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INTRODUCTION 

Geriatric major depressive disorder (MDD) is one of the 
most severe health problems in the world. As MDD causes a 
series of serious problems in elderly patients, rapid remission 
in geriatric MDD patients is important.1 Routine first-line 
procedures, such as antidepressants or cognitive behavioral 
therapy (CBT), are insufficient for geriatric MDD patients; 
55–81% of elderly patients fail to improve with first-line se-
lective serotonin reuptake inhibitor (SSRI) or serotonin-nor-
epinephrine reuptake inhibitor (SNRI) treatments. Electro-
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convulsive therapy (ECT), the most effective therapy for 
severe depression, has been used in clinical practice for de-
cades. ECT has shown significant efficacy in geriatric MDD 
patients.2,3 However, ECT also has a number of side effects, 
such as headache, delirium, forgetfulness, and cognitive im-
pairment,1 which are especially severe among geriatric pa-
tients.4 As a result, many elderly patients refuse ECT treat-
ment, leading to a delay in the remission of depression and 
even loss of life. Some more recent procedures with fewer 
side effects, including repetitive transcranial magnetic stimu-
lation (rTMS) and transcranial direct-current stimulation 
(tDCS), are used to treat MDD.1,5,6 However, these new treat-
ments are less effective than ECT.6-8 Therefore, improving 
ECT to retain its therapeutic efficacy while minimizing its 
side effects will strongly benefit MDD patients. 

After reviewing the literatures, we found an interesting 
phenomenon. Some ECT methods failing to induce seizures 
also demonstrated antidepressant effects but without severe 
side effects, such as cognitive impairment.9-12 Notably, a re-
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cent open-label proof-of-concept study13 demonstrated that 
low-charge nonconvulsive electrotherapy (NET) may have 
significant antidepressant efficacy. More importantly, the side 
effects of low-charge NET were moderate compared with 
those of ECT.13 In summary, geriatric MDD patients may re-
ceive some significant benefits from these potential features 
of low-charge electrotherapy (LCE). Considering the sparse 
literature of the present field, we designed this case series as 
pilot study to examine the feasibility of treating geriatric 
MDD patients with LCE.

METHODS

Participants 
This case series was conducted in accordance with the lat-

est version of the Declaration of Helsinki, and the Anhui 
Mental Health Center Research Ethics Committee approved 
our plan(2017-6). The inclusion criteria were as follows: 1) 
inpatient; 2) 60≤age≤80; 3) diagnosed with MDD according 
to the Diagnostic and Statistical Manual of Mental Disorders 
(DSM-5); 4) poor response to one month of SSRI/SNRI treat-
ment; 5) current Hamilton Depression Scale 17 (HAMD-17) 
score≥24; 6) refused ECT; 7) voluntary participation in the 
study and 8) could sign informed consent form voluntarily. 
The exclusion criteria were as follows: 1) other comorbid 
mental disorders (i.e., bipolar disorder, psychotic disorders, 
and current substance abuse); 2) current suicidal ideas; 3) 
history of stroke, epilepsy or severe cardiovascular disease; 
and 4) history of allergy to anesthesia.

LCE treatment
LCEs were performed with a Thymatron IV system inte-

grated with an ECT instrument (Somatics, Lake Bluff, IL, 
USA) three times per week (Monday, Wednesday, and Fri-
day). The percent energy dial was set to the minimum (5%, 
approximately 25 mC) with the DGX mode (Pulse width=1 
ms; frequency=30 Hz). Patients were administered propofol 
anesthesia, and succinylcholine and atropine were used to 
relax the muscles and suppress glandular secretion during 
each treatment session. All patients underwent bi-temporal 

ECT electrode placement, and seizure activity was moni-
tored via electroencephalography by the ECT instrument. 
The maximum number of LCE sessions was 12, and the pa-
tient could terminate the LCE procedure at any time.

Clinical measures
Clinical status was measured at the baseline, every three 

LCE sessions, after the last LCE session and one month after 
the last LCE session. We used the HAMD-17 and Hamilton 
Anxiety Scale (HAMA) to assess depression status and anxi-
ety level. The Mini-Mental State Examination (MMSE) was 
used to probe cognitive impairment, and any adverse event 
was recorded to analyze the safety of LCE.

Statistical analyses
We mainly performed descriptive statistics methods by us-

ing SPSS (IBM SPSS Statistics for Windows, version 21.0; IBM 
Corp., Armonk, NY, USA) to present the results of the study 
due to the small number of patients. An improvement in the 
HAMD score of>50% from baseline was considered a clinical 
response; a score of less than 7 was considered remission.

RESULTS

Four patients were enrolled in the case series and received 
LCE from May 01, 2017 to October 30, 2017. Two patients 
(Patients B and D) completed all LCE sessions. Ten convul-
sions were induced during the total 35 LCE treatments, the 
detailed information was showed in the supplemental digital 
content (Supplementary Table 1 in the online-only Data 
Supplement). Two patients (Patients A and C) withdrew dur-
ing the trial. After five LCE sessions, Patient A was unsatis-
fied with the efficacy and withdrew. Patient C withdrew from 
the trial due to the adverse event of uroschesis potentially 
caused by atropine after the 8th LCE session, but both Pa-
tients A and C completed the follow-up sessions. We includ-
ed the data from Patients A and C in the final analyses to 
avoid potential bias. There were declinations of more than 
80% in the HAMD-17 and HAMA scores for the two pa-
tients who completed the LCE sessions (Patients B and D) 

Table 1. Detailed treatment characteristics

Hamilton Depression Scale-17 Hamilton Anxiety Scale Mini-Mental State Examination

Baseline
Post- 
LCE

Follow  
up

% Change Baseline
Post- 
LCE

Follow  
up

% Change Baseline
Post- 
LCE

Follow  
up

% Change

Patient A 29 15 11 -48.3 14 7 7 -50.0 28 26 26 -7.1
Patient B 45 8 15 -82.2 39 5 16 -87.2 20 21 21 +5.0
Patient C 40 28 10 -30.0 29 16 6 -44.8 26 24 24 -7.7
Patient D 35 5 4 -85.7 26 1 1 -96.2 25 25 25 +0.0

LCE: low-charge electrotherapy
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after the last LCE session; the declinations in these scores for 
the two patients who did not complete the LCE sessions (Pa-
tients A and C) were more than 30%. However, the cognitive 
impairment measured by the MMSE showed no discernable 
change between the baseline and the last LCE session or the 
end of the follow-up period (Figure 1). Demographic char-
acteristics are shown in Supplementary Table 1 (in the on-
line-only Data Supplement); clinical and treatment charac-
teristics are shown in Table 1. 

DISCUSSION

To the best of our knowledge, the present study is the first 
to examine LCE in geriatric MDD patients. The patients in 
this trial achieved significant responses in terms of both de-
pression and anxiety. Most notably, the cognitive function of 
all patients remained stable throughout and after the LCE 
procedures. 

In the present case series, the mean decrease in the HAMD-
17 score was approximately 60%, similar to other ECT trials 
as well as a NET study.13 The mean decrease in the HAMA 
score was approximately 70%, similar to our former study 
and other ECT studies.14 Most of the patients in the Regenold 
et al.13 trial showed improvement, and our study further 
demonstrated that LCE is also effective in geriatric patients 
over the age of 60; these results suggested that LCE/NET may 
have antidepressant efficacy in all age groups of patients.

The mechanism of ECT’s antidepressant effect remains 
unclear. One hypothesis was that the current-induced sei-
zures play a key role in the antidepressant effect. However, 
Regenold et al.13 suggest that the current-induced seizures 
during ECT may be unnecessary. Furthermore, some other 
electricity-based treatments, such as rTMS and tDCS, which 
involve smaller currents without induced seizures, also exert 
certain effects on depression.1,5,6 Although the effects of 
rTMS and tDCS are not as good as those of ECT,6-8 they have 
fewer side effects than ECT, meaning that the electric cur-
rent, not the induced seizures, may be a key determining fac-
tor of efficacy. Another hypothesis was that the antidepres-
sant effect is associated with the current path (i.e., electrode 
placement).15 Some studies have demonstrated a dose-re-
sponse relationship between the antidepressant effect and the 
electric charges in right unilateral (RUL) ECT.15 However, 
this dose-response relationship is absent in bi-frontal and bi-
temporal ECT. Regarding NET studies, the bi-frontal elec-
trode placement employed by Regenold et al.13 and the bi-
temporal electrode placement used in the present study both 
showed efficacy in MDD patients, meaning that the current 
path (electrode placement), not the absolute energy charge, 
might play a significant role in the higher current density ob-

served in the prefrontal regions with the bi-frontal and bi-
temporal electrode placements.15 However, this hypothesis 
requires further study. The diminution of currents during 
ECT, which could reduce the negative effects while maintain-

Figure 1. A, B, and C show the change of the Hamilton Depres-
sion Scale-17, Hamilton Anxiety Scale, and Mini-Mental State Ex-
amination (MMSE) scores for each geriatric major depressive dis-
order patient before and after low-charge electrotherapy (LCE).
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ing the remarkable therapeutic effects, in geriatric patients 
will be a lasting topic of interest. Considering the potential 
benefits for geriatric MDD patients, our results demonstrate 
that LCE, or NET, should be further studied in the future.13,15 

The side effects of the present study are mild. One patient 
who reported urinary retention withdrew. This retention 
may be caused by atropine; however, no other severe side ef-
fects were observed during the LCE procedure. Furthermore, 
only one patient reported a single incident of a light post-
LCE headache, which usually occurred after traditional ECT; 
she obtained relief from the headache soon after a nap. Re-
garding cognitive impairment, the differences in the MMSE 
score between the baseline and after LCE were not signifi-
cant, which is consistent with NET.13 This observation sug-
gests that LCE is a reliable and safe antidepressant treatment. 
Although some studies have demonstrated improved cogni-
tive function in elderly patients after complete ECT treat-
ment or in the follow-up sessions,3,16 we noticed a decline in 
cognitive function during and a short time after ECT.16-20 In 
our research, patients’ cognitive function remained stable 
during and at one month after the LCE procedures; we spec-
ulate that this stability may be related to the low currents in-
volved in LCE. However, long-term (>one month) LCE cog-
nitive changes should be studied in the future. Moreover, 
common comorbid diseases, such as cardiovascular disease, 
cerebrovascular disease, diabetes, and pulmonary disorders, 
in geriatric MDD patients may increase the risk of ECT.2 In 
our opinion, LCE may reduce the risk of electrotherapy in el-
derly patients, and we anticipate more related studies.

Although the present case series study had several limita-
tions, such as a small number of participants, an open-label 
design, and no controls, to our knowledge, it is the first LCE 
study on geriatric MDD patients. Further research is needed 
to probe the feasibility of LCE on geriatric MDD patients, 
and larger studies, especially randomized controlled studies, 
are needed to evaluate the efficacy and safety of this novel 
treatment.

Supplementary Materials
The online-only Data Supplement is available with this ar-

ticle at https://doi.org/10.30773/pi.2019.03.21.1.
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Supplementary Table 1. Patients demographic and clinical characteristics*

Sex Age YoE
DC 

(years)
Medications

Charge
(Mean±SD)

N of 
LCE

N of 
conclusions

Duration of 
conclusions
(Mean±SD)

Quit during 
LCE

Reasons

Patient A M 60 11 20 Duloxetine 40 mg/d 24.76±1.15 mC 5 1 19s Yes Patient’s will
Patient B F 64 0 0.3 Duloxetine 60 mg/d 24.42±1.38 mC 10 5 44.0±10.8 s No
Patient C F 62 7 6 Duloxetine 20 mg/d 24.53±0.41 mC 8 1 47 s Yes Uroschesis
Patient D F 64 0 3 Paroxetine 40 mg/d, 

  Mirtazapine 7.5 mg/d
23.39±1.36 mC 12 3 46.7±15.2 s No

*the medication status of all patients did not change during the LCE trails and during the follow-up period. M: male, F: female, YoE: years of 
education, DC: disease course, LCE: low-charge electrotherapy, d: day, SD: standard deviation, C: coulomb


