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INTRODUCTION

Transcutaneous electrical stimulation (TES), a 
non-invasive acupuncture technique, is similar 
to electroacupuncture in terms of fundamental 
principles. However, unlike electroacupuncture, 
TES avoids invasive procedure and is more 
conveniently performed than electroacupuncture. 
Furthermore, patients accept TES more readily than 
electroacupuncture. By stimulating special acupoints, 
TES causes the release of various mediators including 
endogenous opioids in the central nervous system, 
providing analgesic and sedative effects.[1]

Neiguan (PC6) is a collateral point to Jueyin, 
the pericardium channel of hand. PC6 acupoint 
stimulation can modulate cardiovascular activity, 
an effect that may be attributed to the attenuation of 

sympathoexcitatory cardiovascular reflex.[2] Hegu (LI4) 
is a collateral point to Yangming, the large intestine 
channel of hand. When this acupoint is stimulated, 
Qi is taken up to ensure proper downward blood 
flow, which helps the body recover and reduce pain. 
In our previous work, stimulation of PC6 and LI4 
acupoints was used to achieve sedation, analgesia and 
tranquilisation.[3]
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In addition, the previous works have shown that 
TES has analgesic and sedative effects.[4,5] A classical 
method to study the efficacy of drugs is to measure 
median effective plasma concentration (Cp50). To our 
best knowledge, however, there is no study having 
assessed the effect of TES on the Cp50 of propofol. 
Thus, the primary objective of this study was to 
determine whether multipoint TES performed on the 
LI4-PC6 acupoints could significantly reduce the Cp50 
of propofol in patients undergoing thyroidectomy. The 
secondary objective was to find the influence of TES 
on haemodynamics.

METHODS

This was a prospective, single-blinded, randomised 
clinical trial aimed to find the Cp50 of propofol. 
This research was approved by the research ethics 
committees of Peking University People’s Hospital, 
Beijing, China (No. 2013-09) and was registered 
in Chinese Clinical Trial Registry (Identifier: 
ChiCTR-TRC-14004435). Written informed consent 
was obtained from all patients.

This trial took a period from June 2014 to February 
2015. Patients undergoing elective thyroidectomy 
were enrolled and they were assigned into two 
groups (control and TES groups) according to a 
random number. The group allocation numbers were 
concealed in sealed opaque envelopes that were opened 
after enrolment of the patients. Patients were blind to 
grouping because both groups received TES stimulation 
with different intensities. The inclusion criteria were 
normal thyroid function, aged 18–70 years, American 
Society of Anaesthesiologists (ASA) score I-II and 
BMI 17–30 kg/m2. Patients with a history of severe 
circulatory or respiratory diseases, diabetes, long-term 
tranquilizer use, use of drugs that affect adrenal gland 
and sympathetic nerve functions, drug addiction and 
history of allergy to propofol were excluded.

After the patient entered the operation room, a 
peripheral venous catheter was placed and sodium 
lactate Ringer’s solution was administered. The 
standard monitor was carried out with multifunctional 
monitor IntelliVue MP (Royal Philips Electronics 
company, Holland). The multipoint TES was performed 
with a HANS LH402 (HAN’S Acupoint Nerve 
Stimulator, Pukang medicine science and technology 
development company, Beijing, China). In control 
group, the electrodes were connected to the LI4 and 
PC6 acupoints on both sides 30 min before anaesthesia 

induction with the minimum current intensity the 
patient could feel (frequency 2/100 Hz alternately). 
In TES group, the electrodes were connected to the 
LI4 and PC6 acupoints on both sides 30 min before 
anaesthesia induction with the maximum current 
intensity that the patient could tolerate (frequency 
2/100 Hz alternately).

Patients in both groups received intravenous 
anaesthesia by target-controlled infusion (TCI) 
of propofol with a Graseby 3500 injection pump 
(Plasma target-controlled infusion mode, initial plasma 
concentration was 3 µg/mL, Graseby Medical company, 
UK). Up-and-down method was used to determine 
Cp50 of propofol. The initial plasma concentration of 
propofol was 3 µg/mL. Unconsciousness was defined 
as a BIS value less than 60. After the patient lost 
consciousness, BIS value was recorded every 30 s for 
3 min, and the average value of these 6 data points was 
calculated. An average BIS value of 50 was considered 
as the cut-off for reducing or increasing the target 
propofol concentration. The gradient of the increase 
or decrease in the propofol plasma concentration 
was 0.3 µg/mL. If the average BIS value was less than 
50 (positive), the initial target propofol concentration 
of the next patient was reduced by 0.3 µg/mL. If the 
average BIS value was higher than 50 (negative), the 
initial target propofol concentration of subsequent 
patient was increased by 0.3 µg/mL. When at least 6 
independent alternations from negative to positive 
were observed, the test was terminated.

The induction process was same in both groups. We used 
target-controlled infusion (TCI) of propofol; the initial 
induction plasma concentration was 3 µg/mL. Three 
minutes after conscious disappeared (BIS < 60), fentanyl 
1 µg/kg and rocuronium 0.6 mg/kg were given. After 
induction of general anaesthesia, oral intubation was 
performed using the direct laryngoscope. Continuous 
oxygen inhalation with mask was given before 
intubation to make sure the blood oxygen saturation 
was maintained above 95% during this process. After 
intubation, the lungs were mechanically ventilated with 
oxygen flow 2 L/min, tidal volume 8–10 mL/kg, frequency 
10–12 times/min. Before operation, midazolam 0.03 mg/
kg was given. Propofol, remifentanil and rocuronium 
were used to maintain anaesthesia.

MAP, HR and BIS were recorded before TES (T0), 1 min 
after intubation (T1) and 3 min after intubation (T2). 
BIS values were also recorded every 30 s until 3 min 
after intubation.
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SPSS 18.0 software was used for all statistical 
analysis. Normal distribution data were expressed 
as means ± SD. The t-test was used for intergroup 
comparison, while the Chi-square test was used for 
enumeration data.

According to the up-and-down method, the average 
concentration of propofol in each crossover from 
negative to positive was calculated and six average 
concentrations were obtained. Then, the average 
concentration of those six values was defined as 
Cp50 of propofol. The 95% confidence interval (CI) 
of Cp50 and the 95%effective plasma concentration 
of propofol (Cp95) were also calculated by Probit 
analysis.

One-way ANOVA was used to analyse the difference 
between T0 and the other time points. Repeated 
measurements were used to analyse the difference 
of the interaction effect between groups and 
time points. A value of P < 0.05 was considered 
statistically significant.

RESULTS

A total of 48 patients were enrolled and 10 were 
men. Control group included 23 patients and TES 
group included 25 patients. There were no statistical 
differences between groups in terms of sex, age, body 
mass index (BMI) or ASA status [Table 1].

The Cp50 of propofol was 3.70 ± 0.28 µg/mL (95% CI, 
3.37–4.75) and 3.08 ± 0.31 µg/mL (95% CI, 2.56–3.68) 
in control and TES groups, respectively [Figure 1]. 
It was significantly decreased by 16.8% in the 
TES group (P = 0.004) [Figure 1]. The Cp95 was 

4.64 µg/mL (95% CI 4.16–11.79) and 3.89 µg/mL 
(95% CI 3.48–10.23) in control and TES groups, 
respectively (P = 0.001).

Between the two groups, there were no significant 
differences in MAP and HR at T0, T1 and T2 [Table 2]. 
In control group, the differences of MAP and HR at T0, 
T1 and T2 were not significant. MAP of T1 increased 
by 4.4% compared with T0 and HR increased by 
16.3%. In TES group, the differences of MAP at T0, 
T1 and T2 were not significant, but HR changes at 
T1 and T2 were significantly higher than those at 
T0 (P < 0.05). MAP of T1 increased by 1.3% compared 
with T0 and HR increased by 16.2%. Each group had 
4 patients whose blood pressure elevated more than 
20% after intubation. There were 11 cases whose heart 
rate elevated more than 20% after intubation in TES 
group. However, there were only 8 cases in control 
group.

DISCUSSION

This trial used BIS to monitor sedation depth and 
up-and-down method to quantitatively assess the 
effect of multipoint TES on LI4-PC6. The results 
showed that Cp50 of propofol in the TES group was 
3.08 ± 0.31 µg/mL, which was 16.8% lower than that 
of control group, with a significant difference. Cp95 
of propofol in the TES group was 3.89 µg/mL and was 
16.2% lower than that of control group. Thus, the 
sedative effect of multipoint TES on LI4 and PC6 points 
of both sides for 30 min was equivalent to a plasma 
propofol concentration of 0.62 µg/mL. Therefore, our 
trial confirmed the sedation effect of TES. Meanwhile, 
TES may not strong enough to help inhibiting the 
haemodynamic reaction induced by intubation.

Table 1: The general data of patients
Control Group (n=23) TES Group (n=25)

Age (–x±s) 47.5±11.9 48.2±11.6
BMI1 (–x±s) 24.4±3.1 24.3±2.8
Sex (Male/Female) 5/18 5/20
ASA2 (I/II) 13/10 17/8
1Body mass index. 2American Society of Anaesthesiologists
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Figure 1: Induction plasma concentration of propofol and the results 
of average BIS value 5–8 min after unconsciousness in both groups. 
Control group: (▲) positive (average value of BIS was below 50), (△) 
negative (average value of BIS was not below 50), (☆) mean of 
crossover. TES group: (●) positive, (○) negative, (★) mean of crossover

Table 2: MAP and HR in both groups (–x±s)
T0 T1 T2

MAP (mmHg)
Control Group (n=23) 90.3±12.4 94.2±18.7 84.9±14.1
TES Group (n=25) 97.0±10.8 98.3±16.6 91.6±16.2

HR (b/min)
Control Group (n=23) 78.2±11.3 90.9±15.4 86.7±13.7
TES Group (n=25) 75.6±9.5 90.4±14.9 84.0±15.9
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According to the previous study,[6] a different-frequency 
electroacupuncture stimulation can cause a release of 
endogenous opioids and therefore produces different 
physiological and therapeutic effects. For instance, 
low-frequency stimulation induces analgesia effect 
through the release of β-endorphin, enkephalin and 
orphanin, meanwhile high-frequency stimulation 
induces analgesia effect through the release of 
dynorphin.[7] The frequency of 2/100 Hz wave is often 
used alternately in thyroid operation.[8] Therefore, a 
2/100 Hz alternate wave was used in this trial.

The BIS is an ideal index for assessing the degree of 
cortex sedation. However, propofol seems to affect BIS 
faster than it affects systolic blood pressure.[9] It has 
been shown that propofol titration with BIS monitoring 
during balanced anaesthesia can decrease propofol 
use and significantly improve recovery, indicating 
that BIS is valuable in guiding intraoperative propofol 
administration.[10] BIS values between 40 and 60 
indicate adequate general anaesthesia for surgery, and 
values below 40 indicate a deep hypnotic state.[11] The 
previous study found that BIS value changes between 
48 and 52 intraoperation[12] could get satisfied sedation. 
The BIS value associated with 95% probability of loss 
of response to a stimulus was 46–48[13] while the BIS 
value associated with 95% and 99% probability of loss 
of consciousness were 63 and 53, respectively.[14] Thus, 
we chose BIS value at 50 as a target point to insure that 
patients were unresponsive to painful stimulus and 
maintained the BIS value 50 ± 5 intraoperation.

Our results indicated that multipoint TES on LI4 and 
PC6 points in both sides for 30 min before anaesthesia 
induction reduced the Cp50 and Cp95 of propofol. This 
suggests that the TES has a supplementary effect on 
sedation. TES has been proved to enhance the sedative 
effect of propofol, reduced the opioids consumption 
and reduced the incidence of anaesthesia-related 
side-effects.[4,15] Electroacupuncture stimulation on 
PC6 has been reported to significantly deepen the 
sedation level of general anaesthesia.[16]

The mechanism underlying the sedative effect of TES 
on LI4-PC6 is not clear. According to the theory of 
traditional Chinese medicine, Jingluo is a system of 
internal main and collateral channels, regarded as a 
network of energy passages. Acupuncture points are 
located in those channels. It is a complex system, 
which can balance the internal environment, reduce 
the threshold of sedative drug indirectly by weakening 
the excitability of a certain meridian. PC6 belongs to 

pericardial meridian and often is used in cardiothoracic 
related aspects.[17] LI4 belongs to large intestine 
meridian and sympathetic activity can be decreased 
when this acupoint is stimulated.[18] We can acquire 
a sedative effect by stimulating both acupoints, but it 
is completely different from the mechanism causing 
by narcotic drugs. TES can subdue the excitement of 
a single meridian which would balance the internal 
body environment[19] and can indirectly reduce the 
threshold of hypnotic sedatives.

For modern medicine, according to the available 
literatures, the mechanism of TES may be the 
secondary sedation effect of endogenous opioids.[20] 
Other studies found evidences that TES or acupuncture 
could induce the changes of EEG activity. The activity 
of alpha and theta oscillations of EEG increased and 
decreased after TES.[21,22] These results suggested that 
TES may modulate the activity and coherence of EEG 
to improve the sedation under anaesthesia.[23]

In this trial, we confirmed that TES can produce a sedative 
effect and decrease Cp50 of propofol by 16.8%. As we 
know, TES also has a good auxiliary analgesic effect, 
but we found that the haemodynamic fluctuations in 
TES group, especially the HR changes, seem to be more 
obvious than those in control group. The differences of 
MAP at different time points were not significant, but 
HR changes at T1 and T2 were significantly higher than 
those at T0 in TES group. The previous studies also 
have similar results as our trial. One study[24] approved 
that TES for 30 min before induction failed to inhibit 
the response of tracheal intubation. Other studies[25,26] 
also showed that the application of TES can only 
partially reduce the haemodynamic changes during 
tracheal intubation. Hence, we may get the conclusion 
that although TES has a certain analgesic effect, it is not 
strong enough to inhibit intubation response. Besides, 
the dosage of propofol in TES group was decreased, 
which may also contribute to this result. Otherwise, the 
dosage of fentanyl was too small to inhibit the reaction 
of intubation. To inhibit the reaction of intubation, the 
dosage of fentanyl needs to reach 5–8 µg/kg.[27] The 
dosage of fentanyl we used was 1 µg/kg and lower than 
that of other experiments.[25,28] This may also be one of 
the possible explanations.

CONCLUSION

In conclusion, this trial shows that multipoint TES at 
LI4 and PC6 can produce a sedative effect equivalent 
to a plasma propofol concentration of 0.62 µg/mL. It 
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indicates that multipoint TES may be useful to achieve 
non-invasive sedation, reduced dose of propofol. 
However, the analgesia effect is not strong enough 
to inhibit the haemodynamic changes induced by 
endotracheal intubation.
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