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Background: Depressive disorder is a chronic mental illness that is vulnerable to relapse, imposes a huge economic burden on society and patients, and is a major global public health problem. Depressive disorders are characterized by depressed mood, decreased energy and interest, and suicidal ideation and behavior in severe cases. They can be treated through pharmacotherapy and psychotherapy or physical treatments such as electroconvulsive therapy (ECT). In patients with suicidal ideation, behavior, or refractory depressive disorder ECT has a faster onset of action and better efficacy than pharmacotherapy. This study used bibliometric and visual analyses to map the current state of global research on ECT for depressive disorder and to predict future research trends in this area.

Materials and methods: A literature search was performed for studies on ECT and depressive disorder in the Web of Science Core Collection (WoSCC) database. All studies considered for this paper were published between 2012 and 2021. Bibliometric and co-occurrence analyses were performed using the CiteSpace software.

Results: In total, 2,184 publications were retrieved. The number of publications on ECT and depressive disorder have been increasing since 2012, with China being a emerging hub with a growing influence in the field. Zafiris J. Daskalakis is the top author in terms of number of publications, and The Journal of ECT is not only the most published journal but also the most co-cited journal in the field. Co-occurrence analysis showed that electroconvulsive therapy, treatment-resistant depression, bipolar disorder, hippocampus, efficacy, and electrode placement are current research hotspots. Molecular biomarkers, neuroimaging predictors, and late-life depression will become research hotspots in the future.

Conclusion: Our analysis made it possible to observe an important growth of the field since 2012, to identify key scientific actors in this growth and to predict hot topics for future research.
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Introduction

Depressive disorder is a chronic, easily relapsing mental illness with depressed mood, decreased energy, and diminished interest as its core symptoms. It frequently presents, in addition, problems with appetite, sleep, memory, and concentration, or psychotic symptoms, such as hallucinations and delusions. In severe cases, it can also involve suicidal ideation and behavior. The World Health Organization has reported that more than 264 million people worldwide have depressive disorders (World Health Organization [WHO], 2020). Epidemiological surveys from China show that depressive disorder is the most prevalent mood disorder, with a lifetime prevalence of 3.4% (Huang et al., 2019). As the number of people with this disorder is rising annually and is prone to relapse, it imposes a huge economic burden on society and families.

Treatment for depressive disorders is usually based on medication, psychotherapy, or a combination of both, but approximately 30% of patients with major depressive disorder do not respond well to these treatments (Rush et al., 2006). Electroconvulsive therapy (ECT) is a physical treatment method for psychiatric disorders that stimulates widespread electrical discharges in the patient’s cerebral cortex through a certain amount of electric current. These produce a series of neurophysiological and biochemical responses, thus relieving clinical symptoms. Guidelines (Jaffe, 2002; National Institute for Clinical Excellence [NICE], 2003; Ravindran et al., 2009) for specific indications for ECT vary depending on the country; however, ECT efficacy for some diseases seem to be consistently accepted across countries. ECT is generally considered more effective, fast-acting, and safe for patients with major depressive disorder (especially when psychotic symptoms are present or when drug resistance and/or suicidal ideation are present), catatonic symptoms, and major manic episodes (Tor et al., 2021).

Currently, global trends in ECT for depressive disorders are unclear. Bibliometrics is a comprehensive analysis method, which can fill this gap by analyzing publications to qualitatively and quantitatively assess the contributions of countries, institutions, and authors in the field and predict future research trends (Chen et al., 2014; Wang et al., 2021). This study aims at investigating global research trends in ECT for depressive disorders over the past 10 years and at predicting future research hotspots within the field through bibliometric and visual analysis.



Materials and methods


Data sources

The data for this study were retrieved from WoSCC, a wide and high quality database for bibliometric data. We conducted a search of the WoSCC database on 14 June 2022.

The search strategy used in our study was TS = electroconvulsive therapy AND (TS = depressive disorder OR depression). The search time ranged from 2012 to 2021. The language used for the search was English. We excluded “meeting abstract“, “editorial material”, “letter”, and “early access”. Given our exclusion criteria, the remaining 2184 paper were mostly composed of original articles and meta-analyses (Figure 1).
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FIGURE 1
Flow chart for including and excluding literature studies.




Tools and data analysis

CiteSpace is a Java program, developed by Professor Chao-Mei Chen at Drexel University, that visualizes literature data from various databases. The software has been used to analyze trends in the evolution of disciplinary research frontiers and internal links between different research frontiers. Collaborative networks can be used to identify core countries/regions, institutions, authors, and their collaborations. Co-occurring keywords can reveal both the starting point of a subfield of research and current research hotspots. In addition, detecting bursts can detect research trends more clearly.

In this study, we used WoSCC to analyze publication output, scientific subject category networks, year of publication, and other data such as impact factors. As mentioned earlier, relevant literature was searched using keywords and unqualified literature was filtered. The selected literature information was then saved and imported into CiteSpace v5.8 R3.

The specific parameters were set as follows. Time slice: January 2012–December 2021; term source: title, abstract, author keywords, and keywords; node type: author, institution, country, keyword, and journal; link strength: cosine; selection criteria: Top N = 50; Pruning: MST.

Centrality is a key indicator of the importance of the keywords analyzed in the CiteSpace output. If the centrality of a node exceeds 0.1, it means that the node is a central node, which is more important and has more influence in the study. In the generated visualization image, the node size represents the frequency of keyword co-occurrences; the larger the node, the higher the frequency. The color of the center of the node represents the time of keyword appearance; the closer the color is, the earlier the keyword first appears. The red areas in the nodes indicate the occurrence of a citation or frequency burst. Burst detection can be used to analyze the current status of research and hotspots, suggesting future research trends in the field.




Results


Distribution of annual publication

Changes in the quantitative distribution of publications are important indicators that can directly reflect the trends in the field. The annual publications on depressive disorder and ECT in the last 10 years included 2184 relevant articles, and the overall trend showed an increase of publications on depressive disorder and ECT each year. This indicates ECT or depressive disorder as a hot topic of research (Figure 2).
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FIGURE 2
The number of publications in recent 10 years.




Analysis of scientific collaboration network

A total of 73 countries/regions have publications in the field of ECT and depressive disorder. The top 10 countries/regions were ranked by publication and centrality (Table 1). The top five countries/regions by number of publications were the USA, Germany, China, Australia, and Canada, and the top five countries/regions by centrality were the U.S., Canada, the U.K., Australia, and Italy. Pearson’s correlation analysis revealed a significant correlation between publications and centrality at the country/region level (r = 0.890, p < 0.001). The comprehensive analysis of publications and centrality shows that the United States made the largest contribution to this field, with 671 publications and a centrality of 0.29, and Canada (publications: 187, centrality: 0.14) also has a large influence on this field. The network map of cooperation between countries/regions is shown in Figure 3A, with 80 nodes and 444 linked lines. The nodes and the linked lines between the nodes represent the countries/regions and their cooperation relationships, respectively. The larger the node, the more published content. The change in color indicates different publication dates, with sections closer to purple indicating earlier publication and sections closer to yellow indicating that the article was published more recently. It is worth noting that China ranks third in terms of the number of articles published and has seen a surge in the number of articles published in recent years, indicating that China has been contributing more to the field.


TABLE 1    Top 10 countries/regions, institutions, and authors according to publications and centrality.
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FIGURE 3
(A) Collaboration among countries/regions. (B) Collaboration among institutions. (C) Collaboration among authors.


A total of 351 institutions have published in this area over the last 15 years. Table 1 lists the top ten institutions based on their publications and centrality. The top five institutions that have contributed the most to this field are the University of Toronto, Duke University, University of California, University of Copenhagen, and the Center for Addiction and Mental Health. The top five institutions in terms of centrality are Columbia University, the University of Toronto, Harvard Medical School, King’s College London, and the University of Melbourne. A significant correlation between publications and centrality was observed at the institutional level (Pearson’s r = 0.761, p < 0.001). According to the analysis of publications and centrality, the University of Toronto was overwhelmingly dominant in terms of number of publications, with 104 publications, and its centrality was 0.15. Columbia University (publications: 40, centrality: 0.17) also played a significant role in this area. There were 351 nodes and 1442 linked lines in the collaborative relationships between institutions (Figure 3B). The density of the institutional collaboration network is 0.0235. As the figure shows, there is relatively close collaboration between institutions.

The top ten authors are listed in Table 1 based on publication and centrality, with three of them having published more than 40 articles in the field as core authors: Zafiris J. Daskalakis, Daniel M. Blumberger, Pascal Sienaert. Pearson’s correlation analysis revealed a possible correlation between author-level publications and centrality (r = 0.447, p < 0.001). Furthermore, Figure 3C shows the collaboration network among authors, which contains 452 nodes and 1315 links with a density of 0.0129. This suggests that there is collaboration among top researchers in the field, and that some might have formed actual research teams.



Analysis of journals and co-cited journals

Articles on the application of ECT to depressive disorder have been published in 536 journals. The top 10 journals and co-cited journals were mainly in the fields of psychiatry, brain science, and behavioral medicine (Table 2). The most published journal is The Journal of ECT, followed by the Journal of Affective Disorders and Biological Psychiatry. The top 10 journals have impact factors above 3.00, with five journals having impact factors above 5.00. Co-cited journals are other journals that are co-cited by researchers. The analysis of journal co-citations shows the contribution of each journal to the field. The top three journals based on co-citation counts were The Journal of ECT (1535), the American Journal of Psychiatry (1480), and the Journal of Affective Disorders (1409).


TABLE 2    Top 10 journals and co-cited journals.
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Analysis of co-cited references

Table 3 lists the details of the top ten highly cited articles. An article published by Joshi et al. (2016) was cited 89 times and had a large impact in the field. Their study showed that ECT-induced neuroplasticity in the hippocampus and amygdala is associated with improved clinical responses. The second most cited study was a meta-analysis by Haq et al. (2015). Their results showed that the shorter the duration of depressive episodes, the better the treatment response to ECT. In addition, medication failure was a significant predictor of adverse response to ECT, which is useful for predicting the treatment response to ECT in depressive disorder patients in the clinical setting. However, we need to explore more reliable biological predictors. The third most cited article was published in JAMA Psychiatry by Redlich et al. (2016), who attempted to predict patients’ treatment response to ECT from structural MRI results. Their results showed a positive correlation between pretreatment subgenual cingulate volume and individual ECT response. In addition, there was an increase in hippocampal volume in patients treated with ECT, whereas this change was not observed in the MRI of patients who only received medication. There are clinical difficulties in predicting an individual patient’s response to ECT treatment. The aforementioned literature explores the factors associated with treatment response to ECT. The results suggest that routine structural MRI evaluation before ECT can help predict the individual treatment effect of ECT.


TABLE 3    Top 10 highly cited references.

[image: Table 3]



Analysis of co-occurring keywords

CiteSpace can reveal the hot topics of the study by clustering analysis of co-occurring keywords. There were 501 co-occurring keywords in this study: the top ten keywords are listed in Table 4, according to their frequency. The top two most frequent keywords were “electroconvulsive therapy” and “major depression”, which were the main themes of this study, followed by “efficacy,” “disorder,” “depression,” “meta analysis,” “treatment resistant depression,” “double blind,” “bipolar disorder” and “electrode placement.” Then, we clustered these co-occurring keywords. In general, we considered the clustering results reliable when the silhouette was > 0.7. Using the LLR clustering method, we obtained four clusters with silhouette > 0.7 and four clusters with silhouette > 0.8 (Table 5). In addition, the cluster with the largest size (0# magnetic resonance spectroscopy) has a contour value of 0.0661 (< 0.7), but we still consider the results of this cluster reliable. Based on co-occurring keywords and clustering, electroconvulsive therapy, treatment-resistant depression, bipolar disorder, hippocampus, efficacy, and electrode placement are popular research topics.


TABLE 4    Top 10 keywords in terms of frequency in the research.
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TABLE 5    Clusters of co-occurring keywords.
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Analysis of burst keywords and citation

The keyword bursts reflect hot topics and trends in the research field within a certain period of time. The blue line represents the last 10 years and the red line represents the duration of keyword bursts, demonstrating the evolution of hot topics. Figure 4 shows the 25 most cited keywords. “Retrograde amnesia” was the keyword with the longest duration in this field, lasting from 2006 to 2012, with a strength of 4.86. The keywords that last until 2021 mainly include “gray matter volume,” “network,” “adolescent,” and “suicidal ideation” (Figure 4A), which reflects the latest research trends.
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FIGURE 4
(A) Top 50 keywords with the strongest citation bursts. (B) Top 25 references with the strongest citation bursts.


Citation bursts of references can illustrate the evolution of the knowledge domain. Figure 4B lists the 25 references with high citation volumes. The duration of citation bursts is indicated by a red line segment. The most recent citation burst reference appeared in 2019 (van Diermen et al., 2018) with an intensity of 17.37. The strongest citation burst was a meta-analysis of ECT and cognitive function, published in 2010, with an intensity of 21.4. Three references had bursts that lasted until 2021 (Oltedal et al., 2018; van Diermen et al., 2018; Yrondi et al., 2018).




Discussion

This study is the first to apply bibliometric and visual analysis methods to ECT and depressive disorder to visualize global hotspots and trends in ECT for depressive disorder over the past 10 years. The findings of this study may help researchers identify the changes in research hotspots in this field, help them select future research topics, and choose appropriate journals according to recent trends.


Global trends in electroconvulsive therapy for depressive disorder

Our analysis showed that the number of publications in this field has been increasing since 2012. Among the many countries/regions with the highest number of publications, the United States has significantly contributed to the field, and most of the top 10 institutions in terms of number of publications are located in the United States. The University of Toronto, with 104 publications, is the institution with the highest number of publications in the field in the last decade, followed by Duke University and the University of California. Zafiris J. Daskalakis from the University of San Diego is the author with the highest number of publications, contributing to the field and collaborating with other researchers. It is noteworthy that China, as the third most published country, has made increasingly more research in this field in recent years. China also has collaborated with the US, the UK, and Australia. The prediction of research hotspots in the present study is expected to help Chinese researchers in their future research in this field and thus strengthen their international influence. One additional result emerging from the analysis is that Chongqing Medical University has published more papers in this field in the last decade, but has less cooperation with other institutions. International cooperation needs to be strengthened. We also found that the countries/regions or institutions that have contributed more to this field are located in Europe and the United States, while Southeast Asian or African countries have contributed less. We speculate that this may be related to the level of development and economic development of the country, which also indicates that the economic status of the country has an important influence on research development.



Status of publications

This study found that most of the articles in this field were published in journals related to psychiatry, neurology, and behavioral medicine, and that the impact factors of the journals were high, which indicates that the distribution of articles was concentrated and of high quality. In addition, the top ten journals and the most cited journals are consistent, including many top journals, which also indicates the high quality of research and reliability of research results in this field. The Journal of ECT is the most published and most cited journal, and reports on clinical research and related projects related to ECT worldwide, covering all aspects of contemporary ECT and making a significant contribution to the field.

Among the ten most co-cited publications, seven were published in journals with impact factors higher than 10, and five were about changes in hippocampal volume after ECT. The most co-cited literature was published by Joshi et al. (2016) in Biological Psychiatry, who found that hippocampal volume was smaller in patients with depressive disorder (p < 0.04) and predicted clinical response after ECT (p < 0.05) by comparing hippocampal volume in patients with depressive disorder with controls at baseline. They also performed a longitudinal comparison of hippocampal and amygdala volumes in patients with depressive disorder before ECT, after two ECT sessions, and 1 week after completion of ECT and found significant increases in the volumes of the anterior hippocampus, basolateral, and centromedial amygdala. This suggests that ECT-induced neuroplasticity is associated with an elevated response and that these structural alterations may be related to neurotrophic processes. The results of some studies suggest an increase in brain-derived neurotrophic factor (BDNF) and other trophic factors after ECT, which is considered to be an important marker of cellular plasticity and these microscopic level changes may correspond to structural changes in imaging. Redlich et al. (2016) published in JAMA Psychiatry predicted the ECT treatment response of individuals based on pretreatment gray matter volume through machine learning. The prediction was 78.3% accurate (18/23) and 100% sensitive (13/13). The study also found that patients with depression with less damage to the structure of the subgenual cingulate cortex before ECT responded better to ECT. The results of this study serve as a catalyst for subsequent studies, providing a possible biological marker for individual responsiveness to ECT. The most recent and co-cited article is a meta-analysis by van Diermen et al. (2018) in the British Journal of Psychiatry, which is also a reference with the strongest citation burst lasting until 2021. This article provides a separate analysis of response and remission after ECT, and the results show that presence of psychotic features and older age can predict ECT remission and response, while severity of depression can only predict ECT response but not remission.

The above study explored the predictors of treatment response after ECT. The results suggest that both clinical features and neuroimaging findings are predictive of treatment response to ECT. In clinical practice, if we can identify patients with lower responsiveness to ECT early, we can choose other treatment options in the first place.



Current research hotspots and frontiers in the future

We combined the cluster analysis of co-occurring words and bursts in terms of keywords and citations to predict future research hotspots in this field. In what follows, we examine the hotspots that emerged from our analysis, one by one.


Molecular biomarkers

The search for biological markers that can predict the response to treatment after ECT remains an important goal in the treatment of patients with depressive disorders. It has been shown that ECT has a neurotrophic effect, and it is likely that this effect is achieved by increasing the concentration of BDNF and vascular endothelial growth factor (VEGF) in the brain (Altar, 2004; Fournier and Duman, 2012; Polyakova et al., 2015).

Brain-derived neuro trophic factor is an indispensable neurotrophin in the development of the central nervous system, which not only promotes axonal growth and synaptic connections but also plays an important role in the mechanism of neuroplasticity (Machaalani and Chen, 2018). It has been demonstrated in animal models that electroconvulsive seizures (ECS, a recognized ECT analog in animal experiments) can elevate BDNF levels in the hippocampus while improving depression-like behavior (Zhang et al., 2016). However, it is inconclusive whether ECT is associated with elevated BDNF levels in studies of patients with depression. In fact, while Brunoni et al. (2014) showed that, similarly to the results of antidepressant treatment, peripheral BDNF levels are elevated in patients with depressive disorders after ECT, other scholars have come to the opposite conclusion (Polyakova et al., 2015). A recent study (Psomiades et al., 2022) suggested that this controversy might be due to selective measures of total BDNF levels in peripheral blood only. There are three subtypes of BDNF: BDNF precursor protein (proBDNF), mature BDNF (mBDNF), and BDNF prodomain (truncated). Both proBDNF and mBDNF are present in peripheral blood, but they play opposite roles. Since mBDNF facilitates neuronal cell plasticity (Bai et al., 2005), we speculate that mBDNF may play a greater role in the therapeutic effects of ECT than other isoforms. Psomiades et al. (2022) showed that higher baseline mBDNF levels are significantly associated with future remission after ECT. Thus, mBDNF is expected to be a predictor of ECT efficacy, and further studies are needed to test this hypothesis.

Vascular endothelial growth factor is a highly specific provascular endothelial growth factor that increases vascular endothelial permeability and is associated with processes such as neuronal growth and regeneration (Joon and Joseph, 2018). Animal experiments (Newton et al., 2003) have shown that VEGF levels in the rat hippocampus change after ECS, and may play an important role in the molecular action of ECS. With regard to studies on humans, it has been demonstrated that ECT increases serum VEGF levels in patients with refractory depressive disorder (Lucassen et al., 2001), and that low levels of VEGF may be associated with low responsiveness to ECT (Maffioletti et al., 2020). Elevated baseline VEGF levels have been shown to enhance the effects of ECT and increase drug concentrations in the brain (Minelli et al., 2014), which may be related to the transient disruption of the blood-brain barrier caused by ECT. Similarly, the reliability of VEGF as a predictor of ECT efficacy should be explored in the future.



Neuroimaging predictor

There is growing evidence that changes in hippocampal structure not only reflect the clinical state of major depressive disorder, but also correlate with treatment response. On the one hand, patients with depressive disorders have increased hippocampal apoptosis and reduced glial cell numbers (Sahay et al., 2007; Minelli et al., 2011); on the other, depressive episodes are associated with reduced hippocampal volume and abnormal functional connectivity of the hippocampus (Sheline et al., 1996; Masoud et al., 2013). Therefore, some scholars have suggested that the mechanism by which ECT works in depressive disorders is related to the enhancement of neuroplasticity and the restoration of hippocampal structure and function. As such, it has been hypothesized that hippocampal volume or its functional connectivity may be an important predictor of ECT efficacy. However, studies addressing this hypothesis to date provided mixed results. Some studies (Joshi et al., 2016; Xu et al., 2022) have shown that ECT selectively induces structural plasticity in the amygdala and hippocampal subregions associated with the antidepressant effects of ECT in patients with depressive disorder. It also seems to be associated with improved clinical responses. It has been hypothesized that an increase in hippocampal functional connectivity and volume may be biomarkers of ECT response, with smaller hippocampal volumes at baseline associated with stronger clinical responses (Abbott et al., 2014; Joshi et al., 2016). However, other studies suggest that the number of ECT sessions and electrode placement affect the degree of hippocampal enlargement, but that hippocampal volume changes do not correlate positively with clinical outcomes (Oltedal et al., 2018; Sartorius et al., 2019). As a result, it has been hypothesized that the efficacy of ECT cannot be explained by hippocampal enlargement alone. An increasing number of studies aim to explore imaging markers that can predict the efficacy of ECT; therefore, we speculate that this research direction is one of the future research hotspots.



Late-life depression

With the advent of China’s aging society (Zhao et al., 2014), an increasing number of elderly people are being diagnosed with depressive disorders, and ECT is considered to be an effective treatment for late-life depression (Kerner and Prudic, 2014). However, ECT can have negative effects on cognitive functions, especially on memory; therefore, the clinical use of ECT in the elderly population is more cautious. Recent studies (Kellner et al., 2016a) have suggested that ECT may not significantly exacerbate memory impairment and that the cognitive effects of ECT in elderly patients with depression are limited and transient (Kumar et al., 2016). In addition, a study in a Lancet subjournal suggested that ECT was not associated with the risk of incident dementia in patients with affective disorders (Osler et al., 2018), which provides additional evidence for the safety of ECT as a treatment option for depressive disorders in elderly people. It has also been suggested that the treatment effects of ECT may be better in older adults than in other age groups, but the opinion is inconclusive (Kellner et al., 2016b). A large-sample study (Luccarelli et al., 2022) from the real world, for instance, showed that the efficacy of ECT was independent of age. We speculate that the reason for the different results may be related to the source of the sample and the differences in the specific treatment parameters. The study also found that the older the age, the smaller the change in cognitive level after ECT treatment, but it only used the Montreal Cognitive Assessment as a cognitive assessment tool. Therefore, this finding needs to be verified through future studies collecting more and more reliable measures. The effect of ECT on cognitive function in elderly patients with depression remains unclear, and we believe that further studies will be conducted in this area in the future.



Adolescent and suicidal ideation

Adolescent suicide is one of the major mental health concerns at present. Some studies have shown that adolescent patients with major depressive disorder are prone to suicidal ideation as well as suicidal behavior (Patel et al., 2020). Epidemiological surveys have shown that the suicide rate among adolescent patients with depressive disorders in China is increasing year by year (Ma et al., 2019). In clinical practice, physicians use ECT as the first treatment option to alleviate severe suicidal ideation in adult patients with MDD, and it is also used in adolescent patients because its advantage of rapid onset and safety (UK ECT Review Group, 2003). However, some guardians of adolescent patients often refuse the treatment due to concerns about the cognitive impairments associated with ECT. Most studies have shown that ECT can cause transient impairments in cognitive function (e.g., immediate memory) (Semkovska and McLoughlin, 2010), but the impairments are reversible and can recover quickly after treatment is stopped (Semkovska and McLoughlin, 2010; Maric et al., 2016). Currently, there are fewer studies on ECT for suicidal ideation in adolescent patients with MDD, and studies on the efficacy and side effects of ECT for adolescent patients often involve multiple psychiatric disorders and lack comparability, so we believe that researchers will further explore this in the future in adolescent patients with depressive disorders with suicidal ideation.




Limitations

This study has some limitations. First, our study only searched the WoSCC database. We believe this database is rich enough to provide an adequate base for the analysis, but conducting the same search on a different database might provide different results. Second, we only analyzed the results visually; therefore, it is possible that some publications were overlooked. Third, we only searched the literature in English and ignored publications in other languages. This approach may lead to overlook useful publications in languages other than English.




Conclusion

This study is the first to apply bibliometric and visual analyses to an article on ECT for depressive disorder. We explored the current state of global research in the field and predicted future research trends. Since 2012, the number of publications has been increasing, with the United States and the University of Toronto being the most influential country and institution, respectively, and China as a relevant latecomer to the field. Daskalakis made a large contribution to the field as the author with the highest number of publications. The Journal of ECT is not only the most published journal, but also the most co-cited journal, and we predict that molecular biomarkers, neuroimaging predictors, and late-life depression will be relevant research hotspots in the future. The results of the present analysis of the literature suggest that more high-quality studies should be conducted to identify markers that can effectively predict ECT responsiveness. This would also help clinicians choose appropriate individualized treatment plans.
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