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ABSTRACT 
Background.  This research aimed to explore the efficacy 
and safety of electroacupuncture in promoting the recovery 
of postoperative gastrointestinal function and to discuss the 
potential mechanism on the basis of heart rate variability 
(HRV).
Patients and Methods.  This was a randomized controlled 
study. Postoperative patients with gastric cancer received 
either electroacupuncture (EA) or sham electroacupunc-
ture (SEA) 2 h after surgery and on the morning of the 
first 2 days after surgery, with each session lasting 30 min. 
The acupoints, treatment timepoints, and treatment dura-
tions in the SEA group were kept consistent with those in 
the EA group, but the intervention was SEA. Both groups 
were equipped with artificial intelligence HRV monitoring 
devices to monitor perioperative HRV and continuous bowel 
sound auscultation recorders to monitor perioperative bowel 
sound recovery in real time. Gastrointestinal function recov-
ery indicators, HRV indicators, inflammatory markers, the 
incidence of postoperative complications, and adverse events 
were analyzed.
Results.  There was no statistically significant difference (P 
> 0.05) in baseline. First flatus time, first oral feeding time, 
intestinal function recovery time, and length of postopera-
tive hospitalization of EA group were better than those of 

the SEA group, (P < 0.05). On day 3 after surgery, in EA 
group, C-reactive protein, interleukin-1 beta (IL-1β) were 
lower than those in SEA group (P < 0.05). HRV indica-
tors such as standard deviation of the average NN intervals, 
percentage of successive RR intervals that differ by more 
than 50 ms (PNN50), and high frequency were higher in EA 
group than those in SEA group (P < 0.05).
Conclusions.  EA can safely and effectively promote gas-
trointestinal function rehabilitation in postoperative patients 
with gastric cancer, whose mechanism may be associated 
with higher tension in the vagus nerve, affected by EA.

Keywords  Gastric cancer · Postoperative gastric dys-
function · Electroacupuncture · Gastrointestinal functional 
recovery · HRV · Long-term HRV monitoring · POI

Gastric cancer is one of the most common malignant 
tumors, whose incidence increases annually, and currently, 
the most effective treatment is surgery.1 Postoperative ileus 
(POI) frequently occurs in postoperative patients with gas-
tric cancer2 with characteristic gastrointestinal dysfunction 
symptoms such as nausea and vomiting, abdominal disten-
sion and pain, inability to tolerate diet, difficulty in defeca-
tion, and weakened or absent bowel sounds. The occurrence 
of POI results from the synergistic effects of multiple fac-
tors, including autonomic nervous system disorders, gastro-
intestinal stress, inflammatory reactions, and pharmacologi-
cal effects. Studies3 indicate that risk factors include history 
of abdominal surgery, type and duration of gastric surgery, 
degree of abdominal adhesion, postoperative history of opi-
oid use, tumor, node, metastasis (TNM) period of the tumor, 
and postoperative blood transfusion. Since the continuous 
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progress of POI prolongs patients’ hospitalization time, 
increases hospitalization costs, and even affects prognosis, 
accelerating the recovery of postoperative gastrointestinal 
function is a focus of attention after gastric cancer surgery.

There have been no clear prevention and treatment meas-
ures for POI yet. Pharmacological therapy and nonpharma-
cological therapy are two main methods in present clinical 
practice. Although pharmacological therapy has been dem-
onstrated to be effective, the incidence of adverse reactions 
can be relatively high. Nonpharmacological treatments, 
including chewing gum, minimally invasive surgery, and 
enhanced recovery after surgery (ERAS) measures, have 
only limited effectiveness in preventing and treating POI. 
At present, the research on prevention and control of POI 
has reached a bottleneck. Hence, a complementary therapy, 
which can prove to have high potential for suppressing the 
development of POI, is urgently needed. Acupuncture ther-
apy has been applied in China for thousands of years and has 
been receiving increasing attention worldwide over the past 
few decades. Acupuncture has the advantage of bidirectional 
regulation, exerting a regulatory effect on gastrointestinal 
motility through a complex neuro-endocrine-immune net-
work.4 It also has the merits of fewer adverse side effects, 
high safety, and easy operation. Acupuncture, especially EA, 
can shorten flatus, defecation time, and hospitalization time 
of patients with POI after abdominal surgery and promote 
the recovery of gastrointestinal function.5 Therefore, EA can 
be an essential method to prevent the occurrence and contain 
the progress of POI.

The autonomic nervous system is composed of the sym-
pathetic nervous system and the parasympathetic nervous 
system (vagus nerve), which plays an important role through 
mutual antagonism in regulating gastrointestinal movement, 
maintaining dynamic balance between the internal and 
external environment, and servicing normal life activities. 
When gastrointestinal dysfunction occurs, it can be observed 
that vagus nerve activity is restricted and autonomic nerv-
ous system is dysfunctional.6 Therefore, the mechanism of 
EA treatment for POI may be related to the upregulation 
of vagus nerve activity. This study applied artificial intel-
ligence monitoring devices (wearable dynamic electrocar-
diogram recorder and continuous bowel sound auscultation 
recorder) to clinically observe the effect of EA on postopera-
tive intestinal function recovery in postoperative patients. 
Through long-term analysis of dynamic, visual, and digital 
multi-data, the effectiveness and safety of EA for POI was 
clarified.

PATIENTS AND METHODS

This is a single-center, two-arm, parallel, single blind, 
randomized controlled trial. It was designed in accordance 
with the Declaration of Helsinki and the ethical principles of 

the International Conference on Harmonization-Good Clini-
cal Practice. The ethics protocol was approved by the Medi-
cal Ethics Committee of the Affiliated Hospital of Nanjing 
University of Chinese Medicine (2021NL-053-03). Writ-
ten informed consent was signed by the patients and the 
researchers. Data were collected, analyzed, and reported 
according to the Consolidated Standards of Reporting Tri-
als (CONSORT) statement.7 The trial was retrospectively 
registered at Clinicaltrials.gov (ChiCTR2100050660). No 
important change was made during the implementation 
stage. If there had been a clear difference in the effects of 
different interventions in the early stage of the trial, the trial 
would have been terminated early for ethical reasons.

Inclusion Criteria

Patients with gastric cancer who received laparoscopic 
radical resection and who were admitted to the Department 
of General Surgery of Affiliated Hospital of Nanjing Uni-
versity of Chinese Medicine were selected from September 
2022 to June 2024. There was no gender limitation.

The inclusion criteria were as follows: (1) age older than 
18 years old; (2) clinical diagnosis of gastric cancer based on 
medical history, endoscopic imaging examination, and path-
ological results; (3) patient agreed to and received the radi-
cal gastrectomy for gastric cancer; (4) American Society of 
Anesthesiologists (ASA) fitness grade of I–III; (5) patients 
able to comply with protocol during study period, volun-
tarily participate in the trial, and sign an informed consent 
form; (6) proximal, distal, and complete gastrectomy carried 
out with Giraffe reconstruction, Billroth II reconstruction, 
and Roux-en-Y reconstruction, respectively.

Patients were excluded if they had any of the following 
conditions: (1) widespread abdominal metastasis or dis-
tant metastases from other organs and tissues; (2) history 
of abdominal surgery; (3) serious complications or severe 
infections after surgery; (4) skin damage or infection in the 
acupuncture area; (5) implantation of electrophysiological 
devices in the body; (6) had received acupuncture or mas-
sage treatment within the 6 months prior to the start of the 
study; (7) were allergic to patches due to dizziness or aller-
gies (Fig. 1).

Randomization and Blinding

The random number sequence was generated by an inde-
pendent statistician who did not participate in any other part 
of the study. The sequential number was sealed into opaque 
envelopes and kept by the project coordinator. Patients were 
then randomly allocated into acupuncture or sham acupunc-
ture group in a ratio of 1:1 by block randomization. Acu-
puncturists could not be blinded owing to the acupuncture 
procedure. The patients had an eye patch placed over their 
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eyes to achieve blinding. The assessors of outcome meas-
ures and the statisticians performing the data analysis were 
blinded.

Interventions

The Enhanced Recovery After Surgery (ERAS) clinical 
pathway was adopted and the specific management referred 
to Clinical practice guidelines for enhanced recovery after 
surgery in China (2021 edition).8 The ERAS treatment 
methods for gastric cancer mainly include preoperative 
preparation, intraoperative management, and postopera-
tive management, and were as follows: (1) patients with-
out gastrointestinal motility disorders should fast for 6 h 
and be prohibited from drinking for 2 h before surgery; (2) 
minimum dose anesthesia and multimodal analgesia; (3) 
unconventional use of nasogastric tubes and unconventional 
placement of abdominal drainage tubes after surgery; (4) 
early postoperative activity and eating. All patients received 
standardized ERAS treatment, in which there was no dif-
ference in narcotic use, pain medication, and pro-motility 
agents.

EA group: bilateral ST36 Zusanli, bilateral SP06 Sany-
injiao, and bilateral LI4 Hegu were selected. These three 
acupoints can relieve postoperative abdominal distension, 
abdominal pain, diarrhea, and constipation. A disposable 
sterile acupuncture needle (0.30 mm × 40 mm, Suzhou 
Hwatuo Medical Equipment Co., Ltd.) was inserted along 
the anatomical location, directly piercing 2–4 cm. Each 

insertion was required to make the patient feel obvious 
soreness, numbness, or swelling spreading to the ankle. 
The electric acupuncture device (Hwatuo, SDZ-V) was con-
nected to a needle handle. The positive and negative poles 
were respectively connected to the ST36 Zusanli and SP06 
Sanyinjiao on the same side using a continuous wave with a 
frequency of 10 Hz and an intensity of 2–5 mA. The current 
was adjusted to the patient’s tolerable intensity range. The 
needles were left for 30 min.

SEA group: the operations were the same as the EA 
group, except that there was no current after the needle was 
connected to the electrode.

Bowel sound monitoring devices: a bowel sound acqui-
sition patch, bowel sound receiver, near field communica-
tion (NFC) reader/writer, and supporting software (YM-
TYJL-01, Shandong Yimai Medical Technology Co., Ltd., 
production batch no. TPD181202) were applied to dynami-
cally monitor the bowel sounds and display the number of 
bowel sounds per min and the cumulative occurrence time of 
bowel sounds per min. Patch was activated and patient infor-
mation was inputted. Then, after the patient returned to the 
ward after surgery, the patch was placed near the McPherson 
point. The patch collected raw bowel sound data and wire-
lessly transmitted these data to the terminal for intelligent 
processing. This device has been proven to be accurate and 
effective in early clinical applications.9

HRV monitoring devices: a wearable dynamic elec-
trocardiograph (TES010, SoSi Medical Technology Co., 
Ltd., Suzhou, China) was applied to implement dynamic 

FIG. 1   Flow diagram of the 
study Accessed for eligibility (n = 105)

Widespread tumor metastasis (n = 3)
Refusal of acupuncture therapy (n = 1)

Randomized (n = 101)

Sham acupuncture group (n = 50)Acupuncture group (n = 51)

Discontinued intervention (n = 2)Discontinued intervention (n = 1)
Lost to follow-up (n = 0)Lost to follow-up (n = 0)

Analyzed (n = 48)Analyzed (n = 50)
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electrocardiogram monitoring. After the patient was admit-
ted to the hospital, the researchers cleaned the skin in the 
precordial area with alcohol swabs and physiological saline 
and then attached the registered smart device to the left 
chest. Then the heart rate and HRV were monitored through-
out the entire process from 1 day before surgery to 4 days 
after surgery. After the patient was discharged, the data from 
the wearable dynamic electrocardiogram recorder were 
inputted into the terminal for intelligent processing. The 
indicators included frequency domain analysis indicators: 
low frequency (LF), high frequency (HF), low frequency/
high frequency (LF/HF); time domain analysis indicators: 
percentage of difference between adjacent normal R-R inter-
vals exceeding 50 ms (pNN50) and standard deviation of 
NN intervals (SDNN), standard deviation of the average 
NN intervals (SDANN) and SDNNIndex.10,11 LF reflects 
the combined tone of the sympathetic and vagus nervous 
systems. It gives an indication of the overall balance between 
these two key components of the autonomic nervous system. 
HF reflects the tone of the parasympathetic nervous system. 
Higher HF value indicates a stronger parasympathetic tone. 
SDNN, SDANN and SDNNIndex reflects the overall tone 
of the autonomic nervous system. A larger SDNN, SDANN 
or SDNNIndex value implies a more active and balanced 
autonomic regulation. PNN50 reflects the vagal tone. Higher 
pNN50 value is associated with increased parasympathetic 
influence.

Outcomes

The primary outcome was first flatus time. Secondary 
outcomes included first oral feeding time, bowel sound 
recovery time and length of hospitalization after surgery. 
Serum inflammatory cytokine indicators on day 1 and day 
3 after surgery included: C-reactive protein (CRP), white 
blood cell (WBC) count, interleukin-1 beta (IL-1β), inter-
leukin-2 (IL-2), interleukin-6 (IL-6), tumor necrosis factor-α 
(TNF-α), and interferon-α (IFN-α). HRV indicators on post-
operative day 1 and 3 included: SDNN, pNN50, LF, HF, and 
LF/HF. Occurrence of dizziness, needle breakage, needle 
retention, local hematoma, allergies, infections, and other 
discomforts after acupuncture in patients was observed and 
recorded, and symptomatic treatment was provided. The Cla-
vien–Dindo classification system12 was utilized to record 
postoperative complications and compare the incidence of 
postoperative complications between the two groups and 
analyze the safety of EA.

Statistical Analysis

The sample size was determined by how many patients 
met the inclusion criteria without an upper limitation. 
SPSS 26.0 was used for data statistical analysis. Normal 

distribution measurement data was expressed as mean ± 
standard deviation (X ̄ ± s) and an independent sample t-test 
was used for intergroup comparison. Non-normal distribu-
tion metric data are represented by median and interquartile 
range (M(IQR)). The Wilcoxon rank sum test was used for 
intergroup comparison. Count data were presented as exam-
ples and the χ2 test or Fisher’s exact probability method was 
used to perform the group-to-group comparison.

RESULTS

Patient Characteristics

In total, 105 patients met the inclusion criteria. Of them, 
seven were excluded because of widespread tumor metas-
tasis (n = 3), refusal of acupuncture therapy (n = 1), and 
incomplete treatment (n = 3). However, 98 patients com-
pleted the treatment and were enrolled in the statistical anal-
ysis. The baseline features of the two groups are presented 
in Table 1. There was no statistical difference in baseline 
characteristics between the groups (P > 0.05).

There was no statistically significant difference in age, 
gender, surgical method, tumor size, TNM stage, lymph 
node metastasis, surgical time, bleeding volume, and pre-
operative levels of inflammatory factors in the two groups 
(P > 0.05) after statistical assessment.

Comparison of Indicators for Intestinal Function Recovery

The first flatus time, first oral feeding time, bowel sound 
recovery time, and length of postoperative hospitalization 
in the EA group were shorter than those in the SEA group, 
and the differences were statistically significant (P < 0.05), 
as presented in Table 2.

Comparison of HRV Indicators

The SDANN, PNN50, and HF in the EA group were 
higher than those in the SEA group and the differences were 
statistically significant (P < 0.05), as presented in Table 3.

Comparison of Postoperative Inflammatory Markers

On day 1 after surgery, there was no statistical difference 
in CRP, WCB, IL-1β, IL-2, IL-6, TNF-α, IFN-γ, and other 
indicators between the two groups. On day 3 after surgery, 
the levels of CRP and IL-1β in the EA group were lower 
than those in the SEA group and the level of IL-6 was higher 
in the EA group than that in the SEA group. The statistical 
differences (P < 0.05) are presented in Table 4.
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TABLE 1   Baseline features of 
the patients in two groups

Data are presented in the form of mean ± standard deviation (X̄ ± s) or median and interquartile range 
(M(IQR)) or percentage (%)

Variable EA SEA T/χ2/Z-value P-value

Age (years) 64.0 ± 9.8 64.2 ± 11.0 −0.07 0.944
Gender 0.331 0.565
Male 32 (64%) 28 (58.3%)
Female 18 (36%) 20 (41.7%)
BMI (kg/m2) 23.7 ± 3.3 23.9 ± 2.8 −0.203 0.84
ASA fitness degree (n) 0.328 0.567
I 0 (0%) 0 (0%)
II 36 (72%) 32 (66.7%)
III 14(28%) 16 (33.3%)
Primary procedure
Proximal stomach 8 (16%) 8 (16.7%) 0.238 0.888
Distal stomach 23 (46%) 24 (50%)
Whole stomach 19 (38%) 16 (33.3%)
TNM classification (n) 0.981 0.612
I 16 (32%) 13 (27.1%)
II 17 (34%) 14 (29.2%)
III 17 (34%) 21 (43.8%)
Lymph node metastasis (n) 1.963 0.161
Yes 31 (62%) 23 (47.9%)
No 19 (38%) 25 (52.1%)
Surgical time (min) 259.7 ± 53.2 278.0 ± 43.8 −1.852 0.067
Bleeding volume (mL) 50 (30–50) 50 (40–60) −1.412 0.158
Preoperative levels of inflam-

matory factors
CRP/(mg/L) 0.5 (0.5–1.6) 0.5 (0.5–1.5) −0.141 0.888
WCB/(109/L) 4.9 (4.5–6.0) 4.7 (4.1–5.7) −0.892 0.372
IL-1β/pg/mL 6.5 (3.3–12.9) 5.3 (1.9–12.3) −0.59 0.555
IL-2/pg/mL 2.2 (1.7–2.7) 2.0 (1.4–2.5) −0.896 0.37
IL-6/pg/mL 3.8 (2.6–6.8) 2.6 (1.8–4.7) −1.944 0.052
TNF-α/pg/mL 1.7 (1.0–3.6) 1.3 (0.7–2.2) −1.723 0.085
IFN-γ/pg/mL 6.3 (3.7–11.0) 4.0 (2.2–7.6) −1.734 0.083
Preoperative HRV indicators
SDNN/ms 101.4 (86.4–121.9) 99.0 (72.0–140.0) −0.071 0.943
SDNNIndex/ms 48.2 (35.4–54.5) 46.2 (33.8–57.5) −0.06 0.952
SDANN/ms 60.1 (43.8–88.9) 61.6 (34.1–80.9) −0.718 0.473
PNN50/% 3.0 (1.0–10.6) 3.7 (1.2–11.0) −0.22 0.826
LF/ms 401.4 (251.8–646.1) 372.6 (263.0–714.6) −0.235 0.815
HF/ms2 254.8 (127.6–570.5) 294.0 (123.1–418.6) −0.206 0.837

TABLE 2   Comparison of 
indicators for intestinal function 
recovery

Compared with the SEA group, * P < 0.05. Data are presented in the form of median and interquartile 
range (M(IQR))

Indicators EA SEA T-value P-value

First flatus time (h) 42.7 (31.7–48.2) 46.8 (43.7–64.6) −3.28 0.001*

First oral feeding time (h) 62.2 (42.3–91.3) 68.3 (62.0–131.8) −2.37 0.018*

Bowel sound recovery time (h) 34.5 (26.3–41.6) 40.7 (38.4–44.8) −3.827 < 0.001*

Length of postoperative hospitali-
zation (day)

5 (4–6) 5 (5–6) −2.138 0.033*
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Comparison of Incidence of Postoperative Adverse Events

There was no statistically significant difference in the 
incidence of postoperative adverse events between the 
two groups (P > 0.05), as presented in Table 5. Under 
the Clavien–Dindo (CD) grading system, both groups 
did not experience grade III or higher complications and 
neither group had serious complications such as anasto-
motic leakage, duodenal stump fistula, or cardiovascular 
disease. Compared with the SEA group, the EA group had 
no incidence of grade II or higher complications, but the 

difference was not statistically significant (P > 0.05), as 
presented in Table 5.

DISCUSSION

This study found that, compared with the sham EA group, 
the EA group exhibited a significant advancement in the first 
flatus time and bowel sound recovery time after surgery, 
which is consistent with results of similar research. Mean-
while, it was also suggested that EA could also shorten hos-
pitalization duration and thereby improve the bed utilization 

TABLE 3   Comparison of HRV 
indicators

Compared with the SEA group, * P < 0.05. Data are presented in the form of median and interquartile 
range (M(IQR))

HRV indicators EA SEA T-value/Z-value P- value

First day after surgery
SDNN/ms 98.4 (68.7–150.5) 85.6 (55.9–137.9) −1.421 0.155
SDNNIndex/ms 49.7 (36.9–71.8) 42.5 (32.4–53.6) −1.912 0.056
SDANN/ms 65.1 (45.3–104.3) 70.5 (50.0–94.3) −0.199 0.842
PNN50/% 6.3 (2.2–19.9) 4.4 (1.3–10.7) −1.066 0.286
LF/ms2 665.5 (356.9–1535.5) 481.27 (280.2–752.5) −1.933 0.053
HF/ms2 513.8 (212.5–1611.6) 387.0 (209.5–788.1) −1.713 0.087
Third day after surgery
SDNN/ms 86.7 (68.3–137.6) 91.7 (79.4–123.9) −0.775 0.439
SDNNIndex/ms 48.6 (39.1–67.6) 43.9 (36.5–66.2) −0.672 0.502
SDANN/ms 98.9 (78.7–126.8) 85.0 (61.0–111.7) −2.011 0.044*

PNN50/% 12.4 (4.8–19.3) 6.2 (2.4–18.2) −2.118 0.034*

LF/ms2 536.0 (357.3–1473.4) 526.8 (344.8–963.0) −0.142 0.887
HF/ms2 973.8 (333.8–2337.5) 510.6 (271.0–1066.7) −2.033 0.042*

TABLE 4   Comparison of 
postoperative inflammatory 
markers

Compared with the SEA group, * P < 0.05. Data are presented in the form of median and interquartile 
range (M(IQR))

Inflammatory markers EA SEA T-value/Z-value P-value

First day after surgery
CRP/(mg/L) 42.2 (28.8–63.1) 46.4 (28.7–75.1) −0.704 0.482
WCB/(109/L) 11.8 (10.5–14.5) 12.7 (11.4–16.6) −1.642 0.101
IL-1β/pg/mL 10.1 (5.3–15.9) 10.5 (5.3–16.5) −0.291 0.771
IL-2/pg/mL 2.2 (2.0–2.6) 2.5 (1.9–4.2) −1.855 0.064
IL-6/pg/mL 13.9 (7.6–42.5) 9.4 (4.3–19.1) −1.578 0.115
TNF-α/pg/mL 1.8 (1.0–8.7) 1.4 (1.1–2.1) −1.272 0.203
IFN-γ/pg/mL 6.5 (2.5–10.3) 4.1 (1.8–8.8) −1.016 0.31
Third day after surgery
CRP/(mg/L) 26.2 (11.1–67.1) 50.8 (23.6–72.3) −2.452 0.014*
WCB/(109/L) 7.7 (6.4–9.8) 7.5 (5.7–9.5) −0.668 0.504
IL-1β/pg/mL 6.0 (1.9–8.7) 8.7 (3.5–14.6) −2.434 0.015*
IL-2/pg/mL 1.6 (0.8–2.3) 1.6 (0.9–2.4) −0.764 0.445
IL-6/pg/mL 10.0 (4.9–16.1) 4.5 (3.1–12.9) −2.459 0.014*
TNF-α/pg/mL 1.7 (0.7–3.6) 1.3 (0.9–1.8) −1.222 0.222
IFN-γ/pg/mL 6.6 (3.0–10.4) 4.3 (2.6–8.9) −0.863 0.388
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rate. When comparing the inflammatory markers, it was 
observed that the levels of CRP and IL-1β in the EA group 
were significantly lower than those in the SEA group, with 
statistically significant differences. This suggests that EA 
effectively reduces the expression of inflammatory factors 
and alleviates the inflammatory response. However, the level 
of IL-6 was higher in the EA group, which differed from 
common acceptance. That may be associated with the rela-
tively small sample size. The HRV analyses revealed that the 
values of SDANN, PNN50, and HF in the EA group were 
higher than those in the SEA group, indicating an obvious 
increase in vagus nerve tension and excitation following EA 
treatment. The decrease of inflammatory markers, CRP, and 
IL-1β was accompanied by the excitation of the vagus nerve, 
as detected by HRV indicators, which was probably related 
to the activation of the antiinflammatory pathway through 
the stimulation of the vagus nerve.

At present, it is general consensus that antiinflamma-
tion is the core of preventing and treating POI. After sur-
gical trauma, stress response is prone to activate numer-
ous inflammatory factors, leading to intestinal edema 
and weakened gastrointestinal motility. In this study, 
postoperative elevation in CRP, WCB, IL-1 β, IL-2, IL-6, 
TNF- α, IFN-γ, etc. indicated the occurrence of an inflam-
matory reaction after surgery. Lowering the levels of the 
inflammatory factors is beneficial for inhibiting intestinal 
inflammatory edema and promoting gastrointestinal func-
tion. There are two widely known pathways through which 
acupuncture stimulates the vagus nerve to exert immune 
and antiinflammatory effects. The first is the vagal–adr-
energic axis. The vagus nerve afferent fibers drive the 
adrenal gland to release catecholamine antiinflammatory 
substances, reducing the production of cytokines TNF-α 
and IL-6 and thereby exerting systemic antiinflammatory 
effects.13 The second is the cholinergic antiinflammatory 
pathway (CAP). The α7 nicotinic acetylcholine recep-
tors (α7nAchRs) on nearby macrophages are indirectly 
affected by vagus nerve efferent fibers, which prevent the 

macrophages from releasing proinflammatory cytokines, 
including TNF-α and IL-1β.14 It is no doubt that whichever 
pathway is activated by EA, the tension of vagus nerve has 
been demonstrated to rise.13,14

HRV is a recognized digital biomarker for assessing 
autonomic nervous tension.15 By recording and analyzing 
the small differences in the heartbeat intervals, the tension 
of the sympathetic and parasympathetic nervous systems 
can be digitized, allowing for quantitative assessment of 
autonomic function and its balance. Among the various 
indicators of HRV, SDANN is correlated with the overall 
function of the autonomic nervous system; PNN50 and 
HF reflect vagus nerve function; and LF is influenced by 
both sympathetic and parasympathetic nerves, reflecting 
the balance of the autonomic nervous system.10,11 With the 
remarkable progress of information technology and artifi-
cial intelligence, the era of digital healthcare has arrived.16 
This study innovatively utilized a wearable dynamic elec-
trocardiogram recorder and a continuous bowel sound aus-
cultation recorder, which offered merits of noninvasive 
and dynamic monitoring, providing intelligent and visual-
ized data for clinical diagnosis and treatment. The regula-
tion of autonomic nervous system follows a clear circa-
dian rhythm,17,18 which requires long-term and real-time 
monitoring. Existing HRV monitoring research focused on 
observing short-term frequency domain indicators19–21 and 
research on the temporal and frequency domain changes 
of 24 h or longer detection are lacking. The long-term 
wearable HRV monitoring device used in this study quan-
titatively reflected the vagal nerve tension and the bal-
ance between the vagal and sympathetic nerves through 
dynamic and visual measurements, providing real-time 
feedback on the neural regulation over a long period of 
time, thereby better evaluating the long-term effects of EA.

Existing methods for evaluating gastrointestinal func-
tion recovery mainly rely on the patients’ first flatus time, 
which is relatively subjective compared with the objective 
data from a recorder. However, the number of objective 
indicators is limited. The continuous bowel sound auscul-
tation recorder assists in providing a more objective evalu-
ation for postoperative intestinal dysfunction. In clinical 
practice, it guides patients to be fed without relying on 
subjective flatus time. Through using the continuous bowel 
sound auscultation recorder, the real-time gastrointestinal 
condition of postoperative patients can be detected, and 
adaptive adjustments can be made promptly, which also 
facilitates the implementation of personalized treatment. 
However, shortcomings are as follows: the sample size 
was small and gastrointestinal hormone indicators were 
not taken into consideration. In future studies, sample size 
should be increased, and more relevant indicators should 
be analyzed.

TABLE 5   Comparison of incidence of postoperative adverse events

Data are presented in the form of percentage (%)

Complication EA (n = 50) SEA (n = 48) χ2-value P-value

Yes 3 (6%) 4 (8.3%) 2.674 0.102
No 47 (94%) 41 (91.7%)
Clavien–Dindo 

classification
n (%)
I 3 (100%) 1 (25%) 0.143 0.114
II 0 (0%) 3 (75%)
III 0 (0%) 0 (0%)
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CONCLUSIONS

The application of EA in postoperative patients with gas-
tric cancer can shorten the recovery time of gastrointestinal 
function safely and effectively. It can also shorten the length 
of hospitalization. This study applied artificial intelligence 
devices to provide new directions for long-term periopera-
tive medical monitoring and treatment.

ACKNOWLEDGEMENTS  This work was financially supported by 
the Science and Technology Program of Jiangsu Bureau of Traditional 
Chinese Medicine (no. JD201807) and the Key Social Development 
Project of Jiangsu Provincial Science and Technology Department 
(BE2020788).

AUTHOR CONTRIBUTIONS  Cai Yuling designed and imple-
mented the trial and collected and analyzed the data. Li Haoyang par-
ticipated in implementing the trial, analyzing the data, and drafting the 
manuscript. Cai Yuling and Li Haoyang share the first authorship. Nan 
Haiou, Xu Pengyan, and Li Jiayu helped collect the patients’ data and 
organized the data into a standard format. Pan Huafeng, Wang Haifeng, 
Ge Miaomiao, Guan Junjie, and Jiang Zhiwei were responsible for ERAS 
implementing. Wang Gang monitored the whole process of the trial and 
revised the manuscript. Wang Gang is the corresponding author.

DISCLOSURE  No commercial interests are disclosed. The authors 
declared no conflicts of interest.

OPEN ACCESS   This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, adap-
tation, 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://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

REFERENCES

	 1.	 Sung H, Ferlay J, Siegel RL, et al. Global cancer statistics 2020: 
GLOBOCAN estimates of incidence and mortality worldwide for 
36 cancers in 185 countries. CA Cancer J Clin. 2021;71(3):209–
49. https://​doi.​org/​10.​3322/​caac.​21660.

	 2.	 Venara A, Neunlist M, Slim K, et  al. Postoperative ileus: 
pathophysiology, incidence, and prevention. J Visc Surg. 
2016;153(6):439–46. https://​doi.​org/​10.​1016/j.​jvisc​surg.​2016.​
08.​010.

	 3.	 Song J, Zhou C, Zhang T. Prognostic factors associated with 
gastrointestinal dysfunction after gastrointestinal tumor surgery: 
a meta-analysis. World J Gastrointest Surg. 2024;16(5):1420–9. 
https://​doi.​org/​10.​4240/​wjgs.​v16.​i5.​1420.

	 4.	 Zhao NN, Han JW, Du YH. Research progress on mechanisms 
of bidirectional regulation of acupuncture. Zhongguo Zhen Jiu. 
2021;41(9):1060–2. https://​doi.​org/​10.​13703/j.​0255-​2930.​20201​
021-​0002.

	 5.	 Lin D, Ou Y, Li L, et al. Acupuncture for postoperative gas-
trointestinal dysfunction in cancer: a systematic review and 

meta-analysis. Front Oncol. 2023;13:1184228. https://​doi.​org/​
10.​3389/​fonc.​2023.​11842​28.

	 6.	 Li X, Liu S, Liu H, Zhu JJ. Acupuncture for gastrointestinal diseases. 
Anat Rec (Hoboken). 2023;306(12):2997–3005. https://​doi.​org/​10.​
1002/​ar.​24871.

	 7.	 Schulz KF, Altman DG, Moher D. CONSORT 2010 statement: 
updated guidelines for reporting parallel group randomised trials. 
Bmj. 2010;340:c332. https://​doi.​org/​10.​1136/​bmj.​c332.

	 8.	 Cao H, Chen Y, Gu X, et al. Clinical practice guidelines for enhanced 
recovery after surgery in China (2021 edition). Chin J Pract Surg. 
2021;41(09):961–92. https://​doi.​org/​10.​19538/j.​cjps.​issn1​005-​2208.​
2021.​09.​01.

	 9.	 Pan HF, Gong GW, Liu XX, et al. Clinical research of a continuous 
auscultation recorder based on artificial intelligence. Zhonghua Yi 
Xue Za Zhi. 2020;100(40):3157–60. https://​doi.​org/​10.​3760/​cma.j.​
cn112​137-​20200​303-​00570.

	10.	Arakaki X, Arechavala RJ, Choy EH, et al. The connection between 
heart rate variability (HRV), neurological health, and cognition: a 
literature review. Front Neurosci. 2023;17:1055445. https://​doi.​org/​
10.​3389/​fnins.​2023.​10554​45.

	11.	Pham T, Lau ZJ, Chen SHA, Makowski D. Heart rate variability in 
psychology: a review of HRV indices and an analysis tutorial. Sensors 
(Basel). 2021;21(12):3998. https://​doi.​org/​10.​3390/​s2112​3998.

	12.	Dindo D, Demartines N, Clavien PA. Classification of surgical com-
plications: a new proposal with evaluation in a cohort of 6336 patients 
and results of a survey. Ann Surg. 2004;240(2):205–13. https://​doi.​
org/​10.​1097/​01.​sla.​00001​33083.​54934.​ae.

	13.	Liu S, Wang Z, Su Y, et  al. A neuroanatomical basis for elec-
troacupuncture to drive the vagal-adrenal axis. Nature. 
2021;598(7882):641–5. https://​doi.​org/​10.​1038/​s41586-​021-​04001-4.

	14.	Yang NN, Yang JW, Ye Y, et al. Electroacupuncture ameliorates 
intestinal inflammation by activating α7nAChR-mediated JAK2/
STAT3 signaling pathway in postoperative ileus. Theranostics. 
2021;11(9):4078–89. https://​doi.​org/​10.​7150/​thno.​52574.

	15.	Cheng W, Liu J, Zhi M, et al. Stress and autonomic nerve dysfunc-
tion monitoring in perioperative gastric cancer patients using a smart 
device. Ann Noninvasive Electrocardiol. 2022;27(1):e12903. https://​
doi.​org/​10.​1111/​anec.​12903.

	16.	Kim K, Yang H, Lee J, Lee WG. Metaverse wearables for immersive 
digital healthcare: a review. Adv Sci (Weinh). 2023;10(31):e2303234. 
https://​doi.​org/​10.​1002/​advs.​20230​3234.

	17.	Smolensky MH, Hermida RC, Portaluppi F. Circadian mechanisms 
of 24 h blood pressure regulation and patterning. Sleep Med Rev. 
2017;33:4–16. https://​doi.​org/​10.​1016/j.​smrv.​2016.​02.​003.

	18.	Tobushi T, Floras JS. Sleep apnea, autonomic disturbances, and blood 
pressure variability. Hypertension. 2024;81(9):1837–44. https://​doi.​
org/​10.​1161/​hyper​tensi​onaha.​124.​20433.

	19.	 Jigo M, Carmel JB, Wang Q, Rodenkirch C. Transcutaneous cer-
vical vagus nerve stimulation improves sensory performance in 
humans: a randomized controlled crossover pilot study. Sci Rep. 
2024;14(1):3975. https://​doi.​org/​10.​1038/​s41598-​024-​54026-8.

	20.	Peng KP, May A. Noninvasive vagus nerve stimulation modu-
lates trigeminal but not extracephalic somatosensory perception: 
functional evidence for a trigemino-vagal system in humans. Pain. 
2022;163(10):1978–86. https://​doi.​org/​10.​1097/j.​pain.​00000​00000​
002595.

	21.	Shu Q, Wang H, Litscher D, et al. Acupuncture and moxibustion have 
different effects on fatigue by regulating the autonomic nervous sys-
tem: a pilot controlled clinical trial. Sci Rep. 2016;6:37846. https://​
doi.​org/​10.​1038/​srep3​7846.

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3322/caac.21660
https://doi.org/10.1016/j.jviscsurg.2016.08.010
https://doi.org/10.1016/j.jviscsurg.2016.08.010
https://doi.org/10.4240/wjgs.v16.i5.1420
https://doi.org/10.13703/j.0255-2930.20201021-0002
https://doi.org/10.13703/j.0255-2930.20201021-0002
https://doi.org/10.3389/fonc.2023.1184228
https://doi.org/10.3389/fonc.2023.1184228
https://doi.org/10.1002/ar.24871
https://doi.org/10.1002/ar.24871
https://doi.org/10.1136/bmj.c332
https://doi.org/10.19538/j.cjps.issn1005-2208.2021.09.01
https://doi.org/10.19538/j.cjps.issn1005-2208.2021.09.01
https://doi.org/10.3760/cma.j.cn112137-20200303-00570
https://doi.org/10.3760/cma.j.cn112137-20200303-00570
https://doi.org/10.3389/fnins.2023.1055445
https://doi.org/10.3389/fnins.2023.1055445
https://doi.org/10.3390/s21123998
https://doi.org/10.1097/01.sla.0000133083.54934.ae
https://doi.org/10.1097/01.sla.0000133083.54934.ae
https://doi.org/10.1038/s41586-021-04001-4
https://doi.org/10.7150/thno.52574
https://doi.org/10.1111/anec.12903
https://doi.org/10.1111/anec.12903
https://doi.org/10.1002/advs.202303234
https://doi.org/10.1016/j.smrv.2016.02.003
https://doi.org/10.1161/hypertensionaha.124.20433
https://doi.org/10.1161/hypertensionaha.124.20433
https://doi.org/10.1038/s41598-024-54026-8
https://doi.org/10.1097/j.pain.0000000000002595
https://doi.org/10.1097/j.pain.0000000000002595
https://doi.org/10.1038/srep37846
https://doi.org/10.1038/srep37846

	Randomized Trial on Electroacupuncture for Recovery of Postoperative Gastrointestinal Function Based on Long-Term Monitoring Device
	Abstract 
	Background. 
	Patients and Methods. 
	Results. 
	Conclusions. 

	Patients and Methods
	Inclusion Criteria
	Randomization and Blinding
	Interventions
	Outcomes
	Statistical Analysis

	Results
	Patient Characteristics
	Comparison of Indicators for Intestinal Function Recovery
	Comparison of HRV Indicators
	Comparison of Postoperative Inflammatory Markers
	Comparison of Incidence of Postoperative Adverse Events

	Discussion
	Conclusions
	Acknowledgements 
	References




