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Abstract
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Perioperative pain management remains challenging, as inadequate analgesia may
delay recovery and increase opioid exposure. Multidisciplinary pain management
(MPM) emphasizes multimodal and collaborative strategies, creating opportunities
for integrating non-pharmacological interventions. Acupuncture anesthesia (AA),
derived from traditional Chinese medicine, has re-emerged as a potential adjunct in
perioperative care through modulation of nociceptive transmission, stress responses,
and opioid requirements. This review summarizes the historical development, proposed
neuroimmune mechanisms, and current clinical applications of AA in modern
perioperative settings. Evidence from randomized controlled trials and meta-analyses
suggests that AA may reduce postoperative pain scores, opioid consumption, and
postoperative nausea and vomiting, and facilitate recovery in selected procedures.
Moderate-level evidence supports its adjunctive role in gastrointestinal, orthopedic,
and gynecological surgeries, whereas evidence in thoracic, cardiac, and highly invasive
procedures remains limited and inconsistent. Critically, current evidence is constrained
by small sample sizes, heterogeneous acupuncture protocols, inadequate blinding,
regional concentration of studies, and insufficient long-term outcome reporting. These
limitations reduce external validity and hinder guideline-level recommendations.
Overall, AA shows promise as part of MPM pathways, particularly in enhanced recovery
protocols, but standardized intervention protocols and large multicenter high-quality
trials are needed before broader implementation in perioperative anesthesia practice.
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1 INTRODUCTION cine is increasingly widespread, emphasizing coordination and

cooperation between anesthesiologists, surgeons, nurses, reha-

Pain is one of the most common and challenging symptoms in
clinical practice. Especially in the perioperative environment,
insufficient pain control may adversely affect surgical results,
recovery quality, and patient satisfaction. Despite advances in
anesthesia technology, perioperative pain management in many
patients is still not ideal, and is often affected by opioid-related
adverse reactions, delayed recovery, and prolonged hospitaliza-
tion [1]. In response to these challenges, the application of mul-
tidisciplinary pain management (MPM) in perioperative medi-

© The Author(s) 2026. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

bilitation specialists, and other medical professionals to opti-
mize analgesic effects and functional recovery [2-4]. In periop-
erative nursing, MPM is different from its application in chron-
ic pain management. The goal of perioperative MPM is not to
focus on long-term psychosocial rehabilitation, but to achieve
effective intraoperative and early postoperative analgesia,
reduce perioperative stress response, minimize the use of opi-
oids, and support enhanced recovery after surgery (ERAS)
pathways [4-6]. However, the implementation of perioperative
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MPM still faces major obstacles, including limited interdisci-
plinary training, inconsistency of clinical programs, and over-
reliance on drug interventions, which together limit the devel-
opment of comprehensive, patient-centered analgesic strategies
(3, 7].

Acupuncture anesthesia (AA) is a unique non-drug technology
that has been incorporated into perioperative clinical practice
since the middle of the 20th century, especially in China [1, 8,
9]. AA is rooted in the theory of traditional Chinese medicine
(TCM) and is increasingly explained through modern neuro-
physiological frameworks. It involves the use of acupuncture
stimulation as an anesthesia or anesthesia adjuvant method dur-
ing surgery. It is important to note that AA should be distin-
guished from acupuncture for pain relief, which is mainly used
for postoperative or chronic pain relief. In the perioperative
context, AA aims to regulate nociceptive transmission, reduce
surgical stress response, and support intraoperative and early
postoperative analgesia, usually as part of a multimodal anes-
thesia regimen rather than as a standalone anesthesia technique

[1].

More and more evidence shows that AA can affect periopera-
tive analgesia through a variety of mechanisms, including reg-
ulating the release of endogenous opioids, regulating central
and peripheral neurotransmitters, and regulating neuroimmu-
nity and autonomic nervous system [8, 10]. Clinically, it is
reported that AA can reduce the dosage of anesthetics and opi-
oids, reduce the amount of bleeding during surgery, and pro-
mote the postoperative recovery of specific surgical popula-
tions [11, 12]. However, the clinical efficacy of AA varies
between different surgeries and patient groups, and its integra-
tion in the modern perioperative path is still uneven. In addi-
tion, there is still uncertainty about standardized protocols,
appropriate indications and the strength of supporting evi-
dence, which highlights the need for systematic evaluation [11,
13].

In this review, we focus on the role of AA in perioperative pain
and anesthesia management. We have summarized its histori-
cal development, the basis of the mechanism related to periop-
erative analgesia, its clinical application in various surgical
environments, and its integration in the multidisciplinary peri-
operative nursing model. Furthermore, we also critically dis-
cussed the current limitations, implementation obstacles and
future research directions, aiming to clarify the potential value
and challenges of integrating AA into contemporary periopera-
tive practice.

2 LITERATURE SEARCH STRATEGY AND STUDY
SELECTION

A systematic literature retrieval was carried out to identify evi-

dence related to AA and perioperative-based anesthesia and
pain management interventions. Data were retrieved from
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PubMed, Web of Science, Embase and Wanfang from the
beginning of the database establishment to December 31, 2025.
Search terms were developed using controlled vocabulary
(when available) and free-text keywords, including “acupunc-
ture anesthesia” OR “acupuncture-assisted anesthesia” OR
“electroacupuncture”, combined with perioperative/anesthesia-
related terms such as “perioperative” OR “intraoperative” OR
“anesthesia” OR “analgesia” OR “enhanced recovery”. The
reference list of eligible papers and relevant reviews was manu-
ally screened to identify other studies. A representative PubMed
search strategy is provided in Supplementary Table 1.

Eligible studies included clinical trials (randomized or non-
randomized), observational studies, and relevant experimental
studies published in English or Chinese that examined AA or
acupuncture-based interventions used as anesthetic adjuncts in
perioperative or intraoperative settings and reported anesthe-
sia- or analgesia-related outcomes (e.g., pain intensity, opioid
consumption, anesthetic requirements, recovery indicators, or
adverse events). Studies that only focus on chronic pain man-
agement or postoperative acupuncture analgesia without clari-
fying the correlation of the perioperative period and the confer-
ence summary were excluded. The case report was not used as
the main evidence, but it can be selectively cited when appro-
priate to illustrate the historical feasibility. First, the title and
abstract were screened, and then the full text was evaluated for
suitability. Screening and eligibility assessment were conduct-
ed by a single reviewer (C.Q.). Included studies were summa-
rized by perioperative phase (preoperative, intraoperative,
postoperative), surgical context, and study design. The quality
of the study and the intensity of evidence are interpreted
according to the methodological rigor (such as randomization,
blindness, sample size and result report), and caution is main-
tained when drawing conclusions from low-level evidence.
Only a small number of non-perioperative studies were cited
to support the mechanism or background discussion, and they
did not serve as the main evidence of perioperative clinical
conclusions. This review is a narrative/qualitative synthesis
based on structured retrieval, and not an informal systematic
review.

3 CONCEPTUAL FRAMEWORK OF AA IN THE
PERIOPERATIVE CONTEXT

3.1 Definition and scope of AA

AA refers to the use of acupuncture stimulation as anesthesia
or anesthesia-assisted technique in the perioperative period,
especially during and postoperative and postoperative period
[14, 15]. In modern clinical practice, AA is rarely used as a
separate anesthesia method; on the contrary, it is usually inte-
grated into a multi-mode anesthesia strategy to enhance anal-
gesia, reduce the need for drug anesthesia, and regulate the
physiological stress response during the perioperative period
[12, 16, 17]. In the context of the perioperative period, the main
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goals of AA include reducing the transmission of injury sen-
sations during surgery, stabilizing autonomic and neuroendo-
crine responses, and promoting postoperative recovery [14].
These effects are achieved through targeted stimulation of spe-
cific acupoints, usually combined with modern anesthetics,
under the supervision of the perioperative team led by the
anesthesiology department. Therefore, AA should be under-
stood as an integral part of perioperative anesthesia manage-
ment, not an isolated alternative therapy [17].

3.2 Distinction between AA and acupuncture analgesia

A clear conceptual distinction must be made between AA and
acupuncture analgesia, because the confusion of these two
methods leads to inconsistency in clinical interpretation and
research design. Acupuncture analgesia is mainly used for
postoperative pain control or chronic pain management, which
is usually carried out outside the operating room. Its main goal
is to achieve long-term pain relief, function improvement and
symptom adjustment through repeated treatment [13].

In contrast, AA is especially implemented in the perioperative
period, focusing on intraoperative analgesia and postoperative
immediate pain regulation. The result indicators of AA empha-
size the effect of anesthesia saving, intraoperative hemodynam-
ic stability, stress response reduction and early recovery indica-
tors, rather than long-term pain results. Failure to distinguish
between the two methods may lead to improper derivation of
evidence from chronic pain studies to perioperative anesthesia
practice.

3.3 Role of AA in multimodal perioperative analgesia

From the perspective of modern anesthesiology, AA is most
suitable as a non-drug component of multi-mode perioperative
analgesia. By acting on the central and peripheral injury recep-
tor pathways, autonomic nervous system regulation and neuro-
immune interactions, AA may supplement the effect of drug
anesthetics and analgesics [10, 16]. This integration is particu-
larly relevant in strategies to reduce opioid use and ERAS pro-
grams [14, 17]. Importantly, the effectiveness of AA is affected
by many factors, including the type of surgery, stimulation
techniques (e.g., manual acupuncture and electric acupunc-
ture), patient characteristics, and the time of intervention in
the perioperative workflow [13, 18]. Therefore, standardized
definitions and clear clinical indications are crucial to evaluate
the role of AA in modern perioperative anesthesia mana-
gement.

4 HISTORICAL PERSPECTIVE

4.1 The evolution of acupuncture toward modern periop-
erative practice

Acupuncture is one of the oldest therapeutic methods devel-
oped from Chinese medicine. Its traditional concepts of pain
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control and homeostasis have been documented in early me-
dical literature such as the Huangdi Neijing (The Yellow
Emperor’s Inner Canon). During successive dynasties, clinical
experience continuously accumulated and new techniques were
developed, which laid the historical groundwork for later medi-
cal adaptation. Although these classical theories were not
developed within the framework of modern anesthesiology,
they still formed a conceptual basis for somatosensory modu-
lation of pain sensation and stress responses.

In the mid-twentieth century, acupuncture entered a stage
where it began to interact more intensively with biomedical sci-
ence and perioperative medicine. Since the 1950s, some tech-
niques have been introduced into clinical research and stan-
dardized practice, leading to their application in hospital set-
tings including perioperative care [19]. Advances in physiology,
neuroscience, and clinical trial methodology have allowed
acupuncture-related interventions to be assessed using modern
scientific tools. For example, neuroimaging methods such as
functional magnetic resonance imaging have enabled us to
investigate central pain processing networks, whereas device-
assisted stimulations such as electroacupuncture (EA) make it
possible to control stimulation intensity and frequency param-
eters [20-22]. This has improved reproducibility and provided a
methodological basis for studying acupuncture within the con-
text of anesthesiology.

As acupuncture has become widely used in the treatment of
various diseases, perioperative medicine has increasingly
focused on how to better improve analgesic effects, reduce
anesthetic drug usage, and help patients recover faster before,
during, and after surgery. Therefore, AA can be regarded as an
extension of acupuncture into the perioperative medical field,
meaning that it works together with anesthetic drugs rather
than focusing solely on its therapeutic efficacy. Thus, under-
standing the historical background of acupuncture and moxi-
bustion helps to understand the details of AA’s emergence and
development. Furthermore, knowing how modernized acu-
puncture has developed toward standardization and mechanis-
tic understanding can also help us realize why perioperative
pain control still focuses so much on AA today. The historical
evolution and major milestones of AA in perioperative medi-
cine are summarized in Figure 1.

4.2 The application of acupuncture in integrative and peri-
operative medicine

Acupuncture is one of the most widely used forms of TCM.
Acupuncture can stimulate specific acupoints and regulate
body function to achieve the purpose of preventing and treat-
ing diseases. With the development of modern medical science,
especially neurophysiology and immunology, the mechanism
of acupuncture has been further studied. Studies have shown
that acupuncture acts on peripheral and central nerve path-
ways. Acupuncture can also regulate the release of neurotrans-
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Figure 1. History and key milestones of acupuncture anesthesia in perioperative medicine. The timeline highlights the conceptual basis of
acupuncture in pain regulation, the emergence of AA in the 1950s, early feasibility reports in major surgeries, and subsequent modernization
through electroacupuncture protocols and parameter standardization. In recent years, AA has been increasingly evaluated and incorporated as an
adjunctive method for multimodal perioperative analgesia and ER AS-oriented treatment pathways, focusing on reduced opioid use and recovery-
related outcomes. Created by the author using BioRender. AA, acupuncture anesthesia; EA, electroacupuncture; ERAS, enhanced recovery after

surgery.

mitters, inflammatory factors, and other mediators. It can also
affect the patient’s stress response and reduce pain and other
rehabilitation-related processes [19, 23]. Therefore, acupunc-
ture-based interventions can be better integrated into modern
medicine.

From the perspective of perioperative medicine, its clinical
focus differs from that of general outpatient indications: peri-
operative application prioritizes analgesia, regulation of surgi-
cal stress response, and reduction of the drug burden in the
anesthesia pathway. In this context, AA represents a struc-
tured perioperative-oriented application that can be imple-
mented before, during, or after surgery as part of a multi-
modal analgesia strategy. Technological advances—particu-
larly EA—have standardized the control of stimulation fre-
quency and intensity, improved repeatability, and promoted
integration with the perioperative workflow. In addition, ear-
based methods and acupoint stimulation protocols have been
explored as adjunctive strategies for the management of periop-
erative symptoms, including postoperative pain and nausea,
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although standardization is still a key requirement for wider
implementation.

In Western medical practice, the adoption of acupuncture is
closely linked to evidence-based evaluation and mechanistic
research. Neuroimaging, biochemical assays, and perioperative
outcome studies have been used to test the regulatory effects of
acupuncture on the nervous, endocrine, and immune systems
[23, 24]. This type of mechanistic research provides a stricter
biological basis for clinical use and supports the development
of standardized perioperative protocols. In addition, the use of
devices and minimally invasive methods (such as EA and relat-
ed stimulation techniques) offer practical advantages in the
perioperative environment, as they allow parameter setting and
improve consistency of operation. Overall, the growing evi-
dence base and increasing methodological rigor help to position
acupuncture-based interventions, including AA, as potential
adjunctive approaches for modern perioperative pain manage-
ment and holistic anesthesia care.
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Figure 2. Schematic overview of mechanisms underlying acupuncture-mediated analgesia relevant to perioperative care. Acupuncture
stimulation modulates interconnected central and peripheral pathways, including neurotransmitter regulation, receptor activity (e.g., purinergic
receptors and NMDAR), immune and neuroendocrine responses, and intracellular signaling cascades. Additional systemic effects, such as vagal—
adrenal activation and enhanced clearance of inflammatory mediators, may further contribute to reduced nociceptive signaling and periopera-
tive pain. Created by the authors using BioRender. 5-HT, 5-hydroxytryptamine; GABA, y-aminobutyric acid; NMDAR, N-methyl-D-aspartate
receptor; PNS, peripheral nervous system; CNS, central nervous system; P,X5/P,Y, purinergic receptors; Nrf2, nuclear factor erythroid 2-related
factor 2; GRK2, G protein-coupled receptor kinase 2; cAMP, cyclic adenosine monophosphate; PKA, protein kinase A; CREB, cAMP response

element-binding protein; Th1/Th2, T helper 1/2 cells.

4.3 Applications of AA in modern perioperative medicine

Acupuncture has long been used for pain regulation.
Contemporary practice has expanded from manual body acu-
puncture to include EA, ear acupuncture stimulation, and
related acupoint stimulation techniques [19, 25, 26]. These
technological advances have particular relevance to periopera-
tive care. For perioperative care, reproducibility, parameter
control, and integration into the entire anesthesia process are
all very important aspects. In this context, AA is now regarded
more as an additional tool than as an independent anesthesia
modality, supporting multimodal analgesia strategies and
reducing opioid use.

Evidence from both clinical and physiological studies has
shown that acupuncture can modify pain processing and the
response to surgical stress during the perioperative period. It
does so through its regulation of neural transmission pathways
and immune system pathways involved in nociception and
inflammation. Acupuncture has been applied in surgical set-
tings and studied for the following outcomes: reducing postop-
erative pain severity; decreasing opioid requirement; and less-

https://doi.org/10.61189/693733xrbrvc

ening anesthesia-related side effects, including postoperative
nausea and vomiting (PONV) [19, 27]. It should be noted that
perioperative use of acupuncture requires a clear distinction
between intraoperative and postoperative applications, as these
two approaches differ in timing, objectives, and coordination
with general anesthesia management.

Although clinical interest has increased, the widespread use
of AA in conventional medicine still faces technical and effi-
cacy-related obstacles. The diversity of acupoint selection,
stimulation parameters (frequency/intensity), timing of inter-
vention, and outcome reporting reduces study comparability
and makes evidence synthesis difficult. Therefore, standard-
ized A A protocols and high-quality trial results are still need-
ed to establish indications, determine optimal procedures,
and integrate AA into ERAS pathways. Beyond clinical evalu-
ation, improvements in objective monitoring and quantitative
methods—such as standardized outcome reporting and stable
stimulation protocols—will help build stronger evidence for
the scientific implementation of acupuncture in perioperative
pain management.
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In brief, acupuncture has evolved from classical theoretical
foundations to relatively standardized and scientific research.
Currently, increasing attention is being paid to its perioperative
applications, particularly its role in regulating pain perception,
reducing surgical stress response, decreasing opioid consump-
tion, and supporting postoperative recovery. Nevertheless,
modern evidence-based medicine still faces challenges in
standardization, reproducibility, and mechanistic clarification.
As more acupuncture-related interventions are increasingly
integrated into perioperative multidisciplinary care systems, a
better understanding of their neurophysiological and molecular
mechanisms will help develop more scientific protocols and
facilitate clinical translation. Therefore, the following section
summarizes the existing evidence on the mechanisms and
pathways of acupuncture analgesia and perioperative regu-
lation.

5 MECHANISMS OF ACTION

Acupuncture stimulation produces perioperative analgesia and
anesthesia auxiliary effects by activating specific acupoints. Its
mechanism of action is multifaceted, involving the coordinated
regulation of the peripheral nervous system and the central ner-
vous system (CNS), as well as the interaction with the immune,
endocrine and stress response pathways [8]. In the context of
the perioperative period, these mechanisms jointly help to
weaken the sensory conduction of injury, stabilize the physio-
logical response to surgical stress, and enhance the effect of
anesthesia.

As summarized in Figure 2, acupuncture-induced analgesia
produces analgesic effects by regulating neurotransmitter
release, modulating immune and inflammatory mediators,
altering receptor expression, and activating specific intracellu-
lar signaling pathways [28-30]. Rather than acting through a
single pathway, acupuncture-induced analgesia influences mul-
tiple interconnected systems that are highly relevant to periop-
erative pain processing and anesthesia management.

5.1 Regulation of neurotransmitters

As a distinct non-pharmacological component of perioperative
analgesia, acupuncture modulates neurotransmitter activity in
both the central and peripheral nervous systems, thereby influ-
encing pain perception and stress-related responses during
surgery.

As illustrated in Figure 3, needling at commonly used acu-
points such as Large Intestine 4 has been shown to activate
y-aminobutyric acid (GABA) receptors in the CNS. GABA is
the primary inhibitory neurotransmitter in the CNS and plays
a critical role in suppressing excessive neuronal excitability.
Acupuncture-induced activation of GABAergic signaling re-
duces neuronal excitability in the spinal dorsal horn, a key
relay center for nociceptive transmission, thereby attenuating
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ascending pain signals during the perioperative period [28].
Acupuncture has also been reported to influence serotonergic
signaling by activating 5-hydroxytryptamine (5-HT) recep-
tors and promoting 5-HT release [31-33]. Serotonin partici-
pates in descending inhibitory pain pathways and contributes
to the modulation of pain perception and affective responses.
Increased central 5-HT availability may suppress nociceptive
transmission and alleviate perioperative anxiety and stress,
which are known to amplify pain perception [28, 34, 35]. It
should be noted, however, that variations in surgical models,
stimulation parameters, and timing of intervention may account
for inconsistent findings regarding serotonergic changes across
studies, highlighting the need for standardized perioperative
protocols.

In addition, acupuncture modulates the endocannabinoid sys-
tem and N-methyl-D-aspartate receptor (NMDAR) signaling
pathways, particularly within supraspinal regions involved in
pain modulation, such as the anterior cingulate cortex (ACC)
[36, 37]. Although ACC hyperactivity is more extensively char-
acterized in chronic pain states, perioperative noxious stimu-
lation can also engage affective—cognitive pain networks.
Acupuncture has been shown to increase levels of endocan-
nabinoid ligands, including anandamide and 2-arachidonoylg-
lycerol, as well as cannabinoid type 1 receptor expression,
thereby reducing neuronal hyperexcitability and contributing
to analgesic effects [28, 36]. Regulation of NMDAR signaling
further limits excessive excitatory transmission and may help
prevent perioperative central sensitization [36, 38].

At the peripheral level, acupuncture induces the release of
endogenous opioids such as B-endorphin and enkephalin [32,
39]. These endogenous peptides bind to opioid receptors and
inhibit nociceptive signal transmission in a manner analogous
to exogenous opioids, but without the risks of tolerance and
dependence [8, 28, 40]. This mechanism provides a biological
basis for the opioid-sparing effects observed in perioperative
settings [38]. Moreover, acupuncture has been shown to modu-
late dopaminergic activity [31, 41]. Dopamine plays an impor-
tant role in reward processing, motor control, and emotional
regulation, and its modulation may indirectly influence pain
perception by alleviating negative affective states associated
with surgical stress and pain [34, 42].

5.2 Regulation of immune and inflammatory factors

Acupuncture stimulation modulates immune and inflammato-
ry responses that are closely associated with perioperative pain
and surgical stress. Local acupuncture stimulation promotes
the release of immune mediators, including histamine, adenos-
ine, and B-endorphin, which exert analgesic effects by directly
or indirectly binding to receptors on peripheral nerve endings
[40]. Among these mediators, adenosine—an endogenous
purine nucleoside—has been shown to significantly attenuate
mechanical and thermal hyperalgesia through activation of
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Figure 3. Multilevel central neuroregulatory mechanisms relevant to acupuncture anesthesia (electroacupuncture example). Electroacu-
puncture stimulation at the Hegu (LI-4) acupoint modulates pain processing at spinal and supraspinal levels. It has been reported to enhance
endocannabinoid signaling and CBI receptor activation, reducing presynaptic neurotransmitter release via retrograde signaling. In parallel,
inhibitory transmission mediated by GABA and 5-HT receptors is strengthened, whereas excitatory NMDAR signaling is suppressed. Together,
these effects attenuate nociceptive transmission in the spinal dorsal horn and ACC, supporting perioperative analgesia. Created by the authors
using Adobe Illustrator. ACC, anterior cingulate cortex; CBI receptor, cannabinoid receptor type 1; 2-AG, 2-arachidonoylglycerol; AEA, arachi-
donoylethanolamide (anandamide); GABA, y-aminobutyric acid; 5-HT, 5-hydroxytryptamine; NMDAR, N-methyl-D-aspartate receptor; CREB,

cAMP response element-binding protein; LI-4, Large Intestine 4.

adenosine receptors (Al, A2A, A2B, and A3) [40]. Although
this mechanism has been extensively studied in both acute and
chronic pain models, it is also highly relevant to perioperative
nociception, in which tissue injury and inflammation play a
central role.

At the central level, acupuncture influences neuroimmune
interactions by modulating microglial activation and polar-
ization. Microglia, the resident immune cells of the CNS,
exhibit distinct functional phenotypes, including the pro-
inflammatory M1 phenotype and the anti-inflammatory M2
phenotype. Acupuncture has been shown to promote a shift
from the M1 to the M2 microglial state, thereby suppressing
neuroinflammatory responses [29, 30, 37]. M1 microglia
release pro-inflammatory cytokines such as tumor necrosis
factor-o (TNF-a), interleukin-1p (IL-1B), and interleukin-6,
which amplify neuroinflammation and enhance nociceptive
sensitization. In contrast, M2 microglia secrete anti-inflam-
matory mediators, including interleukin-10 and transforming
growth factor-f, which facilitate inflammation resolution and
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tissue repair [29, 39]. Through regulation of microglial polar-
ization, acupuncture stimulation attenuates neuroinflamma-
tion and reduces central sensitization relevant to periopera-
tive pain processing.

Acupuncture stimulation also modulates peripheral immune
responses that contribute to pain and inflammation following
surgical injury. T lymphocyte subsets, including T helper 1
(Thl) and T helper 2 (Th2) cells, play opposing roles in
immune regulation. Thl cells predominantly secrete pro-
inflammatory cytokines such as interferon-y and interleukin-2,
whereas Th2 cells produce anti-inflammatory mediators includ-
ing interleukin-4, interleukin-5, and interleukin-13. Acupuncture
has been reported to rebalance the Th1/Th2 axis by reducing
pro-inflammatory cytokine release and enhancing anti-inflam-
matory signaling [31]. In parallel, acupuncture promotes mac-
rophage polarization from the pro-inflammatory M1 phenotype
toward the anti-inflammatory M2 phenotype, further limiting
inflammatory mediator production and supporting pain relief
[31].
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Within the spinal cord, acupuncture suppresses excessive acti-
vation of glial cells, including microglia and astrocytes, which
are key contributors to neuroinflammation and pain sensitiza-
tion [28]. Overactivation of these glial cells leads to increased
release of inflammatory mediators such as TNF-o and IL-1B,
thereby amplifying nociceptive signaling. By inhibiting glial
activation and inflammatory factor release, acupuncture stimu-
lation mitigates neuroinflammatory processes and contributes
to reduced pain sensitivity during the perioperative period [29].

5.3 Regulation of receptor expression and neuroregulatory
pathways

In the peripheral nervous system, acupuncture modulates the
expression and activity of purinergic receptors, which play
a critical role in inflammatory and nociceptive signaling.
Purinergic receptors are broadly classified into ionotropic P2X
receptors and G-protein-coupled P2Y receptors. These recep-
tors are activated by extracellular adenosine triphosphate,
which is released in large quantities following tissue injury and
surgical trauma. Activation of purinergic receptors, including
P2X3, P2X4, P2X7, and P2Y subtypes, contributes to peri-
pheral sensitization and inflammation-associated pain [43].
Experimental evidence indicates that acupuncture downregu-
lates the expression of purinergic receptors, thereby attenuat-
ing adenosine triphosphate-mediated activation of sensory
neurons and immune cells and reducing inflammatory and
nociceptive signaling [37, 44]. In particular, P2X3 receptors,
which are predominantly expressed on primary sensory neu-
rons, have been implicated in the development and mainte-
nance of pain sensitization. Suppression of P2X3 receptor
expression by acupuncture may therefore diminish peripheral
nociceptive transmission and contribute to analgesia in the
perioperative setting [28, 33, 44].

Within the CNS, acupuncture modulates NMDAR activity, a
key mechanism involved in excitatory synaptic transmission
and pain signal amplification. NMDARs are widely distributed
in pain-processing regions, including the spinal dorsal horn
and supraspinal structures such as the ACC. Excessive activa-
tion of NMDARSs enhances excitatory neurotransmission and
facilitates central sensitization. Although central sensitization
is more extensively characterized in chronic pain, periopera-
tive noxious stimulation can transiently engage similar excit-
atory mechanisms. By regulating NMDAR activation, acu-
puncture attenuates nociceptive signal transmission in the spi-
nal dorsal horn and reduces excessive excitability in supraspi-
nal pain-modulating regions, thereby contributing to perioper-
ative analgesia [36, 37, 45]. The ACC plays an important role
in the affective and cognitive dimensions of pain perception.
Overactivation of this region is associated with heighten-
ed pain-related distress and negative emotional responses.
Modulation of NMDAR signaling by acupuncture may allevi-
ate excessive ACC excitability, thereby attenuating pain-related
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emotional responses during the perioperative period [34,
36-38].

In addition to receptor-level modulation, acupuncture exerts
systemic anti-inflammatory and analgesic effects through acti-
vation of the vagus nerve—adrenal axis. Vagal stimulation
influences autonomic balance and promotes adrenal release of
anti-inflammatory hormones, including cortisol [30, 31, 39, 41].
Cortisol, a key glucocorticoid hormone, suppresses the produc-
tion and release of pro-inflammatory cytokines and modulates
immune responses, thereby limiting inflammation-induced
pain [31]. Through this neuroendocrine pathway, acupuncture
achieves coordinated peripheral and central regulation extend-
ing beyond local stimulation sites. Collectively, modulation of
purinergic receptors, glutamatergic signaling, and autonomic—
endocrine pathways forms an integrated biological network
that contributes to perioperative analgesia.

5.4 Modulation of signaling pathway activation

Acupuncture exerts analgesic and anti-inflammatory effects
through modulation of multiple intracellular signaling path-
ways that regulate oxidative stress, synaptic plasticity, immune
responses, and neuroinflammation. In perioperative conditions,
surgical trauma and ischemia—reperfusion processes are often
accompanied by excessive production of reactive oxygen spe-
cies, which contribute to inflammation and nociceptive sensiti-
zation. One key pathway involved is the nuclear factor ery-
throid 2—related factor 2 (Nrf2) signaling pathway. Under oxi-
dative stress, Nrf2 dissociates from its cytoplasmic inhibitor
Kelch-like ECH-associated protein 1, translocates into the
nucleus, and binds to antioxidant response elements, thereby
up-regulating transcription of antioxidant and cytoprotective
genes. Acupuncture has been shown to activate the Kelch-like
ECH-associated protein 1-Nrf2—antioxidant response element
pathway, thus enhancing antioxidant capacity, reducing reac-
tive oxygen species accumulation, and decreasing inflamma-
tion-related pain [34, 36, 40]. This mechanism is particularly
relevant in the perioperative environment, as oxidative stress
plays a key role in tissue damage and postoperative pain.

In parallel, acupuncture modulates signaling pathways involv-
ed in synaptic plasticity. The cyclic adenosine monophosphate
(cAMP)/protein kinase A/cAMP response element-binding
protein cascade is a central regulator of activity-dependent
gene transcription and maladaptive synaptic plasticity. Over-
activation of this pathway has been considered to be related
to pain amplification and sensitization. By down-regulating
cAMP/protein kinase A/cAMP response element-binding pro-
tein signaling, acupuncture reduces aberrant neuronal excit-
ability and limits nociceptive signal amplification [34, 36, 38].

Acupuncture also influences neuroimmune signaling pathways

associated with glial activation. Down-regulation of comple-
ment component C3 has been shown to suppress spinal micro-
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Table 1. Integrated mechanistic pathways of acupuncture-mediated analgesia relevant to perioperative care

Level Key targets

Main effects

Perioperative relevance

GABA, 5-HT,
endocannabinoids, opioids
Microglia (M1—M2), Th1/

Neurotransmitters

Immune modulation

Th2 balance release
Receptor regulation P2X3/P2Y receptors,

NMDAR, CBI1
Signaling pathways Nrf2-Keapl-ARE, cAMP/

PKA/CREB, GRK2
Autonomic & endocrine Vagus—adrenal axis, cortisol

Inhibit nociceptive transmission; reduce
central excitability

Attenuate ATP-mediated nociception; inhibit
central sensitization

Antioxidant effects; regulate neuroplasticity

Systemic anti-inflammatory effects

| intraoperative anesthetic and opioid
requirements; | postoperative pain

Suppress neuroinflammation; reduce cytokine | postoperative inflammatory pain

| acute postoperative pain; mitigate
risk of PPSP

Attenuate perioperative stress respons-
es; support recovery-related outcomes

Stabilize perioperative homeostasis

Note: GABA, y-aminobutyric acid; 5-HT, 5-hydroxytryptamine; Th1/Th2, T helper 1/T helper 2 cells; P2X3, purinergic P2X3 receptor; P2Y,
purinergic P2Y receptor; NMDAR, N-methyl-D-aspartate receptor; CB1, cannabinoid receptor type 1; ATP, adenosine triphosphate; PPSP, persis-
tent postsurgical pain; Nrf2, nuclear factor erythroid 2-related factor 2; Keapl, Kelch-like ECH-associated protein 1; ARE, antioxidant response
element; cAMP, cyclic adenosine monophosphate; PKA, protein kinase A; CREB, cAMP response element-binding protein; GRK2, G protein-

coupled receptor kinase 2.

gliosis and astrogliosis, thereby decreasing the release of pro-
inflammatory mediators and mitigating neuroinflammatory
responses [29, 35, 45]. Furthermore, acupuncture modulates G
protein-coupled receptor kinase 2 (GRK?2) expression in spinal
neurons. GRK2 plays a critical role in the regulation of inflam-
matory signaling, and its reduced expression is associated with
pain chronification. Acupuncture-induced up-regulation of
GRK2 suppresses microglial activation, decreases pro-inflam-
matory cytokines such as TNF-o and IL-1pB, and enhances anti-
inflammatory cytokines including interleukin-10 and interleu-
kin-4, collectively contributing to attenuation of inflammatory
pain [28-30, 37].

Taken together, modulation of antioxidant pathways, synaptic
plasticity-related signaling, and neuroimmune cascades allows
acupuncture to exert coordinated analgesic and anti-inflamma-
tory effects that are relevant to perioperative pain control.

5.5 Additional neurophysiological and systemic mecha-
nisms

In addition to the mechanisms described above, acupuncture
may engage broader neurophysiological and systemic regula-
tory processes. Modulation of immune—endothelial interac-
tions and enhancement of local microcirculation have been
reported to facilitate clearance of inflammatory mediators
and support tissue recovery following surgical injury [29,
35-37].

At the central level, acupuncture may influence nociceptive
processing by modulating cerebral oscillatory activity, includ-
ing theta rhythm regulation, which has been implicated in pain
perception and cognitive—affective processing of noxious stim-
uli [43]. This central regulation indicates that in addition to
receptor- and pathway-level mechanisms, additional levels of
neural regulation exist.
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Psychological and emotional factors may also affect periopera-
tive outcomes. Preoperative anxiety associated with surgery or
unfamiliar anesthesia techniques may exacerbate pain percep-
tion. Acupuncture has been reported to exert a sedative effect
by regulating the neurotransmitter system [41, 42]. In addition,
effective communication and comfort provided by experienced
clinicians may further reduce anxiety and enhance patient
cooperation. Although these psychosocial factors are not the
primary analgesic biological mechanisms, they may contribute
to the overall perioperative experience and perception of thera-
peutic effect.

Collectively, these multi-level regulatory processes indicate
that acupuncture modulates neural, immune, endocrine, and
central integrative systems in a coordinated manner, influenc-
ing both nociceptive processing and perioperative stress
responses. This integrated biological framework supports the
mechanistic plausibility of acupuncture in perioperative con-
texts. The key molecular, neuroimmune, and neuroregulatory
mechanisms discussed above are summarized in Table 1.

6 PERIOPERATIVE CLINICAL APPLICATIONS OF
AA

Based on these mechanistic understanding, AA has gradually
become part of routine perioperative pain management as a
multimodal analgesia and opioid-sparing strategy [46]. Its
clinical use also represents a translational extension of the neu-
roimmunomodulatory and regulatory mechanisms described
above [46]. Originating in China more than five decades ago,
AA is a non-drug anesthetic technique that integrates ancient
acupuncture methods with contemporary clinical practice [47,
48]. Based on the concept of perioperative precision medicine,
AA can provide individualized pain management, reduce the
amount of medication used, and improve postoperative recov-
ery efficiency. Representative clinical applications of AA in
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Table 2. Perioperative clinical applications of acupuncture anesthesia and precision considerations

Surgical context Intervention type

Clinical outcome

Precision consideration

Colorectal surgery ~ AA delivered via intraoperative

Reduced postoperative pain scores and accelerated Frequency-specific stimulation and
EA gastrointestinal recovery

individualized acupoint selection

Orthopedic surgery AA as an adjunct to conventional Reduced postoperative analgesic requirement and Tailored perioperative analgesic

(knee replacement) anesthesia/analgesia

Thoracic surgery
cases)

Abdominal surgery AA delivered via EA as an ad-

junct to general anesthesia

improved recovery profile

AA-assisted anesthesia (selected Feasibility of maintaining intraoperative con-
sciousness with stable physiological parameters

protocols

Multidisciplinary intraoperative
monitoring

Reduced complication rates and improved postop- Optimized stimulation parameters
erative recovery

according to patient condition

Note: AA, acupuncture anesthesia; EA, electroacupuncture.

perioperative medicine, together with precision-oriented con-
siderations, are summarized in Table 2.

6.1 High-level evidence (randomized controlled trials
[RCTs] and meta-analyses)

Some RCTs and meta-analyses have found that AA, mainly
EA, offers multiple advantages for perioperative analgesia.
These include lower postoperative pain scores, reduced opioid
consumption, and fewer cases of PONV [47, 48].

Regarding colorectal surgery, previous clinical studies have
suggested that perioperative EA may improve postoperative
pain management and facilitate gastrointestinal recovery com-
pared with conventional perioperative care. Some studies have
reported earlier recovery of bowel function, including reduced
time to first flatus and bowel movement, together with enhanc-
ed postoperative recovery outcomes. These findings support
the potential role of EA as an adjunctive strategy within multi-
modal perioperative analgesia and ERAS protocols, although
further high-quality studies are still needed to strengthen the
evidence base.

Similarly, in orthopedic procedures such as knee arthroplasty,
AA has demonstrated opioid-sparing effects and improved
postoperative recovery, supporting its role as an effective
adjunct within multimodal analgesia strategies [47-49].

6.2 Moderate-level evidence (controlled clinical and obser-
vational studies)

Moderate level evidence from controlled clinical trials and
observation studies indicates that AA may provide additional
benefits for a wider range of perioperative situations.

During the preoperative stage, studies have shown that AA can
reduce anxiety levels, regulate stress responses, and increase
patients’ tolerance to surgical procedures [47, 48]. Preoperative
anxiety is known to affect postoperative pain intensity and
analgesic requirements [47]. From a mechanistic perspective,
needling at specific acupoints can regulate neurotransmitter
release and sympathetic nerve activity, thereby reducing men-
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tal stress. In clinical practice, this effect helps reduce periop-
erative analgesic medication use and enhance patient satisfac-
tion [47, 48].

In the postoperative period, AA has been shown to reduce post-
operative pain intensity, decrease opioid consumption, and
lower the incidence of anesthesia-related side effects, including
nausea and vomiting [46, 50]. For orthopedic and abdominal
surgeries, acupuncture-assisted anesthesia can also enhance
functional recovery and improve patient satisfaction. However,
variations in study designs, intervention protocols, and out-
come measures may lead to inconsistent findings across stud-
ies. Therefore, readers exercise caution when interpreting these
results [46, 47].

6.3 Postoperative analgesia and recovery promotion

Evidence supporting the use of AA in highly invasive proce-
dures, such as thoracic surgery, remains limited and largely
exploratory. Clinical reports of procedures such as lobectomy
performed under AA suggest that patients can maintain intra-
operative consciousness with adequate analgesia and achieve
satisfactory postoperative recovery. However, these findings
are primarily derived from case reports or small-scale studies,
which limits their generalizability [47, 48].

In addition, mechanistic evidence supporting perioperative
applications of AA is largely extrapolated from studies on
chronic or neuropathic pain. For example, EA has been shown
to alleviate neuropathic pain through modulation of the tran-
sient receptor potential vanilloid 1 channel signaling pathway
and suppression of neuroinflammation [50, 51]. While these
mechanisms provide a plausible biological basis for postopera-
tive analgesia, direct evidence in acute perioperative pain set-
tings remains insufficient. Therefore, further high-quality stud-
ies are needed to validate these effects in clinical practice.

6.4 Multidisciplinary collaboration and integration into
ERAS pathways

The perioperative use of AA requires good cooperation among
all members of the team [46]. Surgeons, anesthesiologists, acu-
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puncturists, nurses, rehabilitation therapists, and psychological
support teams each have their own role in ensuring patient
safety and comfort [46]. Preoperative multidisciplinary meet-
ings help physicians develop individualized treatment plans
for patients; intraoperative communication allows adjustment
of anesthesia and surgical strategies according to patient
response; and postoperative ward visitation and coordination
of rehabilitation support functional recovery.

AA is one of the most promising adjunctive strategies for
ERAS. Its implementation at different stages (preoperative,
intraoperative, and postoperative) of the ERAS pathway is
consistent with the ERAS concept of reducing surgical stress
responses, minimizing opioid consumption, accelerating re-
covery, and improving care quality [47]. Based on standardized
protocols and structured teamwork, AA can contribute to the
optimization of perioperative pain management and improved
patient outcomes.

7 BENEFITS OF INTEGRATING AA
7.1 Enhancing patient prognosis

The use of AA has been shown to be associated with accelerat-
ing postoperative recovery and improving perioperative results
in various surgical environments. During the operation, AA
can reduce the need for conventional anesthetics, which helps
to improve physiological stability and promote the early recov-
ery of consciousness and gastrointestinal function. In neuro-
surgical surgeries such as craniotomy, it has been reported that
AA can shorten the intubation time and postoperative recovery
time, while reducing the incidence of complications. AA also
significantly decreases PONV, opioid consumption, and opioid-
related adverse effects, thereby facilitating enhanced recovery
pathways [19, 52]. By regulating the autonomic nervous sys-
tem, it can reduce surgical stress, reduce the incidence of com-
plications, accelerate recovery, shorten hospitalization time,
and reduce costs [53].

In general, these perioperative benefits show that AA may
improve the prognosis of patients by supporting faster recov-
ery, reducing the drug burden and promoting physiological
homeostasis during surgery [54].

7.2 Reducing dependence on medications

As a non-pharmacological intervention, AA avoids many
adverse effects and dependency risks associated with drug-
based analgesia. By activating the endogenous analgesic path-
way, AA can reduce the dose of conventional anesthetics while
maintaining sufficient perioperative analgesia. In neurosurgery
such as craniotomy, research shows that AA can reduce the
need for inhaled anesthetics, thus reducing the risk associated
with anesthesia [52, 54]. In postoperative pain management,
AA helps to reduce the use of opioids and reduce the incidence
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of opioid-related adverse reactions. Unlike drug analgesics,
AA does not cause drug tolerance or organ-specific toxicity
involving the liver, kidney or gastrointestinal system, which
makes it especially suitable for patients with limited tolerance
to opioids [52, 53, 55]. Compared with standard drug treatment,
AA shows good safety characteristics, with fewer and milder
side effects.

Additionally, AA represents a relatively simple and cost-effec-
tive intervention that does not require specialized equipment
or a large amount of resources. By reducing the drug burden
while maintaining analgesic effects, AA may provide a safer
and more cost-effective method of perioperative pain mana-
gement.

7.3 Improving patient compliance and satisfaction

AA may improve patient compliance and satisfaction through
both physiological and psychosocial mechanisms. By providing
analgesia while maintaining patient consciousness and physio-
logical stability, AA encourages active patient participation
and engagement during the perioperative process [53, 56].
Positive treatment expectations and reduced anxiety associ-
ated with acupuncture-based interventions may further en-
hance analgesic outcomes and improve perioperative comfort
[19, 54, 57]. AA demonstrates a favorable safety profile, with
no serious adverse events reported in most clinical studies [58,
59]. Reported side effects are generally mild and self-limiting,
including minor subcutanecous bleeding or transient post-acu-
puncture sensations [60-62]. This safety profile contributes to
increased patient confidence and adherence to perioperative
treatment plans [52, 61].

Moreover, AA could increase treatment uptake among those
patients who prefer complementary therapy or a non-drug
treatment regimen for pain relief. Combined with convention-
al treatment methods, AA provides another kind of choice
matching individual needs, at the same time guaranteeing a
good safety and efficacy level [53, 56]. Altogether, such aspects
would benefit the perioperative process, raise patient satisfac-
tion and promote better treatment compliance.

8 CHALLENGES AND BARRIERS

There are still several problems limiting the wide application
of AA as a complementary option for perioperative pain man-
agement. First, there are many types of heterogeneity among
the published studies. These studies differ mainly in the surgi-
cal population, acupuncture methods, stimulation parameters,
and outcome measurement. Second, although most of the RCTs
have shown some positive effects of AA on perioperative out-
comes, many of them suffer from small sample size, single-
center design, and varying methodological quality, all of which
weaken the reliability of current evidence and limit the devel-
opment of guidelines. Third, because important perioperative
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outcomes such as postoperative pain intensity, opioid use,
and recovery quality are not consistently measured across
studies, cross-study comparison and meta-analysis cannot be
performed.

In terms of clinical application, AA alone can hardly meet the
anesthetic requirement of all types of surgery. In cases of more
invasive procedures or prolonged surgeries with greater surgi-
cal stress, AA should be applied together with other conven-
tional anesthesia techniques, because of its poor pain-relieving
effects when used alone [63, 64]. Individual differences may
affect the impact brought by AA as well. Such differences could
involve both physiological differences and psychological fac-
tors, or even experience with previous treatments such as acu-
puncture. What’s more, diversities in the choice of acupuncture
points used, types of stimulation given by acupuncturists, and
the perioperative timings could affect reproducibility of experi-
ments conducted and thus cause problems for making standard-
ized rules on the use of AA.

There are still practical obstacles to overcome. For AA to be
used effectively in hospitals, there needs to be good teamwork
between anesthetists, surgeons, acupuncturists, nursing staff,
and physiotherapists, etc. However, many people have not had
enough training to work together properly. Standardized peri-
operative workflows for AA are also lacking. Finally, some
hospitals do not provide sufficient support. In addition, differ-
ent health systems, reimbursement rules, and legislative frame-
works in different areas may influence the feasibility and sus-
tainability of AA perioperative care. This problem could be
more serious in environments where acupuncture is not includ-
ed as part of perioperative care.

9 FUTURE PERSPECTIVES

In order to further strengthen the evidential basis supporting
the use of AA, there needs to be large-scale, well-designed
multicenter trials that adopt common perioperative outcome
indicators, including the postoperative pain trajectory, opioid
consumption, rehabilitation quality, complication incidence,
and hospitalization time [63, 65]. Furthermore, we need to clar-
ify whether “acupuncture anesthesia” refers to intraoperative
AA or postoperative acupuncture analgesia, as this may help
improve the comparability of results, thereby enabling better
summarization of evidence [52, 58].

In clinical practice, AA will probably be accepted as part of
multimodal perioperative analgesia instead of replacing con-
ventional anesthesia [66]. AA could be used in ERAS pro-
grams, especially in cases requiring fewer opioids and earlier
recovery of functions. For better repeatability, standard operat-
ing procedures need to include the patient qualification stan-
dard, choice of acupoints, stimulation parameters (frequency
and intensity), and timing in relation to surgery. In addition, a
personalized strategy based on the patients’ level of anxiety,
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pain sensitivity, number of diseases, or previous response to
acupuncture may help find out the population who will benefit
most from AA [54, 67, 68].

In terms of the system level, the implementation depends on
a structured, multidisciplinary training and systematic institu-
tional support. A stratified education programme could facili-
tate safer integration into daily practice by specifying the role-
specific competence of anesthesiologists, acupuncturists, and
perioperative nurses involved. Both real-world evidence and
health economic evaluation are still required to demonstrate
the cost-effectiveness and provide information for reimburse-
ment, as well as for policy-making. By improving the method-
ology, standardizing the protocol, and selecting patients accu-
rately, AA might evolve as a reliable adjunct for periopera-
tive pain management to support safe analgesia and better
rehabilitation.

10 CONCLUSION

This review aims to summarize the function of AA in compre-
hensive perioperative pain treatment which includes history
development, mechanism explanation, real world application,
and current challenges. Integrating basic theory of TCM and
up-to-date anesthesia science, AA can serve as an innovative
non-drug therapy in the current perioperative healthcare sce-
nario [13, 47].

From a mechanistic point of view, AA shows pain relief action
and control role via synchronized control over the neurological
system, immune system, hormonal system, and autonomic ner-
vous system [69]. Both experimental and clinical studies sug-
gest that AA influences the set up of related biological network
which can transmit pain information, generate inflammation
reaction and adjust perioperative stress condition [28, 29, 40].

In terms of clinical studies, AA shows great potential as one
element of multimodal anesthesia regimens. There seems to be
enough evidence to show that AA can reduce the use of anes-
thetic drugs and analgesics, and alleviate post-operative pain.
It also can help patients’ speedy recovery and decrease some
kinds of anesthetic complications [14, 17, 18]. But we must
stress that AA at present just takes on a supplementary role
instead of replacing traditional anesthesia method especially
when conducting complicated operations or serious surgical
invasions [11, 47].

In spite of all these impressive results, there are still quite some
significant constraints that ought to be brought up. Studies
conducted to date tend to have relatively small samples, insuf-
ficient number of high quality randomized controlled trials, and
great diversity in acupuncture techniques plus perioperative
management methods [13, 46]. In addition, methodological
issues such as inadequate blinding and regional concentration
of studies may further limit the generalizability of current evi-
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dence. Some practical difficulties like differences in practitio-
ner training level, and lack of enough institutional backing will
also prevent us from popularizing AA treatment across differ-
ent hospitals or medical centers.

To address these challenges, future research should focus on
the development of standardized intervention protocols, the
conduct of large-scale multicenter randomized controlled tri-
als, and the clarification of the distinct roles of intraoperative
and postoperative acupuncture interventions. Furthermore, the
establishment of structured training programs and interdisci-
plinary collaboration will be essential for integrating AA into
modern perioperative care systems [46].

In summary, integrating traditional Chinese medicine methods
into modern perioperative procedures is a significant direction.
And with method improvement and further clinical studies
verification, AA would have the possibility to become a sci-
ence-based complementary option for better pain relief and
quicker recovery after operation [47].
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