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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 to pharmaceutically-induced blockade can be achieved. © 1998 Elsevier Science Ireland Ltd.

Keywords: Electroceuticals; Electric sympathetic block; Pain

1. 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 1000-100 000 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 before letting go) are increased [1,2]. As a result, it is possible to employ intensities 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 and voltage-dependant gates [3-11].  Computerized 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, sympathetic 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 sympathetic block over a 1-week series not only produced pain relief of at least 75%, but also achieved thermographically proven vasodilatation which was greater on the ipsilateral side than the contralateral side in 60% and the presence of a Horner’s in 40% of the patients studied.  Due to its potency, electroceuticals should only be utilized be physicians familiar with all of the precautions and side effects than can occur with pharmaceuticals that produce similar results.

2. Molecular biochemistry and cell biology


All cells have a measurable potential difference across their membranes.  The normal 35-Å cell membrane has a transmembrane potential of – 70 mV.  This is equivalent to 200 000 V/cm. Only a small number of ions must be affected 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].
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For proper cell function, membranes contain gated channels that are voltage-dependent (Fig. 1). Voltage dependent gates are pores through cell membranes that have changing permeability when influenced by electromagnetic signals.  Changes in cell surface energy lead to conformational and chemical changes within the membrane, cytoplasm, and exoplasm [21-23].

3. Basic electricity

Current is the movement of charged particles (ions and electrons). Voltage is the tension that results from a difference in the supply of positive and negative charges between two points. Examples 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 membranes, mesenchym, and skin. Resistance is related to voltage by Ohm’s Law: V = IR, where V = voltage, I = current and R = resistance. Typical values of tissue resistivity are: nerve 1, blood 1.6, muscle 5, skin 10, fat 20, and bone 160 (k () [23, 24].


Capacitance is the property of storage 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 resistance. 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 electrical current 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 (pulse per second). Resistance, impedance, and capacitance are inversely proportional to frequency [25].

4. Electroceutical concepts


Electromedicine configurations are either direct 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 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 hyperpolarization is called anodal block [23, 25, 26].


Electromedical devices with 0 –1000 Hz alternating currents are referred to as Low Frequency and those with 1000 –100 kHz are called Middle Frequency. Low frequency currents cause a stimulatory effect between the electrodes [26]. The stimulatory effect of low frequency a.c. electrotherapy devices are thought to utilize the Gate Control Theory for their clinical effect [27, 28].


Unlike low frequency currents, middle frequency currents generate a cathodal effect referred 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 heightened disposition of current into the tissue depths [27].
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Cell membrane responsiveness to an electrical stimulus is determined by the characteristics of its strength duration curve. Strength duration curves are derived from Weiss-Lipque relationships. These relationships describe the physical characteristics 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 repolarization cannot occur; the continuous refractory state that results is called Wedensky Inhibition. Wedensky 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 impedance at higher frequencies. When higher frequency currents are used, however, higher intensities are required for a tissue to reach threshold. This drawback is overshadowed by the fact that sensory perception are reduced at higher frequencies, both current tissue penetration and usable intensity can be increased as the frequency used is increased [1,2,29].
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Weaver [33], Prausnitz [34], and Pliquett [35], have demonstrated that currents with sufficient voltage (50 –150) and short pulse lengths (100 –200 (s) can create ‘pores’ within the skin lipid bilayer, creating a transdermal channel into the depths of tissue. A 20-kHz carrier frequency, with a 50-V output, satisfies these criteria. Electroporation provides another explanation for the improved delivery of current into the depths of the tissue with proper parameter selection.


With increasing concentration and intensity, greater current density occurs in the depths of the tissue. Joule’s law states that as the resistance of a tissue increases, there is more electrical energy converted into heat. The relationship is expressed as [image: image8.jpg]16 THERMOBRAPHY TRONIZ T
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follows: P = I2 X R where P = heat, I = current and R = resistance. In order to avoid tissue destruction, limits have to be placed upon the total energy delivered into the tissue [24].


Total energy delivered into the tissue is limited by the patient’s current perception threshold. At frequencies less then 100 kHz, patient perception will limit the intensity of electricity delivered before internal heating occurs. By limiting the flow of current to 115 mA, with a 20-kHz carrier frequency, there is a very high margin of safety for any potential tissue destruction [2]. As shown in Figs. 2 and 3, at 20 kHz the benefits of middle frequency can be maximized. The unwanted electrical effect of increasing threshold with increasing frequency is minimized by dosing for a sufficient duration of time (Fig. 4) [36].  
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A 20-kHz middle frequency a.c. also provides an extremely high margin of safety for cardiac 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 perception thresholds, as well as federal regulations on maximum amperage and voltage outputs, preclude 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 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 of 100 kHz or greater must be used [38].  The Cell Membrane surface density theory explains why only a small amount of electrical change has to occur on the extracellular side of a cell membrane to create a significant change in the potential difference across the membrane (Fig. 6) [22].
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5. Voltage-dependent gates

The literature is full of references concerning the effects of pharmaceuticals upon voltage-dependent gates, which have been found in cell membranes of many different tissue types [39 –41].  Because voltage-dependent gates have specific voltage sensing proteins, they are highly selective for specific ions.  Each type and subtype of voltage gate has its own threshold and inactivation range, agonist/antagonistic effects and specific functions [17,42,43].  


Transmitter (hormonal or ligand) voltage gated channels convert extracellular chemical signals into electric signals.   This type of gate cannot create a self-amplifying excitation by itself.  It can, however, trigger voltage-gated channels to open or close.  Ligand voltage gated channels are dependent upon an intact transmembrane potential difference for membrane translocation system function (transport of ions or molecules across the cell membrane) and second messenger formation (internal cellular response) to occur [17,44].


The calcium voltage-dependant gates are amplified relative to other ionic channels due to 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+ [4].


The sodium voltage-dependant gates are heavily concentrated at Nodes of Ranvier and at neuromuscular junctions.  They work in an ‘all or none’ fashion and are responsible for nerve hyperexcitability.  Six Na+ ions must move from the extracellular to the intracellular side to turn the gate on [42].


The potassium voltage-dependant gates 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 response.  The Ca2+ activated K+ channel inhibit membrane depolarization when exposed to a continuous stimulus.  The potassium voltage-dependent gate is the most responsive channel to an externally applied electrical stimulus [5,17].


The voltage-dependent Na+/K+ pump is activated during the ‘supernormal’ period of repolarization.   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. occur at 100 Hz with an intensity of 4 x 10-3 V/cm and 6 (A/cm2 [6,7].


There are numerous citations that demonstrate how a.c. affects ions and voltage-dependant gates to create both conformational changes in the cell membrane and second messenger formation within the cell [3,6,17,19,45].  When an a.c. is applied across a voltage gated channel, frequency-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 carrier currents can be configured with low frequency modulation so as to maximize the beneficial effects of each (Fig. 7).
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6. The post-hyperactivity depression (PHD) effect


The PHD effect refers to the prolonged, hyopexcitable 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 predecessor.  


There is more than one mechanism of action to explain the long duration of the PHD effect.  Theories include experimentally proven conformational 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 segment).  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 habituations do not explain the pronounced effect on the C fiber [31,49].

7. Pathology

The sympathetic nerves are of special interest in the treatment of pain.  These fibers are responsible 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 this about a diagnosis of Reflex Sympathetic Dystrophy (RSD), now frequently referred to as acute or chronic complex regional pain syndrome (CRPS I or II) [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 never 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 histamine. 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 complain of cold hypesthesia (abnormal cold perception), cold hyperalgesia (cold burns) and have regionalized hypothermia [16, 54]. Given the persistent and diverse nature of sympathetic pain syndromes, it is not surprising that the effectiveness of sympathetic blockade can be quite variable.   

8. Electric sympathetic block


Reeves [55] noted that mixed results with electric sympathetic blockade occur secondary to at least two procedural factors: ‘simulation parameters have not been consistent across prior studies…and previous studies have investigated the effects of TENS on the SNS (sympathetic nervous system) under resting conditions – which may result in the ‘floor effect,’ of ‘physiological levels too flow to demonstrate further reduction.’


Finney [56] reported ‘Vasomotor equalization usually begins within 15 min and is associated with a decreased in perceived pain.’ He also states ‘Generally patients in stage I hot phase RSD and those who undergone sympathectomy do not respond as well as stage I or II cold RSD.”  


Since many of the papers on electric sympathetic block have not utilized skin blood flow studies to determine the clinical condition being treated, it is not surprising that outcomes would be different. 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 difference. 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 begin to respond, attempting to regain normal homeostasis. This response is known as the Hunting Reaction and occurs maximally at 30 min [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 = 4.35, P = 0.001).’ A 20 –30 min duration of electroceutical application time is recommended [18, 57, 59, 60,62].


Jenkner [63,34] has done extensive work demonstrating the importance of proper electrode size, shape, configuration and placement.  If attention is not paid to these requirements, potency will be reduced, increasing the likelihood of mixed results.  Whitters [65] demonstrated ‘that increases in spacing correlate with a decrease in rheobase current’ and that ‘Parallel load results demonstrated a large increase in rheobase.’ Rubinstein [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 distance from the terminal and the strength-duration curve may be non-monotonic.’


When factors such as electrode size, shape, configuration, placement, electrical parameter selection, duration of application and patient selection are assessed, it becomes clear that inconsistent parameter utilization, electrode montages, and patient selection criteria have made a significant contribution toward outcomes with mixed results. 
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The literature states the obtainment of sympathetic block can be objectively measured by three methods: skin galvanic impedance studies, test of skin temperature and pain score tests [68]. Utilizing these methods of measurement the literature has shown that electric nerve/ganglia block is possible [57,60,63,69– 71].  As the choice of electrical 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 frequencies 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 frequency are maximized for the A ( fiber at 5000 Hz [32, 47, 48]. Carrier frequencies for the A (, A ( 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 maximizing impedance and current perception threshold lowering effects associated with middle frequencies. 


Using the functional approach (parameter selection based on known nerve fiber function), them most effective modulation frequency to restore normal nerve firing is determined by mimicking the targeted nerve’s physiologic firing frequency [23, 63]. Modulation frequencies set at the upper limit of the nerve’s firing frequency will tend to have a fatiguing effect on excitability (Table 2) [22, 63]. 
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Ion Cyclotron Resonance (ICR) has also been used to determine modulation frequency. Cyclotron resonance theory exploits the relationship between an ion’s mass and charge to its inherent resonance frequency. It then mathematically determines the surrounding electromagnetic field required to maximally effect movement of differing ions.  The cyclotron resonance equation is w = (q/m) B, where w = resonance frequency, q = ionic charge, m = ionic mass and B = the surrounding uniform magnetic field [3, 72].


In accordance with cyclotron resonance theory, specific frequencies and amplitudes are required in order to manipulate ion movement across voltage-dependent gates.  Due to the structure of the gates themselves, only certain harmonics (or multiples of the resonance frequency) will actually allow for ion movement through the voltage-dependent gate [73].  Table 3 lists ICR calculated modulation frequencies when a 20-kHz carrier frequency is utilized.  The coupling of an ICR based electromagnetic field to an alternating current carrier frequency would be expected to provide an additive effect. 


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

V.L. is a 47-year old female status post-motor vehicle accident 1 year prior.  She has complained of persistent pain that is cold sensitive and burning 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 worsened.  She never had symptoms like this in the past.  She has been treated with medications by mouth, physical therapy, point injections and nerve blocks.  Due to her persistent pain, she was applying for social security disability.
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Physical exam revealed a female holding her left upper extremity in a guarded fashion.  She had obvious red skin discoloration, more intensely 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 sensation hyperesthetic to pin prick in a non-dermatomal distribution.  Phalen’s, Tinel’s, and Spurling’s were negative.  There was palpable spasm of the C2 and C5 myotomal musculature surrounding the neck and shoulder.  Electronic infrared thermographic study revealed a heat asymmetry 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 utilizing clean technique, with a small, 5/8 inch diameter focusing electrode placed over the left stellate ganglion and a large, 3 x 5 inch oval dispersive electrode over the opposing body surface.  A constant voltage device (50 V maximum) drove a 50-Hz modulation frequency superimposed 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.
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10. Clinical trials

Numerous disorders have been listed as indications for sympathetic block [12,68].  Clinical conditions 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, myofascial pain, fibromyalgia) and miscellaneous conditions such as shoulder/hand syndrome, hyperhydrosis, 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 categories include 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 interventions, including medicines by mouth, physical therapy, anesthetic injection and mobilization.


Prior to entering the 1-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 at up to 115 mA of current.  Electrode size, placement and configuration was utilized in order to be consistent with either stellate ganglion block (5/8 inch diameter focusing electrode over the stellate ganglion and a 3 x 5 inch oval dispersive electrode on the opposing body surface) or lumbar sympathetic block (1 inch diameter focusing electrode place two finger breaths lateral to the midline and one vertebral level above the involved lumbar segment with a 3 x 5 inch oval dispersive electrode on the opposing body surface).


Pain scores were obtained prior the block.  If at least 30% relief was reported immediately after the block, then a 1-week series was scheduled.  Pain score tests were used to assess relief.  At the end of the 1-week series, 75% of the patients treated reported at least 80% relief.


Other clinical studies have confirmed the experimentally proven effectiveness of electric sympathetic block.  Individual and multi-center studies have both shown at least 75% relief in the three-quarters of patients treated [75,76].  This compares favorably to studies assessing the effectiveness 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 electrically induced block reported 68% having retaining some relief on 1-year follow-up [63].


The effectiveness of electric sympathetic block also compares favorably to chemical block when thermography is utilized to measure outcome.  In a series of 10 patients with RSD (CRPS I) who received electric stellate block (utilizing a 50-Hz modulation frequency superimposed upon a 20 0000-Hz carrier frequency), six showed ipsilateral warming that exceeded the contralateral side, three showed no change and one showed paradoxical cooling.  Concurrent pain score assessments 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 chemical clock 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 Horner’s [77,78].

11. Side effects and indications


The most frequent side effect of electrical block is skin burn.  The incidence has been estimated at 2-3%.  The burn 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 result. A small area of disfigurement (usually ½ inch in diameter or less) may result, especially in patients with a history of easy keloid formation.  Patients should be told of this potential side effect (and all other side effects typically reported with ganglia/neuron blockade) prior to treatment.  The appropriate procedural releases should be signed.


The same indications that have been previously discussed for chemical sympathetic block apply to electric sympathetic block.  An additional indication for electric sympathetic block exists in the patient who is on anticoagulants, creating a relative contraindication for the block by needle injection.  Patients are more likely to accept sympathetic block as a treatment option when done electrically vs. by needle injection.  Electric sympathetic block should be considered as appropriate for painful or vascular conditions that have failed to respond to other interventions.

12. Rehabilitation

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 multidisciplinary, integrated rehabilitation program.  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 therapy have their block done prior to these restorative sessions.  This facilitates aggressive activities such as range of motion or other exercises, capitalizing upon the normalized vascular tone and pain relief obtained from the block.


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 afterwards.  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, vasomotor and sudomotor tone.  In cases of management, goals also include prevention of spread or progression of the syndrome.


Pharmacologic supplementation, as with other physical interventions, should be used as appropriate.  As vasoactive agents can impact the outcome of sympathetic syndromes, medical manipulation 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 uses of bronchodilators during the period when the blocks were administered.

13. Conclusion

Advances in research application have been utilized in the study of cell membrane physiology to demonstrate that voltage-dependent gates are an important mechanism of action of pharmacologic and electrical agents upon the cell membrane itself.  When properly configured alternating electrical currents of sufficient strength, duration, and intensity are utilized in conjunction with correctly situated electrode size shape and placement, pharmacologic effects upon the cell membrane result.  These electroceutical effects have been proven both in research and clinical settings to be effective for the obtainment of sympathetic ganglia and neuron blockade.  The long duration of action can be explained by direct conformational changes in cell membrane structure, second messenger formation and ephaptic inhibition.  Only physicians who are knowledgeable about potential side effects of pharmacologic agents that produce similar effects should utilized electroceutical devices.
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