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(57) ABSTRACT 

A detection apparatus for, and a method of detecting the 
location of the tip of a tubular element, in particular a needle, 
within a region, in particular one of the epidural space and 
the peritoneal cavity. 
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DETECTION APPARATUS AND METHOD 

0001. This application is a continuation application, 
under 35 U.S.C. S 120, of U.S. patent application Ser. No. 
10/543,754, filed on Jul. 28, 2005, which is a national stage 
application of International Application No. PCT/GB2004/ 
000338, International Filing Date, Jan. 28, 2004, which 
designated the United States of America, and which inter 
national application was published under PCT Article 21(2) 
as WO Publication No. WO 2004/066853 A2 and which 
claims priority from British Application No. 0301934.6. 
filed Jan. 28, 2003, all of which are hereby incorporated by 
reference in their entirety. 

TECHNICAL FIELD 

0002 The present invention relates to an apparatus for, 
and a method of locating a tip of a tubular element, in 
particular a needle, within a region, in particular the epidural 
space and the peritoneal cavity, of a body of a Subject. 

BACKGROUND 

0003 Epidural anaesthesia is becoming increasingly 
popular for a wide variety of Surgical, obstetric and analge 
sic procedures, with indications including Surgical anaes 
thesia, analgesia during labor and prolonged post-operative 
pain relief. Epidural anaesthesia requires the identification 
of the epidural space, which currently is performed by 
inserting a needle, in particular a Touhy needle, into the 
appropriate location in the spinal column. The epidural 
space is located beyond the ligamentum flavum indenting 
the dura, and is entered after the tip of the needle passes 
through the ligamentum flavum. The most commonly 
employed technique is the “loss of resistance' technique in 
which a Touhy needle, which is connected to a loss or 
resistance (LOR) syringe, is advanced through the layers of 
back tissue while actuating the Syringe to apply a pressure to 
the contained fluid, with the location of the tip of the needle 
in the epidural cavity being detected by the user “feeling 
the resistance to actuation of the Syringe. This technique, 
however, requires considerable experience in order to avoid 
advancing the needle through the epidural space and into the 
dura, and is made particularly difficult by the user having to 
concentrate separately both on actuating the Syringe and 
inserting the needle. Puncturing of the dura has been iden 
tified inter alia as the cause of chronic back pain. 
0004 Laparascopy is also being increasingly utilized, 
and requires the identification of the peritoneal cavity, which 
currently is performed by the introduction of a Veress needle 
through the abdomen and into the peritoneal cavity for 
insufflation to produce pneumoperitoneum. As with the 
identification of the epidural space, the successful identifi 
cation of the peritoneal cavity requires considerable expe 
rience. Identification of the peritoneal cavity is particularly 
difficult as the sharpness of the Veress needle does not 
readily allow for differentiation between layers of high and 
low resistance when passing the Veress needle through the 
abdominal layers. It is not uncommon to require very many 
attempts to identify the peritoneal cavity, often more than ten 
attempts. Furthermore, successful insertion of the Veress 
needle can only be determined on insufflation of the peri 
toneal cavity. 
0005. Apparatuses have been devised for use in detecting 
the epidural space, such as disclosed in U.S. Pat. No. 

Oct. 18, 2007 

5.024,662, but these apparatuses, in utilizing elastic ele 
ments to bias the plunger of a delivery syringe do not allow 
for reliable identification of the epidural space. 

SUMMARY 

0006. It is thus an aim of the present invention to provide 
an improved detection apparatus and method which allows 
for the reliable location of a tip of a tubular element in the 
epidural space, and also a detection apparatus and method 
which allows for the reliable location of a tip of a tubular 
element in the peritoneal cavity. 
0007. In one aspect the present invention provides a 
detection apparatus for use in locating a tip of a tubular 
element, in particular a needle, within a region, in particular 
one of the epidural space and the peritoneal cavity, of a body 
of a Subject, the delivery apparatus comprising: a biasing 
unit operative to maintain a biasing force to a fluid contained 
in a delivery unit connected in use to the tubular element, 
such as to cause the delivery unit to deliver fluid to the 
tubular element when the biasing force is greater than a 
resistance to flow of the fluid from the tip of the tubular 
element as when located within the region. 
0008. In another aspect the present invention provides a 
detection apparatus for use in locating a tip of a tubular 
element, in particular a needle, within a region, in particular 
one of the epidural space and the peritoneal cavity, of a body 
of a Subject, the detection apparatus comprising: a biasing 
unit operative to maintain a substantially constant biasing 
force to any volume of fluid contained in a delivery unit 
connected in use to the tubular element, such as to cause the 
delivery unit to deliver fluid from the tubular element when 
the biasing force is greater than a resistance to flow of the 
fluid from the tip of the tubular element as when located 
within the region. 
0009. In a further aspect the present invention provides a 
detection apparatus for use in locating a tip of a tubular 
element, in particular a needle, within a region, in particular 
one of the epidural space and the peritoneal cavity, of a body 
of a Subject, the detection apparatus comprising: a delivery 
unit for containing a volume of fluid and connected in use to 
the tubular element; and a spring element operative to 
maintain a biasing force to the fluid contained in the delivery 
unit, such as to cause the delivery unit to deliver fluid from 
the tubular element when the biasing force is greater than a 
resistance to flow of the fluid from the tip of the tubular 
element as when located within the region. 
0010. In a yet further aspect the present invention pro 
vides a detection apparatus for use in locating a tip of a 
tubular element, in particular a needle, within a region, in 
particular one of the epidural space and the peritoneal cavity, 
of a body of a subject, the detection apparatus comprising: 
a delivery unit comprising a body which includes a cavity 
and an outlet through which a fluid is deliverable and to 
which the tubular element is connected, and a plunger which 
is movably disposed in the cavity such that fluid is drawn 
into the fluid chamber on withdrawal of the plunger and 
expelled therefrom on depression of the plunger, wherein the 
plunger includes a shaft which includes an elongate cavity 
therein for housing a needle element of a needle unit for use 
with the apparatus. 
0011. In yet another aspect the present invention provides 
a detection apparatus for use in locating a tip of a tubular 
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element, in particular a needle, within a region, in particular 
one of the epidural space and the peritoneal cavity, of a body 
of a Subject, the detection apparatus comprising: a delivery 
unit comprising a body which includes a cavity and an outlet 
through which a fluid is deliverable and to which the tubular 
element is connected, and a plunger which is movably 
disposed in the cavity such that fluid is drawn into the fluid 
chamber on withdrawal of the plunger and expelled there 
from on depression of the plunger, wherein the plunger 
includes a delivery channel extending to a forward end 
thereof to allow for the delivery of a substance to the outlet 
of the body through the plunger, and a valve unit for 
providing only for one-way delivery of a Substance through 
the delivery channel to the outlet of the body. 
0012. In still another aspect the present invention pro 
vides a detection apparatus for locating a tip of a tubular 
element, in particular a needle, within a region, in particular 
one of the epidural space and the peritoneal cavity, of a body 
of a Subject, the detection apparatus comprising: a tubular 
element having a tip for insertion into body tissue; a sensing 
element extending through the tubular element and having a 
blunt tip; and a biasing unit for biasing the sensing element 
with a biasing force Such that the tip of the sensing element 
is biased outwardly of the tip of the tubular element, 
whereby, when the resistance at the tip of the tubular 
element is greater than the biasing force, the sensing element 
remains stationary relative to the tubular element, and, when 
the resistance at the tip of the tubular element is less than the 
biasing force, the tip of the sensing element extends from the 
tip of the tubular element. 
0013 In still yet another aspect the present invention 
provides a method of locating a tip of a tubular element, in 
particular a needle, within a region, in particular one of the 
epidural space and the peritoneal cavity, of a body of a 
Subject, the method comprising the steps of connecting a 
detection apparatus to the tubular element, wherein the 
detection apparatus comprises a delivery unit which contains 
a fluid and is connected to the tubular element, and a biasing 
unit which is operable to maintain a biasing force on the 
fluid contained in the delivery unit which is such as to cause 
the delivery unit to deliver fluid therefrom when the biasing 
force is greater than a resistance to flow of the fluid from the 
tip of the tubular element as when located within the region; 
operating the biasing unit to maintain the biasing force on 
the fluid contained in the delivery unit; and progressively 
inserting the tubular element into the body of the subject 
until the biasing force acts to cause fluid to be delivered from 
the delivery unit through the tubular element, at which 
position the tip of the tubular element is within the region 
and the biasing force is greater than a resistance to flow of 
the fluid from the tip of the tubular element. 
0014. In a still yet further aspect the present invention 
provides a method of locating a tip of a tubular element, in 
particular a needle, within a region, in particular one of the 
epidural space and the peritoneal cavity, of a body of a 
Subject, the method comprising the steps of providing a 
detection apparatus comprising a tubular element having a 
tip for insertion into body tissue, a sensing element extend 
ing through the tubular element and having a blunt tip, and 
a biasing element for biasing the sensing element with a 
biasing force Such that the tip of the sensing element is 
biased in a direction outwardly of the tip of the tubular 
element, the biasing element being Such that, when the 
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resistance at the tip of the tubular element is greater than the 
biasing force, the sensing element remains stationary rela 
tive to the tubular element, and, when the resistance at the 
tip of the tubular element is less than the biasing force, the 
tip of the sensing element extends from the tip of the tubular 
element; and progressively inserting the tubular element into 
the body of the subject until the biasing force acts to cause 
the tip of the sensing element to extend from the tubular 
element, at which position the tip of the tubular element is 
within the region. 

0015 The present invention assists in significantly 
improving both the speed and reliability of positioning the 
tip of a tubular element at a desired region in the body of a 
Subject, notably the epidural space and the peritoneal cavity, 
and thereby provides for more successful identification of 
Such regions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016 Preferred embodiments of the present invention 
will now be described hereinbelow by way of example only 
with reference to the accompanying drawings, in which: 

0017 FIG. 1(a) illustrates a longitudinal sectional view 
of a detection apparatus in accordance with a first embodi 
ment of the present invention; 

0018 FIG. 1(b) illustrates a longitudinal sectional view 
of the detection apparatus of FIG. 1(a) in the operative state; 

0019 FIG. 2(a) illustrates a longitudinal sectional view 
of a detection apparatus in accordance with a second 
embodiment of the present invention where co-packaged 
with a needle unit; 

0020 FIG. 2(b) illustrates a longitudinal sectional view 
of the detection apparatus of FIG. 2(a) with the needle unit 
removed therefrom; 

0021 FIG. 3(a) illustrates a longitudinal sectional view 
of a detection apparatus in accordance with a third embodi 
ment of the present invention; 

0022 FIG. 3(b) illustrates a longitudinal sectional view 
of the detection apparatus of FIG. 3(a) with a connector 
connected to the valve unit thereof for the delivery of a 
Substance through the detection apparatus; 

0023 FIG. 4(a) illustrates a longitudinal sectional view 
of a detection apparatus in accordance with a fourth embodi 
ment of the present invention; 

0024 FIG. 4(b) illustrates a longitudinal sectional view 
of the detection apparatus of FIG. 4(a) in the operative state; 

0025 FIG. 5(a) illustrates a longitudinal sectional view 
of a detection apparatus in accordance with a fifth embodi 
ment of the present invention; 

0026 FIG. 5(b) illustrates a longitudinal sectional view 
of the detection apparatus of FIG. 5(a) in the operative state; 

0027 FIG. 6(a) illustrates a longitudinal sectional view 
of a detection apparatus in accordance with a sixth embodi 
ment of the present invention; 

0028 FIG. 6(b) illustrates a longitudinal sectional view 
of the detection apparatus of FIG. 6(a) in the operative state; 
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0029 FIG. 7(a) illustrates a longitudinal sectional view 
of a detection apparatus in accordance with a seventh 
embodiment of the present invention: 
0030 FIG. 7(b) illustrates a longitudinal sectional view 
of the detection apparatus of FIG. 7(a) in the operative state; 
0031 FIG. 8(a) illustrates a longitudinal sectional view 
of a detection apparatus in accordance with an eighth 
embodiment of the present invention: 
0032 FIG. 8(b) illustrates a longitudinal sectional view 
of the detection apparatus of FIG. 8(a) in the operative state; 
0033 FIG. 9(a) illustrates a longitudinal sectional view 
of a detection apparatus in accordance with a ninth embodi 
ment of the present invention; 
0034 FIG. 9(b) illustrates a longitudinal sectional view 
of the detection apparatus of FIG. 9(a) in the operative state; 
0035 FIG. 10(a) illustrates a longitudinal sectional view 
of a detection apparatus in accordance with a tenth embodi 
ment of the present invention; and 
0.036 FIG. 10(b) illustrates a longitudinal sectional view 
of the detection apparatus of FIG. 10(a) in the operative 
State. 

DETAILED DESCRIPTION 

0037 FIGS. 1(a) and (b) illustrate a detection apparatus 
in accordance with a first embodiment of the present inven 
tion for detecting the location of the tip of a tubular element, 
in particular a needle, within a region, in particular the 
epidural space and the peritoneal cavity, of a body of a 
Subject. 
0038. The apparatus comprises a body 5 which includes 
an elongate cavity 7, in this embodiment having a diameter 
of 0.6 inches, and a plunger 11 which is movably disposed 
in the cavity 7 and together with the cavity 7 defines a fluid 
chamber 15 forward of the plunger 11 for containing a fluid, 
in this embodiment a liquid, typically a saline solution. In 
this embodiment the body 5 and the plunger 11 are config 
ured as a loss of resistance (LOR) syringe and define a 
delivery unit. 
0039. The body 5 includes an outlet 17 at a forward end 
thereof through which a fluid is deliverable and to which a 
needle (not illustrated) is connected, and a stop member 18 
at the rear end thereof which includes an aperture 19 through 
which extends the plunger 11. 
0040. The plunger 11 comprises a head 20, an elongate 
shaft 21 which extends rearwardly of the head 20, and a 
gasket seal 22 which is attached to the head 20 for providing 
a fluid-tight seal with the cavity 7 of the body 5, such as to 
enable fluid to be drawn into the fluid chamber 15 on 
withdrawal of the plunger 11 and expelled from the fluid 
chamber 15 on depression of the plunger 11. 
0041. In this embodiment the shaft 21 includes a first, 
rear section 21a of a diametral dimension which is Smaller 
than the aperture 19 of the stop member 18 such as to allow 
the rear section 21a to freely pass through the aperture 19 in 
the stop member 18, and a second, forward section 21b 
which has a diametral dimension greater than the aperture 19 
in the stop member 18 such as to prevent the plunger 11 from 
being withdrawn beyond a predetermined extent from the 
body 5. 
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0042. The apparatus further comprises a biasing element 
23, in this embodiment a resilient element, here a compres 
sion spring, which acts to bias the plunger 11 Such as to act 
to depress the same with a predetermined biasing force, and 
thereby maintain a fluid contained in the fluid chamber 15 at 
a predetermined pressure. The pressure is preferably not 
greater than about 8.5 lbin, more preferably from about 0.5 
lbin' to about 8.5 lbin', still more preferably from about 
0.5 lbin to about 5.66 lbin, yet more preferably from 
about 2.0 lbin' to about 5.66 lbin', and still yet more 
preferably from about 2.0 lbin to about 3.5 lbin. 
0043. In this embodiment the biasing element 23 is 
disposed about the shaft 21 of the plunger 11 within the 
cavity 7 of the body 5 and acts between the head 20 of the 
plunger 11 and the stop member 18 of the body 5. In this 
embodiment the biasing element 23 is configured Such as to 
provide a Substantially constant biasing force over the entire 
operative stroke of the plunger 11, in this embodiment to 
maintain a fluid contained in the fluid chamber 15 at a 
pressure of about 2.83 lbin'. Through providing a constant 
biasing force, the present inventors have identified that the 
detection apparatus provides for the more reliable detection 
of expandable body regions. In providing a constant biasing 
force, the user can himself/herself select the volume of fluid 
to be delivered, and ensure that that volume of fluid is 
delivered in its entirety. For epidural application, by virtue 
of this complete delivery of the fluid, the fluid can be the 
epidural anaesthetic. 
0044) With this configuration, the biasing element 23 
maintains the predetermined biasing force on the plunger 11 
such that, when the resistance at the outlet 17 of the body 5 
is greater than the biasing force. Such as when the tip of the 
needle is located in body tissue which provides a relatively 
high flow resistance to the contained fluid, the plunger 11 
remains stationary, but, when the resistance at the outlet 17 
of the body 5 is less than the biasing force, such as when the 
tip of the needle is located in an expandable region in the 
body of a Subject, the plunger 11 is depressed by the biasing 
force into the body 5 such as to deliver fluid from the fluid 
chamber 15. 

0045. In operation, the plunger 11 is first withdrawn from 
the body 5 such as to draw a volume of fluid, typically from 
2 to 7 ml, and preferably from 2 to 3 ml, into the fluid 
chamber 15 ahead of the plunger 11, as illustrated in FIG. 
1(b). Whilst holding the shaft 21 of the plunger 11 in the 
withdrawn position, the outlet 17 of the body 5 is connected 
to a needle, which has been partially pre-inserted into a 
subject. The needle is typically a Touhy needle for epidural 
application and a Veress needle for peritoneal application. 
Once the outlet 17 of the body 5 is connected to the needle, 
the shaft 21 of the plunger 11 is released. At this point, the 
plunger 11 remains stationary, as the tip of the needle will be 
located in body tissue and the flow resistance at the tip of the 
needle will be greater than the biasing force of the biasing 
element 23. The needle is then slowly advanced, typically a 
millimetre at a time, until such point as the tip of the needle 
enters an expandable region in the body of the Subject, at 
which point the flow resistance at the tip of the needle is less 
than the biasing force of the biasing element 23 and the 
biasing element 23 acts to depress the plunger 11 into the 
cavity 7 of the body 5 and expel fluid from the fluid chamber 
15 into the expandable region. This expulsion of fluid from 
the fluid chamber 15 is indicative of the tip of the needle 
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being located in a desired expandable region of the body of 
the Subject, such regions including the epidural space and 
the peritoneal cavity. Following location of the tip of the 
needle in the desired expandable region, the detection appa 
ratus is then disconnected from the needle to allow for the 
delivery of the appropriate substance through the needle to 
the body region, typically an epidural anaesthetic for epi 
dural application and an insufflation gas, Such as carbon 
dioxide, for peritoneal application. 

0046. In alternative embodiments the extent to which the 
plunger 11 can be withdrawn from the body 5 could be 
determined by full compression of the biasing element 23 or 
engagement with the head 20 of the plunger 11. 

0047 FIGS. 2(a) and (b) illustrate a detection apparatus 
in accordance with a second embodiment of the present 
invention for detecting the location of the tip of a tubular 
element, in particular a needle, within a region, in particular 
the epidural space, of a body of a Subject. 

0.048. The apparatus of this embodiment is very similar to 
the apparatus of the above-described first-embodiment, and 
thus, in order to avoid unnecessary duplication of descrip 
tion, only the differences will be described in detail, with 
like parts being designated by like reference signs. 

0049. The apparatus of this embodiment differs from that 
of the above-described first embodiment in that the shaft 21 
of the plunger 11 includes an elongate cavity 25 which is 
open at the rear end of the shaft 21, and in further comprising 
a needle unit 27 which is located in the cavity 25 when 
packaged. 

0050. The needle unit 27 comprises a tubular needle 29, 
in this embodiment a Touhy needle, which, when packaged, 
is located in the cavity 25 in the shaft 21 of the plunger 11 
and a connector element 31 which is attached to one, the 
rear, end of the needle 29 and includes a first connector 33 
by which the needle unit 27 is connected to the shaft 21 
when packaged and a second connector 35, in this embodi 
ment a catheter connector, which in use provides for con 
nection to the outlet 17 of the body 5. 
0051. The apparatus of this embodiment is particularly 
advantageous in allowing for the co-packaging of the needle 
unit 27, and also enabling co-sterilization. Traditionally, the 
needle unit 27 would be sterilized and packaged indepen 
dently, with the packaging be relatively expensive in requir 
ing a rigid, shielding component to shield the needle. 

0.052 Operation of the apparatus of this embodiment is 
the same as for the above-described first embodiment, where 
the needle unit 27 is removed from the shaft 21 of the 
plunger 11 on use, as illustrated in FIG. 2(b). 

0053 FIGS. 3(a) and (b) illustrate a detection apparatus 
in accordance with a third embodiment of the present 
invention for detecting the location of the tip of a tubular 
element, in particular a needle, within a region, in particular 
the epidural space and the peritoneal cavity, of a body of a 
Subject. 

0054 The apparatus of this embodiment is very similar to 
the apparatus of the above-described first-embodiment, and 
thus, in order to avoid unnecessary duplication of descrip 
tion, only the differences will be described in detail, with 
like parts being designated by like reference signs. 
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0055. The apparatus of this embodiment differs from that 
of the above-described first embodiment in that the plunger 
11 includes a delivery channel 37 which extends there 
through from the forward end of the head 20 to the rear end 
of the shaft 21, and a valve 39 which provides for the 
one-way delivery of a Substance through the plunger 11 to 
the outlet 17 of the body 5, thereby allowing for the delivery 
of a substance, other than the detection fluid as first con 
tained in the fluid chamber 15, through an attached needle 
without requiring disconnection of the apparatus. Such 
Substances include an epidural anaesthetic for epidural 
application and an insufflation gas, Such as carbon dioxide, 
for peritoneal application. 

0056. In this embodiment the valve 39 is a one-way 
gasket valve, which allows for the delivery of a substance 
through the delivery channel 37 to the outlet 17 of the body 
5, but prevents the back-flow of a substance through the 
plunger 11 in the opposite direction, that is, from the rear end 
of the shaft 21 of the plunger 11. In an alternative embodi 
ment the valve 39 could comprise a rupturable element 
which is ruptured in fitting a connector to deliver a Substance 
through the delivery channel 37 to the outlet 17 of the body 
5. 

0057 The apparatus of this embodiment is particularly 
advantageous in enabling the delivery of a Substance to the 
detected body region without requiring disconnection of the 
apparatus from the needle when the tip of the needle is 
located in the desired location in the body region. 
0058 Operation of the apparatus of this embodiment is 
the same as for the above-described first embodiment, 
except that the apparatus is not disconnected from the needle 
following insertion. Rather, following insertion of the 
needle, a substance is delivered through the delivery channel 
37 of the apparatus to the needle without disconnection of 
the apparatus, as illustrated in FIG. 3(b). 

0059 FIGS. 4(a) and (b) illustrate a detection apparatus 
in accordance with a fourth embodiment of the present 
invention for detecting the location of the tip of a tubular 
element, in particular a needle, within a region, in particular 
the epidural space and the peritoneal cavity, of a body of a 
Subject. 

0060. The apparatus of this embodiment is quite similar 
to the apparatus of the above-described first embodiment, 
and thus, in order to avoid unnecessary duplication of 
description, only the differences will be described in detail, 
with like parts being designated by like reference signs. 

0061 The apparatus of this embodiment differs from that 
of the above-described first embodiment in that the plunger 
11 does not include a gasket seal 22, and in further com 
prising a separate variable-volume container 41 which is 
disposed forwardly of the head 20 of the plunger 11 in the 
cavity 7 of the body 5 and fluidly connected to the outlet 17 
of the body 5. In this embodiment the container 41 defines 
the fluid chamber 15 and together with the body 5 and the 
plunger 11 defines a delivery unit, with a fluid being drawn 
into the container 41 on expansion thereof and expelled from 
the container 41 on compression thereof. 

0062. In this embodiment the container 41 comprises a 
flexible, tubular bellows structure which is attached to the 
forward end of the head 20 of the plunger 11, such as to be 
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operable by the same between a compressed state, as illus 
trated in FIG. 4(a), and an expanded State, as illustrated in 
FIG. 4(b). 
0063. In one alternative embodiment the container 41 
could comprise a resilient, tubular bellows structure which 
is configured to expand to the expanded State in the absence 
of the application of a biasing force thereto by the plunger 
11, with the effective biasing force of the main biasing 
element 23 being configured such as to achieve the required 
fluid pressure at the outlet 17 of the body 5. In this 
embodiment the bellows structure need not be attached to 
the plunger 11. 
0064. In another alternative embodiment the container 41 
could comprise a flexible, tubular bellows structure and a 
separate biasing element which is configured to expand the 
bellows structure to the expanded state in the absence of the 
application of a biasing force thereto by the plunger 11, with 
the effective biasing force of the main biasing element 23 
being configured such as to achieve the required fluid 
pressure at the outlet 17 of the body 5. In this embodiment 
the bellows structure need not be attached to the plunger 11. 
0065 Operation of the apparatus of this embodiment is 
the same as for the above-described first embodiment, where 
FIG. 4(b) illustrates the plunger 11 when withdrawn as ready 
for use in detecting the location of the tip of a needle, with 
the container 41 being in the expanded State. 
0.066 FIGS. 5(a) and (b) illustrate a detection apparatus 
in accordance with a fifth embodiment of the present inven 
tion for detecting the location of the tip of a tubular element, 
in particular a needle, within a region, in particular the 
epidural space and the peritoneal cavity, of a body of a 
Subject. 
0067. The apparatus comprises a body 105 which 
includes a cavity 107 and an outlet 109 which is fluidly 
connected to the cavity 107, through which a fluid, in this 
embodiment a liquid, typically a saline Solution, is deliver 
able and to which a needle (not illustrated) is connected, and 
a variable-volume container 111 which is fluidly connected 
to the cavity 107 and together with the cavity 107 defines a 
fluid chamber 115 for containing a fluid, with a fluid being 
drawn into the fluid chamber 115 on expansion of the 
container 111 to an expanded state and expelled from the 
fluid chamber 115 on contraction of the container 111 to a 
contracted state. In this embodiment the body 105 and the 
container 111 define a delivery unit. 
0068 The apparatus further comprises a grip member 117 
which is attached to the container 111, in this embodiment 
the rear end thereof, and is gripped by a user to expand the 
container 111 to the expanded state and draw a fluid into the 
fluid chamber 115, with the grip member 117 enabling the 
user to maintain the container 111 in the expanded State until 
the outlet 109 of the body 105 is connected to a needle. In 
this embodiment the grip member 117 comprises an annular 
sleeve which encloses the container 111 and is slideably 
disposed to the body 105. 

0069. In this embodiment the container 111 comprises a 
resilient, tubular bellows structure which is configured such 
as normally to be under tension and acts to contract to the 
contracted State, thereby acting as a biasing unit and apply 
ing a predetermined biasing force to a fluid contained in the 
fluid chamber 115, with the biasing force being such that a 
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fluid contained in the fluid chamber 115 is at a predeter 
mined pressure. The pressure is preferably not greater than 
about 8.5 lbin', more preferably from about 0.5 lbin' to 
about 8.5 lbin, still more preferably from about 0.5 lbin 
to about 5.66 lbin, yet more preferably from about 2.0 
lbin to about 5.66 lbin', and still yet more preferably from 
about 2.0 lbin' to about 3.5 lbin'. 

0070. In this embodiment the container 111 is configured 
Such as to provide a Substantially constant biasing force over 
the entire operative extension thereof, in this embodiment to 
maintain a fluid contained in the fluid chamber 115 at a 
pressure of about 2.83 lbin. Through providing a constant 
biasing force, the present inventors have identified that the 
detection apparatus provides for the more reliable detection 
of expandable body regions. 

0071. In an alternative embodiment the container 111 
could comprise a flexible, tubular bellows structure and a 
separate biasing element, Such as tension spring, which is 
configured to contract the bellows structure to the contracted 
state, with the biasing force of the separate biasing element 
being such that a fluid contained in the fluid chamber 115 is 
at a predetermined pressure. 

0072 With this configuration, the biasing force applied to 
a fluid contained in the fluid chamber 115 is such that, when 
the resistance at the outlet 109 of the body 105 is greater than 
the biasing force, such as when the tip of the needle is 
located in body tissue which provides a relatively high flow 
resistance to the contained fluid, the container 111 remains 
in the expanded state, but, when the resistance at the outlet 
109 of the body 105 is less than the biasing force, such as 
when the tip of the needle is located in an expandable region 
in the body of a subject, the container 111 contracts such as 
to deliver fluid from the fluid chamber 115 through the outlet 
109 of the body 105. 

0073. In operation, the grip member 117 is first with 
drawn such as to draw a volume of a fluid, typically 2 to 7 
ml, and preferably 2 to 3 ml, into the fluid chamber 115, as 
illustrated in FIG. 5(b). In a preferred embodiment at least 
1 ml of fluid is to be delivered. Whilst holding the grip 
member 117 in the withdrawn position, the outlet 109 of the 
body 105 is connected to a needle, which has been partially 
pre-inserted into a subject. The needle is typically a Touhy 
needle for epidural application and a Veress needle for 
peritoneal application. Once the outlet 109 of the body 105 
is connected to the needle, the grip member 117 is released. 
At this point, the container 111 remains in the expanded 
state, as the tip of the needle will be located in body tissue 
and the flow resistance at the tip of the needle will be greater 
than the biasing force as applied by the container 111. The 
needle is then slowly advanced, typically a millimetre at a 
time, until Such point as the tip of the needle enters an 
expandable region in the body of the subject, at which point 
the flow resistance at the tip of the needle is less than the 
biasing force as applied by the container 111, and the 
container 111 contracts, expelling fluid from the fluid cham 
ber 115 through the outlet 109 of the body 105 and into the 
expandable region. This expulsion of fluid from the fluid 
chamber 115 is indicative of the tip of the needle being 
located in a desired expandable region of the body of the 
Subject, Such regions including the epidural space and the 
peritoneal cavity. Following location of the tip of the needle 
in the desired expandable region, the detection apparatus is 
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then disconnected from the needle to allow for the delivery 
of the appropriate substance through the needle to the body 
region, typically an epidural anaesthetic for epidural appli 
cation and an insufflation gas, Such as carbon dioxide, for 
peritoneal application. 

0074 FIGS. 6(a) and (b) illustrate a detection apparatus 
in accordance with a sixth embodiment of the present 
invention for detecting the location of the tip of a tubular 
element, in particular a needle, within a region, in particular 
the epidural space and the peritoneal cavity, of a body of a 
Subject. 

0075. The apparatus comprises a delivery unit 203 which 
is actuatable to deliver a fluid, in this embodiment a liquid, 
typically a saline solution. 
0.076 The delivery unit 203, in this embodiment as a loss 
of resistance (LOR) syringe, comprises a body 205 which 
includes an elongate cavity 207, and a plunger 211 which is 
movably disposed in the cavity 207 and together with the 
cavity 207 defines a fluid chamber 215 forward of the 
plunger 211 for containing a fluid, in this embodiment a 
liquid, typically a saline solution. 
0077. The body 205 includes an outlet 217 at a forward 
end thereof through which a fluid is deliverable and to which 
a needle (not illustrated) is connected. 
0078. The plunger 211 comprises a head 220, an elongate 
shaft 221 which extends rearwardly of the head 220, and a 
gasket seal 222 which is attached to the head 220 for 
providing a fluid-tight seal with the cavity 207 of the body 
205, such as to enable a fluid to be drawn thereinto on 
withdrawal of the plunger 211 and expelled therefrom on 
depression of the plunger 211. 

0079 The apparatus further comprises a biasing unit 225 
which is coupled to the delivery unit 203 such as to bias the 
plunger 211 of the delivery unit 203 with a predetermined 
biasing force into the body 205 thereof. 
0080. The biasing unit 225 comprises a body 227 which 

is coupled to the body 205 of the delivery unit 203, a drive 
member 229 which is movably disposed to the body 227 and 
connected to the plunger 211 of the delivery unit 203 such 
as to provide for movement of the plunger 211 on movement 
of the drive member 229, and a biasing element 231, in this 
embodiment a resilient element, Such as a compression 
spring, which is such as normally to bias the drive member 
229, and hence the plunger 211 of the delivery unit 203, with 
a predetermined biasing force, and thereby maintain a fluid 
contained in the fluid chamber 215 at a predetermined 
pressure. The pressure is preferably not greater than about 
8.5 lbin', more preferably from about 0.5 lbin' to about 
8.5 lbin, still more preferably from about 0.5 lbin’ to 
about 5.66 lbin', yet more preferably from about 2.0 lbin' 
to about 5.66 lbin, and still yet more preferably from about 
2.0 lbin to about 3.5 lbin. 

0081. In this embodiment the biasing element 231 is 
configured Such as to provide a Substantially constant bias 
ing force over the entire stroke of the plunger 211, in this 
embodiment to maintain a fluid contained in the fluid 
chamber 215 at a pressure of about 2.83 lbin. Through 
providing a constant biasing force, the present inventors 
have identified that the detection apparatus provides for the 
more reliable detection of expandable body regions. 

Oct. 18, 2007 

0082. With this configuration, the biasing element 231 
maintains a predetermined biasing force on the plunger 211 
of the delivery unit 203 such that, when the resistance at the 
outlet 217 of the delivery unit 203 is greater than the biasing 
force, such as when the tip of the needle is located in body 
tissue which provides a relatively high flow resistance to the 
contained fluid, the plunger 211 remains stationary, but, 
when the resistance at the outlet 217 of the delivery unit 203 
is less than the biasing force. Such as when the tip of the 
needle is located in an expandable region in the body of a 
subject, the plunger 211 is driven by the biasing force into 
the body 205 of the delivery unit 203 such as to deliver fluid 
from the fluid chamber 215 and through the outlet 217 of the 
delivery unit 203. 
0083) In this embodiment the drive member 229 is fixed 
to the plunger 211 of the delivery unit 203 and includes a 
grip 233 which allows for manual operation by a user, and, 
in particular, movement of the drive member 229 such as to 
withdraw the plunger 211 from the body 205 of the delivery 
unit 203 and thereby enable fluid to be drawn into the fluid 
chamber 215 of the delivery unit 203 ahead of the plunger 
211, and also allow for the biasing unit 225 to be held in an 
inoperative position until the outlet 217 of the delivery unit 
203 is connected to a needle. 

0084. In operation, the biasing unit 225 is coupled to the 
delivery unit 203, and the drive member 229 of the biasing 
unit 225 is withdrawn such as to draw a volume of a fluid, 
typically 2 to 7 ml, and preferably 2 to 3 ml, into the fluid 
chamber 215 of the delivery unit 203 ahead of the plunger 
211, as illustrated in FIG. 6(b). Whilst holding the drive 
member 229 in the withdrawn position, in this embodiment 
by holding the grip 233, the outlet 217 of the delivery unit 
203 is connected to a needle, which has been partially 
pre-inserted into a subject. The needle is typically a Touhy 
needle for epidural application and a Veress needle for 
peritoneal application. Once the outlet 217 of the delivery 
unit 203 is connected to the needle, the drive member 229 
of the biasing unit 225 is released. At this point, the drive 
member 229 of the biasing unit 225 remains stationary, as 
the tip of the needle will be located in body tissue and the 
flow resistance at the tip of the needle will be greater than 
the biasing force of the biasing unit 225. The needle is then 
slowly advanced, typically a millimetre at a time, until Such 
point as the tip of the needle enters an expandable region in 
the body of the subject, at which point the flow resistance at 
the tip of the needle is less than the biasing force of the 
biasing unit 225 and the biasing unit 225 acts to drive the 
plunger 211 of the delivery unit 203 into the cavity 207 of 
the body 205 of the delivery unit 203 and expel fluid from 
the fluid chamber 215 through the outlet 217 of the delivery 
unit 203 and into the expandable region. This expulsion of 
fluid from the fluid chamber 215 is indicative of the tip of the 
needle being located in a desired expandable region of the 
body of the Subject, Such regions including the epidural 
space and the peritoneal cavity. Following location of the tip 
of the needle in the desired expandable region, the detection 
apparatus is then disconnected from the needle to allow for 
the delivery of the appropriate substance through the needle 
to the body region, typically an epidural anaesthetic for 
epidural application and an insufflation gas, such as carbon 
dioxide, for peritoneal application. 
0085. In this embodiment the biasing unit 225 is config 
ured such as to be detachable from the delivery unit 203 
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through a quick-fit coupling, and thereby provides for the 
use of a replacement delivery unit 203 with each procedure. 
0.086 FIGS. 7(a) and (b) illustrate a detection apparatus 
in accordance with a seventh embodiment of the present 
invention for detecting the location of the tip of a tubular 
element, in particular a needle, within a region, in particular 
the epidural space and the peritoneal cavity, of a body of a 
Subject. 
0087. The apparatus comprises a delivery unit 303 which 

is actuatable to deliver a fluid, in this embodiment a liquid, 
typically a saline solution. 
0088. The delivery unit 303, in this embodiment as a loss 
of resistance (LOR) syringe, comprises a body 305 which 
includes an elongate cavity 307, and a plunger 311 which is 
movably disposed in the cavity 307 and together with the 
cavity 307 defines a fluid chamber 315 forward of the 
plunger 311 for containing a fluid. 
0089. The body 305 includes an outlet 317 at a forward 
end thereof through which a fluid is deliverable and to which 
a needle (not illustrated) is connected. 
0090 The plunger 311 comprises a head 320, an elongate 
shaft 321 which extends rearwardly of the head 320, and a 
gasket seal 322 which is attached to the head 320 for 
providing a fluid-tight seal with the cavity 307 of the body 
305, such as to enable a fluid to be drawn thereinto on 
withdrawal of the plunger 311 and expelled therefrom on 
depression of the plunger 311. 
0.091 The apparatus further comprises a biasing unit 325 
which is coupled to the delivery unit 303 such as to bias the 
plunger 311 of the delivery unit 303 with a biasing force into 
the body 305 thereof. 
0092. The biasing unit 325 comprises a body 327 which 

is coupled to the body 305 of the delivery unit 303, a drive 
member 329 which is movably disposed to the body 327 and 
connected to the plunger 311 of the delivery unit 303 such 
as to provide for movement of the plunger 311 on movement 
of the drive member 329, and an electromagnetic drive 331 
which is operable to bias the drive member 329, and hence 
the plunger 311 of the delivery unit 303, with a predeter 
mined biasing force, and thereby maintain a fluid contained 
in the fluid chamber 315 at a predetermined pressure. The 
pressure is preferably not greater than about 8.5 lbin, more 
preferably from about 0.5 lbin to about 8.5 lbin, still 
more preferably from about 0.5 lbin' to about 5.66 lbin', 
yet more preferably from about 2.0 lbin' to about 5.66 
lbin, and still yet more preferably from about 2.0 lbin to 
about 3.5 lbin. 

0093. In this embodiment the electromagnetic drive 331 
is configured such as to provide a Substantially constant 
biasing force over the entire operative stroke of the plunger 
311, in this embodiment to maintain a fluid contained in the 
fluid chamber 315 at a pressure of about 2.83 lbin. 
Through providing a constant biasing force, the present 
inventors have identified that the detection apparatus pro 
vides for the more reliable detection of expandable body 
regions. 

0094. The electromagnetic drive 331 comprises an ener 
gizable coil 333 which is disposed within the body 327 of 
the biasing unit 325, a magnet 335, in this embodiment an 
annular magnet, which is fixed to the drive member 329 and 
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disposed within the coil 333 such as to be biased forwardly 
on the energization of the same, and a Switch-operated 
power source 337, in this embodiment a battery, for ener 
gizing the coil 333. 
0095. In an alternative embodiment the energizable coil 
333 could be disposed to the drive member 329 of the 
biasing unit 325 and the magnet 335 disposed to the body 
327 of the biasing unit 325. 
0096. In another alternative embodiment the energizable 
coil 333 could be replaced by a magnet such as to provide 
a magnetic drive. 
0097 With this configuration, the electromagnetic drive 
331 is operative to maintain a predetermined biasing force 
on the plunger 311 of the delivery unit 303 such that, when 
the resistance at the outlet 317 of the delivery unit 303 is 
greater than the biasing force. Such as when the tip of the 
needle is located in body tissue which provides a relatively 
high flow resistance to the fluid at the outlet 317 of the 
delivery unit 303, the plunger 311 of the delivery unit 303 
remains stationary, but, when the resistance at the outlet 317 
of the delivery unit 303 is less than the biasing force, such 
as when the tip of the needle is located in an expandable 
region in the body of a subject, the plunger 311 of the 
delivery unit 303 is driven by the biasing force into the 
cavity 307 in the body 305 of the delivery unit 303 to expel 
fluid from the fluid chamber 315 through the outlet 317 of 
the delivery unit 303 and into the expandable region. 

0098. In this embodiment the drive member 329 of the 
biasing unit 325 is fixed to the plunger 311 of the delivery 
unit 303 and includes a grip 339 which allows for manual 
operation by a user, and, in particular, movement of the drive 
member 329 such as to withdraw the plunger 311 from the 
body 305 of the delivery unit 303 and thereby enable fluid 
to be drawn into the cavity 307 in the body 305 of the 
delivery unit 303 ahead of the plunger 311. 
0099. In operation, the biasing unit 325 is coupled to the 
delivery unit 303, and the drive member 329 of the biasing 
unit 325 is withdrawn such as to withdraw the plunger 311 
of the delivery unit 303 and draw a volume of a fluid, 
typically 2 to 7 ml, and preferably 2 to 3 ml, into the fluid 
chamber 315 of the delivery unit 303. The outlet 317 of the 
delivery unit 303 is then connected to a needle, which has 
been partially pre-inserted into a subject. The needle is 
typically a Touhy needle for epidural application and a 
Veress needle for peritoneal application. Once the outlet 317 
of the delivery unit 303 is connected to the needle, the 
electromagnetic drive 331 is actuated. At this point, the drive 
member 329 of the biasing unit 325 remains stationary, as 
the tip of the needle will be located in body tissue and the 
flow resistance at the tip of the needle will be greater than 
the biasing force of the electromagnetic drive 331. The 
needle is then slowly advanced, typically a millimetre at a 
time, until Such point as the tip of the needle enters an 
expandable region in the body of the subject, at which point 
the flow resistance at the tip of the needle is less than the 
biasing force of the electromagnetic drive 331 and the 
electromagnetic drive 331 acts to drive the plunger 311 of 
the delivery unit 303 into the cavity 307 in the body 305 of 
the delivery unit 303 and expel fluid from the fluid chamber 
315 through the outlet 317 of the delivery unit 303 and into 
the expandable region. This delivery of fluid from the fluid 
chamber 315 is indicative of the tip of the needle being 
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located in a desired expandable region of the body of the 
Subject, Such regions including the epidural space and the 
peritoneal cavity. Following location of the tip of the needle 
in the desired expandable region, the detection apparatus is 
then disconnected from the needle to allow for the delivery 
of the appropriate substance through the needle to the body 
region, typically an epidural anaesthetic for epidural appli 
cation and an insufflation gas, Such as carbon dioxide, for 
peritoneal application. 

0100. In this embodiment the biasing unit 325 is config 
ured such as to be detachable from the delivery unit 303 
through a quick-fit coupling, and thereby provides for the 
use of a replacement delivery unit 303 with each procedure. 
0101. In an alternative embodiment the biasing unit 325 
could be integrally formed with the delivery unit 303 such 
as to provide a single disposable/re-usable apparatus. 
0102 FIGS. 8(a) and (b) illustrate a detection apparatus 
in accordance with an eighth embodiment of the present 
invention for detecting the location of the tip of a tubular 
element, in particular a needle, within a region, in particular 
the epidural space and the peritoneal cavity, of a body of a 
Subject. 
0103) The apparatus comprises a delivery unit 403 which 

is actuatable to deliver a fluid, in this embodiment a liquid, 
typically a saline solution. 
0104. The delivery unit 403, in this embodiment as a loss 
of resistance (LOR) syringe, comprises a body 405 which 
includes an elongate cavity 407, and a plunger 411 which is 
movably disposed in the cavity 407 and together with the 
cavity 407 defines a fluid chamber 415 forward of the 
plunger 411 for containing a fluid. 
0105. The body 405 includes an outlet 417 at a forward 
end thereof through which a fluid is deliverable and to which 
a needle (not illustrated) is connected. 
0106 The plunger 411 comprises a head 420, an elongate 
shaft 421 which extends rearwardly of the head 420, and a 
gasket seal 422 which is attached to the head 420 for 
providing a fluid-tight seal with the cavity 407 of the body 
405, such as to enable a fluid to be drawn thereinto on 
withdrawal of the plunger 411 and expelled therefrom on 
depression of the plunger 411. 
0107 The apparatus further comprises a biasing unit 425 
which is coupled to the delivery unit 403 such as to bias the 
plunger 411 of the delivery unit 403 with a predetermined 
biasing force into the body 405 thereof. 
0108. The biasing unit 425 comprises a body 427 which 

is coupled to the body 405 of the delivery unit 403, a drive 
member 429, including an annular piston 430 disposed at the 
forward end thereof, which is movably disposed in the body 
427 and connected to the plunger 411 of the delivery unit 
403 such as to provide for movement of the plunger 411 on 
movement of the drive member 429, and a pneumatic drive 
431 which is operable to apply a predetermined pressure to 
the piston 430 of the drive member 429 and bias the drive 
member 429, and hence the plunger 411 of the delivery unit 
403, with a predetermined biasing force, and thereby main 
tain a fluid contained in the fluid chamber 415 at a prede 
termined pressure. The pressure is preferably not greater 
than about 8.5 lbin, more preferably from about 0.5 lbin 
to about 8.5 lbin', still more preferably from about 0.5 
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lbin' to about 5.66 lbin', yet more preferably from about 
2.0 lbin to about 5.66 lbin, and still yet more preferably 
from about 2.0 lbin' to about 3.5 lbin'. 

0.109. In this embodiment the pneumatic drive 431 is 
configured such as to provide a Substantially constant bias 
ing force over the entire stroke of the plunger 411, in this 
embodiment to maintain a fluid contained in the fluid 
chamber 415 at a pressure of about 2.83 lbin'. Through 
providing a constant biasing force, the present inventors 
have identified that the detection apparatus provides for the 
more reliable detection of expandable body regions. 
0110. The pneumatic drive 431 comprises a switch-op 
erated gas supply 437, in this embodiment a battery-pow 
ered gas Supply, for Supplying a gas at a predetermined 
pressure to the piston 430 of the drive member 429, and 
thereby bias the drive member 429, and hence the plunger 
411 of the delivery unit 403, at the predetermined biasing 
force. 

0111. With this configuration, the pneumatic drive 431, 
when actuated, maintains a predetermined biasing force on 
the plunger 411 such that, when the resistance at the outlet 
417 of the delivery unit 403 is greater than the biasing force, 
such as when the tip of the needle is located in body tissue 
which provides a relatively high flow resistance to the fluid 
at the outlet 417 of the delivery unit 403, the plunger 411 
remains stationary, but, when the resistance at the outlet 417 
of the delivery unit 403 is less than the biasing force, such 
as when the tip of the needle is located in an expandable 
region in the body of a subject, the plunger 411 is driven by 
the biasing force. 
0112) In this embodiment the drive member 429 of the 
biasing unit 425 is fixed to the plunger 411 of the delivery 
unit 403 and includes a grip 439 which allows for manual 
operation by a user, and, in particular, movement of the drive 
member 429 of the biasing unit 425 such as to withdraw the 
plunger 411 of the delivery unit 403 from the body 405 of 
the delivery unit 403 and thereby enable a fluid to be drawn 
into the cavity 407 in the body 405 ahead of the plunger 411. 
0113. In operation, the biasing unit 425 is coupled to the 
delivery unit 403, and the drive member 429 of the biasing 
unit 425 is withdrawn such as to draw a volume of a fluid, 
typically 2 to 7 ml, and preferably 2 to 3 ml, into the fluid 
chamber 415 of the delivery unit 403, as illustrated in FIG. 
8(b). The outlet 417 of the delivery unit 403 is then con 
nected to a needle, which has been partially pre-inserted into 
a subject. The needle is typically a Touhy needle for epidural 
application and a Veress needle for peritoneal application. 
Once the outlet 417 of the delivery unit 403 is connected to 
the needle, the pneumatic drive 431 is actuated. At this point, 
the drive member 429 of the biasing unit 425 remains 
stationary, as the tip of the needle will be located in body 
tissue and the flow resistance at the tip of the needle will be 
greater than the biasing force of the pneumatic drive 431. 
The needle is then slowly advanced, typically a millimetre 
at a time, until Such point as the tip of the needle enters an 
expandable region in the body of the subject, at which point 
the flow resistance at the tip of the needle is less than the 
biasing force of the pneumatic drive 431 and the pneumatic 
drive 431 acts to drive the plunger 411 of the delivery unit 
403 into the cavity 407 in the body 405 of the delivery unit 
403 and expel fluid from the fluid chamber 415 through the 
outlet 417 of the delivery unit 403 and into the expandable 
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region. This expulsion of fluid from the fluid chamber 415 
is indicative of the tip of the needle being located in a desired 
expandable region of the body of the Subject, such regions 
including the epidural space and the peritoneal cavity. Fol 
lowing location of the tip of the needle in the desired 
expandable region, the detection apparatus is then discon 
nected from the needle to allow for the delivery of the 
appropriate Substance through the needle to the body region, 
typically an epidural anaesthetic for epidural application and 
an insufllation gas, Such as carbon dioxide, for peritoneal 
application. 

0114. In this embodiment the biasing unit 425 is config 
ured such as to be detachable from the delivery unit 403 
through a quick-fit coupling, and thereby provides for the 
use of a replacement delivery unit 403 with each procedure. 

0115) In an alternative embodiment the biasing unit 425 
could be integrally formed with the delivery unit 403 such 
as to provide a single disposable/re-usable detection appa 
ratuS. 

0116. In another embodiment the gas supply 437 could be 
a manually-primed Supply, for example, as provided by a 
manually-operated piston. 

0117 FIGS. 9(a) and (b) illustrate a detection apparatus 
in accordance with a ninth embodiment of the present 
invention for detecting the location of the tip of a tubular 
element; in particular a needle, within a region, in particular 
the epidural space and the peritoneal cavity, of a body of a 
Subject. 

0118. The apparatus comprises a delivery unit 503 which 
is actuatable to deliver a fluid, in this embodiment a liquid, 
typically a saline solution. 

0119) The delivery unit 503, in this embodiment as a loss 
of resistance (LOR) syringe, comprises a body 505 which 
includes an elongate cavity 507, and a plunger 511 which is 
movably disposed in the cavity 507 and together with the 
cavity 507 defines a fluid chamber 515 forward of the 
plunger 511 for containing a fluid. 

0120) The body 505 includes an outlet 517 at a forward 
end thereof through which a fluid is deliverable and to which 
a needle (not illustrated) is connected. 
0121 The plunger 511 comprises a head 520, an elongate 
shaft 521 which extends rearwardly of the head 520, and a 
gasket seal 522 which is attached to the head 520 for 
providing a fluid-tight seal with the cavity 507 of the body 
505, such as to enable a fluid to be drawn thereinto on 
withdrawal of the plunger 511 and expelled therefrom on 
depression of the plunger 511. 

0122) The apparatus further comprises a biasing unit 525 
which is coupled to the delivery unit 503 such as to bias the 
plunger 511 of the delivery unit 503 with a predetermined 
biasing force into the body 505 thereof. 

0123. The biasing unit 525 comprises a drive motor 527, 
in this embodiment a battery-powered DC motor, a geared 
connection 529, which operably couples the drive motor 527 
to the plunger 511 of the delivery unit 503 such as to drive 
the same with a predetermined biasing force on operation of 
the drive motor 527, and control circuitry 531 for controlling 
the operation of the drive motor 527. 
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0.124. In this embodiment the biasing force applied to the 
plunger 511 maintains a fluid contained in the fluid chamber 
515 at a predetermined pressure. The pressure is preferably 
not greater than about 8.5 lbin', more preferably from about 
0.5 lbin' to about 8.5 lbin', still more preferably from 
about 0.5 lbin to about 5.66 lbin, yet more preferably 
from about 2.0 lbin' to about 5.66 lbin', and still yet more 
preferably from about 2.0 lbin' to about 3.5 lbin’. 
0.125. In this embodiment the biasing unit 525 is config 
ured such as to apply a Substantially constant biasing force 
to the plunger 511, in this embodiment to maintain a fluid 
contained in the fluid chamber 515 at a pressure of about 
2.83 lbin'. Through providing a constant biasing force, the 
present inventors have identified that the detection apparatus 
provides for the more reliable detection of expandable body 
regions. 

0.126 In this embodiment the geared connection 529 
comprises a rack 533 mounted to the shaft 521 of the plunger 
511 and a pinion 535 mounted to the shaft of the drive motor 
527. 

0127. In this embodiment the control circuitry 531 
includes a drive circuit which comprises a PIC microcon 
troller (as supplied by MicroChip, Inc, USA) which controls 
the drive motor 527 to develop a predetermined maximum 
torque corresponding to the required biasing force. Such that, 
when the resistance at the outlet 517 of the delivery unit 503 
is greater than the biasing force. Such as when the tip of the 
needle is located in body tissue which provides a relatively 
high flow resistance to the fluid at the outlet 517 of the 
delivery unit 503 and the plunger 511 remains stationary, the 
drive motor 527 remains in a stall condition and draws a 
high current, but, when the resistance at the outlet 517 of the 
delivery unit 503 is less than the biasing force, such as when 
the tip of the needle is located in an expandable region in the 
body of a subject, the drive motor 527 enters a drive 
condition in which the plunger 511 is driven by the drive 
motor 527, with the drive motor 527 drawing only a low 
current in the drive condition. In this embodiment the drive 
circuit is configured to de-actuate the drive motor 527 
following the onset of the drive condition, as detected by the 
drive current being below a predetermined threshold value, 
So as thereby advantageously to require only a minimum 
delivery of fluid from the fluid chamber 515 into the 
expandable body region. 

0128. The control circuitry 531 further comprises an 
indicator circuit which includes an indicator 537, in this 
embodiment a LED, for indicating the status of location of 
the tip of the needle. In this embodiment the indicator circuit 
drives the indicator 537 to flash where the drive motor 527 
is in the stall condition, that is, where the tip of the needle 
is located in body tissue, and be continuously illuminated 
where the drive motor 527 is in the drive condition, that is, 
where the tip of the needle is located in the required body 
region. 

0129. In operation, the biasing unit 525 is first actuated to 
withdraw the plunger 511 of the delivery unit 503 and draw 
a volume of a fluid, typically 2 to 7 ml, and preferably 2 to 
3 ml, into the fluid chamber 515 of the delivery unit 503, as 
illustrated in FIG. 9(b). The outlet 517 of the delivery unit 
503 is then connected to a needle, which has been partially 
pre-inserted into a subject. The needle is typically a Touhy 
needle for epidural application and a Veress needle for 
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peritoneal application. Once the outlet 517 of the delivery 
unit 503 is connected to the needle, the biasing unit 525 is 
actuated to drive the plunger 511 of the delivery unit 503. At 
this point, the drive motor 527 is in the stall condition and 
the plunger 511 of the delivery unit 503 remains stationary, 
as the tip of the needle will be located in body tissue and the 
flow resistance at the tip of the needle will be greater than 
the biasing force, with the indicator 537 flashing to indicate 
to the user that the tip of the needle is located within body 
tissue. The needle is then slowly advanced, typically a 
millimetre at a time, until such point as the tip of the needle 
enters an expandable region in the body of the Subject, at 
which point the flow resistance at the tip of the needle is less 
than the biasing force and the drive motor 527 enters the 
drive condition and acts to drive the plunger 511 of the 
delivery unit 503 into the cavity 507 in the body 505 of the 
delivery unit 503 and expel fluid from the fluid chamber 515 
through the outlet 517 of the delivery unit 503 and into the 
expandable region. This expulsion of fluid from the fluid 
chamber 515 is indicative of the tip of the needle being 
located in a desired expandable region of the body of the 
Subject, Such regions including the epidural space and the 
peritoneal cavity. On the drive motor 527 entering the drive 
condition, as detected by the drive current being less than a 
predetermined threshold value, the drive motor 527 is de 
actuated and the indicator 537 is continuously illuminated to 
indicate to the operator that the needle is correctly inserted. 
0130. In another embodiment the geared connection 529 
could comprise a ball screw/lead screw arrangement, where 
the ball screw/lead screw has a large pitch Such as to provide 
for a significant differential in the drive current when the 
drive motor 527 is in the stall and drive conditions. 

0131 FIGS. 10(a) and (b) illustrate a detection apparatus 
in accordance with a tenth embodiment of the present 
invention for detecting the location of the tip of a tubular 
element, in particular a needle, within a region, in particular 
the epidural space and the peritoneal cavity, of a body of a 
Subject. 
0132) The apparatus comprises an elongate tubular ele 
ment 605, in this embodiment a needle, here embodied as a 
Touhy needle, an elongate sensing element 607 which 
extends through the tubular element 605, and a biasing unit 
609 for biasing the sensing element 607 with a predeter 
mined biasing force Such that the tip of the sensing element 
607 is biased outwardly of the tip of the tubular element 605. 
0133. In this embodiment the sensing element 607 com 
prises a plastic element having a blunt tip, but could be a 
metal element having a blunt tip or a metal element fitted 
with a blunt plastic tip. 
0134) The biasing unit 609 comprises a first body 611 to 
which the tubular element 605 is attached, in this embodi 
ment at the rearward end thereof, a second body 615 to 
which the sensing element 607 is attached, in this embodi 
ment at the rearward end thereof, and a biasing element 617 
which couples the first and second bodies 611, 615 and 
biases the sensing element 607 relative to the tubular ele 
ment 605 such that the tip of the sensing element 607 is 
biased outwardly of the tip of the tubular element 605. 
Through providing a constant biasing force, the present 
inventors have identified that the detection apparatus pro 
vides for the more reliable detection of expandable body 
regions. 
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0.135) In this embodiment the biasing element 617 com 
prises a resilient bellows structure, but can comprise any 
biasing means capable of providing a predetermined biasing 
force, such as a spring element, a magnetic drive, an 
electromagnetic drive, a pneumatic drive or a motorized 
drive. 

0.136. With this configuration, the biasing element 617 
maintains a predetermined biasing force on the sensing 
element 607 such that, when the resistance at the tip of the 
tubular element 605 is greater than the biasing force, such as 
when the tip of the tubular element 605 is located in body 
tissue which provides a relatively high resistance to the 
movement of the sensing element 607, the sensing element 
607 remains stationary relative to the tubular element 605, 
but, when the resistance at the tip of the tubular element 605 
is less than the biasing force. Such as when the tip of the 
tubular element 605 is located in an expandable region in the 
body of a subject, the tip of the sensing element 607 extends 
from the tip of the tubular element 605, which extension of 
the sensing element 607 from the tip of the tubular element 
605 is reflected by relative movement of the sensing element 
607 and the tubular element 605. 

0.137 The apparatus further comprises a detection unit 
619 for detecting a predetermined movement of the sensing 
element 607 relative to the tubular element 605. 

0.138. In this embodiment the detection unit 619 is a 
capacitance detector and comprises a first capacitance plate 
621 of fixed position relative to the tubular element 605, in 
this embodiment attached to the rear end of the first body 
611, a second capacitance plate 623 of fixed position relative 
to the sensing element 607, in this embodiment attached to 
the rear end of the sensing element 607, and detection 
circuitry 625 for detecting a predetermined proximity of the 
first and second capacitance plates 621, 623 corresponding 
to a predetermined extension of the tip of the sensing 
element 607 from the tip of the tubular element 605. 
0.139. In alternative embodiments the detection unit 619 
could be a resistive detector, an inductive detector, an optical 
detector or a switched detector. 

0140. In operation, the tip of the tubular element 605 is 
inserted into body tissue of a subject. While the distal end of 
the tubular element 605 is located in body tissue and the 
resistance as experienced by the blunt tip of the sensing 
element 607 at the tip of the tubular element 605 is greater 
than the biasing force of the biasing element 617, the sensing 
element 607 is disposed within the tubular element 605 
against the bias of the biasing force, as illustrated in FIG. 
10(b). The tubular element 605 is slowly advanced, typically 
a millimetre at a time, until Such point as the tip of the 
tubular element 605 enters an expandable region in the body 
of the Subject, in this embodiment the epidural space, at 
which point the resistance as experienced by the blunt tip of 
the sensing element 607 at the tip of the tubular element 605 
is less than the biasing force of the biasing element 617 and 
the biasing element 617 acts to extend the tip of the sensing 
element 607 from the tip of the tubular element 605. This 
extension of the sensing element 607 from the tip of the 
tubular element 605 is reflected by relative movement of the 
tubular element 605 and the sensing element 607, and hence 
relative movement of the first and second capacitance plates 
621, 623 of the detection unit 619. Where the extension of 
the tip of the sensing element 607 from the tip of the tubular 
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element 605 is greater than a predetermined extent, corre 
sponding to a predetermined proximity of the first and 
second capacitance plates 621, 623 of the detection unit 619, 
the detection circuitry 625 signals the location of the tip of 
the tubular element 605 in an expandable body region. At 
this point, the sensing element 607 is withdrawn from the 
tubular element 605 to allow for connection to the tubular 
element 605. 

0141 Finally, it will be understood that the present inven 
tion has been described in its preferred embodiments and 
can be modified in many different ways without departing 
from the scope of the invention as defined by the appended 
claims. 

0142 For example, in the described embodiments, the 
delivered detection fluid is a liquid, such as a saline solution, 
but in other embodiments could be a gas, such as air, or even 
a mixture of a liquid and a gas. 

0143. In ones of the above-described embodiments, fluid 
is drawn into the fluid chambers 15, 115, 215, 315, 415,515 
at the time of operation, but in alternative embodiments the 
fluid chambers 15, 115, 215, 315, 415, 515 could be pre 
filled. 

0144. In ones of the described embodiments, the movable 
parts are configured to be a sliding fit. For example, ones of 
the plungers 11, 211, 311, 411, 511 are configured to be a 
sliding frictional fit in the respective bodies 5,205, 305, 405, 
505 and in a preferred embodiment configured to be a sliding 
fit with uniform frictional characteristics such as to enable 
continuous movement of the plungers 11, 211,311, 411, 511 
on the application of a biasing force. Similarly, in the 
above-described fifth embodiment, the grip member 117 is 
a sliding frictional fit over the body 105, and in a preferred 
embodiment configured to be a sliding fit with uniform 
frictional characteristics Such as to enable a smooth, con 
tinuous movement of the container 111 in the application of 
a biasing force to a fluid as contained in the fluid chamber 
115. In an alternative embodiment all movable parts could 
be guided using bearings, typically linear bearings. 

0145. In a modification of the above-described ninth 
embodiment, the drive motor 527 of the biasing unit 525 
could be a linear motor which directly drives the plunger 511 
of the delivery unit 503. 

0146 In addition, the detection apparatuses of the above 
described first to eighth embodiments could be modified 
such as to deliver a predetermined volume of fluid from the 
fluid outlet 17, 117, 217,317,417 into the identified expand 
able body region. In the above-described seventh and eighth 
embodiments, the biasing units 325, 425 could be de 
actuated at the onset of the loss of resistance at the fluid 
outlet 317, 417 or following detection of a predetermined 
movement of the plunger 311, 411 in the manner of the 
above-described tenth embodiment. 

0147 In one embodiment the detection apparatus of the 
present invention can be employed in a fully-automated 
system, typically a robotic system, whereby a region in a 
body of a Subject can be located without requiring initial 
intervention. 
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1-58. (canceled) 
59. A syringe comprising: 
a housing having a proximal end and a distal end config 

ured for attachment to a needle, the housing configured 
to contain a volume of fluid; 

a plunger at least partially contained within the housing: 
and 

a biasing element contained within the housing, 
wherein the biasing element is configured to exert a force 

on the plunger that is capable of maintaining the 
volume of fluid at a pressure of not greater than about 
8.5 lbin before a needle that has been attached to the 
distal end of the housing is advanced into an epidural 
space or a peritoneal cavity of a Subject. 

60. The syringe of claim 59, wherein the biasing element 
is configured to exert a force on the plunger that is capable 
of maintaining the Volume of fluid at a pressure of not 
greater than about 8.5 lbin before a needle that has been 
attached to the distal end of the housing is advanced into an 
epidural space of a subject. 

61. The syringe of claim 59, wherein the biasing element 
is configured to exert a force on the plunger that is capable 
of maintaining the Volume of fluid at a pressure of not 
greater than about 8.5 lbin before a needle that has been 
attached to the distal end of the housing is advanced into a 
peritoneal cavity of a Subject. 

62. The syringe of claim 59, wherein the biasing element 
is configured to exert a force on the plunger that is capable 
of maintaining the Volume of fluid at a pressure of from 
about 0.5 lbin to about 8.5 lbin before the needle is 
advanced into the epidural space or the peritoneal cavity of 
the subject. 

63. The syringe of claim 59, wherein the biasing element 
is configured to exert a force on the plunger that is capable 
of maintaining the Volume of fluid at a pressure of from 
about 0.5 lbin' to about 5.66 lbin' before the needle is 
advanced into the epidural space or the peritoneal cavity of 
the subject. 

64. The syringe of claim 59, wherein the biasing element 
is configured to exert a force on the plunger that is capable 
of maintaining the Volume of fluid at a pressure of from 
about 2.0 lbin to about 5.66 lbin before the needle is 
advanced into the epidural space or the peritoneal cavity of 
the subject. 

65. The syringe of claim 59, wherein the biasing element 
is configured to exert a force on the plunger that is capable 
of maintaining the Volume of fluid at a pressure of from 
about 2.0 lbin' to about 3.5 lbin' before the needle is 
advanced into the epidural space or the peritoneal cavity of 
the subject. 

66. The syringe of claim 59, wherein the biasing element 
comprises a compression spring. 

67. A method of making a syringe comprising: 
placing a plunger into a housing configured to contain a 

volume of fluid so that the plunger is at least partially 
contained within the housing, the housing having a 
proximal end and a distal end configured for attachment 
to a needle; and 

placing a biasing element within the housing, 
wherein the biasing element is configured to exert a force 

on the plunger that is capable of maintaining the 
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volume of fluid at a pressure of not greater than about 
8.5 lbin' before a needle that has been attached to the 
distal end of the housing is advanced into an epidural 
space or a peritoneal cavity of a Subject. 

68. The method of claim 67, wherein the biasing element 
is configured to exert a force on the plunger that is capable 
of maintaining the Volume of fluid at a pressure of not 
greater than about 8.5 lbin before a needle that has been 
attached to the distal end of the housing is advanced into an 
epidural space of a subject. 

69. The method of claim 67, wherein the biasing element 
is configured to exert a force on the plunger that is capable 
of maintaining the Volume of fluid at a pressure of not 
greater than about 8.5 lbin' before a needle that has been 
attached to the distal end of the housing is advanced into a 
peritoneal cavity of a Subject. 

70. A method comprising: 

connecting a syringe containing a volume of fluid to a 
proximal end of a needle, wherein the Syringe is 
configured to initially maintain the volume of fluid at a 
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Substantially constant pressure after the Syringe has 
been connected to the needle; and 

advancing the needle into a body of a Subject until the 
pressure of the Volume of fluid in the Syringe changes 
and the Syringe provides a visual indication of the 
pressure change. 

71. The method of claim 70, wherein the syringe com 
prises a plunger that moves to provide a visual indication of 
the pressure change. 

72. The method of claim 70, wherein the syringe is 
configured so that the pressure of the volume of fluid in the 
Syringe changes when the needle enters an epidural space of 
the subject. 

73. The method of claim 70, wherein the syringe is 
configured so that the pressure of the volume of fluid in the 
Syringe changes when the needle enters a peritoneal cavity 
of the subject. 

74. The method of claim 70, wherein the fluid comprises 
a saline Solution. 


