

[image: image1]
Cardiovascular effects of auricular stimulation -a systematic review and meta-analysis of randomized controlled clinical trials









 


	
	
TYPE Systematic Review
PUBLISHED 01 September 2023
DOI 10.3389/fnins.2023.1227858






Cardiovascular effects of auricular stimulation -a systematic review and meta-analysis of randomized controlled clinical trials

Kevin Hua1, Mike Cummings2, Miriam Bernatik3, Benno Brinkhaus1, Taras Usichenko4,5 and Joanna Dietzel1*


1Institute for Social Medicine, Epidemiology and Health Economics, Berlin Institute of Health, Charité - University Medicine, Corporate Member of Freie Universität Berlin, Humboldt-Universität zu Berlin, Berlin, Germany

2British Medical Acupuncture Society, London, United Kingdom

3International Society for Chinese Medicine, Munich, Germany

4Department for Anesthesiology, University Hospital Greifswald, Greifswald, Germany

5Department of Anesthesia, McMaster University, Hamilton, ON, Canada

[image: image2]

OPEN ACCESS

EDITED BY
 Daniel Bia, Universidad de la República, Uruguay

REVIEWED BY
 Florian Beissner, Insula Institute for Integrative Therapy Research, Germany
 Arun Sridhar, Independent Researcher, Milton Keynes, United Kingdom

*CORRESPONDENCE
 Joanna Dietzel, Joanna.Dietzel@charite.de 

RECEIVED 23 May 2023
 ACCEPTED 17 August 2023
 PUBLISHED 01 September 2023

CITATION
 Hua K, Cummings M, Bernatik M, Brinkhaus B, Usichenko T and Dietzel J (2023) Cardiovascular effects of auricular stimulation -a systematic review and meta-analysis of randomized controlled clinical trials. Front. Neurosci. 17:1227858. doi: 10.3389/fnins.2023.1227858

COPYRIGHT
 © 2023 Hua, Cummings, Bernatik, Brinkhaus, Usichenko and Dietzel. 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.
 

Background: The number of randomized controlled trials using auricular stimulation (AS) such as transauricular vagus nerve stimulation, or other auricular electrostimulation or auricular acupuncture or acupressure, in experimental and clinical settings, has increased markedly over the last three decades. This systematic review focusses on cardiovascular effects of auricular stimulation.

Methods and analysis: The following databases were searched: MEDLINE (PubMed), EMBASE, Cochrane Central Register of Controlled Trials (CENTRAL), ISI Web of Science, and Scopus Database. RCTs were reviewed that had been published in English and European languages. Data collection and analysis was conducted by two reviewers independently. Quality and risk assessment of included studies was performed and the meta-analysis of the effect of the most frequently assessed biomarkers.

Results: Altogether, 78 trials were included. 38 studies assessed heart rate (HR), 19 studies analyzed heart rate variability (HRV), 31 studies analyzed blood pressure (BP) and 7 studies were identified that measured oxygen saturation (O2), 2 studies on baroreflex sensitivity and 2 studies on skin conductance were evaluated in this review. 26 studies contained continuous data and were eligible for meta-analysis, 50 trials reported non continuous data and were evaluated descriptively. The overall quality of the studies was moderate to low. AS leads to a significant reduction of HR, the changes though were not considered an adverse reaction. Furthermore, when looking at HRV, AS was able to reduce the LF/HF ratio significantly compared to control procedures. No other cardiovascular parameters (blood pressure, oxygen saturation, baroreflex sensitivity) were changed significantly. AS produced only minor side effects in all trials.

Conclusion: AS can lead to clinically safe reduction of HR and changes in the LF/HF ratio of the HRV, which is presumably via an increase in vagal activity. More research is needed to clarify whether AS can be used to modulate tachycardia or indications with autonomic imbalance.

Systematic review registration: https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=231885 PROSPERO, ID CRD42021231885.
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1. Introduction

Research evaluating the effectiveness of stimulation of the pinna (auricular stimulation, AS) has markedly increased in the last 30 years. AS trials apply a variety of techniques such as acupuncture or acupressure, or electrostimulation on distinct anatomical regions of the auricle. For an extended list of AS techniques see Table 1. The potential mechanism of AS effects is attributed to the neuroanatomical conditions of the external auricle. It is presumed that AS exerts its effects via the involvement of cranial nerves V, VII and X (Peuker and Filler, 2002). Alderman’s nerve or Arnold’s nerve is a branch of the vagus nerve which forms a receptive field in the pinna of the ear; stimulation in these areas are thought to lead to vagal activation and to the modulation of brain areas involved in stress response, such as the limbic system, locus coeruleus and hypothalamus (Qu et al., 2014; Frangos et al., 2015). Smoking cessation, drug withdrawal, pain relief, heart rhythm disorders, epilepsy, insomnia and depression, and obesity treatments are among the most frequently evaluated conditions (Gates et al., 2006; Lan et al., 2015; Liu et al., 2018; Moura et al., 2019; Mendonça et al., 2020; Yap et al., 2020). Biomarkers, such as blood samples measuring metabolic profiles, inflammatory or immunological markers, anthropometric data such as weight, BMI, as well as cardiological and neurological electrophysiological measurements and functional neuroimaging are used as objective outcomes.



TABLE 1 Examples of auricular stimulation described in clinical trials.
[image: Table1]

However, an extensive overview including all types of AS and their effects on cardiovascular biomarkers, is missing. This systematic review was developed following the PRISMA guidelines to explore and evaluate-to our knowledge for the first time—the existing literature regarding the effect on cardiovascular parameters in randomized controlled trials comparing AS with sham AS or AS with no intervention. This review also aimed to investigate whether systemic effects from AS are clinically significant and helps to identify the potential for future clinical research for AS.


1.1. Objectives

The aim of this systematic review and meta-analysis is to evaluate the effects of AS on cardiovascular parameters and the safety of AS in healthy individuals and patients.




2. Methods

The systematic review protocol has been registered on PROSPERO (ID CRD42020184795). Since all data used in this systematic review have been published, this review does not require ethical approval.


2.1. Eligibility criteria for included trials in the review.


2.1.1. Types of trials

The review included only randomized controlled trials (RCTs) in English and other European languages. The funding source was registered. Systematic review and meta-analysis were conducted according to the Cochrane Handbook for Systematic Reviews of Interventions.



2.1.2. Types of participants

The review comprised randomized controlled studies in clinical settings (with patients) and experimental settings with healthy individuals. No restrictions regarding age, gender, or ethnicity of health conditions were made.



2.1.3. Types of interventions

We included all RCTs applying auricular stimulation alone or in addition to routine care. All interventions were eligible from traditional AS (i.e., auricular acupuncture, auricular electroacupuncture, auricular acupressure) to related techniques such as the electrical transcutaneous auricular vagus nerve stimulation (tVNS) in the conchae of the auricle or cranial electrotherapy stimulation (CES) with electrodes clipped to each earlobe. Any comparison with control conditions (sham acupuncture, sham acupressure, placebo stimulation, routine care etc.) were included. We excluded trials that compared one AS to another AS technique.



2.1.4. Types of outcome measures


2.1.4.1. Outcomes

We screened for the following parameters as part of our eligibility review of studies: heart rate (HR), systolic blood pressure (SBP), diastolic blood pressure (DBP), Heart rate variability (HRV,), Low frequency (LF), High frequency (HF), LF/HF ratio und oxygen partial pressure. All cardiovascular biomarkers, that were reported with results were extracted and evaluated, non-continuous data were extracted and evaluated separately. In serial measurements we chose the values at the end of the intervention period. Adverse event reporting was analyzed.





2.2. Search methods for identification of trials


2.2.1. Electronic searches.

Two researchers (JD and KH) searched the following databases from inception until 17th November of 2021: MEDLINE (PubMed), EMBASE, Cochrane Central Register of Controlled Trials (CENTRAL), ISI Web of Science, Scopus Database. The search strategy for medline was “randomized controlled trial” OR “controlled clinical trial” OR “randomized” OR “trial” OR “RCT” AND “auricular acupuncture” OR “auricular acupressure” OR “auricular electro-acupuncture” OR “auricular stimulation” OR “auriculotherapy” OR “ear acupuncture” OR “taVNS” OR “auricular vagus nerve stimulation” OR “tVNS” OR “transcutaneous vagus nerve stimulation” OR “transauricular vagus nerve stimulation” OR “percutaneous auricular vagus nerve stimulation” OR “auricular laser stimulation” OR “CES” OR “cranial electrotherapy stimulation.”




2.3. Data extraction and management


2.3.1. Trial identification

Two researchers (JD, KH) screened independently: titles, abstracts, and full texts for eligibility. Disagreements were resolved by discussion with a third author (TU). If an article did not provide enough information to decide about eligibility, we contacted the trial authors via e-mail. The selection process is depicted in the PRISMA Flow Chart in Figure 1 (Page et al., 2021). Management of selected studies was done with the help of the Covidence software (Covidence systematic review software, Veritas Health Innovation, Melbourne, Australia1).

[image: Figure 1]

FIGURE 1
 PRISMA flowchart. AA, auricular acupuncture; BA, body acupuncture.




2.3.2. Data extraction and assessment of risk of bias in included trials.

JD and KH independently extracted data and evaluated the methodological quality of each RCT using Risk of Bias domains recommended in the Cochrane Handbook following the RoB 1 tool with some modifications. A consensus procedure was performed before entering the data into Review Manager software (RevMan 5.4. 2020).



2.3.3. Measures of treatment effects and dealing with missing data

For non-continuous outcomes the effect measures of choice were analysed descriptively. Cardiovascular outcomes, that were presented as continuous data were analysed as mean differences with 95% confidence intervals (CI), or as standardized mean differences (SMD). If final means were not reported, we used changes from baseline in the meta-analysis. As well, in case of very different baseline values between groups, changes from baseline were used in the final calculation instead. If relevant numbers of data were missing, we reported it in the Risk of Bias section. We did not apply imputation or other strategies for missing data.



2.3.4. Assessment of heterogeneity

Owing to the broad inclusion criteria a high heterogeneity was to be expected. We only applied random effects meta-analysis (RE), instead of fixed effect meta-analysis (FE) where we considered high heterogeneity a relevant issue.

Heterogeneity was regarded substantial if T2 is greater than zero and either I2 is greater than 50% or in case of low p value (less than 0.10) in the Chi2 test for heterogeneity. The measure T2 can be calculated directly from Cochran’s Q. Here, the individual deviations are weighed according to the precision of the respective individual studies, i.e., studies with low random scatter are considered more than studies with lower precision and thus have less influence on the estimation of the meta-estimate. I2 according to Higgins/Thompson: I2 can be interpreted as the ratio of the variance between the studies to the total variance in the meta-analysis.



2.3.5. Assessment of reporting biases

A funnel plot with asymmetry was examined for each of the analyses and is provided in the Supplementary material.




2.4. Data synthesis

Fixed-effect meta-analysis were performed initially, in cases of high heterogeneity, random effect analyses were performed. Dichotomous data were analysed separately. The “fixed effects” approach assumes that effects are constant across studies, therefore it is only appropriate when heterogeneity between studies is negligible. In contrast, the “random effects” approach both within-study variance and between-study variance are considered to estimate the aggregate effect. The “random effects” approach is appropriate when heterogeneity between studies is significant and studies are expected to measure different true effects (Borenstein et al., 2010).

A Grading of Recommendations, Assessment, Development and Evaluation (GRADE) was performed for each cardiovascular parameter. With GRADE, the evidence is summarized in a summary-of-findings table, rating the certainty of evidence and the relative and absolute treatment effects for each important endpoint.

Subgroup analysis was performed to assess the effects of the different auricular stimulation methods. If the subgroup analysis using FE demonstrated heterogeneity, the data analysis was performed with the RE model. If we detected a wide dispersion of results between studies or limitation of the quality of the results due to methodologically weak studies, a sensitivity analysis was performed excluding outliers or limited to studies with low risk of bias.




3. Results


3.1. Literature search and analysis

Out of 1.274 trials that were analyzed with full-text analysis a total of 78 trials contained outcomes with cardiovascular parameters.



3.2. Data extraction and analysis

The number of trial participants, gender, age, type of intervention and assessment method for cardiovascular parameter are summarized in Table 2 with the overview of the included studies.



TABLE 2 Overview of included studies.
[image: Table2]



3.3. Quality assessment

The analysis of study quality was performed for the included studies in the meta-analysis. The overall study quality was moderate (see Figures 2, 3). Missing data did not bias the review findings in general.

[image: Figure 2]

FIGURE 2
 Risk of bias assessment for each study included in the meta-analysis.


[image: Figure 3]

FIGURE 3
 Risk of bias graph across all included studies.




3.4. Baseline characteristics

In total 3,777 patients were included in the systematic review of cardiovascular parameters. 55,5% were female. Four studies reported no information of the sex of the included population (Taylor and Lee, 1992; Strong et al., 2016; Abdi et al., 2017; Dellovo et al., 2019). The age of the patients ranged between 4 days and 86 years, with a median of 30 years. One study did not provide information about age (Strong et al., 2016).



3.5. Comparison of trial designs

We identified several trial designs. Sixty studies used a two-arm design (Ceccherelli et al., 1981; Allison et al., 1995; Killeen et al., 2002; Wang et al., 2004, 2009; Usichenko et al., 2005, 2006, 2007; Barker et al., 2006; Lin et al., 2011; Wetzel et al., 2011; Lu et al., 2012; Napadow et al., 2012; Arai et al., 2013; Busch et al., 2013; Hein et al., 2013; Clancy et al., 2014; Laqua et al., 2014; Capone et al., 2015, 2017; Hasan et al., 2015; Jacobs et al., 2015; Sellaro et al., 2015; Stavrakis et al., 2015, 2020; Steenbergen et al., 2015; Yeh et al., 2015; Bauer et al., 2016; Burger et al., 2016, 2017, 2018, 2019; Kuo et al., 2016; Luo et al., 2016; Chen et al., 2017; de Couck et al., 2017; Yu et al., 2017; Badran et al., 2018; Colzato et al., 2018; Fischer et al., 2018; Ventura-Bort et al., 2018; Wagenseil et al., 2018; Borges et al., 2019, 2020; Bretherton et al., 2019; Dellovo et al., 2019; Keute et al., 2019; Sclocco et al., 2019; Tobaldini et al., 2019; Villani et al., 2019; Gan et al., 2020; Giraudier et al., 2020; Hendawy and Abuelnaga, 2020; Kovacic et al., 2020; Ricci et al., 2020; Staley et al., 2020; Vosseler et al., 2020; Wu et al., 2020; Koenig et al., 2021; Zhu et al., 2021), 12 studies had three arms (Wang and Kain, 2001; Black et al., 2011; Taylor et al., 2013; Yeo et al., 2014; Széchenyi et al., 2015; Klausenitz et al., 2016; Strong et al., 2016; Antonino et al., 2017; Sabino-Carvalho et al., 2017; Gauthey et al., 2020; Usichenko et al., 2020; Borges et al., 2021) and 4 studies performed a four arm trial (Johnson et al., 1991; Karst et al., 2007; la Marca et al., 2010; Abdi et al., 2017), and 2 studies compared five arms (Taylor and Lee, 1992; Nakahara et al., 2019). 40 studies were conducted in healthy volunteers in an experimental setting (Johnson et al., 1991; Taylor and Lee, 1992; Wang and Kain, 2001; la Marca et al., 2010; Lin et al., 2011; Busch et al., 2013; Clancy et al., 2014; Laqua et al., 2014; Capone et al., 2015; Jacobs et al., 2015; Sellaro et al., 2015; Steenbergen et al., 2015; Széchenyi et al., 2015; Burger et al., 2016, 2017, 2018, 2019; Klausenitz et al., 2016; Antonino et al., 2017; de Couck et al., 2017; Sabino-Carvalho et al., 2017; Badran et al., 2018; Colzato et al., 2018; Fischer et al., 2018; Ventura-Bort et al., 2018; Wagenseil et al., 2018; Borges et al., 2019, 2020, 2021; Bretherton et al., 2019; Keute et al., 2019; Nakahara et al., 2019; Sclocco et al., 2019; Tobaldini et al., 2019; Villani et al., 2019; Gauthey et al., 2020; Giraudier et al., 2020; Ricci et al., 2020; Usichenko et al., 2020; Vosseler et al., 2020), while 38 evaluated AS in patients in a clinical setting (Ceccherelli et al., 1981; Allison et al., 1995; Killeen et al., 2002; Wang et al., 2004, 2009; Usichenko et al., 2005, 2006, 2007; Barker et al., 2006; Karst et al., 2007; Black et al., 2011; Wetzel et al., 2011; Lu et al., 2012; Napadow et al., 2012; Arai et al., 2013; Hein et al., 2013; Taylor et al., 2013; Yeo et al., 2014; Hasan et al., 2015; Stavrakis et al., 2015, 2020; Yeh et al., 2015; Bauer et al., 2016; Kuo et al., 2016; Luo et al., 2016; Strong et al., 2016; Abdi et al., 2017; Capone et al., 2017; Chen et al., 2017; Yu et al., 2017; Dellovo et al., 2019; Gan et al., 2020; Hendawy and Abuelnaga, 2020; Kovacic et al., 2020; Staley et al., 2020; Wu et al., 2020; Koenig et al., 2021; Zhu et al., 2021).

We identified different control groups. Most studies (62 in total) were sham controlled trials (Johnson et al., 1991; Taylor and Lee, 1992; Wang and Kain, 2001; Wang et al., 2004; Usichenko et al., 2005, 2006, 2007; Barker et al., 2006; Karst et al., 2007; la Marca et al., 2010; Black et al., 2011; Lin et al., 2011; Wetzel et al., 2011; Napadow et al., 2012; Busch et al., 2013; Hein et al., 2013; Taylor et al., 2013; Clancy et al., 2014; Laqua et al., 2014; Yeo et al., 2014; Capone et al., 2015, 2017; Hasan et al., 2015; Jacobs et al., 2015; Sellaro et al., 2015; Stavrakis et al., 2015, 2020; Steenbergen et al., 2015; Burger et al., 2016, 2017, 2018, 2019; Klausenitz et al., 2016; Luo et al., 2016; Strong et al., 2016; Abdi et al., 2017; Antonino et al., 2017; Chen et al., 2017; de Couck et al., 2017; Sabino-Carvalho et al., 2017; Badran et al., 2018; Colzato et al., 2018; Fischer et al., 2018; Ventura-Bort et al., 2018; Wagenseil et al., 2018; Borges et al., 2019, 2020, 2021; Bretherton et al., 2019; Keute et al., 2019; Sclocco et al., 2019; Villani et al., 2019; Gan et al., 2020; Gauthey et al., 2020; Giraudier et al., 2020; Kovacic et al., 2020; Ricci et al., 2020; Staley et al., 2020; Vosseler et al., 2020; Wu et al., 2020; Koenig et al., 2021). Sham interventions were electrodes without currents, or tVNS at parts of the auricle without vagal innervation, acupuncture or acupressure at selected points with another function, or empty acupressure without the pressing bead. Other trials had active controls (Taylor and Lee, 1992; Wang and Kain, 2001; la Marca et al., 2010; Yeo et al., 2014; Bauer et al., 2016; Klausenitz et al., 2016; Badran et al., 2018; Hendawy and Abuelnaga, 2020; Usichenko et al., 2020), no intervention (Ceccherelli et al., 1981; Johnson et al., 1991; Taylor and Lee, 1992; la Marca et al., 2010; Arai et al., 2013; Nakahara et al., 2019; Tobaldini et al., 2019), or routine care control (Ceccherelli et al., 1981; Karst et al., 2007; Lu et al., 2012; Yeh et al., 2015; Kuo et al., 2016; Strong et al., 2016; Dellovo et al., 2019).



3.6. Study interventions

Forty-five studies used noninvasive electrostimulation devices, among them 42 tVNS (Johnson et al., 1991; Busch et al., 2013; Hein et al., 2013; Clancy et al., 2014; Laqua et al., 2014; Capone et al., 2015, 2017; Hasan et al., 2015; Jacobs et al., 2015; Sellaro et al., 2015; Stavrakis et al., 2015, 2020; Steenbergen et al., 2015; Bauer et al., 2016; Burger et al., 2016, 2017, 2018, 2019; Antonino et al., 2017; de Couck et al., 2017; Sabino-Carvalho et al., 2017; Yu et al., 2017; Badran et al., 2018; Colzato et al., 2018; Fischer et al., 2018; Ventura-Bort et al., 2018; Borges et al., 2019, 2020, 2021; Bretherton et al., 2019; Keute et al., 2019; Sclocco et al., 2019; Tobaldini et al., 2019; Villani et al., 2019; Gauthey et al., 2020; Giraudier et al., 2020; Ricci et al., 2020; Staley et al., 2020; Vosseler et al., 2020; Wu et al., 2020; Koenig et al., 2021; Zhu et al., 2021) and 3 studies used CES (Taylor and Lee, 1992; Taylor et al., 2013; Wagenseil et al., 2018). 14 studies used auricular acupressure (Allison et al., 1995; Barker et al., 2006; WANG et al., 2009; Lin et al., 2011; Lu et al., 2012; Yeh et al., 2015; Kuo et al., 2016; Luo et al., 2016; Strong et al., 2016; Abdi et al., 2017; Chen et al., 2017; Dellovo et al., 2019; Gan et al., 2020; Hendawy and Abuelnaga, 2020) and 20 studies investigated auricular acupuncture (Ceccherelli et al., 1981; Wang and Kain, 2001; Killeen et al., 2002; Wang et al., 2004; Usichenko et al., 2005, 2006, 2007, 2020; Karst et al., 2007; la Marca et al., 2010; Black et al., 2011; Wetzel et al., 2011; Napadow et al., 2012; Arai et al., 2013; Yeo et al., 2014; Széchenyi et al., 2015; Klausenitz et al., 2016; Nakahara et al., 2019; Hendawy and Abuelnaga, 2020; Kovacic et al., 2020). Three research groups used additional electrostimulation with the auricular acupuncture (la Marca et al., 2010; Napadow et al., 2012; Kovacic et al., 2020). In terms of methodology, the included studies also varied in the choice of stimulation modality. 46 study groups performed unilateral stimulation of the ear. 20 study groups performed stimulation on both ears (Ceccherelli et al., 1981; Taylor and Lee, 1992; Wang and Kain, 2001; Barker et al., 2006; Black et al., 2011; Lin et al., 2011; Arai et al., 2013; Hein et al., 2013; Taylor et al., 2013; Klausenitz et al., 2016; Luo et al., 2016; Antonino et al., 2017; Chen et al., 2017; Sabino-Carvalho et al., 2017; Wagenseil et al., 2018; Gan et al., 2020; Usichenko et al., 2020; Zhu et al., 2021)la (Laqua et al., 2014; Strong et al., 2016). 4 studies performed alternating stimulation of both ears (Lu et al., 2012; Yeo et al., 2014; Abdi et al., 2017; Dellovo et al., 2019). 6 studies did not provide information on stimulation (WANG et al., 2009; Yeh et al., 2015; Kuo et al., 2016; Bretherton et al., 2019; Hendawy and Abuelnaga, 2020; Kovacic et al., 2020).

The 48 studies that conducted electrical stimulation provided information on the used frequency (Johnson et al., 1991; Taylor and Lee, 1992; la Marca et al., 2010; Napadow et al., 2012; Busch et al., 2013; Hein et al., 2013; Taylor et al., 2013; Clancy et al., 2014; Laqua et al., 2014; Capone et al., 2015, 2017; Hasan et al., 2015; Jacobs et al., 2015; Sellaro et al., 2015; Stavrakis et al., 2015, 2020; Steenbergen et al., 2015; Bauer et al., 2016; Burger et al., 2016, 2017, 2018, 2019; Antonino et al., 2017; de Couck et al., 2017; Sabino-Carvalho et al., 2017; Yu et al., 2017; Badran et al., 2018; Colzato et al., 2018; Fischer et al., 2018; Ventura-Bort et al., 2018; Wagenseil et al., 2018; Borges et al., 2019, 2020, 2021; Bretherton et al., 2019; Keute et al., 2019; Sclocco et al., 2019; Tobaldini et al., 2019; Villani et al., 2019; Gauthey et al., 2020; Giraudier et al., 2020; Hendawy and Abuelnaga, 2020; Ricci et al., 2020; Staley et al., 2020; Vosseler et al., 2020; Wu et al., 2020; Koenig et al., 2021; Zhu et al., 2021). Median frequency was 25 Hz ranging between 0,5 Hz and 100 Hz. In 36 trials that presented information on the current (Taylor and Lee, 1992; Napadow et al., 2012; Busch et al., 2013; Hein et al., 2013; Taylor et al., 2013; Clancy et al., 2014; Capone et al., 2015; Jacobs et al., 2015; Sellaro et al., 2015; Steenbergen et al., 2015; Bauer et al., 2016; Burger et al., 2016, 2017, 2018, 2019; Antonino et al., 2017; de Couck et al., 2017; Sabino-Carvalho et al., 2017; Colzato et al., 2018; Fischer et al., 2018; Ventura-Bort et al., 2018; Wagenseil et al., 2018; Borges et al., 2019, 2020, 2021; Bretherton et al., 2019; Keute et al., 2019; Sclocco et al., 2019; Tobaldini et al., 2019; Gauthey et al., 2020; Giraudier et al., 2020; Ricci et al., 2020; Stavrakis et al., 2020; Vosseler et al., 2020; Koenig et al., 2021; Zhu et al., 2021), the median was 1,15 mA, with a range between 0,1 mA and 45 mA. Concerning pulse width 41 studies reported information (la Marca et al., 2010; Napadow et al., 2012; Busch et al., 2013; Clancy et al., 2014; Laqua et al., 2014; Capone et al., 2015, 2017; Hasan et al., 2015; Jacobs et al., 2015; Sellaro et al., 2015; Stavrakis et al., 2015, 2020; Steenbergen et al., 2015; Bauer et al., 2016; Burger et al., 2016, 2017, 2018, 2019; Antonino et al., 2017; de Couck et al., 2017; Sabino-Carvalho et al., 2017; Yu et al., 2017; Badran et al., 2018; Colzato et al., 2018; Fischer et al., 2018; Ventura-Bort et al., 2018; Borges et al., 2019, 2020, 2021; Bretherton et al., 2019; Keute et al., 2019; Sclocco et al., 2019; Tobaldini et al., 2019; Villani et al., 2019; Gauthey et al., 2020; Giraudier et al., 2020; Ricci et al., 2020; Staley et al., 2020; Wu et al., 2020; Koenig et al., 2021; Zhu et al., 2021), the median pulse width was 250 μs ranging between 200 μs and 500 μs. Regarding the duty cycle 25 studies provided information (Johnson et al., 1991; Napadow et al., 2012; Capone et al., 2015, 2017; Hasan et al., 2015; Sellaro et al., 2015; Steenbergen et al., 2015; Bauer et al., 2016; Burger et al., 2016, 2018, 2019; de Couck et al., 2017; Yu et al., 2017; Colzato et al., 2018; Fischer et al., 2018; Ventura-Bort et al., 2018; Borges et al., 2019, 2020; Keute et al., 2019; Sclocco et al., 2019; Giraudier et al., 2020; Ricci et al., 2020; Vosseler et al., 2020; Wu et al., 2020; Koenig et al., 2021; Zhu et al., 2021), the median duty cycle was 30s with a range of 0,5 s to 300 s. Two trials performed continuous stimulation (Bretherton et al., 2019; Borges et al., 2021). In contrast only 2 studies stated information about the used voltage with 265 mV (la Marca et al., 2010) and 800 mV (Hendawy and Abuelnaga, 2020). For details of stimulation parameters and anatomic region of the pinna see Supplementary Table S2

The mean duration of stimulation was 285 h with a range from 20 min to 168 days. 5 trials did not provide information about stimulation duration (Yeo et al., 2014; Burger et al., 2017; Borges et al., 2019; Sclocco et al., 2019; Zhu et al., 2021). Short-term stimulations were usually performed with wither an electrical device such as the tVNS or mechanical stimulation such as auricular acupressure or acupuncture. The longest stimulation was performed with the Parasym stimulation device. The included population was scheduled to receive stimulation daily for 1 h over 6 months (Stavrakis et al., 2020).

In terms of selection of the auricular area of stimulation, the acupuncture and acupressure studies applied stimulation to single acupuncture points, such as the auricular points “Shenmen” (MA-TF 1) or “Lung” (MA-IC1). For the most frequently used ear- acupuncture points see Supplementary Figure S1.

Forty-seven studies used tVNS or CES as the stimulation variant. Interventions such as tVNS or CES apply electrical current to broader areas of the auricle such as the cymba concha or the tragus in tVNS or the earlobes such as in CES. According to Peuker and Filler (2002), the cymba conchae is innervated by the auricular branch of the nervus vagus (ABNV), the tragus has a mixed innervation of ABNV plus great auricular nerve (GAN, a superficial branch of the cervical plexus) and the earlobe is innervated primarily by the GAN and is therefore frequently used as sham- control. For the most frequently used areas of stimulation in the 78 included trials see Figure 4.

[image: Figure 4]

FIGURE 4
 Innervation of the pinna and area of stimulation in the trials. Red: ABVN-auricle branch of the vagus nerve, blue: GAN-great auricular nerve. Yellow: ATN-auriculo-temporal nerve. Modified from Peuker and Filler (2002).




3.7. Outcomes and safety parameters

Thirty-eight studies assessed heart rate (HR), 19 studies analyzed heart rate variability (HRV), 31 studies analyzed blood pressure (BP) and 7 studies were identified that measured oxygen saturation. In addition, 2 studies on baroreflex and 2 studies skin conductance were evaluated in this review.

Of the 76 studies identified, 26 studies contained continuous data and were eligible for meta-analysis, 50 trials reported non continuous data and were evaluated descriptively (see Table 3).



TABLE 3 Descriptive analysis of studies with non-continuous data.
[image: Table3]



3.8. Meta-analysis of auricular stimulation on cardiovascular parameters


3.8.1. Blood pressure

Twelve studies could be included for the meta-analysis regarding systolic and diastolic BP (see Figures 5, 6) (Allison et al., 1995; Wang et al., 2004; Yeh et al., 2015; Klausenitz et al., 2016; Kuo et al., 2016; Abdi et al., 2017; Fischer et al., 2018; Ventura-Bort et al., 2018; Giraudier et al., 2020; Ricci et al., 2020). Compared to the control methods, AS did not have a significant influence on systolic BP. MD = −1.15, 95% CI (−2.81 to 0.51), p = 0.16.

[image: Figure 5]

FIGURE 5
 Systolic blood pressure: auricular stimulation vs control.


[image: Figure 6]

FIGURE 6
 Diastolic blood pressure: auricular stimulation vs control.




3.8.2. Heart rate

Seventeen studies (Taylor and Lee, 1992; Wang et al., 2004; Barker et al., 2006; Lin et al., 2011; Busch et al., 2013; Yeh et al., 2015; Klausenitz et al., 2016; Kuo et al., 2016; Antonino et al., 2017; Chen et al., 2017; Sabino-Carvalho et al., 2017; Fischer et al., 2018; Ventura-Bort et al., 2018; Villani et al., 2019; Gan et al., 2020; Giraudier et al., 2020; Ricci et al., 2020; Vosseler et al., 2020) had data regarding HR (see Figure 7). The results suggest that auricular stimulation significantly reduces heart rate compared with control procedures MD = −1,23, 95% CI (−1.74 to −0.72), p = 0.0005. No drop of HR in any of the trials were regarded as adverse event. The strongest decrease was achieved in the auricular acupressure subgroup. Here Kuo et al. (2016) conducted a trial with 80 postpartum women, with the primary outcome to relieve stress and anxiety. The intervention group received auricular acupressure together with routine care over 4 days compared to a control group that received routine care only. The acupressure was administered by a researcher. HR was measured as secondary outcome parameter and showed to be lower in the intervention group compared to the routine care group by a mean of 9.2 bpm [CI95% 13.27, 5.13]. Barker et al. (2006) conducted a trial in 38 elder patients with fresh hip fracture to reduce pain and anxiety on the way to the hospital. Acupressure was administered by the paramedics before the transfer and compared to sham acupressure. The intervention group had significantly lower pain and anxiety and heart rates arriving at the hospital by a mean of 18 bpm. Interestingly this trial was a double-blind trial since the paramedics did not know if they administered at real or sham points on the auricle.
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FIGURE 7
 Heart rate: auricular stimulation vs control.


The reduction of HR in the electrostimulation group was statistically significant, but not clinically relevant- the strongest reduction was achieved in the experiment by Taylor and Lee (1992) on 90 healthy volunteer students, who received in a 5-armed randomized trial design 30 min of TENS electrostimulation of different intensities (0–5 kHz, 0-10 mA) to both earlobes or no stimulation. This safety trial monitored HR and blood pressure, and anxiety. The strongest reductions of HR were achieved in the 100 Hz group resulting in a mean 89.22 bpm + − SD 6.13 vs. 101.71 bpm + − SD 7.92 in the placebo TENS group.




3.9. Sensitivity analysis

Although the outlier that was excluded in favor of auricular stimulation in the sensitivity analysis, a significant reduction in heart rate could still be detected: MD (95%CI)-1.09 [−1.61, −0.58], p 0.0001.



3.10. Heart rate variability

Auricular stimulation does not significantly influence HRV compared to control procedures in 3 studies SMD = −0.02, 95% CI (−0.27 to 0.24), p = 0.82 (see Figure 8). Examining the high frequency (HF) power within HRV, auricular stimulation could not show any significant influence compared to the control procedures SMD = −0.14, 95% CI (−0.38 to 0.10), p = 0.25 (see Figure 9). Three studies had data to calculate low frequency (LF) power. Thereby, the experimental group leads to increased LF power. SMD = 0.30, 95% CI (0.01 to 0.59), p = 0.04 (see Figure 10). Regarding the LF/HF Ratio the analysis of 6 studies demonstrated, that auricular stimulation had a significant effect over control procedures with lower ratios in the AS group (MD = −0.14, 95% CI (−0.23 to 0.04), p = 0.007) (see Figure 11).
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FIGURE 8
 Heart rate variability: auricular stimulation vs control.
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FIGURE 9
 Heart rate variability (high frequency): auricular stimulation vs control.
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FIGURE 10
 Heart rate variability (low frequency): auricular stimulation vs control.
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FIGURE 11
 Low-frequency/high-frequency ratio (LF/HF): auricular stimulation vs control.


In order to measure the effects of the electrical stimulation of the ABVN on the autonomic nervous system, Clancy and her colleagues (2014) (Clancy et al., 2014) conducted an experimental RCT in 48 healthy participants. 34 received 15 min of 30 Hz tVNS with an intensity to the level of sensory threshold on the inner and outer surface of the tragus, compared to a sham group with inactivated electrodes on the tragus. HRV was measured and a significant decrease in LF/HF ratio during active tVNS could be shown in comparison to the sham group that did not show a significant decrease.

Another experimental cross- over RCT on 15 healthy men by Vosseler et al. (2020), measured the effects every 30 min in 120 min of tVNS with a frequency of 25 Hz and 2.5 mA on the cymba conchae, compared to the earlobe in the sham group. The earlobe is supposed to be free of vagal nerve fibers. Endocrine and metabolic parameters and on peripheral vagal activity during an oral glucose tolerance test were the outcome parameters. Significant reduction in LF/HF ratio were achieved at the end of the stimulation (at 120 min).

Antonino et al. (2017) tested the hypothesis that tVNS acutely improves spontaneous cardiac baroreflex sensitivity (cBRS) and autonomic modulation in a cross over RCT in 13 healthy men. Bilateral tVNS on the tragus over 15 min with 30 Hz between 10 and 50 mA up to the level of sensory threshold was compared to sham tVNS with no current and tVNS on the earlobe. HRV was measured during the stimulation and tVNS significantly reduced LF/HF ratio and returned to baseline values during recovery.



3.11. Oxygen saturation

Continuous data of O2 saturation were provided in 3 trials (WANG et al., 2009; Chen et al., 2017; Gan et al., 2020). In 2 trials (Chen et al., 2017; Gan et al., 2020) they were part of secondary parameters to objectify indirectly the intensity of pain (intense crying) in neonates undergoing unpleasant examination procedures. In both trials acupressure led to significantly lower pain perception, though only in the trial by Gan et al. (2020) on 100 neonates undergoing painful eye inspection, AS prevented significantly from intense crying with subsequent O2 reduction. The trial by WANG et al. (2009) was conducted in 45 adults with Obstructive Sleep Apnoe Syndrome (OSAS) and impaired O2 saturation at night-a 3 month lasting acupressure led to relevant improvement of sleeping patterns and a significant improvement of nocturnal O2 levels after the end of treatment (see Figure 12).
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FIGURE 12
 Oxygen saturation: auricular stimulation vs control.




3.12. Baroreflex sensitivity and skin conductance

AS led to increased baroreflex sensitivity in two studies with tVNS (see Supplementary Figure S2); two studies showed no difference between groups in Skin conductance MD = −0.47, 95% CI (−1.00 to 0.05), p = 0.08 (see Supplementary Figure S3).



3.13. Funding sources

Of the 76 included studies, 27 research groups did not provide funding information. (Ceccherelli et al., 1981; Taylor and Lee, 1992; Wang and Kain, 2001; Wang et al., 2004, 2009; Usichenko et al., 2005, 2006; Barker et al., 2006; Lin et al., 2011; Wetzel et al., 2011; Lu et al., 2012; Arai et al., 2013; Busch et al., 2013; Hein et al., 2013; Capone et al., 2015, 2017; Jacobs et al., 2015; Yeh et al., 2015; Bauer et al., 2016; Burger et al., 2016, 2018; Strong et al., 2016; Yu et al., 2017; Fischer et al., 2018; Dellovo et al., 2019; Borges et al., 2020, 2021). Four trials were partly sponsored by companies (Johnson et al., 1991; Allison et al., 1995; Hasan et al., 2015; Wagenseil et al., 2018). The majority of the studies were funded either by public funds (Napadow et al., 2012; Yeo et al., 2014; Sellaro et al., 2015; Stavrakis et al., 2015, 2020; Steenbergen et al., 2015; Luo et al., 2016; Abdi et al., 2017; Burger et al., 2017, 2019; Sabino-Carvalho et al., 2017; Badran et al., 2018; Colzato et al., 2018; Ventura-Bort et al., 2018; Keute et al., 2019; Nakahara et al., 2019; Sclocco et al., 2019; Tobaldini et al., 2019; Villani et al., 2019; Giraudier et al., 2020; Wu et al., 2020; Zhu et al., 2021) or were investigator initiated (Karst et al., 2007; Usichenko et al., 2007, 2020; la Marca et al., 2010; Black et al., 2011; Taylor et al., 2013; Clancy et al., 2014; Laqua et al., 2014; Klausenitz et al., 2016; Kuo et al., 2016; Antonino et al., 2017; Chen et al., 2017; de Couck et al., 2017; Borges et al., 2019; Bretherton et al., 2019; Gan et al., 2020; Gauthey et al., 2020; Hendawy and Abuelnaga, 2020; Ricci et al., 2020; Staley et al., 2020; Koenig et al., 2021).



3.14. Safety of intervention

Out of the 76 included studies, 37 studies reported adverse events. Overall, no serious side effect occurred in any study. 21 studies reported minor side effects (Allison et al., 1995; Usichenko et al., 2005, 2006, 2007; la Marca et al., 2010; Lu et al., 2012; Laqua et al., 2014; Hasan et al., 2015; Jacobs et al., 2015; Stavrakis et al., 2015; Bauer et al., 2016; Abdi et al., 2017; Burger et al., 2018, 2019; Fischer et al., 2018; Ventura-Bort et al., 2018; Villani et al., 2019; Gan et al., 2020; Giraudier et al., 2020; Ricci et al., 2020; Wu et al., 2020), the most common side effects are: local pain at ear stimulation side (8 trials), erythema (6 trials), headache (5 trials) and skin irritation (5 trials).



3.15. GRADE assessment

The overall GRADE assessment for the outcomes systolic and diastolic blood pressure, heart rate, heart rate variability was performed using the GRADE tool. Recommendations of AS for reduction of heart rate were low and very low in the other outcomes (see Supplementary table S1).




4. Discussion

In the present systematic review, we have screened various parameters as potential biomarkers for the effects of auricular stimulation on cardiovascular function of the human body. Although these parameters were not the primary outcomes in the RCTs included in this review, we have found a clinically significant reduction of HR as well as reduced LF/HF ratio after auricular stimulation compared to control procedures. This finding sounds physiologically plausible, since the main mechanism of auricular stimulation suggested is the modulation of autonomic nervous system (Usichenko et al., 2017) and both effects found (reduction of HF and LF/HF ratio) are consistent with the physiological reaction to the stimulation of the auricular branch of the vagal nerve (Peuker and Filler, 2002).

No other cardiovascular parameters (blood pressure, oxygen saturation, baroreflex sensitivity) were changed significantly.

The electrical stimulation of the parasympathetic nervous system via the auricular branch of the vagus nerve (Alderman’s nerve or Arnold’s nerve) (Peuker and Filler, 2002), raised concerns about cardiovascular safety of AS, especially in an elderly population with cardiovascular comorbidities. These concerns are based on experimental investigations with direct stimulation of cervical vagal nerves in dogs that demonstrated the more pronounced effect of right vagal nerve stimulation on bradycardia in comparison with the left side stimulation (Ardell and Randall, 1986). However, the simple theoretical transfer of this effect in case of AS is not justified, since the neurocircuitry of transcutaneous vagal nerve stimulation differs from the direct form, where the left-sided AS is suggested as equally safe as the right-sided AS (Chen et al., 2015). Moreover, it is well known, that especially in patients with heart diseases the sympathetic part of autonomous nervous system is pathologically activated and is the target for various pharmacological interventions (e.g., block of beta-adrenergic receptors) (de Lucia et al., 2019). Thus, in this cohort of patients, AS can serve as an additional non-pharmacologic method of myocardial protection due to reduction of heart rate and favorable modulation of the tone of autonomic nervous system. Indeed, tVNS is being investigated for modulating arrhythmias such as in atrial fibrillation (Yu et al., 2013; Stavrakis et al., 2015). It was demonstrated that tVNS relieved angina pectoris complaints, reduced heart rate and blood pressure and reduced the incidence of heart failure in comparison with the control group due to an inhibition of norepinephrine release from sympathetic nerves with subsequent dilation of cardiac microcirculatory vessels and improved left ventricular contractility in patients with severe coronary artery disease (Zamotrinsky et al., 2001).

One of the strengths of our work is that it has summarized the effects on cardiovascular factors of a broad range of AS, including traditional ways such as ear-acupuncture and modern ways such as electrical tVNS.

One explanation for the comparably larger effects in the acupressure groups (sysBP, HR) compared to the electrical stimulation such as in tVNS are the much longer duration of the stimulation in the acupressure group; here small beads or plant seeds are stuck with a tape to the auricle and remain in situ over several weeks, while the experimental trials with tVNS often apply electrical stimulation only maximum over several hours.The discrepancy of the results of the meta-analysis and the descriptive analysis of non-continuous data especially in the HR could be explained with the fact, that HR was used as a safety parameter in a large number of trials. Relevant changes were only reported if they were considered a safety issue, data of smaller changes were not reported.


4.1. Limitations

First of all the analysis was conducted with secondary outcome parameters, so conclusions are limited. Some of the trials with the strongest reduction in HR for example were investigating the effect of acupressure on anxiety and stress and pain as primary outcomes, therefore the cardiovascular effects could have been a secondary effect to the relief of anxiety and/ or pain (Barker et al., 2006; Kuo et al., 2016). Next, the literature search was limited to English and other European languages. A relevant number of studies is published in Chinese and could therefore not be evaluated. Furthermore, the meta-analysis offers limited power due to the moderate study quality of the included studies. In some subgroups the numbers of included studies of included studies are so small, that conclusions about effects cannot be drawn.




5. Conclusion

The findings of this systematic review support previously suggested mechanism of AS via activation of parasympathetic nervous system. The reduction of heart rate was clinically safe, the potential myocardial protective effect due to avoiding of tachycardias and modulating of autonomic imbalance should be clarified in future original investigations.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding authors.



Author contributions

JD and KH: data collection. KH and MC: meta-analysis. All authors: drafting of the manuscript.



Funding

KH received a research grant no. 02042022 from the International Society of Chinese Medicine, Societas Medicinae Sinensis, Munich, Germany. The society had no role in the development of the protocol.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fnins.2023.1227858/full#supplementary-material



Footnotes

1   Available at www.covidence.org



References

 Abdi, H., Tayefi, M., Moallem, S. R., Zhao, B., Fayaz, M., Ardabili, H. M., et al. (2017). Abdominal and auricular acupuncture reduces blood pressure in hypertensive patients. Complement. Ther. Med. 31, 20–26. doi: 10.1016/j.ctim.2017.01.003 

 Allison, D., Kreibich, K., Heshka, S., and Heymsfield, S. B. (1995). A randomised placebo-controlled clinical trial of an acupressure device for weight loss. Int. J. Obes. Relat. Metab. Disord. 19, 653–658.

 Antonino, D., Teixeira, A. L., Maia-Lopes, P. M., Souza, M. C., Sabino-Carvalho, J. L., Murray, A. R., et al. (2017). Non-invasive vagus nerve stimulation acutely improves spontaneous cardiac baroreflex sensitivity in healthy young men: a randomized placebo-controlled trial. Brain Stimul. 10, 875–881. doi: 10.1016/j.brs.2017.05.006 

 Arai, Y.-C. P., Sakakima, Y., Kawanishi, J., Nishihara, M., Ito, A., Tawada, Y., et al. (2013). Auricular acupuncture at the “shenmen” and “point zero” points induced parasympathetic activation. Evid. Based Complement. Alternat. Med. 2013, 1–4. doi: 10.1155/2013/945063 

 Ardell, J. L., and Randall, W. C. (1986). Selective vagal innervation of sinoatrial and atrioventricular nodes in canine heart. Am. J. Phys. Heart Circ. Phys. 251, H764–H773. doi: 10.1152/ajpheart.1986.251.4.H764


 Badran, B. W., Mithoefer, O. J., Summer, C. E., LaBate, N. T., Glusman, C. E., Badran, A. W., et al. (2018). Short trains of transcutaneous auricular vagus nerve stimulation (taVNS) have parameter-specific effects on heart rate. Brain Stimul. 11, 699–708. doi: 10.1016/j.brs.2018.04.004 

 Barker, R., Kober, A., Hoerauf, K., Latzke, D., Adel, S., Kain, Z. N., et al. (2006). Out-of-hospital auricular acupressure in elder patients with hip fracture: a randomized double-blinded trial. Acad. Emerg. Med. 13, 19–23. doi: 10.1197/j.aem.2005.07.014 

 Bauer, S., Baier, H., Baumgartner, C., Bohlmann, K., Fauser, S., Graf, W., et al. (2016). Transcutaneous vagus nerve stimulation (tVNS) for treatment of drug-resistant epilepsy: a randomized, double-blind clinical trial (cMPsE02). Brain Stimul. 9, 356–363. doi: 10.1016/j.brs.2015.11.003


 Black, S., Carey, E., Webber, A., Neish, N., and Gilbert, R. (2011). Determining the efficacy of auricular acupuncture for reducing anxiety in patients withdrawing from psychoactive drugs. J. Subst. Abus. Treat. 41, 279–287. doi: 10.1016/j.jsat.2011.04.001 

 Borenstein, M., Hedges, L. V., Higgins, J. P. T., and Rothstein, H. R. (2010). A basic introduction to fixed-effect and random-effects models for meta-analysis. Res. Synth. Methods 1, 97–111. doi: 10.1002/jrsm.12 

 Borges, U., Knops, L., Laborde, S., Klatt, S., and Raab, M. (2020). Transcutaneous vagus nerve stimulation may enhance only specific aspects of the core executive functions. A randomized crossover trial. Front. Neurosci. 14:523. doi: 10.3389/fnins.2020.00523 

 Borges, U., Laborde, S., and Raab, M. (2019). Influence of transcutaneous vagus nerve stimulation on cardiac vagal activity: not different from sham stimulation and no effect of stimulation intensity. PLoS One 14:e0223848. doi: 10.1371/journal.pone.0223848 

 Borges, U., Pfannenstiel, M., Tsukahara, J., Laborde, S., Klatt, S., and Raab, M. (2021). Transcutaneous vagus nerve stimulation via tragus or cymba conchae: are its psychophysiological effects dependent on the stimulation area? Int. J. Psychophysiol. 161, 64–75. doi: 10.1016/j.ijpsycho.2021.01.003 

 Bretherton, B., Atkinson, L., Murray, A., Clancy, J., Deuchars, S., and Deuchars, J. (2019). Effects of transcutaneous vagus nerve stimulation in individuals aged 55 years or above: potential benefits of daily stimulation. Aging 11, 4836–4857. doi: 10.18632/aging.102074 

 Burger, A. M., van der Does, W., Thayer, J. F., Brosschot, J. F., and Verkuil, B. (2019). Transcutaneous vagus nerve stimulation reduces spontaneous but not induced negative thought intrusions in high worriers. Biol. Psychol. 142, 80–89. doi: 10.1016/j.biopsycho.2019.01.014


 Burger, A. M., van Diest, I., van der Does, W., Hysaj, M., Thayer, J. F., Brosschot, J. F., et al. (2018). Transcutaneous vagus nerve stimulation and extinction of prepared fear: a conceptual non-replication. Sci. Rep. 8, 1–11. doi: 10.1038/s41598-018-29561-w


 Burger, A., Verkuil, B., Fenlon, H., Thijs, L., Cools, L., Miller, H. C., et al. (2017). Mixed evidence for the potential of non-invasive transcutaneous vagal nerve stimulation to improve the extinction and retention of fear. Behav. Res. Ther. 97, 64–74. doi: 10.1016/j.brat.2017.07.005 

 Burger, A. M., Verkuil, B., van Diest, I., van der Does, W., Thayer, J. F., and Brosschot, J. F. (2016). The effects of transcutaneous vagus nerve stimulation on conditioned fear extinction in humans. Neurobiol. Learn. Mem. 132, 49–56. doi: 10.1016/j.nlm.2016.05.007 

 Busch, V., Zeman, F., Heckel, A., Menne, F., Ellrich, J., and Eichhammer, P. (2013). The effect of transcutaneous vagus nerve stimulation on pain perception–an experimental study. Brain Stimul. 6, 202–209. doi: 10.1016/j.brs.2012.04.006 

 Capone, F., Assenza, G., di Pino, G., Musumeci, G., Ranieri, F., Florio, L., et al. (2015). The effect of transcutaneous vagus nerve stimulation on cortical excitability. J. Neural Transm. 122, 679–685. doi: 10.1007/s00702-014-1299-7 

 Capone, F., Miccinilli, S., Pellegrino, G., Zollo, L., Simonetti, D., Bressi, F., et al. (2017). Transcutaneous vagus nerve stimulation combined with robotic rehabilitation improves upper limb function after stroke. Neural Plast. 2017, 1–6. doi: 10.1155/2017/7876507 

 Ceccherelli, F., Manani, G., Ambrosio, F., Angel, A., Valenti, S., Facco, E., et al. (1981). Influence of acupuncture on the postoperative complications following ketamine anesthesia. The importance of manual stimulation of point R and shen menn. Acupunct Electrother. Res. 6, 255–264. doi: 10.3727/036012981816952225 

 Chen, K. L., Lindrea, K. B., Quah-Smith, I., Schmölzer, G. M., Daly, M., Schindler, T., et al. (2017). Magnetic noninvasive acupuncture for infant comfort (MAGNIFIC)–a single-blinded randomised controlled pilot trial. Acta Paediatr. 106, 1780–1786. doi: 10.1111/apa.14002 

 Chen, M., Yu, L., Ouyang, F., Liu, Q., Wang, Z., Wang, S., et al. (2015). The right side or left side of noninvasive transcutaneous vagus nerve stimulation: based on conventional wisdom or scientific evidence? Int. J. Cardiol. 187, 44–45. doi: 10.1016/j.ijcard.2015.03.351


 Clancy, J. A., Mary, D. A., Witte, K. K., Greenwood, J. P., Deuchars, S. A., and Deuchars, J. (2014). Non-invasive vagus nerve stimulation in healthy humans reduces sympathetic nerve activity. Brain Stimul. 7, 871–877. doi: 10.1016/j.brs.2014.07.031 

 Colzato, L. S., Ritter, S. M., and Steenbergen, L. (2018). Transcutaneous vagus nerve stimulation (tVNS) enhances divergent thinking. Neuropsychologia 111, 72–76. doi: 10.1016/j.neuropsychologia.2018.01.003 

 de Couck, M., Cserjesi, R., Caers, R., Zijlstra, W. P., Widjaja, D., Wolf, N., et al. (2017). Effects of short and prolonged transcutaneous vagus nerve stimulation on heart rate variability in healthy subjects. Auton. Neurosci. 203, 88–96. doi: 10.1016/j.autneu.2016.11.003 

 de Lucia, C., Piedepalumbo, M., Paolisso, G., and Koch, W. J. (2019). Sympathetic nervous system in age-related cardiovascular dysfunction: pathophysiology and therapeutic perspective. Int. J. Biochem. Cell Biol. 108, 29–33. doi: 10.1016/j.biocel.2019.01.004 

 Dellovo, A., Souza, L. M. A., de Oliveira, J. S., Amorim, K. S., and Groppo, F. C. (2019). Effects of auriculotherapy and midazolam for anxiety control in patients submitted to third molar extraction. Int. J. Oral Maxillofac. Surg. 48, 669–674. doi: 10.1016/j.ijom.2018.10.014 

 Fischer, R., Ventura-Bort, C., Hamm, A., and Weymar, M. (2018). Transcutaneous vagus nerve stimulation (tVNS) enhances conflict-triggered adjustment of cognitive control. Cogn. Affect. Behav. Neurosci. 18, 680–693. doi: 10.3758/s13415-018-0596-2 

 Frangos, E., Ellrich, J., and Komisaruk, B. R. (2015). Non-invasive access to the vagus nerve central projections via electrical stimulation of the external ear: fMRI evidence in humans. Brain Stimul. 8, 624–636. doi: 10.1016/j.brs.2014.11.018 

 Gan, K. M., Oei, J. L., Quah-Smith, I., Kamar, A. A., Lordudass, A. A. D., Liem, K. D., et al. (2020). Magnetic non-invasive auricular acupuncture during eye-exam for retinopathy of prematurity in preterm infants: a multicentre randomized controlled trial. Front. Pediatr. 8:882. doi: 10.3389/fped.2020.615008 

 Gates, S., Smith, L. A., and Foxcroft, D. (2006). Auricular acupuncture for cocaine dependence. Cochrane Database Syst. Rev. 1:CD005192. doi: 10.1002/14651858.CD005192.pub2 

 Gauthey, A., Morra, S., van de Borne, P., Deriaz, D., Maes, N., and le Polain de Waroux, J. B. (2020). Sympathetic effect of auricular transcutaneous vagus nerve stimulation on healthy subjects: a crossover controlled clinical trial comparing vagally mediated and active control stimulation using microneurography. Front. Physiol. 11:599896. doi: 10.3389/fphys.2020.599896 

 Giraudier, M., Ventura-Bort, C., and Weymar, M. (2020). Transcutaneous vagus nerve stimulation (tVNS) improves high-confidence recognition memory but not emotional word processing. Front. Psychol. 11:1276. doi: 10.3389/fpsyg.2020.01276 

 Hasan, A., Wolff-Menzler, C., Pfeiffer, S., Falkai, P., Weidinger, E., Jobst, A., et al. (2015). Transcutaneous noninvasive vagus nerve stimulation (tVNS) in the treatment of schizophrenia: a bicentric randomized controlled pilot study. Eur. Arch. Psychiatry Clin. Neurosci. 265, 589–600. doi: 10.1007/s00406-015-0618-9 

 Hein, E., Nowak, M., Kiess, O., Biermann, T., Bayerlein, K., Kornhuber, J., et al. (2013). Auricular transcutaneous electrical nerve stimulation in depressed patients: a randomized controlled pilot study. J. Neural Transm. 120, 821–827. doi: 10.1007/s00702-012-0908-6 

 Hendawy, H. A., and Abuelnaga, M. E. (2020). Postoperative analgesic efficacy of ear acupuncture in patients undergoing abdominal hysterectomy: a randomized controlled trial. BMC Anesthesiol. 20, 1–8. doi: 10.1186/s12871-020-01187-4


 Jacobs, H. I., Riphagen, J. M., Razat, C. M., Wiese, S., and Sack, A. T. (2015). Transcutaneous vagus nerve stimulation boosts associative memory in older individuals. Neurobiol. Aging 36, 1860–1867. doi: 10.1016/j.neurobiolaging.2015.02.023 

 Johnson, M., Hajela, V. K., Ashton, C. H., and Thompson, J. W. (1991). The effects of auricular transcutaneous electrical nerve stimulation (TENS) on experimental pain threshold and autonomic function in healthy subjects. Pain 46, 337–342. doi: 10.1016/0304-3959(91)90116-F 

 Karst, M., Winterhalter, M., M??nte, S., Francki, B., Hondronikos, A., Eckardt, A., et al. (2007). Auricular acupuncture for dental anxiety: a randomized controlled trial. Anesth. Analg. 104, 295–300. doi: 10.1213/01.ane.0000242531.12722.fd 

 Keute, M., Boehrer, L., Ruhnau, P., Heinze, H. J., and Zaehle, T. (2019). Transcutaneous vagus nerve stimulation (tVNS) and the dynamics of visual bistable perception. Front. Neurosci. 13:227. doi: 10.3389/fnins.2019.00227 

 Killeen, T. K., Haight, B., Brady, K., Herman, J., Michel, Y., Stuart, G., et al. (2002). The effect of auricular acupuncture on psychophysiological measures of cocaine craving. Issues Ment. Health Nurs. 23, 445–459. doi: 10.1080/01612840290052631 

 Klausenitz, C., Hacker, H., Hesse, T., Kohlmann, T., Endlich, K., Hahnenkamp, K., et al. (2016). Auricular acupuncture for exam anxiety in medical students—a randomized crossover investigation. PLoS One 11:e0168338. doi: 10.1371/journal.pone.0168338 

 Koenig, J., Parzer, P., Haigis, N., Liebemann, J., Jung, T., Resch, F., et al. (2021). Effects of acute transcutaneous vagus nerve stimulation on emotion recognition in adolescent depression. Psychol. Med. 51, 511–520. doi: 10.1017/S0033291719003490 

 Kovacic, K., Kolacz, J., Lewis, G. F., and Porges, S. W. (2020). Impaired vagal efficiency predicts auricular neurostimulation response in adolescent functional abdominal pain disorders. Am. J. Gastroenterol. 115, 1534–1538. doi: 10.14309/ajg.0000000000000753 

 Kuo, S.-Y., Tsai, S. H., Chen, S. L., and Tzeng, Y. L. (2016). Auricular acupressure relieves anxiety and fatigue, and reduces cortisol levels in post-caesarean section women: a single-blind, randomised controlled study. Int. J. Nurs. Stud. 53, 17–26. doi: 10.1016/j.ijnurstu.2015.10.006 

 la Marca, R., Nedeljkovic, M., Yuan, L., Maercker, A., and Ehlert, U. (2010). Effects of auricular electrical stimulation on vagal activity in healthy men: evidence from a three-armed randomized trial. Clin. Sci. 118, 537–546. doi: 10.1042/CS20090264 

 Lan, Y., Wu, X., Tan, H. J., Wu, N., Xing, J. J., Wu, F. S., et al. (2015). Auricular acupuncture with seed or pellet attachments for primary insomnia: a systematic review and meta-analysis. BMC Complement. Altern. Med. 15, 1–14. doi: 10.1186/s12906-015-0606-7


 Laqua, R., Leutzow, B., Wendt, M., and Usichenko, T. (2014). Transcutaneous vagal nerve stimulation may elicit anti-and pro-nociceptive effects under experimentally-induced pain—a crossover placebo-controlled investigation. Auton. Neurosci. 185, 120–122. doi: 10.1016/j.autneu.2014.07.008 

 Lin, Z.-P., Chen, Y. H., Fan, C., Wu, H. J., Lan, L. W., and Lin, J. G. (2011). Effects of auricular acupuncture on heart rate, oxygen consumption and blood lactic acid for elite basketball athletes. Am. J. Chin. Med. 39, 1131–1138. doi: 10.1142/S0192415X11009457 

 Liu, A., Rong, P., Gong, L., Song, L., Wang, X., Li, L., et al. (2018). Efficacy and safety of treatment with transcutaneous vagus nerve stimulation in 17 patients with refractory epilepsy evaluated by electroencephalogram, seizure frequency, and quality of life. Med. Sci. Monit. 24, 8439–8448. doi: 10.12659/MSM.910689 

 Lu, C.-J., Xiang, Y., Xie, X. L., Xuan, M. L., and He, Z. H. (2012). A randomized controlled single-blind clinical trial on 84 outpatients with psoriasis vulgaris by auricular therapy combined with optimized Yinxieling formula. Chin. J. Integr. Med. 18, 186–191. doi: 10.1007/s11655-012-1020-3 

 Luo, L., Dai, Q., Mo, Y., Yan, Y., Qian, M., Zhuang, X., et al. (2016). The effect of auricular acupressure on preoperative anxiety in patients undergoing gynecological surgery. Int. J. Clin. Exp. Med. 9, 4065–4070.


 Mendonça, C. R., Coelho dos Santos, L. S., Noll, M., Silveira, E. A., and Arruda, J. T. (2020). Effects of auriculotherapy on weight and body mass index reduction in patients with overweight or obesity: systematic review and meta-analysis. Complement. Ther. Clin. Pract. 38:101069. doi: 10.1016/j.ctcp.2019.101069


 Moura, C. D. C., Chaves, E. C. L., Chianca, T. C. M., Ruginsk, S. G., Nogueira, D. A., and Iunes, D. H. (2019). Auricular acupuncture for chronic back pain in adults: a systematic review and metanalysis. Rev. Esc. Enferm. U.S.P. 53:53. doi: 10.1590/s1980-220x2018009003418


 Nakahara, H., Kawada, T., Ueda, S. Y., Kawai, E., Yamamoto, H., Sugimachi, M., et al. (2019). Acupoint dependence of depressor and bradycardic responses elicited by manual acupuncture stimulation in humans. J. Physiol. Sci. 69, 1077–1084. doi: 10.1007/s12576-019-00728-y 

 Napadow, V., Edwards, R. R., Cahalan, C. M., Mensing, G., Greenbaum, S., Valovska, A., et al. (2012). Evoked pain analgesia in chronic pelvic pain patients using respiratory-gated auricular vagal afferent nerve stimulation. Pain Med. 13, 777–789. doi: 10.1111/j.1526-4637.2012.01385.x 

 Page, M. J., Moher, D., Bossuyt, P. M., Boutron, I., Hoffmann, T. C., Mulrow, C. D., et al. (2021). PRISMA 2020 explanation and elaboration: updated guidance and exemplars for reporting systematic reviews. BMJ 372:372. doi: 10.1136/bmj.n160 

 Peuker, E. T., and Filler, T. J. (2002). The nerve supply of the human auricle. Clin. Anat. 15, 35–37. doi: 10.1002/ca.1089


 Qu, F., et al. (2014). Auricular acupressure reduces anxiety levels and improves outcomes of in vitro fertilization: a prospective, randomized and controlled study. Sci. Rep. 4, 1–7. doi: 10.1038/srep05028


 Ricci, L., Croce, P., Lanzone, J., Boscarino, M., Zappasodi, F., Tombini, M., et al. (2020). Transcutaneous vagus nerve stimulation modulates EEG microstates and delta activity in healthy subjects. Brain Sci. 10:668. doi: 10.3390/brainsci10100668 

 Sabino-Carvalho, J. L., et al. (2017). Non-invasive vagus nerve stimulation acutely improves blood pressure control in a placebo controlled study. FASEB J. 31:848.8–848.8. doi: 10.1096/fasebj.31.1_supplement.848.8


 Sclocco, R., Garcia, R. G., Kettner, N. W., Isenburg, K., Fisher, H. P., Hubbard, C. S., et al. (2019). The influence of respiration on brainstem and cardiovagal response to auricular vagus nerve stimulation: a multimodal ultrahigh-field (7T) fMRI study. Brain Stimul. 12, 911–921. doi: 10.1016/j.brs.2019.02.003 

 Sellaro, R., et al. (2015). Transcutaneous vagus nerve stimulation (tVNS) does not increase prosocial behavior in cyberball. Front. Psychol. 6:499. doi: 10.3389/fpsyg.2015.00499


 Staley, R., et al. (2020). Modulatory effects of respiratory-gated auricular vagal nerve stimulation on cardiovagal activity in hypertension. Annu Int Conf IEEE Eng Med Biol Soc, 2581–2584. doi: 10.1109/EMBC44109.2020.9175768


 Stavrakis, S., Humphrey, M. B., Scherlag, B. J., Hu, Y., Jackman, W. M., Nakagawa, H., et al. (2015). Low-level transcutaneous electrical vagus nerve stimulation suppresses atrial fibrillation. J. Am. Coll. Cardiol. 65, 867–875. doi: 10.1016/j.jacc.2014.12.026


 Stavrakis, S., Stoner, J. A., Humphrey, M. B., Morris, L., Filiberti, A., Reynolds, J. C., et al. (2020). TREAT AF (transcutaneous electrical Vagus nerve stimulation to suppress atrial fibrillation) a randomized clinical trial. JACC Clin. Electrophysiol. 6, 282–291. doi: 10.1016/j.jacep.2019.11.008 

 Steenbergen, L., Sellaro, R., Stock, A. K., Verkuil, B., Beste, C., and Colzato, L. S. (2015). Transcutaneous vagus nerve stimulation (tVNS) enhances response selection during action cascading processes. Eur. Neuropsychopharmacol. 25, 773–778. doi: 10.1016/j.euroneuro.2015.03.015 

 Strong, R. A., Georges, J. M., and Connelly, C. D. (2016). Pilot evaluation of auricular acupressure in end-stage lung cancer patients. J. Palliat. Med. 19, 556–558. doi: 10.1089/jpm.2015.0347 

 Széchenyi, I., Antal, Z., and Hegyi, G. (2015). Tracking and evaluating the immediate stress-reducing effect of ear acupuncture through prolactin levels and meridian diagnostics: a randomized, double-blinded, controlled study. Med. Acupunct. 27, 23–32. doi: 10.1089/acu.2014.1072


 Taylor, A. G., Anderson, J. G., Riedel, S. L., Lewis, J. E., Kinser, P. A., and Bourguignon, C. (2013). Cranial electrical stimulation improves symptoms and functional status in individuals with fibromyalgia. Pain Manag. Nurs. 14, 327–335. doi: 10.1016/j.pmn.2011.07.002 

 Taylor, D. N., and Lee, C.-T. (1992). Frequency-dependent effects of sine-wave cranial transcutaneous electrical nerve stimulation in human subjects. Acupunct. Electrother. Res. 17, 221–227. doi: 10.3727/036012992816357756 

 Tobaldini, E., Toschi-Dias, E., Appratto de Souza, L., Rabello Casali, K., Vicenzi, M., Sandrone, G., et al. (2019). Cardiac and peripheral autonomic responses to orthostatic stress during transcutaneous vagus nerve stimulation in healthy subjects. J. Clin. Med. 8:496. doi: 10.3390/jcm8040496 

 Usichenko, T., Dinse, M., Hermsen, M., Witstruck, T., Pavlovic, D., and Lehmann, C. (2005). Auricular acupuncture for pain relief after total hip arthroplasty–a randomized controlled study. Pain 114, 320–327. doi: 10.1016/j.pain.2004.08.021 

 Usichenko, T. I., Dinse, M., Lysenyuk, V. P., Wendt, M., Pavlovic, D., and Lehmann, C. (2006). Auricular acupuncture reduces intraoperative fentanyl requirement during hip arthroplasty-a randomized double-blinded study. Acupunct. Electrother. Res. 31, 213–221. doi: 10.3727/036012906815844265 

 Usichenko, T., Hacker, H., and Lotze, M. (2017). Transcutaneous auricular vagal nerve stimulation (taVNS) might be a mechanism behind the analgesic effects of auricular acupuncture. Brain Stimul. 10, 1042–1044. doi: 10.1016/j.brs.2017.07.013 

 Usichenko, T. I., Kuchling, S., Witstruck, T., Pavlovic, D., Zach, M., Hofer, A., et al. (2007). Auricular acupuncture for pain relief after ambulatory knee surgery: a randomized trial. CMAJ 176, 179–183. doi: 10.1503/cmaj.060875 

 Usichenko, T., Wenzel, A., Klausenitz, C., Petersmann, A., Hesse, T., Neumann, N., et al. (2020). Auricular stimulation vs. expressive writing for exam anxiety in medical students–a randomized crossover investigation. PLoS One 15:e0238307. doi: 10.1371/journal.pone.0238307 

 Ventura-Bort, C., Wirkner, J., Genheimer, H., Wendt, J., Hamm, A. O., and Weymar, M. (2018). Effects of transcutaneous vagus nerve stimulation (tVNS) on the P300 and alpha-amylase level: a pilot study. Front. Hum. Neurosci. 12:202. doi: 10.3389/fnhum.2018.00202 

 Villani, V., Tsakiris, M., and Azevedo, R. (2019). Transcutaneous vagus nerve stimulation improves interoceptive accuracy. Neuropsychologia 134:107201. doi: 10.1016/j.neuropsychologia.2019.107201 

 Vosseler, A., Zhao, D., Fritsche, L., Lehmann, R., Kantartzis, K., Small, D. M., et al. (2020). No modulation of postprandial metabolism by transcutaneous auricular vagus nerve stimulation: a cross-over study in 15 healthy men. Sci. Rep. 10, 1–9. doi: 10.1038/s41598-020-77430-2


 Wagenseil, B., Garcia, C., Suvorov, A. V., Fietze, I., and Penzel, T. (2018). The effect of cranial electrotherapy stimulation on sleep in healthy women. Physiol. Meas. 39:114007. doi: 10.1088/1361-6579/aaeafa 

 Wang, S.-M., and Kain, Z. N. (2001). Auricular acupuncture: a potential treatment for anxiety. Anesth. Analg. 92, 548–553. doi: 10.1213/00000539-200102000-00049


 Wang, S.-M., Maranets, I., Weinberg, M. E., Caldwell-Andrews, A. A., and Kain, Z. N. (2004). Parental auricular acupuncture as an adjunct for parental presence during induction of anesthesia. Anesthesiology 100, 1399–1404. doi: 10.1097/00000542-200406000-00011


 WANG, X. H., XIAO, L. Y., WANG, B. F., YUAN, Y. D., PAN, W. S., and SHI, Y. Z. (2009). Influence of auricular plaster therapy on sleeping structure in OSAS patients. J. Tradit. Chin. Med. 29, 3–5. doi: 10.1016/S0254-6272(09)60020-0 

 Wetzel, B., Pavlovic, D., Kuse, R., Gibb, A., Merk, H., Lehmann, C., et al. (2011). The effect of auricular acupuncture on fentanyl requirement during hip arthroplasty: a randomized controlled trial. Clin. J. Pain 27, 262–267. doi: 10.1097/AJP.0b013e3181fd516c 

 Wu, D., Ma, J., Zhang, L., Wang, S., Tan, B., and Jia, G. (2020). Effect and safety of transcutaneous auricular vagus nerve stimulation on recovery of upper limb motor function in subacute ischemic stroke patients: a randomized pilot study. Neural Plast. 2020, 1–9. doi: 10.1155/2020/8841752 

 Yap, J. Y., Keatch, C., Lambert, E., Woods, W., Stoddart, P. R., and Kameneva, T. (2020). Critical review of transcutaneous vagus nerve stimulation: challenges for translation to clinical practice. Front. Neurosci. 14:284. doi: 10.3389/fnins.2020.00284 

 Yeh, M.-L., Chang, Y. C., Huang, Y. Y., and Lee, T. Y. (2015). A randomized controlled trial of auricular acupressure in heart rate variability and quality of life for hypertension. Complement. Ther. Med. 23, 200–209. doi: 10.1016/j.ctim.2015.01.005 

 Yeo, S., Kim, K. S., and Lim, S. (2014). Randomised clinical trial of five ear acupuncture points for the treatment of overweight people. Acupunct. Med. 32, 132–138. doi: 10.1136/acupmed-2013-010435 

 Yu, L., Huang, B., Po, S. S., Tan, T., Wang, M., Zhou, L., et al. (2017). Low-level tragus stimulation for the treatment of ischemia and reperfusion injury in patients with ST-segment elevation myocardial infarction: a proof-of-concept study. J. Am. Coll. Cardiol. Intv. 10, 1511–1520. doi: 10.1016/j.jcin.2017.04.036 

 Yu, L., Scherlag, B. J., Li, S., Fan, Y., Dyer, J., Male, S., et al. (2013). Low-level transcutaneous electrical stimulation of the auricular branch of the vagus nerve: a noninvasive approach to treat the initial phase of atrial fibrillation. Heart Rhythm. 10, 428–435. doi: 10.1016/j.hrthm.2012.11.019 

 Zamotrinsky, A., Kondratiev, B., and de Jong, J. W. (2001). Vagal neurostimulation in patients with coronary artery disease. Auton. Neurosci. 88, 109–116. doi: 10.1016/S1566-0702(01)00227-2 

 Zhu, Y., Xu, F., Lu, D., Rong, P., Cheng, J., Li, M., et al. (2021). Transcutaneous auricular vagal nerve stimulation improves functional dyspepsia by enhancing vagal efferent activity. American journal of physiology-gastrointestinal and liver. Physiology 320, G700–G711. doi: 10.1152/ajpgi.00426.2020




OPS/images/fnins-17-1227858-t001.jpg
Auricular electric vagal stimulation (AEVS)

Auricular neurostimulation percutaneous electrical nerve field sti
(PENFS)

 Auricular acupuncture

 Auricular acupressure

Auricular plaster therapy

Auricular point sticking

 Auricular reflexotherapy

 Auricular-pressing pill

Auriculomedicine

Daith piercing

Dense cranial electroacupuncture stimulation (DCEAS)

*Ear point taping and pressing therapy combined with acupoint-injection

*Ear points’ pressing

Ear pressure plaster

Ear-clips

Blectrical auricula-vagus-stimulation

He-Ne laser auricular irradiation

Intrinsic auricular muscles zone stimulation (IAMZS)

Laser reflexotherapy (only BA?)

Liquid ear acupuncture

Low level transcutaneous vagus nerve stimulation

Low-level tragus

Low-level tragus st

Low-level transcutancous electrical vagus nerve stimulation

Low level laser therapy (LLLT)

Motor-activated auricular vagus nerve stimulation (MAAVNS) system

Non-vagal auricular stimulation (NVAS)

Otoacupoint pellet pressure

Otopoint-penetrative needling

Photobiomodulation on auriculotherapy points

Photoelectric stimulation of defined ear points

Respiratory-gated auricular vagal afferent nerve stimulation (RAVANS)

Staplepuncture surgical staple implanted in the concha of the car

“Transcutaneous vagus nerve stimulation (tVNS)

Vibrotactile treatment






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Cardiovascular effects of auricular stimulation -a systematic review and meta-analysis of randomized controlled clinical trials



		1. Introduction



		1.1. Objectives









		2. Methods



		2.1. Eligibility criteria for included trials in the review.



		2.1.1. Types of trials



		2.1.2. Types of participants



		2.1.3. Types of interventions



		2.1.4. Types of outcome measures



		2.1.4.1. Outcomes















		2.2. Search methods for identification of trials



		2.2.1. Electronic searches.









		2.3. Data extraction and management



		2.3.1. Trial identification



		2.3.2. Data extraction and assessment of risk of bias in included trials.



		2.3.3. Measures of treatment effects and dealing with missing data



		2.3.4. Assessment of heterogeneity



		2.3.5. Assessment of reporting biases









		2.4. Data synthesis









		3. Results



		3.1. Literature search and analysis



		3.2. Data extraction and analysis



		3.3. Quality assessment



		3.4. Baseline characteristics



		3.5. Comparison of trial designs



		3.6. Study interventions



		3.7. Outcomes and safety parameters



		3.8. Meta-analysis of auricular stimulation on cardiovascular parameters



		3.8.1. Blood pressure



		3.8.2. Heart rate









		3.9. Sensitivity analysis



		3.10. Heart rate variability



		3.11. Oxygen saturation



		3.12. Baroreflex sensitivity and skin conductance



		3.13. Funding sources



		3.14. Safety of intervention



		3.15. GRADE assessment









		4. Discussion



		4.1. Limitations









		5. Conclusion



		Data availability statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		Supplementary Material



		Footnotes



		References



















OPS/images/fnins-17-1227858-g012.jpg
AApres. Control Mean Difference Mean Difference
Study or Subgroup Mean  SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI
Chen 2017 966 3.1 48 9575 5 S50 49.8K -0.85(-2.49,0.79] —=

Gan, 2020 =97 28 11 -9827 15 200%  100(-115,3.15] ——
Wang, 2009 ~77.67 3.78 30 -70.8 4.2 15 2L1% -6.87[-9.39, -4.35] S —

Total (95% CI) 89 80 100.0% -1.58[-2.74, -0.42) >
Heterogeneity: Chi' = 23.25, df = 2 (P < 0.00001); I = 91% =

Test for overall effect:

2.68 (P = 0.007)

5
Favours [AApres) Favours [Control)





OPS/images/fnins-17-1227858-t003.jpg
Outcome and no.
of RCTs

Only in AS group

No difference between AS and controls

Heart rate N=25

Blood pressure N=22

Heart rate variability N= 10

High frequency pover N=4

Low frequency power N=2

Oxygen Saturation N=3

Reduction: 3 (Ceccherell et al.,
1981; Steenbergen et al, 2015; Luo

etal, 2016)

Reduction: 4 (Ceccherell etal.,
1981; Luo et al, 2016; Hendawy and
Abuelnaga, 2020; Usichenko et al.,
2020)

Increase: 2 (Arai etal, 2013;
Bretherton et al, 2019)

€
etal, 2021) Reduction: 1 (Stavraki

Increase:

locco etal., 2019;

etal, 2020)

Increase: 1 (Stavrakis etal., 2020)
Reduction: 1 (Zhu etal., 2021)

0

22 (Johnson et al, 1991; Wang and Kain, 2001; Usichenko et al,, 2005, 2006, 2007, 2020; Black etal.,
2011; Wetzel et al,, 2011; Hein etal., 2013; Capone etal., 2015, 2017; Sellaro et al,, 2015; Badran etal,,

2018; Burger et al,, 2018; Wagenseil et a, 2018; Nakahara et al,, 2019; Villani etal,, 2019; Borges

etal, 2020; Hendawy and Abuelnaga, 2020; Kovacic et al, 2020; Wu et al, 2020; Koenig et al, 2021)

19 (Johnson et al, 1991; Wang and Kain, 2001; Usichenko et al, 2005, 2006, 2007, 2020; Black et al.,
2011; Wetzel et al., 2011; Taylor et al,, 2013; Laqua et al., 2014; Yeo et ., 2014;

apone et al., 2015,
2017; Selaro etal, 2015; Villani etal, 2019; Gauthey et al, 2020; Kovacic et al. 2020; Staley ct al,
2020; Wu et al., 2020)

8 (Napadow et al,, 2012; Burger et al,, 2016, 2018, 2019; de Couck et al., 2017; Borges et al,, 2019;

Gauthey et al., 2020; Koenig et al,, 2021)

1 (Laqua etal,, 2014)

3 (Karst etal,, 2007; Strong et al, 2016; Dellovo et al,, 2019)





OPS/images/fnins-17-1227858-t002.jpg
Study ID Type of study Intervention Laterality Length of Auricular area

stimulation (h)  of stimulation

*Allison et al. (1995) 2 Obesity Aapres Unilateral 201600 ABVN/GAN
Luetal. (2012) 2 Psoriasis vulgaris Aapres Alternating 1,344.00 ABVN/GAN
*Yeh etal. (2015) 2 Primary hypertension  Aapres + routine NR 1,680.00 ABVN/GAN

Usichenko et al. (200 2 “Total hip arthoplasty  Aapunc + routine Unilateral 96.00 ABVN/GAN

Arthroscopic knee
Usichenko et al. (2007) 2 surgery Aapunc + routine Unilateral 2400 ABVN/GAN

Hendawy and

Abuelnaga, (2020) 2 Hysterectomy Aapunc + Aapres NR 3000 ABVN/GAN
la Marca et al. (2010) 4 Experimental Aapunc Unilateral 0.50 ABVN
Napadow et al. (2012) 2 Endometriosis Aapunc Unilateral 0.50 ABVN/GAN
Sclocco etal. (2019) 2 Experimental TVNS Unilateral NR ABVN
Wetzel etal. (2011) 2 Total hip arthorplasty  Aapunc Unilateral 2400 ABVN/GAN
Usichenko et al. (2006) 2 Total hip arthroplasty  Aapunc Unilateral 2400 ABVN/GAN

Anesthesia, parental

*Wang et al. (2004) 2 preoperative anxiety  Aapunc Unilateral 100 ABVN/GAN/ATN
Usichenko et al. (2020) 3 Experimental Aapunc Bilateral 48.00 ABVN/GAN/ATN
Wangand Kain (2001) 3 Experimental Aapunc Bilateral 48.00 ABVN/GAN
Gauthey etal. (2020) 3 Experimental TVNS Unilateral 017 ABVN

Wuetal. (2020) 2 Ischemic stroke TVNS + routine Unilateral 36000 ABVN

Capone etal. (2017) 2 Chronic stroke TVNS + routine Unilateral 240.00 ABVN/GAN/ATN
Yuetal. (2017) 2 STEMI reperfusion  TVNS + routine Unilateral 258 ABVN/GAN/ATN
Hein et al. (2013) 2 Major depression TVNS + routine Bilateral 336.00 ABVN

Staley etal. (2020) 2 Hypertension TVNS Unilateral 120,00 ABVN

Retinopathy of
*Gan etal. (2020) 2 prematurity Aapres Bilateral 200 ABVN/GAN

*Abdi etal. (2017) 4 Obesity, hypertension ~ Aapres Alternating 1,008.00 ABVN/GAN/ATN

Heel prick pain at
*Chen etal. (2017) 2 newborns Aapres Bilateral 7200 ABVN/GAN/ATN

Functional abdominal

Kovacic etal. (2020) 2 pain disorders Aapunc NR 50400 ABVN/GAN
Luo etal. (2016) 2 Gynecological surgery  Aapres Bilateral 050 ABVN/GAN
*Barker et al. (2006) 2 Hip fracture Aapres Bilateral 033 ABVN/GAN
*Linetal. 2011) 2 Experimental Aapres Bilateral 100 ABVN/GAN/ATN

Minor orthopedic or

Ceccherelli etal. (1981) 2 traumatologic surgery | Aapunc Bilateral 075 ABVN/GAN/ATN
Black etal. (2011) 3 Drug addiction Aapunc Bilateral 336.00 ABVN/GAN
*Klausenitz et al. (2016) 3 Experimental Aapunc bilateral 48.00 ABVN/GAN/ATN
Nakahara etal. (2019) 5 Experimental Aapunc Unilateral 0.03 ABVN/GAN
Arai etal. (2013) 2 Hemicolectomy Aapunc Bilateral 1200 ABVN/GAN
*Taylor and Lee (1992) 5 Experimental CES Bilateral 050 GAN
Wagenseil et al. (2018) 2 Experimental CES Bilateral 100 GAN
Taylor etal. (2013) 3 Fibromyalgia CES Bilateral 134400 GAN
de Couck etal. (2017) 2 Experimental TVNS Unilateral 100 ABVN/GAN
Johnson et al. (1991) 4 Experimental TVNS Unilateral 0.25 ABVN/GAN
*Borges et al. (2021) 3 Experimental TVNS Unilateral 083 ABYN
Baver etal. (2016) 2 Epilepsy TVNS Unilateral 3,360.00 ABVN/GAN
*Busch etal. (2013) 2 Experimental TVNS Unilateral 033 ABVN/ATN
*Tobaldini etal. (2019) 2 Experimental TVNS Unilateral 042 ABYN
*Antonino et al. (2017) 3 Experimental TVNS Bilateral 0.25 ABVN/GAN
*Giraudier et al. (2020) 2 Experimental TVNS Unilateral 0.38 ABYN
Burger etal. (2017) 2 Experimental TVNS Unilateral NR ABYN
Capone et al. (2015) 2 Experimental TVNS unilateral 100 ABVN/GAN/ATN
Keute etal. (2019) 2 Experimental TVNS Unilateral 0.50 ABYN
Burger etal. (2016) 2 Experimental TVNS Unilateral 0.50 ABYN
Koenig et al. (2021) 2 Major depressive TVNS Unilateral 050 ABVN
disorder
Hasan et al. (2015) 2 Schizophreny TVNS Unilateral 201600 ABVN
Badran etal. (2018) 2 Experimental TVNS Unilateral 150 ABVN/GAN
Colzato et al. (2018) 2 Experimental TVNS Unilateral 0.67 ABVN/GAN
*Bretherton et al. (2019) 2 Experimental TVNS NR 0.5 ABVN/GAN/ATN
*Kuo etal. (2016) 2 Caesarean surgery Aapres + routine NR 96.00 ABVN/GAN
Borges etal. (2019) 2 Experimental TVNS Unilateral NR ABYN
#Sabino-Carvalho et al 3 Experimental TVNS Bilateral 0.25 ABVN/GAN/ATN
(2017)
Burger etal. (2018) 2 Experimental TVNS Unilateral 042 ABYN
Zhu etal. (2021) 2 Functional dyspepsia  TVNS Bilateral NR ABVN
*Clancy etal. (2014) 2 Experimental TVNS Unilateral 0.5 ABVN/GAN/ATN
Laqua etal. (2014) 2 Experimental TVNS Bilateral 050 ABYN
Sellaro et al. (2015) 2 Experimental TVNS Unilateral 043 ABYN
*Villani etal. (2019) 2 Experimental TVNS Unilateral 0.62 ABVN/GAN
*Vosseler et al. (2020) 2 Experimental TVNS Unilateral 250 ABVN
Stavrakis et al. (2015) 2 Paroxysmal atrial TVNS Unilateral 100 ABVN/GAN/ATN
fibrillation
Jacobs et al. (2015) 2 Experimental TVNS Unilateral 028 ABVN/GAN
Steenbergen etal. (2015) 2 Experimental TVNS Unilateral 075 ABVN
*Fischer et al. (2018) 2 Experimental TVNS Unilateral 0.60 ABVN
*Ricei et al. (2020) 2 Experimental TVNS Unilateral 100 ABVN/GAN/ATN
Burger etal. (2019) 2 Experimental TVNS Unilateral 075 ABVN
*Ventura-Bort et a. 2 Experimental TVNS Unilateral 48.00 ABVN
(2018)
Borges et al. (2020) 2 Experimental TVNS Unilateral 027 ABYN
Stavrakis et al. (2020) 2 Paroxysmal atrial TVNS Unilateral 4,032.00 ABVN/GAN/ATN
fibrillation
Yeo etal. (2014) 3 Obesity Aapunc + routine Alternating NR ABVN/GAN
Dellovo et al. (2019) 2 ‘Third molar extraction  Aapres Alternating 12000 ABVN/GAN/ATN
Strong et al. (2016) 3 Lung cancer Aapres + routine Bilateral 4800 ABVN/GAN
*WANG et al. (2009) 2 05AS Aapres NR 240.00 ABVN/GAN
Karst et al. (2007) 4 Dental surgery Aapunc Unilateral 042 ABVN/GAN
Széchenyi etal. (2015) 3 Experimental Aapunc + routine Bilateral 1 ABVN/GAN
*Killeen et al. (2002) 2 Cocaine addiction Aapunc Bilateral 075 ABVN/GAN

Studies with (*) were included in meta-analysis. NR, not reported; Aapres, auricular acupressure; Aapunc, auricular acupuncture; tVNS, transauricular vagus nerve stimulation; CES, cranial
electrotherapy stimulation; ABVN, auricular branch of vagus nerve; GAN, great auricular nerve; ATN, auriculotemporal nerve,






OPS/images/fnins-17-1227858-g011.jpg
AS Control Mean Difference
Study or Subgroup _Mean _SD_Total Mean SD Total Weight IV, Fixed, 95% CI

Mean Difference
IV, Fixed, 95% €1

7.1.1 AApres vs Control

Yeh, 2015 113 158 63 093 103 60 44%  0.20[-0.27,067]
Subtotal (95% CI) 63 60  44%  0.20[-0.27,0.67)

Heterogeneity: Not applicable
Test for overall effect; Z = 0.84 (P = 0.40)

7.1.2 tNS vs Control

Antonino, 2017 153 03 13 165 02 13 25.2% -0.12(-0.32,0.08]
Clancy, 2014 104 014 34 119 032 14 3208 -0.15(-032,0.02]
Tobaldini, 2019 12 103 13 07 119 13 13%  0.50[-036,1.36]
Villani, 2019 0.95 0.63 46 094 049 46 182%  0.01[-0.22,0.24]
Vosseler, 2020 27 02 15 3.1 04 15 18.9% -0.40(-0.63,-0.17]
Subtotal (95% C1) 121 101 95.6% -0.15 [-0.25, -0.05]

Heterogeneity: Chi’ = 8.84, df = & (P = 0,07); I = 55%
Test for overall effect: Z = 2.96 (P = 0.003)

Total (95% CI 184 161 100.0% -0.14 [-0.23, -0.04]
Heterogeneity: Chi* = 10.91, df = 5 (P = 0.05); I* = 54%

Test for overall effect: 2 = 2.72 (P = 0.007)

Test for subgroup differences: Chi* = 2.07, df = 1 (P = 0.15), F = 51.6%

—

—u—y

o
>
>

-0.5 0.5 1
Favours [AS] Favours [control]





OPS/images/fnins-17-1227858-g010.jpg
Experimental Control

Study or Subgroup___ Mean __SD Total _Mean SO Total Weight

Std. Mean Difference
IV, Fixed, 95% C1

Std. Mean Difference
IV, Fixed, 95% CI

6.1.1 AApres vs Control
4102 2198 63 3877 2074
63

s
(95% )
Heterogeneity: Not applicable

Test for overall effect: Z = 0.58 (P = 0.56)

6.1.2 tVNS vs Control

Clancy. 2014 82149 17762 34 664.63 160.85
Tobaldini, 2019 53 2593 13 41 3185
Subtotal (95% CI) a7

Heterogeneity: Chi* = 0.90, df = 1(P = 0.34);
Test for averall effect: Z = 2.71 (P = 0.007)

13

Total (95% C1) 110
Heterogeneity. Chi’ = 4.42, df = 2 P = 0.1
Test for overall effect: Z = 2.04 (P = 0.04)
Test for subgroup differences: Chi’ = 3.52, df

1(P = 0.06), I*

60 66.5%
60 66.5%

M 197%
13 138%
27 335%

87 100.0%

70.6%

0.89[0.24, 1.54]
0.40 [-0.38, 1.18]
0.69 10.19, 1.19]

030 10.01, 0.59)

>

P ST
| ages
-

-1 05 055
Favours [AS] Favours [control]





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

Cardiovascular effects of auricular
stimulation -a systematic review
and meta-analysis of randomized
controlled clinical trials












OPS/images/crossmark.jpg
(®) Check for updates







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






OPS/images/fnins-17-1227858-g005.jpg
Control

Mean Difference

Mean Difference

Study or Subgroup __ Mean __SD Total Mean _ SD Total Weight __IV. Fixed, 95% CI IV, Fixed, 95% CI
111 AAPres vs. Control
Abdi, 2017 1113 228 86 1157 219 83 6% -4.40(-11.14,234] —
Allison, 1995 1243 241 35 1263 175 34 00 (-11.92,7.92]
Barker 2006 1197 188 18 1264 195 20 70/(-18.88, 5.48] —
Kuo, 2016 134 164 39 1190 129 37 70(-12.32, 091|
Yeh, 2015 12377 241 35 1263 175 34
Subtotal (95% CI) 213 208
Heterogeneity: Chi’ = 0.65. df = 4 (P = 0.96), I' = 0%
Test for overall effect: Z = 2.33 (P = 0.02)
1.1.2 AAPunc vs. Control
Klausenitz, 2016 138 16 44 139 15 44 66K -1.00(-7.48,5.48]
Viang, 2004 19 148 32 119 146 33 S4%  0.00(-7.157.15]
Subtotal (95% CI) 76 77 120% -055(-535,4.25] il
Heterogeneity: Chi* = 0,04, df = 1 (P = 0.84). ¥ = 0%
Test for overall effect: Z = 0.22 (P = 0.82)
1.1.3 Electro vs. Control
Fischer, 2018 1083 907 21 1088 744 21 10.9% -0.50(-5.52,4.52) —
Giraudier, 2020 107.97 10.66 60 1085 12.07 60 16.6% -0.53 (-4.60,3.54] —
Riccl, 2020 1224 68 8 1197 64 8 66X 270(-3.77,9.17] =
Taylor, 1992 964 614 18 9709 426 18 231K -0.79(-4.24, 2.66] —_—
Ventura-Bort, 2018 108.3 9.07 21 108.8 7.44 21 10.9% -0.50[-5.52,4.52] >
Subtotal (95% CI) 128 128 682% -030(-231,171] <>
Heterogeneity. Chi* = 0.93, df = 4 (P = 0.92);
Test for overall effect: Z = 0.29 (P = 0.77)
Total (95% I} a7 413 1000% -115(-281,051) -

o

Heterogeneity: Chi® = 5.33, df = 11 (P = 0.91): 1 = 0%

Test for overall effect: Z = 1.35 (P = 0.18)
Test for subgroup differences: Chi* = 3.72, df

2(P=0.16),F

-10 10
Favours [AS] Favours [control]

20





OPS/images/fnins-17-1227858-g006.jpg
As Control Mean Difference Mean Difference
Study or Subgroup _Mean _SD Total Mean SO Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% €1
211 AAPres vs, Control
Abdi, 2017 782 117 86 744 105 83  41%  3.80(0.45,7.15)

Allison, 1995 759 147 35 813 118 34  12% -5.40(-11.68,0.88)

Barker 2006 725 129 18 80.7 133 20 0.7% -8.20(-16.5¢,0.14)

Kuo, 2016 756 1.5 39 788 96 37 208 -3.200-7.95, 155

Yen, 2015 763 517 63 7655 359 60 18.8% -0.25[-182,132)

Subtotal (95% CI) 241 234 267% -027(-159,1.04]

Heterogenelty: Chi* = 13.17, df = 4 (P = 0.01): = 70%

Test for overall effect: 2 = 0.41 (P = 0.68)

2.1.2 AAPunc vs. Control

Klausenitz, 2016 84 11 44 83 9 44 26% 100(-3.20,5.20) —
Wang, 2004 768 9 34 778 9 33 25% -100(-531,331) —_—
Subtotal (95% CI) 78 77 51%  0.03(-2.983.03] -
Heterogeneity: Chi® = 0.42,df = 1 (P = 0.51); I = 0%

Test for overall effect: Z = 0.02 (P = 0.99)

213 Electro vs. Control

Fischer, 2018 74 14 21 733 L7 21 SL9%  0.70(-0.24,1.64)

Giraudier, 2020 734 762 60 738 648 60  7.2% -0.40(-2.93,2.13) L
Ricci, 2020 795 3.5 8 80.9 27 8§  49% -140(-4.46,166] .
Taylor, 1992 9646 691 18 99.06 7.74 18  20% -2.60(-7.39,2.19) —
Ventura-Bort, 2018 73.8 6.85 21 73 817 21 22%  0.80(-3.76,5.36) =
Subtotal (95% CI) 128 128 68.2% 0.34[-0.48, 1.16] *»
Heterogeneity: Chit = 3.61, df = 4 (P = 0.46)

Test for overall effect; Z = 0.81 (P = 0.42)

Total (95% CI) 447 439 100.0%  0.16 [-0.52, 0.84)

Heterogeneity: Chi* = 17.82, df = 11 (P = 0,09 I* = 38%

Test for overall effect: Z = 0.46 (P = 0.65)
Test for subqroup differences: Chi* = 0.61, df = 2 (P = 0.74), I = 0%

S T )
Favours [AS] Favours [control}





OPS/images/fnins-17-1227858-g003.jpg
Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants

Biinding of personna! - [

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

(T

25% 50% 75%

[ Low risk of blas [] unclear risk of blas

[ High risk of blas






OPS/images/fnins-17-1227858-g004.jpg
ABVN
/GAN

M ABuN
-

-

e /A
v

GAN

Area of stimulation No. of trials

ABVN 32
ABVN/GAN 25
ABVN/GAN/ATN 17,
GAN 3
ABVN/ATN 1






OPS/images/fnins-17-1227858-g009.jpg
As Control Std. Mean Difference Std. Mean Difference
Study or Subgroup ___Mean SD_Total _Mean SD_Total Weight IV, Fixed, 95% C1I 1V, Fixed, 95% CI
5.1.1 Adpres vs Control
Yeh, 2015 $8.93 2191 63 6109 2069 60 457%  -0.10[-0.5,0.25)
Subtotal (95% CI) 63 60 457% -0.10(-045,025]

Heterogeneity: Not applicable
Test for overall effect: 2 = 0.56 (7 = 0.58)

5.1.2 tWNS vs Control

Borges 2021 111487 130028 42 §87.65 109258 42 311X 0.19(-0.24,0.62) ==
Clancy, 2014 1043.02 17865 34 12864 46905 14 137% -0.82(-147,-0.18) e ST
Tobaldini, 2019 4% 2508 13 ST 2667 13 94%  -041(-119,037) —T

Subtotal (95% CI) 89 69 543%  -0.17(-0.50,0.15] -
Heterogeneity: Chi' = 6,94, df = 2P = 0.03); I = 71%

Test for overall effect: 2 = 1,04 (= 0.30)
Total (95% 1) 152 129 100.0%  -0.14(-0.38,0.10]
Heterogeneity: Chi® = 7.03, df = 3P = 0.07), I = 57%

Test for overall effect: 2 = 1,14 7 = 0.25)
Favours 1AS) F ol
Test for subgroup differences: Chi* = 0.08, df = 1 (P = 0.77), I = 0% oy (AS), Eavoiks [comol





OPS/images/fnins-17-1227858-g007.jpg
As Control

Mean Difference

Mean Difference

Study or Subgroup ___Mean SO Total Mean _SD Total Weight d, 95% CI

311 AAPres vs. Control

Barker 2006 725 94 18 90 8 20  0.8% -17.50(-23.08,-1192]

Chen 2017 1337 178 11 1377 19 15 01% -4.00(-18.25,1025)

Can, 2020 1482 159 48 153 121 S0 08%  -4.80(-1041,081)

Kuo, 2016 768 9 39 86 91 37 16% -9200-1327,5.

Un, 2011 7308 09 12 7525 256 12 110K -217(-3.71,-04

Yeh, 2015 7027 1064 63 6962 1252 60 15% 065 1-3.47. 4.77)

Subltotal (95% C1) 191 194 159%  -355(-4.82,-227)

Haterogenaity: Chi* = 38.70, df = § (P < 0.00001); F = 87%

Test for overall affect: Z = 5.4 (P < 0.00001)

3.12 AAPunc vs. Control

Klausenitz, 2016 103 19 44 106 20 44 04%  -3.00(-1115,5.15) R
ing, 2004 752 11 3 745 11 33 0% 0.70[4.57. 5.97] > g

Subtotal (95% CI) 7 77 13%  -039[-4814.03] e 2

Heterogenenty: Chi* = 0.56, df = 1(P = 0,45, F = 0%

Test for overall effect. Z = 0.17 (P = 0.86)

313 Electro vs. Control

Antonino, 2017 § 2 1B 71 1 1B 176%  -2000-3.22,-078)

Busch, 2013 6433 93 48 6573 82 48 21%  -140[-491,211)

Fischer, 2018 665 212 21 655 06 21 29.2% 1.00 (0,06, 1.94]

Giraudier, 2020 711 8.99 i 2.8% 0.771-2.26, 3.80)

Ricei, 2020 807 168 01%  530(-921.19.81)

Sabina-Canalho, 2017 71 2 1266 -2.00(-3.22

Taylor, 1992 973 421 155 -4410-8.55,-0.

Ventura-gort, 2018 66 675 11% 0.00[-4.92, 4. 911

Vosseler, 2020 74 19 108%  -1.70(-3.25,-0.15

subtotal (95% CI) w0801 136024

Heterogeneity: Chi = 27.64, df = § (P = 0.0005); I = 71%

Test for overall effect: Z = 2.80 (P = 0.005)

Total (95% C1) 486 488 1000%  -123(-174,-072) )

Knl'r'cgm-nv C;x‘t;: 81.91, df = 16 (P < 0.00001); ¥ = 80% 3%

Test for overall effect Z = 4.73 (P < 0.00001)

Test for subgroup differences: Chi’ = 15.02, df = 2 (P = 0.0005), I’ = 86.7% Favours (4] Favours [control]






OPS/images/fnins-17-1227858-g008.jpg
As Control Std. Mean Difference Std. Mean Difference
Study or Subgroup _ Mean SD_Total Mean SD_Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% C1
4.1.1 AApres vs Control
Yeh, 2015 4008 2566 63 39.79 233 60 SLOX  0.01(-034,037)
Subtotal (95% CI) 63 60 SLO%  001(-034,037]
Heterogeneity: Not applicable
Test for averall effect: Z = 0.07 (P = 0.95)
4.12 VNS vs Control
Tobaldini, 2019 2549 119,555 13 2571 207185 13 10.8%  -0.00(-0.77,0.77)
Villani, 2019 136 048 46 119 05 46 382% -0.06(-0.47,0.35]
Subtotal (95% €I 59 59 49.0% -0.05[-041,031]
Heterogeneity: Chit = 0.02, df = 1(P = 0.89); ' = 0%
Test for overall effect: Z = 0.26 P = 0.80)
Total (95% CI) 122 119 1000%  -0.02(-027,0.24]
Heterogeneity: Chi® = 0.07, df = 2 (P = 0.97), ' = 0% Y
Tast for overall effect: Z = 0.13 (P = 0.89) Favours [AS] Favours [control]
Test for subgroup differences: Chi* = 0.05, df = 1(P = 0.82), I’ = 0%






OPS/images/fnins-17-1227858-g001.jpg
Identification

Included | |Eligibility | | Screening.

32162 Studies imported L:,'} 117145 Duplicates removed

\ g

15017 Studies screened [———1% iﬁ;{; ‘Studies irr

¥

1274 Full-text studies
assessed for eligibility

) 4

78 Studies included

Analyzed

26 Studies in meta analysis
52 Studies in descriptive
analysis

elevant

— j"uoz Studies excluded

{377 ‘Wrong study design
366 Wrong outcomes
{153 Wrong language
! 128 Wrong intervention
{62 Not retrievable
162 Only combined BA and AA
.‘48 Duplicate






OPS/images/fnins-17-1227858-g002.jpg
340
(51Q 6unIdas) Buniodas ININS

(5719 LORIAI) BTP JWON0 WO

(S0 VORI WIWSSISSE JWODINO JO BUPULY
[euwos3d jo Bupung

edIT jo Supung

(5¥1Q UO9}I5) WIWEIWD VOOV

(ST1Q UBARPS) LOALAUIE IUINDIS WopUrY

® 000 =000 :0=00¢:0:ssssc00¢c0
o000 000 0000 O0OOGOONOGOGEOGOGOGOSOSOIS
00000000000 OOCOGNGIOGIOGOGIOGOGOSGIOGOSOSS
0000000 000000000 OOOOGOGOGGSS
0000000000000 00O0OCOGOGSINOGINSINOGINSINI S
000 =0 ~0000000:0000000000=0
es0ss0E s 0 s c0R00 s s8ess080
b L e R A L e R R L L
SEEEEEEEEEIEEEEE LR R RRE
RRRRRRELRERS R _mmwmf:
= H






