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ABSTRACT

Noninvasive electrical stimulation (ES) may be a safe and ef-
fective method for treating mucositis with symptoms of pain, dys-
phagia and dryness. An original investigation using this new mod-
ality for the treatment and prevention of radiation side-effects is
presented in an empirical study of ten patients undergoing
radiotherapy for carcinoma of the head and neck. Once ES was
mnitiated no interruption of radiotherapy was necessary. In addition
those already having symptoms from radiation before ES was
begun were markedly palliated.

A retrospective group of 13 patients, randomly selected, who
had undergone radiotherapy under similar circumstances were
compared to see the extent of radiation side-effects. Nine out of
the thirteen patients in this group had to have their radiotherapy
interrupted for the symptoms of mucositis.

Pertinent literature and theory for the healing effect of electrical
energy are given.

Radiation with megavoltage electron beam therapy has improved
greatly over the last three decades. More penetrating radiation has
resulted in greater tumor response with less side-effects. In head
and neck tumors the overall survival statistics for stage 1 and 2
tumors is about the same using either surgery or radiation alone,
and stage 3 and 4 do best with combined therapy.' Most cancer
centers now carefully weigh each individual patient, considering
age, occupation, and medical condition before deciding a therapy
regimen.
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. electromedicine is proving to be a safe
and effective method for controlling pain as
well as for treatment of radiation side effects
from inflammation.”

Although the side-effects of radiation have been greatly reduced,
they have not been eliminated. Pain, dry mouth, and dysphagia
are still present in nearly every patient undergoing radiotherapy,
and interruption of treatments for “rest periods™ is still the rule
for a large percentage of patients. Symptomatic treatment is dif-
ficult and has been generally unsatistactory. It is the intent of this
paper to present a new modality for the treatment of these radiation
side-effects. We have recently used transcutaneous electrical
stimulation in conjunction with radiotherapy in ten consecutive
patients.

BACKGROUND

Transcutaneous electrical nerve stimulation (TENS) is a rela-
tively new technique that has been successfully used for the treat-
ment of pain. The effectiveness of TENS has been explained in
terms of inhibiting or fatiguing peripheral nerves. Although this
may account for some of the pain-relieving effects, the overall
response of the body and tissues to electromagnetic stimulation is
much more complex and is only now being worked out.? Basset,
Pawluk, and Becker demonstrated that bone growth occurs in the
vicinity of a negative electrode with currents of less that 3 micro-
amperes, while growth is absent around the corresponding anode.?
Also, electromagnetic radiation has been shown to increase wound
healing in animals by 30% to 72% when linear wounds are made
down to the dermis of guinea pigs.*

METHODS AND MATERIALS
Treatment Population
Ten male patients with squamous cell carcinoma of the

oropharynx undergoing radiation therapy with a 4 megavolt cobalt
linear accelerator served as the experimental group for electrical
stimulation (ES). The location and classification of the tumors are
given in Table One. Some patients were already well into their
course of radiation and had side-effects before they were placed
on ES.

Control Population

Thirteen subjects were randomly selected from the file patients
who had completed radiation for cancer in the oropharynx (see
Table Two). The objective in this group was to determine the
extent to which patients undergoing radiotherapy of the head and
neck had to have their therapy interrupted because of the symptoms
of mucositis.

Technique of electrical stimulation (ES)

A pulse generator (Alpha Stim 2000) was used to deliver an alter-
nating current composed of constantly varying biphasic asymmet-
rical square wave at a frequency of 0.5 Hz and an intensity of 50
to 500 microamperes. The current was delivered to the symptoma-
tic area via surface electrodes. In addition, trigger points in the
region of the ear were stimulated. The total duration for each ES
was 20 to 60 minuic>. The number of radiation treatments adminis-
tered before ES began ranged from zero through 22 (see Figure
One).

“All patients treated with ES had their
symptoms reduced to minimal levels during
and after the finish of their radiotherapy.”

Patients were electrically stimulated within 4 hours after radia-
tion for the complaints of dryness, pain, and dysphagia. Unfortu-
nately no objective method could be used to visually study the
intraoral mucositis when it was present. The number of ES treat-
ments varied and were tailored for each patient. Patient nine re-
quested two ES treatments a day for four days to help bring his
symptoms to a minimum. On the other hand patient one could go
eight radiation treatments between ES one and two because of no
return of symptoms. All patients were treated during each ES
session unttl their symptoms were reduced to zero or close to it.
The last day of radiation and ES coincided in most patients, al-
though some did not need stimulation all the way to the completion
of their radiotherapy because of the suppression of side-effects.

RESULTS

In the treatment group of ten patients, none needed a rest period
from radiation once ES began. Patient seven stopped ES because
of transportation difficulties. He subsequently developed severe
mucositts causing interruption of his radiation treatments. Patients
two and nine had severe mucositis necessitating a rest period before
their ES began (see Table one).

By contrast nine out of the 13 patients in the retrospective
control group had radiation interrupted because of radiotherapy
side-effects (see Table two). Pain with mucositis was the most
common complaint.

All patients treated with ES had their symptoms reduced to
minimal levels during and after the finish of their radiotherapy.
Figure One shows a profile of the decline of symptoms. It shows
the level to which the symptoms returned before the next ES was
given. It does not give the maximum, immediate effect. One year
follow-up indicates that patients remain symptom-free if there is
no return of tumor.

CONCLUSION

Electrical stimulation and radiation therapy are two modalities
which seem to complement each other. ES apparently enhances
the healing process, reducing the side-effects produced by radiation.

An important point that must be addressed is the question, what
effect does electrical stimulation have on the tumor itself? The
mutagenic effect of electromagnetic phenomenon has been studied
by several investigators. At very high frequencies in the mega- and
giggaherz range at low intensities there is evidence of chromosomal
changes and mutagenesis in plants and animals, but to date there
is no evidence of actual cellular toxicity or cellular death; and
there are no published reports of induced tumor formation. In the
low frequency and low energy range, which we are using, there
is a growing literature of tumor regression and reversibility of
tumor cells.®7 Experimental tumors have been inhibited and metas-
tases reduced in hamsters exposed to small direct currents of 500
microamperes.® Basset showed a reduced mortality rate from sar-
comas on mice from 80% to zero in mice exposed to electromagne-
tic-fields.®
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The mechanism of action is as yet theoretical, but experimental
evidence is accumulating which can explain how electromagnetic
energy interacts with the cellular membrane. Through a process
of non-equilibrium chemical reactions called dissipative energy
systems, enzymes in the cell membrane such as adenylate cyclase
may be activated which in turn activate cyclic-AMP and intracel-
lular metabolism.!°-'! Through this action DNA synthesis can be
altered.

With advancing technology, electromedicine is proving to be a
safe and effective method for controlling pain as well as for treat-
ment of radiation side-effects from inflammation. It should be
emphasized that the term electricity is generic. Just as digitalis
and codeine are both pills, they are totally different in effect and
action. High current amplitude stimulates somatic nerves and mus-
cles and does not seem to have any effect on release of endorphins
for pain relief; whereas, low intensity stimulation has the opposite
effect of release of endorphins with little effect on sensory nerves. !?
For these reasons future research must carefully define the electrical
characteristics and devices which are used.

REFERENCES

1. Fletcher, G.H., Jesse, R.H.. The place of irradiation in the management
of the primary lesion in head and neck cancers. Cancer, 1977 39:862.

2. Bauer, Wm., Neuroelectric Medicine, J. Bioelect, 1983; 2(2,3):159-180.

3. Basset, C.A.L., Pawluk, R.J. and Becker, R.Q., Effects of electric current
on bone in vivo. Nature, 1964; 204:652.

4. Becker, R.O., Marino, A.A_, Electromagnetism and Life, State University
of New York Press. Albany, 1982 p.148.

5. Easterly, C.E., Cancer link to magnetic field exposure; a hypothesis, Am
J. Epidemiol, 1980; 169-174.

6. Humphrey, C.E., Seale, E.H., Biophysical approach toward tumor regres-
sion In mice, Science, 1959; 130:388-390.

7. Weber, T., Cerilli, J.G., Inhibition of tumor growth by the use of non
homogenous magnetic fields, Cancer, 1971; 28:340-343.

8. Schauble, M.K.. Mutay, B.H.. Herbert, G.D., Inhibition of experimental
tumor growth in hamsters by small direct currents, Arch Path Lab Med,
1977, 101:294-297.

9. Basset, C.A.L., Pawluk, R.J., Acceleration of fracture repair by elec-
tromagnetic fields. A surgically noninvasive method. Ann NY Acad Sci,
1974; 238:242-262.

10. Roda, G., Bourrett, L.A., Norton, L., DNA synthesis in cartilage cells
is stimulated by oscillating electric fields. Science, 1978; 199:690..

11. Adey, W.R., Tissue interactions with weak nonionizing electromagnetic
fields, Physiol Rev, 1981; 61:435-514.

12. Tyler E, Caldwell C, Ghia J N, Transcutaneous Electrical Nerve Stimu-
lation: An alternative approach to the management of postoperative pain.
Anesthesia and Analgesia, 1982, 61:449-455.

13. Boswell, N., Bauer, W., Elimination of Xerostomia During Radiotherapy
of the Pharynx: Report of a Case, in press.

Table One
ELECTRICAL STIMULATION GROUP

Site TNM Plan of Total Total Comments
of lesion stage treatment rads ¢ ES
Larynx TN M Full course 6000 S No rest period

47070 radtation

L}

Larynx T3N3M1 Full course 7000 19 Rest period be-
radiation fore ES started

Larynx T4NgMg Combined 6200 ] No rest period

Hypo- TuNoMo Full course 5800 6 No rest period

pharynx radiation

Tonsil TNgMg  Full course 7000 18 No rest period
radtation

Larynx TlNOMO Full course 7000 15 No rest period
radiation

Base of ToN{Mp  Combined 7800 11 ES stopped, then

tongue needed rest perilod

Hypow THNO”O Full course 5000 15 No rest period

pharynx radiation

Naso- TyNoMp Full course 6080 13 Rest perilod be-

pharynx radlation fore ES began

Larynx T3NOM0 Combined 5000 20 No rest periced

Table Two

RADIATION GROUP
WITHOUT ELECTRICAL STIMULATION

pPatient Site TNM Plan of
of lesion stage treatment
1 Pharynx T3NiMp  Full course
radiation
2 Oro- T2N0M0 Full course
pharynx radiation
3 Larynx TlNOMO Full course
radiation
4 Oro- TyN3Mg  Full course
pharynx radiation
5 Larynx TQNQMO Combined
3 Larynx T5>NgMg Combined
7 Base of T3NgMp  Full course
tongue radiation
8 Hypo- ThNOMO Full course
pharynx radiation
9 Base of T3N0M° Full course
tongue radiation
10 Base of Tunzno Full course
tongue radiation
21 Larynx T3N0M0 Combined
2 Soft ToNgMg Full course
palate rediaticn
13 Pharynx T2N3MO Pull course
radiation
LEGEND

Total

rads

7100

5400

6400

7000

6600

6800

7000

6000

6000

5000

5400

7000

7080

Comments

Mucositis with
rest period

Mucositis with
rest periods

N

Mucositis with
rest perilod

Mucositis with
rest period

No rest period

Mucositis with
rest period

Mucositls with
rest period

No rest period

Mucositis with
rest perlod

Mucositis with
rest period

No rest period

No rest perilod

Mucositls with
rest perlod

FIGURE ONE. Graphs demonstrating the severity of symptoms of mucositis
(graded O to 10). They are plotted as a function of the number of radiation
treatments (RT) and the number of electrical stimulation treatments (ES). Not
shown is the maximal decrease of symptoms immediately following each ES.
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