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Transcutaneous electric acupoint stimulation

alleviates remifentanil-induced hyperalgesia in patients
undergoing thyroidectomy: a randomized controlled trial
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Abstract: Background: In this prospective, randomized, double-blind study, we verified the hypothesis that TEAS can
alleviate remifentanil-induced hyperalgesia in patients undergoing thyroidectomy. Methods: 60 American Society of
Anesthesiologists physical status (ASA) I-lipatients, aged 18-60 year, scheduled for thyroidectomy were randomly
allocated to TEAS or sham groups. TEAS consisted of 30 min of stimulation (6-9 mA, 2/10 Hz) on the Hegu (LI4)
and Neiguan (PC6) before anesthesia. Anesthesia was maintained with sevoflurane adjusted to bispectral index
(40-60) and target remifentanil 5.0 ng/ml. Mechanical pain thresholds were assessed using electronic von Frey.
The primary outcome was mechanical pain thresholds. Secondary outcomes included postoperative pain scores,
the time to first rescue analgesic, cumulative number of rescue analgesia, and side effects, including postopera-
tive nausea and vomiting (PONV), dizziness and shivering in 24 h postoperatively. Results: Baseline mechanical
pain thresholds were similar between the groups. The analysis revealed the decrease in mechanical threshold was
greater in the sham group than the TEAS group (P < 0.001). Postoperative pain scores and cumulative number of
rescue analgesia were lower in the TEAS group (P < 0.05). In addition, TEAS group patients reduced the incidence
of PONV and shivering. Conclusion: Preoperative TEAS can attenuate remifentanil-induced hyperalgesia in patients
undergoing thyroidectomy.
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Introduction related side effects and longer duration of PACU

stay, however, we have found these pharmaco-

Remifentanil, a potent ultra-short-acting p-opi-
oid receptor agonist, is commonly used in gen-
eral anesthesia due to its unique pharmacoki-
netic characteristics -a predictable and rapid
recovery that is independent of the dose and
duration of infusion [1]. However, considerable
evidence exists that exposure to high-dose
remifentanil leads to opioid-induced hyperalge-
sia (OIH). OIH is characterized by a paradoxical
enhancement of pain sensitivity and intensity
[2], which results in greater postoperative anal-
gesic requirements and poorer patient satisfac-
tion [3-6].

Some medications, including ketamine, metha-
done, dextromethorphan, COX-2 inhibitors and
a, receptor agonists can modulate remifent-
anil-induced hyperalgesia [7]. Due to drug-

logical interventions to be problematic and lim-
ited in some circumstances. Therefore, various
non-pharmacological therapies for preventing
or reversing OIH are encouraging.

TEAS is a form of non-invasive electrical stimu-
lation that produces a perceptible sensation via
electrodes attached to the skin. It has no risk of
infections and can potentially be applied by
medical personnel with minimal training.
Several clinical trials have demonstrated that
TEAS reduces the consumption of intra-opera-
tive anesthetics and postoperative pain [8].
However, the effects of TEAS on remifentanil
induced hyperalgesia remains unknown. The
aim of this prospective, randomized, double-
blind study was to evaluate the effects of TEAS
on remifentanil-induced hyperalgesia in thyroid-
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Figure 1. Location of Hegu (LI4), Neiguan (PC6) acupoints.

ectomy patients with general anesthesia. Our
hypothesis was that TEAS would alleviate remi-
fentanil-induced hyperalgesia, allowing it to be
applied more widely in clinical practice.

Materials and methods
Patients

This prospective, randomized, double-blind,
placebo-controlled trial was performed accord-
ing to the Declaration of Helsinki and the
CONSORT statement. The study protocol was
approved and oversighted by the Institutional
Review Board of Fujian Provincial Hospital (Ref:
K2014-07-003). We enrolled 60 ASA I-Il con-
secutive female subjects, aged 18 to 60 years,
scheduled for elective thyroidectomy under
general anesthesia from August 2014 to
December 2014 at Fujian Provincial Hospital.
The exclusion criteria were as follows: a history
of chronic pain, drug or alcohol abuse, intake of
any analgesic drug within 48 h before surgery,
mental disorder, bradycardia, diabetes, preg-
nancy, and previous experience with acupunc-
ture treatment. Written informed consent was
obtained from all subjects before randomi-
zation.

Intervention

The randomization was performed in a 1:1 ratio
according to a computer-generated list. Group
assignments were concealed in sealed enve-
lopes and assigned to either the TEAS group or
the sham group. All study personnel including
the patients, investigator, attending anesthe-
tist, surgeons, recovery ward nurses, and the
person who performed the statistical analysis
were blinded to group assignments.
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Patients in the TEAS group were performed
TEAS for 30 min before the induction of anes-
thesia in the holding area. TEAS was applied to
two pairs of acupoints: bilateral Hegu (LI4) and
Neiguan (PC6), after skin had been cleaned
with ethyl alcohol. These acupoints were identi-
fied according to the traditional anatomical
localizations (Figure 1). The acupoints were
stimulated with a dense-disperse frequency of
2/10 Hz and an intensity of 6-9 mA for 30 min,
using the Hans electronic acupuncture appara-
tus (HANS-100A, Nanjing Jisheng Medical
Technology Company, Nanjing, China). The opti-
mal intensity was adjusted to maintain a slight
twitching of the regional muscle according to
individual maximum tolerance, eliciting the
De-Qi sensation. In the sham group, the
patients had the electrodes applied, but
received no stimulation.

Standardized protocol

Patients were instructed how to use the verbal
numerical rating scale (VNRS) and assessed
mechanical pain threshold on the nondominant
forearm and peri-incisional areas using elec-
tronic Von Frey Anesthesiometer (IITC Inc., Life
Science Instruments, Woodland Hills, CA, USA)
before surgery in the holding area. With the
patient’'s eyes closed, the original electronic
Von Frey was used to evaluate mechanical pain
threshold with rigid tips. The single investigator
(Yihuan Wu) pressed rigid tips perpendicularly
against the skin with a gradual increase in pres-
sure until the patient indicated the onset of
pain as perceptional change from light touch to
pricking sensation. Each one of the Von Frey
was held in place for approximately 3-4 s to
induce the endpoint reflex. Mechanical pain
thresholds on the forearm were measured on
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Figure 2. Consolidated Standards of Reporting Trials (CONSORT) flow diagram depicting the progress of subject
through the trail. TEAS = transcutaneous electric acupoint stimulation.

areas 3, 6, and 9 cm distal to the middle of the
antecubital crease of the arm, and an average
value was calculated. Peri-incisional mechani-
cal pain thresholds were measured on an area
5 cm below the incision at 3 points (both ends
and middle of the horizontal skin incision), and
an average value was calculated. Each mea-
surement on the forearm and peri-incisional
region was performed with an interval of 30 s.

Standard monitoring, including electrocardio-
gram (ECG), noninvasive blood pressure (NIBP),
peripheral oxygen saturation (SpO,), and tym-
panic membrane temperature, bispectral index
(BIS) monitor was applied to all patients.
Anesthetic induction was achieved with propo-
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fol 2 mg/kg and remifentanil (effect site target
concentration of 5.0 ng/ml) using the Orchestra
Pump (Orchestra infusion workstation, Fresnius
Vial, France). Upon patient loss of conscious-
ness, cisatracurium 0.15 mg/kg was adminis-
tered to facilitate tracheal intubation. Anes-
thesia was maintained with remifentanil 5.0
ng/ml and sevoflurane. Sevoflurane was adjust-
ed according to both hemodynamic parameters
and BIS of 40-60. Body temperature was main-
tained at 36.5~37.5°C using the heating pad.
Upon the end of the surgery, the tracheal tube
was removed whenever the patient resumed
adequate spontaneous breathing. Residual
neuromuscular blockade was reversed by neo-
stigmine 0.02 mg/kg and atropine 0.01 mg/
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Table 1. Patient characteristics and operation details

pendent t-test, and non-

Group TEAS

Group C

parametric data were repo-

(n = 29) (n = 30) P-value rted as median (interquar-
Age (year) 419(9.9) 41.4(9.8) 0.859 tile range, IQR) and analyzed
ASA (I/11) 26/3 25/4 0706  using the  Mann-Whitney
Height (cm) 157.9 (5.6) 158.8 (4.7) 0.652 U-test. Categorical variables
Weight (kg) 57.7(9.2) 56.8(8.7) 0.539 were repo.rted as the num-
ber of patients (%) and eval-
Preoperative mechanical pain threshold uated using the x2 or
inner forearm (g) 95.0(6.1) 93.9(5.8) 0.467 Fisher's exact test when
incision region (g) 65.5(3.4) 64.7(3.6) 0.517 appropriate. A P-value <
Duration of surgery (min) 96.2 (5.9) 93.1(4.3) 0.277 0.05 was considered statis-
Duration of anesthesia (min) 118.5(6.1) 115.3(5.4) 0.53 tically significant.
Remifentanil dose (ug) 1691 (37) 1718 (43) 0.461

Results

Values are mean (standard deviation), or number (%). TEAS, transcutaneous electric

acupoint stimulation; C, control.

kg. Postoperative pain was evaluated using an
11-point VNRS numerical rating scale: O = no
pain; 10 = worst and intolerable pain. Patients
were connected to a patient controlled intrave-
nous analgesia (PCIA) device set to deliver suf-
entanil 0.05 ug/kg as a bolus (VNRS score > 4)
with a 10-min lockout interval, continuous infu-
sion was not allowed.

Outcomes

The primary outcome was mechanical pain
threshold, which was assessed before surgery
and postoperatively 0.5, 1, 2, 4 and 24 h.
Secondary outcomes were postoperative pain
scores, the time to first rescue analgesic, cumu-
lative number of rescue analgesia, and side
effects, including postoperative nausea and
vomiting (PONV), dizziness and shivering in 24
h postoperatively.

Statistical analysis

Our sample size calculation for the two-tailed
testing of the TEAS superiority hypothesis was
based on the peri-incisional mechanical pain
thresholds. A 30% difference represents a clini-
cally relevant significance based on a previous
study [9]. The estimated sample size was 28
patients per group with a power of 80% at a «
level of 0.05. Thus, the sample size was set at
30 patients per group allowing for incomplete
follow-up or dropout.

Statistical analysis was performed using SPSS
version 18.0 (SPSS Inc., Chicago, IL, USA).
Parametric data were reported as mean (stan-
dard deviation, SD) and analyzed with the inde-
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We initially assessed 73

patients for eligibility to par-
ticipate in this study (Figure 2). Of these, 7
patients did not meet the inclusion criteria, 6
declined to participate, and the remaining 60
patients enrolled to the study. One patient from
the TEAS group was later excluded because of
protocol breach. A total of 59 patients random-
ized to treatment allocation completed the
study and their data were included in the analy-
sis. Patients demographic characteristics,
durations of procedures and remifentanil con-
sumption were similar between two groups
(Table 1).

As shown in Figure 3, comparing with the base-
line, the postoperative mechanical pain thresh-
olds both on the peri-incisional area and fore-
arm were decreased in the TEAS and control
groups. There were no significant differences in
mechanical pain thresholds on the forearm
between two groups (P = 0.328; Figure 3A).
However, the reduction in mechanical pain
threshold on the peri-incisional area was great-
er in the control group (P < 0.001; Figure 3B).

As shown in Table 2, postoperative average
and maximum VNRS scores were lower (P =
0.002 and P < 0.001, respectively), the time to
first request of rescue analgesia was longer (P
< 0.001) and the cumulative number of rescue
analgesia was lower (P < 0.001) in the TEAS
group. Similarily, compared with the control
group, patients in the TEAS group experienced
significantly reduction in the incidence of PONV
(P=0.03) and shivering (P = 0.033). There were
no significant differences between two groups
in the incidence of dizziness (P = 0.436).
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Figure 3. Mechanical pain threshold on the nondominant forearm (A) and peri-incisional areas (B). Measurement
Points: TO = before surgery, T1 = 0.5 h after surgery, T2= 1 h after surgery, T3 = 2 h after surgery, T4 = 4 h after
surgery, T5= 24 h after surgery. TEAS, transcutaneous electric acupoint stimulation. *P < 0.05.

Table 2. Patient characteristics in 24 h after surgery

anil-induced hyperalgesia

has not been clarified.

Group TEAS Group C Pval
(n = 29) (n = 30) “value But previous research
Average pain score 2.5(1.5-3.8) 3.7 (2.9-4.7) 0.002 indicated that exogenous
Maximum pain score 4.4(335.6) 59(4970) <0001  OPioids suppress the en-
Time to first rescue analgesia (min) 35.6(71) 20.5(6.2) <0.001 dogenous opioid system
cumulative number of rescue analgesia 3(2-4) 7 (6-8) <0.001 and '_f_ai totan ln(_:reaf]ed
Postoperative Dizziness 7(244%) 10 (33.3%) 0.436 sensitivity 1o pain, has
) " been implicated in the
Postoperative Nausea and Vomiting 5 (17.2%) 13 (43.3%) 0.03 L
) o development of opioid-in-
Postoperative Shivering 3(10.3%) 10 (33.3%) 0.033

duced hyperalgesia [12].

Values are mean (standard deviation), median (interquartile range), or number (%). TEAS,

transcutaneous electric acupoint stimulation; C, control.

Discussion

The main finding of our study is that the preop-
erative of TEAS at Hegu (LI4) and Neiguan (PC6)
can alleviate remifentanil induced hyperalgesia
in patients undergoing thyroidectomy. Additi-
onally, our study confirmed that TEAS can
reduce postoperative pain, the time to first res-
cue analgesic, cumulative number of rescue
analgesia and the incidence of side effects
including PONV and shivering in 24 hours post-
operatively [8, 10].

Consistent with the previous studies [11], our
results demonstrated that the dose of remifen-
tanil we used in the study induced hyperalge-
sia, which could exacerbate postoperative pain
as indicated by enhanced pain sensitivity,
decreased mechanical pain threshold, incre-
ased postoperative pain scores, and opioid
consumption during remifentanil withdrawal.
Although, the precise mechanisms of remifent-
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Furthermore, postopera-
tive hyperalgesia can also
be induced by either sur-
gical nociception or a consequence of nerve
and tissue trauma [13]. Our results that remi-
fentanil did not significantly aggravate mechan-
ical hyperalgesia on the forearm are similar to
previous reports [14]. Because mechanical
pain thresholds on the forearm mainly reflects
a site without noxious stimuli, and opioid-and
nociception-induced hyperalgesia may have
synergistic effects [15]. Therefore, the lack of
primary nociceptive input on the forearm could
have affected the result.

The beneficial effect of TEAS has also been
shown in earlier trials [8, 10]. A variety of mech-
anisms have been proposed to explain the
analgesic effects of TEAS. These mechanisms
are based on concepts that range from tradi-
tional views that center on imbalances of ener-
gy flow (chi) through the body, to modern medi-
cine suggests that stress the role of activated
neural [16, 17], and endogenous opioid sys-
tems [18]. There is evidence supporting the
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analgesic effect of TEAS via activation of
endogenous pathways, both by exerting a direct
inhibitory effect on opioid-sensitive spinal cord
interneurones and by stimulating the release of
central endogenous opioid peptides [16-18].

According to the theory of traditional Chinese
medicine, the LI4 acupoint, which belongs to
the Large Intestine Meridian of Hand-yangming,
is considered to exert an analgesic and seda-
tive effect and is usually a key acupuncture
point for anesthesia in head and neck surgery
[19]. Stimulation of the PC6 acupoint, which
belongs to the Hand-juey in pericardium merid-
ian, has been documented improve symptoms
of angina [20], and also to alleviate postopera-
tive nausea and vomiting [21]. Previous study
showed that combined stimulation of Hegu
(LI4) and Neiguan (PC6) points is associated
with lower incidence of postoperative shivering
[10], which was similar with the finding of our
study-TEAS can prevent postoperative intraop-
erative high-dose remifentanil induced anes-
thesia-related shivering [22]. Therefore, in this
current trial, we selected the acupuncture
points Hegu (LI4) and Neiguan (PC6). The
dense-disperse frequency of 2/10 Hz was
based on previous studies [23, 24]. The dura-
tion of acupoint stimulation was 30 minutes in
this study, which is fitting to our clinical
practice.

There are some limitations to this trial that
require consideration when interpreting the
results. First, due to conditions limited, blood
samples were not collected to indicate the
endogenous opioid peptide changes induced
by TAES. Second, our result only demonstrated
the phenomenon; TAES can reduce remifent-
anil induced hyperalgesia. Further studies are
required to explore the underlying mechanism.

In conclusion, we have demonstrated that pre-
operative of TEAS at Hegu (LI4) and Neiguan
(PCB) is effective to mitigate remifentanil
induced hyperalgesia in patients undergoing
thyroidectomy. Further studies are required to
explore the underlying mechanism of TAES alle-
viates remifentanil induced hyperalgesia.
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