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Background and aims: The treatment of chronic constipation is still a great challenge in clinical practice. This study aimed to determine the efficacy and sustained effects of transcutaneous electrical acustimulation (TEA) at acupoint ST36 on the treatment of chronic constipation and explore possible underlying mechanisms.

Methods: Forty-four patients with chronic constipation were recruited and randomly assigned to a TEA group or sham-TEA group. A bowel diary was recorded by the patients. The Patient Assessment of Constipation Symptom (PAC-SYM) and the Patient Assessment of Constipation Quality of Life (PAC-QoL) questionnaires were administered during each visit. Anal and rectal functions were evaluated with anorectal manometry. Autonomic functions were assessed by the special analysis of heart rate variability derived from the ECG recording.

Results: Compared with sham-TEA, 2-week TEA treatment significantly increased the number of spontaneous bowel movements (SBMs) (5.64 ± 0.54 vs. 2.82 ± 0.36, P < 0.001) and lowered the total scores of PAC-SYM (0.90 ± 0.14 vs. 1.35 ± 0.13, P < 0.001) and PAC-QoL (0.89 ± 0.13 vs. 1.32 ± 0.14, P < 0.05). TEA improved symptoms, as reflected by a reduction in the straining (P < 0.001), the incomplete defecation (P < 0.05), the frequency of emergency drug use (P < 0.05), the days of abdominal distension (P < 0.01) and an increase in intestinal satisfaction (P < 0.01). Interestingly, the effects of TEA on the improvement of weekly SBMs sustained four weeks after the cessation of treatment (P < 0.001). Anorectal manometry indicated that 2-week treatment of TEA lowered the threshold of first sensation (P < 0.05), desire of defecation (P < 0.01) and maximum tolerable volume (P < 0.001) compared with sham-TEA group. TEA also significantly enhanced vagal activity, reflected by high-frequency band of heart rate variability, compared with sham-TEA (57.86 ± 1.83 vs. 48.51 ± 2.04, P < 0.01).

Conclusion: TEA ameliorates constipation with sustained effects, which may be mediated via improvement of rectal sensitivity and enhancement of vagal activity.

Clinical trial registration: [https://clinicaltrials.gov/], identifier [ChiCTR210004267].
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Introduction

Chronic constipation is one of the most common gastrointestinal (GI) disorders, affecting approximately 15% of the global population (Bharucha and Lacy, 2020) and 37.7% of people over 80 years old (Chu et al., 2014), and has a substantial impact on both patients and healthcare systems, resulting in an enormous healthcare resource burden (Camilleri et al., 2017; Shah et al., 2021). Chronic constipation is usually characterized by the decreased spontaneous bowel movements (SBMs, <3 per week), difficulty in defecation, incomplete evacuation, excess straining and other accompanying symptoms (Forootan et al., 2018).

Conventional treatments of chronic constipation mainly include lifestyle modification, medications and other auxiliary techniques. Non-pharmaceutical treatment via lifestyle modification is the most widely recommended therapy for chronic constipation (Lindberg et al., 2011; Tack et al., 2011; Park et al., 2012; Bharucha et al., 2013; Gwee et al., 2013; Drossman and Hasler, 2016). However, a large number of patients still have no choice but to turn to drugs when they fail to relieve constipation by lifestyle adjustment. Yet, medications used to treat chronic constipation are not always satisfactory due to inefficacy or their side effects (Ford and Suares, 2011; Blackett et al., 2018). Some laxatives even worsen constipation when used improperly (Herrle et al., 2004). What’s more, laxatives are not able to alleviate all the symptoms caused by constipation (Tran and Di Palma, 2005; Gordon et al., 2016). Although prucalopride, a novel high-affinity selective 5-hydroxytryptamine 4 receptor agonist, has been approved for the treatment of severe chronic constipation (SCC), especially for those patients who couldn’t obtain an appropriate therapeutic response from laxatives, it may also cause a variety of side effects, such as nausea, diarrhea, abdominal pain, and headache, and does not work for a fair proportion of patients (Liu et al., 2021).

Acupuncture is a therapeutic technique which has been used for a long time to treat various GI diseases. Previous studies have demonstrated a favorable effect of acupuncture on the treatment of chronic constipation (Liu et al., 2016). Currently, electroacupuncture (EA) is more commonly used in clinical practice (Chao and Zhang, 2014). EA uses electric current instead of manual manipulation to stimulate acupoints. A recent multicenter, randomized, controlled trial with 560 participants by Liu et al. showed that 8-week EA was non-inferior to prucalopride in increasing the proportion of participants with ≥ 3 mean weekly complete SBMs. There was no difference in the improvement of gastrointestinal discomforts and quality of life of SCC between EA and prucalopride groups. More interestingly, the effects of EA could be sustained for up to 24 weeks after treatment (Liu et al., 2021). However, EA uses needles and can only be performed by healthcare providers or acupuncturists. Patients have to go to a clinic to receive EA treatment, which results in high cost and low patient adherence. Transcutaneous electrical acustimulation (TEA) is a non-invasive needleless modality that stimulates acupuncture points via surface electrodes instead of acupuncture needles. TEA is easy to learn and can be performed at home by patients themselves (Chen et al., 2017). Several recent studies have preliminarily explored the effect of TEA on the treatment of constipation. Zhang et al. (2014) found that TEA at both the posterior tibial nerve (PTN) and Zusanli (ST36) was effective in relieving constipation via the modulation of autonomic function. Wu et al. (2020) designed a cross-over study to compare the effectiveness of TEA at ST36 and TEA at PTN in treating functional constipation and found that TEA was more potent at ST36 than at PTN in improving constipation and the constipation-related symptoms. Liu et al. (2020) reported the ameliorating effects of TEA at the Neiguan (PC6) and ST36 acupoints combined with adaptive biofeedback training in patients with functional outlet obstruction constipation. However, these studies were all conducted in a single center and lacked comprehensive analysis of constipation symptoms and rectal sensation. In addition, it was unknown whether there was a sustained effect on constipation after termination of TEA treatment.

In this randomized, single-blinded, sham-controlled, multicenter study, we aimed to investigate the efficacy of TEA at ST36 on treating constipation, including improvements in constipation-related symptoms and the quality of life. A 4-week follow-up after treatment termination was conducted to clarify the long-term effect of TEA. Rectal sensation and autonomic function were measured to explore the underlying mechanisms of TEA in patients with chronic constipation.



Materials and methods


Study participants

Forty-four patients with chronic constipation were recruited for this study at the Department of Gastroenterology, Changzheng Hospital, and the Department of Gastroenterology, Shanghai East Hospital, from June 2020 to March 2021. The inclusion criteria were as follows: (i) willing to follow the treatment plan; (ii) 18-75 years old (regardless of sex); (iii) diagnosed with chronic constipation. The exclusion criteria included (i) history of malignant tumors; (ii) chronic constipation caused by drugs, such as antidepressants, opioids, and antiepileptic drugs; (iii) severe cardio-cerebrovascular disease; (iv) history of abdominal surgery within 6 months (except for appendectomy, cholecystectomy and cesarean section); (v) cognitive impairment, aphasia, mental disorders or diseases that may affect patient cooperation; (vi) being pregnant, preparing to become pregnant or lactating; (vii) being familiar with the position of acupoints or received this therapy previously; (viii) having dermatosis affecting electrode placement; and (ix) researchers determining that this study’s treatment was not suitable.



Study design

The study protocol was approved by the Ethics Committee of Changzheng Hospital (No. 2020SL034) and conformed to the ethical guidelines of the 1975 Declaration of Helsinki. The trial was registered at www.chictr.org.cn (No. ChiCTR2100042676). The protocol was explained to each patient, and written informed consent was obtained from each participant before the procedure. All authors had access to the study data and reviewed and approved the final manuscript.

This was a randomized, single-blinded, sham-controlled, multicenter study. Eligible patients were randomly assigned to the TEA group or sham-TEA group at a ratio of 1:1 according to a computer-generated random digital table. An appropriate sample size was calculated by G*power analyses based on our preliminary study. One week before the study, all patients were asked to stop using laxatives, suppositories other related drugs and stop receiving enemas that can assist with defecation. Patients were allowed to continue life modifications they used before joining the study but not recommended for any new life modification measures. The TEA and sham-TEA treatments were performed 1 h twice a day after breakfast and dinner for 14 days for all patients. After termination of the 2-week treatment, a four-week follow-up was conducted for each participant.

The patients were provided a bowel diary to be completed at home. The diary included the following items: number of bowel movements (BMs), number of SBMs, use of emergency drugs, straining duration defecation, incomplete feeling after defecation, time spent per defecation, occurrence of abdominal distension, and abdominal pain. Additionally, the bowel diary was accompanied by a picture of the Bristol Stool Form Scale (BSFS) to help each patient identify and record fecal traits (Jaruvongvanich et al., 2017). If a patient did not defecate spontaneously for 3 consecutive days or was unable to tolerate the symptoms of constipation during the period of treatment at home, polyethylene glycol electrolyte powder was allowed to be taken orally as an emergency treatment solution (1 packet of agent A + 1 packet of agent B dissolved in 125 ml of water each time), and its usage was recorded. During the 2-week treatment, all the participants were required to record the number of times they strained to defecate, the number of incomplete defecations, the time spent on each defecation, the type of BSFS scale, the frequency of emergency drug use, the score of intestinal satisfaction (recorded by a visual analog scale), the days of abdominal pain, the days of abdominal distension and the treatment time of electrical acustimulation per day. Then, the proportion of straining and the proportion of incomplete defecation from the total number of defecations in each patient per week were calculated.

The patients were required to receive 3 office visits (before treatment, the termination of the 2-week treatment and the termination of the 4-week follow-up) during the whole study. The patients were required to complete questionnaires, including the Patient Assessment of Constipation Symptoms (PAC-SYM) and the Patient Assessment of Constipation Quality of Life (PAC-QoL) at each visit. In addition, electrocardiography (ECG) and anorectal manometry (ARM) were performed in the two groups before and after the two-week treatment.



Assessment of Patient Assessment of Constipation Symptoms and Patient Assessment of Constipation Quality of Life

The PAC-SYM questionnaire, consisting of 12 questions representing stool symptoms, abdominal symptoms and rectal symptoms, was used to evaluate the severity of constipation-related symptoms (Frank et al., 1999). The PAC-QoL questionnaire was adopted to assess the quality of life of patients with chronic constipation; this questionnaire contains a total of 28 items and comprises 4 subscales for the assessments of physical discomfort, psychosocial distress, worries and concerns, and satisfaction (Marquis et al., 2005). The average scores of each subscale and the total subscales were recorded.



Needleless transcutaneous electrical acustimulation and sham- transcutaneous electrical acustimulation treatments

ST36 (Zusanli) was chosen as the stimulation acupoint for the TEA treatment via a watch-sized digital stimulator (SNM-FDC01: Ningbo Maida Medical Device, Ningbo, China) as previously reported (Zhang et al., 2021). The parameters were set as follows: train on-time of 2 s and off-time of 3 s, pulse width of 0.5 ms, and pulse frequency of 25 Hz; the pulse amplitude of stimulation was adjusted in a range of 2-10 mA based on patient tolerability and preference (Zhang et al., 2014; Liu et al., 2018; Wu et al., 2020). As a control, sham-TEA was performed using the same stimulation parameters as TEA but with electrodes placed at 10-15 cm below and lateral to ST36 at non-acupoints (Zhang et al., 2018). The recruited patients were blinded to the type of treatment they were assigned.



Efficacy and safety assessment

The primary study endpoints were the number of weekly SBMs, the improvement in PAC-SYM and the improvement in PAC-QoL. The secondary endpoints were time spent on each defecation, stool characteristics according to the Bristol stool chart, frequency of emergency drug usage, intestinal satisfaction score and time spent on TEA treatment.

Safety assessments consisted of monitoring adverse events and the results of clinical laboratory testing if needed. Severe adverse events were defined as those leading to hospitalization, prolonged hospitalization, disability, impact on work capacity, endangered life, or death.



Evaluation of anal and rectal function

Anorectal manometry (ARM) is an objective and widely applied clinical procedure in the evaluation of both anal and rectal function. In this study, a high-resolution ARM test was measured by using a water-perfused manometric system (a pressure catheter with outer diameter of 4.2 mm and a rectal balloon connected to the distal end; GAP-36A, Ningbo Maida Medical Device, Inc.) (Wu et al., 2020). The manometric catheter was lubricated and then inserted into the anorectum. After resting for a few minutes, the subject was asked to contract the anus three times and then strain it three times. The anorectal inhibitory reflex was then evaluated by inflating the balloon attached to the tip of the catheter with a hand-held syringe to a volume from 0-50 ml. Finally, a syringe was used to inflate the balloon gradually until reaching the subject’s maximum tolerance (Meunier and Gallavardin, 1993; Diamant et al., 1999); during the ramp distention, the patient was asked to report first sensation, desire to defecate, urge to defecate and maximum tolerance.



Assessment of autonomic functions

Autonomic functions were evaluated by spectral analysis of heart rate variability (HRV). The procedure was conducted as follows: after a 10-min rest, the patient remained in a supine position, and five surface electrodes were placed at the intersection of the midline of the clavicle and the bilateral second rib and eighth rib, and the intersection of the right sternal edge and the third rib. All these electrodes were connected to an ECG amplifier (ECG-201, Ningbo Maida Medical Device, Inc.). The ECG was recorded for 30 min at baseline and 30 min after the 2-week TEA treatment in a fasting state. A previously validated custom-made software was used to derive an HRV signal from the ECG and perform spectral analysis of the HRV signal (Liu S. et al., 2008). The power in the low-frequency band (0.04 to 0.15 Hz; LF) of the HRV spectrum represented mainly sympathetic activity, while the power in the high-frequency band (0.15 to 0.50 Hz; HF) reflected purely vagal or parasympathetic activity. The LF:HF ratio reflected the balance between sympathetic and parasympathetic activity (Sallam et al., 2007; McNearney et al., 2013).



Statistical analysis

All data were analyzed by SPSS 26.0 (IBM SPSS, Chicago, IL, USA). The data are presented as means ± standard errors (SEs). P < 0.05 was considered statistically significant. Paired Student’s t test or Wilcoxon test were used to investigate the differences in parameters before and after the treatment. Independent sample t tests or Wilcoxon tests were used to compare the differences between the TEA group and the sham-TEA group. The proportions of participants with ≥ 3 weekly SBMs after treatment between the two groups were compared using χ2 tests.




Results


Patient demographics and baseline characteristics

A total of 44 patients with chronic constipation were recruited and randomized into sham-TEA and TEA groups at a ratio of 1:1. There were no patient dropouts of patients during the whole study. The demographics and baseline characteristics of the patients are shown in Table 1. There were no significant differences in demographics or baseline characteristics (including age, sex, BMI, smoking, drinking, blood pressure, history of chronic constipation, and comorbidities) between the two groups.


TABLE 1    Baseline characteristics of the patients with chronic constipation.
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Effects of TEA on weekly SBMs of patients with chronic constipation

As shown in Figure 1A, the number of weekly SBMs in patients was significantly increased from 1.57 ± 0.17 at baseline to 5.64 ± 0.54 after 2 weeks of TEA treatment (P < 0.001). There was also an improvement in the sham-TEA group (2.82 ± 0.36 vs 1.48 ± 0.18, P < 0.01). However, the intergroup analysis showed that the number of weekly SBMs after treatment in the TEA group was significantly higher than that of the sham-TEA group (5.64 ± 0.54 vs. 2.82 ± 0.36, P < 0.001). The proportion of participants with ≥3 weekly SBMs after treatment in the TEA group was higher than that in the sham-TEA group (90.9 vs. 54.5%, P < 0.05; Figure 1B). These results demonstrated that TEA treatment was able to improve the number of weekly SBMs and was more effective than the sham-TEA treatment.
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FIGURE 1
Effects of TEA and sham-TEA on the weekly SBMs of patients with chronic constipation after 2 weeks’ treatment. (A) The mean weekly SBMs in the two groups before and after 2 weeks of treatment (vs. baseline, ##P < 0.01, ###P < 0.001; vs. sham-TEA, ***P < 0.001). (B) The proportion of patients with <3 and ≥3 mean weekly SBMs after 2 weeks of treatment in the two groups.




Effects of transcutaneous electrical acustimulation on constipation-related symptoms and quality of life

To further explore the efficacy of TEA on the objective symptoms and the quality of life of chronic constipation patients, we collected PAC-SYM and PAC-QoL scale data before and after the treatment. As shown in Figure 2A, the total PAC-SYM score in the TEA group was significantly decreased after 2 weeks of treatment when compared with baseline (0.90 ± 0.14 vs. 1.54 ± 0.13, P < 0.01), while there was no significant improvement in the sham-TEA group (1.35 ± 0.13 vs. 1.46 ± 0.12, P = 0.538). The total PAC-SYM score in the TEA group was also lower than that of the sham-TEA group after treatment (0.90 ± 0.14 vs. 1.35 ± 0.13, P < 0.001). Further analysis of the scores from the three subscales of the PAC-SYM scale showed that the score of stool symptoms, score of abdominal symptoms and score of rectal symptoms after treatment were significantly lower than those before treatment in the TEA group when compared with baseline (all P < 0.001, Supplementary Figure 1). Moreover, there was no significant differences in the three subscales in the sham-TEA control group before and after treatment (all P > 0.05, Supplementary Figure 1). There was also a significant difference in the score of stool symptoms between the two groups after treatment (P < 0.05, Supplementary Figure 1A).
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FIGURE 2
Effects of TEA on the PAC-SYM and the PAC-QoL. The total PAC-SYM score (A) and total score of PAC-QoL (B) in TEA group and sham-TEA group after 2 weeks of treatment (vs baseline, #P < 0.05, ##P < 0.01, ###P < 0.001; vs sham-TEA, *P < 0.05, ***P < 0.001).


After 2 weeks of TEA treatment, the total PAC-QoL score in the TEA group significantly decreased when compared with baseline (0.89 ± 0.13 vs. 1.77 ± 0.14, P < 0.001; Figure 2B). The score in the sham-TEA group was decreased but to a significantly lesser degree than that of the TEA group (1.32 ± 0.14 vs. 1.71 ± 0.12, P < 0.05; Figure 2B). The total PAC-QoL score in the TEA group was also lower than that of the sham-TEA group after treatment (0.89 ± 0.13 vs. 1.32 ± 0.14, P < 0.05; Figure 2B). The four subscales of the PAC-QoL scale in the two groups were further analyzed. The results showed that TEA treatment for 2 weeks significantly decreased the score of physical discomfort symptoms and the score of psychosocial symptoms when compared with its baseline (P < 0.001 and P < 0.01, respectively; Supplementary Figures 2A,B). No significant difference in these two scores was observed in the sham-TEA group before and after treatment (P = 0.087 and P = 0.208, respectively; Supplementary Figures 2A,B). Interestingly, both TEA and sham-TEA treatment showed amelioration effects on the score of worries and concerns (P < 0.01 and P < 0.05, respectively; Supplementary Figure 2C) and score of satisfaction (P < 0.001 and P < 0.05, respectively; Supplementary Figure 2D) after treatment compared with their baseline. There were also significantly differences in the score of physical discomfort and the score of satisfaction between the two groups after treatment (all P < 0.01, Supplementary Figures 2A,D).



Effects of transcutaneous electrical acustimulation on bowel diary parameters

Patients with chronic constipation often suffer from various symptoms, such as straining, feeling of incomplete defecation, abdominal pain and abdominal distension. As shown in Supplementary Table 1, the proportion of straining and incomplete defecation was significantly lower in the TEA group than in the sham-TEA group after 2 weeks of treatment (P < 0.001 and P < 0.05, respectively). In addition, TEA significantly reduced the frequency of emergency drug use compared with that of the sham-TEA control group (0.82 ± 0.31 vs. 1.98 ± 0.40, P < 0.05). The intestinal satisfaction after treatment in the TEA group was significantly higher than that of the sham-TEA control group (57.27 ± 4.47 vs. 31.36 ± 5.59, P < 0.01). Similarly, the number of days of abdominal distension in the TEA group was significantly lower than that of the sham-TEA group (2.95 ± 0.40 vs. 5.86 ± 0.69, P < 0.01). There was no significant difference in defecation time, the number of days of abdominal pain, the scores of the BSFS scale or electrical stimulation duration between the two groups after treatment (all P > 0.05).



Sustained effects of transcutaneous electrical acustimulation on constipation

To explore whether the effects of TEA on chronic constipation were sustained after termination of treatment, we conducted a four-week follow-up after the cessation of the 2-week treatment. The weekly SBMs of the patients in the TEA group and sham-TEA group were recorded every week. In the TEA group, the mean of weekly SBMs increased quickly and peaked ≥5 at week 1 and remained above 4 during the 4-week follow-up period. However, the sham-TEA treatment increased the patients’ weekly SBMs only for the two weeks, reached ≥2 at week 1-2, and decreased gradually to baseline level during the 4-week follow-up period (Figure 3A). The changes from baseline in the TEA group during week 1-6 was greater than that of the sham-TEA group (all P < 0.05; Supplementary Table 2). At the end of the follow-up period, the number of weekly SBMs was still notably higher than that at baseline in the TEA group (4.07 ± 0.40 vs. 1.57 ± 0.17, P < 0.001), whereas no significant difference was found in the sham-TEA group between baseline and the end of follow-up (1.48 ± 0.18 vs. 1.73 ± 0.18, P = 0.086) (Figure 3B). The number of weekly SBMs in the TEA group was significantly higher than that of the sham-TEA group at the same time point (4.07 ± 0.40 vs. 1.73 ± 0.18, P < 0.001; Figure 3B). These data suggest that TEA had a sustained effect on the improvement of patients’ weekly SBMs.
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FIGURE 3
The sustained effect of TEA on the improvement of patients’ weekly SBMs. Weekly SBMs in the TEA group and sham-TEA group during the study (A). Weekly SBMs in the TEA group and sham-TEA group at 6 weeks after treatment (B) (vs baseline, ###P < 0.001; vs sham-TEA, ***P < 0.001).




Mechanisms of transcutaneous electrical acustimulation involved in improving rectal sensitivity

To explore the potential mechanisms of TEA involved in improving constipation, we analyzed anal and rectal sensory functions before and after the 2-week treatment. As shown in Table 2, compared with baseline, the threshold of first sensation (55.91 ± 6.02 ml vs. 44.55 ± 4.04 ml, P < 0.05), desire for defecation (92.27 ± 6.96 ml vs. 72.72 ± 5.74 ml, P < 0.01), urge for defecation (138.18 ± 10.62 ml vs. 113.64 ± 7.10 ml, P < 0.01), and maximum tolerable volume (177.73 ± 11.47 ml vs. 145.91 ± 7.97 ml, P < 0.001) in the TEA group after treatment all showed a significant decrease, which was not the case in the sham-TEA group (all P > 0.05). However, no significant changes were found in rectal resting pressure, anal maximum squeeze pressure or rectoanal inhibitory reflex before and after treatment in either group (all P > 0.05). Inter-group comparisons showed that the threshold of first sensation, desire for defecation and maximum tolerable volume in the TEA group were significantly decreased compared to those in the sham-TEA group after treatment (all P < 0.05). These results indicate that the improvement of rectal sensitivity was involved in the mechanisms mediating TEA’s therapeutic effect on chronic constipation.


TABLE 2    Comparison of parameters of ARM before and after treatment in TEA group (n = 22) and sham-TEA group (n = 22).
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Autonomic mechanisms underlying the therapeutic effects of transcutaneous electrical acustimulation on chronic constipation

Autonomic dysfunction is an important pathogenesis of chronic constipation (Mazur et al., 2012; Jang et al., 2017). Therefore, we derived HRV signals from ECG recordings and analyzed their frequency spectrum to explore the effects of TEA on autonomic function in patients with chronic constipation. As shown in Figure 4A, the HF value assessed from HRV increased from 53.26 ± 1.95 at baseline to 57.86 ± 1.83 at the end of the 2-week treatment in the TEA group (P < 0.001), whereas there was no significant change in the HF value between baseline and after treatment in the sham-TEA group (49.50 ± 2.15 vs. 48.51 ± 2.04, P = 0.600). In contrast, the LF value decreased from 57.26 ± 1.92 at baseline to 51.21 ± 2.06 after treatment in the TEA group (P < 0.01). Similarly, there was no significant difference in the LF value between baseline and after treatment in the sham-TEA group (50.87 ± 1.95 vs. 51.64 ± 1.64, P = 0.693; Figure 4B). The ratio of LF/HF was significantly lower than that at baseline in the TEA group after 2-week treatment (0.89 ± 0.02 vs. 1.08 ± 0.02, P < 0.001), while the sham-TEA treatment did not affect the LF/HF ratio (1.08 ± 0.03 vs. 1.03 ± 0.01, P = 0.123) (Figure 4C). There were significant differences in HF (57.86 ± 1.83 vs. 48.51 ± 2.04, P < 0.01) and LF/HF ratio (0.89 ± 0.02 vs. 1.08 ± 0.03, P < 0.001) between the two groups after treatment. Further analysis demonstrated that the number of weekly SBMs was positively correlated with HF (r = 0.412, P < 0.01; Figure 4D) and negatively correlated with LF/HF (r = −0.317, P < 0.05; Figure 4E). Together, TEA significantly increased vagal activity and decreased sympathetic activity in patients with chronic constipation. These data suggested that the modulation of autonomic function might contribute to the therapeutic effects of TEA on chronic constipation.
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FIGURE 4
Effects of TEA on autonomic function. The HF (A), LF (B) and LF/HF ratio (C) in TEA group and sham-TEA group after 2 weeks of treatment (vs. baseline, ##P < 0.01, ###P < 0.001; vs. sham-TEA, **P < 0.01, ***P < 0.001). The correlation between weekly SBMs and HF (D). The correlation between weekly SBMs and the LF/HF ratio (E).





Discussion

The high prevalence of chronic constipation and the symptoms caused by this disease severely affects patients’ quality of life. In this prospective, multicenter, randomized controlled clinical study, we found that TEA substantially increased the number of weekly SBMs, alleviated constipation-related symptoms and improved the quality of life in patients with chronic constipation. Through a 4-week follow-up period after cessation of treatment, we also observed a sustained effect of TEA on constipation, which was not obtained by sham-TEA treatment. The ARM measurement showed that TEA significantly improved rectal sensitivity when compared with sham-TEA after 2 weeks of treatment. TEA also enhanced vagus nerve activity and restore the balance of autonomic function in the chronic constipation patients.

Originating from traditional Chinese medicine, EA was reported to be effective in treating constipation in a previous multi-center study with a cohort of 1075 patients experiencing chronic severe functional constipation (Liu et al., 2016) and was non-inferior to prucalopride in 560 patients with SCC (Liu et al., 2021). In the present study, we demonstrated that single acupoint stimulation at ST36 by needleless TEA not only substantially increased weekly SBMs but also improved constipation-related symptoms and patients’ life quality. More interestingly, we found that the effect of TEA on chronic constipation lasted at least 4 weeks after termination of treatment, which was concordant with the EA results reported by Liu et al. Based on these results, we concluded that needleless and self-administrable TEA could be used as an easy-to-implement and low-cost modality for patients with chronic constipation.

From previous studies, we can find that the placebo effect is commonly observed in patients with functional gastrointestinal diseases when using medications or acupuncture (Zhang et al., 2014; Morishita et al., 2021; Wang et al., 2022). Recently published research demonstrates that acupuncture therapy not only has specific therapeutic effects, but also causes non-specific effects influenced by the placebo effect, expectancy effect, Hawthorne effect and Pygmalion effect (Gong et al., 2019). Herein, we also found that two weeks of sham-TEA treatment increased the number of weekly SBMs from 1.48 ± 0.18 to 2.82 ± 0.36 in chronic constipation patients. However, the improvement in weekly SBMs was more obvious in the TEA group than in the sham-TEA group. Importantly, there were significant differences in the mean weekly SBMs at the end of treatment and the end of the follow-up between the two groups. During the follow-up period, we also found that the non-specific effects associated with sham-TEA quickly disappeared since the stimulation was stopped. These data suggest the therapeutic effect of TEA on chronic constipation is mainly based on the specific effect of acupuncture.

Previous studies have reported that impairment of rectal sensitivity occurs in patients with constipation (Wu et al., 2020; Vollebregt et al., 2021). Rectal sensory thresholds were reported to be increased in constipated patients (Liu T.T. et al., 2008). Zhang et al. reported that transcutaneous neuromodulation at posterior tibial nerve and ST36 significantly decreased the threshold volume to elicit rectoanal inhibitory reflex, ameliorated rectal sensory threshold and maximum tolerance in patients with chronic constipation (Zhang et al., 2014). They later found that transcutaneous neuromodulation at ST36 was able to decrease the urge threshold to rectal distention and the maximum tolerance threshold (Wu et al., 2020). In the current study, TEA at single acupoint ST36 was found to ameliorate rectal sensation by reducing the threshold of first sensation, desire for defecation and maximum tolerable volume. Taken together, these data suggest rectal sensitivity modulation is involved in the therapeutic effect of TEA on chronic constipation.

The autonomic nervous system is known to play a key role in gastrointestinal motility, and the parasympathetic nerve interacts with the enteric nervous system, which is crucial for normal rectal sensation (Wu et al., 2020). In a canine study, electrical stimulation at ST36 restored rectal distention-induced impairment in colonic motility by enhancing vagal activity (assessed by spectral analysis of HRV) mediated via the cholinergic pathway (Jin et al., 2015). In this study, TEA at ST36 was performed using the same parameters as in the previous canine study and enhanced vagal activity was assessed by the same method. It was further demonstrated that the number of weekly SBMs of patients was positively correlated with HF and negatively correlated with LF/HF. These agreements suggest that the improvement in constipation with TEA was at least partly attributed to enhancement in vagal activity.

There were some limitations in our study. (i) Our study was single-blinded, and the patients completed TEA/sham-TEA at home. Although patients familiar with the position of acupoints were excluded, the information bias caused by patients’ subsequent understanding of acupoint distribution was hard to avoid. (ii) Although the study was conducted in two centers, we did not employ a large sample size in this study, which might cause bias in statistical analysis. (iii) We only conducted a 4-week follow-up after treatment. Thus, it is still uncertain the exact effective duration of this technique. However, a recent study in patients with constipation dominant irritable bowel syndrome using a similar TEA method, demonstrated a sustained effect on constipation 5 months after a 4-week treatment (Huang et al., 2022).

In conclusion, needleless TEA at single acupoint ST36 alleviates constipation and related symptoms as well as improves the quality of life in patients with chronic constipation, and the effects are sustained for at least 4 weeks. The mechanism of the therapeutic effect of TEA on chronic constipation may be related to improvements in rectal sensitivity and enhancement of parasympathetic activity. Studies with longer follow-up periods and larger sample sizes are necessary to fully determine the potential of this treatment in the future.
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SUPPLEMENTARY FIGURE 1
Effects of TEA on the subscales of the PAC-SYM. The score of stool symptoms (A), score of abdominal symptoms (B) and score of rectal symptoms (C) in TEA group and sham-TEA group after 2-week treatment (vs. baseline, ###P < 0.001; vs. sham-TEA, *P < 0.05).

SUPPLEMENTARY FIGURE 2
Effects of TEA on the subscales of the PAC-QoL. The score of physical discomfort (A), score of psychosocial domains (B), score of worries and concerns (C) and score of satisfaction (D) in TEA group and sham-TEA group after 2-week treatment (vs. baseline, ##P < 0.01, ###P < 0.001; vs. sham-TEA, **P < 0.01).



References

Bharucha, A. E., and Lacy, B. E. (2020). Mechanisms, evaluation, and management of chronic constipation. Gastroenterology 158, 1232–1249.e3. doi: 10.1053/j.gastro.2019.12.034

Bharucha, A. E., Pemberton, J. H., and Locke, G. R. III (2013). American gastroenterological association technical review on constipation. Gastroenterology 144, 218–238. doi: 10.1053/j.gastro.2012.10.028

Blackett, J. W., Rosenberg, R., Mahadev, S., Green, P. H. R., and Lebwohl, B. (2018). Adenoma detection is increased in the setting of melanosis coli. J. Clin. Gastroenterol. 52, 313–318. doi: 10.1097/MCG.0000000000000756

Camilleri, M., Ford, A. C., Mawe, G. M., Dinning, P. G., Rao, S. S., Chey, W. D., et al. (2017). Chronic constipation. Nat. Rev. Dis. Primers 3:17095.

Chao, G. Q., and Zhang, S. (2014). Effectiveness of acupuncture to treat irritable bowel syndrome: A meta-analysis. World J. Gastroenterol. 20, 1871–1877. doi: 10.3748/wjg.v20.i7.1871

Chen, J. D., Yin, J., and Wei, W. (2017). Electrical therapies for gastrointestinal motility disorders. Expert Rev. Gastroenterol. Hepatol. 11, 407–418. doi: 10.1080/17474124.2017.1298441

Chu, H., Zhong, L., Li, H., Zhang, X., Zhang, J., Hou, X., et al. (2014). Epidemiology characteristics of constipation for general population, pediatric population, and elderly population in China. Gastroenterol. Res. Pract. 2014:532734.

Diamant, N. E., Kamm, M. A., Wald, A., and Whitehead, W. E. (1999). AGA technical review on anorectal testing techniques. Gastroenterology 116, 735–760. doi: 10.1016/s0016-5085(99)70195-2

Drossman, D. A., and Hasler, W. L. (2016). Rome IV-functional gi disorders: Disorders of gut-brain interaction. Gastroenterology 150, 1257–1261. doi: 10.1053/j.gastro.2016.03.035

Ford, A. C., and Suares, N. C. (2011). Effect of laxatives and pharmacological therapies in chronic idiopathic constipation: Systematic review and meta-analysis. Gut 60, 209–218.

Forootan, M., Bagheri, N., and Darvishi, M. (2018). Chronic constipation: A review of literature. Medicine 97:e10631.

Frank, L., Kleinman, L., Farup, C., Taylor, L., and Miner, P. Jr. (1999). Psychometric validation of a constipation symptom assessment questionnaire. Scand. J. Gastroenterol. 34, 870–877.

Gong, Y., Chang, H., Gao, J. S., Liu, C. D., Han, B. W., Wu, X. K., et al. (2019). Progress of researches on non-specific effect of acupuncture. Zhen Ci Yan Jiu 44, 693–697.

Gordon, M., MacDonald, J. K., Parker, C. E., Akobeng, A. K., and Thomas, A. G. (2016). Osmotic and stimulant laxatives for the management of childhood constipation. Cochrane Database Syst. Rev. 2016:CD0 09118.

Gwee, K. A., Ghoshal, U. C., Gonlachanvit, S., Chua, A. S., Myung, S. J., Rajindrajith, S., et al. (2013). Primary care management of chronic constipation in Asia: The ANMA chronic constipation tool. J. Neurogastroenterol. Motil. 19, 149–160. doi: 10.5056/jnm.2013.19.2.149

Herrle, F., Peters, T., Lang, C., von Fluee, M., Kern, B., Peterli, R., et al. (2004). Bolus obstruction of pouch outlet by a granular bulk laxative after gastric banding. Obes. Surg. 14, 1022–1024. doi: 10.1381/0960892041719563

Huang, Z., Lin, Z., Lin, C., Chu, H., Zheng, X., Chen, B., et al. (2022). Transcutaneous electrical acustimulation improves irritable bowel syndrome with constipation by accelerating colon transit and reducing rectal sensation using autonomic mechanisms. Am. J. Gastroenterol. 117, 1491–1501. doi: 10.14309/ajg.0000000000001882

Jang, A., Hwang, S. K., Padhye, N. S., and Meininger, J. C. (2017). Effects of cognitive behavior therapy on heart rate variability in young females with constipation-predominant irritable bowel syndrome: A parallel-group trial. J. Neurogastroenterol. Motil. 23, 435–445. doi: 10.5056/jnm17017

Jaruvongvanich, V., Patcharatrakul, T., and Gonlachanvit, S. (2017). Prediction of delayed colonic transit using bristol stool form and stool frequency in eastern constipated patients: A difference from the west. J. Neurogastroenterol. Motil. 23, 561–568. doi: 10.5056/jnm17022

Jin, H., Liu, J., Foreman, R. D., Chen, J. D., and Yin, J. (2015). Electrical neuromodulation at acupoint ST36 normalizes impaired colonic motility induced by rectal distension in dogs. Am. J. Physiol. Gastrointest. Liver Physiol. 309:G368–G376. doi: 10.1152/ajpgi.00467.2014

Lindberg, G., Hamid, S. S., Malfertheiner, P., Thomsen, O. O., Fernandez, L. B., Garisch, J., et al. (2011). World gastroenterology organisation global guideline: Constipation-a global perspective. J. Clin. Gastroenterol. 45, 483–487. doi: 10.1097/MCG.0b013e31820fb914

Liu, B., Wu, J., Yan, S., Zhou, K., He, L., Fang, J., et al. (2021). Electroacupuncture vs prucalopride for severe chronic constipation: A multicenter, randomized, controlled, noninferiority trial. Am. J. Gastroenterol. 116, 1024–1035. doi: 10.14309/ajg.0000000000001050

Liu, J., Chen, H., Wu, D., Wei, R., Lv, C., Dong, J., et al. (2020). Ameliorating effects of transcutaneous electrical acustimulation at Neiguan (PC6) and Zusanli (ST36) acupoints combined with adaptive biofeedback training on functional outlet obstruction constipation. Evid. Based Complement. Alternat. Med. 2020:8798974. doi: 10.1155/2020/8798974

Liu, S., Peng, S., Hou, X., Ke, M., and Chen, J. D. (2008). Transcutaneous electroacupuncture improves dyspeptic symptoms and increases high frequency heart rate variability in patients with functional dyspepsia. Neurogastroenterol. Motil. 20, 1204–1211. doi: 10.1111/j.1365-2982.2008.01164.x

Liu, T. T., Chen, C. L., and Yi, C. H. (2008). Anorectal manometry in patients with chronic constipation: A single-center experience. Hepatogastroenterology 55, 426–429.

Liu, Z., Ge, Y., Xu, F., Xu, Y., Liu, Y., Xia, F., et al. (2018). Preventive effects of transcutaneous electrical acustimulation on ischemic stroke-induced constipation mediated via the autonomic pathway. Am. J. Physiol. Gastrointest. Liver Physiol. 315:G293–G301. doi: 10.1152/ajpgi.00049.2018

Liu, Z., Yan, S., Wu, J., He, L., Li, N., Dong, G., et al. (2016). Acupuncture for chronic severe functional constipation: A randomized trial. Ann. Intern. Med. 165, 761–769.

Marquis, P., De La Loge, C., Dubois, D., McDermott, A., and Chassany, O. (2005). Development and validation of the patient assessment of constipation quality of life questionnaire. Scand. J. Gastroenterol. 40, 540–551. doi: 10.1080/00365520510012208

Mazur, M., Furgala, A., Jablonski, K., Mach, T., and Thor, P. (2012). Autonomic nervous system activity in constipation-predominant irritable bowel syndrome patients. Med. Sci. Monit. 18:CR493–CR499. doi: 10.12659/MSM.883269

McNearney, T. A., Sallam, H. S., Hunnicutt, S. E., Doshi, D., and Chen, J. D. (2013). Prolonged treatment with transcutaneous electrical nerve stimulation (TENS) modulates neuro-gastric motility and plasma levels of vasoactive intestinal peptide (VIP), motilin and interleukin-6 (IL-6) in systemic sclerosis. Clin. Exp. Rheumatol. 31, 140–150. doi: 10.1159/000171417

Meunier, P. D., and Gallavardin, D. (1993). Anorectal manometry: The state of the art. Dig. Dis. 11, 252–264.

Morishita, D., Tomita, T., Mori, S., Kimura, T., Oshima, T., Fukui, H., et al. (2021). Senna versus magnesium oxide for the treatment of chronic constipation: A randomized, placebo-controlled trial. Am. J. Gastroenterol. 116, 152–161. doi: 10.14309/ajg.0000000000000942

Park, K. S., Choi, S. C., Park, M. I., Shin, J. E., Jung, K. W., Kim, S. E., et al. (2012). Practical treatments for constipation in Korea. Korean J. Intern. Med. 27, 262–270.

Sallam, H., McNearney, T. A., Doshi, D., and Chen, J. D. (2007). Transcutaneous electrical nerve stimulation (TENS) improves upper GI symptoms and balances the sympathovagal activity in scleroderma patients. Dig. Dis. Sci. 52, 1329–1337. doi: 10.1007/s10620-006-9257-3

Shah, E. D., Staller, K., Nee, J., Ahuja, N. K., Chan, W. W., Lembo, A., et al. (2021). Evaluating the impact of cost on the treatment algorithm for chronic idiopathic constipation: Cost-effectiveness analysis. Am. J. Gastroenterol. 116, 2118–2127. doi: 10.14309/ajg.0000000000001403

Tack, J., Muller-Lissner, S., Stanghellini, V., Boeckxstaens, G., Kamm, M. A., Simren, M., et al. (2011). Diagnosis and treatment of chronic constipation–a European perspective. Neurogastroenterol. Motil. 23, 697–710. doi: 10.1111/j.1365-2982.2011.01709.x

Tran, L. C., and Di Palma, J. A. (2005). Lack of lasting effectiveness of PEG 3350 laxative treatment of constipation. J. Clin. Gastroenterol. 39, 600–602. doi: 10.1097/01.mcg.0000170769.67320.47

Vollebregt, P. F., Burgell, R. E., Hooper, R. L., Knowles, C. H., and Scott, S. M. (2021). Clinical impact of rectal hyposensitivity: A cross-Sectional study of 2,876 patients with refractory functional constipation. Am. J. Gastroenterol. 116, 758–768. doi: 10.14309/ajg.0000000000001039

Wang, L., Xian, J., Sun, M., Wang, X., Zang, X., Zhang, X., et al. (2022). Acupuncture for emotional symptoms in patients with functional gastrointestinal disorders: A systematic review and meta-analysis. PLoS One 17:e0263166. doi: 10.1371/journal.pone.0263166

Wu, G. J., Xu, F., Sun, X. M., and Chen, J. D. Z. (2020). Transcutaneous neuromodulation at ST36 (Zusanli) is more effective than transcutaneous tibial nerve stimulation in treating constipation. J. Clin. Gastroenterol. 54, 536–544.

Zhang, B., Hu, Y., Shi, X., Li, W., Zeng, X., Liu, F., et al. (2021). Integrative effects and vagal mechanisms of transcutaneous electrical acustimulation on gastroesophageal motility in patients with gastroesophageal reflux disease. Am. J. Gastroenterol. 116, 1495–1505. doi: 10.14309/ajg.0000000000001203

Zhang, B., Xu, F., Hu, P., Zhang, M., Tong, K., Ma, G., et al. (2018). Needleless transcutaneous electrical acustimulation: A pilot study evaluating improvement in post-operative recovery. Am. J. Gastroenterol. 113, 1026–1035. doi: 10.1038/s41395-018-0156-y

Zhang, N., Huang, Z., Xu, F., Xu, Y., Chen, J., Yin, J., et al. (2014). Transcutaneous neuromodulation at posterior tibial nerve and ST36 for chronic constipation. Evid. Based Complement. Alternat. Med. 2014:560802. doi: 10.1155/2014/560802



OPS/images/fnins-16-1038922-g001.jpg
Number of weekly SBMs

ook HEl Baseline mm weekly SBMs <3

2 WK 1 weekly SBMs 23

it
[ 1
T

90.9%

]
|
1|

I
TEA sham-TEA TEA sham-TEA





OPS/images/fnins-16-1038922-g004.jpg
A * % B C * % %

Hm Baseline Bl Baseline Bl Baseline
80— HHH 80 - H#HH 1.5- HHt
2 WK 2 Wk 2 Wk
60— I —_— 60— \

*
- o X 1.0- 1
L 40- % 40-
0.5+
20- 204
0- T T 0- T 0.0- T
TEA sham-TEA

T
TEA sham-TEA TEA sham-TEA

LF/HF

O
m

16 |- 16 |-

o 121 ’ o 12} 9

s =

(01] 41]

7)) 7))

> 8F =

4 -

o V]

2 . 3 :
4_
0—1 1 1
30






OPS/images/fnins-16-1038922-g002.jpg
Total PAC-SYM score

7 fe

1.0-

0.5

0.0-

**k%

I
TEA

sham-TEA

HEl Baseline
2 WK

Total PAC-QOL score

2.9

2.0

Pl

1.0-

0.5

0.0-

*

| | mm Baseline
HitHt # 2 wk

TEA sham-TEA





OPS/images/fnins-16-1038922-g003.jpg
>

Number of weekly SBMs

Treatment
period

-

Follow-up
period

- TEA
% Sham-TEA

Number of weekly SBMs

it *kk m 0wk
II - 6 WK
T
-
TEA sham-TEA





OPS/images/cross.jpg
@ Check for updates.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Sustained ameliorating effects and autonomic mechanisms of transcutaneous electrical acustimulation at ST36 in patients with chronic constipation



		Introduction



		Materials and methods



		Study participants



		Study design



		Assessment of Patient Assessment of Constipation Symptoms and Patient Assessment of Constipation Quality of Life



		Needleless transcutaneous electrical acustimulation and sham- transcutaneous electrical acustimulation treatments



		Efficacy and safety assessment



		Evaluation of anal and rectal function



		Assessment of autonomic functions



		Statistical analysis







		Results



		Patient demographics and baseline characteristics



		Effects of TEA on weekly SBMs of patients with chronic constipation



		Effects of transcutaneous electrical acustimulation on constipation-related symptoms and quality of life



		Effects of transcutaneous electrical acustimulation on bowel diary parameters



		Sustained effects of transcutaneous electrical acustimulation on constipation



		Mechanisms of transcutaneous electrical acustimulation involved in improving rectal sensitivity



		Autonomic mechanisms underlying the therapeutic effects of transcutaneous electrical acustimulation on chronic constipation







		Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary Material



		References

















OPS/images/cover.jpg
, frontiers ‘ Frontiers in Neuroscience

Sustained ameliorating effects
and autonomic mechanisms
of transcutaneous electrical

acustimulation at ST36
In patients with chronic
constipation












OPS/images/logo.jpg
'frontiers ‘ Frontiers in Neuroscience







OPS/images/fnins-16-1038922-t001.jpg
Variables

Number

Age (y)

Female (%)

BMI (kg/m?)

Ex or current smoker
Alcohol abuse

Systolic pressure

(mmHg)

Diastolic pressure
(mmHg)

History of chronic

constipation

Duration of

constipation (y)
Weekly SBMs
Intestinal satisfaction

Comorbidities (%)
Diabetes

Thyroid disease

TEA
(n=22)

22
4536+ 322
16 (72.7%)
22.36 % 0.50
3 (13.6%)
2(9.1%)
124.86 +2.76

77.36 £+ 2.04

12.52 + 1.97

1.57 £ 017
15.45+2.77
4(18.2%)
4 (20%)

0 (0%)

Sham-TEA
(n=22)

22
52.59 + 3.05
14 (63.6%)
2334 +0.71
3 (13.6%)

3 (13.6%)
130.23 £3.13

80.82 +2.33

13.91 £ 2.06

1.48 £0.18
13.86 + 3.42
4(20%)

4 (15%)
1(5%)

P value

0.111
0.517
0.268
1.000
1.000
0.206

0.271

0.629

0.713
0.719
1.000
1.000
1.000





OPS/images/fnins-16-1038922-t002.jpg
Parameters of ARM

Rectal resting pressure
Anal maximum squeeze pressure
Rectal sensory threshold

First sensation

Desire of defecation

Urge of defecation

Maximum tolerable volume

Rectoanal inhibitory reflex

Baseline

87.00 £ 4.50
201.81 +13.48

55.91 +6.02
92.27 +6.96
138.18 +10.62
177.73 £ 11.47
18.18 £ 1.07

TEA

84.38 +3.46
190.16 + 12.94

44.55 +4.04
72.72 £5.74
113.64 £7.10
14591 £7.97
17.73 4 1.13

P#

0.284
0.168

0.014
0.001
0.005
<0.001
0.329

Baseline

84.45+3.78
175.54 & 8.51

55.91 £ 5.80
90.00 £ 7.67
125.9147.75
164.09 + 8.26
19.55 4+ 1.54

Sham-TEA

83.65 £+ 2.63
166.13 & 7.80

58.64 & 5.52
95.45 + 7.67
132.73 7,03
169.09 + 7.89
20.00 £ 1.47

P’

0.788
0.131

0.486
0.174
0.096
0.316
0.576

p*

0.867
0.119

0.046
0.022
0.063
0.045
0.228

Rectal resting pressure and anal maximum squeeze pressure are in mmHg; Rectal sensory threshold and rectoanal inhibitory reflex are in ml. P*: TEA vs baseline, P%: sham-TEA vs.

baseline, P*: TEA vs sham-TEA.





