Hamilton Depression Rating Scale (HAM-D) score; remission was
defined as a HAM-D score <7.

15.4% after year 2, 50% after year 3, and 42.9% at last fol-
low-up visit; and for the intent-to-treat sample, they were
20% after years 1 and 2, 40% after year 3, and 35% at last
follow-up visit (Figure 2).

Decrease in HAM-D scores. HAM-D scores at last fol-
low-up visit were significantly lower than at baseline
(p<0.001), although they did not differ significantly from
scores at years 1, 2, and 3. Across 3 years, HAM-D scores
decreased significantly (F=34.5, df=3, 57, p<0.001). This
decrease was significant from baseline to years 1, 2, and
3 (p<0.01), although HAM-D scores across years 1-3 did
not demonstrate a statistically significant difference. The
same outcomes were found using the observed-case
data (Figure 3).

Functional Outcomes

Figure 4 shows the mean SF-36 scores at baseline,
month 6, year 1, and last follow-up visit for each of the
eight subscales and for the physical and mental health
dimensions. There was a significant effect of time on the
social functioning (F=3.7, df=2, 24, p<0.05) and mental
health (F=3.3, df=2, 24, p=0.05) subscales as well as on the
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FIGURE 3. Hamilton Depression Rating Scale (HAM-D)
Scores for Patients With Treatment-Resistant Depression
(N=20) at Baseline, at 1, 2, and 3 Years After Surgery for
Deep Brain Stimulation, and at Last Follow-Up Visit?
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2 Error bars indicate standard error of the mean.

physical health dimension (F=3.4, df=2, 24, p=0.05)
(observed-case: baseline, N=19; month 6, N=18; year 1,
N=13). There were no differences between scores at year 1
and at last follow-up visit (N=12).

In addition, there was a significant effect of time (intent-
to-treat: baseline, N=19; month 6, N=20; year 1, N=16) on
the physical functioning (F=3.8, df=2, 30, p<0.05) and
mental health (F=4.0, df=2, 30, p<0.05) subscales, with
significantly higher scores on both at month 6 compared
with baseline (p<0.05). Scores were significantly higher at
last follow-up visit (N=12) compared with year 1 on the
social functioning (p<0.05), role-emotional (p<0.05), and
general health (p<0.05) subscales as well as on the physi-
cal health dimension (p=0.05). There were no significant
differences in SF-36 scores on any of the subscales or
dimensions between responders and nonresponders at
last follow-up visit (Figure 5).

Work Status

The rate of employment at the time of DBS surgery was
10%. The rate increased to 50% by year 1 and onward.
Three patients also began doing volunteer work, result-
ing in 65% of patients being engaged in work-related
activities. Those who responded to treatment were more
likely to return to work (90.9% of those who responded,
compared with 33.3% of those who did not, p<0.05; odds
ratio=20, 95% CI=1.7-238.6).

Adverse Events

Over the course of follow-up, eight patients were hospi-
talized for medical reasons on a total of 12 occasions. Half
of these admissions were for psychiatric reasons (worsen-
ing depression, N=3; suicidal ideation, N=3), and the other
half were for nonpsychiatric reasons (knee replacement,
N=2; hemolytic uremic syndrome, N=1; pancreatitis, N=1;
colon cancer, N=1; allergic drug interaction, N=1). Three
patients were hospitalized more than once: one patient
was hospitalized three times for worsening depression

Am | Psychiatry 168:5, May 2011
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FIGURE 4. Scores on the Short-Form Health Survey Questionnaire (SF-36) for Each of the Eight Subscales and the Physical
and Mental Health Dimensions at Baseline, Month 6, Year 1, and Last Follow-Up Visit?
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and suicidal ideation, and two patients were admitted
twice for psychiatric and nonpsychiatric reasons.

The two patients in whom suicide was considered a
probable cause of death accounted for four of the six psy-
chiatric admissions. Both were distinguished from the
two patients who made suicide attempts during postsur-

Am | Psychiatry 168:5, May 2011

gery follow-up by prolonged hospitalizations early in the
course of illness (patient 2 displayed aggressive behav-
ior warranting the use of restraints during this extended
admission) and a lack of functional integration into the
workforce. The confirmed suicide victim had a family his-
tory of completed suicide in four first- or second-degree
505
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FIGURE 5. SF-36 Scores at Last Follow-Up Visit for Each Subscale and Dimension Among Patients With Treatment-Resistant
Depression Who Responded or Did Not Respond to Deep Brain Stimulation?
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relatives (Table 2). There was no evidence that any of the
adverse events, including the deaths, were due to DBS
device failure or changes in stimulation parameters. There
was also no evidence in the full sample of 20 patients that
the suicide item of the HAM-D increased in severity inde-
pendently of total score.

Device and Medication Considerations

As previously reported (7), three of the first six patients
had hardware infections in the first 3 months after sur-
gery. This complication was related to technical factors,
including externalization of electrodes. The hardware
was removed after 4 months and 6 months in two cases,
respectively, and was not reinserted. In the third patient,
the hardware was replaced without complications and
with continuing clinical benefit. Subsequent patients had
the electrodes and internal pulse generators implanted
in a single session. No device-related adverse events
occurred beyond those previously reported up to 1 year
(8). Eight battery replacement surgeries were required
during follow-up (mean time to battery replacement, 43.3
months [SD=19.8]). One patient required battery replace-
ments on two occasions, at 40 months and at 69 months.

In the course of routine follow-up of these patients, ser-
endipitous discovery of battery depletion was noted. Clin-
ically, it was correlated with a decline in mood over the
previous 4-6 weeks. After battery replacement, improve-
ments typically occurred within 2-4 weeks.

DBS Stimulation Parameters

Data on DBS stimulation parameters were available for
17 of the 20 patients. Monopolar contacts were used in all
patients. By convention, the nomenclature for denoting the
left quadripolar electrode contacts is 0-3, and for the right,
4-7 (Medtronic 3387, Medtronic, Inc., Minneapolis). Larger
numbers refer to a more dorsal position of the contacts on
the electrode (i.e., 3/7 is the most dorsal contact pair on
the electrode, and 0/4 the most ventral). The 1/5 and 2/6
electrode contact pairs in this study were implanted in the
subcallosal cingulate gyrus white matter bundle (11).

The majority of the patients received bilateral stimula-
tion of symmetrical pairs of contacts (N=13), while two
were receiving unilateral stimulation at last follow-up visit

506 ajp.psychiatryonline.org
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(in one patient, the left contact 1 was on and the right was
off, and in the other the left contact 2 was on and the right
was off). Two patients received stimulation of two pairs of
symmetrical contacts (1/5 and 2/6). Of those who received
symmetrical bilateral stimulation (N=13), the 1/5 pair of
contacts was used in 10 patients, and the 2/6 pair was
used in three patients. The likelihood of achieving long-
term response was not increased by using the 1/5 contacts
(odds ratio=0.4, 95% CI=0.05-3.3).

The average voltage used for the entire group was
4.3V (SD=1.7). There was no statistically significant differ-
ence between the voltage received by patients who were
responders at the last follow-up visit (mean=4.3V, SD=1.5,
range=2.5-8.0) and those who were not (mean=4.4 V,
SD=1.2, range=2.5-5.5). The mean frequency for the group
was 124.7 Hz (SD=21.8), and the mean pulse width was
70.6 psec (SD=14.8). In summary, there were no differ-
ences in the anatomical placement of the electrode or
the DBS stimulation parameters between patients who
responded and those who did not.

Medication Status

In general, patients required less medication after DBS
implantation. By last follow-up visit, nine patients had
decreased the number of antidepressants taken, while only
one patient commenced antidepressant therapy. Among the
10 patients who remained on the same number of antide-
pressants, the dosage was decreased in four and increased
in one. Five of the 14 patients receiving an atypical antipsy-
chotic discontinued this medication, while four had a dos-
age increase. Four of the 18 patients reduced the number of
benzodiazepines or hypnotics from baseline to last follow-
up visit, and one patient started a new benzodiazepine.

Discussion

This study, which represents over 70 patient-years of
assessment, is the longest follow-up report to date on the
largest cohort of patients with treatment-resistant depres-
sion who have received DBS. Response rates of 60% at 3
years and 55% at last follow-up visit are comparable to
those of our previous reports at 6 months (7) and 1 year
(8). Notably, more than one-third of patients were in
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TABLE 2. Clinical Comparison of Patients With Probable Suicide and Attempted Suicide Following Deep Brain Stimulation

for Treatment-Resistant Depression

Age at Age at S T
IlIness Age at  Death or Psychiatric Hospitalizations Family History
Onset Surgery  Last Visit of Psychiatric Iliness
Patient (Years) (Years) (Years) Before Surgery After Surgery or Suicide Longitudinal Outcome
Probable
suicide
Patient 1 18 49 55 Three admissions, Three admissions, Schizophrenia Intermittent response
one lasting 2 years 3, 4, and 5 years after  (mother); major de- and remission,
at age 18 following  surgery; longest was pression (aunts); no  but no functional
suicide attempt 2 months completed suicides  recovery
Patient 2 29 40 43 Three admissions, One admission, Major depression in  Extended periods of
one lasting 18 3 months before four maternal rela-  response and remis-
months at age 30 death; responded to tives, completed sion with temporary
following suicide ECT (five treatments) suicides in all functional recovery
attempt (returned to work,
but lost position)
Suicide
attempt
Patient 3 21 45 51 Six admissions, One admission, Major depression in  Sustained remission
between ages 38 within first year after  sister and mother; and functional recov-
and 45; longest surgery no completed ery after first year
was 3 months; two suicides
followed suicide
attempts
Patient 4 22 39 43 Two admissions, One admission, Major depression in  Sustained remission

at ages 29 (for 2
months) and 37

within first year after
surgery

father and three
maternal relatives;

and functional recov-
ery after first year

(for 5 months); no
suicide attempts

completed suicide
in maternal cousin
and great-grand-
father

remission at year 3 and at last follow-up visit. Although
these results are derived from an open-label DBS study
with no control group, the remission rates compare favor-
ably to rates of less than 8% reported in a cohort of less
severely ill patients with treatment-resistant depression
receiving standard antidepressant treatments under nat-
uralistic conditions (12). The consistent response rates
seen in our initial cohort of DBS patients suggest that
the delayed but progressive improvement in depressive
symptoms tends to be maintained over several years.

DBS for psychiatric illness is a nascent area of investi-
gation, and the optimal neuroanatomical target(s) and
stimulation parameters have yet to be determined. Other
investigators have used different neuroanatomical targets
for stimulation, including the ventral capsule/ventral stri-
atum (13) and the nucleus accumbens (14). Malone and
colleagues (13) reported response rates of 40% and 53.3%,
respectively, at 6 months and last visit for 15 patients with
treatment-resistant depression during a variable follow-
up period ranging from 6 months to 4 years. Similarly,
Bewernick and colleagues (14) reported a response rate of
50% at 12 months for 10 patients with treatment-resistant
depression. The response rates in these studies are com-
parable to the short- and long-term outcomes reported
here. This raises the possibility that stimulation at mul-
tiple target sites may influence activity at different points
of the neurocircuitry subserving emotion regulation

Am | Psychiatry 168:5, May 2011

(15, 16). To date, there have been no head-to-head clinical
comparisons of the candidate DBS targets for treatment-
resistant depression, so it remains unknown whether the
putative targets may differentially improve some depres-
sive symptom clusters.

Treatment-resistant depression has been associated
with poor clinical outcomes (17) and impaired long-
term social functioning (18). We previously reported no
negative neuropsychological effects of subcallosal cin-
gulate gyrus DBS in the first six patients of this series up
to 12 months after DBS implantation (19). In the present
study, functional outcomes improved after implantation,
as indicated by return to work status and self-reported
quality of life. While improvements in physical function-
ing were observed by 6 months, there was a delay before
benefits became apparent on the social functioning, role-
emotional, and general health subscales of the SF-36, and
improvements continued over time and were statistically
superior at last follow-up visit compared with year 1.

From a public health point of view, both the duration
and the severity of illness are important determinants of
the disease burden of major depression (20). Treatment-
resistant depression, which is characterized by longer
duration and greater illness severity, represents a large
proportion of the societal burden attributable to major
depression (21). Although the cost-effectiveness of DBS for
treatment-resistant depression has not been established,
507
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the findings that over 50% of patients returned to gainful
employment, required fewer medications, and experi-
enced improvements in quality of life suggest long-term
direct and indirect cost savings associated with DBS.

Adverse events are a common reason for treatment
discontinuation in major depression (22). There were
no DBS device-related issues in the long-term follow-up
of this cohort, and the voltage parameters were gener-
ally well tolerated. The mean voltage used for the entire
group was 4.3 V, comparable to the range reported for
DBS to the nucleus accumbens (14) but different from
the mean voltage of 6.7 V reported for DBS to the ventral
capsule/ventral striatum (13). The average time to bat-
tery replacement in the present study was 43.3 months,
compared with 10.6 months reported by Malone and col-
leagues (13). Most but not all studies (23) have reported
that lower voltages are associated with better clinical
results. However, in an extension of the preliminary find-
ings by our group (11, 24), long-term antidepressant out-
come was not predicted by stimulation parameters or
regional variation in the placement of electrodes in the
subcallosal cingulate gyrus.

The death of three of the original cohort of 20 patients
emphasizes the high rates of mortality associated with
treatment-resistant depression. One patient died from
previously undiagnosed colon cancer, which was unre-
lated to DBS. Despite achieving remission for extended
periods during the study, suicide was a likely cause of
death for the other two patients (see Table 2), although
an accidental overdose cannot be ruled out in one of
the patients. This patient was being monitored regularly
by one of the treating psychiatrists (PG.), who saw her
2 weeks before her death and observed no change from
persistent passive suicidal ideation (her HAM-D suicide
item score was 2). The third patient who died was in the
care of a community psychiatrist for the 4 months before
death but was seen by one of the psychiatry team (PG.),
who confirmed that there was no stimulator or battery
malfunction. Although the patient had previous periods of
sustained remission, she relapsed and was admitted with
active suicidal intent (her HAM-D suicide item score was
3), which remitted after a course of ECT 3 months before
her death.

The long-term outcome of depressed patients is char-
acterized by high rates of medical comorbidity and mor-
tality from both suicide and medical illness (25, 26), with
all-cause mortality rates in treatment-resistant depres-
sion estimated in two studies to be 13% over 4-8 years
(27) and 32% over 7 years (28). The rate of suicide in
depressed patients is frequently cited as 15% (29), based
on a follow-up study of severely ill hospitalized patients
with a diagnosis of “melancholic depression.” Subsequent
reevaluations suggest that approximately 2% of outpa-
tients and 6%-15% of inpatients die by suicide (30, 31).
Given that this was a small open-label trial, it is difficult to
determine whether the death by probable suicide of two
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patients (10%) is in excess of the expected mortality over
a 3-6 year period. Furthermore, few antidepressant trials
involving outpatients with treatment-resistant depression
have provided data on suicide rates beyond 12 weeks.

In addition to hospitalization, risk factors for suicide
include a history of previous suicide attempts, a family
history of completed suicide, impulsivity, aggressiveness,
and high levels of anxiety (32-34). In the present study,
the two patients who committed suicide were among the
most frequently hospitalized after DBS implantation, and
one patient had a strong family history of suicide. Thus,
previous psychiatric admissions and suicide attempts,
despite concurrent DBS and psychiatric management,
may be indicative of high suicide risk, and patients with
these risk factors require more monitoring, even during
remission or response.

Considering the limited number of trials of DBS in
treatment-resistant depression, data on suicide in DBS
patients are mainly derived from studies of patients
with Parkinson’s disease and essential tremor receiving
DBS to motor nuclei of the thalamus or the subthalamic
nucleus (35). In longitudinal cohort studies of DBS for
movement disorders, 4.3% of patients committed sui-
cide, with an average time to completed suicide of 3 years
after surgery (35-37). Completed suicides have also been
reported in small open-label studies of DBS for other
psychiatric conditions: nucleus accumbens DBS for
obsessive-compulsive disorder (38) and for treatment-
resistant depression (14). As in our study, the deaths in
these studies did not appear to be related to DBS device
malfunction or recent changes in stimulation param-
eters and were comparable to mortality rates reported in
naturalistic studies of patients with treatment-resistant
depression (27, 28).

There are considerable limitations to this study. First,
it was an open-label trial, which limits our ability to draw
conclusions about the efficacy of DBS. Although it is
possible that the symptom improvements seen were due
to placebo effects or the nonspecific aspects of psychiatric
care, sustained antidepressant response for longer than
3 years in a cohort of patients with treatment-resistant
depression is inconsistent with a placebo response, par-
ticularly when battery failure was associated with return
of symptoms. However, there is a need for double-blind
sham-controlled studies to determine whether DBS is an
efficacious antidepressant therapy. Second, the patients
in this study suffered from nonpsychotic unipolar major
depression, and it is unclear whether these results will
generalize to patients with other subtypes of major depres-
sion or bipolar disorder. Third, only clinical assessments
were carried out during the long-term follow-up of these
patients. The lack of biological data and the small sample
size limit analyses of biological mediators and moderators.

In summary, the rates of antidepressant response
observed over 3 years of DBS are consistent with
those previously reported (7, 8). In addition to confirming
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the sustained effect of DBS on reducing depressive
symptoms, this study presents additional findings on
functional outcomes. More than half of patients returned
to work, and improvements in quality of life beyond
1 year after DBS implantation suggest that there are
both short-term and long-term benefits associated with
DBS to the subcallosal cingulate gyrus for treatment-
resistant depression. The death of two patients by sus-
pected suicide suggests use of caution and reinforces the
need for long-term psychiatric management, including
psychosocial and pharmacologic therapies, in combina-
tion with DBS.
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