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Abstract
Background  Lumbar disc herniation is seen in 5–15% of patients with lumbar back pain and is the most common 
spine disorder demanding surgical correction. Spinal surgery is one of the most effective management for these 
patients. However, current surgical techniques still present complications such as chronic pain in 10–40% of all 
patients who underwent lumbar surgery, which has a significant impact on patients’ quality of life. Research studies 
have shown that transcutaneous electrical acupoint stimulation (TEAS) may reduce the cumulative dosage of 
intraoperative anesthetics as well as postoperative pain medications in these patients.

Objective  To investigate the effect of pTEAS on pain management and clinical outcome in major spinal surgery 
patients.

Methods  We conducted a prospective, randomized, double-blind study to verify the effect of pTEAS in improving 
pain management and clinical outcome after major spinal surgery. Patients (n = 90) who underwent posterior lumbar 
fusion surgery were randomized into two groups: pTEAS, (n = 45) and Control (n = 45). The pTEAS group received 
stimulation on acupoints Zusanli (ST.36), Sanyinjiao (SP.6), Taichong (LR.3), and Neiguan (PC.6). The Control group 
received the same electrode placement but with no electrical output. Postoperative pain scores, intraoperative 
outcome, perioperative hemodynamics, postoperative nausea and vomiting (PONV), and dizziness were recorded.

Results  Intraoperative outcomes of pTEAS group compared with Control: consumption of remifentanil was 
significantly lower (P < 0.05); heart rate was significantly lower at the end of the operation and after tracheal 
extubation (P < 0.05); and there was lesser blood loss (P < 0.05). Postoperative outcomes: lower pain visual analogue 
scale (VAS) score during the first two days after surgery (P < 0.05); and a significantly lower rate of PONV (on 
postoperative Day-5) and dizziness (on postoperative Day-1 and Day-5) (P < 0.05).

Conclusion  pTEAS could manage pain effectively and improve clinical outcomes. It could be used as a 
complementary technique for short-term pain management, especially in patients undergoing major surgeries.

Trial registration  ChiCTR1800014634, retrospectively registered on 25/01/2018. http://medresman.org/uc/
projectsh/projectedit.aspx?proj=183
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      Background
Studies have reported that 75–85% of the global popula-
tion suffers from lumbar back pain at some point in life 
[1]. Lumbar back pain occurring during old age is often 
accompanied by psychosocial distress, physical limita-
tion, sleep disturbances, and depression [2]. Among 
other causes, lumbar disc herniation is seen in 5–15% of 
the patients with lumbar back pain [3, 4]. This particu-
lar etiology usually results in disability, demands surgical 
correction, and burdens families and society [5, 6].

Nowadays, more clinicians and patients have turned to 
spinal surgery as a treatment option, as evidenced by a 
two-fold increase in spinal surgeries performed in the last 
fifteen years [7]. However, postoperative complications 
continue to develop in 10–40% of all patients, includ-
ing chronic persistent postoperative pain [8], anesthetic 
complications such as post-operative nausea and vomit-
ing (PONV), positioning complications, acute spinal cord 
injury, vascular injury, cardiovascular events, pulmonary 
complications. Persistent pain occurs in over 20% of all 
post-lumbar surgery patients, creating a healthcare bur-
den in the long run. Previous studies have reported that 
0.014–0.2% of patients experienced stroke post-spinal 
surgery [9, 10], around 13% developed pulmonary com-
plications [11] and on average, lost 0.5-3.0 L of blood dur-
ing operation [12, 13]. Major intraoperative hemorrhage 
has been identified as an independent predictive marker 
to develop postoperative complications such as stroke, 
myocardial infarction [10], and coagulopathy [14]. With-
out treatment, complications following spinal surgery 
may put the patient in severe or even permanent morbid-
ity [15–18]. The existing strategy emphasizes multimodal 
pharmacologic as well as non-pharmacologic interven-
tions that include using different classes of painkillers to 
manage pain; avoiding nitrous oxide, neostigmine, and 
inhalational anesthetics to prevent PONV [19]; and using 
tranexamic acid, magnesium sulfate or inducing hypo-
tension to reduce hemorrhage [7].

Transcutaneous electrical acupoint stimulation (TEAS) 
has been shown to relieve postoperative pain, reduce the 
cumulative dosage of intraoperative anesthetics and min-
imize general anesthesia-related side effects [20]. Accord-
ing to a meta-analysis of 14 randomized controlled trials 
(RCTs), TEAS can effectively prevent PONV and dizzi-
ness [21]. However, how perioperative transcutaneous 
electrical acupoint stimulation (pTEAS) in spinal surgery 
affects the clinical outcome remains unclear. This pro-
spective, randomized, double-blind study was conducted 
to verify whether pTEAS could improve pain manage-
ment and clinical outcome after spinal surgery.

Methods
Study
This study was a prospective, randomized, double-
blind RCT approved by the local Clinical Research Eth-
ics Committee and was registered at clinicaltrials.gov 
(chiCTR1800014634, 25/01/2018). Written informed 
consent was obtained from each patient before enroll-
ment in the study. Three primary outcomes were exam-
ined: (1) the VAS score for short-term pain management; 
(2) the consumption of remifentanil; and (3) the inci-
dence of PONV and dizziness. The secondary outcomes 
were perioperative hemodynamics, intraoperative blood 
loss, and postoperative consumption of antiemetics.

Patients
From March 2016 to February 2017, 90 patients under-
going elective major posterior lumbar spinal surgery for 
spinal stenosis as well as degenerating intervertebral disc 
under general anesthesia were assigned into two groups: 
patients to receive total intravenous anesthesia (Control 
group, n = 45), and others to receive pTEAS in addition to 
total intravenous anesthesia (pTEAS group, n = 45).

Inclusion criteria are as follows: (1) ASA I – II; (2) 
between 40 and 70 years of age; (3) diagnosed with lum-
bar spinal stenosis or lumbar intervertebral disc hernia-
tion based on imaging results; and (4) undergoing the 
operative procedures of posterior lumbar decompression, 
bone graft fusion, and internal fixation.

Exclusion criteria include having a past medical his-
tory of malignant tumors or severe cardiovascular 
disease.

Elimination criteria are as follows: (1) uncooperative 
patients who refuse treatment; (2) intraoperative blood 
loss of more than half of the total blood volume; (3) seri-
ous surgical complications such as the patient falling into 
a coma.

Randomization and blinding
The sample size was determined by previous literature. 
All patients (n = 90) were randomized using a computer-
generated number. Numbers 1 to 45 were assigned to the 
pTEAS group, while numbers 46–90 were assigned to 
the Control group. All researchers involved in this study 
were blinded to these groupings. Only the stimulator was 
aware of the groupings; however, the stimulator was not 
involved in the process of data collection, processing, and 
the findings of this project.

Keywords  Perioperative transcutaneous electrical acupoint stimulation (pTEAS), Pain management, Major spinal 
surgery, Clinical outcome
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pTEAS
pTEAS was performed on the patient before induction of 
general anesthesia by a trained doctor. Based on the prin-
ciple of traditional Chinese medicine, bilateral Zusanli 
(ST.36) and Sanyinjiao (SP.6) were stimulated by cutane-
ous electrode pads at 2/15Hz for 30 min before anesthesia 
induction and then at 2/100Hz throughout the operation. 
Additional stimulation was administered until the post-
operative day (POD) 4, wherein bilateral Taichong (LR.3) 
and Neiguan (PC.6) were stimulated at 2/15Hz for 30 min 
once daily. Whereas the stimulator used in the study is 
Han’s acupoint stimulator (HANS LH-202 H, Huawei Co. 
Beijing, China), stimulated in a symmetrical bidirectional 
pulse with a width of 0.2 ~ 0.6 ms, the frequency of the 
output stimulation is an alternating dense-and disperse-
mode of 2/15 or 2/100 Hz, where the 2 Hz (0.6-ms pulse 
width) stimulation is alternated with 100 Hz stimulation 
(0.2-ms pulse width) automatically. In each set (2/15 and 
2/100), a 3s alternating time was given between 2 and 15 
or 2 and 100 Hz, respectively. The intensity was adjusted 
according to individuals’ maximum tolerance, the instru-
ment we used has two output channels, channel A and 
channel B. Before anesthesia induction, the anode of 
channel A is connected to the left Zusanli (ST.36) point, 
the cathode is connected to the ipsilateral Sanyinjiao 
(SP.6) point, the anode of channel B is connected to the 
right Zusanli (ST.36) point, and the cathode is connected 
to the ipsilateral Sanyinjiao (SP.6) point. During post-
operative stimulation, the anode of channel A is con-
nected to the left Taichong (LR.3) point, the cathode is 
connected to the left Neiguan (PC.6) point, the anode of 
channel B is connected to the right Taichong (LR.3) point 
and the cathode is connected to the right Neiguan (PC.6) 
point. Acupoints were identified in accordance with the 
traditional anatomic localization (Fig. 1).

The electrodes that we used were silver/silver chlo-
ride electrodes produced by Shanghai Shenfeng Medical 
Care Products Co., Ltd., Shanghai, China, which conduct 
electricity through the metal material and conductive gel 
in the middle of the circle and conduct electricity in a 

circular area with a diameter of 15 mm, and the area of 
electric conductivity is the “effective area”. The electrodes 
of each patient are connected to the same acupuncture 
points in the same way to ensure the same polarity of the 
electrodes. The acupoint of the pTEAS device was given 
on patients’ legs or hands that were fully covered by the 
materials to ensure the pTEAS device was out of sight 
of blinded researchers. The Control group had the same 
electrode placement but no electrical stimulation was 
applied.

Anesthesia and perioperative management
Under the Target-Controlled Infusion (TCI) system, 
anesthesia was induced intravenously with propofol and 
fentanyl. Vecuronium was administered intravenously 
at 0.1  mg/kg after the patient lost consciousness. Sub-
sequently, an orotracheal intubation tube was placed. 
Anesthesia was maintained by propofol and remifent-
anil under the TCI system while the depth of anesthesia 
was monitored using NarcoTrend Index (NTI). Using 
the models put forward by Marsh and colleagues [22], 
the concentrations of propofol (2.5–3.5 µg/ml) and remi-
fentanil (2.0–4.0 ng/ml) in plasma were adjusted accord-
ing to hemodynamics and NTI (37–64). The TCI pump 
recorded the cumulative dosage of anesthetics used 
throughout the operation. The patients received mechan-
ical ventilation set at volume-controlled mode (tidal 
volume of 6–8 ml/kg according to the intraoperative end-
expiratory carbon dioxide controlled between 35 and 
45 mmHg). The target-controlled infusion was stopped 
10 min before the end of surgery. In both groups, patients 
were administered with 2 mg/kg tramadol injection and 
1 µg/kg fentanyl at the end of the operation before being 
transferred to the Post-anesthesia Care Unit (PACU) for 
extubation and recovery.

Data collection
Perioperative hemodynamics including systolic blood 
pressure (SBP), diastolic blood pressure (DBP), and 
heart rate were recorded at five time points: induction, 

Fig. 1  Location of acupoints. From left to right: Sanyinjiao (SP 6). Zusanli (ST 36). Neiguan (PC 6). Taichong (LR 3)
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intubation, the start of the operation, end of the opera-
tion, and extubation. We calculated the consumption of 
propofol and remifentanil and recorded the intraopera-
tive blood loss, time to extubation, operation duration, 
and total anesthesia duration. The patients were fol-
lowed up until postoperative day (POD) 5 for the visual 
analogue scale (VAS) score, calculated as follows: 0 rep-
resents no pain, 1–3 denotes mild pain, 4–6 signifies 
moderate pain, > 7 represents severe pain and 10 shows 
the worst pain possible, as well as the incidence of PONV 
and dizziness, consumption of rescue antiemetics.

Statistical analysis
After performing all statistical analyses in SPSS version 
19.0, we used the two-sample t-test to compare the mean 
of continuous measurements between study groups. We 
elucidated the dichotomous variables by ‘the number of 
patients (percentage)’ and analyzed the data using the 
chi-square test, Mann–Whitney U test, or Fisher’s exact 
test. For all statistical tests, the level of significance was 
set at 0.05.

Results
Among a total of 90 patients, six were excluded: two 
patients suffered a massive hemorrhage of more than half 
of their total blood volume (each group respectively), one 
patient had a serious postoperative complication (Con-
trol group), whereas three patients did not have their 
data collected completely (Control group). Eventually, 
84 patients completed the study; 40 patients in Control 
group (40/90, 44.4%) and 44 patients in pTEAS group 
(44/90, 48.9%) (Fig. 2).

The baseline characteristics of both groups were similar 
to each other (P > 0.05) (Table 1).

Clinical outcome
Primary outcome
(i) The consumption of remifentanil  Remifentanil, a 
selective µ-receptor agonist that suppresses somatic 
stress and adrenergic response, is commonly used in 
general anesthesia and pain management. However, 
remifentanil may be associated with opioid-related side 
effects (including nausea, vomiting, or reduced level of 
consciousness), causing a delay in postoperative recovery, 

Fig. 2  Flow chart depicting the workflow of this trial
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poor clinical outcome, or other complications such as 
infection or cancer. According to data gathered from the 
TCI system, the cumulative dosage and index of remi-
fentanil consumption in the pTEAS group were signifi-
cantly lower than that in the Control group [Cumulative 
dosage: 1383(494) vs. 1637(630) µg; Index: 0.084(0.018) 
vs. 0.114(0.090) µg/min/kg; P < 0.05, respectively]. Both 
groups were similar with respect to cumulative con-
sumption of propofol [(0.086(0.012) vs. 0.091(0.015) mg/
min/kg; P > 0.05], time to extubation [40.20(19.27) vs. 
36.95(16.70) min; P > 0.05], duration of surgery [232(70) 
vs. 215(61) min; P > 0.05], and total anesthesia duration 
[290(71) vs. 271(70) min; P > 0.05] (Table 2).

(ii) VAS score in pain management
VAS is a measure of the severity of pain based on an 
individual’s psychometric response. VAS score provides 
a quick way of categorizing disease severity and deter-
mining the appropriate management. We observed the 
patients until the postoperative day (POD) 5. We found 
that the VAS score in pTEAS group was significantly 
lower than that in the Control group on POD-1 and 
POD-2 respectively [POD-1: 1.77(0.91) vs. 2.25(0.71); 
POD-2: 1.55(0.59) vs. 2.00(0.91); P < 0.05, respectively]. 
We also observed a lower VAS score trend in pTEAS-
treated patients from POD-3 to POD-5, although this 
result did not show statistical significance (Table 3).

(iii) PONV and dizziness and consumption of antiemetics
Postoperative nausea and vomiting (PONV)—itself a dis-
tressing experience to patients—is a common side effect 
of surgery and anesthesia. Besides PONV, patients are 
also at risk of other discomforts such as aggravation of 
pain resulting from wound dehiscence. PONV is defined 
as nausea, retching, or vomiting, whereas dizziness is 
defined as disorientation in space, lightheadedness, or 
a sense of unsteadiness. At first, the rate of PONV from 
POD-1 to POD-4 and usage of rescue antiemetics from 
POD-1 to POD-5 were similar between groups. However, 
on POD-5, the rate of PONV was observed to be sig-
nificantly lower in the pTEAS group than in the Control 
group [POD-5: 0 vs. 6(15%), P < 0.05]. The rate of dizzi-
ness on POD-1 and POD-5 was also significantly lower in 
pTEAS group [POD-1: 0 vs. 6(15%); POD-5: 2(4.5%) vs. 
10(25%); P < 0.05, respectively] (Table 4), (Fig. 3).

Secondary outcome
(i) Perioperative hemodynamics
We analyzed the following data to understand periopera-
tive hemodynamics and surgical stress: (1) blood pres-
sure including SBP and DBP; (2) heart rate; and (3) NTI 
at the time of intubation, the start of the operation, end 
of the operation, and after tracheal extubation. Interest-
ingly, the heart rate of patients in the pTEAS group was 
significantly lower than that of the Control group at the 
end of the operation [64.05(10.52) vs. 57.05(08.12) bpm; 
P < 0.05] and after tracheal extubation [78.70(15.28) vs. 
69.09(11.00) bpm; P < 0.05] respectively. However, no sig-
nificant difference was observed in intraoperative blood 
pressure and NTI between both groups (Table 5).

(ii) Intraoperative blood loss
Perioperative bleeding poses a major surgical risk factor 
during both perioperative and postoperative periods; this 
could potentially result in complications, a high mortal-
ity rate, and a greater healthcare burden. We calculated 
the total volume of blood loss at the end of the operation 
and found that intraoperative blood loss was significantly 

Table 1  Patient characteristic. Data presented as mean (S.D.).
Control group 
(n = 40)

pTEAS 
group 
(n = 44)

Age (yr) 56.02(8.48) 57.58(7.81)

Sex

  Male 16 10

  Female 24 34

Height (cm) 161.53(9.58) 159.11(8.74)

Body Mass Index (BMI) 23.55(2.49) 24.25(3.27)

Table 2  Consumption of anaesthetics, peri-operative outcomes. 
Data presented as mean (S.D.).

Control 
group 
(n = 40)

pTEAS group 
(n = 44)

P-val-
ue

Consumption of 
remifentanil(µg)

1637(630) 1383(494) 0.042a

Consumption of propofol(mg) 1529(476) 1478(404) 0.599

Index of propofol 
Consumption(mg/min*kg− 1)

0.086(0.012) 0.091(0.015) 0.064

Index of remifentanil 
Consumption(µg/min*kg− 1)

0.114(0.090) 0.084(0.018) 0.045a

Blood loss (ml) 497(283) 379(202) 0.030a

Time to extubation (min) 40.20(19.27) 36.95(16.70) 0.411

Operation duration(min) 232(70) 215(61) 0.227

Anaesthesia duration (min) 290(71) 271(70) 0.218
a:P < 0.05 vs. control group

Table 3  Postoperative VAS pain score between two groups
Con 
group 
(n = 40)

pTEAS 
group 
(n = 44)

P-value

T0 1.20(0.94) 1.09(0.86) 0.579

T1 2.25(0.71) 1.77(0.91) 0.009a

T2 2.00(0.91) 1.55(0.59) 0.007a

T3 1.80(1.14) 1.45(0.73) 0.098

T4 1.55(0.88) 1.55(1.04) 0.983

T5 1.45(0.93) 1.36(1.04) 0.69
Abbreviation: VAS = Visual analogue scales

a:P < 0.05 vs. control group.T0, baseline; T1,1  day after surgery; T2,2  day after 
surgery; T3,3 day after surgery; T4,4 day after surgery; T5,5 day after surgery
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lower in the pTEAS group in comparison to the Control 
group [379(202) vs. 497(283) ml, P < 0.05] (Table 2).

Discussion
Our research showed that the cumulative dosage and 
index of remifentanil consumption in the pTEAS group 
were significantly lower than that in the Control group 
[Cumulative dosage: 1383(494) vs. 1637(630) µg; Index: 
0.084(0.018) vs. 0.114(0.090) µg/min/kg; P < 0.05, respec-
tively]. Remifentanil, a selective µ-receptor agonist com-
monly used in anesthesia, was found to be a risk factor 
for increased surgical site infection in colorectal surgery 
[23]. Additionally, remifentanil, along with other com-
mon opioids including morphine and fentanyl, has been 
shown to aggravate immune suppression after surgery 
[23–25]. In an RCT study conducted by Wang et al., 
TEAS significantly reduced the dosage of remifentanil 
required during operation and the incidence of dizziness 
[20]. Our study demonstrated that lesser remifentanil 
was consumed due to the effect of pTEAS. This suggests 
that pTEAS can relieve pain, lower opioid consumption 
in surgeries, and alleviate anesthesia-related side effects.

Postoperative pain usually arises from the invasive 
and traumatic surgical process; in addition, it imposes 
a healthcare burden because its management requires 
extensive time and resources[26]. Statistics revealed 
that three in every four patients suffered from moderate 
to severe pain after an operation [27]. This type of pain 
demands medical attention because it can adversely affect 
the patient’s state of health by causing a slower recovery, 
a greater reliance on pain medications, and severe men-
tal distress [28]. Hence, postoperative management of 
acute pain is crucial due to its effect on long-term clini-
cal outcomes. We observed the patients until the postop-
erative day (POD) 5. According to our findings, the VAS 
score in pTEAS group was significantly lower than that 

Table 4  PONV and postoperative dizziness and usage of 
medication

T1 T2 T3 T4 T5
PONV

  Control 
group (n = 40)

8(20%) 2(5%) 0 2(5%) 6(15%)

  pTEAS group 
(n = 44)

8(18%) 0 0 0 0a

  P values 0.832 0.224 / 0.224 0.009

Dizziness

  Control 
group (n = 40)

6(15%) 2(5%) 4(10%) 8(20%) 10(25%)

  pTEAS group 
(n = 44)

0a 2(4.5%) 6(13.6%) 2(4.5%)a 2(4.5%)a

  P values 0.009 1.000 0.741 0.042 0.011

PPI and G

  Control 
group (n = 40)

40(100%) 40(100%) 40(100%) 36(90%) 30(75%)

  pTEAS group 
(n = 44)

40(100%) 40(100%) 38(86%)a 38(86%) 28(64%)

P values / / 0.027 0.741 0.261

Rescue 
Antiemetic

  Control 
group (n = 40)

4(10%) 2(5%) 0 0 0

  pTEAS group 
(n = 44)

2(4.5%) 0 0 0 0

  P values 0.418 0.224 / / /
Abbreviation: PONV, postoperative nausea and vomiting; PPI, Proton pump 
inhibitor; G, glucocorticoid

Data presented as n (%). a:P < 0.05 vs. control group

T1, 1 day after surgery; T2, 2 days after surgery; T3, 3 days after surgery; T4, 4 
days after surgery; T5, 5 days after surgery

Fig. 3  PONV and usage of PPI & G
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in the Control group on POD-1 and POD-2, respectively 
[POD-1: 1.77(0.91) vs. 2.25(0.71); POD-2: 1.55(0.59) vs. 
2.00(0.91); P < 0.05, respectively]. We also observed a 
lower VAS score trend in pTEAS-treated patients from 
POD-3 to POD-5, indicating that pTEAS could be used 
to improve the short-term management of postoperative 
pain.

PONV is a common side effect of surgery and anesthe-
sia. The use of volatile agents induced moderate to severe 
nausea and vomiting in 30–50% of all general anesthe-
tized patients [29]. A prospective survey revealed that 
surgical patients are often worried about PONV and its 
occurrence usually causes patient dissatisfaction [30]. 
PONV is an uncomfortable experience on its own, but it 
may even lead to wound dehiscence, water and electro-
lyte imbalance, or aspiration pneumonia [31]. A meta-
analysis of 14 RCTs suggested that TEAS can effectively 
prevent PONV and dizziness [21]. Most studies on the 
incidence of PONV and dizziness were only from post-
operative data recorded in 24  h [32]. However, the fact 
remains that PONV can last up to several days in high-
risk patients. Our study demonstrated that PONV and 
dizziness continue to affect the patients at the end of the 
five-day postoperative follow-up; although patients in 
the pTEAS group experienced significantly less PONV 
(on POD-5) and dizziness (on POD-1 and POD-5) than 
patients in Control group. This shows that spinal sur-
gery-related side effects such as PONV and dizziness 
can plague the patients for a long time after the opera-
tion. Therefore, it is critical to recognize ways of prevent-
ing and treating these side effects in a timely and effective 
manner. In terms of the patients covered by our study, 
the usual postoperative management of major spinal sur-
gery entails giving a standard amount of glucocorticoid 
and proton pump inhibitor (PPI) medication after the 
surgery (POD 1–3). The purpose of both is to prevent 
PONV, with patients asking for rescue antiemetic after 
suffering from severe nausea and vomiting. Therefore, a 
higher incidence of PONV did not increase the use rate 
of rescue antiemetic in the Control group. Table 4; Fig. 3 
illustrate that as the amount of drug (glucocorticoid 
and proton pump inhibitor (PPI) medication) decreased 
from POD3, the feeling of nausea and vomiting tended 

to increase. This suggests that the anti-nauseatic effect of 
both drugs are being cleared from the system. However, 
interestingly, the level of nausea and vomiting dropped to 
0 in the pTEAS group at POD 5 (Fig. 3, p < 0.05), indicat-
ing that pTEAS did have a long-lasting effect of prevent-
ing PONV in our patients.

Studies have shown that heart rate affects survival and 
clinical outcome to a great extent. For example, a pre-
clinical study involving rats suggested that a higher heart 
rate during vascular surgery is associated with a greater 
risk of adverse outcomes [33]. An increase in heart rate 
and blood pressure is caused by surgery-induced stress, 
in which endocrine, metabolic, and immunologic path-
ways become activated [34]. In this research, the heart 
rate at the end of surgery [64.05(10.52) vs. 57.05(08.12) 
bpm; P < 0.05] and at the time of extubation [78.70(15.28) 
vs. 69.09(11.00) bpm, P < 0.05] were significantly lower in 
pTEAS group in comparison to the Control group. This 
suggests that pTEAS may help alleviate cardiac adverse 
effects. A study by Fang et al. demonstrated that using 
TEAS apart from general anesthesia may protect against 
myocardial ischemia, facilitate recovery of cardiac func-
tion, and prevent apoptosis of cardiomyocytes [35]. Our 
study suggests that pTEAS may provide protection for 
the myocardium due to a lower heart rate and its inhibi-
tory effect on surgery-induced stress.

Blood loss is an issue every surgeon and anesthetist 
pays a great deal of attention to during surgeries. Peri-
operative hemorrhage is a major surgical risk factor 
during both the perioperative and postoperative peri-
ods; this could potentially lead to complications, a high 
mortality rate, and a greater healthcare burden [36–39]. 
A study involving 39,309 surgical patients demonstrated 
that moderate to severe anemia due to intraoperative 
hemorrhage is associated with a higher rate of inten-
sive care admission after surgery, longer hospital stay, 
and increased in-hospital death rate [40]. Previous stud-
ies revealed that patients who underwent spinal fusion 
surgery lost 0.5-3 L of blood during surgery and 30% of 
them eventually required transfusion [12, 13]. Further-
more, patients who require a blood transfusion during 
surgery have been shown to need longer in-hospital care 
and a higher morbidity rate after surgery [41]. We have 

Table 5  Perioperative Systolic blood pressure (SBP), Diastolic blood pressure (DBP), heart rate (HR) and Narcotrend index (NTI).
Control group (n = 40) pTEAS group (n = 44)
SBP DBP HR NTI SBP DBP HR NTI

T0 141.45(17.54) 83.70(10.80) 80.30(12.04) 98.40(00.59) 138.27(17.82) 83.00(09.09) 76.18(11.93) 98.36(00.78)

T1 111.75(26.36) 69.65(14.62) 75.30(16.71) 44.30(08.00) 105.95(15.50) 66.45(12.00) 74.86(13.84) 43.82(08.73)

T2 119.75(19.59) 70.25(18.58) 58.50(05.94) 40.45(06.35) 115.64(16.20) 72.00(10.15) 58.55(11.23) 39.64(04.97)

T3 129.10(13.36) 82.20(08.96) 64.05(10.52) 72.95(07.77) 132.68(15.33) 80.64(08.40) 57.05(08.12)a 75.82(10.02)

T4 129.90(16.10) 82.35(12.01) 78.70(15.28) / 133.18(15.74) 80.32(09.49) 69.09(11.00)a /
a:P < 0.05 vs. control group

T0, baseline; T1,at the time intubation; T2,at the start of surgery; T3,at the end of surgery; T4,at the time extubation
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found that intraoperative blood loss in the pTEAS group 
was significantly lesser compared to the Control group 
[379(202) vs. 497(283) ml, P < 0.05]. This data indicated 
that pTEAS not only has a potential protective effect on 
blood loss but also helps prevent complications and fur-
ther injury. However, the in-depth mechanism of pTEAS 
warrants further research.

Nevertheless, we are aware of the limitations of our 
research. Firstly, this is a single-center clinical trial with 
a limited number of patients; a large, multicenter study 
is necessary to demonstrate the effectiveness of pTEAS 
from a broader perspective that includes other spinal 
surgery procedures. Secondary, the addition of a study 
group to receive electrical stimulation on a non-meridian 
and non-acupoint area would better demonstrate the 
effectiveness of stimulating specific acupoints.

Conclusion
Effective pain management assumes great significance 
for improving patients’ quality of life (QoL), especially 
after major spinal surgeries. We observed that pTEAS 
could improve short-term pain management and clinical 
outcomes in these patients. Therefore, according to our 
recommendation, clinicians should include pTEAS as a 
complementary technique for effective short-term pain 
management, especially in patients undergoing major 
surgeries.
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