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Description

[0001] The above-identified patent applications are
hereby incorporated herein by reference in their entirety.

BACKGROUND
The Field of the Invention

[0002] The present invention relates generally to an
apparatus for visualization of endoscopic and borescopic
fields, in minimally invasive surgical (MIS) procedures,
general or diagnostic medical or industrial procedures
using endoscopes or borescopes, respectively. More
particularly, embodiments of the invention relate to use
of portable and completely disposable endoscopic ac-
cess device as a pluggable and removable vision sys-
tems in endoscopic procedures, that are completely dis-
posable, with means of solid state illumination, image
capture, equipped with an access channel, and means
for suction and delivery of medication or lubricant to the
endoscopic field. The device to be externally plugged
into a control unit for display of endoscopic video, where
the control unit provides power to the medical device,
and controls and displays the visual data, through Uni-
versal Serial Bus cabling that can be disposed of along
with the disposable medical access device.

The Relevant Technology

[0003] Endoscopy is used in both diagnostic and sur-
gical procedures. Currently, MIS procedures, as op-
posed to open surgical procedures, are routinely done in
almost all hospitals. Minimally invasive techniques min-
imize trauma to the patient by eliminating the need to
make large incisions. This both reduces the risk of infec-
tion and reduces the patient’s hospital stay.

[0004] Endoscopic procedures in MIS use different
types of endoscopes as imaging means, giving the sur-
geon an inside-the-body view of the surgical site. Spe-
cialized endoscopes are named depending on where
they are intended to look. Examples include: cystoscope
(bladder), nephroscope (kidney), bronchoscope (bron-
chi), laryngoscope (larynx + the voice box), otoscope
(ear), arthroscope (joint), laparoscope (abdomen), gas-
trointestinal endoscopes, and specialized stereo endo-
scopes used as laparoscopes or for endoscopic cardiac
surgery.

[0005] The endoscope may be inserted through a tiny
surgical incision to view joints or organs in the chest or
abdominal cavity. More often, the endoscope is inserted
into a natural body orifice such as the nose, mouth, anus,
bladder or vagina. Laryngoscopes are used in Endo-Tra-
cheal intubation, a common procedure performed on all
patients under anesthesia and in emergency situations
where a flexible plastic catheter or Endotracheal Tube
(ET tube) is placed into the trachea to protect the airway
and provide a means of mechanical ventilation. There
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are three basic types of endoscopes: rigid, semi-rigid,
and flexible. The rigid endoscope comes in a variety of
diameters and lengths depending on the requirements
of the procedure. Typical endoscopic procedures require
a large amount of equipment. The main equipment used
in conjunction to the visual part of the endoscopic surgery
are the endoscope body, fiber optics illumination bun-
dles, illumination light source, light source controller, im-
aging camera, camera control module, and video display
unit.

[0006] Figure 1 depicts a direct laryngoscope 100 with
ahandle 104 containing batteries for power, and a curved
Macintosh type blade 102, equipped with fiber optic or
lamp illumination 106 that is used for manual direct vis-
ualization of the larynx. The Direct laryngoscope, where
the practitioner obtains manual visualization of the vocal
cords and tracheal opening to perform intubation, is used
by anesthesiologists, on patients under anesthesia for
routine airway management procedures. Where difficult
airway is suspected or encountered however, more so-
phisticated and expensive video intubation products are
used.

[0007] Due to non-portability and expensive nature of
the video laryngoscope and intubation devices, most
emergency intubations are also performed with direct
laryngoscopy with poor success rates due to, the emer-
gency nature of the case, unpredictability of the airway,
and lack of practice by the non-anesthesiologist staff per-
forming the procedure.

[0008] Patients that are awake during the procedure
present emergency staff with more challenges, where
involuntary reflexes and muscle spasms could make the
tube insertion into the tracheal opening very difficult. The
possibility of cuts and tissue damage to soft tissue in the
mouth, throat, and vocal cord, increases with multiple
attempts and forced attempts especially during emergen-
cy situations.

[0009] The cost of ownership of the video intubation
devices also prohibits most hospitals in having ample
equipment ready for use in all operating rooms, emer-
gency rooms and crash carts. In emergency cases the
manual visualization is at times impossible with the pa-
tient’'s position, circumstances that could involve other
injuries such as C-Spine injury where the patient cannot
be moved.

[0010] Video intubation devices currently available are
also only partially disposable where a disposable cover
or sheath is used to protect the reusable part of the vis-
ualization system.

[0011] Various expensive visualization devices, cap-
ture electronics, rechargeable means for power, and
small LCD displays mounted on the video intubation de-
vice need to be separated after use and cleaned. Improp-
er cleaning process in these devices can lead to cross
contamination and risk of infection for the patient.
[0012] Portable video intubation devices and as well
as direct laryngoscopes are powered by portable batter-
ies, within the device, where battery replacement and
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recharging is necessary for proper operation.

[0013] Othercompletely disposable intubation devices
have manual visualization or allow for only a small display
mounted on the intubation device itself, where shared
viewing of the intubation process is not possible. In ad-
dition, most video intubation devices use analog video
capture devices, where storage, transfer of the video data
cannot be done without separate and secondary Analog
to Digital conversion of data. Current video intubation
devices are closed systems with limited process, trans-
fer, sharing, and storage capability.

[0014] US 2010/0198009 shows a disposable endo-
scope and portable display by the same applicant, which
comprises a disposable opto-electronic module for illu-
mination and imaging. It can include one or more solid
state or other compact electro-optic illuminating ele-
ments, illuminating optics, imaging optics, and/or image
capture devices.

[0015] The illuminating elements may have different
wavelengths and can be time-synchronized with an im-
age sensortoilluminate an object forimaging or detection
purpose.

BRIEF SUMMARY

[0016] These and other limitations are overcome by
embodiments of the invention which relate to a remova-
ble, pluggable, and completely disposable illumination
and vision systems that can be coupled to the distal end
or housed within the body of a single use removable body
(access device), and subsequently attached to various
other medical devices, including various functional de-
vices used as single use disposable unit (such as ET
tube in intubation procedures, biopsy tools), or autoclav-
able medical instruments, used in minimally invasive sur-
gical and other diagnostic procedures. Disposable illu-
mination and vision systems according to some embod-
iments of the invention include one or more solid state
light sources, illumination optics (such as wave guides)
and optionally include separate imaging optics and image
capture devices, collectively referred to as Opto-Elec-
tronic (OE) illumination and vision modules. Removable
and pluggable OE illumination and vision modules may
additionally include accompanying electronics for proc-
ess and transfer of the image. Moreover the complete
OE vision module and electronics could be housed in a
rigid, flexible, partially flexible or expandable disposable
body, where the complete device including the connect-
ing cable can be disposed of after use. Embodiments of
the invention also relate to the layouts and functionality
of such removable and pluggable vision systems within
the body of a disposable endoscope or other disposable
medical devices, or within a disposable container (access
device) in which the removable and pluggable OE illumi-
nation and vision modules are housed, and plugged onto
a separate non-disposable control unit. The vision sys-
tem housed within a disposable access device body, can
also incorporate air tight clear channels and/or flexible
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plastic tubing for air and liquid routing means, within the
body of the disposable device as well, to enable insertion
and guiding of the endo-tracheal intubation tube or other
medical instruments through the access channel, as well
as means to transfer gas, perform suction, deliver drug,
lubricant or tissue diagnostic agents to the distal tip of
the device during the procedure.

[0017] Embodiments of the invention additionally re-
late to general layouts of such removable, pluggable, and
disposable vision systems incorporating mechanisms
enabling stereoscopic, hyper or varying Field of View
(FOV) visual systems.

[0018] Embodiments of the invention alternately or ad-
ditionally include mobile and wearable displays that take
advantage of the above embodiments. Some embodi-
ments of mobile and wearable displays can enable min-
imally or non-invasive surgical and other diagnostic pro-
cedures, as well as airway management (intubation) to
be performed with minimal setup needs and/or in remote
locations, with full connectivity and means for recoding
of procedure.

[0019] This Summary is provided to introduce a selec-
tion of concepts in a simplified form that are further de-
scribed below in the Detailed Description. This Summary
is not intended to identify key features or essential fea-
tures of the claimed subject matter, nor is it intended to
be used as an aid in determining the scope of the claimed
subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] To further clarify the above and features of the
present invention, a more particular description of the
invention will be rendered by reference to specific em-
bodiments thereof which are illustrated in the appended
drawings. It is appreciated that these drawings depict
only typical embodiments of the invention and are there-
fore not to be considered limiting of its scope. The inven-
tion will be described and explained with additional spe-
cificity and detail through the use of the accompanying
drawings in which:

Figure 1 illustrates a direct laryngoscope with at-
tached Macintosh laryngoscope blade, equipped
with a miniature lamp or fiber optic illumination for
manual visualization of the larynx, with batteries in
the handle;

Figure 2a illustrates a disposable LED illumination
and OE vision module comprising a miniature cam-
eraunitthat can be builtinto the distalend of a flexible
or rigid medical device, and connected to a remote
portable display and control unit through flexible
electrical circuitry;

Figure 2b illustrates the disposable LED illumination
and OE vision module of Figure 2a controlled by a
multi functional control unit;

Figure 3a illustrates an example embodiment of a
completely disposable anatomically shaped laryn-
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goscope or oral access device (including blade, han-
dle, and connecting cable) equipped with the OE vi-
sion and illumination module of Figure 2, and with
means for suction, and delivery;

Figure 3b illustrates the disposable oral access de-
vice of Figure 3a, where an endo-tracheal tube is
inserted into its access channel.

Figures 3c-d illustrate the access channel routing
and release at distal and proximal ends of the dis-
posable endoscopic access device of Figures 3a-b,
where the access channel is open in different sides
of the device.

Figure 3e illustrates a close up view of the distal tip
of the device in Figures 3a-d, showing the OE vision
and illumination ports, as well as possible suction
and spray nozzles positioning.

Figures 4a-d illustrate a flexible and expandable en-
doscopic access device not part of the invention,
where the device body can be deployed, and manip-
ulated to take different shapes and forms.

Figure 5a illustrates a dual camera version of OE
illumination and vision module of Figure 2a, housed
in the pluggable and disposable access device of
Figures 3a-e, providing stereoscopic vision endo-
scopic access device.

Figures 5b-5c, illustrate 3D viewing mechanisms for
the stereoscopic disposable endoscope of Figure
5a.

Figure 6 illustrates an embodiment of an adjustable,
quick mount mechanism for the portable display in
Figures 2a to 5c¢, that can be employed to adjustably
mount the portable display on a user’s arm or wrist;

DETAILED DESCRIPTION

[0021] Example embodiments of the invention are di-
rected to completely disposable solid state opto-electron-
ic vision modules, that can include monochromatic, poly-
chromatic visible, Ultra Violet (UV), and/or Infra Red (IR)
solid state light sources such as high power Light Emitting
Devices (LEDs) and Laser Diodes as a means of illumi-
nation and one or more opto-electronic imaging systems
for image capture in diagnostic, intubation or surgical en-
doscopic procedures or functional borescopic systems
where a separate medical device (such as an ET tube)
or a surgical tool can be introduced through its access
channel.

[0022] Invarious endoscope geometries, itis also pos-
sible to install and remove the entire opto-electronic im-
aging system along with the LED illuminator, associated
processing electronics, and cable connection for power
and control of the device, within the disposable housing,
from a separate power and control unit allowing imple-
mentation of a removable and pluggable opto-electronic
or electro-optic (OE or EO) illumination and/or vision
module, as an entirely disposable unit, of various sizes
and features, as described more fully below. The remov-
ability and pluggability of such OE vision modules de-
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scribed herein can provide instantly upgradeable, and
entirely disposable illumination and image capture sys-
tems, without any necessity to replace an entire medical
or other functional control system still having a remaining
useful life in a safe manner without danger of any cross
contamination.

[0023] Figures 2a-b represent OE illumination and vi-
sion module 200, comprising a camera and housing unit
201, within which is disposed one or more imaging lenses
or optical filters 208, and an image sensor 206. A clear
optical window 203 (203a in Figure 2b), is also provided
to enclose the imaging lenses 208 and image sensor 206
within the camera housing of 201, that is mounted on a
rigid, flexible, or combination electronic processing board
207. The pluggable OE vision module 200 can be at-
tachedtothe distal end of arigid, flexible, partially flexible,
or an expandable medical device, such as an anatomi-
cally shaped, access device that is permanently shaped,
pre-procedure shaped or actively manipulated during
procedure, to be inserted into the body, where minimum
or no force is necessary to obtain clear view of various
locations inside the body. lllumination module 202 and
its drive electronics can be mounted on the same elec-
tronics board 207 or have its own flexible circuitry 204,
receiving power from connection 209 and electronic
board 207. Flex circuitry 205a-205b can be used to pro-
vide power and control signals to the OE vision module
200 and to transmit serialized imaging signals to a port-
able control and display unit 210, where part of the cable
(205a) can be enclosed along the flexible or rigid body
of the disposable medical access device, and part of the
cable (205b) can be outside the medical device, where
the entire cable can be disposable along with the medical
device.

[0024] The portable control and display unit 210 gen-
erallyincludes adisplay screen, housing, illumination and
imaging control electronics, image processing electron-
ics, and/or a power supply, such as a battery. Such com-
pact vision and illumination modules 200, without means
of power or control electronics of their own, can be made
in a compact and low cost form to make it easily intro-
duced into the body within a disposable housing, by itself
orintroduced into the body as means of access for stand-
ard medical devices, where they can be removed and
disposed of after a single use. Standard low cost and
proven digital electronics can be used on the flexible or
rigid electronic board 207, to convert the parallel digital
video signals from a high resolution digital sensor 206,
for example to high speed USB (Universal Serial Bus)
video class camera signals (UVC, or USB Video Class
format), similar to USB Web cameras, convert and send
MIPI (Mobile Industry Processor Interface) enabled se-
rialized digital sensor outputs in UVC format directly to
the Portable Display and Controller 210.

[0025] In some embodiments, flexible circuitry 205a,b
communicatively couples the portable control and dis-
play unit 210 to the OE vision module(s) 201, as a USB
device to communicate power and control signals, as well
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as serialized high speed digital video imaging signals in
UVC format between the portable control and display unit
210 and the OE vision module(s) 201.

[0026] As such, the flex circuitry (USB cable) 205a,b
serves as one example of a means for communicatively
coupling the portable control and display unit 210 to the
OE vision module(s) 201. Additionally, USB cable 205a,b
further communicatively couples the portable control and
display unit 210 to OE illumination modules 202 to com-
municate power and control signals between the portable
control and display unit 210 and the OE illumination mod-
ules 202. As such, the USB cable 205a,b further serves
as an example of a means for communicatively coupling
the portable control and display unit 210 to the OE illu-
mination module 202 sources.

[0027] Forany ofthe high digital speed communication
methods used in USB cable 205a,b between the display
and control device 210 and OE vision and illumination
module 200, appropriate USB connection can be made
at the display and control unit, where the entire cable
205a,b can be also disposed of, along with the OE vision
and illumination module 200 that is housed in a dispos-
able device housing. Using standard USB communica-
tion protocols and connections to the display and control
unit, allows the display and control unit be or function as
a computing and processing unit such as a UMPC (Ultra
Mobile Personal Computer), MID (Mobile Internet De-
vice), a Tablet Computer, or mini PC or a PDA (Personal
Digital Assistant), smart cellular phone, accommodating
such USB communication port. Use of such established
video communication protocols such as UVC, for exam-
ple in case of a high speed USB connection, makes the
display and control unit to be a device readily available
with multiple other connectivity solutions already availa-
ble in a mobile form. As illustrated in Figure 2b, other
wired connections 211, 213, 215, could be DVI (Digital
Video Interface), HDMI (High Definition Multimedia Inter-
face), Ethernet connection, or external power adaptor
connection, and wireless interfaces 217, 219, and 221
could be WiFi (wireless Ethernet), Bluetooth, UWB (Ultra
Wide Band), IR, or high bandwidth cellular connection.

[0028] Other portable or non portable computing and
display units, such as 220, and storage devices, such as
230, can be connected wirelessly, or with a wired con-
nection, to the portable display and control unit 210. Fig-
ure 2b also illustrates bulb like protective window 203a
and 202a, made of thin molded plastic or glass that could
be placed on the camera housing of camera module 201,
and illumination module 202, to act as an optical interface
and window between the camera and the illumination
module where they are incorporated at the distal tip of
medical devices. A single (or multiple) bulb type or flat
window could act as a common (or separate) window for
both the illuminator and camera in an alternate embodi-
ment, where it can be built into the disposable medical
device body, in front of the OE illumination and/or vision
module 200.

[0029] Alternatively where a vision system with focus-
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ing capability is necessary, compact autofocus mecha-
nism could be also integrated in camera module 201,
where certain or all lens elements 208 are to be moved
axially with respect to camera sensor 206, with drive and
control signals from the control unit 210. Control unit 210
can be programmed to detect best focus of the remote
camera module 201 with the imaging data it's provided
from the camera and run it as if it's a local camera lens
module within the control unit 201.

[0030] A fully disposable, removable and pluggable
OE illumination and vision modules 200, implemented in
the body of a single use disposable medical device 300
(300a with stereo vision) and 400, with an access channel
301, 401, as depicted in Figures 3a to 5c, can enable
numerous advantages. For instance, the disposable
medical device 300 (300a), and 400, housing the OE
module 200, can also provide means for suction and de-
livery of liquid agents and medication (306a-c, 406a-b)
in a fully sealed (air-tight) sterile cavity that can be dis-
posed of after removal of the pluggable OE module 200
from the separate external power and control device 210
it is used with, whereupon a new protected OE module
within a sterile device body (302, 402), can be plugged
onto the power and control device 210 (and external
sources of air, suction, lubrication or medication, 319 and
321) for subsequent use, thereby eliminating the likeli-
hood of contaminating body cavities in which the dispos-
able medical devices are used.

[0031] Some types of removable and pluggable OE
vision modules 200 within the body of the a disposable
device (300, 300a, and 400), can provide convenient ac-
cess channel (301 and 401) to various designs of single
use (such as various size ET tubes 330), or reusable
medical devices 430 (biopsy or surgical tools) allowing
for low cost variations in the medical device design and
its functionality. The OE vision and illumination modules
covered with a single use protective cover that is sterile
(disposable device body 302, and 402) can be made in
various device lengths (fixed length body 302, and vari-
able length body 402), and provide distal tip (304a, 402a)
access for various medical devices (330 and 430), where
the protective cover, or the disposable body 302 and 402,
with USB cable 205a, and possible gas and liquid tubing
306a-c, and 406a-b, running the length of the inserted
disposable medical device (300, 300a, and 400) length,
can be disposed of after use along with the entire USB
cable 205a-b, and a new OE vision module 200 within
the device 300, 300a 0r400, and USB link can be plugged
onto the medical device control system 210 for subse-
quent use.

[0032] Different or multiple OE vision and illumination
modules 200, with various functionalities can also be
plugged into the same type power and control system
210 using single or multiple USB links, directly or through
USB HUBSs, depending on the procedure to be per-
formed, providing means to choose from a variety of ap-
plication specific medical vision capability.

[0033] Forinstance, white lightillumination 202 or mul-
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ti-spectral visible OE modules 200 (containing multi chip
RGB LEDs in illumination module 202, that are individu-
ally controlled that can cover the visible spectrum) can
be used for traditional imaging in the visible range.
[0034] A pluggable and disposable OE vision and illu-
mination module, with additional deep blue or UV illumi-
nation 202 in device 300, 300a and 400 could be used
to induce bio-fluorescence inside the body and detect
spectral emission from the object by sensor 206, at the
same time as the visible imaging, to gain further informa-
tion regarding the object, such as the tissue type and
identifying lesions. An IR illumination 202 can be used in
the OE vision and illumination module 200, to image in-
side tissue or through scattering substances or fluids, to
give additional in depth view. Different UV, visible and IR
wavelength illumination with varying penetration depths
can be used for depth dependent imaging inside the tis-
sue.

[0035] Various spectral component captured in 2D im-
ages, can be subsequently processed and put together
to reconstruct a 3D view of inside the body.

[0036] LED sources in illumination module 202 can
provide illumination in a wide range of the electromag-
netic spectrum, from UV, to visible and IR, where the
individual LED chips in 202 illuminator, each with s in a
specific spectral wavelength range can be independently
controlled intime by software applications running in con-
trol unit 210, and the corresponding spectral images can
be independently processed based on individual sensor
206 captured frames, at the time where specific wave-
length LED chip is on, by the control unit 210. Each LED
spectral component can be independently designed in
the LED, or obtained with independent processing of
each LED spectrum, via secondary photo-luminescence
process on blue or UV LEDs, or using edge or band pass
spectral color filters such as multilayer dielectric optical
filter coatings within illumination module 202. Forimaging
in the visible region, Red, Green, and Blue LED chips in
primary colors can be used in illuminator 202, with or
without other non-primary colors such as amber or cyan
where the multiple spectral LEDs together form a white
illumination, adhering to a specific color gamut set by
control unit 210 by adjusting individual LED drive elec-
tronics pulsing the individual LEDs (changing the LED
light intensity by adjusting the pulse width of the drive
modulation).

[0037] By using multiple color LED chips in illuminator
202 and synchronizing a black and white image capture
device in 206 by control unit 210, to grab the synchro-
nized color component images, the use of color camera
chips or high resolution 3 CCD or 3 CMOS imaging de-
vices are eliminated. In this case, a single CCD or CMOS
image capture device is used to capture the three or more
images in a time synchronized fashion, where each color
component image takes advantage of the fullimage cap-
ture device resolution by incorporating all the pixels in
each color image component. Simple black and white
image capture devices 206 are also cheaper to use, es-
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pecially compared to 3 chip image capture devices,
where in effect the resolution of a synchronized black
and white imaging CCD or CMOS using synchronized
color illumination provided by the LEDs is equivalent to
a same pixel 3 chip image capture device.

[0038] Using color synchronized image capture devic-
es 206 also allows the use of much higher resolution
image capture devices in camera 201 at the distal tip
304a, 402a, of the medical access devices 300, 300a,
and 400. A variety of illumination 202 configurations are
possible using multiple LED chips in the 202 illuminator,
where the uniformity, angle and extent of the illumination
are freely controlled by the positioning and design of the
LED chips or light source optics in illuminator 202. Vari-
ous illumination fixed and deployable configurations are
disclosed more fully in United States Patent Application
Serial No. 11/233,684, which has been previously incor-
porated by reference.

[0039] In current endoscopic imaging systems where
awhite lightilluminator is used, the illumination spectrum
is determined by the light source and the optical path the
light is transmitted through before reaching the object
inside the body. Subsequently, a 3-color image capture
device (e.g., a single-chip RGB camera or 3-chip RGB
camera) captures the reflected light from the object ac-
cording to its RGB filter set and image capture device
spectral sensitivity. Animage display unitin turn displays
the captured RGB image according to its own colorfilters.
[0040] Infra Red (IR), Ultraviolet (UV) LED chips, or
narrow spectral band VCSELs chips can be used in illu-
minator 202, based on their transmission and optical
characteristics in the medium of insertion, such as wave-
length dependent penetration depth inside the medium
or the effect they have on the object of interest (such as
inducing fluorescence). By delivery and spraying of di-
agnostic chemical agent (using spray nozzles 308a-b,
and 408a-b at the distal tip 304a and 402a of disposable
medical access device 300, 300a, and 400, through tub-
ing 306a-c and 406a-b from external source 321, or in-
ternal reservoirs 327, 427a-b), can be used to decipher
cancerous cells from healthy cells in the FOV of the en-
doscope, when the scene under observation is illuminat-
ed by specific wavelength of light from illuminator 202,
and where specific fluorescence light wavelength is de-
tected by the OE vision module 201 sensor 206, of the
device, with commands and control from unit 210. With
an endoscope equipped with a full range of LED wave-
lengths in illuminator 202, or a specific range of illumina-
tion wavelength, it is possible to obtain a full spectral
images of the object by turning the various LEDs on and
off at specified times by control unit 210, and in a con-
trolled spectral imaging range or color gamut of imaging
depending on application, while a time synchronized im-
aging process in electronic processor in 207 in conjunc-
tion with the external control device 210, captures various
spectral images based on the state of illumination 202,
at the time of image capture.

[0041] Figures 3a through 3e illustrate a disposable
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video laryngoscope intubation access device 300 con-
sisting of an anatomically shaped disposable molded
plastic body 302, ending with the handle cap 309, as well
as a disposable USB cable 205a, that is incorporated
with OE illumination and vision modules 202 and 201
(depicted in dashed subset in Figure 3a), and includes a
power connection 209, drawing external power from the
portable control and display 210 via a power line of USB
cable 205a,b. The OE vision module 201 mounted on a
rigid electrical board 207 (with flexible extension for the
OE vision module), is partially connected to a distal tip
component holding structure 305, with connection 209
at the opposite end of the electronic board 207, which
carries power to the OE vision module 201 and illumina-
tion module 202 (see Figures 3a and 3e, with the LED
illumination unit 202 mounted next to the vision module
201 pointing to the tip 304a of the laryngoscope intubation
access device blade 304), and transfers serialized image
data from the image sensor 206 to USB video cable 205a,
within the body 302 of the device 300, and laryngoscope
metal blade 304. USB Video cable 205a,b additionally
provides external power from the portable control and
display unit 210, which may be battery operated, to the
complete video laryngoscope intubation device 300, unit
consisting of the OE illumination 202 and the vision mod-
ule 201.

[0042] Theviewing direction ofthe cameramodule 201
can be directed and adjusted towards the tip 304a of the
laryngoscope blade 304 by a right angle prism, mirrors,
or physically locating and directing the camera unit 201,
along the tip 304a, mounted on holding structure 305 (as
depicted in Figure 3a). The LED illuminator 202 could be
mounted on small thermal pads or heat sink 307 directing
the heat from the LED to around the edges of the front
surface of imaging lens, that acts as the window 203 to
the vision module for anti-fogging or alternatively to a
separate imaging window 303 on the plastic device body
302, in front of the imaging optics (Figures 3a and 3e).
Display and Control unit 210 can electronically process
the video data from the vision module 201 by flipping the
image or rotating it as necessary, for correct viewing of
the FOV by the user with software control interface.
[0043] By incorporating the OE vision module 201 and
LED illuminator 202 at the side of the distal tip 304a of
the blade 304 (Figures 3a and 3e), the blade opening at
distal and in proximal end, remains completely free for
access to inside the body and the airway, allowing inser-
tion of an endo-tracheal (ET) tube 330 in a straight
through manner (Figure 3b-d) provided by an access
channel 301. Other surgical devices can also use chan-
nel 301 to gain access into the mouth and throat as well.
[0044] Figures 3b-d, show an ET tube 330 inserted
through access channel 301, where it is guided towards
the vocal cords ahead of metal blade 304 distal tip 304a,
by guiding features on both the device plastic body 302
such as "L" shaped tube guide 302a, bump 304b and lip
304c, in the metal blade 304. Access channel 301 is pre-
dominantly open on the side of the device 300 (opening
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301a, Figure 3b), however only partially open to the side
at the distal tip 304a (partially blocked on the side by tube
guide 302a), and blocked by handle end cap 309 at the
proximal end (Figure 3b). The ET tube 330 release from
the access channel 301 of device 300 is made possible
at the proximal and distal tip in opposite sides of the de-
vice 300 (metal blade 304 side in Figure 3c, and plastic
body 302 side in Figure 3d). Cut-out 302b in the plastic
body 302 at the proximal handle end cap 309 (Figure 3d)
allows the tube 330 to be taken out of the access channel
301 from the plastic body 302 side, and cut-out 304d in
the metal blade 304 allows quick release of the tube 330
at the distal tip 304a (Figure 3c), from the metal blade
304 side and under the tube guide 302a. Having access
channel 301 opening and release from opposing and or-
thogonal openings on the sides of the device (rotated
openings provided by 302b, 301a, and 304d) at the prox-
imal end, along the device 300 body, and distal tip, allows
inserted ET tube 330 or other surgical devices to easily
guided, to maintain their position and stay within the ac-
cess channel 301, until exit at the distal tip and during
the operation.

[0045] Device 300 of Figure 3a-e is also equipped with
means to perform suction at the distal tip 302a, and de-
liver liquid for irrigation, applying medication, spraying
lubricants or other biomedical agents to the scene under
observation, or on the surgical instruments inserted into
the device 300 through access channel 301 (such as the
ET tube). Since the OE vision module 200 with its elec-
tronic board 207, and electronic connection 209, is mainly
located at the distal tip without taking too much room
along the device body 401, various air-tight tubular chan-
nels 306a-c (Figure 3a) or plastic tubing, can run along
the plastic device body 302, next to the cable 205a, along
the length of the access channel 301, inside the device
300, to be used for supply of suction, or means to deliver
medication and biological agents to the distal tip of the
device 300.

[0046] Disposable plastic tubing 315 and 317, can ex-
tend outside the medical device similar to USB cable
205b (Figures 3a-d), to appropriate suction chamber 319
and delivery source 321, to keep the visual field and en-
do-tracheal opening clear of liquids and blood, through
suction opening 320 (Figure 3e) close to the distal tip
304a and illumination and vision module ports 310a-b.
Suction port 325 or, channels 306a-c can optionally con-
tain means for filtering of air, and liquid. Small built in
reservoir(s) 327 (Figure 3a) with pre-filled liquid, medi-
cation, or lubrication gel supply can be provided at the
proximal end (inside handle cap 309), and connected to
plastic tubing and channels 306a-c inside the device
body 302. A distal tip connection is made from the chan-
nels or tubing 306a-c to possible delivery or spraying
means (openings or nozzles 308a-b in Figure 3e) for the
field in front of the distal tip 304a of device 300. Activation
button 311 (for spraying) and valve mechanism 313 at
the proximal end cap 309 (Figures 3a-c) could initiate
and continue suction, spray lubricant gel on the ET tube
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tip as it leaves the device (Figure 3e), spray antiseptics
to numb the area and relax the vocal cords for easier
access into the airway, cover the field of view with diag-
nostic agents that promote fluorescence or other chem-
ical or visual means of tissue analysis and identifying
cancerous region of the cells and tissue, through nozzles
or openings 308a-b.

[0047] Figure 3e, shows the vision module 201 and
illumination 202 openings (optical ports 310a, 310b) in
device 300 plastic body 302, used for vision module 201
and illuminator 202. A separate optical window 303 can
be installed against these optical ports 310a and 310b in
front of vision module 201 and illuminator 202 on plastic
body 302 of device 300, where the heat from the illumi-
nation source is coupled to this separate window 303, to
warm up the window as means for defogging.

[0048] Suction chamber 319 and delivery source 321,
could be sources fixed in the medical environment that
are connected to the device 300 through plastic tubing
315 and 317, or portable means to deliver these in a
remote setting. In a portable setting suction chamber 319
could be a collapsed ball, bubble, bladder or container,
which is made devoid of any air, where once valve 313
is released starts to expand to its expanded perform
shape, initiating suction in the device 300 suction port
320. Delivery source 321 can also be a small plastic spray
bottle connected the device 300 by plastic tubing 317,
where when activated (press on its spray release button)
initiates delivery of material to the device 300 distal tip
openings or nozzles 308a and or 308b. Alternatively a
syringe connection (not shown in the pictures, similar to
applying medication in an 1V line) can be inserted or oth-
erwise made connection to the plastic tubing 315 and
317 junctions for on-the-go initiation of suction or delivery
of medication. All means for portable suction and delivery
described above are low cost portable means that could
be built into the device 300 and tubes 315 and 317, where
the whole mechanism and any medical and biological
agents they contain can be disposed of along with the
device 300 and its electrical USB cable 205a-b.

[0049] Removable and pluggable OE vision and illu-
mination modules built into the distal tip of disposable
access device (such as device 300), can also enable
variety of single use disposable, articulating and non-
articulating surgical medical devices (such as depicted
in Figures 4a-d), to be used in afixed position with respect
to the medical device original form (Figure 4a), or de-
ployed and articulated out of the medical device body
400 (Figure 4b-d) once the medical device distal end is
inside the body. With flexible circuit connection (207 and
204) of the OE vision (201) and illumination (202) mod-
ules at the distal tip of the device 300, and flexible cabling
205a, and using flexible tubing 306a-c inside the device
300, the rigid metal blade 304 and plastic device body
302 of device 300, can be replaced with a flexible accor-
dion type device body 402 of device 400 in Figure 4a-d,
retaining similar functionalities of device 300 but in a de-
ployable and articulating manner. The rectangular dis-
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posable device body 402 depicted in Figures 4a-d, of
course can have circular, elliptical of other tubular forms
in a lengthwise expandable form or have shape retaining
features (such as a wire) inside its tubular body 402. (as
depicted in Figures 4a-b where accordion type body 402
is elongated along the axis 450). Through the deployment
and articulation process of the OE illumination and vision
modules 202 and 201 that are plugged onto the distal tip
402a of the flexible medical device 400, the OE module
200 can position itself outside the original medical device
volume, creating space inside the medical device and
enabling further an articulating tool’s (430) insertion
through the access channel 401, inside the device 400
body 402, thus allowing for further medical device func-
tionality, or articulation to a particular position, revealing
a new direction of view (460) by the medical device 400
(perhaps behind some body organs (such as the tongue,
teeth, under the tongue, top of the mouth, or otherwise
inside the cervix or abdominal cavity).

[0050] In the case of surgical procedures where deli-
cate and more precise diagnostic operation or surgery is
performed using the disposable endoscopic visualization
access device 300 or 400, such pluggable OE vision and
illumination systems 200 can not only be made in minimal
size, but can alternately or additionally house two or more
miniature camera systems 201 (directed towards the
same FOV) with an extended dual USB device connec-
tion for stereoscopic view of the anatomy or surgical sight
(as will be shown later in Figure 5a), where and 3D view-
ing for extra precision and guidance with visual depth
clues.

[0051] Incorporating disposable miniature solid state
OE illumination and vision modules (200) in endoscope
and surgical disposable access device bodies 302 (rigid)
and 402 (flexible), without means for power of their own,
not only eliminates device mounted displays, and large
batteries used in portable devices, it also provides a high-
ly desirable cost advantage over conventional lamp and
fiber guide systems used in conventional endoscopes,
as it replaces the expensive light sources, long fiber optic
light guides to transfer illumination light from the light
source to the scope, and the illumination light guides in-
side the scope as well.

[0052] Low level power is needed for the LED light
sources 202, image sensors 206, and drive electronics
207. The electrical connection 209 of the OE illumination
and vision module 200 is also much easier using USB
type communication and power protocols, with well es-
tablished mobile web camera applications in video con-
ferencing.

[0053] Only electrical power and LED control signals
need to be provided for the endoscopic disposable ac-
cess device 300, 300a, and 400, eliminating the heavy
and bulky batteries and fiber optics illumination cable
connection to the scope, increasing the maneuverability,
portability and, availability, and durability of the device in
a fully sterile fashion anywhere, anytime. OE illumination
and vision modules 200 are also more robust to shock
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and vibrations, or extreme environmental conditions, and
practically unlimited shelf life than fiber optic illumination,
external camera systems, conventional battery, and LCD
displays.

[0054] In addition to the embodiments of Figures 3a-
e, articulating and/or deployable embodiments are pos-
sible for effective illumination and imaging of a surgical
site. In articulating embodiments, such as the embodi-
ment of Figure 4a-c, where the OE illumination (202) and
vision (201) modules are articulated from an insertion
position, or deployed from a collapsed profile before use
and insertion (Figure 4a), in which they are held within a
close profile of the insertion body, and along axis 450, to
an operational position (Figures 4b-c) where they are
conveniently expanded axially, deployed and articulated,
pointing to an object of interest (along tip axis 460). In
the original collapsed body 402 form in Figure 4a, all flex-
ible electronic lines and circuitry 204 and 207, flexible air
and liquid tubing 406a-b (for suction, drug, diagnostic
agents, etc.), are also collapsed within accordion body
402. Alternatively certain parts that are normally inside
the device 400 during use, such as cable 205a (extension
of USB cable 205b), or shape retaining wires inside the
collapsing body 402, can be pushed outside the device
from the handle 409, in the collapsed configuration of
device 400 depicted in Figure 4a. Where upon deploy-
ment, the body 402 and all the inside electrical and tu-
bular connections are elongated (Figure 4b), and articu-
lated into position (Figure 4b-c), where spray nozzles
408a-b at the end of the delivery tubes 406a-b, are also
manipulated and pointed towards the same object of in-
terest 490 (along the line of site or distal tip axis 460 in
Figure 4d). In operational position of distal tip axis along
460, the illumination light (from illuminator 202), as well
as the imaging FOV (of the vision module 201), can be
directed to the surgical site 490, from beyond the endo-
scope body 402 in Figure 4a, where articulation of an OE
module holding structure 405 at the distal end 402a, po-
sitions the vision module, and the distal tip of the access
channel 401 off axis (along 460) from the axis of the in-
sertion body (depicted by the dashed line 450 in Figure
4a-d), increasing the functionality of the surgical device.
[0055] The portable control and display unit 210 in Fig-
ures 4a-c is connected to the pluggable module 200, us-
ing USB electrical cable 205b, which extends as electrical
cable 205a to the electrical connection 209 of the elec-
tronic circuit board 207 of the OE vision (201) and illumi-
nation (202) module near distal end 402a of device 400
(through vision port opening 410a, and illumination port
opening 410b). The vision module 201 and illuminator
202 in Figures 4a-c sit on a rigid component block 405
and connected to flexible section of electrical board 207,
where they receive power from the electrical connection
209 (as depicted in Figures 4a-c), which could be made
to run as a USB device. LED illuminator 202 is mounted
on or near or behind optical window 403 (in front of the
vision module 201), for efficient heat transfer from the
LED to the window as anti-fogging means. Alternatively
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a passive resistor could be mounted on the window 403
to act as de-fogging unit, when the device is used inside
the body with higher temperature than outside.

[0056] Multiple color LED chips can be used within the
plastic tip housing 402 of the disposable device 400,
where the display and control unit 210 synchronizes the
on/off timing of each color LED with the frame rates of a
black and white camera sensor 206. Such disposable
endoscope could be used for spectral imaging with nar-
row band LED light output in the illuminator module, or
with wider wavelength band illumination in the visible
range time synchronized with a black and white image
sensor 206, to provide full color vision where each color
frame takes advantage of the full resolution of the image
sensor 206.

[0057] Inalternate embodiments of all of the pluggable
OE illumination and vision modules 200 in the form of
disposabile, rigid or flexible access device that use LEDs
forillumination, Solid State Laser Diodes (LD) or VSCELs
can alternately or additionally be employed within the OE
illumination and vision module or independently at the
distal end of pluggable single use devices. For instance,
Infrared (IR) Imaging employs IR solid state light sources
to illuminate close tissue diagnostic and surgical proce-
dures. IR detectors and special image sensors with mod-
ified optical filters or polarizers in front of their pixels can
be employed within OE vision modules 200 for through
tissue and blood imaging along with infrared light sources
thathave appreciable penetration depth in human tissue,
blood or other bodily fluids, such as urine.

[0058] With use of various wavelength LED chips (UV,
visible spectra, or IR) in illuminator 202, spectral imaging
can be performed concurrently or at various time win-
dows, and with spraying of the site with specific diagnos-
tic agents using spray nozzles 408a-b (Figures 4c-d),
under specific illumination wavelength from illuminator
202, tissue diagnosis relating the bio-fluorescence char-
acteristics of the cells can also be performed on the area
under observation (490). As in device 300, the surgical
area 490 under observation of device 400, can further
be locally anesthetized or numbed with medication
sprayed onto the site 490, from nozzles 408a-b, were
then surgical tools (430 in Figure 4c-d), biopsy needles,
or blood coagulating devices, and other tools can be in-
serted and used through channel 401. Spray buttons
411a and 411b installed on handle 409 and the proximal
end of the disposable device 400, can activate spray of
the material contained in in reservoir 427a and 427b (also
enclosed inside the handle 409), through flexible tubing
406a-b, at the spray nozzles 408a-b.

[0059] Insome embodiments of the invention, multiple
OE vision modules 201 are employed within a single plug-
gable module to obtain stereoscopic viewing in a dispos-
able stereoscopic access device 300 or 400, as illustrat-
ed in Figure 5a (device 300a). In these and other em-
bodiments, the portable control and display unit 210 can
be used to house all the control electronics and software
necessary to power the OE vision modules 201a and
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201b, (used as right and left vision modules, now mount-
ed behind vision ports 310a and 310b of device 300 in
Figure 3e), control illumination 202 now mounted behind
a new third device vision port 510, imaging functionality
of illumination module(s) 200, data transmission control
(using standard network device protocol such as a in a
USB host driving one or more web cameras with on board
illumination), as well as any image processing and/or dis-
play functionalities. For instance, the portable control and
display unit210 canincludeillumination and imaging con-
trol electronics that provide illumination and/or imaging
control of multiple LED sources (individually, concurrent-
ly or in time) in OE illumination module 202 and/or the
OE vision modules 201a,b. Alternately or additionally,
the portable control and display unit 210 can include im-
age processing electronics that provide image process-
ing of image data received from multiple OE vision mod-
ules 201a,b, perform autofocus, or initiate drug and
chemical agent delivery to the site from spray nozzles
308a-b.

[0060] The portable control and display unit 210 can
be a portable display unit used in a fixed position in a
medical facility, or as a mobile application with an LCD,
atouch screen, or other display unit capable of displaying
2D or 3D (stereoscopic) images. The portable control
and display unit 210 can alternately or additionally be
worn by a user, with a wired or wireless connection to
the input devices (e.g., the OE vision module(s) 200),
where the user can observe 2D or 3D stereo images and
video conveniently by looking at the display mounted on
an arm of the user, hanging from a neck of the user, or
otherwise mounted (clipped on) to the user or patient.
[0061] The portable control and display unit 210 can
be electrically powered using a power cable, or use re-
chargeable or disposable batteries. In all the embodi-
ments, the electrical power supply of the portable control
and display unit 210, whether from a power cable or bat-
tery, provides power for the portable control and display
unit210 as well as the OE illumination and vision modules
202, 201 to which the portable control and display unit
210 is attached via USB cable 205a,b. Single or multiple
OE illumination 202 and vision modules 201 can be con-
nected to the portable control and display unit 210 (using
USB HUB like connections), which portable control and
display unit 210 can be configured to provide synchro-
nized control of complete illumination and image capture
for all connected OE illumination and vision module units
it's connected to. The portable control and display unit
210 could also provide means for local and transferable
means of image and video storage, with magnetic and/or
electrical storage devices within its housing. A user in-
terface can be provided on the portable control and dis-
play unit210 and may include hard or soft electronic keys,
a mouse or joystick, a touch screen, and/or voice acti-
vated command electronics. The user interface can be
employed to adjust, control, display, process, transfer,
store or retrieve the image and video data. The portable
control and display unit 210 can alternately or additionally
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comprise a multifunctional unit that is used as both a
general portable medical display and one or more of: a
cell phone, a mini computer with wireless capabilities,
mobile internet device (MID), a GPS unit, a personal dig-
ital assistant (PDA), a note-taking device, a dictation de-
vice, a video conferencing device, or the like.

[0062] The userinterface devices described above, in-
cluding hard or soft electronic keys, a mouse or joystick,
atouch screen, and voice activated command electronics
all serve as examples of input and/or output means that
can be included in the portable control and display unit
210.

[0063] The portable control and display unit 210 can
alternately or additionally include computing means,
such as a processor, microprocessor, controller, or the
like. Alternately or additionally, the portable control and
display unit 210 can include cellular communication ca-
pabilities and/or wireless connectivity.

[0064] Insomeembodimentsthatinclude stereoscopic
or 3D image capture (device 300a, as illustrated in Figure
5a), the portable control and display unit 210 can display
time-synchronized alternate left and right frames of the
video from the medical device vision modules 201a and
201b in Figure 5a, where a pair of time-synchronized
liquid crystal shutters, 504 and 5086, in front of the user’s
left and right eyes (501 and 503), allow each eye to see
the corresponding alternating stereoscopic images. In
such embodiments, the user can wear 3D-viewing time-
synchronized shutter glasses 500, with frame 502 de-
picted in Figure 5b, while viewing the 3D displayed data
on the portable control and display unit 210, and while
the 3D-viewing liquid crystal shutter glasses are time-
synchronized with the portable control and display unit
210 via a timing signal received via wireless interface
221 (e.g., IR connection, Bluetooth) or hardwired con-
nection 215, to the portable control and display unit 210
as described also in Figure 2b.

[0065] An independent 3D viewer illustrated in Figure
5c with its’ own left and right LCDs for stereoscopic view-
ing (or time synchronized left and right image on single
LCD, similar to the display unit 210 in Figure 5a, with left
and right liquid crystal shutters 554 and 556) could be
used alternatively to view the 3D video from the dispos-
able stereo endoscope 300a (here connected using sep-
arate USB cables 205b for the left and right video). In
which case the control and display unit 210 could be dis-
playing the 2D images from either left of right vision mod-
ules 201a or 201b, while relaying the 3D video data to
the 3D viewer 550 through wired or wireless connections
221 and 215. The independent 3D viewer could be
equipped with headrest 559 and nose relief 557 on its
housing 552.

[0066] The portable control and display unit 210 may
comprise a flat panel LCD screen, touch screen, or other
suitable screen such as organic LED display, or 3D LCD
that can display 3D stereoscopic images with or without
special (polarized) glasses. A separate sterile disposable
cover could be draping the portable control and display
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unit, preserving all user interface and electrical connec-
tion functionalities. Alternately or additionally, the porta-
ble control and display unit 210, or it's separate sterile
cover can have multiple positioning and attachment pos-
sibilities, depending onits size, the type of medical device
it's used with, the type of medical procedure, the location
the procedure is performed, and the type of user interface
necessary. In fixed office or surgical environments, the
portable control and display unit 210 can be fixed to a
wall, mounted on an |V post, clipped onto as patient cover
or drape, or can be hung from a frame structure, with tilt,
rotation, andl ocking capabilities and in a removable and
portable form. Alternately or additionally, a fixed control
and display unit can be employed to control OE illumina-
tion and vision modules 202 and 201 and/or to display
image data captured by OE vision modules 200.

[0067] Figures 6, illustrate "wearable" configurations
of the portable control and display unit 210, where the
portable control and display unit 210 is attached to the
arm or wrist 603 of a user via a wearable attachment
device. In more detail, a wide bracelet, wrist band or sup-
port structure 602, could be made of the soft Velcro ma-
terial, where a strip of mating Velcro strip could be fixed
behind the portable control and display unit 210 or its
disposable cover.. The Velcro arm band 602 can be em-
ployed for adjustable attachment or wearing of the port-
able control and display unit 210 on the arm or the wrist
603 of the user, as its’ soft Velcro material grabs onto
the back surface of the display and control unit 210 or
its’ secondary disposable sterile protective cover, that is
equipped with mating Velcro.

[0068] The convenientand flexible Velcro based wear-
able attachment device of Figure 6, can be adjusted using
the adjustable Velcro mounting, to allow convenient di-
rect viewing of the display 210 by the user during use,
on the user’s arm 603.

[0069] The presentinvention may be embodied in oth-
er specific forms without departing from its spirit or es-
sential characteristics. The described embodiments are
to be considered in all respects only as illustrative and
not restrictive. The scope of the invention is, therefore,
indicated by the appended claims rather than by the fore-
going description. All changes which come within the
meaning and range of equivalency of the claims are to
be embraced within their scope.

Claims

1. A device for insertion into a body cavity, the device
comprising:

a disposable device body (300, 300a, 400) hav-
ing aproximal end and adistal end (304a, 404a),
the distal end (304a, 404a) being configured to
be at least partially inserted into the body cavity;
the disposable device body (300, 300a, 400) be-
ing an anatomically shaped laryngoscope with
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metal blade comprising:

an access channel (301, 401), the access
channel (301, 401) having arelease atdistal
and proximal ends of the disposable device
body (300, 300a, 400), where the access
channel (301, 401) is open in different sides
of the disposable device body (300, 300a,
400),

an opto-electronic illumination and imaging
module (200) located on the disposable de-
vice body (300, 300a, 400);

electrical lines embedded in the disposable
device body (300, 300a, 400) such that the
electrical lines extend from the proximal end
of the disposable device body (300, 300a,
400) to the distal end (304a, 404a) of the
disposable device body (300, 300a, 400);
an external power source, control electron-
ics, and display device (210) electrically
coupled to the opto-electronic illumination
and imaging module (200) via a flexible Uni-
versal Serial Bus (USB) cable (205a, 205b)
configured to electrically connect each of
the power source, control electronics, and
display device (210) to the electrical lines,
and

at least one air-tight tubular channel (306a-
c)running along the disposable device body
(300, 300a, 400), next to the electrical lines,
along the length of the access channel
(301,401), inside the device body (300,
3004, 400)

wherein the access channel (301, 401) is con-
figured to provide an endo-tracheal tube (330)
access to a trachea

characterised in that

the access channel (301, 401) comprises an
opening which turns on multiple sides of the de-
vice body to maintain the position of the endo-
tracheal tube or other instruments within the
channel during operation, and provides cut-outs
on multiple sides of the device for insertion and
release of the endo-tracheal tube and other in-
struments.

The device of claim 1, wherein the opto-electronic
illumination and imaging module (200) comprises an
illumination source (202) and an image sensors
(201, 201a, 201b, 206) including one or more of: a
light emitting device (LED), a laser diode (LD), an
ultraviolet (UV) light source, an infrared (IR) light
source; a CCD sensor, or a CMOS sensor.

The device of claim 2, wherein heat from the illumi-
nation source (202) is coupled to a window (203,
203a, 303, 403) of the opto-electronic illumination
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and imaging module (200) for defogging purposes.

The device of claim 2, wherein the opto-electronic
illumination and imaging module (200) is attached
to one or more small flexible, rigid, or partially rigid
electronic boards (204, 207) within the disposable
device body (300, 300a, 400).

The device of claim 4, wherein the one or more elec-
tronic boards (204, 207) are configured to distribute
power to the illumination source (202) and to one or
more image sensors (201, 201a, 201b, 206) at or
near the distal end (304a, 404a) of the disposable
device body (300, 300a, 400);

serialize parallel digitalimaging data or use MIPI out-
put from the one or more image sensors (201, 201a,
201b, 206); and

deliver the serial data through the electrical.

The device of claim 5, wherein the electrical lines
continue to extend outside the disposable device
body (300, 300a, 400) as a USB cable (205a,b) to
an end configured to connect directly to at least one
of the display device and the control electronics.

The device of claim 6, wherein a communication in-
terface of the one or more electronic boards (204,
207) within the disposable device body (300, 300a,
400), through the electronic lines, to a controller unit
separate from the opto-electronic illumination and
imaging module (200), is that of the USB format and
connection.

The device of claim 7, wherein the controller unit acts
as a USB host, driving the opto-electronic illumina-
tion and imaging module (200) as a USB camera
device.

The device of claim 8, wherein the controller unit is
configured to receive USB Video Class (UVC) video
signals from the one or more electronic boards (204,
207).

The device of any of claims 1-9, wherein the dispos-
able device body (300, 300a, 400) comprises one or
more of: a rigid portion, a flexible portion, a selec-
tively expandable accordion portion, a solid portion,
a hollow portion, a tool access, or a channel portion.

The device of claim 10, wherein other air tight tubing
and channels run the length of the device access
channel for delivery of one or more of suction, air,
liquid, and gel material to the distal end (304a, 404a)
of the disposable device body (300, 300a, 400).

The device of any of claims 1-10, configured to de-
liver and spray diagnostic chemical agent using
spray nozzles at the distal tip of the medical access
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device through the tubular channels from internal
reservoirs (327, 427a-b).

The device of any of claims 1-12, wherein the dis-
posable device body (300, 300a, 400) includes one
or more of: lips in the metal blade (304), lips in the
plasticbody, bumps (304b)inthe channel (301,401),
configured to ease guiding of an endotracheal tube
(330) through the access channel (301, 401) into the
body cavity.

The device of claim 13, wherein the spray nozzles
(308a-b, 408a-b) are configured to spray lubricants
on the endotracheal tube (330) or other instruments
(430) as they pass or leave the access channel (301,
401), deliver drugs to tissue adjacent the distal end
(304a, 404a), or to deliver chemicals to activate the
tissue.

Patentanspriiche

1.

Vorrichtung fiir das Einflhren in einen Kérperhohl-
raum, wobei die Vorrichtung Folgendes umfasst:

einen Einweg-Vorrichtungskérper (300, 300a,
400) mit einem proximalen Ende und einem dis-
talen Ende (304a, 404a), wobei das distale Ende
(304a, 404a) dazu konfiguriert ist, zumindest
teilweise in den Kérperhohlraum eingefiihrt zu
werden; wobei der Einweg-Vorrichtungskorper
(300, 3004, 400) ein anatomisch geformtes La-
ryngoskop mit Metallspatel ist, umfassend:

einen Zugangskanal (301, 401), wobei der
Zugangskanal (301,401) eine Freigabe am
distalen und proximalen Ende des Einweg-
Vorrichtungskérpers (300, 300a, 400) auf-
weist, wobei der Zugangskanal (301, 401)
an unterschiedlichen Seiten des Einweg-
Vorrichtungskérpers (300, 300a, 400) offen
ist,

ein optoelektronisches Beleuchtungs- und
Bildgebungsmodul (200), das sich an dem
Einweg-Vorrichtungskérper (300, 300a,
400) befindet;

elektrische Leitungen, die in dem Einweg-
Vorrichtungskérper (300, 300a, 400) inte-
griertsind, sodass sich die elektrischen Lei-
tungen von dem proximalen Ende des Ein-
weg-Vorrichtungskorpers (300, 300a, 400)
zudemdistalen Ende (304a, 404a) des Ein-
weg-Vorrichtungskorpers (300, 300a, 400)
erstrecken;

eine externe Leistungsquelle, Steuerelekt-
ronik und Anzeigevorrichtung (210), die
uber ein flexibles Universal-Serial-
Bus(USB)-Kabel (205a, 205b), das dazu
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konfiguriert ist, jede von der Leistungsquel-
le, der Steuerelektronik und der Anzeige-
vorrichtung (210) elektrisch mit den elektri-
schen Leitungen zu verbinden, elektrisch
an das optoelektronische Beleuchtungs-
und Bildgebungsmodul (200) gekoppelt
sind, und

mindestens einen luftdichten rohrférmigen
Kanal (306a-c), der entlang des Einweg-
Vorrichtungskérpers (300, 300a, 400), ne-
benden elektrischen Leitungen, entlangder
Lange des Zugangskanals (301, 401), in-
nerhalb des Vorrichtungskoérpers (300,
300a, 400) verlauft,

wobei der Zugangskanal (301, 401) dazu konfi-
guriert ist, einen Zugang Uber einen Endotra-
chealtubus (330) zu einer Trachea bereitzustel-
len,

dadurch gekennzeichnet, dass

der Zugangskanal (301, 401) eine Offnung um-
fasst, die an mehreren Seiten des Vorrichtungs-
korpers gebogen ist, um die Position des Endo-
trachealtubus oder von anderen Instrumenten
innerhalb des Kanals wahrend des Einsatzes
beizubehalten, und Ausschnitte an mehreren
Seiten der Vorrichtung fiir das Einflihren und
Freigeben des Endotrachealtubus und von an-
deren Instrumenten bereitstellt.

Vorrichtung nach Anspruch 1, wobei das optoelekt-
ronische Beleuchtungs- und Bildgebungsmodul
(200) eine Beleuchtungsquelle (202) und Bildsenso-
ren (201, 201a, 201b, 206) umfasst, einschlieBlich
eines oder mehrerer von Folgendem: einer lichte-
mittierenden Vorrichtung (LED), einer Laserdiode
(LD), einer ultravioletten (UV) Lichtquelle, einer In-
frarot(IR)-Lichtquelle; eines CCD-Sensors oder ei-
nes CMOS-Sensors.

Vorrichtung nach Anspruch 2, wobei Warme von der
Beleuchtungsquelle (202) an ein Fenster (203, 2033,
303, 403) des optoelektronischen Beleuchtungs-
und Bildgebungsmoduls (200) zum Verhindern von
Beschlagen gekoppelt ist.

Vorrichtung nach Anspruch 2, wobei das optoelekt-
ronische Beleuchtungs- und Bildgebungsmodul
(200) an einer oder mehreren kleinen flexiblen, star-
ren oder teilweise starren elektronischen Karten
(204, 207) innerhalb des Einweg-Vorrichtungskor-
pers (300, 300a, 400) angebracht ist.

Vorrichtung nach Anspruch 4, wobei die eine oder
mehreren elektronischen Karten (204, 207) dazu
konfiguriert sind,

Leistung zur Beleuchtungsquelle (202) und zu einem
oder mehreren Bildsensoren (201, 201 a, 201b, 206)
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an oder nahe dem distalen Ende (304a, 404a) des
Einweg-Vorrichtungskérpers (300, 300a, 400) zu
verteilen;

parallele digitale Bildgebungsdaten zu serialisieren
oder MIPI-Ausgabe von dem einen oder den meh-
reren Bildsensoren (201, 201a, 201b, 206) zu ver-
wenden; und

die seriellen Daten Uber die Elektrik zu liefern.

Vorrichtung nach Anspruch 5, wobei sich die elek-
trischen Leitungen weiter aulerhalb des Einweg-
Vorrichtungskérpers (300, 300a, 400) als USB-Ka-
bel (205a,b) zu einem Ende erstrecken, das dazu
konfiguriert ist, direkt mit mindestens einer der An-
zeigevorrichtung und der Steuerelektronik verbun-
den zu werden.

Vorrichtung nach Anspruch 6, wobei eine Kommu-
nikationsschnittstelle der einen oder mehreren elek-
tronischen Karten (204, 207) innerhalb des Einweg-
Vorrichtungskérpers (300, 300a, 400), durch die
elektronischen Leitungen, zu einer Steuereinheit,
die von dem optoelektronischen Beleuchtungs- und
Bildgebungsmodul (200) getrennt ist, ein USB-For-
mat und eine USB-Verbindung ist.

Vorrichtung nach Anspruch 7, wobei die Steuerein-
heit als USB-Host wirkt, der das optoelektronische
Beleuchtungs- und Bildgebungsmodul (200) als
USB-Kameravorrichtung ansteuert.

Vorrichtung nach Anspruch 8, wobei die Steuerein-
heit dazu konfiguriert ist, USB-Video-
Class(UVC)-Videosignale von der einen oder den
mehreren elektronischen Karten (204, 207) zu emp-
fangen

Vorrichtung nach einem der Anspriiche 1-9, wobei
der Einweg-Vorrichtungskérper (300, 300a, 400) ei-
nes oder mehrere von Folgendem umfasst: einem
starren Abschnitt, einem flexiblen Abschnitt, einem
selektiv dehnbaren Akkordeonabschnitt, einem fes-
ten Abschnitt, einem hohlen Abschnitt, einem Werk-
zeugzugang oder einem Kanalabschnitt.

Vorrichtung nach Anspruch 10, wobei andere luft-
dichte Schlauche und Kanale entlang der Lange des
Vorrichtungszugangskanals fiir die Bereitstellung
von einem oder mehreren von Sog, Luft, Flissigkeit
und Gelmaterial an das distale Ende (304a, 404a)
des Einweg-Vorrichtungskorpers (300, 300a, 400)
verlaufen.

Vorrichtung nach einem der Anspriiche 1-10, die da-
zu konfiguriert ist, ein diagnostisches chemisches
Mittel unter Verwendung von Spriihdiisen an der dis-
talen Spitze der medizinischen Zugangsvorrichtung
durch die rohrférmigen Kanale von den inneren Be-
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haltern (327, 427a-b) abzugeben und zu spriihen.

13. Vorrichtung nach einem der Anspriiche 1-12, wobei

der Einweg-Vorrichtungskoérper (300, 300a, 400) ei-
nes oder mehrere von Folgendem beinhaltet: Lippen
in dem Metallspatel (304), Lippen im Kunststoffkor-
per, Erhebungen (304b)im Kanal (301, 401), die da-
zu konfiguriert sind, das Fihren eines Endotrache-
altubus (330) durch den Zugangskanal (301, 401)in
den Koérperhohlraum zu erleichtern.

14. Vorrichtung nach Anspruch 13, wobei die Spruhdi-

sen (308a-b, 408a-b) dazu konfiguriert sind,
Schmiermittel auf den Endotrachealtubus (330) oder
andere Instrumente (430) zu spriihen, wenn diese
den Zugangskanal (301, 401) durchlaufen oder ver-
lassen, Arzneimittel an Gewebe benachbart zu dem
distalen Ende (304a, 404a) abzugeben oder chemi-
sche Mittel abzugehen, um das Gewebe zu aktivie-
ren.

Revendications

Dispositif pour une insertion dans une cavité corpo-
relle, le dispositif comprenant :

un corps de dispositif jetable (300, 300a, 400)
ayant une extrémité proximale et une extrémité
distale (304a, 404a), I'extrémité distale (304a,
404a) étant configurée pour étre insérée au
moins partiellement dans la cavité corporelle ;
le corps de dispositif jetable (300, 300a, 400)
étant un laryngoscope de forme anatomique
avec une lame en métal comprenant :

un canal d’accés (301, 401), le canal d’ac-
ces (301, 401) ayant un élément de déga-
gement au niveau d’extrémités distale et
proximale du corps de dispositif jetable
(300, 300a, 400), ou le canal d’acces (301,
401) estouvert dans des cétés différents du
corps de dispositif jetable (300, 300a, 400),
un module d’imagerie et d’illumination op-
toélectronique (200) situé sur le corps de
dispositif jetable (300, 300a, 400) ;

des lignes électriques incorporées dans le
corps de dispositif jetable (300, 300a, 400)
de sorte que les lignes électriques s’éten-
dent depuis I'extrémité proximale du corps
de dispositifjetable (300, 300a,400)jusqu’a
I'extrémité distale (304a, 404a) du corps de
dispositif jetable (300, 300a, 400) ;

une source d’alimentation externe, une
électronique de commande, et un dispositif
d’affichage (210) couplés électriquement
au module d’'imagerie et d’illumination op-
toélectronique (200) via un cable de bus sé-

10

15

20

25

30

35

40

45

50

55

14

rie universel (USB) (205a, 205b) configuré
pour connecter électriquement chacun de
la source d’alimentation, de I'électronique
de commande, et du dispositif d’affichage
(210) aux lignes électriques, et

au moins un canal tubulaire étanche a l'air
(306a a c) longeant le corps de dispositif
jetable (300, 300a, 400), prés des lignes
électriques, suivant la longueur du canal
d’accés (301, 401), a l'intérieur du corps de
dispositif (300, 300a, 400)

dans lequel le canal d’acces (301, 401) est con-
figuré pour fournir a un tube endotrachéal (330)
un acces a une trachée

caractérisé en ce que

le canal d’acces (301, 401) comprend une
ouverture qui tourne sur de multiples c6tés du
corps de dispositif pour maintenir la position du
tube endotrachéal ou d’autres instruments au
sein du canal pendant un fonctionnement, et
fournit des découpes sur de multiples c6tés du
dispositif pour une insertion et un dégagement
du tube endotrachéal et d’autres instruments.

Dispositif selon la revendication 1, dans lequel le mo-
dule d’'imagerie et d’illumination optoélectronique
(200) comprend une source d’illumination (202) et
des capteurs d’image (201, 201a, 201b, 206) com-
portant un ou plusieurs parmi : un dispositif électro-
luminescent (LED), une diode laser (LD), une source
de lumiére ultraviolette (UV), une source de lumiére
infrarouge (IR) ; un capteur CCD, ou un capteur
CMOS.

Dispositif selon la revendication 2, dans lequel de la
chaleur provenant de la source d’illumination (202)
est couplée a une fenétre (203, 203a, 303, 403) du
module d’'imagerie et d’illumination optoélectronique
(200) a des fins de désembuage.

Dispositif selon la revendication 2, dans lequel le mo-
dule d’'imagerie et d’illumination optoélectronique
(200) est attaché a une ou plusieurs petites cartes
électroniques flexibles, rigides, ou partiellement ri-
gides (204, 207) au seindu corps de dispositif jetable
(300, 3004, 400).

Dispositif selon la revendication 4, dans lequel les
une ou plusieurs cartes électroniques (204, 207)
sont configurées pour

distribuer une alimentation a la source d’illumination
(202) et a un ou plusieurs capteurs d’'image (201,
201a, 201b, 206) au niveau ou pres de I'extrémité
distale (304a, 404a) du corps de dispositif jetable
(300, 300a, 400) ;

mettre en série des données d’imagerie numériques
paralleles ou utiliser une sortie MIPI provenant des
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un ou plusieurs capteurs d'image (201, 201a, 201b,
206) ; et

délivrer les données en série par le biais des lignes
électriques.

Dispositif selon la revendication 5, dans lequel les
lignes électriques continuent de s’étendre a I'exté-
rieur du corps de dispositif jetable (300, 300a, 400)
sous la forme d’un cable USB (205a, b) jusqu’a une
extrémité configurée pour se connecter directement
a au moins l'un du dispositif d’affichage et de I'élec-
tronique de commande.

Dispositif selon la revendication 6, dans lequel une
interface de communication des une ou plusieurs
cartes électroniques (204, 207) au sein du corps de
dispositif jetable (300, 300a, 400), par le biais des
lignes électroniques, avec une unité de dispositif de
commande séparée du module d'imagerie et d’illu-
mination optoélectronique (200), est celle de la con-
nexion et du format USB.

Dispositif selon la revendication 7, dans lequel I'unité
de dispositif de commande sert d’héte USB, pilotant
le module d'imagerie et d’illumination optoélectroni-
que (200) en tant que dispositif de caméra USB.

Dispositif selon la revendication 8, dans lequel I'unité
de dispositif de commande est configurée pour re-
cevoir des signaux vidéo de catégorie vidéo USB
(UVC) en provenance des une ou plusieurs cartes
électroniques (204, 207).

Dispositif selon 'une quelconque des revendications
1a9, dans lequel le corps de dispositif jetable (300,
300a, 400) comprend un ou plusieurs parmi: une
portion rigide, une portion flexible, une portion en
accordéon pouvant s’agrandir de fagon sélective,
une portion pleine, une portion creuse, un acces
d’outil, ou une portion de canal.

Dispositif selon la revendication 10, dans lequel
d’autres tubulures et canaux étanches a l'air se pré-
sentent sur lalongueur du canal d’acces de dispositif
pour délivrer un ou plusieurs d’'une aspiration, d’'un
air, d’un liquide, et d’'un matériau en gel a 'extrémité
distale (304a, 404a) du corps de dispositif jetable
(300, 3004, 400).

Dispositif selon I'une quelconque des revendications
1a 10, configuré pour délivrer et pulvériser un agent
chimique de diagnostic a I'aide de buses de pulvé-
risation au niveau de I'extrémité distale du dispositif
d’accés médical a travers les canaux tubulaires de-
puis des réservoirs internes (327, 427a et b) .

Dispositif selon 'une quelconque des revendications
1212, danslequelle corps de dispositif jetable (300,
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300a, 400) comporte un ou plusieurs parmi : des lé-
vres dans la lame en métal (304), des lévres dans
le corps en plastique, des bossages (304b) dans le
canal (301, 401) configurés pour faciliter le guidage
d’un tube endotrachéal (330) a travers le canal d’ac-
ces (301, 401) dans la cavité corporelle.

Dispositif selon la revendication 13, dans lequel les
buses de pulvérisation (308a et b, 408a et b) sont
configurées pour pulvériser des lubrifiants sur le tube
endotrachéal (330) ou d’autres instruments (430)
lorsqu’ils passent ou quittent le canal d’acces (301,
401), délivrer des médicaments a un tissu adjacent
a l'extrémité distale (304a, 404a), ou délivrer des
produits chimiques pour activer le tissu,
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