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Abstract
Background—Existing neuroimaging studies of vagus nerve stimulation (VNS) in treatment
resistant major depression (TRMD) suggest that many brain regions (e.g., prefrontal cortex,
thalamus, cingulate cortex, insular cortex) associated with mood disorders undergo alterations in
blood flow/metabolism.

Objective/Hypothesis—Positron emission tomography (PET oxygen-15 labeled water or PET
[15O] H2O) was used to identify changes in regional cerebral blood flow (rCBF) in response to
immediate VNS in 13 subjects with TRMD. We hypothesized rCBF changes along the afferent
pathway of the vagus and in regions associated with depression (e.g., orbitofrontal cortex,
amygdala, insular cortex).

Methods—Six 90-second PET [15O] H2O scans were performed on 13 subjects in a VNS off-on
sequence. Following normalization for global uptake and realignment to standard atlas space,
statistical t-images (p < 0.005) were used to evaluate rCBF change.
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Results—VNS induced significant rCBF decreases in the left and right lateral orbitofrontal
cortex and left inferior temporal lobe. Significant increases were found in the right dorsal anterior
cingulate, left posterior limb of the internal capsule/medial putamen, the right superior temporal
gyrus, and the left cerebellar body. Post-hoc analysis found small to moderate correlations
between baseline acute change in rCBF and antidepressant response following 12 months of VNS.

Conclusions—Regions undergoing rCBF change in response to acute VNS are consistent with
the known afferent pathway of the vagus nerve and models of brain network in depression. Larger
studies assessing the correlation between acute stimulation patterns and antidepressant outcomes
with VNS are needed.

Keywords
Vagus nerve stimulation; Depression; Positron emission tomography; Regional blood flow;
Treatment-resistant depression

Introduction
Vagus nerve stimulation (VNS; intermittent electrical stimulation of the left cervical vagus
via electronic, surgically-implanted generator connected by a lead to the vagus nerve) is
approved by the U.S. Food and Drug Administration for adjunctive antidepressant therapy
for treatment-resistant major depression (TRMD). A short term (3 month), multi-center,
acute study of VNS compared to sham stimulation failed to separate active VNS treatment
from placebo in TRMD (1); however, a naturalistic extension of this trial demonstrated a
27% response rate at 1 year (2). Studies assessing long-term efficacy demonstrate that the
majority of responders maintain their antidepressant response (46% and 42% at 1 and 2
years respectively, [3,4]). These sustained antidepressant efficacy rates in TRMD are
compelling in this highly-resistant population, especially when compared to other favored
treatments e.g., electroconvulsive therapy (5).

The primary function of the vagus nerve (VN) is to relay information to and from the central
nervous system regarding control of the gastrointestinal, cardiovascular, and respiratory
systems. Though it has important efferent functions, most (~80%) of its fibers are afferent
(6). Afferent VN fibers enter the medulla at the level of the olive, and travel through the
tractus solitarius, terminating primarily in the nucleus tractus solitarius (NTS) (7–10). Each
VN synapses bilaterally in the NTS; hence, vagal afferent information is processed
bilaterally in the CNS. Ascending efferent fibers from the NTS project most densely to the
parabrachial nucleus of the pons (PBN); many fibers from the NTS bypass the PBN and
ascend to the taste/visceral thalamic nucleus (11), which also receives input from the PBN.
The NTS also projects to other brainstem structures including potentially mood-critical
projections to noradrenergic (locus ceruleus) and serotonergic (raphe nuclei)
neuromodulatory systems (11–13). From the PBN, vagal information is relayed to a number
of structures, including the hypothalamus, the central nucleus of the amygdala, the bed
nucleus of the stria terminalis, and the intralaminar thalamic nucleus (7, 14,15). Finally, the
visceral thalamic nucleus carries vagal afferent information to the anterior insular cortex
(14,16). The insular cortex then communicates with more rostral regions of the cortex
(orbital and ventrolateral prefrontal cortex), and also indirectly communicates with the
medial prefrontal cortex (17,18).

Little is known regarding VNS mechanism of action in TRMD. Evidence, from both clinical
and neuroimaging studies of VNS in TRMD, suggests that the therapeutic and brain effects
of VNS are gradual over several months (2,19). Early acute VNS stimulation causes
different changes in regional brain activity than later acute stimulation. Nahas et al (19),
using a multiple regression model with changes in functional MRI signal as the dependent
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variable, found several statistically significant regions (including the right insula and right
frontal lobe) undergoing activation early in VNS that no longer demonstrated increased
BOLD signal after months of VNS.

Current models of major depressive disorder (MDD) hypothesize a dysregulation of several
interconnected structures in the frontal and limbic circuitry (20). Key structures in this
network include the prefrontal cortex (medial, orbital, and dorsolateral), amygdala, insular
cortex, cingulate cortex, hippocampus, striatum, dorsal thalamus, and hypothalamus.
Existing knowledge of the upstream projections of the vagus nerve (7) as well as functional
neuroimaging studies of VNS in TRMD, have demonstrated that several of these regions
(e.g., prefrontal cortex, anterior cingulate cortex, thalamus, insular cortex, amygdala)
undergo alterations in blood flow/metabolism in response to VNS (19,21–25).

A pilot PET study of acute VNS in 4 VNS-naive TRMD patients by our group found
multiple regions of significant change in rCBF including the orbitofrontal cortex, anterior
cingulate, and insular cortices (22). BOLD fMRI studies have found similar acute changes in
prefrontal regions (19,21,25). The current study expands on our pilot work (22) using a
larger sample (N = 13) and [15O] H2O PET to identify acute VNS-induced rCBF changes in
VNS-naïve TRMD patients. We hypothesized VNS-induced rCBF change in regions
innervated by the pathway of the afferent vagus nerve, including the insular cortex,
amygdala, cerebellum, the anterior cingulate cortex, and the orbitofrontal cortex.

Methods and Materials
Subjects

The institutional review board of Washington University approved the study and written
informed consent was obtained. Subjects (N = 14) were recruited from the community (n =
7) or as participants in the VNS dose-finding efficacy trial (n = 7) occurring simultaneously
at Saint Louis University (the D-21 study, entitled “Randomized comparison of outcomes in
patients with treatment-resistant depression who receive VNS therapy administered at
different amounts of electrical charge,” sponsored by Cyberonics, Inc., Houston, Texas,
USA). One subject was subsequently determined to have panhypopituitarism and was
withdrawn; hence, the final sample size is N = 13. Patients were recruited from local
psychiatrists and by web postings. Initial study qualification was made via telephone
screening; final qualification determination was made following a live interview and
verification of treatment resistance via medical chart review.

For the purposes of this imaging study, treatment-resistant depression was defined as
follows: a current diagnosis of major depressive disorder, as defined by DSM-IV and
confirmed using the Structured Clinical Interview for DSM-IV (26), a history of at least 2
adequate dose-duration medication trial failures in the current depressive episode and a total
of 4 lifetime antidepressant treatment trial failures. Medication treatment failures were
defined using a modification of the Antidepressant Treatment History Form (ATHF) (5,27–
29). Each medication was scored from 1 to 4 according to the Antidepressant Resistance
Rating (ARR) scale of the ATHF form. Each subject had to score a ≥ 3 on the ARR scale for
each failed treatment trial and be exposed to this antidepressant dosage for a minimum of
eight weeks (the ATHF requires only 4 weeks). Additionally, failed trials of proven
antidepressant augmentation agents (aripiprazole, thyroid hormone, and lithium
augmentation) were also included. Hence, the treatment classes of failed trials included:
heterocyclic/tricyclics, monoamine oxidase inhibitors, buproprion, venlafaxine, duloxetine,
mirtazapine, electroconvulsive therapy (ECT), selective serotonin reuptake inhibitors,
nefazodone, and lithium, aripriprazole, and thyroid stimulating hormone augmentation.
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Thus, across all subjects, 12 classes of potential antidepressant treatments could count
towards study inclusion criteria.

Additional inclusion criteria included: a baseline score of ≥ 18 on the Hamilton Depression
Rating Scale-24 (HDRS-24; 30), male or female, age 18–85, and the absence of any other
active axis I diagnosis. Study exclusion criteria included: age less than 18 or greater than 85,
pregnancy, previous history of stroke, traumatic/closed head injury or brain malformation,
contraindication for MRI (including implanted metal), acute suicidal intention, history of a
serious suicide attempt in the past 12 months, history of claustrophobia, history of recent
substance abuse diagnosis (12 months), or inability to lie still for > 2 hours.

The study sample is described in Table 1. All subjects received VNS concomitantly with
existing pharmacotherapy (Table 1S).

Mood Assessments
A HDRS-24 of ≥ 18 was required for TRMD subjects to enter this trial. Although this study
focuses on the immediate brain stimulation effects in VNS-naïve subjects, depression and
mood assessments were performed at multiple time points, including baseline (within 2
weeks of VNS implantation but prior to initiation of stimulation), 3 months, and 12 months.
The HDRS-24 was the primary mood assessment scale of this trial. Other measures of
depression and mania done at these same time points included: the Montgomery Asberg
Depression Rating Scale (31), the Inventory of Depressive Symptomology-Self Report (32),
and the Young Mania Rating Scale (33). To assess the change in the primary depressive
measure (HDRS-24) over time, a repeated measures ANOVA with post hoc Bonferonni-
adjusted pairwise comparisons of means was performed. Finally, linear correlations were
calculated based on percent change in baseline rCBF (VNS “on” versus “off”) and percent
change in the primary depression measure (HDRS-24).

Imaging and scan acquisition
Subjects underwent six PET [15O] H2O scans in a single session within 5 days of VNS
activation (average days following VNS = 4.5, SD = 1.8; range 1.0–8.0 days). All subjects
except two had their scans within 5 days (one subject’s PET scan had to be postponed to day
8 due to PET scanner repairs, another was postponed to day 6 due to illness). We selected to
do the PET scans on post-stimulation day five to approximate the VNS-naïve brain state in
TRMD. In the design of the study, it was decided that the often-significant psychological
stress the recently-implanted VNS patient experiences when the device is first turned on
(anticipatory anxiety as well as anxiety on experiencing the novel stimulus for the first time)
and the discomfort/pain that might be experienced would potentially create a significant
confound (i.e., the regional cerebral blood flow patterns could be altered by this heightened
level of anxiety). As a compromise, we chose to select a period very close to the initiation of
stimulation (within 5 days of initiation of VNS stimulation). VNS settings were standardized
as follows: 0.25mA current, 20 Hz frequency, and 130 μsec pulse width. These low-level
settings were selected to accommodate the lowest electrical “dose” blinded arm of the D-21
dose-finding study. Using higher-level settings in the PET study could have compromised
the D-21 study subjects regarding their ability to differentiate lower-level from higher-level
stimulation. VNS device cycling (30 seconds on, 5 minutes off) was deactivated for 20
minutes prior to scanning. PET-CT scans were obtained using a Siemens Biograph 40
TruePoint PET/CT scanner (Siemens, Berlin) in two-dimensional acquisition mode (e.g.,
septa in). Subjects were positioned in the scanner with scanning planes oriented to the
canthomeatal line. A computed tomography scan was obtained for attenuation correction.
Six emission scans were then obtained in a VNS off-on sequence. The scan order for each
subject was identical (off-on-off-on-off-on). Following each 90 second PET scan, there was
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a rest period of 14 minutes in which the VNS device was turned off. For “on” scans, the
VNS stimulator was acutely activated to deliver 90 seconds of VNS. Tracer delivery and
device “on” were coordinated as follows: immediately prior to IV injection of 50 mCi of
[15O]H2O, the VNS device was activated. This was done to ensure blood flow changes
would be ongoing prior to tracer arrival. In synchrony with tracer injection, a 90-second
scan was obtained. An identical protocol was followed for “off” scans, except VNS was
deactivated. Images were re-constructed with the commercial two iteration OS-EM
processing method.

Data processing and analysis
Each set of six PET images per subject was corrected for head motion using established
methods (34,35). PET data were resampled to Talairach atlas space (36). To achieve scan
alignment into common atlas space, the six registered scans per subject were summed to
create a single scan with a higher signal-to-noise ratio. Summed scans were then aligned
using the full 12-parameter linear affine registration to a pre-existing PET [15O]H2O scan
laboratory target (37). Mathematical transforms were then calculated to allow a single
resampling of the original reconstructed PET images into Talairach atlas space. Global
normalization was accomplished using atlas space pixels containing all data sets. To create
the statistical image, the three “on” scans and the three “off” scans per subject were
averaged and smoothed using a Gaussian filter (10 mm full-width half-maximum). Pixel-by-
pixel calculation of the paired t-test was then performed on the resulting image set and
searched for clusters (number of pixels N = 25) with t-scores of 3.43 (p < .005). Note: due to
technical problems with isotope delivery, three subjects had only two “on” scans and two
“off” scans, this was weight-adjusted in creating the average “on” and average “off”
composite images.

Results
Areas of significant immediate rCBF change

As shown in Table 2 and Figure 1, relative to resting state (i.e., VNS “off”), acute VNS was
associated with statistically significant rCBF decreases in the left and right lateral
orbitofrontal cortex (Brodmann areas [BA] 47/11), and the left inferior temporal region (BA
20). Significant rCBF increases were found in the dorsal anterior cingulate (BA 24), left
ventrolateral and ventromedial cerebellum, left posterior limb of internal capsule/medial
putamen, and right superior temporal gyrus.

Mood Assessments
The mean HDRS-24 score of subjects at baseline was 27.6 (SD = 4.5), at 3 months 19.5 (N
= 10, 19.5, SD = 9.2), and at 12 months 10.9 (N = 10, SD = 7.8). Change in HDRS-24 score
was significant over time. All other depression assessment scales demonstrated equivalent
changes. With n = 10 (due to missing mood data at 12 months for three subjects), a repeated
measures analysis of variance was significant for change over time, F(2,8) = 17.4, p = .001.
Bonferonni-adjusted pairwise comparisons indicated a significant difference between
HDRS-24 at baseline vs. 12 months, p < .05. Baseline vs. 3 months and 3 months vs. 12
months comparisons were not significant. No subject developed manic symptomology
(mean YMRS score at 3 months 1.0 [N = 10, SD =1.4] and at 12 months 1.6 [N= 10, SD =
2.5])

Correlations were computed between percent change in rCBF with VNS “on” versus “off”
and percent change in HDRS-24 from baseline to 12 months (Table 3). With n = 10, a
correlation coefficient must be r ≥ .60 for statistical significance to be achieved at p < .05.
As shown in Table 3, none of the obtained correlations was statistically significant.
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Nevertheless, several of the correlations exceeded r = |.20|: left lateral cerebellum, left
putamen/internal capsule, and bilateral orbitofrontal cortex) and the correlation for the right
dorsal anterior cingulated cortex was r = −.40 (p = .25), a moderately strong relationship.
Interpretation of this correlation indicates that the larger the percentage VNS-induced
increase in rCBF in the dorsal anterior cingulate, the larger the percentage decrease in
HDRS-24 between baseline and 12 months.

Discussion
The rCBF changes identified here are consistent with the neuroanatomy of the vagal afferent
system (7). The frontal regions with the greatest rCBF decreases were the left and right
lateral orbital cortices (OFC; BA 47 & 11). The OFC is a known upstream vagal nerve target
(7,17). Similar [15O] H2O PET studies (in epilepsy) have demonstrated significant bilateral
OFC acute increases in rCBF (38). In contrast, our findings demonstrated low-dose
stimulation provided to VNS-naive TRMD subjects, unlike the epilepsy studies, decreased
bilateral OFC rCBF. This trend was consistent: of 13 subjects scanned 92% (12/13) and 77%
(10/13) demonstrated decreased rCBF at the left and right orbitofrontal region respectively.
Henry et al (38), using a similar PET methodology, assessed acute stimulation on VNS-
naïve brains in epilepsy and found high-dose stimulation (average current 0.5mA, 500 μsec
pulse width, frequency 30Hz) led to increased rCBF in the bilateral OFC. However, low
dose stimulation (average current 0.85mA, 130 μsec pulse width, frequency 1Hz) led to no
rCBF change at the bilateral OFC. The OFC findings in this study suggest decreased OFC
rCBF in VNS-naïve TRMD subjects may be a disease-specific response unique to
depression; however, given that these low-dose stimulations were not identical to those used
in the epilepsy studies, definitive conclusions cannot be drawn.

These OFC findings differ from our pilot data (22), where we found increased activation in
the left posterior orbital cortex (BA11) and left inferior frontal cortex (BA47). This may be
explained by the location of the OFC loci: the earlier findings demonstrated change in more
anterior orbitofrontal loci (Talairach coordinates: –33, 23, –12 and –29, 36, −4 versus −40,
44, −10 and 40, 48, −5 for this study). Also, the pilot study used a small sample (N=4) and
significantly higher dosing of VNS (average current .625mA, average pulse width > 400
μsec, and high frequency 30Hz).

It may be important to note that fMRI studies of immediate VNS stimulation in TRMD have
not emphasized the immediate effects of stimulation on the VNS-naïve brain. Mu et al. (21),
using BOLD fMRI while varying the stimulus pulse width (130, 250, or 500 μsec), found
increased BOLD signal in the left lateral orbital cortex at all three pulse widths. Importantly,
this group assessed acute VNS stimulation response in subjects exposed to prolonged VNS
(average VNS exposure = 26.8 months), in contrast to the current study (mean stimulation =
4.5 days).

Acutely altering the neuronal activity of the OFC regions could potentially be critical in
influencing major depressive disorder (MDD). Ongur and Price (18) established that the
human rostral orbitofrontal region is histologically comparable to the macaque monkey
brain regions 47/12r and 11. These lateral orbital regions are in the “orbital network”, which
integrates visceral afferents and other modalities (18), and in human neuroimaging studies
are associated with decision-making and cognitive control (39). Histological neuronal
tracking studies of macaque monkey brains reveal this orbital network to be distinct from,
but interconnected with, the medial prefrontal network (including BA 24/25). Studies have
demonstrated that the medial network, especially the subgenual cingulate cortex, undergoes
metabolic change (primarily increased metabolism) with depression (40). The medial
prefrontal cortex appears to undergo significant change with VNS for TRMD. Using FDG-
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PET in eight TRMD subjects receiving VNS for one year, Pardo et al. (23) found
progressive decreases in metabolism in subgenual and ventromedial prefrontal regions; this
study did not have an adequate number of responders to study the specific antidepressant
effects of sustained VNS. Similarly, Nahas et al. (19), using sequential BOLD fMRI VNS
acute stimulation scans in TRMD, demonstrated decreased BOLD signal in the right
subgenual cingulate (BA25). Thus, it is possible that sustained VNS may act through the
lateral orbital network to affect the subgenual and ventromedial prefrontal regions.

The amygdala is an upstream component of the vagus (7). We had hypothesized this to be a
site of rCBF change; however, this region did not experience a statistically significant
change in rCBF in the whole brain comparison. Subsequently, we did a regional analysis of
rCBF change at the bilateral amygdala. For averaged “on” scans and “off” scans at this
region there was no mean change in rCBF (left amygdala: t(12) = 1.2, p = .25; right
amygdala: t(12) = −1.1, p = .26), which suggests that acute, low current VNS stimulation in
VNS-naïve TRMD does not lead to measurable immediate change in rCBF/activity in
amygdala. This is consistent with several other VNS immediate stimulation studies in
TRMD (19,21,25). In contrast, Henry et al., (38) did find bilateral decreased amygdalar
regional blood flow at baseline in treatment-resistant epilepsy.

Increased rCBF was identified in the dorsal anterior cingulate (BA 24) and adjacent
cingulum bundle and corpus callosum (white matter). PET imaging studies assessing
antidepressant responses demonstrate increased activation of this region in depression (41).
This observation is among the most consistent findings associated with antidepressant
response, leading to the hypothesis that change in this region is a “trait phenomenon”
correlated with improvement in certain depression dimensions (42). The implications of
acute dorsal anterior cingulate increases in rCBF are not yet clear. Similar to
pharmacotherapy mechanism of action studies (41), these initial changes of VNS, especially
given the long typical time lapse between initiation of VNS and response in TRMD, may
represent a “transitory state” as the brain moves to a final response to sustained VNS.

Finally, there were no statistically significant correlations found in the post-hoc correlation
of baseline immediate VNS-induced rCBF change and antidepressant change at 12 months.
However, there were several regions including the putamen, right dorsal anterior cingulate
cortex, and bilateral orbitofrontal cortex that demonstrated correlations which exceeded r = |.
20|. It is noteworthy that these regions have previously been identified as important in VNS
in TRMD (19,21,22) suggesting that with a higher-powered (larger N) study and greater
immediate stimulation parameters, a statistically significant correlation of antidepressant
change and acute, baseline rCBF activity change could perhaps be determined.

There are several limitations to this study. These include small sample size, low VNS
parameter settings at scanning, the presence of concomitant psychotropic medications, not
varying the order of the stimulation sequences, and limited spatial resolution of the PET
scans. The small sample size limited statistical power. Because of the necessity of protecting
the study blind of the dose finding study (described above), the pulse width and current of
this study was exceptionally low. Based on previous findings we anticipate that a higher
pulse width of 250 μsec or 500 μsec would markedly alter the activation and deactivation
patterns. In particular, we suspect that a higher pulse width would have lead to a greater
number of regional activations and deactivations. Mu et al. (21) examined the effects of
varying VNS pulse widths (PW; 130 μsec, 250 μsec and 500 μsec) on brain activity in
TRMD using BOLD fMRI. Their findings demonstrated that the lower PW (130 μsec) led to
predominantly decreased regional activations; more regional activations predominated with
increasing pulse widths (250 μsec, 500 μsec). Our findings suggest that this low level of
stimulation (130 μsec) lead to equivalent distribution of activations and deactivations.
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Further, in contrast to Mu et al., in this sample immediate stimulation lead to decreased
rCBF in bilateral OFC regions, whereas Mu et al found increased rCBF in the left OFC at
130 μsec and bilateral OFC at 500 μsec. Similarly Mu et al. found deactivations in the
anterior cingulate cortex at 130 and 250 μsec, whereas we noted increased rCBF in the
dorsal anterior cingulate. These disparities in activation/deactivation may reflect the
markedly different VNS exposure times and the average intensity of stimulus. Mu et al were
observing the effects of immediate VNS stimulation in TRMD subjects with prolonged prior
VNS exposure (average 26.8 ± 12.4 months) with an average current of .80 mA ± .30 mA.
The subjects in this trial were relatively VNS-naïve (average 4.5 days of VNS stimulation)
and had been exposed to much lower current strengths (0.25mA). The “optimal” amount of
current for an effective antidepressant response to VNS is not known; however, we have
observed cases of TRMD patients responding to VNS parameters at this very low range
(0.25mA and 130 μsec).

Subjects were being treated with psychotropic medications (Table 1S) leaving open the
question of interactions between those therapies and VNS regarding observed rCBF changes
(43,44), although the FDA indication for VNS in TRMD is as an augmentation agent.
Additionally, we believe there is considerable potential dangerousness (worsening
depression and emergence of suicidal ideation/intention) of taking TRMD patients off
medications.

An additional limitation to this study was the spatial resolution of the identified regions of
activation and deactivation. This likely explains rCBF changes identified in the regions of
adjacent white matter in the observed findings. Several factors likely contributed to this
including: individual differences in anatomy (blurring caused by registering all subjects to
each other), slight movement during the scans and/or between scans, and imprecision
introduced during image blurring during image processing. Finally, to decrease the potential
for confounding brought about by subject awareness of the delivery order of “on” and “off”
stimulations, as well as decreasing anxiety/novelty of the stimulus, a randomized ordering of
“on” and “off” stimulation patterns would have been preferable.

Future research is needed to generalize these findings to larger TRMD samples and to
determine whether VNS-induced brain changes are prospectively associated with VNS
antidepressant response.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Statistically significant increases and decreases in regional cerebral blood flow (rCBF) in 13
TRMD subjects with acute vagus nerve stimulation (significance: t = 3.43, p < .005). Panel
A: decreased bilateral rCBF in the lateral orbital cortex (coronal view; circled). Panel B:
increased rCBF in the rostral/dorsal anterior cingulate and portions of the adjacent corpus
callosum (coronal view; circled). Images in radiological format (viewer’s left = right side);
green to blue = decreased rCBF; red to yellow = increased rCBF.
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Table 1

Demographics and illness history of study subjects

Sample Characteristics Descriptive Data

Age in years, mean (SD) 42.7 (12.7)

Gender, male vs. female, % (n) 15% vs. 85% (2/11)

Race, white vs. non-white, % (n) 100% vs. 0% (13/0)

Depression, age of onset in years, mean (SD) 17.2 (10.1)

Depression, number of episodes, 1–3 vs. >3, % (n) 69% vs. 33% (9/4)

Depression, current episode in years, mean (SD) 11.9 (13.1)

Depression, total years, mean (SD) 22.7 (15.1)

Previous ECT, yes vs. no, % (n) 77% vs. 23% (10/3)

Previous hospitalizations for depression, mean (SD) 2.5 (5.4)

Mood disorder history, primary family, yes vs. no, % (n) 62% vs. 38% (8/5)

ECT, electroconvulsive therapy; SD, standard deviation.
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Table 3

Descriptive Data for Changes in rCBF VNS On vs. Off and Correlations of rCBF Change with HDRS-24
Change

Variable

Mean (SD) Correlation (r)

% Δ rCBF, VNS (On– Off) % Δ BL-12 MO % Δ rCBF, % Δ BL-12 MO

HDRS-24* — −60.1 (28.6) —

L Lateral orbital cortex −8.0 (7.3) — .22

R Lateral orbital cortex −4.9 (8.0) — .24

L Inferior temporal gyrus −4.2 (3.6) — −.02

L Posterior Limb Internal Capsule/Medial putamen 6.3 (7.9) — −.21

R Rostral/Dorsal anterior cingulate 16.8 (21.4) — −.40

R Superior temporal gyrus 7.0 (8.1) — .06

L Ventromedial cerebellum 1.7 (6.9) — .03

L Ventrolateral cerebellum 4.0 (2.5) — .23

*
BL > 12 MO by Bonferonni-adjusted pairwise comparison. All other pairwise comparisons were not significant. R = right; L = left.
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