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METHODS AND APPARATUS FOR TREATING DISORDERS 
OF THE EAR NOSE AND THROAT

CROSS-REFERENCES TO RELATED APPLICATIONS

[0001] This application is a continuation-in-part of U.S. Patent Application Serial No.

11/193,020, filed July 29, 2005, which is a continuation-in-part of U.S. Patent Application Serial 

No. 10/829,917, filed April 21, 2004, U.S. Patent Application Serial No. 10/944,270, filed 

September 17, 2004, U.S. Patent Application Serial No. 11/116,118, filed April 26, 2005, and 

U.S. Patent Application Serial No. 11/150,847, filed June 10, 2005, each such application being 

expressly incorporated herein by reference. This application claims the benefit of Provisional 

Application Serial No. 61/098,157, filed September 18, 2008, the contents of which are 

incorporated by reference.

FIELD OF THE INVENTION

[0002] The present invention relates generally to medical apparatus and methods. More 

specifically, the invention relates to devices and methods for accessing and dilating openings of 

the paranasal sinuses.

BACKGROUND

[0003] Functional endoscopic sinus surgery (FESS) is currently the most common type of 

surgery used to treat chronic sinusitis. In a typical FESS procedure, an endoscope is inserted into 

the nostril along with one or more surgical instruments. The surgical instruments are then used 

to cut tissue and/or bone, cauterize, suction, etc. In most FESS procedures, the natural ostium 

(e.g., opening) of at least one paranasal sinus is surgically enlarged to improve drainage from the 

sinus cavity. The endoscope provides a direct line-of-sight view whereby the surgeon is 

typically able to visualize some but not all anatomical structures within the surgical field. Under 

visualization through the endoscope, the surgeon may remove diseased or hypertrophic tissue or 

bone and may enlarge the ostia of the sinuses to restore normal drainage of the sinuses. FESS 

procedures can be effective in the treatment of sinusitis and for the removal of tumors, polyps 

and other aberrant growths from the nose.
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[0004] The surgical instruments used in the prior art FESS procedures have included; 

applicators, chisels, curettes, elevators, forceps, gouges, hooks, knives, saws, mallets, 

morselizers, needle holders, osteotomes, ostium seekers, probes, punches, backbiters, rasps, 

retractors, rongeurs, scissors, snares, specula, suction canulae and trocars. The majority of such 

instruments are of substantially rigid design.

[0005] In order to adequately view the operative field through the endoscope and/or to allow 

insertion and use of rigid instruments, many FESS procedures of the prior art have included the 

surgical removal or modification of normal anatomical structures. For example, in many prior 

art FESS procedures, a total uncinectomy (e.g., removal of the uncinate process) is performed at 

the beginning of the procedure to allow visualization and access of the maxilary sinus ostium 

and/or ethmoid bulla and to permit the subsequent insertion of the rigid surgical instruments. 

Indeed, in most traditional FESS procedures, if the uncinate process is allowed to remain, such 

can interfere with endoscopic visualization of the maxillary sinus ostium and ethmoid bulla, as 

well as subsequent dissection of deep structures using the available rigid instrumentation.

[0006] More recently, new devices, systems and methods have been devised to enable the 

performance of FESS procedures and other ENT surgeries with minimal or no removal or 

modification of normal anatomical structures. Such new methods include, but are not limited to, 

uncinate-sparing Balloon Sinuplasty™ procedures and uncinate-sparing ethmoidectomy 

procedures using catheters, non-rigid instruments and advanced imaging techniques (Acclarent, 

Inc., Menlo Park, California). Examples of these new devices, systems and methods are 

described in incorporated United States Patent Application Nos. 10/829,917 entitled Devices, 

Systems and Methods for Diagnosing and Treating Sinusitis and Other Disorders of the Ears, 

Nose and/or Throat; 10/944,270 entitled Apparatus and Methods for Dilating and Modifying 

Ostia of Paranasal Sinuses and Other Intranasal or Paranasal Structures; 11/116,118 entitled 

Methods and Devices for Performing Procedures Within the Ear, Nose, Throat and Paranasal 

Sinuses filed April 26, 2005 and 11/150,847 entitled Devices, Systems And Methods Useable 

For Treating Sinusitus filed on June 10, 2005.

[0007] Though the Balloon Sinuplasty™ system has led to great advances in paranasal sinus 

treatments, further development and refinement of the system and methods for using it are 

continually being sought. For example, it would be desirable to have a system that is simpler

2
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than the current system for physicians to use, especially for physicians who are new to the 

system. Ideally, such a simplified system could be used and manipulated by one user and not 

require an assistant, at least in some cases. Also ideally, such a system would be simply 

packaged in a way that was convenient for the user. At least some of these objectives will be 

met by the present invention.

3
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SUMMARY

[0008] The various embodiments disclosed herein provide apparatus, systems and

methods for accessing and dilating paransal sinus openings. Generally, each of the various 

embodiments combines two or more surgical instruments or instrument features into a 

device (or system) that can be held in one hand, thus helping to free up the other hand of 

the user and/or to make a procedure easier to perform. For example, in one embodiment a 

guide and a balloon catheter may be coupled together via a handle. In some embodiments, 

a guidewire and/or an endoscope may also be coupled with the balloon catheter and/or the 

handle. The various devices and methods of these various embodiments may be used 

separately or in any possible and desirable combinations with each other.

[0009] In accordance with one embodiment, there is provided a device for dilating

an ostium of a paranasal sinus of a human or animal subject, the device including: a 

handle; an elongate shaft having a proximal end coupled with the handle and extending to 

a distal end, wherein the handle includes a lumen and a longitudinal opening extending 

from the lumen to an outer surface of the handle along at least part of a length between the 

proximal and distal ends; a guidewire disposed through at least a portion of the handle 

lumen; a dilator having a non-expanded configuration and an expanded configuration, 

wherein at least a portion of the dilator is disposed over the guidewire and within the shaft 

lumen; and a slide member coupled with at least one of the guidewire or the dilator through 

the longitudinal opening of the handle for advancing the guidewire and/or the dilator 

relative to the handle, wherein the slide member is capable of axial rotation relative to the 

elongate handle to rotate the guidewire and/or the dilator.

[0010] In another embodiment, the device includes a fluid reservoir attached to the

elongate shaft, and the fluid reservoir is in fluid communication with the dilator. There 

may also be a trigger or actuation handle coupled with the fluid reservoir, and actuating the 

trigger causes fluid in the fluid reservoir to inflate the dilator into the expanded 
configuration.
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[0011] In accordance with another embodiment there is provided a device for

accessing an ostium of a paranasal sinus of a human or animal subject, the device 

including:

a handle;

an elongate shaft having a proximal end coupled with the handle and 

extending to a distal end, and a longitudinal lumen extending at least partway from the 

proximal end to the distal end;

a device advancing member coupled with at least one of the handle or the 

elongate shaft and configured to couple with and advance at least one device through the 

lumen of the shaft and at least partway into an ostium of a paranasal sinus;

wherein the device advancing member includes: two rollers configured to 

hold and advance the device; and

an actuator coupled with the two rollers to move the rollers.

[0012] In accordance with one embodiment there is provided A system for dilating

an anatomical structure within the ear, nose or throat of a human or animal subject, the 

system including:

an endoscope;

an elongate tubular guide removably coupled with the endoscope; 

a handle coupled with at least one of the endoscope or the elongate tubular

guide for grasping the endoscope, coupled with the elongate tubular guide, in one hand; 

and a dilator slidably disposed in the elongate tubular guide, wherein the dilator has a non- 

expanded configuration for passing through the elongate tubular guide and an expanded 

configuration for dilating the anatomical structure;

wherein the endoscope comprises a rigid, swing prism endoscope.

[0013] In one embodiment, the endoscope and elongate tubular guide, coupled

together, are sized to pass into a hole punctured into a paranasal sinus of the subject. In 

this embodiment, the system further includes a piercing member coupled with at least one 

of the endoscope or the elongate tubular guide for forming the hole.

[0014] The system may also include a guidewire disposed through a guidewire

lumen extending through at least part of the dilator, and in one embodiment, a guidewire

26/05/15,va 19095 p4-6a speci,5
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advancing member coupled with the elongate tubular guide for advancing the guidewire 

relative to the guide may also be included. Still in another embodiment, the system 

includes an endoscope cleaner coupled with the endoscope. The endoscope cleaner 

includes a sheath disposed over at least part of the endoscope and a tube coupled with the 

sheath to connect the sheath with a source of cleaning fluid.

[0015] According to one embodiment there is provided a method for dilating an

opening in a paranasal sinus of a human or animal subject, the method including the steps 

of:

holding an elongate, tubular, at least partially rigid guide in one hand using 

a handle, wherein a balloon dilation catheter resides within a lumen of the guide and 

extends through the handle;

advancing a distal end of the guide to a position near an opening in a 

paranasal sinus of a human or animal subject, wherein the balloon catheter resides within 

the lumen of the guide during advancement;

advancing the balloon dilation catheter through the guide to position a 

balloon of the balloon dilation catheter in the paranasal sinus opening; and

expanding the balloon to dilate the opening;

wherein advancing the balloon dilation catheter includes advancing the 

balloon dilation catheter into an ostium of the paranasal sinus selected from the group 

consisting of a maxillary sinus, a sphenoid sinus, a frontal sinus and an ethmoid sinus.

[0016] In one embodiment, the method also includes emitting light from a distal

end of the guidewire, and viewing the emitted light from outside the subject to confirm 

that the distal end of the guidewire is located in the paranasal sinus before advancing the 

balloon dilation catheter.

[0017] In another embodiment, the guide is advanced through an opening in a

canine fossa of the subject’s head into a maxillary sinus or through an opening in a wall of 

the maxillary sinus, the method also including forming the canine fossa opening or the 

maxillary sinus wall opening using a piercing tool.

26/05/15,va 19095 p4-6a speci,6
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[0018] In yet another embodiment, there is provided a method for dilating an

ostium of a paranasal sinus of a human or animal subject, the method including the steps 

of:

holding an elongate, tubular, at least partially rigid guide and a balloon 

catheter disposed at least partially within the guide in one hand using a handle;

advancing a distal end of the guide to a position near an opening in a 

paranasal sinus of a human or animal subject, wherein the balloon catheter resides within 

the lumen of the guide during advancement;

advancing an advancement member coupled with the handle and the balloon 

dilation catheter to advance the balloon catheter through the distal end of the guide to 

position a balloon of the balloon dilation catheter in the opening; and expanding the 

balloon to dilate the opening;

wherein the guide is advanced through an opening in a canine fossa of the 

subject's head into a maxillary sinus, the method further comprising forming the canine 

fossa opening using a piercing tool.

26/05/15,va 19095 p4-6aspeci,a
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[0019] These and other aspects and embodiments are described in further detail below, with 

reference to the accompanying drawing figures.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a human subject undergoing a procedure for 

treating sinusitis in accordance with the present invention;

FIG. 2A is a top view of a dilation device useable to dilate the ostia or 

paranasal sinuses and other anatomical passages within the ear, nose and 

throat;

FIG. 2B is a side view of the device of Figure 2A;

FIGS. 2C-2D show steps in a method for using the dilation device of Figures 

2A-2B;

FIG. 2E is a side view of another dilation device useable to dilate openings of 

paranasal sinuses and other anatomical passages within the ear, nose and 

throat;

FIG. 2F is a side view of another dilation device which uses compressed 

inflation fluid to inflate a dilator balloon to dilate openings of paranasal 

sinuses and other anatomical passages within the car, nose and throat;

FIG. 2G is a schematic diagram of the valving arrangement of the device 

shown in Figure 2F;

FIG. 2H is a partial sectional view through a portion of the device of Figure 

2A-B;

FIG. 3A is a perspective view of a hand grip inflator device attached to a 

balloon catheter;

FIG. 3B is a perspective view of a balloon dilation device having a hand grip 

inflator;

FIG. 4A is a perspective view of an integrated system including an endoscope 

attached to a guide catheter;

FIG. 4B is a perspective view of another embodiment of an integrated system 

including an endoscope in connection with a guide catheter;

FIG. 5A is a perspective view of a surgical hand tool useable to dilate the 

ostia or paranasal sinuses and other anatomical passages within the ear, nose 

and throat;

FIG. 5B is a cross-section view of the surgical hand tool shown in Figure 5A; 

FIG. 6A is a perspective view of another embodiment of a surgical hand tool;

21/03/1 l,dh-19O95 - spccipg8 - cdm.doc,8
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[0035] FIG. 6B is a cross-section view of the surgical hand tool shown in Figure 6A;

[0036] FIG. 7 is a perspective view of another embodiment of a surgical hand tool capable of

rotating a catheter and a guidewire;

[0037] FIG. 8A is a perspective view of yet another embodiment of a surgical hand tool;

[0038] FIG. 8B is a cross-section view of the surgical hand tool shown in Figure 8A;

[0039] FIG. 9A is a perspective view of another embodiment of a surgical hand tool

including a fluid reservoir;

[0040] FIG. 9B is a cross-section view of the surgical hand tool shown in Figure 9A;

Γ0041] FIGS. 9C through 9E are schematic views of different embodiments of fluid delivery 

systems for the surgical hand tool shown in Figures 9A and 9B;

[0042] FIG. 10A is a perspective view of another embodiment of a surgical hand tool being 

supported by rails;

[0043] FIG. 10B is a perspective view of a proximal end of a surgical hand tool;

[0044] FIG. 10C is a perspective view of yet another embodiment of a surgical hand tool

including a palm brace;

[0045] FIGS. 10D and 10E are perspective views of another embodiment of a surgical hand 

tool including a guide attachment;

[0046] FIG. 11 is a perspective view of a surgical hand tool having a syringe mounted to a 

body of the surgical hand tool for fluid delivery;

[0047] FIG. 12A is a perspective view of an irrigation catheter having a side cut-out;

[0048] FIG. 12B is a cross-sectional view taken along line 12B-12B shown in FIG. 12A;

[0049] FIG. 13 is a side view of an irrigation catheter having a side cut-out and a single 

lumen;

[0050]

out;

FIGS. 14A and 14B are side views of a balloon irrigation catheter having a side cut-

[0051] FIG. 15A is a side view an irrigation syringe inserted through a side window of a 

balloon catheter;

9
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[0052] FIG. 15B is a side view of a distal end the irrigation syringe shown in FIG. 15 A;

[0053] FIG. 16 is a flow diagram of a method for treating sinus disorders including holding a

guide catheter and balloon catheter in one hand;

[0054] FIG. 17 is a flow diagram of a method useable for treating sinus disorders by removal 

or modification of an anatomical or pathological structure in combination with dilation of an 

opening of a paranasal sinus;

[0055] FIG. 18 is a flow diagram of a method useable for treating sinus disorders by dilation 

of an opening of a paranasal sinus in combination with suction and/or irrigation of a sinus cavity;

[0056] FIG. 19 is a flow diagram of a method useable for treating conditions where 

unwanted scar or adhesion tissue has formed by forming a puncture tract in the scar or adhesion 

tissue, inserting a dilator into the puncture tract and dilating the puncture tract; and

[0057] FIG. 20 a flow diagram of a method useable for treating sinus disorders by dilation of 

a natural opening of a paranasal sinus in combination with the creation of a new opening in the 

paranasal sinus.

10
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DETAILED DESCRIPTION

[0058] The following detailed description, the accompanying 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. This detailed description and the accompanying 

drawings are provided primarily for exemplary purposes and should not be interpreted to limit 

the scope of the invention as described by the claims. Although the Balloon Sinuplasty™ 

paranasal sinus procedure is sometimes mentioned in this description, many embodiments of the 

present invention may be used in performing any other paranasal sinus procedures.

[0059] The devices disclosed herein may be used alone or in various combinations to 

perform various procedures including, but not limited to, various procedures within paranasal 

sinuses and/or within openings of paranasal sinuses. As used herein, unless specified otherwise, 

the term “opening(s) of paranasal sinus(es)” shall include any opening in a paranasal sinus or air 

cell including but not limited to: natural ostia, natural canals, surgically altered natural ostia, 

surgically created openings, antrostomy openings, ostiotomy openings, burr holes, drilled holes, 

puncture tracts, ethmoidectomy openings, fenestrations and other natural or man made 

passageways.

[0060] Figure 1 shows a human subject undergoing a Balloon Sinuplasty™ procedure for 

treating sinusitis in accordance with one embodiment. The human subject may be subjected to 

one or more diagnostic, therapeutic or access devices introduced through an optional support 

device 100. In many cases, paranasal sinus procedures of the present invention are performed 

without using any support device 100, but such may be convenient, for example, in performing a 

procedure in a procedure room of a physicians clinic or other setting where an assistant is not 

available. One example of a therapeutic device that may be used in procedures of the present 

invention is a balloon catheter used to dilate openings of paranasal sinuses or other endonasal 

anatomical structures. One example of an access device that may be used in such procedures is a 

guidewire used to access natural ostia of paranasal sinuses or a natural or artificial passageway or 

tract leading to paranasal sinuses. In the embodiment shown in FIG 1, support device 100 

includes a support member that is stabilized by three or more legs that rest on the operating table. 

The one or more diagnostic, therapeutic or access devices may be tracked or navigated through 

the anatomy using one or more tracking or navigation modalities. In the embodiment shown in

11
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FIG 1, a C-arm fluoroscope 102 provides fluoroscopic visualization of anatomical regions during 

the procedure. An instrument console 104 comprising one or more functional modules may also 

be provided. Instrument console 104 can be controlled by console control means e.g. a foot pedal 

controller, a remote controller etc. Instrument console 104 may be fitted with wheels to enable an 

operator to change the position of the instrument console in an operating area. Instrument 

console 104 may comprise functional modules including, but not limited to:

[0061] 1. Suction pump for delivering a controlled amount of vacuum to a suction device,

[0062] 2. Irrigation pump to deliver saline or other suitable irrigation medium,

[0063] 3. Power module to supply power to drills or other electrical devices,

[0064] 4. Storage modules for storing instruments, medications, etc.,

[0065] 5. Energy delivery module to provide radiofrequency, laser, ultrasound or other

therapeutic energy to a surgical device,

[0066] 6. Fluoroscope, MRI, CT, Video, Endoscope 106 or Camera or other imaging

modules to connect or interact with devices used during various diagnostic or therapeutic 

procedures,

[0067] 7. Display module e.g. a LCD, CRT or Holographic screen to display data from

various modules such as an endoscope, fluoroscope or other data or imaging module,

[0068] 8. Remote control module to enable an operator to control one or more parameters of

one or more functional modules, and

[0069] 9. Programmable Microprocessor that can store one or more operation settings for

one or more functional modules etc.

[0070] In the embodiment shown in FIG. 1, instrument console 104 is connected to an 

endoscope 106. Endoscope 106 may be introduced in the anatomy through one or more 

introducing devices 108 such as guide catheters. A physician may use a hand held introducer 

110 comprising a surgical navigation modality to introduce one or more diagnostic, therapeutic 

or access devices into the anatomy. Examples of surgical navigation modalities that may be 

located on introducer 110 include, but are not limited to navigation modalities comprising 

reflective passive elements, light emitting diodes, transmitters or receivers of energy (e.g. optical

12
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energy, radiofrequency energy, etc.), a combination of two or more of the above-mentioned 

navigation modalities, etc.

[0071] As is evident from the above description, a Balloon Sinuplasty™ procedure may 

involve using a number of different surgical intruments (or “tools”). For example, a physician 

will typically use an endoscope, a guide, a guidewire, a balloon catheter, an inflation device for 

inflating the balloon catheter, and a C-arm fluoroscopy device for observing at least part of the 

procedure. In some cases, a lighted guidewire (for example, the Relieva Luma™ Sinus 

Illumination Guidewire from Acclarent, Inc.) may be used, in which case a light source is 

attached to the guidewire during at least part of the procedure. Optionally, a procedure may also 

include irrigation (cleaning out using saline or other fluid) of one or more paranasal sinuses to 

remove mucus from the sinus(es), using for example a irrigation catheter (such as the Relieva 

Vortex™ Sinus Irrigation Catheter from Acclarent, Inc.). Additionally, in some procedures 

multiple guides may be used to reach different sinuses, with each guide having a different angle 

and/or size. Different balloon catheters may also be used, with some balloon diameters being 

different for different sized paranasal sinus openings. Furthermore, in different cases other 

instruments may be used, some of which are described, for example, on the Acclarent, Inc. web 

site (www.acclarent.com). In some instances, therefore, it may be desirable to couple or 

otherwise combine two or more instruments, features or the like, in order to simplify a 

procedure, allow a physician to hold multiple instruments in one hand, or otherwise facilitate or 

enhance a paranasal sinus procedure such as (but not limited to) a Balloon Sinuplasty™ 

procedure..

[0072] Referring now to FIGS. 2A and 2B, one embodiment of a surgical hand tool 200 

comprising a balloon catheter is shown in top view (FIG. 2A) and side view (FIG. 2B). In this 

embodiment, surgical hand tool 200 may include a hollow proximal body 202 made of 

biocompatible materials including, but not limited to ABS, nylon, polyurethane, polyethylene, 

etc. Proximal body 202 encloses a balloon catheter 204. Balloon catheter 204 comprises a 

balloon inflation port 206 to inflate a balloon on balloon catheter 204. Balloon inflation port 206 

emerges out of proximal body 202 through a longitudinal slit 208 through proximal body 202 

such that balloon catheter 204 can slide along the axis of proximal body 202. Balloon inflation 

port 206 is connected to a suitable inflating device to inflate the balloon of balloon catheter 204. 

In this embodiment, balloon catheter 204 is introduced into a desired region of the anatomy over
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a guidewire 210. The proximal region of guidewire 210 may comprise a torquing device 212. A 

user can use torquing device 212 to rotate, advance, retract, or torque guidewire 210. The distal 

region of proximal body 202 comprises a suitable hub that allows a guide catheter 214 to attach 

to proximal body 202. In an alternate embodiment, guide catheter 214 is permanently attached 

to proximal body 202. In this embodiment, guide catheter 214 comprises an elongate tubular 

element 216 made of suitable biocompatible materials including, but not limited to PEEK,

Pebax, Nylon, Polyimide, ABS, PVC, polyethylene, etc. The proximal region of tubular element 

216 may be covered by a hypotube 218 made of suitable biocompatible metals or polymers. The 

proximal end of tubular element 216 is attached to a suitable hub 220. Hub 220 allows the 

reversible attachment of guide catheter 214 to proximal body 202. In one embodiment, hub 220 

is a female luer lock that attaches to a suitable hub on proximal body 202. Thus, various guide 

catheters can be attached to the distal region of proximal body 202 to provide access to various 

anatomical regions. The distal end of tubular element 216 may comprise an atraumatic tip 222. 

The distal end of tubular element 216 may comprise a curved, bent or angled region. FIG. 2B 

shows the side view of surgical hand tool 200 showing a handle 224 attached to proximal body 

202.

[0073] FIGS. 2C through 2D show various steps of a method of dilating an anatomical 

region using the surgical hand tool 200 shown in FIGS. 2A and 2B. In FIG. 2C, surgical hand 

tool 200 is introduced in the anatomy. Surgical hand tool 200 is positioned such that the distal 

tip of surgical hand tool 200 is located near an anatomical region to be accessed. Thereafter, a 

guidewire 210 is introduced through surgical hand tool 200 such that the distal tip of guidewire 

210 is located near an anatomical region to be accessed. During this step, guidewire 210 may be 

navigated through the anatomy using torquing device 212. In one embodiment, guidewire 210 is 

positioned across a paranasal sinus ostium to be dilated. Thereafter, in FIG. 2D, balloon catheter 

204 is advanced over guidewire 210 into the anatomy. This is done by pushing balloon inflation 

port 206 in the distal direction. Thereafter, balloon catheter 204 is used to perform a diagnostic 

or therapeutic procedure. In one embodiment, balloon catheter 204 is used to dilate an opening 

leading to a paranasal sinus such as a paranasal sinus ostium.

[0074] FIG 2E shows a side view of a first alternate embodiment of a surgical hand tool 226 

comprising a balloon catheter. The design of surgical hand tool 226 is similar to the design of 

surgical hand tool 200. Surgical hand tool 226 comprises a hollow elongate body 227 made of
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biocompatible materials including, but not limited to ABS, nylon, polyurethane, polyethylene, 

etc. Elongate body 227 is attached to a handle 228 to allow a user to grasp surgical hand tool 

226. Elongate body 227 comprises a longitudinal slit 229. Elongate body 227 encloses a balloon 

catheter 230. Balloon catheter 230 comprises a balloon inflation port 231 to inflate a balloon on 

balloon catheter 230. Balloon inflation port 231 emerges out of elongate body 227 through 

longitudinal slit 229 such that balloon catheter 230 can slide along the axis of elongate body 227. 

Balloon catheter 230 is further connected to a trigger 232. Trigger 232 is pivoted on elongate 

body 227 such that pulling trigger 232 in the proximal direction causes balloon catheter 230 to 

move in the distal direction. Similarly, pushing trigger 232 in the distal direction causes balloon 

catheter 230 to move in the proximal direction. Thus, balloon catheter 230 can be moved by 

moving trigger 232. The distal region of elongate body 227 comprises a suitable hub that allows 

a guide catheter 233 to attach to elongate body 227. In this embodiment, guide catheter 233 

comprises an elongate tubular element 234 made of suitable biocompatible materials including, 

but not limited to PEEK, Pebax, Nylon, polyethylene, etc. The proximal region of tubular 

element 234 may be covered by a hypotube 235 made of suitable biocompatible metals or 

polymers. The proximal end of tubular element 234 is attached to a suitable hub 236. Hub 236 

allows the reversible attachment of guide catheter 233 to elongate body 227. In one 

embodiment, hub 236 is a female luer lock that attached to a suitable hub on elongate body 227. 

Thus, various guide catheters can be attached to the distal region of elongate body 227 to provide 

access to various anatomical regions. The distal end of tubular element 234 may comprise an 

atraumatic tip 237. The distal end of tubular element 234 may comprise a curved, bent or angled 

region. In this embodiment, balloon catheter 230 is introduced into a desired region of the 

anatomy over a guidewire 238. The proximal region of guidewire 238 may comprise a torquing 

device 239. A user can use torquing device 239 to rotate, advance, retract, or torque guidewire 

238. Surgical hand tool 226 can be used to introduce balloon catheter 230 into a desired 

anatomical region to perform a diagnostic or therapeutic procedure in the anatomical region.

[0075] FIG. 2F shows a side view of a second alternate embodiment of a surgical hand tool 

240 comprising a balloon catheter. The design of surgical hand tool 240 is similar to the design 

of surgical hand tool 226. Surgical hand tool 240 further comprises a fluid delivery mechanism 

to deliver inflating fluid for inflating the balloon of balloon catheter 230. The fluid delivery 

mechanism comprises an elongate tube 241 connected to balloon inflation port 231. Elongate
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tube 241 is further connected to a fluid reservoir 242. In one embodiment, fluid reservoir 242 

comprises a pressurized gas such as air, nitrogen, carbon dioxide, etc. The delivery of fluid from 

fluid reservoir 242 to balloon catheter 230 is controlled by a valve 243.

[0076] FIG. 2H shows partial sectional view of the surgical hand tool 240 shown in Figure 

2F. The proximal region of elongate body 227 comprises longitudinal slit 229. Elongate body 

227 encloses balloon catheter 230. The proximal end of balloon catheter 230 comprises a Y 

shaped hub. The Y-shaped hub comprises balloon inflation port 231. Balloon inflation port 231 

in turn is connected to elongate tube 241. Guidewire 238 enters elongate body 227 through an 

opening in the proximal end of elongate body 227.

[0077] FIG. 2G shows a perspective view of an embodiment of the valve arrangement of the 

device shown in Figure 2F. The valve arrangement comprises a three way valve 243. In one 

embodiment, three way valve 243 is a three way luer valve. A first arm 244 of three way valve 

243 is connected by elongate tube 241 to fluid reservoir 242. A second arm 245 of three way 

valve 243 is in fluid communication with the balloon of balloon catheter 230. A third arm 246 of 

three way valve 243 is connected to a drain or is open to the atmosphere. Third arm 246 may be 

connected to a syringe or a source of vacuum to deflate balloon of balloon catheter 230. Such 

an arrangement comprising a syringe or a source of vacuum connected to third arm 246 is 

especially useful to deflate a non-compliant balloon. Three way valve 243 further comprises a 

control knob 247. In a first position of control knob 247, a fluid communication is created 

between first arm 244 and second arm 245. In a second position of control knob 247, a fluid 

communication is created between second arm 245 and third arm 246. A user can turn control 

knob 247 in the first position to inflate the balloon of balloon catheter 230. The user can then 

turn control knob 247 in the second position to deflate the balloon of balloon catheter 230. Other 

suitable valve arrangements may also be used instead of a three way valve for controllably 

inflating or deflating the balloon of balloon catheter 230.

[0078] FIG. 3A shows a perspective view of an embodiment of a handheld balloon catheter 

tool 250. Balloon catheter tool 250 comprises a proximal region 251. Proximal region 251 

comprises a handle 252 to enable a user to hold balloon catheter tool 250. Balloon catheter tool 

250 further comprises a balloon catheter shaft 253. In one embodiment, balloon catheter shaft 

253 extends distally from the distal region of proximal region 251. In another embodiment,
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balloon catheter shaft 253 extends till the proximal end of proximal region 251. Balloon catheter 

shaft 253 may further comprise a hypotube 254 surrounding a region of balloon catheter shaft 

253. The distal region of balloon catheter shaft 253 comprises an inflatable balloon 255 that can 

be used to dilate one or more regions of the anatomy. Balloon 255 is inflated by a trigger 256 

located adjacent to handle 252. Trigger 256 is connected to a plunger that is further connected to 

an inflating fluid reservoir. Pulling trigger 256 causes the inflating fluid stored in an inflating 

fluid reservoir to be delivered to balloon 255 under pressure. Balloon catheter tool 250 may 

further comprise a flushing port 257 to flush a lumen of balloon catheter shaft 253.

[0079] During a procedure, a user inflates balloon 255 to a desired pressure using the 

inflating fluid stored in the inflating fluid reservoir. The pressure in balloon 255 can be 

measured by a pressure sensor or gauge 258 that is in fluid communication with the inflating 

fluid within balloon 255. Balloon catheter tool 250 may further comprise a ratcheting 

mechanism 259 to allow a user to pull trigger 256 in incremental steps. This allows the user to 

inflate balloon 255 in incremental steps. Similarly, balloon catheter tool 250 may comprise a 

ratcheting mechanism to allow a user to release trigger 256 in incremental steps after inflating 

balloon 255. This allows the user to deflate balloon 255 in incremental steps. In one 

embodiment, balloon catheter tool 250 can be advanced over a guidewire to a desired target 

location in the anatomy. In this embodiment, balloon catheter tool 250 may further comprise a 

proximal guidewire port 260 that is in fluid communication with a guidewire lumen in balloon 

catheter shaft 253. This enables balloon catheter tool 250 to be introduced over a guidewire into 

the anatomy. In another embodiment, balloon catheter tool 250 comprises a fixed guidewire 261 

at the distal tip of balloon catheter tool 250 to navigate balloon catheter tool 250 through the 

anatomy. In one embodiment, balloon catheter tool 250 comprises a rotation knob 262. Rotation 

knob 262 allows a user to rotate balloon catheter shaft 253. Balloon catheter tool 250 may 

further comprise one or more navigational modalities including, but not limited to radio opaque 

markers, electromagnetic navigational sensors, etc. The distal region of balloon catheter tool 250 

may be introduced in the anatomy through a variety of introducing devices disclosed herein 

including, but not limited to a guide catheter.

[0080] FIG. 3B shows a perspective view of an embodiment of a detachable handheld 

balloon catheter inflation tool 270. Detachable inflation tool 270 comprises a body 271 

comprising a handle 272 to enable a user to hold inflation tool 270. Detachable inflation tool
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270 attaches to a balloon catheter 273. In one embodiment, a user is provided with a kit 

comprising a detachable inflation tool 270 and multiple balloon catheters. In the embodiment 

shown in FIG. 3B, balloon catheter 273 comprises an elongate balloon catheter shaft 274. The 

distal region of balloon catheter shaft 274 comprises an inflatable balloon 275 that can be used to 

dilate one or more regions of the anatomy. The proximal region of balloon catheter shaft 274 is 

connected to a suitable hub 276 comprising a side port for inflating balloon 275. In one 

embodiment, balloon catheter shaft 274 comprises a hypotube 277 surrounding a region of 

balloon catheter shaft 275. Balloon 275 is inflated by a trigger 278 located adjacent to handle 

272. Trigger 278 is connected to a plunger that is further connected to an inflating fluid 

reservoir. Pulling trigger 278 causes an inflating fluid stored in the inflating fluid reservoir to be 

delivered to balloon 255 under pressure. The inflating fluid is delivered through a fluid delivery 

port 279 that attaches to the side port of hub 276. During a procedure, a user inflates balloon 275 

to a desired pressure using the inflating fluid stored in the inflating fluid reservoir. The pressure 

in balloon 275 can be measured by a pressure sensor or gauge 280 that is in fluid communication 

with the inflating fluid within balloon 275. Detachable inflation tool 270 may further comprise a 

ratcheting mechanism 281 to allow a user to pull trigger 278 in incremental steps. This allows 

the user to inflate balloon 275 in incremental steps. Similarly, detachable inflation tool 270 may 

comprise a ratcheting mechanism to allow a user to release trigger 278 in incremental steps after 

inflating balloon 275. This allows the user to deflate balloon 275 in incremental steps. In one 

embodiment, the combination of balloon catheter 273 and balloon catheter tool 270 can be 

advanced over a guidewire to a desired target location in the anatomy. In this embodiment, 

balloon catheter tool 270 may further comprise a proximal guidewire port 282 that is in fluid 

communication with a guidewire lumen in balloon catheter shaft 274. This enables balloon 

catheter tool 270 to be introduced over a guidewire 283 into the anatomy. In another 

embodiment, balloon catheter 273 comprises a fixed guidewire at the distal tip of balloon 

catheter 273 to navigate balloon catheter 273 through the anatomy. In another embodiment, 

balloon catheter 273 comprises a rapid exchange lumen. The rapid exchange lumen enables 

balloon catheter 273 to be introduced over a suitable guidewire. Balloon catheter tool 270 may 

further comprise a flushing port 284 to flush a lumen of balloon catheter 273. Balloon catheter 

tool 270 may further comprises one or more navigational modalities including, but not limited to 

radio opaque markers, electromagnetic navigational sensors, etc. The distal region of balloon
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catheter 273 may be introduced in the anatomy through a variety of introducing devices 

including, but not limited to a guide catheter.

10081] The balloon catheter tool 250 of FIG. 3A or the detachable handheld balloon catheter 

inflation tool 270 of FIG. 3B may be designed to inflate a balloon to a fixed pressure. 

Alternatively, they may be designed to deliver a fixed volume of inflating fluid to inflate a 

balloon.

[0082] Any of the handle assemblies of the tools described herein and in the patent

applications incorporated herein by reference may comprise a rotatable handle. Such a rotatable 

handle may be designed to convert a part of a rotational force exerted by a user to a rectilinear 

force to draw components of the handle assembly towards each other. One embodiment of a 

rotatable handle is disclosed in United States Patent No. 5,697,159 (Linden) titled “Pivoted hand 

tool,” the entire disclosure of which is expressly incorporated herein by reference. Such designs 

of rotatable handles may be used for handle assemblies including, but not limited to the handle 

252 and trigger 256 in FIG. 3A, and the handle 272 and trigger 278 in FIG. 3B, etc.

[0083] Referring now to FIG. 4A, one embodiment of a balloon sinuplasty and endoscope 

integrated system 300 is shown. The integrated system 300 includes an endoscope 302 in 

connection with a guide catheter 304 and a balloon catheter 306. A handle 308 is also included 

with the system, and the handle has a shaft 310 with a lumen therethrough. The endoscope 302 

is shown to include an endoscope handle 312 on a proximal end 314 and is disposed through the 

lumen of the shaft 310. In one embodiment, an endoscope sheath 316 is connected to or 

disposed through the lumen of the shaft 310 to cover the elongate shaft of the endoscope 302 for 

allowing the endoscope lens to be cleaned with fluid without removing the endoscope from the 

system or its current position with the body of a patient. To clean the lens of the endoscope 302, 

a fluid line 318 is in communication with the endoscope sheath 316, and a fluid valve 320 

disposed on the fluid line allows the sheath to be flushed at any time by opening the fluid valve. 

The endoscope sheath 316 includes an atraumatic tip 321 to prevent damage to the patient and to 

keep the lens of the endoscope 302 clean. There may also be a frictional seal 315 on the handle 

308 that seals the proximal end of the endoscopic sheath 316 to prevent fluid from leaking back 

through the handle.
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[0084] The handle 308 includes a front finger cut-out 322 and a back cut-out 324, which 

allows the physician to grasp the handle and the endoscope 302 and balance the weight of the 

endoscope on four fingers to take the pressure off of the thumb. As shown in FIG. 4A, there is 

also a post cut-out 326 on the top of the handle that allows a light post 328 of the endoscope to 

exit vertically if the user desires. Alternatively, the light post 328 of the endoscope 302 can hang 

straight down or out to the side without being constrained by the handle 308.

[0085] Still referring to FIG. 4A, the guide catheter 304 of the integrated system 300 

includes a hypotube 330 and an elongate tubular element 332 extending out of the hypotube.

The elongate tubular element 332 may also include an atraumatic tip 334 at a distal end 336 of 

the guide catheter. A hub 338 is disposed at a proximal end 340 of the guide catheter 304, and 

the hub includes a flange 342 and provides an opening for the balloon catheter 306 to enter into 

the guide catheter 304. The hub 338 is also in communication with a suction line 344 that when 

activated can suction fluid out of a target area through the guide catheter 304. The balloon 

catheter 306 includes a balloon inflation port 346 to inflate a balloon disposed on the balloon 

catheter. The balloon catheter 306 can slide through the hub 338 and the guide catheter 304. 

Balloon inflation port 346 is connected to an inflation tubing 349 and a suitable inflating device 

to inflate the balloon of the balloon catheter 306. In one embodiment, the balloon catheter 306 is 

introduced into a desired region of the anatomy over a guidewire 348. The proximal region of 

the guidewire 348 may include a torquing device 350 that can be manipulated by a user to rotate, 

advance, retract or torque the guidewire.

[0086] To connect the endoscope 302 with the guide catheter 304, an endoscope clip 352 is 

disposed on the endoscope sheath 316 and a guide clip 354 is disposed on the hypotube 330 of 

the guide catheter 304. In embodiments that do not include the endoscope sheath 316, the 

endoscope clip 352 may be disposed directly on the elongate shaft of the endoscope. A clip 

connector 356 joins the endoscope clip 352 and the guide clip 354 together to form the integrated 

system. In one embodiment, the endoscope clip 352 and the guide clip 354 are frictionally fit to 

the sheath 316 and the hypotube 330, respectively, and the clips 352 and 354 can be rotated and 

slid in any direction. In another embodiment, one or both of the clips 352 and 354 can include a 

spring latch or other locking mechanism to lock the clips in place along the devices. It has also 

been contemplated that the clips 352 and 354 may include a slit 358 for easily removing the clips 

from the endoscope or guide catheter. In one embodiment, the clip connector 356 is a malleable
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wire attached to each clip 352 and 354. The malleable wire allows for relatively easy positioning 

and prevents spring back. Also, the malleable wire allows the guide catheter 304 to be angled in 

relation to the endoscope 302 for easy wiring of the targeted sinus. In some embodiments, the 

clip connector 356 includes two linkages for stability, however, one linkage may also be used.

[0087] Still referring to FIG. 4A, one embodiment is shown where the tubing 318, 344 and 

349 is bonded together to prevent the tubes from becoming entangled. However, in other 

embodiments, any two of the tubes 318, 344 or 349 may be bonded together. Still in other 

embodiments, the tubes 318, 344 and 349 are not bonded together.

[0088] The integrated system 300 shown in FIG. 4A allows continuous visualization of 

patient anatomy, such as a target paranasal sinus ostium, with the endoscope in one hand while 

freeing the user’s other hand for guidewire manipulation and catheter balloon advancement.

This system also allows the guide catheter 304 to be positioned and then remain static at a set 

position at or near the target sinus to gain stability during the procedure. Further, the handle 

allows the user to hold the endoscope without resting the entire weight of the endoscope on the 

thumb of the user, thus, helping to prevent cramping of the user’s hand.

[0089] An alternative embodiment of an integrated system 370 is shown in FIG. 4B. In this 

embodiment the handle 308 includes an extension clip 372 for attaching an extension 374 that is 

connected to the guide catheter 304. In this embodiment, the extension 374 is attached to the 

flange 342 of the hub 338 connected to the guide catheter 304. When the extension 374 is 

attached to the extension clip 372 of the handle 308, the endoscope is removably connected to 

the guide catheter 304 and balloon catheter 306. As shown in FIG. 4B, the extension 374 

includes a double curved shape that can be held by the user in one hand. It has been 

contemplated that the extension 374 can slide in and out of the extension clip 372, but does not 

have to be held by the user when the extension is disposed within the extension clip.

[0090] The integrated systems 300 and 370 of FIGS. 4A and 4B can be used in a similar 

manner for dilating an anatomical region. In use, the integrated system 300 and 370 is 

introduced in the anatomy. In one embodiment, the endoscope 302 and guide catheter 304 are 

introduced together through a nostril of a patient and/or through a manmade opening into a 

paranasal sinus. The endoscope 302 and guide catheter 304 are positioned such that the distal tip 

of guide catheter 304 is located near an anatomical region to be accessed and the endoscope can
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view the targeted anatomical region. Thereafter, the guidewire 348 is introduced through guide 

catheter 304 such that the distal tip of the guidewire is located near the targeted anatomical 

region. During this step, the guidewire 348 may be navigated through the anatomy using the 

torquing device 350. In one embodiment, the guidewire 348 is positioned across a paranasal 

sinus ostium to be dilated. Thereafter, the balloon catheter 306 is advanced over the guidewire 

348 into the anatomy by pushing the balloon catheter in the distal direction. Once the balloon of 

the balloon catheter 306 is correctly positioned, the balloon catheter 306 is used to perform a 

diagnostic or therapeutic procedure. In one embodiment, the balloon catheter 306 is used to 

dilate an opening leading to a paranasal sinus such as a paranasal sinus ostium. Once the 

procedure is complete, the integrated system 300 or 370 is removed from the targeted anatomical 

region and the patient.

[0091] Referring now to FIGS. 5A and 5B, one embodiment is shown of a surgical hand tool 

400 incorporating a guide catheter and a balloon catheter. The surgical hand tool 400 includes a 

hollow proximal body 402 made of biocompatible materials including, but not limited to ABS, 

nylon, polyurethane, polyethylene, etc. Proximal body 402 encloses a balloon catheter 404 (see 

FIG. 5B). Balloon catheter 404 includes a balloon inflation port 406 to inflate a balloon on the 

balloon catheter. The balloon inflation port 406 emerges out of proximal body 402 through a 

longitudinal opening or slit 408 through proximal body such that balloon catheter 404 can slide 

along the axis of proximal body, as best shown in FIG. 5B. Balloon inflation port 406 is 

connected to a suitable inflating device via an inflation tubing to inflate the balloon of balloon 

catheter 404. In this embodiment, the balloon catheter 404 is introduced into a desired region of 

the anatomy over a guidewire 410. In the embodiment shown, the guidewire 410 is locked to the 

balloon catheter 404 with a wire lock 412, which is attached to the proximal end of the balloon 

catheter. The wire lock 412 can be rotated in one direction to lock the guidewire 410 onto the 

balloon catheter and rotated in the other direction to unlock the guidewire from the balloon 

catheter, tn some embodiments, the proximal region of guidewire 410 may include a torquing 

device (not shown) to rotate, advance, retract, or torque the guidewire.

[0092] The distal region of proximal body 402 includes a suitable hub 413 that allows a 

guide catheter 414 to attach to proximal body 402. In an alternate embodiment, the guide 

catheter 414 is permanently attached to proximal body 202. In this embodiment, the guide 

catheter 414 includes an elongate tubular element 416 made of suitable biocompatible materials
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including, but not limited to PEEK, Pebax, Nylon, Polyimide, ABS, PVC, polyethylene, etc.

The proximal region of the tubular element 416 maybe covered by a hypotube 418 made of 

suitable biocompatible metals or polymers. The proximal end of tubular element 416 is attached 

to the hub 413. The hub 413 allows the reversible attachment of the guide catheter 414 to 

proximal body 402. In one embodiment, the hub 413 is a female luer lock that attaches to a 

suitable hub on the proximal body 402. Thus, various guide catheters can be attached to the 

distal region of the proximal body 402 to provide access to various anatomical regions. The 

distal end of tubular element 416 may comprise an atraumatic tip 422. In certain embodiments, 

the distal end of tubular element 416 may comprise a curved, bent or angled region.

[0093] As shown in FIGS. 5A and 5B, the surgical hand tool 400 includes a slide or device 

advancing member 424 that is disposed partially within the proximal body 402. The slide 424 

includes a generally cylindrical body 426 that holds the balloon catheter 404 at the inflation port 

406 and is sized to prevent the slide from falling out of the proximal body 402. Moving the slide 

advances the balloon catheter 404 and guidewire 410 together when the guidewire is locked onto 

the balloon catheter. Any steering of the balloon catheter 404 and/or guidewire 410 is achieved 

by moving the surgical hand tool 400. There is a first grip 428 and a second grip 430 for users 

with different sized hands to reach and move the slide 424. A back cap 432 is disposed at the 

proximal end of the proximal body 402 to prevent the slide 424 from being removed from the 

proximal body. In the embodiment shown, a handle 434 attached to the proximal shaft 402 

includes a finger guard 436 that allows the fingers of the user to be pressed forward if desired for 

extra control.

[0094] In an alternative embodiment to the one shown in FIGS. 5A and 5B, hollow proximal 

body 402 may be replaced my a rail body. The rail would provide a structure along which slide 

424 could slide and catheter 404 and/or guidewire 410 could be advanced.

[0095] Another embodiment of a surgical hand tool 440 is shown in FIGS. 6A and 6B. The 

surgical hand tool 440 is similar to the surgical hand tool 400 shown in FIGS. 5A and 5B, 

however, surgical hand tool 440 is designed to allow the balloon catheter and guidewire to rotate 

using the slide. As shown in FIGS. 6A and 6B, the surgical hand tool 440 includes a hollow 

proximal body 442 made of biocompatible materials including, but not limited to ABS, nylon, 

polyurethane, polyethylene, etc. Proximal body 442 encloses a balloon catheter 444 (see FIG.
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6B). Balloon catheter 444 includes a balloon inflation port 446 to inflate a balloon disposed on 

the balloon catheter. The balloon inflation port 446 emerges out of proximal body 442 through a 

slot or longitudinal opening 448 cut through the proximal body such that balloon catheter 444 

can slide along the axis of proximal body, as best shown in FIG. 5B. Balloon inflation port 446 

is connected to a suitable inflating device via an inflation tubing to inflate the balloon of balloon 

catheter 444. In this embodiment, the balloon catheter 404 is introduced into a desired region of 

the anatomy over a guidewire 450. In the embodiment shown, the guidewire 450 is locked to the 

balloon catheter 404 by a wire lock 452, which is attached to the proximal end of the balloon 

catheter. The wire lock 452 can be rotated in one direction to lock the guidewire 450 onto the 

balloon catheter and rotated in the other direction to unlock the guidewire from the balloon 

catheter. In some embodiments, the proximal region of guidewire 450 may include a torquing 

device (not shown) to rotate, advance, retract, or torque the guidewire.

[0096] The distal region of the proximal body 442 includes a suitable hub 453 that allows a

guide catheter 454 to connect to the proximal body 442. In an alternate embodiment, the guide 

catheter 454 is permanently attached to the proximal body 442. In this embodiment, the guide 

catheter 454 includes an elongate tubular element 456 made of suitable biocompatible materials 

including, but not limited to PEEK, Pebax, Nylon, Polyimide, ABS, PVC, polyethylene, etc.

The proximal region of the tubular element 456 may be covered by a hypotube 458 made of 

suitable biocompatible metals or polymers. The proximal end of tubular element 456 is attached 

to the hub 453. The hub 453 allows the reversible attachment of the guide catheter 454 to the 

proximal body 442. In one embodiment, the hub 453 is a female luer lock that attaches to a 

suitable hub on proximal body 442. Thus, various guide catheters can be attached to the distal 

region of proximal body 442 to provide access to various anatomical regions. The distal end of 

tubular element 456 may comprise an atraumatic tip 462. In certain embodiments, the distal end 

of tubular element 456 may comprise a curved, bent or angled region.

[0097] As shown in FIGS. 6A and 6B, the surgical hand tool 440 includes a slide or device 

advancement member 464 that moves within the proximal body 442. The slide 464 includes a 

generally cylindrical bottom portion 466 that holds the balloon catheter 444 at the inflation port 

446 and is sized to prevent the slide from falling out of the proximal body 442. Moving the slide 

advances the balloon catheter 444 and guidewire 450 together when the guidewire is locked onto 

the balloon catheter. The size of the slot or longitudinal opening 448 in this embodiment allows
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the user to rotate, and hence steer, the balloon catheter and guidewire with the slide between 

about thirty to sixty degrees in both directions for a total rotational freedom of between about 

sixty and one-hundred and twenty degrees. However, the rotation of the slide can be from about 

zero degrees to about ninety degrees in both directions for a total freedom of rotation between 

about zero degrees and about one-hundred and eighty degrees. Steering may also be 

accomplished by moving the surgical had tool 440. In this embodiment, there are multiple grips 

468 extending from the slide 464 on either or both sides for user’s with different sized hands to 

reach and move the slide 424. A mount 469 of the slide 464 attaches the grips 468 together. In 

another embodiment, the grips 468 could be replaced with loops that extend over the proximal 

body 442. A back cap 472 is disposed at the proximal end of the proximal body 442 to prevent 

the slide 464 from being removed from the proximal body. In the embodiment shown, a handle 

474 attached to the proximal shaft 442 includes a finger guard 476 that allows the fingers of the 

user to be pressed forward if desired for extra control.

[0098] In this embodiment shown in FIGS. 6A and 6B, the surgical hand tool also includes a 

mount bottom 478 attached towards the proximal end of the slide 464 to allow for the longest 

possible travel of the balloon catheter 444 along the proximal body 442. There is also a cut-out 

480 on the proximal body 442 that allows the slide 464 to be rotate a few extra degrees to allow 

removal and replacement of the balloon catheter with another balloon catheter. When the slide 

464 is rotated into the cut-out 480, the balloon catheter can be removed from the cylindrical 

bottom portion 466 of the slide. With the slide still in this position, another balloon catheter may 

be inserted into the cylindrical bottom portion 466 of the slide for use with the surgical hand tool.

[0099] Another embodiment of a surgical hand tool 490 is shown in FIG. 7 and is similar to 

the embodiment shown in FIGS. 6A and 6B. In this embodiment, the proximal body is replaced 

with a rail 492 that allows greater rotation of a slide 494. The rotation of the slide 494 can range 

from about one-hundred and fifty degrees to about two-hundred and eighty degrees of total 

rotational freedom. The slide 494 includes overhead loops 496 that constrain the slide to the rail 

494 and provide grips for the user to move the slide along the rail, which in turn moves a balloon 

catheter 498 and guidewire 500 locked by a wire lock 502.

[00100] Yet another embodiment of a surgical hand tool 510 is shown in FIGS. 8A and 8B, 

which allows one handed control of the balloon sinuplasty device. The surgical hand tool 510
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includes a hollow proximal body 512 made of biocompatible materials including, but not limited 

to ABS, nylon, polyurethane, polyethylene, etc. Proximal body 512 encloses a balloon catheter 

514 (see FIG. 8B). Balloon catheter 514 includes a balloon inflation port 516 to inflate a balloon 

disposed on the balloon catheter. The balloon inflation port 516 emerges out of proximal body 

512 through a longitudinal slit or opening 518 through the proximal body such that balloon 

catheter 404 can slide along the axis of the proximal body. Balloon inflation port 516 is 

connected to a suitable inflating device via an inflation tubing to inflate the balloon of balloon 

catheter 514. In this embodiment, the balloon catheter 514 is introduced into a desired region of 

the anatomy over a guidewire 520.

[00101] The guidewire 520 is fed through a proximal loop 522 attached to the proximal end of 

the proximal body 512, over a wire ramp 524, and into a wire slot 526 of the proximal body.

The guidewire 520 is positioned above the proximal body 512 allowing a user to control the 

guidewire behind the guide catheter using a thumb and index finger. The proximal loop 522 

prevents the guidewire from drifting to the left or right, and can be rotated around the proximal 

body 512. The wire ramp 524 keeps the position of the guidewire 520 and is used to hold the 

guidewire during balloon catheter advancement. Passing through the wire slot 526, the 

guidewire 520 enters the balloon catheter 514 through an opening 528 on the side of the balloon 

catheter. This type of catheter, such as a rapid exchange catheter, is known in the art.

[00102] The distal region of the proximal body 512 includes a suitable hub 530 that allows a 

guide catheter 532 to attach to the proximal body 512. In an alternate embodiment, the guide 

catheter 532 is permanently attached to the proximal body 512. In this embodiment, the guide 

catheter 532 includes an elongate tubular element 534 made of suitable biocompatible materials 

including, but not limited to PEEK, Pebax, Nylon, Polyimide, ABS, PVC, polyethylene, etc.

The proximal region of the tubular element 534 may be covered by a hypotube 536 made of 

suitable biocompatible metals or polymers. The proximal end of tubular element 534 is attached 

to the hub 530. The hub 530 allows the reversible attachment of the guide catheter 532 to 

proximal body 512. In one embodiment, the hub 530 is a female luer lock that attaches to a 

suitable hub on proximal body 512. Thus, various guide catheters can be attached to the distal 

region of proximal body 512 to provide access to various anatomical regions. The distal end of 

tubular element 534 may comprise an atraumatic tip 538. In certain embodiments, the distal end 

of tubular element 534 may comprise a curved, bent or angled region. It has also been
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contemplated that guide catheter 532 is frictionally fit into the hub 530 such that the guide 

catheter has the ability to rotate within the hub, but still have enough friction in the mechanism to 

allow it to stay in place once properly adjusted.

[00103] As shown in FIGS. 8A and 8B, the surgical hand tool 510 includes a balloon driver 

540 that is disposed partially within the proximal body 512 and extends through the longitudinal 

slit or opening 518. The balloon driver 540 includes a balloon driver latch 542 (FIG. 8B) that 

holds the balloon catheter 514 at the inflation port 516. Moving the balloon driver 540 in the 

distal direction advances the balloon catheter 514 forward. When advancing the balloon catheter 

forward, the guidewire 520 can be held against the ramp 524. Any steering of the balloon 

catheter and/or guidewire is achieved by moving the surgical hand tool 510. In the embodiment 

shown, a handle 544 attached to the proximal shaft 512 includes a front portion 546 that is 

gripped preferably by the fourth and fifth fingers of the user for stabilization. When holding the 

device, the user’s palm is preferably pressed against a back portion 548 of the handle for 

stabilization.

[00104] The surgical hand tool 510 shown in FIGS. 8A and 8B allows the user to hold the 

device in the palm of the hand, balance the device with preferably the fourth and fifth fingers, 

and advance the guidewire 520 with the index finger and thumb. In this manner, the surgical 

hand tool 510 is held in the same hand that is used to control the guidewire 520. Further, the 

user has direct access to the guidewire giving full tactile feel during advance and steering of the 

guidewire. Balloon catheter 514 advancement is then achieved by reaching back with the thumb 

and pushing the balloon driver 540 forward (distally). The guidewire can then be retracted using 

the index finger and thumb, and the balloon catheter 514 can be retracted by pulling the balloon 

driver 540 in the proximal direction.

[00105] Still further, another embodiment of a surgical hand tool 550 is shown in FIGS. 9A

and 9B, which allows one handed control of the balloon sinuplasty device and fluid delivery to 

an inflation device. The surgical hand tool 550 includes a hollow proximal body 552 made of 

biocompatible materials including, but not limited to ABS, nylon, polyurethane, polyethylene, 

etc. Proximal body 552 encloses a balloon catheter 554 (sec FIG. 9B). Balloon catheter 554 

includes a balloon inflation port 556 to inflate a balloon disposed on the balloon catheter. The 

balloon inflation port 556 emerges out of proximal body 552 through a longitudinal slit or
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opening 558 in the proximal body such that balloon catheter 554 can slide along the axis of 

proximal body. The balloon inflation port 556 also extends through and is held by a balloon 

driver or device advancement member 560 that is used to move the balloon catheter in both the 

distal and proximal directions. A handle 562 of the balloon driver 560 can be turned to either 

side of the surgical hand tool 550 depending on the user’s desire, and can be clamped in place 

when a fluid line is attached to the inflation port 556 of the balloon catheter 554. In this 

embodiment, the balloon catheter 554 is introduced into a desired region of the anatomy over a 

guidewire 558.

[00106] An inflation balloon (not shown) disposed on a distal region of the balloon catheter 

554 can be used to dilate one or more regions of the anatomy. The balloon is inflated from an 

unexpanded configuration to an expanded configuration by an actuation handle or trigger 560 

attached to the proximal body 552. The actuation handle 560 is connected to a plunger 562 that 

is further connected to a fluid barrel 564 including an inflation fluid reservoir 566. Fluid (water, 

saline, etc.) stored in the inflation fluid reservoir 566 can be used to inflate the balloon of the 

balloon catheter, to flush a vortex, or provide fluid wherever desired. During a procedure, a user 

inflates the balloon of the balloon catheter to a desired pressure using the inflating fluid stored in 

the inflation fluid reservoir 566. The pressure in the balloon can be measured with a pressure 

sensor or gauge (not shown) that is in fluid communication with the inflating fluid within the 

balloon. In one embodiment, the surgical hand tool 550 is designed to inflate the balloon of the 

balloon catheter to a fixed pressure. Alternatively, the tool may be designed to deliver a fixed 

volume of inflating fluid to inflate the balloon.

[00107] The fluid barrel 564 includes a barrel port 568 that provides a structure for attaching a 

fluid line 570 from the fluid barrel to the balloon catheter 554 and the inflating balloon. In other 

embodiments, the barrel port 568 may extend at an angle and from any location on the fluid 

barrel. The fluid line 570 extends from the barrel port 568 to the inflation port 556 of the balloon 

catheter in this embodiment.

[00108] The actuation handle 560 is designed to accommodate one to three fingers of the user 

depending on the user’s comfort and hand size, fn addition to actuating the fluid mechanism of 

this device, the actuation handle acts to stabilize the device during placement of the guidewire, 

deploying the balloon, vortex deployment, or deployment of other devices. As shown in FIGS.
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9A and 9B, the handle includes an outer finger flange 572 to provide a structure to stabilize the 

device for users with larger hands. The outer finger flange can also allow a user to provide extra 

torque if needed or required for actuating the fluid mechanism. A rotating hinge 574 attached 

between the actuating handle 560 and the plunger 562 delivers the motion and applied force of 

the actuating handle to the plunger. In other embodiments, the rotating hinge can be curved to 

more easily reach into the fluid barrel 564 during actuation of the handle 560 and avoid 

constraints. It has also been contemplated that the pivot points on the hinge 574, actuating 

handle 560, and plunger 562 can be moved closer or farther apart depending on the distance 

traveled of the plunger versus rotation of the handle and applied torque is desired or required.

The actuation handle pivot point 575 attaches the handle to the proximal body 552. To 

maximize the distance the plunger travels and the amount of torque applied with the handle, the 

handle pivot point is disposed level with the center of the connection between the rotating hinge 

574 and the plunger 562.

[00109] In one embodiment, a spring (not shown) may be embedded in the proximal body 552 

of the device to bias the actuation handle 560 back into an extended or open position away from 

the fluid barrel 564 after the handle has been squeezed to inflate the balloon of the balloon 

catheter. The spring may be a torsion spring disposed around the handle pivot point 575 or 

around a handle/hinge pivot 577. Alternatively, the spring may be a leaf spring disposed 

between two members or points of the device, such as points 575 and 577. Still in other 

embodiments, the spring may be a coiled spring (tension or compression).

[00110] As shown in FIGS. 9A and 9B, the surgical hand tool 550 also includes a back handle 

576 that rests against a user’s palm. Unlike the handles of other embodiments, the back handle 

576 is open at the bottom, which allows a user to more freely manipulate the device.

[00111] In the embodiment shown in FIGS. 9A and 9B, the guidewire 558 is fed through a 

proximal loop 580 attached to the proximal end of the proximal body 552, over a wire ramp 582, 

and into a ware slot 584 of the proximal body. The guidewire 558 is positioned above the 

proximal body 552 allowing a user to control the guidewire behind the guide catheter. The 

proximal loop 580 prevents the guidewire from drifting to the left or right, and can be rotated 

around the proximal body 552. The wire ramp 582 keeps the position of the guidewire 582 and 

is used to hold the guidewire during balloon catheter advancement. Passing through the wire slot
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584, the guidewire 558 enters the balloon catheter 554 through an opening 586 on the side of the 

balloon catheter. This type of catheter, such as a rapid exchange catheter, is known to those 

skilled in the art.

[00112] The distal region of the proximal body 552 includes a suitable hub 590 that allows a 

guide catheter 592 to attach to the proximal body 552. In one embodiment, the guide catheter 

592 is permanently attached to the proximal body 552. Similar to the embodiments described 

above, the guide catheter 592 includes an elongate tubular element made of suitable 

biocompatible materials including, but not limited to PEEK, Pebax, Nylon, Polyimide, ABS, 

PVC, polyethylene, etc. The proximal region of the tubular element may be covered by a 

hypotube made of suitable biocompatible metals or polymers. The proximal end of tubular 

element is attached to the hub 590. The hub 590 allows the reversible attachment of the guide 

catheter 592 to proximal body 552. In one embodiment, the hub 590 is a female luer lock that 

attaches to a suitable hub on proximal body 552. Thus, various guide catheters can be attached 

to the distal region of proximal body 552 to provide access to various anatomical regions. The 

distal end of tubular element may comprise an atraumatic tip. In certain embodiments, the distal 

end of tubular element may comprise a curved, bent or angled region. It has also been 

contemplated that guide catheter 592 is frictionally fit into the hub 590 such that the guide 

catheter has the ability to rotate within the hub, but still have enough friction in the mechanism to 

allow it to stay in place once properly adjusted.

[00113] The surgical hand tool 550 shown in FIGS. 9A and 9B allows the user to hold the 

device in the palm of the hand, balance the device with preferably the fourth and fifth fingers, 

and advance the guidewire 558 with the index finger and thumb. In this manner, the surgical 

hand tool 550 is held in the same hand that is used to control the guidewire 558. Further, the 

user has direct access to the guidewire giving full tactile feel during advance and steering. 

Balloon catheter 554 advancement is then achieved by reaching back with the thumb and 

pushing the balloon driver 560 toward the distal end of the proximal body 552. The guidewire 

558 can then be retracted using the index finger and thumb, and the balloon catheter 554 can be 

retracted by pulling the balloon driver 560 in the proximal direction.

[00114] As shown in FIG. 9A, the fluid line 570 to the balloon inflation port 556 is a simple 

closed system. When the actuation handle 560 is squeezed or moved proximally, the plunger
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562 forces fluid from the reservoir 566 through the fluid line and into the balloon catheter 554. 

Moving the actuation handle 560 in the distal direction creates a vacuum to deflate the balloon of 

the balloon catheter 544. Alternatively, in some embodiments a spring disposed in or on plunger 

562 may act to deflate catheter 544.

[00115] In various embodiments, actuation handle 560 may have any suitable configuration 

and may be spaced at any distance from other components of hand tool 550, to provide a desired 

amount of leverage to plunger 562. In some embodiments, plunger 562 may be

removable/interchangeable. For example, in one embodiment a first size of plunger 562 may be 

used to provide high pressure to inflate balloon catheter 544, and a second size of plunger 562 

may be used to provide high flow to irrigation fluid to an irrigation catheter coupled with hand 

tool 550. In some embodiments, device 550 may include a pressure indicator to monitor 

pressure in plunger 562. Alternatively or additionally, plunger 562 may include a hard stop to 

prevent applying pressure beyond a certain point.

[00116] In another embodiment as shown in FIGS. 9C, the fluid delivery system includes two 

valves. For ease of reference, the proximal body 552 of the device has been removed in FIG. 9C. 

In this embodiment, the balloon catheter has been replaced with an open ended device 600 (open 

at the distal end) including an inflation port 602. The device 600 can be used to create a vortex 

or delivery fluid to a specific region. A fluid line 604 is connected between the fluid barrel 564 

and the inflation port 602 and is also in communication with a separate fluid bath 606. The fluid 

line includes a first valve 608 adjacent the fluid bath 606 and a second valve 610 adjacent to the 

device 600. In one embodiment, both the first and second valves are one-way valves. By 

forcing the plunger 562 proximally, by squeezing the handle, the fluid in the fluid barrel 564 is 

pushed through the fluid line 604 and through the second valve 610 and into the open ended 

device 600 (a vortex creating device or other fluid delivery device). The first one-way valve 608 

prevents fluid from exiting out into the fluid bath 606. Moving the plunger 562 in the distal 

direction causes fluid to be drawn from the fluid bath 606 and through the first one-way valve 

608. The second one-way valve 610 prevents air, fluid, etc., from being drawn into the fluid line 

from the device 600. In this system, the fluid barrel 564 can be filled from the fluid bath 606 and 

emptied through the device 600 “continuously” by moving the plunger back and forth (or 

proximally and distally).
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[00117] Another embodiment of a fluid delivery system is shown in FIG. 9D. In this 

embodiment, the fluid line 604 is unattached to the open ended device 600 and connected to the 

fluid barrel 562 and the separate fluid bath 606. Initially, the fluid line 604 is attached to the 

second one-way valve 610 and unattached to the device 600, and fluid is drawn from the fluid 

bath 606 by moving the plunger 562 in the distal direction. Air can be removed through the 

second one-way valve 610 by pushing the plunger 562 in the proximal direction. Once all of the 

air in the system is removed, the fluid line 604 can be detached from the second one-way valve 

610 and attached to the device 600. Once attached to the device 600, the plunger 562 may be 

moved proximally to send fluid into and through the device. The second one-way valve 610 

prevents the fluid from exiting into the fluid bath 606. It has also been contemplated that a T- 

valve can be used in place of the first one-way valve to remove the need to detach the fluid line 

from the device 600.

[00118] Yet another embodiment of a fluid delivery system is shown in FIG. 9E and is 

connected to a balloon catheter 620 including an inflatable balloon 622 and an inflation port 624. 

As shown in FIG. 9E, the fluid line 604 is connected to a T-valve 626 having a first 628, second 

630 and third 632 valve. To fill the fluid barrel 564, the plunger 562 is moved distally to draw 

fluid from the fluid bath 606 into the fluid line 604 through the first one-way valve 608. To 

remove air in the fluid line 604, the first valve 628 is open, the second valve 630 is closed, and 

the third valve 632 of the T-valve 626 is open and leads to the second one-way valve 610, which 

acts as a vent. With this configuration, the plunger 562 is moved proximally to force air in the 

fluid line 604 out through the second one-way valve 610. Once the air in the system is removed, 

the balloon 622 can be inflated by first opening the second valve 630 and closing the third valve 

632. The first valve 628 remains open. With this configuration, the plunger is moved 

proximally to force the fluid through the T-valve 626 and into the balloon catheter 620 to inflate 

the balloon 622. The system can be arranged in other configurations with other valves to fill the 

fluid barrel 654 with fluid and remove air from the system by moving the plunger 562 in a back 

and forth motion (proximally and distally).

[00119] Referring now to FIGS. 10A-10E, alternative embodiments of a surgical hand tool 

700 are shown, which allow one handed control of the balloon sinuplasty device. The surgical 

hand tool 700 includes first and second rails 702 that replace the proximal body of the surgical 

hand tools described above. These rails 702 may be made of biocompatible materials, including,
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but not limited to ABS, nylon, polyurethane, polyethylene, etc. Use of rails 702 at the proximal 

end of the hand tool 700 reduces the profile of the hand tool 700, giving more freedom for the 

user’s index finger and thumb to advance a guidewire 703. A balloon catheter 704 is positioned 

parallel to the rails 702, and a balloon inflation port 706 of the balloon catheter 704 is secured by 

a balloon driver 708 of the surgical hand tool 700. Specifically, the balloon inflation port 706 is 

secured within a friction-fit slot 709 of the balloon driver 708, as shown in FIG. 10A. In another 

embodiment, the balloon inflation port 706 is secured within a latch 711 of the balloon driver 

708, as shown in FIG. 10B. The balloon driver 708 rides along the rails 702 to advance or retract 

the balloon catheter 704, which provides relatively low friction. As shown in FIG. 10A, the 

balloon driver 708 includes a T-bar 710 that can be grasped by the user’s index finger and thumb 

to advance or withdraw the balloon catheter. FIG. 10B shows another embodiment of the 

balloon driver 708 that includes a ring 712 for the user to grasp and advance or withdraw the 

balloon catheter 704. Balloon inflation port 706 is connected to a suitable inflating device (not 

shown) via an inflation tubing to inflate the balloon of balloon catheter 704. In this embodiment, 

the balloon catheter 704 is introduced into a desired region of the anatomy over the guidewire 

703.

[00120] The surgical hand tool 700 also includes a wire retention member 714 having a loop 

716 for retaining the guidewire 703. Also, proximal ends of the rails 702 are attached to the wire 

retention member 714 to prevent the rails 702 from moving or twisting. In use, the guidewire 

703 is fed through the loop 716, over a wire ramp 718, and into the balloon catheter 704. The 

guidewire 703 is positioned above the rails 702 of the hand tool 700, allowing a user to control 

the guidewire 703 behind the guide catheter using a thumb and index finger. The loop 716 

prevents the guidewire 703 from drifting to the left or right, and the wire ramp 718 keeps the 

position of the guidewire 703 and is used to hold the guidewire 703 during balloon catheter 

advancement. The guidewire 703 enters the balloon catheter 704 through an opening 720 on the 

side of the balloon catheter 704. This type of catheter, such as a rapid exchange catheter, is 

known in the art.

[00121] The distal ends of the rails 702 are connected to a suitable hub 722 that allows a guide 

catheter 724 to attach to the surgical hand tool 700. In this embodiment, the guide catheter 724 

includes an elongate tubular element 726 made of suitable biocompatible materials including, but 

not limited to PEEK, Pebax, Nylon, Polyimide, ABS, PVC, polyethylene, etc. The proximal
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region of the tubular element 726 may be covered by a hypotube made of suitable biocompatible 

metals or polymers. The proximal end of tubular element 726 is attached to the hub 722. The 

hub 722 allows the reversible attachment of the guide catheter 724 to surgical hand tool 700.

The distal end of tubular element 726 may include an atraumatic tip 728. In certain 

embodiments, the distal end of tubular element 726 may comprise a curved, bent or angled 

region.

[00122] As shown in FIG. 10A, a handle 730 may be attached to the rails 702 of the surgical 

hand tool 700. The handle 730 is gripped preferably by the fourth and fifth fingers of the user 

for stabilization. When holding the device, the user’s palm is preferably pressed against a back 

portion of the handle 730 for stabilization. In one embodiment shown in FIG. 10C, a connecting 

member 732 is attached to the handle 730, and the connecting member 732 is malleable or 

includes a spring element. A palm brace 734 is attached to the other end of the connecting 

member and is used to brace the surgical hand tool 700 against the user’s palm for support when 

advancing the guidewire 703 or the balloon catheter 704. The user can bend or move the 

connecting member 732 into any position or shape desired to accommodate orientation 

preferences. In this embodiment, holding the brace allows the user to lightly place one or two 

fingers in the handle 730 to hold the surgical hand tool 700. Also, the spring structure of the 

connecting member 732 helps absorb some of the shock and motion the surgical hand tool 700 

will experience while wiring the sinus.

[00123] The surgical hand tool 700 shown in FIGS. 10A or 10C allows the user to hold the 

device in the palm of the hand, balance the device with preferably the fourth and fifth fingers, 

and advance the guidewire 703 with the index finger and thumb. In this manner, the surgical 

hand tool 700 is held in the same hand that is used to control the guidewire 703. Further, the 

user has direct access to the guidewire 703, giving full tactile feel during advancing and steering 

of the guidewire. Balloon catheter 704 advancement is then achieved by reaching back with the 

thumb and pushing the balloon driver 708 forward (distally). The guidewire 703 can then be 

retracted using the index finger and thumb, and the balloon catheter 704 can be retracted by 

pulling the balloon driver 708 in the proximal direction.

[00124] Another embodiment of the surgical hand tool 700 is shown in FIGS. 10D and 10E. 

In this embodiment, the guide catheter 724 is attached to a guide attachment 736 that is snap-fit
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into a guide snap 738 having a first flange 740 and a second flange 742. The flanges 740 and 

742 are closer together in distance than the diameter of the guide attachment 736. The flanges 

740 and 742 flex to let the guide attachment 736 enter into the guide snap 738 and then flex back 

to capture the guide attachment 736. Also, as best shown in FIG. 10E, a recess 744 is provided 

proximal to the flanges 740 and 742 to accept a proximal disc 746 of the guide attachment 736. 

This embodiment provides a more secure hold of the guide catheter 724.

[00125] As shown in FIG. 10E, the balloon driver 708 in this embodiment includes a 

moveable handle 748. The moveable handle 748 is attached to the balloon driver 708 by an axle 

750, which allows the moveable handle 748 to swing from one side to another. A spring pin 752 

located on the balloon driver 708 snaps into a hole 754 located on the moveable handle 748 

when the moveable handle 748 is moved from one side to the other.

[00126] Also, as shown in both FIGS. 10D and 10E, the surgical hand tool 700 in this 

embodiment includes a wire ramp 756 that is formed wire or plastic attached to the handle 730. 

The first and second rails 702 of this embodiment are also moved closer together, and may even 

come into contact with one another. Having two rails 702 close together prevents rotation of the 

balloon driver 708 and reduces the profile of the surgical hand tool 700.

[00127] Referring now to FIG. 11, another embodiment of a surgical hand tool 780 is shown 

that includes a front fluid delivery system for delivering fluid for inflating the balloon of a 

balloon catheter (not shown). In this embodiment, the surgical hand tool 780 includes a syringe 

barrel 782 connected to a mount 784 that is attached to a distal end of a proximal body 786 of the 

surgical hand tool 780 on an axle 788. As the mount 784 rotates about the axle 788, the syringe 

barrel 782 is driven up toward a plunger 790 attached to the proximal body 786 on axle 792. 

Along with allowing the plunger 790 to rotate about axle 792, the axle 792 also slides along slot 

794 formed in the proximal body 786. When axle 792 slides distally, the axles 792 and 788 

move closer together, and the mechanical advantage of plunger 790 and syringe barrel 782 

system increases, but the “throw,” which is the movement of the barrel 782 up along the plunger 

790, decreases. In the reverse, when axle 792 slides proximally along the slot 794, the axles 792 

and 788 move farther apart, and the mechanical advantage decreases while the throw increases.

In operation, the user can rotate the syringe barrel 782 in a counter-clockwise direction to move 

the barrel 782 toward the plunger 790 and force fluid out of the barrel 782 and through an
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elongate tube 796 that is attached to an outlet 797 of the barrel 782. The elongate tube 796 is 

also attached to a balloon inflation port 798 of the balloon catheter at the other end. There is a 

spring (not shown) in the syringe barrel 782 below the plunger 790 that drives the system back to 

a start position when the syringe is released.

[00128] Referring now to FIGS. 12A and 12B, a side-loaded irrigation catheter 820 is shown 

for use with any of the surgical hand tools 400, 440, 490, 510, 550, 700 or 780 described above. 

The irrigation catheter 820 includes a side cut-out or window 822 for guidewire access. A distal 

section 824 of the irrigation catheter 820 m ay include a single lumen with side holes 826 at a 

distal end. There may also be a marker 828, such as a radiopaque marker or any other type of 

marker, disposed at the distal end of the distal section. The marker 828 informs the user of the 

location of the distal end of the irrigation catheter 820. The length of the distal section 824 can 

vary from about 1 to 4 inches.

[00129] Attached to a proximal end of the distal section 824 of the irrigation catheter 820 is a 

dual lumen extrusion 830. FIG. 12B shows a cross-section view of the dual lumen extrusion 830 

that includes a first round lumen 832 for the guidewire and a second crescent lumen 834 for fluid 

or saline flow. At a transition between the dual lumen extrusion 830 and the distal section 824, 

the irrigation catheter 820 transitions from the dual lumen to the single lumen. Both lumens of 

the dual lumen extrusion 830 open into the single lumen of the distal section 824 to allow 

guidewire access and fluid flow to the distal end of the distal section. The dual lumen extrusion 

830 extends to a proximal end of the irrigation catheter 820 and is at least partially covered by a 

supporting hypotube 836. Hypotube 836 may be similar to a hypotube on a balloon catheter to 

allow for smooth advancement through the surgical hand tools described above. As shown in 

FIG. 12A, the side cut-out 822 is through the wall of the supporting hypotube 836 and through 

the wall of the dual lumen extrusion 830 so that a guidewire can extend into the irrigation 

catheter 820 and the first round lumen 832. A marker band 838 may also be disposed on the 

supporting hypotube 836 such a distance from the distal end of the irrigation catheter to inform 

the user when the distal end is exiting the guide catheter. At a proximal end of the supporting 

hypotube 836 is a hub 840 for connecting a syringe to the irrigation catheter 820 to flush fluid 

through the catheter. In this embodiment, only one port is needed and can be in any orientation.
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[00130] In another embodiment of the irrigation catheter 820, a flap or valve (not shown) may

be disposed inside the single lumen of the distal section 824 to prevent fluid from flowing back 

proximally into the first round lumen 832 of the dual lumen extrusion 830.

[00131] Referring now to FIG. 13, a side-loaded irrigation catheter 850 is shown for use with 

any of the surgical hand tools 400, 440, 490, 510, 550, 700 or 780 described above. In one 

embodiment, the irrigation catheter 850 includes one lumen for greater fluid flow. A side cut

out, window or open channel 852 is provided on the irrigation catheter. A distal section 854 of 

the irrigation catheter 850 may include a single lumen with side holes 856 at a distal end. Any 

number of side holes can be provided at the distal end. There may also be a marker 858, such as 

a radiopaque marker or any other type of marker, disposed at the distal end of the distal section. 

The length of the distal section 854 can vary from about 1 to 4 inches.

[00132] Attached to a proximal end of the distal section 854 of the irrigation catheter 850 is a 

single lumen extrusion 860. The single lumen extrusion 860 extends to a proximal end of the 

irrigation catheter 850 and is at least partially covered by a supporting hypotube 866. Hypotube 

866 may be similar to a hypotube on a balloon catheter to allow for smooth advancement through 

the surgical hand tools described above. As shown in FIG. 13, the side cut-out 852 is through 

the wall of the supporting hypotube 866 and through the wall of the single lumen extrusion 860 

so that a guidewire can extend into the irrigation catheter 850. An irrigation syringe 868 can also 

extend into the irrigation catheter 850 through the cut-out 852 to flush fluid through the catheter. 

A marker band may also be disposed on the supporting hypotube 866 such a distance from the 

distal end of the irrigation catheter to inform the user when the distal end is exiting the guide 

catheter. At a proximal end of the supporting hypotube 866 is a hub 870 for connecting a 

syringe to the irrigation catheter 820 to flush fluid through the catheter. In this embodiment, 

only one port is needed and can be in any orientation. In another embodiment, the elongate tube 

of the distal section 854 may extend to the proximal end of the irrigation catheter without the 

having a single lumen extrusion or a supporting hypotube. In this embodiment, the cut-out 852 

would extend through the elongate tube near its proximal end.

[00133] The distal section of the irrigation catheter can be disposed on the distal end of a 

balloon catheter instead of being a separate device as shown in FIGS. 12A and 13. A balloon 

catheter with an irrigation distal end 880 is shown in FIGS. 14A and 14B, and allows a physician
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to flush the sinus after dilation without having to remove the balloon catheter. The balloon 

irrigation catheter 880 is for use with any of the surgical hand tools 400, 440, 490, 510, 550, 700 

or 780 described above. A side cut-out, window or open channel 882 is provided on the balloon 

irrigation catheter 880. A distal irrigation section 884 may be attached to the distal end of a 

balloon catheter 885 and includes a single lumen with side holes 886 as best shown in FIG. 14B. 

Any number of side holes can be provided on the distal irrigation section 884. There may also 

be a marker 888, such as a radiopaque marker or any other type of marker, disposed at the distal 

end of the distal irrigation section. The length of the distal irrigation section 884 can vary from 

about 1 to 4 inches.

[00134] Attached to a proximal end of the distal irrigation section 884 is the balloon catheter 

885, which includes an inflation member 889. The balloon catheter 885 includes a dual lumen 

tubing 890 having a cross-section similar to that shown in FIG. 12B, with a first round lumen 

and a second crescent lumen. In this embodiment, the first round lumen can accommodate the 

guidewire and/or syringe to flush fluid into the target area. The second crescent lumen can be 

the inflation lumen for inflating the inflation member or balloon 889. The dual lumen tubing 890 

extends to a proximal end of the balloon irrigation catheter 880 and may even include a 

supporting hypotube 896 at least partially covering the dual lumen tubing 890. Hypotube 896 

allows for smooth advancement through the surgical hand tools described above. The side cut

out 882 is through the wall of the supporting hypotube 896 and through the wall of the dual 

lumen tubing 890 so that a guidewire can extend into the balloon irrigation catheter 880. An 

irrigation syringe 898 can also extend into the irrigation catheter 850 through the cut-out 852 to 

flush fluid through the catheter. The irrigation syringe 898 may include a bent steel hypotube or 

flexible polymer extrusion. An outer diameter of the irrigation syringe should be small enough 

to fit within the side cut-out 882 of the balloon irrigation catheter 880. Also, the irrigation 

syringe 898 includes a blunt distal tip (not shown) that is dull to avoid cutting or scratching the 

inner lumen of the balloon irrigation catheter 880.

[00135] A marker band may also be disposed on the supporting hypotube 896 such a distance 

from the distal end of the balloon irrigation catheter 880 to inform the user when the distal end is 

exiting the guide catheter. Also, a second marker band may be disposed such a distance from the 

distal end of the balloon irrigation catheter to indicate when the inflation member 889 has exited
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the guide catheter. At a proximal end of the supporting hypotube 896 is a hub 900 for 

connecting a syringe to the balloon irrigation catheter 880 to flush fluid through the catheter.

100136] In operation, a user may insert the balloon irrigation catheter 880 along a guidewire 

into a sinus. The inflation member 889 of the balloon irrigation catheter can be inflated once it is 

in the proper position to dilate the sinus. After dilation, the guidewire can be removed from the 

balloon irrigation catheter, and the irrigation syringe 898 can be inserted into the side cut-out 

882. The irrigation syringe 898 is slid distally in the balloon irrigation catheter 880 so that its 

end is within the closed section of the lumen within the catheter 880. Once properly inserted into 

the balloon irrigation catheter 880, fluid, such as saline, can be injected through the balloon 

irrigation catheter using the irrigation syringe 898 so that fluid will exit the side holes 886 of the 

distal irrigation section 884.

[00137] In yet another embodiment, an irrigation catheter can be sized such that it fits through 

the side cut-out of a balloon catheter and into the wire lumen of the balloon catheter. FIGS. 15A 

and 15B depict a balloon catheter 910 and an irrigation syringe 912 that is used to flush the sinus 

after dilation. A side cut-out, window or open channel 914 is disposed on the balloon catheter 

910 and provides an opening for inserting the irrigation syringe 912. The irrigation syringe 

includes a bent steel hypotube or flexible polymer extrusion 916 with a porous balloon 918 

mounted at the distal end of the hypotube 916. When fluid is injected into the irrigation syringe 

912, porous balloon 918 expands to open pores 919 and then fluid flows out of the pores. Once 

the pressure from the fluid is removed, the porous balloon 918 collapses so that the irrigation 

syringe 912 can be removed from the balloon catheter 910.

[00138] As shown in FIG. 15A, the balloon catheter 910 includes an inflation member 920. 

The balloon catheter 910 also includes a dual lumen tubing 922 having a cross-section similar to 

that shown in FIG. 12B, with a first round lumen and a second crescent lumen. In this 

embodiment, the first round lumen can accommodate the guidewire and/or irrigation syringe 912 

to flush fluid into the sinus. The second crescent lumen can be the inflation lumen for inflating 

the inflation member or balloon 920. The dual lumen tubing 922 extends to a proximal end of 

the balloon catheter 910 and may even include a supporting hypotube 924 at least partially 

covering the dual lumen tubing 922. Hypotube 924 allows for smooth advancement through the 

surgical hand tools described above. The side cut-out 914 is through the wall of the supporting
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hypotube 924 and through the wall of the dual lumen tubing 922 so that the guidewire and/or 

irrigation syringe 912 can extend into the balloon catheter 910. An outer diameter of the 

irrigation syringe 912 should be small enough to fit within the side cut-out 914 of the balloon 

catheter 910. Also, the irrigation syringe 912 includes a blunt distal tip 926 that is dull to avoid 

cutting or scratching the inner lumen of the balloon irrigation catheter 910.

[00139] The surgical hand tools 400, 440, 490, 510, 550, 700 or 780 described above can each 

be used in a similar manner for dilating an anatomical region. In use, the surgical hand tool is 

introduced into a head of a patient, typically through a nostril but in alternative embodiments 

through another opening such as a canine fossa puncture. In one embodiment, an endoscope 

may be first inserted through a nostril of a patient, followed by insertion of a guide catheter. In 

other embodiments, the endoscope and guide catheter can be inserted together. The endoscope 

and guide catheter are positioned such that the distal tip of guide catheter is located near an 

anatomical region to be accessed and the endoscope can view the targeted anatomical region. 

Thereafter, the guidewire is introduced through the guide catheter such that the distal tip of the 

guidewire is located at or near the targeted anatomical region. During this step, the guidewire 

may be navigated through the anatomy using the torquing device of the guidewire. In one 

embodiment, the guidewire is positioned across a paranasal sinus ostium to be dilated.

Thereafter, the balloon catheter is advanced over the guidewire into the anatomy by pushing the 

slide or balloon catheter driver in the distal direction. Once the balloon of the balloon catheter is 

correctly positioned, the balloon catheter is used to perform a diagnostic or therapeutic 

procedure. In one embodiment, the balloon catheter is used to dilate an opening leading to a 

paranasal sinus such as a paranasal sinus ostium. Once the procedure is complete, the endoscope 

and surgical hand tool 400, 440, 490, 510, 550, 700 or 780 are removed from the targeted 

anatomical region and the patient.

[00140] FIG. 16 illustrates one embodiment of a method for using a hand tool 400, 440, 490, 

510, 550, 700 or 780 such as those described above. As a first step, a guide with a balloon 

catheter disposed in its lumen is held with one hand via a handle. The guide, with the balloon 

catheter inside it, is then advanced into a human or animal subject. This advancement may be 

into a nostril or through some other access pathway, such as through a canine fossa puncture into 

a maxillary sinus. In some embodiments, the method may include forming a manmade opening 

into a paransal sinus, such as a canine fossue puncture, before the advancing step. In various
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embodiments, the guide/catheter combination may be advanced before, during or after an 

endoscope is advanced into the subject through the same or a different access route.

L00141] When the guide is positioned at a desired location in the subject, such as with its 

distal end near a paranasal sinus ostium, in some embodiments the balloon catheter may be 

advanced out of the guide to position a balloon of the catheter in the sinus opening. Some 

embodiments may optionally include an additional step of advancing a guidewire out of the 

guide and then advancing the balloon catheter out of the guide over the guidewire. Once the 

balloon of the balloon catheter is in a desired location relative to the opening of the paransal 

sinus ostium, the balloon may then be expanded to dilate the opening. The guide and balloon 

catheter may then be removed from the subject.

[00142] A number of different variations may be made to the above-described method in 

various embodiments. For example, as described further above, in some embodiments an 

endoscope may also be attached to the handle such that the guide, balloon catheter and 

endoscope may be advanced into the subject at the same time. In some embodiments, 

alternatively, just the guide is coupled with the handle, the balloon catheter is prcloaded in the 

guide and handle, and the guidewire is preloaded in the balloon catheter. In some embodiments 

a lighted guidewire may be used, in which case the guidewire may be illuminated during any 

suitable portion of the procedure. Some embodiments of the method may also include an 

irrigation procedure, in which an irrigation catheter is advanced into a paranasal sinus and used 

to flush mucus and/or other material out of the sinus. Thus, as has been described in greater 

detail above, in various alternative embodiments the method of the present invention may 

include a number of different steps and variations.

[00143] In all of the embodiments above, the guidewire used can be any conventional 

guidewire. It has also been contemplated that an illuminating guidewire device can also be used, 

such as the device disclosed in United States Patent Application No. 11/522,497, which is herein 

incorporated by reference. The illuminating guidewire device is connected to a light source and 

includes an illuminating portion at a distal end that illuminates. Illumination of the illuminating 

guidewire device can be used to visually confirm the positioning of a distal end portion of an 

illuminating device placed within a patient. In use, a distal end portion of an illuminating device 

is inserted internally into a patient, and emits light from the distal end portion of the illuminating
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device. Then, the physician can observe transillumination resulting from the light emitted from 

the distal end portion of the illuminating device that occurs on an external surface of the patient, 

which correlates the location of the observed transillumination on the external surface of the 

patient with an internal location of the patient that underlies the location of observed 

transillumination. This confirms positioning of the distal end portion of the illuminating device.

[00144] Any of the sinuplasty devices and systems 200, 250, 300, 370, 400, 440, 490, 510, 

550, 700, 780, 820, 850, 880, 910 and 912 can be packaged or kitted ready for use. In this 

embodiment, the device or system would be placed in a single package for a physician to open 

immediately before the procedure or surgery. In certain embodiments, different types of kits can 

be packed with various instruments, for example, straight and/or curved guide catheters. In this 

way, kits can be prepared for specific procedures, such as for use in the maxillary sinus or use in 

the frontal sinus. Various kits may be provided, such as but not limited to “complete” and 

“partial” kits. In one embodiment, for example, a complete kit may include a guide catheter, an 

illuminating guidewire, a balloon catheter, and an integrated inflation device. Optionally, an 

irrigation catheter, extra or different guidewire, extra or different balloon catheters and/or the 

like may be included. A partial kit, in one embodiment, may include balloon catheter integrated 

with a handle and inflation device. A guide catheter, illuminating guidewire, irrigation catheter 

and/or the like may be provided as separate packets or the like. Of course, any combination of 

the various devices and elements described in this application may be kitted together in various 

alternative embodiments. In some embodiments, a kit may also include an endoscope, such as a 

swing prism endoscope. Such swing prism endoscopes are described in greater detail in U.S. 

Patent Application No. 61/084,949, entitled Swing Prism Endoscope, and filed July 30, 3008, the 

full disclosure of which is hereby incorporated by reference.

[00145] The device may also be packaged with the various devices of the system integrated 

together and ready for use once the device or system is removed from the package. For example, 

the balloon catheter can be positioned within the guide catheter. Also, the inflation device may 

already be attached to the balloon catheter in the package in certain embodiments, unless it eases 

fluid preparation to have the inflation device unattached. The suction lumen can also be attached 

to the guide catheter, and the fluid lumen can be attached to the endoscope, in embodiments that 

include the endoscope packaged together with the device or system. Further the guide catheters 

can be connected to the proximal body of the devices 200, 250, 400, 440, 490, 510, 550, 700 and
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780. For the balloon sinuplasty and endoscope integration systems 300 and 370, the endoscope 

can be pre-attached to the guide catheter. In other embodiments, though, the endoscope may not 

be packaged with the device or the integrated system. This would allow the physician to choose 

a preferred endoscope for use during the procedure or surgery.

[00146] Packaging the devices and systems for immediate use saves the physician time in 

preparation and setup of the devices and systems 200, 250, 300, 370, 400, 440, 490, 510, 550, 

700, 780, 820, 850, 880, 910 and 912. The devices and systems can be sterilized before 

packaging and will not need to be flushed in preparation for surgery. The physician should only 

have to plug in fluid lumens and attach a light cable to the endoscope before use of the kitted 

systems. For the packages including the surgical hand tools 200, 250, 400, 440, 490, 510 550, 

700 or 780, the physician may also have to choose and prepare an endoscope for the procedure if 

one is not provided in the kit. Also, in certain embodiments, a guidewire can be included with 

the kit, and even positioned within the balloon catheter and guide catheter of the device of 

systems. However, in other embodiments, the guidewire is not included in the packaged kit, and 

the physician may choose a preferred guidewire to perform the procedure.

[00147] The rigid or flexible endoscopes disclosed herein may have a range of view ranging 

from 0 degrees to 145 degrees. The embodiments of endoscopes comprising a curved, bent or 

angled region may be manufactured by curving or bending the optical fibers before fusing the 

optical fibers. The optical fibers may be fused for example by heating them to a temperature 

ranging from 500 to 700 degrees Celsius or by using suitable epoxy adhesives to attach the 

optical fibers to each other. The endoscopes may be made using reduced cladding thickness 

optical fibers to allow curved, bent or angled regions with a large angle or curvature but a small 

radius of curvature. The endoscopes may also be made using glass/glass/polymer (GGP) 

multimode fiber such as the ones made by 3M to allow curved, bent or angled regions with a 

large angle or curvature but a small radius of curvature. For example, in embodiments of 

endoscopes that have a bent, curved or angled region enclosing an angle of 90 degrees or more, 

the radius of curvature of the bent, curved or angled region may preferably be less than or equal 

to 1.5 cm. Such endoscopes comprising curved, bent or angled regions with a large angle or 

curvature but a small radius of curvature are especially useful to enable a user to access the 

maxillary sinuses.
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[00148] The embodiments herein have been described primarily in conjunction with 

minimally invasive procedures, but they can also be used advantageously with existing open 

surgery or laparoscopic surgery techniques. For example, the methods and devices disclosed 

herein may be combined with one or more techniques of Functional Endoscopic Sinus Surgery 

(FESS). In FESS, a surgeon may remove diseased or hypertrophic tissue or bone and may 

enlarge the ostia of paranasal sinuses to restore normal drainage of the sinuses. It is typically 

performed with the patient under general anesthesia using endoscopic visualization.

[00149] Although FESS continues to be the gold standard therapy for severe sinuses, it has 

several shortfalls such as post-operative pain and bleeding associated with the procedure, failure 

to relieve symptoms in a significant subset of patients, risk of orbital, intracranial and sinonasal 

injuries, etc. Replacing one or more steps of FESS may reduce the shortfalls associated with the 

traditional FESS. The following are some examples of procedures involving a combination of 

FESS and the procedures disclosed in this patent application and the patent applications 

incorporated herein by reference.

[00150] 1. In one combination procedure, a maxillary sinus is treated by balloon dilation with

or without total or partial removal of the uncinate. Total or partial removal of the uncinate may 

make it easier or faster for some physicians to visualize and access the maxillary sinus.

[00151] 2. In another combination procedure, a maxillary sinus is treated by balloon dilation

in conjunction with removal of a nasal turbinate. During this combination procedure, a part or 

the entire nasal turbinate e.g. the middle turbinate may be removed. Removing a part or the 

entire middle turbinate provides additional working space in the region medial to the uncinate for 

instruments. This may potentially make the combination procedure easier or faster.

[00152] 3. In another combination procedure, a sphenoid sinus ostium is treated by balloon

dilation in conjunction with ethmoidectomy. The step of ethmoidectomy may enable a physician 

to introduce a guide catheter through the middle meatus to the sphenoid sinus ostium. This may 

potentially enable easy access to the sphenoid sinus ostium.

[00153] 4. In another combination procedure, a frontal sinus is treated by balloon dilation in

conjunction with middle turbinate resection and/or ethmoidectomy. This combination procedure

may make easier for a physician to find, visualize or access the frontal sinus once anatomical

structures like Ethmoid bulla, turbinate, etc. are removed or reduced.
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[00154] 5. In another type of combination procedures, multiple sinuses are treated by balloon

dilation with no or minimal tissue or bone removal. This is then followed by standard techniques 

to treat sinus disease. Examples of such combination procedures include:

[00155] 5A. Frontal, maxillary, or sphenoid sinuses are treated by balloon dilation. Also,

ethmoidectomy is performed while preserving the uncinate. The presence of the uncinate may 

preserve the natural function of the uncinate. This in turn may lead to lower incidence of 

complications like infection, etc. in the sinuses.

Γ00156] 5B. Any paranasal sinus may be treated by balloon dilation combined with a second

procedure including, but not limited to ethmoidectomy, septoplasty, reduction of a turbinate (e.g. 

inferior turbinate, middle turbinate, etc.), etc.

[00157] 6. Any of the procedures disclosed herein may be performed in conjunction with

irrigation and suction of one or more paranasal sinuses with a flexible catheter or rigid 

instrument. A flexible catheter is particularly useful to reach regions that are difficult to access 

by rigid instruments. Such regions may be located in lateral aspects of the frontal sinuses, the 

inferior or medial aspects of the maxillary sinuses, etc.

[00158] 7. Any of the procedures disclosed herein may further include removal of one or

more polyps. Polyp removal by standard techniques such as using shavers can be combined with 

balloon dilation of various paranasal sinus ostia. Once one or more polyps are removed, one or 

more ostia of paranasal sinuses may be dilated by balloon dilation.

[00159] 8. In another type of combination procedures, balloon dilation of one or more

paranasal sinus ostia may be performed to revise a previously performed surgery or in 

conjunction with standard endoscopic sinus surgery techniques. Examples of such procedures 

include:

[00160] 8A. Treating scar formation over frontal recess: In this combination procedure, an

attempt is made to access frontal recess with a guidewire. A balloon catheter is then passed over 

the guidewire. If the guidewire is unable to access the frontal sinus ostia because of scarring or 

because the frontal sinus ostia are too small, a surgical instrument e.g. curette or seeker may be 

used to open or puncture scar tissue or adhesions or the frontal sinus ostia. Such scar tissue or
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adhesions may be caused for example due to infection, prior surgery, etc. Thereafter, the frontal 

sinus ostia may be dilated by balloon dilation.

[00161] 8B. Combination procedures similar to the abovementioned combination procedure

may be performed to treat scarring near sphenoid sinuses and maxillary sinuses.

[00162] 9. In another type of combination procedures, one or more paranasal sinuses e.g. a

maxillary sinus may be accessed by an artificially created opening leading to the sinuses. 

Thereafter, a diagnostic or therapeutic procedure disclosed herein or in the patent documents 

incorporated herein by reference may be performed. The artificially created opening may be 

used to endoscopically visualize the placement of devices such as balloon catheters, guidewires, 

or other devices through a natural ostium of the paranasal sinus. The artificially created opening 

may also be used to introduce one or more diagnostic, therapeutic or access devices. The 

artificially created opening may be used to introduce liquids including, but not limited to 

solutions of antibiotics, solutions of anti-inflammatory agents, etc. The artificially created 

opening may be made by using suitable devices including, but not limited to drilling devices, 

chopping devices, puncturing devices, etc.

[00163] Some specific examples of hybrid procedures of the present invention are shown in 

the flow diagrams of FIGS. 17-20.

[00164] FIG. 17 shows steps in a method wherein an anatomical or pathological structure, 

such as the uncinate process, a turbinate, the wall of an ethmoid air cell, a polyp, etc. is removed 

or substantially modified and a dilator (e.g., the balloon of a balloon catheter) is positioned 

within an opening of a paranasal sinus and used to dilate that opening. Removal or modification 

of the anatomical or pathological structure may provide clearer access to and/or visibility of 

certain anatomical structures during the procedure or during post-operative examinations and 

follow-up.

[00165] FIG. f 8 shows steps in a method where a dilator such as the balloon of a balloon 

catheter is positioned in the opening of a paransal sinus and used to dilate that opening and, 

either before or after such dilation, the cavity of the paranasal sinus is suctioned or irrigated. In 

cases where a balloon catheter or other dilator device having a through lumen is used to 

accomplish the dilation step, the irrigation and/or suction step may be carried out by passing 

fluid or negative pressure through the through lumen of the dilation catheter. Or, a guidewire
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may be advanced into or near the sinus cavity during the dilation step and, thereafter, a suction 

and/or irrigation device may be advanced over such guidewire and used to carry out the suction 

and/or irrigation step.

[00166] FIG. 19 shows steps in a method where scar or adhesion tissue has formed in a 

location that obstructs a lumen, orifice, or passageway (e.g., scar tissue obstruction the opening 

of a paranasal sinus) and a puncture tract is initially formed in the scar or adhesion tissue. This 

may be accomplished by pushing a needle, seeker, probe, guidewire or other penetrator through 

the tissue. Thereafter, a dilator (e.g., a balloon catheter) is advanced into the puncture tract and 

is used to dilate the puncture tract, thereby relieving the obstruction caused by the aberrant scar 

or adhesion tissue.

[00167] FIG. 20 shows steps in a method wherein a dilator (e.g., the balloon of a balloon 

catheter) is placed in a pre-existing opening of a paranasal sinus, such as the natural ostium of 

the sinus (or a previously surgically altered ostium) and is used to dilate that opening. Also, a 

separate opening is created in that paranasal sinus, either from the nasal cavity or through the 

exterior of the face (e.g., a bore hole, antrostomy or trephination). This may provide improved 

ventilation and/or drainage of the sinus cavity. Optionally, the two openings may then be used to 

perform other procedures. For example, “flow through” irrigation may be carried out by passing 

irrigation solution through one of the openings and out of the other. Or, a device may be inserted 

through one of the openings, leaving the other opening unobstructed. Or, the physician may 

visualize (e.g., through an endoscope) through the newly created opening while treated the pre

existing opening or performing other diagnosis or treatment of the sinus cavity.

[00168] The devices and methods of the present invention relate to the accessing and dilation 

or modification of sinus ostia or other passageways within the ear nose and throat. These 

devices and methods may be used alone or may be used in conjunction with other surgical or 

non-surgical treatments, including but not limited to the delivery or implantation of devices and 

drugs or other substances as described in co-pending United States Patent Application Serial No. 

10/912,578 entitled Implantable Devices and Methods for Delivering Drugs and Other 

Substances to Treat Sinusitis and Other Disorders filed on August 4, 2004, the entire disclosure 

of which is expressly incorporated herein by reference.
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[00169] The invention has been described with reference to certain examples or embodiments, 

but various additions, deletions, alterations and modifications may be made to these examples 

and embodiments without departing from the intended spirit and scope of the invention. For 

example, any element or attribute of one embodiment or example may be incorporated into or 

used with another embodiment or example, unless to do so would render the embodiment or 

example unsuitable for its intended use. All reasonable additions, deletions, modifications and 

alterations are to be considered equivalents of the described examples and embodiments and are 

to be included within the scope of the following claims.
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Claims:

1. A device for dilating an ostium of a paranasal sinus of a human or animal 

subject, the device including:

5 a handle; an elongate shaft having a proximal end coupled with the handle

and extending to a distal end, wherein the handle includes a lumen and a longitudinal 

opening extending from the lumen to an outer surface of the handle along at least 

part of a length between the proximal and distal ends;

a guidewire disposed through at least a portion of the handle lumen;

10 a dilator having a non-expanded configuration and an expanded

configuration, wherein at least a portion of the dilator is disposed over the guidewire 

and within the shaft lumen; and

a slide member coupled with at least one of the guidewire or the dilator 

through the longitudinal opening of the handle for advancing the guidewire and/or

15 the dilator relative to the handle, wherein the slide member is capable of axial 

rotation relative to the elongate handle to rotate the guidewire and/or the dilator.

2. The device of claim 1, wherein the distal end of the elongate shaft includes 

an elongate tubular element in connection with the elongate shaft.
20

3. The device of claim 1, wherein the distal end of the shaft is insertable 

through a nostril of the subject's nose.

4. The device of claim 1, further including a piercing member coupled with the 

25 distal end of the shaft for piercing a hole into a paranasal sinus of the subject,

wherein the distal end of the shaft is insertable through the hole.

5. The device of claim 1, further including a fluid reservoir attached to the 

elongate shaft, wherein the fluid reservoir is in fluid communication with the dilator.
30

6. The device of claim 5, further including a trigger coupled with the fluid 

reservoir, wherein actuating the trigger causes fluid in the fluid reservoir to inflate 

the dilator into the expanded configuration.

16/06/15,dh-19095 - claimpg49 - cdm.docx,49
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7. A device for accessing an ostium of a paranasal sinus of a human or animal 

subject, the device including:

a handle;

an elongate shaft having a proximal end coupled with the handle and extending to 

a distal end, and a longitudinal lumen extending at least partway from the proximal end to 

the distal end;

a device advancing member coupled with at least one of the handle or the elongate 

shaft and configured to couple with and advance at least one device through the lumen of 

the shaft and at least partway into an ostium of a paranasal sinus;

wherein the device advancing member includes: two rollers configured to hold 

and advance the device; and

an actuator coupled with the two rollers to move the rollers.

8. The device of claim 7, further including a guidewire extending through at least 

part of the shaft lumen, wherein the device advancing member is configured to couple with 

and advance the guidewire through the lumen and through the ostium of the paranasal 

sinus.

9. The device of claim 7, further including a balloon dilation catheter extending 

through at least part of the shaft lumen, wherein the device advancing member is 

configured to couple with and advance the balloon dilation catheter through the lumen and 

at least partway into the ostium of the paranasal sinus.

10. The device of claim 7, wherein the device advancing member includes a slide 

member.

26/05/15,va 19095 claims,50
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11. A system for dilating an anatomical structure within the ear, nose or throat of a 

human or animal subject, the system including:

an endoscope;

an elongate tubular guide removably coupled with the endoscope; 

a handle coupled with at least one of the endoscope or the elongate tubular guide

for grasping the endoscope, coupled with the elongate tubular guide, in one hand; and a 

dilator slidably disposed in the elongate tubular guide, wherein the dilator has a non- 

expanded configuration for passing through the elongate tubular guide and an expanded 

configuration for dilating the anatomical structure;

wherein the endoscope comprises a rigid, swing prism endoscope.

12. The system of claim 11, further including: 

a first clip attached to the endoscope;

a second clip attached to the elongate tubular guide; and 

a connection member for connecting the first and second clips.

13. The system of claim 11, wherein the endoscope and elongate tubular guide, 

coupled together, are sized to pass into a nostril of the subject's nose.

14. The system of claim 11, wherein the endoscope and elongate tubular guide, 

coupled together, are sized to pass into a hole punctured into a paranasal sinus of the 

subject, the system further comprising a piercing member coupled with at least one of the 

endoscope or the elongate tubular guide for forming the hole.

15. The system of claim 11, further including a guidewire disposed through a 

guidewire lumen extending through at least part of the dilator.

16. The system of claim 15, further including a guidewire advancing member coupled 

with the elongate tubular guide for advancing the guidewire relative to the elongate tubular 

guide.

26/05/15,va 19095 claims,51



52
20

09
29

33
12

 
26

 M
ay

 2
01

5

17. The system of claim 11, further including an endoscope cleaner coupled with the 

endoscope, the endoscope cleaner including:

a sheath disposed over at least part of the endoscope; and 

a tube coupled with the sheath to connect the sheath with a source of cleaning

fluid.

18. A method for dilating an opening in a paranasal sinus of a human or animal 

subject, the method including the steps of:

holding an elongate, tubular, at least partially rigid guide in one hand using a 

handle, wherein a balloon dilation catheter resides within a lumen of the guide and extends 

through the handle;

advancing a distal end of the guide to a position near an opening in a paranasal 

sinus of a human or animal subject, wherein the balloon catheter resides within the lumen 

of the guide during advancement;

advancing the balloon dilation catheter through the guide to position a balloon of 

the balloon dilation catheter in the paranasal sinus opening; and

expanding the balloon to dilate the opening;

wherein advancing the balloon dilation catheter includes advancing the balloon 

dilation catheter into an ostium of the paranasal sinus selected from the group consisting of 

a maxillary sinus, a sphenoid sinus, a frontal sinus and an ethmoid sinus.

19. The method of claim 18, wherein advancing the balloon dilation catheter includes 

advancing an advancement member coupled with the handle and the catheter.

20. The method of claim 18, further including advancing a guidewire through the 

distal end of the guide and through the opening into the paranasal sinus, wherein the 

guidewire resides within a lumen of the balloon catheter during advancement of the guide 

into the subject, and wherein the balloon catheter is advanced through the distal end of the 

guide over the guidewire.
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21. The method of claim 20, further including: 

emitting light from a distal end of the guidewire; and

viewing the emitted light from outside the subject to confirm that the distal end of 

the guidewire is located in the paranasal sinus before advancing the balloon dilation 

catheter.

22. The method of claim 18, further including holding an endoscope with the handle, 

wherein the endoscope and the guide are coupled with the handle, and wherein the 

endoscope and the guide are advanced into the subject.

23. The method of claim 22, further including viewing at least one of the distal end of 

the guide or the balloon of the balloon catheter, using the endoscope.

24. The method of claim 23, further including changing a viewing angle of the 

endoscope by adjusting a swing prism in the endoscope.

25. The method of claim 18, wherein dilating the opening includes dilating a naturally 

occurring ostium of the paranasal sinus.

26. The method of claim 18, wherein dilating the opening includes dilating a 

manmade opening into the paranasal sinus, and wherein the method further includes 

forming the manmade opening.

27. The method of claim 18, wherein expanding the balloon includes inflating the 

balloon with fluid by activating an inflation member coupled with the handle.
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28. A method for dilating an ostium of a paranasal sinus of a human or animal 

subject, the method including the steps of:

holding an elongate, tubular, at least partially rigid guide and a balloon catheter 

disposed at least partially within the guide in one hand using a handle;

advancing a distal end of the guide to a position near an opening in a paranasal 

sinus of a human or animal subject, wherein the balloon catheter resides within the lumen 

of the guide during advancement;

advancing an advancement member coupled with the handle and the balloon 

dilation catheter to advance the balloon catheter through the distal end of the guide to 

position a balloon of the balloon dilation catheter in the opening; and expanding the 

balloon to dilate the opening;

wherein the guide is advanced through an opening in a canine fossa of the 

subject's head into a maxillary sinus, the method further comprising forming the canine 

fossa opening using a piercing tool.

29. The method of claim 28, wherein the guide is advanced through an opening in a 

wall of a maxillary sinus of the subject's head, the method further including forming the 

maxillary sinus wall opening using a piercing tool.

30. The method of claim 28, wherein a guidewire is further housed in a lumen of the 

balloon dilation catheter during advancement of the guide and balloon dilation catheter into 

the subject, the method further including advancing the guidewire through the ostium 

before advancing the balloon dilation catheter over the guidewire.

31. The method of claim 28, further including:

holding an endoscope with the handle, wherein the endoscope, guide and balloon 

catheter are advanced into the subject together; and

viewing at least one of the distal end of the guide or the balloon of the balloon 

catheter using the endoscope.

32. The method of claim 31, further including changing a viewing angle of the 

endoscope by adjusting a swing prism in the endoscope.
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