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Abstract: Objective To evaluate the efficacy and safety of super electroconvulsive therapy (ECT) for treatment-resistant
depression (TRD). Methods This cohort study was conducted among 292 patients with TRD, who received super ECT from
December, 2024 to June, 2025. Eighty-eight of the patients received one electrical stimulation in each super ECT procedure (E1
group), 89 had 2 electrical stimulations (E2 group), and 39 had 3 electrical stimulations (E3 group). The correlation between
depression, anxiety and sleep quality at baseline was analyzed. The patients were evaluated using 17-items Hamilton
Depression Scale (HAMD-17) at 1, 3, and 6 months after the first super ECT session, and the treatment remission rate and
response rate were compared among the 3 groups. The number of sessions and incidences of adverse events within 6 months
were compared, and the EEG seizure duration at the first super ECT session was analyzed. Results Seventy-four patients
(84.09%) in group E1, 76 (76.40%) in group E2, and 32 (82.05%) in group E3 achieved remission within 6 months after super
ECT. The average number of treatment sessions was 2.13+1.44 in Group E1, 2.23+2.01 in Group E2, and 2.41+2.15 in Group E3
within 6 months. The baseline HAMA, HAMD-17 and PSQI scores were significantly correlated (P<0.001). The first seizure
duration in E1 group was significantly longer than that in E2 and E3 groups (P<0.001). The rehospitalization rates were
significantly higher in E2 group than in E1 group at 3 months (P=0.012) and 6 months (P=0.026). The short-term adverse effects
included fever, headache/dizziness, general pain and dry mouth. Conclusion Super ECT is safe and effective for treatment of
TRD patients with a total seizure duration longer than 180 s. The number of electrical stimulations in each treatment session
does not significantly affect the therapeutic efficacy of super ECT.
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Excluded (n=65)
.| & Non-treatment-resistant depression (n=57)
e Missing baseline data and no response (n=8)

v

Screening Inpatients
(n=227)

Allocation 1

v

Allocated to E1 group (n=89)
& Received once electrical stimulus

Allocated to E2 group (n=93)
& Received twice electrical stimulus

Allocated to E3 group (n=45)
& Received triple electrical stimulus

Follow-Up

|

Lost to follow-up (n=1)
¢ No assessment data (n=1)

Lost to follow-up (n=4)
& No assessment data (n=4)

Lost to follow-up (n=6)
& No assessment data (n=6)

Analysis l l

Analyzed (n=88)
¢ Excluded from analysis (n=0)

Analyzed (n=89)

¢ Excluded from analysis (n=0)

Analyzed (n=39)
¢ Excluded from analysis (n=0)

E1 HRiREE
Fig.1 Flow chart of the study.
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Tab.1 General characteristics of the patients in the 3 groups
Index E1 (n=88) E2 (n=89) E3 (n=39) P
Age (year, Mean+SD) 27.97+12.83 30.43+10.48 27.84+12.02 0.299
Gender [n (%)]
Male 43 (48.31) 54 (60.67) 18 (46.15) 0.469
Female 45 (51.14) 35(39.33) 21 (53.85) 0.513
BMI (kg/m?*, Mean+SD) 28.23+5.35 29.23+8.22 27.23+7.46 0.423
Education [ (%)]
None 13 (14.77) 11 (12.36) 3(7.69) 0.348
<6 years 10 (11.36) 18 (20.22) 7 (17.95) 0.472
>6 years 65 (73.86) 60 (67.42) 29 (74.36) 0.621
Medications [n (%)]
Antidepressant 88 (100) 89 (100) 38(97.43) 0.989
Sleep medicine 67 (76.14) 70 (78.65) 31(79.48) 0.863
Suicide attempt [ (%)]
Within 1 year 62 (70.45) 54 (60.67) 30(76.92) 0.437
No 26 (29.55) 35(39.33) 9(23.08) 0.265
Diagnosis [n (%)]
Without psychotic features 56 (63.64) 61 (68.54) 27 (69.23) 0.652
With psychotic features 32(36.36) 28 (31.46) 12 (30.77) 0.537
Anesthesia induction (Mean+SD)
Scopolamine (mg) 0.32+0.07 0.30+0.08 0.30+0.09 0.831
Propofol (mg) 52.21+5.15 55.34+21.45 51.67+4.49 0.243
Remifentanil (ug) 198.314+22.22 202.26+24.14 200.26+24.97 0.529
Duration between propofol and electric stimulus (min) 12.11+1.53 11.88+1.71 12.18£1.75 0.522

E1l: Performed 1 electrical stimulation in a super ECT procedure; E2: Performed 2 electrical stimulations in a super ECT procedure; E3:
Performed 3 electrical stimulations in a super ECT procedure.

B R’ Linear=0.465
60 P<0.001

A E
<
jan)
0
10 20 30 40 50 60
< HAMD
=
= c
= 50 R’ Linear=0.196
I o P<0.001
o
1%}
-9

10 20 30 40 50 60

2 ETFHAMA, HAMD-17 % PSQIELITHFEHEX S

Fig.2 Correlation among HAMA, HAMD-17, and PSQI scores of the patients at baseline. A: 3-D scatterplot of the
relation among HAMA, HAMD-17 and PSQI scores. B: Correlation between HAMA and HAMD-17 scores. C:
Correlation between PSQI and HAMD-17 scores.
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Tab.2 Seizure duration analysis and treatment conditions

Variables E1 (n=88) E2 (n=89) E3 (n=39) P
EEG seizure duration (s)
Total 235.3+123.79 208.76+72.99 231.85493.34 0.171
First 235.3+123.79" 77.85£27.50* 50.56+22.99* <0.001
Second - 112.26+62.01 64.33+13.20 0.185
Third - - 115.15+75.08 -
Super ECT sessions 2.13+1.44 2.2342.01 2.4142.15 0.759
Race of hospitalizations [7(%)] 44 (50.00) 43 (48.31) 17 (43.59) 0.383
1 month 8(9.09) 14 (15.73) 7(17.95) 0.470
3 months 13 (14.77) 28 (31.46)* 10 (25.64) 0.012
6 months 19 (21.59) 32 (35.96)* 11 (28.21) 0.026

El: performed 1 electrical stimulation in a super ECT procedure; E2: performed 2 electrical stimulations in a super ECT

procedure; E3: performed 3 electrical stimulations in a super ECT procedure. EEG: Electroencephalographic; ECT:
Electroconvulsive therapy. *P<0.05 vs E1 group; P<0.05 vs E2 group.
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Fig.3 EEG seizure duration analysis. A, B: Correlat

ion between the first and second seizure duration in E2 group.

C-E: Correlation between the first, second and third seizure duration in E3 group. **P<0.01.
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Fig.4 Response to super ECT assessed according to HAMD-17 scores relative to the baseline during the initial 6 months. A:
HAMD-17 scores in E1 group. B: HAMD-17 scores in E2 group. C: HAMD-17 scores in E3 group. *P<0.05.
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Tab.3 Treatment response based on the reduction rate of HAMD-17 scores in 1 month, 3 months, and 6

months [1(%)]

Variables El (n=88) E2 (n=89) E3 (n=39) P
Total response

1 month 74 (84.09) 84 (88.76) 31(79.48) 0.634

3 months 72 (81.82) 81 (79.78) 31(79.48) 0.863

6 months 74 (84.09) 76 (76.40) 32 (82.05) 0.790
Recovered

1 month 5(5.68) 6(6.74) 2(5.13) 0.781

3 months 5(5,68) 9 (10.11) 4 (10.26) 0.632

6 months 30 (34.09) 28 (31.46) 10 (25.64) 0.459
Significant improved

1 month 56 (63.64) 52(58.43) 23 (58.97) 0.702

3 months 40 (45.45) 43 (48.31) 18 (46.15) 0.693

6 months 42 (47.73) 30(33.71) 20 (51.28) 0.764
Improved

1 month 13 (14.77) 21(23.59) 6 (15.38) 0.603

3 months 27 (30.68) 19 (21.35) 9 (23.08) 0.534

6 months 2(2.27) 10 (11.24) 2(5.13) 0.357
Ineffective

1 month 2(2.27) 2(2.25) 2(5.13) 0.913

3 months 4 (4.55) 5(5.62) 2(5.13) 0.893

6 months 2(2.27) 1(1.12) 1(2.56) 0.796

El: performed 1 electrical stimulation in a super ECT procedure; E2: performed 2 electrical stimulations in a super

ECT procedure; E3: performed 3 electrical stimulations in a super ECT procedure.
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Tab.4 Evaluation of the side effects of the treatment and cognitive function of the patients

Variables E1 (n=88) E2 (n=89) E3 (n=39) P
Side effects [ (%)]
Fever 13 (14.77) 21 (23.59) 6 (15.38) 0.764
Headache/dizziness 27 (30.68) 28 (31.46) 17 (43.58) 0.213
General pain 18 (20.45) 9 (10.11) 12 (30.76) 0.179
Dry mouth 20 (22.73) 17 (19.10) 4(10.26) 0.452
Nausea 18 (20.45) 19 (21.35) 9(23.08) 0.812
Cognitive function assessment (Mean+SD)
MMSE in pre-treatment 27.13+£1.24 26.83+2.03 27.41+£2.15 0.559
MMSE in post-treatment 27.343.79 26.76+2.99 26.85+3.73 0.794

El: Performed 1 electrical stimulation in a super ECT procedure; E2: Performed 2 electrical stimulations in a super ECT

procedure; E3: Performed 3 electrical stimulations in a super ECT procedure. MMSE: Mini-mental state examination.
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