:' frontiers ‘ Frontiers in Oncology

@ Check for updates

OPEN ACCESS

EDITED BY

Xuan Zhang,

Hong Kong Baptist University, Hong Kong
SAR, China

REVIEWED BY

Yanbo Yu,

Shandong University, China

Litian Ma,

Fourth Military Medical University, China

*CORRESPONDENCE
Guowang Yang
guowang_yang@l63.com

RECEIVED 02 June 2023
ACCEPTED 04 July 2023
PUBLISHED 24 July 2023

CITATION

Zhang X, Yang W, Shang J, Dan W, Shi L,
Tong L and Yang G (2023) The lower He-
sea points playing a significant role in
postoperative ileus in colorectal cancer
treated with acupuncture: based on
machine-learning.

Front. Oncol. 13:1206196.

doi: 10.3389/fonc.2023.1206196

COPYRIGHT

© 2023 Zhang, Yang, Shang, Dan, Shi, Tong
and Yang. This is an open-access article
distributed under the terms of the Creative
Commons Attribution License (CC BY). The
use, distribution or reproduction in other
forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in
this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Oncology

TvpPE Original Research
PUBLISHED 24 July 2023
Dol 10.3389/fonc.2023.1206196

The lower He-sea points playing
a significant role in postoperative
Ileus in colorectal cancer treated
with acupuncture: based on
machine-learning

Xu Zhang', Wenjing Yang?, Junliang Shang®, Wenchao Dan*,
Lin Shi?, Li Tong' and Guowang Yang®*

tDepartment of Nutrition, Beijing Hospital of Traditional Chinese Medicine, Capital Medical University,
Beijing, China, ?Department of Oncology, Beijing Hospital of Traditional Chinese Medicine, Capital
Medical University, Beijing, China, *Department of Surgery, Beijing Hospital of Traditional Chinese
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Background: Postoperative ileus (POI) is a common complication following
abdominal surgery, which can lead to significant negative impacts on patients’
well-being and healthcare costs. However, the efficacy of current treatments is
not satisfactory. The purpose of this study was to evaluate the therapeutic effects
of acupuncture intervention and explore the regulation of acupoint selection for
treating POI in colorectal cancer (CRC) patients.

Methods: We searched eight electronic databases to identify randomized
controlled trials (RCTs) on acupuncture for POl in CRC and conducted a
meta-analysis. Subsequently, we utilized the Apriori algorithm and the
Frequent pattern growth algorithm, in conjunction with complex network and
cluster analysis, to identify association rules of acupoints.

Results: The meta-analysis showed that acupuncture led to significant
reductions in time to first defecation (MD=-20.93, 95%Cl: -25.35, -16.51; I* ~
93.0%; p < 0.01; n=2805), first flatus (MD=-15.08, 95%Cl: -18.39, -11.76; I° = 96%;
p < 0.01; n=3284), and bowel sounds recovery (MD=-10.96, 95%Cl: -14.20,
-7.72; > = 94%; p < 0.01; n=2043). A subgroup analysis revealed that acupuncture
not only reduced the duration of POl when administered alongside conventional
care but also further expedited the recovery of gut function after colorectal
surgery when integrated into the enhanced recovery after surgery (ERAS)
pathway. The studies included in the analysis reported no instances of serious
adverse events associated with acupuncture. We identified Zusanli (ST36),
Shangjuxu (ST37), Neiguan (PC6), Sanyinjiao (SP6), Xiajuxu (ST39), Hegu (LI4),
Tianshu (ST25), and Zhongwan (RN12) as primary acupoints for treating POI.
Association rule mining suggested potential acupoint combinations including
{ST37, ST39}>{ST36}, {PC6, ST37}>{ST36}, {SP6, ST37}>{ST36}, and {ST25,
ST37}>{ST36}.

Conclusion: Meta-analysis indicates acupuncture’'s safety and superior
effectiveness over postoperative care alone in facilitating gastrointestinal
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recovery. Machine-learning approaches highlight the importance of the lower
He-sea points, including Zusanli (ST36) and Shangjuxu (ST37), in treating POl in
CRC patients. Incorporating additional acupoints such as Neiguan (PC6) (for pain
and vomiting) and Sanyinjiao (SP6) (for abdominal distension and poor appetite)
can optimize treatment outcomes. These findings offer valuable insights for
refining treatment protocols in both clinical and experimental settings, ultimately
enhancing patient care.

KEYWORDS

acupuncture, postoperative ileus, colorectal cancer, machine-learning,

association rules

1 Introduction

Postoperative ileus (POI) is an inevitable complication that
detrimentally affects gastrointestinal function, resulting in delayed
defecation and flatus, abdominal pain, nausea, vomiting, and
intolerance to oral intake (I, 2). Despite the implementation of
minimally invasive surgery and the enhanced recovery after surgery
(ERAS), patients’ physical conditions have only shown limited
improvement (3). In fact, some studies report durations of up to
four days (4), leading to prolonged hospital stays and increased
healthcare costs (5). Therefore, to enhance the postoperative
recovery of the gastrointestinal system following colorectal
surgery, additional measures are warranted.

Acupuncture, a non-pharmacological therapy, is gaining
increasing attention as an effective treatment modality for
perioperative medicine and gut motility disorders. Recent
systematic reviews have reported promising outcomes of
acupuncture in promoting the recovery of gastrointestinal
function following surgery (6, 7). Ng et al. (8) observed that the
time to first defecation after laparoscopic surgery for colorectal
cancer (CRC) was 85.9 hours in the electroacupuncture (EA) group
and 107.5 hours in the sham acupuncture (SA) group. In a recently
published acupuncture trial, Wang et al. (9) demonstrated that EA
reduced the time to first defecation (76.4 hours) compared to SA
(90.0 hours) after laparoscopic CRC resection. These findings
suggest that EA could be considered as a complementary therapy
to the ERAS protocol to facilitate gastrointestinal function recovery.

Autonomic nervous system imbalance and inflammation play
pivotal roles in the development of gastrointestinal dysmotility
associated with POI (10-12). Accumulating evidence suggests that
acupuncture can activate the vagal-adrenal pathway, leading to the
regulation of gastrointestinal function and exerting anti-
inflammatory effects (13). An experimental study (14) reported
that acupuncture stimulation of the vagal nerve suppressed
inflammation induced by intestinal manipulation in POI cases.
This effect was achieved through the activation of the cholinergic
anti-inflammatory pathway in macrophages, mediated by the o7
nicotinic acetylcholine receptor. A human study (15) also observed
similar mechanisms, where transcutaneous electrical stimulation of
acupoints on the lower limbs improved gastrointestinal function
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recovery by increasing plasma acetylcholine (Ach) and interleukin-
10 (IL-10) levels while reducing levels of interleukin-6 (IL-6) and
inducible nitric oxide synthase (iNOS). This improvement was
associated with an increase in parasympathetic nerve activity and
its anti-inflammatory effects.

The importance of acupoint combinations for successful
acupuncture treatment is widely acknowledged. The selection of
acupoints is guided by the principles of meridians, collaterals, and
syndrome differentiation in traditional Chinese medicine (TCM)
(16). However, there is currently no standardized protocol for
acupoint selection in the treatment of POI in CRC.

Machine-learning approaches have garnered significant
attention in acupuncture and Chinese medicine due to their
broad applications. These strategies employ various methods such
as association analysis, correlation analysis, classification, and
clustering to analyze extensive datasets and identify meaningful
patterns and relationships (17-20). In this paper, we first conducted
a meta-analysis to assess the effectiveness of acupuncture for POI in
CRC. Subsequently, we employed machine-learning techniques to
analyze and explore patterns in the selection of acupuncture points
in clinical practice for treating POI. The objective was to provide a
guideline for establishing a standardized acupuncture treatment
protocol for POL

2 Materials and methods
2.1 Data sources and search strategy

A comprehensive search was conducted up to December 2022
without any language limitations, including eight databases (Cochrane
Library, PubMed, Embase, Web of Science, SinoMed (CBM), China
Journal Full-Text Database (CNKI), VIP, and WanFang Data). We
used a combination of medical subject headings (MeSH) and
keywords to develop retrieval strategies, including (“acupuncture”
OR “electroacupuncture” OR “acupuncture therapy” OR
“transcutaneous electrical acupoint stimulation” OR “acup*”) AND
(“colorectal neoplasms” OR “colonic neoplasms” OR “rectal
neoplasms”) AND (“postoperative ileus” OR “postoperative”). We
adjusted the search terms for different databases accordingly.
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2.2 Eligibility criteria

We selected randomized controlled trials (RCTs) to assess
acupuncture’s efficacy in the treatment of POI in CRC. We
applied the following inclusion criteria:

(1) Population: patients aged 18 years or older who were
diagnosed with primary colorectal cancer and underwent
colorectal resection.

(2) Intervention: manual acupuncture (MA), electroacupuncture
(EA), or transcutaneous electrical acupoint stimulation
(TEAS).

(3) Comparison: postoperative care (including conventional
care or ERAS).

(4) Outcomes: recovery of gastrointestinal functions (such as
time to first defecation and/or flatus and/or bowel sounds
recovery), quality of life, or adverse events.

The following studies were excluded based on the exclusion
criteria: (1) Patients who had a history of abdominal surgery, severe
liver or kidney disease, severe heart failure, severe coagulation
disorders, were taking drugs that affect bowel function within the
past month, had a psychiatric disorder, had a history of drug or
alcohol abuse, or were allergic to acupuncture needles. (2) Studies
that employed interventions of auricular acupuncture, acupressure,
moxibustion, acupoint embedding, acupoint injection, point
application, or acupuncture combined with oral herbal medicine.
(3) Repetitive publications, where data was extracted only from
recent publications. (4) Review articles, meta-analysis, theoretical
categorizations, or animal experiments. (5) Studies with unclear
acupoint prescriptions that could not be extracted.

2.3 Data extraction

Relevant information was collected from eligible studies,
including the first author’s name, publication date, sample size,
type of cancer, type of surgery, interventions, acupoint
prescriptions, and outcomes. Acupoint prescriptions were
extracted using a “one group of main acupoints and one group of
minor acupoints with one group of acupoint prescriptions”
approach, following the standardized acupoint names according
to the World Health Organization’s Standard Acupuncture Point
Location in the Western Pacific Region (21). The data extraction
process was conducted independently by two reviewers. In cases of
missing or conflicting data, a third author was consulted to resolve
discrepancies and achieve consensus.

2.4 Quality assessment

The revised Cochrane risk-of-bias tool (ROB 2) was utilized to
assess the risk of bias in the included RCTs. The tool evaluated
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various aspects, including the randomization process, deviations
from intended interventions, missing outcome data, measurement
of the outcome, and selection of the reported results.

2.5 Machine-learning analysis

2.5.1 Meta-analysis

A meta-analysis was conducted using R (version 4.2.1) to assess
the effectiveness of acupuncture in treating POI in CRC patients.
The mean difference (MD) along with a 95% confidence interval
(CI) was utilized as the effect size for continuous data. Statistical
significance was defined as a p-value less than 0.05. The presence of
statistical heterogeneity was evaluated using Cochran’s Q test, and
the magnitude of heterogeneity was assessed using Higgin’s and
Thompson’s I statistic. If the I* statistic was less than 50%, the
results were pooled using a fixed effects model. However, if the I*
statistic exceeded 50%, a random-effects model was employed for
the meta-analysis. Subgroup analysis was conducted to identify
potential sources of substantial heterogeneity.

2.5.2 Descriptive analysis

The extracted valid prescriptions were subjected to frequency
analysis using Microsoft Excel 2019. Frequency statistics were
collected on the application frequencies of acupoints, meridian
acupoints, specific acupoints, and positioning distributions.

2.5.3 Association rule mining analysis

For Apriori association rule analysis and chart generation, we
utilized R (version 4.2.1) with the “arules” package and “arulesViz”
package. The dataset was fitted using the “arules” package, and the
charts were visualized using the “arulesViz” package. To enable
comparison, we also utilized Python’s “PyFpgrowth” package to
perform a frequent pattern growth algorithm.

The Apriori algorithm-based association rules consist of a left-
hand-side (LHS) antecedent and a right-hand-side (RHS)
consequence for each item in a list. These rules are derived based
on three fundamental values: support, confidence, and lift. The
support value measures the frequency of item sets occurring in the
dataset, calculated by dividing the number of occurrences by the total
number of records. Confidence represents the conditional probability
of the RHS given the LHS, indicating the strength of the association
between the two. Lift is a measure of the strength of the association
rule, indicating how much more likely the RHS is to occur when the
LHS is present, compared to when it is not. To identify important
association rules, we considered multiple combinations of support
and confidence thresholds. In this analysis, we examined the top 11
commonly used association rules based on 15% and 90% thresholds
for support degree and confidence.

2.5.4 Complex network analysis
To uncover connections among acupoints and identify acupoint
combinations, we employed complex network analysis. Firstly, we
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converted the text information from the data source into a vector
form and identified the acupoint names as the feature vector. We
then input these vectors into a structured acupoints prescription
table using a 0/1 format. Afterwards, we imported the
aforementioned table into IBM SPSS Modeler (version 18.0) to
generate an association rules flow that provided us with the
associated acupoints and their respective weight values.
Subsequently, we assigned a unique numerical identifier to each
of the output nodes, and created a list of the node combinations and
edges, which were then loaded into Cytoscape (version 3.9.1) to
generate a network visualization of the associations.

2.5.5 Correlation and cluster analysis

To explore the relationships between the top 10 most frequently
selected acupoints, we performed a correlation analysis using R
version 4.2.1. The “heatmap” package was employed to generate a
correlation heatmap, providing visual insights into the associations
among these acupoints. The correlation heatmap was constructed
based on the Phi correlation coefficient, which measures the
strength and direction of the relationship between two categorical
variables. By analyzing the heatmap, we can identify patterns of
correlation and assess the interconnections between the acupoints.
Additionally, we employed cluster analysis to classify the
relationships between the acupoints.

10.3389/fonc.2023.1206196

3 Result

3.1 Eligible studies and
study characteristics

A total of 279 relevant articles were identified through the
search strategy described earlier. After removing duplicates, 176
papers underwent a screening process. Following the screening, 42
studies met the inclusion criteria and were included in our analysis
(Figure 1). These included papers were published between 2006 and
2022, with 29 studies published within the last five years,
representing 94% of the eligible studies. Detailed characteristics of
the included studies can be found in Table 1.

3.2 Risk of bias assessment

In Figure 2, the bias assessments of the 42 included studies are
presented. Among the retrieved studies, 36 studies provided clear
descriptions of their randomized. However, in 9 studies, there was no
description of the statistical analysis of missing outcome data, which
may introduce potential bias. Furthermore, in many of the studies,
there was uncertainty regarding the deviation from the intended
intervention, potentially affecting the internal validity of the findings.
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FIGURE 1
Flowchart of the study selection process.
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TABLE 1 Characteristics of included studies.

Sample size (I/Q),

Type of Type of

Gender (male/female), Intervetion  Control Treatment duration Outcomes
cancer surgery
Age (1/Q)
Wang Y
125/123, 153/95, Col tal TFD, TFF,
etal olonrecta Laparoscopic | EA plus ERAS ERAS 4 consecutive days after surgery
60.2 +11.0/60.2 + 11.8 cancer AE
(2022) (9)
Y: w
a:tga{ 35/35, 48/22, Colonrectal Laparoscopic | EA plus ERAS ERAS 4 consecutive.da}'fs after surgery or TED, TFF,
60.7 + 12.7/60.7 + 10.5 cancer until discharge AE
(2022) (22)
NG SSM
55/55, 68/42, Colonrectal X R TFD, TFF,
et al Laparoscopic EA plus CC CC 4 consecutive days after surgery
67.4 +£9.7/67.4 + 10.7 cancer AE
(2013) (8)
Zh; ZD
ne 19/20, 22/17, Colonrectal , TED, TFF,
et al Open EA plus CC CC 4 consecutive days after surgery
63.0+ 9.0/60.0 + 10.0 cancer TBSR
(2014) (23)
Long ¥ 30/30, 32/28 Colonrectal 5 consecutive postoperative days or TFD, TFF,
etal 24128, NR EA plus CC cc e postop Y L
63.5 + 14.4/61.8 + 11.9 cancer until passing flatus TBSR
(2021) (24)
Zhu WJ
43/43, 58/28, Col
et al / / oon NR EA plus ERAS ERAS 5 consecutive postoperative days TFD, TFF
61.0 + 11.0/60.0 + 12.0 cancer
(2021) (25)
Li zX
1ang 60/60, 67/53, Colonrectal MA plus . . TED, TFF,
et al NR ERAS 5 consecutive postoperative days
59.5 +10.8/57.2 £ 12.2 cancer ERAS TBSR, QOL
(2020) (26)
Wang XZ
o 30/30, 35/25, Colonrectal | A s CC e 5 consecutive postonerative d TED, TFF,
et a 66.1 + 15.9/63.6 + 116 cancer aparoscopic plus consecutive postoperative days TBSR, AE
(2022) (27)
Zhang K
30/30, 30/30, Col tal . . TFD, TFF,
et al NR OCZEZ: a NR MA plus CC CC 3 consecutive postoperative days TBSR

(2022) (28)

Starting on postoperative day

Li DX et al 42/40, 4 N 1 1 MA pl TED, TFF,
! et / 9/33 Colonrecta NR plus ERAS until the first defecation, first flatus,
(2018) (29) 65.4 + 13.3/65.0 + 11.4 cancer ERAS TBSR
and first bowel sounds
Xie JL et al 45/45, 49/41, Rectal . .
e JL et a ecta NR MA plus CC CcC 7 consecutive postoperative days TFD, TFF
(2014) (30) 59.5 + 16.8/59.5 + 16.8 cancer
T Y
ong W 42/42, 50/34, Rectal MA plus TED, TFF,
et al Open ERAS NR
58.6 + 15.1/59.2+ 14.7 cancer ERAS TBSR
(2014) (31)
Zhang SY
35/35, 52/18, Col tal . . TFD, TFF,
et al clonrecta NR MA plus CC CcC 10 consecutive postoperative days
NR cancer TBSR
(2011) (32)
Wang Y
20/20, 20/20, Rectal TED, TFF,
et al et NR EA plus CC CC 10 consecutive postoperative days
62.5 £ 6.9/63.9 + 6.9 cancer TBSR
(2019) (33)
Xue YL
35/35, 36/34, Col tal TFD, TFF,
et al ! ! clonrectd Laparoscopic | EA plus ERAS ERAS 5 consecutive postoperative days
59.5 + 13.8/63.5 £ 7.9 cancer AE
(2020) (34)
LiYetal 30/30, 34/26, Col tal | L i . .
1heta olonrecta Aparoscopic EA plus CC CcC 5 consecutive postoperative days TED, TFF
(2017) (35) 65.8 + 9.8/65.6 + 8.4 cancer or open
Sun H et al 42/42, 47/37, Colonrectal . .
NR MA plus CC CC 15 ti t tive d: AE
(2021) (36) 50.1 + 1.4/593 + 1.6 cancer plus consectitive postoperative days
Li WX . .
40/40, 40/40, Colonrectal . From 30 min before anesthetic TED, TFF,
et al Laparoscopic EA plus CC CC X R K i
61.0 + 5.8/61.4 + 6.5 cancer induction to the operation finished TBSR
(2021) (37)
(Continued)
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TABLE 1 Continued

Sample size (I/C),

Study Gender (male/female),

Type of Type of

Intervetion Control Treatment duration Outcomes

ear, cancer surger
Vel Age (1/C) gery
Y Starti T tive d:
ang JJ 31/29, 39/23, Colonrectal SITg o pas OpErative day TED, TFF,
et al NR EA plus CC CC until the first defecation, then 3
60.9 £ 6.6/62.0 + 7.0 cancer . TBSR
(2011) (38) consecutive days
Zhou Y
40/40, 46/34, Col tal TED, TFF,
et al 59.5 + 10.5/593 + 9.7 OC:;IZ: 2 Laparoscopic EA plus CC CC 7 consecutive postoperative days TBSR, AE
(2021) (39)
Xiao C
30/30, 32/28, Colonrectal . . TFD, TFF,
1 EA pl
et al 559 + 10.5/54.6 + 10.3 cancer Open plus CC CC 5 consecutive postoperative days TBSR
(2014) (40)
W: HM
a:tg " 15/15, 20/10, Colonrectal Onen MA plus ERAS  comsecutive bostonerative davs TED, TFF,
utive Ve
60.4 + 11.0/58.0 + 102 cancer P ERAS postop 4 TBSR
(2011) (41)
Xiao C
12/12, 15/9, Col tal
et al / / olonrecta NR MA plus CC CC 5 consecutive postoperative days TFD, TFF
60.7 £ 10.6/56.7 + 13.7 cancer
(2016) (42)
SiJG et al 25/25, NR, Colonrectal Starting on postoperative day
NR EA plus CC CcC TFF, TBSR
(2015) (43) NR cancer pus until the first flatus
Niu CF
16/16, 21/11, 1 1
etal 6/16, 21/ Colonrecta NR EA plus CC cc NR TFF
NR cancer
(2008) (44)
Xiao L
30/30, 33/27, Col tal . .
etal 674 + 16.4/68.5 + 17.2 OC::Z: . NR MA plus CC CC 14 consecutive postoperative days TFF
(2016) (45) T ORARES =
Wang TY 2 consecutive preoperative days, 30
20/19, 21/18, Col tal . .
et al olonreca Open EA plus CC CC min before operation, 1 postoperative TFD, TFF
48.6 £ 6.1/51.4 + 6.3 cancer
(2018) (46) days
Mai SC 20/20, 23/17 Colonrectal 1 preoperative days, 30 min before TFD, TFF
et al § ’ Open EA plus CC CC preop Y,) ’ ’
52.0 £ 5.0/51.0 £ 1.0 cancer operation TBSR
(2017) (47)
Meng Z
e;gal Q 44/41, 47/38, Colon NR EA plus CC cc 6 consecutive postoperative days or TFD, TFF,
54.3/53.1 cancer P until the first bowel movement QOL, AE
(2010) (48)
Gao W . . .
etal 42/40, 49/33, Colonrectal Laparoscopic TEAS plus cc The first time was after operation, TED, TFF,
(2021) (1) 65.4 +13.3/65.0 + 11.4 cancer or open CC then 3 consecutive postoperative days TBSR, AE
Feng DH
ns 28/32, 32/28, Colon X TEAS plus 2 consecutive preoperative days, 30
et al Laparoscopic CC . . TFF
66.3 + 8.6/65.8 + 5.7 cancer CcC min before operation
(2020) (49)
W D
ang 34/34, 47/21, Colonrectal . TEAS plus 6 hours after operation, then 3
ctal 63.0 + 7.6/62.8 + 6.3 cancer Laparoscopic CcC e consecutive postoperative days TFD, TFF
(2021) (50) 0 F 70628 =6 postop 4
H
uang W 32/35, 37/30, Colonrectal . TEAS plus From 30 min before anesthetic
et al Laparoscopic ERAS . . . . TFF
59.8 + 11.6/59.1 + 12.1 cancer ERAS induction to the operation finished
(2018) (51)
Cai WB
a 47/47, 56/38, Rectal . TEAS plus From 30 min before anesthetic
et al Laparoscopic CC . R K i TFF
56.5 +9.7/57.4 £ 10.4 cancer CcC induction to the operation finished
(2021) (52)
Ren Z
en ZQ 30/30, 35/25, Rectal . TEAS plus 30 min before anesthetic induction
et al Laparoscopic CcC Rk L TFD, TFF
435+ 6.2/43.1 £ 6.5 cancer CcC and anesthetic resuscitation
(2021) (53)
(Continued)
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TABLE 1 Continued

Sample size (I/C),

10.3389/fonc.2023.1206196

Stud Type of Type of . :
y Gender (male/female), yp yp Intervetion = Control Treatment duration Outcomes
(year) cancer surgery
Age (1/Q)
Song YL . .
et al 46/46, 59/33, Rectal Laparoscopic TEAS plus cc From 30 min before anesthetic TFD, TFF,
i
61.5 +7.2/60.1 + 6.8 cancer P P CC induction to the operation finished TBSR
(2020) (54)
Xu YX h i ion, th
" 30/30, 34/26, Rectal TEAS plus 6 hours after operation, then Repeat TED, TFF,
et al NR CC treatment every 12 hours for
63.3/58.6 cancer CC . TBSR
(2006) (55) 3consecutive days
Yue S et al 40/40, 45/35, Colonrectal . TEAS plus From 30 min before anesthetic
Laparoscopic CcC . . . . TFF
(2021) (56) 62.2 +7.5/63.8 + 7.0 cancer CcC induction to the operation finished
Fu HF . .
25/21, 31/15, Colonrectal . TEAS plus From 30 min before anesthetic
et al Laparoscopic CC K . K i TFF, AE
62.0 + 10.8/59.8 + 10.6 cancer CC induction, lasting 30min
(2022) (57)
30 min after anesthetic resuscitation,
Zhang HL
45/45, 59/31, Colonrectal TEAS plus then 3
et al NR CC . . TFF, TBSR
64.0 + 12.0/65.0 = 11.0 cancer CcC consecutive postoperative
(2020) (58)
days
Xu B et al 36/36, 37/35, Colonrectal Laparoscopic TEAS plus cc From 30 min before anesthetic TFD, TFF,
(2021) (59) 57.0 + 4.1/56.9 + 4.2 cancer P P CC induction to the operation finished TBSR, AE
Wei QL . .
52/52, 61/43, Colonrectal . TEAS plus Starting on postoperative day TED, TFF,
et al Laparoscopic CC . .
(2019) (60) 60.2 £ 9.7/60.2 + 9.8 cancer CC until the first defecation and first flatus TBSR

I/C, Intervention group/Control group; MA, manual acupuncture; EA, electroacupuncture; TEAS, transcutaneous electrical acupoint stimulation; CC, conventional care; ERAS, enhanced
recovery after surgery; TFD, time to first defecation; TFF, time to first flatus; TBSR, time to bowel sounds recovery; QOL, quality of life; AE, adverse events; NR, not reported.

3.3 Meta-analysis

3.3.1 The recovery of gastrointestinal function
3.3.1.1 Overall effectiveness of acupuncture

In the eligible studies, acupuncture therapy was found to be
significantly effective in promoting the recovery of gastrointestinal
function compared to postoperative care alone. The meta-analysis
included 30 studies on acupuncture, which demonstrated a mean
reduction of 20.93 hours in time to first defecation (TFD) in the test
groups (MD=-20.93, 95%CI: -25.35, -16.51; I~ 93.0%; p < 0.01;
n=2805) (Figure 3A). Furthermore, among the 37 RCTs that
reported data on time to first flatus (TFF), there were significant

Bias arising from the randomization process

Bias due to deviations from intended interventions
Bias due to missing outcome data

Bias in measurement of the outcome

Bias in selection of the reported result

Overall risk of bias

reductions in the group treated with acupuncture (MD=-15.08, 95%
CI: -18.39, -11.76; I* = 96%; p < 0.01; n=3284) (Figure 3B). Similarly,
there were significant reductions in time to bowel sounds recovery
(TBSR) in the intervention groups (MD=-10.96, 95%CI: -14.20,
-7.72; P = 94%; p < 0.01; n=2043) (Figure 3C), suggesting that
acupuncture can facilitate bowel movements and promote the
recovery of gastrointestinal function.

3.3.1.2 Subgroup analysis

The subgroup analysis was conducted to further explore the
effectiveness of acupuncture in promoting the recovery of
gastrointestinal function based on different factors. The subgroups

Q

BEI

25% 50% 75% 100%

| . Low risk of bias. I:, ‘Some concerns. . High risk of bias

FIGURE 2
Risk of bias assessment.
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Forest plot of acupuncture therapy versus postoperative care alone for recovery of gastrointestinal function. Part (A) for time to first defecation. Part

(B) for time to first flatus. Part (C) for time to bowel sounds recovery.

were defined based on: (I) type of acupuncture combined treatment:
acupuncture plus conventional care or acupuncture plus ERAS; (IT)
type of cancer: colon cancer or rectal cancer; (III) type of surgery:
laparoscopic surgery or open surgery; (IV) type of acupuncture
modality: MA, EA, or TEAS. The results are listed in the Table 2.

The subgroup analysis demonstrated that acupuncture,
regardless of whether it was combined with postoperative
conventional care or ERAS, was effective in promoting the
recovery of gastrointestinal function. This suggests that
acupuncture can be a beneficial adjunctive therapy in both
treatment approaches. It is noteworthy that acupuncture
combined with postoperative conventional care (MD=-12.24, 95%
CL: -15.91, -8.56; I> = 94%; p < 0.01) is more effective than
acupuncture combined with ERAS (MD=-5.44, 95%CI: -9.12,
-1.76; P~ 76%; p < 0.01) in reducing TBSR, and this difference
holds statistical significance (test for subgroup differences: Q = 6.55,
p = 0.01). Regarding the type of cancer, it was found that
acupuncture does not have statistically significant effects on
reducing TFF in patients with colon cancer (MD=-5.67, 95%CI:
-12.46, 1.13; I* = 62%; p = 0.07). However, acupuncture was found
to be significantly effective in improving TFF in patients with rectal
cancer (MD=-21.32, 95%CI: -28.20, -14.45; I~ 93%; p <0.01). Due
to the limited number of studies included, further validation should

Frontiers in Oncology

be conducted through adequately powered randomized trials to
ensure sufficient statistical power and confirm these findings. The
subgroup analysis based on the type of surgery indicated that
acupuncture was beneficial for postoperative gastrointestinal
function recovery in both laparoscopic surgery and open surgery
patients. Additionally, the subgroup analysis showed that all types
of acupuncture modalities had a significant effect in reducing TFF,
TFD, and TBSR.

3.3.2 Quality of life

Two trials reported on the outcomes of quality of life (QOL) in
postoperative patients with CRC. Liang et al. (61) found that the
combination of ERAS and acupuncture effectively improved
postoperative quality of life using the European Organization for
Research and Treatment of Cancer Quality of Life Questionnaire-
Core 30 (EORTC QLQ-C30). On the other hand, Meng et al. (62)
utilized the Quality of Life Status (QOLS) assessment tool based on
the Edmonton Symptom Assessment System (ESAS) and reported
no significant differences in quality of life measures between the
acupuncture and control groups. Therefore, it is not possible to
merge the effect sizes for these outcomes due to the lack of
consistency between the assessment tools. And further clinical
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TABLE 2 Subgroup analysis.

Outcomes Subgroup Studies  Effect Sizes MD 95%Cl Heterogeneity I* (%)  p value
Time to first defecation Acupuncture combined treatment
Acupuncture plus CC 22 ‘ -21.25 ‘ [-26.95, -15.55] 93 <0.01
Acupuncture plus ERAS 8 ‘ -19.62 ‘ [-26.03, -13.21] 92 <0.01

Test for subgroup differences: Q = 0.14, p = 0.71

Cancer type
Colon cancer 4 -19.86 [-25.68, -14.03] 34 <0.01
Rectal cancer 3 -26.52 [-47.27, -5.77] 93 <0.01

Test for subgroup differences: Q = 0.37, p = 0.54

Surgery type
Laparoscopic 11 -21.83 [-28.61, -15.06] 94 <0.01
Open 5 -16.56 [-24.51, -8.62] 83 <0.01

Test for subgroup differences: Q = 0.98, p = 0.32

Acupuncture modality

MA 9 -27.52 [-37.30, -17.75] 88 <0.01
EA 15 -18.98 [-25.15, -12.82] 87 < 0.01
TEAS 6 -17.23 [-25.09, -9.37] 93 <0.01

Test for subgroup differences: Q = 2.86, p = 0.24

Time to first flatus Acupuncture combined treatment
Acupuncture plus CC 29 ‘ -15.16 ‘ [-19.14, -11.18] 97 <0.01
Acupuncture plus ERAS 8 ‘ -14.76 ‘ [-20.28, -9.23] 89 <0.01

Test for subgroup differences: Q = 0.01, p = 0.91

Cancer type
Colon cancer 3 -5.67 [-12.46, 1.13] 62 0.07
Rectal cancer 6 -21.32 [-28.20, -14.45] 93 <0.01

Test for subgroup differences: Q = 10.09, p < 0.01

Surgery type
Laparoscopic 15 -11.51 [-14.81, -8.22] 92 <0.01
Open 5 -19.34 [-27.74, -10.95] 84 < 0.01

Test for subgroup differences: Q = 2.90, p = 0.09

Acupuncture modality

MA 10 -22.06 [-29.62, -14.50] 94 <0.01
EA 16 -13.89 [-18.97, -8.81] 94 < 0.01
TEAS 11 -11.47 [-15.67, -7.27] 95 <0.01

Test for subgroup differences: Q = 5.76, p = 0.06

Time to bowel sounds recovery Acupuncture combined treatment
Acupuncture plus CC 18 -12.24 [-15.91, -8.56] 94 <0.01
Acupuncture plus ERAS 4 -5.44 [-9.12, -1.76] 76 <0.01

Test for subgroup differences: Q = 6.55, p = 0.01

Cancer type

(Continued)
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TABLE 2 Continued

Outcomes Subgroup Studies Effect Sizes MD 95%Cl Heterogeneity I (%) p value
Colon cancer 0 - - - -
Rectal cancer 4 -9.21 [-12.95, -5.47] 83 <0.01

Test for subgroup differences: -

Surgery type
Laparoscopic 6 ‘ -13.10 ‘ [-19.32, -6.87] 95 ‘ <0.01
Open 5 ‘ -6.07 ‘ [-9.76, -2.38] 72 ‘ < 0.01

Test for subgroup differences: Q = 3.62, p = 0.06

Acupuncture modality

MA 7 -10.82 [-18.58, -3.07] 96 <0.01
EA 10 -11.54 [-16.20, -6.87] 94 < 0.01
TEAS 5 -10.00 [-14.30, -5.69] 85 < 0.01

Test for subgroup differences: Q = 0.23, p = 0.89

MA, manual acupuncture; EA, electroacupuncture; TEAS, transcutaneous electrical acupoint stimulation; CC, conventional care; ERAS, enhanced recovery after surgery; 95%CI, 95% confidence
interval; MD, mean difference.

research is needed to validate whether acupuncture can improve the ~ were observed. However, two studies (9, 22) reported mild adverse

quality of life in postoperative patients. events that could potentially be associated with acupuncture use.

These events included hematoma, pain, swelling, and residual

3.3.3 Safety needling sensation after needle removal. Importantly, these

adverse events were self-limiting and did not require any specific

Out of the eleven studies that reported adverse events (AE)  medical interventions. It is worth noting that no serious adverse
related to acupuncture, nine studies stated that no adverse events  events were reported in any of the studies.
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FIGURE 4
Acupoint distribution. Part (A) Frequency and percentage of acupoints. Part (B) Frequency and percentage of meridians. Part (C) Frequency and
percentage of specific acupoints. Part (D) Frequency and percentage of site of acupoints.
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TABLE 3 Frequency and percentage of meridians used for POI.

10.3389/fonc.2023.1206196

Meridians Frequency Percentage el el Acupoints (frequency)
number
ST 115 051 7 ST36 (50), ST37 (31), ST39 (16), ST25 (15), ST40 (1), ST41 (1), ST44 (1)
SP 33 0.15 3 SP6 (19), SP4 (7), SPY (7)
LI 21 0.09 4 LI4 (13), LI11 (5), LI9 (2), LI10 (1)
PC 21 0.09 1 PC6 (21)
RN 17 0.08 6 RN12 (10), RN4 (2), RN6 (2), RN10 (1), RN13 (1), RN17 (1)
LR 4 0.02 2 LR3 (3), LR5 (1)
LU 4 0.02 3 LU7 (2), LUS (1), LU9 (1)
DU 3 0.01 1 DU20 (3)
GB 2 0.01 1 GB34 (2)
] 2 0.01 1 76 (2)
KI 2 0.01 2 KI3 (1), KI6 (1)

3.4 Acupoint distribution

According to the analysis of the 54 eligible acupoint
prescriptions for the treatment of POI, a total of 31 acupoints
were utilized. These acupoints were recorded a combined total of
224 occurrences. The top 10 frequently utilized acupoints
comprised Zusanli (ST36, 93%), Shangjuxu (ST37, 57%), Neiguan
(PC6, 39%), Sanyinjiao (SP6, 35%), Xiajuxu (ST39, 30%), Tianshu
(ST25, 28%), Hegu (LI4, 24%), Zhongwan (RN12, 19%), Gongsun
(SP4, 13%), and Yinlingquan (SP9, 13%) in descending order
(Figure 4A). Zusanli (ST36) emerged as the most frequently
employed acupoint, being present in 93% of the 54
acupoint prescriptions.

In the analyzed studies, a total of 31 distinct acupoints were
utilized, and they were observed to be distributed across 11
meridians. These encompassed 8 regular meridians, along with
the Conception Vessel (RN) and Governor Vessel (DU). However,
it is noteworthy that the acupoint prescriptions did not
incorporate the Bladder Meridian of Foot Taiyang (BL), the

TABLE 4 Frequency and percentage of specific acupoints used for POI.

Acupoint

Specific acupoints number

Frequency  Percentage

Heart Meridian of Hand Shaoyin (HT), and the Small Intestine
Meridian of Hand Taiyang (SI). Table 3 and Figure 4B illustrate
the distribution of acupoints among various meridians. Among
them, the Stomach Meridian of Foot Yangming (ST) exhibited the
highest frequency, with a total occurrence of 115 instances.
Subsequently, the Spleen Meridian of Foot Taiyin (SP) was
utilized 33 times, followed by the Large Intestine Meridian of
Hand Yangming (LI) and the Pericardium Meridian of Hand
Jueyin (PC), both employed 21 times. In combination, these four
meridians accounted for 84% of the overall utilization
of acupoints.

Among the total of 31 distinct acupoints, 28 of them were
specific acupoints, with 12 possessing multiple attributes. Notably,
Neiguan (PC6) was categorized as both the Luo-connecting
acupoint and the eight confluent acupoint, while Zusanli (ST36)
was identified as both the He-sea point and the lower He-Sea
point. Remarkably, among the specific acupoints, the lower He-
Sea points demonstrated a considerably higher frequency
compared to other types, with a total occurrence of 99 instances.

Acupoints (frequency)

Lower He-Sea point 99 0.44 4 ST36 (50), ST37 (31), ST39 (16), GB34 (2)
Five Shn points o 033 " ST36 (50), SP9 (7), LI11 (5), LR; T(431)1 (C:])S)S:T(‘lzi,(%é (2), KI3 (1), LU5 (1), LU9 (1),
Crossing point 37 0.17 7 SP6 (19), RN12 (10), DU20 (3), RN4 (2), KI6 (1), RN10 (1), RN13 (1)

Luo-connecting point 32 0.14 5 PC6 (21), SP4 (7), LU7 (2), LR5 (1), ST40 (1)

Eight confluent point 31 0.14 4 PC6 (21), SP4 (7), LU7 (2), KI6 (1)
Front Mu point 28 0.13 4 ST25 (15), RN12 (10), RN4 (2), RN17 (1)

Yuan-primary point 18 0.08 4 LI4 (13), LR3 (3), KI3 (1), LU9 (1)

Eight influential point 14 0.06 4 RN12 (10), GB34 (2), LU9 (1), RN17 (1)

Frontiers in Oncology

11

frontiersin.org


https://doi.org/10.3389/fonc.2023.1206196
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Zhang et al.

TABLE 5 Frequency and percentage of site of acupoints used for POI.

Site of
acupoints

Acupoint

Frequency number

Percentage

10.3389/fonc.2023.1206196

Acupoints (frequency)

Lower limbs 141 0.63 14
Upper limbs 48 0.21 9
Chest and n 0.14 .
abdomen ’
H face,
ead, face, and 5 001 1
neck

ST36 (50), ST37 (31), ST 39 (16), ST40 (1), ST41 (1), ST44 (1), SP6 (19), SP4 (7), SP9 (7), LR3

(3), LR5 (1), GB34 (2), KI3 (1), KI6 (1)

LI4 (13), LI11 (5), LI9 (2), LI10 (1), PC6 (21), LU7 (2), LU5 (1), LUY (1), SJ6 (2)

ST25 (15), RN12 (10), RN4 (2), RN6 (2), RN10 (1), RN13 (1), RN17 (1)

DU20 (3)

A detailed distribution of the specific acupoints is shown in
Table 4 and Figure 4C.

Moreover, when considering the selection of acupoint
application, the lower limbs emerged as the most frequently
chosen area, constituting approximately 63% of the overall
frequency (Table 5, Figure 4D).

3.5 Association rule mining analysis

3.5.1 Apriori algorithm-based association rule
analysis

Through the analysis of the acupuncture prescription, a total of
79 association rules were generated. The overall distribution of
these association rules is depicted in Figure 5, utilizing a grouped
matrix diagram. In this representation, circles that appear redder in
color indicate a higher degree of lift, while circles with larger sizes
indicate greater support.

The implementation of the Apriori algorithm was carried out
using R software, employing a minimum support threshold of 15%
and a minimum confidence threshold of 90%. As a result, a total of
11 commonly observed acupoint combinations were identified,

including: {ST37}={ST36}, {PC6}={ST36}, {SP6}={ST36}, {ST36,
ST39}>{ST37}, {ST37, ST39}2{ST36}, {LI4}>{ST36}, {SP6,
ST37}2{ST36}, {ST25, ST37}2{ST36}, {PC6, ST37}={ST36}, {ST25,
ST36}>{ST37}, and {RN12}>{ST25}. Table 6 furnishes
comprehensive information regarding the support, confidence,
and lift of the identified acupoint association rules. Notably, upon
analysis, it was determined that all 11 association rules displayed lift
values greater than 1. This finding signifies that the selected
acupoints, in conjunction with their respective antecedents,
exhibited a higher likelihood of being utilized together compared
to selecting the consequent acupoint in isolation.

3.5.2 Frequent pattern growth algorithm-based
association rule analysis

Tables 7, 8 present a summary of the outcomes obtained from
the frequent pattern growth algorithm and the Frequent pattern
growth algorithm-based association rules, respectively, for the
eligible RCTs. These results demonstrate a remarkable
consistency with those obtained through the application of the
Apriori algorithm-based association rules. Such concurrence
underscores the reliability and reproducibility of our findings.
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Grouped matrix for 79 Apriori algorithm-based association rules.
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TABLE 6 The top 11 Apriori algorithm-based association rules.

10.3389/fonc.2023.1206196

No. Association rules Support Confidence Lift
1 {ST37} > {ST36} 057 1.00 1.08
2 {PC6} > {ST36} 0.39 1.00 1.08
3 {SP6} > {ST36} 035 1.00 1.08
4 {ST36, ST39} > {ST37} 0.26 1.00 1.74
5 {ST37, ST39} > {ST36} 0.26 1.00 1.08
6 {LI4} > {ST36} 0.24 1.00 1.08
7 {SP6, ST37} > {ST36} 0.24 1.00 1.08
8 {ST25, ST36} > {ST37} 0.22 0.92 161
9 {ST25, ST37} > {ST36} 022 1.00 1.08
10 {PC6, ST37} > {ST36} 0.22 1.00 1.08
11 {RN12} > {ST25} 0.19 1.00 3.60

3.6 Complex network analysis

Through complex network analysis (Figure 6), a total of 31
acupoints and 144 edge weights were derived. Notably, eight
acupoints demonstrated a degree exceeding 14, including Zusanli
(ST36), Shangjuxu (ST37), Neiguan (PC6), Sanyinjiao (SP6),
Xiajuxu (ST39), Hegu (LI4), Tianshu (ST25), and Zhongwan (RN
12). Among these acupoints, Zusanli (ST36) and Shangjuxu (ST37)
were the most frequently employed, thereby signifying their
significance as the core components of acupuncture point
combinations. Importantly, the outcomes obtained from the

complex network analysis align consistently with the results
derived from the association rule analysis.

3.7 Correlation and cluster analysis

A correlation heatmap generated to help us derive effective
treatment directions and principles for acupuncture treatment of
POI. The top 10 frequently selected acupoints were then grouped
into six major clusters based on their degree of correlation with each
other: Cluster 1 - Zusanli (S§T36), Cluster 2 - Shangjuxu (ST37) and

TABLE 7 Frequent patterns of acupoints used on acupuncture treatment for POI.

\[o} Frequent pattern Support
1 ST36, ST37 0.57
2 ST36, PC6 0.39
3 ST36, SP6 0.35
4 ST37, ST39 0.26
5 ST36, ST39 0.26
6 ST36, ST37, ST39 0.26
7 ST36, ST25 0.24
8 ST37, SP6 0.24
9 ST36, ST37, SP6 0.24
10 L14, ST36 0.24
11 ST37, ST25 022
12 ST36, ST37, ST25 022
13 ST37, PC6 022
14 ST36, ST37, PC6 022
15 RN12, ST25 0.19
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TABLE 8 Frequent pattern growth algorithm-based association rules for POI treatment.

Antecedents Consequents Antecedent support Consequent support Support
1 {ST37} {ST36} 057 0.93 057
2 {PC6} {ST36} 039 0.93 039
3 {SP6} {ST36} 035 0.93 035
4 {ST37, ST39} {ST36} 026 0.93 026
5 {ST39, ST36} {ST37} 026 057 026
6 {LI14} {ST36} 0.24 093 024
7 {SP6, ST37} {ST36} 0.24 093 0.24
8 {ST37, PC6} {ST36} 022 0.93 022
9 {ST25, ST37} {ST36} 022 0.93 022
10 {ST36, ST25} {ST37} 0.24 057 022
11 {RN12} {ST25} 0.19 028 0.19

Xiajuxu (ST39), Cluster 3 - Sanyijiao (SP6) and Yinlingquan (SP9),
Cluster 4 - Zhongwan (RN12) and Tianshu (ST25), Cluster 5 -
Neiguan (PC6) and Gongsun (SP4), and Cluster 6 - Hegu
(L14) (Figure 7).

4 Discussion

In this study, a meta-analysis was conducted to investigate the
efficacy of acupuncture intervention in promoting the recovery of
gastrointestinal function in patients after undergoing colorectal
cancer surgery. The results indicated that acupuncture
intervention was associated with superior effectiveness in several
key outcomes, including TFD, TFF, and TBSR.

In the subgroup analysis, we made some noteworthy observations.
It was found that acupuncture, when combined with postoperative
conventional care, is more effective in reducing TBSR compared to its
combination with the ERAS pathway. The ERAS pathway, which
incorporates the preventive use of antibiotics, perioperative multimodal
analgesia, avoidance of opioid use, early removal of urinary catheters

LRS L0
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ST44
sps
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K6

 PCB
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\
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FIGURE 6

and nasogastric tubes, early mobilization, and nutritional support, has
been increasingly utilized. Patients undergoing this pathway
experienced less pain, lower opioid requirements, and a shorter
recovery time. We speculate that the observed phenomenon may be
attributed to the fact that the combined ERAS protocal could have
already mitigated the surgical stress response to a certain extent, leaving
limited room for further improvement in clinical outcomes by
acupuncture intervention.

Furthermore, in the subgroup analysis focusing on different
types of cancer, it was discovered that acupuncture does not yield
statistically significant effects in reducing TFF for patients with
colon cancer. However, it was found that acupuncture demonstrates
a significant effectiveness in improving TFF for patients with rectal
cancer. This discrepancy may be attributed to the greater
importance of the colon in gastrointestinal motility compared to
the rectum. Therefore, we hypothesize that patients who have
undergone rectal resection are more likely to derive benefits from
acupuncture therapy.

The studies included in the analysis demonstrated that there
were no serious AE related to acupuncture. However, further

ST25

Complex network analysis. Part (A) Complex network analysis of acupuncture for POI treatment. Part (B) Acupoints with a degree greater than 14.
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Correlation and cluster analysis of the top 10 frequently selected acupoints.

verification is still necessary to determine whether acupuncture can
effectively improve the overall quality of life in
postoperative patients.

Additionally, we employed data mining to identify the most
effective acupoint combinations for treating POI in CRC. Zusanli
(ST36) was identified as the most used acupoint of all prescriptions
evaluated in this study. This acupoint, located on the anterior aspect
of the leg, is classified as both the He-sea point of the Stomach
Meridian of Foot Yangming and the lower He-sea point of the
stomach. Numerous studies have reported the diverse efficacies of
acupuncture at Zusanli (ST36). These include its anti-inflammatory
effects, ability to enhance the immune system, and promotion of
postoperative gastrointestinal function restoration (63-65). In a POI
model, acupuncture at Zusanli (ST36) was found to decrease the
concentration of inflammatory cytokines tumor necrosis factor-o
(TNF-0) and IL-6 in the serum. It also suppressed local intestinal
inflammation by inhibiting the infiltration of macrophages and
neutrophils in the intestine (66). Acupuncture at Zusanli (ST36)
has also shown the potential to repair damage to interstitial cells of
Cajal (ICCs), which play a critical role in regulating gastrointestinal
motility (67). Recent studies have demonstrated the unique ability of
EA at Zusanli (ST36) to modulate endotoxin-induced systemic
inflammation through its impact on the sympathetic pathways
(68). Shangjuxu (ST37), classified as the lower He-sea point of the
large intestine, is commonly used in acupuncture. Clinical studies
show that acupuncture at Shangjuxu (ST37) effectively alleviates
visceral hypersensitivity and reduces pain perception in internal
organs (69).

Acupuncturists often combine multiple acupoints to effectively
address the symptoms of a specific disease, aiming to achieve
enhanced therapeutic outcomes. In our study, through association
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rule mining, we identified that the primary acupoints for POI
treatment are Zusanli (ST36), Shangjuxu (ST37), Neiguan (PC6),
Sanyinjiao (SP6), Xiajuxu (ST39), Hegu (LI4), Tianshu (ST25), and
Zhongwan (RN12). Among these, the acupuncture points Zusanli
(ST36) and Shangjuxu (ST37) can be regarded as the fundamental
acupoints in the combinations used to treat POI.

By using a clustering algorithm, the top 10 frequently selected
acupoints were clustered into six major clusters, signifying the
primary treatment principles, including the regulation of
gastrointestinal function, the alleviation of pain and vomiting,
and the strengthening of the spleen. In TCM, POI is
characterized as a disorder of intestinal conduction. The
pathogenesis of POI is mainly due to the upward reversal of
stomach-qi and obstruction of fu-qi, which matches the treatment
direction we have concluded. The first 2 clusters, including Zusanli
(ST36), Shangjuxu (ST37), and Xiajuxu (ST39), which can promote
bowel function and remove stagnation, were the main acupoints in
treating POIL The other 4 clusters were defined as preliminary
adjunct acupoints. Cluster 3, consisting of Sanyinjiao (SP6) and
Yinlingquan (SP9), can strengthen the spleen and invigorate blood
to improve abdominal distension and poor appetite. Cluster 4,
consisting of Tianshu (ST25) and Zhongwan (RN12), located on the
abdomen as the “Front Mu point” of the large intestine and stomach
respectively, can be applied to treat deficiency of the stomach and
intestine. Cluster 5, consisting of Neiguan (PC6) and Gongsun
(SP4), known as the pain-relieving and anti-emetic acupoints, as the
“Luo-connecting point” of the pericardium and spleen, can be used
to alleviate pain and vomiting. Finally, Cluster 6, Hegu (LI4) can be
used to harmonize gastrointestinal function.

The lower He-sea points, which include Zusanli (ST36),
Shangjuxu (ST37), and Xiajuxu (ST39), are acupoints commonly
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employed in the treatment of POIL These specific acupoints account
for 44% of the total frequency of acupoint usage in POI treatment.
According to the ancient Chinese literature “Curing Viscera Diseases
by the lower He-sea points” in Lingshu Jing, these points, located on
the lower limbs, are where the qi of the six-fu organs converges. They
have been historically associated with the treatment of
gastrointestinal dysfunctions and are often selected as primary
acupoints for addressing digestive symptoms. Moreover, the
selection of the lower He-sea points on the lower limb for
acupuncture treatment of POI offers advantages in terms of
tolerability and safety, particularly for patients who have undergone
abdominal surgery. Many patients may experience discomfort in the
abdominal region, and needling acupuncture points in this area may
increase their fear and anxiety. By targeting the lower He-sea points,
studies have demonstrated beneficial effects in reducing the time to
first flatus and defecation, as well as decreasing the incidence of
postoperative abdominal pain (70-72). The therapeutic effects of
stimulating the lower He-sea points are attributed to their regulatory
impact on the immune system, reduction of inflammation, and
alleviation of gastrointestinal mucosal lesions in models of acute
mucosal lesions. This mechanism of action involves the modulation
of serum concentrations of interleukin-1f3 (IL-1f) and high mobility
group protein BI (HMGBI), as well as the suppression of nicotinic
acetylcholine receptor 07 (nAChR o7) and nuclear factor-kappa B
(NF-xB) expression in mucosal tissue (73-75).

In recent years, there has been a continuous exploration of the
profound mechanisms underlying the therapeutic effects of
acupuncture for the treatment of POL It is widely recognized that
acupuncture exerts regionally specific effects (76, 77), thus raising
the important question of whether the site of acupoint stimulation,
such as those located in the limb area or abdominal region, can
influence the outcomes of POI Generally, it is postulated that
proximal acupoint stimulation may yield more favorable results.
However, the majority of existing research primarily focuses on
limb acupoints, particularly those situated in the lower extremities,
which aligns with the selection of acupoint distribution in our study.
Acupuncture therapy operates on the fundamental principle that
the stimulation of specific points on the body, known as acupoints,
can engender therapeutic effects in distant areas of the body. A
randomized controlled study conducted across multiple centers has
provided evidence that TEAS administered to the lower extremities
can effectively reduce the incidence of POI and expedite the
recovery of gastrointestinal function (15). Furthermore, recent
investigations have demonstrated that EA applied the acupoint
Zusanli (ST36), rather than Tianshu (ST25), exhibits a significant
capacity to enhance bowel function recovery in patients who have
undergone laparoscopic elective colorectal resection for CRC (22).
Additionally, the specificity of acupuncture’s effects on distinct body
regions has garnered support from various animal studies. Notably,
in a model of systemic inflammation, it was observed that electrical
acupuncture applied to Zusanli (ST36), but not Tianshu (ST25), can
activate the vagal-adrenal anti-inflammatory axis in septic mice
(68). Recent investigations have shed light on the neuroanatomical
basis underlying the specificity of acupuncture points in modulating
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the vagal-adrenal axis (13). Specifically, these studies have
demonstrated that PROKR2-marked dorsal root ganglia sensory
neurons innervate the deep fascia of the hindlimb but not the
abdominal fascia, playing a crucial role in mediating the effects of
low-intensity, deep stimulation at the Zusanli (ST36) acupoint on
the vagal-adrenal axis. However, it has been revealed that high-
intensity EA stimulation at both Tianshu (ST25) and Zusanli
(ST36) acupoints can activate spinal sympathetic reflexes
independently of PROKR2ADV neurons, leading to anti-
inflammatory responses that are not reliant on vagal efferents.
Thus, it appears that acupoints situated in the abdomen or limbs
may exert their effects through distinct autonomic pathways.
Furthermore, an additional study has provided evidence that the
concurrent stimulation of abdominal acupoints, specifically
Tianshu (ST25) and Zhongwan (RN12), along with limb
acupoints like Shanglian (LI9) and Xiajuxu (ST39), demonstrates
superior effectiveness in enhancing the recovery of intestinal
function following surgery for rectal cancer, surpassing the
outcomes achieved by stimulating these acupoints individually (33).
The regionally specific effects of acupuncture points are closely
linked to the distribution of neural anatomy and can be influenced by
the intensity of stimulation and the depth at which the needle is
inserted (78, 79). However, it is noteworthy that while most
mechanism studies concentrate on individual acupuncture points,
clinical practice often involves the use of combinations of acupoints.
Hence, it is imperative to delve deeper into the underlying mechanisms
that may explain potential synergistic or interactive effects among
different acupuncture points. Particularly, it would be valuable to
ascertain whether different acupoints collaborate in a complementary
or antagonistic manner, shedding light on their intricate interplay.
Several limitations should be acknowledged in relation to this
study. Firstly, it is important to recognize that the overall quality of
the included publications exhibited a bias towards moderate to high
risk. Achieving complete double-blindness in acupuncture
treatment studies is inherently challenging, and a number of
studies did not provide adequate descriptions of statistical
analysis for missing outcome data, leading to a potential risk of
bias. Future investigations on acupuncture for POI should strive for
greater rigor to enhance the quality of the evidence. Secondly,
factors such as stimulation intensities and treatment time
(including duration and frequency) play a crucial role in
determining the clinical efficacy of acupoint specificity. As
indicated by our meta-analysis, considerable heterogeneity was
observed among the included studies. However, these factors were
not subjected to detailed analysis within this study. Thirdly, the
identification of potential acupoint combinations using machine-
learning techniques is a result of data integration. Given that
different acupoint treatments may engage distinct physiological
pathways, further animal experiments and clinical trials are
warranted to investigate whether the combination of different
acupoints elicits synergistic or antagonistic effects. Lastly, it is
crucial to acknowledge and address the potential limitations and
risks associated with acupuncture. The effectiveness of acupuncture
is heavily dependent on the skill and experience of the
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acupuncturist. Improperly performed acupuncture by untrained or
inexperienced practitioners can lead to tissue damage and may
provide limited clinical benefits. Moreover, the use of needles in
acupuncture can pose challenges for individuals with needle phobia,
potentially impeding their willingness to undergo treatment. When
administering acupuncture, healthcare providers should take into
consideration patients’ individual preferences, acceptance levels,
and the availability of alternative treatment modalities. This will
enable them to make informed decisions and provide thoughtful
recommendations regarding the appropriateness of acupuncture as
a therapeutic option.

5 Conclusion

The results of the meta-analysis demonstrated that acupuncture
therapy was significantly more effective than postoperative care
alone in facilitating the recovery of gastrointestinal function in
patients after undergoing colorectal cancer surgery. Furthermore,
no serious adverse events related to acupuncture were identified in
the analyzed studies. Our investigation revealed that acupoints
located in the lower limbs, particularly the lower He-sea points,
played a crucial role in the treatment of POIL The underlying
mechanism by which acupuncture improves POI involves the
regulation of autonomic nervous system imbalances and the
induction of anti-inflammatory effects. Considering its safety,
convenience, proven effectiveness, and generally well-tolerated
nature, acupuncture emerges as a promising non-pharmacological
approach for perioperative management.
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