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ABSTRACT 

Devices, systems and methods for performing image guided 
interventional and surgical procedures, including Various 
procedures to treat sinusitis and other disorders of the 
paranasal sinuses, ears, nose or throat. 
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SYSTEMS AND METHODS FOR PERFORMING 
IMAGE GUIDED PROCEDURES WITHIN THE 

EAR, NOSE, THROAT AND PARANASAL SINUSES 

RELATED APPLICATION 

[0001] This application is a continuation-in-part of US. 
patent application Ser. No. 11/116,118 entitled “Methods 
And Devices For Performing Image Guided Procedures 
Within The Ear, Nose, Throat And Paranasal Sinuses” ?led 
Apr. 26, 2005 Which is a continuation in part of four 
earlier-?led applications, namely 1) US. patent application 
Ser. No. 10/829,917 entitled “Devices, Systems and Meth 
ods for Diagnosing and Treating Sinusitis and Other Disor 
ders of the Ears, Nose and/or Throat” ?led on Apr. 21, 2004, 
2) US. patent application Ser. No. 10/912,578 entitled 
“Implantable Device and Methods for Delivering Drugs and 
Other Substances to Treat Sinusitis and Other Disorders” 
?led on Aug. 4, 2004, 3) US. patent application Ser. No. 
10/944,270 entitled “Apparatus and Methods for Dilating 
and Modifying Ostia of Paranasal Sinuses and Other Intra 
nasal or Paranasal Structures” ?led on Sep. 17, 2004 and 4) 
US. patent application Ser. No. 11/037,548 entitled 
“Devices, Systems and Methods For Treating Disorders of 
the Ear, Nose and Throat” ?led Jan. 17, 2005, the entireties 
of each such parent application being expressly incorporated 
herein by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to medical 
devices, systems and methods and more particularly to 
methods and devices for performing image guided interven 
tional procedures to treat disorders of the paranasal sinuses, 
ears, nose or throat (ENT). 

BACKGROUND OF THE INVENTION 

A. Recent Advancements in the Treatment of ENT Disorders 

[0003] NeW devices, systems and techniques are being 
developed for the treatment of sinusitis and other disorders 
of the ear, nose, throat and paranasal sinuses. For example, 
various catheters, guideWires and other devices useable to 
perform minimally invasive, minimally traumatic ear, nose 
and throat surgery have been described in US. patent 
applications Ser. No. 10/829,917 entitled “Devices, Systems 
and Methods for Diagnosing and Treating Sinusitis and 
Other Disorders of the Ears, Nose and/or Throat,” Ser. No. 
10/912,578 entitled “Implantable Device and Methods for 
Delivering Drugs and Other Substances to Treat Sinusitis 
and Other Disorders,” Ser. No. 10/944,270 entitled “Appa 
ratus and Methods for Dilating and Modifying Ostia of 
Paranasal Sinuses and Other Intranasal or Paranasal Struc 
tures” and Ser. No. 11/037,548 entitled “Devices, Systems 
and Methods For Treating Disorders of the Ear, Nose and 
Throat.” Many of these neW devices, systems and techniques 
are useable in conjunction With endoscopic, radiographic 
and/or electronic assistance to facilitate precise positioning 
and movement of catheters, guidWires and other devices 
Within the ear, nose, throat and paranasal sinuses and to 
avoid undesirable trauma or damage to critical anatomical 
structures such as the eyes, facial nerves and brain. 

[0004] For example, in one neW procedure (referred to in 
this patent application as a “Flexible Transnasal Sinus 
Intervention” or FTSI), a dilation catheter (e.g., a balloon 
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catheter or other type of dilator) is advanced through the 
nose to a position Within the ostium of a paranasal sinus or 
other location, Without requiring removal or surgical alter 
ation of other intranasal anatomical structures. The dilation 
catheter is then used to dilate the ostium or other anatomical 
structures to facilitate natural drainage from the sinus cavity. 
In some cases, a tubular guide may be initially inserted 
through the nose and advanced to a position near the sinus 
ostium and a guideWire may then be advanced through the 
tubular guide and into the affected paranasal sinus. The 
dilation catheter may then be advanced over the guideWire 
and through the tubular guide to a position Where its dilator 
(e.g., balloon) is positioned Within the sinus ostium. The 
dilator (e. g., balloon) is then expanded causing the ostium to 
dilate. In some cases, such dilation of the ostium may 
fracture, move or remodel bony structures that surround or 
are adjacent to the ostium. Optionally, in some procedures, 
irrigation solution and/ or therapeutic agents may be infused 
through a lumen of the dilation catheter and/or other Work 
ing devices (e.g., guideWires, catheters, cannula, tubes, 
dilators, balloons, substance injectors, needles, penetrators, 
cutters, debriders, microdebriders, hemostatic devices, cau 
tery devices, cryosurgical devices, heaters, coolers, scopes, 
endoscopes, light guides, phototherapy devices, drills, rasps, 
saWs, etc.) may be advanced through the tubular guide 
and/or over the guideWire to deliver other therapy to the 
sinus or adjacent tissues during the same procedure in Which 
the FTSI is carried out. It is to be understood that, in FTSI 
procedures, structures and passageWays other than sinus 
ostia may be dilated using the tools described above, tissue 
may be resected or ablated, bone may be restructured, drugs 
or drug delivery systems may be deployed, etc., as described 
in the documents incorporated here by reference. Thus, for 
the purposes of this application the term FTSI Will generally 
used to refer broadly to all of those procedures, not just 
dilation of sinus ostia. 

B. Prior Uses of Image Guided Surgery in the Treatment of 
ENT Disorders 

[0005] Image guided surgery (IGS) procedures (some 
times referred to as “computer assisted surgery”) Were ?rst 
developed for use in neurosurgery and have noW been 
adapted for use in certain ENT surgeries, including sinus 
surgeries. See, Kingdom T. T., Orlandi R. R., Image-Guided 
Surgery of the Sinuses: Current Technology and Applica 
Zions, Otolaryngol. Clin. North Am. 37(2):381-400 (April 
2004). Generally speaking, in a typical IGS procedure, a 
digital tomographic scan (e.g., a CT or MRI scan) of the 
operative ?eld (e.g., the nasal cavities and paranasal sinuses) 
is obtained prior to surgery. A specially programmed com 
puter is then used to convert the digital tomographic scan 
data into a digital map. During surgery, sensors mounted on 
the surgical instruments send data to the computer indicating 
the position of each surgical instrument. The computer 
correlates the data received from the instrument-mounted 
sensors With the digital map that Was created from the 
preoperative tomographic scan. One or more image(s) is/ are 
then displayed on a monitor shoWing the tomographic scan 
along With an indicator (e.g., cross hairs or an illuminated 
dot) of the real time position of each surgical instrument. In 
this manner, the surgeon is able to vieW the precise position 
of each sensor-equipped instrument relative to the surround 
ing anatomical structures shoWn on the tomographic scan. 
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[0006] A typical IGS surgery system of the prior art 
includes a) a computer Work station, b) a video monitor, c) 
one or more surgical instruments having sensors mounted 
thereon, d) a localiZer and e) a sensor tracking system. The 
sensor(s) mounted on the surgical instruments and the cor 
responding tracing system may be optical, electromagnetic 
or electromechanical. The localiZer functions to localiZe or 
“register” the preoperative tomographic image data With the 
real time physical positioning of the patient’s body during 
surgery. The sensor tracking system serves to track the 
position of each sensor equipped surgical instrument during 
the surgery and to communicate such information to the 
computer Workstation. 

[0007] In IGS systems that employ optical sensors/track 
ing systems, optical navigation elements (e.g., infrared light 
emitting LEDs or passive markers) are placed on the surgical 
instruments and on a localiZer frame Worn by the patient. 
Camera(s) is/are positioned to receive light emitted or 
re?ected from the navigation elements. One example of an 
optical IGS system that is useable in ENT and sinus surgery 
is the LandmarX Evolutions ENT II Image Guidance Sys 
tem available from Medtronic Xomed Surgical Products, 
Inc., Jacksonville, Fla. Other optical IGS systems useable in 
ENT surgery include the VectorVision® system and 
Kolibri® system available from BrainLAB, Inc., Westches 
ter, Ill. In the VectorVision® system and Kolibri® systems 
a sensor assembly, knoWn as a STARLINKTM Universal 
Instrument Adapter, is attached to a portion of an instrument 
that remains outside of the patients body. A plurality of 
passive markers in the nature of re?ective members is 
positioned at spaced apart locations on the navigation ele 
ment assembly. An infrared light source and cameras are 
positioned to receive light re?ected from the passive mark 
ers located on the navigation element assembly. A computer 
then receives input from the cameras and uses softWare 
tracking algorithms to determine the real time position of the 
instrument Within the subject’s body based on the relative 
spatial positions of the passive markers. The instrument’s 
current position is then displayed on a monitor along With 
stored tomographic images, thereby enabling the operator to 
monitor the position and movement of the instrument rela 
tive to anatomical structures of interest. 

[0008] In IGS systems that employ electromagnetic sen 
sors/tracking systems, radiofrequency electromagnetic sen 
sors (e.g., electromagnetic coils) are placed on the surgical 
instruments and on a localiZer frame Worn by the patient. A 
transmitter is positioned near the operative ?eld. The trans 
mitter transmits signals that are received by the instrument 
mounted sensors. The tracking system detects variations in 
the electromagnetic ?eld caused by the movement of the 
instrument-mounted sensors relative to the transmitter. 
Examples of commercially available electromagnetic IGS 
systems that have been used in ENT and sinus surgery 
include the ENTrak plusTM and InstaTrak ENTTM systems 
available from GE Medical Systems, Salt Lake City, Utah. 
Other examples of electromagnetic image guidance systems 
that may be modi?ed for use in accordance With the present 
invention include but are not limited to those available from 
Surgical Navigation Technologies, Inc., Louiville, Colo., 
Biosense-Webster, Inc., Diamond Bar, Calif. and Calypso 
Medical Technologies, Inc., Seattle, Wash. 

[0009] In IGS systems that employ electromechanical 
sensors/tracking systems, a multi-jointed articulating 
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mechanical arm is attached to the surgical instrument and 
sensors to measure movements of the joints. The computer 
determines the location of the instrument based on signals 
received from the sensors. Electromechanical systems have 
not been Widely used in ENT or sinus surgery. 

[0010] In any IGS system used in sinus surgery or other 
ENT applications, it is imperative that the localiZation 
system provide accurate “registration.” Registration is the 
process of matching tWo sets of data (i.e., the preoperative 
tomographic scan data and the intraoperative patient body 
position data) so that the image displayed on the monitor 
Will accurately shoW the position(s) of the surgical instru 
ment(s) relative to the locations of anatomical structures 
shoWn on the tomographic scan. A number of different 
registration strategies have been used, including intrinsic 
strategies as Well as extrinsic strategies. 

[0011] The registration strategy most Widely used in sinus 
surgery and other ENT procedures is an intrinsic registration 
strategy knoWn as anatomical ?ducial registration. A number 
of ?ducial markers are placed at speci?c anatomical loca 
tions on the patient’s body during the preoperative tomo 
graphic scan and during the surgical procedure. These 
?ducial markers are typically positioned on the patient’s 
head or face at locations that correspond to speci?c ana 
tomical landmarks Within the ears, nose and/or throat. The 
?ducial markers may be mounted on a head set or frame that 
is Worn by the patient or the ?ducial markers may be a?ixed 
directly to the patient’s body (e.g., by adhesive attachment 
to the skin, anchoring into bone, etc.). 

[0012] Once the registration process has been completed, 
the sinus surgery or other ENT procedure is performed. To 
correlate head position With the tracking system, the ?ducial 
markers must remain in ?xed position on or in the patient’s 
body until after the surgery has been completed. Unlike 
neurosurgical procedures that require the patient’s head to 
be ?xed in a rigid stereotactic frame, IGS systems that use 
?ducial markers mounted on or in the patient’s body alloW 
for free movement and repositioning of the patient’s head 
during surgery. 

[0013] When applied to functional endoscopic sinus sur 
gery (FESS) the use of image guidance systems alloWs the 
surgeon to achieve more precise movement and positioning 
of the surgical instruments than can be achieved by vieWing 
through an endoscope alone. This is so because a typical 
endoscopic image is a spatially limited, tWo dimensional, 
line-of-sight vieW. The use of image guidance systems 
provides a real time, three dimensional vieW of all of the 
anatomy surrounding the operative ?eld, not just that Which 
is actually visible in the spatially limited, tWo dimensional, 
direct line-of-sight endoscopic vieW. 

[0014] One shortcoming of the prior art IGS systems used 
in sinus surgery and other ENT procedures is that the sensors 
have been mounted on proximal portions of the instruments 
(e.g., on the handpiece of the instrument) such that the 
sensors remain outside of the patient’s body during the 
surgical procedure. Because these prior art surgical instru 
ments Were of rigid, pre-shaped construction, the proximally 
mounted sensors could be used to accurately indicate to real 
time position of the distal tip of the instrument. HoWever, in 
the neW FTSI procedures and other neW ENT procedures 
that use ?exible and/ or malleable catheters and instruments, 
it is no longer suitable to mount the sensors on proximal 
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portions of the surgical instruments such that the sensors 
remain outside of the body. Rather, it Will be necessary to 
mount or integrate the sensors at the distal tips of the 
instruments and/or at other locations on portions of the 
instruments that are actually inserted into the patient’s body, 
thereby allowing for ?exibility or malleability of the instru 
ment shaft. 

[0015] The present invention provides neW sensor 
equipped devices that are useable to perform image guided 
FTSI procedures as Well as a variety of other image guided 
ENT procedures. Additionally, the present invention pro 
vides improvements and modi?cations to the prior art IGS 
systems and methods to facilitate the performance of image 
guided FTSI and other image ENT procedures With minimal 
or less iatrogenic trauma to and/ or alteration of anatomical 
structures that are not involved in the disorder being treated. 

SUMMARY OF THE INVENTION 

[0016] The present invention generally provides methods, 
systems and devices for performing image guided FTSI 
procedures as Well as other image guided procedures for the 
treatment of sinusitis and other disorders of the paranasal 
sinuses, ears, nose and/or throat. 

[0017] In accordance With the invention, there is provided 
a method and system for performing an image guided 
treatment procedure to treat a disease or disorder of an ear, 
nose, throat or a paranasal sinus in a human or animal 
subject. In this method and system, a Working device (e.g., 
guideWires, catheters, cannula, tubes, dilators, balloons, 
substance injectors, needles, penetrators, cutters, debriders, 
microdebriders, hemostatic devices, cautery devices, cryo 
surgical devices, heaters, coolers, scopes, endoscopes, light 
guides, phototherapy devices, drills, rasps, saWs, etc.) is 
inserted into an ear, nose, throat or paranasal sinus of the 
subject and used to carry out or facilitate at least a portion 
of the treatment procedure. A sensor is positioned on or in 
the portion of the Working device that becomes inserted into 
the ear, nose, throat or paranasal sinus of the subject. An 
image guidance system is used to determine the location of 
the sensor When the sensor is positioned Within an ear, nose, 
throat or paranasal sinus of the subject, thereby providing a 
real time indication of the positioning and movement of the 
Working device during the treatment procedure. In some 
applications, a preoperative tomographic scan (e.g., a CT 
scan, MRI scan, PET scan, 3 dimensional ?uoroscopy such 
as FluoroCT, etc.) may be obtained and the image guidance 
system may be programmed to display the tomographic 
images on a video monitor along With a real time indication 
(e.g., cross hairs, an illuminated dot, etc.) of the location of 
the Working device relative to the anatomical structures 
shoWn on the tomographic image. In some embodiments, an 
endoscope or intranasal camera may additionally be used to 
provide a direct line-of-sight video image through the nasal 
cavity. Such direct line-of-sight video image may be dis 
played on a separate monitor or may be integrated With the 
tomographic image data to provide a single monitor display 
combining l) the real time line-of-sight video image, 2) 
indicia (e.g., dotted lines) depicting anatomical structures 
that are hidden from vieW on the real time line-of-sight video 
image and 3) indicia of instrument position provided by the 
image guidance system. In some applications, the indicia of 
instrument position may consist of a single indicator (e.g., 
cross hairs or a dot) indicating the current position of the 
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Working device Within the subject’s body. In other applica 
tions, the indicia of instrument position may consist of a 
series of marks (e.g., a sharp dot folloWed by a series of 
phantom dots) indicating the path of prior or future advance 
ment or movement of the Working device. Also, in some 
applications, the Working device may optionally include a 
rotation indicator (e.g., an accelerometer) and the image 
guidance system may be further programmed to sense and 
indicate the rotational orientation of the Working device 
Within the subject’s body. 

[0018] Further in accordance With the invention, there are 
provided sensor-equipped Working devices (e.g., 
guideWires, catheters, cannula, tubes, dilators, balloons, 
substance injectors, needles, penetrators, cutters, debriders, 
microdebriders, hemostatic devices, cautery devices, cryo 
surgical devices, heaters, coolers, scopes, endoscopes, light 
guides, phototherapy devices, drills, rasps, saWs, etc.) use 
able to perform image guided FTSI procedures or other 
image guided ENT procedures. These image guided Working 
devices of the present invention generally comprise an 
elongate shaft that is inser‘table through the nose to a location 
Within a paranasal sinus, ear, nose or throat of the subject 
and one or more sensor(s) is/are positioned on or in the 
device at a location that becomes inserted into the subject’s 
body during the procedure. In some embodiments, a sensor 
may be located at the distal tip of the device. Additionally or 
alternatively, sensor(s) may be located at other locations on 
the shaft of the device, such as at the location of a particular 
Working element (e.g., a dilator, balloon, substance injector, 
needle, penetrator, cutter, debrider, microdebrider, hemo 
static device, cautery device, cryosurgical device, heater, 
cooler, scope, lense, port, endoscope, light guide, photo 
therapy device, drill, rasp, saW, etc.). In some embodiments, 
the shaft of the Working device proximal to the sensor(s) 
may be ?exible or malleable. Such ?exibility or malleability 
may alloW the Working device to be advanced though 
tortuous regions of the intra nasal anatomy and/or to be 
positioned behind obstructive anatomical structure(s) (e.g., 
behind the uncinate process) Without traumatiZing or requir 
ing removal or surgical modi?cation of the obstructive 
anatomical structure(s). 

[0019] Still further in accordance With the present inven 
tion, there is provided a system of Working devices speci? 
cally useable to perform an image guided FTSI procedure. 
Such system generally comprises a ?exible guideWire that is 
advanceable into the ostium of a paranasal sinus and a 
dilation catheter that is advanceable over the guideWire and 
useable to dilate the ostium of the paranasal sinus. A sensor 
is located on a portion of the guideWire and/or dilation 
catheter that becomes positioned Within the subject’s body. 
The sensor communicates With the image guidance system 
to provide real time indicia of the position of the guideWire 
and/or dilation catheter such that the operator may precisely 
position the dilator Within the desired sinus ostium Without 
the need for obtaining direct line-of-sight endoscope vieW of 
that sinus ostium. Optionally, the system may additionally 
comprise a tubular guide through Which the guideWire 
and/or dilation catheter may be advanced. The tubular guide 
may be rigid, ?exible or malleable and may be speci?cally 
con?gured to be advanced through the nose to a position 
Within or near the ostium of the affected paranasal sinus. 

[0020] Still further in accordance With the present inven 
tion, there are provided ?ducial marker devices that may be 
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precisely and reproducibly positioned Within the mouth of a 
human subject. In some embodiments, these ?ducial marker 
devices may incorporate brackets, projection of other con 
?gurational attributes for mounting of a transmitter useable 
in conjunction With an electromagnetic image guidance 
system. 

[0021] Still further in accordance With the present inven 
tion there are provided methods and systems for image 
guided procedures Wherein a single sensor is mounted on a 
Working device that is inserted into the body (e.g., into a 
paranasal sinus, and a plurality of transmitters are positioned 
outside of the subject’s body such that the device-mounted 
sensor Will receive signals from at least 3 transmitters, 
thereby enabling a computer Within the image guidance 
system to compute (e.g., triangulate) the three dimensional 
position of the sensor Within the subject’s body. 

[0022] Still further in accordance With the present inven 
tion there is provided a system that is useable to perform a 
procedure in Which a Working device is inserted to a position 
Within an ear, nose, throat or paranasal sinus of a human or 
animal subject. In general, such system comprises a) a 
Working device that has a proximal end and a distal end, said 
Working device being insertable into an ear, nose, throat or 
paranasal sinus of a human or animal subject and useable to 
facilitate performance of a diagnostic or therapeutic proce 
dure; b) an extender that is attachable to the proximal end of 
the Working device; c) a marker assembly that is attachable 
to or part of the extender, said marker assembly comprising 
a plurality of active or passive markers; and d) an image 
guidance system that is adapted to receive signals from the 
sensors and to determine, on the basis of said signals, the 
current position of the Working device Within the subject’s 
body. In some embodiments, the Working device may have 
a lumen through Which a second Working device may be 
inserted or through Which a ?uid or substance may be 
infused. In such embodiments, the extender may also have 
a lumen that becomes substantially continuous With the 
Working device lumen to facilitate delivery of such second 
Working device or substance. In some embodiments, the 
marker assembly may be attachable to and detachable from 
the extender by Way of a clamp or other connector apparatus. 
Still further in accordance With the invention, there is 
provided a method for image guided performance of a 
treatment procedure to treat a disease or disorder of an ear, 
nose, throat or a paranasal sinus in a human or animal 
subject. Such method generally comprises the steps of a) 
providing a Working device that is useable to carry out or 
facilitate at least a portion of said treatment procedure, said 
Working device having a distal end that becomes inserted 
into the subject’s body and a proximal end that remains 
outside of the subjects body; b) providing an extension 
member that is attachable to the proximal end of the Working 
device; c) providing a marker assembly that comprises a 
plurality of markers, said marker assembly being attachable 
to the extension member; c) providing an image guidance 
system that is useable to determine the location of the 
Working device Within the ear, nose, throat or paranasal 
sinus of the subject on the basis of signals received from the 
markers of the marker assembly; d) attaching the extension 
member to the proximal end of the Working device; e) 
attaching the marker assembly to the extension member; g) 
inserting the distal end of the Working device into the 
subject’s body; and h) using the image guidance system to 
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detect the position of the Working device Within the subject’ s 
body on the basis of signals received from the markers of the 
marker assembly. 

[0023] Further aspects, details and embodiments of the 
present invention Will be understood by those of skill in the 
art upon reading the folloWing detailed description of the 
invention and the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] FIG. 1 is a side vieW of a sensor-equipped 
guideWire of the present invention. 

[0025] FIG. 1A is an enlarged cut-aWay vieW of the distal 
end of the sensor-equipped guideWire of FIG. 1. 

[0026] FIG. 2A is a perspective vieW of a sensor-equipped 
guide tube of the present invention. 

[0027] FIG. 2B is a perspective vieW of another sensor 
equipped guide tube of the present invention. 

[0028] FIG. 3 is a schematic perspective vieW of a sensor 
equipped Working device useable to perform a therapeutic or 
diagnostic procedure Within an ear, nose, throat or paranasal 
sinus. 

[0029] FIG. 4 is a perspective vieW of a sensor-equipped 
dilation catheter of the present invention. 

[0030] FIG. 4A is a partial cut aWay vieW of a ?rst 
embodiment of a sensor equipped balloon dilation catheter 
of the present invention. 

[0031] FIG. 4B is a cross sectional vieW through line 
4B-4B of FIG. 4A. 

[0032] FIG. 4C is a partial cut aWay vieW of a second 
embodiment of a sensor equipped balloon dilation catheter 
of the present invention. 

[0033] FIG. 4D is a cross sectional vieW through line 
4D-4D of FIG. 4C. 

[0034] FIG. 4E is a partial cut aWay vieW of a third 
embodiment of a sensor equipped balloon dilation catheter 
of the present invention. 

[0035] FIG. 4F is a cross sectional vieW through line 
4F-4F of FIG. 4E. 

[0036] FIG. 4G is a partial cut aWay vieW of a fourth 
embodiment of a sensor equipped balloon dilation catheter 
of the present invention. 

[0037] FIG. 4H is a cross sectional vieW through line 
4H-4H of FIG. 4G. 

[0038] FIG. 4I is a partial cut aWay vieW of a ?fth 
embodiment of a sensor equipped balloon dilation catheter 
of the present invention. 

[0039] FIG. 4] is a cross sectional vieW through line 41-4] 
of FIG. 4I. 

[0040] FIG. 5 is a perspective vieW of a sensor-equipped 
sub-selective sheath of the present invention. 

[0041] FIG. 5A is a cross sectional vieW through line 
5A-5A of FIG. 5. 

[0042] FIG. 6 is a side vieW of a sensor equipped pen 
etrator of the present invention. 
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[0043] FIG. 7A shows a human subject undergoing a 
preoperative tomographic scan While Wearing a head frame 
having ?ducial anatomical markers thereon. 

[0044] FIG. 7B is a schematic shoWing of data from the 
preoperative tomographic scan being loaded into the com 
puter Workstation of the image guidance system in accor 
dance With this invention. 

[0045] FIG. 7C shoWs an example of the image guidance 
system being used to provide a single image display (Which 
may or may not incorporate superimposed data or indicia 
from multiple sources). 

[0046] FIG. 7D an example of the image guidance system 
being used to provide separate displays of multiple images. 

[0047] FIG. 7E shoWs the human subject positioned on the 
operating table and Wearing the head frame having ?ducial 
anatomical markers and a transmitter thereon. 

[0048] FIG. 8 is a schematic depiction of an electromag 
netic ?eld having a sensor equipped Working device of the 
present invention positioned therein. 

[0049] FIG. 8A is a perspective vieW of one embodiment 
of a localiZer apparatus mountable transmitter having one or 
more transmitter locations. 

[0050] FIG. 8B is a perspective vieW of another embodi 
ment of a localiZer apparatus mountable transmitter having 
three transmitter locations. 

[0051] FIG. 8C is a perspective vieW of another embodi 
ment of a localiZer apparatus mountable transmitter having 
three transmitter locations. 

[0052] FIG. 9 shoWs the human subject positioned on the 
operating table during performance of an image guided 
interventional procedures using sensor equipped device(s) 
of the present invention. 

[0053] FIG. 9Ais a schematic shoWing of a video monitor 
displaying indicia of the path of advancement or movement 
of a sensor equipped Working device in accordance With the 
present invention. 

[0054] FIG. 10A shoWs a ?rst orthogonal vieW of an 
anatomical image With indicators of the current position of 
the distal tip of a Working device and indicia of the path of 
advancement of that Working device, as seen on a video 
monitor screen during performance of a procedure according 
to this invention. 

[0055] FIG. 10B shoWs a second orthogonal vieW of the 
procedure shoWn in FIG. 10A as vieWed on a separate video 
monitor screen during performance of a procedure according 
to this invention. 

[0056] FIGS. 11A-11C shoW examples of direct line-of 
sight endoscopic images With superimposed indicia indicat 
ing the positions of anatomical structure(s) and/ or apparatus 
that are hidden from vieW on the line-of-sight endoscopic 
images, as vieWed on video monitors during performance of 
procedures according to this invention. 

[0057] FIG. 12 shoWs a sensor-equipped Working device 
of the present invention that is additionally equipped With a 
rotation sensor to indicate the rotational orientation of the 
device While it is positioned Within a subject’s body. 
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[0058] FIGS. 13A and 13B are schematic shoWings of 
examples of anatomical images vieWed on a video monitor 
With indicia of the current position and prior path of 
advancement of an image guided Working device shoWn in 
relation to a) adjacent anatomical structures and b) “keep in” 
and/or “keep out” Zones that have been delineated to assist 
the operator in safely and correctly performing the proce 
dure. 

[0059] FIG. 14A is a top perspective vieW of a ?rst 
embodiment of a ?ducial marker mouthpiece according to 
the present invention. 

[0060] FIG. 14B is a side perspective vieW of the ?ducial 
marker mouthpiece of FIG. 14 A. 

[0061] FIG. 15A is a top perspective vieW of a second 
embodiment of a ?ducial marker mouthpiece according to 
the present invention. 

[0062] FIG. 15B is a side perspective vieW of the ?ducial 
marker mouthpiece of FIG. 15 A. 

[0063] FIG. 15 C is a front vieW of the mouth of a human 
subject having the ?ducial marker mouthpiece of FIGS. 15A 
and 15B in its operative position. 

[0064] FIG. 16 is a partial cut-aWay side vieW ofa sensor 
equipped guideWire of the present invention attached to a 
cable/connector assembly of the present invention. 

[0065] FIG. 17 is a partial cut-aWay side vieW ofa sensor 
equipped Working device of the present invention having a 
cable/connector assembly of the present invention attached 
thereto. 

[0066] FIG. 18 is an exploded vieW of a system of the 
present invention that includes a tubular guide Working 
device, an extension that is attachable to the proximal end of 
the tubular guide Working device and a navigation elements 
assembly that is attachable to the extender to facilitate 
tracking of the Working device by an IGS system. 

[0067] FIG. 19 is a fully assembled vieW of the device of 
FIG. 18 along With an IGS system useable thereWith. 

DETAILED DESCRIPTION 

[0068] The folloWing detailed description, the draWings 
and the above-set-forth Brief Description of the DraWings 
are intended to describe some, but not necessarily all, 
examples or embodiments of the invention. The contents of 
this detailed description, the accompanying draWings and 
the above-set-forth brief descriptions of the draWings do not 
limit the scope of the invention or the scope of the folloWing 
claims, in any Way. 

[0069] In this invention, various types of Working devices 
are equipped With sensors and are used to perform interven 
tional procedures Within the paranasal sinuses, ears, noses 
and throats of human or animal subjects, While an image 
guidance system is used to track the location of the sensor(s) 
and, hence, the location(s) of the Working device(s). FIGS. 
1-6 and 11 shoW examples of sensor equipped Working 
devices of the present invention. FIGS. 7A-17 shoW various 
components and operational aspects of an image guidance 
system of the present invention and its use in conjunction 
With the sensor equipped Working devices of the present 
invention. 


































