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Effects of xenon irradiation of the stellate ganglion
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Abstract. [Purpose] The aim of the study was to determine the effect of xenon irradiation of the stellate gan-
glion region on fibromyalgia. [Subjects] The study included 5 men and 22 women (age, 56.4 = 16.3 years [range,
25-84 years]) who were diagnosed with fibromyalgia according to the modified 2010 criteria of the American Col-
lege of Rheumatology between July and August 2013. [Methods] Bilateral xenon light irradiation (0.38—1.1 um)
around the stellate ganglion was performed in the supine position by physical therapists using a xenon phototherapy
device. We evaluated pain before and after irradiation using the visual analogue scale. [Results] We did not observe
a relationship between the change in the visual analogue scale score and duration of fibromyalgia. However, we
observed a relationship between the change in the visual analogue scale score and the score for the Japanese version
of the Fibromyalgia Impact Questionnaire using the Cochran-Armitage test for trend. [Conclusion] Xenon light irra-
diation of the stellate ganglion significantly decreased the visual analogue scale score in patients with fibromyalgia
having a higher score in the Fibromyalgia Impact Questionnaire, suggesting that a stronger effect could be obtained

in patients with more severe fibromyalgia.
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INTRODUCTION

Fibromyalgia (FM) is predominantly found in women'-?
and is characterized by widespread chronic pain®. Other
symptoms including allodynia, sleep disturbances, fatigue,
depression, and cognitive impairment® are also observed.

Patients with FM are treated with pharmacotherapy,
functional therapy, cognitive behavioral therapy and alter-
native therapies>®. However, because the cause of FM is
unclear, there is no clinically effective treatment method at
present. For most patients, pharmacotherapy cannot reduce
the pain as markedly as they expect, and reduction of pain
is difficult because of the indefinite nature of the symptoms.

Bengtsson et al. performed stellate ganglion block (SGB)
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in eight FM patients and reported its effects on reducing
both the number of tender points and pain at rest”. How-
ever, noninvasive methods for SGB have been suggested
for several reasons. First, FM patients tend to feel exces-
sive pain from the needle injection during SGB. Second,
complications can occur during SGB such as intravenous
or intra-arterial injection. Third, serious adverse effects
following SGB, such as death caused by retropharyngeal
hematoma, have been reported'?!2).

Yoshida et al. reported that Xenon light irradiation on
the skin surface at the needle insertion site in SGB pro-
duced sympathetic block effects similar to those of conven-
tional SGB!?. Many studies have shown the effects of stel-
late ganglion irradiation (SGI) with various types of light in
patients with diverse diseases who responded to SGB!% 10),
SGI, with its lack of serious side effects, may be a promis-
ing treatment method that could replace SGB!> 1)

We performed SGI in patients with primary FM by using
xenon light generated by high-intensity electrical stimula-
tion of xenon gas and evaluated its effects on pain.
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SUBJECTS AND METHODS

This study was initiated after obtaining approval from
the ethics committee of Daiichi Rehabilitation Hospital on
May 17, 2013 (FMS-0003). The study group consisted of
5 men and 22 women (age, 56.4 + 16.3 years [range, 25—
84 years]; FM duration, 3.6 &+ 2.4 years [range, 1-10 years])
(Table 1) who visited the FM clinic of Daiichi Rehabilita-
tion Hospital (Kochi, Japan) between July 2013 and August
2013. Patients were diagnosed with FM according to the
modified 2010 American College of Rheumatology (ACR)
diagnostic criteria for fibromyalgia and gave written con-
sent to participate in this study after proper explanation of
the procedure. At the time of the first consultation, patients
were asked about their age and duration since onset. Bilat-
eral xenon light SGI was performed by physical therapists
(PT) in the supine position on a bed (Fig. 1A) using a xenon
phototherapy device (AUVE, Nihon Iko Co., Ltd., Tokyo,
Japan) for 15 min (once per second during the first I-minute
period and once every 4 s for the subsequent 14-minute pe-
riod). Before and after irradiation, the effects on pain were
evaluated by the physical therapists using a visual analogue
scale (VAS) consisting of 101 levels (0—100). In addition,
the Japanese version of the Fibromyalgia Impact Question-
naire (J-FIQ)'” was completed before irradiation. In re-
sponders to xenon light SGI, the duration of the immediate
effects (time until pain returned to the pre-SGI level) was
evaluated using a selection-type questionnaire. Because all
patients were also receiving drug therapy, evaluation of the
long-term effects of xenon-light SGI alone was impossible.

Xenon light, which is generated by high-intensity elec-
trical stimulation of xenon gas, is used for wound-healing
and analgesia, including analgesia against joint pain, as a
low-level light therapy (LLLT)!?. The emission spectrum
of xenon consists of continuous complex wavelengths (380—
1,100 nm) (Fig.1B). Ultraviolet rays of 400 nm or less are
cut using filters in this device (AUVE, Nihon Iko Co., Ltd.
Tokyo Japan). In addition, because the wavelength range
is in the near-infrared region, the risk of burns is low, and
absorption by water, melanin, and hemoglobin is mini-
mal. Therefore, xenon reaches deep areas of the body, with
excellent permeability. In general, the light emission pat-
tern is continuous or pulsed. For treatment of deep areas
of the body, high energy is necessary. When light energy
is increased using continuous waves, the local temperature
rises. Light energy can be increased while thermal energy
is inhibited by using pulse waves employing a pulse width
shorter than the time required for thermal diffusion. Hash-
mi et al. reviewed studies on LLLT performed between
1970 and 2010 and reported stronger effects for pulse waves
than for continuous waves'®. This xenon phototherapy de-
vice provides high-energy light (18 J/pulse) by reducing the
pulse width to 5/1,000 s. Fig.1C shows the device character-
istics (Nihon Iko Co., Ltd.). In the present study, this effect
was examined using the Cochran-Armitage test for trend
(CA-trend test) and JMP10 (SAS Institute Inc., Cary, NC,
USA).

Table 1. Patients’ characteristics, changes in the visual analogue
scale (VAS) score, and duration of the immediate effects
of stellate ganglion irradiation (SGI)

Patient Age of Duration [.)uratio.n of
No. Age Sex onset of FM J-FIQ %VAS immediate
(year) effects
1 55 F 51 4 60.1 100
2 25 F 21 4 42.1 100
3 65 F 63 2 32,5 100
4 45 F nc nc 27.6 100
5 45 F 37 8 70.9 90 24 hours
6 58 F 56 2 839 100
7 84 F 83 1 84.1 81 No answer
8 44 F 43 1 59.2 63 24 hours
9 84 M 83 1 58.8 80 2-3 hours
10 49 M 47 2 75.6 94 24 hours
11 71 F 66 5 70.0 90 12 hours
12 40 M 37 3 76.9 92 No answer
13 38 M 35 3 48.2 100
14 74 F 64 10 79.2 75 12 hours
15 71 F 61 10 95.6 88 3 days
16 32 F 31 1 63.8 100
17 55 F 53 2 63.1 100
18 2 F 48 4 750 92 ithin30
minutes
19 53 F nc nc 73.0 91 3 days
20 59 F nc nc 40.6 100
21 42 F 37 5 45.6 100
22 71 F 70 1 68.3 87  No answer
23 71 F nc nc 46.9 72 No answer
24 74 F 73 1 284 106
25 36 M 28 8 62.0 100
26 80 F 77 3 399 100
27 51 F 48 3 95.6 100

%VAS = (VAS score after SGl/that before SGI) x 100
nc: not clear

RESULTS

Table 1 shows the patients’ characteristics, the changes
in the VAS score (%VAS = [VAS score after SGI/VAS score
before SGI] x 100), and the duration of the immediate ef-
fects of SGI. There were 4 patients who did not complete
the questions on the duration of the immediate effects in
the questionnaire because they had only a vague memory
of the effect and could not accurately remember the dura-
tion of the immediate effect when answering the question-
naire. One patient showed an increase in the VAS score af-
ter the therapy, which was considered to result from neck
dorsiflexion during irradiation compared with the posture
in daily life. This adverse effect can likely be improved by
adjusting the pillow height during irradiation.

Patients were classified according to the duration after
onset into 10 groups (1-10 years) and according to the se-
verity as established by the J-FIQ into 3 groups: (J-FIQ >



211

Diode laser

- Infrared rays

100 —

| | ~ .
T A Wt AN
o )(
oy \ Q
He-Ne —>: /ﬁ b &« Super Lizer™
N 1
[
laser 1/ \\
A
Relative Vo '
intensity Nt \
S U
/ : ! AVARY
/o ,I “
/o |
. . ! 1
Wavelength Linearly polarized 0.38-1 ¢ m (spectral peak 0.8-1 ¢ m) / : | \
/ ! \
/ :l \ %
Source Xenon flash lamp W«J (—\—\ enon ray
i \ |
Applicator aperture 27.2 cm? 600 1000 1600 2000

Wavelength (nm)

Visible ray Near-infrared ray Mid-infrared ray

T
Ultraviolet ray

Wavelength range of
high absorption rate of water
(peak 3000nm)

‘Wavelength range of
‘high biological invasion depth

high abs ate
into the blood hemoglobin

Duty cycle Once per sec and during the first 1-minute period and once per 4 seconds for|
the subsequent 14-minute period (light moment of 5/1000 seconds) |
Treatment duration 900 seconds
Treatment energy 18J
Fig. 1C

Fig. 1B

Fig. 1. A: Use of emission probes of the xenon phototherapy device for irradiation around the stellate ganglion
region. B: The emission spectrum of xenon consists of continuous complex wavelengths (380—1,100 nm).
C: Characteristics of the xenon phototherapy device (Nihon Iko Co., Ltd.)

Table 2. Changes in the visual analogue scale (VAS) score
according to the duration of fibromyalgia (FM)

Duration of

FM (year)

0,

AVASSION s 0 0 1 0 2
(people)

0 —

7VAS=100 3 3 2 1 0 0 1 0o 0
(people)

70.0 (severe), 70.0 > J-FIQ > 50.0 (moderate), and J-FIQ <
50.0 (mild)'?. No clear relationship was detected between
the change in VAS score and the duration of FM. (Tables 1
and 2). However, a clear relationship was detected between
the change in VAS score and the severity of FM. Table 3
shows the number of patients with a decrease or no change
in the VAS score after SGI in each group. The VAS score
decreased in 81% of the patients with a J-FIQ score of >70.0,
in 43% of those with a score of <70.0 and >50.0, and in 11%
of those with a score of <50.0. The trend was statistically
examined using the Cochran-Amitage test for trend, and
with a higher pre-SGI J-FIQ score, the VAS score tended to
significantly decrease after SGI (p = 0.0036). Next, we used
the paired t-test to compare the VAS scores before and after
SGI in patients with severe FM. The difference was statisti-
cally significant (p=0.001).

DISCUSSION

The main finding in this study is that the VAS score de-
creased significantly after SGI in patients with a higher J-
FIQ score.

Because the VAS for pain, used as the outcome measure
in this study, is subjective, a true double-blind trial with a

Table 3. Changes in the visual analogue scale
(VAS) score according to the severity

of fibromyalgia (FM)
Severity %VAS=100 %VAS<100
Mild 8 2
Moderate 4 3
Severe 2 8

placebo would have been desirable?® 2. However, placebo
irradiation could not be performed because irradiation pro-
duces a specific, warm sensation in the upper half of the
body, so it would be obvious to subjects when the irradia-
tion was a placebo. In addition, although subjects can be
blindfolded so that they cannot see light emission during
irradiation, the operator can readily determine whether or
not the irradiation is a placebo based on light emission.

In this study, only immediate effects were evaluated
based on VAS scores immediately before and immediately
after SGI. Although the VAS score decreased compared
with the pre-SGI score, the effects were transient. The pre-
SGI level of pain returned within 3 days. However, con-
tinuation of this treatment at regular intervals is expected
to gradually reduce the level of pain returning after SGI
compared with the pre-SGI level??. Therefore, if the VAS
score is measured before each SGI when SGI is performed
regularly, the pre-SGI VAS score may decrease in the long
term. However, because all patients were also receiving
drug therapy, evaluation of the long-term effects of xenon
SGI alone was impossible. Moreover, the number of pa-
tients was not sufficient for statistical analysis; therefore,
the results of the Cochran-Amitage test for trend may be
inaccurate. Although our results may have been influenced
by the placebo effect and by an inaccurate statistical analy-
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sis, we strongly suggest that SGI may be a beneficial treat-
ment for FM. Because the cause of FM is unclear at present,
there is no definitive treatment method for FM, and drug
therapy also only serves as a palliative method to relieve
pain®). Some patients endure severe pain for a long period
because drug therapy cannot reduce the pain to the degree
they expected®?. In such patients, methods such as SGI that
reduce pain (even slightly) are beneficial because they fa-
cilitate pain control to improve the quality of life (QOL)*¥.
Our study suggested stronger effects of SGI in patients with
more severe symptoms, i.e., with a higher J-FIQ score. Pain
control is more difficult in patients with a higher severity
of symptoms. Treatment methods that reduce pain without
side effects and do not require special training help to im-
prove the QOL of FM patients with severe symptoms2?.

The cause of FM is unclear. However, studies in vari-
ous fields have suggested it is caused by neuroendocrine
abnormalities?, neurotransmitter abnormalities?®, or
sympathetic hyperactivity?”. It is possible that SGI reduces
sympathetic overactivity!?, which may be more closely as-
sociated with pain in FM patients with a higher J-FIQ score,
as suggested by our results.

In this study, SGI did not induce Horner syndrome. It is
speculated that SGI has a much weaker effect than SGB,
which may be why the effect observed in the present study
was weaker than that obtained by Bengtsson et al”.

In conclusion, in this study, we demonstrated that irra-
diation of the stellate ganglion region with xenon (0.38-1.1
pum) decreases the VAS score in patients with FM having
a higher J-FIQ score, which suggests that stronger effects
could be obtained in patients with more severe FM.
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