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ABSTRACT 

 

Background: Maintenance electroconvulsive therapy (M-ECT) has been in use for a long time, yet there is 
dearth of literature regarding stimulus characteristics and cognitive changes with M-ECT, particularly in the 
Indian context. To assess stimulus characteristics, clinical profile and cognitive changes in patients receiving 
maintenance electroconvulsive therapy. 

Methodology: Records of patients receiving M-ECT in one year were checked and their diagnosis, stimulus 

characteristics (duration of current, seizure duration, number of ECTs and total charge delivered) and serial 
MMSE scores (at baseline, after 1 month and final MMSE) were noted. Stimulus characteristics were 
correlated with sociodemographic details and cognitive changes. A comparison between psychotic and non-
psychotic disorders was also made. 

Results: In a total of 50 patients on M-ECT, total charge delivered was found to be significantly higher in 
females (P=0.02) and seizure duration was longer in males (P=0.04). Stimulus characteristics between 
psychotic and non-psychotic disorder did not differ (P > 0.05). MMSE score showed improvement with M-
ECT (P = 0.01) and this was most significant between baseline and final MMSE (P < 0.05). Cognitive change 

negatively correlated with number of ECT (r = - 0.29, P = 0.04). Final MMSE score correlated only with 
baseline MMSE score (r = 0.47, P < 0.01). 

Conclusion: Stimulus characteristics vary with gender, but not age and diagnosis. Cognition improves with 
M-ECT and depends upon number of ECT and pre-ECT cognition. 
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INTRODUCTION  

Electroconvulsive therapy (ECT) has been around for more than 70 years and still remains one of the the 

most effective treatment in psychiatry, with unsurpassed efficacy and remarkable safety [1]. ECT is effective 

for various conditions and a viable option when other treatment modalities such as pharmacotherapy and 

psychotherapy have failed [1-2]. Many patients of mood disorder and schizophrenia who have a long and 

complicated course require ECT even after the acute phase. Continuation ECT or Maintenance ECT (M-

ECT) is given after the acute phase of illness and remission and can last up to 6 months. Its main aim is to 

prevent relapse in the patient and is a good alternative to long term pharmacotherapy [3]. Even though the 

use of M-ECT has become sparse, there is modest evidence to its beneficial effects [4-5]. It has been seen 
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that M-ECT reduces the time to relapse in most patients [5]. Research has mainly been undertaken in 

patients suffering from depression and schizophrenia [6]. Most evidence is from individual cases reporting 

improvement on M-ECT. Whereas some studies have shown the greater efficacy of M-ECT in relapse 

prevention as compared to long-term psychotropic medications, others have shown equivocal response in 

both [7]. End points of such studies is usually reduction in number of hospitalization or time to relapse [6, 

8]. The old notion that ECT stimulus characteristics are clinically irrelevant as long as seizure has been 

induced has now become redundant [9-10]. A lot of research has now shown that depending upon 

manipulations of ECT stimulus parameters, ECT-induced seizures can differ markedly in efficacy and side 

effects [11-12]. ECT stimulus parameters are key in discovering the mechanisms of the unparalleled efficacy 

of ECT as well as to the ability to optimize dosage to reduce side effects while preserving efficacy. However, 

the best metric(s) to describe the ECT dose and the optimal method of individualizing ECT dosage remain 

unresolved challenges. Characteristics such as electrode configuration, current amplitude and pulse 

amplitude have been shown to be potential targets for therapeutic benefits, while stimulus train frequency 

and the pulse width have not [13]. The ideal ECT stimulus came to be described as between 40 and 60 μsec 

in duration, applied at a frequency between 100 and 300 Hz [14]. Research has shown that seizure threshold 

correlates with age, but not sex [15]. However, such data particularly with respect to M-ECT is lacking.  

One of the main issues limiting the use of ECT for prophylaxis and relapse prevention is cognitive 

impairment [15]. Cognitive impairment is the most common side effect of ECT and is the most common 

cause for its discontinuation [15]. Studies have highlighted that factors related to the stimulus such as electric 

charge, wave form, pulse width, frequency and total charge delivered have an impact on cognition [16]. 

However, there is research showing minimal – no cognitive impairment with patients receiving more than 

100 ECT in a lifetime [17].  In fact, research has shown that cognitive impairment secondary to affective 

disorders may improve following ECT [18-19]. Vothknecht and others have shown that neurocognitive 

functioning improved over the course of ECT, but was not significant [20]. However, similar studies in M-

ECT, particularly in the Indian context are lacking. The present analysis aims to study stimulus 

characteristics and cognitive changes in patients undergoing M-ECT at our centre.   

 

METHODOLOGY 

 

The following study was conducted in the department of psychiatry of a tertiary care center, after receiving 

clearance from the Institutional Ethics Committee. M-ECT records from the department for the year of 2017 

were analyzed. M-ECT is defined arbitrarily as treatment extending beyond 6 months [21]. ECT was given 

via a brief pulse machine, in a bitemporal fashion to all patients. The frequency of M-ECT varied from once 

a week to once a month. None of these patients were still on M-ECT at the time of data collection and their 

treatments were terminated. A semi-structured pro forma was devised to obtain details regarding the 

patient’s age, gender and diagnosis and stimulus characteristics such as: duration of current, seizure 

duration, number of ECT and total charge delivered. Cognitive assessment, which is done using the Mini 

Mental State Examination (MMSE) at our center, was noted for the first visit, after 1 month and the final 

ECT (these were available in the records). The Mini Mental State Examination (MMSE) is a quick and easy 

measure of cognitive functioning that has been widely used in clinical evaluation and research involving 

patients with dementia and those receiving ECT [22].  

 

STATISTICAL ANALYSIS 

 

Statistical analysis was carried out using SPSS 20.0 software. Comparative analysis was done using Mann 

Whitney test. Changes in cognition at the 3 stages was assessed using Freidman test with posttest Dunn’s 

multiple comparison test. Correlation was done using Spearman’s rank correlation. P value < 0.05 was 

considered statistically significant. 
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RESULTS 

 

During the 1 year of study period, a total of 50 patients had received M-ECT at our center and these were 

subsequently recruited for data collection. Their stimulus characteristics, diagnoses and MMSE scores were 

noted. The mean duration of current was 2.48 ± 1.26 seconds and the charge delivered was 129.34 ± 330.42 

J. The seizure on an average lasted for 33.48 ± 10.69 seconds and number of ECT required were 30.08 ± 

25.62. When association of age and sex with ECT characteristics was assessed (Table 1), there was a 

significant association between sex of the patient and total charge delivered (p=0.02), which was higher in 

female patients and seizure duration and sex (p=0.04), which was higher in male patients.   

 

Table 1: Association of ECT characteristics with age and sex  

 

ECT characteristics 
Distribution in the 

sample 
Correlation with age Variation with sex 

Duration of current 2.48 ± 1.26 
r = 0.22 
P = 0.13 

U = 227.00 
P = 0.18 

Charge 129.34 ± 330.42 
r = 0.24 
P = 0.10 

U = 164.00 
P = 0.02* 

Seizure duration 33.48 ± 10.69 
r = - 0.08 
P = 0.54 

U = 190.50 
P = 0.04* 

Number of ECT 30.08 ± 25.62 
r = 0.06 
P = 0.66 

U = 242.00 
P = 0.29 

*indicates statistically significant 

 

Table 2: ECT characteristics between psychotic versus non-psychotic disorder groups 

 

Characteristic 
Group A 

(n = 35) 

Group B 

(n = 15) 
Significance 

Age (yrs) 34. 71 ± 13.03 35.73 ± 9.18 
U = 233 

P = 0.64 

Sex 
Males = 21 (60%) 

Females = 14 (40%) 

Males = 10 (66.67%) 

Females = 5 (33.33%) 
P = 0.76 

Diagnosis 

Schizoaffective disorder = 1 (2.86%) 

Schizo-obsessive disorder = 4 (11.43%) 

Schizophrenia = 30 (85.71%) 

 

OCD = 2 (13.33%) 
Bipolar disorder = 1 (6.67%) 
Major depressive disorder = 12 (80%) 

 

Duration of 

current (sec) 
2.54 ± 1.22 2.34 ± 1.38 

U = 205.50 

P = 0.23 

Seizure 

duration (sec) 
32.97 ± 10.85 34.67 ± 10.56 

U = 224 

P = 0.42 

Number of 
ECTs 

28.80 ± 19.45 24.08 ± 15.27 
U = 206 
P = 0.63 
 

Total charge (J) 57.03 ± 38.87 41.98 ± 18.56 
U = 146.50 
P = 0.13 

Baseline 
MMSE scores 

24.26 ± 4.65 27.00 ± 2.36 
U = 167.50 
P = 0.06 

MMSE scores 

at 6 weeks 
25.54 ± 3.71 27.33 ± 1.59 

U = 200.50 

P = 0.19 

Final MMSE 

scores 
25.38 ± 4.49 27.73 ± 1.10 

U = 196 

P = 0.20 
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Table 3: MMSE scores at various intervals during the ECT course 

*significant 

 

Table 4: Association of ECT and demographic characteristics with change in cognition 

 

ECT / demographic 

characteristic 
r/U value P value 

Age r = 0.05 0.75 

Sex U = 268.00 0.60 

Duration of current r = - 0.12 0.39 

Charge r = - 0.18 0.23 

Seizure duration r = - 0.13 0.38 

Number of ECTs r = - 0.29 0.04* 

 

Table 5: correlation of various factors with final MMSE scores 

*indicates statistically significant 

Based on their diagnoses, the patients were divided into two groups: those belonging to psychotic spectrum 

(Group A) and others (Group B). Overall, 35 patients were classified into the psychotic disorder group and 

15 in the non-psychotic disorder group. The group with psychotic disorders consisted of patients with 

Schizophrenia (n = 30; 85.71%), Schizo-obsessive disorder (n = 4; 11.43%) and schizoaffective disorder (n 

= 1; 2.86%); whereas the non-psychotic disorder group consisted of Major depressive disorder (n = 12; 80%), 

obsessive compulsive disorder (n = 2; 13.33%) and Bipolar disorder (n = 1; 6.67%). Table 2 illustrates 

difference in these two groups with respect to demographic variables, stimulus characteristics and their 

MMSE scores. There was no statistical difference between the two groups (p > 0.05). Cognitive functioning 

was assessed by MMSE at baseline, after 1 month and then after completion of the ECT course. We found 

overall improvement in successive MMSE; however it was statistically significant only when the whole 

sample was assessed (table 3). Using Dunn’s multiple comparison test, significant difference was seen only 

between baseline MMSE and final MMSE (p < 0.05). Table 4 illustrates correlation of change in cognition 

(MMSE difference at first and last visit) with ECT characteristics and demographic characteristics. We found 

that number of ECT had a negative correlation with change in cognition (r = -0.29, p=0.04). Correlation of 

the final MMSE value showed that it significantly correlated with baseline MMSE (r = 0.47, p < 0.01) and 

none of the stimulus characteristics (table 5). 

 

Groups 
Baseline MMSE 

scores 

MMSE scores 

after 1 month 

Final MMSE 

scores 
Significance 

Group A 

(n = 35) 
24.26 ± 4.65 25.56 ± 3.77 25.38 ± 4.49 0.09 

Group B 

(n = 15) 
27.00 ± 2.36 27.33 ± 1.59 27.73 ± 1.10 0.37 

Total sample 

(n = 50) 
25.20 ± 4.27 26.08 ± 3.31 26.12 ± 3.90 0.01* 

Characteristic Correlation with final MMSE score 

Age (yrs) r = - 0.09, P = 0.56 

Sex U = 264, P = 0.55 

Duration of current (sec) r = 0.05, P = 0.71 

Charge (J) r = 0.09, P = 0.58 

Seizure duration (sec) r = - 0.01,  P = 0.89 

No of ECTs r = 0.02, P = 0.91 

Baseline MoCA score r = 0.47, P < 0.01* 
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DISCUSSION 

M-ECT has proved to be a great modality of treatment to reduce relapses in various psychiatric disorders, 

such as depression, schizophrenia, OCD, etc. [8]. The present study analyzed 50 subjects who were on M-

ECT in the year of 2017. The predominant diagnosis in this sample was schizophrenia (n = 30), followed by 

depression (n = 12). Even though older literature suggests that predominantly depressive illnesses receive 

M-ECT, the patient profile is changing as better antidepressants are now available [5]. Overall, the subjects 

received an average of 27.52 ECT. Case reports have shown patients receiving over 100 ECT, with a 

maximum reported number of 2400 [23]. The maximum number of ECT received by a single patient in our 

sample was 132. Among the two groups, the number of ECT did not vary significantly. It appears that the 

number of M-ECT required may not depend on the diagnosis. Other stimulus characteristics such as 

duration of seizure, duration of current and total charge also did not vary among the two groups. Though 

difference in charge and impedance has shown to vary with clinical outcome and profile, the present analysis 

shows that this may not be the case in M-ECT [24]. Previous studies associating gender with stimulus 

characteristics have generated varied results. Some show that gender does not influence the ECT dosage and 

some have shown that women have a higher seizure threshold [25-26]. The present analysis reveals that 

female patients require more charge to be delivered and male patients experience seizure for a longer 

duration. Both these findings support the hypothesis that females have a higher seizure threshold.  

Cognitive impairment is a potential problem with ECT, limiting its use for prophylaxis [27]. Studies done 

hitherto have suggested that cognitive functioning may improve with M-ECT [27]. This appears to be more 

prevalent in those patients who have a lower cognitive status pre-ECT and with prior cognitive impairment 

secondary to psychopathology [16,28]. In the present analysis however, the average baseline MMSE scores 

of both the groups were above 24 indicating that there was no significant cognitive impairment prior to 

initiation of M-ECT. Yet serial MMSE showed significant improvement, implying that M-ECT leads to 

improvement in cognitive functioning even without prior cognitive impairment. This difference was 

however only significant when the whole sample were analysed together and not in the individual groups. 

This probably could be because of the difference in sample size. Post-test analysis showed that difference 

between baseline and final MMSE was significant, which implies that this improvement is gradual and 

mostly occurs later in the course of treatment. Similar findings have been documented by other researchers 

as well [16].  

Looking at factors associated with change in cognition, it was seen that the patients receiving more number 

of ECT showed lesser changes in cognition. This could be due to ceiling effect of cognitive change beyond 

a certain number of ECT. Previous studies on ECT treatments have shown that there may be transient 

changes in memory and executive functions, but largely cognition remains unaffected [23]. Further analysis 

revealed that the final MMSE score positively correlates with initial MMSE score only and not with the 

number of ECT or other stimulus characteristics. However, studies have shown that ECT characteristics do 

correlate with cognitive impairment and this finding differed from our findings [16]. It could be due to small 

sample size. Pre-ECT cognition and post ictal confusion have been shown to be the strongest predictors of 

amnesia post ECT [16]. Our findings postulate that pre-ECT cognition may determine both cognitive 

improvement as well and more research in this area is warranted.   

Our study was not without limitations. It was a retrospective analysis and the assessment of each patient 

was done by different physicians which might lead to inter-rater variability. Only cognitive changes were 

assessed and other variables of clinical improvement were not. It would be interesting to see how these differ 

with stimulus characteristics and cognitive profile. Also end point for each patient was not be available and 

hence it was difficult to determine whether M-ECT treatment was stopped due to improvement, non-

response, side-effects or non-adherence; and hence this factor could not be evaluated.   

 

CONCLUSIONS 

 

The present study shows that cognition improves with M-ECT and as such M-ECT can be a good alternative 

to long term pharmacotherapy. Female patients on M-ECT have lesser seizure duration and require more 

charge. Change in cognition negatively correlates with number of ECT and final MMSE score only 

correlated with pre-ECT MMSE. Moreover, there seems to be little to no difference in the number of ECT 
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required or other stimulus characteristics such as duration of seizure or current between psychotic and non-

psychotic disorders to achieve sustained remission. 

 

REFERENCES 

1. Sackeim HA, Decina P, Portnoy S, Neeley P, Malitz S. Studies of dosage, seizure threshold, and seizure 

duration in ECT. Biol Psychiatry 1987;22:249-68. 

2. Rohland BM, Carroll BT, Jacoby RG. ECT in the treatment of the catatonic syndrome. J Affect Disord 

1993;29:255–61. 

3. Birkenhager TK, van den Broek WW, Mulder PG, de Lely A. One-year outcome of psychotic, depression after 

successful electroconvulsive therapy. J ECT 2005;21:221–6. 

4. Kellner CH, Fink M, Knapp R, Petrides G, Husain M, Rummans T et al. Relief of expressed suicidal intent 

by ECT: a consortium for research in ECT study. Am J Psychiatry 2005;162:977-82. 

5. Srinivasan TN, Suresh TR, Jayaram V. Issues in the use of Maintenance Electroconvulsive Therapy. Indian J 

Psychiatry 1995;37:139 

6. Swoboda E, Conca A, König P, Waanders R, Hansen M. Maintenance electroconvulsive therapy in affective 

and schizoaffective disorder. Neuropsychobiol 2001;43:23-8. 

7.  Chanpattana W, Chakrabhand ML, Kitaroonchai W, Choovanichvong S, Prasertsuk Y. Effects of twice-versus 

thrice-weekly electroconvulsive therapy in  schizophrenia . J  Med Assoc Thai  1999;82:477 -83.  

8. Kramer BA. A naturalistic review of maintenance ECT at a university setting. J ECT 1999;15:262-9 

9. Sutherland EM, Oliver JE, Knight DR. EEG, memory and confusion in dominant, non-dominant and bi-

temporal ECT. Br J Psychiatry 1969;115:1059-64. 

10. Kalinowsky LB. ECT instrumentation. Biol Psychiatry 1988;24:361–2.  

11. Sackeim HA, Prudic J, Devanand DP, Nobler MS, Lisanby SH, Peyser S et al. A prospective, randomized, 

double-blind comparison of bilateral and right unilateral electroconvulsive therapy at different stimulus 

intensities. Arch Gen Psychiatry 2000;57:425–34. 

12. Sackeim HA, Prudic J, Nobler MS, Fitzsimons L, Lisanby SH, Payne N et al. Effects of pulse width and 

electrode placement on the efficacy and cognitive effects of electroconvulsive therapy. Brain Stimulat 

2008;1:71–83.  

13. Peterchev AV, Rosa MA, Deng ZD, Prudic J, Lisanby SH. ECT stimulus parameters: rethinking dosage. J 

ECT 2010;26:159. 

14. Hyrman V, Palmer LH, Cernik J, Jetelina J. ECT: the search for the perfect stimulus. Biol Psychiatry 

1985;20:634-45. 

15. Rasmussen KG, Zorumski CF, Jarvis MR. Possible impact of stimulus duration on seizure threshold in ECT. 

Convuls Ther 1994;10:177-80. 

16. Devanand DP, Sobin C, Sackeim HA. Predictors of retrograde amnesia following ECT. Am J Psychiatry 

1995;152:995-1001. 

17. Devanand DP, Verma AK, Tirumalasetti F, Sackeim HA. Absence of cognitive impairment after more than 

100 lifetime ECT treatments. Am J Psychiatry 1991;148:929–32. 

18. Stoudemire A, Hill CD, Morris R, Dalton ST. Improvement in depression-related cognitive dysfunction 

following ECT. J Neuropsychiatry Clin Neurosci 1995;7:31-4. 

19. Wijkstra J, Nolen WA. Successful maintenance electroconvulsive therapy for more than seven years. J ECT 

2005;21:171-3. 

20. Vothknecht S, Kho KH, Van Schaick HW, Zwinderman AH, Middelkoop H, Blansjaar BA. Effects of 

maintenance electroconvulsive therapy on cognitive functions. J ECT 2003;19:151-7. 

21. O'Connor DW, Gardner B, Presnell I, Singh D, Tsanglis M, White E. The effectiveness of continuation-

maintenance ECT in reducing depressed older patients' hospital re-admissions. J Affect Disord 2010;120:62-6. 

22. Folstein MF, Folstein S, McHugh PR. Mini-mental state. A practical method for grading the cognitive state of 

patients. J Psychiatr Res 1975;12:189-90. 

23. Vasavada MM, Leaver AM, Njau S, Joshi SH, Ercoli L, Hellemann G et al. Short and long term cognitive 

outcomes in patients with major depression treated with electroconvulsive therapy. J ECT 2017;33:278-83. 

24. Ziegelmayer C, Hajak G, Bauer A, Held M, Rupprecht R, Trapp W. Cognitive performance under 

electroconvulsive therapy (ECT) in ECT-naive treatment-resistant patients with major depressive disorder. J 

ECT 2017;33:104-10. 

25. Manohar H, Subramanian K, Menon V, Kattimani S. Does gender influence electroconvulsive therapy 

sessions required across psychiatric diagnoses? A 5-year experience from a single center. J Neurosci Rural Pract 

2017;8:427-30. 



Nachane et al.: Stimulus characteristics, clinical profile and cognition in patients receiving ECT 
 

64 

 

 Indian Journal of Mental Health 2021;8(1)  

26. Chanpattana W, Chakrabhand MS. Seizure threshold changes during acute and maintenance ECT in 

schizophrenic patients. Ger J Psychol 2000;3:25-36. 

27. Lisanby SH, Maddox JH, Prudic J, Devanand DP, Sackeim HA. The effects of electroconvulsive therapy on 

memory of autobiographical and public events. Arch Gen Psychiatry 2000;57:581-90 

28. Datto CJ, Levy S, Miller DS, Katz IR. Impact of maintenance ECT on concentration and memory. J ECT 

2001;17:170-4 

 

 

************************************ 

 

Acknowledgements – Nil. 

Conflict of Interest – Nil. 

Funding – Nil. 


