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Background

Electroconvulsive therapy (ECT)-induced fever can significantly affect patient experience, treatment adherence, and the course of treatment. However, little is known about the prevalence of ECT-induced fever and its associated risk factors in patients with major mental disorders (MMD).





Methods

This retrospective, case-control study included 113 cases and 226 age-matched controls (1:2). The case group comprised patients who exhibited an axillary temperature of ≥37.5°C (99.5°F) at least once within 24 hours post-ECT. Patients diagnosed with MMD underwent ECT between January 1, 2021, and December 31, 2021, at a large psychiatric hospital in China. Demographic and clinical data were extracted from the electronic chart management system (ECMS) for both groups.





Results

The prevalence of ECT-induced fever in patients with MMD was 6.8% [113/1,674, 95% confidence interval (CI): 5.6% to 8.0%], with a session-based prevalence of 1.1% (130/11,570, 95% CI: 0.9% to 1.3%). Multivariate logistic regression analysis identified paliperidone [odds ratios (OR)=2.5, 95% CI: 1.2 to 4.9] as a risk factor, while quetiapine (OR=0.4, 95% CI: 0.3 to 0.8) was found to be protective. No significant association between etomidate and ECT-induced fever was observed in univariate analysis (p>0.05).





Conclusions

This study found a relatively low prevalence of ECT-induced fever. Paliperidone was identified as a risk factor, while quetiapine had a protective effect. Etomidate was not significantly associated with ECT-induced fever in patients with MMD.





Keywords: electroconvulsive therapy-induced fever, electroconvulsive therapy, risk factors, prevalence, adverse effects




1 Introduction

Major mental disorders (MMD) encompass a range of mental health disorders, including schizophrenia, bipolar disorder (BD), and major depressive disorder (MDD) (1), which account for a heavy burden of disease (2–4). Globally, approximately 1 billion individuals suffer from MMD, accounting for 13% of the global burden of disease (5–7). MMD is related to heightened economic strain, elevated mortality rates, heightened suicidal behavior, and diminished quality of life (8, 9). Although pharmacotherapy represents the dominant treatment for MMD, it is frequently insufficient for many patients (10). As a result, non-invasive neurostimulation techniques, such as repetitive transcranial magnetic stimulation (rTMS) (11, 12), transcranial direct current stimulation (tDCS) (13, 14), magnetic seizure therapy (MST) (10, 15), and electroconvulsive therapy (ECT) (16, 17), are frequently employed in clinical settings to enhance treatment outcomes.

ECT, which induces brief, generalized seizures through electrical currents under general anesthesia, is one of the oldest and most effective non-invasive neurostimulation techniques (18–20). ECT, which was first introduced in China during the early 1950s (21), is crucial for treating different MMD, including mood disorders (e.g., MDD and BD) and psychotic disorders (e.g., schizophrenia) (19, 22, 23). According to the study by Tang et al. (21), 150,000 ECT sessions are conducted each year in China. Compared to pharmacotherapy and psychotherapy, ECT offers several advantages, such as rapid symptom improvement in cases of severe depression, psychosis, and catatonia, and a reduction in rehospitalization and suicide rates (24–27). However, ECT is also associated with specific side effects, which can deter some patients from opting for this treatment (28, 29).

Common side effects of ECT include transient memory impairment, headaches, and muscle pain, but not post-ECT fever (28–31). Post-ECT fever can negatively impact the patient’s treatment experience (32, 33). Moreover, it may lead to a decline in treatment adherence, a fundamental factor in the clinical effectiveness of any intervention (32, 33). The onset of fever after ECT can delay the overall treatment process, hindering timely and effective management of MMD (34, 35).

The prevalence of ECT-induced fever in patients with MMD has been reported to vary significantly across studies (32, 33, 36, 37). For instance, Xiao et al. (36) conducted a retrospective study involving 76 patients with mental disorders, finding that 4 of 76 (5.3%) experienced ECT-induced fever. In contrast, Xie et al. (37) reported a much higher prevalence of 45.2% (56 of 124 patients diagnosed with schizophrenia or mood disorders) in their retrospective survey. The identification of risk factors for ECT-induced fever has been inconsistent across studies (33, 38). For instance, Jo et al. (33), in their retrospective chart review study involving 319 patients, found no significant difference in the rate of etomidate use between ECT sessions with fever and control sessions without fever (27.8% vs. 21.5%), indicating that etomidate was not a significant risk factor. However, a controlled study involving patients with MMD found that the prevalence of ECT-induced fever was significantly higher in the etomidate group (n=30) compared to the propofol group (n=30) (46.7% vs. 16.7%) (38), indicating that etomidate could be a significantly relevant factor.

Given the wide variation in reported prevalence rates and the conflicting evidence regarding associated risk factors, further research with larger sample sizes is necessary to clarify the prevalence of ECT-induced fever and identify potential risk factors in patients with MMD. This study aimed to 1) investigate the prevalence of ECT-induced fever, and 2) identify and compare potential risk factors associated with ECT-induced fever in patients with MMD.




2 Methods



2.1 Setting and participants

This single-center retrospective case-control study, part of a larger clinical project on ECT in psychiatry, was conducted at the Affiliated Brain Hospital, Guangzhou Medical University. This institution is an affiliated teaching hospital and a psychiatric center with 1,800 beds in Guangzhou, China. The Ethics Committee of the Affiliated Brain Hospital, Guangzhou Medical University, approved the study protocol (approval code: 2021001), with an exemption from informed consent due to the retrospective nature of the chart review.

The inclusion criteria for the case group were: 1) male or female inpatients diagnosed with schizophrenia, BD, or MDD as per the International Classification of Diseases, Tenth Revision (ICD-10); and 2) those who experienced ECT-induced fever [defined as an axillary temperature ≥37.5°C (99.5°F)] (39, 40) on at least one occasion within 24 hours after ECT. Patients were excluded if they had a pre-existing fever before the ECT session due to conditions such as infections [including bacterial, fungal, and coronavirus disease-2019 (COVID-19)], inflammatory diseases, or hematological disorders.

Patients who underwent ECT without fever [axillary temperature <37.5°C (99.5°F)] (39, 40) during the same hospitalization period were eligible for the control group. Control participants were matched by age (± 4 years) to the case group in a 2:1 ratio, following previous recommendations (41).




2.2 Data collection

Demographic information, clinical characteristics, and drug prescriptions for all discharged patients were collected in the hospital’s electronic chart management system (ECMS), which was established in January 2010. Data collection covered the case and control groups, focusing on demographic characteristics, clinical variables, and medications administered during ECT sessions. This study was conducted over one year between January 1, 2021, and December 31, 2021. Three trained researchers (C-JD, J-WY, and Z-ZL) were responsible for extracting data from the ECMS and compiling a database for analysis.




2.3 Prevalence of fever

Following a previous study (33), fever sessions were defined as ECT sessions in which the patient developed a fever within 24 hours after receiving ECT, while control sessions were referred to as ECT sessions without fever. The prevalences of fever sessions and fever following ECT were calculated by dividing the fever session counts and the number of patients with fever after ECT by the total number of ECT sessions and patients, respectively. In this study, we focused on examining the prevalence of ECT-induced fever and fever sessions. Thus, the prevalences of ECT-induced fever and fever sessions were determined by dividing the number of patients in the case group and their fever sessions by the total number of patients without pre-existing fever before ECT and their total ECT sessions, respectively.




2.4 ECT procedure and anesthesia

Before the first ECT session, all patients who are scheduled for ECT underwent a pre-ECT assessment, which included electroencephalography (EEG), chest x-ray, electrocardiogram (ECG), blood tests, urine analysis, psychiatric evaluation, and physical examination. Patients were required to fast and void for at least 8 hours before each ECT session. Moreover, a negative COVID-19 polymerase chain reaction (PCR) test was mandatory. ECT was administered using the MECTA spECTrum 5000Q device (Mecta Corporation, Tualatin, OR, USA) with bilateral electrode placement. The initial stimulus dose was determined using the half-age method (42, 43) and was adjusted throughout the treatment course.

Atropine (0.5 mg) was administered intravenously. As determined by the anesthetist’s clinical expertise, anesthesia was induced with either 1.5–2.0 mg/kg of propofol or 0.33–0.50 mg/kg of etomidate. Muscle relaxation was achieved using 0.8–1.0 mg/kg of intravenous succinylcholine. Vital signs, including blood pressure, oxygen saturation, and pulse, were monitored closely throughout the procedure.




2.5 Statistical analysis

Statistical analysis was conducted using Statistical Package for the Social Sciences (SPSS) (version 23.0, International Business Machines Corporation, New York, USA) for Windows. The Kolmogorov–Smirnov test was used to assess the normality of continuous data. Continuous variables are presented as mean and standard deviation (SD), while categorical data are expressed as frequencies and percentages (%). The univariate analysis compared the case and control groups’ potential risk factors for ECT-induced fever. The two-tailed Student’s t-test was applied for normally distributed continuous data, the Mann–Whitney U test for non-normally distributed continuous data, and chi-squared test for categorical data. Variables with a p-value of less than 0.05 in the univariate analysis were then included in a multivariate logistic regression analysis. The model’s validity was confirmed through the Omnibus (p<0.05) and Hosmer–Lemeshow (p>0.05) tests. The multivariate analysis results are presented with regression coefficient (B), standard error (SE), Wald statistic (Wald), degrees of freedom (df), significant level (Sig.), odds ratio (OR), and the 95% confidence interval (CI) of the OR. Statistical significance was defined as p<0.05 (two-tail test).





3 Results



3.1 Prevalence of fever

As illustrated in Figure 1, 1,688 inpatients with MMD underwent 11,656 ECT sessions. Among them, 127 patients experienced 148 fever sessions, resulting in a post-ECT fever prevalence of 7.5% (127/1,688, 95% CI: 6.2% to 8.8%) and a fever session prevalence of 1.3% (148/11,656, 95% CI: 1.1% to 1.5%). Of these, 14 patients (86 ECT sessions, including 18 fever sessions) had pre-existing fevers due to unrelated factors (Figure 1). After excluding these patients, the final case group comprised 113 patients with 130 ECT-induced fever sessions. Consequently, the prevalence of ECT-induced fever was 6.8% (113/1,674, 95% CI: 5.6% to 8.0%), and the prevalence of ECT-induced fever sessions was 1.1% (130/11,570, 95% CI: 0.9% to 1.3%).




Figure 1 | Study participant flow chart. ECT, electroconvulsive therapy; MMD, major mental disorders.






3.2 Demographic and clinical characteristics of the study sample

The case group was successfully age-matched to 226 controls (± 4 years) in a 1:2 ratio. A comparison of demographic and clinical characteristics between the two groups is summarized in Table 1. Patients in the case group showed a substantially higher usage rate of paliperidone and a lower usage rate of quetiapine compared to the control group (both p=0.002). No considerable differences were observed between the groups in other demographic or clinical variables (all p>0.05).


Table 1 | Demographic and clinical characteristics of the study sample.






3.3 Factors independently associated with ECT-induced fever

Paliperidone and quetiapine were further analyzed through multivariate logistic regression analysis. The logistic regression model demonstrated a good fit, as indicated by the Omnibus test (p=0.001) and the Hosmer–Lemeshow test (p=0.65). The analysis revealed that both medications were independent factors for ECT-induced fever (Table 2). Patients taking paliperidone before ECT had a 1.5-fold higher risk (OR: 2.5, 95% CI: 1.2 to 4.9) of developing fever than those not on paliperidone (p=0.01). Conversely, the risk of fever was significantly lower in patients on quetiapine, with an OR of 0.4 (95% CI: 0.3 to 0.8), indicating a reduced likelihood of fever by 60% (p=0.01).


Table 2 | Factors independently associated with electroconvulsive therapy-induced fever.







4 Discussion

To the best of our knowledge, this study is the first to report the prevalence and risk factors for ECT-induced fever in Chinese patients with MMD, utilizing a relatively large sample size (n=339) compared to prior research (32, 33, 36, 37). Critical findings include (1) a prevalence of 6.8% for ECT-induced fever and 1.1% for ECT-induced fever sessions among patients with MMD; (2) a significant association between paliperidone and quetiapine use and ECT-induced fever; and (3) no observed correlation between the use of etomidate and ECT-induced fever incidence. However, the prevalence and risk factors for ECT-induced fever are poorly investigated in the past three years.

The prevalence of ECT-induced fever in this study (6.8% among patients with MMD) is similar to those in prior research (32, 33, 36). For example, Xiao et al. (36) conducted a retrospective study involving 76 patients with mental disorders, reporting a 5.3% (4/76) incidence of ECT-induced fever. Similarly, a randomized controlled trial of 120 patients with MMD found that 8.3% (10/120) developed a fever following ECT (32). However, a retrospective study reported a considerably higher prevalence (45.2%) in patients with schizophrenia (n=76) or mood disorders (n=48) after ECT (37), which contrasts with our study’s findings (6.8%) and those from other studies (ranging from 5.3% to 8.8%) (32, 33, 36). These discrepancies may be attributable to variations in methodology, fever definition, and sample size across studies (32, 33, 36, 37). In clinical practice, ECT is associated with several side effects beyond fever. Memory impairment following ECT is reported in 18.0% to 72.8% of patients with MMD (28, 29, 44, 45), while 1.4% to 48.1% and 19.5% to 30.0% of patients experience headache and muscle pain, respectively (28, 29, 44, 46), after ECT. Therefore, ECT-induced fever should be considered as significant as the other common side effects. The exact mechanism behind ECT-induced fever remains unclear. One hypothesis is that mask ventilation, which can create airway pressures as high as 60 mmHg, may lead to fever by causing aspiration pneumonia (47, 48). A novel intraoperative ventilatory technique, transnasal humidified rapid-insufflation ventilatory exchange (THRIVE), which generates airway pressures below 7.4 cmH2O, has been introduced for ECT procedures (49–51). However, the impact of the THRIVE technique on the incidence of ECT-induced fever is yet to be reported.

In our study, patients not taking quetiapine had a higher likelihood of developing ECT-induced fever compared to those who did, consistent with previous research (33). Jo et al. (33) conducted a retrospective chart review study on 319 patients who underwent 2,928 ECT sessions in South Korea and found that fever sessions involved a significantly lower mean dose of quetiapine than sessions without fever (64.3 mg/day vs. 117.0 mg/day). This finding suggests that quetiapine administration during ECT may serve as a protective factor against fever. The activation of 5-hydroxytryptamine 2 (5-HT2) receptor may result in body temperature increase (52). Quetiapine has significant antagonistic effects on serotonin in 5-HT2 receptors (53). Moreover, quetiapine has been shown to inhibit hypothalamic-pituitary-adrenal (HPA) system activity in healthy subjects (54), which may prevent its overactivation and consequently decrease fever.

Regarding paliperidone, Jo et al. (33) reported similar mean dosages of paliperidone between ECT sessions with and without fever (9.50 mg/day vs. 7.46 mg/day), indicating no clear link between paliperidone use and fever development. However, in this study, the case group of patients with ECT-induced fever exhibited a substantially higher rate of paliperidone administration during the ECT procedure than the control group without fever (18.6% vs. 7.5%). Moreover, multivariate logistic regression analysis indicated a positive association between paliperidone administration and ECT-induced fever (OR=2.5). These conflicting findings suggested that the occurrence of ECT-induced fever could be related to the dosage of paliperidone, which was not collected in this study. The biological mechanisms by which paliperidone leads to ECT-induced fever have not been sufficiently investigated. The effect of paliperidone in reducing dopamine levels in the brain may disrupt the normal thermoregulatory balance, increasing susceptibility to fever during ECT (55–57). Moreover, paliperidone may cause fever by interacting with the immune system to produce an excessive inflammatory response (58).

Our analysis did not reveal any significant association between etomidate and ECT-induced fever in patients with MMD, aligning with previous findings (33). For instance, Jo et al. (33) reported no considerable difference in the rate of etomidate use between ECT sessions with fever and control sessions without fever (27.8% vs. 21.5%). However, some studies have found a significant association between etomidate and ECT-induced fever in patients with MMD (32, 34, 38). For example, Wang et al. (32) reported that 23.0% of patients receiving etomidate as an anesthetic experienced ECT-induced fever, significantly higher than the 0% incidence in those not administered etomidate. Moreover, Li et al. (38) found that the prevalence of ECT-induced fever was significantly greater among patients receiving etomidate compared to those receiving propofol (46.7% vs. 16.7%). The discrepancies between this study and previous studies (32, 38) have been partly attributed to differences in methodology, such as the definition of fever and the dose of etomidate. For example, the dose of etomidate was administered at 0.3 mg/kg in Wang et al.’s study (32) and 0.2–0.3 mg/kg in Li et al.’s study (38). Therefore, the current evidence does not conclusively determine whether etomidate is significantly associated with ECT-induced fever in patients with MMD. As of September 2023, etomidate was classified as a Class II psychotropic drug by the National Medical Products Administration, the Ministry of Public Security, and the National Health Commission in China (59). This classification led to restricted clinical use of etomidate. Exploring alternative anesthetic agents for ECT is essential. Esketamine or ketamine has been identified as an effective and safe anesthetic for the induction of general anesthesia during ECT, with established antidepressant properties (60–62). However, the association between adjunctive esketamine or ketamine anesthesia in ECT and the incidence of ECT-induced fever remains unexamined.

This study has several limitations worth noting. First, the small sample size restricts the ability to detect significant differences between the case and control groups. Second, unlike previous research (33), this study did not compare the risk factors between ECT sessions with fever and those without, nor were laboratory test results collected. Third, this study was conducted at a single center, which may limit the generalizability of these findings. It was necessary to conduct multicenter studies with a larger and more diverse patient population. Fourth, the prevalence of ECT-induced fever and its risk factors for specific diagnoses such as schizophrenia, BD, or MDD have not been analyzed. Fifth, several key factors (e.g., EEG seizure duration, current intensity, and stimulation duration) that might be linked to ECT-induced fever were neither recorded nor analyzed in this study. Sixth, the control group in this study was chosen based solely on age matching and the absence of post-ECT fever, without considering other factors like comorbidities or medication.




5 Conclusions

The findings of this study indicate that the prevalence of ECT-induced fever is relatively low. Moreover, paliperidone and quetiapine were identified as significant independent factors associated with ECT-induced fever in patients with MMD. However, etomidate did not emerge as an essential predictor of ECT-induced fever in this population.
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