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POSITIONING DEVICE FOR MEDICAL
DEVICES

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claim prionty to U.S. Ser. No.

62/447,113, filed on Jan. 17, 2017, the entire contents of
which 1s hereby incorporated by reference.

FIELD

[0002] The present disclosure relates generally to devices
and methods for the proper positioning of medical devices 1n

a patient, and more particularly, to a pneumothorax drainage
device.

BACKGROUND

[0003] Spontaneous pneumothorax is a significant global
health problem with an estimated incidence of 7-37/100,000
people per year'** or up to 2 million events per year globally.
Air 1n the chest cavity can sometimes resolve 1tself but often
requires a hospital admission and more importantly, lifesav-
ing urgent medical care. In the military combat setting, about
13% of penetrating wounds to the thoracic cavity require
thoracic intervention including a chest tube”. These thoracic
injuries can contribute up to 30% of combat deaths®.
[0004] The hallmark treatment of a symptomatic pneumo-
thorax 1s the insertion of an intercostal drain however this
skill 1s limited to health care practitioners with adequate
training. The complication rate from chest tube insertion can
be as high as 30%"° including nerve injury, lung or other
organ puncture, inadequate positioning, or infection. There
1s a desperate need to reduce complication rates and this can
be achieved by a combination of better health care practi-
tioner training and improving the insertion device and
technique.

[0005] The conventional chest tube insertion technique,
called ‘surgical’, involved an incision in the skin and blunt
dissection of the chest wall until the health care practitioner
penetrates the chest cavity and feels a loss of resistance. This
1s very operator dependent and can result 1n either under
penetration (chest tube will not evacuate pneumothorax) or
over penetration (puncture/laceration of organ). A finger
sweep 1s performed to lessen the risk of laceration but as
previously reported, the complication rates remain very
high.

[0006] A newer technique involves the passage of the
dilator and tube over a guidewire inserted via a needle. The
modified Seldinger® technique simplifies the process for
most but the imitial mnsertion of the needle may also result in
organ puncture. The operator needs to push/force the needle
and dilator straight into the thoracic cavity and may over-
shoot the cavity into another organ. Examples of pneumo-

thorax drainage devices may be found i U.S. Pat. Nos.
4,813,941 7,229.433; and 6,330,882; and US Publication

2016/0067391. With these known devices, there 1s no
method of finely adjusting the depth of the device except by
forward pressure.

[0007] Similar problems exist when positioning other
devices such as ports 1n a patient’s abdomen, thorax, or joint
spaces. It 1s desirable to be able to more accurately and
casily position the devices into the patient.

[0008] It may be desirable to determine a change 1n the
cavity that the device 1s mserted into as a means of deter-
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mining the appropriate positioning of the device. This may
be accomplished, for example, by detecting specific tissue or
fluid. U.S. Pat. No. 7,499,745 discloses one example of a
device that uses complex impedance measurements of tissue
for the detection of medical pathologies. DE102009028257
discloses a recording and monitoring device for thorax
impedance which uses a harmonic alternating current with
three application electrodes. U.S. Pat. No. 6,595,928 dis-
closes a device for detecting air cavities in humans and
amimals. US Publication 2005/0288566 discloses a device
which uses impedance for placement of a needle and deliv-
ery of matenial through the needle to a desired location. US
Publication 2012/0108950 discloses a method of guiding a
catheter using impedance for intravascular detection and an
ultrasound probe for visual gmidance with the impedance.

[0009] It may therefore be desirable to provide a position-
ing device for positioning medical devices such as a pneu-
mothorax drainage device to allow for depth control and/or
cavity recognition 1n a patient.

SUMMARY

[0010] It 1s an object of the present disclosure to obviate
or mitigate at least one disadvantage of previous systems.

[0011] In a first aspect, the present disclosure provides a
positioning device for mnsertion nto a patient. The position-
ing device has an outer sheath comprising a body and may
include an external thread on an outer surface of the body.
The device also has a removable inner cannula for insertion
into the outer sheath. The cannula has a body for 1nsertion
in the body of the outer sheath and a penetrating end on the
body of the cannula at an insertion end. The device may
include a locking device for locking the inner cannula to the
outer sheath.

[0012] In a further aspect, the device may be selected at a
desired size to allow for the insertion of the device into a
patient to the desired position. In a further aspect, the device
may include a cavity detection system to detect one or more
of tissue, air, and fluid.

[0013] In a further aspect, the present disclosure provides
a method of inserting a positioning device into a patient. The
method includes the step of inserting a removable inner
cannula mto an outer sheath. The outer sheath may have an
external thread on an outer surface. The removable 1nner
cannula may have a penetrating end at an insertion end. The
method includes positioning the penetrating end at a desired
location on a patient, and nserting the penetrating end into
the patient. The method may include rotating the device so
that the external thread moves the device mto the patlent
When the device 1s fully inserted, the inner cannula 1is
removed from the outer sheath.

[0014] Other aspects and features of the present disclosure
will become apparent to those ordinarily skilled in the art
upon review of the following description of specific embodi-
ments 1n conjunction with the accompanying figures.

BRIEF DESCRIPTION OF THE

DRAWINGS

[0015] Embodiments of the present disclosure will now be
described, by way of example only, with reference to the
attached Figures.

[0016] FIG. 1 shows one embodiment of the two part
insertion apparatus having an outer sheath and inner can-
nula.
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[0017] FIG. 2 shows the combined outer sheath and can-
nula of the two part msertion apparatus.

[0018] FIG. 3 shows the inner cannula with one embodi-
ment of cavity detection and impedance detection systems.
[0019] FIG. 4 shows the msertion of the combined two
part msertion apparatus into a chest cavity.

[0020] FIG. 5 shows the chest cavity with inserted outer
sheath with inner cannula removed and a chest tube posi-
tioned 1n the outer sheath.

DETAILED DESCRIPTION

[0021] Generally, the present disclosure provides a
method and positioning device for 1nserting the device into
a patient with depth control and/or cavity recognition.
[0022] In one aspect, the positioning (or msertion) device
has two parts, an outer sheath and an inner cannula. The
inner cannula may be positioned in the outer sheath. These
parts may be combined for insertion and separable once
inserted 1n a desired position. The two parts may be locked
together for 1nsertion and may be unlocked for removal of
the 1nner cannula.

[0023] The positioning device may include a system for
depth control. The depth control may be achieved by helical
threads on the outer sheath and a size of the outer sheath in
accordance with the desired depth and position for the
insertion of the mtended medical device. For example, for
isertion of a pneumothorax drainage device, the outer
sheath size 1s selected taking into account the relevant
parameters for positioning of the device. The helical threads
on the outer sheath allow a user to msert the sheath into the
chest cavity until the outer sheath 1s fully inserted. This may
improve the positioning of the device to the required depth
and lower the failure rate of insertion.

[0024] The positioning device may include a system for
cavity recognition including the recogmtion of tissue, atir,
and fluud. Cavity recognition may be achieved using a
number of systems such as for example electrical impedance
systems. Such systems monitor the electrical impedance to
detect where in the body cavity the device is located.
Impedance signals change when the desired cavity 1is
reached by the device. This change can be signaled to the
operator for example by way of a light which changes colour
when the impedance changes or numerically with a digital
screen. Impedance detection may detect air and fluid. For
example, 1t may detect air 1n the pleural space or 1t may be
adjusted to detect pleural fluid. This system may be useful
for a variety of applications, such as draining pleural effu-
sions, chylothorax, empyemas, and hemothoraces. Sensitiv-
ity and threshold impedance may be altered for example to
differentiate tluid, soft tissue (1.e., muscle and fat), and solid
organs (1.¢., liver, spleen, bowel, and lung).

[0025] The positioning device i1s described herein with
reference to one example of positioning a pneumothorax
drainage device. It may also be used for positioning other
devices, for example, for minimally invasive surgery set-
tings to aid in the safe port site placement 1n a patient, such
as 1n the abdomen (laparoscopy), thorax (thoracoscopy) or
joint spaces (arthroscopy).

[0026] As shown i FIG. 1, in one embodiment, the
insertion device 1 has two parts, an outer sheath 3 and an
inner cannula 5. The outer sheath 3 may include a base
flange 7 and external thread 9. The flange 7 may allow a user
to apply insertion and rotational torque to the insertion
device. The non-cutting external thread 9, when rotated
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clockwise, will direct the sheath forward while anti-clock-
wise rotation will direct the sheath backward. The angle, and
pitch of the thread allows the user to have control of the
depth of the penetrating tip 11 of device 1n a chest wall with
iserting and rotational torque applied to the flange 7. The
inner wall of the sheath may be smooth but may include a
proximal locking port to lock the inner cannula to the outer
sheath. The 1nner cannula and outer sheath may be locked
together using any known systems.

[0027] The mimimum diameter of the outer sheath 1s
dictated by the diameter of the medical device to be nserted
into the sheath. For example, for a pneumothorax drainage
device, the minimum diameter of the outer sheath may be
determined by the chest tube that will be placed within the
sheath. Chest drains of 8 Fr size are the smallest used 1n
neonatal practice (this equates to a minimum internal diam-
cter of 3 mm) while larger bore accommodating sheaths
would be required for pediatric and adult patients. The
external diameter of the outer sheath 1s dependent on the
strength of material used for the sheath and thread compo-
sition. The minimum external diameter 1s likely to be 1-2
mm greater than the internal diameter. The maximum diam-
cter 1s dependent on the size of the patient and distance
between rib spaces and depth of thread required for the size
of patient. The diameter range 1s between 4 mm (newborn)
and 25 mm (large animal).

[0028] The length of the outer sheath may be determined
according to the positioning of the medical device for the
intended purpose. For example, the length of the outer
sheath for a pneumothorax drainage device may be depen-
dent on the patient size and anticipated chest wall thickness.
This can range from 5 mm (human newborn) to 100 mm
(large animal). The nserting end of the outer sheath may be
tapered to meet the penetrating tip of the mner cannula while
the proximal end of the outer sheath abuts with the base
flange. The base flange may be standardized to allow for
adult finger grip and may have a diameter of 3-5 mm greater
that the diameter of the outer sheath to avoid the risk of
over-insertion.

[0029] The positioning device may include an inner can-
nula 5. The imner cannula may include a base 13 and a distal
conical penetrating tip 11. The penetrating tip 11 may be a
cutting tip or a non-cutting tip. The distal conical tip 11
penetrates the body cavity. This penetrating tip may consist
of a non-cutting tip, for example for hospital use where
initial skin break and exposure of intercostal tissue can be
achieved with a scalpel. Alternatively, 1n another example,
the penetrating tip 11 may be a cutting tip for field use where
limited medical skill and/or surgical equipment are avail-
able. The surface of the cannula may be smooth.

[0030] The mner cannula and outer sheath may be locked
together. Any known locking system may be used. In one
aspect, the proximal end/base of the cannula 1s attached to
the outer sheath by way of a locking channel 21. The inner
cannula may be locked to the outer sheath by inserting a
protrusion (not shown) on the outer surface of the inner
cannula 1nto a locking channel 21 1n the outer sheath. As the
inner cannula 1s mserted 1nto the outer sheath, the protrusion
moves through the longitudinal section of the channel until
it reaches the end when the cannula 1s fully inserted. The
cannula 1s then rotated so that the protrusion moves through
the perpendicular section of the locking channel of the outer
sheath. This prevents the mner cannula from being removed
from the outer sheath until the cannula and/or sheath 1is
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rotated 1n the reverse direction, thereby moving the protru-
sion back to the longitudinal channel and moving the
protrusion out of the longitudinal channel until the cannula
1s removed from the outer sheath.

[0031] For insertion of the positioning device into a
patient, the inner cannula 1s iserted 1nto the outer sheath, as
shown 1n FIG. 2. The outer diameter of the inner cannula 1s
dependent on the diameter of the outer sheath. In some
cases, the mimmimum diameter may be 3 mm and the maxi-
mum diameter may be varniable, up to 25 mm. The length of
the mner cannula may be dependent on the outer sheath. In
some cases, 1t may extend 5 mm from the distal tip and 5 mm
from the proximal base. The inserting end of the inner
cannula may be designed with a tapering tissue cutting or
non-cutting tip which protrudes just beyond the outer sheath
while the proximal end may be housed within the outer
sheath and may include a cavity recognition system such as
a pressure and impedance micro-sensors manometer.

[0032] The device may include a cavity recognition sys-
tem such as a system for monitoring electrical impedance. In
one aspect, the outer sheath 3 may be comprised of con-
ductive material to complete an electrical circuit to record
impedance characteristics of tissue adjacent to the penetrat-
ing tip 11. Cavity detection may be housed in the inner
cannula, for example using one of the following (but not
exclusive) mechanisms:

[0033] Impedance detection. A small battery powers a low
voltage circuit between the mner cannula and outer sheath,
or between different terminals on the inner cannula. The
clectrical impedance of body tissue 1s measured between the
separate terminals. The cavity of air 1s reached when the
measured 1mpedance decreases (electrical resistance
increases) substantially.

[0034] Pressure detection. The outer sheath and inner
cannula may be connected via a spring-loaded locking
mechanism. When the two parts are joined and pressure 1s
applied to the tip of the mner cannula, the spring is com-
pressed. When pressure 1s released, the inner cannula 1s
allowed to advance forward a set distance, signaling a loss
ol pressure.

FIG. 3 shows one example of the positioning device 1 with
internal circuitry 15 between the inner cannula 5 and outer
sheath 3 for measuring impedance between the cannula and
the outer sheath. It also includes a pressure transducer or
spring 17 to measure the cannula tip pressure.

[0035] The positioning device may be inserted mnto a
patient using one or more of the following steps. A posi-
tioming device may be selected depending on the relevant
tactors for the desired use, for example the appropriate size
and penetrating end (1.e. cutting or non-cutting) may be
selected. The inner cannula 5 may be 1nserted into the outer
sheath 3 and the cannula and sheath locked together. The
penetrating end 11 may be positioned at the appropriate
position on a patient. The penetrating end 11 may be mserted
into the patient. The positioning device 1 may be rotated
with the external thread 9 inserting the device 1 into the
patient. When the device 1 1s fully mserted, the rotation 1s
stopped. The 1mner cannula 5 may be unlocked from the
outer sheath and removed. A medical device such as a
drainage tube may be 1nserted into the outer sheath. FIG. 4
shows the inserted positioning device for pneumothorax
drainage and FIG. 5 shows the device mserted in a patient
with the inner cannula removed and a chest tube 19 serted
into the outer sheath 3.
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[0036] Inone aspect, the steps for inserting the positioning

device are described using a pneumothorax drainage device:

[0037] 1. Clinical decision about tube thoracotomy (chest
tube 1nsertion) 1s made by the operator, and 1nsertion point
1s targeted rostral to the rib.

[0038] 2. Appropriate anesthetic considerations are made
including potential injection of local anesthetic to chest
tube site where feasible.

[0039] 3. Small incision 1s made i1n skin to penetrate
sub-dermal layer.

[0040] 4. Chest tube insertion apparatus (outer sheath and
inner cannula combined) are inserted gently into skin
1ncision.

[0041] 5. With fingers wrapped around outer sheath flange,
forward pressure 1s placed from base of apparatus and
apparatus 1s twisted into chest wall with clockwise
motion.

[0042] 6. Once apparatus thread obtain purchase in chest
wall, forward pressure 1s released but clockwise motion 1s
continued.

[0043] 7. The inner cannula sensor detects when apparatus
1s 1n chest wall (such as pressure-sensitive signal or
impedance detection).

[0044] 8. When inner cannula detects presence of pleural
space (loss of pressure or drop in 1impedance) then inner
cannula will signal user to halt advance of the penetrating
device.

[0045] 9. Inner cannula 1s detached and removed.

[0046] 10. User inserts chest tube through outer sheath
(which acts as placeholder for chest tube) and tube 1s
attached to standard drainage device.

[0047] 11. Once chest tube 1s 1inserted, outer sheath can be
removed and drain secured or kept 1n place until patient
1s brought to a healthcare facility.

[0048] In the preceding description, for purposes of expla-
nation, numerous details are set forth 1n order to provide a
thorough understanding of the embodiments. However, 1t
will be apparent to one skilled 1n the art that these specific
details are not required. The above-described embodiments
are 1ntended to be examples only. Alterations, modifications
and variations can be effected to the particular embodiments
by those of skill in the art. The scope of the claims should
not be limited by the particular embodiments set forth
herein, but should be construed 1n a manner consistent with
the specification as a whole.
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1. A positioning device for insertion nto a patient, com-
prising;:
a. an outer sheath comprising a body and an external
thread on an outer surface of the body;
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b. a removable mner cannula for insertion into the outer
sheath, the cannula comprising a body for insertion 1n
the body of the outer sheath, and a penetrating end on
the body of the cannula at an 1nsertion end; and

c. a locking device for locking the mner cannula to the
outer sheath.

2. The device of claim 1, wherein the outer sheath further
comprises a base adjacent one end of the body, the base
having an outer diameter larger than the outer diameter of
the outer sheath.

3. The device of claim 1, wherein the 1nner cannula
turther comprises a base at an end of the cannula body
opposite the penetrating end, the base having a diameter
larger than an inner diameter of the body of the outer sheath.

4. The device of claim 1, wheremn the locking device
comprises a protrusion extending from the body of the inner
cannula and a corresponding locking channel on the outer
sheath.

5. The device of claim 1, wherein the device further
comprises a cavity detection system to detect one or more of
tissue, air, and fluid.

6. The device of claim 5, wherein the cavity detection
system comprises pressure detection or impedance detec-
tion.

7. The device of claim 1, wherein the positioning device
1s a pneumothorax drainage device.

8. A method of iserting a positioning device mto a
patient, comprising the steps of:
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a. mserting a removable inner cannula into an outer
sheath, wherein the outer sheath comprises a body and
an external thread on an outer surface of the body; and
the removable inner cannula comprises a body for
isertion 1n the body of the outer sheath, and a pen-
etrating end on the body of the cannula at an insertion
end;

b. positioning the penetrating end at a desired location on
a patient;

c. inserting the penetrating end into the patient and
rotating the device so that the external thread moves the
device 1nto the patient;

d. when the device 1s fully inserted into the patient,
ceasing rotating the device; and

¢. removing the inner cannula from the outer sheath.

9. The method of claim 8, further comprising the step of

locking the inner cannula to the outer sheath.

10. The method of claim 8, wherein the step of inserting

turther comprising cavity detection.

11. The method of claim 10, wherein the cavity detection
comprises pressure detection or impedance detection to
detect one or more of air, fluid, or tissue.

12. The device of claim 6, wherein the positioning device
1s a pneumothorax drainage device.

13. The device of claim 6, wherein the cavity detection
system 1s housed in the inner cannula.
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