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Purpose: We conducted a more comprehensive systematic review and meta-analysis to evaluate the effectiveness of auricular
acupuncture (AA) in perioperative pain management.

Methods: Randomized controlled trials (RCTs) findings were retrieved from the Embase, Cochrane Central Register of Controlled Trials,
PubMed, Web of Science, Chinese Biomedical Literature Database, Wanfang, VIP, and China National Knowledge Infrastructure databases
from their inception to March 2024 using the search terms “pain”, “auriculotherapy”, and “randomized controlled trial”. The experimental
group was treated with AA alone or in combination with analgesic drugs, whereas the control group was treated with sham auricular
acupuncture, placebo, conventional treatment, or no treatment. The primary outcome was the perioperative pain score. The secondary
outcomes were analgesic requirements, anxiety score, and adverse events (AEs). RevMan version 5.4 was used for data analysis.
Results: The analysis included a total of 21 RCTs with 1527 participants. AA was superior to the control group for reducing pain
intensity (mean difference [MD]= —0.44; 95% confidence interval [CI]: —0.72 to —0.17) and analgesic requirement (standardized mean
difference [SMD]= —0.88, 95% CI: —1.29 to —0.46). Perioperative anxiety improvement did not differ significantly between the AA
and control groups (MD= —5.45, 95% CI: —32.99 to 22.09). Subgroup analysis showed that AA exerted a significant analgesic effect as
a preoperative intervention and in orthopedic surgery. The results of the sensitivity analysis demonstrated the stability of the results of
the meta-analysis. AA-related AEs were mainly nausea, vomiting, and drowsiness. None of the patients in the experimental group
dropped out of the trial due to AA-related AEs.

Conclusion: Current evidence suggests that AA may be a promising treatment option for improving perioperative pain with few AEs.
However, owing to the low quality of the current evidence, large-sample, high-quality RCTs are needed to prove this conclusion.
Keywords: ear acupuncture, analgesic requirements, anxiety score, adverse events

Introduction

Pain is an unpleasant sensation and emotional experience associated with actual or potential tissue damage.' Despite advance-
ments in the understanding of pain mechanisms and the emergence of methods for acute pain management, insufficient treatment
of postoperative pain remains a significant concern.” The incidence of postoperative pain is 75%, with 80% of patients reporting
severe pain during their hospital stay.> Moreover, approximately 70% of patients report moderate or severe pain during the
perioperative period.* Perioperative pain affects postoperative recovery, prolongs hospital stay, increases the risks of respiratory
and cardiovascular complications,’ and is closely associated with postoperative delirium.® Additionally, pain seriously affects
patients’ quality of life and imposes a significant financial burden on the health system.’
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Opioids remain the mainstream treatment option for perioperative pain; however, their clinical use is limited by
adverse effects, including respiratory depression, pruritus, and gastrointestinal reactions.® Although non-steroidal anti-
inflammatory drugs can provide non-addictive analgesia, they have a ceiling effect and can lead to reduced hemostatic
function, poor bone healing, renal dysfunction, and gastrointestinal toxicities.® Thus, complementary and alternative
medicines (CAMs), such as acupuncture and manual therapies, have become increasingly popular in the United States
because of their safety and cost-effectiveness.’

Auricular acupuncture (AA), a type of CAM, differs from traditional Chinese medicine (TCM) in that it is based on a map of
acupoints superimposed on the auricle. Points on the auricle are stimulated to regulate the corresponding body parts or organs.”
The connection between auricle, zangfu, and meridians forms the foundation for managing perioperative pain. AA not only
regulates sympathetic and parasympathetic nerves through the thalamic pathway; It also stimulates non-specific immunity and
mobilizes the activity of various immune factors through humoral regulation.'® Compared with analgesics, AA has the
advantages of non-addictive and non-toxic side effects. It is easier to perform than other forms of acupuncture. Clinical studies
have demonstrated the benefit of AA for perioperative pain from total knee arthroplasty,'' gastric cancer surgery,'”
hemorrhoids,'* and first-trimester abortion.'*'> A 2008 systematic review (SR) of AA for postoperative pain reported the results
as “promising, but not convincing”.'® Recent SRs on auriculotherapy for pain management have focused on acute and
postoperative pain.”*'® Although the results favor auriculotherapy, these studies involved non-acupuncture modalities applied
to auricular acupoints, such as acupressure or transcutaneous electrical nerve stimulation, and did not conduct subgroup analyses
of different intervention timing, thus limiting our understanding of AA efficacy. In conclusion, there is no consensus on the
efficacy of AA for perioperative pain. Additional randomized controlled trials (RCTs) have been conducted in recent years to
validate AA for perioperative pain and should be included in updated systematic reviews to identify the latest evidence of AA in
the treatment of perioperative pain.

In this research context, we conducted a more comprehensive literature search with pain intensity as the main
outcome of the SR and performed a meta-analysis of the efficacy of AA as an independent treatment modality for
perioperative pain. We also reported analgesic requirements, perioperative anxiety, and adverse events (AEs) to provide
additional evidence for clinical decision-making.

Materials and Methods

This review follows the guidelines outlined in the Preferred Reporting Items for Systematic Reviews and Meta-Analysis
(PRISMA)."” The protocol has been previously registered on PROSEPERO (ID: CRD42024529778).

Search Strategy

We searched the following eight electronic databases from their inception to March 2024: Embase, Cochrane Central Register of
Controlled Trials, PubMed, Web of Science, China Biomedical Literature Database, Wanfang Database, VIP Database, and China
National Knowledge Infrastructure. Only studies written in Chinese or English language were included. The search strategy
involved a combination of Medical Subject Heading terms and free words, which were adjusted according to different databases,

EEINT3 EEINT3 EEINT3 CLINT3 CEINT3

and included “pain”, “perioperative pain”, “postoperative pain”, “auriculotherapy”, “ear acupuncture”, “auricular acupuncture”,
“electroauricular acupuncture”, and “randomized controlled trial”. The search strategies are shown in Supplementary Enclosure.

We also manually searched the relevant references of published reviews to identify other eligible studies.

Inclusion Criteria

(1) Study types: This review included only RCTs evaluating the efficacy of AA for perioperative pain. (2) Participants:
The participants were adults with perioperative pain but no serious complications, with no restrictions on operation type
or participant sex, race, or degree of pain. (3) Interventions: The experimental group received AA or electroauricular
acupuncture (EAA), alone or in combination with analgesic drugs for pain treatment. Studies combining AA with body
acupuncture or other CAM (including herbal medicine, massage, and exercise) and studies comparing AA with EAA
were excluded (Because our study was not to evaluate the efficacy of adding an electrical stimulus to the AA). Other
auricular acupoint stimulation modalities, such as auricular acupressure or transcutaneous electrical acupoint stimulation,
were also excluded. (4) Control interventions: The control group received sham auricular acupuncture (SAA), placebo,
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analgesic drugs, or no treatment for perioperative pain. (5) Outcomes: The primary outcomes were perioperative pain
scores, including the visual analog scale (VAS) and Numerical Rating Scale (NRS). The secondary outcomes were
analgesic requirement, anxiety score (VAS), and AEs.

Study Selection

All retrieved literature was imported into EndNote X9. After removing duplicates, two reviewers independently
performed an initial screening of the literature based on the titles and abstracts. Two reviewers then screened the full
text according to the inclusion criteria and determined the eligible studies. Any disagreement was resolved by negotiation

between the two reviewers. If the two reviewers disagreed, a third reviewer made a final determination.

Data Extraction

Using a predesigned data extraction form, two evaluators independently extracted the following information: basic
information (first author, country, publication year, generation of randomized protocol, and blinding method), character-
istics of the study participants (sample size, age, diagnostic criteria for disease, inclusion and exclusion criteria, etc),
intervention and control measures, outcome indicators (definition of indicators, measurement time points, etc), and AEs.

Disagreements were resolved by a third reviewer.

Assessment of the Risk of Bias (ROB)

The ROB in each included trial was assessed by two reviewers using the Cochrane Collaboration criteria.'® The
evaluation covered the following seven areas: randomization, allocation concealment, researcher and participant blind-
ness, outcome evaluator blindness, incomplete outcome data integrity, selective reporting, and other biases. Each area
was evaluated as low risk, concern, or high risk. Differences in assessments were resolved through discussions among all

researchers.

Data Synthesis and Statistical Analysis

All data were imported into RevMan version 5.4 for analysis. Continuous variables were analyzed using mean
differences (MDs) or standardized mean differences (SMDs) with 95% confidence intervals (Cls). P <0.05 indicated
statistical significance. A random-effects model was applied to analyze the data (I >50% or P <0.1). The meta-analysis
of pain intensity used VAS and NRS results. Owing to the connection between pain assessment scales,'® the VAS results
were converted into their corresponding scores on an 11-point NRS (0: no pain, 10: extreme pain). For studies with
multiple data points (ie, measuring pain intensity at multiple time points after AT intervention), the data point with the
smallest effect size was extracted for meta-analysis. Pre-planned subgroup analyses were performed to explore the
sources of heterogeneity based on intervention means (The included studies were divided into a group of AA and a group
of EAA according to whether the intervention was supplemented with current or not), intervention time-point (According
to the intervention time-point, the included studies were divided into preoperative intervention group and postoperative
intervention group), and operation type (According to the type of surgery, the included studies were divided into
orthopedics surgery, gastrointestinal surgery, hemorrhoids surgery, ENT surgery, gynecologic surgery and exodontia
surgery). We performed sensitivity analyses to verify the stability of the results. Publication bias was assessed using
funnel plots.

Evaluation of Evidence Quality

Based on the Grading of Recommendations Assessment, Development, and Evaluation (GRADE)? system, the quality
of evidence was graded separately by two reviewers as high, moderate, low, and very low. The GRADE system considers
study limitations, inconsistent results, insufficient accuracy, indirect evidence, and publication biases. Any disagreements
in grading were decided by a third reviewer.

Journal of Pain Research 2025:18 https: 443



Zhou et al

Results

Search results

A total of 5785 studies were initially retrieved from the eight databases. After removing duplicates, the titles and
abstracts of 3039 studies were screened, 3011 of which were excluded for not meeting the inclusion criteria. Finally, 21
RCTs'' 1521736 were included after reading the full texts. The screening flowchart is shown in Figure 1.

General Characteristics of the Included Studies

The 21 RCTs included 1527 participants. The maximum and minimum sample sizes were 120 and 10 participants,
respectively. The selected studies were published between 1986 and 2023. Nine studies (43%) were from China, five
(24%) from the United States, three (14%) from Germany, two (10%) from Austria, one (5%) from the Egypt, and one
(5%) from the United Kingdom. Thirteen (61.9%) studies were sham-controlled and eight (38.1%) were open-label trials.
Nineteen studies (90.5%) applied a two-group parallel design, 16 of which compared AA with SAA, conventional analgesics,
or no intervention, while three compared EAA with conventional analgesics or SAA. Two studies (9.5%) were three-arm trials

comparing AA with EAA or SAA. The characteristics of the included studies are presented in Table 1.

Records identified through database
(n=5785): PubMed(n=159),
Embase(n=350), CENTRAL(n=448),
WOS(n=263), CNKI(n=1170),
CBM(n=1430), WF(n=1381), VP(n=584)

Records identified from systematic
reviews (n=1)

A\ 4

Records after duplicates removed
(n=3039)

A 4

Records screened (n=3039)

Records excluded (n=3011)
Did not meet inclusion criteria (n=3008)
Duplicate publication(n=3)

A 4

Full-text articles assessed for
eligibility (n=28)

Full-text articles excluded (n=7)

The control group was not eligible (n=1)
The intervention group was not eligible (n=4)
A 4 Non-perioperative period (n=1)

No pain-related outcome measures (n=1)

A 4

Studies included in qualitative
synthesis (n=21)

A 4

Studies included in quantitative
synthesis (n=21)
Pain intensity (n=15)
Analgesic requirement (n=15)
Anxiety scores (n=2)

A 4

Figure | Flow diagram of the screening process.
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Table | Characteristics of Included Studies

Included Country | Surgery Sample | Age [y, mean Intervention | Intervention Comparison Acupoints Outcomes
Studies Size (SDb)] (Ic) Time
(c)

Liao et al China TKA 20/20 65.20£10.89/64.95 | Pre-operation AA + Multimodal | SAA + Multimodal | Shenmen, Knee joint, Sympathetic 06
(2020)"! (AA/C) +11.22 (AAIC) analgesia analgesia nerve, Subcortical point
Wu et al China Laparotomy for 30/30 63.10+8.30/65.60 Postoperation | AA+PCA PCA Shenmen, Sympathetic nerve, ®@

astric cancer 6. ubcortical point, Spleen, Stomac
2021)'? g AA/C 6.10 (AA/IC Sub. | point, Spleen, S h
Wang et al China TKA 3129 60.19 + 6.33/61.10 | Pre-operation | AA SAA Shenmen, Knee joint, Subcortical 00O
(2012)* (AA/C) + 6.10 (AA/C) point, Lung
Liu et al China Surgery for 45/45 43 £75/45 £ 2 Postoperation | AA+ Analgesic Analgesic Shenmen, Subcortical point, @®

mixe: ndocrinolo,
2023)"3 d AA/C AAIC End logy

hemorrhoids
Deng et al China Surgery for 42/42 57£17/57%16 Pre-operation AA Analgesic Shenmen, Lung 0O
(2013)* mixed (AA/C) (AA/C)

hemorrhoids
Chen et al China Nasal endoscopic | 30/30 44+11/45%10 Pre-operation | AA SAA Shenmen, Subcortical point, ©)

surger ndocrinology, Sympathetic nerve,
2022)% gery AAIC AA/C End logy, Sympath

Internal nose, Nasus externus

Chen et al China IVF-ET oocyte 36/34 31.06+4.31/31.12 Pre-operation EAA Meperidine Shenmen, Internal genitalia ©)
(2015)* retrieval (EAA/C) | +4.56 (EAA/C)
Zheng et al China Abdominal 25/25 68+13/67+12 Pre-operation AA SAA Shenmen, Subcortical point, Groin, ©)
(2017)*® external hernia (AAIC) (AAIC) Liver

surgery
Wigram et al England Upper 19/15 53.7+xNone/50.8 Postoperation EAA+ Papaverine None )
(1986)** Abdominal (EAA/C) | xNone (EAA/C) Papaverine

surgery
Wang et al China Gastrectomy 20/20 63.10+8.30/65.60 Pre-operation | AA SAA Shenmen, Sympathetic nerve, 00©)
(2022)* (AAIC) | %6.10 (AA/C) Thalamus, Point Zero, Omega 2
Usichenko Germany | Arthroscopic 61/59 42+14.6/43.8£12.6 | Pre-operation AA+ Standard SAA+ Standard Knee joint, Shenmen, Lung 00O
et al (2007)*' knee surgery (AA/C) (AA/C) analgesia analgesia

(Continued)
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Table | (Continued).

electric stimuli

Included Country | Surgery Sample | Age [y, mean Intervention | Intervention Comparison Acupoints Outcomes
Studies Size (SD)] (IC) Time
(c)
Usichenko Germany | THA 29/25 68+10/66%1 | Pre-operation AA+ Standard SAA+ Standard Lung, Shenmen, Thalamus, Hip 00O
et al (2005)*° (AAIC) (AAIC) analgesia analgesia
Sator- Austria Oocyte 32/32/29 | 333 £ 1.7/342 £ Pre-operation EAA+PCA/AA SAA+PCA Uterus, Shenmen, Cushion 00O
Katzenschlager aspiration (EAA/ 1.1/339 £ 1.9 +PCA
et al (2006)% AA/C) (EAA/AA/C)
Plunkett et al United Tonsillectomy 45/50 25.71+6.13/25.65 Pre-operation | AA None Cingulate gyrus, Thalamus, omega 2, @®
(20187 States (AAIC) | 5.34 (AA/C) Point Zero, Shen men
Oviedo et al United Aspiration 51/52 31.546.2/30.3+6.2 | Pre-operation | AA+ |buprofen SAA + lbuprofen Cingulate gyrus, Thalamus, Cervix (left O®
(2021)"* States abortion (AAJC) (AA/C) and paracervical | and paracervical ear), Uterus C (right ear), Point Zero,
block block Shenmen
Ndubisi et al United Aspiration 52/49 31.0+6.8/28.7+6.9 | Pre-operation | AA+ |buprofen SAA+ lbuprofen Cingulate gyrus, Thalamus, Cervix (left O®
(2019)'* States abortion (AA/C) (AA/C) and paracervical | and paracervical ear), Uterus C (right ear), Point Zero,
block block Shenmen
Michalek- Austria Molar extraction 60/31/28 26.9313.54/24.74 Pre-operation EAA/AA SAA Tooth, Shenmen, Mouth ©)
Sauberer et al (EAA/ +3.53/26.21+3.78
(2007)* AA/C) (EAA/AA/C)
Hendawy et al | Egypt Abdominal 28/28 49.857 + 3.9320/ Pre-operation EAA None Shenmen, Thalamus, Analgesia Point 3, | ©@@®
(2020)* hysterectomy (EAA/C) | 49.643 £ 3.8318 Uterus
(EAA/C)
Baldawi et al United Perioperative 36/36 64 £13.6/64.2 £9.4 | Postoperation AA SAA Omega 2, Shenmen, Point Zero, OB
(2022)*' States anesthesia (AA/C) (AA/C) Hypothalamus, Cingulate Gyrus
Wetzel et al Germany | THA 57/59 66+10/67+8 (AA/ | Pre-operation AA SAA Hip, Shenmen, Lung @B
(2011)% (AAIC) | Q)
Taguchi et al United Induced noxious 10/10 26+6/26x6 (AA/ Pre-operation AA+ Desflurane | Desflurane Shenmen, Thalamus, Tranquiliser; @
(2002)% States leg pain with (AA/C) C) anesthesia anesthesia Master Cerebral

Notes: (D, Pain score; @, Analgesics usage; (), Adverse event; @), Anxiety score.
Abbreviations: |, intervention; C, comparison; SD, standard deviation; EAA, electroauricular acupuncture; AA, auricular acupuncture; SAA, sham auricular acupuncture; TKA, total knee arthroplasty; THA, total hip arthroplasty; IVF-ET,
In vitro fertilization-embryo transfer; PCA, patient controlled analgesia.
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Risk of Bias

Eighteen studies'''>1730233-35 (85 719%) were rated as low-risk because they used appropriate randomized sequence
generation methods. No study was rated as high-risk in terms of random sequence generation. Eleven
studies'#1°-21:23.26:28.29.31.33.35.37 " (57 3804) reported allocation concealment. Patient blinding was described in 13
studies'*!'%-2123-2673337 (61 99%). Ten studies'*'321-252831:3337 (47 62%) reported blinding of outcome assessments.
All included studies'' 32337 (100%) were rated as low-risk in terms of incomplete outcome data. Two studies®'~**
(9.52%) had a low ROB for selective reporting. None of the studies were rated as having a high risk of blinding of

outcome assessment, selective reporting, or other biases (Figure 2).

Outcomes

Primary outcomes

A total of 17 RCTs''1321723:28:30734 reported pain intensity; however, two studies
analysis because of incomplete data. Owing to significant heterogeneity among the 15 studies included in the meta-
analysis'? 421725283034 (p <0 00001, 1°=93%), a random-effects model was used for data analysis. The AA group
demonstrated a greater improvement in perioperative pain than the control group (MD= —0.44, 95% CI: —0.72 to —0.17;
P=0.002) (Figure 3).

LI5S were not included in the meta-

A ®
g =
c c ] %
9
¢ & 4 @ o @ P -
e §5 8 232335 2% 8 8¢ ¢ F 835 3 8 8 2
n n - N N N N N N N N N n n n n n N N N N
S R g3 38888238 3888888 ¢8R
~ - (=24 N N N ~ (3] N (=] @ -- © ~ w o o w N o N
D -~~~ OO -~ O OO OO ®O®® ® O® ® O®|® | RrRandomsequence generation (selection bias)
-~ 0B -~~~ OB -~ OO B ~|~>|® ~>|~|~|@® |Aiocation concealment (selection bias)
. . ' ‘ . ‘ . . ‘ ‘ ' ‘ ‘ . . ~ . . . . . Blinding of participants and personnel (performance bias)
SN N DO > DO O |~ [@| ]|~ |~ |@ |Blinding of outcome assessment (detection bias)
. ‘ . . . ‘ . . . ‘ ' . ‘ ‘ ‘ ‘ ‘ ‘ . . Incomplete outcome data (attrition bias)
ECNN EC O EC O ) . -~ . DWW || W™ || = |[=~]|=~]|= |~ Selectve reporting (reporting bias)
N[ W | R[N N [N ]|N[N]| W[ W] |=]| === = |Otherbias

B Random sequence generation (selection bias) _:I

Allocation concealment (selection bias) l
Blinding of participants and personnel (performance bias) __

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias) _

Selective reporting (reporting bias) -

Other bias I

0% 25% 50% 75% 100%

. Low risk of bias |:| Unclear risk of bias . High risk of bias

Figure 2 (A) Risk of bias item for included RCTs. (B) Risk of bias item presented as percentages across all included RCTs.
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Auricular Acupuncture Control Mean Difference Mean Difference

_Study or Subgroup Mean SD _ Total Mean SD Total Weight IV. Random, 95% Cl 1V, Random. 95% CI

Baldawi 2022 3.1 1.5 36 56 16 36 59%  -2.50[-3.22,-1.78] -

Chen 2015 293 1.87 36 524 27 34 39%  -2.31[-3.40,-1.22]

Chen 2022 1.32 0.45 30 243 054 30 9.0%  -1.11[-1.36, -0.86] -

Deng 2013 24 0.1 42 26 0.1 42  9.7%  -0.20[-0.24,-0.16] -

Hendawy 2020 2.54 1.14 28 5.04 1.35 28 6.3%  -2.50[-3.15, -1.85] -

Liu 2023 5.44 0.91 45 592 0.13 45 89%  -0.48[-0.75,-0.21] -

Oviedo 2021 5.36 3.81 51 5.08 3.18 52 2.9% 0.28 [-1.08, 1.64] -1

Sator-Katzenschlager 2006a 4.9 1.7 32 295 08 14 59% 1.95[1.283, 2.67] -

Sator-Katzenschlager 2006b 29 1.5 32 295 08 15  6.3% -0.05[-0.71, 0.61] -1

Usichenko 2005 4.4 1.7 29 44 22 25 4.0% 0.00 [-1.06, 1.06] I B

Usichenko 2007 4.2 0.88 61 4.17 0.85 59  8.7% 0.03 [-0.28, 0.34] T

Wang 2012 4.15 0.21 31 433 0.25 29 96%  -0.18[-0.30, -0.06] -

Wang 2022 3.8 1.06 20 3.75 1.16 20 6.1% 0.05 [-0.64, 0.74] -

Wigram 1986 3 1.6 19 2 12 15 4.6% 1.00 [0.06, 1.94] -

Wu 2021 1.9 0.97 30 24 05 30 82%  -0.50[-0.89,-0.11] -

Total (95% Cl) 522 474 100.0%  -0.44[-0.72, -0.17] L 4

Heterogeneity: Tau? = 0.21; Chi? = 199.28, df = 14 (P < 0.00001); I* = 93%

Test for overall effect: Z = 3.13 (P = 0.002) -4 -2 0 2 4

Favours Auricular acupuncture Favours Control

Figure 3 Meta-analysis of the pain intensity.
Abbreviations: SD, standard deviation; Cl, confidence interval.

Secondary outcomes

Analgesic Requirement

Fifteen RCTs'??!*52337 reported analgesic requirement, which was significantly lower in the AA group than that in the
control group (SMD= —0.88, 95% CI: —1.29 to —0.46; P <0.0001; I°=88%) (Figure 4A). In addition, two studies''*
reported significantly later time to first analgesic request in the AA group than that in the control group.

A

Auriculotherapy Control Std. Mean Difference Std. Mean Difference

_Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% Cl

Baldawi 2022 183 122 36 386 159 36 6.9% -1.42[-1.94, -0.90] -

Hendawy 2020 6.21 213 28 15.71 3.34 28 59% -3.34 [-4.17,-2.52) -

Michalek-Sauberer 2007 2.49 1.3 60 245 124 28 71% 0.03 [-0.42, 0.48] -

Plunkett 2018 6241 19.37 45 714 1542 50 7.2% -0.51[-0.92, -0.10] e

Sator-Katzenschlager 2006a 5 1.45 32 4.06 1.1 14 6.5% 0.68 [0.04, 1.32]

Sator-Katzenschlager 2006b 2 0.97 32 4.06 1.11 15 6.2% -1.99 [-2.74, -1.25] -

Taguchi 2002 44 0.8 10 4.9 0.7 10 57% -0.64 [-1.54, 0.27] -

Usichenko 2005 46 22 29 67 31 25 6.8% -0.78 [-1.34, -0.22] -

Usichenko 2007 270.64 455.57 61 529.34 455.94 59 7.3% -0.56 [-0.93, -0.20] -

Wang 2012 33.39 1157 31 40 118 29 6.9% -0.56 [-1.08, -0.04] /]

Wang 2022 369.1 5.87 20 37445 1296 20 6.6% -0.52 [-1.15, 0.11] -/

Wetzel 2012 46 1.1 57 52 1.3 59 7.3% -0.49 [-0.86, -0.12] -

Wigram 1986 1.3 0.4 19 1.4 0.6 15 6.4% -0.20 [-0.88, 0.48] /T

Wu 2021 369.1 5.87 30 37445 1296 30 6.9% -0.52 [-1.04, -0.01] /]

Zheng 2017 5296 614 25 7584 888 25 6.0% -2.95[-3.77, -2.13] -

Total (95% CI) 515 443 100.0% -0.88 [-1.29, -0.46] >

Heterogeneity: Tau? = 0.57; Chi? = 120.57, df = 14 (P < 0.00001); I> = 88% _L 2 0 > 4
Test for overall effect: Z = 4.15 (P < 0.0001)

Favours auriculotherapy Favours control

B

Auriculotherapy Control Mean Difference Mean Difference
_Study or Subgroup Mean SD Total Mean SD Total Weight V. Random. 95% ClI IV. R % Cl
Ndubisi 2019 14.15 22.49 52 33.48 49.64 49 50.6% -19.33[-34.51,-4.15] L
Oviedo 2021 34.72 41.96 51 25.95 427 52 49.4% 8.77 [-7.58, 25.12]
Total (95% Cl) 103 101 100.0% -5.45 [-32.99, 22.09]

it - - Chi2 = = - .12 = 849 t t t + +
_I:eutsrfogenenyl.lT:u : ;3_03)(;5022 067.89, df=1(P=0.01); I?=84% 200 100 0 100 200
est for overall effect: Z = 0.39 (P = 0.70) Favours auriculotherapy Favours control

Figure 4 Meta-analysis of the analgesic requirement (A) and anxiety scores (B).
Abbreviations: SD, standard deviation; Cl, confidence interval.
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Anxiety Scores
Two RCTs'*!> reported anxiety scores, and the results of the meta-analysis showed no significant difference in improving
perioperative anxiety between the AA and control groups [MD=-5.45, 95% CI: —32.99 to 22.09; P=0.7; ’=84%, Figure 4B].

Adverse Events

Eleven studies reported AEs and number of patients. The perioperative AEs mainly included nausea, vomiting, and drowsiness.
No serious AEs were associated with AA. Local earache after AA was reported in three studies.’**'> Acupuncture syncope
reaction was reported in one study,”* and auricular hemorrhage after needle removal was reported in one study,*® but all were
tolerated and no patients withdrew from the trial because of AA-related AEs (Supplementary Table S1).

Subgroup and Sensitivity Analyses

The results of subgroup analyses of pain intensity and analgesia requirements according to intervention modality and intervention
timing showed no significant differences between EAA and control treatment, although the studies showed significant hetero-
geneity. Compared with the control group, AA better relieved perioperative pain and reduced the need for analgesia. Similarly,
compared with the control group, postoperative AA significantly reduced the need for analgesics; however, pain intensity showed
no significant improvement. Thus, preoperative AA showed advantages in the above two aspects. In addition, AA demonstrated
no significant effect on pain intensity in patients undergoing gastrointestinal or gynecological surgery, but significantly affected
pain relief in patients undergoing orthopedic; hemorrhoid; and ear, nose, and throat (ENT) surgeries compared with the control
group. Pain relief was the most significant in patients undergoing ENT surgery. The subgroup meta-analysis of the analgesia
requirement according to surgery type showed that AA significantly reduced the analgesic drug needs of patients undergoing
orthopedic and ENT surgery but not those undergoing gastrointestinal, gynecological, or tooth extraction surgery. Sensitivity
analyses showed that both the pain intensity and analgesic requirements were stable (Table 2).

Table 2 Subgroup Analyses of Pain Intensity and Analgesia Requirement

Outcomes Pain Intensity Analgesia Requirement
Subgroups Studies | MD (95% CI) 1% (p-value) Studies | SMD (95% CI) 1% (p-value)
Overall analysis I5 —0.44 (-0.72, —0.17) | 93% (P=0.002) | I5 —0.88 (—1.29, —0.46) | 88% (P<0.001)
Intervention means
AA I —0.31 (-0.59, —0.04) | 92% (P<0.001) | II —0.72 (-1.1,-0.34) | 82% (P<0.001)
EAA 4 —0.96 (-2.62, 0.7)* 94% (P<0.001) | 4 —1.35 (-2.84, 0.14)* | 95% (P<0.001)
Intervention time-point
Pre-operation I —0.36 (—0.67, —0.04) | 93% (P<0.001) | 11 —0.95 (—1.47, —0.42) | 91% (P<0.001)
Postoperation 4 —0.65 (—1.53, 0.23) | 92% (P<0.001) | 4 —0.72 (—1.28, -0.15) | 69% (P=0.02)
Operation type
Orthopedics 3 —0.15 (-0.26, —0.04) | 0% (P=0.44) 4 —0.57 (-0.79, —0.36) | 0% (P=0.87)
Gastrointestinal surgery | 3 0.09 (-0.71, 0.89)* 78% (P=0.01) | 4 -1.02 (-2.07, 0.03)* | 90% (P<0.001)
Hemorrhoids 2 —0.31 (-0.57, —0.04) | 75% (P=0.04) | - - -
ENT surgery | =11l (-1.36, -0.86) | — | —0.51 (-0.92, -0.1) | —
Gynecologic surgery 5 —0.53 (2.3, 1.25)* 96% (P<0.001) | 3 —1.54 (=3.92, 0.84)* | 97% (P<0.001)
Exodontia - - - | 0.03 (-0.42, 0.48)* -

Notes: “The result of the subgroup was not achieving statistical significance.

Abbreviations: EAA, electroauricular acupuncture; AA, auricular acupuncture; ENT, ear-nose-throat;

difference; Cl, confidence interval.

MD, mean difference; SMD, Standard mean
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Publication Bias

We plotted funnel plots with MD as the midpoint to determine publication bias in the 15 studies on pain intensity (Figure S1).
Two reviewers independently judged the symmetry of the funnel plots. Both believed that the plots were asymmetrical,
indicating potential publication bias in the studies on pain intensity.

Quality of Evidence Assessment

The quality of evidence for pain intensity and analgesic requirement was rated as very low due to serious heterogeneity
and significant publication bias. The quality of evidence for anxiety scores was also rated as very low due to serious
imprecision, in addition to the above reasons (Supplementary Table S2).

Discussion

The results of the present meta-analysis showed that AA can relieve perioperative pain and reduce the need for analgesics
but has no significant effect on perioperative anxiety. However, only two studies reported perioperative anxiety scores.
The results of the subgroup analysis showed that perioperative pain relief was the most significant in the AA group for
preoperative interventional and ENT surgery. In the AA group, the preoperative interventional, orthopedic, and ENT
surgery groups had a lower demand for analgesic drugs. No serious AA-related AEs occurred. However, publication bias
and low-quality evidence were present.

AA is a unique treatment system that differs from TCM. AA is based on Nogier’s hypothesis that the locations of
acupoints on the auricle correspond to the organs and parts of an upside-down baby’s body.'® Stimulating the auricular
acupoints can regulate the function of the corresponding parts of the human body. AA has been widely used for
perioperative analgesia, while EAA has been applied for anesthesia in head, neck and chest surgery.*® AA could also
serve as an effective supplement to routine treatment during the first trimester of uterine aspiration.'> In their 2008 review
of studies on AA in the treatment of postoperative pain, Usichenko et al showed that AA was effective in alleviating
postoperative pain. However, the results were not convincing owing to methodological flaws in the included studies.'®
A subgroup analysis of perioperative pain in a meta-analysis of all types of pain, AA group showed a significant
reduction in analgesic requirement,” but four of the five studies included in the subgroup analysis were from the same
research team, leading to the possibility that this result was weakened by investigator bias. One meta-analysis concluded
that AA was at least as effective as painkillers for Immediate Pain relief.” A recent systematic review and meta-analysis
indicated that auricular acupressure may improve postoperative acute pain, but higher quality studies are needed to
determine a more accurate effect size.'® Therefore, the effects of AA on perioperative pain remain unclear.

The present review evaluated the efficacy and safety of AA as a standalone modality for perioperative pain
management. The results revealed significantly lower pain intensity and analgesic requirements in the AA group than
those in the control group; the sensitivity analyses were stable Moreover, AA did not improve perioperative anxiety,
contrary to previous findings.*” This review included only two studies in the meta-analysis of perioperative anxiety, with
significant heterogeneity between the studies, leading to limited interpretation and generalization of the results. In
conclusion, owing to the small number of RCTs, insufficient sample size, and large heterogeneity between studies, we
found limited evidence to support the effectiveness and safety of AA in improving perioperative pain. Future studies with
larger sample sizes, improved study designs, and higher-quality evidence are needed to validate our conclusions.

Only 13 of the 21 included studies used SAA as a control, and studies have found that placebo effects and
expectations stimulate areas of the brain that control pain pathways and regulate mood.*® Given the effectiveness of
placebo analgesia and the positive physiological effects of acupuncture at any body point to relieve pain,***' future RCTs
with SAA as the control are recommended to verify the analgesic efficacy of AA. Regarding the choice of outcome
indicators, it was taken into account that analgesic requirements are influenced by the surgical site and the economic
situation of the patient.'® Therefore, analgesic requirement may not be reliable as a measure of AA effectiveness, and it is
recommended that future studies use pain intensity as an outcome measure.

The results of subgroup analysis according to intervention mode revealed that EAA had no significant effect on either
pain intensity or analgesic need; however, as this analysis included only four studies with significant heterogeneity,
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drawing conclusions about these results is difficult. There were no AA-related serious AEs in the included studies, so AA
is safer and more convenient than current pain management measures. AA may be a promising treatment for periopera-
tive pain and can be used as a complementary alternative to multimodal pain management strategies.

The results of subgroup analysis by intervention timing revealed that preoperative intervention significantly reduced
perioperative pain and analgesic needs. This is consistent with previous findings showing that acupuncture has a pre-
emptive analgesic effect*” lower morphine use during gynecological surgery in the lower abdomen for preoperative
acupuncture than postoperative acupuncture.* According to the preemptive analgesic theory, preoperative intervention
can prevent central sensitization caused by incision and inflammation.*?

The results of subgroup analyses according to the surgical category, including orthopedics, gastrointestinal surgery,
hemorrhoids, ENT surgery, gynecologic surgery, and exodontia, revealed that AA may have the most significant
analgesic effect on hemorrhoids, indicating that AA may be an ideal alternative therapy for postoperative pain in patients
undergoing hemorrhoid surgery. However, the analgesic effects of AA during gastrointestinal and gynecological
surgeries were not significant. These results are consistent with those reported by Wang et al** and Oviedo et al.'*
Different postoperative care or short intervention times may affect AA efficacy, and high-quality RCTs are needed to
verify AA efficacy in such patients.

Standardizing AA interventions across different studies is a challenge. Different operation types indicate the inclusion
of different study populations, and accordingly, postoperative care, acupuncture details, and treatment plans will also be
different. These confounding factors will inevitably lead to the heterogeneity of research outcomes. In order to ensure the
quality of research and the reproducibility of research results, it is recommended that future study should strictly follow
the CONSORT (Consolidated Standards of Reporting Trials) statement** and the Standards for Reporting Interventions
in Clinical Trials of Acupuncture.*’

The included studies selected different auricular acupoints, among which Shenmen was the most frequently used (20
studies), followed by the thalamus (seven studies) and subcortical points (six studies). However, these three acupoints
were mostly used in combination with other auricular acupoints, and the sample size was small; therefore, we cannot
conclude that a particular auricular acupoint demonstrated a unique effect on perioperative pain. The distribution of
auricular acupoints (Supplementary Table S3) was generally in the overlapping regions of the auricular branches of the

vagus nerve, the auricular great nerve, and the auricular temporal nerve, consistent with the current view that the
auricular vagus reflex is one mechanism through which AA provides analgesia. Neurophysiologically, stimulation of
auricular nerve endings by AA is transmitted through the peripheral nervous system to the central nervous system (CNS),
releasing neurotransmitters that regulate endogenous pain control mechanisms. When descending neural pathways are
activated, endorphins are released from the posterior horn of spinal cord (PHSC), making it difficult for the CNS to
diffuse and perceive pain stimulus. Another mechanism of AA analgesia is Gate Control Theory, which transmits
nonpainful stimuli through AP fibers rather than painful stimuli through Ad or C fibers to neutralize painful sensations in
the PHSC.* In addition, stimulation of the auricular region induces the release of acetylcholine from the vagus nerve,
which inhibits the production of proinflammatory cytokines through cholinergic antiinflammatory pathways, thereby
suppressing inflammation.*”*® However, the exact mechanisms underlying AA analgesia require further investigation.

The present study aimed to elucidate the effectiveness and safety of AA for perioperative pain by performing
a systematic review and meta-analysis to provide an evidence-based basis for clinical decision-making. This review
complied with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines. The results of the
subgroup analysis revealed that preoperative AA significantly reduced perioperative pain and analgesic requirements and
that the analgesic effect of AA on hemorrhoids may be the most significant. These findings may help physicians make
better clinical decisions.

Although a random-effects model was used in this study, statistical heterogeneity was still substantial. Clinical
heterogeneity (the difference in enrolled patients, interventions, controls, and outcomes of the included studies) may
account for the differences. Subgroup analysis was performed according to intervention means, intervention time-
point, and operation type. However, this heterogeneity is difficult to assess in terms of patient differences, acupunc-
ture details (auricular point selection, acupuncture depth, acupuncture response, treatment frequency, duration, and
course of treatment), as these factors are difficult to unify. In view of the above situation, this study narrowed the
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inclusion criteria, performed strict quality evaluation, and conducted subgroup analysis to improve the power of the
conclusions.

This review has several limitations. First, as a random-effects model was used for the meta-analysis, heterogeneity of
the included studies was assumed. However, the size of the estimated effect may reflect inevitable bias in acupuncture
studies. Second, in the meta-analysis, significant heterogeneity was observed in all groups analyzed, except for the
orthopedic subgroup. We were unable to eliminate potential confounding factors that differed in the inclusion population,
acupoint prescriptions, treatment frequency, and treatment duration, which may have increased the outcome hetero-
geneity and reduced the quality of evidence. Third, the number of included studies was limited, the sample sizes varied
greatly, and most were single-center studies, making it difficult to determine the influence of contingency factors. Fourth,
because the studies in the database are constantly updated, the studies we collected may differ from the actual number
included. Therefore, future reviews need to consider the timing factor. Fifth, we included only English and Chinese
studies, which undoubtedly introduced language bias, so future studies need to cancel language restrictions to eliminate
language bias. Moreover, the methodological shortcomings of the studies included in this review were mainly a lack of

adequate allocation concealment and blinding, which may have led to an overestimation of intervention effects.**>°

Conclusion

Current evidence suggests that auricular acupuncture, as a relatively safe alternative therapy for perioperative pain, can
reduce pain intensity and the analgesic needs of patients. Auricular acupuncture exerted a significant analgesic effect
during preoperative interventions and hemorrhoid surgery and was ineffective in gastrointestinal and gynecological
surgeries. However, owing to the low quality of the current evidence, further large-sample, high-quality randomized
controlled trials are needed to demonstrate the efficacy and safety of auricular acupuncture in relieving perioperative
pain. Future randomized controlled trials may consider the following points. Firstly, rigorous randomization, allocation
concealment, and blinding should be designed to improve methodological quality. Secondly, combined with clinical
practice and evidence-based methods, optimal auricular point selection, treatment course and treatment frequency should
be determined, and a standardized perioperative pain management auricular acupuncture program should be designed.

Abbreviations

AA, auricular acupuncture; AE, adverse event; EAA, electroauricular acupuncture; ENT, ear, nose, and throat; CAM,
complementary and alternative medicine; CI, confidence interval; GRADE, Grading of Recommendations Assessment,
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