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Dear editor

Major depressive disorder (MDD) has a high prevalence rate and
constitutes a leading cause of disability worldwide. Although there
are various antidepressants available, approximately 35% of pa-
tients still can not achieve remission and progress to treatment-
resistant depression (TRD) [1]. TRD is defined as an absence of
response to at least two types of antidepressant drugs with
adequate dose/duration [2]. Invasive vagus nerve stimulation
(VNS) is a neural-modulation therapy, which has been approved
for TRD by Food and Drug Administration in 2005 (FDA). However,
the surgery-related side effects have limited its application. The
transcutaneous auricular VNS (taVNS) was therefore developed
and has shown similar efficacy to invasive VNS in MDD patients
[3—5]. However, whether taVNS is also effective for TRD remains
unknown. Therefore, we are conducting a clinical trial to confirm
effectiveness of taVNS and to explore the potential mechanism
(trial number: ChiCTR-1800014277).

A 55-year-old male with 20-year history of MDD was recruited
in April 2018. This patient had failed to respond to 5 antidepres-
sants including selective serotonin reuptake inhibitor (SSRI) parox-
etine, citalopram, escitalopam, sertraline, and selective serotonin
and noradrenline reuptacke inhibitor (SNRI) duloxetine. TRD diag-
nosis was confirmed by a senior psychiatrist (HX Wang) according
to the criteria mentioned above [2]. At enrollment, the 17-item
Hamilton Depression Scale (HAMD-17), 14-item Hamilton Anxiety
Scale (HAMA-14), self-Rating Depression Scale (SDS), and self-
Rating Anxiety Scale (SAS) scores of the patient were 18/20/46/55
respectively. The patient had been non-responsive to stable-dose
escitalopam (SSRI) treatment more than 8 weeks before the base-
line visit.

Given that previous researches have used a combination of VNS
and antidepressants to treat TRD [3] and sudden withdrawal can
cause symptoms to worsen, we assigned the patient taVNS and ser-
traline (SSRI)-(H:10980141) (50 mg/day). The taVNS started on
April 10™ and lasted for 8 weeks. The stimulator's ear electrode
clips were attached to bilateral ear concha twice a day (in the morn-
ing and evening), each for 30 minutes with following parameters:
intensity in 4—6 mA, frequency in 20 Hz, wave width less than
1 ms. The research protocol was approved by the ethic committee
of Guang’ anmen Hospital and the written informed consent was
obtained from the patient.

BOLD fMRI and Mega-press TH-MRS scan were performed on a
3.0 T MRI scanner (MagnetomSkyra, Siemens, Germany) before
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and after 8-week taVNS. The BOLD fMRI scans lasted 6 minutes
and 9 seconds (TR = 2500 ms, TE = 30 ms, 3 mm thickness, 43 sli-
ces). T1-weighted structural images were acquired with three
dimensional fast spoiled gradient-echo sequence (TR =5000 ms,
TE=2.98 ms, 1 mm thickness). MRS was conducted to examine
the concentrations of amino acid neurotransmitters including
gamma-aminobutyric acid (GABA) and glutamate (Glu). The region
of interest (ROI) for MRS scan was located at the rostral anterior
cingulate cortex (rACC) with the box size 35 x 30 x 25 mm?>.

The preprocessing of resting-state fMRI data included slice
timing, motion correction, regression out of motion parameters,
linear trend, signals of cerebrospinal fluid and white matter, and
whole-brain, normalization to Montreal Neurological Institute
(MNI) space and re-sampling with 3 x 3 x 3 mm® resolution,
filtering with 0.01—-0.1 Hz, and smoothing with 4 mm Gaussian
kernel. We selected the bilateral rACC as the seed regions given
its central role in emotional and cognitive processing [6]. The left
and right rACC were defined with the central coordinates (—4, 37,
0; 4, 37, 0) and a radius of 3 mm. We extracted the mean time
courses of signals of the seed regions and computed their correla-
tions with the rest of the whole brain. Differences in functional con-
nectivity (FC) before and after treatment beyond a given threshold
level (0.5) cluster size (100 voxels) were considered to have a prom-
inent change.

After treatment, the symptoms were improved and the scores of
HAMD/HAMA/SDS/SAS decreased to 1/2/20/22. The patient did not
show any relapsed symptoms at 3-month follow-up at Spt. 20™. We
found increased right rACC FC with the lingual gyrus, and increased
left rACC FC with the insula, dorsolateral prefrontal cortex (DLPFC),
anterior cingulate cortex (ACC), middle cingulate cortex (MCC), and
precuneus (Fig. 1). The GABA/Glu concentrations before and after
treatment were 0.0204/0.0781 and 0.0125/0.0701, indicating a
prominent decrease.

Discussion

To our knowledge, this is the first case report that investigated
the efficacy and neural mechanism of taVNS in TRD patient. The
depressive symptoms were reduced by more than 50% after 8
weeks, suggesting a responsiveness to treatment. The symptomatic
improvement was accomplished by increased FC between the left
rACC and a set of regions including the bilateral precuneus, bilateral
insula, right DLPFC, left ACC, left MCC, and between the right rACC
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Fig. 1. Changes in rACC FC following taVNS treatment. Red colors indicate the brain reg-ions showing increased rACC FC in post-treatment compared with pre-treatment. L, left;
R right. DLPFC, dorsolateral prefrontal cortex; ACC, anterior cingulate cortex; MCC, middle cingulate cortex; PCu, precuneus; LING, lingual gyrus. Color bar indicates the intensity of

FC.

and left lingual gyrus, but decreased neurotransimitter concentra-
tions of GABA and Glu.

The precuneus is a central component within the DMN, which is
highly active at rest and is involved in self-related cognitive activity.
The DLPFC and ACC are key brain regions in emotion and reward in-
formation regulation [7]. Being a hub for emotional and saliency
processing, the insula is considered important in MDD neuropa-
thology, and is a potential predictor for taVNS efficacy in MDD pa-
tients [8]. More relevantly, the FC in these regions have been
modulated by VNS [3,5,8].

TRD patients are associated with decrease FC mainly in the ante-
rior and posterior DMN. Disturbed activity in the DMN has been
associated with self-reflection, affective cognition, and emotion
regulation that characterize MDD [9]. The treatment outcome of
this case suggests that taVNS could enhance the FC of the DMN.
Therefore, the enhanced FC might be the main cause of improved
depressive symptoms as similar as our previous taVNS on MDD
[5,8]. Given that the lingual gyrus is within the visual-related occip-
ital cortex, it is likely that the relieving of blurring symptoms might
be mediated by the functional change in this region.

In addition, we found decreased concentrations of GABA and Glu
in the patient following treatment. A previous study has shown
abnormal GABA/Glu cycling in the occipital cortex and ACC of
TRD patients [10]. We therefore speculate that lowering the GABA
and Glu concentrations in the rACC might be involved in taVNS
for TRD.

It would be ideal to include patients free of medication. Howev-
er, the recruitment of drug-naive patients with TRD has ethical
concern. For safety considerations, and to ensure the consistency
of medication in the clinical trial, we designed to give all patients
sertraline (SSRI). Given that the patient had been non-responsive
to sertraline, we could believe that the clinical improvement and
brain function changes of the patient were largely induced by
taVNS rather than antidepressant. Further studies with more cases
are needed to confirm our findings.
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