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DETECTION MECHANISM BACKGROUND OF THE INVENTION 1. Field of the Invention
The present invention relates to a medical device for performing
thoracentesis, and more particularly to a 1o thoracentesis device which is
used for the removal of fluid from the pleural cavity. More specifically,
the present invention relates to a thoracentesis device having a
hyper-sensitive dual spring detection mechanism that greatly reduces the
possibility of lung puncture or 15 laceration by the device during
thoracentesis. 2. Prior Art Thoracentesis involves the removal or
evacuation of fluid from the pleural cavity between the lungs and the 2o
chest wall of a patient who has sustained some kind of trauma to the
pleural cavity area. Evacuation of fluid from the pleural cavity is a
necessary procedure in order to allow the lungs to expand properly and
promote proper convalescence. During a prior art thoracentesis 25
procedure, a user makes an incision through the chest wall and inserts a
catheter or other tubular member through the incision and into the pleural
cavity. The proximal end of the catheter is then connected to a negative
pressure source, e.g. luer tip syringe, and 3o fluid which includes blood,
air and other body secretions may be evacuated from the pleural cavity
through the catheter by operation of the syringe. Medical devices used to
remove fluid from the pleural cavity during a thoracentesis procedure are
well 1 SUBSTITUTE SHEET (RULE 26)  



4 August 2004 known in the art. A typical prior art device for performing
thoracentesis is disclosed in U.S. Patent No, 4,4S7,235 to Clarke entitled
"Thoracentesis Device" which discloses a flexible catheter having a distal
end and a 5 proximal end, a means defining an elongated conduit connected
to the proximal end of the catheter and in line therewith, and a hollow
needle having a sharpened distal end adapted to penetrate the chest cavity.
However, the drawback of the Clarke device is that an inadvertent to
puncture of an internal body organ by the sharpened distal end of the
catheter could possibly occur during insertion of the device through the
chest wall since there is no provision for indicating whether the sharp
distal end of the device has made contact with the lungs, 15 or other body
organ, once the sharpened-distal end enters the pleural cavity. Other
medical devices, such as Verress-type needle device, used for
pneumoperitoneum also require a means for detecting whether the sharpened
distal end of the 20 device has made contact with an internal body organ
when insufflating the abdominal cavity. A typical Verresstype needle device
is disclosed in U.S. Patent No. 5,256,148 to Smith et al., entitled
"Verress Needle with Enhanced Acoustical Nleans" which shows a single
spring 25 loaded, blunt tipped inner needle slidably contained within a
larger diameter piercing outer needle fixedly attached to the handle of the
device. In operation, the outer needle of the verress-type needle device is
used to penetrate completely through the abdominal and stomach 30 walls and
enter the stomach. As the outer needle penetrates the stomach, the
resistance applied against the single spring loaded inner needle causes the
inner needle to withdraw inside the conduit of the outer needle such that
the sharp end of the outer needle is exposed 2 SUBSTITUTE SHEET (RULE 26)
4 August 2004 and extends outwardly beyond the blunt tip inner needle. Once
the outer needle completely penetrates the stomach wall and enters the
stomach, the resistance against the end o. the inner needle applied by the
stomach wall is 5 removed so that the single spring force applied to the
inner needle causes the blunt tip distal end thereof to move forwardly to a
fully extended position beyond the sharp distal end of the outer needle.
The Smith et al. device is also provided with a detection means for io
visually indicating to the user whether the fully extended blunt tip distal
end of the inner needle has made contact with an internal body organ after
insertion into the stomach. The detection means of the Smith et al. device
comprises a single spring arrangement wherein 15 the proximal end of the
inner needle disposed inside the housing of the device is spring loaded and
operatively connected to a detection means such that a visual indication is
given to the user that contact has been made by the blunt tip distal end of
the inner needle. 2o The detection means also features two opposite colored
hands that are viewed through a window made in the handle of the device.
One of the colored bands indicates that the b'_unt tip distal end of the
inner needle is in a fully extended position outwardly veyond the sharp tip
of 25 the outer needle, thereby visually indicating to the user that the
distal end of the device has not made physical contact with an internal
body organ after entry into the stomach. The opposite colored band
indicates that the blunt tip distal end of the inner needle has made
contact 30 with a body organ and has been retracted into the conduit of the
outer needle so that the sharpened tip of the outer needle is exposed.
These opposite colored bands provide a visual stimulus to the user as to
whether contact is being made by the blunt tip distal end of the 



3 SUBSTITUTE SHEET (RULE 26)   4 August 2004 device with an internal body
organ, thus inadvertent puncture or lacerations of other body organs can be
prevented. However, the detection means of the Smith et al. device could be
improved even further when applied to 5 thoracentesis or other invasive
procedures. The single spring arrangement used to visually indicate the
position of the distal end of the device could be improved to provide
enhanced detection sensitivity to indicate whether contact has been made
with the lungs or other 1o internal body organs. There=ore, there appears a
need in the art for a medical device which includes an indication means
that provides improved sensitivity as to the position of the blunt tip
distal end of the inner needle relative to the 15 sharpened outer needle of
the device. OBJECTS AND SUMMARY OF THE INVENTION y In brie. summary, the
present invention overcomes and substantially alleviates the deficiencies
in the 20 prior art by providing a thoracentesis device having a
hypersensitive dual spring detection mechanism that provides quick and
immediate visual indication to the user o. when the blunt tip distal end of
the inner needle of the device has made contact with a body organ, thereby
25 preventing puncture or laceration of the lung area during thoracentesis.
The thoracentesis device of the present invention comprises an outer needle
fixedly attached at its proximal end to a handle and a sharp distal end
adapted for penetrating the chest wall of a patient. The 3o sharp distal
end of the outer needle includes an opening in communication with a first
conduit formed along the longitudinal axis of the outer needle. Slidably
disposed inside the first conduit is a smaller diameter inner needle having
a spring-loaded proximal end slidably 4 



SUBSTITUTE SHEET (RULE 26)   4 August 2004 engaged inside the handle and a
blunt tip distal end which, in its fully extended position, extends a short
distance outwardly beyond the sharp distal end of the outer needle. A
plurality of radial ports are formed 5 around the blunt tip distal end of
the inner needle with each port in communication with a second conduit that
extends longitudinally through the inner needle and opens into a cavity
formed inside the handle. The second conduit of the inner needle provides a
means for 1o evacuating fluid via a fluid pathway established through the
second conduit and cavity of the thoracentesis de vice. The blunt tip
distal eod of the inner needle is maintained in its fully extended position
due to its 15 operative engagement with a large spring housed in the handle
which applies a distal spring force along the longitudinal axis of the
inner needle. The inner needle is also operatively engaged with a small
spring which applies a smaller proximal spring force in direct 20
opposition to the distal spring force applied by the large spring.. The
large spring and a small spring form a part of the dual spring detection
mechanism of the present invention which provides an immediate visual
indication that the blunt tip distal end of the inner z5 needle has made
contact with an internal organ, such as the lungs, while the thoracentesis
device is operating inside the pleural cavity of a patient. When properly
assembled, the detection mechanism has a dual spring arrangement
operatively connected to an indicator 3o arrangement comprising positive
and negative indicators. The positive indicator is attached to a portion of
the blunt tip inner needle housed in the cavity of the handle so that
longitudinal movement by the spring-loaded inner needle necessarily moves
the positive indicator relative 5 SUBSTITUTE SHEET (RULE 26)   4 August
2004 to the stationary negative indicator which is nested and hidden.
inside the positive indicator. A cavity is formed at the distal end of the
positive indicator for housing and completely masking the negative
indicator from view 5 through the transparent housing of the handle when
the inner needle is in a fully extended position. 



The dual spring arrangement according to the present invention is designed
so that the large spring is in a minimum compressed state and the small
spring is in a .0 maximum compressed state when the blunt tip distal end is
maintained in its fully extended position. In operation, when the blunt tip
distal end makes contact with a body organ, e.g. the lungs, after insertion
of the thoracentesis device through the patient's chest wall, ~5 the
proximal contact force applied by the lungs to the blunt tip distal end of
the inner needle in combination with the proximal spring force generated by
the small spring, more quickly overcomes the distal spring force applied by
the large spring at a reduced organ contact 2o force than that required of
prior art single spring arrangements. In other words, the addition of the
proximal spring applied by the small spring requires a much smaller contact
force to be applied by the contacted organ in order to more quickly
visually alert the user zs that the inner needle is being withdrawn and the
sharp distal end of the outer needle is being exposed. As the combined
proximal forces applied by the small spring and contacted body organ become
greater than the single distal spring force applied by the large spring,
the 3D positive indicator is made to move relative to the stationary
negative indicator which exposes the negative indicator to view from its
nested position inside the positive indicator and visually alerts the user
that contact has been made by the blunt tip distal end of the 6 SUBSTITUTE
SHEET (RULE 26)   4 August 2004 inner needle. Accordingly, the addition of
a second spring provides added detection sensitivity to the slightest
contact made by the blunt tip distal end of the inner needle which better
avoids inadvertent punctures or 5 lacerations by the sharp distal end of
the outer needle. It will be appreciated that the dual spring arrangement
of the present invention provides enhanced detection sensitivity by the
thoracentesis device to the slightest contact made by the blunt tip distal
end of the 1o inner needle with a body organ. In the absence of the small
spring providing a counterforce against the large spring, a much greater
contact force by the body organ against the blunt tip distal end would be
required to detect and alert the user that an internal organ was 15
contacted. This lessened sensitivity by the single spring detection
mechanism could cause possible inadvertent puncture or laceration of the
lung wall since the user would be unaware that the blunt tip distal end had
made sufficient contact with the body organ and 2o exposed the sharp distal
end of the thoracentesis device to the body organ. The thoracentesis device
of the present invention further comprises a sleeve member disposed in the
cavity of the handle. The sleeve member includes distal and 



25 proximal bores with the distal bore housing the large spring therein as
well as a portion of the positive indicator. The sleeve member also
includes an axial opening formed through an internal shoulder which
communicates with both proximal and distal bores and 30 establishes a fluid
pathway which extends from the radial ports of the inner needle to an
opening formed at the proximal end of the handle. The proximal bore
communicates with a one-way valve for preventing the reflux of evacuated
fluid back through the thoracentesis 7 SUBSTITUTE SHEET (RULE 26)   4
August 2004 device. Finally, the opening may be connected to a negative
pressure device, e.g. a luer-tipped syringe, for manually evacuating fluid
from the pleural cavity and out through the thoracentesis device. s
Accordingly, a primary object of the present invention is to provide a
medical device which is operable to reduce the possibility of inadvertent
puncture or laceration of the lung or other body organ by the device. 10
Another object of the present invention is to provide a hypersensitive
detection means for quickly indicating contact of a body organ by the
distal end of the medical device to the user. A further object of the
present invention is to 15 provide a visual indication means that may be
viewed at any angle through the handle of the medical device. Another
further object of the present invention is to provide a dual spring
arrangement operatively connected to a visual indication means for enhanced
2o detection of an internal body organ by the medical device. these and
other objects of the p=esent invention are realized in the preferred
embodiment of the present invention, described by way of example and not by
way of 25 limitation, which provides for a medical device having a
hyper-sensitive detection means for indicating contact of the distal end of
the device with a body organ. Additional objects, advantages and novel
features of the invention will be set forth in the description which 3o
follows, and will become apparent to those skilled in the art upon
examination of the following more detailed description and drawings in
which like elements of the invention are similarly numbered throughout. 



B SUBSTITUTE SHEET (RULE 26)   4 August' 2004 BRIEF DESCRIPTION OF THE
DRAWINGS FIG. 1 is an exploded view of the thoracentesis device according
to the present invention; FIG. 2 is a perspective view of the thoracentesis
5 device with the blunt tip distal end in the retracted position exposing
the sharpened distal end according to the present invention: FIG. 3 is a
perspective view of the thoracentesis device with the blunt tip distal end
in a partial 1o retracted position according to the present invention; FIG.
4 is a perspective view of the thoracentesis device with the blunt tip
distal end in the fully extended position according to the present
invention; FIG. 5 is a cross-sectional view of the 15 thoracentesis device
taken along line B-8 shown in FIG. 4 with the blunt tip distal end in the
fully extended position inside the pleural cavity according to the present
invention;  FIG. 6 is a cross-sectional view of FIG. 2 taken 2o along line
A-A in FIG. 2 with the blunt tip distal end in the retracted position and
the sharpened distal end penetrating the chest wall according to the
present invention; FIG. 7 is a cross-sectional view taken along line C25 C
shown in FIG. 3 with the blunt tip distal end in the partial retracted
position when in contact with the lung wall according to the present
invention; and FIG. 8 is a graph illustrating the enhanced sensitivity of
the dual spring arrangement according to 30 the present invention relative
to the prior art single spring arrangement 9 SUBSTITUTE SHEET (RULE 26)   4
August 2004 DETAILED DESCRIPTION OF THE INVENTION Referring to the
drawings, the preferred embodiment 



o` the thoracentesis device of the present invention is s illustrated and
generally indicated as 10 in FIG. 1. For ease of reference, distal shall
refer to the end of the device farthest away from the user, while proximal
shall refer to the end of the device closest to the user. Referring to
FIGS. 1 and 5, thoracentesis device 10 1D comprises a handle 11 having a
transparent hollow body 13 and a hollow outer needle 30 fixedly attached to
handle 11. As shown specifically in FIG. S, handle il comprises a front
housing 12 at=acliable to a rear housing 14 which 15 defines a cavity 50
within handle 11. The front housing 12 includes an external threaded
portion 80 which mates with a corresponding internal threaded portion B1
formed along the exterior surface of rear housing 14 by rotating either
housing 12,14 relative to the other until a 2o sealing engagement is
obtained between threaded portions 80, 81. As further shown, front housing
12 forms an annular chamber 42 which communicates with a larger annular
chamber 44. The outer surface of handle il forms a finger portion 56 at the
distal portion thereof adapted 25 to be gripped between the user's thumb
and forefinger during operation of thoracentesis device 10. A gripping
portion 52 is also formed along the outer surface of handle 11 at its
middle portion for engagement by the palm of the user. 3o Outer needle 30
defines a longitudinal inner conduit 34 which extends the entire length of
outer needle 30 and communicates with a distal opening 38 formed at the 10
SUBSTITUTE SHEET (RULE 26)   4 August 2004 distal end of thoracentesis
device 10. Outer needle 30 further includes a sharpened distal end 54 which
is adapted to penetrate through a chest wall 41 of a patient and is formed
adjacent the distal opening 38. Referring 5 to FIG. 7, slidably disposed
along conduit 34 and longitudinally aligned with outer needle 30 is a
springloaded inner needle 28. The proximal end of inner needle 28 is
spring-loaded by virtue of its operative connection to a large spring 20
disposed inside handle 11, while the 1o distil end of inner needle 28
defines a blunt tip distal end 32 with a plurality of radial ports 36
formed adjacent end 32 which communicate with conduct 34. The blunt tip
distal end 32 provides a safe blunt surface for contacting the lung wall 43
or other body organ without i5 penetrating or lacerating the tissue.
Referring to FIG. 4 and 5, when properly assembled large spring 20 imparts
a spring force in the distal direction to inner needle 28 sufficient to
place the blunt tip distal end 32 of needle 28 in a fully extended position
that extends beyond the 20 sharpened distal end 54 of the outer needle 30. 



In addition to large spring 20, thoracentesis device 10 further includes a
small spring 22 which is slidably mounted around a portion of inner needle
28 housed in handle 11 and provides a smaller proximal spring force to 25
inner needle 28 in direct opposition to the spring force applied by the
large spring 20 in the distal direction. As shall be discussed in greater
detail below, large spring 20 imparts a greater spring force than the
spring force applied by the small spring 22 such that the blunt 3o tip
distal end 32 of inner needle 28 is maintained in its fully extended,
nor-contact position forward of the sharpened distal end 59. The large
spring 20 and small 11 SUBSTITUTE SHEET (RULE 26)   4 August 2004 spring 22
comprise a dual spring arrangement 90. The dual spring arrangement 90 is
designed such that large spring 20 is in a minimum compressed state and
small spring 22 is in. a maximum compressed state when the blunt 5 tip
distal end 32 is maintained in the fully extended position. When the blunt
tip distal end 32 contacts an internal body organ, the spring loaded inner
needle 28 is moved in the proximal direction which forces the small spring
22 to uncompress and the large spring 20 to 1o compress. According to
another aspect of the present invention, thoracentesis device IO comprises
positive and negative indicators 16 and 18 having =espective contrasting
colors for providing a visual stimulus to the 15 user that the blunt tip
distal end 32 has made contact with an internal body organ. positive and
negative indicators 16 and 18 are housed inside the transparent body of
handle 11 and at least one of the indicators 16, 18 are visible to the user
at s11 angles through handle 20 11.. Referring to FIGS. 1 and 5, positive
indicator l6 is fixedly attached along a portion of inner needle 28 housed
inside handle il and is partially disposed inside a distal passage 65 of a
hollow sleeve 24 which is slidably mounted along inner needle 28. Positive
25 indicator 16 includes a chamber 46 which is adapted to nest negative
indicator 18 therein when blunt tip distal end 32 is in the fully extended
position. As further shown, negative indicator 18 is stationary and fixedly
positioned inside cavity 50. As shall be explained in 3o greater detail
below, when blunt tip distal end 32 makes contact with a internal body
organ inner needle 28 is forced backward such that positive indicator 16
moves 1L SUBSTITUTE SHEET (RULE 26) 



4 August 2004 relative to the stationary negative indicator 18 and unmasks
indictor 18. Sleeve 24 has a generally hollow tubular configuration and
includes distal passage 65 and proximal 5 passage 67 separated by an inner
wall 82 interposed across the interior of sleeve 24. Inner wall 82 forms an
axial opening 84 that slidably engages the proximal portion of inner needle
28 therethrough. Tc securely retain sleeve 24 inside handle 11, the end of
proximal 1G passage 67 defines an annular flange 66 for seating against
inner shoulder 68 that sandwich2s flange 66 between the front and rear
portions 12, 14 of handle il, thereby fixedly maintaining sleeve 24 in a
stationary position inside cavity 50. Handle 11 further includes a 15
chamber 58 for housing a one-way valve 70 which provides a means of
preventing the reflux of evacuated fluid back through thoracentesis device
10 as well as preventing atmospheric air from entering the pleural cavity
during operation of device 10 through the chest wall 41. As 2G further
shown, one-way valve 70 includes an annular flange 71 formed adjacent one
end thereof for anchoring valve 70 between sleeve 24 and an inner shoulder
72 formed along the interior surface of handle 11. Preferably, one-way
valve 70 is a duck bill valve, 25 although any valve which functions to
prevent reflux of fluid being withdrawn in one direction, while also
preventing atmospheric air from entering into the pleural cavity from the
other direction, is felt to fall within the scope of the present invention.
sG Referring to FIGS. 2-7, the operation cf thoracentesis device 10 will be
discussed in greater detail. FIGS. 5-7 illustrate the sequence of the 13
SUBSTITUTE SHEET (RULE 26) 



4 August 2004 thoracentesis device 10 as the outer needle 30 penetrates the
chest wall 41 of a patient. Referring specifically to FIG. 6, the user
penetrates through the chest wall 41 o. a patient by contacting the blunt
tip distal end 32 of 5 thoracentesis device i0 against wall 41 until the
combined force generated by the resistance of chest wall 41 and the
proximal spring force applied by small spring 22 to inner needle 28
overcomes the distal spring force similarly applied by the large spring 20.
Referring to 1o FIG. 7, as sufficient contact is made by the blunt tip
distal end 32, distal end 32 is forced to withdraw backward in the proximal
direction into conduit 34 as the sharpened distal end 54 of outer needle 30
is exposed and penetrates through the chest wall 41. Once the sharpened 15
distal end 54 of thoracentesis device 10 completely penetrates the chest
wall 41, distal end 54 enters the pleural cavity 45 of the patient. As
illustrated in FIG. 5, once the sharpened distal end 54 enters the pleural
cavity 45, the resistance 2o generated by.chest wall 41 against distal end
54 ceases and the distal spring force applied by the large spring 20
overcomes the smaller proximal spring force applied by small spring 22.
This forces the blunt tip distal end 32 forwardly out from conduit 34 such
that tip 32 is placed 25 in its original fully extended position beyond the
sharpened distal end 54. In the fully extended position, blunt tip distal
end 32 shields sharpened distal end 54 so that end 54 is prevented from
lacerating the tissue of the patient. F=GS. 2-4 illustrate this sequence of
the 3o blunt tip distal end 32 being urged forwardly beyond the sharpened
distal end 54 as the distal spring force applied by the large spring 20
overcomes the smaller 14 SUBSTITUTE SHEET (RULE 26)   4 August 2004
proximal spring force of the smaller spring 22. At this point, the user
attaches a luer tip syringe (not shown) to an adapter 62 provided at the
proximal end of thoracentesis device 10 by inserting the tip of the 5
syringe through proximal opening 86 and into passage 60 until a sealing
engagement with proximal opening 86 is achieved. The user then pulls the
plunger of the syringe backward in order to create a negative pressure
within the pleural cavity 45 that suctions fluid into the 10 plurality of
radial ports 36 of inner needle 28. The suctioned fluid is they evacuated
through the conduit 34 and out valve 26 where it enters the body of the
syringe. As noted above) the present invention contemplates a
hypersensitive detection means for detecting any 15 resistance met by the
blunt tip distal end 32. During thcracentesis or any similar medical
procedure the user must manipulate the distal end of thoracentesis device
10 within the pleural cavity 45 in order to effectively suction secretions
throughout cavity 45. However, such. 



2o manipulation of the thoracentesis device 10 may cause inadvertent
contact with the lungs 43 or other sensitive internal body organ. As shown
in FIGS. 6 and 7, inadvertent contact of the blunt tip distal end 32 with
the lungs 43 causes end 32 to be forced backward. As the 25 inner needle 2B
is driven backward into conduit 34 the small spring 22 exerts a proximal
spring force in the same direction, which in combination with a resistive
force A generated by the contacted organ, moves the positive indicator 16
relative to negative indicator 18 3o and unmask negative indicator 18 from
its hidden nesting position within positive indicator 16, As the negative
indicator 18 comes into view it visually alerts the user 15 SUBSTITUTE
SHEET (RULE 26)   4 August 2004 that blunt tip distal end 32 has made
contact with a body organ. Referring to FIG. 8, a graph is shown
illustrating the greater detection sensitivity of the dual spring 5
arrangement 90 according to the present invention in comparison to the
single spring arrangement 88 of prior art detection mechanisms. As shown in
FIG. 8, it takes a much smaller resisting force being generated by the
contacted internal body organ in order to displace the 1o inner needle 2B
and unmask the negative indicator 18, thereby more quickly alerting the
user. For example, inner needle 28 of the present invention begins to
displace the positive indicator 16 and unmask negative indicator 18 when
0.075 lbs. of combined force generated 15 by both the resistance of the
lung 43 and the proximal spring force of small spring 22 are applied to
inner needle 28. In contrast) it takes at least 0.275 lbs. of resistive
force alone to begin displacing the inner needle of the prior art single
spring arrangement. It is 20 not until over 0.55 lbs. of force has been
applied that both the double spring arrangement and single spring
arrangement have equal displacement of the positive indicator 16 fer the
same force as noted at point 92. It can be appreciated that the double
spring 25 arrangement of the present invention promotes enhanced detection
sensitivity and quicker visual indication of detection to the user due to
the addition of a small spring 22 to the double spring arrangement.
Accordingly, the combined resisting force and proximal spring force 3o
applied by the small spring 22 in direct opposition to the larger distal
spring force applied by the large spring 20 permits a more rapid
displacement of positive indicator 16 since the spring force of the small
spring 16 SUBSTITUTE SHEET (RULE 26)   4 August 2004 



22 supplements the resisting force of the contacted organ in overcoming the
distal spring force of the large spring 20. Preferably, both large and
small springs 20, 22 are made from any suitable flexible metal, however any
5 resilient, flexible material that imparts a spring force upon comp=ession
is felt to fall within the scope of the present invention. The present
invention contemplates that positive and negative indicators may have any
contrasting colors, such as red and green, which will io visually alert the
user. It should be apparent to those skilled in. the art that the present
invention, although intended for thoracentesis, could also be applied to
similar medical procedures, such as paracentesis, pneumothorax, or
pericardiocentesis that require some 15 type of hypersensitive detection
mechanism to prevent laceration or puncture of internal body organs. It
should be understood from the foregoing that, while particular embodiments
of the invention have been illustrated and described, various modifications
can be 2o made thereto without departing from the spirit and scope of the
present invention. Therefore, it is not intended that the invention be
limited by the specification; instead, the scope of the present invention
is intended to be limited only by the appended claims. 17 SUBSTITUTE SHEET
(RULE 26)   4 August 2004 CLAT_MS What Is Claimed Is. 1. A thoracentesis
device (IO) for removing fluid from a cavity, said thoracentesis device
(10) comprising: 5 a hollow body (13); an outer needle (30) extending from
said body (13), said outer needle (30) defining a conduit (34)
therethrough; an inner needle (28) slidably disposed within 10 said conduit
(34); a first spring (20) housed in said body (13) and associated with said
inner needle (28), said first spring (20) having a first spring force for
urging said inner needle (28) into a fully extended 15 position; and a
second spring (22) having a second spring force acting on said inner needle
in opposition to said first spring force of said first spring (20). 2. The
thoracentesis device (IO) according to claim 1, wherein said body (13) is
transparent. 3. The thoracentesis device (10) according to claim 1, wherein
said first spring farce is greater than said second spring force. 4. The
thoracentesis device (10> according to claim 1, wherein said outer needle
(30) is fixedly attached to said body (13). 



18    4 August 2004 5. The thoracentesis device (10) according to claim 2,
wherein said thoracentesis device (10) further comprises a first indicator
(16) associated with 5 said inner needle (28), said first indicator (16)
giving a visual indication that said inner needle (28) is in the fully
extended position. 6. The thoracentesis device (10) according to claim 2,
wherein said thoracentesis device (10) further comprises a second indicator
(I8) associated with 5 said first indicator (16), said second indicator
(18) giving a visual indication that said inner needle (28) is not in the
fully extended position. 7. The thoracentesis device (10) according to
claim 6, wherein said second indicator (18) is nested inside said first
indicator (16). 8. The thoracentesis device (10) according to claim 6,
wherein said second indicator (18) as fully hidden from view when said
inner needle (28y is in the 5 fully extended position. 9. The thoracentesis
device (10) according to claim 1, wherein said outer needle (30) includes a
sharp tip (54). 10. The thoracentesis device (10) according to claim 1,
wherein said inner needle (28) includes a blunt tip (32) . 19 AMENDED SHEET
4 August 2004 



11. The thoracentesis device (10) according to claim 9) wherein said inner
needle (28) includes a blunt tip (32) . S 12. The thoracentesis inner
needle (28) extends farther from said body (13) than said outer needle (30)
when said 10 inner needle (28) is in the fully extended position. 13. The
thoracentesis device (10) according to claim 12, wherein when said inner
needle (20) is in the fully extended position, said first spring (20) is
fully 5 extended and said second spring (22) is fully compressed. 14. The
thoracentesis device (10) according to claim 1, wherein said body (13)
includes a front housing (12) and a rear housing (i4) threadably connected
to said 5 front housing (12). 15. The thoracentesis device (10) according
to claim 1, wherein said thoracentesis device (10) further comprises a one
way valve (70) disposed in a cavity 5 (50) of said body (13). 16. The
thoracentesis device (10) according to claim 1, wherein said first spring
force is less than 0.27S pounds. 20 AMENDED SHEE1   4 August 2004 17. The
thoracentesis device (10) according to claim 1, wherein said second spring
force is less than 0.075 pounds. 18. The thoracentesis device (10)
according to claim 11, wherein when said inner needle (28) is in the fully
extended position, said blunt tip (32) extends 5 beyond said sharp tip
(54). 19. The thoracentesis device (10) according to claim 1, wherein said
body (13) defines an inner pathway for the evacuation of fluid through said
conduit (34). 20. The thoracentesis device (10) according to claim 1,
wherein said body (13) includes an opening (86) for the evacuation of fluid
from said body (13). 21.. The thoracentesis device (10) according to claim
5, wherein said first indicator (18) is not fully hidden from view when
said inner needle (28) is not 5 is the fully extended position. 



22. A thoracentesis device (10) for removing fluid from a cavity of a
patient, said thoracentesis device (10) comprising: 5 a transparent housing
(13); an outer needle (30) extending from said housing (13), said outer
needle (3D) defining a conduit (34) therethrough; an inner needle (28)
slidably disposed within 10 said conduit (34); 21 AMENDED SHEET   4 August
2004 a positive indicator (16) and a negative indicator (18) disposed in
said housing (13); a large spring (20) associated with said inner needle
(28) and disposed in said housing (13), said 15 large spring (20) providing
a spring force for urging said inner needle (28) to a fully extended
position; and a small spring (22) disposed in said housing (13) for
applying a counter spring force to said 20 inner needle (28): whereby said
spring force and said counter spring force oppose one another. 23. The
thoracentesis device (IO) according to claim 22, wherein said spring force
of said large spring (20) applies a greater axial force than said counte r
5 spring force of said small spring (22). 24. The thoracentesis device (10)
according to claim 22, wherein said positive indicator (16) gives a visual
indication that said inner needle (28) is in the 5 fully extended position.
25. The thoracentesis device (10) according to claim 22, wherein said
negative indicator (18) gives a visual indication that said inner needle
(28) is not in the 5 fully extended position. 26. The thoracentesis device
(20) according to claim 22, wherein said negative indicator (18) is nested
and hidden inside said positive indicator (16). 5 22 AMENDED SHEET 



4 August 2004 27. The thoracentesis device (10) according to claim 26,
wherein when said inner needle (28) is not in the fully extended position
said negative indicator (18) is not hidden by said positive indicator (16).
28. The thoracentesis device (10) according to claim 22, wherein said outer
needle (30) is fixedly connected to said housing (13). 29. The
thoracentesis device (10) according to claim 22, wherein said inner needle
t28) is spring loaded. 3U. The thoracentesis device (10) according to claim
22, wherein said inner needle (28) extends farther from said housing (13)
than said outer needle (30) when said inner needle (28) is in the fully
extended position. 31. A medical device for removing fluid from a cavity
comprising: a body (13); a spring-ioadec needle (28) slidably disposed
within said body (13) ; a fir=t siring (20) housed in said body (I3) and
a=sociated with said netdle t28), said first spriner (20) having a first
spring force for urging said needle f28) ~__ one direction; and a second
spring (.21) having a second spring forces being applied to said needle
(2,8) in an opposite direction to said first spring farce o. said first
spring (20). 23 AMENDED SHEE1   4 August 2004 32. The medical device
according to claim 31, wherein said m=dical d=vice further includes needle
(3Gy, said needle (3D) defining a conduit f34). 33. The medical device
according to claim 32, wherein said needle (28) is slidably disposeej
inside said conduit (3a). 34. The medical device according to claim 31,
wherein said badY f13) is transparent. 35. The medical device according to
claim 31, wherein said first spring force is greater than said second
spring franca . 



36. The medical device according to claim 34, wherein said medical device
further comprises a first. indicator (16} associated with said needle (28),
said first indicator (16) giving a visual indication that said needle (23}
is in th_ fully extended position. 37. zhe medical device according to
claim 34, wherein said medical device further comprises a second indicator
(18) associated with said first indicator (16y, said second indicator (~8)
giving a visual indication that said needle (28) is net in the fully
extended position. 3g. The medical device according to claim 37, wherein
said second indicator (18) is nested inside said first indicator (1c) . 24
4 August 2004 39. The medical device according to claim 37, wherein said
,second indicator (18) is fully hidden from view when said needle (28) is
in the fully extended position. 4D. The medical device according to claim
31) wherein said needle t18) includes a blunt tip. 41. Th_ medical device
according to claim 31, wherein said body (13) includes a front housing (12)
and a rear housing (14) threadably connected to said front housing (I2).
42. The medical device according to claim 3L, wherein~said medical device
further comprises a one war valve ('7D) disposed in a catrity of said body
(13). 43. The medical. device according to claim 31, wherein said body (23)
includes an opening (86) for the evacuation of fluid from said body (13i.
44. The medical device according to claim 37, wherein said first indicator
(16y is not fully hidden from view when said needle (28) is not is the
fully extended position. 45. A medical device for removing fluid from a
cavity comprising: a housing {13) ; a needle (39) slidably disposed within
said hosing LL3); a positive indicator (16) and a negative indicator (is)
disposed in said housing (3,3), sand positive and negative indicators (1fi"
18)being operatively associated with said needle (28); ?5  



4 August 2004 51. The medical device according to claim 45, wherein the
medical device further includes a needle_ (30)) said needle (3o) being
fixedly connected to said housing (13). 52. The medical device according to
claim 45, wherein said needle (28) is spring loaded. 53. The medical device
according to claim 44) wherein said needle (~8) extends farther from said
housing (13) than said needle (30) when said needle (28} is in the fully
extended position. 27
/N/Ntz*/N[C/N/NPC/NPz*/Nt/Ntj*/NB/N/Nj*/N/Nt*/NBzu/Nz/Ntz\/NtC/N*%/N%/N}z%/
NK7/NdP/Ntz/N)z/N=/NBBLhk12}~!"'(4AFG[\+,wx}xsnid_ZU]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]caU]caU]caU]caU
]ca]ca!x. PQ:;YZ[st
#$qr|wrmhc^Y]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!r4 5 [ \
0124OR`fg{vqlgb]X]c]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!(CE[\++VWF!G!P!}xrmhc^Y]c]]ca
]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca!P!Y!!e"#1$2$& &(&+&9&((
))------.N/O///////'0(00{vqlgb]X]c]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]caU]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca!0111222223O33)
4W44444444M5N5556 66688@;A;S;
|wrmhc^Y]c]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!S;U;p;s;
;;;;;<<#<$<<<<<[=]=z={===>>A>E>S>U>>>>>|vqkfa\Vmhc^Y]U]ca]ca]ca]caU]ca]caU]
ca]ca]ca]caU]ca]ca]ca]caU]ca]ca]ca]caU]ca]ca]ca]caU]ca]ca]ca]caU]ca]ca]ca]c
aU]ca]ca >>>????????????@@5A6A7A9ATAWAeAnAtAuAAAA
B#B~xrlgb]Wkfa\Vmhc^Y]UU]ca]ca]ca]caU]caU]caU]ca]ca]ca]caU]ca]ca]ca]ca]caU]
ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca#B+B.BRBXBBBBBCC!C$CE
CHCbCeCyCCCCCCD 



DDD.D1DWDZDD{vpke`ZUkfa\Vmhc^Y]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca
U]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caDDDDDDHEPEpE
sEEEEEEEEEvFwFFFFFFF!G$GIGLG|GG|vqkf`[Ukfa\Vmhc^YU]ca]caU]ca]caU]ca]caU]ca]
caU]ca]caU]ca]ca]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca
]caU]caGGGGGGGGGGHEHHH{H~HHHHHHHHHHHHhIkIIIIII{vpke`ZUmhc^Y]caU]ca]caU]ca]c
aU]ca]ca]caU]ca]ca]ca]ca]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca]ca]ca]ca]ca]caU]
ca]ca]caU]ca]ca
IIJJ@JCJWJZJyJ}JJJJJJ.K0K4K7K\K_KKKKKKKLL+L.LBL{vpkfa[Vke`ZUmhc^Y]]caU]ca]c
a]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca]caU]ca]caU]ca]caU]
ca]caU]ca]caU]ca]caU]caBLFLbLfLiLjL{L~LLLLLLLLLLMM3M6M_M{M~MMM'N*N>N{NNNNyt
nid_YTmhc^]caU]ca]ca]ca]caU]ca]caU]ca]caU]ca]ca]caU]ca]ca]ca]caU]ca]ca]caU]
ca]ca]ca]caU]ca]caU]ca]ca]ca]caU]ca]caU]ca
NNNNOOOOOBOFObOeOOOOOOOOPPPQPTPPPPPPPPQ~ysnhc^YSmhU]ca]ca]ca]caU]ca]caU]ca]
caU]ca]caU]ca]ca]ca]ca]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca]ca]caU]ca]c
a]caU]ca
QPQQQ\Q_QQQQQRRXR[R_RbRRRRRRRSSSScSfS{S~SSSS|wqlfa[Vhc^YSmhU]]caU]ca]caU]ca
]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]
ca]caU]ca]ca]ca]caSSSSTT&T)TUTXTzT}TTTTTTKUNUUUUUUUUUUV
V5V9V{upkf`[Uhc^YSmhU]U]ca]caU]ca]ca]ca]caU]caU]ca]caU]ca]caU]ca]caU]ca]caU
]ca]caU]ca]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca9V@VCVbVVVVVVVVVVWWW
W%W&WWWZWbWcWWWWWWWWWW~ysnhc]Xhc^YSmhU]U]]caU]ca]caU]ca]caU]ca]caU]ca]ca]ca
]caU]ca]ca]ca]caU]ca]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca]caU]ca]caWWXX
XX:XAXBXrXuXXXXXXXXXXYY2YCYDYOYRYYYYYYZ~ysnhc^XSmh]caU]ca]ca]caU]ca]caU]ca]
ca]ca]ca]ca]ca]caU]ca]caU]ca]ca]caU]ca]caU]ca]caU]ca]caU]caU]ca]caU]ca]ca]c
a]caU]ca ZZZJZMZ\Z_ZuZxZZZ [[;
[<[I[[[[[\\\q\t\\\\\\\\\{vqlgb\Wmh]ca]caU]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca
]caU]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca
\\\\\\]]G]J]~]]]]]]]]]]*^-^=^@^b^^^^^^^^}xrmgb\Wlgb\Wmh]ca]caU]ca]caU]ca]ca
U]ca]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca]ca]caU]ca]caU]ca]caU]ca]caU]c
a]ca]ca]caU]ca^^6_9_U_X_h_k_________````0`3`Z`]`{`~```````|vqkfa[Vlgb\Wmh]c
]caU]ca]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca]ca]caU]ca]ca
U]ca]caU]ca]caU]ca]caU]ca]caU]ca``aaaaaaaaaaabbNbQbnbqb}bbbbbbbb
cc3c6ccc~ytoje_ZUmh]]ca]caU]ca]ca]ca]ca]ca]caU]ca]ca]ca]caU]ca]caU]ca]caU]c
a]caU]ca]ca]ca]ca]caU]ca]caU]ca]ca]ca]caU]ca]caU]ca
ccccdddd\d]dddddddd~eeeefff
fffffHgIgWgZgztoje`[Umh]U]ca]ca]ca]ca]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca
]caU]ca]caU]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca
Zgtgwggggggg#h&h`hbhfhihhhhhhhhh
ii!i$iiiiii|wqlfa[Vje`[Umh]U]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]
ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca]ca]caU]ca]caU]ca]caii
jjKjOjijljjjjjjjjkkkkk~kkkkkk l
llllmDmytnic^XSmh]caU]ca]caU]ca]caU]ca]caU]ca]ca]ca]caU]ca]caU]ca]ca]ca]ca]
caU]ca]ca]ca]caU]ca]ca]caU]ca]caU]ca]caU]ca]caU]ca DmGmemhm}m~mmmmm
nnPnQnRnSnnnVoYo[o\o~oo\p_pppppqq:qzupke`[Vmh]c]ca]ca]caU]ca]ca]ca]caU]ca]c
aU]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]caU]ca]caU]ca]caU]ca]ca]ca]caU]ca]caU]
ca
:q=quqxqqqqqqItJtttttttvvww!w5wDwEwwwwwwwxx#xzupke`ZU]caU]ca]caU]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]caU]ca
]caU]ca!#x$x8x=xAxBxfxlx{xxxxxxxxyyQyVyyyyy1zAzBzzzz/{2{6{~ytoje`[Vke`ZU]]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]
ca]caU]ca]ca]ca]caU]ca]ca]ca 6{D{T{U{`{e{{{{{{{{{{{
||A|F|i|y|z||||||||||}}{vqkf`[Uke`ZUU]ca]caU]ca]caU]ca]ca]ca]ca]caU]ca]ca]c
a]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca
}4}9}k}p}}}}}}}}~~-~.~9~>~r~w~~~~~~~~#(=CTUztoid^YTke`Z]ca]caU]ca]caU]ca]ca
U]ca]ca]ca]ca]caU]ca]caU]ca]caU]ca]ca]ca]caU]ca]caU]ca]caU]ca]ca]ca]ca]caU]
ca]caU]ca]ca
U`e*/DIKM^cpu{upje_ZUke`Z]]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca]ca]ca]ca]caU]c
a]caU]ca]caU]ca]ca]ca]ca]ca]ca]ca]caU]ca]caU]ca]caU]ca]ca
0OT"SX^_(zupke`ZUke`Z]]caU]ca]caU]ca]ca]ca]caU]ca]ca]ca]caU]ca]ca]ca]caU]ca
]caU]ca]caU]ca]ca]ca]ca]caU]ca]caU]ca]caU]ca]ca]ca]ca (-:@NOISTfk
%MR{vqkf`[Uke`Z]U]ca]caU]ca]caU]ca]ca]ca]caU]ca]ca]caU]ca]caU]ca]caU]ca]ca]
ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]caU]ca  5;
FGY^13OPbgytnid_YTke`Z]caU]ca]ca]ca]caU]ca]caU]ca]ca]ca]caU]ca]ca]caU]ca]ca
U]ca]caU]ca]ca]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca]ca]ca
CI]k"8=~xsmhb]Wid_YTke`Z]cU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca
]ca]caU]ca]ca]ca]caU]ca]ca]ca]caU]ca]caU]ca]caU]ca]caU]ca=sx]qrz%9:~7<mrzto
id^YTke`Z]ca]caU]ca]caU]ca]caU]ca]ca]ca]ca]caU]ca]caU]ca]ca]ca]caU]ca]caU]c
a]ca]ca]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca -35IWhity
&78CHy~ztoje_ZTke`ZU]ca]caU]ca]ca]ca]caU]ca]caU]ca]caU]ca]ca]ca]caU]ca]caU]
ca]caU]ca]caU]ca]ca]ca]ca]ca]ca]caU]ca]caU]ca]ca]ca $%05L !#<\]
~ytoje`[UUU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU
]ca]caU]ca]caU]ca]ca]caU]ca]ca]ca]ca]ca! <[\]_pq
b{|}~zupkfa\Wje`[UUU]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]caU]caU]ca
]ca]ca]ca]ca]ca]ca]ca]ca]caU]caU]caU]caU]caU]ca]ca
'/1BCzzupkf`[UUU]ca]caV]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]caU]ca]c
aU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!qw*
')48cd_{vqlgb]XUU]]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca!
-.01BCL]fkqQWePXgyzupkf`[VUU]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]caU]c
a]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!yz$'kqQWePXgyzupkf
`[VUU]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]caU]ca]ca]ca]ca]caU]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca BLhfE }2K@10%&'()-Y2K@10%sg&'()-Y
o[10%&'()-fl10%s&'()-
10%s&'()-o"10%s&'()-&4A}[9!&}=")!10%&'()-!L=")!10%QQ&'()- 10%s&'()-}!
10%sm&'()-!@}! 10%&'()-!_! 10%ss&'()-.
e}^<!!}510%&'()-510%s&'()-}/2*!10%s&'()-r!@/2*!10%kk&'()-r@/Y10%s&'()-Y!3i,
10%&'()-Yb@!!!tK\!10%##&'()-1V"z10%&'()- 10s 10s 



10sK=10%s&'()-;}10%s&'()-910%s&'()-
QwU3b@!9}tK\!10%&'()-1!R}tK\!10%&'()-1!k}tK\!10%
&'()-1!r}tK\!10%&'()-1!r}tK\!10%&'()-1!7}tK\!10%&'()-124OPQR`@~_=!9}![!10%&
'()-51o"10%&'()- 10 10 10>10%&'()-;
}10%&'()-!3}tK\!10%&'()-1@RevwU3~_=!@}[!10%&'()-51!R}[!10%&'()-51!x}[!10%&'
()-51!}[!10%))&'()-51!}[!10%UU&'()-51!=}[!10%nn&'()-51bC!@}[!10d
10%Z&'()-KdS10%Z&'()-V"10%Z&'()- 10 10 10>10%&'()-;}10%&'()-(}^?bC!@}[
10%Z&'()-} 10%Z8&'()-/!9 10%88&'()-/)10%Z&'()-}[)!10%Zw
&'()-8!-c[)!10%&'()-8++}[9bC!@!@}z)\!10%WW&'()-!F}z)\!10%&'()-!ez)\!10%&'()
-(10%Z&'()-}="10%Z&'()-/!F~="10%&'()-/+uj_@!@!@o"10%=&'()- 10Z 10Z
10Z>10%Z&'()-!; 10%&'()-910%Z&'()-6510%Z&'()-Y P!Y!!!z[9j_@!@!L=E
10%pp&'()-/:o10%=&'()-V10%=&'()-!F}V2*!10%;
;&'()-!Y=}V2*!10%N=N=&'()-!eV2*!10%ZZ&'()-!e""#$& &wU6j_@!;
~10%=&'()-!@}7,B!10%5=5=&'()- !Y7,B!10%NvNv&'()-
!3}=")!10%(=(=&'()-!L=")!10%A}A}&'()-!Y}=E 10%NpNp&'()-/
&(&)&*&+&9&''%(~\:!!e}d!10%&'()-1!D}d!10%&'()-1!d!10%&'()-1V"z10%@&'()- 10=
10= 



10=E>10%=&'()-%(8)N*_+s,--wU6~\:![;
e10%@&'()-!}d!10%TT&'()-1!3}d!10%ss&'()-1!9}d!10%yy&'()-1!Y}d!10%++&'()-1!e
}d!10%&'()-1-------.._@!}VE  10%&'()-!VE  10%nn&'()-K,10%&'()-V"10%&'()-
10@ 10@
10@>10%@&'()-.//0011^?_@!}C!10%}&'()-!LC!10%&'()-}z)!10%&'()-!Fz)!10%&'()-1
0%&'()-10%j&'()-1223O333}[<_@!}t!0C!10%&'()-!Rt!0C!10%..&'()-.-10%&'()-!F+1
0%&'()-r!}%m10%&'()-0%m10%~&'()-03)4W4444444dYNC! 10 10 10>m10%&'()-)a;
}10%&'()-w7m10%&'()-r6%10%&'()-410%&'()-4456S77%8zX6YNC!!}t!10%)^)^&'()-/!N
}t!10%&'()-/!t!10%<8<8&'()-/!]}t!10%OO&'()-/!t!10%uu&'()-/"10%&'()-%88j9::S
;U;wU6YNC!a;d10%&'()-!&}t!10%FF&'()-/!}t!10%&'()-/!F}t!10%vv&'()-/!_t!10%jj
&'()-/!}t!10%&'()-/U;p;q;r;s;
;;;<~\:!!BK!10%&'()-}-!}BK!10%&'()-}-!BK!10%`<`<&'()-}-V"10%&'()- 10 10
10>10%&'()-<==>>??wU3~\:!e}BK!10%##&'()-}-!HBK!10%RR&'()-}-!~}BK!10%<<&'()-
}-![}BK!10%66&'()-}-!}BK!10%bb&'()-}-!BK!10%tt&'()-}-?@7A9ATAUAVAWAeA}rg\=!
e}V"10%8&'()- 10 10 10>10%&'()-;
}10%&'()-!}BK!10%dd&'()-}-!)BK!10%&'()-}-eAAACCCEwU3g\=!}}!10%88&'()-!}!10%
88&'()-!9} \!10%)8)8&'()-!FV} \!10%6868&'()-!k} \!10%[d[d&'()-!
\!10%mm&'()-E#FGGGGGGGz[PE:! 108 108 108>10%8&'()-;
10%8&'()-!3}!10%#8#8&'()-!F}}!10%66&'()-!r}}!10%b8b8&'()-GGHHHhIIa?PE:! 



10!9$B!10%&'()-2410%ZD&'()-}  10%Z&'()-!
10%55&'()-10%Z&'()-"10%Z&'()-IJ0KLFL{LLz[<PE:!
z)"10%Z&'()-(E10%Z&'()-}@[!10%ZH&'()- !9@[!10%&'()- !e@[!10%ZZ&'()-
!}$B!10%n]n]&'()-L_M>N{NNNOOaB7:! 10Z,>10%Z&'()-;
10%Z&'()-^7Y10%ZE&'()-5C!10%Z&'()-/510%ZK&'()-!9,B!10%ZZ&'()-OOOOOQQQgE:!
10Z!xBdu!10%h8h8&'()-(}Bdu!10%|&'()-(!V}Bdu!10%{8{8&'()-(!Bdu!10%&'()-(V"10
%8&'()- 10Z 10ZQRTTUUUwU6E:!z;10%8&'()-!F2 10%6868&'()-$!F2
10%6E6E&'()-$!-}Bdu!10%&'()-(!F}Bdu!10%6868&'()-(!_}Bdu!10%OO&'()-(UUUUUU9V
bVVb@!!o  10%&'()-:10%&'()-KE10%&'()-Y"10%&'()- 108 108
108>10%8&'()-VWWX2YYZwX9b@!Y&10%&'()-!10%p&'()-!L 10%&'()-!&}} 10%&'()-!L}
10%QQ&'()-!o  10%UU&'()-ZxZZZI[[[aBb@!310%&'()-110%&'()-Y},0 10%&'()-!R,0
10%&'()-*10%&'()-'10%&'()-r[\q\t\\\\\\xmbC!V"z10%&'()- 10 10 10>m10%&'()-;
10%&'()-6_10%&'()-ti510%&'()-\]b^^_C``wU3mbC!-:*!10%&'()-V!-}:*!10%&'()-V!@
:*!10%&'()-V!k:*!10%&'()-V!P}= 10%nn&'()-!= 10%&'()-`abccccccz[PE:!- 10 10
10P>10%&'()-H;
10%&'()-!9B-C!10%&'()-!FB-C!10%&'()-!3t&&*!10%&'()-ccdeIffgzX6PE:!!{}%10%&'
()-C*!}%10%&'()-C*!%10%"f"f&'()-C*!=%10%..&'()-C*!10%$$&'()-"z10%u&'()-ghij
jjjjjwXMB7!! 



10u 10u 10u>10%u&'()-!
;\10%9r9r&'()-!0%10%&'()-C*!<}%10%&'()-C*![}%10%&'()-C*jjkpklmn}[9MB7!!
!x}t!10%&'()-.!}t!10%00&'()-.!j}t!10%BB&'()-.!t!10%nn&'()-.d10%&'()-s"z10%&
'()-noopqqqqwX9.7 10P>10%&'()-a;
10%&'()-!-}t!10%jj&'()-.!9}t!10%pp&'()-.!"}t!10%mm&'()-.!e}t!10%,,&'()-.qqq
qrst>udB7
10!x}t!10%RR&'()-"!r}t!10%&'()-"!C}t!10%&'()-"!t!10%##&'()-"V"10%&'()- 10
10>uuvvww www}rg\= 10"10%Y&'()- 10 10 10>10%&'()-z;
10%&'()-!F}t!10%&'()-"!Y}t!10%??&'()-"w!w5www(xlx~\:g\=
10!}ia="10%66&'()-!}ia="10%!N!N&'()- }ia="10%w&'()-!ia="10%zz&'()-
!10%Y&'()-B 10%Y&'()-lxAyy1zz/{2{wU6g\= 10t:10%Y&'()-!xw 1-10%YY&'()-!
=+d$10%$Y$Y&'()-!~
'F10%YY&'()-@!}ia="10%{{&'()-!}ia="10%&'()-2{3{4{5{6{D{{{{i|_= 



10!Z}` S10%&'()-!f` S10%&'()-_10%F&'()-V"10%F&'()- 10Y 10Y
10Y<10%Y&'()-i||}}~~~zX6_= 10!}%10%.Y.Y&'()-b!<%10%&'()-b!ur/
w10%&'()-!Z}:10%&'()-!f:10%&'()-L10%F&'()-~C}^SH= 10! 10F 10F
10F=10%F&'()-;10%F&'()-6@10%F&'()-!|r2^10%&'()-Y!|r-^10%&'()-DKM^?SH= 10!
}}wg10%&'()-I!}wg10%NN&'()-I
}10%&'()-z[Y10%&'()-!r!10%&'()-Y"z10%&'()-0@zX6SH=
10!x1,10%&'()-!t*:10%&'()-I!7#10%&'()-b!G} 10%77&'()-m!G
10%&'()-m10%&'()-IrP1 1}10%&'()-b!M10%&'()-b!w10%99&'()-V"10%&'()- 10 10
10!BB<10%&'()-Y;gz[9rP1
1!K/10%&'()-E+X10%&'()-x}$!10%U&'()-a!T{$!10%&'()-a!|^10%99&'()-!w10%FF&'()
-IZ[\]k~_=
1!!dS10%&'()-o"10%&'()-101010<10%&'()-!V}K/10%&'()-E!}K/10%y6y6&'()-EZ]%wU6
~_=
1}410%&'()-I!Zu410%&'()-I!}dS10%mImI&'()-!o}dS10%66&'()-!}dS10%y#y#&'()-!}d
S10%&'()-%35}[<~_= 



1l9d10%&'()-!uY410%99&'()-}-10%^&'()-a!fu-10%&'()-a}r&10%?&'()-H!Z{r&10%&'(
)-H5FGHIW&_@
1t/'10%&'()-Y!P'10%&'()-!{@10%&'()-H="z10%&'()-101010a<10%&'()-L#<<~\:_@
1!!&&0 10%&'()-p!4&&0 10%&'()-p @=&&0 10%&'()-p$10%&'()-!rt
10%&'()-0{10%&'()-< _= 1!!b7"10%  &'()-!\
!10%&'()-$"z10%&'()-10~10~10~M:P10%~&'()-s!}&&0 10%&'()-p bz[<_= 1!*
10%&'()-d@&10%&'()-!it!#10%tXtX&'()-S10%&'()-!\2
10%&'()-!tQ#10%&'()-Yqtuvw*{\: 1!P o"10%&'()-$"10%;&'()- 10 10 104z;
10%&'()-!))$4Q#10%&'()-!|,"10%{{&'()-*4_ LwU3{\:
1!`.!10%YY&'()-!6f(*!10%&'()-5!6)"j#10%&'()-!BB 10%&'()-g!*#10%&'()-N!0
10%&'()-L]QTUVW|]RG< 1!` 10; 10; 10;f=10%;&'()-!d610%;
;&'()-410%;&'()-!}.!10%&'()- }.!10%&'()-Weg$'z[<RG<
1!`[<10%&'()-10%&'()-!oB!10%UU&'()-5!ot2 10%UU&'()-!u"10%UU&'()-="10%&'()-
Normal" "Heading 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c"
"Heading 53]c" "Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A
"Default Paragraph FontQ *#*1r8V>DLRY`gn 



t5x|\HvV'xrP!0S;>#BDGIBLNQS9VWZ\^`cZgiDm:q#x6{}U(=
y'ijklmnopqrstuvwxyz{|}~@+! &%(-.134%8U;<?eAEGILOQUVZ[\`cgjnq>uwlx2{i|~%5<
*LW'6Times New RomanArialCourier New"h Root EntryWordDocumentJ
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~ 


