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ABSTRACT

Objective: This study aimed to analyze the effects of transcutaneous electrical acupoint stimulation (TEAS) on the
immune function in patients with pulmonary tuberculosis (PT) and the inflammatory response following one-
lung ventilation surgery by comparing the levels of inflammatory mediators, such as tumor necrosis factor
alpha (TNF-a), interleukin 6 (IL-6), and interleukin 8 (IL-8); T lymphocyte subsets, including CD3*, CD4 ", CD8™,
and CD4"/CD8" cells; and natural killer cells (NK cells).

Methods: We randomly divided 62 patients who underwent general anesthesia for thoracotomy into two groups:
TEAS and sham TEAS. Patients in the TEAS group underwent bilateral acupoint electrical stimulation at the
HouXi, Zhi.Gou, Nei.Guan, and He Gu acupoints from 30 min before anesthesia induction until the end of
surgery. TEAS was continuously maintained throughout the procedure with a dilatational wave at 2/100 Hz.
Those in the sham TEAS group underwent the same management but without stimulation, and the anesthesia
induction and maintenance methods were the same in both groups. Venous blood was drawn to monitor in-
flammatory mediators and lymphocyte subsets before anesthesia induction and 5 days after the surgery.
Results: There was no statistical difference in the general conditions between the two groups (P > 0.05). Before
anesthesia induction, the levels of inflammatory factors (IL-6, IL-8, and TNF-a), lymphocyte subsets (CD3™,
CD4", and CD4"/CD8™), and NK cells did not statistically differ between the two groups (P > 0.05). Compared to
the sham TEAS group, the levels of IL-6, IL-8, TNF-a, and CD8" were lower in the TEAS group, while those of
CD3", CD4", CD4"/CD8", and NK cells were higher; however, only the change in TNF-a was significant (P <
0.05).

Conclusion: TEAS at the HouXi, Zhi.Gou, Nei.Guan, and He Gu acupoints at 2 Hz/100 Hz can reduce the in-
flammatory response during one-lung ventilation but has no significant effect on the immune function in patients
with tuberculosis.

1. Introduction

with increased infectivity, requiring surgery. One-lung ventilation
(OLV) is often used in patients with TB undergoing pulmonary surgery,

Tuberculosis (TB) is a chronic infection caused by Mycobacterium
tuberculosis, which can affect many organs, among which the lung is the
most common. China is one of the 22 countries in the world with a heavy
burden of TB and ranks second in terms of the number of patients with
multidrug-resistant TB (MDR-TB) [1,2]. Presently, most clinical re-
sponses to TB involve conservative treatment with drugs. More severe
cases of TB, including MDR-TB, can cause atelectasis, cavity formation,
bronchopleural fistula, and extensive cheese on one side of the lung or
even lung destruction due to chronic inflammation. Such serious con-
ditions can lead to a gradual loss of lung function on the affected side
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and acute lung injury often occurs in the process as an inflammatory
reaction accompanied by the rise of inflammatory mediators. Addi-
tionally, since patients with TB have low immunity and poor cardio-
pulmonary compensatory function and endure lung surgery (long
surgical time, large trauma, and multiple postoperative complications),
perioperative management to reduce complications and improve prog-
nosis has become the top priority (Figs. 1-3).

Transcutaneous electrical acupoint stimulation (TEAS) is a new
therapy that combines the effect of acupoint therapy and that of trans-
cutaneous electrical nerve stimulation [3]. Instead of

2405-5794/© 2022 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


mailto:dxd37642991@sina.com
www.sciencedirect.com/science/journal/24055794
https://www.elsevier.com/locate/jctube
https://doi.org/10.1016/j.jctube.2022.100298
https://doi.org/10.1016/j.jctube.2022.100298
https://doi.org/10.1016/j.jctube.2022.100298
http://creativecommons.org/licenses/by-nc-nd/4.0/

L.-l Xu et al

801
® Group Sham TEAS

m  Group TEAS

=2
o
1

Level(pg/ml)
»
g

20
0 1 1
Preop Postop
Time
Fig. 1. The comparison of TNF-a.
80
e Group Sham TEAS
_ 604 o .o ° o Group TEAS
- L]
£ o e
) o ° o
L]
% 40-ceq q‘oo o. coo ° &
H (<8 o® ™ e
= 204 o © o°
o o e ® 0
O e C’O
. e o
0 [ ]
1T Trrrrrrrrr T TrTr Tl
N DA INDEA PP AP D

Fig. 2. The comparison of TNF-u pre-operation (n = 31).
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Fig. 3. The comparison of TNF-a post-operation (n = 31).

electroacupuncture stimulation, TEAS combined with general anes-
thesia makes up for the lack of acupuncture anesthesia and reduces the
side effects of general anesthetic drugs. Numerous clinical trials have
confirmed that acupuncture combined with anesthesia has the advan-
tage of improving the postoperative immune function of patients. In this
study, we sought to explore the effects of TEAS on the immune function
of patients with pulmonary tuberculosis (PT) and to find the inflam-
matory response caused by lung surgery when operating patients with
PT, thus providing new ideas and strategies for clinical practice.

2. Materials and methods
2.1. General information

The relevant ethics committee approved the trial. We selected sixty-
two patients from the Department of Tuberculosis Surgery of Affiliated
Hangzhou Chest Hospital, Zhejiang University School of Medicine. We
enrolled participants with emphysema who underwent thoracotomy
under general anesthesia from 2017 to 2018. All participants were
provided a written informed consent form before randomization. Using
a central randomization system for clinical research, we randomly
assigned grade I and II American Society of Anesthesiologists criteria
patients (ASA I: normal healthy patient, ASA II: patient with mild sys-
temic disease, ASA III: patient with severe systemic disease, ASA IV:
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patient with severe systemic disease that is a constant threat to life, ASA
V: moribund patient who is not expected to survive without the opera-
tion, and ASA VI: declared brain-dead patient whose organs are being
removed for donor purposes) into the TEAS (2 Hz/100 Hz TEAS) and
sham TEAS groups. Each group had 31 patients among the 40 men and
22 females. The minimum age was 23 and the maximum was 58. We
found no significant differences in age, gender, BMI index, preoperative
vital signs and the duration of surgery, type of anesthesia, and one-lung
ventilation in the two groups (P > 0.05), which were comparable
(Table 1).

2.2. Treatment method

During hospitalization, we monitored the electrocardiogram, heart
rate, noninvasive blood pressure, pulse oximetry, and bispectral index
(BIS). Additionally, Lactated Ringer’s solution was infused through an
open vein channel. To provide electrical stimulation, we used the HANS
LH-202 electrical stimulator (Nanjing Ji Sheng Medical Technology Co,
Ltd, Nanjing, China.). Patients in the TEAS group were placed on TEAS
(with a frequency of 2 Hz/100 Hz [4], the intensity of the current ranged
from 5 to 30 mA and the true stimulation being the maximum tolerable
setting for a patient,) at bilateral Nei.Guan, He.Gu, Hou Xi, and Zhi_ Gou
acupoints from thirty minutes before anesthesia induction until the end
of the surgery. Patients in the sham TEAS group were given TEAS at the
same acupoints but with no electrical stimulation. To achieve effective
anesthesia, patients were placed on oxygen using a pressurized mask and
were sequentially injected with intravenous midazolam 0.05 mg/kg,
propofol 2-2. 5 mg/kg, sufentanil 0.3-0.5 pg/kg, and rocuronium bro-
mide 0.8 mg/kg. Mechanical ventilation was then performed following
tracheal intubation. The infusion rate of dexmedetomidine and the
inhalation concentration of sevoflurane were adjusted during surgery,
and cis-atracurium was intermittently added (0.04-0.045 mg/kg),
maintaining the BIS between 45 and 55.

3. Efficacy observation
3.1. Observation indicators

Two monitoring time points were used to assess the effects of TEAS:
preoperatory (before induction of anesthesia) and postoperatory (5 days
after the surgery).

Venous blood was taken at preoperation and postoperation to mea-
sure the levels of tumor necrosis factor-a (TNF-a), interleukin-6 (IL-6),
and IL-8 in serum, T lymphocyte subsets (CD3", CD4 ", and CD8™), and
natural killer cells (NK cells) using enzyme-linked immunosorbent assay

Table 1
Comparison of the general information between the two groups of patients (n =
31).

Index sham TEAS TEAS F/t P

Age (years) 49 (31-58) 37 (23-58) -0.923  0.356

Gender (number) 0.282 0.596

Male 21 (67.74%) 19 (61.29%)

Female 10 (32.26%) 12 (38.71%)

BMI index 20.52 (18.2- 21.26 (19- -1.211  0.226
21.8) 23.12)

Operation time (min) 162.48 + 162.74 + -0.020 0.984
56.73 46.97

Anesthesia time (min) 235.77 + 234.71 + 0.077 0.939
51.78 57.4

OLV time (min) 120 (90-150) 120 (85-158) -0.014 0.989

Preoperative MAP (mmHg) 87.35 £ 90.58 + 7.63 -1.407  0.165
10.24

Preoperative heart rate 82.84 +£8.71 85.03 +£13.8 -0.748  0.458

(beats/min)
Preoperative pulse oxygen 98 (98-99) 98 (98-99) -1.066  0.286

saturation (%)

Note: Compared to the sham TEAS group, p > 0.05
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(ELISA). The preparation of all reagents, the working standards, and
protocol were followed according to the manufacturer’s instructions.

3.2. Statistical analysis

Statistical analysis was performed using the SPSS 22.0 software
package. For data that were normally distributed, the mean + standard
deviation was used to describe the data distribution, and independent
sample t tests were used to compare the differences between groups. For
non-normal data, the median and quartile were used, and the rank sum
test was used to compare the differences between groups. All tests in this
article were two-sided. The results were statistically significant (P <
0.05).

4. Results
4.1. Comparison of inflammatory factors

Table 2 shows the comparison of the levels of IL-6, IL-8, and TNF-«
between the two groups of patients preoperation and postoperation.
There was no statistical difference in the levels of inflammatory factors
IL-6, IL-8, and TNF-a between the two groups in preoperation (p > 0.05).
Although IL-6, IL-8, and TNF-a levels were lower in the TEAS group than
in the sham TEAS group postoperation, only the difference in TNF-a was
statistically significant (p < 0.05).

4.2. Comparison of lymphocyte subsets and NK cells

Table 3 shows the comparison of CD3*, CD4", CD8", CD4"/CD8™,
and NK cells at different time points between the two groups of patients.
We found no statistical difference in the levels of CD3™, CD4™", CD4"/
CD8*, and NK cells between the two groups preoperation (p > 0.05). The
CD3%, CD4", CD4"/CD8", and NK cells were higher and the CD8" was
lower in the TEAS group compared with the sham TEAS postoperation
group, but the difference was not statistically significant (p > 0.05).

5. Discussion

Proinflammatory and anti-inflammatory factors occur in a balanced
state in the body, and the production and expression of these two factors
contribute to the occurrence and deterioration of the inflammatory
response. When the body is infected and attacked by Mycobacterium
tuberculosis, a strong inflammatory response follows, setting off
numerous proinflammatory factors. Joshi L et al. [5] evaluated the
levels of TNF-a, IL-10, and IL-6 cytokines among patients with TB, their
household contacts, and healthy people using ELISA and found higher
serum levels of IL-6, IL-10, and TNF-« in patients with TB than in con-
trols. Additionally, studies have shown that even in the absence of sur-
gery, inflammatory cytokines increased significantly in the
bronchoalveolar lavage fluid of collapsed lung after one-lung ventila-
tion. Surgical procedures can lead to diffuse alveolar damage, including

Table 2
Comparison of IL-6, IL-8, and TNF-u preoperation and postoperation in the two
groups (n = 31).

Point Index Sham TEAS TEAS t/Z P

time (pg/ml)

Preop TNF-a 31.64 + 15.48 31.69 + 14.06 -0.014  0.989
IL-6 25.66 + 9.22 25.71 +10.04 —0.022 0.983
1L-8 18.77 18.77 -0.415  0.678

(13.31-23.72) (16.03-24.69)

Postop TNF-a 49.06 + 19.00 40.54 + 12.77 2.070  0.043*
IL-6 40.89 + 9.44 36.35 + 9.55 1.881 0.065
1L-8 30.65 29.05 -1.309  0.190

(25.63-38.26)

(23.31-33.56)

Note: Compared to the sham TEAS group, *p < 0.05
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Table 3
T lymphocyte subsets and NK cell levels preoperation and postoperation in the
two groups (n = 31).

time index Sham TEAS TEAS t/Z P

preop CD3" (%) 69.38 + 7.92 69.21 + 7.68 0.085 0.932
CD4" (%) 38.31 + 8.52 38.18 + 7.57 0.064  0.949
CD8" (%) 24.92 + 6.6 24.93 + 6.83 -0.004  0.997
CD4t/ 1.45(1.18-2.1) 1.5(1.15-2.03) —0.211 0.833
CD8*
NK cells 9.87(7.53-16.7) 10.39 -0.176  0.860
(%) (8.47-14.35)

postop  CD3*(%) 57.89 + 6.7 61.01 +7 ~-1.795  0.078
CD4" (%) 27.49 30.38 -1.795  0.073

(24.23-30.28) (25.48-33.57)

CD8" (%) 32.07 £ 6.43 29.71 £ 6.72 1.412 0.163
CD4"/ 0.9(0.7-1.05) 1.03(0.78-1.19) -1.852  0.064
CcD8"
NK cells 7.23 7.46 —1.408 0.159
(%) (5.27-10.42) (6.35-13.27)

Note: Compared to the sham TEAS group, p > 0.05

neutrophil infiltration, atelectasis, interstitial edema, or microbleeding
[6]. These can also induce the expression of inflammatory factors,
proinflammatory factors, TNF-a, and IL-1p in collapsed lungs after
retraction [7].

We found that there are different inflammatory factors detected in
different experiments, and in this experiment, we found changes in IL-6,
IL-8, and TNF-« levels. According to Lai WY et al. [8] TNF-a is a cytokine
that contributes to the early stage of local and systemic inflammation. It
can activate tissue resident neutrophils and macrophages to secrete TNF-
o and other proinflammatory cytokines, such as IL-6 and IL-8, which in
turn recruit polymorphonuclear leukocytes (PMNs) into the damaged
tissues and aggravate the cascade of cell death signaling. IL-6 is pro-
duced by activated monocyte macrophages, endothelial cells, and T
lymphocytes, which can promote monocytes and T lymphocytes to
secrete pro-inflammatory factors, such as interferon (IFN)-y and TNF-a,
and aggravate the inflammatory response. Therefore, the detection of IL-
6 in blood is helpful to estimate the inflammatory status of lung tissue
[9]. IL-8 is mainly produced by monocyte macrophages and neutrophils,
but also a neutrophil activator, which promotes the expression of pro-
inflammatory factors, including TNF-o, IL-17, and IL-1§ that in-
tensifies the inflammatory response. IL-8 also promotes cell apoptosis,
inhibits cell activity, and eventually causes acute lung injury by inhib-
iting SP-A and SP-B protein levels. It is, therefore, an important deter-
minant of lung injury [10]. In this experiment, the inflammatory factors
(IL-6, IL-8, and TNF-a) did not statistically differ between the two
groups’ preoperation. However, their postoperation levels in the two
groups were higher that are consistent with related research [11], which
were more significant in the control group. There was no significant
difference in the levels of IL-6 and IL-8 between the two groups, only the
difference in TNF-a was statistically significant. We believe that TEAS
could inhibit the inflammatory damage caused by PT surgery to a certain
extent by reducing the release of TNF-a, thereby weakening the cascade
amplification effect of inflammatory damage initiated by TNF-a and
preventing further damage to the lung tissue.

T lymphocytes play important roles in the occurrence and develop-
ment of TB. Changes in the number or proportion of T cell sub-
populations, especially the CD4" and CD8 + T cells, will directly affect
the form of Mycobacterium tuberculosis in vivo, thereby affecting the
progress of the disease. Green et al. [12] confirmed that the decline in
CD4 + T cells positively correlated with the severity of the disease and
the bacterial growth index, and the host cell death index increased with
their depletion during chronic infection. CD8" T cells exhibit cytolytic
functions to kill M. tuberculosis-infected cells via granule-mediated
function (perforin, granzymes, and granulysin) or Fas-Fas ligand inter-
action to induce apoptosis [13]. This entails that the more severe the
disease is, the higher the level of CD8 cells. Bold et al. [14] pointed out
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that CD8" T cells depended on CD4™ T cells, the CD4/CDS8 ratio in pa-
tients with TB was significantly lower than that in healthy people, and
the decline in this ratio positively related to the severity of the disease.

Presently, most experimental results [15,16] suggest that TEAS can
reduce postoperative immunosuppression and have a positive regula-
tory effect on immune function, especially cellular immune function, but
the time points of each experiment are different. In this study, there was
a significant decline in the levels of CD3", CD4", CD4"/CD8", and NK
cells between the two groups preoperatively and a significant rise in
CD8" level. It can be seen that the immune function of patients with PT
is suppressed to a certain extent by surgery and anesthesia, and TEAS has
a certain effect on the immune function on the fifth day after surgery,
which is not significant. As evidenced by the above clinical studies,
lymphocyte subsets and NK cells changed over time. In this experiment,
few time points were selected due to the limited funds and time; thus, we
could not rule out the significant difference immediately following the
surgery to the fifth day postoperation. The advantage of TEAS in
improving postoperative immune function is still affected by many
factors in the clinic, such as the stability of the effect, the time limit of
the evaluation index, and the combination of acupoints. Moreover, the
effects of acupuncture anesthesia vary for people of different constitu-
tions. Generally, the sample size of this study was relatively small, and
this was a single center design making the selection bias, which may lead
to differences in measurement indicators. Therefore, further research is
needed to explore the effect of TEAS on immune function of patients
undergoing TB surgery.
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