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Abstract

In the present study, we examined the
effects of preoperative el ectroacupuncture (EA)
a classical bilateral acupuncture points
as ST-36) on
postoperative pain and opioid-related side
effects. One hundred healthy consenting

(Zusanli, aso known

women undergoing lower abdomina surgery
were randomly assigned to four treatment
regimens: Group | (n = 25), control; Group Il (n
= 25), sham-EA (needle insertion without
electrical stimulation); Group Il (n = 25),
low-EA (2 Hz of electrical stimulation); and
Group IV (n = 25), high-EA (100 Hz of
electrical  stimulation).  Electroacupuncture
groups received needle insertion with or
without electrical stimulation 20 minutes prior
to anesthesa. All patients received
patient-controlled analgesia (PCA) of morphine
Postoperative

evaluated by recording (1) the time of the first

postoperation. pan was
required analgesic, (2) the number of PCA
demands, (3) the total amount of morphine
required by PCA, and (4) patients VAS pan
score. We found that the time of first analgesic
requested was 10 min, 18 min, 28 min, and 28
min in the control, sham-, low-, and high-EA
groups, respectively. During the first 24 h, the
total amount of morphine required was
decreased by 21%, 43% and 61% in the sham-,
low- and high-EA groups, respectively. The

incidence of nausea and dizziness during the

first 24 h after surgery was significantly
reduced in both the low-EA and high-EA
groups compared with the control and sham-EA
groups. We also found that sham-EA exerts a
beneficia effect with respect to its pan
relieving quality but not the side effect profiles.
Our findings demonstrates that preoperative
treatment with low-EA and high-EA can reduce
postoperative analgesic requirements and
associated side effects in patients undergoing

lower abdominal surgery.
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Electroacupuncture; Postoperative  pain;
Patient-controlled analgesia; Visual anaogue
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1. Introduction

Acupuncture, the practice of inserting
needles into the skin and deeper tissues along
bodily
"energy” or “Xi”, has been widely used in
China since 2500 BC (Wu, 1996). Though its

role in various medical conditions remains

“meridians’ to balance flows of

largely controversial, recent evidence supports
the worldwide use of acupuncture to relieve
painin clinical practice. Numerous studies have
found that acupuncture activates multiple
neurophysiological interactions, and thereby
decreases nociceptive responses in animals
thermal,

receiving painful chemical, and

electrical stimulations (reviewed by Mayer,



2000). Manual or electrical stimulation through
needles induces a particular pattern of afferent
activity in peripheral nerves, mainly Ab, Ad
and possibly C-fibers. This excitation leads to
activation of the endogenous pain inhibition
system through multiple neurona pathways
(Basbaum and Field, 1984; Kaufman et al.,
1984; Andersson and Lundeberg, 1995). One of
the main consequences of acupuncture is the
release of endogenous opioids, including
b-endorphins, enkephalins, dynorphins, and
endomorphins-1 (Promeranz and Chiu, 1976;
Sjolund et a., 1977; He, 1987, Wang et a.,
1990a; Wang et a., 1990b; Han et al., 1999), as
well as non-opioid substances such as serotonin,
norepinephrine, and possibly GABA (Cheng
1981, 1996;
Sandkuehler et a., 1997). In addition, animal

and human studies have shown that diffuse

and Pomeranz, Pomeranz,

noxious inhibitory controls (DNIC) may aso be
involved in underlying

mechanisms (Bing et al., 1990). DNICs are part

acupuncture

of the biologica pain control system whereby a
spatially remote noxious conditioning stimulus
can reduce the response to a subsequent
noxious stimulus elsewhere (Le Bars et 4.,
1979; Le Barset d., 1992).

Although acupuncture is widely used in
humans, its applicability in various painful
disorders is challenged due to its weak and
variable analgesic effect, as well as by its
concomitant placebo or hypnotic effect (Moret
et a., 1991; Amanzio and Benedetti, 1999), or
by the patient's psychological expectation

(Thomas and Lundeberg, 1996). Studies have
demonstrated that acupuncture is especialy,
though not exclusively, effective in myofascial
pain (Melzack et a., 1977; Lewit, 1979), renal
colic (Lee et a., 1992), angina pectoris (Richter
et a. 1991),
(Christensen et al., 1992), tension headache
(Vincent, 1990), and fibromyalgia (Deluze et al.,
1992).

To date, few studies have investigated

osteoarthritis of the knees

acupuncture's effect on postoperative pain, and
they have shown conflicting results (Galloway
et a. 1984; Martelete and Fiori, 1985;
Christensen et a., 1989; Christensen et al.,
1993). A critical difference among these studies
was the stimulation modality and the lack of
sham control. None of these studies examined
the effect of pre-stimulus acupuncture on
postoperative pain and concomitant side effect
profiles. Since acupoint stimulation has been
widely used and proven to be effective in
relieving profound nausea and vomiting caused
sickness and
(EA)

potentially serve as an adjuvant for relieving
opioid-related effects

by motion chemotherapy,

el ectroacupuncture per se could
side during the
postoperative period (Lee and Done, 1999).
The present study was thus undertaken to
evaluate whether preoperative application of
different frequencies of EA stimulation can be
effective in relieving postoperative pain, as well

as postoperative opioid-related side effects.

2. Methods



2.1. Qubjects

The study protocol was approved by the
Hospita Research Committee. A total of 100
female patients were enrolled. After providing
written informed consent, patients of ASA
physical status |-l (American Society of

Anesthesiology nomenclature) who were
scheduled for abdominal hysterectomy were
randomly divided into 4 groups of 25 each by a
computer-generated randomization seguence:
Group | received neither needle insertion nor
electric stimulation (control); Group Il received
needle electrical

stimulation (sham EA); Group Ill received

insertion but  without
needle insertion with of 2 Hz stimulation
(low-EA); and Group IV received needle
insertion with 100 Hz stimulation (high-EA).
The use of the PCA device (Lifecare PCA Plus
I Infusor, Abbott Laboratories, IL) and the
administration of EA were explained to each
patient at the time of their preoperative visits.
Patients with a history of opioid abuse, or
significant cardiovascular, pulmonary, renal,
hepatic or neurological disease were excluded.
2.2. Acupuncture

The acupuncture loci used were the bilateral
Zusanli (aso known as ST-36), which are
located at one finger breadth below and anterior
to the tibial tuberosity. We chose Zusanli
because this point is traditionally considered to
possess the most therapeutic effect on the lower
abdomen. Two 30 gauge stainless sted
acupuncture needles were inserted at the

Zusanli point on both legs, with a distance

between needles of approximately 3 cm, i.e.,
one needle serving as the positive pole, and the
other as the negative poleto alow for electrica
stimulation of the selected point. After the
patient reported the sensation of "De-Xi", a
term used in acupuncture to describe a feeling
of “heaviness’ in the area surrounding the
insertion locus, an electric current
delivered by a Functions Electrical Stimulator
(Trio 300, I. T. O., Japan). Subjects and

electrical equipment were placed such that

was

subjects were unable to see any specifics
regarding the type of current administered, and
technicians maintained a normal persona to
ensure that patients remained unaware of their
grouping category. Electricity was generated
as an output of constant current of 0.5 mA, 1
msec square pulse, at a maximal tolerable
intensity (a strong, but not painful sensation as
reported by the patient), and at 2 or 100 Hz
depending on the group assignment. Sham EA
included needle insertion with the indicator
light on but with no actual current. All patients
were subject to the respective treatment
modality for 20 minutes before the induction of
anesthesia.
2.3. Anesthesia and postoperative care

After removal of the needles, anesthesia
was induced with i.v. thiopental 5 mg/kg and
succinylcholine 2 mg/kg for tracheal intubation.
Isoflurane in nitrous oxide 60% with oxygen
40% and an intermittent dose of atracurium
were used for anesthesia maintenance without

the use of opioids. Following surgery, all



patients were transported to the recovery room.
The time interval of the patient’s first request
for pain medication was recorded (either
pethidine 1 mg/kg i.m. during the first hour,
which was restricted to a single dose, or as
recorded by PCA when no request was made
during the first hour). At one hour post
operation, the PCA system was connected to
the patient. The PCA device was programmed
to intravenously deliver 2 mg morphine as “on
demand” doses with a minimum lockout
interval of 10 min during the following 23 h.
2.4. Efficacy measures

As soon as the patient complained of initial
pain, the first PCA dose was provided. The
average pain using the 100 mm visua analog
scale (VAS) were recorded at 30 min, and at 1,
1.5, 2, 4, 8, 16 and 24 h by an observer who had
no knowledge of the patient’s group assignment.
The number of PCA demands, including those
made during lockout intervals, was recorded by
a printout attachment for 24 h. No other
analgesics were administered during the PCA
control period. Heart rate, blood pressure, and
S,02 were recorded by a pulse oximeter every
30 min for the first 2 h and at 4 h intervals
thereafter. At the end of 24 h test period,
patients were asked if they had experienced any
opioid-related adverse effects, including nausea,
vomiting, dizziness, or pruritus, and their
responses were recorded.
2.5. Data analysis

This sample size permitted the detection of

an inter-group mean difference using a type |

error of 0.05 and a type Il error of 0.2 (i.e,
power=0.8). Patient’s age, weight, duration of
anesthesia and duration of surgery, VAS score,
PCA demands and doses delivered were
analyzed with oneeway ANOVA followed by
Bonferroni post hoc test. Incidence of side
effects was analyzed using the chi-square test.
A P value of less than 0.05 was considered

statistically significant.

Results

The demographic data listed in Table 1
shows no significant difference among the four
groups. All enrolled patients completed the
study period with no withdrawals. The time
interval of the first request for analgesic was
10.6 min, 18.0 min, 27.9 min, and 28.1 min for
the control, sham-EA, low -EA and high-EA,
respectively. These intervals were all
significantly longer than the control group, and
the time intervals of both low- and high-EA
groups were longer than the sham-EA group
(Table 2). The number of PCA demands during
the 24 h test period was significantly lessin the
high-EA (7.9+5.9) and low-EA (11.7+7.1)
groups compared to that of the control
(20.5+£9.2) and the sham-EA (16.1+7.4) groups,
as shown in Table 2. There were aso highly
significant differences in morphine delivered
among the four groups, with the lowest dose
used in the high-EA group (Table 2). Pan

scores were not different among the four groups



(Fig. 1); however, compared to the control
group, the total amount of morphine required
during the 24 h test period was reduced by 21%,
43% and 61% in the sham-EA, low-EA and
high-EA groups, respectively. The incidence of
nausea and dizziness was significantly lower in
both the low- and high-EA groups compared to
the other two groups (Table 3). No patient
demonstrated any
(respiratory rate < 10 min or S,02 < 90%)).

respiratory  depression

Discussion

We found that sham-, low-, and high-EA
treatments prior to lower abdomina surgery
significantly reduced the postoperative PCA
morphine requirement, and that low- and
high-EA decreased opioid-induced nausea and
dizziness throughout the first postoperative day.
We aso found that high frequency EA
stimulation produced better effects than low
frequency stimulation. Our results were
consistent with several other animal and
clinica studies that have reported that EA
stimulation improved analgesia during the
acute phase of post-traumatic pain. EA has
been widely used and well documented in tooth
extraction (Ekblom et a., 1991; Ernst and
Pittler, 1998) and in oocyte aspiration
(Stener-Victorin et al., 1999). EA-induced
analgesia after magjor surgery, however, remains
Christensen et a. (1993)
demonstrated that patients receiving EA before

controversial.

and during hysterectomy exhibited no reduction

in their postoperative analgesic requirement or

pain ratings. The possible reasons for this
discrepancy are multiple. Christensen et al.
selected an array of acupoints; the needles were
inserted after induction of anesthesia and
remained in place throughout the surgical
procedure; and in addition to EA, patients
received a relatively high dose of pethidine for
induction and maintenance of anesthesia. Any
benefits of EA that may have been present were
likely masked by the high level of pethidine
used. This variation in methods vs. those used
in the present study may explain the vastly
different results reported. Wang et a. (1997)
found significantly greater pain relief after
lower abdominal surgery among patients
receiving transcutaneous electrical nerve
stimulation (TENS) applied at Hogu (LI-4)
during the postoperative period. Wang's study
showed that both high- and low-frequency
TENS reduced i.v.

requirement by 65% and 34%, respectively.

PCA  hydromorphone

Similar results were obtained in our study
whereby the total number of PCA demands and
the opioid analgesic dose requirements were
markedly decreased in both high- and
low-frequency EA groups. These findings
imply that both EA and TENS can produce
adequate postoperative pain relief, even though
their underlying mechanisms are likely
dissimilar.

In the present study, EA-induced analgesic
effects between 2 Hz and 100 Hz were
compared on the basis that low frequency (2 Hz)

and high frequency (100 Hz) presumably



induce a differential release of enkephalins and
dynorphins in both animals and humans (Chen
and Han, 1992; Ulett et a., 1998). It has aso
been shown that the analgesic effect produced
frequency
naloxone-reversible, while high frequency
stimulation is not (Lee and Beitz, 1992; Guo et

by low stimulation is

a., 1996). These results strongly suggest a
distinct neuronal sensitization and
characteristic spatial process in the central
nervous system between these two frequencies.
The primary difference between 2 Hz and 100
Hz stimulations is the number of electric pulses
providing during a given period of time. It is
estimated that patients in the high frequency
group received a total of 20 times the number
of electrical pulses than the low frequency
group during the 20 min test period. Previous
study suggested that the inhibitory magnitude
and duration of neurona response to painful
C-fiber activation is afunction of the number of
preceding conditioning stimuli (Ness and
Gebhart, 1991). This previous speculation is
consistent with the results observed in our
study.

The results of the present study aso
demonstrated that the opioid-sparing effect of
EA is dependent on the frequency of the
electrical stimulation.  The
requirement after high frequency EA was
decreased by 31% compared with the low EA

group during the first 24 hours postoperation.

morphine

This opioid-sparing effect not only results in a

decrease in the incidence of nausea and

dizziness after surgery, but it may also increase
the tolerability and availability of adequate
analgesic effect among those who are
susceptible

debilitated or older patients. Furthermore,

to morphine overdose, eg,

acupuncture per se has been shown to reduce
the incidence of nausea through its direct
antiemetic effect. Several studies have shown
that acupuncture can decrease postoperative
nausea and vomiting, in addition to reducing
postoperative pain (Lee and Done, 1999).

In the present study, we deliberately did not
attempt to influence subjects expectation
regarding the effectiveness of EA. However, it
keep in mind that

neurophysiological and humora events are

is important to

related to psychological factors. Undoubtedly,

sensory stimulation and particularly
acupuncture has the potential to produce strong
placebo effects. For example, while sham
needle showed
opioid-related side effects, it did exert a
Indeed,

acupuncture works by stimulating endogenous

insertion no effect on

moderate pain relieving effect.

opioids and so, it appears, does the placebo
effect (Amanzio and Benedetti 1999). To

therapy,
physiological and psychological factors must

achieve  optimal  acupuncture
interact in synergy, utilizing their respective
endogenous mechanisms efficiently (Thomas et
al., 1996). By utilizing two control groups in
our study design, including PCA only and sham
EA groups, we were able to very clearly

distinguish between the purely placebo



elements involved vs. clear evidence of
physiological effects.

In the present study we aso demonstrated
that preoperative application of 20 min EA,
whether high or low frequency, effectively
reduced the 24 hour postoperative morphine
requirement. The concept of preemptive
analgesia through the prevention of intense
nociceptor activation and suppression of the
subsequent hyperalgesic state has potentially
dramatic  implications for
analgesia (Woolf and Chong, 1993; Sun et 4d.,
1996). In with

short-acting opioids or NMDA antagonists has

postoperative

animals, pretreatment
been shown to inhibit spinal dorsal horn

sengitization and nocifensive  behaviors
(Yamamoto and Yaksh, 1992). However, results
reported from human studies involving
preemptive analgesia in surgical situations are
relatively less impressive than results shown in
animal studies utilizing the same treatment
schemes (Cousins et al., 2000). EA-produced
analgesia generaly lasts for up to two hours
(Christensen et al., 1989; Ulett et al., 1998).
Therefore, high- or low- frequency stimulation
before surgical incision can be regarded as an
dternative to conventional methods as a
prestimulus analgesic modality. Whether EA is
indeed useful

requires further study that will require two

as a preemptive analgesia

additional treatment groups: one receiving both
pre- and post-operative EA, and another groups
receiving postoperative EA alone.

In conclusion, we found that preoperative

electroacupuncture is an adequate adjunct to
PCA. Both high- and low-frequency electrica
stimulation reduced the postoperative analgesic
requirement. We found that high frequency
electrical stimulation provided the best results.
In addition, the use of EA also resulted in a
decrease in the incidence of opioid-related side
effects after lower abdominal surgery. Together,
our findings demonstrate that further studies are
warranted regarding the efficacy of EA in both
managing pain and in treating opioid-related

symptoms.
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Table 1. Demographic datafor each of the four treatment groups.

Group | Group II Group I1I Group IV
(control) (sham-EA) (low-EA) (high-EA)
Age (yr) 39+8 41+12 38+7 42+13
Weight (kg) 51+14 55+10 54+11 51+17
Duration of
. . 113+38 110+19 121+14 115+21
anesthesia (min)
Duration of
101+13 105+20 110+21 102+15

operation (min)

Valuesare mean £ S.D. (n=25)
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Table 2. Postoperative analgesic requirements in each treatment group.

Group | Group II Group III Group IV
(contral) (sham-EA) (low-EA) (high-EA)
Time for the first
dose of pethidine 10.6 + 5.9 18.0 + 7.9* 27.9+12.3**% 281+ 13.8*5
after operation (min)
PCA demands in the
first 24h
1-8h 9.0+£36 7.0+ 3.6* 5.1+ 4.0%*" 3.3+ 3.2%x™8
8-16h 82+53 58+ 38 4.0+ 2.65*" 2.8+ 2.1%***8
16-24h 32+24 33+x21 26+21 1.8+ 1.6%*™
Total in 24h 205+9.2 16.1+74* 11.7 + 7.1%* 7.9+ 5.9x***S
Morphine delivered
(mg)
1-8h 16.1+7.1 12.8 + 6.6* 9.2+ 7.1%*" 6.1+ 5.9 ****S
8-16h 155+94 108+ 7.7* 7.6+ 5.4%*" 5.4+ 3.8%**8
16-24h 6.5+4.8 6.6+4.1 50+4.2 35+ 3.2¢*™
Total in 24h 38.1+£16.0 30.2 £ 14.4* 21.8+ 14.7+*" 15.0 + 10.7****3

Values are mean £ S.D. (n=25)

*p<0.05, **p<0.01 versus Group |.
"p<0.05, "p<0.01 versus Group Il.

$p<0.05 versus Group I11.
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Table 3. Postoperative side effects in the four treatment groups.

Group | Group II Group I1II Group IV
(contral) (sham-EA) (low-EA) (high-EA)
Number of
opioid-related side
effects
Nausea 11 (44) 10 (40) 4(16) ** 6 (24) **
Vomiting 0(0) 1(4) 1(4) 0(0)
Dizziness 14 (56) 16 (64) 7(28)*" 10 (40) **
Pruritis 2(8) 0(0) 1(4) 1)

Values are mean (%)
*p<<0.05, versus Group I.

"p<0.05, versus Group I1.
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Figurelegends

Figure 1. Postoperative 24-h visua anaogue scale (VAS, 0-100 mm) comparison.
Open bars indicate control group; dotted bars, sham-EA; hatched bars, low

EA; shaded bars, high EA.
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