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Acupuncture is now accepted as a complementary analgesic treatment. Auricular
acupuncture is a distinct form of acupuncture. Electrical stimulation of acupoints
(electroacupuncture) increases the effects of acupuncture. Recently, an auricular
electroacupuncture device, the P-Stim™, has become available. Clinical studies in
outpatients have investigated the P-Stim in chronic musculoskeletal pain and its use for
minor surgery. In chronic cervical or low back pain, auricular electroacupuncture was
more effective than conventional auricular acupuncture. The results in acute pain were
controversial. Auricular electroacupuncture reduced pain and remifentanil consumption
during oocyte aspiration when compared with conventional auricular acupuncture or a
sham treatment. However, after third molar tooth extraction, auricular electroacupuncture
and auricular acupuncture failed to reduce either postoperative pain or analgesic
consumption. Further large-scale studies are required to evaluate the analgesic efficacy

of auricular electroacupuncture.
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Theoretical background of auricular

& electroacupuncture

It has long been accepted that acupuncture,
that is, puncturing or scraping certain points
on the body surface with needles, can be thera-
peutically useful in various diseases and pro-
duces analgesic or anesthetic effects. The use of
acupuncture, electroacupuncture (EA) and
auricular acupuncture has become the subject
of scientific research during the last few dec-
ades. Recently, an auricular electrical stimula-
tion device, the so-called P-Stim™, has
become commercially available. This article
gives an overview of the theoretical back-
ground of auricular EA and discusses its use in
the treatment of chronic and acute pain.
Related techniques such as transcutaneous
electrical nerve stimulation are excluded from
the discussion.

Auricular acupuncture - traditional Chinese &
nogier systems

Auricular acupuncture is a distinct form of acu-
puncture. The auricles’ importance was first
mentioned in the Huang Di Nei Jing (~100

BC): ‘All the vessels congregate in the ear’. Dur-
ing the 1950s the French physician Paul Nogier
developed a western concept of auricular acu-
puncture that is based on the assumption that
each part of the body is represented in a specific
zone on the external ear. He described a map of
the arrangement of auricular acupuncture
points. With the head represented towards the
lower lobule, the hands and feet at the upper-
most portion of the auricle and the body in
between, the projection of different body
regions can be compared with an inverted
fetus. This somatotopic relation has been con-
firmed in double-blind studies investigating
auricular diagnosis [1-3].

Auricular acupuncture points are discrete
anatomic loci of the external ear, measuring
approximately 1-5 mm in diameter 4. The
number of auricular acupuncture points is not
well defined with reported numbers ranging
from 43 to 900 [5]. Auricular acupuncture
points are characterized by a lower electrical
skin resistance and a heightened tenderness to
touch compared with the surrounding tissue.
The increased electrical conductivity is probably
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related to the autonomic control of blood vessels rather than an
increased sweat gland activity, whereas the tenderness of reactive
auricular acupuncture points is possible due to the accumulation
of noxious substances in the subcutis [2,3].

Mechanisms of auricular acupuncture
Several possible mechanisms have been proposed for acupunc-
ture analgesia:

* Stimulation of A-8 fibers in the skin can inhibit painful

stimuli from the periphery, thus, reducing pain
perception [6,7];

* Activation of encephalin-containing interneurones in the
substantia gelatinosa of the spinal grey matter results in inhi-
bition of the conduction of pain signals to the brain;

* Acupuncture leads to a release of B-endorphin and met-

encephalin in the brain (8-10;

* Activates descending pain control systems in the mid-
brain [s-16];

* Modulating effects on the central pain network in the
hypothalamus and the limbic system have been
proposed [8-16].

Functional magnetic resonance studies demonstrate that
stimulation of acupuncture points elicits effects in specific
brain regions [89,13-19]. These effects of acupuncture are
believed to be point specific as opposed to nonspecific inhibi-
tory control mechanisms [20]. Further studies have shown that
acupuncture activates multiple analgesia systems, stimulates
pain modulation systems and leads to the release of neurotran-
smitters such as endogenous opioids [21]. Acupuncture has also
been shown to normalizes the protein expression profile of the
hypothalamus caused by neuropathic pain [22.23] and to exert
neuroprotective effects on dopaminergic neurons [24]. These
theories, however, are not undisputed. Some investigators have
not been able to replicate the findings that endorphins play a
role in acupuncture analgesia [25,26]. Critics have also noted that
the vast majority of the research supporting acupuncture origi-
nates from China [27], and the percentage of ‘negative’ results
published by these Chinese investigators is close to zero [2s].
Doubts also arise from preclinical studies of acupuncture on
experimental pain in human volunteers. Approximately half of
these investigations show an analgesic effect whilst the other

half fails to do so [29].

Mechanisms of electroacupuncture

In addition to the use of needles, acupuncture points can also
be ‘stimulated’ with heat, electrical currents [30], pressure, laser
light (31 or shock waves [32]. Electrical stimulation of acu-
puncture points is considered to increase the analgesic effects
of acupuncture.

EA analgesia is mediated by humoral mechanisms, which was
confirmed by a cerebrospinal fluid cross-infusion study. When
cerebroventricular fluid obtained from rabbits that have been
subjected to EA was infused to the third ventricle of an acupunc-
ture-naive rabbit, a transfer of the analgesic effect from the donor

to the recipient rabbit was observed (33]. Han and colleagues pro-
posed the involvement of various neurotransmitters including
monoamines, favoring serotonin [34].

Later studies have demonstrated that opioid peptides in the
periaqueductal gray are involved in EA analgesia. The type of
neuropeptides to be released by EA is dependent on stimulation
frequency. A low frequency of 2 Hz accelerates the release of
enkephalin, B-endorphin and endomorphin, while a high fre-
quency of 100 Hz selectively increases the release of dynorphin.
A combination of both frequencies with a simultaneous release
of all four opioid peptides, results in a maximal therapeutic
effect (35.36]. Cumulative analgesic effects may be achieved by
longer electrical stimulation periods [37).

Recent evidence demonstrates that nitric oxide is also involved
in mediating the cardiovascular responses to EA stimulation
through the gracile nucleus—thalamic pathway. The role of other
substances (e.g., serotonin, catecholamines, inorganic chemicals
and amino acids such as glutamate and o-aminobutyric acid),
that have also been proposed to mediate analgesic, as well as
cardiovascular effects of acupuncture, is poorly understood.

Mechanisms of auricular electroacupuncture

The mechanism of auricular EA is still not fully understood. In
one study, a change in the blood flow of cerebral arteries was
demonstrated after electrical stimulation of an auricular acu-
point (38]. Further studies are needed to define the underlying
mechanisms of auricular EA.

Indications of auricular acupuncture

Auricular acupuncture is most commonly used in acute and
chronic pain states, and as complementary therapy for addic-
tion and obesity.

The analgesic effects of auricular acupuncture have been
proven in numerous studies in acute [39-41] and chronic pain
states [42-46]. A case report has also suggested that auricular acu-
puncture is effective for acute migraine pain [47). However,
there have been contradictory results. Ceccherelli failed to dem-
onstrate a therapeutic effect when auricular acupuncture was
combined with body acupuncture for the treatment of cervical
myofascial pain [48]. There is a need for further well-designed
clinical trials [49].

Wen and Cheung broadened the indication of auricular acu-
by using it the
addiction [50-52], thus, providing the basis for the National Acu-

puncture for treatment of opioid
puncture Detoxification Association protocol [53]. Although
auricular acupuncture has since been widely used in the treat-
ment of both cocaine and alcohol addiction, a recent review
could not confirm a therapeutic effect (54-56]. The addition of
auricular acupuncture to conventional treatments for alcohol-
ism also had no benefit [57,58). In addition, no relevant benefit
could be found with auricular laser acupuncture for the treat-
ment of alcohol withdrawal [43]. The studies on the use of
auricular acupuncture for cocaine addiction were controversial,
which emphasizes the need for further large-scale, controlled

studies [43,58-60].
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The results for auricular acupuncture therapy for nicotine
abuse are also controversial. While a recent review concluded
that auricular acupuncture, laser therapy and electroacupunc-
ture were ineffective adjunctive treatments for the cessation of
smoking [61], Kang and colleagues found a significant tendency
towards a reduction of cigarette consumption with auricular
acupuncture [62].

Therapeutic effects of auricular acupuncture and some effects
on blood lipids in juvenile simple obesity have been
described [63]. Acupuncture supposedly affects appetite, intesti-
nal motility and metabolism, as well as emotional factors such
as stress [64]. Transcutaneous electrical nerve stimulation of spe-
cific auricular acupuncture points concave an effect on appetite
suppression, which can lead to weight loss [651. However, most
trials thus far are descriptive in nature and use nonstandard
treatment protocols. Therefore, further high-quality, controlled
studies are needed to confirm the role of auricular acupuncture
for weight loss [66].

Auricular electroacupuncture using a P-Stim™ device

P-stim™ development

The P-Stim is a device that has been developed for the continu-
ous, ambulatory application of auricular EA. First-generation P-
Stim devices resembled a hearing aid (FIGURE 1). The rechargeable
device was fixed by an anchor behind the ear. The apparatus was
rather stiff, which limited patient comfort. In 2000 an improved
version of the P-Stim device became commercially available in
Europe (FIGURE 2). The new device is a single-use product, smaller
(13 x 8 mm) and mounted on adhesive foam.

Description
The P-Stim device consists of a microcontroller that delivers
electrical pulses with alternating polarity via three specially
designed, permanent auricular acupuncture needles. The
counter-electrode is an adhesive electrode (hydrogel), which
also serves to fix the whole P-Stim device behind the ear. Three
serial nickel metallic heart cells with 1.20-V batteries provide
the required stimulation energy for a maximum of 96 h. This
constant current source guarantees equivalent stimulation
energy regardless of the individual impedance of the skin.
Usually the stimulation pattern consists of 1 Hz single pulses
(pulse duration 1 ms) with a rectangular wave form. The cur-
rent direction is inverted every second pulse, which is intended
to avoid polarization effects. To minimize the risk of adaption
or tolerance to the electrical stimulation, stimulation is applied

for 3 h, followed by a pause of 3 h.

Technical details

Technical details of the P-Stim device are summarized in TABLE 1
and FIGURE 3. The stimulator consists of a microcontroller and a
bit-coded ST62T60BMG interface. The P-Stim has a read-
only-memory capacity of 4 kB static and 512 bytes dynamic
space, using five interrupt vectors with 8 MHz clock frequency.
In the output stage, the current is amplified to drive three par-
allel stimulation channels.

P-Stim™

Figure 1. The electrical point stimulation device P-Stim™ - first
generation. (A) P-Stim device - first generation in situ: acupuncture points
are indicated by bullets and numbered according to the nomenclature of
Nogier [1]: 37 (cervical spine), 55 (shen men) and 29 (cushion). (B) The P-Stim
device consists of an automated accucharger for the nickel metal hydride cells
(1) and a microcontroller with a bit-coded RS232 interface (2). This first-
generation P-Stim model is fixated via an anchor (3) behind the patient's ear.
The neutral electrode (4) is positioned behind the ear. Three wires connect the
P-Stim with the acupuncture needles (5).

Safety
For safety reasons, the maximum current is limited to 4 mA
for all channels. Reliability of the function mode is controlled
by an integrated watchdog and automatically switched off by
low voltage.

The risk of processor failure resulting in continuous voltage
at the stimulation electrodes at the level of the battery voltage
(~3.8 V) is prevented by the series connection of a capacitor in
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Figure 2. Electrical auricular point stimulation device P-Stim™.

(A) P-Stim device in situ: acupuncture points are indicated by closed circles
and numbered according to the nomenclature of Nogier [1]: lumbar spine (40),
shen 6 men (55) and cushion (29). (B) The P-Stim device consists of the
microcontroller and interface (7) and is mounted on adhesive foam (1) that
keeps it behind the patient's ear. The batteries (2) are protected by a cover (3)
to prevent accidental activation and energy loss before the intended
activation. The device is connected by three wires (4) with the disposable
titanium auricular acupuncture needles (5). Adhesive tape for needle fixation
(6). Scale: 10 cm.

Krable 1. Technical details of the P-Stim™ device.

Microcontroller

Type $3C9444 MTP/Flash
Manufacturer Samsung

Memory 2K

Voltage Digital Driving 2-55V

Timing Int. RC oscillator 0.5 MHz
Operating temp -40 to +85°C

Package 8-SOP-225

Development tools

System OPENice i500 Version 2.15 SAM8
Manufacturer AlJI System Co., Ltd

Program language Assembler

the stimulation lead. This means that there is no risk to the
patient of excessive exposure to direct voltage if the microcon-
troller should come to an uncontrolled stop.

Indications & contraindications

In Europe the P-Stim device is a medical product registered for
the use in all indications of auricular acupuncture. Studies
support its use for the treatment of various acute and chronic
pain states.

Contraindications against the use of the P-Stim device
include the usual contradindications for auricular acupuncture
with permanent needles (e.g., immunocompromised patients),
the presence of a pacemaker and the concomitant use of trans-
cutaneous electrical nerve stimulation.

Studies on the use of the P-Stim™ device for acute & chronic
pain states

Use of the P-Stim™ in acute pain

So far, studies on the use of the P-Stim in acute pain are con-
tradictory. One randomized, double-blind study evaluated the
use of auricular EA during oozyte aspiration for iz vitro ferti-
lization [67]. A total of 94 women received either auricular
acupuncture with (EA: n = 32) or without (A: n=32) 1 Hz
electrical stimulation using a P-Stim device at the auricular
acupuncture points 29 (cushion), 55 (shen men) and 57
(uterus). Thirty patients in the control group (CO) had the
P-Stim device without electrical stimulation connected to
small metal plates instead of needles at the respective auricular
acupoints. All patients received patient-controlled analgesia
with remifentanil (20 pg bolus over 30 s, lockout period 1
min). Pain intensity and psychological well-being were
assessed by means of visual analogue scales (VAS); tiredness,
nausea and vomiting, and analgesic drug consumption were
documented. Pain relief and subjective well-being were signif-
icantly greater in group EA during and after the procedure as
compared with group A and CO. Patients in group CO were
significantly more tired than in group A and EA. Remifen-
tanil requirement and nausea were significantly lower in the
EA group (FIGURE 4).
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Figure 3. Output waveforms. Load resistance: 500 Ohm; battery voltage: 3,84 V; voltage scale: 2,00 V/div; Current scale: 5 mA/div (RSH=100 hm).

Another prospective, randomized, double-blind, placebo-
controlled study investigated the effects of auricular EA on pain
and analgesic drug consumption in the first 48 h after unilat-
eral mandibular third molar tooth extraction, a model of acute
pain [68].

Patients received either auricular acupuncture with (EA:
n =76) or without (A: n = 37) electrical stimulation at an alter-
nating frequency of 2/100 Hz, or a sham auricular EA with
metal plates instead of needles and no electrical stimulation
(CO: n = 36) at the auricular acupuncture points one (tooth),
55 (Shen men) and 84 (mouth) during the entire study period.
Regularly rated pain intensity (five-point-verbal rating scale),
consumption of acetaminophen 500-mg tablets and additional
rescue medication with mefenamic acid 500 mg were assessed.
Median fraction of time when pain was rated as moderate or

worse (upper and lower quartile): EA: 33% (12%, 64%); A:
22% (6%, 56%); CO: 30% (7%, 53%); did not differ signifi-
cantly between the treatment groups. There were no significant
differences in mean number of acetaminophen 500-mg tablets
(range): EA: 5.2 (0-12); A: 4.6 (0-11); CO: 5.4 (0-10); or per-
centage of patients requiring additional mefenamic acid: EA:
19%; A: 18%; and CO: 19%. It was concluded that neither
auricular EA nor auricular acupuncture alone reduced either
pain intensity or analgesic consumption in the molar tooth
extraction model of acute pain.

Use of the P-Stim™ chronic pain

Two studies in patients with chronic musculoskeletal pain
found that pain relief with auricular EA was more effective than
conventional manual auricular acupuncture [69).

-
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Figure 4. Effect of auricular electroacupuncture (group EA), acupuncture (group A) or placebo (group CO) on pain intensity (A), subjective well-being (B) in patients
during oocyte aspiration in in vitro fertilisation treatment [67]. Data are presented as means + SD.

*p < 0.005 versus group EA. #p < 0.005 versus group A. Pain intensity and subjective well-being were assessed by visual analogue scales (VAS) ranging from 0 mm
(no impairment) to 100 mm (worst deterioration imaginable). The degree of tiredness and nausea were assessed by using a verbal rating scale (0 = no, 1 = mild,

2 = moderate, 3 = severe).
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EA: Electroacupuncture; MA: Manual auricular acupuncture.
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Figure 5. Effect of MA and EA on pain intensity, physical activity, psychological well-being and sleep in chronic cervical pain patients [69,70].
Subjective scores ranging from 0 (no impairment) to 10 (worst deterioration imaginable). Data are reported as mean + SD of, *p < 0.05 between the groups. The
reduction in pain scores is significantly higher in the EA group than in the conventional MA group (A). Similarly, psychological well-being (B), activity (C), and
sleep (D) are significantly improved in patients receiving electrical point stimulation during the 6-week treatment period and a follow-up 4 after weeks.

In the first study, 21 patients suffering from chronic cervical
pain (>6 months) without radicular symptoms and insufficient
pain relief (>5 on a 11-point VAS) under standard analgesic
medication were included. All patients received auricular acu-
puncture at the acupuncture points 37 (cervical spine), 55
(shen men) and 29 (cushion). In ten patients, the needles were
stimulated with 1 Hz, monophasic 2 mA constant current
using a first-generation P-Stim device (FIGURE1). To avoid
tolerance to EA, the duration of electrical stimulation was lim-
ited to cycles of 3 h, followed by a 3 h pause. Eleven control
patients also wore a P-Stim, but no electrical stimulation was
administered. All needles were withdrawn 48 h after insertion.
Acupuncture was performed once a week for 6 weeks. Patients
had to complete a questionnaire assessing pain intensity (VAS),
psychological well-being, activity, sleep and demand for rescue
medication (lornoxicam and tramadol). The reduction in pain
scores was significant in the auricular EA group (FIGURE 5). Sim-
ilarly, psychological well-being, activity and sleep were signifi-
cantly improved in patients receiving electrical acupuncture,
and consumption of rescue medication was significantly less
compared with the control group. No adverse effects were
observed in either group.

The second randomized, double-blind study included 61
patients with chronic (>6 months) low back pain without radicu-
lar symptoms and insufficient pain relief (VAS >5) under standard
analgesic medication [70]. In this study, second-generation P-Stim
devices were used (FIGURE2). All patients received auricular acu-
puncture at the auricular acupoints 29 (cushion), 40 (lumbar
spine) and 55 (shen men). Patients in the EA group (n = 31) had
low-frequency auricular EA as previously described. Patients in
the control group (n = 30) wore the P-Stim device without receiv-
ing electrical stimulation. Treatment was performed once weekly
for 6 weeks and in each group needles were withdrawn 48 h after
insertion. During the study period and at 3 months follow-up,
patients were asked to complete the McGill questionnaire. Psy-
chological well-being, activity level, quality of sleep and pain
intensity were assessed by means of a VAS; moreover, analgesic
drug consumption was documented. Pain relief was significantly
better in the EA group during the study and the follow-up period
as compared with manual auricular acupuncture. Similarly, psy-
chological well-being, activity and sleep were significanty
improved in the EA group versus the CO group. Consumption of
analgesic rescue medication was also less in the EA group, and
more patients returned to full-time employment (FIGURE 6).

Expert Rev. Med. Devices 4(1), (2007)
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Figure 6. Effect of auricular electroacupuncture (group EA) versus sham-electroacupuncture (group CO) on pain intensity (A), physical activity (C),
psychological well-being (B) and the quality of sleep (D) in chronic low back pain patients. Subjective VAS ranging from 0 (no impairment) to 10 (worst
deterioration imaginable) [70]. Data are presented as means + SD, significance *P < 0.05 between the two groups. From the first week on, the reduction in pain
scores was significantly larger in group EA than in group CO (A). Similarly, psychological well-being (B), physical activity (C), and to some degree quality of sleep (D)
significantly improved in patients of group EA during the 6-week treatment period and a follow-up after 3 months.
CO: Control group; EA: Electroacupuncture; VAS: Visual analog scales.

There were no adverse effects. These results are the first to  studies are desirable to broaden the spectrum of indications for

demonstrate that continuous EA stimulation of auricular acu-
puncture points improves the treatment of chronic low back
pain in an outpatient population.

Conclusion

In summary, auricular EA is likely to become a more widely
used adjuvant to other analgesic modalities for the management

auricular EA.

Expert commentary

Auricular EA is a new field of acupuncture. Studies support its
use as an adjuvant to other analgesic modalities for the manage-
ment of acute and chronic pain. Two studies in outpatients with
chronic musculoskeletal pain showed a significant pain reduc-

of a wide variety of acute and chronic pain syndromes. Further  tion with auricular EA [69-71]. In acute pain patients one positive

/Key issues

® Auricular acupuncture and related techniques are increasingly used as an adjuvant to other analgesic modalities in acute and
chronic pain.

Postulated mechanisms of electroacupuncture (EA) analgesia include neuronal and humoral pathways.

Depending on the frequency of electrical stimulation, different neurotransmitters are released including endorphins, endomorphins,
dynorphins, nitric oxide and serotonin.

The mechanisms of auricular EA are still poorly understood.

So far, studies support the use of auricular EA as an alternative therapeutic option in the treatment of chronic cervical and low back
pain.

Auricular EA reduces the analgesic requirements in acute pain management during oocyte aspiration in in vitro fertilisation
treatment but has no effect after third molar surgery.

The recently introduced P-Stim™ auricular EA device offers the advantage of a small size and the possibility to administer the
therapy on an ambulatory basis, obviating the need for frequent clinic visits to receive treatments.

Further studies are desirable to broaden the spectrum of indications for auricular EA.

www.future-drugs.com



Sator-Katzenschlager & Michalek-Sauberer

result during oocyte aspiration for in vitro fertilization [67] is
contrasted by one negative result after third molar surgery [68].

The recently introduced P-Stim auricular EA device offers
the advantage of a small size and the possibility to administer
the therapy on an ambulatory basis, obviating the need for fre-
quent clinic visits to receive treatments.

Five-year view

Future studies must clarify potential useful indications for the
P-Stim auricular acupuncture device in the multimodal man-
agement of acute, subacute and chronic pain, as well as for
treating other medical conditions. Comparative studies should

evaluate efficacy of transcutaneous electrical stimulation at
auricular acupuncture points and true auricular EA using nee-
dles, as with the P-Stim auricular acupuncture device. In addi-
tion, whether auricular EA underlies the same mechanism as
body EA should be ascertained. Further research is clearly
needed to establish the effects of different stimulation frequen-
cies, intensity and the optimal duration and timing of electrical
stimulation. It will also be important to determine how long
the beneficial effects of auricular acupuncture persist after the
therapy is discontinued.

Technical improvements could modify the P-Stim to make it
more cost effective and enhance its ease of use.
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