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FIBER OPTIC INTUBATING DEVICE

CROSS REFERENCE TO RELATED APPLICATIONS

The present invention claims priority based on U.S. provisional patent application No.

61/316,123, filed on March 22, 2010. The subject matter of this priority document is

incorporated by reference herein.

BACKGROUND OF THE INVENTION

[001] Tracheal intubation refers to the placement of a flexible tube (an endotracheal

tube) into the trachea of the body to protect the patient's airway and provide a means of

mechanical ventilation. The most common tracheal intubation is orotracheal intubation

where, with the assistance of an intubating device, the endotracheal tube is passed

through the mouth, larynx, and vocal cords, into the trachea. However, proper intubation

is difficult to achieve due to the complex anatomical arrangement in which the pharynx

splits anteriorly into the trachea and posteriorly into the esophagus, and due to the fact

that the endotracheal tube tends to travel posteriorly toward the esophagus during

insertion. In addition, under certain circumstances, such as traumatic injury to the

cervical spine, movement of the patient or the patients head, neck or lower jaw during

intubation is contraindicated. In other circumstances the neck may not be able to be

manipulated at all due to patient conditions such as rheumatoid arthritis or ankylosing

spondylitis. In addition, patients presenting with preexisting orotracheal abnormalities

can make visualization of the key anatomical structures difficult or impossible, resulting

in challenges to achieving tracheal intubation.

[002] There are many types of intubating devices which are meant to address these

challenges and assist in proper placement of an endotracheal tube in the trachea,

including laryngoscopes, laryngeal mask airways, stylets, and bronchoscopes. However,

many of these devices have shortcomings related to obtaining adequate visualization of

the anatomical structures during intubation, and accuracy and ease of flexibility in both

positioning the device within the oral cavity and placement of the endotracheal tube

within the trachea.



SUMMARY

[003] In some aspects, an intubating device includes a housing including a proximal

end, a distal end opposed to the proximal end, and a longitudinal axis extending between

the proximal and distal ends. The intubating device includes a handle extending from the

housing, a stylet extending from the distal end generally in parallel with the longitudinal

axis, and a support member disposed on the housing, the support member configured to

support an endotracheal tube with respect to the housing, and to be selectively movable in

the longitudinal direction relative to the housing. In addition, the intubating device

includes a support member driver assembly disposed on an outer surface of the housing;

and a trigger mounted on the handle and being operably connected to the support member

driver assembly. The support member driver assembly is configured to drive the support

member in a longitudinal direction of the housing upon actuation of the trigger.

[004] The intubating device may include one or more of the following features: The

support member driver assembly includes a worm gear disposed on the outer surface of

the housing. The support member is a hollow tubular member that includes a sleeve

portion having an inner diameter dimensioned to receive the distal end of the housing,

and a connector portion extending from the sleeve portion, the connector portion having

an outer diameter dimensioned to be press fit within an end of an endotracheal tube. In

addition, a rack is formed on an inner surface of the sleeve portion, the rack configured to

engage and be driven by the worm gear of the support member driver assembly relative

to the housing. The support member further includes an endotracheal tube disposed on

the connector portion so as to be coaxial with the stylet, and the support member driver

assembly is configured to advance the support member together with the endotracheal

tube along the stylet in a direction away from the handle portion upon actuation of an

actuator disposed on the handle. In, addition, the support member driver assembly is

configured to automatically release the endotracheal tube from the connector portion

upon movement of the support member in a direction toward the handle portion. The

housing includes a passageway extending between the proximal and distal ends. The

stylet includes a stylet proximal end disposed in the passageway and fixed to a



passageway surface at the proximal end of the housing, a stylet mid portion disposed at

least partially in the passageway and extending through an opening in the distal end of

the housing, and a stylet distal end disposed externally of the housing.

[005] The intubating device may further include one or more of the following features:

The intubating device further includes a stylet driver assembly disposed in the

passageway and configured to position the stylet relative to the housing along the

longitudinal axis. The intubating device further includes a stylet driver assembly

disposed in the handle and configured to automatically drive the stylet in a longitudinal

direction of the handle upon actuation of the trigger. The stylet driver assembly includes

wheels arranged to abut opposed sides of the stylet, the wheels being configured to fix the

stylet relative to the housing in a first operating mode, and configured to move the stylet

relative to the housing along the longitudinal axis in a second operating mode. The stylet

includes a stylet proximal end connected to the housing, a stylet distal end opposed to the

stylet proximal end, and an optical fiber member extending from the stylet proximal end

to the stylet distal end, and the stylet distal end is selectively movable in the longitudinal

direction relative to the housing. The stylet includes a flexible optical fiber member

extending from the stylet proximal end to the stylet distal end. The stylet includes a

stylet proximal end connected to the housing, and a stylet distal end opposed to the stylet

proximal end, wherein the stylet distal end is configured to be selectively angled relative

to the longitudinal direction, the direction of the angle selected from directions over a 360

degree range. The stylet distal end is operably connected to an actuator mounted on the

handle, the actuator configured to permit selection of the angle and angle direction. The

stylet further comprises control wires extending between the stylet distal end and the

handle, and the stylet distal end is positioned by manipulation of selected ones of the

control wires to achieve a desired flexion angle and flexion direction of the stylet distal

end. The stylet further comprises a single control wire extending between the stylet distal

end and the handle, and the stylet distal end is positioned by manipulation of the single

control wire to achieve a desired flexion angle relative to the longitudinal axis, and

rotation of the stylet about the longitudinal axis relative to handle to achieve desired

flexion direction of the stylet distal end.



[006] Advantages of the fiber optic intubating device include the ability to easily and

accurately position the leading end of the fiber optic stylet. In particular, the stylet tip has

a 360 degree range of motion, and in some embodiments is actuated and controlled by a

joystick mounted on the device handle. Use of a joystick, as well as placement of the

joystick on the handle, allows easy and accurate positioning of the stylet tip using a single

finger.

[007] Moreover, the ability to position the stylet tip over this range of positions allows

viewing of the anatomical structures, as well as easy and accurate positioning of the

intubating device, often without requiring movement of the patient head and neck.

Visualization of anatomical structures such the vocal cords is achieved via fiber optics

provided in the stylet, and images obtained from the fiber optics may be viewed on a

handle mounted LCD screen.

[008] The fiber optic intubating device also provides a stylet tip which can be

longitudinally advanced and retracted relative to the device handle through actuation of a

trigger mounted on the device handle. In use, while viewing the vocal cords, the stylet

tip can be advanced relative to the handle to a position between and then beyond the

vocal cords into the trachea. This ability avoids the need to manually reposition the

whole intubating device to achieve insertion of the stylet into the trachea, a situation in

which the view of the airway can be lost during the repositioning effort. Instead, the

device position, along with the view of the airway, is maintained, permitting ease of

insertion of the stylet tip through the vocal cords and into the trachea.

[009] The fiber optic intubating device further includes the ability to mechanically

advance the endotracheal tube along the stylet into the trachea. Advancement of the

endotracheal tube along the stylet is achieved through a further actuation of the trigger.

Release of the trigger results in release of the endotracheal tube from the fiber optic

intubating device. Thus, the intubating device mechanically deploys the endotracheal

tube into the trachea while eliminating the need for the operator to remove a hand from



the device in order to manually advance the endotracheal tube along the stylet and into

the trachea, while attempting to maintain a steady position of the device with the other

hand.

BRIEF DESCRIPTION OF THE DRAWINGS

[010] Fig. 1 is a perspective view of a fiber optic intubation device.

[Oi l ] Fig. 2 is a partial side sectional view of the fiber optic device of Fig. 1 shown

without the support member, and showing the stylet in a retracted configuration.

[012] Fig. 3 is the side sectional view of Fig. 2 showing the stylet in an extended

configuration.

[013] Fig. 4 is a side sectional view of the fiber optic device of Fig. 1 shown with the

support member and endotracheal tube assembled thereon.

[014] Fig. 5 is an exploded side detail view of the fiber optic device of Fig. 1.

[015] Fig. 6 is a sectional view across line 6—6 of Fig. 3.

[016] Fig. 7 is an enlarged sectional view of the distal end of the stylet.

[017] Fig. 8 is an enlarged side view of the distal end of the stylet.

[018] Fig. 9A is a top sectional view of the housing.

[019] Fig. 9B is a side sectional view of the distal end of the housing.

[020] Fig. 9C is a sectional view across line 9C—9C of Fig. 9B.

[021] Fig. 10 is a top view of the housing shown without the support member.

[022] Fig. 11 is a schematic diagram of the device control system.

DETAILED DESCRIPTION

[023] Referring now to Figs. 1 and 2, the fiber optic intubation device 10 includes a

housing 12, a handle 16 fixed to a proximal end 80 the housing 12, and a stylet 14

extending from a distal end 82 of the housing 12. The fiber optic intubation device 10

includes a support member 26 mounted on the outer surface 90 of the housing 12 for

supporting and positioning an endotracheal tube 30 relative to the housing 12. The

handle 16 includes a trigger 20 for actuating translational movement of the stylet 14

and/or the support member 26 relative to the housing 12, and a joystick 22 for controlling

angular movement of the stylet distal end 48, as discussed further below.



[024] An electronic display screen 18 is mounted on the proximal end 80 of the housing

12 for viewing images obtained from the distal end 48 of the stylet 14. For example, the

display screen may be a liquid crystal display (LCD). The display screen 18 may be

pivotally attached to the housing 12 at an edge thereof, whereby the display screen is

rotatable between a first, closed position (shown in dashed lines) and a second, open

position (shown in solid lines). In the closed position, the viewing surface of the display

screen 8 faces toward the housing 12, providing a compact device 10 profile that is

convenient for transport and storage. In the open position (shown in solid lines), the

viewing surface of the display screen 18 faces away from the housing, and is

substantially disposed above the housing 12. In this position, the viewing surface is

easily viewed by an operator of the device 10.

[025] The housing 12 is an elongate, generally cylindrical body which defines a

longitudinal axis 3 . The housing 12 includes cavity 88 adjacent to the housing proximal

end 80, and a passageway 86 extending between cavity 88 and an opening 92 formed in

the housing distal end 82. A portion of the stylet 14 resides within the cavity 88 and

passageway 86, and then extends outward through the corresponding opening 92. A

proximal end 44 of the stylet 14 is fixed to the interior surface of the cavity 88 at the

proximal end 80 of the housing 12, and is electrically connected to the electronic display

screen 18, a light source 28, an output port (not shown) and/or other peripheral or

ancillary devices in a conventional manner.

[026] The handle 16 extends from the proximal end 80 of the housing 12 in a direction

transverse to the longitudinal axis 13, such that the overall configuration of the housing

12 and handle 16 resembles a pistol, the handle 16 providing a "pistol-grip" for holding

and operating the fiber optic intubation device 10. The trigger 20 is provided on one side

of the handle 16 at a location which underlies the housing 12, allowing convenient access

by the index finger of an operator. The joystick 22 is positioned on the opposed side of

the handle 16 relative to the trigger 20, on a rearward- facing side surface of the handle

16, allowing convenient access by the thumb of an operator. In the illustrated



embodiment, the joystick 22 is covered by the display screen 18 when the display screen

18 is in the closed position. The handle 16 is also used to house a power supply 27, the

light source 28, a data communication port 24 as a USB port, and control electronics 76

(Fig. 11).

[027] Referring to Figs. 6-8, the stylet 14 is an elongated cylindrical tube. The outer

surface 52 of the stylet 14 is flexible, and the interior space of the stylet 14 is subdivided

into plural wedged-shaped channels 42a, 42b, 42c, 42d by a relatively rigid core member

58. Some regions of the stylet 14, for example a region near the distal end 48 of the

stylet 14, may include links 54 to provide a localized region 56 of enhanced flexibility.

In some embodiments (not shown), the flexible region 56 extends to the distal end 48. In

other embodiments, the stylet 14 is formed of flexible metal tubing referred to as

gooseneck tubing. The stylet 14 is sufficiently flexible to form loose coils or folds within

the cavity 88 of the housing 12.

[028] In the stylet 14, some of the channels 42 are used to house imaging devices. For

example, in some embodiments, flexible plastic viewing optical fibers 110 and

illuminating optical fibers 112 are disposed in opposed channels 42a, 42c. In other

embodiments, an ultrasound probe 11 may be disposed in a channel 42d, in addition to

or as an alternative to the optical fibers 110, 112. Images obtained from the optical fibers

110 and/or ultrasound probe 116 may be viewed on the display screen 18, or may be

output via the communications port 24 for viewing on a remote display (not shown) or

storage. A switch 25 may be provided on the handle 16 to permit selection of image type

to be viewed. Other channels 42b are open to permit delivery of suction, ventilation, or

medicines therethrough. In addition, one or more control wires 50 extend proximally

from the stylet distal end 48, and are connected to a tip angle drive assembly 100.

Although the stylet 14 is illustrated here as including four channels 42, a greater or fewer

number of channels may be provided.

[029] Referring to Fig. 11, the tip angle drive assembly 100 is used to control the

angular position of the distal end 48 of the stylet 14. The tip angle drive assembly 100



includes one or more rotatable spools 102, and a drive motor 74 that drives the spools

102 to rotate about a respective spool axis (not shown). Each control wire 50 is fixed to a

respective spool 102, and when the drive motor is actuated via the joystick 22 and

associated control electronics 76, the spool 102 rotates, winding the guide wire 50 about

the circumference of the spool 102. As a result, tension is applied to one or more guide

wires 50. Based on joystick input, the controller 76 determines which of the guide wires

50 are actuated and the respective amount tension applied to the actuated wires 50,

whereby the distal end 48 of the stylet is deflected relative to the longitudinal axis 13 in a

controlled manner. Thus, the stylet distal end 48 is configured to be selectively angled

relative to the longitudinal axis 13, the direction of the angle selected from directions

over a 360 degree range. Moreover, by applying sufficient tension to each of the control

wires 50, the position of the distal end 48 can be fixed.

[030] Referring to Figs. 9A-9C, a stylet displacement drive assembly 60 is used to

control the position of the distal end 48 of the stylet 14 along the direction of the

longitudinal axis 13. The stylet displacement drive assembly 60 is disposed within cavity

88 adjacent to the passageway 86. The stylet displacement drive assembly 60 includes a

pair of driving wheels 62a, 62b arranged to rotate in the same plane, and to be sufficiently

closely spaced so that the stylet 14, passing between the respective wheel edges, is

simultaneously tangent to both wheels 62a, 62b of the pair. In addition, the wheels 62a,

62b are arranged within the cavity 88 so that the respective rotational axes 64a, 64b of the

wheels 62a, 62b are transverse to the longitudinal axis 13 and disposed equidistantly

from, and on opposed sides of the longitudinal axis 13. In particular, the stylet 4 is in

physical contact with each wheel 62a, 62b, and in some cases the spacing between the

wheels 62a, 62b may be such that the stylet 14 is slightly compressed between the wheels

62a, 62b. In some embodiments, the wheels 62a, 62b are provided with a durable

coating, such as a soft plastic or cork, to enable the wheels to grip the outer surface of the

stylet 14 without damaging the outer surface of the stylet 14. The stylet driving assembly

60 also includes gearing 66, 67 and a drive motor 70 for driving the wheels 62a, 62b in

opposed directions. The motor drive 70 is reversible, and is electrically connected to the

trigger 20, and actuation of the trigger causes the motor 70 to drive the wheels 62a, 62b.



[031] By this arrangement, the stylet 14 extends between the wheels 62a, 62b along the

direction of the longitudinal axis 13, and is driven longitudinally by the wheels 62a, 62b.

When the motor 70 is driven in a first direction, the wheels 62a, 62b draw the stylet into

the cavity 88 of the housing 12. As the stylet 14 is drawn into the housing 12, the

longitudinal distance of the distal end 48 of the stylet from the distal end 82 of the

housing 12 is reduced (Fig. 2). When the motor 70 is driven in a second direction, the

wheels 62a, 62b push the stylet out of the passageway 86 through the opening 92 in the

distal end of the housing 12. As the stylet 14 is pushed out of the housing 12, the

longitudinal distance of the distal end 48 of the stylet from the distal end 82 of the

housing 12 is increased (Fig. 3). Since the proximal end 44 of the stylet 14 is fixed to the

housing 12, the stylet 14 is prevented from completely exiting the housing 12, and the

extent of longitudinal displacement of the stylet distal end 48 is determined by the overall

length of the stylet 14. When the motor 70 is idle, the stylet 14 is prevented from

longitudinal movement.

[032] Referring again to Fig. 1, the endotracheal tube 30 is an oral, un-cuffed, single-

lumen plastic tube pre-formed to curve along its longitudinal axis. The leading

(insertion) end 34 of the endotracheal tube 30 is tapered, and the trailing end 36 includes

a connector 38 to permit connection of the endotracheal tube 30 to an air supply source

such as an ambu bag or ventilation device (not shown). Here, the connector 38 is used to

secure the endotracheal tube 30 to the support member 26 of the intubation device 10, as

discussed further below.

[033] Referring also to Figs. 4-5 and 10, the support member 26 is disposed on the

distal end 82 of the housing 12 on the outer surface 90 thereof. As discussed above, the

support member 26 serves to support an endotracheal tube 30 so that it detachably

connects to and protrudes from the distal end 82 of the housing 1 . The support member

26 is connected to the housing through the support member driver assembly 170. That is,

the support member driver assembly 170 supports the support member 26 relative to the

housing 12, and also permits the support member 26 to be selectively moved relative to



the housing 1 upon actuation of the trigger 20. More specifically, the support member

driver assembly 170 is configured to drive the support member 26 in a longitudinal

direction of the housing 12 upon actuation of the trigger 20.

[034] The support member driver assembly 170 includes a worm gear 174 disposed on

the outer surface 90 of the housing 12 and aligned in parallel with the longitudinal axis

13. Opposed ends of the worm gear 174 are supported by bearings 176, and one end of

the worm gear 174 is connected to a drive shaft of a drive motor 72. The drive motor 72

is reversible, and is actuated through operation of the trigger 20.

[035] The support member 26 includes an elongate cylindrical sleeve 132 having a

proximal end 136 having an inner diameter that is sufficient to enclose both the mid

portion 83 of the housing 12 and the worm gear 174 disposed thereon. The distal end 138

of the sleeve 132 is of much smaller diameter than the proximal end 136, and is

dimensioned to receive the connector 38 of the endotracheal tube 30 on an outer surface

thereof. In some embodiments, the connector 38 is press fit on the proximal end 136 of

the sleeve 132. The sleeve 132 includes a tapered portion 140 which joins the proximal

and distal ends 136, 138.

[036] An inner surface 134a of the proximal end 136 of the sleeve 132 includes a series

of uniformly spaced protrusions 142 arranged to form a rack 144. The rack 144 is

positioned on an upper aspect of the inner surface 134a so as to engage with and be

driven by the worm gear 174 of the support member driver assembly 170. In addition,

the inner surface 134a of the sleeve 132 includes guide members 146. The guide

members 146 are a pair of parallel, closely spaced, longitudinally extending protrusions

positioned on opposed side aspects of the inner surface 134a. The guide members 146

are dimensioned and positioned to receive the longitudinally-extending housing side rails

94. Thus, as the support member 26 is moved by the support member driver assembly

170 longitudinally relative to the housing 12, the side rails 94 slide along between, and

are supported by, the pair of guide members 146. Here, interaction of the side rails 94

and guide member 146 ensures that the support member 26 moves in a longitudinal



direction relative to the housing 2 without rotation of the support member 26 relative to

the housing 12.

[037] In use, an endotracheal tube 30 is disposed on the distal end 138 of the support

member 26 so as to surround and be coaxial with the stylet 14. The support member

driver assembly 170, which supports the support member 26 on the outer surface 90 of

the housing 12, is configured to advance the support member 26 together with the

endotracheal tube 30 along the stylet 14 in a direction away from the housing 12 upon

actuation the trigger 20 disposed on the handle 16. In particular, the worm gear 174,

which is engaged with the rack 144 on the interior surface 134a of the support member

26, rotates in a first direction upon trigger 20 actuation, driving the support member 26

distally (e.g. away from the handle 16) along the longitudinal axis 13.

[038] In some embodiments, release of the trigger 20 signals the motor 72 to rotate the

worm gear 174 in the reverse direction, whereby the support member driver assembly

170 drives the support member 26 in a proximal direction along the longitudinal axis 13.

In some embodiments, the endotracheal tube 30 is automatically released from the distal

end 138 of the support member 26 upon movement of the support member 26 in a

proximal direction (e.g., toward the handle 16). This is achieved, for example, by

providing a deployment arm 148 which abuts the connector 38 and remains in the

extended position while the support member 26 moves distally (Fig. 5). As a result, the

deployment arm 148 prevents the endotracheal tube 30 from moving distally along with

the support member 26, whereby the connector 38 is disengaged from the distal end 138

of the support member 26.

[039] Operation of the fiber optic intubation device will now be described. In use, an

endotracheal tube 30 is disposed on the distal end 138 of the support member 26 so as to

surround and be coaxial with the stylet 14. Initially, the distal end 48 of the stylet is

positioned so as to protrude distally with respect to the distal end 34. The fiber optic

intubation device 10 is then inserted into the oral cavity by passing the distal end 48 of

the stylet through the mouth into the larynx. Images of the vocal cords are obtained using



the fiber optics 110, 112 and are viewed using the LCD 18. By referencing the images of

the vocal cords, the operator operates the joystick 22 to position the distal end 48 of the

stylet 14 relative to the vocal cords, and then actuates the trigger 20 to advance the distal

end 48 of the stylet 14 through the vocal cords. Once the stylet 14 has passed between

the vocal cords, the operator further actuates the trigger 20 to advance the support

member 26, and thus the endotracheal tube 30 mounted thereon, along the stylet 14 and

into the trachea. Release of the trigger 20 permits retraction of the support member 26

while leaving the endotracheal tube 30 in place in the trachea.

[040] Use of the fiber optic intubating device 10 thus permits automatic mechanical

deployment of the endotracheal tube 30 into the trachea. As discussed above, this is a

great improvement over some conventional devices in which an intubating device is

manually positioned until the vocal cords are in view, and then manually re-positioned in

order to pass the stylet through the vocal cords. Importantly, use of the fiber optic

intubating device 10 advantageously avoids the need for the operator to remove a hand

from the device in order to manually advance the endotracheal tube along the stylet and

into the trachea, while attempting to maintain a steady position of the device with the

other hand. Instead, both the operator's hands may be maintained on the handle/ housing

to maintain the desired device position and achieve easy and accurate deployment of the

endotracheal tube 30 into the trachea, and/or assist in mouth opening or tongue

displacement.

[041] A selected illustrative embodiment of the invention is described above in some

detail. It should be understood that only structures considered necessary for clarifying

the present invention have been described herein. Other conventional structures, and

those of ancillary and auxiliary components of the system, are assumed to be known and

understood by those skilled in the art.

[042] Moreover, while an illustrative embodiment of the present invention has been

described above, the present invention is not limited to the embodiment described above.

For example, in the embodiment described above, the stylet 14 includes control wires 50



that extend between the stylet distal end 48 and the housing 12, and the stylet distal end

48 is positioned by manipulation of selected ones of the control wires 50 to achieve a

desired flexion angle and flexion direction of the stylet distal end 48. In some

embodiments, however, the stylet 14 instead comprises a single control wire 50 extending

between the stylet distal end 48 and the housing 12, and the stylet distal end 48 is

positioned by manipulation of the single control wire 50 to achieve a desired flexion

angle relative to the longitudinal axis 13, followed by (or concurrent with) rotation of the

stylet 14 about the longitudinal axis 13 relative to housing 12 to achieve desired flexion

direction of the stylet distal end 48.

[043] In another example, in the embodiment described above, when the mid portion 46

and proximal end 44 stylet 14 is retracted into the housing 12, the stylet 14 is sufficiently

flexible to form loose coils or folds within the wide portion 88 of the passageway 84. In

some embodiments, however, the mid portion 46 of the stylet 1 may instead be taken up

by a spring-loaded reel (not shown) disposed in the cavity 88 of the housing 12.

[044] In another example, in the embodiment described above, the worm gear 174 of

the support member driver assembly 170 is disposed on an outer surface of the housing

12. In some embodiments, however, the worm gear 174 may instead be substantially

received in a groove (not shown) formed in the surface of the housing 12, whereby only

the worm gear teeth protrude outward from the housing surface 90 in order to engage the

rack 144. Such a configuration results in a more compact intubation device 10.

[045] In another example, in the embodiment described above, a single trigger 20 is

provided which is depressed to a first position to operate the stylet displacement drive

assembly 60, and is further depressed to a second position to operate the support member

drive assembly 170. In some embodiments, however, each drive assembly 60, 170 may

be provided with a dedicated trigger. In some embodiments, a switch (not shown) may

be provided on the handle 16 to permit selection between rotation directions of one or

more of the drive motors 70, 72.



[046] In another example, the stylet 14 may be provided having sufficient length to

permit advancement of the distal end 48 into the bronchi of the lungs. As a result,

imaging of the bronchi and lung tissue, for example by fiber optic or ultra sound, can be

easily obtained.

[047] In still another example, the fiber optic intubating device 10 is described for

deploying an oral, un-cuffed, single-lumen endotracheal tube 30. It is well within the

scope of the invention to use the device 10 with other types of endotracheal tubes. For

example, the fiber optic intubating device 0 can be used with endotracheal tubes having

cuffs and/or multiple lumens, and having tapered or straight leading ends.

[048] In still another example, one or more miniature cameras (not shown) are disposed

on the distal end 48 of the stylet 14. The cameras may be provided in addition to, or as

an alternative to, the optical fibers 110, 112 and/or ultrasound probe 116. Image data

obtained by the cameras can be transmitted by wires or wirelessly to the display screen

18. In some embodiments, the miniature cameras on the distal end 48 and the display

screen 18 will support 3-D technology.

[049] Thus, various design alterations may be carried out without departing from the

present invention as set forth in the claims.



What is claimed is,

1. An intubating device comprising

a housing including a proximal end, a distal end opposed to the proximal end, and

a longitudinal axis extending between the proximal and distal ends;

a handle extending from the housing;

a stylet extending from the distal end generally in parallel with the longitudinal

axis;

a support member disposed on the housing, the support member configured to

support an endotracheal tube with respect to the housing, and to be selectively movable in

the longitudinal direction relative to the housing; and

a support member driver assembly disposed on an outer surface of the housing;

and

a trigger mounted on the handle and being operably connected to the support

member driver assembly,

wherein the support member driver assembly is configured to drive the support

member in a longitudinal direction of the housing upon actuation of the trigger.

2. The intubating device of claim 1 wherein

the support member driver assembly includes a worm gear disposed on the outer

surface of the housing, and

the support member is a hollow tubular member that includes

a sleeve portion having an inner diameter dimensioned to receive the distal

end of the housing, and

a connector portion extending from the sleeve portion, the connector

portion having an outer diameter dimensioned to be press fit within an end of an

endotracheal tube,

a rack formed on an inner surface of the sleeve portion, the rack

configured to engage and be driven by the worm gear of the support member driver

assembly relative to the housing.

3. The intubating device of claim 2 wherein the support member further comprises an



endotracheal tube disposed on the connector portion so as to be coaxial with the stylet,

and

the support member driver assembly is configured to

advance the support member together with the endotracheal tube along the

stylet in a direction away from the handle portion upon actuation of an actuator disposed

on the handle, and

automatically release the endotracheal tube from the connector portion

upon movement of the support member in a direction toward the handle portion.

4 . The intubating device of claim 1 wherein

the housing includes a passageway extending between the proximal and distal

ends, and

the stylet includes

a stylet proximal end disposed in the passageway and fixed to a

passageway surface at the proximal end of the housing,

a stylet mid portion disposed at least partially in the passageway and

extending through an opening in the distal end of the housing, and

a stylet distal end disposed externally of the housing.

5. The intubating device of claim 4 further comprising a stylet driver assembly disposed

in the passageway and configured to position the stylet relative to the housing along the

longitudinal axis.

6. The intubating device of claim 4 further comprising a stylet driver assembly disposed

in the handle and configured to automatically drive the stylet in a longitudinal direction

of the handle upon actuation of the trigger.

7. The intubating device of claim 5 wherein the stylet driver assembly includes wheels

arranged to abut opposed sides of the stylet, the wheels configured to fix the stylet

relative to the housing in a first operating mode, and configured to move the stylet

relative to the housing along the longitudinal axis in a second operating mode.



8. The intubating device of claim 1 wherein the stylet includes

a stylet proximal end connected to the housing, a stylet distal end opposed to the

stylet proximal end, and a flexible optical fiber member extending from the stylet

proximal end to the stylet distal end,

wherein the stylet distal end is selectively movable in the longitudinal direction

relative to the housing.

9 . The intubating device of claim 1 wherein the stylet includes

a stylet proximal end connected to the housing, a stylet distal end opposed to the

stylet proximal end, and an optical fiber member extending from the stylet proximal end

to the stylet distal end,

wherein the stylet distal end is selectively movable in the longitudinal direction

relative to the housing.

10. The intubating device of claim 1 wherein the stylet includes

a stylet proximal end connected to the housing, and a stylet distal end opposed to

the stylet proximal end,

wherein the stylet distal end is configured to be selectively angled relative to the

longitudinal direction, the direction of the angle selected from directions over a 360

degree range.

11. The intubating device of claim 10 wherein the stylet distal end is operably connected

to an actuator mounted on the handle, the actuator configured to permit selection of the

angle and angle direction.

12. The intubating device of claim 10 wherein the stylet further comprises control wires

extending between the stylet distal end and the handle, and the stylet distal end is

positioned by manipulation of selected ones of the control wires to achieve a desired

flexion angle and flexion direction of the stylet distal end.



13. The intubating device of claim 10 wherein the stylet further comprises a single

control wire extending between the stylet distal end and the handle, and the stylet distal

end is positioned by

manipulation of the single control wire to achieve a desired flexion angle relative

to the longitudinal axis, and

rotation of the stylet about the longitudinal axis relative to handle to achieve

desired flexion direction of the stylet distal end.





















INTERNATIONAL SEARCH REPORT International application No.

PCT/US201 1/029297

A . CLASSIFICATION O F SUBJECT MATTER
IPC(8) - A61 16/00 (201 1.01 )
USPC - 128/200.26

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC(8) - A61B 1/00, 1/04, 1/045, 1/06, 1/07, 1/267; A6 16/00 (201 1.01)
USPC - 128/200.26; 600/101, 109, 117, 118, 160, 186; 606/1, 108, 130

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name o f data base and, where practicable, search terms used)

MicroPatent, Google Patents

C. DOCUMENTS CONSIDERED TO B E RELEVANT

Category* Citation o f document, with indication, where appropriate, o f the relevant passages Relevant to claim No.

US 6,146,402 A (MUNOZ) 14 November 2000 (14.1 1.2000) entire document 1-13

US 6,485,482 B 1 (BELEF) 26 November 2002 (26.1 1.2002) entire document 1-13

US 2007/0129603 A 1 (HIRSH) 07 June 2007 (07.06.2007) entire document 2, 3

US 4,957,207 A (THOMAS) 18 September 1990 (18.09.1990) entire document 2, 3

US 2009/0050146 A 1 (SMITH) 26 February 2009 (26.02.2009) entire document 3, 5-9

US 5,643,221 A (BULLARD) 0 1 July 1997 (01 .07.1997) entire document 10-13

US 2009/0044799 A 1 (QIU) 19 February 2009 (19.02.2009) entire document .1 1

US 7,089,928 B2 (BESHARIM et al) 15 August 2006 (15.08.2006) entire document 12

US 2006/0004258 A 1 (SUN et al) 05 January 2006 (05.01.2006) entire document 1-13

□ Further documents are listed in the continuation o f Box C .

Special categories of cited documents: Τ

□
later document published after the international filing date or priority

Ά " document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying t e invention

" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

'L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot bespecial reason (as specified) considered to involve an inventive step when the document is

Ό " document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

'P" document published prior to the international filing date but later than '&" document member of the same patent family
the priority date claimed

Date o f the actual completion o f the international search Date o f mailing o f the international search report

30 April 201 1 2 MAY 2017
Name and mailing address o f the ISA/US Authorized officer:

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Blaine R. Copenheaver
P.O. Box 1450, Alexandria, Virginia 22313-1450

PCT Helpdesk; 571-272-4300
Facsimile No. 571-273-3201 PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (July 2009)


	abstract
	description
	claims
	drawings
	wo-search-report

