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(57) ABSTRACT 

In a hypodermic needle having an end that attaches to a 
syringe, an elongated holloW shaft for passing ?uid termi 
nated at a sharpened point; the improvement comprising an 
electrically insulating layer positioned on the shaft and at 
least one electrically conductive area positioned on the 

insulating layer. The electrically conductive area being 
adapted to be connected to an electrical source. 

A method of determining When a hypodermic needle pen 
etrates into tissue, vein, or lumen by providing an electrical 
source; connecting the electrical source electrically to a 
hypodermic needle designed to provide tWo electrically 
conducting portions, spaced apart from each other, and near 
a point on the hypodermic needle. Providing an electrical 
current sensing mechanism in an operating relationship to 
the electrical current provided by the electrical source, 
Whereby the electrical current sensing mechanism detects 
the variation in the electrical current betWeen the conducting 
portions to enable the identi?cation of the change of the 
electrical current betWeen an electrically conductive envi 
ronment and a different electrically conductive environment. 

A system for determining When a hypodermic needle pen 
etrates into tissue, vein, or lumen. The system comprises a 
hypodermic needle having tWo electrically conducting por 
tions, spaced apart from each other, and near a point on the 
hypodermic needle, and electrically insulated from each 
other. The conducting portions being adapted to be con 
nected to an electrical source to enable electrical current to 

How through the conducting portions. The system has an 
electrical source electrically connected to the conducting 
portions. The system has a mechanism for determining the 
change in the electrical current betWeen the conducting 
portions When the hypodermic needle is penetrating a body 
and a signaling device for generating a signal indicating 
When the conducting portions have penetrated the body and 
reached a predetermined position. 
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DEVICE AND METHOD TO SENSE BODY 
SUBSTANCE TRANSITION 

BACKGROUND OF THE INVENTION 

[0001] In the prior art there exists a de?ciency in the 
methods and devices used in the introduction of a hypoder 
mic needle into venous or arterial blood vessels of humans 
and animals. Often times the person administering the 
syringe needle Will penetrate through the blood vessel or 
miss the blood vessel altogether. Such mishaps can cause 
severe agitation and pain to patients. The problem even 
persists among trained phlebotomists. The problem occurs 
more often Where the blood vessels are dif?cult to see or 
palpate under tissues. In such areas discerning the depth and 
position of the blood vessel becomes even more dif?cult. 
Additionally, positioning of the blood vessel may be mis 
judged because blood vessels tend to move as the needle 
advances. Indeed, even experienced phlebotomists often 
miss the vessel or just stab through it. 

[0002] Devices in the prior art have been used to enhance 
needles to provide needle tip position relative to a blood 
vessel. One such device is the “Smart Needle”. The “Smart 
Needle” utiliZes an ultrasonic doppler probe placed Within 
the tubular needle bore such that some re?ectance cuing of 
the needle tip position relative to a blood vessel Wall is 
provided to the operator. A draWback of the “Smart Needle” 
is that lumen de?nition is not provided. Due to its siZe the 
Smart Needle is limited to the relatively large diameter of 
needle gauges 18 to 22. The present invention is able to 
attain a gauge siZe 30 Which is sufficiently narroW to treat 
pediatric or veterinary subjects. Additionally, the indicating 
means unit of the Smart Needle is relatively large and must 
be connected to the penetrating means via a ?ve foot long 
coaXial cable. The one-time use only needles costs $70.00 
per needle unit in packs often each. 

[0003] Other devices in the prior art distinguish betWeen 
adipose and muscle tissues or vascular transition. One such 
device is described in US. Pat. No. 5,271,413 entitled 
Method to Sense the Tissue for Injection from a Hypodermic 
Needle. The device described in the aforementioned patent 
utiliZes bioimpedance to de?ne the transition betWeen adi 
pose and muscle tissues or vascular transition. These devices 
aid in the introduction of drug agents into speci?c tissues 
enabling proper tissue absorption. These devices do not 
address blood vessel structures and are not capable of 
discriminating, proximity locating, or lumen de?ning. The 
device and method described in the ’413 patent uses an 
electrode positioned on the skin surface and the needle to 
introduce a signal into the body and detect the impedance 
With the reference electrode. These measurements are then 
used to determine the type of tissue in Which the needle is 
currently located. Accurate results require the reference 
electrode to be placed some distance from the needle target 
area and the needle to penetrate into the tissue 2 to 5 
millimeters. 

BRIEF SUMMARY OF THE INVENTION 

[0004] One embodiment according to the invention is a 
hypodermic needle having an end that attaches to a syringe 
and an elongated holloW shaft for passing ?uid terminated at 
a sharpened point; the improvement comprising an electri 
cally insulating layer positioned on the shaft and at least one 
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electrically conductive area positioned on said insulating 
layer; said electrically conductive area being adapted to be 
connected to an electrical source. 

[0005] Amethod according to the invention is a method of 
determining When a hypodermic needle penetrates into 
tissue, vein, or lumen. The method comprises providing a 
hypodermic needle having tWo electrically conducting por 
tions, spaced apart from each other, and near a point on the 
hypodermic needle, and electrically insulated from each 
other. The conducting portions being adapted to be con 
nected to an electrical source to enable electrical current to 

How through said conducting portions. NeXt, determining 
the change in the electrical current betWeen the conducting 
portions When the hypodermic needle is penetrating a con 
ductive body. Finally, generating a visual and/or audible 
signal indicating When the conducting portions have pen 
etrated the conductive body and reached a predetermined 
position. 
[0006] Yet another embodiment of the invention is a 
system for determining When a hypodermic needle pen 
etrates into tissue, vein, or lumen. The system comprising a 
hypodermic needle having tWo electrically conducting por 
tions, spaced apart from each other, and near a point on the 
hypodermic needle, and electrically insulated from each 
other. The conducting portions being adapted to be con 
nected to an electrical source to enable electrical current to 
How through them. An electrical source electrically con 
nected to the conducting portions. A means for determining 
the change in the electrical current betWeen said conducting 
portions When the hypodermic needle is penetrating a body 
and a signaling means for generating a visual and/or audible 
signal indicating When the conducting portions have pen 
etrated the body and reached a predetermined position. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

[0007] FIGS. 1a, 1b and 1c are cross sectional vieWs of 
prior art electrode needles on an enlarged scale. 

[0008] FIG. 2 is a block diagram of an embodiment 
according to the invention. 

[0009] FIG. 3 shoWs an electrical schematic of a system 
that accepts the input from electrodes and detects differences 
in conductance. 

[0010] FIG. 4 shoWs a comprehensive parts list and leg 
end for the schematic in FIG. 3. 

[0011] FIGS. 5a and 5b are cross sectional vieWs of a 
trilaminate needle electrode according to the invention taken 
through and perpendicular to the aXis of the needle respec 
tively. 
[0012] FIG. 6 is a perspective vieW of the penetrating end 
of a trilaminate needle electrode according to the invention 
on an enlarged scale With portions removed to shoW hidden 
portions. 
[0013] FIG. 7 is another perspective vieW of the penetrat 
ing end of a trilaminate needle electrode according to the 
invention on an enlarged scale With portions removed to 
shoW hidden portions. 

[0014] FIG. 8 is another perspective vieW of the penetrat 
ing end of a trilaminate needle according to the invention on 
an enlarged scale With portions removed to shoW hidden 
portions. 
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[0015] FIG. 9 is a hypodermic needle With a portion 
removed. 

[0016] FIG. 10 shows a cross section of the hypodermic 
needle according to the invention shoWn in FIG. 9 along line 
9, on an enlarged scale. 

[0017] FIG. 11a is a front vieW of a trilaminate needle 
electrode according to invention on an enlarged scale With 
portions removed shoWing tWo exposed conductive stripes 
from the tip of the syringe needle doWn the needle shaft. 

[0018] FIG. 11b is a front vieW of the trilaminate needle 
in FIG. 11a With an insulating coating leaving only the tips 
of the conductive stripes exposed. 

[0019] FIG. 12a is a sectional vieW of a trilaminate needle 
electrode according to the invention on an enlarged scale 
penetrating the Wall of a vein. 

[0020] FIG. 12b is a vieW similar to FIG. 12a With the 
insulating layer further aWay from the penetrating tip of the 
needle, exposing more of the conductive stripes. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0021] The invention takes advantage of the differing 
conductive properties of body tissues, veins, and lumen. The 
conductivity of a body substance is measured using elec 
trodes positioned on the needle shaft. An electric current is 
introduced into the body substance and the conductivity is 
measured. The change in conductivity signi?es a transition 
of the needle from one body substance to another. For 
example a needle passing through a body tissue Will have a 
loWer conductivity than When the needle penetrates into a 
vein Which has an aqueous conductive volume, at Which 
point the amount of current ?oW increases. Taking advan 
tage of these electrical properties alloWs for the ef?cient 
determination of When a penetrating hypodermic needle has 
reached a predetermined point. 

[0022] FIGS. 1a, 1b, and 1c shoW prior art electrode 
needles. These needles Were used to locally anaesthetiZe 
patients and also to passively sense bioelectric energy. 
Needle 20 in FIG. 1a is an insulated hypodermic needle, or 
surgical needle. It is often referred to as a “nerve block” 
needle electrode, in a case Where a pain killer may be 
injected to numb an electro-shock or sensing in very pain 
sensitive areas of the body. Needle 20 has no electrode. 
Needle 21 in FIG. 1b is a single ended concentric needle 
electrode or a hypodermic needle With one thinly insulated 
platinum Wire electrode 24 threaded through it. Needle 22 in 
FIG. 1c is a differential concentric needle electrode. It is a 
hypodermic needle With tWo thinly insulated platinum con 
ductors 25 and 26. Needle 21 and 22 Were used for the 
passive sensing of bio-electric activity manufacture of these 
needles Was expensive due to the high cost of platinum. 

[0023] FIG. 2 shoWs a block diagram of the How of 
signals in one embodiment according to the invention. 
Electrodes 2 and 3, Which represent electrodes located on the 
tip of a needle (not shoWn) or one electrode could be the 
needle shaft itself and the other electrode be located on and 
insulated from the tip of the, are introduced to biological 
tissues as a needle is inserted into living tissue. The signals 
from electrodes 2 and 3 are received by the impedance 
sensing system 4. Sensing system 4 is a prior art design to 
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measure current as a change is introduced into a system. One 
of the inputs is referenced to ground, or a de?ned “common” 
point. The system 4 injects 0.1 volt across the tissues 
contacted by electrodes 2 and 3 and then detects the micro 
currents. The system 4 processes the micro-currents With 
noise reduction, loW-pass ?ltering, and full Wave recti?ca 
tion. The detected micro-currents are thereby converted to 
voltages, Which are ampli?ed, displayed and fed to the 
control of a voltage controlled oscillator 6. The oscillator 6 
is a voltage controlled oscillator (“VCO”); changes in the 
control voltage of the VCO produce changes in the fre 
quency of the VCO. To provide the effect of an auto-Zeroing 
or self-balancing, the control voltage is AC coupled to 
differentiate the Wide ranging input signal. As a result of this 
control voltage processing, the sound generated by the 
speaker 7 Will drift to Whatever center frequency the opera 
tor deems to be most pleasing. The ampli?ed voltage from 
the sensing system 4 is also fed to display 5 Where infor 
mation concerning the voltage is indicated. 

[0024] It is common in instrumentation design to use three 
inputs, one ground, second being an inverting input. This 
differential design is used primarily to cancel “common 
mode” signals such as 60 HZ noise Which is omnipresent and 
a large source of interference for fast measurement. To aid 
in avoiding interference and making the noise ?ltering 
easier, a refresh rate of 20 HZ Was chosen. 

[0025] The components and circuitry used in the invention 
to detect changes in micro-currents are Well knoWn in the 
prior art and Well Within the skill of the prior art. The 
equipment can be assembled from commercially available 
parts. FIG. 3 shoWs one embodiment of the invention. FIG. 
3 shoWs electrical schematic to be connected. FIG. 3 should 
be vieWed in concert With FIG. 4 Which shoWs a compre 
hensive parts list for the schematic shoWn in FIG. 3. 

[0026] Trilamination is used to layer or laminate certain 
materials over the surface of a hypodermic needle. A layer 
may be an insulator layer made of dielectric enamel or 
polymer or some other insulating material. The layer may be 
a conductive layer made from a conductive substance like 
suspended conductive silver enamel, vacuum deposited 
metallic layer, or conductive polymer. Polytetra?uoroethyl 
ene, sold under the trademark TEFLON, may be used for the 
outer layer providing for easy loW-friction insertion into the 
tissue, other non-electroconductive materials may also be 
used. FIGS. 5a and 5b shoW tWo cross sections of a 
trilaminated needle electrode of fully coaxial design Where 
each layer completely encircles the needle. The sequence of 
layers starting at the needle steel 30 outWard is the inner 
insulator 31, Which is made of dielectric enamel, conductive 
layer 32, Which is suspended silver enamel or a vacuum 
deposited metallic layer, and outer layer 33, Which is the 
same dielectric enamel as inner insulator 31 or could be 
TEFLON. 

[0027] In the ideal Trilaminate Needle Electrode, the 
electrical sensitivity is con?ned to the extreme tip only, as 
shoWn in FIGS. 7 and 8, not the 360° ring-shaped conduc 
tive sensitive layer 51 encircling the needle 50 in FIG. 6. 
Con?ning the electrode or electrodes to the extreme tip 
increases the response time for determining a change in 
electrical current and a change from one electrically con 
ductive environment to another electrically conductive envi 
ronment, such as penetrating a vein. The trilaminate needle 
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electrode in FIG. 6, requires that the entire piercing end of 
the hypodermic needle 50 must penetrate the tissue or vein 
before the conductive sensitive layer 51 encounters the 
tissue or vein and a change in conductance is measured. 

[0028] To create a Trilaminate Needle Electrode of fully 
coaxial design as in FIGS. 5a and 5b, a standard intravenous 
needle core 30 is coated ?rst in insulating enamel or other 
dielectric material, then in conductive enamel 32, or other 
conductive material, then again in an insulating layer 33 
such as TEFLON. FIG. 6 also shoWs these respective layers. 
The sensitive conductive area 51 Which is exposed near the 
tip is 360° ring-shaped since the sensitive conductive layer 
51 completely encircles the needle as shoWn in FIG. 6. A 
360° contact area is less likely than a point to have the sensor 
resolution to detect a vein Wall-to-lumen transition. 

[0029] Another embodiment according to the invention is 
shoWn in FIG. 7. The trilamination is shaped to bring the 
sensitive area to the foremost point of the needle. The 
conductive material Was extended to the tip of the needle 61. 
The contact area 60 is smaller, improving the sensor’s 
spacial resolution and being located on the very tip of the 
needle provides for the earliest Warning When penetrating 
tissue layers. It is essential that the insulation of the outer 
most layer 62 prevent the sensor area from including any of 
the edge coated area except for the very tip 60. Fine 
photolithographic deposition or equivalent are of course 
needed to print on a cylinder as small as a hypodermic 
needle. 

[0030] FIG. 8 shoWs another embodiment according to 
the invention. This trilaminate needle electrode eliminates 
unnecessary lamination. Instead of encircling the needle 
With lamination for an insulating layer and a conductive 
layer, a conductive stripe 71 from the needle tip 70 up the 
needle shaft 72 is laminated onto an insulating layer located 
on the surface of the needle. Positioning more than one 
stripe, as in FIG. 10 and 11a, requires the stripes to be 
electrically separated. Three stripes could be used With dual 
differential input for directional sensing in three dimensions. 
One major advantage of using a stripe instead of 360° Wrap 
of inner insulator and conductive layer, is a decrease in the 
total diameter of the trilaminate needle electrode as Well as 
conserving the expensive conductive coating material. 

[0031] FIGS. 9 and 10 shoW a hypodermic needle accord 
ing to the invention With tWo electrically conductive areas 
123 and 124 that are electrically separated from each other. 
Insulating layer 121 covers the steel shaft 120 of the 
hypodermic needle 126. Positioned on insulating layer 121 
is conductive area 122 at approximately 30 degrees in Width. 
Also positioned on insulating layer 121 and electrically 
spaced from conductive area 122 is conductive area 123. 
Insulating layer 124 covers conductive areas 122 and 123 
Without encircling the needle shaft. On the hypodermic 
needle 126, the electrically conductive areas 122 and 123 are 
used as electrodes, in an electrical circuit, to detect tissues, 
blood vessels, and vessel lumen. 

[0032] FIG. 11a shoWs a trilaminate needle electrode 96 
in accordance With the invention on an enlarged scale With 
portions removed shoWing tWo exposed conducting stripes 
90 and 91 from the tip of the syringe needle doWn the needle 
shaft 95 positioned on insulating layer 94, so that conducting 
stripes 90 and 91 do not contact the needle shaft 95. FIG. 
11b shoWs an insulating layer 97, like TEFLON, placed over 
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the conducting stripes 90 and 91 and insulating layer 94, 
leaving only a predetermined amount of each conducting 
stripe 90 and 91 exposed at the penetrating tip of needle 96. 
Reducing the amount of conducting stripe 90 and 91 that is 
exposed increases the sensor resolution by localiZing the 
conductance measuring area. A high sensor resolution 
alloWs the system to detect subtle changes in conductance as 
the needle passes through different tissues or membranes. 

[0033] FIGS. 12a and 12b shoWs the bene?ts of increased 
sensor resolution. FIG. 12a shoWs a tWo-stripe trilaminate 
needle electrode 80 penetrating the Wall 81 of a vein 82. 
Electrical conductive stripes 83 and 84 are inserted into the 
Wall up to the insulating layer 85. In FIG. 12b the only 
difference is that the insulating layer 87 is located further up 
the needle 80 shaft, thereby exposing more of stripes 88 and 
89. In FIG. 12a the conductance of the liquid in the vein is 
being measured. The smaller exposed area facilitates local 
iZed measurements of conductance in the vein. Whereas in 
FIG. 12b, the conductance of the liquid in the vein and that 
of surrounding tissue is measured. The electrode needle in 
FIG. 12a is more likely to detect the transition to a vein from 
the surrounding tissue before the needle in FIG. 12b. The 
transition in resolution from having the Whole end of the 
needle exposed to just the very tip as in FIG. 12a could be 
an order of magnitude higher. 

[0034] The distance betWeen the tips of each stripe or 
electrode placed on the needle shaft is also important. If the 
electrodes are too far apart then some subtle changes in 
conductance may not be easily identi?able. The closer the 
spacing betWeen the electrode tips the easier it is to detect a 
change in resistance level. Conversely, if the spacing is too 
close, some object may become 11 lodged betWeen the 
electrodes causing inaccurate readings. 

[0035] A prototype that Was constructed used a silver 
suspension in enamel as a conductive layer. With the super 
high impedance front end circuitry of today, stainless steel 
Works as Well as precious metals. The sensor layer stripe can 
be evaporated onto the needle, baked as enamel, vacuum 
deposited or applied lithographically. The stripes are posi 
tioned along the shaft of the needle from the very tip of the 
penetrating end of the needle to the distal end. The connec 
tions from the stripes on the needle to the system are made 
in accordance With the prior art. 

[0036] There has been described here a novel invention. It 
is evident that those skilled in the art may noW make 
numerous uses and modi?cations of and departures from the 
inventive concepts. Consequently the invention is to be 
construed as embracing each and every feature and novel 
combination of features present or possessed by the veni 
puncture method and system disclosed and limited solely by 
the spirit and scope of the appended claims. 

What is claimed is: 
1. In a hypodermic needle having an end that attaches to 

a syringe, elongated holloW shaft for passing ?uid termi 
nated at a sharpened point; the improvement comprising: 

electrically insulating layer positioned on the shaft and at 
least one electrically conductive area positioned on said 
insulating layer; said electrically conductive area being 
adapted to be connected to an electrical source. 

2. The hypodermic needle as claimed in claim 1, further 
comprising a second insulating layer positioned over a ?rst 
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portion of said electrically conductive area and leaving a 
second portion of said electrically conductive area eXposed. 

3. The hypodermic needle as claimed in claim 1, Wherein 
said insulating layer comprises non-conductive dielectric 
enamel and said conductive area comprises a conductive 
silver enarnel. 

4. The hypodermic needle as claimed in claim 1, Wherein 
said conductive area comprises a conductive polymer. 

5. The hypodermic needle as claimed in claim 1, Wherein 
said conductive area is produced by vacuum deposition of an 
electrically conductive material. 

6. The hypodermic needle as claimed in claim 1, further 
comprising an outer insulating layer positioned over said 
needle Wherein said insulating layer comprises non-conduc 
tive dielectric material. 

7. The hypodermic needle as claimed in claim 6, Wherein 
said outer insulating layer comprises TEFLON. 

8. The hypodermic needle as claimed in claim 1, Wherein 
a ?rst end of said electrically conductive area is positioned 
near said sharpened point and a second end of said electri 
cally conductive area is positioned near said end that 
attaches to a syringe. 

9. Method of determining When a hypodermic needle 
penetrates into tissue, vein, or lurnen; said method cornpris 
ing: 

providing a hypodermic needle having tWo electrically 
conducting portions, spaced apart from each other, and 
near a point on the hypodermic needle, and electrically 
insulated from each other; said conducting portions 
being adapted to be connected to an electrical source to 
enable electrical current to How through said conduct 
ing portions; 

determining the change in the electrical current betWeen 
said conducting portions When said hypodermic needle 
is penetrating a body; and 
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generating a signal indicating When said conducting por 
tions have penetrated said body and reached a prede 
terrnined position. 

10. The method according to claim 9, Wherein said signal 
is audible. 

11. The method according to claim 9, Wherein said signal 
is visual. 

12. The method according to claim 9, Wherein said signal 
is both audible and visual. 

13. A system for determining When a hypodermic needle 
penetrates into tissue, vein, or lurnen; said system cornpris 
ing: 

a hypodermic needle having tWo electrically conducting 
portions, spaced apart from each other, and near a point 
on the hypodermic needle, and electrically insulated 
from each other; said conducting portions being 
adapted to be connected to an electrical source to 
enable electrical current to How through said conduct 
ing portions; 

an electrical source electrically connected to said con 
ducting portions; 

a means for determining the change in the electrical 
current betWeen said conducting portions When said 
hypodermic needle is penetrating a body; and 

a signaling means for generating a signal indicating When 
said conducting portions have penetrated said body and 
reached a predetermined position. 

14. The method according to claim 13, Wherein said signal 
is audible. 

15. The method according to claim 13, Wherein said signal 
is visual. 

16. The method according to claim 13, Wherein said signal 
is both audible and visual. 

* * * * * 


