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Abstract

Background—The optimal target in the dorsolateral prefrontal cortex (DLPFC) for treating
depression with repetitive transcranial magnetic stimulation (rTMS) remains unknown. Better
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efficacy has been associated with stimulation sites that are 1) more anterior and lateral and 2) more
functionally connected to the subgenual cingulate. Here we prospectively test whether these
factors predict response in individual patients.

Methods—A primary cohort (Boston, N = 25) with medication-refractory depression underwent
conventional open-label rTMS to the left DLPFC. A secondary cohort (Michigan, N = 16)
underwent 4 weeks of sham followed by open label rTMS for non-responders (N = 12). In each
patient, the location of the stimulation site was recorded with frameless stereotaxy. Connectivity
between each patient’s stimulation site and the subgenual cingulate was assessed using resting
state fcMRI from a cohort of healthy subjects (N = 1000), and confirmed using connectivity from
depression patients (N = 38).

Results—In our primary cohort, antidepressant efficacy was predicted by stimulation sites that
were both more antero-lateral (r = .51, p <.01) and more negatively correlated with the subgenual
cingulate (r = -.55, p <.005). However, subgenual connectivity was the only independent
predictor of response and the only factor to predict response to active (r = —.52, p < .05) but not
sham rTMS in our secondary cohort.

Conclusions—This study provides prospective validation that functional connectivity between
an individual’s rTMS cortical target and the subgenual cingulate predicts antidepressant response.
Implications for improving the cortical rTMS target for depression are discussed.
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Introduction

Neuroimaging studies suggest that activity in the dorsolateral prefrontal cortex (DLPFC) is
decreased in patients with major depression and increases with antidepressant treatment (1—
9). Consistent with these findings, repetitive transcranial magnetic stimulation (rTMS)
applied over the left DLPFC for multiple weeks is an effective treatment for medication-
resistant depression (10-13). However, antidepressant efficacy of rTMS varies greatly across
individual patients (14-16).

Patient characteristics such as age, degree of treatment-resistance, illness duration, and
baseline neuroimaging findings likely contribute to this variability (17-22). However, these
factors cannot be easily modified to improve TMS response. Factors that are modifiable
include stimulation site, frequency, intensity, and number of pulses (23). Of these, the
location of stimulation site has received particular attention (24-27). Based on the first
rTMS studies for depression (28; 29), and subsequent randomized controlled trials (12; 13),
most clinics identify the left DLPFC stimulation site by identify the site over the motor
cortex that produces a finger twitch, then moving 5-6 cm anterior to this site along the scalp
surface (24; 28-31). Due to individual differences in anatomy, this method leads to different
patients being stimulated at different brain locations and heterogeneity in clinical response
(24; 25; 32; 33). Other targeting methods have been proposed (31; 33-36), but are limited by
the fact that the optimal stimulation site within the DLPFC remains unknown.
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To this end, two properties of the stimulation site have been associated with improved
antidepressant response. First, patients are more likely to respond if stimulated at sites more
anterior and lateral within the DLPFC (24; 25; 33). This observation led to an equation to
predict antidepressant response based on the anatomical coordinates of a patient’s
stimulation site (25). Second, patients are more likely to respond if stimulated at sites more
functionally connected to the subgenual cingulate (27). This limbic region is thought to be
hyperactive in depression and decreases in subgenual activity have been associated with
antidepressant response across a range of different therapies (1; 4; 9; 37-42). Consistent
with these findings, rTMS sites resulting in higher clinical efficacy are more negatively
correlated (i.e. anticorrelated) with the subgenual cingulate based on resting state functional
connectivity (23). This functional relationship is present independent of whether one uses
connectome data from normal subjects or patients with depression (27; 43), although
connectivity differences between groups have been reported (20; 44-46).

These two observations regarding stimulation site have led to suggestions that the rTMS site
for depression should be moved more antero-lateral within the DLPFC or to a site more
anticorrelated with the subgenual cingulate (24-27; 35; 47). These suggestions are not
mutually exclusive and, depending on the distribution of the stimulation sites, can be
correlated (27). However, before either can be considered, these retrospective observations
must be confirmed prospectively. Further, it remains unknown whether these factors are
independent predictors, predictive of all or only some antidepressant symptoms, and specific
to active (versus sham) stimulation.

In the present study, we used neuronavigation to record the precise patient-specific location
of stimulation across two independent cohorts undergoing rTMS for treatment of depression.
The first cohort (Boston, N = 25) was prospectively collected specifically to test two existing
hypotheses regarding the relationship between stimulation site and antidepressant response
(25; 27). A second cohort (Michigan, N = 16) was retrospectively analyzed to evaluate the
relationship to sham stimulation.

Methods and Materials

Full methodological details can be found in the online supplemental information. Briefly,
data from two cohorts of patients with medication-resistant major depressive disorder treated
with 4-7 weeks of daily rTMS applied over the left DLPFC were included. The primary
cohort was prospectively enrolled and received conventional open-label rTMS at the
Berenson-Allen Center at Beth Israel Deaconess Medical Center (BIDMC), Boston.
Outcome was measured using the Beck Depression Inventory (BDI)-I1. The secondary
cohort was treated at the Department of Psychiatry at University of Michigan, Ann Arbor
and underwent 4 weeks of blinded, sham stimulation. Some of these patients then received
open-label active rTMS similar to our primary cohort. These patients were the sham arm of a
larger study collected for a different purpose (NCT01900314), the results of which will be
published separately. Outcome was assessed using the Montgomery-Asberg Depression
Rating Scale (MADRS).
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In both cohorts, the precise location of individual stimulation sites was recorded using a
frameless neuronavigation system (Fig. 1). In the first cohort, the stimulation site was
identified using the 5.5 cm rule per routine clinical practice at our center (30). Specifically,
the site over motor cortex that evokes a maximal finger twitch was identified then the coil
was moved 5.5 cm anterior to this site as measured along the scalp surface (also see S1). In
the second cohort, the stimulation site was identified based on perfusion changes during a
working memory task. Regions of interest reflecting the electric field induced by TMS at
these sites were generated based on a prior model (26; 43). Resting state functional
connectivity of each subject’s stimulation site with the subgenual cingulate was assessed
using a normative connectome dataset from 1000 healthy subjects (48). Because functional
connectivity differences can be seen in depression (20; 44-46), results were replicated using
connectome dataset from 38 patients with medication-refractory depression (N = 38) (43).

Patient and treatment characteristics

Our primary cohort included 25 right-handed patients with medication resistant major
depression (17 female) with a mean age of 54.8 years (SD = 9.9, range = 28-67; for details
of patient flow, see Fig. S1). Mean BDI score at baseline was 38.6 (SD = 9.3) and
significantly decreased to 21.2 (SD = 13.0) after the course of rTMS treatment (t(24) =
10.05, p <.0001). 13 of 25 patients were identified as responders (defined as = 50%
reduction in BDI score). On average, the treatment consisted of 28.5 sessions (SD = 3.4),
administered over a period of 4-7 weeks (mean = 6.0, SD = 0.8). There were no significant
correlations between percent change in BDI scores and gender (rp, = .01, p = 0.96), age (r =
—.05, p =.82), number of treatment sessions (r = .11, p = .62), applied TMS frequency (rpy
=.16, p = .46), or current medications, including antidepressants (r = —.20, p = .34), mood
stabilizer (r = -.07, p = .74), antipsychotics (r = .19, p = .38) and stimulants (r =-.13, p =.
53). Trend-wise correlations were found between treatment outcome and baseline BDI
scores (r = —.34, p = .09 with a better response for less severely depressed patients), TMS
device (rpp = .37, p = .07 with a better response for patients receiving treatment with the
Magstim device) and benzodiazepines (r = —.38, p = .06 with a better response for patients
taking this medication). However, none of these variables was a significant predictor of
response when correcting for multiple comparisons or in a multivariate analysis (including
gender, age, all medications, TMS device and BDI baseline).

Predicting clinical response based on the stimulation site

The cortical stimulation site identified by the 5.5 cm technique (Boston Cohort) was highly
variable across different patients (Fig. 2A). Average MNI coordinates were x=—33 £7, y=30
19, z=50 £9. Repeated markings of the stimulation site within one of these patients suggests
that within subject variability of the stimulation site was low relative to inter-subject
variability (44 +1.4mmvs12.7 + 6.1 mm, T = 3.01, p = 0.005, Figure S2).

Based on a linear combination of the anatomical coordinates from each patient’s stimulation
site (25), the Herbsman equation significantly predicted antidepressant response in the
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Boston cohort (r = .51, p <.01, Fig. 2B). As previously hypothesized (25), more anterior and
lateral stimulation sites were more effective.

Functional connectivity between each patient’s stimulation site and the subgenual cingulate
was also a significant predictor of antidepressant response in the Boston cohort (r = .55, p
<.005, Fig. 3A and B). As previously hypothesized (27), more effective rTMS sites were
more strongly anticorrelated with the subgenual cingulate. Repeating this analysis using
connectome data from depression patients produced similar results (r = -0.51, p = 0.01).
Functional connectivity estimates from the normative (1000 healthy subjects) and depression
(38 patients) connectomes were nearly identical (R = 0.96, p < 10714) thus only the larger
connectome was used for subsequent analyses. The peak subgenual anticorrelation within
the left DLPFC (based on N = 1000) was located at x = =42,y = 44,z = 30 mm.

Next, we tested whether these two factors (coordinates and connectivity) were independent
predictors of antidepressant response in the Boston cohort. When combined in a multivariate
analysis with baseline clinical variables (gender, age, all medications, TMS device and BDI
baseline) subgenual connectivity was a significant independent predictor of response ( =
-1.24, p < .02, Fig. 3C). When this same analysis was run using the Herbsman equation, it
just missed significance (f = 0.68, p = .054). When all variables with signs of predictive
utility in the present study were combined (subgenual connectivity, Herbsman equation,
baseline BDI scores, TMS device, and benzodiazepines), subgenual connectivity was the
only independent predictor of clinical response ( = -1.17, p <.05; Fig. 3D).

Symptom Specificity

To explore whether subgenual connectivity predicted improvement in all or only some
antidepressant symptoms in the Boston cohort, we segmented BDI scores into cognitive,
affective, and somatic symptoms based on an established three-factor model (49). Subgenual
connectivity was a significant predictor of improvement in cognitive (r = -.58, p < .005) and
affective symptoms (r = —.63, p < .001), but not somatic symptoms (r = —.15, p = .48).

In an exploratory analysis of 21 individual symptoms described by items in the BDI-II,
subgenual connectivity was associated with improvement in sadness, loss of pleasure, self-
dislike, self-criticalness, suicidal thoughts, loss of interest, and worthlessness (Table 1).
However, there was no association with improvement in irritability, appetite, or fatigue.
Further, subgenual connectivity was associated with LACK of improvement in sleep
symptoms and interest in sex. In other words, the more anticorrelated a patient’s stimulation
site was to the subgenual, the better the improvement in sadness but the worse the
improvement in interest in sex.

Predicting sham stimulation

A limitation of the above analyses is that results could be driven by placebo rather than
active rTMS. We therefore retrospectively examined data from a separate cohort in which 16
patients were treated with sham stimulation for 4 weeks (Fig. 4A). There was no association
between placebo response and subgenual connectivity (r = .01, p(1) = .49; Fig. 4B). Twelve
of these 16 patients remained depressed after sham stimulation and subsequently received
open-label active rTMS at the same stimulation site (Fig. 4C). Antidepressant response to
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active stimulation was predicted by subgenual connectivity similar to our primary cohort (r =
-.52, p(1) < .05; Fig. 4D)
Repeating this same analysis using the Herbsman equation returned different results.
Surprisingly, the Herbsman equation (i.e. more anterolateral coil position) was associated
with response to sham stimulation (r = .53, p(1) < .05) but not active stimulation (r = -.09,
p(1) = .39).
This dataset also controlled for a second concern, which is that subgenual connectivity is
only a predictor of response when using the 5-cm method to identify the stimulation site.
This second cohort targeted stimulation based on perfusion changes during a working
memory task, resulting in stimulation locations that were significantly more anterior, lateral,
and inferior compared to those in our primary cohort (Michigan MNI coordinates x = -=33
+4.7,y=50+7.9,z=230=%9.4 mm, all coordinates p < 0.05). Due to this difference in
targeting, this cohort also provided better separation between the Herbsman equation and
subgenual connectivity, as the two variables were correlated in the Boston cohort (r = .67, p
<.001) but not in the Michigan cohort (r = .08, p = .80).

Discussion

There are three important findings in the present study. First, stronger anticorrelation
between a patient’s cortical rTMS site and the subgenual cingulate predicts clinical outcome
in individual patients. Second, subgenual connectivity is an independent predictor of clinical
response and specific to active compared to sham stimulation. Third, subgenual connectivity
predicts improvement in cognitive and affective but not somatic symptoms of depression.
These findings each have implications for identifying the optimal rTMS site for treatment of
patients with medication-resistant depression.

Predicting response based on subgenual connectivity

The strongest finding in the current study is confirmation that connectivity between the
rTMS targeted cortical site and the subgenual cingulate predicts antidepressant response.
This hypothesis was originally based on retrospective analysis of existing data (27).
Confirmation of this hypothesis in a prospective cohort specifically collected for this
purpose is important, especially given the poor reproducibility of most neuroimaging
findings (50-53) and the potential clinical implications. Post-hoc analyses further suggest
that subgenual connectivity is an independent predictor of response when combined with
other variables, is not related to sham response, predicts improvement in only certain
depressive symptoms, and predicts active rTMS response across different rTMS cohorts.

It is important to note that unlike our primary Boston cohort, the Michigan cohort was not
specifically collected to test our hypothesis. Further, the Michigan cohort differed in many
ways from the Boston cohort such that results are not directly comparable between cohorts
(e.g. determining which cohort had a better TMS response). However, variance in outcome
within a cohort, and the factors responsible for that variance, are comparable. For example,
while the Michigan cohort can’t be used a sham control for the Boston cohort, we can
conclude that subgenual connectivity within the Michigan cohort is unrelated to the response
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to sham stimulation. Further, the differences between cohorts is also an advantage with
respect to generalizability of our results. It is remarkable that despite differences in center
(Boston versus Michigan), targeting method (5.5 cm versus task-activation), target
distribution in the DLPFC (Fig. 2A versus Fig. 4), outcome measure (BDI versus MADRS),
average duration of daily active rTMS (6 versus 4 weeks), and preceding treatments (none
versus sham), subgenual connectivity predicts similar variance in clinical outcome during
open-label TMS in both groups.

The current results add to accumulating data that connectivity to subcortical limbic regions
plays a role in mediating rTMS antidepressant response (12; 20; 26; 27; 43; 54-56). In
particular, the subgenual cingulate has been linked to sadness in normal subjects (3; 57; 58)
and antidepressant response across a wide range of therapies (e.g. 1; 2; 59-62).

Subgenual connectivity predicted rTMS-induced improvement in some but not all
depression symptoms. The strong association with affective symptoms is expected given
data implicating the subgenual in sadness and mood (3; 57; 58). The strong association with
cognitive symptoms is less intuitive, however the “cognitive” factor is less about cognitive
function such as attention or working memory and more about negative thoughts such as
guilt, pessimism, and self-dislike (49). Subgenual connectivity may identify the specific part
of the DLPFC mediating such thoughts. Whether improvement in “cognitive” symptoms
relates to any objective improvement in cognitive function remains unknown, as there is a
known dissociation between the two (59).

Finally, subgenual connectivity was not related to improvement in somatic symptoms. This
is not surprising, as these symptoms of depression are likely mediated by other brain
systems (2; 60; 61). Interestingly, subgenual connectivity predicted less improvement in
sexual interest, consistent with decreased libido observed in response to many SSRIs (62),
which are also drugs that suppress subgenual activity (4; 38).

Predicting response based on anatomical coordinates

The current study is the also the first to show that the Herbsman equation, based on more
anterior and lateral stimulation coordinates, predicts antidepressant response in a prospective
cohort (Boston cohort). An interesting question is why anterolateral coil position was
predictive in our Boston cohort but failed to predict response in our Michigan cohort or
when previously applied to other TMS cohorts (24; 27; 63). The most likely explanation is
that in our Boston cohort, there was a strong correlation between the Herbsman equation and
subgenual connectivity. When the variance related to subgenual connectivity was controlled
for in a linear model, the Herbsman equation was no longer predictive. In datasets using
alternative methods to target rTMS such as task-activation (Michigan cohort) or PET (63),
the correlation between the Herbsman equation and subgenual connectivity is reduced, and
only subgenual connectivity remains predictive.

More anterolateral coil position also failed to predict outcome in a prior (and much larger)
study using rTMS targeting similar to that used in our Boston cohort (24). Differences that
may have contributed to the positive finding in our study include frameless stereotaxy to
record the stimulation site, nonlinear transformation of MRIs into standard atlas space, 4-7
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weeks of open-label rTMS in accordance with current clinical practice, and analysis of
antidepressant response as a continuous rather than discrete variable.

An unexpected result in the current study is the finding that more anterolateral coil position
(per the Herbsman equation) was associated with response to sham stimulation (Michigan
cohort). This result highlights the fact that no similar association was seen between sham
response and subgenual connectivity. However, why anterolateral coil position would lead to
higher placebo response is unclear and this result should be interpreted with caution.

Other predictive factors—It should be noted that other factors other than the location
and connectivity of the stimulation are likely to play a role in TMS response (17-19). The
only clinical variables with even trend-level predictive utility in the present study were
baseline BDI, TMS device, and benzodiazepines. However, none of these variables survived
correction for multiple comparisons or was significant in our multivariate analysis. Further,
some variables, such as TMS device, have been specifically evaluated in larger trials and
found to not impact TMS response (64).

Individualized versus group connectivity

It is worth highlighting that our study was based primarily on normative connectome data
from a large cohort of healthy subjects, as was prior work on this topic including the 2012
paper whose hypotheses this study was designed to address (27; 43). This is a major
practical advantage, as MRI-based connectivity data is not routinely acquired in TMS
patients. If the stimulation site is recorded, our technique can be used to predict patient
response. Further, normative connectome datasets are acquired with specialized MRI
hardware and cohort sizes in the thousands, leading to extremely robust connectivity
estimates. Such normative connectome datasets have proven valuable in predicting stroke
symptoms from patient-specific lesions (65-69), clinical response from patient-specific deep
brain stimulation sites (70), and we now show that it can predict clinical response from
patient-specific TMS sites. Although differences in connectivity have been reported in
patients with depression (1-9), using a disease-matched connectome had almost no effect on
our results, and if anything, results were slightly better using the normative connectome.
This is consistent with prior work from our group (65; 70) and suggests that the signal to
noise benefits of large normative connectomes may outweigh small differences in
connectivity associated with a disease state.

An important question is how results of the current study, based entirely on group
connectome data, relate to prior work emphasizing the importance of individual differences
in connectivity for identifying TMS targets (26; 47; 71). Single-subject connectivity
estimates are inherently noisy compared to group connectome estimates, especially in brain
regions with poor signal to noise like the subgenual cingulate (26; 71). Advanced processing
strategies are required to generate reproducible individualized connectivity maps and TMS
targets (26; 72). Whether individualized connectivity with the stimulation site can improve
on predictions of TMS response based on group connectome data is an important question
for future work.
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Clinical implications

Limitations

The current results provide the strongest evidence to date that subgenual connectivity with
the stimulation site predicts antidepressant response, raising the question of whether this
should change clinical practice. At a minimum, these results suggest that recording the
location of the rTMS site with neuronavigation has prognostic value. If the planned
stimulation site predicts a poor response, one could justify moving stimulation to a site
predictive of a better response. Indeed, this strategy was used in one of the large randomized
clinical trials of rTMS (12). When the 5 cm technique identified a site over the premotor
cortex it was moved anterior and lateral (24). The current data suggests that subgenual
connectivity, rather than antero-lateral location, may better guide this correction.

Subgenual connectivity may also help inform the ongoing debate of how to best target
rTMS. Although the 5 cm technique was used in the large randomized trials (10-13), other
work has suggested using 5.5 or 6 cm (30; 31). Recent consensus guidelines recommend
targeting based on the EEG F3 coordinate, which may better account for head size (31; 33;
34). It is possible to convert target MNI coordinates into scalp measurements that could
allow for targeting of TMS without neuronavigation (73). However, the accuracy and utility
of such an approach remains to be tested in patients.

MNI coordinates of our peak subgenual anticorrelation in the left DLPFC (x=-42, y=44,
z=30), fall directly between two peak coordinates we reported previously (x=—44, y=38,
z=34) and (x=—-38, y=44, z=26) (27). The current coordinates should be considered an
update of this prior work, as the current study utilized functional connectivity from 1000
subjects rather than 98. Whether intentionally targeting this coordinate improves
antidepressant response remains unknown. A small randomized trial targeting rTMS to a site
near our anticorrelation peak showed some benefit over the 5 cm approach, but failed to
meet its primary endpoint (35). To this end, it is important to note that the anticorrelation
peak may not be best for all depression symptoms. The current data regarding which
symptoms are most related to subgenual connectivity could prove useful in the design of a
future clinical trial.

There are several limitations to this study. First, although replication of an a priori
hypothesis across two independent cohorts is strongly supportive, only one cohort was
prospectively collected for this purpose and both cohorts were relatively small (N=25,
N=16). Results will benefit from further replication in larger and ideally multi-center
studies. Second, two different TMS devices and frequencies were used in our primary
cohort. This does not significantly impact outcome in our current data or in prior literature
(64; 74; 75), but introduces heterogeneity that could potentially lead to false negatives.
Similarly, there was significant heterogeneity between cohorts, precluding direct cross-
cohort comparisons. However, as noted earlier, reproducibility within cohorts in the face of
this heterogeneity is a major strength of the present study. Third, neuronavigation was only
used to record the stimulation site during a single session for most patients in our primary
cohort, raising questions regarding within-subject variability. However, repeated
measurements in one of our patients (see Figure S2) and prior work on the reliability of
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neuronavigation (76; 77) suggests this variability is small relative to the variability across
subjects. Further, any within subject variability should bias us against the current findings.
Fourth, our study was designed as a prospective test of a specific hypothesis, and thus
focused on connectivity between the rTMS targeted cortical site and the subgenual cingulate.
Connectivity to other brain regions may also be relevant to antidepressant response (20; 54;
55). Fifth, although we corrected for several clinical variables, we collected limited
information on some factors that may influence TMS response, such as duration of the
current depressive episode or genetic polymorphisms (17-19; 78). Finally, and perhaps most
importantly, this was a prospective observational trial, not a randomized controlled trial.
Whether directly targeting the peak site of subgenual anticorrelation improves antidepressant
response beyond conventional targeting remains to be tested.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Analysis approach
Each patient’s transcranial magnetic stimulation site was recorded using their MRI and a

frameless neuronavigation system (A). Stimulation sites on the scalp surface were projected
to the nearest location on the brain surface using an automated algorithm (B). Brain
coordinates were transformed into standard atlas space and the volume of stimulated tissue
was approximated using an existing TMS model (C, green). Functional connectivity
between the stimulation site (C, green) and the subgenual cingulate (C, red) was assessed
using fMRI data from a large normative cohort of 1000 subjects. Representative time
courses from a single subject are shown (D).
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Figure 2. Anatomical location of the TMS site predicts antidepressant response
The location of the stimulation site in standard atlas space is shown for each patient in our

primary cohort (Boston, N = 25) including examples of a responder (green) and a non-
responder (red) (A). Clinical improvement (% change in the Beck Depression Inventory)
was predicted based anatomical coordinates of each patient’s stimulation site and a
previously published equation (16) (B). There was a significant correlation between
measured and predicted clinical improvement (r = .51, p < .01).
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Figure 3. Functional connectivity between the TMS site and the subgenual cingulate is an
independent predictor of antidepressant response

The stimulation sites for an example responder (green) and non-responder (red) are shown
overlaid on a map of functional connectivity with the subgenual cingulate from 1000 healthy
subjects, masked to highlight the DLPFC (A). Functional connectivity between each
patient’s stimulation site and subgenual cingulate was a significant predictor of
antidepressant response (B, r = —.55, p < .005). Subgenual connectivity was a significant
independent predictor of antidepressant response in multivariate analyses of baseline clinical
variables (C) or all variables with signs of predictive utility, including the coordinate-based
Herbsman equation (D).
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Figure 4. Subgenual connectivity predicts response to active but not sham stimulation
The anatomical location of the stimulation site is shown for each patient in our secondary

cohort (A, N = 16), all of whom received sham stimulation. Subgenual connectivity did not
predict sham rTMS response (B, r = .01, p(1) = .49). A subset of these patients went on to

get active stimulation at the same stimulation sites (C, N = 12).

Subgenual connectivity was

a predictor of clinical response to active stimulation, matching results from our primary

cohort (D, r =-.52, p(1) < 0.05).
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Table 1

Improvement in only some depression symptoms is related to connectivity with the

subgenual cingulate

Mean improvement (raw score change) for each question in the Beck Depression Inventory is shown along
with the correlation between this improvement and subgenual connectivity to the stimulation site for all
patients (all). Patients with zero scores at baseline and after treatment were excluded in the last column (no

Zero scores).

1 - Sadness

2 - Pessimism

3 - Past Failure

4 - Loss of Pleasure

5 - Guilty Feelings

6 - Punishment Feelings

7 - Self-Dislike

8 - Self-Criticalness

9 - Suicidal Thoughts or Wishes
10 - Crying

11 - Agitation

12 - Loss of Interest

13 - Indecisiveness

14 - Worthlessness

15 - Loss of Energy

16 - Changes in Sleeping Pattern
17 - Irritability

18 - Changes in Appetite

19 - Concentration Difficulty
20 - Tiredness or Fatigue

21 - Loss in Interest in Sex

Mean
Improvement
(raw scores)

(all)
1.36
1.04
0.72
0.76
0.80
052
1.00
0.96
0.36
1.08
052
1.04
1.00
0.76
1.00
0.44
0.92
052
0.76
0.96
0.96

Correlation
with subgenual
connectivity (r)

(@ll)
-0.35
-0.32
-011
-0.36
-0.21
-0.15
-0.44
-0.34
-0.44
-0.29
-0.13
-0.59
-0.13
-0.37
-0.18
047
-0.06
-0.07
-0.38
0.08
032

Correlation
with subgenual
connectivity (r)
(no zero values)

-0.35
-0.32
-0.07
-0.36
-0.20
-0.28
-0.44
-0.33
-0.57
-0.25
-0.15
-0.59
-0.15
-0.37
-0.18
0.41
-0.15
-0.10
-0.38
0.08
0.55

Biol Psychiatry. Author manuscript; available in PMC 2019 July 01.



	Abstract
	Introduction
	Methods and Materials
	Results
	Patient and treatment characteristics
	Predicting clinical response based on the stimulation site
	Symptom Specificity
	Predicting sham stimulation

	Discussion
	Predicting response based on subgenual connectivity
	Predicting response based on anatomical coordinates
	Other predictive factors

	Individualized versus group connectivity
	Clinical implications
	Limitations

	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Table 1

