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Buackground. The role of electroacupuncture in postiho-
racotomy pain control is uncertain. We conducted a pilot
study to evaluate the role of electroacupuncture in the
management of early postthoracotomy wound pain.

Methods. A total of 27 patients with operable non—
small cell lung carcinoma who received theracotomy
were recruited and randomized to receive either electroa-
cupuncture or sham acupuncture in addition to routine
oral analgesics and patient-controlled intravenous anal-
gesia for postoperative pain control. All patients received
acupuncture twice daily with visual analog pain score
recorded for the first 7 postoperative days. Specific chest
acupoints (L1 4, GB 34, GB 36, and TE 8) were targeted.
Patient-controfled analgesia was used for the first 3
postoperative days in all patients, and the cumulative
dosage used was recorded.

Results. Two patients were excluded after randomiza-
tion because of complications unrelated to acupuncture.

cupuncture has been widely practiced in China for

more than 4,000 vears. it is believed that fine
needles inserted at specific peints on the body can
rebalance the flow of energy (@) along meridians, im-
parting specific health benefits. During the past few
decades, there has been a growing appreciation of acu-
puncture in the West. One of the key potential benefits of
acupuncture was its application in loceregional anesthe-
sia for the treatment of various forms of pain. Recent
studies showed promising resuits of the use of acupunc-
ture in early postoperative pain management in various
kinds of surgery [-3]. In cardiothoracic surgery, the
posterolateral thoracotomy is the gold standard of surgi-
cal access to the thorax for anatomic lung resection.
Unfortunately, the standard thoracotomy is also arguably
the most painful incision in all of surgery. Although in
most of the cases, posttheracotomy wound pain could be
satisfactorily controlled with narcotic analgesics, exces-
sive usage is associated with side effects such as const-

Accepted for publication Thec 23, 2005

Address correspondence to Dy Yim, Division of Cardiothoracic Surgery,
Department of Surgery, The Chinese University of Hong Kong, Shatin,
Hong Keng BAR. Ching e-maik vimap@cuhkeduhk

© 2008 by The Sodiety of Thoracic Surgeons
Published by Elsevier Inc

Interventions and data collection were completed for the
remaining 25 patients (13 in the electroacupuncture
group; 12 in the sham acupuncture grouph There was a
trend for fower visual analog scale pain scores in the
electro-acupuncture group between postoperative days 2
and ¢, although this did not reach statistical significance.
The cumulative dose of patient-controiled analgesia mor-
phine used on posteperative day 2 was significantly
tower in the electroacupuncture group {7.5 + 5 mg versus
156 = 12 mg p < 0.08). Such delay of onset of pain
control may be related to the frequency of electroacu-
puncture used.

Conclusions. Electroacupuncture may reduce narcotic an-
algesic usage in the early postoperative period, A prospece
tive randomized controlled trial using different electroacu-
puncture frequency is warranted to verify this benefit.
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pation, nausea, and respiratorv suppression. There is a
potential role of acupuncture in lowering the narcotic
analgesic requirements in the early postoperative period,

Although widely practiced in China, there has been no
conclusive evidence from clinical trials and meta-
analyses in the Western world to support the use of
acupuncture as an adjunct to anesthesia or postoperative
pain controt (4] One intrinsic problem in developing a
randomized controlled trial to test the effect of acupunc-
ture is that no good sham control model has so far been
established [B]. Without such a sham control group, it is
difficuit to isolate the placebo effect from the actual
therapeutic effect of acupuncture.

Herein, we report a prospective, randomized, con-
trolled trial of the use of acupuncture for postthoracot-
omy pain confrol, An effective control was established
using a novel sham acupuncture device.

Patients and Methods

Patent Selection and Surgical Protocol

The study design was a randomized, double-blind, pla-
cebo-controlled trial conducted at the Cardicthoracic
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Table 1. Anatomic Locations and Therapeutic Effect of Acupunciure Points

Acopuncture Point Location

Therapeutic Effect Drepth {inches}

Hegu (L1 4 Diorsal aspect of the palm
Midway between first and second
metacarpal

Midpoint of the lateral aspect of

the second metacarpal

indentation of skin just below the
head of fibula

lrorsal aspect of forearm

Midway between ulna and radius

4 em caudal to the proximal wrist

crease

7 inches caudal to the lateral

matleolus

Along the anterior border of the

fibula

Yanglingguan {GB 34}

Sanysngluo (TE 8}

Waigiu (GB 36)

1. Numbness and paralysis of apper .51
limbs

L Cough

3. Pain relief

Shortniess of breath I~15

Upper limbs pain reftef 0.58-1

Chest wall pain relief §9.3-0.3

GB = gall bladder meridian of foot—Sheoymg LI = large intestine meridian of hand—Yangming

hand-—Shaeyang.

Surgical Unit of a tertiary referral university-teaching
hospital in Hong Kong. Patients diagnosed to have oper-
able non-small cell lung carcinoma, and whose primary
tumor was equal or larger than 4 am in diameter pre-
cluding a video-assisted thoracic surgery approach, were
eligible for study, From January 2002 to August 2004, 32
consecutive patients referred to our unit for operable
lung cancer fulfilled these inclusion criteria. Twenty-
seven of them gave informed consent to our study,
whereas 5 patients declined: The study design was ap-
proved by the Ethics Committees of the Chinese Univer-
sity of Hong Kong and of the Hospital Authority of Hong
Kong.

All patients underwent anatomic lung resection with
curative intent through a thoracotomy approach by a
single thoracic surgeon. All patients received standard-
ized doses of induction anesthesia (0.1 mg/kg morphine
and 2 mg/kg fentanyl) and maintenance anesthesia (mor-
phine 0.05 mg-kg™'-h™"). We use a controfled rib-
fracture technique for our thoracotomy, and routinely
place two 24F chest tubes, The chest tubes are removed
when there has been no air leak for more than 24 hours
and when the daily drain cutput is less than 15¢ mL.

The patients were randomized o receive either elece
troacupuncture (EA) or sham acupuncture (SA), Ran-
domization lists were generated by a computer program
and sealed in envelopes containing individual group
atlocation and consecutive number. The envelopes wers
opened and the results disclosed in the immediate post-
operative period by the acupunciurist. Both the patients
and all surgeons in charge of postoperative patient care
were blinded to the nature of the acupuncture. There was
no cressover between groups.

in addition to acupuncture, both groups of patients
received intravenous patient-controlled analgesia (PCA)
containing 1 mg of morphine per bolus with a lockout
time of 5 minutes for the first 3 postoperative days. All
patients were also prescribed oral analgesics containing
640 mg of acetaminophen and 68 mg of dextropropaxy-

TE = triple energizer meridian of

phene four times per day for pain relief throughout their
postoperative in-hospital stay.

Electroacupuncture and Sham Acupuncture (Placebo)

Acupuncture was commenced immediately on return of
the patient to the ward after surgery. All patients re-
ceived two 30-rninute acitpuncture sessions (both EA and
SA groups; each day for the first 7 postoperative days. All
acupuncture interventions were performed by two regis-
tered physiotherapists accredited with diplomas in acu-
puncture issued by Hong Kong Baptist University and
International Acupuncture Institute. Single-use, silver-
handle, sterile needle of size 50 mm X 0.25 mm were used
for all acupunctures performed.

Selection of acupuncture points was based on a con-
sensus between the chief acapunciurist (from the Clinical
Trial Center of the Institute of Chinese Medicine, the
Chinese University of Flong Kong) and the two physio-
therapist-acupuncturists of this study. The points se-
fected were the LI 4, GB 34, GB 35, and TE 8§ points
ipsilateral to the side of the thoracotomy, and which are
recognized to influence the chest wall and upper body.
To aveid interference with acupuncture, blood-sampling
and intravenous catheters were prohibited in the ipsilat-
eral upper and lower limbs. The anatomic location of
these acupoints and their expected clinical effects are
summarized in Table 1.

For EA, after needle insertion, a state of De-0f charac-
terized by sensation of heaviness, fullness, and numb-
ness was reached by adjusting the intensity of the elec.
trostimidator (JC-1107+, ITO Ltd, Tokye, Japan) An
alternating current at 60 Hz was applied 1o the acupune-
ture needie for 3¢ minutes per session.

For SA (the placebo contrel), a special biunt-tip needle
{homemade) was used, and pseudostimulation from the
electrostimulator was given. The blunt-tip needle was
pressed to the same acupoints as in the EA group,
mimicking the pinprick sensation without actual skin
piercing, and was fixed with an opaque fixator to blind
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Fig 1. Conbrasi between the needle used in electro-acipundure (up-
per, sharp Hy) and sham acupunciure (ewer, blunt tip)

the assessor to the intervention given. The appearance of
the genuine and sham needle is shown in Figure 1.
Pseudostimulation was given by deliberately connecting
the needle to the incorrect output socket of the electro-
stimulator, Hence there was no flow of electrical current,
and the state of De-(f was not reached. The cross.
sectional diagram of the S5A setup is shown in Figure 2,
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Fig 2. Cross-sectivnal diagram showing the difference in setup be-
fieen the elechroacupunchire (EA} and sham scupuncture (SA)
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Fig 3. Fiswchart of phases of randomized trial. (FA = elechroacu-
prsicture; SA = sham acapunchure

Data Collection

The postoperative visual analog scale pain score {on a
scale of 0 mm te 100 mm}, PCA morphine usage, peak
flow rate, chest drain duration, and details of postopera-
tive complications were collected by a dedicated assessor
who was blinded to the results of randomization. These
data were collected at 1 hour after surgery on day 0; at 3
AM, 2y, and 8 pur on day 1 to day 3; and at 8 aum daily
from day 4 to day 7.

Data Analysis

The average visual analog scale pain scores and the
camulative PCA morphine usage were the primary out-
come measures. The summary statistics are presented as
the mean together with range. The results were analyzed
with Student’s ¢ test using the Statistical Package for the
Social Sciences software (Windows version 11.5 SPSS
Inc, Chicago, IL). Two-sided p values of less than 0.05
were regarded as statistically significant.

Results

Subjects were recruited from January 2002 to August
2004, A total of 153 patients were screened, and 27 {17.6%)
were enrolled. Two patients were subsequently excluded
from the study because of postoperative complications
unrelated to acupunciure: ene patient experienced respi-
ratory failure requiring ventilatory suppert and the other
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Iable 2. Demographic Data and Postoperative Variables of Electroacupuncture and Sham Acupuncture Groups

Electreacupuncture Sham Acupunciure
Variable {11 = 13} in = 12% P Value
Age 64.6 = 8.0 545 85 (L97
Sex
%1 n o & {E29%} n = 10 {83.3%) NS
F n o= 4 {(30.8%) B o= 2 {16.7%:)
Operation tme {(min} 134.2 =351 1404 = 441 GT0
Size of tumer fom) 4917 52z28 L7
Chest drain duration (davs) 45 1.8 54321 0.27
Peak flow rate
Day ¢ 1715 = 683 145.1 = 986 0.88
Day 1 1863 = 7000 18712839 0.74
Day 2 34 =853 2115 = 881 4.60
Day 3 2289 = 981 244 2 B3 0.9t
Dav 4 3537 £ 838 2329 £ 756 .83
Day 3 264+ 1006 2258 = 894 237
Day 6 2117 = B45 2611 903 3.30
Day 7 235.0 = 78.8 2816 = 1061 .37
VAS
Day 0 37186 30223 .42
ray 1 39713 3814 0.96
Day 2 3114 38=x14 052
Dav 3 29 =11 3819 015
Day 4 3015 14 £ 1.9 306
Day 5 25+ 1.8 4011 o027
Day & 319 48 =21 0.15
Day 7 3036 3.0 1.4 1.00
PCA
Day 0 83 49 T8 64 0.84
Day 1 18.0 £ 88 18.8 = 98 0.83
Day 2 7o xR0 157 = 120 {.035%
Total PCA usage 339128 232213 0.25

Fp < 005,

PCA = patient-controfled analgesiaz  VAS = visual analog scale.

had gastrointestinal bleeding necessitating endoscopic
intervention, Of the 25 remaining patients, 13 were in the
EA group and 12 in the SA group. The flowchart of
phases of the pilot randomized trial was showed in
Figure 3. There were no statistically significant differ-
ences between the two groups in terms of age, sex,
operative time, and duration of chest-tube drainage {Ta-
ble 2} There was no mortality, complication, or adverse
reaction {such as infection and bleeding) related to acu-
puncture in both groups. None of the patients in the SA
group questioned whether they were receiving genuine
acupuncture or not.

The average usage of PCA morphine in the two study
arms showed no significant difference on pestoperative
day 0 and day 1. There was a statistically significant
difference in the PCA morphine usage on postoperative
day 2, with average morphine usage of 7.5 + 5 mg in the
EA group and 15.7 = 12 mg in the SA group (p = 0.033).

There was a trend for lower average visual analog scale
pain scores from postoperative day 2 to day 6 in the EA

group, but this did not reach statistical significance (Fig
4}. This is most likely secondary to the B error from the
small sample size.

Comment

There have been an increasing number of randomized
controlled trials studying the role of acupuncture in
chronic pain management in recent vears. The possible
mechanisms of action include acdvation of various
endogenous eopioid-related pain-inhibiting pathways
by means of stimulatdon of peripheral nerve fibers,
activationt of the dorsolateral prefrontal cortex, pro-
found alteration of local hemodynamics in the state of
De-02, and activation of the diffuse noxious inhibitory
controls system in which a spatially remote condition-
ing stimulus can reduce the response to a subsequent
noxicus stimulus elsewhere [6-11]. However, there
have only beer a few reports focused on postoperative
pain control thus far.
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Fig 4 Comparison of avemge visual analog scale (VAS) pain score
fremm posteperative day O to day 7. Solid bars ave sham acupunchure
grouy; epen bars are electroacipunchure group.

Our results echo these of an earlier study by Chris-
tensen and colleagues in 1989 {12, In their stidy com-
paring acupuncture versus no treatment in patients who
underwent lower abdominal surgery, they showed the
use of acupuncture resulted in a 50% decrease in narcotic
analgesic usage. Ancther study by Lin and associates 3]
using preemptive acupuncture to reduce postoperative
pain after lower abdominal surgery also showed signifi-
cantly lower analgesic requirements in the acupuncture
group. In this latter study, the authors compared the
effect of control (ne acupuncture), sham acupunchure,
and both low-frequency (2 to 4 Hz) and high-frequency
{100 to 150 Hzy EA, and found that both low-frequency
and high-frequency EA lowered postoperative analgesic
requirements—with high-frequency EA being miore ef-
fective. However, thoracotomy wounds are recognized to
be more painful than lower abdominal incision weunds,
and it is perhaps not surprising that the levels of signif-
icance from that study were not reproduced in ours.

From the results of our pilot study, the use of acupunc-
ture was shown to significantly lower PCA morphine
requirements on postoperative day 2, but not on day 0
and day 1. We note two possible explanations for this
delayed effect. First, the intracperative use of narcotic
analgesia (morphine and fentanyl) may have over-
whelmed the opicid-mediated pain inhibitory pathways
anid obscured the maximal analgesic effect achievable by
acupuncture. Such observation is not uncommon, espE-
cially when we look into negative reports on acupuncture
study for postoperative pain control [13L Second, exper-
iments in rats showed EA analgesia in uninjured animals
was mediated by mu and delta opioid receptors at low
frequency (2 to 15 Hz) through the release of enkephalin
and by kappa opioid receptors at 100 Mz through the
release of dynorphin [14]. Fel and coworkers [15] re-
ported EA at mid-frequency {15 Hz) was able to produce
partial activation of both enkephalins and dynorphins in
rats, By acting on different pathways, there could be a
difference in the onset of action [16]. We postudate that
the frequency (60 Hz} of EA used in our study may act
through slow-onset pain pathways, so that the effect of
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the acupuncture is cumulative and may only be observ-
able on postoperative dav 2 In our future studies, we will
use different frequencies of EA and by to elucidate the
underlving mechanism.

Cur stirdy has shown our design of sham acupunc-
ture to be safe, feasible, and indistinguishable from
genuine acupuncture by patients without prior expo-
sure to acupuncture. The presence of the opaque
fixator allowed us to place the needle at the exact
location of the acupoint, avoiding the previously de-
scribed method of placing the needle at a nearby
incorrect point. This sefup is recommended for use in
future studies,

Cur study has shown the selected acupunciure
points (L1 4, GB 34, GB 36, and TE 8} to be useful points
for the evaluation of acupuncture effects in thoracic
surgery patients. We would recommend performing
future studies to further define the anatomic location
and depth of needle puncturing required for optimal
therapeutic effect in postthoracotomy patients,

Ir conclusion, EA showed promising resuits in low-
ering early postoperative narcotic analgesic require-
ment in patients with thoracotomy. A large-scale pro-
spective randomized controlled trial using different EA
frequencies with longer follow-up is warranted to
verify this benefit.

We thank Professor Ping Chung Leung, FRCSEd, of the
Iastitate of Chinese Medicine, the Chinese University of
Hong Kong, for his advice and guidance in the selection of
acupoints; Tiffany Chung Research Assistant, of the Chinese
University of Hong Kong for her assistance with the data
celtection and statistical anmalysis; and Bdwin Wu of the
Physiotherapy Department of Prince of Wales Hospital for his
innovative idea of the sham acupunciure setup.

References

1. Pohodenko-Chudakova IO Acupuncture analgesia and its
application in cramio-maxilicfacial surgical procedures, |
Craniomaxiliofac Surg 2005;33:118-22,

2. Usichenkes T, Dinse M, Hermsern M. Auricular acupuncture
for pain relief after total hip arthroplasty—a randomized
controtled study. Pain 2005;114:320-7,

3. Lin JG; Lo MW, Wen YR, Hsieh CL, Tsai 8K, Sun WZ. The
effect of high and low frequency elechroacupuncture in pain
after lower abdominal surgery. Pain 2002,99:509-14.

4. Lee H Ernst E. Acupunciure analgesia during surgery: a
systematic review, Pam 2005114:511-7.

5. Paterson C, Dieppe P. Characteristic and incidental {pla-
cebe) effects in complex interventions such as acupuanctyre,
BMJ 20085,330:12602-5.

& Andersson 5, Lundeberg T. Acupuncture-from empiri-
cism to science: functional background to acupuncture
effects in pain and disease. Med Hypotheses 199545271~
B1.

. Bing Z Villanueva L Le Bars 1. Acupunctare and diffuse
noxious inhibitory controls: naloxone-reversible depression
of activities of trigeminal convergent neurons, Neuroscience
1990;37:809 18,

8. Pariente |, White P, Frackowiak RS Lewith G. Expectance
and belief modulate the neuronal substrates of pain treated

by acupuncture. Neuroimage 200525:1161-7.

g}

=
o4
&
i
s
i
-
2
2




i

&

[
A

2DVHOHL TVHENT

2038  WONG BT AL

[y
]

ELECTRCACUPUNCTURE FOR POSTIHORACOTOMY PAIN

. Sandberg M, Lundeberg 7, Lindberg LG, Gerdle 5. Efects of

acapuncture on skin and muscle blood flow in healthy
subjects. Ear | App! Physio] 200350114 -5,

. Bing Z, Villanueva L, Le Bars [ Acunpunciure and difuse

nextous inkibitory controls: naloxone-reversilbe depression
of activities of trigeminal convergent neurons. Neuroscience
199037805 -18.

- Le Bars B, Willer JC, De Broucker 7. Morphine blacks

descending pain inhibitory controls in human, Pain 1997,
$8:15-20.

. Christensen PA, Noreng M, Andersen PE, Nielsen W,

Electroncupuncture and post-operative pain. Br | Anassth
1989,62:. 25862,

18,

Ann Thorac Sarg
AR08

. Christensen FA, Rotne M, Vedelsdal B, Jensen RH, Iacobsen

K, Hasted C. Electroacupuncture in anaesthesia for hyster-
ectomy, Br | Anaesth 1999, 71.835-%,

. Zhang RX Lao L, Wang L, Liuv B, Wang X, Ren K, Berman

BM. Involvement of opioid receptors in electroacupuncture-
produced anti-hyperalgesia in rats with peripheral inflam-
mation. Brain Res 2004;1020:12-7,

. Fel H, Xie GX Han JS. Low and high frequency electroacs-

puncture simulation release met-enkephalin and dynorphin A
int rat spinal eord. Sci Bull China 1987:32:1496-501,

Pomeranz B Berman B. Scientific basis of scupuncture, In:
Stux G, Berman B, Pomeranz B, eds, Basics of acupunchare,
Sth rev. ed. Berlin: Springer; 2003:7-87,

Notice From the American Board of Thoracic Surgery
Regarding Trainees and Candidates for Certification Who
Are Called to Military Service Related to the War on
Terrorism

The Board appreciates the concern of those who have
recejved emergency calls to military service. They may be
assured that the Board will exercise the same sympathetic
consideration as was given to candidates in recognition of
their special contributions to their country during the
Vietrram conflict and the Persian Gulf conflict with regard
to applications, examinations, and interruption of training.

© 2006 by The Society of Theoracic Surgeons
Published by Elsevier Inc

If you have any questions about how this might affect
you, please call the Board office at (312) 202-5900.

Carolyn E. Reed, MD
Chair
The American Board of Thoracic Surgery
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