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Background: Postoperative cognitive decline (POCD) in the old ages seriously delays the
rapid recovery. Here, we aimed to investigate the effects of transcutaneous electrical acupoint
stimulation (TEAS) against POCD in elderly patients undergoing laparoscopic radical colon
cancer surgery, as well as the potential mechanism.

Methods: A prospective, single-center, parallel-group, randomized trial was designed. A total
of 100 patients (age >65 years) undergoing laparoscopic radical resection of colon cancer were
involved and randomly divided into TEAS (Group T) and control (Group C) groups. The patients
in Group T were performed with percutaneous acupoint electrical stimulation in bilateral Hegu,
Neiguan and Zusanli points from 30 minutes before anesthesia induction to the end of surgery.
A Z-score based on Mini-Mental State Exam (MMSE) was used to assess the incidence of
POCD. The levels of serum IL-6, hs-CRP, CGRP at 0 min before TEAS (T0), 1 h after beginning
of surgery (T1) and the end of surgery (T2) were evaluated.

Results: Our data showed that the cumulative duration of POCD on postoperative day 2 and
3 in Group T was significantly decreased compared to Group C (P < 0.05). Compared with
TO, the levels of serum IL-6, hs-CRP, and CGRP in both Group T and C were statistically
elevated at T1 and T2 (P < 0.05). Moreover, the levels of serum IL-6 and hs-CRP were
decreased, but the level of CGRP was increased in Group T compared to Group C at T1 and
T2 (P < 0.05).

Conclusion: TEAS is associated with a lower cumulative duration of POCD in elderly
patients undergoing laparoscopic radical colon cancer surgery, which may be related to the
regulation of inflammatory factors and neuropeptides interacted with gut—brain axis.
Keywords: cognitive decline, gut-brain axis, transcutaneous electrical acupoint stimulation,

colon cancer, elder

Introduction
Postoperative cognitive decline (POCD) is usually defined as a significant alteration
of cognitive function after anesthesia and surgery. As one of the common post-
operative complications in elderly patients, POCD seriously affects the rapid
recovery after surgery. In addition, it was reported that POCD also prolongs
hospital stays and increases the long-term mortality in the population of old
ages.! However, the mechanism of POCD remains unclear. Until now, there are
few efficient precautions and interventions against POCD.

It has been suggested that the inflammatory response to anesthesia and surgery
may be involved into the incidence of POCD.> Note that intestinal microbiota
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perturbation-induced inflammatory response after surgical
trauma has been revealed to play an important role in the
pathogenesis and progression of cognitive dysfunction.®
The gut-brain axis, which is formed by the central nervous
system, the enteric innervation that includes extrinsic
fibers of the autonomous nervous system and intrinsic
neurons of the enteric nervous system, the HPA-axis and
the intestinal microbiota, may provide a fresh perspective
between inflammatory response and subsequent cognitive
decline.” Moreover, the changes of intestinal microbiota
via gut-brain axis are likely to be associated with the
pathologies of Alzheimer’s disease.® In patients under-
going gastroenteric surgeries, increased levels of inflam-
matory factors released from injured intestinal tissue after
anesthesia and surgery may be related to POCD.? Thus,
the inhibition of inflammatory response via gut-brain axis
may become a potential therapy for cognitive dysfunction.

As a traditional Chinese medicine treatment, acupunc-
ture has attached great importance to prevent occurrences
and development of diseases.'® Compared with acupuncture
alone, transcutaneous electrical acupoint stimulation
(TEAS) using electrical stimulation on the skin surface
exerts significant advantages, such as non-trauma, and
acceptant. It was suggested that TEAS not only regulates
the levels of neuropeptides,'' but also participates in the
changes of gastrointestinal inflammatory factors.'* The anti-
inflammation mechanism of acupuncture may be related to
the homeostatic restoration of intestinal microbiota.'
Previous studies from our group showed that TEAS can
improve cognitive decline in elderly patients with focal
lacunar infarction.!* However, the effects of TEAS on
POCD in elderly patients undergoing laparoscopic radical
resection of colon cancer remain to be explored.

In this current study, we aimed to investigate whether
TEAS could reduce the incidence and duration of POCD
in elderly patients undergoing laparoscopic radical resec-
tion of colon cancer. In addition, we determined the corre-
lation between TEAS and gut-brain axis-associated

inflammatory factors and neuropeptides.

Methods

Patients and Setting

The present study was performed with the approval of the
ethics committee of Cangzhou Central Hospital (ethical
register number: 2020-153-02) and was in compliance
with the Helsinki Declaration. The project was registered
in China Clinical Trial Registry (registration number:

ChiCTR2000040397). Written informed consents of the
study were collected from all the candidate subjects before
randomization. Patients who underwent laparoscopic radi-
cal resection of colon cancer in Cangzhou Central Hospital
from December 1st, 2020 to February 15th, 2021 were
enrolled into this trial. The inclusion criteria for patients
who underwent surgery were as follows: (1) aged >65
years; and (2) ASA grade I-II. The exclusion criteria
included (1) history of neurological and psychiatric dis-
orders; (2) use of anti-inflammatory drugs, glucocorticoids
or other hormonal drugs, alcohol or drug dependence; (3)
severe cardiac, pulmonary, hepatic, or renal dysfunction;
(4) difficulty talking, aural or visual disorders; (5) skin
damage located in the cutaneous acupoints performed; (6)
the Mini-Mental State Exam (MMSE) <23.

TEAS

According to a random number table, patients were ran-
domly divided into two groups: control group (Group C)
and TEAS group (Group T). The randomization was per-
formed using an online randomization tool (http:/www.
randomization.com). From 30 min before the induction of

anesthesia to the end of surgery, TEAS was performed in
patients in Group T at acupoints Neiguan (PC6), Hegu
(LI4) and Zusanli (ST36). TEAS was conducted under
the guidance of acupuncturists who hold the post of
attending physician in rehabilitation centers.

The acupoint Neiguan (PC6) is located on the palmar
side of the forearm, two inches across the wrist, between
the palmar longus tendon and the radial flexor carpi ten-
don. The acupoint Hegu (LI4) is located at the back of the
hand, between the Ist and 2nd metacarpal bones, on the
midpoint of the radial side of the 2nd metacarpal bone.
The location of Zusanli (ST36) is in the anterolateral leg, 3
inches under the acupoint Dubi, 1 transverse finger away
from tibia anterior margin. Parameters were set as density
wave, frequency 2—-100Hz, and current intensity was the
maximum patient could tolerate (Figure 1). In Group C,
electrodes were placed in the same position as Group T,
but no electric current stimulation was performed.

Anesthesia Management

Electrocardiograph (ECG), non-invasive blood pressure
(NBP), pulse oxygen saturation (SPO,), body temperature,
end-tidal carbon dioxide partial pressure (PetCO,) and
bispectral index (BIS) were performed in all patients.
Ultrasound-guided right internal jugular vein catheteriza-
tion and right radial artery catheterization were performed
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Neiguan (PC6)

On the palmar side of the forearm, two inches

across the wrist, between the palmar longus

tendon and the radial flexor carpi tendon.
’ -

Zusanli (ST36)
In the anterolateral leg, 3 inches under the

acupoint Dubi, 1 transverse finger away
from tibia anterior margin.

Hegu (LI4)

At the back of the hand, between the 1st and
2nd metacarpal bones, on the midpoint of the
radial side of the 2nd metacarpal bone.

Figure | The location of the acupoints for transcutaneous electrical acupoint stimulation.

to continuously detect central venous pressure and inva-
sive blood pressure.

Anesthesia Induction

Anesthesia was induced by intravenous injection of 2-5
pg/kg fentanyl, 2—5 mg/kg propofol and 0.2-0.3 mg/kg
cis-atracurium. 3 minutes later, tracheal intubation was
performed using a video laryngoscope. The respiratory
rate of ventilator was set to 12-20 times per minute. The
ratio of inspiratory/expiratory was 1.0:1.5, inhalation oxy-
gen concentration was 40%, oxygen flow was 2 L/min,
and PetCO, was maintained between 35 and 45 mmHg
(SL2400, Spacelabs, MA, UA).

Maintenance of Anesthesia

Anesthetic maintenance involved remifentanil (0.25-0.4
pg/kg/min) plus propofol (total intravenous anesthesia
[TIVA], 4-12 mg/kg/h) at the discretion of the anesthesiol-
ogist. The intravenous fluid goal was 500-to—1000 mL/h
for each hour. Cis-atracurium was intermittent intravenous
injected to maintain muscle relaxation. BIS was main-
tained within the range of 40-60 (QqCON2000, Quantium
Medical Co Ltd, Spain). The fluctuation of MAP was kept
within the range of 20% of the baseline. If mean arterial
pressure (MAP) was lower or higher than 20% of the
baseline, MAP changes were achieved by an infusion

pump (CP-3100; Beijing Silugao Medical Technology Co
Ltd, Beijing, China), which was used to administer nore-
pinephrine or nicardipine (in pg/min), supplemented with
boluses. If the patient represented significant bradycardia,
atropine boluses (0.3—0.5 mg) were administered. When
patient’s consciousness returns, coughing and swallowing
reflexes return, tidal volume and ventilation per minute
return to preoperative levels, tracheal intubation was

removed.

Postoperative Analgesia

Electronic pump controlled intravenous analgesia (con-
taining 0.15 pg/kg sufentanil in 100 mL saline) for all
patients after surgery. The parameters were set as follow-
ing: (flow rate, 2 mL/h; bolus, 0.5 mL; lockout time, 15
min). Visual Analogue Score (VAS) was used to evaluate
postoperative pain within 24 h after surgery, and the num-
ber of analgesic pump compressions was also recorded.

Baseline Assessment

Basic information including gender, age, height, weight,
academic background (education >9 years), physical status
classification, and heavy drinking (>40g/d for men or >20 g/
d for women) was collected. History of underlying diseases
(hypertension, diabetes mellitus, coronary heart disease,
hypoproteinemia), and smoking history were also collected.
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Collection of Blood Samples

As 0 min before TEAS (TO), 1 h after the beginning of
surgery (T1), and the end of surgery (T2), 3 mL of blood
was collected using an aseptic ethylene diamine tetraacetic
acid tube. After centrifugation at 3, 000xg for 15 min, the
collected serum was stored at —80°C. The levels of serum
interleukin-6 (IL-6) (Lot: 131161131210, Code: EK0410,
Boster Biological Technology Co, Wuhan, China), and cal-
citonin-gene-related peptide (CGRP) (Lot: 71515561210,
Code: EK1169, Boster Biological Technology Co, Wuhan,
China) were detected by ELISA according to the manufac-
turer’s instructions. High sensitivity C-reactive protein (hs-
CRP) (Lot: 201110, Code: CHO0402311,
Biotechnology, China) was detected by latex immunoturbi-

Maccura

dimetric method according to the manufacturer’s instruction.

Assessment of POCD

The Mini-Mental State Exam (MMSE) is the most often
used short screening tool for providing a clear impression
of overall cognitive decline and facilitating monitoring of
the progress and resolution of delirium after surgery.'>'®
MMSE score was assessed at one day before surgery, as
well as postoperative days 1, 2, and 3. The trained
researchers who performed the MMSE score were blinded
to the grouping of patients. As in previous
publications,'>'® POCD was defined as a Z-score < —2
based on a pre- and postoperative MMSE. The following
formula was used: [(postoperative MMSE—preoperative
MMSE)-AX MMSE normative population]/[SD (AX
MMSE normative population)]. The AX MMSE normative
population is the mean value for changes in MMSE in
a normative population and standard deviation (AX
MMSE normative population) is the standard deviation
for changes in MMSE in a normative population, as mea-
sured in a cognitively normal sample. In this current study,
AX MMSE normative population = 0.5, and SD (AX
MMSE normative population) = 1.5 were used to calculate
Z-score."” Once the patient developed POCD, an intramus-
cular injection of 5 mg haloperidol was administered.

Statistical Analyses

MedCalc 15.2.2 software was used to calculate the sample
size. According to previous reports, the incidence of
POCD in the elderly population is 30%,'” through calcula-
tion, the overall sample size was 94. Considering a 10-20%
abscission rate, a total of 105 patients were selected. All
data were analyzed by SPSS (version 21.0 for Windows;

IBM Corporation, Armonk, NY, USA). The data were
reported as the Mean + SD or Median + Quartile according
to normal distribution. Categorical variables were ana-
lyzed through Chi-squared test or the Fisher’s exact prob-
ability test (when appropriate) and presented as numbers
(%). Comparisons between two groups were performed
with Student’s #-test. Repeated measurements were com-
pared using One-way repeated measures ANOVA, when
the spherical hypothesis is not satisfied, Greenhouse-
Geisser (P < 0.75) and Huynh-Feldt (P > 0.75) method
were used for correction. Tukey’s multiple comparisons
test was used for post-mortem analysis of one-way
repeated measures ANOVA. The measurement data of
non-normal distribution were tested by signed-rank test.
P<0.05 was considered statistically significant.

Results
Clinical Characteristics of Patients and

Surgical Results

During this study period, 105 patients who underwent
laparoscopic radical resection of colon cancer were
involved in this trial. Five patients were excluded because
of history of neurological and psychiatric disorders (n = 1
[0.95%]), use of anti-inflammatory drugs (n = 1 [0.95%]),
aural disorders inability to cooperate (n = 2 [1.9%]), skin
damage located on the right ST36 acupoints (n = 1
[0.95%]). The remaining 100 patients were randomly
divided into Group T and Group C (Figure 2).

Patient Characteristics

The patients included into this final cohort were all Han
Chinese, the general characteristics of the entire patients
included gender [female, 49 (49%)], age (70.24+5.143
years), BMI (24.78+3.04 kg/m?), American Society of
Anesthesiologists (ASA) [52 (52%)], education >9 years [20
(20%)], heavy drinking [19 (19%)], smoker [49 (49%)], pre-
operative hypoproteinemia [13 (13%)], history of diabetes
mellitus [25 (25%)], hypertension [58 (58%)], coronary heart
disease [17 (17%)], surgical duration (215.2+55.623 min), and
anesthesia duration (265.4+56.294 min). The characteristics
between patients in Group T and C are summarized in Table 1
(details in Supplementary Table S1).

Intraoperative and Postoperative

Variables
There were no significant statistical differences of infusion
volume, blood loss, urine volume, surgical duration and
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(n=105)

Patients initially selected

Neurological and

,| psychiatric disorders (n=1)

A 4

Use of anti-inflammatory

100 patients randomly
grouping

drugs (n=1)

Aural disorders inability to

cooperate (n=2)
Skin damage located on
the right ST36 acupoints

(n=1)

v v

Analyzed (n=50)

Analyzed (n=50)

Figure 2 Experimental flow of this study.

anesthesia time between Group T and C (Table 2). For the
postoperative variables, there were no differences in length
of stays, VAS score and number of compressions 24h after
surgery between Group T and C (Table 2).

IL-6, hs-CRP and CGRP Levels

As shown in Figure 2, compared with TO, the levels of
serum IL-6 [F (1.057, 51.771) = 415.596, P < 0.001], hs-
CRP [F (1.584, 77.602) = 5075.619, P <0.001] and CGRP
[F (1.715, 84.039) = 2107.192, P < 0.001] were signifi-
cantly increased at T1 and T2 in Group T. Likewise, the

Table | Clinical Characteristics of Patients

levels of serum IL-6 [F (1.044, 51.165) = 615.190,
P < 0.001], hs-CRP [F (1.821, 89.218) = 5320.781, P <
0.001] and CGRP [F (1.776, 87.013) = 716.741, P <
0.001] were significantly increased at Tl and T2 in
Group C. However, the levels of serum IL-6 (t = 19.033,
P < 0.001 for T1; t = 22.733, P < 0.001 for T2) and hs-
CRP (t = 34.785, P < 0.001 for T1; t =23.906, P < 0.001
for T2) were decreased, but the level of CGRP (t =—-8.290,
P < 0.001 for T1; t = -22.652, P < 0.001 for T2) was
increased in Group T compared to Group C at T1 and T2
(Figure 3) (details in Supplementary Table S2).

Characteristics Entire (n=100) Group T (n=50) Group C (n=50) P

Age [years, mean (SD)] 70.24 (5.14) 70.80 (5.41) 69.68 (4.85) 0.209
Gender [Female (%)] 49 (49) 22 (44) 27 (54) 0.317
Weight [kg, mean (SD)] 66.72 (9.17) 66.72 (8.51) 66.72 (9.87) 0.204
BMI [kg/m?, mean (SD)] 24.78 (3.04) 24.75 (2.57) 24.82 (3.47) 0.114
ASA (1, %) 52 (52) 25 (50) 27 (54) 0.689
Education = 9 years [n (%)] 20 (20) 11 (22) 9 (18) 0.617
Hypertension [n (%)] 58 (58) 30 (60) 28 (56) 0.685
Diabetes mellitus [n (%)] 25 (25) 11 (22) 14 (28) 0.488
Coronary heart disease [n (%)] 17 (17) 9 (18) 8 (16) 0.790
Hypoproteinemia [n (%)] 13 (13) 7 (14) 6 (12) 0.766
Smoker [n (%)] 49 (49) 24 (48) 25 (50) 0.841
Heavy drinking [n (%)] 19 (19) 11 (22) 8 (16) 0.444

Abbreviations: BMI, body mass index; ASA, American Society of Anesthesiologists; C, control; T, transcutaneous electrical acupoint stimulation.
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Table 2 Intraoperative and Postoperative Variables

Variables Entire (n=100) Group T (n=50) Group C (n=50) P

Infusion volume [mL, mean (SD)] 2121£521 2189+498 2053+539 0.193
Blood loss [mL, mean (SD)] 309485 305485 312485 0.683
Urine volume [mL, mean (SD)] 442112 454118 430105 0.291
Surgical duration [minutes, mean (SD)] 215.2+55.62 225.6+53.28 204.8+£57.05 0.063
Anesthesia time [minutes, mean (SD)] 265.4+£56.29 272.2+56.88 258.6+55.44 0.229
VAS rest [point, mean (SD)] 2.59+0.57 2.52+0.505 2.66+0.626 0.221
VAS coughing [point, mean (SD)] 3.1840.63 3.20+0.571 3.16+0.681 0.751
Number of compressions [times, mean (SD)] 17.5£3.28 17.62+2.687 17.38+3.801 0.716
Length of stays [days, mean (SD)] 16.28+2.18 16.10£2.30 16.46+2.06 0412

Abbreviations: C, control; T, transcutaneous electrical acupoint stimulation; VAS, Visual Analogue Scale.

The Incidence of POCD

On postoperative 1 (PODI1), 5 cases (10%) of POCD
occurred in Group T, but 11 cases (25%) in Group C. On
POD2, 4 cases of POCD in Group T (8%) but 8 cases in
Group C (16%) remain. On POD3, only 2 cases of POCD
in Group T (4%) but 5 cases in Group C (10%) remain. In
addition, there were no new cases on POD2 and 3. On
POD1-3, the incidence of POCD was compared between
the two groups was not statistically significant (P = 0.102,
PODI1; P=0.218, POD2; P = 0.436, POD3). However, the
cumulative duration of POCD was also used to evaluate
the effects of TEAS. Interestingly, the cumulative duration
of POCD on POD2 in Group T was significantly lower
than Group C (P = 0.026). In addition, the cumulative
incidence of POCD on POD3 in Group T was significantly
lower than that in group C (P = 0.006) (Figure 4).

Discussion

In the present study, we found that TEAS significantly
decreased the cumulative duration of POCD in old-aged
patients receiving laparoscopic radical colon cancer sur-
gery. In addition, inflammatory factors including IL-6 and
hs-CRP were heavily attenuated, but neuropeptides

including CGRP was elevated after treatment with
TEAS. The changes of inflammatory factors and neuro-
peptides may provide ideas for the effect of TEAS on the
gut-brain axis.

The incidence of POCD in elderly patients undergoing
laparoscopic radical resection of colon cancer has been
reported to be 8.2-54%.'® In the current study, we reported
the incidence of POCD in the population received laparo-
scopic radical resection of colon cancer was 35%, which
consistent with a previous study.'® There are growing
evidence that the risk factors of POCD include advanced
age, surgical damages, anesthetic drug use, gut-brain axis
imbalance and so on.'” In the elderly patients received
radical resection of colon cancer, surgical damages,
destruction of gut-brain axis, and cerebral degeneration
may be involved in the incidence of POCD.

According to traditional Chinese medicine theory,
Hegu is the original point of the large intestine meridian,
the total treatment of the head and face of various diseases.
Neiguan is one of the most important points in the body,
which exhibits an excellent effect on neurological and
mental system diseases. Besides, Neiguan is also one of
the main points of the treatment for gastrointestinal

300 40+ 2000+ *# =T
A . B . C oG
~ 30 - 1800-
= 200- > #
= £ i s S 1600- -
=3 ~ Q.
° & 29 Y
= 100 * Q *# & 14007 *
2 10- o *
Pt *# 1200
ol— ' r 0 : . 10001— : .
T0 ™ T2 T0 T T2 T0 ™ T2

Figure 3 The level of IL-6 (A), hs-CRP (B), and CGRP (C) at different time points. Compared to TO, *P < 0.05 in the same group. Compared to the corresponding Group
C, #P < 0.05. TO: 0 min before transcutaneous electrical acupoint stimulation, T1: | h after the beginning of surgery; T2: the end of surgery.
Abbreviations: IL-6, interleukin-6; hs-CRP, high sensitive C-reactive protein; CGRP, calcitonin-gene-related peptide.
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diseases. Zusanli is one of the main acupoints of “Zusanli
stomach meridian”. The stimulation of Zusanli may con-
tribute to gastrointestinal peristalsis, appetizing, and diges-
tion. Moreover, the stimulation of Zusanli has been also
suggested to promote the recovery of cerebral
dysfunction.?’ Collectively, we selected these above acu-
points that may contribute to bi-directional regulation of
gut-brain axis. Although the incidence of POCD within
the first 3 days after surgery in patients received TEAS
was not significantly attenuated, but the cumulative dura-
tion of POCD on POD2 and 3 was significantly decreased
compared to control, which is consistent with previous

studies.!*?!

To further explore the roles of neuroinflammation in the
pathogenesis of POCD, the levels of IL-6, hs-CRP and
CGRP were assessed according to previous studies.>' >
IL-6, a key pro-inflammatory factor in the acute stage of
trauma, is produced rapidly in response to infection and
tissue damage.** Hs-CRP, one of the most common markers
of systemic inflammation, can rise sharply within a few
hours once our body suffered from damage, inflammation,
and infection. Some publications demonstrated that the con-
centration of serum hs-CRP is an independent risk factor of
POCD in elderly patients undergoing laparoscopic colon
cancer surgery.”> CGRP, one of the common neuropeptides
distributed in the central nervous system, exhibits neuropro-
tective effects against ischemia/reperfusion injury and
inflammatory responses.”®?’ It was also suggested that

CGRP can improve learning and memory ability via the
inhibition of tumor necrosis factor-o and induction of insu-
lin-like growth factor 1.*® In addition, CGRP have been
demonstrated to play an important role in the communica-
tion of the gut-brain axis.”’ Data from this study indicated
that TEAS can reduce the levels of serum IL-6 and hs-CRP
to inhibit inflammatory response in the elderly during sur-
gery, which is consistent with previous studies.'**'=% Also,
our data showed that the level of serum CGRP after treat-
ments with TEAS was significantly elevated compared to
control. These results revealed that the decreased cumulative
duration of POCD after treatments with TEAS may be
related to the changes of gut-brain axis-associated inflam-
matory factors and neuropeptides.

Admittedly, there were several limitations in the current
study. Firstly, the number of patients was relatively small.
Secondly, there were only three acupoints selected in the
current study, and the other acupoints should be further
investigated. Thirdly, in this current study, a MMSE was
only used to evaluate the incidence of POCD, but more
examinations should be applied. In addition, the long-term
effects of TEAS on the incidence of POCD should be
examined in our further study. Finally, we did not measure
the length of the bowel resection, which might affect the
results. However, despite these limitations, our results pro-
vided preliminary evidences of a neuroprotective effect of
TEAS in patients undergoing intestinal surgery.

In conclusion, treatment with TEAS reduced the cumu-
lative duration of POCD in patients undergoing laparo-
scopic radical colon cancer surgery. The mechanism may
be related to the regulation of gut-brain axis-associated
inflammatory factors and neuropeptides.
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