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Hypodermié Needle Having a Differential Qutside Surface Finish
Field of Invention
5 This invention generally relates to administration of medicaments to patients and more
particularly to hypodermic needles having an exterior surface with a differential coefficient of

sliding friction with a patient's tissue.

Background

10 Hypodermic needles are widely used in delivering and withdrawing ﬂTxiEls in medical
practice. As originally used, hypodermic needles were used many times, being resterilized
between usages. A practitioner would sharpen the needles when they became dull, and then
sterilize them prior to the next usage. Since the needles were reused, and often may have T
needed. sharpening, the presence or absence of any lubrication on the outer surface of the

15 needle had little-effect on the penetration force or the pain perceived by the patient who was
the recipient of the needle. With the development of commercially manufactured disposable
needles that always have a fresh well-sharpened point, there was recognition that lubrication of
the needle substantially reduced the pain perceived by the patient when a needle was
administered to them. A convention is followed in this disclosure wherein the portion of a

20 device toward the practitioner is termed proximal and the portion of the device toward the
patient is termed distal.

A tissue penetration by a hypodermic needle involves a sequence of events that

collectively are perceived by the patient as whether or not the penetration caused pain. A
needle first touches the skin surface, stretches it, the point then cuts into the surface and begins

25  penetration into the tissue. ‘As the shaft of the needle passes through the original cut and into
the tissue, there is also sliding friction of the tissue against the needle surface. In the

hypodermic needle art when the forces for performing a hypodermic needle penetration are
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padsith|a hypadenmic pesdie, de pénetrationd depth és genenally iebween about 0.5 ¢m to
about 2.5 cm into the patient's tissue. As a result, the practitioner generally does not generally
perceive differences in the needle point's penetration of layers. Additionally, most
subcutaneous and intra-muscular hypodermic penetrations are made at a relatively high rate
(20 cm to 25 cm per second) and utilize the full length of the needle. The rapid penetration
rate additionally reduces any perception of layers. The use of lubricant on— the surface of
hypodermic "ﬁe?dles in combination with very well sharpened needles also significantly reduces
both the peak penetration force and the drag force. When the reductions by lubrication of the
peak penetration force and the drag force of the needle are coupled with the short duration
resultant from the high penetration rate, a patient's perception of the painfulness of the
penetration is generally significantly reduced. As a result, almost all single-use sterile
disposable needles are supplied with a lubricant already applied to substantially the entire
needle outside surface. A concomitant effect of the reduction in the peak penetration force and
the drag force by lubrication of the needle is a substantial reduction of any ability of a
practitioner to discern discrete movement of the needle point through the layers of the tissue.
Hypodermic penetrations are made into the spinal column for the withdrawal of fluid

and administration of medicaments, often to induce anesthesia. These spinal penetrations

- generally utilize needles from about 5 cm to about 9 cm long and the exact penetration depth is

25

critical to the success of the procedure. A commonly practiced technique that requires a

e
yS

hypodermic penetration is delivery of a medicament, generally an anesthetic agent, into the

epidural space. When an anesthetic agent is used, this technique results in a regional block
anesthesia often referred to as an "epidural." The procedure is recognized by practitioners as

being technique sensitive, because the patients are different physical size and a penetration
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patlent s _ternmed distal. A tissue penetration by a hypodernic
needl e FH¢H ves a sequence of events that collectively are perceived by
the patient as whether or not the penetration caused pain. A needle first
touches the skin surface, stretches it, the point then cuts into the
surface and beglns penetration into the tissue. As the shaft of the needle
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" undesirable consequences can include severe headaches in the postoperative period.
Additionally, if the misplacement of the needle is not recognized immediately and a sufficient
5  quantity of anesthetic agent is administered into the subarachnoid space, total spinal block, a
potentially life-threatening complication, may result.

Practitioners have developed many ways to determine the placement of the needle in
the epidural space. Epidural needles are often supplied with depth markings. Techniques are
practiced to identify the epidural space by the loss of resistance to injection of fluid in a syringe

10 coupled to the epidural needle. Another widely practiced technique is the modified drip
method, involving an infusion tubing partially filled with normal saline attached to the epidural
n.eedle. A technique of hanging a drop of saline on the needle hub is also widely practiced.
Any placement of a needle into the spine of a patient is very sensitive to the experience and
skill of the practitioner. Epidural needles are generally introduced in the midline at either the

15 lumbar (L) 2-L3 or L3-4 intervertebral space. The needle is slowly and carefully advanced into
the skin, encountering subcutaneous tissue, supraspinous ligament and interspinous ligament,
then entering the epidural space. The epidural needle is generally used with a stylet occluding
the bore of the needle to prevent particles of tissue from being collected in the needle bore and
transported into the epidural space with the delivery of the anesthetic agent. The stylet is

20  removed to introduce the anesthetic agent through the needle.

Epidural needles are a notable exception to the general usage of lubricants_ on

- commercially available single-use needles, being supplied "dry" or unlubricated. Since the
presence of lubricant on the surface of a needle significantly reduces the peak penetration
force, if an epidural needle was lubﬁcated at the distal end, the practitioner's ability to perceive

25  the penetrations of the several structures in the tissue, i.e., the skin, subcutaneous tissue,
supraspinous ligament and interspinous ligament, is substantially reduced. While the
unlubricated needle improves the perception of the needle point penetration through the tissue
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neasured the force neasured prior to the needle point cutting the tissue
#1'S ter%ﬁé 9he "peak penetration force" and the force required to continue
the penetration into the tissue is called the "drag force." @ne primry
conponent of - the drag force is the sliding friction of the tissue against
the surface of the needle shaft. When a subcutaneous or intranuscul ar
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relatively high rate (20 cmto 25 cm per second) and utilize the full
| ength of the needle. The rapid penetration rate additionally reduces any
perception of |ayers. The use of l|ubricant on the surface of

S Summary

A hypodermic needle of the present invention includes an elongate hollow tube with a
proximal end, a distal end having a point and has a bore therethrough. The proximal end of the
needle of tﬁe invention has a hub attached thereto to connect the needle releasably to a fluid
handling device. The outside surface of the tube has a proximal portion and a distal portion.

10  The distal portion has a higher coefficient of sliding friction with a patient's tissue than the
coefficient of sliding friction between the proximal portion and the patient's tissue. The distal
portion enables a practitioner to substantially discriminate the needle's penetration of structures
in the patient's tissue while the proximal portion with subStantially reduces drag force for
passage of the proximal portion through the structures already penetrated by the distal portion.

15 The hypodermic needle of the invention is particularly well suited for anesthetic
administration into the epidural space. Correct placement of a needle into the epidural space
by a practitioner is generally recognized as one of the most technique sensitive of widely
practiced medical procedures. The hypodermic needle of the invention maximizes the
practitioner's ability to discern the passage of the needle through the structures present in the

20  patient's tissue by allowing him to feel the peak penetration forces as the point encounters the
structure and minimizes drag forces, particularly stick/slip friction, of the shaft of the needle as

" it. passes through the tissue. The hypodermic needle of the invention is well suited for any

other penetration depth sensitive applications such as biopsy needles and the like. -
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hypoder mi ¢ needl es in conbination with very well sharpened needles also
signi fi ®#aMMy reduces both the peak penetration f6rce and the drag force.
When the reductions by lubrication of the peak penetration force and the
drag force of the needle are coupled with the short duration resultant
fromthe high penetration rate, a patient's perception of the painful ness
of the penetration is generally significantly reduced. As a result,

al nost all single-use sterile disposable needles are supplied with a

| ubri camt. i to substantially the entire needle outside
surface.%tnlgﬁc)%%c )r{ﬁ"?gtr)\tb‘ee C® of the reduction in the peak penetration
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penetrations _
package;
Fig. 3 is a schematic vertical cross-sectional view of the lumbar. region of a human
spine; and
Fig. 4 is a schematic horizontal cross-sectional view of the lumbar region of a human

— -

10  spine.
Detailed Description
While this invention is satisfied by embodiments in many different forms, there is shown
in the drawings and is herein described in detail, a preferred embodiment of the invention with
15  the understanding that the present disclosure is to be considered exemplary of the principles of
the invention and is not considered to limit the invention to the embodiment illustrated. The
scope of the invention is measured by the appended claims and their equivalents.
Referring to Figs. 1 and 2, a preferred hypodermic epidural needle 10 of the present
invention includes an elongate hollow tube 12 with a longitudinal axis A. Tube 12"has a
20  proximal end 14, a distal end 16 and a bore 18 therethrough. Proximal end 14 has a hub 20
fixedly attached thereto to releasably connect needle 10 to a fluid handling device such as a
catheter, a syringe or the like. Preferably, distal end 16 has a substantially oval opening 22,
into bore 18 at an angle 0 to axis A to form a sharp distal point 24 to facilitate penetration of
needle 10 into a patient's tissue. For the preferred epidural needle, angle 0 is between about
25 fifteen and about sixty degrees and preferably is about thirty degrees. For particular
applications needle 10 may have points with other configurations and angles and be considered

within the scope of the invention,
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g technique sensitive, because
©rikibrivadedidistdl pdttich F0) PrafePMRedisal pdttion 30 is between about one to about forty

percent of outside surface 26 and proximal portion 28 is between about ninety-nine to about
sixty percent of outside surface 26. More preferably, distal portion 30 is about ten percent of
outside surface 26 and proximal portion 28 is about ninety percent of the outside surface.
Additionally, since in many procedurés, the entire length of the needle is not utilized, it is not
necessary that the proximal portion of the needle be coated all the way to the hub, for
particular applications, needles with only a partially treated proximal portion are considered
within the purview of the invention. Unlubricated distal portion 30 enables a practitioner to
substantially discriminate penetration of distal point 24 of the needle through structures in the
patient's tissue and lubricated proximal portion 28 substantially reduces a drag force for
passage of the proximal portion through the structures already penetrated thereby making the
structure penetration by the distal portion the predominate perception by the practitioner, thus
enhancing the practitioner's ability to discriminate the passage of the distal portion into the
desired location.

Preferably, hub 20 of the epidural needle of the invention has a removable flange 32
that is positioned substantially normal to the needle's longitudinal axis to facilitate the
practitioner's manipulation of the needle. The preferred epidural needle of the invention has
hollow tube 12 formed from stainless steel. Tube 12 preferably has a length between about
five to about ten centimeters and an outside diameter between about 0.7 mm to about 1.5 mm.

Preferably, tube 12 has a plurality of graduation markings 34 for observation by the

* practitioner during penetration as an indication of the depth of the needle penetration.

25

Needle 10 is preferably supplied with a removable stylet 36 that forms a substantially
continuous surface with a surface 38 of oval opening 22. Preferred stylet 36 includes a hub 37
with a key 39 configured to engage a slot 21 in needle hub 20 to substanﬁally orient the stylet
with surface 38 of the oval opening. Stylet 36 is used to occlude bore 18 during the

penetration of the patient's tissue to substantially prevent accumulation of tissue fragments in
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beyond the epidural space and through the dural nembrane with or without _
del i ve®3410 the anesthetic agent into the subarachnoid space may result in
undesi rabl e consequences. These undesirabl e consequences can 4 ncl ude
severe headaches in the postoperative period. Additicnally, if the

m spl acement of the needle is not recognized i mediately and a sufficient
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nodified drip nethod involving an infusion Tubing partially filled with

norfal sal i Referihg ) Egs. 130ard e seRéntiticalertical and horizontal cross-sectional views of a
human spine 60 show the structures encountered in placement of epidural needle 10 in the
human spine. In Fig. 3, needle 10 is positioned in spine 60, between ';wo vertebrae 62 by
- passing through a ligamentous tissue 63 so that distal portion 30 with distal end 16, opening 22
and distal end 24 are in the epidural space 64. When making an epidural placement, the

10 practitioner must not penetrate through the dural membrane 66 into the subarac?m&d space 68 '
or into the cauda equina 70. Fig. 4 schematically illustrates spine 60 in horizontal cross-section
to assist the understanding of the location of vertebrae 62, epidural space 64 relative to dural
membrane 66, subarachnoid space 68 and cauda equina 70. In a paper by C. E. Pither, in
Anesth. Analg.: 63, 1984, pp. 1048-49, reference is made to a basic description of placing an
15  epidural needle in the lumbar space by J. A. Lee in Anesthesia 1960: 15: 186. According to
Lee, "When inserting the needle in the lumbar region, one can advance it, in patients of average
build, for a distance of 3 cm without fear of missing the extra dural space or of puncturing the
dura. . . From this point onwards, care must be taken. Similarly, if the extra dural space has
not been located when the point has been inserted 6 cm, one is well advised to withdraw and
20  try again ata diﬂ‘érent angle." In the paper, Pither advocates the utility of placing markings

indicating the depth of placement on the surface of the needle. _

Preferably, needle 10 with stylet 36 installed in the bore is covered with a shield 40 and
placed in a sealed package 50, indicated in phantom in Fig. 2. Preferably, package 50 is

formed from materials substantially resistant to the passage of microorganisms and exposed to |
25  conditions capable of rendering any microorganisms therein substantially non-viable. Suitable

materials for forming package 50 include, but are not limited to, paper, non-woven polyolefin,

thermoplastic film and the like. Suitable conditions for rendering microorganisms non-viable
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point conﬁguration.s, lengths, lubricated portion/unlubricated portion ratios and lubricants may
be preferred for particular applications and are considered to be within the scope of the
invention. The needles used in the examples are epidural needles, other hypodermic needles
for many other applications such as biopsy, radiopacity agent delivery and the like would be
suitable for the present invention and are considered within the scope of the i;v;ntion. Most
materials suitable for use in medical device applications as a lubricant are presumed satisfactory
for use in the present invention. A suitable lubricant material is a material that, when applied
to a needle, reduces the coefficient of sliding friction between the surface of the needle and a
patient's tissue below the coefficient of sliding friction between the unlubricated needle and the
patient's tissue. Similar_ly, other techniques for reducing the coefficient of sliding friction with
a patient's tissue of a portion of an needle including, but not limited to, mechanical surface
polish applied to a portion of the surface, electropolish of a portion of a surface, -differential
surface finish obtained by masking, electrolytic application and selective removal of a portion
of a coating, application and mechanical removal of a portion of a coating and the like are

considered to be within the scope of the present invention.

Suitable polytetrafluoroethylene materials are available under the trade names

- Teflon™, (DuPont), Fluon™ (ICI) and Halar™ (Allied). Suitable silicone lubricants are

25

available from Dow-Corning, General Electric, Union Carbide and others. In the examples, the
polytetrafluoroethylene suspension is formed with Teflon™ 852-200 available from E. L
DuPont, Wilmington, DE. Many other PTFE suspensions are available and are considered
within the scope of the present invention. Other coatings such as methyl cellulose ethers,

polyvinylpyrollidone, PTFE modified nickel and the like are lubricative and are considered
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presence of |ubricant on the surface of a needle significantly reduces the
peak péh%ﬁ?%ﬂj on forece, if an epidural needle wa$ l[ubricated at the distal
end, the practitioner's ability to perceive the penetrations -of the
several structures in the tissue, i.e., the skin, subcutaneous tissue,
supraspi nous |igament and interspinous |igament, is substantially reduced.
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significant @as the penetratfon |
discharge and the like are suitable for application of coatings and are considered within the

scope of the invention.

5 In the examples, the polydimethylsiloxane and the curing silicone were selected from
the DC-200™ series of silicones produced by Dow-Coming, Midland, ML
"P"olydimethylsiloxanes having viscosities between about 350 centistokes and about 1,000,000
centistokes .are used as lubricants in medical devices. For particular applications, any silicone
compound falling substantially within this range of viscosities is considered within the scope of

10 the present invention. o
For reference, a table relating the gauge size of needle tubing to the outside diameter in
mm is given. Generally epidural needles range from about 16 gauge to about 20 gauge. For
illustrative purposes, the examples given are 20 gauge needles. The gauge size used in the
examples is not to be considered limitative to 20 gauge, other sizes, both larger and smaller are

15  considered to be within the scope of the present invention.

Table of Hypodermic Tubing

Nominal Sizes (Gauge) Outside Diameter (mm)
30 0.30
29 033
28 0.36
27 0.40
26 0.46
25 0.51
24 0.56
23 0.64
22 ' 0.71
21 0.82
20 0.90
19 1.08
18 1.27
17 - 1.50
16 1.65
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invention.
Example 1

An aqueous suspension of polytetrafluoroethylene (PTFE) particles (sized between
about 2,000 to about 10,000 Angstroms, molecular weight above about 1,000,000) is
prepared. Well-cleaned stainless steel needles are dipped vertically, with the point down, into
the suspension until the needle is substantially completely covered. The needles are allowed to
remain resident in the bath for about 5 to 10 seconds, removed and allowed to drain. The
needles are then dipped, point down, in a deionized water to a preselected depth to remove the
PTFE coating from the dista_l portion. In this example, the needle is an epidural needle size 20
gauge with an 18.9 cm length. The depth of the dip into the PTFE suspension covers
substantially the entire length of the needle. The depth of the dip into the deionized water bath
is 2.2 cm (25 percent). After the water dip, the needle bores are air flushed with clean dry air
to clear the bores. Alternatively, the PTFE suspension may be removed from the distal portion
by a controlled pattern water spray followed by air flushing the bore. The needles are rotated
to a substantially horizontal position and are then maintained at a temperature between ‘about
15° C. to about 150° C. for between about two minutes to about fifteen minutes to

substantially remove the residual water from the PTFE coating remaining on the prox_imal

- portion of the needle. The PTFE coating is then fused to a substantially continuous film by

25

exposing the proximal coated portion of the needle to a temperature between about 350° C. to
about 370° C. for about one to about five seconds.

In standard penetration testing in human cadaver tissue, needles coated with fused
PTFE in a process similar to that described above show a reduction in drag force to about sixty

percent of the drag force observed with a dry uncoated control needle.
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inthe patient's tissue while the proximal portion with substantially
reduced-8Hy force for passage of the proximal portion through the
structures already penetrated by the distal portion. The hypoderm c
needl e of the invention is particularly well suited for anesthetic

adm nistration into the epidural space. Correct placenment of a needle into
the epidural space by a practitioner is generally recognized as one of the
nost techni que sensitive of widely practiced nedical procedures. The
hypodqu&ﬁlﬂgfdle of the invention maxim zes the practitioner's ability to
di scern the passage of the needle through the structures present in the

patient’s tigayEroRfordtarB¥h SslufibdTbf @ chible drigndiBidénd BBAREanR s fHepdred Gad £S5 the
poi nt encounters the structure and mnim Zes drag forces, particularly :

sti ck/ dohgentriati6n iof betwidentdbBus Hitéd t®fabbiefivee paiicentast thetlupanes Ndadiey@ke t he
ti ssue. The hypoderm c needle of the invention is well suited for any

ot hér pesitioned subscankiyiiy hosieoriallyl andl thp peedi@surfics issspedyed svithi the syrableailicese and
the 1 li‘f)l.ution so that the proximal portion is substantially coated and the distal portion is left
sﬁbstantially uncoated. In this example, the needles are 20 gauge with an 18.9 cm length. The
spray pattefn is controlled so that the distal portion of about 2.2 cm (twenty-five percent) is
left substantially uncoated. The hydrofluorocarbon solvent selected preferably has a vapor
10 pressure near atmospheric pressure at room temperature so that the solvent evai)-o;ates rapidly,
leaving the coating to cure on the needle surface.

In standard penetration testing on human cadaver tissue, needles coated with curable
silicone lubricant in a process similar to that described above show a reduction in drag force to
about fifty percent of the drag force observed with a dry unlubricated- control needle.

15
Example 3

A hydrofluorocarbon solution of polydimethylsiloxane (silicone) with a viscosity
between about 12,000 centistokes and about 13,000 centistokes is prepared with a
concentration about three to about five percent (weight/weight). Needles are position

20  substantially horizontally and sprayed with the silicone solution so that proximal portion of the
needle is substantially coated and the distal portion is substantially uncoated. In this exan_lple,

" the needles are 20 gauge with an 18.9 cm length. The spray pattern is controlled so that. the
distal portion of about 2.2 cm (about twenty-five percent) is left uncoated. The
hydrofluorocarbon solvent preferably has a vapor pressure near atmospheric pressure at room |

25  temperature so that the solvent evaporates rapidly, leaving the silicone lubricant on the

proximal surface. -
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-5- Bri ef Description of the Draw ngs Fig. 1 is an expl oded
_perspefri4?8 view of the preferred epidural needl € of the present

i nvention; Fig. 2 is a perspective view of the invention of Fig. 1
as assenbl ed and placed in a package; Fig. 3 is a schematic
vertical cross-sectional view of the |unbar region of a human

In standard penetration testing on human cadaver tissue, needles coated with silicone
lubricant in a process similar to that described above show a reduction in drag force to about
thirty-three percent of the drag force observed with a dry unlubricated control needle.

The examples and the penetration testing results show the reduced drag of lubricated

S needles when compared to unlubricated needle controls. The present invention substantially
reduces the drag force generated by sliding friction of the proximal portion of the needle
against the patient's tissue. Reduction of the drag force for passage of the proximal portion of
the needle allows the practitioner to discriminate the penetration of the unlubricated distal
point through the structures present in the patient's tissue more easily and enhances the ability

10 of the practitioner to position the needle more accurately.

This Sheet Has Been Re'p ace
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spi ne; and Fig. 4 is a schematic horizont a/L cross-sectional view of
the | ubd#7® egi on of a human spi ne. Det ai | ed Déscri ption Whi | e

this invention is satisfied by enbodinents in many di—iiw%_t\mée
is shown in the drawings and is herein described in detail, a preferre
enbodi ment of the invention with the understanding thﬁisShbeengen\lﬂlaced
di sclosure is to be considered exenplary of the princip

i nvention and is not considered to limt the invention Um,lﬁl,!&m& nt

i 11 ust rghgds clhfifed iscope of the invention is neasured by the a cl ai s
and their equival ents. Referring to Figs. 1 and 2, a preferred

hypoderm ¢ epi dur glhyp&RehR nbEdl bompsikg:esent
an_ elongate hollow tube with a proximal end, a distal end and a bore
5. therethrough;
a hub attached to said proximal end to releasably connect said needle to a fluid handling
device, said distal end including a point; and
said tube having an outside surface with a proximal portion and a distal portion, said
distal portion having a higher coefficient of sliding friction with a patient's tissue than said

—

10  proximal portion.
2. The needle of claim 1 wherein said distal portion comprises between about one

percent to about forty percent of said outside surface of said tube.

15 3. The needle of claim 1 wherein said proximal portion has a lubricative coating

thereon.

4. A hypodermic needle comprising:
an elongate hollow tube with a proximal end, a distal end and a bore therethrouglt,
20 a hub attached to said proximal end to releasably connect said needle to a fluid handling
device, said distal end having a sharp point for facilitatiﬁg penetration of said needle iqto a
" patient's tissue; and |
said tube having an outside surface with a lubricated proximal portion and an
unlubricated distal portion, said unlubricated distal portion enabling a practitioner to
25  discriminate said needle's penetration of structures in the patient's tissue and said lubricated
portion reducing a drag force for passage of said. proximal portion through the structures

already penetrated.

s R A



i nvention includes an el ongate hollow tube 12 wit h a longitudinal axis A
Tube 12Pi3430a proximal end 14, a distal t her et hr ough.

Proxi mal end 14 has a hub 20 fixedly attagh as%toRtol rﬁl easably
connect needle 10 to a fluid handling devi ce m *heter, a syringe

or the like. Preferably, distal end 16 has a oval opening 22,
into bore 18 at an angle [err] to axis Ato |stal point 24 to
facilitate penetration of needle 10 into a patient's tlssue For the

prefert ed episdur g SeghSor ARRL £ yheild siPabal YR DAblies b SR HBACLADOU

sixty degreesS’ and prere s abou rees partic

appl i Cageﬁaﬁéaas&uﬁo Réﬁé!nt'b?‘éﬁdBﬁisﬂfe%uiﬁlée"bfg&ﬁ%béonf'gurat'ons and angl es

and be consi dered In the scope o e I nvention

5 6. The needle of claim 4 wherein said distal portion comprises about ten percent of

said outside surface of said tube.

7. | The needle of claim 4 wherein said needle is an epidural needle having a length
between about five to about twenty centimeters. |
10
8. The needle of claim 7 wherein said distal point comprises an oval opening to
said bore formed in said tube at an angle to a longitudinal axis of said elongate tube so that said

tube forms a sharp distal point.

15 9. The needle of claim 4 wherein said needle has an outside diameter between

about 0.7 mm to about 1.5 mm.

10.  The needle of claim 4 wherein said outside surface of said tube further includes
a plurality of markings for indicating the depth of penetration of said needle into a pdtient's

20 tissue. '

11.  The needle of claim 4 wherein said lubricated portion has a coating comprising
a material that reduces the coefficient of sliding friction between the surface of the needle and a
patient's tissue below the coefficient of sliding friction between the surface of the unlubricated

25  portion of the needle and the patient's tissue.
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portlonP‘Z’é @nd an unl ubricated distal portion 30 Preferab
portion 30 is between about one to about forty percent of o
26 and proximal portion 28 is between about ninety-nine to a

Tube 12 has an out5|de surface 26 W|th a Iubrl,fat d ﬁ

Wcﬁ(eennﬁiﬁ‘med

percent of outside surface 26. Mire preferably, distal portion 30 is about

‘percent of t J ou?‘f‘? B 0t B L er i i o o i e ChoriPas

the entgg
t he proxi

particul ar appllcatlons, needles with only a partially treated proxi mal
portion are consi dered

10

15

20

25

13.  The needle of claim 11 wherein said coating of said lubricated portion

comprises polytetrafluoroethylene.

14, The needle of claim 13 wherein said coating of said lubricated portion

comprising polytetrafluoroethylene is between about 0.5 microns to about 3 microns thick.

15. A hypodermic epidural needle comprising:

an elongate hollow tube having an outside surface and a longitudinal axis, said tube
having a proximal end, a distal end and a bore therethrough;

a hub fixedly attached to said proximal end of said tube to releasably connect said
needle to a fluid handling device, said distal end having a substantially oval opening into said
bore at an angle to said axis to form a sharp point for facilitating penetration of said needle into
a patient's tissue; and

said tube outside surface having a lubricated proximal portion and an unlubricated
distal portion, wherein said distal portion coniprises between about one to about_forty percent
of said outside surface, said unlubricated distal portion enabling a practitioner to discrithinate
the ne@dlé's penetration of structures in the patient's tissue and said lubricated portion

substantially reducing a drag force for passage of said proximal portion through the structures

" already penetrated.

16.  The epidural needle of claim 15 wherein said outside surface of said tube further
includes a plurality of markings for indicating the depth of penetration of said needle into a

patient's tissue.

Sl T

,+ fsite needle is not utilized, it is not necessary that
lﬁ% lon of the needl e be coated aII the way to the hub, for



wi thin the purview of the invention. Unlubrlcated dlstal portion 30 enabl es -
a pract Pt349fer to substantially discr as ¢eedon of distal point
24 of the needl e through structures in ti ssue and | ubricated
proxi mal portion 28 substantially reduc for passage of the
proxi mal portion through the structures already penetrated t her eby maki ng

t he structur pe tra.tlon d.|s ortlo t.h ed nate er tion
by the practi ? i ondf® epidyeal n #%ﬂﬁ?l g'hB‘FeHb‘fal‘ P‘bbng"r"&gr {I'I‘d vabfe”

di scri i on.
Prefer gll:f)1 P@ efﬁ¥ Eﬁgxgﬁﬁl éqﬁtﬁ I:tlédé"ur a (R}%gle #é%f%{e&?%v'etﬁtec P%ﬂﬁﬁeggfgsspgﬁg@abl e
fl ange @.gn d dubstRR ghﬁﬂﬁgﬁ%ﬁ%ﬁgwﬁd Yecdftr mal to the needle's
Iongltudlnal Is to fatilitate t ractitioner's manipul ati on of the
needl e. The pr ef erred epidural needle of the invention has hollow tube 12 -
formed fromstainless steel. Tube 12 preferably has a | ength between about

5 18.  The epidural needle of claim 16 further including a removable stylet to occlude

said bore.

19.  The epidural needle of claim 16 including a shield to cover said distal point, said
epidural needle placed in a package formed from materials substantially resistant to the passage

10  of microorganisms and exposed to conditions capable of rendering any microorganisms therein

substantially nonviable.

20. A packaged epidural needle assembly comprising:
an elongate hollow tube having an outside surface with a plurality of markings for
15  indicating the depth of penetration of said needle into a patient's tissue and a longitudinal axis,
said tube having a proximal end, a distal end and a bore therethrough;
a hub fixedly attached to said proximal end of said tube to releasably connect said
needle to a fluid handling device;
a removable flange for facilitating the practitioner's advancement of said needle into the
20 patient"s tissue, said flange being positioned on said hub substantially normal to said axis of
said tube, said distal end having a substantially oval opening into said bore at an angle to said
~ axis to form a sharp point for facilitating penetration of said needle into a patient's tissue;
a removable stylet positioned within said bore to occlude said bore;
a shield positioned over said tube to cover said distal point,
25 said tube outside surface having a lubricated preximal portion and an unlubricated
distal portion, wherein said distal portion comprises between about one to about forty percent a

of said outside surface, said unlubricated distal portion enabling a practitioner to discriminate

* c L ] S *



fi ve.tﬁ%;}‘?&)@t ten centinmeters and an outside dianeter between about 0.7 mm
to about™1 mm Preferably, tube 12 has a plurality of graduation
mar ki ngs 34 for observation by the practitioner during penetration as an
indication of the depth of the needle penetration. Needl e 10 is
preferably supplied with a renovable stylet 36 that forns a substantially
contin : 1 38 a0f ' j : | et
361 nol e diRethdas, B SHLEARS OuR, pRIGhs JRRL 31 Said KRR Joribd
needl e fubftamtfdily Peduidingladdthd Arke fR'paSiabe b Sxid Ebdxﬁﬁal é&&hldh_ thitvigh GRe sBuchired he
oval opening. Stylet 36 is used to occlude bore 18 during tthe penetration
of the ghehdyepénetated;sfde to substantially prevent accumul ation of tissue
fragnents in

a sealed Package formed from materials substantially resistant to the passage of

5 microorganisms having said epidural needle assembly therein.

This Sheet Has Been Reﬂlaced
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-7- < bergy78 that would be transported into the epidural space when the
anesthetic agent is introduced. Wien the practitioner has properly placed
the needle in the epidural space, stylet 36 is renoved and a f:luid
handl i ng devi ce,. such as a syringe, is attached to the hub for

I ntroduction of the nedicanent, generally an anesthetic agent.

Referring to Figs. 3 and 4, schematic vertical and hori zontal
cross-sectional views of a human spine 60 show the structures encountered
in placement of epidural needle 10 iAbstiaet human spine. In Fig. 3, needle
10 is positioned in spine 60, between two vertebrae 62 by passing through
a | i gament ou® hypodermic aesslie of the poésentainvention inphudes anietongate sivHoweanbe With a

opening 22. and . distal end 24 are in the epidural space 64. VWhen naki ng an
eBi dur gl‘"’%“ﬁ%&?@qﬂ 31s gnd and has a bore therethrougph. The proxi?nal end of the needle of theg

5  invention has a hub fixedly attached thereto to connect the needle releasably to a fluid handling
deviqe with the distal end having a point for- facilitating penefration of the needle into a
patient's tissue. The outside surface of the tube has a proximal poﬁioﬁ with a lower coefficient
of sliding friction with the patient's tissue than the coefficient of sliding friction with the
patient's tissue than a distal portion of the outside surface of the tube. The higher coefficient of

10  friction of the distal portion enables a practitioner to substantially discriminate the needle's
penetration of structures in the patient's tissue while the lower coefficient of friction proximal
portion substantially reduces drag force for passage of the proximal portion through the

structures already penetrated by the distal portion.

This Sheet Has Been Repllaced
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praétitﬁoner must not penetrate through the dural nenbrane 66 into the

subarachnoi d space 68 or into the cauda equina 70. Fig—4-schematically

ilTustrates spine 60 in horizontal cross-section to assist the
under st andi ng of the |ocation of vertebrae 62, epidural ? et@uSB@hR?ﬁdé&j

to dural nenbrane 66, subarachnoid space 68 and cauda eq ”"LE,I kb
is made to a basic description of placing an epidural needle Int

paper by C. E. Pither, in Anesth. Analg.: 63, 1984, pp.
space by J. A Lee in Anesthesia 1960: 15: 186. According to Lee, "Wen

inserting the needle in the lu eg one can advance it, in patients
of average build, for a distan of 3 { thout fear of m ssing the extra
dural space or of puncturing the .dura. . . YFromthis point onwards, care

nmust be taken. Sim|arly, if the ®&xtra dural \space has not been | ocated
when the point has been inserted 68cm one is\well advised to w thdraw and
try again at a different angle."” I\ the paper t her advocates the utility
of placing markings - n\\




i ndi catsi ng the depth of placenment on the surface of the needle.
Preferably, needle 10 with stylet 36 installed in the bore S covered wth
a shield 40 and placed in a seal ed package 50, indicated in phamtomia—

Fig. 2. Preferably, package 50 is forned fronlnaterlahﬁmgmgﬁhgg X
resistant to the passage of m croorgani sms and exposed t ced
capabl e of rendering any m croorgani sns therein substantlmunm
Suitable materials for form ng package 50 include, but d to
paper, non-woven polyolefin, thernoplastic filmand the |ike. Sui t abl e

conditions for rendering m croorgani snms non-viabl e
- 8-

FIG—2




i ncl ude exposure to ionizing radiation such as gamma radiation, electron
beans and the like; and chemcal sterilants such as ethyl ene oxrde and the
like. Sever al exanples of coatings and nethods—for—their—m

application to the proximal portions of needles aﬁﬁ n belom1 These
exanples are intended to be illustrative, and not
differentially lubricated needl e of the present i nv ﬁm her
needl e gauge sizes, point configurations, |engths,

portion/unlubricated portion ratios and |ubricants may be preferred for
particul ar applications and are considered to be within the scope of the

I nvention. The needles used in the exanples are epidural needles, other
hypoderm ¢ needl es for nany othér applications such as biopsy, radiopacity
agent delivery and.the |ike would be suitable for the present invention
and are considered'within the scope of the invention. Most nmaterials
suitable for usegin nedical device applications as a lubricant are presuned
satisfactory \q '
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for use in the present invention. A suitable lubricant material is a
material that, when applied to a needle, reduces the coefficient of
sliding friction between the surface of the needle and a patient's tissue
bel ow the coefficient of sliding friction between the unlubricated needle
and the patient's tissue. Simlarly, other techniques for reducing the
coefficient of sliding friction with a patient's tissue of a portion of an
needl e including, but not limted to, nechanical surface polish applied to
a portion of the surface, electropolish of a portion of a surface,
differential surface finish obtained by masking, electrolytic application
and sel ective renoval of a portion of a coating, application and
mechani cal renoval of a porti.on of a coating and the |ike are considered
to be within the scope of the present invention. Sui t abl e
polytetrafluoroethy?ene materials are avail abl e under the trade nanes

Tefl on, (DuPont), Fluon[err] (ICl) and Halar[err] (Al lied). Suitable
silicone lubricants are

S
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avarlable from Dow Cor ni ng, General Electric,
€The exanpl es, the polytetrafluoroethylene s
~ 852-200 available fromE. |I. DuPont, Wlnin
suspensi ons are avail able and are considered
present invention. Oher coatings such as ngt
pol yvi nyl.pyrol | i done, PTFE nodified ni€kel ah
are consi dered
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wi thin thgigecope of the invention. Simlarly
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Hypodermic Needle Having a Differential Outside Surface Finish
Field of Invention
This invention generally relates to administration of medicaments to patients and more
particularly to hypodermic needles having an exterior surface with a differential coefficient of

sliding friction with a patient's tissue.

Background . .

Hypodermic needles are widely used in delivering and withdrawing ﬂﬁids in medical
practice. As originally used, hypodermic needles were used many times, being resterilized
between usages. A practitioner would sharpen the needles when they became dull, and then
sterilize them prior to the next usage. Since the needles were reused, and often may have
needed sharpening, the presence or absence of any lubrication on the outer surface of the
needle had little effect on the penetration force or the pain perceived by the patient who was
the recipient of the needle. With the development of commercially manufactured disposable
needles that always have a fresh well-sharpened point, there was recognition that lubrication of
the needle substantially reduced the pain perceived by the patient when a needle was
administered to them. A convention is followed in this disclosure wherein the portion of a
device toward the practitioner is termed proximal and the portion of the device toward the
patient is termed distal.

A tissue penetration by a hypodermic needle involves a sequence of events that
collectively are perceived by the patient as whether or not the.penetration caused pain. A
needle first touches the skin surface, stretches it, the point then cuts into the surface and begins
penetration into the tissue. As the shaft of the needle passes through the original cut and into
the tissue, there is also sliding friction of the tissue against the nf,édle surface. In the

hypodermic needle art when the forces for performing a hypodermic needle penetration are

C

w
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I ncluding, but not limted to, vacuum deposition, vacuum sputtering,
"spraying, plasma discharge and the like are suitable for application of
coatings and are considered within the scope of the invention. In
t he exanpl es, the pol ydi nethyl sil oxane and the curing silicone were
selected from the DC- 200[err] seriesagi silicones produced by Dow- Cor ni ng,
M dl and, M. Pol ydi met hyl sil oxanes ha¥fFng vi scosities between about 350
centistokes and about 1,000,000 centistokes are used as |ubricants in

T el Bt sl B i e e S50 S ot 1
{1 5000 Belpub oS SRR 4 ot B b GHBRBRORn B Sy T ™
General | the' Q\"&Ufo?ée "n@?\glpﬁ%a{'f&ﬂ'ﬁpél{eﬂ%ﬁﬂgl&ag]@)r&qy% §lﬂm§%9trionzgf #4895 For

against the surface of the needle shaft. When a subcutaneous or intra-muscular penetration is

made with a hypodermic needle, the penetration depth is generally between about 0.5 ¢cm to

about 2.5 cm into the patient's tissue. As a result, the practitioner generally does not generally

perceive differences in the needle point's penetration of layers.  Additionally, most

subcutaneous and intra-muscular hypodermic penetrations are made at a relatively high rate

(20 cm to 25 cm per secoﬁd) and utilize the full length of the needle. The rapid penetration

rate additionally reduces any perception of layers. The use of lubricant on the surface of

hypodermic needles in combination with very well sharpened needles also significantly reduces

both the peak penetration force and the drag force. When the reductions by lubrication of the

peak penetration force and the drag force of the needle are coupled with the short duration

resultant from the high penetration rate, a patient's perception of the painfulness of the

penétration is generally significantly reduced. As a result, almost all single-use sterile

disposable needles are supplied with a lubricant already applied to substantially the entire

needle outside surface. A concomitant effect of the reduction in the peak penetration force and

the drag force by lubrication of the needle is a substantial reduction of any ability of a

practitioner to discern discrete movement of the needle point through the layers of the tissue.

Hypodermic penetrations are made into the spinal column for the withdrawal of fluid

and administration of medicaments, often t§ induce anesthesia. Thege spinal penetrations

generally utilize needles from about 5 cm to about 9 cm long and the exact penetration depth is

critical to the success of the procedure. A commonly practiced technique that requires a

. hypodermic penetration is delivery of a medicament, generally an anesthetic agent, into the

epidural space. When an anesthetic agent is used, this technique results in a regional block

anesthesia ofien referred to as an “epidural." The procedure is recognized by practitioners as

being technique sensitive, because the patients are different physical size and a penetration

This is the replacement sheet
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Il Tustrative purposes, the exanples given are 20 gauge needl es. The gauge
" siize used in the exanples is not to be considered limtative to 20 gauge,
ot her sizes, both larger and smaller are considered to be within the scope

of the present invention. Tabl e of Hypoderm c
Tubi ng Nom nal Sizes (Gaagig_e) Qut si de

D aneter (mm -

0.30 - 29 0.33

28 . 0. 36 . . . 27
0. 40 beyond the epidural space ap¢; through the dural membrane with or without delivery of the 46

(2)5 56 anesthecic agent into the subgrachnoid space may gesg’l% in undesirable consequences. Th%éG 4
(%282 undesirzble consequences i) include severe RéaZialches in the postoperative peric%% 90
i927 Additicnally, if the misplacement of the needle is bt Q&ognized immediately and a sufficier?

quantity of anesthetic agent is administered into the subarachnoid space, total spinal block, a
potentizily life-threatening complication, may result.

Practitioners have developed many ways to determine the placement of the needle in
the epicural space. Epidural needles are often supplied with depth markings. Techniques are
practiced to identify the epidural space by the loss of resistance to injection of fluid in a syringe
coupled to the epidural needle. Another widely practiced technique is the modified drip
method. involving an infusion tubing partially filled with normal saline attached to the epidural
needle. A technique of hanging a drop of saline on the needle hub is also widely practiced.
Any placement of a needle into the spine of a patient is very sensitive to the experiénce and
skill of the practitioner. Epidural needles are generally introduced in the midline at either the
lumbar (L) 2-L3 or L3-4 intervertebral space. The needle is slowly and carefully advanced into
the skin, encountering subcutaneous tissue, supraspinous ligament and interspinous ligament, -
then entering the epidural space. The epidural needle is generally used with a stylet occluding
the bore of the needle to prevent particles of tissue from being collected in the needle bore and
transported into the epidural space with the delivery of the anesthetic agent. The stylet is
removed to introduce the anesthetic agent through the needle.

Epidural needles are a notable exception to the general usage of lubricants' on
commercially available single-use needles, being supplied "dry" or unlubricated. Since the
presence of lubricant on the surface of a needle significantly reduces the peak penetration
force, if an epidural needle was lubricated at the distal end, the practitioner's ability to perceive
the penetrations of the several structures in the tissue, i.e., the skin, subcutaneous tissue,
supraspinous ligament and interspinous ligament, is substantially reduced. ~While the

unlubricated needle improves the perception of the needle point penetration through the tissue

This is the replacement sheet
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17" 1.50 16

" 1.65 -10- In the
Exanpl es, the uncoated portion of the needle is selected as 2.2cm (25
percent of the needle length) as illustrative of the invention. O her

uncoated to coated percentages or diffzerential treatnents other than
coatings could equally as well have beem sel ected, and for particul ar
applications may be preferred, and are considered to be within the scope of
the invention. '

structures, drag force on the shaft of the needle becomes more significant as the penetration
depth increases and, when stick/slip friction is present, the practitioner may not be able to

readily determine when the needle point has entered the epidural space.

Summary

A hypodermic needle of the present invention includes an elongate hollow tube with a
proximal end, a distal end having a point and has a bore therethrough. The proximal end of the
needle of the invention has a hub é,ttached thereto to connect the needle releasably to a fluid
handling device. The outside surface of the tube has a proximal portion and a distal portion.
The distal portion has a higher coefficient of sliding friction with a patient's tissue than the
coefficient of sliding friction between the proximal portion and the patient's tissue. The distal
portion enables a practitioner to substantially discriminate the needle's penetration of structures
in the patient's tissue while the proximal portion with substantially reduces drag force for
passage of the proximal portion through the structures already penetrated by the distal portion.

The hypodermic needle of the invention is particularly well suited for anesthetic
administration into the epidural space. Correct placement of a needle into the epidural space
by a practitioner is generally recognized as one of the most technique sensitive of widely
practiced medical procedures. The hypodermic needle of the invention maximizes the
practitioner’s ability to discern the passage of the needle through fhe structures present in the
patient's tissue by allowing him to feel the peak penetration forces as the point encounters the
structure and minimizes drag forces, particularly stick/slip friction, of the shaft of the needle as
it passes through the tissue. The hypodermic needle of the invention is well suited for any

other penetration depth sensitive applications such as biopsy needles and the like.
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.Exaﬁple I An aqueous suspensi on of polytetrafl uoroethyl ene (PTFE)
particles (sized between about 2,000 to about 10,000 Angstrons, nol ecul ar

- wei ght above about 1,000,000) is prepared. Well-cl eaned stainless steel
needl es are dipped vertically, with the point down, into the suspension
until the needle is substantially conplgtely covered. The needles are
allowed to remain resident in the batliZior about 5 to 10 seconds, renoved
and allowed to drain. The needles are then dipped, point down, in a

dei oni zed water to a preselected depth to renove the PTFE coating fromthe
distal portigon. In this exanple, the needle is an epidural needle size 20
gauge w PHe e%ﬁ?@‘bﬂé‘ﬁ%%%‘ﬁ'.“gﬁ'he depth of the dip into the PTFE suspensi on

OOy o kool bt B ot Bt e G
t he needlnglem%rn?s are air flushed with clean dry air _
Fig. 2 is a perspective view of the invention of Fig. 1 as assembled and placed in a
package;
Fig. 3 is a schematic vertical cross-sectional view of the lumbar. region of a human
spine; and
Fig. 4 is a schematic horizoﬁta] cross-sectional view of the lumbar region of a human

spine.

Detailed Description

While this invention is satisfied by embodiments in many different forms, there is shown
in the drawings and is herein described in detail, a preferred embodiment of the invention with
the understanding that the present disclosure is to be considered exemplary of the principles of
the invention and is not considered to limit the invention to the embodiment illustrated. The
scope of the invention is measured by the appended claims and their equivalents.

Referring to Figs. 1 and 2, a preferred hypodermic epidural needle 10 of the present
invention includes an elongate hollow tube 12 with a longitudinal axis A. Tube 12 has a
proximal end 14, a distal end 16 and a bore 18 therethrough. Proximal end 14 has a hub 20
fixedly attached thereto to releasably connect needle 10 to a fluid handling device such as a
catheter, a syringe or the like. Preferably, distal end 16 has a substantially oval opening 22,
into bore 18 at an angle 0 to axis A to form a sharp distal point 24 to facilitate penetration of
needle 10 into a patient's tissue. For the preferred epidural needle, angle 6 is between about
fifteen and about sixty degrees and preferably is about thirty degrees. For particular
applications needle 10 may have points with other configurations and angles and be considered

within the scope of the invention.
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to clear the bores. Alternatively, the PTFE suspension may be renoved from
‘the distal portion by a controlled pattern water spray foll owed by air

. flushing the bore. The needles are rotated to a substantially horizontal
position and are then nmaintained at a tenperature between about 15[err] C
to about 150[err] C. for between about {wo mnutes to about fifteen m nutes
to substantially renove the residual wBrer fromthe PTFE coat i ng remaini ng
on the proximal portion of the needle. The PTFE coating is then fused to a
substantially continuous filmby exposing the proximl coated portion of
the needl e t o Fubeelmhasilatirsutii@d \WeFicead® wiith3 2 AlkridatedCproximal aortidn 2804medr ag C.
for about one to about five seconds. In standard penetration
testing iumldbnicated dztdhpertioni3®s Preferabydlistal pootiorelD isibetween about dAgEE about forty
process simlar to that described above show a reduction in drag force to
about si xpeycenp ef owtside sprfadec2Glandyprosinaad potiinar 2%t bebweenzabeny nnalyounety dhout r ol

needl e. L .
sixty percent of outside surface 26. More preferably, distal portion 30 is about ten percent of

outside surface 26 and proximal portion 28 is about ninety percent of the outside surface.
Additionally, since in many procedures, the entire length of the needle is not utilized, it is not
necessary that the proximal portion of the needle be coated all the way to the hub, for
particular applications, needles with only a partially treated proximal portion are considered
within the purview of the invention. Unlubricated distal portion 30 enables a practitioner to
substantially discriminate penetration of distal point 24 of the needle through structures in the
patient's tissue and lubricated proximal portion 28 substantially reduces a drag force for
passage of the proximal portion through the structures already penetrated thereby making the
structure penetration by the distal portion the predominate perception by the practitioner, thus
enhancing the practitioner's ability to discriminate the passage of the distal portion into the
desired location.

Preferably, hub 20 of the epidural needle of the invention has a removable flange 32
that is positioned substantially normal to the needle's longitudinal axis to facilitate the
practitioner's manipulation of the needle. The preferred epidural needle of the invention has
hollow tube 12 formed from stainless steel. Tube 12 preferably has a length between about
five to about ten centimeters and an outside diameter between about 0.7 mm to about 1.5 mm.
Preferably, tube 12 has a plurality of graduation markings 34 for observation by_ the
practitioner during penetration as an indication of the depth of the needle pé_netration.

Needle 10 is preferably supplied with a removable stylet 36 that forms a substantially
continuous surface with a surface 38 of oval opening 22. Preferred stylet 36 includes a hub 37
with a key 39 configured to engage a slot 21 in needle hub 20 to substantially orient the stylet
with surface 38 of the oval opening. Stylet 36 is used to occlude bore 18 during the

penetration of the patient's tissue to substantially prevent accumulation of tissue fragments in
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Exanpl e 2 A hydrof | uorocarbon sol ution of a curable organosilicone
| ubricant is prepared with a concentration of between about three to about
five percent of the lubricant. Needles are positioned substantially
horizontally and the needle surface is sprayed with the curable silicone
solution so that the proximal portion [s substantially coated and the
distal portion is left substantiallyXdhcoated. In this exanple, the
needl es are 20 gauge with an 18.9 cmlength. The

bore 18 that would be transported into the epidural space when the anesthetic agent is
introduced. When the practitioner has properly placed the needle in the epidural space, stylet
36 is removed and a fluid handling device, such as a syringe, is attached to the hub for
introduction of the medicament, generally an anesthetic agent.

Referring to Figs. 3 and 4, schematic vertical and horizontal cross-sectional views of a
human spine 60 show the structures encountered in placement of epidural needle 10 in the
human spine. In Fig. 3, needle 10 is positioned in spine 60, between t-wo vertebrae 62 by
passing through a ligamentous tissue 63 so that distal portion 30 with distal end 16, opening 22
and distal end 24 are in the epidural space 64. When making an epidural placement, the
practitioner must not penetrate through the dural membrane 66 into the subarachnoid space 68
or into the cauda equina 70. Fig. 4 schematically illustrates spine 60 in horizontal cross-section
to assist the understanding of the location of vertebrae 62, epidural space 64 relative to dural
membfane 66, subarachnoid space 68 and cauda equina 70. In a paper by C. E. Pither, in
Anesth. Analg.: 63, 1984, pp. 1048-49, reference is made to a basic descri_ption of placing an
epidural needle in the lumbar space by J. A. Lee in Anesthesia 1960: 15: 186. According to
Lee, "When inserting the needle in the lumbar region, one can advance it, in patients of average
build, for a distance of 3 cm without fear of missing the extra dural space or of puncturing the
dura. . . From this point onwards, care must be taken. Similarly, if the extra dural space has
not been located when the point has been inserted 6 cm, one is well advised to withdraw and
try again at a different angle." In the paper, Pither advocates the utility of placing markings
indicating the depth of placement on the surface of the needle. _

Preferably, needle 10 with stylet 36 installed in the bore is covered with a shield 40 and
placed in a sealed package 50, indicated in phantom in Fig. 2. Preferably, package 50 is
formed from rﬁaterials substantially resistant to the passage of microorganisms and exposed to
conditions capable of rendering any microorganisms therein substantially non-viable. Suitable
materials for forming package 50 include, but are not limited to, paper, non-woven polyolefin,

. thermoplastic film and the like. Suitable conditions for rendering microorganisms non-viable
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spray pattern is controlled so that the distal portion of about 2.2 cm
(twenty-five percent) is left substantially uncoated. The
- hydr of | uorocarbon sol vent sel ected preferably has a vapor pressure near
at nospheric pressure at roomtenperature so that the solvent evaporates
rapidly, leaving the coating to cure ol t he needl e surface. In
standard penetration testing on human aver tissue, needles coated with
curable silicone lubricant in a process simlar to that described above
show a r dutude) exposune to inpifing radiation sutvas gimmayacbgtme electson bpamsiangdgthe chkc,e
observed with a dry unlubricated control need|e. Exanpl e 3
hydr of | uéP8 chsmies sé’ﬂhﬂfﬁ i‘a‘ﬁhé‘-’fetbﬂF‘ﬁj‘P’ﬁ@tmﬂ@F likkane (silicone) with a

viscosity between abou 000 cen 5 ahd abgut, 13, Q00 centistqkes S
prepared with geral examp eso coatings an met ods for their application t6 the proximal portions

of needles are given below. These examples are intended to be illustrative, and not limitative
of the differentially lubricated needle of the present invention. Many other needle gauge sizes,
point conﬁguration‘s, lengths, lubricated portion/uniubricated portion ratios and lubricants may
be preferred for particular applications and are considered to be within the scope of the
invention. The needles used in the examples are epidural needles, other hypodermic needles
for many other applications such a's. biopsy, radiopacity agent delivery and the like would be
suitable for the present invention and are considered within the scope of the invention. Most
materials suitable for use in medical device applications as a lubricant are presumed satisfactory
for use in the present invention. A suitable lubricant material is a material that, when applied
to a needle, reduces the coefficient of sliding friction between the surface of the needle and a
patient's tissue below the coefficient of sliding friction between the unlubricated needle and the
patient's tissue. Similarly, other techniques for reducing the coefficient of sliding friction with
a patient's tissue of a portion of an needle including, but not limited to, mechanical surface
polish applied to a portion of the surface, electropolish of a portion of a surface, differential
surface finish obtained by masking, electrolytic application and selective removal of a portion
of a coating, application and mechanical removal of a portion of a coating and the like are
considered to be within the scope of the prese;lt invention.

Suitable polytetrafluoroethylene materials are available under the trade names
Teflon™, (DuPont), Fluon™ (ICI) and Halar™ (Allied). Suitable silicone lubricants are
.available from Dow-Corning, General Electric, Union Carbide and others. In the examples, the

- polytetrafluoroethylene suspension is formed with Teflon™ 852-200 available from E. L
DuPont, Wilmington, DE. Many other PTFE suspensions are available and are considered
within the scope of the present invention. Other coatings such as methyl cellulose ethers,

polyvinylpyrollidone, PTFE modified nickel and the like are lubricative and are considered

This is the replacement sheet .

Date: - 5 SEP 1997



coricentrati on about three to about five percent (weight/weight). Needles
“are position substantially horizontally and sprayed with the silicone
solution so that proximal portion of the needle is substantially coated
and the distal portion is substantially uncoated. In this exanple, the
needl es are 20 gauge with an 18.9 cm |l gngth. The spray pattern is
controlled so that the distal portionZaof about 2.2 cm (about twenty-five
percent) is left uncoated. The hydrofluorocarbon solvent preferably has a
vapor pressure near atnospheric pressure at room tenperature so that the
sol vent withipahatsesper aPithHl invehtesnvi Simildrly, sithercteckniquelsrfoc application e cqatiogi nal
surface.

including, but not limited to, vacuum deposition, vacuum sputtering, spraying, plasma

discharge and the like are suitable for application of coatings and are considered within the

scope of the invention.

In the examples, the polydimethylsiloxane and the curing silicone were selected from

the DC-200™ series of silicones produced by Dow-Coming, Midland, ML

Polydimethylsiloxanes having viscosities between about 350 centistokes and about 1,000,000

centistokes are used as lubricants in ' medical devices. For particular applications, any silicone

compound falling substantially within this range of viscosities is considered within the scope of

the present invention.

For reference, a table relating the gauge size of needle tubing to the outside diameter in

mm is given. Generally epidural needles range from about 16 gauge to about 20 gauge. For

illustrative purposes, the examples given are 20 gauge needles. The gauge size used in the

examples is not o be considered limitative to 20 gauge, other sizes, both larger and smaller are

considered to be within the scope of the present invention.

Table of Hypodermic Tubing

Nominal Sizes (Gauge) Qutside Diameter (mm)
30 0.30
29 0.33
28 : 0.36
27 0.40
26 0.46
25 0.51
24 0.56
23 0.64
22 0.71
21 0.82
20 0.90
19 1.08
18 1.27
17 ' 1.50
16 1.65
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-12- In standard penetration testing on human cadaver tissue,

: needl es coated with silicone lubricant in a process simlar to that
descri bed above show a reduction in drag force to about thirty-three
percent of the drag force observed with a dry unlubricated control needle.
-The exanpl es and the penetration test|n8 results show the reduced drag of
| ubricated needles when conpared to uhPubricated needl e controls. The
present invention substantially reduces the drag force generated by

sliding frict Iﬁgl Eé%{‘}ﬂ‘fﬂl% tﬁdi’BéxttioﬂWe J\Jé 116§ Eed @sg.??&ﬁ Kﬁ E’é?cent of

patient’ S tl SS ron o rag OI’ passage o r oxi mal

portion nepcﬂ "b%ﬁﬂll%%s Al s¥Gvel HCthR rlﬁ«?énhbh OTthert Ghcdufed torddafdSpdréttages or
penetraﬂoﬁ thecunl‘ubri cated distal
differential treatments other than coatings could equally as well have been selected, and for
particular applications may be preferred, and are considered to be within the scope of the

invention.

Example 1 .
An aqueous suspension of polytetrafluoroethylene (PTFE) particles (sized between

about 2,000 to about 10,000 Angstroms, molecular weight above about 1,000,000) is
prepared. Well-cleaned stainless st.eel needles are dipped vertically, with the point down, into
the suspension until the needle is substantially completely covered. The needles are allowed to
remain resident in the bath for about 5 to 10 seconds, removed and allowed to drain. The
needles are then dipped, point down, in a deionized water to a preselected depth to remove the
PTFE coating from the distal portion. In this example, the needle is an epidural needle size 20
gauge with an 18.9 cm length. The depth of the dip into the PTFE suspension covers
substantially the entire length of the needle. The depth of the dip into the deionized water bath
is 2.2 cm (25 percent). After the water dip, the needle bores are air flushed with clean dry air
to clear the bores. Alternatively, the PTFE suspension may be removed from the distal portion
by a controlled pattern water spray followed by air flushing the bore. The needles are rotated
to a substantially horizontal position and are then maintained at a temperature between ‘about
15° C. to about 150° C. for between about two minutes to about fifteen minutes to
substantially rem&e the residual water from the PTFE coating remaining on the prox?mal
portion of the needle. The PTFE coating is then fused to a substantially continuous film by
exposing the proximal coated portion of the needle to a temperature between about 350° C. to
about 370° C. for about one to about five seconds.

In standard penetration testing in human cadaver tissue, needles coated with fused
PTFE in a process similar to that described above show a reduction in drag force to about sixty

percent of the drag force observed with a dry uncoated control needle.
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poi nt through the structures present in the patient's tissue nore easily

‘and. enhances the ability of the practitioner to position the needle nore
. accurately. - 13- What
is clained is: . 1. A hypoderm c needl e conpri sing:

an elongate hollow tube with a proximal end, a distal end and a bore

t her et hr ough; -11-

Example 2

A hydrofluorocarbon solution of a curable organosilicone lubricant is prepared with a
concentration of between about three to about five percent of the lubricant. Needles are
positioned substantially horizontally and the needle surface is sprayed with the curable silicone
solution so that the proximal portion is substantially coated and the distal portion is left
substantially uncoated. In this example, the needles are 20 gauge with an 18.9 cm length. The
spray pattern is controlled so that the distal portion of about 2.2 cm (twenty-five percent) is
left substantially uncoated. The hydrofluorocarbon solvent selected preferably has a vapor
pressure near atmospheric pressure la;: room temperature so that the solvent evaporates rapidly,
leaving the coating to cure on the needle surface.
In standard penetration testing on human cadaver tissue, needles coated with curable

silicone lubricant in a process similar to that described above show a reduction in drag force to

about fifty percent of the drag force observed with a dry unlubricated control needle.

Example 3
A hydrofluorocarbon solution of polydimethylsiloxane (silicone) with a viscosity
between about 12,000 centistokes and about 13,000 centistokes is prepared with a
concentration about three to about five percent (weight/weight). Needles are position
substantially horizontally and sprayed with the silicone solution so that proximal portion of the
needle is substantially coated and the distal portion is substantially uncoated. In this exarr.'lple,
| the needles are 20 gauge with an 18.9 cm length. The spray pattem is controlled so that the
distal portion of about 2.2 cm (about twenty-five percent) is left uncoated. The
| hydrofluorocarbon solvent preferably has a vapor pressure near atmospheric pressure at room
temperature so that the solvent evaporates rapidly, leaving the silicone lubricant on the

proximal surface.
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.a hub attached to said proxinmal end to rel easably connect said needle to a
fluid handling device, said distal end including a point; and sai d
" tube having an outside surface with a proximl portion and a distal

portion, said distal portion having a higher coefficient of sliding
friction with a patient's tissue than said proximl portion. 2.
The needle of claim1l wherein said disﬂét portion conprises between about
one percent to about forty percent of said outside surface of said tube.

3. The needl e of claim1 wherein said proxinmal portion has a |ubricative
coating thereon. 4. A hypoderm c needl e conpri si ng:

In standard penetration testing on human cadaver tissue, needles coated with silicone
lubricant in a process similar to that described above show a reduction in drag force to about
thirty-three percent of the drag force observed with a dry unlubricated control needle.

The examples and the penetration testing results show the reduced drag of lubricated
needles when compared to unlubricated needle controls. The present invention substantially
reduces the drag force generated by sliding friction of the proximal portion of the needle
against the patient's tissue. Reduction of the drag force for passage of the proximal portion of
the needle allows the practitioner to discriminate the penetration of the unlubricated distal
point through the structures present in the patient's tissue more easily and enhances the ability

of the practitioner to position the needle more accurately.

This is the replacement sheet

Date: ~ 5 SEP g7



an el ongate hollow tube with a proximal end, a distal end and a bore

- t her et hrough; a hub attached to said proximal end to rel easably
connect said needle to a fluid handling device, said distal end having a
sharp point for facilitating penetration of said needle into a patient's
tissue; and sai d tube having an_outside surface with a |ubricated
proxi mal portion and an unlubricated j£§tal portion, said unlubricated
distal portion enabling a practitioner to discrimnate said needle's
penetratk&g of slrﬁcpures in the patient's tissue and said |ubricated
portion r&Ads AgMedd¥ag force for passage of said proximal portion through

the structur €s. al rﬁﬁ%d@%@%&é ggdmprising_:

an elongate hollow tube with a proximal end, a distal end and a bore
therethrough;
a hub attached to said proximal end to releasably connect said needle to a fluid handling
device, said distal end including a point; and
said tube having an outside surface with a proximal portion and a distal portion, said
distal portion having a higher coefficient of sliding friction with a patient's tissue than said

proximal portion.

2. The needle of claim 1 wherein said distal portion comprises between about one

percent to about forty percent of said outside surface of said tube.

3. The needle of claim 1 wherein said proximal portion has a lubricative coating

thereon.

4. A hypodermic needle comprising:

an elongate hollow tube with a proximal end, a distal end and a bore therethrough;

a hub attached to said proximal end to releasably connect said needle to a fluid handling
device, said distal end having a sharp point for facilitating penetration of said needle iqto a
patient's tissue; and | |

said tube having an outside surface with a lubricated proximal portion and an
unlubricated distal portion, said unlubricated distal portion enabling a practitioner to
discriminate said needle's penetration of structures in the patient's tissue and said lubricated
portion reducing a drag force for passage of said proximal portion through the structures

already penetrated.
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“conprises between about one

surf ace

di stal portion conprises about ten percent of

t ube.
epi dur al

5. The needl e of claim4 wherein said distal portion
of said tube. 6. The needl e of claim4 wherein said

7. The needl e of clai,m4 wherein said needle is an
needl e having a |l ength betweegd about five to about twenty

centi neters.

5. The needle of claim 4 wherein said distal portion comprises between about one

percent to about forty percent of said outside surface of said tube.

6. The-needle of claim 4 wherein said distal portion comprises about ten percent of

said outside surface of said tube.

7. The needle of claim 4 wherein said needle is an epidural needle having a length

between about five to about twenty centimeters.

8. The needle of claim 7 wherein said distal point comprises an oval opening to
said bore formed in said tube at an angle to a longitudinal axis of said elongate tube so that said

tube forms a sharp distal point.

9. The needle of claim 4 wherein said needle has an outside diameter between

about 0.7 mm to about 1.5 mm.

10.  The needle of claim 4 wherein said outside surface of said tube further includes
a plurality of markings for indicating the depth of penetration of said needle into a patient's

tissue.

11.  The needle of claim 4 wherein said lubricated portion has a coating comprising
a material that reduces the coefficient of sliding friction between the surface of the needle and a
patient's tissue below the coefficient of sliding friction between the surface of the unlubricated

portion of the needle and the patient's tissue.
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8. ° The needle of claim7 wherein said distal point conprises an oval
opening to said bore forned in said tube at an angle to a | ongitudi nal
axis of said elongate tube so that said tube forns a sharp distal point.

9. The needl e of claim4 wherein said needl e has an outside di aneter
between about 0.7 mnmto about 1.5 mm 10. The needle of claim4
wherein said outside surface of said rﬂﬁp further includes a plurality of
mar ki ngs for indicating the depth of penetration of said needle into a
patient's tissue. 11. The needl e of claim4 wherein said

| ubricated portion has a coating conprising

12. The needle of claim 11 wherein said coating of said lubricated portion

comprises organic silicone.

13. The needle of claim 11 wherein said coating of said lubricated portion

comprises polytetrafluoroethylene.

14.  The needle of claim 13 wherein said coating of said lubricated portion

comprising polytetrafluoroethylene is between about 0.5 microns to about 3 microns thick.

| 15. A hypodermic epidural needle comprising:

an elongate hollow tube having an outside surface and a longitudinal axis, said tube
having a proximal end, a distal énd and a bore therethrough;

a hub fixedly attached to said proximal end of said tube to releasably connect said
needle to a fluid handling device, said distal end having a substantially oval opening into said
bore at an angle to said axis to. form a sharp point for facilitating penetration of said needle into
a patient's tissue; and

said tube outside surface having a lubricated proximal portion and an unlubricated
distal portion, wherein said distal portion comprises between about one to about forty percent
of said outside surface, said 'unlubricated distal portion enabling a practitioner to discrithinate
the needle's penetration of structures in the patient's tissue and said lubricated portion
substantially reducing a drag force for passage of said proximal portion through the structures

already penetrated.

16.  The epidural needle of claim 15 wherein said outside surface of said tube further
includes a plurality of markings for indicating the depth of penetration of said needle into a

patient's tissue.
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a material that reduces the coefficient of sliding friction between the
‘sur.face of the needle and a patient's tissue below the coefficient of
. sliding friction between the surface of the unlubricated portion of the

needl e and the patient's tissue.
- 15- 12. The needl e of cl ai 11 wherein said coating of said

| ubricated portion conprises organic Stii cone.

17. The epidural needle of claim 16 wherein said hub further includes a removable
flange for facilitating the practitioner's advancement of said needle into the patient's tissue, said

flange being substantially normal to said axis of said needle.

18.  The epidural needle of claim 16 further including a removable stylet to occlude

said bore.

19.  The epidural needle of claim 16 including a shield to cover said distal point, said
epidural needle placed in a package formed from materials substantially resistant to the passage
of microorganisms and exposed to conditions capable of rendering any microorganisms therein

substantially nonviable.

20. A packaged epidural needle assembly comprising:

an elongate hollow tube having an outside surface with a plurality of markings for
indicating the depth of penetration of said needle into a patient's tissue and a longitudinal axis,
said tube having a proximal end, a distal end and a bore therethrough;

a hub fixedly attached to said proximal end of said tube to releasably connect said
needle to a fluid handling device;

a removable flange for facilitating the practitioner's advancement of said needle into the
patient's tissue, said flange being positioned on said hub substantially normal to said axis of
said tube, said distal end having a substantially oval opening into said bore at an angle to said

- axis to form a sharp point for facilitating penetration of said needle into a patient's tissue;

a removable stylet positioned within said bore to occlude said bore;

a shield positioned over said tube to cover said distal point,

said tube outside surface having a lubricated proximal portion and an unlubricated
distal portion, wherein said distal portion comprises between about one to about forty percent

of said outside surface, said unlubricated distal portion enabling a practitioner to discriminate
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13.- The needle of claim 11 wherein said coating of said |ubricated

P portion conprises polytetrafl uoroethyl ene. 14. The needl e of
claim 13 wherein said coating of said lubricated portion conprising

pol ytetrafl uoroet hyl ene is between about 0.5 mcrons to about 3 mcrons

t hi ck. 15. A hypoderm c epi dural needl e conpri sing: an
el ongate hol | ow tube. havi ng an out si deldurface and a | ongi t udi nal axi s,
said tube having a proxinmal end, a distal end and a bore therethrough;

a hub fixedly attached to said proxinmal end of said tube to rel easably
connect said needle to a fluid handling device, said distal end having a

subst ant i @kl Yee@N8! pPRBAIAD of MtRichREd in RRE %aﬁént@ntlﬁﬁé]'a@ldt Sid Elblﬂ'lcﬁi@ds pbifichor m
a sharp point for faC|I|tat| ng penetration of said needle into

substantially reducing a drag force for passage of said proximal portion through the structures
already penetrated; and

a sealed package formed from materials substantially resistant to the passage of

microorganisms having said epidural needle assembly therein,
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a pétient's tissue; and sai d tube outside surface having a
| ubricated proxi mal portion and an unlubricated distal portion, wherein

- said distal portion conprises between about one to abo”Tﬁl%WE?Q‘fﬁﬁeﬁéEN Df

sai d outside surface, said unlubricated di stal portion .E
practitioner to discrimnate the needl , S penetration BQ La.d he
patient's tissue and said |ubri.cated pQ substant | aI I y reducr ng a drag

force for passage sgi Lan thr e uctures al ready
penet r at ed. iﬂ' O%T %epeﬁ%'ei{%’ Bgﬁab ‘g h said
out si de surface of sard tube further |ncI udes a pI uralrty of mar ki ngs for
i ndi cating the depth of penetration ofAbstiéef needle into a patient's

tissue.

A hypodermic needle of the present invention includes an elongate hollow tube with a
proximal end, a distal end and has a bore therethrough. The proximal end of the needle of the
invention has a hub fixedly attached thereto to connect the needle releasably to a fluid handling
device with the distal end having a point for facilitating penetration of the needle into a
patient's tissue. The outside surface of the tube has a proximal portiorl with a lower coefficient
of sliding friction with the patient's tissue than the coefficient of sliding friction with the
patient's tissue than a distal portion'of the outside surface of the tube. The higher coefficient of

- friction of the distal portion enables a practitioner to substantially discriminate the needle's
penetration of structures in the patient's tissue while the lower coefficient of friction proximal
portion substantially reduces drag force for passage of the proximal portion through the

structures already penetrated by the distal portion.

Figure 1
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- 16- 17. The epidural needle of claim 16 wherein said hub
further includes a renovable flange for facilitating the practitioner's
- advancenent of said needle into the patient's tissue, said flange being

substantially normal to said axis of said needle. 18. The
epi dural needle of claim16 further including a renovabl e stylet to occl ude
sai d bore. 19. The epidural-heedl e of claim16 including a

shield to cover said distal point, said
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epi dural needle placed in a package fornmed frommaterials substantially
resistant to the passage of m croorgani sns and exposed to conditions
capabl e of rendering any microorgani snms therein substantially nonviable.
20. A packaged epidural needl e assenbly conpri sing: an el ongate
hol | ow t ube havi ng an outside surface mﬁthgﬁ-plurality of markings for

i ndicating the depth of penetration of sat eedle into a patient's tissue
and a longitudinal axis, said tube having a proximl end, a distal end and
a bore therethrough; a hub fixedly attached to said proxinmal end of
said tube to releasably connect said needle to a fluid handling device;

a renovable flange for facilitating the practitioner's advancenent of said
needl e into the -

/o
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patient's tissue, said flange being positioned on said hub substantially
notmal to said axis of said tube, said distal end having a substantially
oval opening into said bore at an angle to said axis to forma sharp point
for facilitating penetration of said needle into a patient's tissue,

a renovabl e stylet positioned within sg%d bore to occlude said bore;

a shield positioned over said tube to tbver said distal point, sai d
t ube outside surface having a | ubricated proximl portion and an
unlubricated distal portion, wherein said distal portion conprises between
about one to about forty percent of said outside surface, said

unl ubricated distal portion enabling a practitioner to discrimnate

FIG—3
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- 17- t he needl e's penetration of structures in the patient's tissue and
"said lubricated portion substantially reducing a drag force for passage of
. said proximal portion through the structures already penetrated; and

a seal ed package formed frommaterials substantially resistant to the
passage of m croorgani sns having said epidural needl e assenbly therein.

—

FIG-4
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s //p - SEARCH REPORT | Application No. 9702429-3 {03

TEXT OF THE ABSTRACT

HYPODERMIC NEEDLE HAVING A DIFFERENTIAL OUTSIDE SURFACE FINISH

A hypodermic needle (10) of the present invention includes an elongate hollow tube (12) with
a proximal end (14), a distal end (16) and has a bore (18) therethrough. The proximal end(14)
of the needle of the invention has a hub (20) fixedly attached thereto to connect the needle
releasably to a fluid handling device with the distal end (16) having a point (24) for facilitating
penetration of the needle into a patient’s tissue. The outside surface (26) of the tube (12) has a
proximal portion (28) with a lower coefficient of sliding friction with the patient’s tissue than
the coefficient of sliding friction with the patient’s tissue that a distal portion (30) of the
outside surface (26) of the tube (12). The higher coefficient of friction of the distal portion
(30) enables a practitioner to substantially discriminate the needle’s penetration of structures in
the patient’s tissue while the lower coefficient of friction proximal portion (28) substantially
reduces drag force for passage of the proximal portion through the structures already
penetrated by the distal portion (30).

{3 Figure 1.
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