

[image: image1]
The effect of enhanced external counterpulsation on anxiety and depression in patients with paroxysmal atrial fibrillation: a randomized controlled trial












	
	TYPE Original Research

PUBLISHED 21 March 2025
DOI 10.3389/fcvm.2025.1548839






[image: image2]

The effect of enhanced external counterpulsation on anxiety and depression in patients with paroxysmal atrial fibrillation: a randomized controlled trial

Fengqin Yang1,2,3, Yan Zhang1,2, Yu Jiang1,2, Qinfei Wei1,2, Xiao Cheng1,2, Jingwen Xiao1,2 and Geng Chen3*

1Department of Cardiovascular Medicine, Fuzhou First Hospital Affiliated with Fujian Medical University, Fuzhou, China

2Cardiovascular Disease Research Institute of Fuzhou City, Fuzhou, China

3Department of Nursing, Fuzhou First Hospital Affiliated with Fujian Medical University, Fuzhou, China

EDITED BY
DeLisa Fairweather, Mayo Clinic Florida, United States

REVIEWED BY
Ioannis Leontsinis, Hippokration General Hospital, Greece
Ju Ryoung Moon, Sungkyunkwan University, Republic of Korea

*CORRESPONDENCE Geng Chen cg63526207@163.com

RECEIVED 16 January 2025
ACCEPTED 10 March 2025
PUBLISHED 21 March 2025

CITATION Yang F, Zhang Y, Jiang Y, Wei Q, Cheng X, Xiao J and Chen G (2025) The effect of enhanced external counterpulsation on anxiety and depression in patients with paroxysmal atrial fibrillation: a randomized controlled trial.
Front. Cardiovasc. Med. 12:1548839.
doi: 10.3389/fcvm.2025.1548839

COPYRIGHT © 2025 Yang, Zhang, Jiang, Wei, Cheng, Xiao and Chen. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



Objective: This study aimed to investigate the effects of Enhanced External Counterpulsation (EECP) on anxiety and depression in patients with Paroxysmal Atrial Fibrillation (PAF).



Methods: A cohort of 100 patients diagnosed with PAF at the Fuzhou First Hospital between January 2023 and June 2024 were enrolled in this study. Patients were randomly assigned to either the control group (n = 50) or the EECP group (n = 50) in this randomized controlled trial. The control group received conventional antiarrhythmic therapy with β-blockers or propafenone, and the EECP group underwent EECP therapy in conjunction with pharmacological treatment. The EECP therapy protocol consisted of 60-min sessions, conducted five times per week over a four-week period. Blood pressure, heart rate, cardiac ultrasound-related indexes, Self-rating Anxiety Scale (SAS), and Self-rating Depression Scale (SDS) scores were compared between the two groups before and after treatment.



Results: After the intervention, the systolic blood pressure, diastolic blood pressure, LVEDD and LAD of the two groups decreased significantly compared to the pre-intervention period, the LVEF was higher than before intervention, and the systolic blood pressure, LVEF, LVEDD, and LAD of the EECP group were significantly better than those of the control group. Anxiety and depression indicators were lower in both groups than before the intervention, and scores in the EECP group were significantly lower than those in the control group, suggesting that EECP significantly improved anxiety and depression levels.



Conclusion: EECP, as a non-invasive treatment, is effective in improving anxiety and depression in patients with PAF.
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Introduction

In recent years, the prevalence of atrial fibrillation (AF) has escalated in tandem with the aging global population and the increasing prevalence of cardiovascular diseases. Current statistics estimate the global AF prevalence at 37,574 million cases, with projections suggesting a potential increase of over 60% by 2050 (1). In China, the prevalence of AF among residents aged ≥35 years is 0.71% and increases significantly with age (2). Paroxysmal atrial fibrillation (PAF), characterized by episodes of atrial fibrillation lasting seven days or less, which can either resolve spontaneously or with pharmacological intervention, typically endures for less than 48 h and may recur, potentially progressing to persistent atrial fibrillation (PeAF). As the disease progresses, most patients with PAF experience symptoms such as palpitations, chest tightness, and dizziness, leading to a decrease in quality of life, and with this comes a series of emotional changes, with anxiety and depression being the most common (3).

Enhanced External Counterpulsation (EECP), recognized for its safety, efficacy, non-invasiveness, and non-pharmacological nature, has garnered increasing interest among scholars worldwide. This physiotherapeutic modality augments coronary blood flow and ameliorates myocardial ischemia by applying external compression to the chest during diastole, thereby positively impacting cardiovascular health. Specifically, EECP has been shown to enhance coronary artery blood flow during diastole, which in turn alleviates myocardial ischemia and benefits patients with cardiovascular diseases. A study has found that EECP can significantly improve myocardial ischemia symptoms in patients with coronary angina (4). Furthermore, a study has indicated that the combination of EECP with pharmacotherapy can reduce the left atrial internal diameter in patients with AF and decrease the recurrence rate of AF (5). In recent years, the application of EECP has gradually expanded, and its potential to improve the psychological state of patients has gradually received attention. Relevant studies have found that EECP improves anxiety and depression in patients with chronic insomnia and angina pectoris (6, 7).

Currently, cardiovascular diseases focus on the holistic treatment of cardiac rehabilitation, and the psychological health of PAF patients should not be neglected. This study is designed to explore the impact of EECP on the anxiety and depressive symptoms experienced by PAF patients, to contribute novel insights into the comprehensive treatment paradigm for this patient population.



Materials and methods


Study design and ethics

A total of 100 patients diagnosed with PAF at the Fuzhou First General Hospital Affiliated with Fujian Medical University between January 2023 and June 2024 were enrolled in this study. Participants were randomly assigned to either the control group or the EECP group using a random number table method, ensuring equal distribution with 50 patients in each group. The control group comprised 30 males and 20 females with a mean age of 67.56 ± 6.32 years, while the EECP group included 32 males and 18 females with a mean age of 68.52 ± 6.27 years.

Inclusion criteria: ① patients met the diagnostic criteria of paroxysmal atrial fibrillation in the 2019 AHA/ACC/HRS Guidelines for the Management of Patients with Atrial Fibrillation and their conditions were stable; ② patients and their family members were aware of the content of the study and voluntarily signed the informed consent form.

Exclusion criteria: ① patients with a bleeding tendency or coagulation dysfunction; ② those who have serious conscious dysfunction and difficulty communicating normally; ③ those who have serious liver, kidney, lung, and other organ lesions or malignant tumors.

This clinical trial was conducted in accordance with the ethical principles of the Declaration of Helsinki (2013 revision) and its subsequent amendments. This study was reviewed and approved by the Hospital Ethics Committee (Ethical Approval No.: 202208003).



Collection of baseline information

Baseline evaluations comprised: (1) demographic profiles [age, sex, body mass index (BMI, calculated as weight in kilograms divided by height in meters squared)]; (2) course of AF and CHA2DS2-VASc score; (3) lifestyle behaviors (smoking history, drinking history); (4) clinical comorbidities (hypertension, diabetes, and coronary artery disease); (5) pharmacotherapeutic regimens (β-blockers, Class I/III antiarrhythmics, calcium channel blockers, aspirin, rivaroxaban, statins); and (6) renal function biomarkers (creatinine, uric acid, and urea nitrogen).



Grouping

According to the 2023 ACC/AHA/ACCP/HRS guideline for the diagnosis and management of atrial fibrillation, patients in the control group received individualized conventional medications such as β-blockers (e.g., metoprolol extended-release tablets, 47.5 mg, once a day), propafenone (150 mg, three times a day), or rivaroxaban (15 mg, once a day). Patients with hypertension, diabetes mellitus, and other disorders were treated with appropriate medications.

The EECP group underwent EECP treatment in addition to the use of conventional medication.



EECP

EECP therapy was administered using the Air-bag Type Sequential External Counter-pulsation Device (Chongqing PSK-Health Sci-Tech Development Co., Ltd., China; Model: P-ECP/TI). Treatment comprised 60-min daily sessions, 5 days/week, delivered over four consecutive weeks.

A counterpulsation pressure of 0.025–0.045 MPa was used during EECP therapy and the following principles were followed: ① adjusting the therapeutic pressure to maximize the diastolic surge wave during counterpulsation therapy; and ② selecting the minimum therapeutic pressure while maintaining the principle of the highest surge wave. Patient treatment compliance was greater than or equal to 90%, EECP treatment was supervised by a cardiac rehabilitator, and there were no adverse events or withdrawals during treatment.



Observation indexes

Blood pressure and heart rate measurements, including systolic and diastolic blood pressure, were recorded for both the control and EECP groups before and after the treatment intervention using Patient Monitor (PHILIPS, GS20, Philips Goldcorp Shenzhen Industrial Co., Ltd.).

Cardiac ultrasound evaluations [recording of left ventricular ejection fraction (LVEF), left atrial diameter (LAD), and left ventricular end-diastolic diameter (LVEDD)] were performed within 1 week before the start of the 4-week treatment and 1 week after the end of the treatment, and were completed by two ultrasonographers certified by ultrasound exams, who were unaware of the subgroups. Intraobserver variability was <5%.

Furthermore, based on previously validated literature (8), the Self-rating Anxiety Scale (SAS) and Self-rating Depression Scale (SDS) were administered to both groups to quantitatively assess the levels of anxiety and depression before and after the treatment. The scale self-assessment process and results were assessed and reviewed by two nurses who were professionally trained and unaware of the subgroups. The Chinese version of the SAS and SDS have been validated in the Chinese population with Cronbach's alpha coefficients of 0.73 and 0.79, respectively (9).



Statistical processing

Data analysis was conducted using SPSS 27.0. Continuous variables were expressed as the mean ± standard deviation (x ± s), the independent sample t-test was used for comparison between groups, and the pairs of samples t-test was used for comparison before and after treatment. Categorical data were presented as frequencies (n) and percentages (%), with group comparisons performed using the Chi-square (χ2) test. The difference was considered statistically significant at P < 0.05.




Results


Baseline profile status of patients with AF

There was no statistically significant difference in the baseline data of gender, age, smoking history, drinking history, family history of hypertension, prevalence of hypertension, diabetes mellitus, coronary heart disease, BMI, and course of AF between the EECP and control AF patients, indicating that the two balanced groups were comparable (P > 0.05, Table 1).


TABLE 1 Comparison of baseline characteristics of patients with AF.
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EECP effects on blood pressure and heart rate

Before the implementation of the intervention, there was no statistically significant difference in the comparison of systolic blood pressure, diastolic blood pressure, and heart rate levels between the EECP and control groups (all P > 0.05). After the intervention, the systolic blood pressure (126.98 ± 12.39 vs. 139.12 ± 14.13, P < 0.05), the diastolic blood pressure (72.16 ± 11.92 vs. 78.28 ± 11.94, P < 0.05) and the level of heart rate (74.20 ± 9.51 vs. 76.38 ± 9.57, P < 0.05) of the EECP group and the systolic blood pressure (134.50 ± 12.56 vs. 140.70 ± 13.19, P < 0.05), the diastolic blood pressure (74.68 ± 10.79 vs. 77.64 ± 10.35, P < 0.05) of the control group decreased significantly compared to the pre-intervention period. While the systolic blood pressure indexes of the EECP group (72.16 ± 11.92) decreased significantly compared to that of the control group (74.68 ± 10.79, P < 0.05), and the difference between the diastolic blood pressure indexes and the level of heart rate was not statistically significant, although they were also reduced (P > 0.05, Table 2).


TABLE 2 Comparison of blood pressure and heart rate between the two groups.
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EECP effects on cardiac ultrasound indices

Before the implementation of the intervention, there was no statistically significant difference in the comparison of LVEF, LVEDD, and LAD between the two groups (all P > 0.05). After the intervention, the LVEF of the EECP group (65.30 ± 4.98 vs. 46.34 ± 5.66) and the control group (52.62 ± 3.91 vs. 47.37 ± 5.35) were significantly higher and the LVEDD and LAD were significantly lower than before intervention, and the LVEF (65.30 ± 4.98 vs. 52.62 ± 3.91), LVEDD (44.69 ± 3.64 vs. 52.46 ± 2.66), and LAD (40.33 ± 2.08 vs. 41.24 ± 1.76) of the EECP group were significantly better than those of the control group (all P < 0.05, Table 3).


TABLE 3 Comparison of cardiac ultrasound indices between the two groups.
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EECP effects on anxiety and depression

There was no statistically significant difference between the SAS, and SDS scale scores of the two groups before the implementation of the intervention (all P > 0.05). After the intervention, the above indexes of the two groups were lower than before the intervention (all P < 0.05). The mean SAS score after the intervention in the EECP group was 32.26 ± 3.30, significantly lower than 34.88 ± 4.20 in the control group, and the mean SDS score after the intervention in the EECP group was 34.32 ± 3.55, significantly lower than 37.70 ± 4.66 in the control group, which suggests that the EECP can significantly improve anxiety and depression (all P < 0.05, Table 4).


TABLE 4 Comparison of SAS and SDS between the two groups.
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Discussion

The findings of this study revealed that, compared to the control group, the EECP group exhibited significant reductions in SAS and SDS scores, as well as decreases in systolic blood pressure. Concurrently, there was a notable increase in LVEF following four weeks of EECP treatment.

EECP has emerged as a widely utilized treatment modality for a spectrum of cardiovascular conditions, including coronary heart disease, heart failure, hypertension, and cerebrovascular disease, as well as diabetes mellitus (10–14). The therapeutic mechanism of EECP involves the application of an airbag device around the patient's lower limbs and buttocks. Under the guidance of electrocardiographic monitoring, the airbags are inflated sequentially, beginning in the diastolic phase of the cardiac cycle from the distal end of the extremities and progressing proximally. This sequence generates a retrograde pressure wave that propels blood in the arteries backward into the aorta, augmenting diastolic pressure within the aortic lumen, thereby enhancing myocardial perfusion and alleviating myocardial ischemia. During cardiac systole, as monitored, the airbags deflate, facilitating the emptying of peripheral arteries to accommodate the increased blood volume pumped by the heart. In terms of renal function, EECP has been shown to increase effective renal blood flow, suppress the renin-angiotensin-aldosterone system (RAAS), and decrease renin secretion (15). The pathogenesis of atrial fibrillation (AF) is multifaceted, involving inflammation, oxidative stress, autonomic dysfunction, cardiac structural remodeling, and myocardial fibrosis (16). It is established that AF can elevate RAAS activity, triggering a cascade of physiopathological responses (17). We hypothesize that the inhibition of RAAS by EECP may provide a theoretical basis for its potential impact on AF.

Some research results show that cardiac rehabilitation can improve patients' physical function, enhance their exercise capacity, and alleviate negative emotions, thus improving the quality of life and decreasing the death rate of cardiovascular disease by nearly 30% (18). Among them, EECP as a passive aerobic exercise has become the focus of current research in the field of cardiac rehabilitation (19). One study found that after 1 course of using EECP, the 6-minute walking distance (6MWD) of patients with refractory angina increased by 46 meters on average, and anxiety was significantly improved (20). The results of a prospective study in Denmark showed that after 12 months of EECP treatment, the adverse mood of patients with coronary artery disease was significantly improved, indicating that EECP can effectively treat anxiety and depression in patients with coronary artery disease, and some scholars believe that EECP can reduce the inflammatory factors in the blood of patients with coronary artery disease, and play the role of anti-anxiety and depression by alleviating the symptoms of angina pectoris in the patients (21). The results of this study showed that EECP was effective in improving anxiety and depression in patients with PAF, in which the decrease of SAS and SDS in the EECP group was significantly better than that in the control group. This is consistent with the findings of the above study that EECP improves negative mood in other diseases, but the pathophysiological mechanism is not clear. The results of a study by Yu et al. revealed that patients with PAF treated with EECP had a significantly lower rate of recurrence of AF at 1–3 months of follow-up compared with the control group (27.8% vs. 47.4%) (5). This may also be one of the reasons for improving anxiety and depression in AF patients to some extent.

In addition, this study found that EECP reduced blood pressure and heart rate in patients with PAF, and in particular, SBP decreased more significantly in the EECP group than in the control group. This is similar to the findings of Sardari et al. In their study, it was found that the resting systolic blood pressure of patients decreased from (125.59 ± 22.35) mmHg to (116.26 ± 14.93) mmHg after 35 sessions of EECP treatment (22). EECP reduces the afterload of the heart, which leads to an increase in cardiac output, thus reducing the EECP can also effectively reduce the secretion of antihypertensive substances and stimulate the secretion of antihypertensive substances, such as increasing the secretion and release of cardiac natriuretic hormone (CNS), increasing the secretion of prostacyclin (PGI-2), increasing the expression of nitric oxide (NO) and decreasing the expression of plasma endothelin-1 (ET-1), which can reduce the peripheral resistance and arterial pressure (23). This study also showed an increase in LVEF (65.30 ± 4.98 vs. 46.34 ± 5.66) and a decrease in LVEDD (44.69 ± 3.64 vs. 59.19 ± 5.83) and LAD (40.33 ± 2.08 vs. 42.30 ± 2.30) in PAF patients treated with EECP. A META analysis of EECP and heart failure also showed a beneficial effect of EECP on LVEF (SMD = 0.64, 95% CI: 0.29–1.00, P = 0.0004) (11). The results of another study of EECP in heart failure showed that EECP reduced LVEDD (63.02 ± 10.39vs. 49.23 ± 4.16) and increased LVEF (43.51 ± 2.24 vs. 65.21 ± 6.01) (24). All of the above studies confirmed the role of EECP in improving left ventricular systolic function, which is similar to the findings of the present study, but the improvement in LAD may be more important in patients with AF.

Due to the limitations of study design, ethical review, and practical clinical practice of EECP, this study did not have a placebo control group, which could have led to the observation of a placebo effect or improvement in the natural course of the disease. However, we used conventional standard therapy as a control, and significant changes in objective parameters (blood pressure, heart rate, and cardiac ultrasound parameters) still support the efficacy of EECP treatment and positively contributed to the improvement of patients' anxiety and depression. Many similar randomized controlled studies do not currently adopt a placebo design, probably considering the difficulties of clinical ethics and specific operations (12, 25). However, we still need to recognize the potential impact of the lack of placebo control, and future studies could further differentiate the specific effects through a three-arm design (EECP group, drug control group, and placebo group).

In this study, by randomly dividing PAF patients into conventional treatment groups and EECP group, it was found through comparison that EECP could reduce blood pressure and heart rate, improve cardiac ultrasound-related indexes, and effectively relieve patients' anxiety and depression. Through this study, we expect that EECP can provide a scientific basis for the mental health management of PAF patients, provide a reference for clinicians to formulate personalized treatment plans, and ultimately improve the overall prognosis of PAF patients. However, this study also has the following limitations. Firstly, the duration of the study was relatively short, and the sample size was not large enough to draw definitive conclusions. Secondly, there was a lack of placebo control. Finally, we did not conduct long-term follow-up to assess the long-term efficacy of EECP. Future research should address these limitations by using a three-arm design, employing larger sample sizes, and utilizing a large number of metrics to thoroughly investigate the long-term effects of EECP on mental health outcomes in PAF patients.



Conclusion

This study found that EECP can effectively improve anxiety and depression in PAF patients. We believe that as the clinical application research of EECP continues to deepen, this non-invasive treatment will play a more important role in the comprehensive treatment of PAF patients.
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Data for categorical variables are expressed as absolute numbers (percentages) and
continuous variables are expressed as mean + standard deviation. CHA2DS2-VASe Score
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