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VENOUS ELECTRICAL STIMULATION APPARATUS
AND METHODS

This application is being filed on 15 September 2014, as a PCT International
palent application, and clawns prierity o 1S, Provisional Patent Application No.
61878 869, filed Septewber 17, 2013, the disclosure of which is hereby

incorporated by reference herein i ifs entirety.

TECHNICAL FIELD
j0001] This disclosure relates to medical devices for providing improved venous
access 1o aid in the drawing of blood from, administering fhnds or drugs via, or

msertion of a peripheral infravenous canmuda into, the vens of a patient.

BACKGROUND
{0082 The single standard practice for gaming peripheral venous accessin a
medical patient has not changed significantdy m over 80 years. Typically, the
standard practice nvolves the use of a tourniquet applied to an upper portion of a
patient's arm. The application of a tourniguet stops the flow of bleod to the heart and
allows whatever pressure 1s available from the arteries and capillaries to §iH and
distend the veins. A medical practitioner, such s a doctor, physician's assistan,
paramedic, or nurse, may then access the distended vein with a needle to draw
blood, or imsert a peripheral venous catheter or other such cannula into the distended
vern to admimster drags ov other fluids. This is a painful, sometimes dangerous,
time conswming, and inaccurate method.
j3003] In a myjority of patients, this approach is sufficient for auther the
drawing of blood for hematology analysis, or for the placement of an intravenows
cannula to administer fluids, including but not limited to volume expanders (e.g.,
colloids {e.¢., blood, dexiran, hvdroxyethivi starch, stroma-free hemoglobin),
crystalioids {e.g., normal saline, Ringer's Lactate, glucose/dexirose, Hartmann's
Solation], blood-based products {e.g., red blood cells, plasma, platelets), blood
substitutes {e.g., oxygen-carrying substitutes), buffer solutions {e.g., miravenous

sodnnn bicarbonate, Ringer's Laciate), nuinitional formula {e.g.. peripheral
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parenternal nuivition), or drugs inclading but not hmtted {o antibiotics, analgesics or
chemotherapy into the blood stream of a patient. However 1n most patients, geriatric
patients or cancer trextment patients for example, gaining venous access can be
difficult and problematic for any number of reasons, which may lead io medical
practifioners requiring maltiple repeated atlempts to successfully gam miravenous
access 10 the patient's vein{s). Repeated attempts to gain venous access in a patient
may resuil in @ vanely of adverse issues including hemaiomas, fluid infiltsation into
the surrounding tissue {which, with chemotherapy agents, can cause severe local
reactions), pam, shock, discomfort, vasoconsinction, and in emergency situations,
may require the practitioner to switch to either a central venous access approach or a
“cut-down” {opening the tissue) to gain access to a vein.

HHEIRY There are many types of patients in whom these problems can result.
Elderty or geriatric patients freqaently have fratl veins or are peripherally shat down
due o dehydration. Pediatric and neonatal (newhorn) patients are especially difficalt
{0 gam venous access to, due to small veins and the significant immaturnity of their
bodies. Patients who have lost blood volume through trawma, shock, or dehydration
(such as ER and paramedic paticnts, patients injured n road traffic accidents or
muhitary commbat, crush victims, famine victims, elc.) are likely 1o be peripherally
shut down, making it difficult to locaie and raise a vein, bt are oflen the patients in
whom medical practitioners most rapidly need to gain venous access. Obese patients
are yet another patient group in which medical practitioners encounter difficulties in
locating or raising a vein for venous access. Cancer treatment patients also present
difficulties for medical practitioners to pain venous access due to, among other
things, phlebius.

jB005] Other methedologies and devices have been emploved to attempt to
locate target veins for venipuncture or determine when a proper and successtid
venipuncture has been achieved. However, such devices and methodologies are
either passive and non-invasive devices and techingues. or they are invasive
mechamcal devices and techniqoes that actually first require the pancture of the
target vein in ovder to determine the postiion of the needle within the vein {which
does not otherwise aid in locating the target vein or increasing the ease of inseriing

the needle mto the target vem). One exanple of a passive {echnique and device &5
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the use of a strong source of visible of ullvaviolet light placed against the skin of the
patient 1h an attempt 1o read the reflectivity of the underlving iron in the patient's red
blood cells in the target vein, through the patient's skin, While this passive technique
may help to locate a target vein, it does oot merease the ease of achieving successful
venipunciure, Addiionally, the vein will often rofl away from the needle when the
medical practitioner tries to fiset it The drawback to using active mechanical
devices that need {o puncture the humen o determiine the position therein is that, if
the mackine performing the venipunclure goes oo far and pushes the needie
completely through the opposite side of the target vein, the result is a donble
penetration of the vem requiring the tip of the needle 1o be withdrawn back into the
lumen of the vein, Accordingly such mechanical techniques are Hawed in that they
permit the possibility of a double penetration which may resulf in blood leaking
from the second vein punctwre causing a hematoma in the patient.

[06006] Accordingly, there is a need for a more rapid, reliable, fess pamiful, more
efficient, safer, and repeatable method of distending a patient’s veins i the hands,
arms, feet, or fegs to allow easier venous access by medical practitioners. In
addition, there 13 a need for a medical apparatus that can cause a wore rapid,
reliable, and repeatable distension or expansion of veins in a patient’s hands, anms,
feet or legs across a broader patient spectrinm mcloding genatnie, padiatric, neonatal,

and frauma patients, to assist medical practitioners i 2aining venous access.

SUMMARY
{6067 i general terms, this disclosare i3 divected to electrical venous
stimulation. In one possible confignration and by non~limiting example. the
electrical venous stimulation s used to provide inproved access to a vein, Various
aspects are described n this disclosare, which inclade, but are not limited to, the
following aspects.
[0008] One aspect is an electiical venous stimulation apparatus, for causing
target veins m a subject to distend from under the surface of the subject's skin,
comprising: a power supply; a signal generator powered by the power supply, the
signal generator configured to genemie a specified elecinival output stgnal; and o

plurality of electrodes in electrical comnuumication with the signal generator and
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configured o be placed in electrical commuancation with the subject, wherein the
electrical ouiput signal inclades an output voltage, elecirical current, and wavelorm
that changes with time in a preprogrimnmed repeating cvele, the output voliage,
electrical current, and waveform bemng contigured {n elicit a physiological response
that stimulates a plurality of peripheral nerves in the subjecd, activates a venous
muscle pump mechanism m one or more himbs of the subject, and non-invasively
alter the physiclogy of a target vem, wherein the target veun 13 caused to distend
gnder the surface of the subject's skin.

{0069 Another aspect 1s a method of stimudsting peripheral target veins o cause
the veins to distend under the surface of a subject's skin to faailitate venipunciure,
comprising: generating an adjustable electrical output signal witl an electrical
venous stimulation apparatas, the signal incloding an adjustable ouiput voltage, an
adjustable current, and an adjustable output voltage waveform configured to elicit a
physiclogical venous response in the sulject that canses the target vein in the subject
to distend wnder the surface of the subject's skin, the electrical stimudation apparatus
incluoding, a powered signal generator configured to generate the adjustable electrical
signal, and g phurality of electrades in electrical communication wath the signal
generator and configured o be placed in elecirical conununication with the subject;
and transnuiiing the ouiput signal to the subject via the pluradity of electrodes.
joo10] A further aspect 1s a method of suppressing pain signals at a venous
neadle stick site of g subject, comprising: penerating an adjustable electrical output
signal with an electrical venoas stimulation apparatas, the signal mcluding an
adjustable outpat voltage, an adjustable current, and an adjustable output voltage
waveform conligured to elicit a physiological venous response in the subject that
causes the target vein in the subject to distend under the surface of the subject’s skin,
the electrical stinnsiation apparatus including, a powered signal generator configured
to generate the adjustable electrical signal, and a plurality of electrodes in electrical
conmmunication with the signal generator and configared to be placed m elecinical
commumication with the sabject; and transmitting the oatput signal to the subject via
the plurality of electrodes, and therehy stimulating the peripheral nerves and

gotivating the venous pump mechanism in af lgast one limb of the subject.
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{0011} A further aspect is a method of accessing a vein of' a person, the method
comprising: receiving a portion of a Hmb of the person into a container: supphying a

liquid electrolytic solution inte the container, wherein the Higuid electrolytic solution
is In contact with the portien of the limb; elecirically stimulating the portion of the
L with at least one signal generated by an electrical signal generator, the
elecirical signal provided to the electrolytic solution by at least one electrode in
contact with the hiquid electrobytic solution; causing at least ong vem in the limb of
the person {o distend i response to the electrical stimulation; and inseriing atip of a
needle into the vein while it is distended to access the vein.

{0012} Anocther aspect 1s @ venous glectrical stimulation apparatas for
temporarily enlarging and distending the peripheral veins in the limbs of 3 patient to
make it easier {or a medical practitioner to gamn venous access when drawing blood
ov when inserting an intravenous cannnla, such as a catheter, into the vein, The
venous electrical stimulation apparatus is confipured to stimulate one or more
muscles that form an anatomical part of the vein to cause the circumference of the
vemn's lumen to enlarge, thas making the target vein press agamst the skin, and
stmultancously creating a vacuwn 1 the target vein that can help incvease the total
volume of blood within the vein, which also helps make it easter and safer fo
perform vempuncture,

j3013] Yet another aspect s an apparatas that inchudes a signal generator having
a pair of electrical output terminals, § power supply in electrical communication
with the signal generator, at least a paiv of electrical leads in electrical
communication at & proximal end with the output terminals of the signal generator,
and at feast a pair of electrodes in electrical communication with the proximal ends
of the leads, and configured {o introduce the electrical signal into a patient (or
sabject). The patient or sabject can be a mammal, and move specifically, a human.
LHEY In another aspect the apparatus is configured to non-invasively alter the
physiology of the peripheral veins that are targeted for venpunciure m the limbs of a
patient using an active electrical signal, rather than asing passive means traditionally
gsed or requiring the use of o wwrmquet. In an aspect of the present disclosawe, an
getive signal imparted to the skin of a patient by the apparatus ehicits a physiclogical

response and a change m condition/behavior of the farget vem, cavsing the vein o
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il with blood and become distended/eniarged and become wore rigid, therefore
increasing the visibitity of the vein through the skin. To thas yaanner, using soch an
apparatus and methodology, it becomes easier for medical practitioners to achieve
successful and proper venipuncture. No other active device cumently exists that non-
wvasively changes the physiology of the Gissue in and around the targel veins (o aid
in locating the target vein and increasing the ease of achieving successtul and proper
venipuncture without the need for multiple attenypis.

[6615] 111 vet another aspect, the elecirical sipnal generaior includes a plurality
of capacitors and resistors, and at least one potentiometer for adiusting the owput
voltage. The electrical signal generator further includes progranuming configured to
adjust the cutput signal, which may inchude one or move of the outpuat voltage,
outpat current, outpat voltage waveform, and/or signal frequency that is imparted to
the patient over time, o stimulate the venous pump action 1 the motor muscles of
the patient's himbs resalting in distension of the peripheral veins of a patient. In one
embodiment, the electrical signal generator is configured 1o change the outpat
voltage and the shape of the output voltage wavelorm. The output voltage
deterniines how many muscle fibers are recruited and fired (i.e. the muscle
stimulation portion of the waveform), as well as how much energy is used to {ire the
nerve impulses across the svaaptio junction. The shape of the oculput voliage
wavelform determines what information is communicated to the brain.

{6016} In another gspect, the elecivical sipnal generated is an AL signal of less
than one mitliamp and the cuiput vollage from the potentiometer is in the range of 0
{0 90 volis.

joa17] In another aspeet, the electrical signal generator penerates a specific
predefined output voltage waveform that 15 imparted to the sk overlying the hmbs
of the patient. One portion of the generated electrical waveform is specifically tuned
to the frequency, duty cyele, palse width, and voltage at which the tiny muscles
surrounding the target veins exhibil a physical response, resuliing In muscuiar
expansion and contraction. This predefined waveform and the resulting response in
the veins makes them rigid and enlarges their circumference. Another portion of the
predefined wavelorm stimulates the nearby perves in the skin to overnide any pain

signals in the body resulting from the needle stick. Thas nerve stimulation reduces
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the pam and apxiety wsually accompanving a vepipuncture. Still anothes portion of
the electrical signal stimudates the braim to release endorphins o the body, thereby
reducing anxiety in the patient.

|GO18] in another aspecd of the present disclosure is 3 method of providing
medical praciitioners with peripheral vencus access in patients while suppressing
pain signals at a venous needle stk site by stimulating the penipheral nerves and
activating the venous pump mechanism in the Hmbs of a paiient using an external
electrical stimulation apparatus, thereby causing the penpheral nerves o distend and
become more visible under the surfice of the skin

j0019] In another aspect, for non~emergency patienis, one benefit to using some
embodiments disclosed herein is the reduction of the time spent by medical
practiioners acquiring venous access and the reduction of the namber of failed
attempts at venous access in patient groups whom medical practivioners hustorically
have had difficulties gaining venous access, Furthermore, i entergeney situations
and for emergency patients, having the ability to gain rapid venous access can
increase the speed with which vital fhads and/or drugs may be adnunistered, thereby

potentially sgving vital minutes and patient hves,

BRIEF DESCRIPTION OF THE DRAWINGS
[0020]  The Hgures are for dlustration purposes only and not necessanly drawn
to scale, However, the present disclosure niay be best understood by reference to the
detatled description which follows when taken in conjunction with the
accompanymg drawings.
j0021] FIG. | is 2 top front isometric view of an example embodiment of an
elecirical vein stimutation and expansion apparatus of the present disclosure,
ja22} FIG. 2 1s a top sometnic view of the electrical vemn stimudation and
expansion apparatus of FIG. 1, showing the cover of the electrical signal generator
i an open position to expose the internal circuitry and elecirical components of the
example electrical signal generator.
0023 FI1G. 3 15 another top isomeinge view of the electrical vein stinralation and

expansion apparatus of F1G, 1.
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[0024] FIG. 4 15 a another top front izometnic view of the electrical vein
stimulation and expansion apparatus of FIG. 1, showing the apparatus ready for ase
wherein a patient has her fingertips placed in comtainers of electrolvie solution that
are electrically connected to the signal generator of the apparatus.

S {0025 FIG. 5 is a another top front isometric view of the electnical vein
stintlation and expansson apparatus of FIG. 1, showing the apparatus in use and
iHustrating the distending and protruding of the patient’s veins.

[0026] FIG. 6 15 an electrical schematic of an embodiment of a signal generator
of the electrical vein stimulation and expansion apparatus of the present disclosure.
1 o027 FIG. 7 is a waveform graph of the output voltage vs. time for one cycle
of the output signal, such as generated by the signal generator shown m FIG. 6
28] FIG. ¥ is a waveform graph illustrating another example waveform.

FHGL 9 i g wavelonn graph dhustrating another example waveform.
(4029 FIG. 9 form graph lustrating anoth 1 fi

DETAILED DESCRIPTION

-
L

[6036] Vartons embodiments will be deseribed in detall with reference fo the
drawings, wherein hke reference mumerals vepresent like parts and assemblies
throughout the several views. Reference {o varicus embodiments does not finut the
scope of the claims aitached hereto, Additionally, anv examples set forth in thas

20 specification are not mtended fo be fimiting and merely set forth some of the many
possible embodiments for the appended claims.
{0031} While the present disclosure 1s capable of embeodiment in various forms,
there is shown in the drawings, and will be heretnafter desenbed, one or more
presently preferred embodiments with the understanding that the present disclosure

2% is 1o be considered as an exemphification of the wrvention, and 15 not intended (0
linnt the mvention 1o the specific embodiments illastrated heren. Headings are
provided for convenience only and are not to be construed to Hmit the invention in
any way. Embodiments ilusirated under any heading may be combined with
embodiments Hustrated under any other heading.

30 0032 Referring {o FIGS. 1-5, n general, disclosed herein s an electrical
stimulation gpparatos | configured to deliver an electrical sipngl through the grms or

other lirnbs of a patient and cause the veins in the hands anddor arms of the patent to
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distend or expand and thereby become more visible under the surrounding swriace of
the skin. Such signals can be delivered divectly to one limb; up one T, up through
the fimb, across the spine, and/or down throngh the other limb, for example. In
doing so, the stinnsation apparatus makes the pevipheral veins in the armis or hands
of the patient more visible, thereby providing & medical practiioner venous access
for the drawing of blood or the insertion of a peripheral venous camula. The
apparatus 1s generally placed in electrical communucation with a patient's hands
andfor arms {or other fimbs) by a pair of electrodes or other electrical signal dehivery
device, that connects the device to the patient's arms to deliver a predetermined
electrical signal through the electrically connected linibs of the patient.

j 033 The veins thus become filled with blood while being subjected to the
elecirical stimulation, increasing the internal pressure within the veins. The
increased pressure in the veins makes them more rigid, thereby increasing the
physical resistance, or foree, required 1o mseri a needle or other miravenous
cannulas therein. The increased physical resistance of the target vein permits the
medical practitioner to have an improved physical feel for the insertion of the needle
into the vein, and o better differeniate nstances when the tip of the needle has been
correctly inserted nto the central humen of the vein, from instances in whuch the
needle has plerced through the vein (which can cause sertons medical
complications).

{6034} In general, the electrical stimulation apparatus | comprises an electrical
signal generator 10, a power supply 12 in electrical communication with the signal
generator and configured to supply power thereto, at least a pair of electrical leads
14 connected at a proximal end to a plurality of electrical ontput terminals 16 of the
elecirical signal generator, and at least a paw of electrodes 18 comnected to a distal
end of each of the electrical leads 14

[0035] The electrical power supply 12 may be a portable power supply, such as
for example a 9-volt baitery, other voltage batiery, or rechargeable battery.
Alematively, the power supply may utilize a standard electrical power cord that
plugs into a tvpical power outlet 1 a wall.

j0036] An example of the elecirical sigoal generator 1) is shown n FIG. 6.

Also showa in FIG. 6 are the power supply 12, electrical lead 14, contamer 28, and

9
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electrolytic solotion 31 Some embodiments iclude two or more electrical signal
genergtors 10, coupled {0 one or more leads 14, electrodes 18, and containers 28
[0037]  The electrical signal generator 10 conyrises electronic circuitry 20
operable to generate an electrical output signal, such as having one of the wavelorms
Hhustrated and described with reference to FIGS. 7-9, or another suitableg waveform.
In some embodiments the electronic circutiry 20 includes electronics such as one or
more of resistors, capacitors, transformers, and a microprocessor i elecirical
communication with each other. In the example shown w FIG. 6, the electronic
cireuitry 20 of the electrical signal generator 10 includes a power switch 30,
oscillator 52, variable contrel 54, and output circuitry 56, In this example the
oscillator 32 includes an integrated circutt, such as a microcomtroller 62. The output
circuntry 36 mcludes a first stage 38, sach as including operational amplifiers 64 and
66 and capacitor 68, and a second stage 60, including transformer 70, The oatput of
the second stage 60 forms the output terminal 16, which can be electrically coupled
to the lead 14 and electrode 18, to deliver the output signal to the patient.

[0038] The oscillator 32 operates to geverate an initial oscillanng signal. In this
example, the oscillator includes g square wave generator, One example of a square
wave generalor 1s a nucrocontrofler, such as the B-pmn, flash-based &-bit CMOS
microcontroflar, part number PICIZF67S, avalable from Microchip Technology Ine.
of Chandler, AZ, US. Another example of a square wave generator is a 555 nmer.
The square wave generaior produces a squarewave signal, which oscillates between
low and high voltages, sach as between © and 3 volts. In this example the square
wave has a frequency in a range from 4 He to 12 Hzo As one example the frequency
is 7.83 Hz. Frequencies in this range have been found to be preferred over faster
frequencies because they give the nerves in the patient {ime (o repolarize afier
stimulation before the next stinnglation. The frequency can be lngher for a heathly
person whose perves can repolarize more guickly, while the frequency typically

neads (o be lower for an unhealthy person whose nerves regaire more tine {0

repolarize.
{0039} In some embodiments the signal generator 10 includes a vanable control

34, such as one or more polentiometers 22, 34 in glectrical comnumication with the

electronic circuitry of the signal generator 10, The one or more variable controls 54

10
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alow an operator, such as a medical practitionet, the patient, or another person o
provide an mnpat o adjust the magmitude of the sipnal generated by the signal
generator 13, such as to increase or decrease the magnitude of the signal. In this
examyple, each potentiometer 22, 24 that &5 present in the sugnal generator
corresponds 1o a sepatate output voltage channe! (each having its own signal
generator 10} having its own leads 14 and electrodes 18, and whose voltage is
adjusted by its own mtensity adjustment knob coupled to the vartable control 34 that
adjusis/sels the oulput voliage of that channel that is sent from the signal generator
10 to the patient via the leads 14 and elecrodes 18, The ability to adjust the output
voltage experienced by the patient alfows a patient to have the voltage adjusted
down (o a comfortable level, which therefore contributes to lowerning the patient’s
anxiety over use of the device, which thus reduces the chance of any anxiety or
stress induced vasoconstriction that can reduce the amount of blood within the
targeted veins,

{0046} In one embodiment, the signal penerator 1) mchades two variable
controls (e.g., potentiometers 22, 24), and therefore may have two separate output
voltage channels each having its own signal generator 10, with each intensity knob
and vanabde comtrol 34 separately adjusting the cuipui voltage 1o be sent o the
patient alony two sets of elecivodes, corresponding to each of the two oulput voliage
channels. A first of the two potentiometers 22 and #s respechive output vollage
channel impart an output veltage to the patient that is configured to cause the target
vain to become swollen or distended. A second of the two potentiometers 24 and s
respective outpat voltage channel impart an output voltage to the patient that is
confipured to stop the pain at the needle suick site by interrupting nerve signals
associated with pain. In the present embodiment, the two oatput voliage channels are
identical, but m alternate embodiments, each potentiometer may be configured o
adjust the output voltage in differing ranges. Having two separate channels, each
with the ability (o adjust the outpat voliage, allows the stimulation apparatus 1 (o be
configured to adapt to target vems in the foot, neck, elbow, or other such target vein
SHes.

0041 In this example the electronic circuitry 28 of the signal generator 10

further incltudes ouiput circutiry 36, The ountput crrewmiry operates to convert the

i1
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sguare wave signal generated by the oacillator 32 into a desived outpat signal, such
as having a waveform shown in ope of FIGS. 7-9.

o042 The first stage 58 of the output circuitry includes electronics including
operational mnplifiers 64 and 60, and a capaciior 68, The first stage 58 is conpled to
the variable control 34 (o receive the mput from a user (o adjust the magnitude of the
signal generated by the signal generator 10, In this example, the vartable control 54
is a potentiometer that provides a variable resistance. The variable conirol 34 15
electrically coupled to an input of the opevational amplifier 64, The voliage of the
signal provided by the vanable control 54 changes as the variable control is
adjusted. The operational amplifier 64 is configured as a wmity gain buffer amphiier
in this example. In some emobdiments the variable control operates to adjust the
magnitede of an oulput voltage so that the magnitude s adjustable from O volis to 40
volts. T some embodiments the maximum output voltage is within +/- 10% of 40
volts, Other embodiments have other ranges of cutput voltages. In some
embodiments the current deltverad depends on the patient’s natural electrical
resistance, the surface area stioulated, and other factors such as the conductivity of
the connecting medium {e.g., water, vs gel), self adbesive electrodes, amownt of ol
on skin, capacitance of the patient, and other {echnical / anatonucal factors such as
dehvdration and the stress level of the patient.

[6043]  The oscillator 32 generates a square wave output (e.g, pin 73 that is then
supplied to the capacitor 68. The capacitor 68 converts the square wave signal to a
series of pulses baving a leading edge with a sharp voltage transition, followed by a
trathng edge in which the voltage tapers off The signal is then provided to the
second stage 60 where 1t is further filtered and amplified such as asing the amplifier
including operational applifier 66 arranged in 3 non-inverting configuration.

{0044} The amphified signal is then provided to the second stage 64, inchuding
the transformer 70, which operates to amplify and rectify the signal.

[3045] In some embodiments the transformer 74 has an uneqgual ratio of
windimgs. As one example, the transformer 1s a 10:1 transtormer, which is arranged
in a step-up configuration to increase the voliage al the outpot. In other possible

embodiments the wransformer can be arranged in a step~-down configuration, Other
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embrodinments have other ratios of windings. The output can also be generated in the
second stage without esing a travsformer it vet other embodiments,

j0046] In this example, the transformer 7018 a center tap transformer. The
oscillating signal generated by the first stage 38 15 provided to the primary winding
and the center {ap, and operates in conjunction with a pair of diodes to rectify the
cutput signal. The output signal is generated at the secondary windings and supplied
to the output termunal 16, The ratio of the primary windings to the secondary
windings deternunes the amplification provided by the transformer 70,

{0047} Inn some embodiments, the circaitry 20 further ncludes electronic
components, and/or programming, that sre configured to automaticatly vary the
output signal, which may include varying one or more of the output voltage, the
outpat current, shape of the output voltage waveform, andfor frequency of the oulput
signal over time, without having to adjust the variable countrols (e.g., potenhometers
22, 24}, In one embediment, the output signal may be changed over time by
executing specific computer code ov a soflware program in the microprocessor. In
another embodiment, the output signal may be randomly changed inexpensively by
the inclusion of a typicyl flashing light emutting diode (LED) 63 within the circuitry
of the signal generator 10. Flashing LEDs automatically blink when supplied with
elecirical power, alternating between an "on™ and "off siate, with the frequancy of
flashing between the two states depending on the wpat voltage. In one embodiment,
the flashing LED is placed in the electronic circuitry downstream of the
meroprocessor and upstrean of the amplhifying circuit that is connectad to the
ouvtput leads that are attached o the patient by the electrodes. The flashing LED,
oscillating between an "on” and "off state, 15 constantly switching the cutput current
on and off, causing the signal generator 10 to vary the elecinical output signal and
vollage over time, according to the flashing frequency of the flashing LED. In this
manner, the LED acts as a repetitive timer for the output signal from the signal
generator. And because the frequency of the LED is dependent on its inpwt voltage,
adjusting the voltage from the potentiometer will change the frequency of the
fHashing LED, so as to provide an infimtely variable output signal 1o the patient.
048] Furthermore, the lower the quality of the components used to make the

flashing LED, as with inexpensive flashing LEDs, the more varnation or randonuess
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there will be in the consistency or stableness of the frequency of the flashing fora
given voltage, Accordingly, lower quality fashing LEDs provide a Hashung pattern
that ts more random than that of higher quahity fashing LEDs. Therefore, in one
embodiment, o achieve more randomness in the frequency of the electrical signal
sent to the patient from the signal generator 10, 11 may be beneficial to use lower
quality flashig LED within the circuitry as disclosed herein.

[0049] In still alicrnate embodiments, additional methods to vary the oufput
signal and voliage over time are contemplaled herein, without departing from the
scope of the present disclosure. By varving the output signal in the manaer disclosed
herein, the patient’s body is constantly reacting to the changing output signal, rather
than possibly becoming accusiomed to a constant output signal to which the venous
system might otherwise no fonger respoud afier a short exposuare thereto.

[6030] The signal generator 10 may also inclade at Teast one indicator 32, such
as an LED or other fighted indicator, (o indicate (o the medical practitioner utilizing
the electrical stimulation apparatus 1 as o when the power to the apparatus i3 turned
"on." An additional indicator may be included 1o indicate when the electrical signal
is being sent to ¢ patient. In one enbodiment, the indicgtor may perform both
funciions, however, in alternate embodiments, separate indicators may be uiilized to
communicaie each of the two functions.

3051} The apparstus | may also inchade programming andfor a display screen
configured o conununicate and display for the medical practitioner the real time
output vollage and signal, an mitial set output voltage and signal, fault conditions,
stimulation apparatus fault diagnostic information, or any other such setting, output,
or feedback information as may be desired. In another embodiment, the apparatus |
may include a display confipured to graphically display the real time efecirical
information {e.g. the electrical signal andfor voltage vs. time} being sent to the
patient. Tn stil further embodiments, the stimalation apparatas 1 may include data
cutput programming and associated output connectors that are configured (o permit
the apparatus to be connected (o a separate, stand-alone external display for
displaying sny/all of the informaton disclosed herein.

oS In some embodiments the elecironic circuitry 20 is arranged on one or

more crrcuit boards. The circuit boards include at [east one substate fayer, and
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typically have at teast one layer of electrical traces frmed thereon (o muke electiicat
connections betwesn the electronic components. In some embodiments the
glectronic signal generator 10 is formed on the circuit board.

[B353] The oulput signal 15 sent from the signal generator 10 to the patient’s
body by two electrical leads 26 that are connected at a proximal end 10 the signad
generator 10, and at a distal end to a pair of electrodes {8, In one embodiment of the
present disclosure, the electrodes 18 may be configured as a pair of cups or other
condamers 28, such as for example, a pair of mamcure natd soaking bowls or other
such siniiar comtainers, that are configured to hold a hquid electrolyte solution 30
into which at least some of the finger and thumb tips {or more) of a patient wre to be
submerged. in some embodiments the electrodes are connectad o or otherwise
assoctated with the containers 28, such as bemng fasiened to an interior of the
container by an adhesive or molded mto the contsiner. The electrodes can also be
placed o the container without being securely fastenad to the contamer i some
embodiments. In some embodiments the container is conductive, such that the
contamer funchions as an electrode. In some embodiments the containers include
one or more recessed regions sized and shaped to receive at least the tips of the
fingers of a hand, or the toes of a foot, therein. The purpose nf using an electrolyte
sohution is to provide a conchietive Hiquid mediam mto which the patient may place
fis [ingers and through which the electrical signal may be delivered to the patient. In
one embodiment, the electrolyte solution may be a mix of minerals and water.
However, 1n alternate embodunents, the electrolvie solution may be any other type
of solution used for increasing electrical conductivity between the electrical leads
and the skin of & patient,

HIEY While a previous embodinent disclosed the electrodes confipured as
spiall containers for permitting the fingertips to be placed into an electrolvie
solution, the electrodes should not be timtted to such emmbodhment and in aliernate
embodiments mayv have alternate configurations as desired. For example, in alternate
embodiments, the electrodes may be alternate sized containers that permit the
submersion of g patient's full hands, feet, or any portion of the patient’s body,
including but not hinuted 1o anms and/or legs, into an electrolyie solution in electrical

communication with the signal generator. In still alternate embodiments, the
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electrodes may be configared as 3 pair of conductive electrode pads having 8
conductive gel or adhesive tayer disposed on one side thereof to help adbere the
electrode pad 1o the skin of a patient and to aid in making good electrical contact
hetween the conductive pad and the patient’s skin. Such elecirode pads may be
siynilar to those used with transcutangous electrical nerve stiomdation (TENS)
devices or portable defibrillators. Furthermore, in still aliernate embodiments, the
electrodes may be one or more of a metal pin-type probe or metal plaiz that are
comndact based elecirodes. In siill alternate embodunents, the electrode mav he a
finger clamp-type probe that 1s sinvlar tn mechanical stracture o those ased to
measure pulse oximetry. In yet additional embodiments, the elecirodes may be
conductive garments, or other such contact-based electrode having an allemate
phvsical configuration, without departing from the scope of the disclosure herem. In
vel an additional embodiment, the electrodes may be configured as one or more
eleciromagnets that generate a magnetic field, into which magnetic field the patient
may place his hands, feet, or lunbs. The electromagnetic field s configured (o
generate a complementary electric signal i the patient’s body wvia changes to the
nagnetic field. In such an embodiment, the patient 1s not divectly connected 1o the

signal generator,

[0055] 111 one embodiment, the elecirival signal outpat from the signal generator
1O sent to a patient’s hmbs through the electrodes includes an electrical signal that is

an alternating signal (AC). In one embodiment, the AC signal sent to the patient has
a frequency of 7.83 Hz {or 7.83 full alternating cveles per second). This means that
the outpul cireait §s interrapted 7 .83 times per second. This frequency of 7.83 Hx has
heen selected in one embodiment to provide the nerves of the patient time to
repelarize between saccessive output signals, and thus bave tine to zet prepared for
the next subsequent outpat signal. By providing adequate time to allow the nerves {o
repolarize, the signal generated by the signal geverator 14 has a consistent effect on
the skin, nerves, and muscles i the vicinity of the electrodes.

[60586] However, while the above embodiment operates at a frequency of 7.83
Hz, the frequency of the outpat signal should not be read to be limited only to such
specified frequency, and in altemate embodiments, the AC or DO signal may have a

different frequency without departing from the scope of the present disclosure. In
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alternale embodiments, the Bequency of the cutput signal may be any sliernate
frequency, depending on the specific circattry design of the sipnal generator. For
example, i an alternate embodiment, a different duty cycle or output eyele, or even
a different waveform that 15 subsequently developed, may use a different frequency,
Furthermore, in allernate embodiments, the signal generaior 10 may be configured o
adjust the frequency or waveform of the output signal based on sensed feedback
related to the physiological differences between patients of different ages, the
patient’s cirenlatory system patency, and other hiomedical andior bioelectrical
aspects of the patient’s body. In one embodiment, the microprocessor in the signal
generator 1 may further contain programuning that adjusts the output signal for the
changes that are usually associated with an aging patient, such as thinner skin, more
sensitive skin, skin that is sensitive to bleeding, elc.

[B087] Inn one embodiment, the outpat voltage from the signal generator 10,
which is set by at least one of the potentiometers 22, 24 is mitially set o be wathin
the range of between O volts and 90 volta. In another embodiment, each of the two
output vollage channels may be set (o be within the range of between 0 volis and 90
volts, However, in glternate embodiments, the potentiometers 22, 24 may have
larger or smaller output voliage ranges than that disclosed herein, and may each be
selectably set to an tmbial output voltage value, or adiusted {o a new putpul vollage
value, within sach larger or smaller voltage ranges. without deparbing from the scope
of the present disclosure.

{0058} FEEDBACK SYSTEM

{0059 The signal generator 10 may further inclode an integrated feedback
systent that is conligured to measure the resistance and capactiance of the patient's
body during the time between each suceessive cvele of the output signal. In one
embodiment, the feedback system utilizes a ten to one (10:1} andio transformer that
responds o the elecirnical and capacitive resistance (1.e., electrical back pressure} of
the patient’s body, as well as any changes thereto, in order to adjust the owlput signal
sent o the patient. Each homan body presents with an electrical resistance. This
resistance can change with the hody's weight, hvdration, ete. This electrical
resistance can also change during the treatment. The signal generator 11 uses the

audio transformer {0 measure the electrical resistance of the patient’s body and, in
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response, agproprialely alter the oulput voliage andfor curvent transmitied to the
patient as part of the signal. Tn doing so, the signal may be altered based on the
feedback from the feedback system to ensure that the signal generator 10 is eliciting
the same clinical or physiological response in the patient's body, even when the
patient’s bodily respouse 1o {reatment 1s changing {t.e. changes {0 ihe patient’s
elecirical back pressure, or bodily resistance and/or capacitance).

[6066] A simple transiormer performs the job of monitorg the electrival back
pressure of the patient’s body sunply and inexpensively, When the microprocessor,
via the transformer in electrical communication with the patient, detects a very high
electrical resistance in the patient’s body, then very little current will flow from the
signal generator o the patient for a given constant output voltage [ront the signal
generator to the patient. If the input current from the signal generator 1s very low {as
when powered by a small battery), and if the output voltage teads do not have much
resistance, then the battery power decreases and the current drops significantly. The
measured electrical resistance of the human body s faidy constant, but the
capacitance of the human body can vary greatly. This is a concern, because the
sudden relegse of clectrical energy or charge from the capsactior-like parts of the
liman body can result in the body recerving a painful jolt of electricity that may
potentially canse damage to the patient's nervous or cardiac sysieny, and otherwise
interrupt the desived chinical response in the patient’s body caused by the treatiment.
{6061} The wansformer of the feedback system filters an output voltage of the
signal generator, which vollage flactuates over time according o 8 preprogrammed
voltage waveform, to allow the specific portions of the voltage waveform that are
the most effective at eliciting the desired vein distension response o pass through to
the patient. The electrical back pressure in the patient canses 3 reaction in the
patieat’s body that creates a resulting electrical signal from the patient's body that
can be captared and read by the signal geverator, which can then be used as an inpagt
{0 adjust the outpat voltaze of the next cycle of the output signal from the signal
generator.

0062 In aliernate embodiments, the feedback mechanism may be specific
programnung within the microprocessor of the signal geverator that is configured to

monitor the feedback of the patient’s electrical resistance and capacuance and, m
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turn, adpust the outpu signal sent 1o the patient based on the moniored feedback. In
still alternate embodinents, the feedback system may uttlize a plurality of sensors
configured to measure the patient’s resistance and capacitance, or any other such
glectrical component or computer code configured to measure feedback resistance
and capacitance, without departing from the scope of the present disclosure.

3063} In one embodiment, the apparatos 1 can be configured 1o stop all output
signals from the signal generator 10 and wait for the patient’s body to react to the
last outpul signal. When the patient's body reacts to the {ast signal, the patient's body
produces a resulting electrical signal that can be captured by the signal generator 10,
analvzed, and used to alter the next output signal from the signal generator 10 that is
sent to the patient. This can be done in real time with the appropriate nucroprocessor
and software. In an alternate embodiment, if the feedback mechanism of the signat
generator measures a change i a patient’s bioelectrical resistance or capacitance of
more than 16% between successive cyveles of the output signals, the signal generator
is configured to shut off or go mio a faglt mode, as a change of larger than 10%% may
indicate that the patient's body Is experiencing a stress response and no s longer
responding to the output signals. In one embodiment, the signal generator would
automatically adjust the culput signal waveform, voltage, and current based on the
individual patient’s specific phvsiclogy and related hoelectsical properties.

[6064] T sl forther embodiments, the signal penerator includes software 1o
collect physiological data from the patient using the stimulation apparatus, including
the patient's physiological response data. That data can then be stored and anatyzed
by the signal generator and used fo change the output signal in real thme, o0 as o
optiniize the output signal and the achieved venous response for the specific patient.
jB065] Included in the signal generator may be a microprocessor having
programming therem configared to conyrol the amount of current and voltage being
sent to the patient via the electrodes, as well as the shape of the outpat voltage
wavelform that is being sent to the patient, monitor the electrical fesdback received
from the patient {i.e. the patient’s internal bodily resistance and capacitance}, and
automatically adjust, 1o real time, any of the voltage outpad, the current output, or
the shape of the voltage waveform being sent 1o the patient. The microprocessor

may be any programmable microprocessor having any speed or infernal menmory
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stre withowt departing form the scope of the present disclosare. In one embodiment,
the microprocessor may inclade & comparator oircuit configured to compare the
original cutput signal sent to the patient from the signal penerstor to the returned
signal from the patient. The results of the comparison are then used by the
microprocessor to change the ouiput signal proportionately 1o balance the next
cutput signal sent to the patient. In such an embodiment, the microprocessor may
have a baseline waveform stored in its memory which is sent {o the patient with the
first signal. A responsedreflex signal is then sent back o the nucroprocessor from the
patient through the feedback system, which response/reflex signal is also stored in

the microprocessor. Thereafter, the nucroprocessor adapts the next outpoing signal

based on the prior stored incoming response/reflex signal to getly coax the patient’s

nerves to carry the best wavelform, voltage, and corrent necessary o prodace the
greatest visible presentation of the vein. This comparabive process ensures that the
output signal being set to the patient each time will contitrue to elickt the desirad
physiological and clinical response in the peripheral vens of the patient, preventing
the patient’s body from getting accustomed to the signal being sent.

|0066] Furthermore, the processor includes programmung configured to
maintain a predefined signal frequency. For example, in one embodiment, the
mICroprocessor 1 programmed {0 maniam a preprogramimed signal frequency of
7.83Hz. However, in slternate embodiments, alternate frequencies may be chosen
without departing from the present disclosure. For example, in some patient groups
or subsets, such as obese patients, geriatnic patients, or neonatal patients, alternate
signal frequencies may be needed to ad in eliciting the optimal venous presentation
results. In addition, in an embodiment, the microprocessor may be programmed and
confipured to continye to operate properly on a constantly declining voltage, such as
for example when the power sapply 1 a batiery that slowdy rans out of power over
time and continued use.

{06067} WAVEFORM GRAPH

[0068] FIG. 7 shows an exemplary graph of an embodiments of active portions
of a single cvele of a signal. The graph shows an output voltage (the Y-axas) of the
outpuf signal, versus thme in nilliseconds (the X-Axis), that is able to illicHt the

desired vein distension and pain suppression response m a patient. The shape of the
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sienal, Inclading the {ocation and amphiude of the various peaks and valleys theramn,
is an exemplary waveforny that 13 able to el active, signal-based enlargement of
the target peripheral veins, which aids in the perfornung of vemipuncture by medical
practitioners, for example.

| 8069] Referring further o FIG. 7, a plurality of points 1-9 are identified on the
graphed waveform showing the output signal's output voltage vs. time. Point | on
the graph corvesponds to the beginmng of 3 new cycle of the repetitive putput signal,
andd indhicates the mitial output veltage from the signal generator that is selected to
alert or stinndate a patient’s sensory nerve (via its dendrites in the surface of the
skin) to a chunge n condition. This inttial output voliage imitiates a tiny electrical
signal mn the patient’'s body, having a onique voltage, current, and waveform, o be
sent to the central nervous system so the brawn can mowmtor the extremities. In
response, the brain sends a healing signal back to that speaific sensory dendrite from
which the signal (o the brain originated.

{0076} Point 2 on the graph corresponds to the primary effective portion of the
nerve stimulation signal. This point is the main output voltage in the nerve
stimulating portion of the output signal that causes the peripheral nerves in the
patient's lumbs fo over-react and causes a sunulianeous tetany or comtraction of the
nearby muscles surrpunding the target penpheral veins. This s the portion of the
waveform that is adjusted via the knob of one of the potentiometers 22, 24 on the
signal generator, In overweight patients, the voRage level at Point 2 is antomatically
suppressed by a layer of fat in the skin. Accordingly, for overweight patients, in
order to get the signal 1o reach the nerves of the patient and overcome the resistance
of the fat fayver, 1t may be necessary (0 send a higher output voltage to the patient.
This can be accomplished by using 3 ten to one (10:1} andic transformer, or other
such transformer, in the signal generator to amplify the outpat voltage signal sent to
the patient. Alternatively, the increasing of the voltage to overcome the resistance of
the fat faver so the signal may reach the nerves may also be accomplished by the
implementation of programnung contamed 1 the MICIOProcassor.

{0071} Point 3 in the voltage wavelform graph corresponds 1o the output voltage
that triggers the sensory nerve in the patisnt 10 "t off In this regard, Point 3 is the

p=d

vollage that triggers the nerve to be at rest and reset (o its standby voltage, waiting to
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be used or tnggered "on" again in the next subsequent cyele of the vutpat sigpal.
Point 4 in the voltage waveform praph iz the outpaut voltape that cancels the positive
portion of the signal and balances the stimulstion apparatus’ nerve signal to allow
the nerve time to resat itself] or repolarize.

60721 Pomt 3 i the waveform graph corresponds to the muscle stimulation
portion of the output signal, and 15 the output voltage that causes the muscles o
stimulate the venous muscle pump that 1n turn causes the vems to distend and il
with blood. In the wavelorm presenied s FIG. 7, the length of time duting which
this porhion of the signal is active is small, however o some patients the length of
time over which this portion of the outprut voltage n the output signal is active will
be adjusied to achieve the proper amount of motor nwscle stimulation to activate the
venouas muscle punp. The longer that this portion of the signal is active, the more
that the mascles are sumulated. In addition, the small mascles surroanding the veins
require 3 different amount of active stimulation time o activate the venons muscle
pomp action than that of the larger muscles. This portion of the waveform also may
be adjusted from patient to patient {o achieve the optimal venous muscle pump
action in each patient,

0073 Point 6 10 the wavelform graph s the pomt at which the motor muscle
stimudation 1s shut off to aliow them to reset and get ready for the next cvele of the
signal. Point 7 in the wavelorm graph corresponds to a reflex signal back pressure
from the patient's peripheral nervous systemy, indicating that the nervous system 1s
irving to take over coutrol of the nerves and muscles and stabilize the patient's
muscle and nerve activity. Pomt § in the wavefornm graph corresponds to a period of
zero output voltage to the patient, and is part of the integrted feedback loop that the
peripheral nervous svstem uses to gently restore the patient's haseline electrical
potential back to its origmal resting electnical potential, or internal voltage. In
comfortable, relaxed patients, their resting potential, or measuved voltage, may be on
the order of 20 millivolis. However, in some patients who are anxious, thew
measured resting potential may be zero volts, or a positive measured voltage, which
are otherwise higher electnical potentials or voltages than a tvpical velaxed patent.
This inttial resting poteniial measurement is used 1o setup the basic parameters of the

first and each succeeding reatment oufput signal from the siznal generator.
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{0074} Point 9 in the waveform graph corresponds to the patient's baseling
conditon, whereby there I3 wo active output signal or voltage being sent o the
patient's body, and the patient 1s otherwise unaffected by any output signal from the
stinulation apparatus. This also corresponds to the period during which the signal
generator 1§ monitoring the patient’s nlernal electrical potential and preparimg 1o
initiate a new cycle of the signal, and adjusting the active portion of the output
signal based on the feedback monitored {rom the patient.

[0675] FIGS. &9 llustrate other example waveforms that can be used in other
embodiments, or with different subjects due to different charactenstics of the
subjects.

j3076] In some embodiments, the waveform has one or more of the following
properties. The highest voliage reached stimulates the muscles surrounding the
veins, The width of the signal from the baseline witll the veturn the baseline
stumulates the nemrby voluntary motor nwuscles o funiction as a venous muscle pump
to empty the adjacent veimns of blood. The retern to baseline stops the action of both
muscles. The negauve pulse following the first returs to baseline begins the return
1o the original resting state of the muscles and nerves, The negative pulse dehivers a
negative polarity pulse that with a volume of energy {e.g., walls} that equals the
enerpy delivered w the original positive polarity phase. The second return to
baseline finishes the polarity balancing. The thme period until the next signal allows
the nerve and muscle cells to re-organize and prepare for the next sequence of
stimulation. Other waveforms have other properties.

{6077 APPARATLUS OPERATION AND STIMULATION ACTION

[0078]  Inoperation, the stinulation apparatus functions gs follows. The
electrodes are placed in electrical contact with the fingers or hands of a patient. In
one embodiment, this mvolves the patient placing the fingertips of each hand mio
separate containers of an electrolvie solution. The electrolyte solution in each
container s placed in electrical commumication with the signal generator by separaie
electrical leads that are terpunated at one end in the electrolyte solution, and at the
opposite end to outpat contacts of the signal generator. In alternate embodiments,
the electrodes may be adhesive backed pads that are affixed divecily to the patient's

skin.
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{0079} The power source sapplies power to the signal generator, The medical
practitioner adjosts the output voltage to the patient by rotating an adiustment knob
of at least one of two potentiometers. The signal penerstor is switched "on” and the
preprogramimed electrical output signal 1s transmitted through the leads and
elecirodes o the fingertips, hands, and anms of the patient. The preprogramumed
cutput signal inchudes a repetitive cycle of preprogrammed fluctuating cutput
voltages at various specified pomts 1 time for each cvelz. In one embodiment, the
imitial ouilput voltage may be sel between & and 90 volts and the signal delivered 15
less than one nulhamp. However, 1n alternate emabodiments, the output voltage range
may be larger or smaller, or cover a different voltage range than that disclosed in the
present embodiment, and the output signal may be larger than 1 milliamp without
departing from the scope of the present discloswe.

{3080] Each evele of the output electrical signal mcludes a perviod of achive
outpit vollage and a period of rest, where no output voltage s being mparted to the
patient’s hmbs. The preprogrammed output voltage inclades several phases
incladmyg: an initiation phase that alerts the patient's sensory perve to the presence of
the output voltage; a primary nerve stimulation phase that causes the peripheral
nerves to force the motor muscles surrounding the peripheral target veins to
contract; an end o the perve stimulation phase that turns "ol the sensory nerve; a
balancing phase that cancels the stinudation signals that were sent to the nerves o
allow the nerves (o reset; a muscle stimulation phase that activates the venous
muscle pamp; a shoetdown phase that ends the activation of the muscles; an electrical
back pressure phase; an electrical feedback phase: and a rest phase with no active
voltage output o allow the patient’s systems time 10 reset before the next cyele
begins, This cychng part of the waveform used in some embodiments is not
required i all embodiments. Other embodiments sttlize other waveforms that cause
one or more of the actions described herein. Additionally, suitable waveforms may
vary relative (o the patient’s physiclogy, the design and himitations of the electronic
circustry, andfor the method used to debiver the signals to the patient.

{0081} The result of the repetitive electrical cveles i the output sagnal that ave
imparted to the patient is g physiclogical response in the patient as follows. One

portion of the generated electrical signal siimulates the muscles near the electrodes
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to contract and relax. These muscles are cucudar in natwre and when they contract
they form a tube. This tube is larger than normal and creates 8 vacuem which can
have the effect of drawing in whatever blood is available via the capillaries and the
nearby artertes. o addition, part of the waveform stitmulsies the adjacent nuuscies
which act as a venpus muscle pump to merease the local blood pressure m the velns,
thus adding more blood 1o the now visually obvious and distended veins. This
venous muscle pump 15 the bedy's way of moving blood from the arteres and
capillaries back to the heart. The maohtitude of valves present in the veins prevent
retrograde blood flow, thus aiding the enlarging of the arget vens internal volume
for easier access for venipunciure. For some patient groups, such as geriatric
patients, this venous muscle pump action may be further aided wn conjunction with
the presently disclosed elecirical venous stimulation apparatas, by the ase of a
tourniquet apphed between the target vein and the heant.

{6082} The electrical venous stimulation apparatus of some embodiments works
best to present the veins in the back of the hands, top of the feet, and the foreanms.
[6083] In one embodiment, the electrical venous stimulation apparvatus further
operates 85 a TENS device in that there i3 a portion of the output voltage waveform
that is configured to numb the tissue adjacent the electrodes (and accordingly the
target vein ste). This included functionalily makes the process of inserting a neadle
o a tavget vein while using the electrical venous stimulation apparatus fess painfud
to the patient when the needie stick actually ocours. In embodiments having two
potentiometers, the second potentiometer controls the output voltage channel that
creates the TENS device fimctionahity. The secound output channel can be configared
1o attach directly on the skin of the patient nearby the projected needle stick site o
focus the numbing effect to a specifically local area. The second channed can be
configwed to perform this nerve deadening function specifically. Thus i one
embodiment, one output voltage channel is used to aclieve the displaying of an
enlarged, engorged vein, and the other output voltage chanwel 15 used to numb the
area of the needle stick.

{0084] The apparatus of the present disclosure 13 configured to non-invasively
alier the physiology of the peripheral veins that are tavgeted for venipuncture in the

limbs of a patient using an active elecirical signal, rather than usting passive means
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traditionally used, or requiring the use of & tourmiquet. In an aspect of the present
disclosure, m active signal imparted to the skin of a patient by the apparatus ehoiis a
physiological response and a change in condition/behavior of the target vein,
causing the vem to il with bleod and become distendedfenlarged and become more
rigid and therefore easter {0 visualize under the skin, as shown in FIG. 5 dunng and
after the elecincal stindation (compare with FIG. 4, which Hlostrates the hands
before the electrical stinnifation). In this manner, using such an apparatus and
methodology as disclosed herein, it becomes sasier for medical practitioners {0
locate the target vein and achieve successfidd and proper venipuncture. No other
active device currently exists that non-invasively changes the physiology of the
tissue in and around the {arget veins to aid in locating the target vein and ncreasing
the ease of achieving suceessful and proper venipunctare without the need for
multiple attempts.

[0085] As discussed herein, one embodiment 15 a method of accessing a vein of
a person, the method comprising: receiving a portion of 8 limb of the person it a
contamer; supplving a hquid electrolvtic solution into the container, wherein the
liquid electrolvtic solution 1s in comtact with the portion of the lhanb,; electncally
stinulating the portion of the limb with at least one signal generaied by an electrical
signal generator, the elecirical signal provided to the alecirolvtic solution by at least
one electrode 1o contact with the liguid electrolytic sohustion; cansing ot least one
vein in the limb of the person to distend in response to the electrical stimulation; and
inserting a tip of a needie into the vein while 1 13 distended to access the ven.

{0086} The various embodiments described above are provided by way of
iftustration only and should not be construed to Himit the claims attached hereto.
Theose skilled in the art will readily recounize various modifications and changes that
may be made without following the example embodiments and appheations
tHustrated and described herein, and without departing from the true spirtt and scope

of the following claims.
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WHAT IS CLAIMED IS

1. An electrical venous stimwlation apparatus, for causing fargel veins m a
subject {o distend from under the surface of the sulyect's skin, comprising:

a power supply;

a signal generator powered by the power supply, the signal generaior
configured {o generate a specified electrical cutput signal; and

a pharahity of elecirodes i electrical commumication with the sigaal
generator and configured to be placed i electvical conanunication with the subject,

wherein the electrical cutput signsl includes an output voliage, elecirical
current, and wavetorm that changes with time in a preprogrammed repeating cvele,
the oulput voltage, electrical cwrend, and waveform being configured to elicit &
phivsiological response that stimulates a plarality of peripheral nerves in the subject,
activales a venous mascle pump mechanism in one or more [imbs of the sulyect, and
aon-mvastvely alter the physiology of a target vein, wherein the target vein 15 caused

10 distend under the surface of the sabject's skin.

2. The electrical venous stimulation apparatus of clam 1., further comprising a

contarner, wherein the electrode 1s physically connecied to the contaner,

3. The electrical venous stimulation apparatus of claim 2, wherein the container
inclades one or more recessed regions sized and wranged 1o receive fingers of the

subject therein, and are configured 10 hold a bHauid electrolyte solution.

4, The electrical venous stimulation apparatus of claim 3, further compising
the hiqund electrolyite sohution electnically connected to the electrodes o deliver the
elecirical outpat signal to the subject through the hquid electrolyte solution.

5 The electrical venous stumidation apparatus of clanm 1, further comprising a

variable control configured to adjust 8 magnitude of the output voltage.
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6. in soime embodiments the magnitude of the oulput voltage 15 variable from 0

i 40 volis

7. The electrival venous stimwilation apparatus of clam |, wheremn the subject is

a human.

& The electrical venous stitmulation apparatus of clabm 1, wherein the signal
generator further comprises:

a power swich:

an oscillator inchuding an integrated cireuiy;

a variable control configured to adjust a magnitude of an output vollage in
response to an inpul; and

oulput circuitry comprising:

a first stage including st least two operational amplifiers and a
capacitor; and

a second stage mchuding a center tap transformer.

9. A method of stimulating peripheral target veins o cause the vams to distend
from under the surface of a subject's skin to facilitate venipuncture, comprising:

senerating an adjustable electrical output signal with an electrica] venous
stimulation apparatys. the signal including an adjustable output voliage, an
adjustable current, and an adjustable culput voliage waveform contigured to elicit a
physiological venous response in the subject that couses the target vein in the subject
1o distend under the surface of the subject's skin, the elecincal stimulation apparatus
mcluding, a powered signal generator configured o generate the adjustable electrical
signal, and

a plorality of electrodes in elecinical commmunication with the signal
generator and configurad to be placed in electrical comnumication with the subject;
and

transnutiing the output signal to the subject via the plurality of electrodes.

28



WO 2015/041966 PCT/US2014/055551

14

20

30

10, The method of claim %, further comprising:

monitoring, by an electrical feedback system in the sipnal penerator, the
hiological electrical feedback from the subject in the form of the subject’s biological
glectrical resistance and capacitance;

COMPAriigE, using a microprocessoy miegrated n the signal generator, the
elecirical feedback from the subject with the transnmtted output signal; and

automatically adjusting subsequent output signals to be sant o the subject
based on the comparison between the transimited output signal and the electrical
feedback.

1. The method of ¢laim 9, wherein the subject 15 a lnpnan.

120 A method of suppressing pain signals at a venous needle stick site of a
subject, comprising:

eenerating an adjustable electrical outpat signal with an electnical venouns
stimulation apparatus, the signal including an adjustable output voltage, an
adjustable cwrrent, and so adyustable output voltage wavelorm configured to elicit
physiological venocus response in the subject that causes the target vein in the subject
to distend under the surface of the subjeci's skin, the elecirical stimulation apparatus
wnchuding, a powered signal generstor configured to generate the adjustable electrical
signal, and

a phlurality of electrodes in electrical commumecation with the signal
generator and configured to be placed 1n elecinical conmnunication with the subject;
and

transmitiing the output signal (o the subject via the plurality of electrodes to
stimulate the peripheral nerves and activating the venous pamp mechanism i at

least one hmb of the subject.

13 A method of accessing a vein of a person, the method conywising:
recerving a portion of a limb of the person into g container;
supplving a liquid elecrolytic solution mto the contamer, wherein the Hquid

electrolyiic sohution 15 in contact with the portion of the limb,
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glectrically stimulating the portion of the limb with at feast one signsl
generated by an electrical signal penerator, the electrical signal provided o the
electrolvtic selution by at least one electrode 1n contact with the hguid electrolytic
solution;
3 causing at least one vem m the hmb of the person (o distend 1n response o
the elecirical stimudation; and
mserting a tip of a neadle nto the vein while i is distended to access the

veln,

10 14, The method of cluim 13, wherein the visibality of the vein is greater after the

elecirical stimulation than before the electrical stinuilation.
15, The method of claim 14, wherein o heipht of a skin surface adjacent the vein

1s greater after the electrical stimulation than before the electrical stimulation due {o

I5  the distension of the vein.
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