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Abstract

The use of electricity for the treatment of pain has become increasingly popular as more potent devices that are
clinically usable have become available. The basic medical and physical sciences required to use electricity for
transdermally obtained sympathetic neuron blockade in patients with complex regional pain syndromes will be
reviewed. Reported outcomes employing different parameters will be presented, with progression to the use of high
intensity (115 mA), high voltage (50 V) 20 kHz carrier frequencies. Methods of application to optimize outcome and
current theory concerning the mechanisms of action responsible for long-term effects will also be discussed. As the
potency of the electrical modality is increased, results comparable tc pharrnaceutically-induced blockade can be
achieved. @ 1998 Elsevier Science Ireland Ud.
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I. Introduction

Electroceutical medicine involves the use of
electrical modalities of pharmaceutical strength.
Along with electrodes of specific size, shape and
configuration, specialized medical devices can be
utilized to obtain pharmacologic effects. The
medical literature refers to alternating currents
(a.c.) of l000-lOO 000 Hz as middle frequency

currents. While physical therapy devices utilize an
a.c. of 1-4000 Hz and intensities of 1-20 mA,
electroceutical devices utilize frequencies in the
20 kHz range. At these higher frequencies, both
current perception thresholds (the intensity of
current required for perception) and let-go
thresholds (the amount of current tolerated be-
fore letting go) are increased [1,2]. As a result, it;
is possible to employ intensities of up to 115 mA
and 50 V.

The basic and physical science literature is
replete with references demonstrating the effects
of middle frequency a.c. upon cell membranes
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homer's in 40% of the patients studied. Due to
its potency, electroceuticals should only be uti-
lized by physicians familiar with all of the precau-
tions and side effects that can occur with phar-
maceuticals that produce similar results.

2. Molecular biochemistry and cell biology

and voltage-dependent gates [3-11]. Computer-
ized applications of a.c. parameters, which are
derived from accepted research for different nerve
fiber types and pathology, are now available
[12-17]. This technology has been combined with
higher frequencies and intensities to increase
clinical potency.

In multiple clinical studies utilizing an a.c. of
4000 Hz and proper electrode montages, sympa-
thetic blockade and perceived pain relief of 75%
has been reported [18]. When a 20-kHz carrier
frequency with a modulation frequency of 5-100
Hz is employed, intensities of up to 115 mA and
50 V become clinically usable. A clinical trial
utilizing these parameters to achieve electric sym-
pathetic block over a 1-week series not only pro-
duced pain relief of at least 75%, but also achieved
thermographically proven vasodilatation which
was greater on the ipsilateral side than the con-
tralateral side in 60% and the presence of a

All cells have a measurable potential difference
across their membranes. The normal 35-A cell
membrane has a transmembrane potential of- 70
m V. This is equivalent to 200 000 V! cm. Only a
small number of ions must be effected to have a
large impact upon cell transmembrane potential.
The movement of less than 1 nmol of charged
ion!mg of protein can create a greater than 200
mV potential difference [17,19,20].

For proper cell function, membranes contain
gated channels that are voltage-dependent (Fig.
1). Voltage-dependent gates are pores through
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cell membranes that have changing permeability
when influenced by electromagnetic signals.
Changes in cell surface energy lead to conforma-
tional and chemical changes within the mem-
brane, cytoplasm and exoplasm [21-23].

3. Basic electricity

Current is the movement of charged particles
(ions and electrons). Voltage is the tension that
re~ults from a difference in the supply of positive
and negative charges between two points. Exam-
pies of voltage include electromagnetic forces
created by different concentrations of Na+, K+ or
Ca2+.

Resistance is the property that inhibits the flow
of charged particles. Examples include cell mem-
branes, mesenchym and skin. Resistance is re-
lated to voltage by Ohm's law: V = IR, where
V = voltage, I = current and R = resistance. Typi-
cal values of tissue resistivity are: nerve 1, blood
1.6, muscle 5, skin 10, fat 20, and bone 160 (kO.)
[23,24].

Capacitance is the property of storing charge.
Capacitance and resistance are both found in
skin. Impedance is the property of resistance to
alternating current flow. Its components include
self-inductance, capacitance and ohmic resis-
tance. The relationship of impedance to voltage
and alternating current flow is described by the
equation: Z=E/I, where Z=impedance, E=
voltage and I = alternating current flow [25].

Conductance is the ease with which an electri-
cal ~urrent flows through a substance. It is the
reciprocal of resistance. Frequency defines the
number of electrical events which occur in a unit
of time. Hertz (Hz) are defined as equivalent to
the number of cycles per second (pulses per sec-
ond). Resistance, impedance and capacitance are
inversely proportional to frequency [25].

net charge. When applied to extracellular fluids,
d.c. polar currents enhance net positive charge
under the anode ( + ), and therefore increase
transmembrane potential. The resulting hyper-
polarization is called anodal block [23,25,26].

Electromedical devices with 0-1(XX) Hz alter-
nating currents are referred to as Low Frequency
and those with 1(XX)-100 kHz are called Middle
Frequency. Low frequency currents cause a sti-
mulatory effect between the electrodes [26]. The
stimulatory effect of low frequency a.c. elec-
trotherapy devices are thought to utilize the Gate
Control Theory for their clinical effect [27,28].

Unlike low frequency currents, middle fre-
quency currents generate a cathodal effect re-
ferred to as ambipolar stimulation under each
electrode [26]. Tissues have a lower impedance to
middle frequency vs. low frequency currents (Fig.
2) [29]. Biologically significant effects can occur
deeper within the tissue when middle frequencies
are used due to the enhanced penetration and
heightend deposition of current into the tissue
depths [27].

Cell membrane responsiveness to an electrical
stimulus is determined by the characteristics of its
strength duration curve. Strength duration curves
are derived from Weiss-Upique relationships.
These relationships descn"be the physical charac-
teristics of nerve fiber responsiveness to electrical
currents, controlling for factors such as charge,
stimulus duration and strength. Rheobase refers
to the lowest possible stimulus strength that can
be applied for an indefinite period of time and
still obtain threshold.

Chronaxie describes the stimulus strength that
is twice that of rheobase. All nerve fibers have
unique, and distinct characteristics that can be
plotted out in the form of strength duration curves
[30].

Middle frequency currents of at least 4000 Hz
are needed to provide successive stimuli that fall
within relative refractory periods such that re-
polarization can not occur; the continuous refrac-
tory state that results is called Wendensky Inhibi-
tion. Wendensky inhibition and anodal block are
both temporary phenomenon that cease as soon
as the applied current is turned off [31,32].

Tissues act like condensers -they offer lower

4. Electroceutical concepts

Electromedicine configurations are either di-
rect current (d.c.) or alternating current (a.c.).
Alternating currents are referred to as apolar and
direct currents as polar- Most d.c. devices have a
net negative charge and most a.c. devices have no
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ing frequency is minimized by dosing for a suffi-
cient duration of time (Fig. 4) [36].

A 2O-kHz middle frequency a.c. also provides
an extremely high m3;rgin of safety for cardiac
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and cell membrane surface as compared to the
intracellular fluid. This is because in order for an
externally applied a.c. to lower impedance enough
to penetrate through cell membranes, frequencies
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only a small amount of electrical change has
occur on the extracellular side of a cell mem-
brane to create a significant change in the poten-
tial difference across the
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5. Voltage-dependent gates
.500

01 The literature is full of references
the effects of pharmaceuticals upon
pendent gates, which have been found in

Because voltage-dependent gates have
voltage sensing proteins, they
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Fig. 5. Davis S. Interferential current therapy. Birmingham:
The Best of Times. Inc., 1993:94.

agonist/antagonistic effects and
[17,42,43].

pacing. When device design limits are set at 115
mA and 50 V, transthoracic electrode placement
cannot physiologically capture the ventricular
rhythm [37]. In addition, patient current percep-
tion thresholds, as well as federal regulations on
maximum amperage and voltage outputs, pre-
clude the possibility of cardiac pacing at this
frequency (Fig. 5) [26].

Middle frequencies of less then 100 kHz have a
greater direct effect upon the extracellular fluid

channels convert extracellular chemical
into electric signals. This type of gate
create a self amplifying excitation by itself.
however, trigger voltage gated channels to
or close. ligand voltage gated channels are
pendent upon an intact
difference for membrane translocation

+-+-+-+ +-+-+-+

-+-+-+- -+-+-+-

+-+-+-+ +-+-+-+
-+ -+-+-+-

..-+ -+ .-+ + -+ -+ -+

-+-+-+- -+-+-+-

+-+-+-+ +-+-+-+

-+-+-+- -+-+-+-

+ +-+-+-+

-+-+-+- -+-+-+-

+-+-+-+ +-+-+-+

-+-+-+- -+-+-+-

ex8Ct balance of charges on e8Ch side of the

membrane; membrane potenti81 -0

+-+-+-+ -+-+-+-
-+-+-+ I -+-+-++ -
+-+-+- +-+-+-
-+-+-++ --+-+-+
+-+-+-+ -+-+-+-
-+-+-++ --+-+-+

+-+-+-+ -+-+-+-
-+-+-++ --+-+-+
+ -+ -+ -+; -+ -+ -+ -

+ + +-+ -+. -+ + ---

+-+-+-+ -+ + +
+ + +

-+ -+ -+ +. ---+ ---

a few of the positive ions cross the
IT16mbrane from right to left. leaving their
negative counterions behind; this sets
up a nonzero membrane potential

Fig. 6. Alberts B, Bray D, Lewis J, Martin R, Roberts K, Watson J, editors. Membrane Transport, Molecular

3rd Edition, New York: Garland Publishing, 1994:11-19.



R.G. Schwartz / Journal of Back and Musculoskeletal Rehabilitation 10 (1998) 31-46
37

membrane and second messenger formation
within the cell [3,6,17,19,45]. When an a.c. is
applied across a voltage gated channel, fre-
quency-specific ion concentration changes Occur
[4,42]. These ion gated channels have a greater
affinity for low frequency currents than middle
frequency currents [3,46]. Middle frequency car-
rier currents can be configured with low fre-
quency modulation so as to maximize the benefi-
cial effects of each (Fig. 7).

6. The post-hyperactivity depression (PHD) effect

function (transport of ions or molecules across
the cell membrane) and second messenger forma-
tion (internal cellular response) to occur [17,44].

The calcium voltage-dependent gate effects are
amplified relative to other ionic channels due to
the higher transmembrane concentration gradient
of calcium. Due to the increased molecular weight
and size of Ca2+, this gate is also harder to turn
on than K+ or Na+ gates [4].

The sodium voltage-dependent gates are heav-
ily concentrated at Nodes of Ranvier and at neu.:
romuscular junctions. They work in an 'all or
none' fashion and are responsible for nerve hy-
perexcitability. Six Na+ ions must move from the
extracellular to the intracellular side to turn the
gate on [42].

The potassium voltage-dependent gates are
heavily concentrated at the paranodal (fast) and
nodal (slow) areas. Slow channels regulate the
rate of firing response to a repetitive stimulus and
fast channels are required for intensity of re-
sponse. The Ca2+ activated K+ channel inhibit
membrane depolarization when exposed to a con-
tinuous stimulus. The potassium voltage-depen-
dent gate is the most responsive channel to an
externally applied electrical stimulus [5,17].

The voltage-dependent Na + /K+ pump is acti-
vated during the 'supernormal' period of repolar-
ization. Depending upon the physiological state of
the pump, an a.c. can either inhibit or stimulate
it. Maximal effects upon the pump with an a.c.
occurs at 100 Hz with an intensity of 4 X 10-3
V /cm and 6 JLA/cm2 [6,7].

There are numerous citations that demonstrate
how a.c. affect ions and voltage-dependent gates
to create both conformational changes in the cell

The PHD effect refers to the prolonged, hy-
opexcitable state of a nerve that arises from the
application of a relatively short duration electrical
current. For example, a 20-min application results
in a nerve block that may last for hours. Full
recovery may even take days. To obtain the PHD
effect, a series of stimuli are timed so that each
falls within the refractory range of its predeces-
sor.

There is more than one mechanism of action to
explain the long duration of the PHD effect.
Theories include experimentally proven confor-
mational change at the cell membrane, second
messenger formation within the cell, and ephaptic
inhibition (a direct inhibition of action potential
propagation by the electroceutically exposed seg-
ment). Wedensky inhibition does not explain the
PHD effect as the block is long lasting and does
not abate upon removal of the electroceutical
[17,19,47,48].

The C fiber is more sensitive to the PHD effect
than the A fiber. Theories explaining this address
the larger surface/volume ratio of small fibers vs.
large fibers, which make them more susceptible to
transmembrane potential effects resulting from
extracellular ion concentration changes and
known nerve fiber physiology concerning easier
fatigue of small nerve fibers vs. large fibers [49].
Central mechanisms of habituation do not explain
the pronounced effect on the C fiber [31,49].

u~

RllyIIvnjc treqv8ncy
011118 int81t-.nc8 V8CIor 7. Pathology

Fig. 7. Hansjuergens A. Dynamic interferential current ther-

apy. Physikalische Medizin und Rehabilitation 1.974;1.5:28.
The sympathetic nerves are of special interest

in the treatment of pain. These fibers are respon-
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sible for cold or weather sensitive pain that is
described as burning, achy, tingling and numbing
in character [50}. When practitioners hear this
kind of complaint they should begin to think
about a diagnosis of Reflex Sympathetic Dystro-
phy (RSD}, now frequently referred to as acute or
chronic complex regional pain syndrome ( CRPS I
or 11} [51].

In RSD, there is a decrease in the local blood
flow of the injured part. If allowed to persist, cold,
sweaty and swollen skin (stage 1} develops. It may
progressively worsen until there is loss of range of
motion or even loss of muscle mass (stage 2}. In
more severe cases, the bones may thin as well
(stage 3} [52]. In RSD, the sympathetic nerve is
felt to be overacting; even when the injury itself is
old, it continues to monitor the injury site and
generate an abnormally sustained response [53].

The abnormal response is not always the same
in all of those whom are afflicted. The Angry
Backfiring 'C (ABC} Syndrome occurs when the
sympathetic nerve becomes angry, or backfires, in
response to an underlying injury. This axon reflex
causes the C fiber to emit various vasoactive
chemicals such as substance 'P', kinens and his-
tamine. These patients are usually warm sensitive
and the involved segment is vasodilated [16,54].

The Triple 'C' Syndrome variant occurs when
the C fiber fires excessively, causing intense, local
vasoconstriction. People with this problem com-
plain of cold hypesthesia (abnormal cold percep-
tion}, cold hyperalgesia (cold burns} and have
regionalized hypothermia [16,54]. Given the per-
sistent and diverse nature of sympathetic pain
syndromes, it is not surprising that the effective-
ness of sympathetic blockade can be quite vari-
able.

sult in the 'floor effect', or 'physiological levels
too low to demonstrate further reduction'.

Finney [56) reported 'Vasomotor equalization I
usually begins within 15 min and is associated I
with a decrease in perceived pain'. He also states

r'Generally patients in stage I hot phase RSD and
those who have undergone sympathectomy do not
respond as well as stage lor II cold RSD'.

Since many of the papers on electric sympa-
thetic block have not utilized skin blood flow
studies to determine the clinical condition being
treated, it is not surprising that outcomes would
be differenL If a patient is vasodilated prior to
treatment, then sympathetic blockade should not
be expected to produce relief [16).

The duration of treatment also makes a differ-
ence. At least 20 min is the proper treatment
time in order to obtain the maximal effect when
using electroceuticals [18,57-60). Beyond 20 min,
the body's physiologic protection mechanisms be-
gin to respond, attempting to regain normal
homeostasis. This response is known as the Hunt-
ing Reaction and occurs maximally at 30 miD
[58,61).

Scudds [62) used infrared thermography to
measure skin temperature and studied patients
receiving electric sympathetic block for 60-min
periods of time. He concluded 'The first 30 min of
the stabilization period demonstrated a significant
increase in skin temperature (t = 3.39. p = 0.003).
The second 30 miD displayed a significant de-
crease in temperature (t = 4.35, p = 0.001)'. A
20-30 miD duration of electroceutical application
time is recommended [18,57,59,60,62).

Jenkner [63,64) has done extensive work de-
monstrating the importance of proper electrode
size, shape, configuration and placemenL If atten-
tion is not paid to these requirements, potency
will be reduced, increasing the likelihood of mixed
results. Whitters [65) demonstrated 'that in-
creases in spacing correlate with a decrease in
rheobase current' and that 'Parallel load results
demonstrated a large increase in rheobase'. Ru-
binstein [66,67) has published that nerve fibers
have different stimulation thresholds along their
length. concluding 'Chronaxie for stimulation near ~
the terminal may be much smaller that at a!

8. Electric sympathetic block

Reeves [55] noted that mixed results with elec-
tric sympathetic blockade occur secondary to at
least two procedural factors: 'stimulation parame-
ters have not been consistent across prior studies...
and previous studies have investigated the effects
of TENS on the SNS (sympathetic nervous sys-
tem) under resting conditions -which may re-
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tion are assessed, it becomes clear that inconsis-
tent parameter utilization, electrode montages
and patient selection criteria have made a sig-
nificant contribution toward outcomes with mixed
results.

distance from the terminal and the strength-
duration curve may be non-monotonic'.

When factors such as electrode size, shape,

configuration, placement, electrical parameter se-
lection, duration of application and patient selec-

CUIY84

CUfV881-6record8d
from the index finger of the left haOO of a patient with

Raynaud's ~_-e (heavy amok8r). Curve 1 shows the
shape of the uninfluenced basic curve with relatively

low amplitude and no catacrotic/dicrotic peaks

(defective elasticity). Curve 2 is ~ after appli-
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Fig.8. Shoeler H. Physical block of the sympathetic chain. Journal Technik In Der Medizin 1972;1:18.
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Fig. 9. Thermogram of a patient with RDS, prior to treatment. Note cold left upper extremity. especially distally.
Fig. 10. Same patient 20 min later. after treatment with an electric stellate block. A 20-kHz carrier frequency with a 50-Hz

modulation frequen(.'Y at 60 mA was used.

The literature states the obtainment of sympa-
thetic block can be objectively measured by three
methods: skin galvanic impedance studies, test of
skin temperature and pain score tests [68]. Utiliz-
ing these methods of measurement the literature
has shown that electric nerve/ganglia block is
possible [57,60,63,69-71]. As the choice of electri-
cal parameters improves, so does the literature
supporting the obtainment of block (Figs. 8-10)

[18,57,60,71].
Different fiber types have different voltage

thresholds, with the A fiber threshold less then
that of the C fiber [14,31]. Thresholds, firing fre-
quencies and refractory periods among fiber types
vary proportionately. The most effective carrier
frequency is determined by using known nerve
fiber physiology (absolute refractory period, nerve
fiber diameter, etc.). Experimental evidence has
shown that the effects of increasing carrier fre-
quency are maximized for the A a fiber at 5000
Hz [32,47,48]. Carrier frequencies for the A {:J, A
8 and C fiber can be mathematically extrapolated
(Table 1). As per prior discussion, an upper limit
of 20 kHz should be used in order to minimize
the undesirable elevation of activation threshold
intensity and associated heating effect, while max-
imizing impedance and current perception thresh-
old lowering effects associated with middle fre-

quencies.

Using the functional approach (parameter se-
lection based on known ne1Ve fiber function), the
most effective modulation frequency to restore
normal ne1Ve firing is determined by mimicking
the targeted nerve's physiologic firing frequency
[23,63]. Modulation frequencies set at the upper
limit of a ne1Ve's firing frequency will tend to
have a fatiguing effect on excitability (Table 2)

[23,63].
Ion Cyclotron Resonance (ICR) has also been

used to determine modulation frequency. Cy-
clotron resonance theory exploits the relationship
between an ion's mass and charge to its inherent
re!\onance frequency. It then mathematically de-
termines the surrounding electromagnetic field
required to maximally effect movement of differ-
ing ions. The cyclotron resonance equation is
w = (q/m)B, where w = resonance frequency, q
= ionic charge, m = ionic mass and B = the sur-

rounding uniform magnetic field [3,72].
In accordance with cyclotron resonance theory,

specific frequencies and amplitudes are required
in order to manipulate ion movement across volt-
age-dependent gates. Due to the structure of the
gates themselves, only certain harmonics (or mul-
tiples of the resonance frequency ) will actually
allow for ion movement through the voltage-de-
pendent gate [73]. Table 3 lists ICR calculated
modulation frequencies when a 20-kHz carrier
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Table 1 Table 3

Fiber

type

Absolute

refractory
(ms)

Nerve
fiber

(JLm)

Carrier

frequency
(Hz)

Voltage-
dependant
channel

Carrier

frequency

(Hz)

Cyclotron
resonance

frequency (Hz)
.

Aa

A{J
AS

C

0.4

0.67

1.0

2

20
12
4

1.5

5(XX)

8300

25 (XX)

67(XX)

K+
Ca2+
Na+ /K+ pump

20 (XX)

20 (XX)

20 (XX)

8
15

100
.

-
frequency is utilized. The coupling of an ICR
based electromagnetic field to an alternating cur-
rent carrier frequency would be expected to pro-
vide an additve effect

Electrodes of dissimilar size should be utilized.
The smaller one is placed over the ganglia/nerve
and the larger one over the opposing surface.
This provides for both the most efficient configu-
ration to minimize nerve rheobase, but also helps
to focus the electroceutical onto the specified
target (Fig. 11) [56,63,74].

9. Case report

v .L. is a 47-year-old white female status POst-
motor vehicle accident 1 year prior. She has com-
plained of persistent pain that is cold sensitive
and bumming in character in her neck and left
upper extremity. Prior X-rays, MRI and Electro-
diagnostic studies were normal. She denied any
weakness, but stated her arm always felt cold and
numb. She complained of skin discoloration and
noted blister formation upon her palm whenever
her pain was worsened. She never had symptoms
like this in the past. She had been treated with
medications by mouth, physical therapy, trigger

point injections and nerve blocks. Due to her
persistent pain, she was applying for social secu-
rity disability.

Physical exam revealed a female holding her
left upper extremity in a guarded fashion. She
had obvious red skin discoloration, more inten-
sely upon the lateral aspect, that extended from
the wrist to the shoulder. The hand itself was
both cold to touch and moist with sweat. Light
touch was painful and cold was reported to be
both painful and burning in character. Reflexes
were symmetric, motor strength 5/5 and sensa-
tion hyperesthetic to pin prick in a non-der-
matomal distribution. Phalen's, Tinel's and Spurl-
ing's were negative. There was palpable spasm of
the C2 and C5 myotomal musculature surround-
ing the neck and shoulder. Electronic infrared
thermographic study revealed a heat assymetxy
pattern crossing multiple dermatomes, with the
cold, left upper extremity demonstrating a greater
than 1°C temperature difference as compared to
the right, especially distally (Fig. 9).

An electric stellate block was performed utiliz-
ing clean technique, with a small, 5/8 inch di-
ameter focusing electrode placed over the left
stellate ganglion and a large, 3 X 5 inch oval
dispersive electrode over the opposing body sur-
face. A constant voltage device (50 V maximum)
drove a 50-Hz modulation frequency superim-
posed upon a 20-kHz carrier frequency; 60 mA of
current was introduced into the stellate ganglion
for 20 min. The patient was notified of potential
complications and tolerated the procedure well.
Thermographic recordings were taken at 5-min
intervals (Fig. 12). Ipsilateral limb warming
greater than the contralateral side did occur.
One-hundred percent pain relief was reported.

Table 2

Fiber

type

Preferred

firing frequency
(Hz)

Fatiguing
frequency
(Hz)

Aa

Af3
AS
C

50

100

7.5

5

250
200
100
50
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Schematic graph showing density of field lInes under a small and a large electrode
under assumed identical current flow (or potential). Greater densitiy of field lInes means
that in this part of the field an anatomical structure (lIke a nerve) will be Influenced to a

greater degree by the field than If the field density were smaller

Fig. 11. Jenkner FLTrancutaneous electric nerve block. New York: Springer- Verlag. 1986.

10. Clinical trials

Numerous disorders have been listed as indica-
tions for sympathetic block [12,68]. Clinical condi-
tions include circulatory insufficiency (vasospasm,
traumatic or embolic occlusion, scleroderma,
frostbite and other occlusive vascular diseases),
pain (including sympathetic syndromes and CRPS
types I and II), shingles, phantom limb, Paget's
disease, neoplastic lesions, CNS lesions, myofas-
cial pain, fibromyalgia) and miscellaneous condi-
tions such as shoulder /hand syndrome, hyperhy-
drosis, stroke, Miniere's disease and tinnitus.

In this instance, 19 patients (11 women and
eight men) were treated with a 1-week course of
electric sympathetic blocks. Their diagnostic cate-
gories included reflex sympathetic dystrophy (4),
radiculopathy with (4) and without herniated disk
(2), lumbar ligamentous strain (4), whiplash (3)
and myofascial pain syndrome (2). All patients
described a sympathetic component to their pain
consistent with complex regional pain syndrome
type I, including symptom aggravation with cold

exposure or shifting barometric pressure and had
been unresponsive to other non-surgical interven-
tions, including medicines by mouth, physical
therapy, anesthetic injection and mobilization.

Prior to entering the l-week series, a one time,
20-min trial block was performed. A constant
voltage device (50 V maximum) drove either a 50
or 100 Hz modulated frequency superimposed
upon a 2Q-kHz carrier frequency at up to 115 mA
of current. Electrode size, placement and config-
uration was utilized in order to be consistent with
either stellate ganglion block (5/8 inch diameter
focusing ~Iectrode ov~r the. stellate ganglion andl
a 3 X 5 mch oval dispersIVe electrode on thel
opposing body surface) or lumbar sympathetiCI'
block (1 inch diameter focusing electrode placed ,
two finger breaths lateral to the midline and one ,

vertebral level above the involved lumbar seg...
ment with a 3 X 5 inch oval dispersive electrodel
on the opposing body surface).

~ ,.~ Pain scores were obtained prior to the block. ~

at least 30% relief was reported immediately af.

ter the block, then a l-week series was scheduled.~,-~
~,,:!

Pain score tests were used to assess relief. At the!t;;t.i&;K
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Fig. 12. Thermographic images taken at 5-min intervals after thc onset of electric sympathetic block. Start at the top left, then
progress to the top right, bottom 1eft and bottom right.

thermography is utilized to measure outcome. In
a series of 10 patients with RSD (CRPS D who
received electric stellate block (utilizing a 50-Hz
modulation frequency superimposed upon a
20000-Hz carrier frequency), six showed ipsilat-
eral warming that exceeded the contralateral side,
three showed no change and one showed para-
doxical cooling. Concurrent pain score assess-
ments were consistent with the thermographic
findings. Studies of the effectiveness of chemical
stellate block, when performed at C7, have found
a 65% success rate. The effective yield of chemi-
cal block is only 30% if performed at C6. The
demonstration of greater ipsilateral limb warming
is a more important indicator of block than the
presence of a Homer's [77, 78].

end of the l-week series, 75% of the patients
treated reported at least 80% relief.

Other clinical studies have confirmed the ex-
perimentaIly proven effectiveness of electric sym-
pathetic block. Individual and multi-center stud-
ies have both shown at least 75% relief in three-
quarters of patients treated [75, 76]. This com-
pares favorably to studies assessing the effec-
tiveness of chemical block. where 60% of those
treated reported pain relief [77]. While there are
no long-term studies on the effectiveness of
chemical block, at least one study of electricaIly-
induced block reported 68% having retained some
relief on l-year foIlow-up [63].

The effectiveness of electric sympathetic block
also compares favorably to chemical block when
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11. Side effects and indications If the block is done in the medical office, it is
preferred to have easy access to a therapy clinic
so that these services may begin shortly after-
wards. Depending upon the proximity' of medical
services accessibility, the block may be performed
in the therapy clinic itself. The goal is to produce
pain relief with restoration of neuromuscular, va-
somotor and sudomotor tone. In cases of manage-
ment, goals also include prevention of spread or
progression of the syndrome.

Pharmacologic supplementation, as with other
physical interventions, should be used as ap-
propriate. As vasoactive agents can impact the
outcome of sympathetic syndromes, medical ma-
nipulation of these drugs should be considered.
Unexpected benefits associated with physiologic
responses to sympathetic block may also be seen.
This is most noticeable, for example, in the case
of the asthmatic patient who may incidentally
comment that they were able to decrease their
use of bronchodilators during the period when
the blocks were administered.

The most. frequent. side effect. of electrical block
is skin bum. The incidence has been est.imated at
2- 3%. The bum is usually first. or second degree
in nature and while slow to heal, as long as the
wound is kept clean, closure is the expected re-
sult. A small area of disfigurement (usually 1/2
inch in diameter or less) may result., especially in
patients with a history of easy keloid formation.
Patients should be told of t.his pot.ential side
effect. (and all other side effects typically reported
with ganglia/neuron blockade) prior to treat-
ment. The appropriat.e procedural releases should
be signed.

The same indications that. have been previously
discussed for chemical sympathetic block apply to
electric sympathetic block. An additonal indica-
tion for electric sympathetic block exists in the
patient who is on anticoagulants, creating a rela-
tive contraindication for the block by needle in-
jection. Patients are more likely to accept sympa-
thetic block as a treatment option when done
electrically vs. by needle injection. Electric sym;.
pathetic block should be considered as appropri-
ate for painful or vascular conditions t.hat have
failed to respond to other int.elVent.ions.

13. Conclusion

12. Rehabilitation

Advances in research application h~ve
utilized in the study of cell membrane
to demonstrate that voltage-dependent gates
an important mechanism of action
logic and electrical agents upon the cell
brane itself. When properly configured
ing electrical currents
tion and intensity
correctly situated electrode size shape and
ment, pharmacologic effects upon the cell
brane result. These electroceutical effects

While electric sympathetic blocks may be done
without any other interventions, like all blocks,
they do not preclude the use of other appropriate
interventions. They are easily integrated into a
multidisicplinary, integrated rehabilitation pro-
gram. Due to their relative ease of administration
and higher safety and patient acceptance level,
they do not interfere as much with the rest of a
coordinated rehabilitation program as would
chemical blocks.

It is generally recommended that individuals
who are receiving physical or occupational ther-
apy have their block done prior to these restora-
tive sessions. This facilitates aggressive activities
such as range of motion or other exercises, capi-
talizing upon the normalized vascular tone and
pain relief obtained from the block.

ganglia and neuron blockade. The
of action can be I
nal changes in cell membrane structure,
messenger formation and ephaptic
Only physicians who are knowledgeable

cal devices.
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