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AUGMENTATI<l'N OF MusCLE CONTBACTJi,ttx BY BIPHASJC 
STIMULATION 

R'BT;ATED APPLICATION PATA 

The present disclosure is a continuation-in-part application related to the U.S. Patent 

Application entitled ''Electrical Conduction and Contractility by Biphasic Cardiac Pacing 

Administered Via the Cardiac Blood Pool," Serial No. 09/008,636, filed January 16, 1998, 

which is a continuation-in-part application related to the U.S. Patent Application entitled 

"Augm'elltation of Electrical Conduction and Contractility by Bipbasic Cardiac Pacing," 

Serial No. 081699,552, filed August 8, 1996. 

FJELD OF THB JN\TBNlION .. 

This invention relates generally to a method for the stimulation of muscle tissue. ··Jn .. . .... 
particular, this invention relates to ametbod for stimulation of inuscle tissue with biphSsic 

waveforms that reduce the electrical energy required to elicit contraction. 

BACKGROUND OF THE INVENTION·-· 

The function of the cardiovascular system is vital for survival. Through blood 

18 circulation, body tissues obtain necessaiy nutrients and oxygen, and discard waste substances. 

19 In the' absence of circulation, cells begin to undergo irreversible changes that lead to death. 

20 The muscular contractions of the heart are the driving force behind circulation. 

21 In cardiac muscle, the muscle fibers are intercollllected in branching networks that 

22 spread in all directions through the heart. When any portion of this net is stimulated, a 

23 depolarization wave passes to all of its parts and the entire structure contracts as a unit. 

24 Before a muscle fiber can be stimulated to contract, its membrane must be polarized. A 

2S rnus6fcifiber generally remains polarized until it is stimulated by some change in its 

26 en~'C:llt. A membrane can be stimulated electrically, chemically, mechanically or by 
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temperature change. The miilima1 stimulation strength needeil to elicit a contraction is 

known as the threshold stimulus. The maximum stimulation anipntude that may be 

· administered without eliciting a contraction is the maximum subthreshold amplitude. 

Where the membrane is stimulated electrically, the impulse amplitude required to 

elicit a response is dependent upon a number of factors. First, is the duration of current tlow. 

Since the total charge transferred is equal to the current amplitude times the pulse duration. 

increased stimulus duration is associated with a decrease in threshold current amplitude. 

Seco~ the percentage of applied current that actually traverses the membrane varies 

inversely with electrode si7.e. Third, the percentage of applied current that actually traverses 

the membrane varies directly with the proximity of the eJecttode to the tissue. Fourth, the 

impulse amplitude required to elicit a response is dependent upon the timing of stimulation 

within the excitability cycle. 

Throughout much of the heart are clumps and strands of specialized cardiac muscle 

tissue. This tissue comprises 1he cardiac conduction system and serves to initiate and 

distribute depolarization waves throughout the myocardium. Any interference or block in 

cardiac impulse conduction may cause an mhythmia or marked change in the rate or rhythm .. .. 
oftheheart 

Sometimes a patient suffering from a conduction disorder can be helped by an 

artificial pacemaker. Such a device contains a small battery powered electrical stimulator. 

When the artificial pacemaker is installed, electrodes are generally threaded through veins 

into the right ventricle. or into the right atrium and right ventricle, and the stimulator is 

planted beneath the skin in the shoulder or abdomen. The leads are planted in intimate 

contact with the cardiac tissue. The pacemaker then transmits rhythmic electrical impulses to 

the h~ and the myocardium responds by contracting rhythmically. Implantable medical 

devices for the pacing of the heart are well known in the art and have been used in humans 

since approximately the mid 1960s. . 
Either cathodal or anodal current may be used to stimulate the myocardium. However 

anodal cUlTCnt is thought not to be usefbl clinically. Cathodal current comprises electrical 

pulses of negative polarity. This type of current depolarizes the cell membrane by 

dischargitig the membrane capacitor, and directly reduces the membrane potential toward 

threshold level. Cathodal current, by directly reducing the resting membrane potential toward 
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1 threshold, has a one-balf tQ a~third lower threshold current iit late-diastole than does anodal 

2 current Anodal current comprises electrical pulses of positive polarity. The effect of anodal · 

3 current is to hyperpolarize the resting membrane. On sudden termination of the anodal pulse, 

4 the membrane potential returns towards resting level, overshoots to threshold, and a 

S propagated response OCCUI:S. The use of anodal current to stimulate the myocardium is 

6 generally discouraged due to the higher stimulation threshold, which leads to use of a higher 

7 current, resulting in a drain on the battery of an implanted device and impaired longevity. 

8 Additionally, the use of anodal current for cardiac stimulation is discouraged due to the 

· 9 suspicion that the modal contn"bution to depolarization can, particularly at higher voltages, 

10 

11 

12 

13 

14 

15 

16 

contribute to arrhythmogenesis. 

Virtually all artificial pacemaking is done using stimulating pulses of negative 

polarity. or in the case of bipolar systems, the cathode is closer to the myocardium than is the 

anode. Wheze the use of anodal cUITent is disclosed, it.is generally as a charge of minute 

magnitude used to dissipate residual charge on the electrode. This does not affect or 

condition the myocardium itself. Such a use is disclosed in U.S. Patent No. 4,543,956 to 

Herscovici. 
• .. 

17 The use of a trlphasic vvaveform has been disclosed in U.S. Patent Nos. 4,903, 700.and 

18 4,821,724to Whigham et al., and U.S. Patent No. 4,343,312 t.o CaJsetal. Here, thetirstand 

19 third phases have nothing to do with the myocardium per se, but are only envisioned to affect 

20 the electrode surface itself: Thus, the charge applied in these phases is of very low amplitude. 

21 Lastly, biphasic stimulation is disclosed in U.S. Patent No. 4,402,322 to Duggan. The 

22 goal of this disclosure is to produce voltage doubling without the need for a large capacitor in 

23 the output circuit. The phases of the biphasic stimulation disclosed are of equal magnitude 

24 and duration. 

25 What is needed is an improved means for stimulating muscle tissue, wherein the 

26 contraction elicited is enhanced and the damage to the tissue adjacent to the electrode is 

27 diminished. 

28 Enhanced myocardial function is obtained through the bipbasic pacing of the pi:esent 

29 invention. The combination of cathodal with anodal pulses of either a stimulating or 

30 conditioning nature, preserves the improved conduction and contractility of anodal pacing 

31 while eliminating the dtawback of increased stimulation threshold. The result is a 
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1 depolarization wave of indn!hed propagation speed. This increbed propagation speed 

2 results in superior cardiac contraction leading to an improvemeiif in blood flow. Improved 

3 · stimulation at a lower voltage level also results in reduction in power consumption and 

4 increased life for pacemaker batteries. 

S As with the cardiac muscle, striated muscle may also be stimulated electrically, 

6 chemically~ mechanically or by temperature change. Where the muscle fiber is stimulated by 

7 a motor neuron, the neuron transmits an impulse which activates all of the muscle fibers 

8 within its control, that is, those mu8cle fibers in its motor unit. Depolarb:ation in one region 

9 of the membrane stimulates adjacent regions to depolarize as well, resulting in a wave of 

10 depolarization traveling over the membrane in all directions away from the site of 

11 stimulation. Thus, when a motor neuron transmits an impulse, all the muscle fibers in its 

12 motor unit are stimulated to contract simultaneously. 

13 The minimum strength to elicit a contraction is called the threshold stimulus. Once 

14 this level of stimulation bas been met, the generally held belief is that increasing the level will 

15 not increase the contraction. Additionally, since the muscle fibers within each muscle are 

16 organized into motor units, and each motor unit is controlled by a single motor neuron, all of . - - . 
17 the muscle fibers in a motor unit are stimulated at the same time. However, the whole muscle 

18 is controlled by many different motor units that respond to different stimulation thresholds. 

19 Thus, when a given stimulus is applied to a muscle, some motor units may respond ~le 

20 others may not. 

21 The combination of cathodal and anodal pulses of the present invention also provides 

22 improved contraction of striated muscle where electrical muscular stimulation is indicated 

23 due to neural or muscular damage. Where nerve fibers have been damaged due to trauma ot 

24 disease, muscle fibers in the regions supplied by the damaged nerve fiber tend to undergo 

2S atrophy and waste away. A muscle that cannot be exercised may decrease to haJf of its usual 

26 size in a few months. Where there is no stimulation, not only will the muscle fibers decrease 

27 in size, but they will become fragmented and degenerated, and replaced by connective tissue. 

28 Through electrical stimulation, one may maintain muscle tone such that, upon healing or 

29 regeneration of the nerve fiber, viable muscle tissue remajns, and the overall regenemtive 

30 process is thereby enhanced and assisted. 

31 Striated muscle stimulation can also serve to preserve the neural pathway, such that, 
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upon h~ing of the nerve fi~ associated with the stimulated tissue, the patient 

"remembers" how to contract that particuJar muscle. Enhancecf striated muscle contraction ii 

· obtained through the biphasic stimulation of the present invention. The combination of 

cathodal with anodal pulses of either a stimulating or conditioning nature results in 

contraction of a greater number of motor units at a lower voltage level, leading to superior 

muscle response. 

Lastly, biphasic stimulation as provided by the present invention may be desirable to 

stimulate smooth muscle tissue, such as those muscles responsible for the movements that 

force food through the digestive tube, consttict blood vessels and empty the urinary bladder. 

For example, appropriate stimulation could rectify the difticulties associated with 

incontinence. 

SUMMARY OF THE JNYENTION 

It is therefore an object of the present inventio~ to provide improved electrical 

stimulation of muscle tissue. . •. . 
It is another object of the present invention to extend batteiy life of implantable 

electrical stimulation devices. 

It is a further object of the present invention to obtain effective muscle stimulation at a 

lower voltage leT1e1. 

It is a further object of the present invention to provide improved stimulation of 

muscle tissue, particularly striated muscle. 

It is a further object of the present invention to provide contraction of a greater 

number of muscle m~ units at a lower voltage level. 

It is a tbrther object of the present invention to provide contraetion of a greater 

number of muscle motor units at a lower level of electrical CUJ?ent. 

A method and apparatus for muscular stimulation in accordance with the present 

invention includes the administration of biphasic stimulation to the muscle tissue, wherein 

. both cathodal and anodal pulses are administered. 

According to a still further aspect of this invention. the stimulation is administered to 

muscle tissue to evoke muscular response. Stimulation may be administered directly or 
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1 indirectly to muscle tissue. ~here indirect administration inclttdes stimulation through the 

2 skin. Using the present invention, lower levels of electrical eneigy (volmge and/or current) 

3 · are needed to reach the threshold stimulus, compared to conventional stimulation methods. 

4 Muscle tissue that may benefit from stimulation according to the present invention include 

S skeletal (striated) muscle, cardiac muscle, and smooth muscle. 

6 The electronics required for the implantable stimulation devices needed to practice the 

1 method of the pre~nt invention are well known· to those· skilled in the art. Current 

8 implantable stimulation devices are capable of being prognunmed to deliver a vari~ of 

9 pulses, including those disclosed herein. In addition, the electronics required for indirect 

10 muscle stimulatio~ are also well known to those skilled in the art and are readily modified to 

11 practice the method of the present invention. 

12 The method and apparatUS of the present invention comprises a first and second 

13 stimulation phase, vs.-ith each stimulation phase having a polarity, amplitude, shape, and 

14 dumtion. In a preferred embodiment, the first and second phases have differing polarities. In 

15 one alternative embodiment. the two phases are of differing amplitude. In a second alternative 

16 embodiment, the two phases are of differing duration. In a third alternative em~ the - .. 
17 first phase is in a chopped wave form. In a fourth alternative embodiment, the amplitude of · 

18 the first phase is ramped. In a preferred alternative embodiment, the first phase of stimulation 

19 is an anodal puise at maximum subthreshold amplitude for a long duration, and the second 

20 phase of stimulation is a cathodal pulse of short duration and high amplitude. It is noted that 

21 the aforementioned alternative embodimen1S can be combined in differing fashions. It is also 

22 noted that these aitemative embodiments are intended to be presented by way of example · 

23 only, and are not !imiting. 

24 . BRIEF PESCRlPIION OF THE DRAWINGS 

25 Fig. 1 is a schematic representation of leading anodal bipbasic stimulation. 

26 Fig. 2 is a schematic representation of leading cathodal bipb.asic stimulation. 

27 Fig. 3 is a schematic representation ofleading anodat stimulation oflow level and 

28 long duration, followed by conventional cathodal stimulation. 

29 Fig. 4 is a schematic representation of leading anodal stimulation of ramped low level 
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. ' . 
and long dW'ation~ followed by conventional cathodal stimulation. 

Fig. S is a schematic representation ofleading anoda1 stfuiulation of low level and 

· short duration, administered in series, followed by conventional cathodal stimulation. 

Fig. 6 graphs cor..<fuction velocity transverse to the fiber vs. pacing duration resulting 

from leading anodal biphasic pulse. 

Fig. 7 graphs conduction velocity parallel to the fiber vs. pacing duration resulting 

from leading anodal biphasic pulse. 

DETAJT.JID DESCRIPTION 

9 The present invention relates to the biphasic electrical stimulation of muscle tissue. 

10 Fig. 

11 

12 

13 

14 

lS 
16 

17 

18 

19 

1 depicts bipbasic electrical stimulation wherein a first stimulation p~ comprising anodal 

stimulus 102, is administered having amplitude 104 and duration 106. This first stimulation 

phase is immecliateiy followed by a second stimulation phase comprising cathodal stimulation 

108 of equal intensity and duration. 
• • 

Fig. 2 depicts bipbasic electrical stimulation wherein a first stimulation phase, 

comprising cathodal stimulation 202 having amplitude 204 and duration 206, is administered. 

This first stimulation phase is immediately followed by a second stimulation phase 

comprising anodal stimulation 208 of equal intensity and duration. 

Fig. 3 depicts a preferred embodiment of the present invention wherein a first 

20 stimulation phase. ~omprising low level, long duration anoda1 stimuJation 302 having 

21 amplitude 304 and duration 306, is stlministered. This first stimulation phase is immediately 

22 followed by a second stimulation phase comprising cathodal stimulation 308 of conventional 

23 intensity and duration. ln an alternative embodiment of the invention, anodal stimulation 302 

24 

25 

26 

27 

is at maximum subthreSJ.1old amplitude. In yet another alternative embodiment of the 

invention, anodal stimulation 302 is less than three volts. In another alternative embodiment 

of the invention. anodal stimulation 302 is a duration of approximately two to eight 

milliseconds. In yet another alternative embodiment of the invention, cathodal stimulation 

28 308 is of a short duration. In another alternative embodiment of the invention, cathodal 

29 stimulation 308 is approximately 0.3 to 0.8 millisecond. In yet another alternative 

7 

... 

i 
' I 
i 
f 
I 
j' .. 
~ • 

l 
I 
! 
I 

I 
I 

I 
I 



-· -·--· ............ . .. ........... ....... ···-·· 

.. 

W099/61JOO PCftUs99/l1376 ... 

1 embodiment of the inventioft, cathodal stimulation 308 is of a lliSit amplitude. In another 

2 alternative embodiment of the invention, cathodal stimulation 30i is in the approximate range 

3 of three to twenty volts. In yet another alternative embodiment of the present invention, 

4 cathodal stimulation 308 is of a duration less than 0.3 millisecond and at a voltage greater 

S than twenty volts. In another alternative embodiment of the present invention, cathodal 

6 stimulation 308 lasts as long as 6.0 milliseconds and has a voltage as low as 200 millivolts. 

7 In the manner disclosed by these embodiments, is well as those alterations and modifications 

8 which may become obvious upon the reading of this specification, a maximum membrane 

9 potential without activation is achieved in the first phase of stimulation. 

10 Fig. 4 de~icts an alternative prefened embodiment of the present invention wherein a 

11 first stimulation p~ comprising anodal stimulation 402, is administered over period 404 

12 with rising intensity level 406. The ramp of rising intensity level 406 may be linear or non-

. 13 linear, and the slope may vary. This anodal stimulation is immediately followed by a second 

14 stimulation phase comprising cathodal stimulation 408 of conventional in.tensity and 

IS duration. In an alternative embodiment of the inventio11t anodal stimulation 402 rises to a 

16 maximum subthreshold amplitude. In yet another alternative embodiment of the invention, . ... 
17 anodal stimulation 402 rises to a maximum amplitude that is less than three volts. In another 

18 alternative embodiment of the invention, anodal stimulation 402 is a duration of 

19 approximately two to eight milliseconds. In yet another alternative embodiment of the 

20 invention, cathodal stimulation 408 is of a short duration. In another alternative 'embodiment 

21 of the invention, cathodal stimulation 408 is approximately 0.3 to 0.8 millisecond. In yet 

22 another alternative embodiment of the invention, cathodal stimulation 408 is of a high 

23 amplitude. In anotbet aiternative embodiment of the invention, cathodal stimulation408 is in 

24 the approxima~ range of th.."'ee to twenty volts. In yet another alternative embodiment of the 

25 present invention, cathodal stimulation 408 is of a duration less than 0.3 milliseconds and at a 

26 voltage greater than twenty volts. Jn ano1;h.er alternative embodiment of the present invention, 

27 cathodal stimulation 408 lasts as long a.'l 6.0 milliseconds and has a voltage as low as 200 

28 millivolts. In the mar..ner disclosed by these embodiments, as well as those alterations and 

29 modifications which may become obvious upon the reading of this specification, a maximum 

30 membrane potential v.itholJt activation is achieved in the first phase of stimulation. 

31 Fig. 5 depicts biphasic electrical stimulation wherein a first stimulation phase. 
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1 comprlSing series 502 of anodal pulses, is administered at ampliiude 504. Jn one 

2 embodiment, rest period 506 is of equal duration to stimulation period 508, and is 

3 · ad.ministered at baseline amplitude. In an alternative embodiment, rest period 506 is of a 

4 differing duration than stimulation period 508 and is administered at baseline amplitude. 

S Rest period 506 occurs after each stimulation period 508, with the exception that a second 

6 stimulation phase, comprising cathodal stimulation 510 of conventional intensity and 

7 duration, immediatel:' follows the completion of series !02. In an alternative embodiment of 

8 the inventio~ the tot2.l durge transferred through series 502 of anodal stimulation is· at the 

9 maximum subthreshold level. In another alternative embodiment of the invention, cathodal 

10 stimulation 510 is of a short duration. In yet another altema1ive embodiment of the invention, 

11 cathodal stimulation 510 is apprmdmately 0.3 to 0.8 millisecond. In another alternative 

12 embodiment of the invention., cathodal stimulation 510 is of a high amplitude. In yet another 

13 alternative embodiment of the mvention, cathodal stimulation 510 is in the approxhnate range 

14 of three to twenty volts. In another alternative embodiment of the invention, cathodal 

15 stimulation 510 is of a duration less than 0.3 millisecond and at a voltage greater than twenty 

16 volts. In another alternative embodiment of the present invention, cathodal stimulation 510 . .. 
17 lasts as long as 6.0 mHUseconds and has a voltage as low as 200 millivolts. 

18 EXAMPLE 1 

19 Stimulation a11d propagation characteristics of the myocardiwn were studied in 

20 isolated hearts using pulses of differing polarities and phases. The experiments were carried 

21 out in five isolated Langendorli perfused rabbit hearts. Conduction velocity on the 

22 epicardium was measured using an may of bipolar electrodes. Measurements were made 

23 between six millimeters and nbe millimeters from the stimulation site. Tnmsmembrane 

24 potential was recorded using a floating in~llular microelectrode. The following protocols 

25 were examined: monop!wi:: cathodal pulse, monophasic anodal pulse, leading cathodal 

26 biphasic pulse. and leading anodal biphasic pulse. 

27 Table 1 discloses the conduction speed transverse to fiber direction for each 

28 stimulation protocol administered. with stimulations of three, four and five volts alld two 

29 millisecond pulse duratfon. 
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1 TABLE! 

2 Conduction Speed Transverse to Fiber Direction, 2 msec 

3 · duration 

4 3V 4V sv 
s Cathodal Monophasic 13.9 ::I:: 2.5 cmlsec 21.4 :1: 2.6 cm/sec 23.3 :I: 3.0 cm/sec 
6 Anodal Monophasic 24.0 :1: 2.3 cm/sec 21.S :I: 2.1 cm/sec 31.3:I:1.7 cm/sec 
7 Leading cathodal Biphasic 27.1 = 1.2 cm/sec 28.2 ::1:: 2.3 cm/sec 27.5 :1: 1.8 cm/sec 
8 Leading Anodal Biphasic 26.8 :1: 2.1 cmJsec· 28.5 ::1: o. 7 cm/sec 29. 7 :1: 1.8 cm/sec 

9 Table 2 discloses the conduction speed along fiber direction for each stimulation 

10 protocol administered. with stimulations of three, four and five volts and~ millisecond 

11 pulse duration. 

12 TABLE2 

13 
14 
15 
16 
17 
18 

Cathodal Mono;h!Eic 
A.nodal Monophasic 
Leading Cathodal Bipbasic 
Leading Ant·:tal Biphasic 

Conduction Speed Along Fiber Direction, 2 msec stimulation . 
3V 4V SV 
45.3 :1: 0.9 cm/sec 47.4 :1: 1.8 cm/sec 49.7 :1: 1.S cm/sec 
48.1 :1: 1.2 cm/sec Sl.8 :I: 0.5 cm/sec S4.9 :!: 0.7 cm/Sec 
50.8 :1: 0.9 cm/sec 52.6:1:1.1 cm/sec 52.8:1: l.'cm/sec 
52.6 ::1:: 2.S cmlsec SS.3 :1: 1.5 cm/sec S4.2 :1: 2.3 cm/sec 

19 The differences in conduction velocities between the cathodal monopbasic, anodal 

20 monophasic, leading cathodal biphasic and leading anodal biphasic were found to be 

21 significant (p < 0.001). From the transmembrane potential measurements, the maximum 

22 upstroke ((dV.'et}max) of the az:ion potentials was found to correlate well with the changes in 

23 conduction velocity in the longitudinal direction. For a four volt pulse of two millisecond 

24 duration, (dV/dt)max was 63.S :1: 2.4 V/sec for cathodal and 1S.S :1: 5.6 V/sec for anodal 

2S pulses. 

26 EXAMPLE2 

27 The effects of vto..!)'ing pacing protocols on cardiac electrophysiology were analyzed 

28 using Langendorff prepared isoiated rabbit hearts. Stimulation was applied to the heart at a 

29 constant voltage rectangular pulse. The following protocols were examined: monopbasic 
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anodal pulse, monophasic djfllodal pulse, leading anod81 biphSSic pulse, and leading cathodal 

biphasic pulse. Administered voltage was increased in one volt Steps from one to five volts 

·for both anodal and cathodal stimulation. Duration was increased in two millisecond steps 

from two to ten rcilliseconds. Epicardial. conduction velocities were measured along and 

transverse to the left ventricular fiber direction at a disr.ance between three to six millimeters 

from the left ventricuiar free wall. Figs. 6 and 7 depict the effects of stimulation pulse 

duration and the protocol of stimulation administered on the conduction velocities. 

Fig. 6 depicts the velocities measured between three millimeters and six millimeters 

transverse to the fiber direction. In this region, cathodal monophasic stimulation 602 

demonstrates the slowest conduction velocity for each stimulation pulse duration tested. This 

is followed by anodal monophasic stimulation 604 and leading cathodal biphasic stimulation 

606. The fastest conduction velocity is demonstrated by leading modal biphasic stimulation 

608. 

Fig. 7 depiets the velocities measured between three millimeters and six millimeters · 

parallel to the fiber directioJ?. In this regio~ cathodal monopbasic stimulation 702 

demonstrates the s.lowest conduction velocity for each stimulation pulse duration tested. .. . 
Velocity results of anodal monophasic stimulation 704 and leading cathodal biphasic 

stimulation 706 are similar to those with anodal monophasic stimulation, but demonstrating 

slightly quicker speeds. The fastest conduction velocity is demonstrated by leading modal 

biphasic stimul.ttion 708. 

Ill one aspect of the invention, electrical stimulation is administered to the cardiac 

muscle. The ano;ial stimulation component of bipbasic electrical stimulation augments 

cardiac contractili!'/ by hyperpolarizing the tissue prior to excitation, leading to faster impulse 

conduction, more intracelluiar calcium release, and the resulting superior cardiac contraction. 

The cathodal stimulaticn component elimina.tes the drawbacks of anodal stimulation, 

resulting in effective catdiac stimulation at a lower voltage level than would be required with 

anodal stimulation aione. This, in~ extends pacemaker battery life and reduces tissue 

damage. 

In a second aspect of the inven:io~ biphasic electrical stimulation is administered to 

the cardiac blood pool, that is, ~be blocd entering and ~uncling the heart. This enables 

cardiac stimulation without the necessity of placing electrical leads in intimate contact with 

11 

,. 
... 



--·· ···--·----··-- -·----·-·-··-···-·- ·---····-···-.. ·-·--···-· 

W099/61100 Pq/US99/lt376 
,, 

' . 
1 cardiac tissue, thereby dimililShing the likelihood of damage to this tissue. The stimulation 

2 threshold of biphasic stimulation administered via the blood poolis in the same range as 

3 · standard stimuli delivered directly to the heart muscle. Through the use of biphasic electrical 

4 stimulation to the cardiac blood pool it is therefore possible to achieve enhanced cardiac 

S contraction, without skC:etal muscle contraction, cardiac muscle damage or advene effects to 

6 the blood pool. 

7 In a third aspect of the invention, biphasic electrical stimulation is applied to striated 

8 (skeletal) muscle tissue. The combination of anoda1 with cathodal stimulation results in the 

9 contraction of a greater number of muscle motor units at lower levels of voltage and/or 

10 electrical current, resulting in improved muscle response. The benefits of the present 

11 invention are realized both when there is direct stimulatio~ as well as when the stimulation is 

12 indirect (through the skin). Benefits may be realized in physical therapy and muscle 

13 rehabilitation contextS, for example, stimulation of muscles overtime while waiting for 

14 damaged nerves to regenerate. 

15 In a fourth aspect of the invention. biphasic electrical stimulation is applied to smooth 

16 muscle tissue. Viscera! smooth muscle is found in the walls ofhollow visceral organs such .. .. 
17 as the stomach, intestines, urinazy bladder and uterus. The fibers of smooth muscles are 

18 capable of stimulating each other. Thus, once one fiber is stimulated. the depolarl7.atlon wave 

19 moving over its surface may excite adjacent fibers, which in tum stimulate still others. 

20 Benefits of such ~mulatior. can be realized, for example, in situations where incontinence 

21 has been caused by tr2uma or disease. 

22 Having thus described the basic concept of the invention, it will be readily apparent to· 

23 those skilled in the an that the foregoing detailed disclosure is intended to be presented by 

24 way of example lnly,. and is not limiting. Various alterations, improvements and 

25 modifications wil1 occ~ and are intended to those skill~ in the art, but are not expressly 

26 stated herein. rn.e.~ modifications, alterations and improvements are intended to be 

27 suggested hereby, and within the scope of the invention. Further. the stimulating pulses 

28 described in this specification are well within the capabilities of existing electronics with 

29 appropriate programming. Biphasic stimula1ion as provided by the present invention may be 

30 desirable in additio'lal situations where electrical stimulation is indicated; such as, nerve 

31 tissue stimulation and bone tis~ stimulation. Accordingly, the invention is limited only by 
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CLAJMS 

I 1111111 111111 Hllf If Ill ll lllf 
* C L M S * What is claimed is: 

1. A method for stimulating muscle tissue, comprising: 

defining a first stimulation phase with a first phase polarity, a_ first phase amplitude, a 

first phase shape, and a first phase duration for preconditioning th8 muscle tissue to accept 

subsequent stimulation; 

defining a second sfimnlation phase with a polarity opposite to the first phase polarity, 

a second phase amplitude, a second phase shape, and a second phase duration; and 

9 applying the first stimulation phase and the second stimulation phase in sequence to 

10 the muscle tissue, wherein the muscle tissue is selected ftom the group consisting of striated 

11 muscle, smooth muscle and mixed muscle. 
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2. The method for stimulating muscle tissue according to claim 1, where the first 

phase amplitude is equal to or less than a maximmn subthreshold amplitude. 

3. The method for stimulating muscle tissue according to claim 1, where the 

first phase polarity is positive. ... • 
4. The method for stimulating muscle tissue according to claim 1, where the 

absolute value of the first phase amplitude is less than the absolute value of the second phase 

amplitude. 

5. The method for stimulating muscle tissue according to claim 1, where the 

absolute value of the f"ll'St phase amplitude is less than the absolute value of the second phase 

amplitude. 

6. The metbod for stimulating muscle tissue according to claim 1, ·where the first 

phase amplitude is ramped from a baseline value to a second value. 

7. The method for stimulating muscle tissue according to claim 6, where the 

25 absolute value of the second value is equal to the absolute value of the second phase 

26 amplitude. 

27 8. The method for stimulating muscle tissue according to claim 1, where the 

28 fU'St stimulation phase further comprises a series of stimulating pulses of a predetennined 

29 amplitude, polarity, and duration. 

30 9. The method for stimulating muscle tissue according to claim 8, where 
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1 the first. stimulation phase tu.fther comprises a series of lest pen&&. . 
2 10. The method for stimulating muscle tissue acco~ to claim 9,, where 

3 · applying the first stimulation phase further comprises applying a rest period of a baseline 

4 amplitude after at least one stimulating pulse. 

S 11. The method for stimulating muscle tissue according to claim 10, where 

6 the rest period is of equal duration to the duration of the stimulating pulse. 

7 12. The method for stimulating muscle tissue according to claim 3, where the 

8 maximum subthreshold amplitude is about O.S to 3 .S volts. 

9 13. '!he meihod for stimulating muscle tissue according to claim 1, ~the first 

10 phase duration is at least as long as the second phase duration. 

11 14. The method for stimulating muscle tissue according to claim 13, where the 

12 first phase duration is about one to nine milliseconds. 

13 ts. The method for stimulating muscle tissue according to claim.13, where the 

14 second phase duration is about 0.2 to 0.9 mitusecond. 

15 16. The method for stimulating muscle tissue according to claim 11 where the 

16 second phase amplitude is about two volts to twenty volts. . .. 
17 17. The method for stimulating muscle tissue according to claim 1, where the . 

18 second phase duration is less than 0.3 milliseconds and the second phase amplitude is greater 

19 than twenty volts. 

20 18. The method for stimulating muscle tissue acconlillg to claim 6, where the 

21 second value is at a maximum subthreshold amplitude. 

22 19. 7he me--Jiod for stimulating muscle tissue according to claim 18, where the 

23 maximum subtl-.reshold amplitude is about O.S to 3.S volts. 

24 20. The method for stimulating muscle tissue according to claim ti, where the first 

2S phase duration is at least as lo:ig as the second phase duration. 

26 21. The met.llod for stimvlat:in~ muscle tissue according to claim 6~ where the first 

27 phase duration is about e>ne to nine milliseconds. 

28 22. T1e methoc. for stL-nulating muscle tissue according to claim 6, where the 

29 second phase duration is about 0.2 to 0.9 millisecond. 

30 23. ::-t.e method for stimulating muscle tissue according to claim 6, where the 

31 second phase a."D.plitUde is about two volts to twenty volts. 
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I 24. The method t6t stimulating muscle tissue accotding to claim 6, where the 

2 second phase duration is less tban·0.3 millisecond, and the secoiif phase amplitude is gtea1m 

3 ·than 20 volts. 

4 25... A method for stimulating muscle tissue according to claim l, where the 

S stimulation to the muscle is selected from the group consisting of direct stimulation to the 

6 muscle and indirect stimulation to the muscle. 

7 26. A method for stimulating muscle 'tissue according to claim 25~ where the 
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indirect stimulation is administered through skin. 

27. A method for stimulating muscle tissue according to claim l, where the second 

phase d\lration is less than approximately 6 milliseconds and the second phase amplitude is at 

least 200 millivolts. 

28. A method for stimulating muscle tissue, comprising the steps of: 

defining a first stimulation phase with a positive polarity, a first phase amp~ a 

first phase shape and a first phase durati~ where the tltSt phase amplitude is about O.S to 3.S 

volts, and the first phase duration is about one to nine miDiseconds; 

de.fining a second stimulation phase with a negative polarity, a second phase 
• .. 

amplitude, a second phase shape and a second phase duration, where the second phase 

amplitude is about two volts to twenty volts, and the second phase duration is about 0.2 to 0.9 

millisecond; and 

applying the first stimulation phase and the second stimulation phase in sequence to 

the ~uscle tissue, wherein the muscle tissue is selected from the group consisting of striated 

muscle, smooth muscle and mixed muscle, and wherein the stimulation to the muscle is 

selected from the group consisting of direct stimulation to the muscle and indirect stimnbrtion 

to the muscle. 
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