How to Use EStim with Acupuncture,
and why it Works

A Five CEU Hour Course © By Dr. Harvey Kaltsas, A.P., Dipl. Ac. (NCCAOM)



This course will cover the following topics, but they will necessarily be fully compartmentalized as listed below:

1. Instruction in operating battery operated, alternating current, electrical stimulators of milliamp power in a
clinical setting for pain control, addiction control, and muscle spasmeluding placement and types of clips,
and settings of controls: modes, wave forms, frequencies, time, and intensity.

2. Discussion of contraindicated points, frequencies, intensities, and equipment.

a. The neurochemical and physiologic basis of acupuncture analgesia
b. Progress in the pharmacological studies of acupuncture analgesia
c. Progress in the use of acupuncture since the 1970’s

d. Resources to learn more about electroacupuncture

PART 1.

After showing a recent graduate of an acupuncture college how to trestiatica patient with estim using a
Pantheon Research mode}Gl ElectreStimulator, | was surprised when she aské&Hpw do you know which
needle gets the red clip and which gets the black clip?” She then explained that her Chinese instructors in school
always made a big deal about which clip goes where.

This got me to thinking, “Just how little do practitioners know about how to use electrical stimulators, and what
kind of stimulators are other practitioners using?” | thought this because there is 1® ibasectronics or human
physiology for differentiating between the red and black clips when using a stimulator that delivers an alternating
current (AC), perfectly balanced, biphasic square wave, the type of stimulator that should be found in most
acupuncture clinics. More on this later.

To launch right into this topic, | presume and pray that no one is attaching clips from stimulators that deliver net
direct current (DC) onto acupuncture needles. Except when treating cancerous lesions with-edecteatherapy

(ECT), in itself a serious topic for lengthy study, such DC stimulators should only be used with TENS electrode pads
or with a hand held ground and a metal or moistenetifped probe which rests on the skin’s surface.

Why avoid using a DC stimulator hooked to needles? The answer is simple. It damages the needles, and you run
the risk of breaking them off inside the patient. Running DC or direct current from one acupuncture needle to
another creates a migration of electrical ions from one needléhe other. This is what happens with electrolysis

or electroplating. Metal ions from a negatively charged electrode transport through a fluid medium (in this case
human tissue) to a positively charged electrode, and metal builds up on the positivelyedhalectrode. In
practical terms, this means that the needle with the black clip attached gives up pieces of metal which then wind
up attached to the needle with the red clip. The black clipped needle becomes porous and weak and can break off
inside the patient when retracted. The red clipped needle is both weakened and has metal plated to its side in a
jagged, irregular fashion and can rip out human flesh when withdrawn. It's not a pretty sight.

In addition, when subjected to enough percutaneous DC current, the water in human tissue begins to break down
into constituent molecules. Hydrochloric acid (HCL) and oxygen gas bubbles form in the tissues on the way to and
around the positive (red) electrode or needle, and sodium hydroxide (NaOH) and hydrogen gas bubbles form
around the negative (black) electrode or needle.

Drs. Gabriel Stux and Bruce Pomeranz discuss the matter of DC currents and biphasic square waves in their book
Basics of Acupuncturd 998, pp. 27273:




“Generally the red lead of each pair ofr@s is positive, and the black is negative. Pulses of electricity are applied
to the needles in order to stimulate nerves, with the pulse being from 0.1 to 1.0 ms [milliseconds] in duration
(some stimulators have adjustable pulse width). More expensivayoehte stimulators use biphasic pulses
(negative followed by positive or vice versa) in order to reduce polarization of each needle due to electrolysis. (The
negative pulse cleans the electrode of electrolytes deposited by the preceding positive futhe. piilses are
perfectly biphasic, then the net DC current is zero and no polarization occurs. Polarization is a nuisance as it
raises the electrode resistance over time, thus reducing the intensity of stimulation. Also, it can cause the needle
to break off in the tissue.

“Another advantage of biphasic pulses is that the two needles of each pair receive symmetrical stimuli (one needle
being the mirror image of the other). Hence the red lead has a positive pulse followed immediately by a negative
pulse, wiile the black lead has a negative pulse followed by a positive pulse. Since negative pulses cause an action
potential on the nerve, it is important that both needles in a pair receive negative pulses, which is only possible in
a biphasic stimulator. The tensity of stimulation is under the control of the intensity knob. In less expensive
stimulators in which the biphasic pulses are not perfectly matched (the negative wave is not equal to the positive
wave), the negative black lead will give a stronger tesensation than the positive, red lead. In order to achieve

an optimum effect for acupuncture analgesia, the strongest tolerable intensity is required for De Qi (to activate
type Il and lll muscle nerves). If both leads of a pair deliver symmetrical, bgsic pulses then both needles will

be optimally stimulated to give De Qi. With less expensive devices, however, only one needle of a pair is
adequately activated (the needle attached to the black lead).”

ELECTRO-CANCER THERAPY WITH DC GALVANIC STIMULATORS:

DC or galvanic stimulators do have their place in the practice of acupuncture, but it is a very selective application
requiring specialized training. Since 1988 the practice of ECT has spread widely throughout China. In 1992 one
researcher, Dr. Xin Ylung, MD, published a report documenting his results treating 2516 patients, and by 1993 it
was already being used in 818 Chinese hospitals.

An ECT session resembles a normal elemtrgouncture treatment, but with some differences. The physician
inserts a fatinum or gold needle into the center of the tumor and attaches a positive, red clip from a galvanic (DC)
stimulator. The physician then places silver needles around the tumor with negative, black clips attached, no
farther than 1.5 centimeters apart. \fages of 6 to 15 volts are used, dependent upon tumor size. The most
common size of tumor treated is about 3 to 5 centimeters in diameter. Tumors as large as the 5 to 10 centimeter
range have been killed with ECT.

Running current and silver ions into the tumor changes the pH within the tumor and basically cooks it, creating
heat shock proteins which help the immune system to identify similar cancer cells around the body. In this way,
ECT treatment of a local breast tumor can kill a distant metastatictliveor.

In China, Dr. Xin Muing, MD and his associates treated a wide variety of cases with impressive results. At the First
International Conference of BiBlectrotherapy for Cancer held in Beijing in 1992, Dr. Xin reported the following:
more than 35% of cases were put into full remission; 43% had partial remissions; 15% showed no change; and in
only 7% of the cases did the disease progress during therapy. (See Table 1).

Table 1. Cancer Reduction Efficacy of Htectrotherapy as Experienced by the Administering Oncologists in China
- Results from Applying Galvanotherapy to Chinese Cancer Patients



Patient Load CR PR NC PD CR+PR
Cancer type Number (#) # % # % # % # % # %
Total 2516 885 35.2 | 1080 429 | 379 15.1 | 172 6.8 | 1969 783
Lung cancer 593 168 28.3 298 503 | 76 128 51 8.6 466 78.6
Liver cancer 389 98 25.2 196 50.4 74 19.0 20 5.1 294 747
Skin cancer 366 244 65.8 95 26.0 | 20 5.5 10 2.7 336 91.8
Breast cancer 288 78 27.1 82 28.5 59 20.5 9 3.1 160 55.6
Metastatic 190 49  25.8 89 46.8 | 31 16.3 21 11.1 | 138 726
lymphoma
Rhabdomyosarcoma 113 29 257 56 49.6 | 19 16.8 9 8.0 85 75.2
Malignant melanoma 95 56 589 34 35.8 4 4.2 1 1.1 90 94.7
Facial tumor 72 28 389 29 403 | 11 15.3 4 5.6 57 79.2
Metastases in breast 66 17 258 | 25 379 | 15 227 | 9 136 | 42 636
and abdominal wall
Thyroid cancer 57 20 35.1 24 42.1 9 15.8 4 7.0 44 77.2
Oral cancer 53 11 20.8 34 64.2 5 9.4 3 5.7 45 84.9
Key: CR is Complete Remission; NC is No Change; PR is Partial Remission;PD is Partial Deterioration

To put these ECT results from China in proper perspective, the American Gangsy finds a 5% remission rate
in response to chemotherapy to be satisfactorily effective. ECT’'s 80% remission rate far surpasses the success rate
for any chemical or radiologic therapy used in America.

PROBLEMS WITH OLDER CHINESE STIMULATORS:

Over thepast 36 years | have used many types of electrical stimulators, from “the electric aspirin,” a very crude
electric stimulator brought over by NESA founder Dr. James Tin Yao So, to th&-AY@/Q10-B, and WRLO-C.

All these devices were made in Chinadaall suffered from the same deficiencie¥hey were four channel
stimulators, but the intensity delivered to one channel was not always isolated to that channel. Sometimes
intensity would jump from one channel to another, or there would be discontinuous geometric jumps in amplitude
when turning up the intensity dial, and patients would get shocked. Even worse, sometimes current would flow at
a high rate even if the intensity dials were set at zero, shocking the patients as soon as the machine wasturned o

Also the wave forms were not necessarily 100% biphasic and certainly not perfectly symmetrical biphasic square
waves. That is there could be more current flowing in one direction than the other; thus there could be a net DC
current delivered, resulting at times in electrolysis of the needles. Perhaps this is why the convention originated in
the 1970’s and 1980’s to attach the black alligator clip to the distal points and red clips to the more proximal
points, with practitioners intuitively understanding that current was indeed flowing from one direction to another
and not perfectly back and forth as it should have been. Too often the machines broke, and it was very difficult to
get them repaired.

PREFERRED EQUIPMENT:

STIMULATORS:

Ultimately, in the early 1990s, | started buying stimulators form Pantheon Research, | believe it to be the only
American based manufacturer of milliampere acupuncture stimulators, and all my troubles with stimulators have
since gone away. [No, this is nat paid commercial advertisement. | have no financial ties to Pantheon
whatsoever]. The channels in the Pantheon stimulators are completely separated, with no intensity jumps possible



from one channel to another. The wave forms are perfectly symmetrighlasic square waves, that is the wave
form alternates perfectly from positive to negative and negative to positive, obviating any of the aforementioned
electrolysis problems associated with DC stimulators. Symmetrical biphasic square waves are als@ k®othe t

most comfortable. The machines rarely break down. Of the two machines | own, only one malfunctioned (once) in
18 years -and then it was readily repaired at no cost).

There are several other quality stimulators on the market. Lhasa OMS sellfigiverhploy symmetric biphasic
square waves, the ITO H#B0 from Japan and the E600 Han from China. Both have 6 channels, as do some of the
excellent Pantheon stimulators. Lhasa also offers three stimulators with asymmetric biphasic square waves
designed tominimize electrolysis the positive side of the wave is a square wave and the negative is a spiked
wave. Two are updated versions in the WQ@ line, the AWEL05 Pro and the AWQO4L, and the third is the
Model ESL30 from Japan. In my personal experieribe Japanese alligator clips are both more expensive and
more reliable than the Chinese. This may hold true for the stimulators as well, but | can’t say for sure, since I've
been using Pantheon’s stimulators for two decades.

CLIPs:
There are basically the styles:

1. alligator clips

2. MicroClips™ and micro duck beak clips

3. micro-hook clips

I’'m old school and still use alligator clips, preferably those made in Japan since they’re more reliable. Sometimes
I'll fashion my own with supplies from Radio Shack. Tham@geof alligator clips is this: they are big enough so

that those of us with less nimble fingers can handle and attach them easily. The disadvisnthgethey are

heavier than the MicroClips and duck beak clips which Pantheon and Lhasa OMS a)sesgéztively. When
necessary | place paper tape on adjacent skin to secure in place the alligator clips which have been attached to
needles. Another disadvantagé alligator clips is that if you attach them to the shaft rather than the handle of the
needle, the spaces between the teeth are often bigger than the shaft of the needle, and the clip can make
intermittent contact with the needle, thereby breaking the flow of electric current intermittently. To overcome
this, | never attach the alligator clip to the shaft but only to the handle, which is always thick enough to
accommodate the teeth of the acupuncture needle. This also means that | can never use plastic handled needles
when using estim.

The advantages of the MicroClips and duck beak clipshatetiey are light -enly ¥4 as much as standard alligator
clips- and grip firmly no matter what diameter the needle shaft may be. The main disadvantage, for me at least, is
that the handles are small and are thus unwieldy at times.

Micro-hook clips attacHirmly to the shaft of the needle but some may find them to be a little too small (although
they still do fit my clumsy fingers), and they tend to break more readily than alligator clips because the wire inserts
perpendicularly into the clip. It breaks there on me sometimes.

WIRES:

Thicker is better; 28 gauge biomedical wire is light and strong. Between treatments do not crimp the wires or mash
into the plugs which stick into the stimulator as the wires may break. | usually hang mine from a high plege so t
can dangle. Most machines come with a lead tester so you can ascertain if the plug, wire, and clips are functioning
properly.



EAR PROBES WITH HAND GROUNDS:

These are inexpensive, ubiquitous, and plug into the various stimulators. Lhasa OMS sells their A4 Pen Probe for
$8.50. For $3%45 dollars Lhasa and Pantheon also sell facial stimulation probes to be used with moistéped Q
heads into the heads of the probes.

FREQUENCIES AND WAVE FORMS:

The safest most comfortable wave form to use is a symweegthiphasic square wave. This wave guarantees that
there will be no electrolysis and is the most comfortable for the patient. Patients tend to experience biphasic
waves with negative spikes as being a little sharper when amplitude is turned up-SbmendiHan et alia
conducted research into how “High and low frequency electroacupuncture analgesia are mediated by different
opioid peptides.” Basically he found that there are three different basic forms of endogenous opioid peptides
(EOP’s) involved in acupuncture analgesia:

1. metaenkephalin (MEK) and leerkaphalin (LEK);

2. beta-endorphin (BEP)

3. dynorphin A (Dyn A) and dynorphin B (Dyn B)

Han concluded that “Different kinds of EOP may be released in the spinal cord by EA stimulation of different
frequencies,

» MEK at2 Hz,

» Dyn A at 100 Hz, and

» a mixture of enkephalins and dynorphins at 15 Fz.”
Han further concludes that “BEP and LEK do not seem to play a significant role in the mechanisms of acupuncture
analgesie{.z]

Enkephalins have their greatest effect on the upper body and head, dynorphins on the spine, torso, and
extremities. Thus it's a pretty safe bet when treating the head and neck to use a combination of 2 Hz and 15 Hz
and when treating the lower part of the body to use a combination of 2 and 100 Hz.

PROTOCOLS FOR USE:

» The first thing you should demand of an electrical stimulator is that it should run only on batteries. If you
have a stimulator that needs to be plugged in, beware! There is always the possibility that it could short
circuit and deliver lethal surge of electricity to your patient. For that reason, | would never attach clips
from a plugged in stimulator to acupuncture needles in a human body. This is especially true here in
Florida where we have an abundance of lightning storms andecpueht unexpected power surges.

Before attaching clips to the needles, be certain that the machine is turned off and that all intensity knobs
are turned down to zero. Otherwise you and your patient can be in for quite a shock.

Make sure the leads for your clips are plugged into the stimulator.

Attach the clips to the handles of the needles.

Adjust the frequency on the machine to be appropriate for the area(s) being treated.

Double check to see that the machine is turned off and that the intensity knobs are dialed down to zero.
Then turn the MODE knob on the elecBtimulator to the desired Mode: Mixed, Continuous, or
Discontinuous. | almost always use Mixed mode because it allows one to direct two different frequencies
at the tissue, preventing the tissue form accommodating to and tuning out the stimulus. Different
frequencies create different forms of endogenous opioid peptides (EOP’s) in the body. More varieties of
EOP’s are better for effecting pain relief. Continuous stimulation is similar to that produced by persistent
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manual manipulation of the needle, and | use it mostly when doing scalp acupunctamd at 3 Hz.
Discontinuous is similar to intermittent manual stimulation.

Inform the patient which needles you'll be stimulating first, then turn on ithechine, and SLOWLYurn

up the intensity knob. | ask the patients to tell me when they start to feel the stimulation, and | bring the
intensity to just above the point whereby the patients can feelbitit- below the point where the
stimulation is uncomfdable.

Repeat this procedure for every set of wires used.

After 10 minutes | turn up the intensity again, slightly, so the patient feels the stimulation again, because
usually patients adapt to the sensation.

Generally | stimulate for 280 minutes, no les and no more. This duration is based upon research
conducted by Dr. -Bheng Han.

To end the treatment, turn each intensity knob down part way. Then turn each knob down all the way.
Then turn the Mode knob to off. This is very important for two reasomst B that leaving the stimulator

on will drain the battery. They are nine volt and cost about $3.00 each. Second, turning the machine off
assures that when treating your next patient you won't attach wires to a machine that’s already on!
Disconnect the clips from the needles.

Put the stimulator away in a place where the wires can hang freely.

TO TREAT VARIOUS DISORDERS:

1.

PERIPHERAL NEUROPATHY —
I've consistently had great results over the years treating the following points with 2 and 100 Hz for 20
minutes set on mixed frequency: the Bafeng points attached to Sp 5, Sp 9, GB 34, GB 40.

ADDICTIONS —

The following two protocols are taken from andfer to the charts in Terry Olesonfuriculotherapy
Manual They involve treating with a hand held probe applied to the ear with a ground held by the
patient.

Fornicotine stimulate:

» Lung 1 (anterior hypothalamus) for 2 minutes @ 80 Hz continuous
Lung 2 (posterior hypothalamus) for 2 minutes @ 80 Hz continuous
Mouth for 30 seconds @ 5 Hz continuous
Palate 1 for 30 seconds @ 80 Hz continuous
Palate 2 for 30 seconds @ 100+ Hz continuous
Point Zero for 30 seconds @ 10Hz continuous
Shen Men for 30 seconds @Hz continuous
Adrenal Gland for 30 seconds @ 20 Hz continuous
Master Sensorial for 30 seconds @ 100+ Hz continuous
Master cerebral for 30 seconds @ 100+ Hz continuous
Irritability for 30 seconds @ 100+ Hz continuous
Corpus Callosum for 30 seconds @ 20 Hz continuous

VVVVVVVYVYYVYYVYY

Fordrugs stimulate:
» Lung 1 (anterior hypothalamus) for 2 minutes @ 80 Hz continuous
» Lung 2 (posterior hypothalamus) for 2 minutes @ 80 Hz continuous
» Point Zero for 30 seconds @ 10Hz continuous



Shen Men for 30 seconds @ 10Hz continuous
ThalamugSubcortex) for 30 seconds @ 80Hz continuous
Endocrine for 30 seconds @ 80Hz continuous

Adrenal Gland 2 for 30 seconds @ 20 Hz continuous
Master Sensorial for 30 seconds @ 100+ Hz continuous
Liver for 30 seconds @ 5 Hz continuous

Kidney 1 for 30 seconds &Hz continuous

Kidney 2 for 30 seconds @ 5 Hz continuous

Brain for 30 seconds @ 80 Hz continuous

Occiput for 30 seconds @ 10 Hz continuous

Sexual desire for 30 seconds @ 10 Hz continuous
Irritability for 30 seconds @ 100+ Hz continuous
Corpus Callosum 680 seconds @ 20 Hz continuous

VVVVVVVVYVYVYYVYYVYY

Further on in this course you will find other protocols for treating addictions in the paper written by Dr.
Deke Kendall, one of the peminent researchers in the acupuncture profession. His protocols are simpler
but also effective.

3. PAIN CONTROL AND MUSCLE SPASMS:
Head and neck — Treat appropriate points @ 2 and 15 Hz mixed fo800ninutes
Low back pain — Treating appropriate points with “Alternating stimulation at-H#z and 3tHz frequencies
was more effective than either 4 Hz or 100 Hz in improving outcome meaéﬂresﬂjally, | think a mix
of 2 and 100 Hz is the most effective approach.
Rest of body — appropriate points @ 2 and 100 Hz mixed for3Mminutes

4. SCALP ACUPUNCTURE —
Treat appropriate points @ 3 Hz for 3 minutes continuous

PART 2

CONTRAINDICATIONS FOR ELECTRO-ACUPUNCTURE!™

v

Do not use with pacemakers (potential cardiac problems)

Do not apply transcranial stimulation (epileptic possibility with1BOHz)

Do not apply current across the spine, horizontally

Do not apply stimulation across the chest region

Do not apply stimulation over the neck region to prevent laryngospasm

Profound analgea induced by B puts patients at risk of saljury

Do not use with imbedded neural stimulators

Do not treat lower body points during pregnancy, especially during third trimester

High frequency or high amplitude application may induce stress, whichnisaindicated in cases of
hypertension

E-A can oversedate older patients causing risk of falling asleep after treatment. Patient should be driven
to and from clinic. [Or caution them in this regard and observe effects from treatment before sending
them hame]

VVVVYVYYVYYY
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» Excessfa can produce tolerance by depleting serotonin.
» Do not apply to benign and malignant tumors

PART 3 - RESEARCH BY DR. JI-SHENG HAN, M.D. AND OTHERS- TO
BE FOUND AS ATTACHMENTS

ATTACHMENT 1:

Summary - Neurochemical Basis of Acupuncture Analgesia (AA)

ATTACHMENT 2:

a. The Role of 5T in AA and Acupuncture Tolerance
b. 5-HT Is an Important Mediator for Both High and Low Frequency Elactripuncture Analgesia (EAA)

ATTACHMENT 3:

GABA: Antagonistic Effect @AA

Changes in Opioid Activity in Brain and Pituitary during EAA in the Rat

Central 5HT, Opiate Like Substances (OLS) and AA

High and Low Frequency EAA Are Mediated by Different Opioid Peptides

Analgesia Produced by Electroacupuncture of Different Frequencies are Mediated by Different Varieties of
Opioids in the Spinal Cord

f. New Evidence Supporting Differential Release of Enkephalin and Dynorphin by Low and High Frequency
EA Stimulation

ATTACHMENT 4:

Acupuncture: neuropeptide release produced by electrgtahulation of different frequencies by J.S. Han,
M.D.

P oo oo

ATTACHMENT 5:

Percutaneous Electrical Nerve Stimulation (P.E.N.S.) for Lower Back PasaysdEEhoname, M.D. et al.

ATTACHMENT 6:
Treatment of Substance Addiction with Acupuncture by D.E. Kendall, OMD, Ph.D., L.Ac.

ATTACHMENT 7

The Effect of Stimulus from the Analgesic Response to P.E.N.S. in Patients with Low Back Pain by E. Ghoname,
M.D.et al.



FOR WHAT THEY’RE WORTH -
GLEANINGS FROM AND MUSINGS ON THE RESEARCH OF DR. JI-SHENG HAN:

GABA is an antagonist to both electroacupuncture analgesia (EAA) and to morphine aﬁsé@esmse diazepam
facilitates GABA transmission it also results in a marked attenuation of the EAA%ffect

Serotonin (BHT or Bhydroxytryptamine) augments the effect of electroacupuncture analg[é]siﬁerotonin’s
precursor is BHTP or Ehydroxytryptophan, which dramatically increases the effectiveness of electroacupuncture
analgesia and reverses toleranto EAA. Thus it makes sense to advise patients in significant pain to supplement
with 5-HTP prior to electroacupuncture or finger acupuncture treatment.

Since about “80 percent of the human body's total serotonin is located irmerochromaffin cellsn the gut’[S],
it makes sense to stimulate abdominal points such as K 16; ST 25, 26, & 27; CV 10, 9, 7, 6, 4 for patients with pain.

Electroacupuncture analgesia produces endogenous opiate like substances which act upon the brain at the nuclei
accumbens, amygdale, habenula, periaqueductal grey arethe midbrain, and septum accumbens.

Beta endorphin and A€iTare derived from a common precursor and arereleased from the pituitary under
stress.

D-Phenylalanine in rabbits increases the acupuncture analgesia effect of finger acupuncture given to rabbits at the
Kunlun point (UB 60) if given 1% minutes priorto treatment* D- Phenylalanine is found in breast milk and is
available as a nutritional supplement for the treatment of depression and paiRhé&nylalanine is the artificial
sweetener aspartame which has been shown to have neurotoxic effects.

Dynorphin is 6 to 10 times more potent than morphine at producing analgesic effects and is most present in the
pituitary, hypothalamus, and spinal cord. Dynorphin’s opioid activity is 50 x more powerful than Beta endorphin,
190 x more powerful than normorphingnd 700 x more powerful than Ieucinoenkephéﬁﬂ.Dynorphins are
readily produced with 10 minutes of electroacupuncture stimulation alQ6 Hz.

To increase the electroacupuncture analgesia effect, raise the intensity from the electronic stimulatpriéve
minutes till 30 minutes. Stimulation beyond 30 minutes tends to diminish the EAA effect.

Cerebral norepinephrine (NE) exaggerates the antagonistic effect to'EAA.

The effectiveness of EAA is critically dependent upon the time period of admiiustrat the stimulus. After
continuous EAA stimulation for &-hours on rabbits, the EAA effect declined and tolerance deveIBﬂed.
However, “Tolerance to EAA was reversed by miigiection of 5hydrooxytrptophan into nuclei accumbens in the
rabbit.”"
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THE ROLE OF CENTRAL 5-HYDROXYTRYPTAMINE IN ACUPUNCTURE ANALGESIA AND ACUPUNCTURE

TOLERANCE

J. Tang, S.J. Li, C.W. Xie and J.S. Han
Department of Physiology, Beijing Medical College, Beijing 100083, China.

Advancgs in Endogenous and Exogenous Opioids
Proceedings of the International Narcotic Research
Confc{encc. Kyoto, Japan, July 26-30, (98]
Copyright © 1981 by Kodansha Ltd., Tokyo
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SUMMARY
The 5-hydroxytryptamine(5-HT) released in the brain and in the spinal cord

seem to play an equally important part in mediating the effect of acupuncture
analgesia(AA). Profound release of 5-HT for many hours during repeated electro-
acupuncture stimulation may result in the development of tolerance to 5-HT, which

in turn constitutes one of the mechanisms for the induction of acupuncture tole-

rance(AT).

INTRODUCTION

Serotonergic neurons in thé raphe nuclei send ascending fibers to the fore-
brain and descending fibers to spinal cord. Whereas the descending gerotonergic
pathway in mediation of AA has been stressed repeatedly!’?, the importance of
ascending pathway seems to attract less attention®. 1In this study 5-hydroxy-
tryptophan(5-HTP), the direct precursor of 5-HT, and cinanserin, the specific
antagonist for 5-HT receptors, were injected intracerebroventricularly(ivt) or
intrathecally(ith) via chronically implanted cannula to assess the relative
importance of 5-HT in brain and the spinal cord for mediation of AA.

It was also interesting to find that while single injection of 5-HTP poten-
tiated AA dramatically, repeated admiﬂistration of 5-HTP resulted in as attenua-
tion of the effect of AA. The possibility of development of tolerance to exoge-

nously administered or endogenously released 5-HT, and its possible implication

in the development of AT was thus evaluated.

METHODS
Female rats weighing 180-220 g were used. Nociceptive response was measured

by tail flick latency elicited by radiant heat. Electroacupuncture(EA) was
applied through two pairs of stainless steel needles inserted into ''Zusanli' and

"Sanyinjiao" points in both hind legs". Stimuli of 2-15Hz biphasic electric
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pulses of 0.3ms duration were delivered by a 57-6D electronic stimulator. In the
first two experiments stimuli of 3V was given for 10 min, while in the later

two experiments the amplitude of electric pulses was increased stepwise from

1V to 3V in a period of 30 min. The effect of AA was assessed by the increase in

tail flick latency measured after the EA stimulation and expressed as % changes
of the basal level, with 4+150% as the cut-off value" .

Ivt injection was performed through chronically implanted stainless steel
cannula, and ith injection made via PE10 plastic tubing chronically indwelled in

lumbar segment of the spinal cord®, the injection volume being 1541 for both ivt

and ith administrations.

RESULTS AND DISCUSSIONS
Exp.1l. Two groups of 6 rats were given EA stimulation 15 min following the

ivt injection of 100ug of cinanserin or 1541 of normal saline. The effect of AA

was found to be decreased by 667 in the cinanserin group(p<0.05).

of cinanserin brought about a 53% decrease in AA(n=8) as compared to the corres-

Ith injection

ponding saline group(n=8, p<0.05). The results were shown in Figure 1.
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Fig.l. Changes in the effectiveness of AA following intraventricular(A) or
intrathecal(B) injection. of cinanserin or 5-HTP in the rat.

Exp.2. It is evident also from figure 1 that the effect of AA was'markedly
potentiated by 5-HTP in a dose af 200ug either after ivt injection(+54%, p<0.05)
or after ith injection (+47%, p<0.05) as compared to the corresponding NS control
group.

The résults of exp. 1 and 2 clearly indicate the importance of 5-HT in the
brain as well as in the spinal cord for mediation of AA.

Exp.3. A group of 12 rats was given 6 consecutive sessions of EA in 6 hr.

The effect of AA as shown by the increase in tail flick latency was found to be

markedly reduced from the first session to the 6th session. A similar reduction

in AA was found in another group of rat in which 6 consecutive ip injections of
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5-HTP, 25mg/kg, were given in the same period instead of EA stimulation. The
results shown in table 1 suggest that overloading the 5-HT receptors for 6 hr

may cause reduction of the effectiveness of 5-HT which in turn caused a reduction
in the effectiveness of AA.

TABLE 1
The_effect of AA after repeated EA stimulation or multiple 5-HTP injections
Analgesic effect of EA '

. N 1lst session last session P
EA stimulation X6 12 110+15% 25117 <0.001
5-HTP 25mg/kg ip X6 10 110+ 9% 41137 <0.001
NS ip X6 8 1104157 105+117% >0.05

Exp.4. The central effects of 5-HT are multiform, one of which is the hypo-
thermic action. A decrease of 1-2°C in rectal temperature was found in rats 30
min after the ivt injection of 12.5Yg of 5-HT. This hypothermic effect was found
to be significantly attenuated after 6 sessions of EA or 6 ip injection of 5-HTP,
implying a reduction in the effectiveness of central 5-HT in these two experi-
mental conditions(Table 2).

TABLE 2 .
The hypothermic effect of 5-HT following repeated EA stimulation or multiple

5-HTP injections

Hypothermic effect of 5-HT

. N Control ‘Post-treatment P
EA stimulation X6 9 1.48+0.12 0.75%0.15 <0.001
5-HTP 25mg/kg ip X6 11 1.49+0.23  0.58+0.19 <0.01
NS ip X6 11 1.7940.31 1.91+0.18 >0.05

The results in exp 3 and 4 provide in vivo evidence of acute tolerance to
5-HT which may have some implications in the development of AT.

Tolerance to endogenously released neurotransmitters such as opioid peptidesf
5-HT and NE’ is a logical consequence for certain physiological or pathological
conditions when large amount of neurotransmitters are released continuously for
a definite time pgriod. Elucidation of the dynamic course for development of to-
lerance to different kinds of neurochemical substrates may be of value not only
for the understanding of the mechanism of AT, but also of the physiology and

pharmacology of chronic stress, certain kind of drug tolerance, etc, as well.
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3.9.

5-HYDROXYTRYPTAMINE IS AN IMPORTANT MEDIATOR FOR BOTH HIGH
AND LOW FREQUENCY ELECTROACUPUNCTURE ANALGESIA A .

ZHANG Min, HAN Jisheng

]
- Acupuncture Research 10(3)212-215, 1985 %

Evidence obtained from different lines have shown that !
5-hydroxytryptamine (5-HT) plays an important role in mediating
electroacupuncture analgesia (EAA). However, Cheng and Pomeranz' in I
1979 reported that p-chlorophenylalanine(pCPA), The specific inhibitor |

! of the 5-HT synthetic enzyme, was effective in decreasing only high
frequency EAA, but not the low frequency EAA in the mice. To evaluate !
whether this is true in the rat, we have used EA of 4 frequencies (2, |
15, 100Hz fixed frequency and 2-15Hz changing frequency EA T”"

stimulations) and 2 intensities (3V, 9V) to assess the effect of pCPA ‘
on EAA. ) ort

The effect of EAA in control rats injected with normal saline were l
rather stable in 4 period of 2 weeks. Intraperitgneal injection of ;
pCPA (320mg/kg) resulted in a marked decrease (-84% to -90%) of the i
effect of EAA 3 and 5 days after the ip injection, followed by a mﬁd,
gradual recovery which completed in 13 days. The decrease of EAA was .
of similar degree whether low or high frequency, weak or strong 0“4

4 &ntensity EA stimulations were used. '

n It is thus concluded that 5-HT is important in mediating not only
:@igh frequency, but also low frequency EA analgesia in the rat. . u“‘
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6.1.

' GABA: ANTAGONISTIC EFFECT ON ELECTROACUPUNCTURE ANALGESIA
AND MORPHINE ANALGESIA IN THE RAT

S.G. Fan, 2.C. Qu, @Q.Z. Zhe and J1.S. Han

Life Sci 31 (12/13):1225-1228, 1982
(Received in final form June 14, 1982)

Summary

The role of GABAergic system in the brain in mediating electro-
acupuncture(£EA) analgesia and morphine analgesia was studied by
using GABA synthesis inhibitors, GABA degradation inhibitors,
GABA receptor blockers and diazepam. The results indicate that
GABAergic system in the brain may be antagonxstxc to both EA

land morphine analgesia.

There has been increasing evidences suggesting an involvement of GABAerglic
mechanism in morphine analgesia, although results from different laboratories
seemed equivocal(l-4). Very little is known about the implication of GABA in
EA analgesia. Our findings iIn the rat showed that GABAergic mechanism may

fujction to antagonize both EA and morphine analgesia.

IHefhods

Rats weighing 150-220 g were used. Tail flick latency elicited by radiant
heat was measured for testing analgesia. EA was applied via two pairs of stain-
less steel needles inserted into Zusanli and Sanyinjiao points in both hind
legs. A series of dense and sparse(2-15 Hz) electric impulses were delivered by
a 57-6D electronic stimulator for 10 min, the amplitude of the main waves
} being 2V and 3V respectively. The analgesic effect of £A was assessed by the

per cent Increase of tail flick latency measured after EA as compared with the
basal level, with +150% as the cut off limit. The details &f nociceptive test
k .and method of EA stimulation were described elsewhere(5).
3 To test the effectiveness of morphine analgesia, 2 or 6 mg/kg of morphine
EHC1 was injected subcutaneously(sc). Tail flick latency was measured before
and 10 min after the drug administration for 1 hr. The per cent changes of the
0 post drug measurements were averaged as the average morphine effect.

L Intracerebroventricular(icv) Injection of bicuculline or gamma-vinyl GABA
Was performed through chronically implanted stainless steel cannula or acutely
ﬁ{ven according to Noble et al(6).

- The GABA content in the brain was measured by radjoreceptor assay with 3K~
W/'scimol as the radioactive ligand(7,8).

Significance of difference between groups was

. Data were shown as mean+SEM
wl:} kermined by t test.

0024-3205/82/121225-04$03.00/0
Copyright (c) 1982 Pergamon Press Ltd.

- 163 -

‘Y“ -
L il ] H R

R Y
i all,

W'”
ciknE fény
WELRI I

IL Q"
L ] li

0 u
. Jﬁ‘m
Mﬂmw

‘s '




Results and discussions

The effect of 3-mercapto-propionic acid(3-MP) on EA apalgesia: 3-MP has been
known as a powerful iphibitor of glufamate decarboxylase(GAD)(9), thus reducing
the GABA content in the tissue(10). Recently 3-MP was also shown to be a selec- r
tive iphibitor of GABA release(ll). This drug was therefore used as a model .
compound to reduce the GABAergic function of the brain in the present study.

A dose-dependent augmentation of EA analgesia was found 30 min after the intra-
peritoneal(ip) injection of 3-MP(10, 20, 25 mg/kg)(fig. 1). Radioreceptor
assay revealed a significant reduction of GABA content in brain stem(-19+5%),
spinal cord(-37+6%) and cerebellum(-38+5%) after 3-MP administration, while the
changes In the diencephalon and forebrain the rest were not statistically signi-
ficant. These results imply that GABAergic system in brain may have an antago-
nistic effect on EA analgesia, although the GABA contained in different brain
areas may not act in an identical manner. ‘

1207~
[CJns (Aawe
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FIG. 1

~—

The effect of 3-MP on EA analgesia(2V, 10 min). Dose of 3-MP
in mg/kg is indicated at the bottom of the column. N=10 in
each group. *p<0.05, **p<0.01 as compared with the saline
control group.

AOAA(25 mg/kg, ip, 6-8 hr after drug administration) and gamma-vinyl GABA(100ug,
icv, 12-24 hr) were used as inhibitors of GABA transaminase(GABA-T) to raise
the GABA content in the brain. Both these two drugs elicited marked reduction
of EA analgesia. Figuré 2 shows a negative correlation between the GABA con-
tent in the brain measured 12 hr after gamma-vinyl GABA(25, 100ug) administra-
tion and the effect of EA analgesia as indicated by the per cent change of

tail flick latency after EA stimulation.

AOAA(25 mg/kg, 6 hr) was also shown to reverse the augmentatory effect sf
3-MP(25 mg/ kg, 30 min) on EA analgesia. On the other hand the antagonistic
effect of AOAA(25 mg/kg, 6-8 hr) on EA.analgesia was found to be reversed by
either isoniazid(200 mg/kg, 45-60 min), the GAD inhibitor, or bicuculline
methochloride(0.3ug, icv, 30 min), the GABA receptor blocking agent.

~r

The effect of diazepam on EA analgesia: Diazepam has been shown to facilitate
the GABAergic transmission(12). A marked attenuation of EA effect was observed
in a group of 19 rats given ip injection of 8 mg/kg of diazepam as compared
with the normal saline control group(n=20). . This antagonistic effect on EA
analgesia could be completely reversed by the GABA antagonist picrotoxin
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FIG, 2(left) and 3(right)

Figure 2 shows a negative correlation between GABA content in
"the brain and the effect of EA analgesia after gamma-vinyl GABA
treatment. Figure 3 shows the antagonistic effect of diazepam
(8 mg/kg, ip) on EA analgesia, and the reversal of diazepam
effect by picrotoxin(6 mg/kg, Ip). N=19-20 in each group.

Parallel results were obtained when morphine was used in stead of EA sti-
mulation: potentiation of morphine analgesia by 3-MP, and attenuation of mor-
phine effect by AOAA, gamma-vinyl GABA or dlazepam.

Taking all these results together it seems likely that GABA in the brain
may function to antagonize the mediation of EA analgesia, and morphine analge-
sia as well. The mechanism for this phenomenon is not yet known and can only
be speculative. It has been shown that serotonin is an important link in me-
diating both EA analgesia(l3) and morphine analgesia(l4). It was also repor-
ted that the raphe nuclei in the brain stem are tonically inhibited by a GABA
system descending from the forebrain structures(15). The possibility seem to
exist that the release of GABA in the raphe nuclei may suppress the functional
activities of serotonergic system thus reducing the efficacy of EA and morphine
analgesia. This hypothesis are currently being evaluated.

We thank Or. L.L.- Iversen and Dr. E. Costa for providing the chemicals
used Iin this study.
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7.1.8.

CHANGS IN OPIOID ACTIVITY IN BRAIN AND PITUITARY DURING
ELECTROACUPUNCTURE ANALGESIA IN THE RAT

TANG Jian, HAN Ji-Sheng

" Journal of Beijing Medical College (3):150-152, 1978

The opioid activity in rat brain and pituitéry following
electroacupuncuture (EA) stimulation was measured by radioreceptor
assay (RRA) and correlated with the analgesic effect elicited by EA.

Female rats weighing 200-250 g were given EA to the points Zusanli
and Sanyinjiao in both hind legs (2-15Hz, 1-3V, 30 min). EA analgesia
was measured and expressed as the percent increase in tail flick
latency (TFL). The rat was then decapitated and the brain and
pituitary were taken and homogenized in methanol-Tris buffer. The
exacts (20-30ul) were incubated with crude brain membrane preparation
(300mg/200ul) in the presence of 3H-dihydromorphine (8x10-4 uCi) for
determination of opioid activity, which was expressed as % inhibition
of the specific binding of radioligand with membrane preparation.

Opioid activity in the whole brain was found to be 38.1+2.3% in a
group of 20 rats receiving EA for 30 min, which was 33% (p<0.01)
higher than that in the control rats (28.6+1.4%,, n=25). While EA
produced an average increase of TFL by 72+9% in a group of 20 rats,

k- the effect of EA analgesia in individual rats exhibited a wide

variation. Statistical analysis revealed a positive correlation
between the effectiveness of EA analgesia and the increase in cerebral
opioid activity (r=0.61, n=20, p<0.01), suggesting 'that cerebral
opioids may play an important part in the mediation of EA analgesia.

In contrast to the increase in opioid activity in the brain, there

. Wwas a significant decrease in the opioid activity in the pituitary:
(-18.3%, p<0.05). When the RRA data were correlated with the effect of

E EA analgesia, there appeared to be a tendency of a negative

L correlation (r=-0.34, n=18), with the p value barely reaching

%ignificant, level. The role played by pituitary opioids in EA
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5 OLS 3%
&% gt Ag " AND ACUPUNCTURE ANALGESIA

CENTRAL 5-HYDROXYTRYPTAMINE, OPIATE-LIKE SUBSTANCES (OLS)

C.S;Han, J.Tang, S.G.Fan, M.F.Jen, Z.F.Zhou, W.Q.Zhan, X.N.Liang

Reaearch Group of Acupuncture Anesthesia
Peking Medical College, Peking

Endogenous and Exogenous Opiate Agonists and Antagonists
(E.L. Way,- ed) Pergamon: New York, pp. 205-208, 1980

Summary

1 The interrelationship between the cerebral 5-HT content and OLS
activity were studied in rats and correlated with the effect of
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" content following the intraperitoneal injection of parachloro-
phenylalanine (pCPA), the 5-HT synthesis inhibitor or intracerebral
injection of 5,6-dihydroxytryptamine (5,6-DHT), the serotonergic
chemical denervator, was accompanied by a parallel decrease 1in the
effect of AA. A significant positive correlation was found between the
% change of central 5-HT (x) and the effect of AA (y, % change of pain
threshold over the basal level), expressed in an equation of lineal
regression: y=0.428x+26.1 (r=0.364, n=51, p<0.01) (2). It can be seen
from the equation that the effect of electroacupuncture in rats is
closely related to the cerebral 5-HT content. In addition, the effect
of AA would not be totally abolished, even though central 5-HT falls
to a very low level. This implies that central 5-HT is an important
factor but not the sole determinant of AA.

1-2. Changes in the cerebral 5-HT content during AA: As reported
previously, there was a significant rise in cerebral 5-HT content
during AA in rats (3). In a recent study, we have proved further that
the % increase in amplitude of central 5-HT was positively correlated
with the effect of AA (4). This gives affirmative support to the
important role of 5-HT ip AA.

2. The interrelationship between OLS and AA

2-1. Effect of blockade of opiate receptors on AA: It has been
proved separately by Mayer in human beings (5) and by Pomeranz in mice
(6) and cats (7) that the effect of AA could be partially abolished by
opiate receptor antagonists. We have obtained similar results in
rabbits (8), implying that OLS is implicated in AA; but we failed in
our experiments with the rat tail flick acupuncture analgesia model.
The dose of naloxone (20 ug in 50 ul infused within 16 minutes) was
certainly large enough to block the analgesic effect of morphine (10
mg/kg, sc) completely, but it failed to block AA (9). An explanation
should be sought for the ineffectiveness of naloxone in rats: Whether
OLS does not take its part in AA in this species, or is there any
other reason?

2-2. Changes 1in the cerebral OLS activity during AA: Rats were
given electroacupuncture for 30 minutes and then decapitated for the
determination of cerebral OLS activity by radio-receptor assay. It was
found that in the acupuncture group, the cerebral OLS activity rose
conspicuously. The % elevation of OLS activity was positively
correlated with the effect of AA (p<0.01) (10), and the result was
again verified in another recent study (4). This implied that central
OLS is implicated and takes an important role in AA in rats.

Aiming at a resolution for the appaarent contradiction in the
results of experiments in rats and rabbits, we proceeded to study the
interrelationship between OLS and other neurotransmitters, taking for
first priority that between OLS and 5-HT.
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3. The interrelationship between 5-HT and OLS

3-1. Effect of blockade of opiate receptors on cerebral ‘5-HT:
After the rats were given intraventricular infusion of naloxone (20 ug
within 16 minutes), they were decapitated immediately for the
determination of 5-HT and its metabolic end product 5-HIAA in the
whole brain. The cerebral 5-HT content increased by 14% on average
over the control group (p<0.01) and 5-HIAA by 16% (p<0.05). The
results imply that the blockade of endogenous OLS activity brought
about an acceleration in the metabolism 'of central 5-HT.

3-2. Effect of lowering of central 5-HT on cerebral OLS activity:
The decrease in cerebral 5-HT content (x) following the administration
of PCPA or 5,6-DHT was accompanied by a corresponding increase in
central OLS activity (y), and a high negative correlation was found
between their relative contents expressed as % of normal (r=0.74,
n=50, p<0.001). The regression equation (y=164.8-0.64x) implied that a
decrease 1in the cereral 5-HT content effected a spontaneous increase
in central OLS activity.

The existence of an intimate functional interrelationship between
central 5-HT and OLS, the impairment of function in anyone of these
being compensated by an automatic elevation in the other, helps to
explain thé following experimental phenomena;

(1) The effect of AA was not totally abolished, even though the
cerebral 5-HT content was reduced to less than 20% of its normal level
(cf. 1-1).

(2) Blockade of cerebral OLS activity did not attenuate the effect
of AA significantly in rats (cf. 2-1).

(3) Intraventricular injection of naloxone which induced a partial
blockade of the effect of AA in normal rabbits was ineffective in
those 1in which the central 5-HT content had been elevated by the
injection of pargyline (8). :

4. The interrelationship between 5-HT, OLS and AA

4-1. Change in the cerebral 5-HT content and OLS activity during
AA in normal rats (4): 1In a group of 27 rats given electroacupuncture
for 30 min, the cerebral 5-HT content and OLS activity were
deteramined simultameously after decapitation at the end  of
electroacupuncture. It was found that rats with high levels of both
central 5-HT content and OLS activity generally exhibit excellent
analgesic effects, those with elevation of either 5-HT or OLS. a
moderate analgesic effect, while those with no elevation or even a
reduction in both showed a poor effect. The interrelationship between
central 5-HT content (%, x1), OLS actaivity (%, x2) and the effect of
AA (% increase in pain threshold, y) can be expressed by the
regression equation: y=0.64x1+0.46x2-75 (r=0.69, p<0.001).
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The above equation associated with the high correlation denotes

that central 5-HT and OLS are important factors determining the effect
of AA, and the effect of AA is related to the joint action of these
neurotransmitters. 1In order to ascertain the general significance of
the equation, the experiment was repeated under conditions of reduced
5-HT. ‘

4-2. The interrelationship between 5-HT, OLS and the effect of AA
in PCPA-treated rats: As mentioned aove, the reduction of central

5-HT content after PCPA was accompanied by a spontaneous rise in.

cereral OLS activity. The trend of elevation of OLS was even more
marked when electroacupuncture was given to these animals. Correlative
analysis of central 5-HT content and OLS activity with the effect of
AA in individual rats revealed that inasmuch as the decrease in
cerebral 5-HT had been compensated by a rise in OLS, the rats retained
a fiarly well effect of AA. While in those rats the cerebral' OLS
activity failed to make up for the loss in 5-HT, the effect of AA was
almost completely abolished. The results of observation in a group of
51 rats may be- expressed in B regression equation: y=0.61x1+0.48x2-62

(r=0.60, p<0.01), which was very similar to that obtained in normal

rats (cf. 4-1). The consistency of the general equation under
different experimental conditions may well indicate the existence of a
substantial interrelationship between central 5-HT and OLS with regard
to the effect of AA.

4-3. The effect of simulataneous blockade of 5-HT and OLS on AA in

rats (3): Intraperitoneal injection of a small dose of PCPA (200
mg/kg) reduced the cerebral 5-HT content by 52% (p<0.001); at the same
time, the effect of AA was reduced by 19% only (p>0.05).

Intraventricular infusion of naloxone (20 ug) had no apparent effect
on AA also. However the effect of AA was reduced very significantly
when these two measures were given in comination (-59%, p<0.005).

These results implied that the antagonistic effect of naloxone could

have been manifested ' in rats in case there is a reduction in the
functional activity of central 5-HT. When naloxone was given in
comination with large dose of PCPA (320 mg/kg ip, plus 10 mg/kg ivt),
so that both the effects of 5-HT and OLS were blocked, the effect of
AA was almost totally abolished (-82%, not significantly defferent
from the basal pain threshold).
' SF'Conclusion

5-1. The effect of AA in rats seems to be intimately related to
the cerebral 5-HT content and OLS activity, and the extent they were
mobilized in the course of acupuncture.

5-2. There seems to be an intimate interrelationship and a
functionally compensatory mechanism between 5-HT and OLS in the CNS.
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HIGH AND LOW FREQUENCY ELECTROACUPUNCTURE ANALGESIA
ARE MEDIATED BY DIFFERENT OPIOID PEPTIDES

J.S. Han, G.X. Xie, X.Z. Ding and S.G. Fan.
Department of Physiology, Beijing Medical College,
Bei jing 100083,China.

Pain Suppl 2:543, 1984

The aim of this study to clarify the role of endogenous opioid
peptides (EOP) in mediating electroacupuncture analgesia (EAA).

Rats were given EA of 2, 15, 100Hz with increasing intensity of 1,

2, 3V through stainless steel needles inserted into bilateral hind leg

-points Zusanli and Sanyinjiao. Radiant heat induced tail flick latency
(TFL) was measured as nociceptive test. Naloxone (NX) was given at a

dose range of 0.25-20mg/kg, sc. Antisera raised in rabbits against

met-enkephalin (MEK), leu-enkephalin (LEK), g-endorphin (BE), dynor-

‘phin A (Dyn A) and dynorphin B (Dyn B) were injected intrathecally

(ith) before EA administration.

NX 1mg/kg completely abolished the analgesic effect of 2Hz EA,
partially (55%) reversed 15Hz EAA but had no effect on 100Hz EAA. The
doses of NX needed for 50% reversal of 2, 5, 100 Hz EAA were found to
be 0.5, 1.0 and 24mg/kg, respectively. Antibody microinjection studies
revealed that EAA of 2, 15, 100 Hz were best blocked by ith injection
of MEK, Dyn B and Dyn A antisera respectively, whilst LEK and BE
antisera were of little effect.

Conclusions: Different kinds of EOP may be released in the spinal
cord by EA stimulation of different frequencies, MEK at 2Hz, Dyn A at
100Hz, and a mixture of enkephalins and dynorphins at 15Hz.

We thank Dr.A. Herz for providing BE antiserum and Dr. A. Goldstein
Uor Dyn A and Dyn B antisera. Naloxone was a gift from Endo
Laboratories.’
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ANALGESIA PRODUCED BY ELECTROACUPUNCTURE OF DIFFERENT FREQUENCIES
ARE MEDIATED BY .DIFFERENT VARIETIES OF OPIOIDS IN THE SPINAL CORD

XIE Guo-Xi, HAN Ji-Sheng

Kexue Tongbao 30(5):385-391, 1985

’

The involvement of endogenous opioids in the mediation of
electroacupuncture (EA) analgesia has been well documented. The aim of
this study was to clarify whether EA of different frequencies will
release different varieties of opioid peptides in producing an
analgesic effect. !

Rats were prepared with intrathecal cannula made of PE 10. tubing
extending from the atlanto-occipital space to the lumbar spinal cord.
EA was applied at bilateral Zusanli and: Sanyinjiao points, the
parameters of EA being 2, 15 or 100Hz at increasing intensity of
1-2-3V for-a period of 30 min. Tail flick latency (TFL) was measured
before and at 10 min intervals during the period of EA. The percentage
increase of TFL over the baseline level was taken as an index of
analgesia. Antiserum or normal rabbit. serum (NRS) was diluted 1:5 and
injected intrathecally (ith) in a volume of 10ul 10 min prior to EA
stimulation.

1. 2Hz EA: In rats receiving NRS, 2Hz EA at increasing intensities
of .1-2-3V caused 54, 57 and 72% increase in TFL. This effect of EA
analgesia was markedly reduced 1in rats receiving met-enkephalin
antiserum (MEK-AS, 1:8000), the corresponding values of increase in
TFL being 15, 17 and 30%, respectively (p<0.05 in all time points). No
significant changes in the effect of EA analgesia were observed when
antiserum agsinst leu-enkephalin (LEK-AS, 1:6000), p-endorphin
(6-EP-AS, 1:50000), dynorphin A (DYNA-AS, 1:10000) or dynorphin B
(DYNB-AS, 1:15000) was injected intrathecally to the rat.

2. .15Hz EA: The effect of 15Hz EA analgesia in NRS control group
was - 36, 56 and 70%, respectively during 1, 2 and 3V stimulation. This
effect of analgesia was significantly attenuated by the ith injection
of DYNA-AS (p<0.05) or DYNB-AS (p<0.01), and moderately affected by
MEK-AS (a reduction of 47-54%, p>0.05), but not by LEK-AS or EP-AS.

3. 100Hz EA: EA of 100Hz at 1-2-3V caused increases in TFL by 35,
55 and 62%, respectively. This "effect of EA analgesia was
significantly attenuated by the ith injection of DYNA-AS to a level of
28, 12 and 9%, respectively (p<0.05). Antisera against MEK, LEK, B-EP,
and DYNB were without effect in this regard. .
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In conclusion, the analgesia produced by 2Hz EA seems to be
mediated by MEK , and 100Hz EA by DYNA. Analgesia of 15Hz EA may be
mediated by both MEK and dynorphins. So far as spinal cord is
concerned, BEP and LEK do not seem to play a significant role in the
mechanisms of EA analgesia.
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NEW EVIDENCE SUPPORTING DIFFERENTIAL RELEASE OF ENKE@HALIN AND
'DYNORPHIN BY LOW AND HIGH FREQUENCY ELECTROACUPUNCTURE STIMULATION

FEI Hong, SUN Shao-Li, HAN Ji-Sheng
Kexue Tongbao, in press, 1987

Previous studies have shown that the increase in tail flick latency
(TFL) induced by low frequency electroacupuncture (EA) stimulation on
both hindlegs can be blocked by a low dose of naloxone or by
intrathecal (ith) injection of antibbosies against met-enkephalin
(MEK), whereas high frequency EA induced analgesia can be blocked only
by a high dose of naloxone or by ith injection of antiodies against
dynorphin (DYN), suggesting that low and high frequency EA releases
MEK and DYN respectively from spinal cord of the rat. In the present
study the same issue was tested from 4 differen{ approaches.

1. Cross tolerance between 2 and 100Hz EA analgesia: Rats were
given 100Hz EA continuously for 6 hours. There was a gradual decrease
in the effect of EA analgesia from 100+13% in the first hour down to
12+6% at the end 'of 6th hour. In these rats made.tolerant to 100Hx EA,
2Hz EA was still effective in producing an analgesic effect (54+8%,
p<0.01 compared to 12+6%). The reverse was also true that rats made
tolerant to 2Hz EA were still effective in producing analgesia when
100Hz EA was administered. The lack of cross tolerance between 2 and
100Hz EA analgesia suggest that they are mediated by different
neurochemical mechanisms.

2. Cross tolerance between 100Hz EA analgesia and dynorphin
analgesia: Intrathecal injection of 2.5, 5 and 10nmol of dynorphin
A(1-13) (DYN) produced an increase in TFL of 31, 62 and 135%,
respectively. The analgesic effect of DYN was significantly reduced in

' rats made tolerant to 100Hz EA (2, 19 and 60%, respectively),but not
-~ in rats made tolerant to 2Hz EA. The results implicate dynorphin as a

chemical mediator in 100Hz EA analgesia, but nét in 2Hz EA effect.

3. The effect of ICI 174864 on 2Hz and 100Hz EA analgesia: ICI
174864, -a specific delta opioid receptor blocker, was administered
intrathecally 10 min prior to EA. The effect of 2Hz EA analgesia was

t dose-dependently blocked by IC1 174864 in the dose range of 1-4 nmolj;
. Whereas EA of 100Hz was not affected by this compound.

4. The effect of Mr2266 on analgesia iﬁduced by 2Hz and 100Hz EA:
Mr2266 is a blocker for kappa sites with only relative specificity.

. 347 -




Intrathecal injection of Mr2266 was performed 10 min prior to EA. The
doses needed for 50% inhiition of 2Hz and 100Hz EA analgesia were
73.2nmol and 25.5nmol, respectively, suggesting that 100Hz Ej
analgesia was preferentially antagonized by the kappa blocker.

The results are in line with the notion that the analgesic effect
of 2Hz and 100Hz EA is mediated by enkephalin (delta agonist) and
dynorphin (kappa agonist), respectively.
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INNOVATIVE BIOMEDICAL INSTRUMENTS

1/11/06
Dearest Customer,

We receive many requests for information about clinical applications of
electroacupuncture. Applications for pain are a very common request.

Recently, we attended the AAMA ( American Association for Medical
Acupuncture) conference in Atlanta in 2005, and this updated paper was presented

by JI-Sheng Han. He describes the research supporting the applications of 2/100 hz
frequencies using the MIXED mode as best for pain.

Your Pantheon Research equipment specifically incorporates these frequencies, as
well as a mixed mode with a three second period on each frequency. This is exactly
what Han describes as being best for pain.

Also, the frequencies built into the Pantheon Research equipment are exactly at 2
and 100 Hz, so this is a completely reliable parameter in treatment.

For your convenience, we have included his paper.

Thank you again,

John Hubacher

PANTHEON RESEARCH, Inc. * Pantheonr@aol.com * PantheonResearch.com
626-A Venice Blvd.” Venice, California, 90291 = @ 310.822.4965 or 888-332-3523 = Fax 310.822.4498
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Acupuncture: neuropeptide release
produced by electrical stimulation of
different frequencies

Ji-Sheng Han

Neuroscience Research Institute, Peking University, 38 Xue Yuan Road, Beijing 100083, China

Brain functions are regulated by chemical messengers
that include neurotransmitters and neuropeptides.
Recent studies have shown that acupuncture or electri-
cal stimulation in specific frequencies applied to certain
body sites can facilitate the release of specific neuro-
peptides in the CNS, eliciting profound physiological
effects and even activating self-healing mechanisms.
Investigation of the conditions controlling this neuro-
biological reaction could have theoretical and clinical
implications

Neuropeptides play important roles in various aspects of
brain function (e.g. opioid peptides in pain control [1] and
neuropeptide Y (NPY) in appetite modulation [2], among
others). This review discusses evidence that neuropeptides
could be mobilized by peripheral electric stimulation to
benefit human health.

It has been shown that physiological and pathological
conditions can induce release of neuropeptides. Two well-
known examples are a severe painful stimulus inducing
the release of opioid peptides to ease pain, and sucking of
the nipples promoting the secretion of milk. Oxytocinergic
neurons fire at a very low rate, of ~1Hz (0.1-2.6 Hz) in
basal conditions, but prolonged sucking by ten or more
pups can bring the firing rate up to 16—50 Hz, followed by
strong milk ejection within 10— 12 seconds [3]. This finding
suggests that neuropeptide release could be modulated by
external stimulation.

Clinically, intracranial (4] or intra-spinal [5] electrical
stimulation has been used through neurosurgical pro-
cedures to provide relieffor patients suffering from chronic
pain, with a success rate of 50-80% after one year of
treatment. This pain-relief effect could involve the release
of neuropeptides [6], raising the attractive possibility that
non-invasive methods might be used to modulate neuro-
peptide release for therapeutic intervention. The question
is, would such an approach be eflfective and practical?

Frequency-dependent neuropeptide release in vitro

In isolated rat neurohypophyses, field electrical stimu-
lation induces the release of arginine vasopressin (AVP)
and oxytocin (OT) into the incubation medium. Stimu-
lation at a frequency such as 15-30 Hz was much more
effective than a lower frequency such as 2-3 Hz in

Corresponding author: Ji-Sheng Han (hanjisheng@263.net).

triggering peptide release (7], and burst stimulation was
more effective than constant-frequency stimulation [8].
Furthermore, in superfused rat spinal cord slices, the
release of the neuropeptide substance P (SP) per pulse of
electrical stimulation was increased by frequencies in the
range of 20-50 Hz, whereas release of the small-molecule
neurotransmitter 5-hydroxytryptamine (5-HT) per pulse
remained constant [9]. Hokfelt proposed that peptide
release requires bursting or high-frequency activities,
whereas individual action potentials firing at a low
frequency will not induce the release of peptides (10,11].
The facilitation of peptide release by high-frequency
stimulation was considered to be due to the lengthening
of the action potential duration, together with the increase
in frequency, leading to an increase in Ca?* entry and in
the amount of secretion per unit of action potential [12].
This concept has been supported by more recent reports
(13]. However, frequency requirement can vary for
different neuropeptides. In a similar experimental setting,
thyrotropin-releasing hormone (TRH) could be released by
electrical stimulation at a frequency aslow as 0.5 and 3 Hz
(14].

Frequency-dependent release of CNS opioid peptides by
peripheral electrical stimulation

Peripheral electrical stimulation can be provided via
electrodes placed on the skin (transcutaneous electrical
nerve stimulation, TENS) or via a probe inserted through
skin into the tissue (percutaneous electrical nerve stimu-
lation, PENS). If the point of stimulation is selected
according to traditional acupuncture therapy, the process
is usually called electroacupuncture (EA). In fact, the
difference between PENS and EA is more hypothetical
than practical. One study compared the analgesic potency
and the underlying neurobiological mechanisms of EA and
TENS, with the acupuncture needles or the skin electrodes
placed at the same ‘acupoints’, and concluded that they
operate through very similar, if not identical, mechanisms
[15). Thus, the mechanisms of the aforementioned
methods of peripheral stimulation are discussed under
the same heading.

To facilitate the release of opioid peptides in the CNS,
one can use manual acupuncture [16] or EA [17]
stimulation. The parameters of the latter can be precisely
characterized. It was interesting to note that analgesia
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induced by low-frequency (4 Hz) stimulation, but not that
induced by high-frequency (200 Hz) stimulation, can be
reversed by low doses of the opioid antagonist naloxone
[17], suggesting that low-frequency stimulation can
increase the release of opioid peptides in the CNS. By
changing the dose of naloxone or using various opioid
receptor subtype-specific antagonists, we were able to
show that analgesia induced by either low- or high-
frequency stimulation are both mediated by opioid pep-
tides (18,19]. The difference was that the former was
mediated by p and/or 3 opioid receptors, whereas the latter
was mediated by k opioid receptors {20]. These results
suggest that different kinds of opioid peptides are released
under these different conditions.

Direct evidence comes from our study using radio-
immunoassay of spinal perfusates from the rat [21],
showing that 2 Hz peripheral stimulation produces a
significant increase in the content of enkephalin-like
immunoreactivity (IR) but not in that of dynorphin IR,
whereas 100 Hz increases dynorphin IR but not enkeph-
alin IR. In a follow-up double-blind study, in collaboration
with Lars Terenius of the Karolinska Institute (Stockholm,
Sweden), the results obtained in rats were fully confirmed
in humans [22]. These studies suggest that (1) the
principle proposed by Hokfelt in 1991 [11] might have to
be revised, and (2) to support our hypothesis, more
evidence, obtained using different approaches, is needed.

To test whether analgesia induced by stimulation at 2
and 100 Hz are mediated differentially in the spinal cord
by enkephalin and dynorphin, respectively, we performed
an antibody microinjection study. Qur idea was that
binding of an opioid peptide molecule to its antibody to
form a large protein complex would hinder its approach to
the receptor, resulting in a loss of its biological function.
Indeed, intrathecal injection of enkephalin antiserum
resulted in a dramatic decrease in the efficacy of 2Hz
EA analgesia. This effect of antiserum diminished as the
EA frequency was increased to 128 Hz. By contrast,
dynorphin antiserum produced an equally dramatic
decrease in the analgesic effect produced by 128 Hz
EA, but this effect diminished gradually with
decreasing frequency, reaching zero at 4 Hz ([23]
(Fig. 1). A similar approach was used to study the
possible effect of B-endorphin in mediating EA
analgesia. Injection of B-endorphin antiserum into
rat periaqueductal grey matter resulted in an 88%
decrease of analgesia at 2 Hz EA and a 61% decrease in
analgesia at 15 Hz EA, with no blockade of the analgesic
effect of 100 Hz EA [24].

Another example is endomorphin, a small peptide
composed of only four amino acid residues that has been
recognized as an endogenous opioid peptide with highly
selective affinity for the p-opioid receptors [25]. Antibodies
against endomorphin injected into the cerebral ventricle
[26] or the spinal subarachnoid space [27] dose-dependently
reduced the analgesia induced by 2 Hz EA stimulation, but
not that induced by 100 Hz EA stimulation. This result is
very similar to that obtained with the other two agonists
of w and 3 receptor already mentioned, enkephalin and
B-endorphin. Taken together, these studies support the
proposition that, although high-frequency stimulation is
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Fig. 1. Antibody-microinjection study investigating the roles played by spinal met-
enkephalin and dynorphin A in mediating the analgesic effects that are induced by
electroacupuncture (EA) of different frequencies. Rats were given intrathecal injec-
tion of normal rabbit serum (NRS) or antisera against either met-enkephalin (Enk
AS, red) or dynorphin A (Dyn AS, blue), 30 minutes before the administration of
EA. The analgesic effect was measured by the percentage change of tail-flick
latency (data were normalized with NRS control group as 100%). The analgesic
effects of low- or high-frequency EA were blocked by Enk AS or Dyn AS, respect-
ively. Modified, with permission, from Ref. [23].

preferable for the release of many CNS peptides, it should
not be taken as a gold standard in determining the
parameters of electrical stimulation for activating a
specific neuropeptide for either experimental or thera-
peutic purposes.

Putative neural pathways mediating low- and
high-frequency electroacupuncture-induced analgesia
The afferent impulses induced by acupuncture have been
characterized tobe mainly transmitted by AR and A3 fibres
[28). Wang and colleagues have conducted a series of
experiments to analyze the possible neural pathways
responsible for the frequency-specific release of different
kinds of opioid peptides in rat CNS [29] (Fig. 2). Lesion of
the arcuate nuclei of the hypothalamus abolished analge--
sia induced by low-frequency EA but not that induced by
high-frequency EA, whereas selective lesion of the para-
brachial nuclei of the brainstem attenuated the effects of
high-frequency EA but not those of low-frequency EA. The

' periaqueductal grey matter is a common element for both

of the descending pain inhibitory systems. These findings
have been partially supported by subsequent morpho-
logical studies using fos gene expression as marker of brain
activation in the rat [30], and functional magnetic
resonance imaging (fMRI) study in human volunteers
(W.T. Zhang, et al., unpublished).

Optimization of peripheral electrical stimulation for
maximal release of central opioid peptides

From the research already mentioned, stimulation at a
single frequency, whether low or high, would not be
sufficient to trigger the full release of all four kinds of
opioid peptide together. To elicit the maximal release of all
four, two models have been considered. Model A involves
stimulation at low (2 Hz) and high (100 Hz) frequencies
alternately (referred to as ‘2/100’), optimally spaced so that
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Fig. 2. Neural pathways mediating the analgesic effect elicited by low-frequency
{2Hz, red) or high-frequency (100 Hz, blue) electroacupuncture stimulation.
Abbreviations: DHN, dorsal horn neuron of the spinal cord; Dyn, Dynorphin A;
B-End, B-endorphin; Enk, enkephalin; PAG, periaqueductal grey matter. Modified,
with permission, from Ref. [23).

the residual effect produced by the low frequency
stimulation could overlap with that produced by the
high frequency and, therefore, elicit an synergistic effect
(31]. Model B involves stimulation at 2 and 100 Hz
simultaneously (referred to as 2+ 100’) applied at
different parts of the body, in which case all four kinds of
opioid peptide might be released simultaneously (Fig. 3).

Model A has been tested carefully [32], showing that
automatic shifting between low- and high-frequency
stimulation for three seconds each (i.e. 2/100 stimulation)
did, indeed, produce a simultaneous activation of the
enkephalin and dynorphin systems, inducing a much more
potent analgesic effect than that induced by a constant
frequency stimulation.

For model B (2 + 100), two possibilities exist. One (B1) is
that the brain is capable of clearly distinguishing two
different frequencies of stimulation (2 Hz versus 100 Hz)
and induces the two efferent systems to work simul-
taneously. The other (B2) is that two different signals
(2 and 100 Hz), coming from two different sites, merge in
the reticular formation of the brainstem so that they are
received as a stimulation of 102 Hz, which is indistinguish-
able from a stimulation of 100 Hz. Model B2 is supported by
at least three observations [33]). First, an increase of the
content of dynorphin IR in the spinal fluid (representing an
increase in release of the dynorphin peptide) was observed
in both the 2/100 and 2 + 100 modes, yet an increase of
the release of endomorphin IR was observed only in rats
treated with 2/100 mode. Second, intrathecal injection of k
opioid-receptor antagonist norbinaltorphimide (Nor-BNI)
suppressed the analgesic effect of both the 2/100 and
2 + 100 modes, whereas the p. opioid-receptor antagonist
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Fig. 3. Possible mechanisms for the analgesic effects of acupuncture. (a) Opioid
peptides and opioidreceptorsinvolved in analgesia elicited by electroacupuncture
of different frequencies. Opioids and receptors involved at 2 Hz are in red, those
involved at 100 Hz, in blue. At 15 Hz, there is a partial involvement of components
involved at both of the other two frequencies (purple). Abbreviations: Dyn, dynor-
phin A; B-End, B-endorphin; Em, endomorphin; Enk, enkephalins. Simultaneous
activation of all three types of opioid receptor elicits a synergistic analgesic effect.
Note that simultaneous receptor activation does not necessarily mean that the
opioids are released simultaneously - it could be that the residual presence of one
opioid overlaps with newly induced release of another. (b) Model forthe synergis-
tic analgesic effect produced by alternating low and high frequency stimulation™
(referred to as model A in the text), Stimulation at 2 Hz facilitates the release of
enkephalin (red); that at 100 Hz stimulates the release of dynorphin (blue). The
overlapping areas (purple) indicate the synergistic interaction between the two
peptides. Modified, with permission, fromRef. [32].

D-Phe-Cys-Tyr-D-Trp-Orn-Thr-Pen-Thr amide (CTOP) pro-
duced a selective blockade of the analgesia only in the 2/100
mode. Third, these results have been validated by the
antibody microinjection experiment. Taken together, the 2/
100 mode seems to activate both the pw® and « opioid
systemstoinduce asynergisticanalgesic effect, whereas the
2+ 100 mode activates only the k opioid system. In
accordance with this hypothesis, the analgesic effect
induced by 2/100 Hz was significantly stronger than that
induced by 2 + 100 Hz [33]. A recent study using molecular
biology has supported the concept that endogenously
released dynorphin does indeed possesses a strong anti-
nociceptive effect in the spinal cord {34].

Clinical verification of laboratory findings
The findings obtained in experimental animals have since
been confirmed in humans in clinical practice. Whiteet al.
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at the University of Texas Southwestern Medical Center
(TX, USA) performed a series of studies to determine
whether peripheral electrical stimulation of the alternat-
ing-frequency mode would produce a significantly stronger
analgesic effect than that produced by stimulation of fixed
frequency in various clinical settings. Observations on
the post-operative requirement of opioid analgesics [35]
revealed that the alternating-mode stimulation reduced
morphine requirement by 53%, whereas a constant low
(2 Hz) or constant high (100 Hz) frequency produced only a
32 or 35% decrease, respectively. Ghoname et al. [36] made
similar observations in patients with chronic lower-back
pain and found that the alternating mode of stimulation
was the most effective in decreasing pain, increasing
physical activity and improving the quality of sleep (when
compared with the pure low- and pure high-frequency
stimulation). Because the alternating mode produced a
more potent analgesic effect, it was used as a standard
mode of stimulation for further studies searching for the
optimal intensity [37] and optimal stimulation duration
[38]. Thus, controlled clinical studies performed in the past
six years using peripheral electrical stimulation for
the control of various forms of acute [35,37] and chronic
[36,38,39] pain have elegantly replicated what we have
found in animal studies over the past two decades.

Results obtained in EA-induced analgesia have been
applied to the treatment of heroin addiction with con-
siderable success. The withdrawal syndrome observed in
rats dependent on morphine can be effectively suppressed
by 100 Hz EA, which accelerates the release of dynorphin
in the spinal cord [40,41]. By contrast, morphine-induced
conditioned-place preference (CPP), an experimental
model simulating the craving of heroin addicts, can be
successfully suppressed by 2 Hz EA but not 100 Hz EA
[42,43]). This effect can be blocked by a small dose of
naloxone, indicating the involvement of endogenous opioid
peptides interacting with p. and 3 opioid receptors [42,43].
As would thus be expected, in clinical practice the
alternating mode of stimulation has shown strong thera-
peutic effects for both physical and psychological depen-
dence in heroin addicts [44,45].

Responses of other neuropeptides to peripheral
electrical stimulation
Orphanin FQ (OFQ, also known as nociceptin) [46,47] is
another opiate-related neuropeptide that modulates noci-
ception. Recent studies describe apparent paradoxical
effects of OFQ on pain modulation — analgesia in the
spinal cord and pronociception (an increase in pain
sensitivity) in the brain [48-52]. Analgesia induced by
100Hz EA can be potentiated by antibodies to OFQ
injected into the cerebral lateral ventricle and suppressed
by the same antibodies injected into the spinal arachnoid
space (53], suggesting that endogenous OFQ released by
100 Hz EA plays opposite roles in brain and spinal cord.
Cholecystokinin octapeptide (CCK-8) has been recog-
nized as an anti-opioid peptide in the CNS [54). The most
eflective method for stimulating the release of CCK-8 in
the spinal cord with peripheral stimulation is to use
higher frequencies (15 or 100 Hz), whereas 2 Hz is only
marginally effective [55]). Liu et al. [66] measured the
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amount of CCK-8 in rat spinal perfusate as an indicator of
CCK-8 release and found that those rats showing a
significant increase in CCK release during 100 Hz EA
stimulation were low responders (i.e exhibited weak EA
analgesia), whereas rats showing little increase in CCK
release were high responders (i.e. exhibited strong EA
analgesia). Moreover, the speed of response also plays an
important role. It seems that the effect of EA analgesia is
determined by,among other things, the magnitude and the
rapidity of CCK release in the spinal cord in response to
peripheral stimulation. This has been confirmed by the
finding that a rat that is not responsive to 100 Hz EA can
be transformed into a responder by injection of antisense
oligonucleotides to CCK mRNA into the cerebral ven-
tricles, which suppresses the expression of CCK in the
brain [57]. Furthermore, a responder rat can be changed
into a non-responder by inducing overexpression of CCKin
the brain (58].

Substance P mediates nociception at the first synapsein
the spinal cord. In vivo study revealed that peripheral
stimulation in the 8—100 Hz range elevated the content of
SP in rat spinal perfusate, with maximal effect at 15 Hz
[69]. Similar results were obtained in cats (maximal
release at 20 Hz) [60]. By contrast, 2 Hz peripheral
stimulation produced a 50% decrease in the SP content
of the spinal perfusate [59], possibly owing totherelease of
enkepahlin [21], which in turn suppressed the release of
SP [61].

Angiotensin II (AII) is another neuropeptide with anti-
opioid activity [62]. The release profile is unique, with a
significant decrease (+62%, P < 0.01) at 15Hz and a
significant increase (+60%, P < 0.05) at 100 Hz [63]. The
decrease of All release can be reversed by the p.-preferring
opioid antagonist naloxone, which changed the 62%
decrease into a 125% increase. These results suggest
that opioid peptides are important modulators affecting
the release of other neuropeptides: 2 Hz EA releases
enkephalin, which activates AIl and, thus, a negative
feedback control [63]; 100 Hz EA releases dynorphin,
which activates CCK-8 and, thus, anotherfeedback control’
[64]. These can be considered as examples of the fine-
tuning that is achieved by interactions among peptides.

Last, but not least, is the finding that brain-derived
neurotrophic factor (BDNF) can be released by peripheral
stimulation of 100 Hz bursts, but not by pure low-(1 Hz) or
pure high- (constant 100 Hz) frequency stimulation [65].
This has been verified in primary cultures of hippocampal
neurons, in which high-frequency bursts of stimuli evoke
instantaneous secretion of BDNF together with the
induction of long-term potentiation (LTP) [66]. The ability
of peripheral stimulation to accelerate the release of nerve
growth factors has obvious clinical implications.

Concluding remarks

It has long been a dream to cure diseases by non-invasive
measures that activate self-healing mechanisms, without
using drugs or surgical operations. One recent effort along
these lines was the use of repetitive transcranial magnetic
stimulation (fTMS) tostimulatecertainareas of the cerebral
cortex; this has achieved limited success in the treatment
of depression [67). Evidence presented in the present
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review demonstrates that it is possible to facilitate the
release of certain neuropeptides in the CNS by means of
peripheral electrical stimulation. In contrast to magnetic
stimulation, which stimulates the superficial areas of the
brain (i.e. the cortex) [67], peripheral stimulation of the
skin or deeper structures activates various brain struc-
tures and/or the spinal cord via specific neural pathways
(Fig. 2). Any predictions made at this stage should not be
overly optimistic. But the clinical efficacy demonstrated
using frequency-specific parameters to ease post-operative
pain [35,37], lower-back pain [36,38] and diabetic neuro-
pathic pain [39], and the successful application of 100 Hz
(but not 2 Hz) stimulation for treating muscle spastic pain
of spinal origin [68], certainly hold exciting promise for the
future.
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ESPITE THE FACT THAT LOW

back pain (LBP) is one of the

most common medical prob-

lems in our society,' current
analgesic therapies remain largely unsat-
isfactory.Conservativetreatment withanti-
inflammatory drugsand exercise s effec-
tive for many patients with acute LBP.2
However, when the pain symptoms per-
sist, they can interfere with both physi-
cal activity and sleep patterns. While an-
algesic medications can provide tempo-
rary pain relief, these drugs may not
improve physical function and are asso-
ciated with well-known adverse effects.
Interest in nonpharmacologic alternatives
has led to evaluations of transcutaneous
electrical nerve stimulation (TENS),3acu-
puncture,** electroacupuncture,’ spine
manipulation,” and exercise therapy®*?
in the management of LBP. However, con-
troversy exists regarding the relative ef-
ficacy of these nonpharmacologic thera-
pies in the management of LBP because
most of the published studies lacked ap-
propriate control(sham) groups or failed
to include relevant comparators.

818 JAMA, March 3, 1999—Vol 281, No. 9

Context Low back pain (LBP) contributes to considerable disability and lost wages
in the United States. Commonly used opioid and nonopioid analgesic drugs produce
adverse effects and are of limited long-term benefit in the management of this pa-
tient population.

Objective Tocompare the effectiveness of anovelnonpharmacologic paintherapy, per-
cutaneouselectrical nerve stimulation (PENS), with transcutaneous electrical nerve stimu-
lation (TENS) and flexion-extension exercise therapies in patients with long-term LBP.

Design Arandomized, single-blinded, sham-controlled, crossover study from March
1997 to December 1997.

Setting An ambulatory pain management center at a university medical center.

Patients Twenty-nine men and 31 women with LBP secondary to degenerative disk
disease.

Interventions Four therapeutic modalities (sham-PENS, PENS, TENS, and exercise
therapies) were each administered for a period of 30 minutes 3 times a week for 3
weeks.

Main Outcome Measures Pretreatmentand posttreatment visual analog scale (VAS)
scores for pain, physical activity, and quality of sleep; daily analgesic medication usage; a
global patient assessment questionnaire; and Health Status Survey Short Form (SF-36).

Results PENS was significantly more effectivein decreasing VAS pain scores after each
treatment than sham-PENS, TENS, and exercise therapies (after-treatment mean + SD
VAS for pain, 3.4 +1.4cm,5.5+1.9cm, 5.6+ 1.9 cm, and 6.4 = 1.9 cm, respectively).
The average + SD daily oral intake of nonopioid analgesics (2.6 + 1.4 pills per day) was
decreased to 1.3 + 1.0pills perdaywith PENS (P<.008) compared with2.5+1.1,2.2+ 1.0,
and 2.6+1.2 pills per day with sham-PENS, TENS, and exercise, respectively. Com-
pared with the other 3 modalities, 91 % of the patientsreported that PENS was the most
effective in decreasing their LBP. The PENS therapy was also significantly more effective
in improving physical activity, quality of sleep, and sense of well-being (P<.05 for each).
The SF-36survey confirmed thatPENSimproved posttreatment function more than sham-
PENS, TENS, and exercise.

Conclusions In this sham-controlled study, PENS was more effective than TENS or
exercise therapy in providing short-term pain relief and improved physical function in
patients with long-term LBP.

JAMA. 1999;281:818-823 WWww.jama.com
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Percutaneous electrical nerve stimu-
lation (PENS) is a novel analgesic
therapy*? that combines the advantages
of both TENS and electroacupuncture by
using acupuncturelike needle probes po-
sitioned in the soft tissues and/or muscles
to stimulate peripheral sensory nerves at
the dermatomal levels corresponding to
the local pathology. In a preliminary
study,'* PENS therapy was found to be
preferable to TENS and relaxation thera-
pies in the management of pain second-
ary to osteoarthritis. Therefore, we de-
signed a prospective, randomized, sham-
controlled, crossover trial to compare
PENS with TENS and exercise therapy
in patients with long-term LBP second-
ary to degenerative disk disease. In ad-
dition toassessing the pain response, the
patients’ physical activity, quality of sleep,
sense of well-being, and oral analgesic re-
quirements were evaluated.

METHODS

After obtaining institutional review
board approval and written informed
consent, 60 patients (29 men and 31
women; mean + SD age, 43 +1.9 years,

COMPARISON OF PENS TO TENS AND EXERCISE THERAPY FOR LOW BACK PAIN

and weight, 66+ 1.6 kg) with LBP sec-
ondary to radiologically confirmed
degenerative disk disease were admin-
istered 4 different nonpharmacologic
treatment modalities according to a
randomized, sham-controlled, cross-
over study design. The 4 modalities
consisted of sham-PENS, PENS, TENS,
and flexion-extension exercise. Inclu-
sion criteria included age older than 18
years, absence of any acute or long-
term illnesses involving major organ
systems, and a history of LBP, which
had been maintained at a stable level
with oral nonopioid analgesics for at
least 3 months prior to enrollment in
the study. Exclusion criteria included a
history of drug or alcohol abuse, long-
term use of opioid-containing medica-
tion, a change in the character or sever-
ity of the pain within the last 3 months,
presence of acute nerve root irritation
(sciatica), previous use of nontradi-
tional analgesic therapies (eg, acupunc-
ture), pending medicolegal litigation
(or worker’s compensation claim), or
an inability to complete the health sta-
tus assessment questionnaires. Patients

Figure 1. Locations of Needles for PENS and TENS Montage

PENS Montage

TENS Montage

A, The location of the needles for the sham-percutaneous electrical nerve stimulation (PENS) and PENS treat-
ments. With PENS therapy, each of the 5 bipolar electrical stimulating leads are connected to a pair of needles,
alternating the positive and negative positions. B, The location of the 4 cutaneous electrode pads used during
the transcutaneous electrical nerve stimulation (TENS) treatments.

©1999 American Medical Association. All rights reserved.

were told that we were comparing 4
different nonpharmacologic therapies
for 1BP.

All patients received the 4 treatment
modalities according to 1 of 4 different
computer-generated sequences: (1) PENS,
sham, TENS, and exercise;(2)sham, TENS,
exercise, and PENS; (3) TENS, exercise,
PENS, and sham; or (4) exercise, PENS,
sham,and TENS. Eachtreatment was ad-
ministered for 30 minutes 3 times a week
(onMonday, Wednesday, and Friday af-
ternoons) for 3 weeks. Upon completion
ofeach3-week treatment block, the patient
wasgiven 1 weekoffbefore starting the next
modality. The 4 modalities were admin-
isteredtoall patents over the 15-week study
period.

Treatment Modalities
The basic PENS therapy consisted of the
placement of ten 32-gauge stainless steel
acupuncturelike needle probes into the
soft tissue and/or muscle in the lower
back region to a 2- to 4-cm depth ac-
cording to the dermatomal distribution
of the pain as illustrated in part A of
FIGURE 1. The probes were connected
to 5 bipolar leads (with each lead con-
nected to 1 positiveand 1 negative probe)
from aninvestigational (not approved by
the Food and Drug Administration) low-
output (<25 mA) electrical generator,
which produced a unipolar square-
wave pattern of electrical stimulation at
a frequency of 4 Hz with a pulse width
of 0.5 milliseconds. The intensity of the
electricalstimulation was adjusted to pro-
duce the maximum tolerable “tapping”
sensation without muscle contractions.

The sham-PENS therapy consisted of
the placement of 10 acupuncturelike
needle probes in an identical montage
(Figure 1, A); however, no electrical
stimulation was applied to the probes.

The TENS therapy consisted of the
placement of 4 medium-sized (2.5-cm)
cutaneous electrode pads (SnapEase,
Empi, St Paul, Minn) in a standard der-
matomal pattern (Figure 1, B). These
electrodes werealso stimulated at a fre-
quency of 4 Hz, with a pulse duration
of 0.1 milliseconds.

The lower back exercise therapy con-
sisted of spine flexion and extension with

JAMA, March 3, 1999—Vol 281, No. 9 819
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the patient seated on a chair with full ab-
duction of both hips.?® The patient was
instructed to slowly touch the floor with
both hands while remaining seated, fol-
lowed by full extension of the back. This
maneuver was repeated a minimum of
30 times during each 30-minute treat-
ment session.

Assessment Procedures

Prior to initiating the first of the 4 treat-
ments, patients were required to com-
plete the Health Status Survey Short
Form (SF-36).¢ The physical compo-
nent summary (PCS) and mental com-
ponent summary (MCS) scores were used
to assess the patient’s response to each
of the therapeutic modalities.'” All pa-
tients were also asked to assess their base-
line level of LBP, physical activity, and
quality of sleep during the 48-hour in-
terval prior to each treatment session us-
ing standard 10-cm visual analog scales
(VASs), with a score of zero equalling the
best to a score of 10 equalling the worst
(TABLE 1). Repeated VAS assessments of
pain, activity, and sleep were per-
formed 3 times a week prior to each treat-
ment session by the patient. In addi-
tion, the pain VAS was repeated
immediately after completion of each
treatment. The SF-36 was repeated 24
hours after completing all 9 treatment
sessions with each of the 4 modalities.
Patients were instructed not to change
the type of nonopioid analgesic medica-
tions used during the course of the study.
They were also asked to maintain a di-

ary in which they recorded their daily us-
age of all analgesic medications (eg, pills
per day) and any unusual reactions to the
investigational therapies. Finally, each pa-
tient completed an overall assessment of
the relative effectiveness of the 4 differ-
ent modalities 72 hours after the last
treatment session.

Data Analysis

The Number Cruncher Statistical Sys-
tem software program (version 6.0.1 for
Windows, Kaysville, Utah) was used for
all statistical analyses. An a priori power
analysis («, .05; B, .10; power, 90%; and
SD, 2.0) determined that a group size of
60 should be adequate to demonstrate
a difference of 25% between the VAS
scores for the 4 modalities. The changes
in the VAS scores over time were ana-
lyzed with repeated measures analysis of
variance and t test, with a Bonferroni
comparison test (vs control values and
pairwise data), applied for multiple com-
parisons. Analysis of discrete (noncon-
tinuous) data for the 4 treatment mo-
dalities was performed using the %? test.
The pretreatment and posttreatment
changesand the differences between the
modalities in the SF-36 scores were ana-
lyzed by paired t tests.

RESULTS

The pretreatment SF-36 evaluation sug-
gested that this LBP population re-
ported significantly lower health-
related quality-of-life scores compared

Table 1. Comparison of the Average Visual Analog Scale Scores for Low Back Pain, Level of
Activity, and Quality of Sleep Prior to Receiving the First Treatment and at 24 Hours After the
Ninth Treatment With Each of the 4 Modalities*

Treatment Sham-PENS PENS TENS Exercise
Degree of pain
Before 5.7 (1.8 6.3 (1.5) 6.2 (1.7) 6.5 (1.4)
After 5.5(1.9) 3.4 (1.4)t 5.6 (1.9% 6.4(1.9)
Level of activity
Before 5.1 (2.1) 5.5 (2.0) 5.5 (2.1) 5.7 (1.8
After 4.9(2.1) 3.2 (1.7t 4.7 (1.9t 5.7 (1.8
Quality of sleep
Before 5.0 (2.3) 5.56(1.9) 5.6 (2.1) 5.8 (1.9)
After 5.0 (2.1) 3.1 (1.6)t 5.3 (2.2) 5.5(1.9)

*Values are mean (SD) centimeters. PENS indicates percutaneous electrical nerve stimulation; TENS, transcutaneous

electrical nerve stimulation.

tSignlficantly different from value prior to receiving the first treatment (before), P<.03, and from sham-PENS, TENS,

and exercise therapies, P<.02.

$Significantly different from value prior to receiving the first treatment (before), P<.04.
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with the general population. The pre-
studyscores for this LBP population were
284 +8.4and 40.2 + 5.0 for the PCSand
MCS, respectively, compared with gen-
eral population norms of 50 for these 2
summary scores.'® The post-PENS treat-
ment SF-36 scores were significantly im-
proved over the prestudy scores for both
the PCS (34.2 +7.4; P=.003) and MCS
(42.8 +£5.2; P =.007) components. Both
TENS and sham-PENS produced small
but statistically significant improve-
ments in the PCS (29.6+£8.4 and
29.4+ 8.6, respectively) and MCS
(41.1£5.5 and 41.0+ 5.4, respec-
tively) scores (P<<.02). When the changes
in the SF-36 scores with the PENS
therapy were compared with the other
3 modalities, PENS was found to pro-
duce significantly greater improvement
in posttherapy function (eg, PENS vs
sham-PENS differences were
+4.97£2.99 and +1.84 +£3.56 for PCS
and MCS, respectively; PENS vs TENS
differences were +4.66+2.85 and
+1.7+4.19 for PSC and MCS, respec-
tively; and PENS vs exercise differences
were +5.82 +2.93 and +1.84+3.56 for
PCS and MSC, respectively).

The VAS scores for pain, physical ac-
tivity, and quality of sleep prior to the
first treatment session (baseline) and 24
hoursafterthe last treatment session with
each of the 4 modalities are summa-
rized in Table 1. Compared with the
baseline values, posttreatment VAS scores
for pain, physical activity, and quality of
sleep were improved by 46% + 18%,
42% +19%), and 44% +20%, respec-
tively, with PENS therapy (P<.007).
TENS also produced significant de-
creases in the degree of pain and im-
provement in physical activity after 6 of
9 treatment sessions (P<<.03) with an av-
erage overall improvement in the de-
gree of pain and physical activity (from
the baseline values) of 11% + 14% and
15% +16%, respectively. No signifi-
cant pain-relieving effects were demon-
strated with either the sham-PENS or ex-
ercise therapies. Comparing the effects
of the 4 treatment modalities on VAS
scores for pain, physical activity, and
sleep quality revealed that PENS pro-
duced significantly greater improve-
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ments than sham-PENS, TENS, orexer- crease in the pain VAS scores vs ingsignificant improvement in their pre-
cise therapies (P<.02). 26% +19%, 9% +15%, and 4% +11% treatment VAS scores for pain, activity,

PENS produced an acute analgesicef-  decreases with TENS, sham-PENS, and  and sleep compared with their baseline
fectimmediately after each treatment ses-  exercise, respectively). After 3to 4 treat-  values (FIGURE 2). PENS also signifi-
sion (with an average 82% = 23% de- ments with PENS, patientsbegan report- ~ cantly decreased the consumption of oral
e e

Figure 2. Visual Analog Scale Scores

L. Sham-PENS  [[] PENS TENS (O Exercisel

Pain Score, cm

Activity Score, cm

Sleep Score, cm

Treatment, No.

Visual analog scale scores for low back pain (A), physical activity (B), and quality of sleep (C) before each of the 9 treatment sessions with the 4 study modalities. Values
are mean (SEM). Asterisk indicates value is significantly different from baseline value (P<.03). PENS indicates percutaneous electrical nerve stimulation; TENS, trans-

cutaneous electrical nerve stimulation.
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nonopioid analgesic medication
(P<.009) (FIGURE 3). Compared with
the prestudy values, PENS therapy was
associated with a 50% reduction in the
daily oral analgesic requirement. In con-
trast, TENS therapy decreased the need
for analgesic medication on only 6 days
duringthe 3-week study period (P<<.04).
Neither sham-PENS nor exercise thera-
pies altered the patients’ usage of their
oral analgesic medication.

Finally, the overall evaluation of the
4 treatment modalities indicated that
PENS was the preferred therapy in 91 %
of the study patients (TABLE 2). In ad-
dition, PENS was reportedly more effec-
tive than TENS and exercise therapiesin
improving the patients’ physical activ-
ity and sense of well-being. More than
80% of the patientsindicated that they

would be willing to pay extra money
(out-of-pocket) to receive PENS therapy
in the future.

COMMENT

This crossover, sham-controlled study
demonstrated that PENS was more ef-
fective than TENS and exercise thera-
pies in providing short-term relief of pain
and in improving function in patients
with stable LBP of at least 3 months’ du-
ration. PENS was also significantly more
effective than TENS and exercise thera-
pies in reducing the need for oral anal-
gesic medications. These findings are
consistent with earlier studies by Deyo
et al'® and Marchand et al,2° suggesting
that TENS therapy is only marginally
more effective than a placebo treatment
(eg, sham-PENS) in this patient popu-

Figure 3. Effect of Sham-PENS, TENS, and Exercise Therapies on the Daily Oral Analgesic

Requirements
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Time, d

Change in the daily oral intake of nonopioid analgesic medications during the 3-week treatment period with
each of the 4 study modalities. Values are mean (SEM). Asterisk indicates value is significantly different from
prestudy value (P<.008) and from sham-percutaneous electrical nerve stimulation (PENS), transcutaneous elec-
trical nerve stimulation (TENS), and exercise therapy values (P<.03). Dagger indicates value is significantly
different from prestudy value (P<.04).

Table 2. Overall Patient Evaluation of the Relative Effectiveness of Sham-PENS, PENS, TENS,
and Exercise Therapies After Receiving all 4 Treatment Modalities*

Result Sham-PENS PENS TENS Exercise
Most desirable modality 1(2) 55 (9t 4(7) 0(0)
Improved physical activity 2 (4) 31 (61)f 5 (8) 0(0)
Improved sense of well-being 7(12) 46 (76)t 10 (16) 6(10)
Preferred pain therapy 1(2 55 (91)t 4(7) )
Willing to pay extra for therapy 4 (6) 49 (81)F 5(9) 2 (4)

*PENS indicates percutaneous electrical nerve stimulation; TENS, transcutaneous electrical nerve stimulation. Values
are expressed as number (percentage) of patients.
tSignificantly different from sham-PENS, TENS, and exercise therapies, P<.02.
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lation. Of interest, Moore and Shur-
man?! reported that combined neuro-
muscular electrical stimulation with
TENS was significantly more effective
than TENS alone in the management of
long-term back pain.

PENS therapy was also highly effec-
tive in producing acute analgesia in this
I BP population. Moreimportantly, the pa-
tients began to report more sustained ben-
eficial effects on their level of pain and
physical activity, as well as their quality
of sleep, after 3 to 4 PENS treatments. Due
to the apparent cumulative effects of PENS
over the course of the 3-week treatment
period, these data would suggest that the
use of this treatment modality over a
longer period of time has the potential to
produce prolonged beneficial effectsin pa-
tients with long-term LBP. However, a
more prolonged period of PENS therapy
with careful follow-up at 3-, 6-, and 12-
monthintervals would be required to as-
sess the long-term effects of this novel
therapeutic modality in improving pa-
tient outcome.

Enhanced physical activity may be the
most important outcome variable in the
treatment of LBP.'%?22* To achieve the
maximal benefit from nonpharmacologic
(so-called complementary) analgesicthera-
piessuchasPENS, itisrecommended that
PENS be used as part of a multimodality
rehabilitation program, which also in-
cludes an ongoingexercise program. Al-
though thesimple spine flexion-extension
exercise used in this investigation failed
to produce a significant improvement in
patient well-being when administered
alone, this may be a reflection of the lack
of effectiveness of this particular exercise
maneuver or aninadequate period of ex-
ercising. In contrast to our findings, other
investigators have found a more extensive
exercise program to be aseffectiveas TENS
in reducing pain scores and disability in
workers with acute LBP.* Future stud-
ies need to evaluate the effectiveness of
PENS therapyin combination withacom-
prehensive exercise program.

The results of the SF-36 psychological
assessments further supportandstrengthen
the clinical findings by providing additional
outcome measures, which demonstrates
the superiority of PENS over the other
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In contrast, no signs and symptoms of the hemispheric discon-
nection syndrome are reported, either because they were ab-
sent or because no neuropsychological examinations were done.
Thus, the MRI findings reported by Hackett et al do not explain
the neurological signs and symptoms found in their patients with
HACE, and it is not clear whether the MRI findings were symp-
tomatic. Consequently, the intense T, signals in the corpus cal-
losum and the splenium reported by Hackett et al do not prove
that HACE is related to cerebral edema.

Ralf W. Baumgartner, MD

University Hospital

Zurich, Switzerland

1. Hackett PH, Yarnell PR, Hill R, Reynard K, Heit J, McCormick J. High-altitude
cerebral edema evaluated with magnetic resonance imaging: clinical correlation
and pathophysiology. JAMA. 1998;280:1920-1925.

2. Geschwind N, Kaplan E. A human cerebral disconnection syndrome. Neurol-
ogy. 1962;12:675-685.

In Reply: We entirely agree with Dr Basnyat that HACE is a
clinical diagnosis generally not requiring MRI, which is ex-
pensive and often unavailable. Magneticresonance imaging may
be helpful, however, when the diagnosis is unclear. The pur-
pose of our study was to use MRI to understand the patho-
physiology, not to advocate MRI as essential for diagnosis.

The findings published by Dr Surks 33 years ago have been
confirmed in many subsequent studies. The mechanism of this
shift of fluid from the vascular space on ascent to high altitude
and the exact division of the fluid between the intracellular and
interstitial spaces are not as clear. Nor is it known whether the
brain participates in this fluid ranslocation to the same extent
as other tissues. The studies done by Surks et al were in persons
without altitude illness. In those who are ill with acute moun-
tain sickness, a net fluid retention or antidiuresis also takes place,
which would aggravate any fluid shift into the brain that might
be taking place and contribute to cerebral edema. However, the
fluid shift from the vascular space does not, in itself, provide a
clue as to whether and to what extent the brain is involved, and
as to whether the brain edema is cytotoxic (intracellular) or va-
sogenic (blood-brain barrier leak of proteins and water).

We disagree with Dr Baumgartner that the absence of a hemi-
spheric disconnection syndrome is evidence against a vaso-
genic edema. The 2 are unrelated. We are well aware of the dis-
connection syndrome and since discovering the finding of
splenial edema, we have been looking for it. However, our pa-
tientsare in no condition for such testing whileacutely ill; many
areunconscious. Recently, our colleague Dr Ron Kramer of Den-
ver, Colo, examined a patient with HACE (and high-altitude
pulmonary edema) 10 days after the acute illness, when the
brain MRI showed splenial edema, and found no evidence of a
disconnection syndrome. Sophisticated testing earlier in the
course of the illness is necessary before concluding the dis-
connection syndrome is not present to some degree. It should
not be surprising, however, that involvement of a small por-
tion of the corpus callosum with reversible edema (as op-
posed to stroke, for example) may not be reflected in a discon-
nection syndrome. We think that the symptoms of HACE are

©1999 American Medical Association. All rights reserved.
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due to intracranial pressure increase, for which there is much
clinical and autopsy evidence. The cause of death is brain her-
niation. We did not mean to imply that HACE is due to cor-
pus callosum dysfunction. The reversible high T, signal in the
white matter is indicative of vasogenic edema in HACE.

Peter Hackett, MD

St Mary’s Hospital

Grand Junction, Colo

Phil Yarnell, MD

University of Colorado School of Medicine
Denver

Informing Patients About Urinary Incontinence

To the Editor: In the December 16, 1998, issue, JAMA pub-
lished an excellent Patient Page on urinary incontinence. ! Al-
most simultaneously, the American Urological Association
(AUA) was launching a comprehensive long-term public aware-
ness campaign on female incontinence.

One of thebiggest problemsabout female incontinence is that
so many women fail to seek treatment—either because of em-
barrassment or because they mistakenly believe thateffective treat-
ment modalities do not exist. To address thissituation, the AUA
developed and initiated its public awareness effort.

As part of the campaign, the AUA has developed 2 informa-
tion sources for the general public: a toll-free telephone num-
ber (1-800-DRYLIFE) and an incontinence Web site (www
.drylife.org). We invite physicians to refer female patients with
incontinence problems to these resources.

Roy J. Correa, Jr, MD
American Urological Association, Inc
Baltimore, Md

1. Urinary incontinence (Patient Page). JAMA. 1998;280:2054.

In Reply: Weare pleased to learn about the new public aware-
ness campaign on urinary incontinence sponsored by the AUA
and the American Foundation for Urologic Disease. We hope
that these new information sources, along with the JAMA Pa-
tient Page on this topic, will help increase public awareness of
potential treatments for this common problem.

Richard M. Glass, MD

Mi Young Hwang, MS]
JAMA

CORRECTION

Incomplete Financial Disclosure and Incorrect Numbers: In the Preliminary Com-
munication entitled “PercutaneousElectrical Nerve Stimulation for Low Back Pain:
A Randomized Crossover Study," published in the March 3, 1999, issue of THE
JOURNAL (1999,281:818-823), a potential financial conflict was not revealed. One
month after submission of their manuscript to JAMA, Drs White and Craig incor-
porated a company named PENS Inc to produce a Food and Drug Administration-
approvable stimulating unit to provide percutaneous electrical nerve stimulation
(PENS) therapy. Drs White and Craig completed their financial disclosure state-
ments at the time of submission but these disclosure statements were not up-
dated after the company was incorporated.

Also, on page 819, under the heading "Methods,"” "mean + SD age, 43 + 1.9
years, and weight, 66 + 1.6 kg" should have read 43 + 19 years and 66 + 16 kg.

JAMA, May 19, 1999—Vol 281, No. 19 1795
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Treatment of Substance Addiction With
Acupuncture

D.E. Kendall, O.M.D., Ph.D., L Ac
6105 Lake Lindero Drive
Agoura Hills, California 91301, U.S.A.

Abstract: Acupuncture been applied to treat drug addiction since 1972 when H.L. Wen (Wen and
Hueng, 1975) first observed that electroacupuncture could relieve the symptoms of heroin
withdrawal. This initiated several investigations into using acupuncture to alleviate the symptoms of
abstinence syndrome brought on by acute withdrawal of drugs. Only moderate success was
obtained from some of these initial explorations and treatment approaches were not consistent from
study to study. These early efforts were carefully analyzed to determine what factors including point
selection, duration of treatment number and spacing of treatments, stimulation frequency (Hz.), etc.,
that resulted in a more reliable outcome. Based on this information and considering the
characteristics of the metabolic detoxification of each particular substance, protocols were devised
that resulted in a rational and consistent clinical approach in treating drug addiction. These are
described below for several different drugs and nicotine.

More than 2000 individuals were treated from 1981 through 1985, for a variety of substances
which mostly involved nicotine (smoking) but also included marijuana, cocaine, alcohol, heroine,
methadone and other opiates. An extremely high initial success rate (95-98%), which was taken as
complete detoxification without any use of the substance, was achieved for all drugs. Follow up after
one year showed excellent results (65-80%) for all substances. The recidivism was higher for heroin
and methadone users that had been successfully detoxified and it seems that it was very difficult for
some of them to break away from their previous life styles and sociological situations. They also
seemed not to handle subsequent stress episodes well. This clinical effort was not originally
designed as a controlled study since the most important goal was to develop repeatable and
consistent treatment protocols.

The detoxification success rate of the above effort is considered accurate, even though not
verified by urine or other tests. Recidivism data, however, was not rigorous. Determination of
accurate recidivism was difficult because the clinic trials were not set up to efficiently obtain follow up
information. Not all persons that were treated could be located and some showed a slight
resentment about being checked on even though they were still drug or nicotine free. There is need
for more and better controlled studies that are designed to account for the problem of obtaining
accurate follow up information.

Post treatment support is extremely important and where individuals could be given or taught
successful coping strategies to deal with future stress exposure or physical memory related to drug
use, especially in smokers, they did better. Some patients were taught active and passive relaxation
techniques and all were advised to immediately seek treatment if uncontrollable urges or events
were causing them to again consider smoking or drug use. They were also advised that if they
inadvertently smoked or used drugs or if they were coerced or badgered into using drugs or
tobacco again, to immediately come in for treatment to avoid setting up long term addiction. Those
that came in for occasional unscheduled follow up or support usually only required one treatment to
get through the problem period. Some patients scheduled regular follow up or maintenance
treatments every six months just to make sure they did not get any urges to relapse into drug or
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nicotine use. This is one of the truly important and unique features of acupuncture therapy in that it
can be easily and immediately applied in almost any circumstance. The other important feature in
using acupuncture to treat addictions is that many people have tried every program available in an
attempt to get off drugs, alcohol or to stop smoking without any success. Since acupuncture therapy
is mainly directed toward restoring disrupted neurochemical balance brought on by addiction and
subsequent abstinence, it has been very effective.

The treatment philosophy described below represents one particular approach and it is geared to
outpatient consideration although the procedures work just as effective on an inpatient basis.
Treatment protocols were developed to obtain the most successful, predictable and consistent re-
sults. Mild electroacupuncture stimulation is applied to some of the acupoints and this requires that
the practitioner be properly trained in its use as well as in use of acupuncture itself. A trained
professional acupuncturist should always be employed whenever acupuncture therapy is applied for
the treatment of any condition. Less formal procedures have been applied by some groups that do
not utilize electroacupuncture and they also report good results, however, statistical and follow up
data was not provided in the early studies (Smith, 1979; Shakur and Smith, 1979; Smith et al, 1982,
1984) although more recent information involving crack cocaine is showing great promise (Smith,
1988).

It is generally recognized that outpatient treatment for the hard drugs has a much lower chance
for success since the subject can have ready access to drugs. This is complicated by the fact that
the drug supplier may not want to lose a client and therefore encourages the user to take the easy
way out to avoid withdrawal and return to drugs or at least try it one more time. The other problem is
the ever present peer pressure. A mistaken thought is that peer pressure is operative only in the
young and impressionable; however, it appears that it is a strong factor in adults of all ages as well.
Many failures to stay off even cigarettes can be directly traced to an active smoking family member
or friend that encourages the person to smoke again because they are possibly threatened by the
fact that the other person is trying to get off nicotine. The seriousness of this problem was illustrated
by Man and Chuang (1980) who observed, in a methadone detoxification study involving 35 patients
over a 6 month follow-up period, that there was an 82.9 % incidence of illegal drug use as verified by
urine tests.

Despite the availability of drugs, nicotine and alcohol, many people have been successful in
getting off these substances with acupuncture on an outpatient basis. If people voluntarily want to
abstain from an addictive substance the chances for success are probably higher than for those
subjects that are coerced or forced to withdraw due to family or legal pressure. Strong individual
motivation undoubtedly contributes to the long term success after the initial detoxification although
acupuncture has been successful in subjects that were unsure of their desire to quit using a
particular substance. Health status or physical situation, such as being pregnant, can also provide
inspiration to abstain from a drug after getting through the initial detoxification. Elderly patients that
had been hospitalized with serious illnesses involving the lung and heart, for example, had a very
high rate of success in nicotine withdrawal (Zalesskly, et al, 1983).

Background
There is little question that drug and substance abuse is perhaps the single most

significant health hazard facing the world population today. Nicotine use alone in the United States
may be directly related to at least 600,000 premature deaths each year. Although much attention is
now being focused on this serious problem, drug abuse has been a major concern to the medical
establishment for more than 100 years (Cowart, 1986a). Fortunately, early recognition of the potential
for widespread addiction of the public to opiates and other drugs was influential in restricting their use
in prescription and patent medicine (Simmons, 1906). It is estimated that before the FDA regulations
to ban the use of opiates that perhaps one in every 400 Americans were already addicted to their use
(Musto, 1973). Narcotic laws to enforce the ban were effective and by the 1930s there was a ten fold
reduction in the number of people addicted to opiates.
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The latest concern is the uncontrolled illegal importation and widespread use of cocaine. The
addictive nature and hazards of cocaine use were also recognized long ago and FDA regulations have
restricted its use in medicines as well. On the other hand, the public is apparently not aware of its risk
because the illegal use of cocaine is pandemic. It is difficult to estimate how widespread it is being
used but numbers range from 5.4 million Americans had tried it at least once by 1974 to 21.6 million in
1982 to approximately 25 million by 1986 (NIDA, 85:1414, 1985). It is estimated that there were 4 to 5
million regular users by 1985 (Amer. Fam. Phys. 31:173-176, 1985).

Substance abuse over the history of civilized man has been a complex problem because it is’
driven by strong economic factors that have even involved entire governments of some countries in
the production and sale, usually to another country, of addictive products. It has led to wars between
countries or wars to enforce the illegal import of the substance, such as the opium wars fought against
China. Many of the armed conflicts in the world today are related to controlling the drug traffic in
various parts of the world. The economic leverage of cocaine alone has also resulted in widespread
corruption in many countries to subvert the legal systems designed to detect and enforce the laws
against its distribution and use. The situation of cocaine today in the United States is reminiscent of
the situation that existed 140 years ago in China. The British raised opium in India and illegally
imported it into China and eventually enslaved an entire country for more than 100 years.

Many people have the idea that the solution to the problem is very simple, all one has to do is to
tell the users to stop buying the drugs. However there are complications in this simple approach. First,
once an individual is addicted to a substance they have little desire to stop its use and in fact many will
do almost anything or go to any limits to obtain the drug involved. Even when they are successfully
treated for the addiction of a substance they consciously return to its use for a variety of very weak
reasons.

The power of drug dependence has been demonstrated in rats and monkeys that will press a lever
to obtain intravenous alcohol, amphetamines, opiates or cocaine in deference to eating or drinking
water. It has been demonstrated that monkeys prefer to press a lever to obtain intravenous cocaine
instead of intravenous amphetamines, or food, although they may be starving or to having sex with a
receptive female. If given a choice between a lever that dispenses a high dose of cocaine
accompanied by a strong electric shock or a low dose with no shock they prefer the former. Monkeys
will continue these behaviors until they die of convulsions or exhaustion (Bull. Narc. 36:3-14, 1986).

These forces have a continuing strong influence on individuals even though they have successfully
gone through detoxification leading to eventual return to drug or nicotine use. Previously it has been
estimated that the recidivism rate may be as high as 75% for all types of substances which is reached
in one or two years after stopping drug use. This points out the need for continuing support and
education for persons once they have been detoxed. It also seems that a crucial phase of the recovery
occurs approximately six weeks after drug cessation where a strong urge, desire or curiosity to
experiment with the drug or nicotine just one more time to demonstrate to the former addict that they
have complete control over their problem. This is a very critical period and some refer to it as the six
week wall. Patients need to be advised of the increased risk at this time so they know how to cope with
the situation if it arises. For alcohol and opiates a follow up treatment should be scheduled at the sixth
week.

The success of the stop smoking program conducted for many years in Bad Nauheim, Germany
where they report an initial quit rate of 82.4% for 12,000 subjects with a 50.2% success after 10 years
illustrates the importance of follow up support (Hammer, 1981). Although acupuncture was used as a
treatment modality they approached nicotine addiction mainly as a behavior problem. The follow up
included educating the subjects concerning the effect of nicotine on the body, analysis and effect of
tobacco advertising, autogenic training to break body memory or conditioning due to smoking, yoga
exercises, running, baths, films, slides, etc.

Strong education and awareness programs are vital to alert the public to the risks and
consequences of substance abuse. The present trend toward reducing the percentage of people
using nicotine is directly related to providing the public with information on the risk of smoking. This
even includes the risk to non-smoking adults and children exposed to secondary cigarette, cigar and
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pipe smoke.

With the deaths in 1986 of two nationally known professional athletes in separate incidents,
where cocaine was apparently used for the first time, the public is just starting to realize the risks
associated with this dangerous drug (Cowart, 1986b.). Increased incidence of stroke and fatal heart
attacks in younger people is also being observed because of cocaine’s influence on raising blood
pressure and damaging effects on the heart (Amer. J. Card. 57:496, 1986a: 57:1185-1186, 1986b;
Arch. Pathol. Lab. Med. 110:479-484, 1986).

Another complication in treating drug dependence is that until now there has not been any
effective and humane approach to help treat the withdrawal syndrome without the use of additional
drugs. The proper application of modern acupuncture may be one of the few modalities that have
promise of providing a potentially successful program in treating those individuals attempting to
abstain from the use of drugs.

Philosophical Considerations

The main view point in traditional Chinese medicine (TCM) in regard to substance abuse and
addiction is that it is essentially a physiological problem which then can have psychological
consequences. This is borne out by the knowledge that almost all smokers (nicotine addicts) started
using tobacco when they were children experimenting with the forbidden fruits of adults. They really
did not have any underlying psychological problems that drove them to nicotine. The same applies to
alcohol as well since almost all drinkers got their start when they were young teenagers. One recent
finding, however, showed that 50% of young alcoholics came from families with two alcoholic parents
and another 25% had one alcoholic parent. This possibly indicates the importance of family influence
on the behavior on their children.

It has been noted by Gawin and Kleber (1985) that although the presence of affective behavior
problems may increase an individual's potential for drug use, 50 to 70% of abusers do not have
psychiatric diagnoses. Peer pressure and the promise of euphoric bliss or group acceptance are
probably the most important factors to induce individuals to try drugs for the first time. Most who tried
were not aware of the addictive powers of the substance involved and physiological habituation
occurred before they knew what was happening. If the substance is withheld after this point then
abstinence or withdrawal syndrome becomes apparent. The subject then has to continue using the
substance just to avoid the misery of withdrawal symptoms. It is also possible that some people
continue the use of drugs just to once again achieve that first euphoric high only to find out that it can
not be re-experienced. This is because the most significant influence on central neurotransmitter
production that produces the “high” occurs during the initial habituation phase. Once dependence is
achieved the affected neurons are inhibited and additional drug intake only maintains the habituation
and the state of tolerance is established.

One of the major differences in treating addictions by a primarily physiological approach, such as
acupuncture, is dealing with the nomenclature or classification of the disorder. Labels such as
“incurable disease” have been popularized, especially associated with alcoholism, presumably to
allow the public to get the idea that it is only a case of happenstance or perhaps genetics that one
individual is or is not afflicted. This classification scenario developed on the thought that if one has an
incurable disease then it is okay to have it treated. The downside problem with this approach is that
an individual's self esteem is damaged by being stuck with the label of “incurable” or worse yet “bad
genes”.

Some experts point out that substance abuse must be an incurable disease since whenever a
former user of some substance tries it again they are immediately re-addicted. As it turns out this is
also true if anyone including naive subjects uses almost any addictive substance, they will become
addicted. Therefore any successful approach requires that the recovered addict abstain from any use
of the particular substance in order to remain addiction free.

Since the addicted state causes a wide range of possible aberrant behavior, perhaps dependent
somewhat on the particular drug involved, then heavy psycho-sociological counseling has usually
been included in the former treatment approaches. Often this has included several weeks of
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hospitalization and the use of other drugs to treat the withdrawal syndrome. The experience in using
acupuncture indicates that once an individual is successfully detoxified that most of the affective
behavior disorders significantly decrease or disappear. Remaining problems may then also be
treatable with acupuncture. Some percentage of individuals, especially younger people, may need to
be referred to counseling to resolve remaining deep-seated problems.

The treatment of substance abuse with the utilization of acupuncture is based on the fact that all
animals, including humans, are addictable to many natural and artificial chemical substances. The
addiction or habituation process occurs because of the effect that these substances have on certain
brain centers and peripheral tissue. It is entirely independent of any weakness or propensity toward
development of addiction. So the concept of disease and especially incurable disease is not involved.
It is true that whenever a former addict uses a particular substance again they will more than likely
become re-addicted just as they did the first time they were involved with that substance. Re-
addiction occurs easier probably because of the physical memory that persists as result of
conditioning neuronal circuits during the previous habituated state. This may be one of the underlying
factors related to the high rate of recidivism.

Addicted State Where Chronic Drug Or Substance
Use Required To Stimulate Deficit In
Neurochemicals in Order To Avoid Withdrawal
Syndrome.

A A A
a. Normal Homeo-  b. Disturbed Neuro- c. Habituated State To d. Addicted State With
static Balance. chemical Balance. Substance Deficit Stimulated

By Chronic Drug Use.

Figure 1. Central Neurochemical Model For Substance Habituation and Addiction
Indicating Normal Homeostatic Balance (a.); Disturbed Neurochemical Stimulation Due
To Initial Substance Use (b.); Habituation Of Neuronal Centers (c.) And Addicted State
That Requires Chronic Use Of Substance To Avoid Withdrawal Syndrome (d.).

Addiction Model

The application of acupuncture to treat drug use is based on a neurochemical receptor hypothesis
for drug, nicotine and alcohol addiction (See, Ramsey, 1977; Stinnett, 1977; Snyder, 1980; Gillman
and Lichtigfeld, 1983). The particular model as illustrated in Figure 1. considers the central system
neurochemical and neuroactive make-up to be broadly classified into two categories. The first (Group
A) mediate activities characterized by sympathetic outflow which includes increased heart rate, higher
blood pressure, inhibition of the gastrointestinal system, decreased lacrimation and salivation as well
as many other functions. These basically are all the responses to stress stimuli. Group B on the other
hand are those that predominate during parasympathetic activity including lowering heart rate
and blood pressure, activating the gastrointestinal system, increasing salivation and lacrimation plus
other activities. These are opposite to the stress reaction and are typical in relaxation, meditation and
sleep. In TCM terms Group A would be classed as Yang and Group B as Yin. Homeostatic balance
occurs when these two groups of neurochemicals, yin and yang, are in equilibrium at their normal
levels (See Figure 1.a).
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The initial response to drug use in an inexperienced or naive individual is characterized by a
marked increase of the Group A (Yang) central transmitters along with a significant elevation of the
Group B (Yin) substances (See Figure 1.b). It can produce euphoria, a rush or the so-called initial
high. The response can be so extraordinary that nausea, vomiting, dizziness and even uncon-
sciousness can also result. This is very often experienced with the first time use of opiates and
alcohol as well as tobacco products. It is also now understood that the induced imbalance due to
many drugs, especially opiates and cocaine, is so significant that death can also be a consequence of
first time use.

Support for the supposition concerning over stimulation or production of transmitters is provided
by the observation that acute administration of opiates depletes CNS levels of norepinephrine (NE)
and dopamine (DA). However, this effect can not be induced in tolerant animals. Also, the devel-
opment of tolerance can be blocked in some animals by inhibiting the synthesis of NE which also can
decrease withdrawal or abstinence syndrome.

Apparently cocaine also has a pronounced initial effect on the Group A transmitters mainly
involving dopamine which could cause a significant increase in blood pressure and heart rate. This is
the suspected mechanism that has resulted in stroke and heart failure in some even first time users.
The net effect of these exogenous drugs is to stimulate many areas in the brain including the
serotonergic nuclei of the brain stem and perhaps catecholamines involving alpha receptors. The
release of catecholamines due to cocaine use could also provoke stress induced analgesia which
would account for the report of total freedom of pain during the cocaine high. The other mechanism for
producing analgesia could also be that cocaine activates the serotonergic and noradrenergic
descending endogenous pain control system that is activated by acupuncture.

Continued use of a substance and subsequent production of central neurochemicals eventually,
and often rapidly, causes habituation or tolerance resulting in the inhibition of neuronal pathways and
circuits. Some substances, even including nicotine, are so potent that addiction can occur in many peo-
ple with just a one time use. The habituated state is illustrated by Figure 1.c. which is mainly
characterized by inhibition of certain brain nuclei and circuits that utilizes Group B transmitters. The
suppression of Group B results in a relatively higher level of Group A which induces an apparent
sympathetic outflow which can result in the presentation of abstinent or withdrawal syndrome. So in
order to avoid the misery of withdrawal brought on by this central neurochemical imbalance, the
individual needs to intake additional drugs to stimulate Group B neurochemicals in an attempt to
maintain some similance of homeostatic balance (See Figure 1.d.). When an addicted individual stops
using a particular drug that maintains the induced higher levels of Group B, the condition noted by
Figure 1.c will result and the individual will experience withdrawal syndrome. This condition (Figure
1.c.) would be classed in TCM as an apparent Yang excess due to a deficiency of Yin and for this
reason addiction is considered to be a Yin deficiency. The application of acupuncture reactivates the
inhibited neural centers and then the individual can abstain from the drug use without experiencing
withdrawal.

Tolerance and physical dependence (habituation) usually occur together but they are not
necessarily identical in nature. Tolerance relates to the characteristics of the drug wherein increasing
amounts are required to achieve the same physiological effect. Metabolic tolerance may also be present
and it involves increased production of certain enzymes that breakdown the substance, especially in the
liver, that increase in response to chronic drug, alcohol and nicotine intake. Physical dependence or
habituation is the state of inhibited or depleted neural centers which produce physiological responses
which are manifested as abstinence syndrome when administration of drug is discontinued or
withdrawn.

Tolerance to a substance may develop without habituation, such as occurs with the chronic intake of
large doses of a vitamin, which does not produce abstinence syndrome when withdrawn. Likewise
habituation may occur with a single dose of a drug, such as methadone, which will produce abstinence
syndrome but tolerance is not yet established. For all major drugs, alcohol and nicotine theses
differences associated with habituation and tolerance cannot be separated.
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Mechanisms of Acupuncture in Treating Addictions

The discovery that electroacupuncture could relieve the symptoms of heroin withdrawal (Wen and
Cheung, 1975) occurred at about the same time that studies were being performed to comprehend the
physiological mechanisms of acupuncture mostly related to analgesia. There are many common path-
ways between the endogenous pain controlling systems and those which respond to drug, nicotine and
alcohol use. Even though some drugs such as amphetamines, cocaine and nicotine are considered
stimulants and others are depressants, such as alcohol and opiates, they all have profound influence on
the production of catecholamines, serotonin and endogenous opiates. Each addictive substance may
primarily affect only one particular central transmitter or neurochemical but most of these have
functional interrelationships. Consequently there are general responses in the addictive process
involving many common substances.

There is a correlation between the pharmacological agents that stimulate central neurochemicals to
produce physical dependence and tolerance and the central processes that are activated by
acupuncture. Just as overstimulation of these central nuclei by exogenous substances cause habitua-
tion, long duration (several hours) or repeated application of electroacupuncture stimulation can also
produce tolerance. This tolerance shows cross tolerance with morphine (Han and Tang, 1981; Zhou, et
al, 1985; Han, et al, 1985; Tang, et al, 1985). serotonin (Li, et al,1982; Li, et al, 1985) and
norepinephrine (Xie, et al, 1984; Xie, et al, 1985). Once electroacupuncture tolerance is achieved
further stimulation will fail to produce significant analgesia. Acupuncture stimulation, however, does not
produce physical dependence. Cheng, Pomeranz and Yu (1980), however, observed that elec-
troacupuncture treatment of morphine dependent mice reduced signs of withdrawal, without showing
cross tolerance.

Common pathways are also demonstrated by the fact that certain pharmacological agents can
either enhance acupuncture analgesia or cause it to be attenuated (Han, et al, 1980; Han and Terenius,
1982). Many of these same agents can influence abstinence syndrome with an increase of acute symp-
toms correlating with attenuation of acupuncture analgesia (AA) and a decrease associated with the
augmentation of (AA). The opiate antagonist naloxone, for example, can produce immediate
presentation of abstinence syndrome in a chronic heroin user. Naloxone also blocks the analgesia
produced by acupuncture stimulation (Mayer, 1977; Chapman, 1977; Malizia, 1978). Acupuncture
analgesia is also attenuated by an influence on central catecholamines involving alpha receptors. GABA
and cAMP (See Table 1, left hand column) and is augmented by serotonin, endogenous opiates,
acetylcholine, prostaglandin E and cGMP (See Table 1, right hand column). These would correspond to
Group A and B respectively noted in Figure 1. The main central neurochemicals or neurotransmitters
involved that are jointly influenced by drug use and acupuncture stimulation are as follows:

Serotonin (5-Hydroxytryptamine, SHT)

Central serotonin may be most important in the final pathway involved both in the mediation of
acupuncture analgesia and the physiological effects of drugs and subsequent development of
habituation and tolerance. Acupuncture induced analgesia and acute administration of morphine both
cause an increased release of brain 5HT (Yi, et al, 1977). Liang, et al (1981), also observed that the
individual variations in acupuncture analgesia in rat was directly related to brain levels of endogenous
opiates and serotonin. Tolerance to electroacupuncture is reversed by microinjection of 5HT into the
nuclei accumbens in rabbit (Xuan, et al, 1982) and both electroacupuncture and morphine tolerance is
reversed by intraventricular or intracerbral injection of 5HT (Xuan, et al, 1985) or the intraventricular
injection of the 5HT precursor, 5-hydroxytrytophan (5HTP) in rat (Li, et al, 1982). Intraperitoneal injection
of 5HTP also produces tolerance that shows a cross tolerance with electroacupuncture analgesia and
morphine (Li, et al, 1985).

Endogenous Opiates
It is quite obvious that the use of exogenous opiates has a profound influence on endogenous
opiate receptors. Naloxone, an opiate receptor blocker, can bring on abrupt withdrawal syndrome in
heroin addicts and in morphine dependent rats (Lorenz, et al, 1975). It can also block or attenuate the
analgesia produced by electrical stimulation or electroacupuncture (Mayer, 1977; Chapman, 1977) in
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human subjects and animals as well. Naloxone administered after acupuncture therapy could cancel the
beneficial effect of reducing withdrawal symptoms in nicotine, marijuana and alcohol users (Malizia,
1978). However, abstinence syndrome can be repressed in opiate dependent animals (Lorenz, et al,
1975; Wen, et al, 1979) and human subjects (Wen, 1977), given naloxone prior to acupuncture treatment.
Wen (1977) successfully used this approach to produce rapid detoxification in heroin addicts using only a
single electroacupuncture treatment of 3 to 4 hours duration in combination with pre-administration of
naloxone.

The met-enkephalin levels in the cerebral spinal fluid (CSF) of heroin addicts was observed to
increase by electroacupuncture (Wen, 1980; 1983) although plasma and CSF levels of beta-endorphin
did not change (Wen, et al, 1980). However, beta-endorphin activity in the brain did increase in morphine
dependent mice treated for naloxone induced withdrawal using electroacupuncture (Wen, et al, 1979).
Inhibitors of the enzymes that breakdown endogenous opiates can potentiate the effect of
electroacupuncture indicating a common path between receptors stimulated by opiates and acupuncture

Norepinephrine (NE)

Acupuncture analgesia is also attenuated by an influence on central catecholamines involving alpha
receptors (Xie, et al, 1983; Xie, et al, 1985). One of the important actions of cocaine is the ability to block
the re-uptake of norepinephrine with the consequence of increasing its level and enhancing the effect on
the sympathetic system. This may be very significant in relationship to cocaine’s damaging potential to
the heart and blood vessels.

Lorenz, et al (1975) observed that plasma catecholamine levels were significantly decreased in
morphine dependent rats treated with electroacupuncture for naloxone induced withdrawal.

Table 1. Influence Of Central Neurotransmitters On Acupuncture Analgesia (AA).

ATTENUATES AA AUGMENTS AA
e Decrease 5HT by Cinanserin, PCPA, < Increase 5HT With Pargyline or
PCA or 5,6,DHT. Clomipramine.

Increase 5HT with SHTP.

¢ Tolerance or Depletion of 5HT by
Repeated Electro Acupuncture.
« Block Opiate Receptors By Nalox-

Increase OLS with Bacitracin, D-

one. Phenylalanine or D-Leucine.

e Production of Possible AOS by Re-  + Inhibit Enkephalinase with
peated Electro Acupuncture. Thiorphan, Captopril or Bestatin.

* Blockade of ACh Synthesis with * Increase in ACh by Physostigmine,
Hemicholine (HC-3). Neostigmine or Eserine.

«  Stimulate DA or Alpha-Receptors » Block DA Receptors by Droperidol,
with L-DOPA, Apomorphine or Spiroperidol or Haloperidol.
Clonidine.

Destroy Ascending NE Fibers by 6-
OHDA.
Block Alpha-Receptors with Phen-

* Increase Central NE With DOPS.

* Block Beta-Receptors with Propran-

olol. tolamine.

= Inhibit Synthesis of PDE With * Increase Synthesis of PDE With Im-
Aminophyline. idazole.

* Increase Central cAMP. * Increase Central cGMP.

Increase Prostaglandin E (PGE) by
ICV Injection.

* Decrease PGE with Paracetamol.

5HT: 5 Hydroxytryptamine (serotonin). 5HTP: 5 Hydroxytryptophan (5HT Precursor). ACh: Acetylcholine. OLS:
Endogenous Opiate Like Substances (Enkephalins, Endorphins, Etc.), AOS: Endogenous Antiopiate Like
Substances. DA: Dopamine, NE: Norepinephrine, DOPS: Dihydroxyphenylserine (NE Precursor), PCPA:
Parachlorophenylalanine(Blocks 5HT Synthesis), PCA: Parachloramphenamine, 5.6DHT: 5.6 Dihydroxtryptamine
(5};Iv'll' f):iber Destruction), 6-OHDA: 6- Dihydroxydopamine (NE Fiber Destruction), PDE: Phosphodiesterse (Degrades
cAMP).
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Dopamine (DA)

Primarily concentrated in the corpus striatum or basal ganglia system of the brain, this transmitter
forms an important feedback control circuit from the substantia niger (SN) to the dorsal raphe nuclei
(NDR). The NDR in turn supplies the SN with 5HT containing neurons. It is thought that the action of
cocaine is principally mediated by its affect on DA receptors but its influence on blocking the re-uptake
of norepinephrine as noted above may also be of prime importance. Acute injection of morphine will
initially increase the synthesis of DA in the rat brain which then produces tolerance to this effect
thereby decreasing DA. Opiate abstinence is then associated with an increased synthesis of DA in the
CNS and antagonists of DA can exacerbate certain withdrawal responses to morphine. The acute
effects of morphine can also be antagonized by DA antagonists probably by accelerating the
development of tolerance through the increased levels of DA (See Ramsey, 1977). Antagonist to DA,
such as haloperidol, has been shown in a dose dependent manner to block signs of abstinence syn-
drome of opiates. Acupuncture induced analgesia is also enhanced by the DA antagonists,
dropoeridol, spiroperidol and haloperidol and is attenuated by the agonists L-DOPA, apomorphine and
clonidine.

Effectiveness of Acupuncture In
Treating Addictions

Abstinence syndrome is characterized by increased metabolism of the different neurotransmitters
noted above which are normalized as result of acupuncture stimulation (Sytinsky and Galebslaya,
1981). Homeostatic or corrective mechanisms that are disturbed usually show a phase of unbalanced
elevation of sympatico-adrenal activity. Stimulation of the central catecholamine receptors is probably
the most important biochemical mechanism responsible for the disturbance of the vegetative organ
functions under abstinence. Plasma levels of catecholamines (Lorenz, et al, 1975), adrenocorticotropic
hormone (ACTH) and cortisol (Wen, et al, 1978) and thyroid stimulating hormone (TSH) (Wen, et al,
1980) have been observed to increase in opiate dependent animal and human subjects during
withdrawal syndrome. These levels are shown to decrease along with a corresponding decrease in
abstinence symptoms as result of electroacupuncture. A decrease was not observed in non-addicts that
were treated. Once detoxification is achieved and withdrawal symptoms are not apparent then
electroacupuncture does not produce any further reduction in these parameters.

These studies correlate with the effect that mild electroacupuncture stimulation has on inhibiting
sympathetic nervous system outflow (Cao, et al, 1983). Strong electroacupuncture stimulation however
produces sympathetic activation indicating that it can induce a stress type reaction. This finding is
consistent with several other studies that have shown that strong stimulation can produce stress.
Impaired or habituated neuronal circuits or nuclei are basically reactivated by acupuncture stimulation
to restore vegetative organ functions that are disturbed in the process of withdrawal syndrome.

The application of acupuncture may be one of the most viable approaches to successfully treating
drug and substance addiction. Wen and Teo (1975) for example found that electroacupuncture was twice
as effective as methadone in detoxifying heroin addicts. The obvious advantage of acupuncture over
using methadone is that the subject is not addicted to another drug to replace the original drug. Many of
the early studies achieved poor or confused results (See Tables 2,3,4 and 5) as might be expected in any
early research effort because there were considerable variations in the treatment approaches. This
included differences in the application of points, duration and number of treatments, frequency of
electrostimulation, use of adjuvant drugs, inpatient or outpatient basis and some with or without
electrostimulation. Also the criteria of success were varied with some studies taking into account
reduction in substance use as a measure of success. Several studies failed to provide any measure of
success or perform any follow-up assessment and so these can only be considered as philosophical
methodology. Almost all of the studies to date suffer from lack of accurate follow up information perhaps
because the difficulty in this task was not properly thought out before the study was undertaken. Despite
many of these differences a high percentage of success in some studies indicates perhaps properly
applied acupuncture can be a very useful modality in treating drug use. Schwartz (1988) however,
reviewed much of this data and concluded that acupuncture is not particularly effective in treating
smoking and Crottraux, et al(1983) in a controlled study determined that acupuncture although initially

-9.-



September 1989 D.E. Kendall

better was only as good as placebo in the long run. The important question is to determine which of any
of the factors in these studies were most significant in leading to a high degree of success so that these
can be used to design improved and more successful treatment protocol.

Most early studies that relied on press needles, a small wire thumb tack device which is stuck into
points on the auricle, or surgical staples were generally ineffective (Tennant, 1976; Gilby, 1977; Parker
and Mok, 1977; Sun, 1982; Fang, 1984). When considering the risk of serious infection due to long
duration insertion of these devices (5-10 days) their use for any ailment is questionable. Some
researchers that did get significant results using press needles or surgical staples also used other body
needle treatments and some with electrical stimulation (Sacks, 1975; Wu, 1980; Kusumi, 1986). Point
selections in some studies were poor and when attempting to compare so-called sham and real points or
whether the treatment was influenced by expectation, not sufficient information was derived to make
accurate determination (Steiner, et al, 1982; Lamontagne and Annable, 1979), Studies that used the
“Lung Point” on the ear or locations near the ear got consistently better results probably because they
stimulated a branch of the 10th cranial or Vagus nerve (Wen and Teo, 1977; Wen, 1977; 1980;
Patterson, et al, 1984)., Tan, et al (1987) used laser stimulation on the Lung and Shenmen points on the
ear and noted that success was a function of the power applied with 2.0 milliwatts (mW) being almost
ineffective and 3.0 mW producing significant results. This is probably due to the fact that the lower power
levels did not cause sufficient tissue damage to provoke the acupuncture reaction (See Kendall, 1989).
The effectiveness of ear points in comparison to wrist or nose points has also been examined (Fang, et
al, 1984; Tan, et al, 1987) showing that ear points are more efficacious and highly successful results
reported by Olms (1981) by using his specially named point ‘Tee Mee” could not be confirmed.

Table 2. Summary of Studies Evaluating the Effectiveness of Acupuncture in Treating

Nicotine Addiction.

No. Of  Treatment Schedule Initial Follow Up: Point Use: Freq. Ref.

Cases Success% Months Success% Body Ear (Hz) EA
642 5 Times Over 2 Wks 6 60.6 (1
44 7 Days (Lu) 36.4 3 20.5 P (2)
48 7 Days (Kid) 33.3 3 14.6 P (2)
21 2 Times/Wk For 3 Wks 1.5 4.0 N 10012 (3)
20 3 Weeks 1.5 28.0 P (3)
50 2 Timesin 1 Week 27.5 3 10.0 N 4)
1138 1 Or 2 Times 82.0 3 56.0 NP N (5)
308 One Treatment 18 25.0 (6)
210 1,2, Or 3 Weeks 91.0 N P (7)
535 One Treatment 84.0 75.0 ™ (8)
32 2 Times/Wk For 2 Wks 6 N N (9)
31 10 Days (LU & SM) 84.0 3.2 (10)
194 3 Times 95.0 24 30.0 (11)
85*  4-8 Times In 2-4 Wks 71.0 N+L (12)
28 Real Points 6 18.0 (13)
27 Placebo Points 6 15.0 (13)
33 10 Times Over 3 Wks 70.0 3-8 39.0 N (14)
28 10 Times Over 3 Wks 11.0 3-8 7.0 N (14)
26  5Days NET 98.4 12 78.5 Low (15)
108 Real Points 12 43.1 (16)
92 Placebo Points 12 21.7 (16)
518 Once/Wk For 2-8 Wks 59.5 P 8-10 (17)
488 60.0 2-24  24.0 (18)
82  5-30Days 41.5 p (19)
26 3 XM, 2Wks 2mW 15.4 L (20)
20 3 XMWk, 2Wks 2.5mW 40.0 L (20)
28 3 X/, 2Wks 3mW 70.4 L (20)

N: Needle; P: Press Needle; S: Staplepuncture; L: Laser; LU: Lung Point; KD: Kidney Point; SM: Shenmen Point; NP:
Nose Points; TM: Tee Mee; NET: Neuroelectric Therapy; EA: Electroacupuncture. *Mostly elderly patients hospitalized
with major diseases. References: (1) Sacks, 1975; (2) Gilbey, 1977; (3) Parker and Mok, 1977: (4) Lamontagne and
Annable. 1979: (5) Requena, et al, 1960; (6) Khalatbari. et al, 1980: (7) Wu, 1981; (8) Olms, 1981; (9) Steiner, 1982; (10)
Sun, 1982; (11) Fuller, 1982; (12) Zalesskly, et al, 1983; (13) Gillams, et al, 1964; (14) Fang, et al, 1984; (15) Patterson,
et al, 1984: (16) Vandevenne.
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Table 3. Summary of Studies Evaluating the Effectiveness of Acupuncture in

Treatinq Alcoholism

No. Of Treatment Schedule Initial Follow Up: PointUse: Freq. Ref.

Cases Success% Months Success% Body Ear (Hz) EA

150 5 Times Over 2 Weeks 6 31.0 N S Low (1)

10 3 Times/Day for 3 Days, 60.0 N N 125 (21)
1 Time/Day for 2 Days

190 12 25.6 N (22)

100 4 times 1st Week 6 24.4 N+D (23)
+ 6 Times in 3 Weeks

34 Varied 97.0 5-6 79.0 N N (24)

23 10 Days NET 98.4 12 78.5 Low (15)

27 5 Days 100.0 (25)
3 Times/Wk for 28 Days  70.4 (25)

(25)

2 Times/Wk for 42 Days  37.0

N: Needle; S: Staplepuncture; D: Adjuvant Drug; NET: Neuroelectric Therapy; EA: Electroacupuncture.
References: (21) Laung, 1977, (22) Gaa'l and Freebim, 1979; (23) Lewenberg, 1984; (24) Olms, 1984;
(25) Bullock, et al, 1987

Table 4. Summary of Studies Evaluating the Effectiveness of Acupuncture in Treating

Opiate and Other Drug Addiction

No. Of Treatment Schedule Initial Follow Up: Point Use: Frea.  Ref.
Cases Success% Months Success% Body Ear. Hz) EA
187 5 Times Over 2 Weeks 61.0 N S Low (1)
18 Staple implant 6.0 S (28)
9 55.5 (30)
10 3 Times/Day For 3 Days, 20.0 N N (21)
1 Times/Day For 2 Days
25 36.0 12 20.0 N+D (31)
35 2 Times/Day For 8 Days 12 51.4 N (26)
15 20 Treatments N+D (33)
19 2 Times/Day For 8 Days 89.5 N (27)
303 18 5.5 2
50 1 Time, 3-4 Hours 82.0 52.0 N+D (29)
300 1-3 Times/Day For 2 Wks 10 5.7 N+D (32)
130 10 Days NET 98.4 12 80.3 Low (15)
14 2 to 7 Days 85.7 N (34)

N: Needle; S: Staplepuncture; NET: Neuroelectric Therapy; D: Adjuvant Drug; EA: Electroacupuncture.
References: (26) Wen and Teo, 1975; (27) Shuaib, 1976; (28) Tennant, 1976; (29) Wen, 1977; (30)
Severson, 1977; (31) Lorini, et al, 1979; (32) Wen, 1980; (33) Lorini, et al, 1982; (34) Kroening and Oleson,
1985

Table 5. Summary of Studies Evaluating the Effectiveness of Acupuncture In Treating
Cocaine Addiction

No. Of Treatment Schedule Initial Follow Up: Point Use; Freq. Ref.

Cases Success% Months Success % Body Ear (Hz) EA

1 3 Times/Day For 3 Days, 100.0 N N 125 (21)
1 Time/Day For 2 Days

5 2 Times/Day 100.0 0.5 (35)

46 Daily 52.0 N N (36)

1500  Daily 20.0 N N (36)

N: Needle; EA: Electroacupuncture. References: (35) Brovar, 1984; (36) Smith, 1988.
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In those studies where treatment was given on contiguous days the results were generally
better. Where there was a break in the treatment, such as over a week end some subjects
experienced withdrawal symptoms (Tan, et al, 1987). One interesting study conducted by Bullock, et
al (1987), with long term chronic alcoholics, treated the subjects in three different phases. The first
phase () consisted of daily treatments for five days followed by phase |l consisting of 3 treatments
per week for four weeks und then the last phase (I1l) involving treatments twice a week over a 45 day
period. Ten of twenty seven (37%) of a real point group made it through the treatment program
whereas only two of twenty two (7.4%) of a sham point group were successful.

Other alcohol treatment studies that included the detoxification phase reported that subjects had
no withdrawal symptoms (Olms, 1984; Lewenburg, 1984). Yang and Kwok (1986) found that
electroacupuncture reduced withdrawal symptoms in morphine dependent rats by 85% and certain
herbs were 68% effective.

Treatment Protocol

The information derived from the early studies was used to develop highly successful clinical
procedures to treat substance addiction. The basic approach in using acupuncture considers both the
disturbed vegetative functions as result of abrupt abstinence which provokes withdrawal syndrome
and the metabolic detoxification processes. Withdrawal relates mainly to affected neural centers and
receptors in the brain and to some extent to receptors in the gastrointestinal system. Metabolic
detoxification relates mainly to liver function in breaking down various drugs and substances which are
then eliminated from the body via the kidneys and bladder. The detoxification profile of a particular
substance then is related to the time it takes to clear the breakdown products from the body. The work
of Kao and Lu (1974) show that the frequency of withdrawal symptoms decrease with time which
indicates that withdrawal correlates with the time decrease in the metabolic detoxification. The clinical
approach then is to match the detoxification and withdrawal profile with the appropriate treatment
schedule.

One of the main features in the treatment protocol is that the specific drug or substance is not used
again (total abstinence) after the first treatment. In the case of nicotine the subjects are requested to
dispose of their unused cigarettes prior to leaving the clinic. They are also asked if there are any in
their automobile in which case they are requested to bring them back to the clinic for disposal after the
treatment.

Acupuncture stimulation reactivates the inhibited neural centers, however, if a significant level of the
substance is still present in the blood, because of the slow rate of metabolic breakdown, the effect of
the treatment is transitory. This is because the affected neural areas will again be influenced by the
remaining substances to cause re-inhibition which then results in the presentation of withdrawal
symptoms. Therefore treatment protocol must consider the time dependent characteristics involved in
how long it takes for the metabolic breakdown and clearance of the drug or substance from the body.
Treatment is provided daily or more often to keep the affected neural centers reactivated over the time
period it takes to eliminate all of the drug or substance.

Nicotine for example, is quickly broken down and eliminated from the body perhaps in only two to
four days and a chronic user must keep smoking to maintain the critical blood nicotine level to avoid
withdrawal. Some heavy users often awake in the middle of the night with a need to smoke because
their blood nicotine levels become uncomfortably low while sleeping since the liver continues to
breakdown the nicotine. Because nicotine is readily cleared from the body it can be treated over a
relatively short time span. Other substances take a longer time to be eliminated, perhaps seven to ten
days and hence the treatment period is correspondingly longer. Also, the opiates such as heroin,
methadone, opium, etc, have widespread effects on the many receptors in the brain and body and
consequently withdrawal symptoms can be far more severe than other substances and the frequency of
treatments is increased to compensate for this aspect of the problem.

Psychological counseling is usually not involved in the treatment approach since it seems that the
most important aspect of the problem is to get the user through the detoxification phase without
experiencing significant withdrawal misery. Follow up treatments a few weeks after the initial de-
toxification seem to be important and patients should be advised to make use of local support groups
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associated with their particular problem. They also can be provided with other training and education to
help cope with other physiological habits and body memory. In addition the subject is always advised to
seek immediate treatment if and when uncontrollable urges or cravings for the drug or nicotine occur
before the person starts using the substance again. One very critical consideration is that should an
individual start smoking again or using the former drug for which they were treated and they decide to be
treated once more no criticism is made because the person started using the substance again.
Criticizing or blaming the person for failure only serves to attack their self esteem which is already
damaged as result of substance addiction. So care is taken to maintain a positive approach in re-treating
the individual.

Point Selection

The most basic acupuncture point used in the generally successful detoxification protocols involves
Lung 2 located approximately in the center of the lower one third of the cavum concha of the auricle. Its
importance derives from the fact that this is the only place on the superficial body where a small branch
of the Vagus Nerve (10th Cranial) can be directly stimulated. Lung 1 point on the ear, which is located
on the upper one third portion of the cavum concha, also has a small sprig of this nerve. However, a
comparison study of almost 500 smokers treated with both Lung 1l and Lung 2 to an equal number
using only Lung 2 in the point selection showed no difference in the success of the two groups.
In order to minimize the total number of points required for successful treatment, only the Lung 2
location of the Vagus nerve is utilized along with other ear and body points.

Treatment success is enhanced by the application of electroacupuncture and therefore one
additional point is required on the ear to provide an electrical pathway to restrict the current flow only
to the area of the auricle. The point Shenmen, located at the apex of the triangular fossa, provides
this feature and it is also an excellent point based on its known traditional application. Low frequency
stimulation seems best which is consistent with the known frequency response of the afferent nerves
and brain nuclei. Also, it has been demonstrated that frequencies above 60 to 100 Hz. can produce
stress analgesia which is not a desired response in treating addictions.

Other traditional points are used such as the so called “Four Gates” consisting of bilateral use of
Hegu (LI4) and Taichong (Liv3), which are located at the motor point of the first interosseous muscles
of the hands and feet respectively. These points have a long traditional use in producing profound
relaxation and suppression of sympathetic nervous system outflow. The traditional points noted for
detoxification properties, such as Fuliu (Kid7) and Zhubin (Kid9) are also used in the case of alcohol
and opiate treatment. The use of kidney points is appropriate because in Traditional Chinese Med-
icine (TCM) the kidneys are considered as the main organ for detoxification. The importance of the
Zhubin (Kid9) probably is related to the fact that this point is coincident with the medial motor point of
the soleus muscle which means its stimulation will provoke a very profound analgesia in the body
since it is a large tonic muscle. Fuliu (Kid7) is located a distance of three finger breaths below point
Zhubin.

In the treatment of pregnant individuals only the two points on the auricle (Lung 2 and Shenmen)
are used to avoid the risk of inducing labor by using feet and leg points. In addition the point Hegu
(LI4) is generally counterindicated in pregnancy. Also, in the treatment of elderly subjects the elec-
troacupuncture tends to produce profound relaxation since most of these individuals are energy (Qi)
deficient and so it is advisable to make certain that some other person brings them in for treatment.
This can avoid the possible risk of the elderly person falling asleep while driving home. All the other
normal restrictions related to needling also apply.

Nicotine Treatment Protocol
The treatment for nicotine addiction and marijuana usually only requires two days, with one
treatment each day because of their quick metabolic detoxification profile (See Figure 2). The
withdrawal symptoms are greatest a few hours after abstaining from smoking when the plasma
nicotine starts to quickly decline after acute abstinence. The acupuncture treatment will greatly
reduce these to a tolerable or insignificant level and the subject can maintain with little or no urges to
smoke. By the second day there is sufficient plasma nicotine to cause the initial experience of
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Figure 2. Detoxification and Withdrawal Profile for Either Nicotine or Marijuana With
Overlay Representing Treatment (Tx) Over Two Days

withdrawal. Therefore it is extremely important that the treatments be provided on contiguous days
for nicotine and all other substances as well. If a one day break is allowed between the two
treatments, a large percentage of smokers cannot make it through the second day without smoking
because of the development of withdrawal symptoms. Also, a small percentage of people, perhaps 1
to 2%, may require a third treatment, usually provided on the third day, probably because their
bodies are not breaking down the nicotine as fast. On rare occasion an individual might have with-
drawal from nicotine that seems as severe as opiate withdrawal and they need to be treated with the
protocol for opiates in order to be successfully detoxified from nicotine addiction. This may indicate
some disorder in their liver function. '

Treatment and Schedule for Nicotine and Marijuana
Auricular Points: Shenmen, Lung 2.
Body Points: Hegu (LI4), Taichong (Liv3)
Electroacupuncture: From Shenmen (Positive) to Lung 2 (Negative) ipsilaterally on each ear.
Frequency: 2 Hz. (Continuous Mode).
Duration: 30 to 35Minutes.
Schedule: One treatment each day for two consecutive days.
Follow Up: Subject should be advised to seek acupuncture treatment anytime that strong urges
or uncontrollable craving to smoke occur prior to actually smoking.

Cocaine Treatment Protocol

Both cocaine and alcohol withdrawal is treated once per day over a five day period. The only
difference in the two treatments is that Kidney Channel points are used in respect to alcohol. The
metabolic detoxification profile for both cocaine and alcohol is assumed to be approximately seven to
ten days (See Figure 3). This is borne out by the clinical observation that after the fourth treatment
there are virtually no withdrawal symptoms in either cocaine or alcohol subjects that are being
treated. Many have felt that the fifth treatment was not even required although many others did need
the final treatment. As in all the other treatment approaches no additional cocaine is used after the
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first treatment. Usually the subject is scheduled to begin treatment on a Monday morning so they are
advised to rid their homes, work place, automobiles, etc. of cocaine and advise their suppliers that
for health, legal and what ever reasons they are giving up the use. Ideally, they should not use any
cocaine over the week end before treatment if that is possible. Because of potential for withdrawal or
intense craving brought on by abrupt abstinence many cannot make it through the week end without
the drug.

During the initial interview or consultation it is important to ask if there are other users in the
immediate relationship indicating a possible co-addict situation which is often present in the use of
alcohol. Although this is not presently common in cocaine use or opiates it is important to ask since it
is very difficult to successfully treat one person in a relationship if they are constantly exposed to the
physical and emotional pressures to continue the use of the drug. Smith (1988) observed that
frequently the main problem of “crack mothers” was living with a male companion who was a heavy
crack user. The detoxification from cocaine of all forms is highly successful using acupuncture and
most subjects have very few withdrawal symptoms. Just as with other substances the subject is
always advised to seek immediate treatment if and when uncontrollable urges or cravings occur
before the person starts using cocaine again.

100%- :
\ * Indicates That

Cocaine or Alcohol
Are Not Used After
Detox and Start of Treatment.
Withdrawal
Profile
0- 6 1 7 i 8 1
Start* DAY

Figure 3. Detoxification and Withdrawal Profile for Either Cocaine or Alcohol
With Overlay Representing Treatment (Tx) Over Five Consecutive Days

Treatment and Schedule for Cocaine

Auricular Points: Shenmen. Lung 2.

Body Points: Hegu (LI4), Taichong (Liv3)

Electroacupuncture: From Shenmen (Positive) to Lung 2 (Negative) ipsilaterally on each ear.
Frequency: 2 Hz. (Continuous Mode).

Duration: 30 to 35 Minutes.

Schedule: One treatment each day for five consecutive days.

Follow Up: A single follow up treatment is advisable at 3 and 6 weeks after the first course of
treatments. Subject should be advised to seek acupuncture treatment anytime that strong urges or
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uncontrollable cravings to use cocaine occur prior to actually taking the drug.. Should the subject
inadvertently use cocaine or be coerced into trying cocaine, they should be advised to
immediately come in as soon as possible for a follow up treatment.

Alcohol Treatment Protocol

Alcohol is treated over a five day period with one treatment each day (See Figure 3.). The only
difference in this approach compared to cocaine is the addition of two acupuncture points on the leg.
The withdrawal characteristics are much different from either cocaine or nicotine because the met-
abolic detoxification brings on changes in the acid base balance. This is manifested by the
development of respiratory alkylosis within 12 to 36 hours after abstaining from alcohol in some
chronic users. Acupuncture virtually eliminates the physiological effects of this condition which causes
the subject to avoid full development of delirium tremors and hallucinations. Nervousness and
irritability may be the only symptoms to be observed by some individuals. On rare occasions this
nervousness may necessitate a second treatment on that particular day.

Frequently in the case of alcohol there is a co-alcoholic in the immediate relationship with the
patient and it is advisable to treat them both at the same time. Often they can be scheduled to come
into the clinic at the same time providing there are no underlying hostilities between the two parties.
Often alcoholics have close drinking buddies that, for what ever reason, feel they will lose the
friendship of a person that becomes sober. So they will continue to urge the person to have a few
drinks to get them back into the group. This “group acceptance” type peer pressure is also seen with
other drugs as well.

Treatment and Schedule for Alcohol

Auricular Points: Shenmen, Lung 2.

Body Points: Hegu (LI4), Taichong (Liv3), Zhubin (Kid9), Fuliu (Kid7)

Electroacupuncture: From Shenmen (Positive) to Lung 2 (Negative) ipsilaterally on each ear.
Frequency: 2 Hz. (Continuous Mode).

Duration: 30 to 35 Minutes.

Schedule: One treatment each day for five consecutive days.

Follow Up: A single follow up treatment is advisable at 3 and 6 weeks after the first course of
treatments. Subject should be advised to seek acupuncture treatment anytime that strong urges or
uncontrollable cravings to drink occur prior to actually using alcohol. Should the subject inadvertently
drink or be coerced into trying a drink of alcohol, they should be advised to immediately come in as
soon as possible for a follow up treatment.

Opiate Treatment Protocol

The potential withdrawal from opiates is quite significant and involves CNS receptors plus those
in the gastrointestinal tract. In addition to a wide range of reactions, symptoms can also include
cramps, constipation and backache. Pain in the low back will sometimes manifest during the actual
treatment and the Chinese ‘Tuina’ massage is applied to the back even though the patient is lying on
their back. This is accomplished by reaching under the subject to manipulate the area of the low
back. Sometimes the patient is given mild stimulation to the back with a plum blossom needle device
after the regular treatment. It may take seven to ten days for the opiates to clear the body to the
point where withdrawal is not experienced. Because the symptoms are quite profound, two treat-
ments per day are needed for the first three days followed by daily treatments for three more days
(See Figure 4.). The total of nine treatments is provided to match the potential detoxification and
withdrawal profile.

The heroin and methadone subjects seem quite apprehensive about being needled, especially
on the ears, since most are on the verge of abstinence syndrome when they arrive in the morning for
the first treatment on the first day. In this situation the four points on the hand and feet (Hegu and
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Figure 4. Detoxification and Withdrawal Profile for Opiates and Similar Drugs with
Overlay Representing Nine Treatments (Tx) Over Six Consecutive Days

Taichong) are inserted first followed by Zhubin and Fuliu on the leg. After this the patient starts to
relax and then the two ear points (Lung 2 and Shenmen) can be inserted. Electroacupuncture
stimulation is first applied on Zhubin to Fuliu, ipsilaterally on each leg. for about 15 minutes duration
prior to providing stimulation on the ear points. The ear points are stimulated for an additional 30
minutes, making the total duration of 45 minutes.

Treatment usually always starts on a Monday morning and the patient is almost always
scheduled first or even sometimes early before regular clinic hours. The reason for this is that the
subject has not had any drugs since the night before and when they arrive at the clinic they are
starting to feel signs of withdrawal. The second treatment is nominally scheduled for mid to late
afternoon, however, since there is no way to predetermine how long the patient can go before with-
drawal discomfort starts. The patient is advised that even though they have a nominal appointment
for the second treatment that day they should come in immediately should they feel they can not wait
for the scheduled time slot. For an outpatient treatment protocol, one should be aware that the opiate
addict will usually show up quite early for the treatments on subsequent days.

As noted above, two treatments, one in the early morning and one in late afternoon are provided
for the first three days. One treatment each morning is then provided for the next three days.
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Occasionally a third treatment is provided on the first day although almost all make it through with the
scheduled two. Also, on occasion a patient may require two treatments on the fourth day, but this is
usually rare. Some treatment approaches for in patient care involved staying with the addict and
providing treatment whenever abstinence symptoms presented (Kao and Lu, 1974). Single follow up
treatments are essential for opiate addicts, usually scheduled at one, three and six weeks after
completing the first course of treatments. It seems that former addicts have poorer coping skills to
handle subsequent stress exposure. Therefore they are encouraged to seek treatment when stress is
high.

One interesting observation about opiate addicts is that often they do not want to pay for their
treatments or they try to find a way of not paying, such as writing bad checks. Whether this observation
is related to long time behavior patterns of surviving with opiate addiction is not known.

Treatment and Schedule for Heroin,
Methadone and other Opiates

Auricular Points: Shenmen, Lung 2.

Body Points: Hegu (LI4), Taichong (Liv3), Zhubin (Kid9), Fuliu (Kid7)

Electroacupuncture: Zhubin (Kid9) (Positive) to Fuliu (Kid7) (Negative) ipsilaterally on each leg for 15
minutes duration and then change application to the ear from Shenmen (Positive) to Lung 2 (Negative)
ipsilaterally on each ear for an additional 30 minutes.

Frequency: 2 Hz. (Continuous Mode).

Duration: 45 Minutes.

Schedule: Two treatments each day for first three days and then one treatment each day for an additional
three days (nine treatments over six consecutive days)

Follow Up: A single follow up treatment is advisable at the end of 1, 3, and 6 weeks after the first course of
treatments. Subject should be advised to seek acupuncture treatment anytime that strong urges or
uncontrollable craving to use drugs occur prior to actually taking the drugs. Should the subject inadvertently
use drugs or be coerced into trying drugs, they should be advised to immediately come in as soon as
possible for one (1) or more follow up treatments.
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The Effect of Stimulus Frequency on the Analgesic
Response to Percutaneous Electrical Nerve Stimulation in
Patients with Chronic Low Back Pain
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Low back pain (LBP) is one of the most common medi-
cal problems in our society. Increasingly, patients are
turning to nonpharmacologic analgesic therapies such
as percutaneous electrical nerve stimulation (PENS).
We designed this sham-controlled study to compare
the -effect of three different frequencies of electrical
stimulation on the analgesic response to PENS therapy.
Sixty-eight consenting patients with LBP secondary to
degenerative lumbar disc disease were treated with
PENS therapy at 4 Hz, alternating 15Hzand 30Hz (15/
30 Hz), and 100 Hz, as well as sham-PENS (0 Hz), ac-
cording to a randomized, cross-over study design. Each
treatment was administered for a period of 30 min three
times per week for 2 wk. The pre- and posttreatment
assessments included the health status survey short
form and visual analog scales for pain, physical activity,
and quality of sleep. After receiving all four treatments,
patients completed a global assessment questionnaire.
The sham-PENS treatments failed to produce changes
in the degree of pain, physical activity, sleep quality, or
daily intake of oral analgesic medications. In contrast,
4-Hz, 15/30-Hz, and 100-Hz stimulation all produced

significant decreasesin the severity of pain, increases in
physical activity, improvements in the quality of sleep,
and decreasesin oral analgesicrequirements (P < 0.01).
Of the three frequencies, 15/30 Hz was the most effec-
tive in decreasing pain, increasing physical activity,
and improving the quality of sleep (P < 0.05). In the
globalassessment, 40% of the patients reported that 15/
30 Hz was the most desirable therapy, and it was also
more effective in improving the patient’s sense of well-
being. We conclude that the frequency of electrical
stimulation is an important determinant of the analge-
sic response to PENS therapy. Alternating stimulation
at15-Hz and 30-Hz frequencies was more effective than
either 4 Hz or 100 Hz in improving outcome measures
in patients with LBP. Implications: The frequency of
electrical stimulation seems tobe animportantdetermi-
nant of the analgesic efficacy of percutaneous electrical
nerve stimulation. Mixed low- and high-frequency
stimulation was more effective than either low or high
frequencies alone in the treatment of patients with low
back pain.

(Anesth Analg 1999,88:841-6)

cold as a cause for primary care clinic visits (1-4),

and it is the second most common cause of ab-
sence from work in adults <55 yr of age (5). The
current therapies for LBP include physical therapy,
epidural steroid injections, opioid and nonopioid
analgesic medications, implantable spinal cord-
stimulating devices, as well as various psychological
and behavioral modification programs.

I ow back pain (LBP) is second only to the common
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Concerns regarding the efficacy and side effects
associated with these treatment modalities have in-
creased interest in nonpharmacologic neuromodula-
tion therapies such as transcutaneous electrical nerve
stimulation (TENS) (6), acupuncture (7,8), electroacu-
puncture (9), and percutaneous electrical nerve stim-
ulation (PENS) (10-12). Unfortunately, most of the
published studies involving the use of electrical stim-
ulation devices have used arbitrarily chosen treatment
variables.

Therefore, we designed a randomized, sham-
controlled, cross-over study to evaluate the effect of
stimulation frequency on the acute analgesic response
to PENS therapy. The comparative effects of three
different frequencies of stimulation (4 Hz, alternating

Anesth Analg 1999;88:841-6 841
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15 Hz and 30 Hz, and 100 Hz) on pain scores, physical
activity, quality of sleep, and the patient’s sense of
well-being were evaluated in patients with LBP.

Methods

After obtaining institutional review board approval and
written informed consent, 68 patients (30 men and 38
women) with LBP associated with radiologically con-
firmed degenerative lumbar disc disease were enrolled
in this randomized, sham-controlled, investigator-
masked, cross-over study. Each patient was treated with
sham-PENS (no electrical stimulation) and PENS at
4 Hz, alternating 15 Hz and 30 Hz (15/30 Hz) (a mixed
frequency using both frequencies at each cycle with the
stimulation pulses switched on and off every 3 s), and
100 Hz for a period of 30 min, three times per week for
2 consecutive wk in a random sequence (with 1 wk off
between each treatment modality). Inclusion criteria in-
cluded a history of LBP that has remained unchanged on
a stable oral nonopioid analgesic regimen for a period of
at least 3 mo before enrolling in the study. Exclusion
criteria included LBP with a radicular component (sciat-
ica), a history of drug or alcohol abuse, major organ
disease, a change in the character or severity of the pain
within the last 3 mo, and an inability to reliably complete
the health status survey short form (SF-36), the daily
assessment tools, or the global assessment questionnaire.

The basic therapy consists of the placement of ten
32-gauge (0.2 mun) stainless steel acupuncture-like nee-
dle probes (ITO, Tokyo, Japan) into the soft tissue
and/or muscle in the low back region to a depth of
2-4 cam according to the dermatomal distribution of the
pain as illustrated in Figure 1. The 10 probes were con-
nected to five bipolar leads (with each lead connected to
one positive and one negative probe) from an investiga-
tional (non-Food and Drug Administration-approved),
low-output electrical generator, which was calibrated
before each series of treatments. The maximal amplitude
of the electrical stimulation produced by the generator
was 25 mA, with a unipolar square-wave pattern and a
pulse width of 0.5 ms. The electrical current was DC, and
the duty cycle was continuous. These probes were then
stimulated at one of four different frequencies: 0 Hz
(sham), 4 Hz, 15/30 Hz, or 100 Hz. The intensity of the
electrical stimulation was adjusted to produce the high-
est tolerable electrical sensation without muscle contrac-
tions (except for the sham treatments).

Before initiating the first of the four (frequency)
treatment modalities, patients were required to com-
plete the SE-36 (13). The physical component sum-
mary (PCS) and mental component summary (MCS)
scores were used to assess the patient’s response to
each of the therapeutic modalities (14). The baseline
level of pain, physical activity, and quality of sleep
was evaluated before the first treatment with each
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Figure 1. The location of the needle probes for the percutaneous
electrical nerve stimulation (PENS) and sham-PENS treatments.
With PENS therapy, each of the five bipolar leads from the low-
output electrical generator was connected to a pair of needle probes,
alternating the positive and negative positions as shown.

modality using standard 10-cm visual analog scales
(VAS), with 0 = best to 10 = worst. Repeat VAS
assessments of pain, activity, and sleep were per-
formed three times per week before each treatment
session. In addition, the pain VAS was repeated
5-10 min after each treatment session. The daily oral
analgesic requirements (pills per day) were recorded
in the patient’s diary during each phase of the study.
The SF-36 questionnaire was repeated after complet-
ing all six treatment sessions with each of the four
frequency modalities. Finally, each patient completed
a global assessment questionnaire comparing the rel-
ative effectiveness of the sham and the three stimula-
tion frequencies 72 h after the final treatment session.

The NCSS software package (version 6.0.1; NCSS,
Kaysville, UT) was used for all statistical analyses. An
a priori power analysis with & = 0.05, B = 0.10 (power
90%) and sp of 2.0 determined that a group size of 60
should be adequate to demonstrate a difference of 25%
among the pain VAS scores for the four frequencies
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studied. The changes in the VAS scores were analyzed
using repeated-measures analysis of variance and Stu-
dent’s t-test, with a Bonferroni correction applied for
multiple comparisons. Analysis of discrete data was
performed by using the x” test. Changes and differences
in the SE-36 scores were analyzed by using paired sam-
ple t-tests. Data are presented as mean values * sp,
median values, and percentages. P < 0.05 was consid-
ered statistically significant.

Results

The prestudy SF-36 evaluation suggested that this LBP
patient population (age 46 *= 21 yr) reported signifi-
cantly lower health-related quality of life scores com-
pared with the general population. The median pre-
study scores were 29.8 and 41.4 for the PCS and MCS,
respectively, compared with general population norms
of 50 for these two variables. The posttreatment SF-36
test results revealed that the 4-Hz, 15/30-Hz, and
100-Hz frequencies produced significant improve-
ments over the prestudy scores for both the PCS and
the MCS components (P < 0.01). Moreover, the abso-
lute (mean) magnitude of the changes in PCS and
MCS components at the end of each treatment period
were similar with 4 Hz (7.0 and 2.8, respectively),
15/30 Hz (7.3 and 3.2, respectively), and 100 Hz (7.1
and 3.1, respectively). In contrast, the sham treatments
did not show any significant improvement in post-
treatment functionality.

All three frequencies of electrical stimulation pro-
duced significant decreases in the pain scores imme-
diately after each treatment (Table 1). Compared with
the sham treatments, the 4-Hz, 15/30-Hz, and 100-Hz
frequencies of PENS therapy also produced statisti-
cally greater decreases in the degree of pain and im-
proved physical activity and sleep quality at the end
of the 2-wk treatment period (Fig. 2). However, the
overall percent changes in pain, physical activity, and
quality of sleep scores were significantly greater after
electrical stimulation at 15/30 Hz compared with 4 Hz
or 100 Hz.

The daily requirements for nonopioid analgesic
medications are summarized in Figure 3. Compared
with baseline values 24 h before starting each fre-
quency modality, the need for oral analgesic medica-
tions was significantly decreased over the course of
the 2-wk treatment period with 4 Hz, 15/30 Hz, and
100 Hz, but not with the sham treatments. Moreover,
the overall percent decrease in the oral analgesic re-
quirements was greater with 15/30 Hz (48%) than
with 4 Hz (35%) or 100 Hz (33%).

Finally, the global assessment of the four modalities
indicated that 15/30 Hz was the therapy preferred by
40% of the patients, whereas 28%, 30%, and 2% fa-
vored the 4 Hz, 100 Hz, and sham treatments, respec-
tively (Table 2). In addition, the 15/30-Hz treatments
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Table 1. Comparison of the Effects of the Four Frequency
(F) Modalities on the VAS Pain Scores

Sham F4 F15/30

Treatment F 100

1

Pre 58+15 64*16 60x17 57x16

Post 5618 23£12% 25+13* 27 *£15*
2

Pre 59+18 61x17 54*x17 54=x18

Post 55*x16 21+1.4% 23 £13% 25+1.3*
3

Pre 58+17 59+18 51x20 51=*x19

Post 57+18 25*x12% 25+14% 22+ 15*%
4

Pre 5.6 1.6 5.

Post 55+x19 1.
5

Pre 59+17 49+x18 45*x19 47*x18

Post 58+19 14x14% 1.3+£13%" 1.6 +1.3*
6

Pre 57+17 47*x16 40*x14 45%x15

Post 55+1.8 1.2*x12* 1.1x14* 1.2+ 15*

15 49*x16 50%x17
1.2* 1713 1.7+ 15*

I+ 1+

1
8

Values are mean * sp.

VAS = visual analog scale, with 0 = no pain to 10 = worst pain
imaginable.

* Significantly different from values before (pre) each treatment session
(P < 0.01).

were significantly more effective in improving the
patient’s physical activity and sense of well-being
compared with the 4-Hz, 100-Hz, and sham treat-
ments. Given a hypothetical situation, patients indi-
cated that they would be more willing to pay out-
of-pocket for the PENS treatment when it was admin-
istered at a frequency of 15/30 Hz (versus the sham
treatment).

Discussion

Analogous to previously reported findings in animals
with electroacupuncture (15), these data suggest that
the frequency of electrical stimulation influences the
analgesic response to PENS therapy in patients with
chronic LBP. Compared with low- (4 Hz) and high-
(100 Hz) frequency stimulation, a mixed pattern (15/
30 Hz) of electrical stimulation produced the greatest
decrease in pain and improvement in physical activity
and quality of sleep at the end of a 2-wk treatment
period.

Using a rat model for studying electroacupuncture,
Chen et al. (15) reported that the dense-disperse mode
of electrical stimulation (alternating 2 Hz and 15 Hz)
was more effective than a fixed frequency of stimula-
tion at either 2 Hz or 100 Hz in producing experimen-
tal analgesia. According to Sun and Han (16), the
enhanced analgesia produced by alternating frequen-
cies results from the differing effects of the frequency
of stimulation on the pattern of neurotransmitter re-
lease within the central nervous system (CNS). At
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Figure 2. Comparison of the percent changes from baseline value (24 h before the first treatment session with each modality) in the degree
of pain relief, physical activity, and sleep quality at the end of each 2-wk treatment period. Data are mean values * sp. * P < 0.05 compared
with the sham-percutaneous electrical nerve stimulation values. # P < 0.05 compared with F4 and F100 values.

2 Hz, analgesia was alleged to be mediated by stimu-
lation of 1 and & opioid receptors, whereas, at 100 Hz,
analgesia was reportedly mediated by activation of «
opioid receptors in the CNS (16).

In studying the effect of the frequency of electroa-
cupuncture stimulation on the release of substance P
in the spinal cord, Chen et al.'(17) also found that
15 Hz was more effective than either lower (2, 4, or
8 Hz) or higher (30 or 100 Hz) frequencies of electrical
stimulation. Analogous to the findings of Sun and
Han (16), Goldstein and Naidu (18) also reported that
high-frequency (100 Hz) electroacupuncture-induced
analgesia was mediated by the activation of k opioid
receptors, whereas low-frequency stimulation (2 Hz)
activated p and & opioid receptors. One might specu-
late that using a combination of intermediate frequen-
cies (e.g., alternating 15 Hz and 30 Hz) would activate
both subtypes of opioid receptors. However, opioid
receptor binding studies would have to be performed
to determine the pattern of opioid receptor activation
that occur when mixed frequencies of electrical stim-
ulation are used to produce electroanalgesia in
humans.

Controversy still surrounds the optimal frequency
of electrical stimulation for TENS therapy (19). For

example, Walsh et al. (20) reported that a low fre-
quency (4 Hz) of stimulation had a greater hypoalge-
sic effect than high-frequency (100 Hz) stimulation
using an experimental pain model. However, Johnson
et al. (21) reported that using high-frequency stimula-
tion (20-80 Hz) produced greater analgesic effects
than low-frequency stimulation (10 Hz). Consistent
with our findings using PENS therapy, Hansson and
Ekblom (22) reported significant pain relief at both
high and low frequencies of electrical stimulation. In a
recent TENS study, Hamza et al. (23) found that
mixed-frequency electrical stimulation at 2 and 100 Hz
produced greater postoperative analgesic-sparing ef-
fects than either 2 Hz or 100 Hz alone. Thus, it seems
that both PENS and TENS therapies are most effective
when administered using mixed frequencies of elec-
trical stimulation.

The deficiencies in the current study design relate to
an inability to effectively blind the patients, although
a sham treatment was included because of the unique
nature of the electrical sensation produced by the ac-
tive PENS treatments. In an attempt to minimize in-
vestigator bias, all patient assessments were per-
formed by one of the investigators not involved in
actually administrating the PENS therapy. To avoid
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Figure 3. Changes in the daily oral intake of nonopioid analgesic medications (pills per day) during the 2-wk treatment period with each
of the four frequency modalities. Data are mean values + seM. * P < 0.05 and + P < 0.01 compared with values 24 h before the first treatment

(baseline).

Table 2. Overall Patient Evaluation of the Relative
Effectiveness of the Three Different Frequencies (F) and
Sham Therapies After All Six Treatment Sessions with
Each Modality

Sham F 4 F15/30 F 100
2 28* 40 30
3 30% 384f 29
5 23 44ttt 28
2
3

Most desirable modality
Improved physical activity
Improved sense of well-being
Preferred pain therapy

Willing to pay extra for therapy

28* 40*tf 30*
25* 45*t1  27*

Values are expressed as percentages.

* Significantly different from the sham treatments (P < 0.05).
t Significantly different from the F4 treatments (P < 0.05).

} Significantly different from the F100 treatments (P < 0.05).

prejudicing patients in favor of the active PENS treat-
ments, the sham treatment was described to the pa-
tients as “acupuncture-like” therapy. Because the nee-
dles for the sham-PENS treatments were placed in the
same dermatomal montage used for the PENS ther-
apy, rather than at specific acupoints, it would be
inappropriate to conclude that classic Chinese acu-
puncture is of no benefit based on these findings. In
addition, the use of alternating 15-Hz and 30-Hz fre-
quencies (rather than alternating 4 Hz and 100 Hz)

may be a limitation because of the limitations of the
electrical generator used in this study. The study was
designed to cover the widest possible frequency range
(4-100 Hz), but the stimulating device was not able to
combine these frequencies when used in the alternat-
ing stimulation mode. In a future study, it would be of
interest to compare 15-Hz and 30-Hz frequencies of
electrical stimulation alone with an altemating 15/
30-Hz pattern.

Given the interest of both patients and healthcare
providers in unconventional (or so-called complemen-
tary) medical therapies (24,25), it is not surprising that
nonpharmacologic electroanalgesic therapies (e.g.,
PENS, electroacupuncture) are increasing in popular-
ity. Future studies in patients with LBP should focus
on the effects of these nontraditional modalities on
long-term outcome measures (e.g., chronic analgesic
use, return to work) when used to supplement con-
ventional analgesic medications and physical therapy
as part of a multimodal treatment program (26).

In conclusion, using a mixed frequency (alternating
15 Hz and 30 Hz) of PENS was more effective than
either low (4 Hz) or high (100 Hz) frequencies alone in
improving short-term outcome measures in patients
with LBP.
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