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Abstract

Background: This study aimed to evaluate the effect of perioperative transcutaneous electrical acupoint stimulation
(TEAS) on postoperative cognitive dysfunction (POCD) in older patients who were diagnosed with gastrointestinal
tumor and received radical resection of gastrointestinal tumors under general anesthesia.

Methods: A total of 68 patients who received radical resection of gastrointestinal tumors under general anesthesia
were randomly divided into two groups. TEAS group patients received TEAS treatment. The treatment time was 30
min before the induction of anesthesia until the end of the surgery, 1 day before operation and from the first day
to the third day after the operation. Except on the day of surgery, we treated the patients for 30 min once a day. In
the sham TEAS group, the electronic stimulation was not applied and the treatment was the same as the TEAS
group. The primary outcome was perioperative cognition evaluated by the Mini-Mental State Examination (MMSE)
and secondary outcomes were the perioperative level of interleukin-6 (IL-6), S100 calcium-binding protein β
(S100β), and C-reactive protein (CRP).

Results: The postoperative score of MMSE, orientation, memory, and short-term recall in the sham TEAS group was
significantly lower than the preoperative and TEAS group (P < 0.05). The incidence of POCD in the TEAS group
(21.88%) was lower than those in the sham TEAS group (40.63%). S100β, IL-6, and CRP in the TEAS group were
significantly lower than those in the sham TEAS group on the third day after the operation (P< 0.05). Postoperative
S100β, IL-6, and CRP in two groups were significantly higher than those before operation except for S100β on the
third day after the operation in the TEAS group (P < 0.05).

Conclusions: Perioperative TEAS treatment reduced the postoperative inflammatory response and increased the
postoperative cognitive function score and decrease the incidence of POCD in geriatric patients with
gastrointestinal tumor.
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Background
Postoperative cognitive dysfunction (POCD) is one of
the common complications of central nervous system in
cancer patients with a 8.9–46.1% incidence [1, 2]. It is
mainly manifested as the decline or damage of attention,
memory, perception, abstract thinking, executive, lan-
guage response, body movement, and other functions [3,
4]. It is not easy to identify, but it can last for months,
years or even become a permanent disease [5], which
can severely affect patients’ postoperative recovery, pro-
long the hospitalization time, increase the medical cost,
affect the social function of patients, reduce the quality
of life, and increase the mortality [6].
Surgical stress and inflammation are contributing fac-

tors for the development of POCD [7]. Surgical trauma
can induce a systematic inflammatory response and re-
lease systematic inflammatory mediators, such as CRP,
IL-6, which can enter the central nervous system (CNS)
via the relatively permeable blood-brain barrier (BBB)
and activate microglial cells to secrete additional cyto-
kines and lead to CNS inflammatory [1]. In order to pre-
vent the development of POCD among older patients,
the discovery of effective interventions reducing inflam-
matory response is important. The treatment of pare-
coxib sodium [8], dexmedetomidine [9], and urinastatin
[10] in the perioperative period can reduce inflammatory
reaction and increase postoperative cognitive function.
However, these drugs have side effects, such as neutro-
penia, diarrhea, skin redness, and other adverse reac-
tions. The intervention of nerve block also makes the
sensory and motor function of the innervated area tem-
porarily lose and blocks the upload of noxious stimula-
tion, which can inhibit the adverse stress reaction in the
perioperative period and reduce the incidence of POCD
[11]. But it is invasive and requires advanced require-
ments for anesthesia technology, and it may increase the
expenditure of patients.
Transcutaneous electrical acupoint stimulation (TEAS)

is a non-invasive acupoint stimulation therapy [12]
which combined the preponderances of both acupunc-
ture and transcutaneous electrical nerve stimulation
(TENS). It can input low-frequency pulse current into
human acupoints through electrodes pasted on the sur-
face of skin [13]. TEAS treatment can reduce the intra-
operative anesthetic consumption, decrease the
incidence of postoperative nausea and vomiting (PONV)
[14], and improve the postoperative recovery of patients
[12]. Recently, TEAS treatment was found to improve
the cognitive function of geriatric patients with silent

lacunar infarction [13]. However, previous studies of
TEAS treatment on cognition mainly focused on the in-
traoperative while the effect of perioperative TEAS treat-
ment on POCD is not clear.

Purpose
We aimed to evaluate the effect of perioperative TEAS
on POCD in older patients who were diagnosed with
gastrointestinal tumor and received radical resection of
gastrointestinal tumors under general anesthesia.

Methods
Study design
We conducted this prospective, randomized, single-
blind, intervention-controlled clinical trial in Subei Peo-
ple’s Hospital of Jiangsu province. This protocol was ap-
proved by the Ethics Committee of Subei People’s
Hospital of Jiangsu province (2020ky-046). This article
was written using the CONSORT 2010 checklist (see
Additional file 1).

Participants
Patients who volunteered for the study were selected
from August 2020 to October 2020. All patients signed
informed consent before this study.
The inclusion criteria are ① patients aged 60 years or

older, ② patients were diagnosed with gastrointestinal
tumor and received radical resection of gastrointestinal
tumors under general anesthesia in Subei People’s Hos-
pital of Jiangsu province, ③ patients understood the re-
search content and signed the informed consent form,
④ American Society of Anesthesiology (ASA) score I–
III, ⑤ no frailty before operation, and ⑥ D-dimer was
normal before the operation. The exclusion criteria are
① patients with cognitive dysfunction before the oper-
ation or patients with previous history of cognitive dys-
function, dementia, and delirium; ② patients with a
history of severe depression, schizophrenia, and other
mental and nervous system diseases or taking anti-
psychotic or antidepressant drugs in the past; ③ patients
with severe hearing or visual impairment due to eye or
ear diseases without assistive tools; ④ patients who are
unable to communicate or have difficulty communicat-
ing; ⑤ according to the definition of “China chronic dis-
ease and its risk factors monitoring report (2010)” (male
average daily pure alcohol intake ≥ 61 g, female average
daily pure alcohol intake ≥ 41 g, alcohol volume (g) = al-
cohol consumption (ML) × alcohol content% × 0.8); ⑥
patients who were hospitalized for 3 months or more
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before surgery or had received surgical treatment within
3 months; ⑦ patients who can’t take care of themselves
or are physically disabled and unable to carry out nerve
function test; ⑧ patients with severe heart, liver, and
renal failure; ⑨ patients with hypoxemia (blood oxygen
saturation < 94%) more than 10 min during operation; ⑩
patients admitted to ICU after operation; ⑪ patients
who quit or died due to noncooperation or sudden situ-
ation; ⑫ patients who already participate in other clin-
ical studies which may influence this study; ⑬ patient
who underwent emergency surgery; and ⑭ patients who
had a history of recent or conventional acupuncture
treatment.

Sample size calculation
The sample size of this research was calculated based on
the following equation: n = (Zα + Zβ)

2 × 2σ2/δ2. α is 0.05,
Z is bilateral, and the degree of assurance (test efficiency)
is 0.9. σ represents the average MMSE scores on the third
day after operation between two groups and according to
the pre-experiment, σ = 1.85, δ= 1.6. After calculation,
each group needs 28 patients and expands the sample size
by 20%, and the final sample size is 34 cases per group
and therefore a total of 68 subjects are needed.

Randomization and blindness
68 random numbers generated by SPSS 24.0 software
(seed = 20160648) were put into a sealed opaque enve-
lope for patients to choose. Patients were assigned to ei-
ther the TEAS group or sham TEAS group on the basis
of random numbers at the ratio of 1:1. Patients know
the number but not the allocation. The randomization

process was completed by a study administrator not in-
volved in the study. Due to the unique feature of TEAS,
we can only blind the patients, data collectors, techni-
cians who tested the blood index but not the interveners.
The flow chart is presented in Fig. 1

Anesthesia management
All patients were given Tracheal Intubation General
Anesthesia without preoperative medication. After en-
tering the operating room, the intravenous access was
established, and multi-functional monitor was connected
to monitor hemodynamics, electrocardiography (ECG),
noninvasive blood pressure, blood oxygen saturation,
and heart rate. Anesthesia induction includes the follow-
ing: midazolam 0.04–0.06 mg/kg, sufentanil 0.5–1 μg/kg,
and cisatracurium besilate 0.1–0.4 mg/kg. After tracheal
intubation, mechanical ventilation was performed. The
parameters were tidal volume of 8–10ml/kg, respiratory
rate 12–16 times/min, the ratio of inhalation to exhal-
ation 1:2, and the oxygen flow rate 2 L/min to maintain
the end-tidal carbon dioxide partial pressure (PECO2) at
30–45mmHg. During the operation, continuous oxygen
was given at 2 L/min, sevoflurane 1.0–1.5%, sufentanil
0.2 μg/(kg h), dexmedetomidine 0.2–0.4 μg/(kg h), and
cisatracurium besilate for injection 0.06–0.12 mg/(kg h)
and propofol 6–9 g (kg h) were used to maintain the bis-
pectral index (BIS) at 40–60. All patients were given
sufentanil combined with dezocine for patient-controlled
intravenous analgesia (PCIA). PCIA configuration in-
cludes the following: sufentanil 5–15 μg/kg + 0.1–0.4
mg/kg dezocine.

Fig. 1 Flowchart

Xi et al. Trials          (2021) 22:563 Page 3 of 10



Intervention
According to the theory of “Xingnao Kaiqiao Acupunc-
ture” in traditional Chinese medicine [15], three acu-
puncture points were selected as the target points:
bilateral Neiguan [16] (PC6, on the palmar side of the
forearm, 3 cm proximal to the transverse carpal crease,
between the palmaris longus tendon and the radial
flexor carpi tendon), Yintang [17] (GV29 ], on the fore-
head of the human body, between the two eyebrows)
and bilateral Zusanli [18] (ST36, 3 inches below the
outer knee). Patients in the TEAS group received peri-
operative TEAS by two experienced researchers and the
treatment time was 30min before the induction of
anesthesia until the end of the surgery, 1 day before op-
eration, and from the first day to the third day after the
operation. Except on the day of surgery, we treated the
patients 30 min once a day. We used transcutaneous
electrical stimulators (SDZ-III, Suzhou medical technol-
ogy, Suzhou, China) to provide an altered frequency 2/
100 Hz, disperse-dense waves, and adjusted intensity

which was less than 10 mA. In the sham TEAS group,
the electrodes were placed at the same acupoints as the
TEAS group, but the electronic stimulation was not ap-
plied and they were told that they might not feel elec-
trical stimulation (Fig. 2). To deliver the intervention,
the researchers need to learn the function and position-
ing of acupoints, the inspection and use of an instru-
ment, and clinical practice in the traditional Chinese
Medicine Department of the hospital for 7 times, 1 h
each time. And only passing the final assessment of trad-
itional Chinese medicine can researchers begin this
intervention.

Outcomes
Primary outcome
The primary outcome of this study was the change in
cognition in the morning of the day before operation
and three days after the operation. Mini-Mental State
Examination (MMSE) was used to evaluate the cognition
by experienced researchers who were trained in

Fig. 2 Location of acupoints
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neuropsychological assessment. The MMSE is a 30-
point questionnaire used to measure orientation (time
and place), memory (immediate and short term), atten-
tion, calculation, and language (naming, repetition, lis-
tening, reading, and writing) [19, 20]. Higher score
means better cognitive function. According to the edu-
cational level of the subjects, the scores of illiterate < 17,
primary school < 20, middle school, and above < 24 were
defined as cognitive impairment. The score decreased by
2 points after the operation is considered to be POCD.

Secondary outcomes
Interleukin-6 (IL-6), S100 calcium-binding proteinβ
(S100β), and C-reactive protein (CRP) were recorded be-
fore the operation, the 1st and 3rd day after the oper-
ation. Four milliliters blood sample was taken each time
and the blood samples were immediately centrifuged at
3000 rpm for 10min to collect serum and were stored in

a freezer at − 80 °C until further assayed. The concentra-
tions of IL-6 and S100β in serum were quantified with a
commercial ELISA kit (Beyotime, China) and each blood
sample was repeated 3 times. The C-reactive protein
(CRP) was extracted from the case data.

Statistical analyses
All research data were analyzed by IBM SPSS software
24.0. Research data of normal distribution were de-
scribed as the mean±SD and the comparison between
the two groups was performed by independent sample t
test. Non-normal distribution was described as the me-
dian (interquartile), and the comparison between the
two groups was performed by non-parametric test. Cat-
egorical variables were described as frequency (f) and
numbers (%) and the comparison between the two
groups was performed by chi-squared test and Fisher’s
exact test.

Table 1 General information of two groups of patients (n = 64)

Characteristics TEAS group (n = 32) Sham TEAS group (n = 32) P

Age 69.28±7.04 72.06±6.91 0.116a

Gender (man/woman), n 22/10 24/8 0.578b

BMI 21.73±3.28 23.02±2.98 0.103a

Education level (years) 6.41±3.87 6.63±3.60 0.816a

Mode of residence 0.637c

Living alone 3 2

Living with spouse 14 18

Living with children 15 12

History of surgery, n (0/1/2) 14/14/4 19/9/4 0.416c

Preoperative drugs(0/1/2/3/4/5), n 12/12/6/1/1/0 13/11/3/0/3/2 0.481c

Smoking index level, n 0.968c

Smoking index = 0 11 12

0 < smoking index < 200 10 8

200 ≤ smoking index ≤ 400 8 8

Smoking index > 400 3 4

Drinking, n (yes/no) 18/14 16/16 0.616b

Exercise time per week (h) 0.791c

0–3.4 19 17

3.5–6.9 6 6

7–10.4 5 8

≥ 10.5 2 1

Preoperative frailty 4.09±2.91 4.28±2.04 0.766a

ASA (II/III), n 13/19 18/14 0.211b

Operation type (1/2/3/4/5/6), n 12/7/0/3/0/10 12/12/8/2/5/1/4 0.306c

Operation duration 2.67±0.78 2.65±0.76 0.916a

Anesthesia duration 3.33±0.99 3.22±0.90 0.667a

Notes: aindependent sample t test; bchi-squared test; cFisher’s exact test
Abbreviations: Operation type: 1 = Radical gastrectomy for gastric cancer; 2 = Laparoscopic radical gastrectomy for gastric cancer; 3 = Radical resection of colon
cancer; 4 = Laparoscopic radical resection of colon cancer; 5 = Radical resection of rectal cancer; 6 = Laparoscopic radical resection of rectal cancer
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Results
A total of 68 patients were enrolled in the study; 4
(5.9%) dropped out because they declined to undergo
this procedure and 64 patients’ records were analyzed.

General information of patients
Smoking index is indicated by the number of cigarettes
per day multiply years of smoking. No significant differ-
ences were observed between these two groups in gen-
eral information (P > 0.05, Table 1).

Perioperative cognition
On the third day after the operation, the total score of
MMSE, and the score of orientation, memory, and
short-term recall in the sham TEAS group were signifi-
cantly lower than those in preoperative and TEAS
groups (P < 0.05, Table 2, Fig. 3). The incidence of
POCD in the TEAS group was 21.88%, which was lower
than that in the sham TEAS group (40.63%).

S100β, IL-6, and CRP Levels
There were 4 missing values of CRP before the oper-
ation, 2 in the TEAS group and 2 in the sham TEAS
group. We replaced the missing value with sequence
average of 3.34. S100β, IL-6, and CRP in the TEAS
group were significantly lower than those in the sham
TEAS group on the third day after the operation. S100β,
IL-6, and CRP in two groups were all significantly higher
than those before operation (P < 0.05) except for S100β
on the third day after operation in the TEAS group (Fig.
4, Table 3).

Safety analysis
Any treatment-related adverse events (AEs) were moni-
tored and documented throughout the trial within 24 h
after each treatment by the direct observation of re-
searchers and the self-report of the patients. Potential
AEs of TEAS used in the trial include continuous post-
electrostimulation sensation and skin numbness; allergic
reaction; fainting; vomiting; redness, swelling, pain, or
other injury on the skin during acupuncture treatment.
And no AEs were reported in either group during the
clinical trial.

Discussion
In this study, we preliminary explored the effect of peri-
operative TEAS treatment on the values of S100β, IL-6,
CRP, and the incidence of POCD.
Many studies have shown the beneficial effect of TEAS

[21, 22]. However, the selection of acupoints in each
study is different. According to the theory of “Xingnao
Kaiqiao Acupuncture” [15] in traditional Chinese medi-
cine, we chose the bilateral Neiguan (PC6), Yintang (GV
29), and bilateral Zusanli (ST36) as the target points.
PC6 belongs to the acupoints of the pericardium merid-
ian of hand Jueyin. Pericardial meridian is related to
people’s mental activities and thinking consciousness
and closely related to the function of the brain. It is the
first choice for brain injury, which has functions of calm-
ing panic, relieving palpitation, nourishing heart and
mind, broadening chest, and regulating Qi [23]. Acu-
puncture on PC6 can promote the balance of oxygen
supply and demand of brain cells, improve the blood cir-
culation of brain tissue, and finally improve the cogni-
tion of dementia patients [24]. GV 29 is an important
acupoint of the governor vessel, which has the function

Table 2 Perioperative cognition of two groups of patients (n = 64)

Indexes Groups Preoperative The third day after the operation

MMSE TEAS group 24.69±1.87 24.88±2.52*

Sham TEAS group 25.22±1.81 23.38±2.03#

Orientation TEAS group 9.16±0.68 9.00±0.72*

Sham TEAS group 9.13±0.71 8.66±0.65#

Memory TEAS group 2.91±0.30 2.88±0.34*

Sham TEAS group 2.88±0.34 2.56±0.67#

Attention and calculation TEAS group 3.81±1.18 3.78±1.10

Sham TEAS group 4.00±1.05 3.75±1.08

Short term recall TEAS group 2.19±0.47 2.41±0.50*

Sham TEAS group 2.38±0.49 2.06±0.72#

Language TEAS group 6.63±1.34 6.81±1.42

Sham TEAS group 6.84±1.37 6.41±0.91

Incidence of POCD TEAS group - 21.88%

Sham TEAS group - 40.63%

Notes: Compared with preoperative, #P < 0.05; compared with the sham TEAS group, *P < 0.05
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of refreshing the brain and activating collaterals [24].
The electro-acupuncture at GV 29 can improve postop-
erative cognition [25]. ST36 is one of the main acupoints
in the stomach meridian of Foot Yangming. It has the
functions of regulating the spleen and stomach, tonifying
the middle, replenishing Qi, dredging meridians, activat-
ing collaterals, dispersing weathering and dampness,
strengthening the body, and eliminating pathogenic fac-
tors [26]. Acupuncture at ST36 can activate most parts
of the brain, especially in the temporal lobe, so as to
regulate body movement, sensation, language, learning
and memory, mental emotion, and internal organs activ-
ities [26].
MMSE is one of the most influential, popular, and

commonly used cognition screening scale in the world
[27, 28]. Our study showed that perioperative TEAS can
improve the total score of MMSE and decrease the inci-
dence rate of POCD on the third day after operation.
Perioperative treatment of TEAS on cognition is rela-
tively rare, and some studies have shown that TEAS
treatment from 30min before anesthesia to the end of
surgery can reduce the incidence of POCD in patients
undergoing radical thoracoscopic lung cancer operation
and gynecological laparoscopy surgery [28]. Also, our

study first showed that the TEAS treatment can increase
three dimensions score of orientation, memory, and
short-term recall of the cognition, and this finding needs
more study to conform.
S100β is a biomarker involving in the mechanism of

cognitive impairment, which existed in several types of
cell in the peripheral and central nervous system [CNS]
[29, 30]. IL-6 is a pro-inflammatory cytokine which can
mediate inflammatory and immune responses in CNS
[31]. CRP is a non-specific biomarker of systemic bodily
inflammation [32, 33] which can accelerate the develop-
ment of neurodegenerative disorders through activating
microglia, increasing levels of proinflammatory cyto-
kines, and activating the complement cascade [34, 35].
In this study, the value of S100β and IL-6 was detected
twice. Therefore, in order to avoid the influence of ex-
perimental error on the experiment, the method of aver-
aging was adopted to evaluate the level of S100β and IL-
6. Our study showed that perioperative TEAS treatment
decreased the postoperative S100β, IL-6, and CRP which
was consistent with other studies [13, 36, 37]. However,
these three inflammatory cytokines have no difference
between the two groups on the first day after the oper-
ation [38, 39]. And the reason for this result may be due

Fig. 3 Postoperative cognition score between two groups. Note: *P < 0.05: compared with the sham TEAS group
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to the small sample size, so more studies are needed to
confirm this result in the future.
Owning to the situation that previous studies of the

TEAS treatments on cognition mainly focused on intra-
operative and the effect of perioperative TEAS on POCD
is not clear, we investigated the effect of perioperative
TEAS treatment on POCD. However our study had its
limitations, which were as follows: we just implemented
the perioperative TEAS treatment in geriatric patients
with gastrointestinal tumor, whether this treatment is ef-
fective on other diseases needs more studies to be

identified. Furthermore, the cognition was measured
only at the third day after the operation and long-term
follow-ups such as postoperative 7 days, 1 month, and 1
year may be different.

Conclusion
In summary, perioperative TEAS treatment can reduce
the postoperative inflammatory response and increase
the postoperative cognitive function score and decrease
the incidence of POCD in geriatric patients with gastro-
intestinal tumor.

Fig. 4 Perioperative S100β, IL-6, and CRP Levels. Note: Preoperative day (Pre); Postoperative (Post-). *P < 0.05: compared with the sham
TEAS group

Table 3 Perioperative S100β, IL-6, and CRP Levels of two groups of patients

Indexes Groups Preoperative The first day after the operation The third day after the operation

S100β TEAS group 1.00±0.59 1.35±0.66# 1.21±0.46*

Sham TEAS group 1.16±0.60 1.62±1.01# 1.76±1.08#

IL-6 TEAS group 0.77 (0.63,1.241) 3.56 (1.86,10.84)# 1.63 (1.22,2.78)#*

Sham TEAS group 1.09 (0.81,2.160) 5.14 (2.99,18.81)# 2.89 (1.48,9.98)#

CRP
(mg/L)

TEAS group 1.20 (0.89,2.47) 44.53±24.90# 67.30±40.39#*

Sham TEAS group 1.85 (0.99,3.49) 59.33±36.73# 105.57±53.18#

Notes: Compared with preoperative, #P < 0.05; compared with the sham TEAS group, *P < 0.05
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