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Abstract
Nonconvulsive electrotherapy (NET) defined as electrical brain stimulation administered
like standard electroconvulsive therapy (ECT), but below seizure threshold, could be
effective for patients with treatment-refractory depression (TRD) with fewer adverse
neurocognitive outcomes. However, there is a lack of studies in Chinese patients with
TRD. Thus, this study was conducted to examine the efficacy and safety of adjunctive
NET for Chinese patients with TRD. Twenty TRD patients were enrolled and underwent
six NET treatments. Depressive symptoms, response, and remission were assessed with
the 17-item Hamilton Depression Rating Scale (HAMD-17) at baseline and after 1, 3, and
6 NET treatments. Neurocognitive function was assessed by the Wisconsin Card Sorting
Test (WCST) at baseline and after the completion of six NET treatments. Mean HAMD-
17 scores declined significantly from 26.2 to 10.4 (p < 0.001) after post-NET. The rates of
response and remission were 60.0% (95% CI: 36.5–83.5) and 10.0% (95% CI: 0–24.4),
respectively. Neurocognitive performance improved following a course of NET. No
significant association was found between changes in depressive symptoms and baseline
neurocognitive function. Adjunctive NET appeared to be effective for patients with TRD,
without adverse neurocognitive effects. Randomized controlled studies were warranted to
confirm these findings.
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Introduction

Major depressive disorder (MDD) is one severe mental disorder, accounting for 40.5% of
disability-adjusted life years caused by all mental and substance use disorders [1].
Despite substantial improvements in treatment over the past decades, patients with
treatment-refractory depression (TRD) are inadequately responsive to pharmaceutical
and non-pharmaceutical interventions [2, 3]. Consequently, augmentation strategies, such
as antidepressants co-treatment [4], and adjunctive antipsychotics [5], antiepileptic drugs
[6], anxiolytics [7], esketamine [8], ketamine [9, 10], Chinese herbal medicine [11],
repetitive transcranial magnetic stimulation (rTMS) [12], magnetic seizure therapy [13,
14], deep brain stimulation [15–17], electroconvulsive therapy (ECT) [18], and
nonconvulsive electrotherapy (NET) [19, 20] had been used to enhance the therapeutic
efficacy of antidepressants.

NET was performed by electrical brain stimulation undergoing the standard ECT technique
[19]. Unlike ECT, electric stimulation of NET was insufficient strength to be convulsion-
evoking, resulting in fewer adverse neurocognitive outcomes than ECT [19, 20]. Animal
studies found that subconvulsive electrical stimulation could induce antidepressant-like effects
similar to that of ECT, without inducing seizures [21]. Early studies from the 1940s and 1950s
found that subconvulsive and nonconvulsive electric stimulation treatments appeared to be
effective for major mental disorders including MDD, without adverse neurocognitive effects
[22–24]. Similarly, Prudic et al. reported no adverse neurocognitive consequences of
subconvulsive electrical stimulation [25].

In general, the antidepressant effects of ECT could attribute to inducing a bilateral generalized
seizure [26], which has been challenged. For example, numerous clinical researchers had
purported to establish the necessity of inducing a seizure [19, 20, 27]. The antidepressant
response to rTMS further suggests that a seizure may not be necessary to achieve antidepressant
response to ECT [28]. Importantly, a recent open-label study of adjunctive NET for TRD found
that the antidepressant effects of NET were similar to that of ECT, without adverse
neurocognitive outcomes induced by NET [19].

Regenold et al. that examined the role of NET in treating patients with TRD have several
limitations [19]. For example, they recruited participants with small sample size (n = 13) and
only focused on outpatients with treatment resistant unipolar and bipolar depression, limiting
the generalizability of the findings [19]. Furthermore, a portion of depressed patients fail to
respond to NET, but the reason is unclear [19]. Therefore, the objectives of this study were to
(1) examine the antidepressant and neurocognitive effects of adjunctive NET in Chinese
patients with TRD; and (2) evaluate the correlation of neurocognitive function at baseline
and the change in severity of depressive symptoms.

Methods

Subjects

The study of adjunctive NET for TRD was approved by the Institutional Review Board of the
Affiliated Brain Hospital of Guangzhou Medical University. Han Chinese patients with TRD
who signed written informed consent before participation were recruited from the Inpatient
Psychiatric Unit of the Affiliated Brain Hospital of Guangzhou Medical University during the
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period between January 2017 and December 2017. This study was conducted in accordance
with the Declaration of Helsinki.

Inclusion criteria were that the patients: (1) had written informed consent; (2) met the
diagnostic criteria for MDD based on the Diagnostic and Statistical Manual of Mental
Disorders 4th edition (DSM-IV) [29] with a total score of 17 or more on the 17-item Hamilton
Depression Rating Scale score (HAMD-17) [30]; (3) were aged 18 to 50 years with TRD
failure to achieve a satisfactory response to at least two antidepressants administered at an
adequate dose and duration during the current episode [9]; (4) had not undergone ECT within
the past 3 months.

Exclusion criteria were that the patients: (1) satisfied the diagnostic criteria for any other
serious mental disorder according to DSM-IV, such as organic mental disorders, schizophre-
nia, bipolar disorder, or substance use disorder; (2) had any neurological illnesses or serious
medical conditions; (3) had a previous history of seizures; (4) were breast feeding or pregnant;
(5) had a foreign body, such as pacemaker or intracranial electrode.

Treatment

Prior to undergoing NET, blood and urine tests, chest x-ray, electrocardiogram (ECG),
electroencephalography (EEG), and physical and neurological examinations were evaluated
for all participants. Bilateral NET treatment was given 3 times a week for two weeks with a
total of 6 sessions using the Thymatron ® IV device (Somatics LLC, Lake Bluff, Illinois,
USA) (pulse width, 0.5 ms; frequency, 20 Hz; current, 0.9A). All participants continued taking
psychotropic agents during the NET course.

All patients first received atropine sulfate at a dose of 1 mg. Then, they received propofol at
a dose of 1 mg/kg intravenous injection for NET anesthesia. Succinylcholine at a dose of
1 mg/kg was intravenously administered as a muscle relaxant. Following the reported meth-
odology of Regenold et al. [19], the stimulus intensity of NET was set at 1/8 of the standard
ECT dose as estimated by the “half age” stimulation strategy for ECT dosing. Seizure or lack
of seizure was verified per usual ECT protocol by using EEG and observing tonic-clonic
movements. Systolic and diastolic blood pressures, pulse frequency and respiratory rate were
recorded just before anesthesia and approximately 10 min following the NET procedure.

Assessment of Depressive Symptoms and Neurocognitive Function

The severity of depressive symptoms was evaluated by the HAMD-17 [30] at baseline, and
1 day after the first, third, and sixth NET treatments. Participants were classified as responders
and remitters based on a reduction of 60% or more in the HAMD-17 scores from the baseline
[31, 32] and HAMD-17 scores ≤7 [33], respectively.

Neurocognitive performance was evaluated by a trained neuropsychological technician
using the Wisconsin Card Sorting Test (WCST) [34] at baseline and 1 day after the sixth
NET treatment. The WCST has been demonstrated to have satisfactory reliability and validity
for the evaluation of cognition and are commonly used in clinical practice.

Statistical Analysis

All outcomes were analyzed using SPSS version 23.0 for windows. Statistical
significance was set at p < 0.05. The comparison of demographic and clinical
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variables between responders and non-responders was performed by the Student’s t
test or Mann–Whitney U test for continuous data, and by the Chi-square test or
Fisher’s exact test for categorical data, as appropriate. Baseline and post-NET
HAMD-17 and WCST scores were compared by paired-samples t-test, if necessary.
HAMD-17 scores at each assessment time point during a course of NET were
compared by linear mixed model analysis. Correlation analyses were conducted to
examine the association of baseline neurocognitive function and the antidepressant
effects of NET in patients with TRD.

Results

Twenty patients with TRD contributed to the analyses, including 9 females and 11
males. The mean age was 29.2 ± 8.7 years, and the mean baseline HAMD-17 scores
were 26.2 ± 2.4. The demographic and clinical characteristics are presented in Table 1,
finding no significant differences between responders and non-responders.

Antidepressant Outcomes

After post-NET, the rates of response and remission were 60.0% (95% CI: 36.5–83.5) and
10.0% (95% CI: 0–24.4), respectively. The linear mixed model with HAMD-17 scores showed
significant main effects of time (F = 308.0, p < 0.001) and group-by-time interactions (F = 5.1,
p = 0.005) (Table 2).

The mean HAMD-17 scores declined significantly from baseline (26.2) to the end
of a course of NET (10.4) (Fig. 1 and Supplemental Table 1). The significant
difference in HAMD-17 scores between responders and non-responders was found at
the assessment of completing six NET treatments (effect size = 1.9, Supplemental
Table 1).

Table 1 Demographic and clinical characteristics of responders and non-responders after post-NET

Variables Total sample
(n = 20)

Responders
(n = 12)

Non-responders
(n = 8)

Statistics

N % N % N % Х2 df p
Male 11 55.0 5 41.7 6 75.0 —a —a 0.20
Married 8 40.0 7 58.3 1 12.5 —a —a 0.07

Mean SD Mean SD Mean SD T df p
Age (years) 29.2 8.7 32.2 9.8 24.8 4.3 2.0 18 0.06
Height (cm) 164.7 6.3 164.3 7.0 165.3 5.5 −0.3 18 0.74
Weight (kg) 55.9 6.5 56.1 7.8 55.5 4.4 0.2 18 0.85
Baseline HAMD-17 scores 26.2 2.4 26.6 2.0 25.6 2.9 0.9 18 0.39
WCST (n)
Completing classification number 5.5 1.1 5.6 1.0 5.3 1.4 0.6 18 0.54
Total error number 8.9 2.9 8.4 2.8 9.5 2.9 −0.8 18 0.42
Persistent error number 1.9 1.8 1.4 1.3 2.6 2.3 −1.5 18 0.15
Random error number 7.0 2.5 7.0 2.8 6.9 2.0 0.1 18 0.94

a Fisher’s exact test

Abbreviations: HAMD the 17-item Hamilton Depression Rating Scale, NET nonconvulsive electrotherapy,
WCST Wisconsin Card Sorting Test, SD standard deviation
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Neurocognitive Function

Neurocognitive performance as measured by WCST obtained a significant improvement after
post-NET (Fig. 2). As shown in Table 2, the linear mixed model analysis found a significant
time main effects in each of the four domains of WCST, including completing classification
number, total error number, persistent error number, and random error number. No significant
differences between responders and non-responders were found in terms of baseline and post-
NET neurocognitive function (Supplemental Table 1).

Association between Baseline Neurocognitive Function and Change in HAMD-17
Scores

As shown in Supplemental Table 2, correlation analysis shows no significant association of
HAMD-17 change score with baseline neurocognitive function (all p > 0.05).

Table 2 Comparisons of HAMD-17 scores and WCST between responders and non-responders using linear
mixed model analysis

Variables Group-by-time
interaction

Time main effect Group main effect

F p F p F p

HAMD-17 scores 5.1 0.005 308.0 <0.001 1.7 0.200
WCST
Completing classification number 0.5 0.497 10.2 0.005 2.2 0.156
Total error number 0.3 0.607 16.4 0.001 1.9 0.183
Persistent error number 0.5 0.492 8.2 0.010 3.3 0.084
Random error number 0.9 0.344 5.7 0.029 0.3 0.574

Bolded values are p < 0.05

Abbreviations: HAMD the 17-item Hamilton Depression Rating Scale, NET nonconvulsive electrotherapy,
WCST Wisconsin Card Sorting Test

Fig. 1 Change in depressive symptoms following six NET sessions in patients with treatment-refractory
depression. Abbreviations: HAMD the 17-item Hamilton Depression Rating Scale, NET nonconvulsive
electrotherapy
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Discussion

To our knowledge, this is the first study to examine the antidepressant and neurocognitive effects of
adjunctive NET for Chinese patients with TRD. The main finding was that adjunctive NET had
antidepressant efficacy for Chinese patients with TRD and was not associated with short-term
neurocognitive impairments typically seen with ECT. In contrast, significant improvements were
found in each of the four domains of WCST after completing six consecutive NET treatments.
Baseline neurocognitive performance was not a predictor of NET treatment outcome.

Consistent with the findings of Regenold et al. [19], the current study shown NET can have
the dramatic antidepressant efficacy in patients with TRD. In this study, 60% of patients with
TRD reached the criteria of response after the course of treatments. Similarly, Regenold et al.
[19] found a response rate of 73.0% after a course of NET. In this study, mean HAMD-17
scores significantly declined from 26.2 to 10.4 by the end of treatment. Similarly, Regenold
et al. [19] reported that mean HAMD-17 scores were significantly declined from 20.3 to 8.6
after a course of NET. Taken together, these findings indicate that a seizure may not be
necessary for some individuals with TRD to achieve a therapeutic response.

ECT is considered the gold standard for the treatment of patients with TRD, but also has
several limitations, particularly inducing neurocognitive deficits, mainly in memory and
executive functions [35, 36]. Neurocognitive impairment was associated with higher treatment
non-compliance, disease and disability burden, and suicide risk [37]. Fear of ECT and

Fig. 2 Change in WCST between Baseline and Post-NET in patients with treatment-refractory depression.
Abbreviations: NET nonconvulsive electrotherapy, WCST Wisconsin Card Sorting Test
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distressing adverse neurocognitive outcomes were commonly described among patients [6]. In
this study, however, neurocognitive performance as measured by WCST had a significant
improvement after a course of NET. Similarly, an early study reported that Mini-Mental State
Exam (MMSE) scores increased by a mean of 0.9 points from baseline to the end of NET
treatment [19]. Taken together, these findings suggest that NET did not appear to induce
neurocognitive impairment.

Although Regenold et al. [19] had examined the neurocognitive effects of adjunctive NET
for treatment resistant unipolar and bipolar depression, the association between baseline
neurocognitive function and treatment outcomes of NET was not investigated. In this study,
we found that baseline neurocognitive function does not predict the antidepressant effects of
NET in TRD. Similarly, Bjolseth et al. found that neurocognitive function at baseline appeared
to be not a predictor of ECT treatment outcome [38]. The depression-executive dysfunction
(DED) model predicts that depressed patients suffering from impaired executive performance
are likely to respond poorly to antidepressant therapy [39]. However, the DED model was not
strongly supported by a recent meta-analysis including 17 antidepressant trials (n = 1269) [40].
Our finding did not necessarily refute the DED model because the severity and extension of
white matter abnormalities were not evaluated in our sample.

Some limitations of this study need to be mentioned. First, similar to Regenold et al’s study
[19], the sample size of this study was relatively small and the open-label study protocol limits
the interpretation of efficacy. Second, NET was not associated with the usual adverse
neurocognitive effects seen with ECT, while the evaluations of neurocognitive function in
this study were not extensive. Thus, other neurocognitive assessment tool, such as magnetic
resonance imaging (MRI) together with clinical and behavioral assessment [41], should be
utilized to detect subtle neurocognitive deficits induced by NET that were undetected in this
study. Finally, although this study firstly examined the association of baseline neurocognitive
functioning and antidepressant effects of NET, the optimal biomarker assessments were related
to the multi-modal data acquisition, peripheral blood markers [42], neuroimaging [43], and
quantitative electroencephalography [44].

Conclusion

Adjunctive NET appeared to be effective for patients with TRD, without adverse neurocognitive
effects. Randomized controlled studies were warranted to confirm these findings.
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