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Abstract

The efficacy and safety of adjunctive nonconvulsive electrotherapy (NET) for patients
with depression are undetermined. This systematic review was conducted to examine the
efficacy and safety of adjunctive NET for patients with depression. Chinese (WanFang
and Chinese Journal Net) and English (PubMed, EMBASE, PsycINFO and the Cochrane
Library) databases were systematically searched from their inception until Jan 27, 2021 by
three independent investigators. One randomized controlled trial (RCT) with 3 treatment
arms (n=108) and two observational studies (single-group, before-after design, n=31)
were included. In the RCT, the antidepressant efficacy of NET on depression was similar to
that of electroconvulsive therapy (ECT) (P> 0.05) but with significantly fewer neurocogni-
tive impairments as measured by the Repeatable Battery for the Assessment of Neuropsy-
chological Status (RBANS) (P <0.05). In two observational studies, the 17-item Hamilton
Depression Rating Scale (HAMD-17) scores decreased significantly from baseline to post-
NET (all Ps<0.05), without adverse neurocognitive effects. In the RCT, adverse drug reac-
tions (ADRs) were not separately reported among the 3 treatment arms but a similar rate of
discontinuation was reported. The currently available limited evidence from 3 studies sug-
gests that NET as an adjunctive treatment may be a safe, well-tolerated, effective therapy
for depression without serious neurocognitive impairments.
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Introduction
Depression, a common mental disorder, is a leading cause of disability worldwide and

can substantially impair the quality of life and social function of both patients and
caregivers [1, 2]. Antidepressants (ADs) are the current mainstay pharmacological

Dong-Bin Cai, Hua-Rong Zhou and Wan-Nian Liang contributed equally to this work.

P4 Hua-Cheng Hou
houhuacheng @ 126.com

< Wei Zheng
zhengwei0702@163.com

Extended author information available on the last page of the article

@ Springer


http://orcid.org/0000-0002-1790-4052
http://crossmark.crossref.org/dialog/?doi=10.1007/s11126-021-09936-5&domain=pdf

1646 Psychiatric Quarterly (2021) 92:1645-1656

therapy for depression, but their therapeutic effect and side effects are disappoint-
ing [3, 4]. Consequently, augmentation strategies of ADs with nonpharmacological
therapy [5, 6], such as adjunctive electroconvulsive therapy (ECT) [7, 8], transcranial
magnetic stimulation (TMS) including repeated TMS (rTMS) and deep TMS (dTMS)
[9, 10], and nonconvulsive electrotherapy (NET) [11], have been used to enhance and
hasten the efficacy of ADs.

ECT has been considered the most effective therapy for treatment-refractory
depression (TRD) in clinical practice and has been used for more than 80 years for
various mental diseases [8, 12]; however, some patients suffering from depression
refuse to receive ECT treatment over concern about ECT-related adverse neurocogni-
tive effects [13, 14]. Two recent single-arm open-label studies consistently reported
that NET with 1/8 of the standard ECT at below the seizure threshold can induce
rapid and robust antidepressant effects on subjects suffering from TRD but with fewer
neurocognitive dysfunctions than ECT [11, 15].

NET was conducted by electrical brain stimulation administered using the standard
ECT technique but below the seizure threshold [11, 15]. Unlike ECT, NET electric
stimulation has insufficient strength to evoke convulsions and does not induce neuro-
cognitive dysfunction [15]. An animal trial reported that the antidepressant-like effects
of subconvulsive electrical stimulation were similar to those of ECT but without neu-
rocognitive dysfunctions induced by convulsive treatment [16]. Importantly, a recent
randomized controlled trial (RCT) found that NET with 1/2 of the standard ECT below
the seizure threshold had a rapid antidepressant effect comparable to ECT with the
standard dose but with fewer neurocognitive dysfunctions than ECT [17].

To date, no systematic review on NET as an adjunctive treatment for depres-
sion has been published. Thus, the aim of this systematic review was to examine the
antidepressant effect, safety and tolerability of NET as an adjunctive treatment for
depression.

Methods
Search Strategy

Three investigators (DBC, LMG, and MH) independently searched Chinese (WanFang
and Chinese Journal Net) and English (PubMed, EMBASE, PsycINFO, and the Cochrane
Library) databases from their inception until Jan 27, 2021 for studies examining NET as
an adjunctive treatment for patients with depression using the following search terms:
("depression"[Mesh] OR depression OR depressive OR depressed OR melancholia) AND
(nonconvulsive electr* OR low-charge OR low-dose OR subthreshold) AND ("electrocon-
vulsive therapy"[Mesh] OR ECT OR MECT OR electroconvulsive therapy). We also man-
ually searched the reference lists of the included studies for additional studies [11, 15, 17].

Study Selection and Outcome Measures

Only RCTs and observational studies investigating the therapeutic effect, safety
and tolerability of NET as an adjunctive treatment for depression were eligible for
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inclusion, which were decided by three independent investigators (DBC, LMG, and
MH). The electrical stimulation dose was not convulsion-evoking in the included
studies. Thus, some studies at low stimulus doses but with convulsive seizures were
excluded [18, 19]. Case reports/series, retrospective studies, meta-analyses and reviews
were excluded.

The primary outcome was antidepressant efficacy as measured by standardized rating
scales, such as the Hamilton Depression Rating Scale (HAMD). Key secondary outcomes
included (1) neurocognitive function, (2) adverse events reported by patients, and (3) dis-
continuation due to any reason.

Data Extraction and Study Quality

Three investigators (DBC, LMG, and MH) independently extracted and checked the data.
Inconsistencies were resolved by consensus involving a senior author (WZ). First and/or
corresponding authors were contacted by email for missing data if necessary. For RCTs,
the Cochrane risk of bias [20] was used to assess the study quality.

Results
Literature Search

As shown in Fig. 1, a total of 652 hits were identified based on the above search strategy
(n=651) and manual search (n=1). Finally, one RCT [17] and 2 observational studies [11,
15] fulfilled the inclusion criteria.

Characteristics of Each Included Study

Table 1 summarizes the characteristics of the studies, including one RCT [17] (n=108)
and two observational studies (n=31) [11, 15]. Two studies (66.7%, 2/3) were pub-
lished in the last two years, suggesting that adjunctive NET for depression is a new
clinically important topic. In Regenold et al.’s study, seizure-free data were obtained
and analysed from 11 of 13 subjects [11]; however, 5 of 36 participants in one NET
group with 40% age electrical dosage had a seizure, which was included and analysed in
the RCT [17].

Quality Assessment

As depicted in Fig. 2, the RCT was rated as low risk with regard to random sequence
generation, attrition bias and selective reporting using the Cochrane risk of bias tool
[17]. The two observational studies were a single group with a before-after design [11,
15].
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Fig.1 PRISMA flow diagram

Antidepressant Efficacy and Neurocognitive Function

In the RCT [17], the antidepressant efficacy of NET on depression was similar to that
of ECT (P> 0.05) but with significantly fewer neurocognitive impairments as measured
by the Repeatable Battery for the Assessment of Neuropsychological Status (RBANS)
(P <0.05) (Table 2).

In the two observational studies, the HAMD-17 scores decreased significantly from base-
line to post-NET (all Ps<0.05, Table 2) [11, 15]. Zheng et al. reported a significant improve-
ment in neurocognitive performance as measured by the Wisconsin Card Sorting Test
(WCST) after NET (P<0.05, Table 2) [15]. Another observational study found that Mini-
Mental State Exam (MMSE) scores increased insignificantly after post-NET (P>0.05) [11].

ADRs and Discontinuation Rate

Table 3 summarizes the rate of ADRs and discontinuation. In the RCT, the specific ADRs
were not separately reported among the 3 treatment groups but similar rates of discontinua-
tion were reported among the groups (all Ps<0.05) [17]. Regenold et al. reported that 2 of
13 participants were lost due to seizures at their initial treatment [11].
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Fig.2 The Cochrane risk of bias

Discussion

To the best of our knowledge, this systematic review is the first to examine the efficacy
and safety of adjunctive NET for subjects suffering from depression. In this comprehensive
systematic review, three studies with a total of 139 depressed patients were included and
analysed [11, 15, 17]. The results of this systematic review demonstrate that NET may
have similar antidepressant efficacy to ECT with less neurocognitive impairment, suggest-
ing that NET may be a safe, well-tolerated, and effective nonpharmacological therapeutic
intervention for the treatment of depression. Although NET appears to be an interesting
and potentially important additional therapy, further studies are warranted to confirm and
extend these findings.

As reported in Regenold et al.’s study [11], the mechanism of the antidepressant effects
of NET may be related the location of the stimulus [21-23]. Previous studies have shown
that bifrontal ECT can produce increases in cerebral blood flow (CBF) and activation in the
prefrontal and anterior cingulate regions while preserving the temporal lobes, which may
result in comparable antidepressant effects and fewer adverse neurocognitive effects than
bitemporal ECT [24, 25]. Recently, a meta-analysis also indicated that the antidepressant
efficacy of bifrontal ECT was comparable to that of bitemporal ECT, with fewer adverse
effects [26]. Hence, bifrontal NET, as a bifrontal ECT variant, appears to have antidepres-
sant efficacy. The stimulation does not act directly on the temporal lobe and was associated
with less neurocognitive impairment than ECT.

Interestingly, rTMS was proven to be an effective technique via electrodes placed on
the scalp for depression regardless of low-frequency rTMS (LF-r'TMS) or high-frequency
rTMS (HF-rTMS) [27-29]. Of note, LF-rTMS was found to have better tolerability and
efficacy than HF-rTMS in subjects with a high risk of seizures or when the patient did
not respond to HF-rTMS because LF TMS does not induce seizures [10, 30]. Hence, the
antidepressant response to rTMS further suggests that a seizure may not be necessary to
achieve an antidepressant response to ECT. Several meta-analyses focusing on the efficacy
and acceptability of ECT versus rTMS for depression have consistently found that the anti-
depressant effect of rTMS is inferior to that of ECT [28, 31, 32]. However, to date, no
head-to-head studies have been conducted to directly compare the treatment outcomes of
TMS and NET in depression.

@ Springer



1651

Psychiatric Quarterly (2021) 92:1645-1656

eI [RWUSN-TUTIN TSI “OTedS Suney uorssardaq uoyTwey Wall-/ ] /7-JWVH ‘Ade1ay) 9AISINAU0001I9[0 [)F ‘W0, 110yS-AIojuaau] K1owopy [esryderSoiqony Js-1my

S0°0 > J 9Ie SAN[eA PAP[Og "SAI0IS AUI[ISEQ ) JO %/ 6 2IM $109s Juaunean-1sod JS-TINY UBSAL,

1891, SunIog pIeD) UISUOISIA LSOM O[8dS 9pIoIng Jo eap] Suney-jios
SSOIS ‘SmelS [eo130[oydAsdoInaN Jo Juawssassy ) 10) Araneg a[qeieadoy SNVFY ‘Iueoyrusis ou gy ‘payiodal jou YN ‘AdeIayionda)s 2AIS[NAUOJUOU JFAN ‘UOTJRUILIEXH

S0°0>d 0CF+v'S STFOL Iaqunu 10119 wopuey
S0°0>d 0TF60 SI1F6'1 JIoqUINU JOLIS JU)ISISId]
S0'0>d STFTY 6TF6'8 Toqunu 10113 [e10,
S00>d 60FS9 I'TFG6S Joquinu uoneosyIsse[o Junedwo)
:LSOM
S0'0>d 0T F+0I ¥TFTC LI-QNVH 8/1:x(%05+98V) [S1] Te 30 Sueyz
SN 2N AN dS- TNV
SN 9TF1°6C 0TFT8C ASININ
S0'0>d 0CTFL9 LTFE0C LT-QNVH 8/1:(%05+38V) [11] 'Te 10 proussay
(@s F ueswn) LAN-150d (@s F ueawn) LAN-91d
(1¢=u) Apnys [euOnBAIISqQ
SN 0EFLOI 8TF6°01 SSOIS
S0°0>d TIIFTSS STIF6€9 SNV
SN I'SFLIT 1'9F 1T LI-ANVH TU15(%08593V)
S0'0>d 0EFLOI geFeel SSOIS
S0'0>d TIIFTSS TTULFTSY SNV
SN I'SFLIT 6 FY Ve L1-JNVH P/15(%08593V) [L1] eI 1T
(801=1) 1LOY
s3urpury (@s Fueaw) 105d-150d (gs ¥ ueowr) LAN-1S0J SAWOINO [BIIUI[D) Sursop LAN Apmg

uonouny ®>EMEMOOOHD®E pue %ONOEQ uﬂmwwvun—wﬁﬁﬂ< ¢olqel

pringer

A's



1652 Psychiatric Quarterly (2021) 92:1645-1656

Table 3 ADRs and discontinuation rates

Study ADRs Discontinuation due to any
reason (%)
Events Total (%) NET (%) ECT (%) Total (%) NET (%) ECT (%)
Lietal. [17] Constipation 15 (13.9) NR NR 16 (14.8) 11 (15.3) 5(13.9)
Dizziness 6 (5.6) NR NR
Headache 4(3.7) NR NR
Myalgia 43.7) NR NR
Arrhythmia 4 (3.7 NR NR
Hypertension 4@3.7) NR NR
Have a cold 4 (3.7) NR NR
Loosening of teeth 2 (1.9) NR NR
Delirium 1(0.9) NR NR
hypotension 1(0.9) NR NR
Anaesthetic allergy 1 (0.9) NR NR
Regenold et al. [11] Induced seizure 3(23.1) - 2(154) -
Headache 5(38.5)
Fatigue 6 (46.2)
Jaw pain 2(154)

Cardiac arrhythmia 1 (7.7)
Anxiety dream 2(15.4)

Dizziness 1(7.7)
Sore throat 1(7.7)
Zheng et al. [15] NR NR - 0 -

ADRs adverse drug reactions, ECT electroconvulsive therapy, NET nonconvulsive electrotherapy, NR not
reported

This study has several limitations. First, meta-analysis could not be performed due to the
heterogeneity of the included studies, such as differences in their study design and methodol-
ogy. Second, only 3 studies [11, 15, 17] with relatively small sample sizes (n=139) fulfilled
the inclusion criteria and were used in the qualitative analysis. Among the 3 studies [11, 15,
17], only one RCT [17] was available, and the other 2 studies were observational trials [11,
15]. Third, the MMSE and WCST, used separately in two observational studies [11, 15],
appeared to not be suitable instruments to measure the neurocognitive functions of depres-
sion. Specific neurocognitive batteries, such as the MATRICS Consensus Cognitive Battery
(MCCB), should be used and are recommended.

Conclusion
The currently available limited evidence from 3 studies suggests that NET as an adjunctive
treatment may be a safe, well-tolerated, effective therapy for patients with depression with-

out serious neurocognitive impairments. Further RCTs with larger samples and rigorous
methodology are needed to confirm these findings.
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