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Purpose: To develop a study protocol for determining the optimal timing of 
Transcutaneous Electrical Acupoint Stimulation (TEAS) to enhance postoperative 
recovery in elderly patients. The study aims to evaluate different timing strategies 
for TEAS administration and their effects on postoperative outcomes, with the 
goal of improving clinical practices and guiding future research.

Methods: A total of 266 geriatric patients who underwent radical resection of 
gastrointestinal tumors will be  divided into seven groups: one control group 
(receiving standardized perioperative management), one sham intervention group 
(receiving TEAS treatment without electrical stimulation), and five intervention 
groups (receiving TEAS at different time intervals). The intervention groups will 
receive TEAS at bilateral Neiguan (PC6) and Zusanli (ST36) acupoints. The TEAS 
treatment will employ an altered frequency of 2/100 Hz with disperse-dense 
waveforms and an adjustable intensity, ensuring the stimulation remains below 
10 mA and within a tolerable range for the patient. The device will output an 
asymmetrical biphasic pulse wave, with a pulse width of 0.2 ms ± 30%, based 
on electromagnetic compatibility basic performance testing. The primary 
outcome will assess changes in cognition, measured using neuropsychological 
tests administered preoperatively and 3 days postoperatively, as well as the 
Telephone Interview for Cognitive Status-Modified (TICS-m) at 1, 3, and 6 months 
postoperatively. Secondary outcomes will include preoperative and 3-day 
postoperative measurements of interleukin-6 (IL-6), S100 calcium-binding protein 
β (S100β), tumor necrosis factor alpha (TNF-α), insulin-like growth factor 1 (IGF-
1), and C-reactive protein (CRP). Additional data will be collected on the time to 
postoperative exhaust, defecation, eating, and the first postoperative ambulation. 
Numeric Rating Scale (NRS) scores will be recorded before and on the third day 
after the operation, alongside Activities of Daily Living (ADL) and Braden scale 
scores, which will be assessed before the operation and at the time of discharge.

Discussion: This protocol aims to determine the optimal timing of TEAS for 
improving postoperative recovery in geriatric patients with gastrointestinal 
tumor.
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Introduction

Transcutaneous electrical acupoint stimulation (TEAS) is a 
novel therapy that involves applying low-frequency pulse currents 
to specific acupoints on the skin’s surface. This therapy combines 
the benefits of both acupuncture and transcutaneous electrical 
nerve stimulation (TENS) to achieve therapeutic outcomes (1). 
TEAS is non-invasive, easy to administer, and well-accepted by 
patients (2).

Postoperative cognitive dysfunction (POCD) is a common 
central nervous system complication in cancer patients, with an 
incidence ranging from 8.9 to 46.1% (3). It primarily manifests as 
memory impairment, decreased information processing capacity, and 
declines or disruptions in attention, perception, abstract thinking, 
executive function, language, and motor skills (4, 5). POCD can 
be  challenging to diagnose but may persist for months or even 
become a permanent condition (6), significantly impacting patients’ 
postoperative recovery, reducing their quality of life, increasing 
mortality rates, and burdening both family and medical social 
resources, thereby contributing to the overall economic and social 
burden (7, 8).

Studies have demonstrated that TEAS treatment administered 
10–30 min before entering the operating room or continuously 
throughout the surgical procedure can reduce the incidence of POCD 
in elderly patients (9–12). TEAS administered either preoperatively or 
in combination with postoperative treatment has been shown to 
significantly improve postoperative cognition (13). Our research has 
demonstrated that perioperative TEAS can effectively reduce the 
postoperative inflammatory response and lower the incidence of 
POCD in geriatric patients (14).

Furthermore, studies have indicated that TEAS can alleviate 
postoperative pain in patients (15), reduce the time to the first flatus 
and defecation (16), and expedite post-surgical ambulation (17). In 
our previous study, we observed a significant difference in the Braden 
scale scores between the pre- and postoperative TEAS groups and the 
control group at the time of discharge, while the Activities of Daily 
Living (ADL) scores remained similar (18).

TEAS treatments administered at various times have 
demonstrated improvements in postoperative cognition. However, 
it is important to note that long-term electroacupuncture 
treatment may lead to the development of a ‘tolerance effect,’ 
which triggers a negative feedback mechanism and reduces the 
number of receptors, potentially diminishing its therapeutic 
efficacy (19). Therefore, this study aims to outline the protocol for 
a research project currently in the planning stage, designed to 
determine the optimal timing of TEAS for enhancing 
postoperative recovery in elderly patients.

Methods and analysis

Design

From January to December 2025, we  will conduct a 
prospective, single-center, single-blind, randomized controlled 
trial at Northern Jiangsu People’s Hospital. Figure 1 illustrates the 
study flowchart.

Patient population and setting

The equation for sample size calculation, n = (Zα/2 + Zβ)2 × 2σ2/δ2 
where σ represents the average score of the Mini-Mental State 
Examination (MMSE) evaluated on the third day after the operation 
between the two groups. Based on previous pre-experimental data, 
this study employs a two-sided test with α = 0.05 and a test efficiency 
of (1-β) = 0.9, resulting in Zα/2 = 1.96, Zβ = 1.282. σ denotes the 
standard deviation, while δ represents the mean difference of MMSE 
scores on the third day after the operation between the intervention 
and control groups. According to the pre-experiment results, σ is 
2.35, δ is 2.0, and considering a 30% increase in the sample size, each 
group requires 38 patients. Therefore, a total of 266 patients will 
be sequentially enrolled after meeting the eligibility criteria, with the 
attending doctor informing each patient and obtaining their 
informed consent. This study adheres to the principles of the 
Declaration of Helsinki.

To expand our pool of research subjects, we  will promote 
recruitment on the hospital’s official account. Throughout the 
intervention, patients will retain the final decision-making authority 
regarding their participation in the trial.

Eligibility criteria

Inclusion criteria:

 1 Patients aged 60 years or older.
 2 Patients diagnosed with gastrointestinal tumors who undergo 

radical resection under general anesthesia at Northern Jiangsu 
People’s Hospital.

 3 American Society of Anesthesiology (ASA) classification 
I ~ III.

 4 Preoperative Tilburg frailty scale score less than 5 points.
 5 Preoperative D-dimer within normal limits.
 6 Participants have completed a formal education program 

lasting more than 5 years (20).
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 7 Patients who are willing and able to give informed consent and 
comply with the study protocol.

Exclusion criteria:

 1 Preoperative cognitive dysfunction or a history of cognitive 
dysfunction, dementia, or delirium.

 2 History of severe depression, schizophrenia, or other mental or 
neurological disorders, or those currently taking antipsychotic 
or antidepressant medications.

 3 Patients with severe hearing or visual impairment without the 
use of assistive devices.

 4 Patients with communication difficulties.
 5 Male patients with an average daily pure alcohol intake ≥61 g 

or female patients with an average daily intake ≥41 g (21).
 6 Patients who have undergone surgical treatment within the 

past 3 months or who have been hospitalized preoperatively for 
more than 3 months.

 7 Patients with severe heart, liver, or renal failure.
 8 Patients with hypoxemia (blood oxygen saturation < 94%) for 

more than 10 min during surgery.
 9 Patients admitted to the ICU postoperatively.
 10 Patients who withdraw or die due to noncooperation or 

unforeseen circumstances.
 11 Patients participating in other clinical studies that may interfere 

with the results of this study.
 12 Patients who undergo emergency surgery.
 13 Patients with a history of acupuncture treatment.

Randomization and blinding

This is a single-blind study. To ensure random allocation, serial 
numbers from 1 to 266 will be placed in sealed opaque envelopes for 

the patients. Specifically, numbers 1–38 will correspond to the 
preoperative TEAS group, numbers 39–76 will be assigned to the 
intraoperative TEAS group, numbers 77–114 will belong to the 
postoperative TEAS group, numbers 115–152 will be designated for 
the pre- and postoperative TEAS group, numbers 153–190 will 
be allocated to the perioperative TEAS group, numbers 191–228 will 
be assigned to the sham TEAS group, and numbers 229–266 will 
be assigned to the control group. The randomization process will 
be conducted by a study administrator who is not directly involved in 
the study.

Patient and public involvement

Patients or members of the public were not involved in the design, 
conduct, reporting, or dissemination of this research. However, study 
participants will have access to the study results through our social 
media channels.

Intervention

The control group will receive standard perioperative care, which 
includes preoperative health education, an optimized anesthesia plan, 
intraoperative heat preservation measures, and minimized 
surgical trauma.

The intervention groups and the sham intervention group will 
undergo transcutaneous electrical acupoint stimulation (TEAS) 
in addition to the standard perioperative care provided to the 
control group. Specifically, electrodes will be attached to the skin 
surface of the acupoint and connected to the transcutaneous 
electrical stimulators (SDZ-III, Suzhou Medical Technology, 

FIGURE 1

Flow chart of the study protocol. TEAS, transcutaneous electrical acupoint stimulation; TICS-m, Telephone Interview for Cognitive Status-Modified; 
IL-6, Interleukin-6; S100β, S100 calcium protein β; IGF-1, Insulin-like growth factor-1; TNF-α, tumor necrosis factor, CRP, C-reactive protein; NRS, 
numeric rating scale; ADL, Activities of Daily Living.
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Suzhou, China). The device will operate at a frequency of 
2/100 Hz, utilizing disperse-dense waveforms. The stimulation 
intensity will be adjusted to a level that the patient can tolerate, 
but will not exceed 10 mA. The output will consist of an 
asymmetrical biphasic pulse wave, with a pulse width of 
0.2 ms ± 30% (based on electromagnetic compatibility basic 
performance testing).

Considering the specificities of gastrointestinal organs and the 
principles of “Xingnao Kaiqiao Acupuncture” in traditional Chinese 
medicine (22), two acupuncture points have been selected: bilateral 
Neiguan (PC6) and Zusanli (ST36). Traditional Chinese medicine 
posits that gastrointestinal surgeries, like those causing physical 
trauma, may lead to essence deficiency, loss of “Qi, “stagnation, and 
blood stasis. Therefore, postoperative recovery should focus on 
eliminating blood stasis, promoting collateral circulation, and 
restoring visceral “Qi” (23).

PC6 is located on the inner side of the forearm, approximately 
3 cm proximal to the transverse carpal crease, positioned between the 
palmaris longus tendon and the radial flexor carpi tendon (24). PC6 
is an acupoint on the Pericardium Meridian of Hand Jueyin and is 
closely related to mental activities, cognitive function, and brain 
function (25). ST36 is located 3 inches below the outer side of the 
knee (26). ST36 is considered one of the primary acupoints on the 
Stomach Meridian of Foot Yangming and is associated with functions 
such as regulating the spleen and stomach, tonifying the middle, 
replenishing Qi, and promoting meridian flow (27). Please refer to 
Figure 2 for the precise location of these acupoints. During TEAS 
treatment, the acupoints on the same side will be grouped together 
for stimulation.

The timing of TEAS treatments for each group were as follows:

 1 Preoperative TEAS group: 30 min before anesthesia (28).
 2 Intraoperative TEAS group: From 30 min before anesthesia to 

the end of surgery (29).
 3 Postoperative TEAS group: For 7 consecutive days after the 

operation, once daily in the morning, with each session lasting 
30 min (30).

 4 Pre-and postoperative TEAS group: From 1 day before the 
operation until 7 days after, once daily in the morning, with 
each session lasting 30 min (30).

 5 Perioperative TEAS group: 30 min before anesthesia until the 
end of surgery, 1 day before the operation, and on the 1st, 2nd, 
and 3rd days after surgery in the morning, each session lasting 
30 min (14).

 6 Sham TEAS group: Electrodes will be  placed in the same 
manner as the perioperative TEAS group but without electrical 
stimulation. Participants will be informed that the treatment 
has no sensation.

Two nursing postgraduates, who will serve as interveners, are 
required to spend 2 months in the Traditional Chinese Medicine 
Department of the hospital, dedicating 4 h each day to learning the 
functions and locations of acupoints, as well as the inspection and use 
of the instruments. To be eligible to participate in this intervention, 
the interveners must successfully pass a final examination, which will 
assess both theoretical knowledge and practical skills, administered 
by the Traditional Chinese Medicine Department.

During the experiment, a specialist from the Chinese Medicine 
Department will be invited to assess the appropriateness of acupoint 
selection and treatment intensity on a weekly basis. If any inaccuracies 
are identified in either the acupoint selection or treatment intensity, 
the intervener will be  required to rejoin the Traditional Chinese 
Medicine Department for further training until they can accurately 
locate the acupoints and determine the correct treatment intensity. If 
a patient is affected by any such inaccuracies, they will be required to 
withdraw from the study.

Safety analysis

All data will be collected by data collectors, consisting of two 
nursing undergraduates. Any treatment-related adverse events (AEs), 
such as allergies, fainting, vomiting, prolonged skin numbness, 
redness, swelling, pain, or other injuries occurring within 24 h after 

FIGURE 2

Location of acupoints.
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each treatment, will be closely monitored and documented. These 
observations will be  made either through direct observation by 
interveners or through self-reports by the patients (14). During the 
intervention process, if the occurrence of AEs exceeds 5%, we will 
hold discussions and make appropriate adjustments to the research 
protocol. Once identified, all AEs related to treatment will be covered 
by the research group.

Outcome measures

Main outcome
The primary outcome of this study will be the change in cognition. 

The neuropsychological test will be  measured preoperatively and 
3 days postoperatively. Telephone Interviews for Cognitive Status-
Modified (TICS-m) will be  measured 1, 3, and 6 months after 
the operation.

The neuropsychological test includes the Mini-Mental State 
Examination (MMSE), Auditory Verbal Learning Test-HuaShan 
version (AVLT-H), Digital Symbol Coding (DSC), Verbal Fluency Test 
(VFT), and Clock Drawing Task (CDT). These assessments will 
be conducted by experienced researchers who have received training 
in neuropsychological assessment. Postoperative cognitive 
dysfunction (POCD) is defined as occurring when two or more Test 
Z-values or the Z-total exceed 1.96, according to the “Z-score 
method” (31).

The MMSE is a widely used tool for detecting cognitive 
impairment in both clinical and research settings (32). This 30-point 
questionnaire evaluates various cognitive domains, including 
orientation (time and place), memory (immediate and short-term), 
attention, calculation, and language (naming, repetition, listening, 
reading, and writing) (33). A higher score indicates better 
cognitive function.

AVLT-H has been shown to be  acceptable to Mandarin 
speakers and is sensitive to detecting amnestic mild cognitive 
impairment (aMCI) (34). It assesses memory by requiring patients 
to learn and recall a set of 12 words. Due to the knowledge and 
cooperation levels of the local elderly subjects, we will record their 
fourth recall, with each correctly recalled word earning 1 
point (35).

DSC assesses executive function. In this test, subjects are required 
to match numbers with corresponding symbols within 90 s. Each 
correctly matched number earns 1 point (36). This test is a valid and 
reliable measure for detecting early signs of cognitive decline (37) and 
predicting cognitive disorders (38).

VFT primarily assesses language ability but also requires the 
integration of several cognitive functions, including speed, attention, 
inhibition, and self-monitoring (39). Although the task is relatively 
simple, it reflects the effective coordination of these functions (40). In 
the test, subjects are instructed to name as many animals, fruits, and 
vegetables as they can within 1 min. Each correctly named item earns 
1 point, and repeated items receive no points (41).

CDT is a sensitive and specific measure for cognitive impairment 
(42) that evaluates visual–spatial structural ability. In this test, subjects 
are required to draw the dial of a clock on paper and correctly place 
the numbers in their respective positions. Scoring is as follows: ① 
Drawing a closed circular outline earns 1 point. ② Displaying the 
correct numbers in the proper sequence on the dial earns 2 points. ③ 

Positioning the hour and minute hands correctly earns 1 point. The 
test times are 08:10 (pre-) and 07:50 (post-) (43).

TICS-m is modeled after the MMSE and comprises 21 items 
categorized into three dimensions, with a total score of 50 points: 
memory (20 points), orientation (13 points), and language and 
attention (17 points) (44). A score of <28 points is indicative of 
dementia, while a score of 28–32 points is considered mild cognitive 
impairment (MCI). TICS-m has demonstrated good reliability and 
validity in the Chinese population (39).

Secondary outcome
Secondary outcomes will include measurements of Interleukin-6 

(IL-6), S100 calcium-binding protein β (S100β), insulin-like growth 
factor-1 (IGF-1), tumor necrosis factor (TNF-α), and C-reactive 
protein (CRP) both before and on the third day after the operation. 
These factors are significantly elevated and closely associated with 
POCD (45–49). S100β, present in glial and Schwann cells, increases 
in blood and cerebrospinal fluid with brain damage and serves as a 
marker for POCD (50). IL-6 is a proinflammatory cytokine involved 
in CNS inflammation (51). IGF-1 protects dopaminergic neurons and 
delays their degeneration, particularly in midbrain regions (52). 
TNF-α, a key proinflammatory cytokine, is associated with 
autoimmune and cognitive disorders (53). CRP, a non-specific 
inflammatory biomarker, accelerates neurodegenerative diseases by 
activating microglia and proinflammatory pathways (49). IL-6, IGF-1, 
TNF-α, and S100β will be quantified using commercial ELISA kits 
(Beyotime, China), while CRP data will be  extracted from the 
case records.

We will also gather postoperative data, including information on 
exhaustion, defecation and eating times, and the time of the first 
postoperative ambulation. Additionally, Numeric Rating Scale (NRS) 
scores will be collected before and on the third day after the operation, 
along with Activities of Daily Living (ADL) and Braden scale scores 
taken before the operation and at the time of discharge from the 
case records.

Data collection and management

Throughout the study, participants will be referred to by their 
participant numbers rather than by their names. Additionally, all 
relevant documents and files will be archived for a period of 5 years 
and will only be  accessible to investigators who have signed a 
confidentiality agreement or to institutional or governmental auditors 
during the study. Data collection and management will be monitored 
by the Institutional Ethics Committee of Subei People’s Hospital, 
Jiangsu Province.

Statistical analysis

All data will be analyzed using IBM SPSS software version 24.0. 
Research data following a normal distribution and expressed as x̄± SD 
will be  analyzed using analysis of variance (ANOVA). For 
non-normally distributed data expressed as median (interquartile 
range), the Kruskal-Wallis H test will be applied. Categorical variables, 
presented as frequency (f) and percentages (%), will be analyzed using 
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the chi-squared test and Fisher’s exact test as appropriate. Multiple 
imputation methods will be employed to handle missing data.

Discussion

Research has shown that the timing of TEAS interventions—
whether administered 10–30 min preoperatively, throughout the 
entire surgical procedure, or solely preoperatively versus a 
combination of preoperative and postoperative treatment—can 
significantly improve cognitive function (12–14). Extended use of 
TEAS may lead to a “tolerance effect,” potentially diminishing its 
efficacy over time (19). Consequently, this protocol aims to 
investigate the optimal timing for TEAS to improve postoperative 
recovery in elderly patients. The results are expected to assist 
clinicians in formulating more effective perioperative management 
strategies, reducing the incidence of POCD, and enhancing 
postoperative cognitive function and quality of life for 
elderly patients.

Additionally, given the potential for a “tolerance effect” associated 
with prolonged TEAS use, it is essential to examine how varying 
intervention durations at different timings might influence this 
phenomenon. Future research should evaluate the impact of different 
intervention durations at these timings to ensure the sustained efficacy 
and safety of TEAS. Furthermore, exploring the effects of TEAS across 
diverse surgical procedures and patient subgroups will contribute to 
validating its generalizability and applicability. Further studies are 
needed to confirm the long-term effects and safety of TEAS to 
establish its reliability in clinical practice.

This study has several notable strengths. Firstly, it is the 
pioneering investigation into the effects of different TEAS timings on 
the postoperative recovery of elderly patients with gastrointestinal 
tumors, as previously mentioned. Second, we assessed the long-term 
cognitive function. Many studies have discussed TEAS in the short 
term, for example, in the third and seventh days after the operation 
(32, 45). However, POCD can last for months or years, and 
we investigated the cognitive function of patients 1, 3, and 6 months 
postoperative (6).

Third, we included inflammatory factors such as S100β, IL-6, 
IGF-1, and CRP, which have been reported to be upregulated in 
patients with POCD, in order to investigate the impact of TEAS on 
POCD in our patient cohort. S100β protein concentrations, 
primarily found in glial and Schwann cells as the β subunit of a 
calcium-binding protein, tend to increase in both human blood and 
cerebrospinal fluid following a variety of diseases or conditions 
associated with brain damage (50). Numerous studies have 
demonstrated the predictive value of S100β for POCD (54). IL-6 is 
a proinflammatory cytokine mediating inflammatory and immune 
responses in the CNS (51). As one of the neurotrophic factors, 
IGF-1 has been proven to have neuroprotective and 
neuroproliferative effects. It typically exerts its protective effects on 
dopaminergic neurons, delaying their degeneration and providing 
protection, particularly in midbrain regions like the ventral 
tegmental area (VTA) and the substantia nigra (52, 55). Tumor 
necrosis factor-α (TNF-α) is a pivotal proinflammatory cytokine 
that plays a central role in the regulation of both innate and adaptive 

immunity (1). TNF-α is known to be closely associated with a range 
of autoimmune and neurological disorders, including cognitive 
decline (53). CRP is a non-specific inflammatory biomarker that 
has been proven to accelerate the development of neurodegenerative 
disorders by activating microglia, increasing levels of 
proinflammatory cytokines, and activating the complement 
cascade (49).

Additionally, we investigated the differences in Activities of Daily 
Living (ADL) and Braden scale scores both before the operation and 
at the time of discharge by reviewing the case records in different 
groups. In a previous study, we observed significant differences in 
Braden scale scores at the time of discharge between the pre- and 
postoperative TEAS group and the control group, while ADL scores 
remained similar (18). However, few studies have analyzed the impact 
of different timings of TEAS on ADL and Braden scale scores before 
and on the third day after the operation. This study aims to provide 
valuable insights into the specific effects of TEAS at various 
time points.

Furthermore, some studies have explored the impact of TEAS on 
factors such as exhaustion, defecation, eating, and the time taken to 
get out of bed for the first time, as well as perioperative Numeric 
Rating Scale (NRS) scores. However, limited research has focused on 
determining the most suitable timing for TEAS to enhance the 
postoperative recovery of patients. Therefore, this study is expected to 
suggest an optimal time window for expediting the recovery of 
patients with gastrointestinal tumors.

It is important to acknowledge certain limitations in this protocol. 
Due to the low outpatient follow-up rate observed in previous 
investigations, we were limited to using the TICS-m scale to assess 
long-term cognitive function post-operation, which differs from the 
previous neuropsychological tests. This limitation may introduce 
some bias, as it only allows for the detection of cognitive impairment 
without the ability to directly compare long-term cognitive function 
before and after the operation. Furthermore, as this is a single-center 
study, the results may not be  fully generalizable to other research 
centers or populations, limiting the external validity of our findings. 
To address these limitations, future studies should consider multi-
center designs to increase the diversity of the patient sample and 
enhance the applicability of the results across different settings. 
Additionally, expanding the range of neuropsychological assessments 
used to evaluate cognitive function, along with incorporating multiple 
testing points in longitudinal studies, would provide a more 
comprehensive and nuanced understanding of cognitive changes post-
operation. These improvements would contribute to refining the 
research design and furthering our understanding of cognitive 
recovery in this context.
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Glossary

TEAS - Transcutaneous acupoint electrical stimulation

POCD - Postoperative cognitive dysfunction

TICS-m - Telephone Interview for Cognitive Status-Modified

IL-6 - Interleukin-6

S100β - S100 calcium proteinβ

IGF-1 - Insulin-like growth factor-1

CRP - C-reactive protein

NRS - Numeric rating scale

ADL - Activities of Daily Living

ANOVA - Analyses of variance

TENS - Transcutaneous electrical nerve stimulation

MMSE - Mini-Mental State Examination

ASA - American Society of Anesthesiology

AVLT-H - Auditory Verbal Learning Test-HuaShan version

DSC - Digital Symbol Coding

VFT - Verbal Fluency Test

CDT - Clock Drawing Task

aMCI - Amnestic mild cognitive impairment

MCI - Mild cognitive impairment

AEs - Adverse events

CNS - Central nervous system
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