(12) STANDARD PATENT (11) Application No. AU 2018256964 B2
(19) AUSTRALIAN PATENT OFFICE

(54)

(51)

(21)
(87)
(30)

(31)

(43)

(44)

(71)

(72)

(74)

(56)

Title
Systems and methods for locating blood vessels in the treatment of rhinitis

International Patent Classification(s)
A61B 18/02 (2006.01) A61B 8/00 (2006.01)

Application No: 2018256964 (22) Date of Filing:  2018.04.30
WIPO No: WO018/201158

Priority Data

Number (32) Date (33) Country
62/492,074 2017.04.28 us
Publication Date: 2018.11.01

Accepted Journal Date: 2023.11.30

Applicant(s)
Arrinex, Inc.

Inventor(s)
Fahey, Brian;Lin, Bryant;Fox, William Jason;Saadat, Mojgan;Saadat, Vahid

Agent / Attorney
Davies Collison Cave Pty Ltd, Level 15 1 Nicholson Street, MELBOURNE, VIC, 3000, AU

Related Art

US 2015/0164571 A1
US 2016/0045277 A1
US 2013/0041259 A1
EP 3017770 A1

US 2010/0168569 A1




(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
01 November 2018 (01.11.2018)

(10) International Publication Number

WO 2018/201158 A1l

WIPO I PCT

(51) International Patent Classification: HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
A61B 18/02 (2006.01) A61B 8/00 (2006.01) KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
(21) International Application Number: MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
PCT/US2018/030324 OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
(22) International Filing Date: TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
30 April 2018 (30.04.2018) (84) Designated States (unless otherwise indicated, for every
(25) Filing Language: English kind of regional protection available): ARIPO (BW, GH,
s . GM,KE, LR, LS, MW,MZ,NA,RW, SD, SL, ST, SZ, TZ,
(26) Publication Language: English UG, ZM, ZW), Furasian (AM, AZ, BY, KG, KZ, RU, TJ,
(30) Priority Data: TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
62/492,074 28 April 2017 (28.04.2017) US EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
. MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
71) Appllcaqt: ARRINX, INC. .[US/US]; 1755 E. Bayshore TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
Road, Suite 26A, Redwood City, CA 94063 (US). KM, ML, MR, NE, SN, TD, TG).
(72) Inventors: FAHEY, Brian; 925 Fremont Street, Menlo
Park, CA 94025 (US). LIN, Bryant; 201 McKendry Drive, Published:
Menlo Park, CA 94025 (US). FOX, William, Jason; 117 —  with international search report (4rt. 21(3))
15th Avenue, San Mateo, CA 94402 (US). SAADAT, Mo- —  before the expiration of the time limit for amending the
jgan; 75 Barry Lane, Atherton, CA 94027 (US). SAADAT, claims and to be republished in the event of receipt of
Vahid; 75 Barry Lane, Atherton, CA 94024 (US). amendments (Rule 48.2(h))
(74) Agent: BLIZZARD, Christopher et al; Kilpatrick
Townsend & Stockton LLP, Mailstop: IP Docketing- 22,
1100 Peachtree Street, Suite 2800, Atlanta, GA 30309 (US).
(81) Designated States (unless otherwise indicated, for every

kind of national protection available). AE, AG, AL, AM,
AQ, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA,CH, CL,CN, CO,CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,

(54) Title: SYSTEMS AND METHODS FOR LOCATING BLOOD VESSELS IN THE TREATMENT OF RHINITIS

v

Fig. 23B

wo 20187201158 A1 | 0K 000 0

(57) Abstract: Apparatus and methods for treating and monitoring conditions such as rhinitis are disclosed herein. The technology
utilizes ultrasound scans to identify target treatment sites, and monitor the treatment of a patient undergoing a treatment. The treatment
may be an ablation treatment of a nasal nerve, for example the PNN for the treatment of nasal conditions, such as rhinitis. The ultrasound
scans are performed within the nasal cavity with an ultrasound probe or a combined ultrasound and ablation probe and may use Doppler,
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PATENT
Attorney Docket No.: 101322-001010PC-1086984

SYSTEMS AND METHODS FOR LOCATING BLOOD VESSELS IN THE
TREATMENT OF RHINITIS

[0001] The entire contents of U.S. Provisional Patent Application Serial No. 62/492,074
filed April 28, 2017, U.S. Patent Application Serial No. 15/693,216, filed August 31, 2017,
U.S. Patent Application Serial No. 15/786,306, filed October 17, 2017, U.S. Patent
Application Serial No. 15/682,804, filed August 22, 2017, U.S. Patent Application Serial No.
15/431,740, filed February 13, 2017 and U.S. Patent Application Serial No. 15/624,632, filed
June 15,2017, are incorporated by reference herein in their entirety for all purposes.

[0002] The present invention is related to systems, devices and methods for identifying and
monitoring treatment sites for ablating regions of tissue. More particularly, the present
invention relates to locating treatment sites in the nasal cavity to ablate for treating nasal
conditions, such as rhinitis, while inhibiting or reducing any collateral vessel damage (e.g.,

arterial bleeding).

[0003] Rhinitis is defined as inflammation of the membranes lining the nose, characterized
by nasal symptoms, including itching, sneezing, anterior nasal drainage (rhinorrhea),
posterior nasal drainage (Post nasal drip), and/or nasal congestion. Chronic Rhinitis affects
tens of millions of people in the US and is a leading cause for patients to seek medical care.
Medical treatment has been shown to have limited eftects for chronic rhinitis sufferers and
requires daily medication use or onerous allergy treatments and up to 20% of patients may be

refractory.

[0004] Selectively interrupting the Post Nasal Nerves (PNN) in patients with chronic
rhinitis improves their symptoms while avoiding the morbidities associated with vidian
neurectomy. Specifically, selective interruption of the PNN, interrupts the somatic afferent
innervation to the nasal mucosa, and can reduce the hypersensitivity and axon reflexes of the
nasal mucosa. While ablation of the PNN is a less invasive procedure with fewer
complication and side effects than previous surgical methods for treating rhinitis, there can be

complications if large blood vessels are damaged during the ablation.

[0005] Asshown in Figs. 1 and 2, the PNN generally follow the sphenopalatine artery
(SPA). In some patient anatomies, the SPA may be co-located with the PNN. As such,

during ablation of the PNN, unintentional collateral damage to the SPA may occur which
1
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may lead to excessive bleeding or other injury to the patient. In some cases, an excessive
nose bleed may require subsequent surgical treatment or intervention to repair the damaged
SPA. Thus, there is a need for improved systems, device, and methods that address some of

these therapy challenges.

[0006] The present technology relates to systems, devices and methods for using ultrasound
to identify target treatment sites, and monitor the treatment of a patient undergoing ablation
treatment of a nasal nerve, for example the PNN for the treatment of nasal conditions, such as
rhinitis. Such systems, devices, and methods provide for ablation of the PNN while
inhibiting and/or reducing unintentional collateral vessel damage (e.g., bleeding of the SPA
or a branch associated therewith). The present technology may also be used in the treatment
of nasal valve collapse. The present technology may also be used in the treatment of post
nasal drip and other related conditions, as disclosed in U.S. patent 9,801,752 which is
incorporated by reference herein in its entirety for all purposes. The present technology may
also be used with neuromodulation and other related treatments, as disclosed in U.S.
published application 2016/0331459A1, which is incorporated by reference herein in its

entirety for all purposes.
[0007] According to an aspect of the present invention, there is provided a surgical probe for
treating rhinitis of a patient, comprising:

an elongated probe shaft with a proximal end and a distal end;

a handle coupled to the proximal end;

a cryo-ablation element coupled to the probe shaft; and

an ultrasound transducer coupled to the probe shaft toward the distal end of the probe
shaft and distal of the cryo-ablation element;

wherein the ultrasound transducer is configured to determine a location of a target
treatment site within a nasal cavity of the patient,

wherein the cryo-ablation element is configured to be positioned at the target
treatment site location to cryogenically ablate the target treatment site in order to ablate at

least one nasal nerve to reduce at least one symptom of rhinitis

[0007] Also disclosed herein are methods for treating rhinitis of a patient comprising

advancing a surgical probe into a nasal cavity of a patient. The surgical probe may comprise
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an elongated probe shaft with a proximal end and a distal end, a handle coupled to the
proximal end, an ultrasound transducer coupled to the probe shaft, and a cryo-ablation
element coupled to the probe shaft. The method may further comprise determining a location
of a target treatment site within the nasal cavity with the ultrasound transducer, positioning
the cryo-ablation element at the target treatment site location; and cryogenically ablating the
target treatment site in order to ablate at least one nasal nerve to reduce at least one symptom

of rhinitis.

[0008] The method may further comprise determining the location of the target treatment
site comprises detecting relative thicknesses of mucosal tissue in the nasal cavity with the
ultrasound transducer to identify an anatomical landmark correlated to the location of the

target treatment site.

[0009] The method may further comprise determining the location of the target treatment
site by detecting relative thicknesses of a palatine or sphenoid bone in the nasal cavity with
the ultrasound transducer to identify an anatomical landmark correlated to the location of the

target treatment site.

[0010] The method may further comprise determining the location of the target treatment
site by detecting a relative boundary or transition between two bones in the nasal cavity or
between a bone and cartilage in the nasal cavity with the ultrasound transducer to identify an
anatomical landmark correlated to the location of the target treatment site. The transition may
comprise 0.5-1 mm of cartilage adjacent to 1-3 mm of bone used to identify a perpendicular

plate of a palatine bone.

[0011] The method may further comprise using a surgical probe further comprising a
second ultrasound transducer coupled to the probe shaft. The ultrasound transducer may be
coupled to the probe shaft towards the distal end of the probe shaft and distal of the cryo-
ablation element. The second ultrasound transducer may be coupled to the probe shaft
towards the proximal end of the probe shaft and proximal the cryo-ablation element.
Determining the location of the target treatment site may comprise detecting tissue properties

with both the ultrasound transducer and the second ultrasound transducer.

[0012] The method may further comprise detecting tissue properties with the ultrasound
transducer and the second ultrasound transducer to determine the location of the target
treatment site by identifying relative mucosal tissue thicknesses indicating that the cryo-

ablation element is positioned proximate to the location of the target treatment site.
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[0013] The method may further comprise detecting tissue properties with the ultrasound
transducer and the second ultrasound transducer to determine the location of the target
treatment site by identitying relative bone thicknesses indicating that the cryo-ablation
element is positioned proximate to the location of the target treatment site. The relative bone
thickness may indicate that the ultrasound transducer is detecting a sphenoid bone and the

second ultrasound transducer is detecting a palatine bone.

[0014] The method may further comprise a surgical probe with the cryo-ablation element
and the ultrasound transducer are coupled to the probe shaft at a predetermined distance
relative to each other. The predetermined distance may correspond to a distance between an
anatomical feature detectable with the ultrasound transducer and the at least one nasal nerve.
Determining the location of the target treatment site may comprise locating the anatomical
feature with the ultrasound transducer. Cryogenically ablating the target treatment site may
comprise ablating the at least one nasal nerve while the ultrasound transducer is detecting a

signal indicating that the ultrasound transducer is proximate to the anatomical feature.
[0015] The method may further comprise the anatomical feature being a blood vessel.

[0016] The method may further comprise advancing the surgical probe into the nasal cavity
by determining that the surgical probe is advancing through a middle meatus by detecting a

middle turbinate in the nasal cavity with the ultrasound transducer.

[0017] The method may further comprise a surgical probe with the probe shaft comprising
an articulation joint configured to facilitate articulation of the ultrasound transducer relative
to the cryo-ablation element. Determining the location of the target treatment site with the
ultrasound transducer may comprise articulating the ultrasound transducer with the

articulation joint to sweep an area of tissue within the nasal cavity.

[0018] The method may further comprise the surgical probe having a light emitting element
coupled to the probe shaft. When the location of the target treatment site is determined the

light emitting element may emit a visual indication within the nasal cavity.

[0019] The method may further comprise a surgical probe with a haptic feedback element
coupled to the handle. When the location of the target treatment site is determined the haptic

feedback element may emit a haptic indication.

[0020] The method may further comprise the cryo-ablation element comprising an

expandable structure. Further, cryogenically ablating the target treatment site may comprise
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inflating the expandable structure through evaporation of a cryogenic fluid within the

expandable structure.

[0021] The method may further comprise monitoring a size of an ice ball formed while
cryogenically ablating the target treatment site with the ultrasound transducer or a second
ultrasound transducer coupled to the probe shaft. The ultrasound transducer or the second
ultrasound transducer may emit an ultrasound beam at an angle relative a longitudinal axis of

the probe shaft in order to intersect tissue in the nasal cavity where the ice ball forms.

[0022] The method may further comprise terminating cryogenic ablation when the size of

the ice ball reaches a predetermined size range.

[0023] The method may further comprise the cryo-ablation element being slidably coupled
to the probe shaft. In embodiments, after the location of the target treatment site is
determined the cryo-ablation element is advanced into the nasal cavity by sliding the cryo-
ablation element along the shaft toward the distal end of the surgical probe shaft to the target

treatment site.

[0024] Also disclosed are methods for treating rhinitis by advancing a surgical probe into a
nasal cavity of a patient. The surgical probe may comprise an elongated probe shaft with a
proximal end and a distal end, a handle coupled to the proximal end, and an ultrasound
transducer coupled at the distal end of the probe shaft. The method may comprise detecting
an anatomical feature within the nasal cavity with the ultrasound transducer in order to
determine a location of a target treatment site, advancing a cryo-ablation element slidably
coupled to the probe shaft toward the distal end to the determined target treatment site
location while the ultrasound transducer is positioned proximate to the detected anatomical
feature; and cryogenically ablating the target treatment site, while the ultrasound transducer is
positioned proximate to the detected anatomical feature, in order to ablate at least one nasal

nerve to reduce at least one symptom of rhinitis.

[0025] The method may further comprise the anatomical feature being a blood vessel, and

detecting the location of the anatomical feature by detecting a blood flow in the blood vessel.

[0026] The method may further comprise the blood vessel being the sphenopalatine artery

or vein.

[0027] The method may further comprise the cryo-ablation element being, and wherein
cryogenically ablating the target treatment site comprises inflating the expandable structure

through evaporation of a cryogenic fluid within the expandable structure.



19 Oct 2023

2018256964

[0028] The method may further comprise the expandable structure having a lumen, and
wherein advancing the cryo-ablation element comprises sliding the probe shaft through the

lumen.

[0029] The method may further comprise a distance between the detected anatomical
feature and the target treatment site location corresponding to a distance between a

sphenopalatine artery or vein and the at least one nasal nerve.

[0030] Also disclosed are methods for evaluating a treatment procedure within a nasal
cavity of a patient based on a tissue characteristic measured with ultrasound. The method
comprise evaluating a pre-treatment tissue characteristic with a first ultrasound scan of the
nasal cavity, performing a treatment procedure within the nasal cavity, evaluating a post-
treatment tissue characteristic with a second ultrasound scan of the nasal cavity, and
evaluating a change between the pre-treatment tissue characteristic and the post-treatment

tissue characteristic to assess an effectiveness of the treatment procedure.

[0031] The method may further comprise performing the treatment procedure comprises
cryogenically ablating at least one nasal nerve to reduce at least one symptom of rhinitis. The
pre-treatment tissue characteristic and the post-treatment characteristic may be mucosal tissue

thickness, edema, or fluid content.

[0032] The method may further comprise evaluating the change between the pre-treatment
tissue characteristic and the post-treatment tissue characteristic by accounting for a contact
force applied to a nasal cavity wall by an ultrasound transducer or an angle of incidence of an
ultrasound beam.

[0033] The method may further comprise the first and second ultrasound scans comprise
echogenicity, elastography, or elasticity measurements of the mucosal tissue.

[0034] The method may further comprise re-treating the nasal cavity in response to the
evaluation of the change between pre-treatment tissue characteristic and the post-treatment
tissue characteristic.

[0035] The method may further comprise performing the treatment procedure comprises
mechanically, chemically, electrically, or thermally treating the nasal cavity.

[0036] The surgical probes may further comprise the ultrasound transducer being configured
to detect relative thicknesses of mucosal tissue in the nasal cavity to identify an anatomical
landmark correlated to the location of the target treatment site.

[0037] The surgical probes may further comprise the ultrasound transducer being configured
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to determine the location of the target treatment site by detecting relative thicknesses of a
palatine or sphenoid bone in the nasal cavity in order to identify an anatomical landmark
correlated to the location of the target treatment site.

[0038] The surgical probes may further comprise the ultrasound transducer being configured
to determine the location of the target treatment site by detecting a relative boundary or
transition between two bones in the nasal cavity or between a bone and cartilage in the nasal
cavity to identify an anatomical landmark correlated to the location of the target treatment
site. The transition may comprises 0.5-1 mm of cartilage adjacent to 1-3 mm of bone used to
identify a perpendicular plate of a palatine bone.

[0039] The surgical probes may further comprise a second ultrasound transducer coupled to
the probe shaft, wherein the second ultrasound transducer is coupled to the probe shaft
towards the proximal end of the probe shaft and proximal the cryo-ablation element, and
wherein the ultrasound transducer and the second ultrasound transducer are configured to
determine the location of the target treatment site by both detecting tissue properties with
both.

[0040] The surgical probes may further comprise the ultrasound transducer and the second
ultrasound transducer being configured to detect tissue properties to determine the location of
the target treatment site by identifying relative mucosal tissue thicknesses indicating that the
cryo-ablation element is positioned proximate to the location of the target treatment site.
[0041] The surgical probes may further comprise the ultrasound transducer and the second
ultrasound transducer being configured to detect tissue properties to determine the location of
the target treatment site by identifying relative bone thicknesses indicating that the cryo-
ablation element is positioned proximate to the location of the target treatment site. The
relative bone thickness may indicate that the ultrasound transducer is detecting a sphenoid
bone and the second ultrasound transducer is detecting a palatine bone.

[0042] The surgical probes may further comprise the cryo-ablation element and the
ultrasound transducer being coupled to the probe shaft at a predetermined distance relative to
each other. The predetermined distance may corresponds to a distance between an
anatomical feature detectable with the ultrasound transducer and the at least one nasal nerve.
The ultrasound transducer may be configured to determine the location of the target treatment
site by locating the anatomical feature. The cryo-ablation element may be configured to
cryogenically ablate the target treatment site by ablating the at least one nasal nerve while the
ultrasound transducer is detecting a signal indicating that the ultrasound transducer is

proximate to the anatomical feature. The anatomical feature may be a blood vessel.
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[0043] The surgical probes may further comprise the ultrasound transducer being configured
to determine that the surgical probe is advancing through a middle meatus by detecting a
middle turbinate in the nasal cavity.

[0044] The surgical probes may further comprise the probe shaft comprising an articulation
joint configured to facilitate articulation of the ultrasound transducer relative to the cryo-
ablation element, and wherein the ultrasound transducer is configured to determine the
location of the target treatment site by articulating the ultrasound transducer with the
articulation joint to sweep an area of tissue within the nasal cavity.

[0045] The surgical probes may further comprise a light emitting element coupled to the
probe shaft. The light emitting element may be configured to emit a visual indication within
the nasal cavity when the location of the target treatment site is determined.

[0046] The surgical probes may further comprise a haptic feedback element coupled to the
handle, and configured to emit a haptic indication when the location of the target treatment
site is determined.

[0047] The surgical probes may further comprise the cryo-ablation element comprising an
expandable structure. The expandable structure is configured to inflate through evaporation
of a cryogenic fluid within the expandable structure to cryogenically ablate the target
treatment.

[0048] The surgical probes may further comprise the ultrasound transducer being configured
to monitor a size of an ice ball formed while cryogenically ablating the target treatment site.
The ultrasound transducer may be configured to emit an ultrasound beam at an angle relative
a longitudinal axis of the probe shaft in order to intersect tissue in the nasal cavity where the
ice ball forms.

[0049] The surgical probes may further comprise the cryo-ablation element being configured
to terminate cryogenic ablation when the size of the ice ball reaches a predetermined size
range.

[0050] The surgical probes may further comprise the cryo-ablation element being slidably
coupled to the probe shaft. The cryo-ablation element may be configured to be advanced into
the nasal cavity by sliding the cryo-ablation element along the shaft toward the distal end of
the surgical probe shaft to the target treatment site after the location of the target treatment
site is determined with the ultrasound transducer.

[0051] Also disclosed is a surgical probe for treating rhinitis of a patient, comprising an
clongated probe shaft with a proximal end and a distal end, a handle coupled to the proximal

end, an ultrasound transducer coupled at the distal end of the probe shaft and a cryo-ablation
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element slidably coupled to the probe shaft. The ultrasound transducer may be configured to
detect an anatomical feature within the nasal cavity in order to determine a location of a
target treatment site. The cryo-ablation element may be configured to be advanced toward
the distal end to the determined target treatment site location while the ultrasound transducer
is positioned proximate to the detected anatomical feature and cryogenically ablate the target
treatment site, while the ultrasound transducer is positioned proximate to the detected
anatomical feature, in order to ablate at least one nasal nerve to reduce at least one symptom
of rhinitis. The anatomical feature may be a blood vessel, and the ultrasound transducer may
be configured to detect the location of the anatomical feature by detecting a blood flow in the
blood vessel. The blood vessel may be the sphenopalatine artery or vein.

[0052] The surgical probes may further comprise the cryo-ablation element comprising an
expandable structure. The cryo-ablation element may be configured to cryogenically ablate
the target treatment site by inflating the expandable structure through evaporation of a
cryogenic fluid within the expandable structure. The expandable structure may have a lumen.
The cryo-ablation element may be configured to be advanced by sliding the probe shaft
through the lumen.

[0053] The surgical probes may further be configured so that a distance between the detected
anatomical feature and the target treatment site location corresponds to a distance between a
sphenopalatine artery or vein and the at least one nasal nerve.

[0054] Further details, aspects, and embodiments of the invention will be described by way
of example only and with reference to the drawings. In the drawings, like reference numbers
are used to identify like or functionally similar elements. Elements in the figures are

illustrated for simplicity and clarity and have not necessarily been drawn to scale.

[0055] Fig. 1 shows the anatomy of nerves in the nasal canal.
[0056] Fig. 2 shows the anatomy of blood vessels in the nasal canal.
[0057] Figs. 3-5 shows illustrations of detecting a Doppler signal.

[0058] Fig. 6 shows an A-mode scan with the y-axis representing reflected signal intensity

and the x-axis representing the time between signal emission and the time of signal detection.

[0059] Fig. 7A shows A-mode and B-mode scans showing tissue interfaces and their

associated ultrasonic echoes in the back/spine.

[0060] Fig. 7B shows an A-mode scan showing tissue interfaces and their associated

ultrasonic echoes in the eye.



19 Oct 2023

2018256964

[0061] Fig. 8 shows an embodiment of an ultrasound probe.
[0062] Figs. 9A-C show an embodiments of a ultrasound probe.

[0063] Figs. 10A-B show a method of locating an SPA using ultrasound and a Doppler

signal.

[0064] Fig. 11A shows an embodiment of an ultrasound probe with multiple ultrasound

units.
[0065] Figs. 11B-C show using the probe of Fig. 11A to locate the SPA.
[0066] Fig. 12A-F show using the probe of Fig. 11A to locate the SPA.

[0067] Figs. 13A and 13B shows an embodiment of an ultrasound probe with slidably

ultrasound transducers.
[0068] Fig. 14 shows an embodiment of an ultrasound probe with a visual indicator.

[0069] Figs. 15A and 15B shows an embodiment of an ultrasound probe with multiple

visual indicators.

[0070] Figs. 16A and 16B shows an embodiments of providing visual indications of

ultrasound signal strength.

[0071] Figs. 17A-D shows an embodiment of an integrated probe.
[0072] Fig. 18 shows an embodiment of an integrated probe.
[0073] Figs. 19A-C show embodiments of integrated probes.
[0074] Figs. 20-22 show embodiments of integrated probes.

[0075] Figs. 23A-D show embodiments of integrated probes with a fixed distance between

an ultrasound transducer and cryo-ablation element.
[0076] Figs. 24A-B show embodiments of integrated probes used to detect bone thickness.
[0077] Figs. 25A-C show embodiments of integrated probes.

[0078] Figs. 26A-D show an embodiments of an integrated probe with slidably coupled

cryo-ablation element.

[0079] Figs. 27A-C show an embodiments of an integrated probe for monitoring ice-ball

formation.

10
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[0080] Figs. 28A and 28B show an ultrasound transducer mounted on single axis joint to

facilitate for orthogonal alignment with tissue surface.

[0081] Figs. 28C and 28D show an ultrasound transducer mounted on ball joint to facilitate

for orthogonal alignment with tissue surface.
[0082] Figs. 29 shows a self-aligning ultrasound transducer.

[0083] Fig. 30 shows an embodiment of a combined ablation and sensing probe with an

acoustic coupling balloon.

[0084] Figs. 31A-C show embodiments that utilize the turbinates to guide placement of an

ablation probe in a tissue region.
[0085] Figs. 32A-C show embodiments that uses mechanical sensors to guide positioning.
[0086] Figs. 33-36 illustrate embodiments of optical sensing systems.

[0087] In the following description, various embodiments of the present technology will be
described. For purposes of explanation, specific configurations and details are set forth in
order to provide a thorough understanding of the embodiments. However, it will also be
apparent to one skilled in the art that the present technology may be practiced without the
specific details. Furthermore, well-known features may be omitted or simplified in order not

to obscure the embodiment being described.

[0088] In embodiments, ultrasound transducers may be used to detect a Doppler signal
indicating the presence of a blood vessel. For example in embodiments the Sphenopalatine
Artery (SPA) may be located. Further, in embodiments other blood vessels may be located,
for example branches of the SPA or the Anterior Ethmoid Artery. The located blood vessels
may be used in determining target ablation sites to treat nerves that may be located based on
the location of the blood vessel(s), and the locations of the blood vessels may also be used in
order to avoid damage to located blood vessel(s). For example, in embodiments the SPA

may be located and the position of the SPA may be used to determine a target ablation site for
treating the PNN while avoiding ablating and damaging the SPA. In embodiments, the
located blood vessels may then be used in determining target ablation sites that may

selectively damage the SPA or other vessels.

[0089] Figs. 3 and 4 illustrate a method of using multiple pulses being transmitted through
a fluid containing moving particles, and shows detected reflections of the pulses as echoes

which are time-shifted. Time-shift methods are one mechanism by which tissue motion

11
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and/or velocity may be estimated using ultrasound and other imaging modalities. Other
mechanisms include frequency-shift analyses and phase-shift estimators. As used herein the
terms ‘measuring a Doppler shift,” ‘measuring a Doppler signal,” or similar language refer to

using any of these stated methods, or related methods for estimating tissue movements.

[0090] Fig. 5. illustrates an arrangement of a transducer and blood vessel and provides an
equation which may be used to determine the velocity of the blood flow. The equation
shown is based on sound waves, for example ultrasound, however the Doppler shift can also
be observed with other forms of energy, for example visible light, IR, or other acoustic or
electromagnetic waves in order to detect blood flow. These forms of energy may be emitted
from an emitter and then reflected signals may be received by a receiver and used to detect
areas of the body with blood flow in the tissue. Similar methods may be employed to
determine other types of tissue motion or movements. The sensing area in which energy is
emitted and received may be small and by traversing a sensor for detecting a Doppler shift
around a larger area of tissue, as will be discussed in greater detail below, specific areas of

the tissue that include blood flow, and therefore a blood vessel, may be determined.

[0091] In embodiments, an ultrasound probe may also be used to detect the location of the
SPA using other characteristics of vasculature independent of blood flow including ultrasonic
reflections and velocity changes through vessel walls and the intraluminal space compared to

surrounding tissue.

[0092] In embodiments, as discussed in greater detail below, blood vessels, for example the
SPA, may be located using an ultrasound probe. The determined location may then be used
to inform the operator in order to determine a target treatment site. Ablation therapy at the
target treatment site to provide treatment for rhinitis symptoms may then be delivered while
avoiding a level of damage to the SPA and its branches which may require repair. As will be
discussed in greater detail below, in embodiments a system may include an ultrasound probe
and an ablation probe, for example, an ablation probe as disclosed in U.S. 14/503,060, which
is incorporated by reference.

[0093] In addition to using ultrasound signals to detect blood flow by detecting Doppler
shifts, ultrasound signals may also be used to detect anatomical features such as tissue
thickness including bone and mucosal thickness, as well as transitions between different
types or different thicknesses of tissue. This detection may be performed for example using
A-mode or B-mode ultrasound. The detection of anatomical features may be used to

determine a location of a target treatment site for ablation. For example, the locations of
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bony prominences and areas of varying mucosal thickness may correspond to the location of
a target nerve in the nasal cavity. Identifying the anatomical features may be used to
determine a location of a target treatment site to ablation a target nerve.

[0094] A-mode (amplitude mode) ultrasound is a mode in which an ultrasonic pulse is
emitted into the tissue and the reflected components of the signal are measured over time.
Tissue acoustic impedance is a function of tissue stiffness and the speed of sound in that
tissue. A propagating ultrasound wave is reflected at interfaces between tissues with different
acoustic impedance, with the degree of signal reflection increasing with increasing
differences. Small differences create small echoes and large differences create larger echoes.
[0095] The time between ultrasound signal emission and the detection of the reflected
signal is a function of the speed of sound in tissue and of the depth at which the signal was
reflected. During A-Mode scanning, where the amplitude of received echoes from a
transmitted ultrasound pulse is recorded over a period of time, signals reflected from deeper
tissues will appear later in the recording than signals reflected more superficially. The table
below shows the speed of sound in different common tissues.

[0096] To convert echo delay (the time elapsed between transmission of an ultrasound
pulse and the detection of the corresponding echo) to depth, the average speed of sound may
be used. In soft tissue, the speed of sound is generally considered a constant and attributed a
value of 1540 m/s.

[0097] depth (m) = avg speed of sound (m/s) * 1/2 * delay (s)

[0098] In the relationship above, the factor of (1/2) accounts for the fact that the echo delay
is comprised of the round-trip travel time of the ultrasound pulse (i.e. the time it takes an
ultrasound wave to reach the depth of the reflecting surface plus the time it takes the wave to

travel back to the transducer from this point of reflection).

Tissue Type | Speed of Sound (m/s)
Skin 1600
Fat 1400
Muscle 1600
Bone 3500

[0099] Table 1. Speed of sound in common tissues

[0100] The table below shows the percentage of incident signal reflected at the boundaries

between different tissues.
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Boundary % Reflected

Fat/ muscle 1.08
Fat/kidney 0.6
Soft tissue/water 0.2
Boneffat 49
Soft tissue/air 99

[0101] Table 2: Percentage reflection of ultrasound at boundaries: From: Aldrich: Crit
Care Med, Volume 35(5) Suppl.May 2007.S131-S137

[0102] Figs. 6 and 7A-B show examples of A-mode scans. In Fig. 6 the y-axis represents
reflected signal intensity and the x-axis represents the time between signal emission and the
time of signal detection. In Fig. 6, spikes A and B represent interfaces between tissues of
markedly different acoustic impedances. Spike A represents an interface which is more
superficial than spike B and in which the difference in acoustic impedance between the
tissues is greater than that in spike B. The depths of tissue interfaces represented by spikes A
and B can be estimated by multiplying the average speed of sound in tissue by % the delay

between signal emission and detection of the associated reflections.

[0103] In embodiments, the depth of mucosal tissue, the depth of bones, the thickness of
bones in the nasal cavity, and transitions between different tissue thicknesses and densities
may be determined using A-mode scans. In embodiments, the detectable spikes on an A-
mode trace, corresponding to the interfaces of tissues with markedly different acoustic
impedances, may be used to estimate the superficial and deep boundaries of the mucosal
tissue. From these estimations, thickness measurements may be made. For example, in
embodiments, a large A-mode spike may be detected that corresponds to the interface of a
coupling balloon and the superficial mucosal wall, and a second large A-mode spike may be
produced that corresponds to the interface of the deep mucosal tissue and bony tissue. The
distance between these spikes, calculated using time delays and estimated ultrasound
propagation speeds, allows for calculation of the thickness of mucosal tissue. In
embodiments, mucosal tissue thickness may not be measured directly, and bony landmarks
may instead be identified. In embodiments that identifying bony landmarks, A-mode
ultrasound may be used to locate the area of treatment by determining where there are bony

landmarks including areas in which bone thickness changes.

[0104] Fig. 7A shows example A-mode and B-mode scans showing tissue interfaces and

their associated ultrasonic echoes in the back/spine. Fig 7B. shows an A-mode scan showing
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tissue interfaces and their associated ultrasonic echoes in the eye. A-mode and B-mode scans
within the nasal cavity will show similar spikes due to interfaces of various tissue types.
[0105] In embodiments, ultrasound techniques, such as A-mode and B mode scans, may be
used to locate bony landmarks such as foramen, and more particularly the sphenopalatine
foramen. The sphenopalatine foramen is an opening in the bone through which the SPA and
posterior nasal nerves run. For example, as described above an A-mode signal may be used
to show a thickness and/or reflection amplitude measurement for palatine and sphenoid bone
surrounding the foramen, and may show different signal characteristics when the ultrasound
beam is aimed at the foramen. For example, there may be reduced acoustic shadowing and/or
reflection associated with the foramen.

[0106] In embodiments, ultrasound may be used to detect the differences between cartilage
and bone. The impedance differences between cartilage and mucosal tissue are smaller than
those between bone and mucosal tissue, and A-mode measurements of echoes from areas of
underlying cartilage result in lower amplitude signals than measurements in areas of
underlying bone. These differences in signal amplitude may be used to differentiate between
areas or to locate the transition between areas.

[0107] In embodiments, mucosal tissue thickness may be measured using A-mode
ultrasound prior to treatment. These measurements may be used to guide operator in
administration of decongestants. Tissue thickness information may also be used prior to
treatment to determine treatment dosage including ablation member target temperature and
treatment duration and, in multi-cycle treatment paradigms, the number of cycles or treatment
time. For example, thicker mucosal tissues may require longer treatment times, lower
temperatures, and/or more treatment cycles than thinner mucosal tissues. Treatment time
may be tailored using the tissue thickness and tissue penetration rates.

[0108] Ultrasound measurements may be used during treatment to detect changes in tissue
properties that are associated with freezing, or may be used post-treatment to assess any
tissue changes that were produced as a result of the ablation treatment. For example, both
during and post-treatment, ultrasound signals may detect changes in tissue acoustic
impedance (as indicated by changes in echogenicity of the target area).

[0109] Ultrasound measurements may be performed at the treatment site before treatment
to measure baseline characteristics of the tissue to be treated. These characteristics may
include tissue thickness, echogenicity, elasticity, local blood flow, or degree or type of

motions (physiological or otherwise) measured.
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[0110] In embodiments, gain compensation may be used to compensate for known losses in
ultrasound signal strength that will be present in echoes arising from deeper regions of tissue.
As an ultrasound wave propagates through tissue, its intensity decreases exponentially with
depth as a result of both scattering and absorption. This loss in intensity is proportional to the
ultrasound frequency used and dependent on the properties of the tissues interrogated. The
attenuation coefficient is generally specified in units of dB/cm/MHz, where dB refers to
decibels. In soft tissues, the attention coefficient ranges generally from 0.5 to 1.0, though it is
lower (~0.2) in blood and much higher (~10+) in bone. Gain compensation may be
performed by estimating the signal intensity loss expected over a depth of interest and
mathematically adjusting measured signals to compensate. In embodiments, this may aid in
comparisons of tissue interfaces, for example by allowing for nearly identical tissue
interfaces to produce similar A-mode amplitudes even if these interfaces occur at
meaningfully different depths from the transducer.

[0111] Using techniques similar to those described above, A-mode ultrasound may be used
to measure bone thickness, distinguish between cartilage and bone, or distinguish between
bone of different thickness. A-mode ultrasound may also be used to identify transitions
between cartilage and bone or between bones of differing thickness.

[0112] The sphenopalatine foramen through which the sphenopalatine artery and posterior
nasal nerves enter the nasal cavity is at the intersection of the palatine bone and the much
thicker sphenoid bone superior to the posterior fontanelle of the Maxillary sinus. A-mode
ultrasound may detect differences in mucosal thicknesses in regions proximate to these bones
and fontanelle, where the mucosal tissue is thicker overlying the palatine bone than the
sphenoid bone. The interface between these bones and cartilage may also be determined by
examining mucosal thickness in various locations and searching for a transition. In
embodiments, a transition may be located using an array of two or more transducers and
comparing measured mucosal thickness, as will be discussed in greater detail below. In
embodiments, a transition is located by mechanically sweeping one or more transducers
across a region of interest, making multiple mucosal thickness measurements at points within
this region, and indicating to the operator (either in real-time or retrospectively) when the
thickness change has exceeded a predefined threshold corresponding to the transition. For
example, this indicator may be an LED, as will be discussed in greater detail below, that
illuminates when measured mucosal thickness has changed to indicate that the transducer has
moved from being over the sphenoid bone to being over the palatine bone (or vice-versa). In

embodiments, ultrasound scans may also be used to approximate the routing of the nerves
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branching inferiorly from the SPF and the nerves innervating through the palatine bone. The
perpendicular plate of the palatine bone anteriorly meets and connects with a very thin
eggshell cartilage which is the medial wall of the maxillary sinus. The cartilage in this area is
less than .8 mm thick and the palatine bone is ~2mm thick. Using ultrasound this transition
could be detected and provide feedback to the user that they have reached the target area for
the posterior nasal nerves. A-mode or B-mode ultrasound measurements may be used to
detect the thickness of palatine and sphenoid bone or otherwise identify the transition
between these two bones. In embodiments, ultrasound may be used to detect differences in
the amplitude of the signal reflected by thin palatine and thick sphenoid bones. More energy
may pass through the palatine bone resulting in a lower amplitude reflection. Conversely, the
sphenoid bone may reflect more signal resulting in the detection of a larger amplitude echo.
[0113] In embodiments, the amount of ultrasound energy propagating beyond the bony
interface may be used to identify the transition between the two bones in the nasal cavity.
For example, the sphenoid bone is relatively thick compared to the palatine bone and will
result in increased attenuation, via absorption, scattering, and/or reflection, of the ultrasound
beam and results in increased acoustic shadowing (i.e. very low echo strength in deeper
regions) compared to the thinner palatine bone. The relative degree of acoustic shadowing,
as measured by the A-mode signal strength detected at depths beyond the bone interface
(indicated by a spike in the A-mode trace), may be used to indicate whether the transducer is
aiming at a thin or thick bone structure, for example the palatine or sphenoid bones. By
sweeping the transducer interrogation zone across a region of interest or by using an array of
ultrasound transducers, as will be discussed in great detail below, the transition between these
two bones may be identified.
[0114] The angle of the axis of an ultrasound beam emitted from an ultrasound transducer
with respect to the tissue surface can impact both ultrasound thickness and Doppler flow
measurements. In order to provide accurate tissue thickness measurements during A-mode
ultrasound scanning, the transducer face is required to be orthogonal to the tissue surface.
Measurement error increases in direct proportion with increasing angle away from the
orthogonal, 90° angle. Doppler frequency fy is related to both the velocity V of a moving
particle and to the angle 0 between its direction of movement and the axis of ultrasound
energy. The relationship is described in the equation:

1.1.1.  fd= @2=*f_txV=xcosf)/c

1.1.2.  where:

1.1.2.1.  fiis the frequency of ultrasound signal
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1.1.2.2.  cis the speed of sound in tissue

[0115] The factor cos 8 approaches zero when the angle 0 approaches 90°. When the
Doppler transducer is orthogonal to the direction of blood flow, the signal decreases and flow
may become undetectable. For this reason, maintaining an orientation of the transducer
relative to the tissue surface is important. As the sphenopalatine artery passes through the
sphenopalatine foramen, the vessel turns nearly 90° straight down to traverse the wall of the
nasal cavity. In this transition the orientation of the vessel and blood flow changes. By
detecting the change in signal associated with this transition, the user may be able to locate
the sphenopalatine foramen and use this landmark to guide in treatment placement. For
example, the Doppler signal measured by a transducer may change from a meaningftul signal
to a negligible signal as the transducer moves along the vessel towards the foramen,
suggesting that the vessel may be turning to become more orthogonal with respect to the
transducer beam angle. This may be used as an indication that the foramen is nearby, thus
providing an anatomical landmark which may allow for more rapid and/or accurate
placement of the probe in the intended ablation region.

[0116] The ultrasound scans as discussed above, including Doppler, A-mode, B-mode and
M-mode, may be performed using various devices including one or more ultrasound units,
also referred to as ultrasound transducers, each comprising an ultrasound emitter and
ultrasound receiver which are used to generate a signal which is processed by a processing
unit to generate the scan signals of Doppler, A-mode, B-mode and M-mode. In embodiments,
a single component acts as both the ultrasound emitter and receiver. As discussed above,
these signals may be used to determine the locations of vasculature in the nasal cavity,
innervation in the nasal cavity, tissues and bone thicknesses in the nasal cavity, bony
landmarks, and boundaries between different densities of tissue.

[0117] In embodiments, an ultrasonic probe 800 may comprise a shaft 802 and an
ultrasound transducer 804 coupled to a distal end 806 of the shaft, for example as shown in
Fig. 8 The shaft 802 may be straight or may have one or more bends 807 between the distal
end 806 and a proximal end 808 coupled to a handle 810. The bends in the shaft may be
configured to complement bone structures within the nasal cavity in order to facilitate
insertion into the nasal cavity and contact between the ultrasound transducer and tissue
surfaces. The bends may form an angle between a distal and proximal end of the shaft

ranging from 30°-90°. The distal portion end of the shaft may be between 5 mm and 20 mm.
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[0118] In embodiments, the angle of the ultrasound transducer relative to the longitudinal
axis of the distal tip of the shaft may be based on the modality of ultrasound that the probe is
intended to utilize. For example, because the angle of incidence between the direction of
blood flow and the axis of energy transmission can affect the magnitude of the detected
Doppler signal, the angle at which the ultrasound transducer is mounted to the distal end of
the probe may be such that the transmission path of the transducer is aligned with the axis of
the distal arm. Alternatively, the transducer may be mounted such that the axis of the
transducer probe is at some non-parallel angle relative to the axis of the arm. The orientation
of the transducer probe axis relative to the distal arm may be fixed. In embodiments, the
scanning position of the ultrasound transducer may be moved by changing the angle of the
distal end of the shaft relative to the proximal end of the shaft, or by altering the position of
the entire apparatus within the nasal cavity during use. In embodiments, the orientation of
the transducer probe axis relative to the arm may be variable. In embodiments, the scanning
position of the ultrasound unit may be altered independently of changing the angle between

the distal arm and the shaft or moving the entire apparatus.

[0119] In embodiments, the angle between the distal portion of the arm coupled to the
ultrasound transducer and the proximal portion of the arm may be varied. For example, as
shown in Figs. 9A-C, a shaft 902 of a surgical probe 900 may include an articulating joint
904 between the proximal end 906 of the shaft, and the distal end 908 of the shaft including
the ultrasound transducer 910. While the distal portion 908 of the ultrasound probe is
positioned within a general region of the nasal cavity where ablation is likely to be
performed, the articulating joint 904 may be used to traverse the mucosal surfaces of the
nasal cavity with the ultrasound transducer 910 at the distal tip. At various points in the nasal
cavity, or continuously as the ultrasound transducer is being traversed within the nasal cavity,
the processing unit instructs the ultrasound emitter to emit an output signal and further
receives a detected signal from the ultrasound receiver. The ultrasound output signal passes
through tissue and may be absorbed, transmitted or reflected by the internal tissue structures
dependent on the ultrasound properties of the tissues. The ultrasound energy which is
reflected is received as the detected signal, and may be used to identify anatomical features,

as discussed above.

[0120] In embodiments, the size of a blood vessel may be measured by scanning the nasal
cavity surface with an ultrasound signal and estimating the distance over which a threshold

Doppler signal is detected. In embodiments, the size of a blood vessel may be measured by
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physically moving an apparatus that contains a fixed position ultrasound transducer, for
example as shown in Fig. 8, or moving a portion of an apparatus with the ultrasound
transducer relative to the rest of the apparatus, as shown in Figs. 9A-C. Further, in
embodiments, steered ultrasound beams, for example with a phased array, may be used to
scan the scan region. In embodiments, pulsed Doppler techniques are used at varying depths

to estimate the thickness of a vessel in the direction parallel to the beam transmission axis.

[0121] The processing unit may have predetermined Doppler signal thresholds set
corresponding to typical blood flow in a targeted vessel (for example, the SPA), in order to
determine if a detected blood flow is from the vessel of interest. Wall filters and other
processing may be implemented to isolate blood flow from low velocity clutter signals which

improve the performance of the processing unit when demarcating vessel boundaries.

[0122] In embodiments the ultrasound probe may be traversed along surfaces where the
SPA is anticipated to be located. For example, as shown in Fig. 10A the ultrasound probe
1000 may be traversed from a first position 1001 to a second position 1002 which in this
example are on either side of the SPA 1003. When this scanning occurs the Doppler signal
has a peak amplitude at a position between the first position and the second position, as
shown in Fig. 10B. When the processing unit detects a peak as shown in Fig. 10B an alert in
the form of an audio or visual or tactile/haptic indication may be executed in order to notify
the operator that a blood vessel, for example the SPA, is located. In embodiments the alert is
provided as soon as the Doppler signal surpasses a previously defined threshold
corresponding to a threshold associated with the expected blood flow of the blood flow being
searched for. In embodiments the full scan from the first position to the second position takes
place, the peak from the complete scan is identified, and the alert is provided as the

ultrasound probe re-traces its path back towards the first position.

[0123] In embodiments, scanning methods similar to those shown in Fig. 10A may be
performed with transducers configured to operate in A-mode or B-mode and may be used to
detect maximum, minimum, or transitions in thickness of soft tissue or bone in order to

identify treatment sites for ablation.

[0124] In embodiments, an ultrasound probe may include more than one ultrasound emitter
and/or more than one ultrasound receiver attached at different portions of the ultrasound
probe. In multiple ultrasound transducer embodiments a plurality of ultrasound signals

corresponding to different positions of the probe may be processed by a processing unit to
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determine the position of an anatomical feature, such as the SPA or a foramen, relative to
multiple positions on the probe. The ultrasound transducers may be arranged such that the
there is a fixed distance between them. The ultrasound transducers may be arranged in a
linear fashion, for example as shown in Fig. 11A. As shown, the probe 1100 includes three
ultrasound transducers 1102, including a left 1102-1, a center 1102-2 and right 1102-3 ina
line on a crossbar 1104 at the distal end of the probe. The crossbar 1104 is perpendicular to
the longitudinal axis of the shaft 1106 of the probe. In embodiments, the angular position of
the left and right ultrasound transducers is fixed and movement is limited to position shifts
that change the proximity of the transducers with relation to the center transducer. In
embodiments, the insonification angle of the transducers may be variable with or without
accompanying overall position changes. In embodiments, the ultrasound transducers may be
arranged in a rectangular array or circular array. In embodiments other spatial
configurations, including any number of ultrasound transducers, may be used, for example
four transducers in a circular pattern facing in opposite directions at the distal end of a probe
shaft and configurations with five transducers in a line along the longitudinal axis of the
probe shaft with each facing the same direction. Arrays of ultrasound transducers have the
advantage of allowing for larger areas to be scanned at once as well as providing a more
accurate determination of the location of anatomical features relative to different portions of
the probe.

[0125] In embodiments including Doppler scans, when a multi ultrasound transducer probe
is placed in proximity to a vessel, only the ultrasound transducers emitting signals incident to
the blood flow will detect a Doppler shifted signal while the other ultrasound transducers in
the array will not. Therefore, the location and/or orientation of a blood vessel may be
determined based on the detection or lack of detection of a Doppler shift during a single point
of time or during a scan. For example, as shown in Fig. 11B a probe 1100 may be positioned
in the nasal cavity in the general area where the SPA 1108 is located. The probe 1100 may
be traversed until one or more of the ultrasound transducers 1102 detects a Doppler shift
indicating blood flow associated with the SPA 1108. For example as shown in Fig. 11B, only
the left ultrasound transducer 1102-1 is incident to the blood flow through the SPA 1108,
Therefore, as shown in Fig. 11C only the left ultrasound transducer detects a meaningful
Doppler signal while the center and right transducers do not.

[0126] The pattern of transducers detecting Doppler signals during a scan may be used to

estimate the location of vessels, the orientation of a vessel, or to estimate the vessel size.
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Detecting the positon of vessels such as the SPA relative to multiple sensors is advantageous
in allowing more precise and faster location of anatomical landmarks. Multiple sensors may
interrogate a broader range of tissues simultaneously and as such also allow for less
traversing of the ultrasound probe to determine the location of an anatomical feature, using
Doppler, A-mode or B-mode scans. For example, as shown in Figs. 12A-12F, the crossbar of
the probe 1100 may be traversed within the nasal cavity and the processing unit may analyze
Doppler signals from each transducer over a period in order to determine peak signals of each
and determine the location of the SPA 1108.

[0127] In embodiments, ultrasound units may be positioned on independently steerable
arms branching out from a main shaft of a probe. In embodiments ultrasound transducers
1302 in an array may be moveable along a crossbar 1304 of a probe 1300 as shown in Figs
13A and 13B. As shown left 1302-1 and right 1302-3 transducers are located in recessed
tracks within the crossbar 1304 section of the probe 1300. The positions of the left 1302-1
and right 1302-3 ultrasound transducer units may be altered in tandem or independently and
the center transducer 1302-2 may be coupled to the crossbar 1304 at a fixed position. In
embodiments, the position of the transducers is altered using buttons, toggles, sliders, and/or
dials located at the proximal handle end of the probe.

[0128] In embodiments, a surgical probe may include visual indicators which indicate
information about the location of the anatomical features detected by the ultrasound
transducers. For example the visual indicator may provide feedback for adjusting the
orientation of a probe for locating the SPA. The visual indication may be displayed with an
LCD (or other type screen), a single LED or an array of two or more LEDs. Information
about the location may be related by different intensities, different colors, or patterns of
on/off (i.e. blinking pattern), and/or color of multiple LEDS. In embodiments, the LEDs may
be multi-color LEDs and the processing unit controls the LEDs to display a different color
based on predetermined thresholds of ultrasound corresponding to different detected
thicknesses or distance.

[0129] In embodiments, for example as shown in Fig. 14, an ultrasound probe 1400 may
include an LED 1402 at the distal tip proximate to the ultrasound transducer 1404. As the
probe 1400 is traversed in the vicinity of the SPA 1406, for example as disclosed in relation
to Fig. 10A, the LED 1402 provides an indication when the ultrasound transducer detects a
Doppler shift resulting from the blood flow in the SPA. In embodiments, LEDs may blink at
different rates or patterns to indicate the intensity of an ultrasound signal to locate an

anatomical feature. In embodiments including LEDS on the probe, an operator may visually
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observe the LEDs either directly or through a camera imager inside of the nasal cavity to
receive the direction information indicated by the LEDs to determine the position of the
anatomical features relative to the probe. In embodiments, the LEDs corresponding to the
ultrasound units may be external of the nasal cavity while the device is in use.

[0130] In embodiments, a probe may include multiple visual indicators corresponding to
multiple ultrasound transducers. Figs. 15A and 15B show a probe 1500 similar to the probe
of Fig. 11A. The probe includes an LED 1503-1 1503-2 and 1503-3 corresponding to each
ultrasound transducer 1502-1 1502-2 and 1503-3. The LEDs are located proximate to the
corresponding ultrasound transducer. An operator may traverse the probe within a nasal
cavity and the processing unit will adjust the intensity of each LED to correspond to the
ultrasound signal amplitude measured by the corresponding ultrasound transducer.

[0131] In embodiments the intensity of the LEDs may vary continuously based on
ultrasound signals as shown in Fig. 16A, or discretely based on preset thresholds of
ultrasound signals as shown in Fig. 16B. In embodiments, the intensity of the LEDs may vary
based on time of flight pulse-echo ultrasound measurements of the distance to a highly
reflective tissue interface, such as the sphenoid bone. Further, in embodiments, the
processing unit may display the amplitudes of the ultrasound units on a display. In
embodiments, the processing unit may display images indicating the location of the
anatomical features, for example the SPA.

[0132] In embodiments, ultrasound transducers and probes, for examples as disclosed above,
may be part of a surgical probe including an ablation element, in particular a cryo-ablation
element. Figs. 17A-17D show views of the distal end of an embodiment of a surgical probe,
particularly an ablation probe, comprising an expandable membranous structure which may
be used when a target treatment site is located. The ablation probe shown is an example and
other cryo-ablation probes, as well as other types of ablation probes, may be used with the
disclosed ultrasound technology disclosed herein. The ablation probe is configured with
expandable membranous structure functioning as a liquid cryogen evaporation chamber.
Liquid cryogen enters the interior of expandable membranous structure. Evaporated cryogen
gas exits the interior of expandable membranous structure through fenestration(s) 147 in

distal end 146 of probe shaft 145 and exits proximally into the room.

[0133] Asshown in Fig. 17A a structure or member 83 is formed into a looped and
elongated structure having arcuate edges for presenting an atraumatic surface. The structure

83 may be formed of a relatively rigid wire or spring like material which maintains its
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configuration when pressed against a tissue surface. Structure 83 may form a continuous
structure which defines an opening there through such as a looped or elongated and looped
member which is open through the loop. The structure 83 may be contained entirely within
the expandable structure 81 which may be formed to have a predefined shape which is
distensible or non-distensible when inflated by the cryogen. Moreover, the expandable
structure 81 may be formed to surround the structure 83 entirely without being supported by
or attached to the structure 83 itself. Such a structure 83 may provide a configuration which
presents a low-profile as the device is advanced into and through the nasal cavity and
between the nasal turbinate tissues. Yet because of the relatively flattened shape and rigidity
and integrity of the structure 83, the structure 83 may be used to manipulate, move, or
otherwise part the tissues of the nasal cavity without having to rely upon the expandable
structure 81. Additionally, the low-profile enables the structure 83 to be positioned desirably
within the narrowed confines of e.g., the cul-de-sac in proximity to the posterior nasal nerves.
When the expandable structure 81 is in its deflated state, it may form a flattened shape and
when inflated, the expandable structure 81 may inflate into a configuration which remains
unsupported by or attached to the structure 83. Because the structure 83 may be formed of a
member which solid along its length, the cryogen may be introduced directly into the
expandable structure 81 through a distal opening defined in the probe shaft 145.

[0134] In embodiments, structure 83 may be formed of a hollow tubular member which
itself is formed into the continuous or looped shape. In such an embodiment, the cryogen
may be optionally introduced through the hollow tubular member and dispersed within the
interior of the expandable structure 81 through one or more openings which may be defined
along the tubular member. In yet another alternative, the structure 83 may be formed into a
flattened shape rather than a looped shape. In this configuration, the structure may be either
solid or hollow such that that cryogen may be introduced through the structure and into the
interior of the expandable structure 81 via one or more openings defined along the structure.
[0135] The structure 83 may extend and remain attached to the probe shaft 145, but the
remainder of the structure 83 which extends within the expandable structure 81 may remain
unattached or unconnected to any portion of the expandable structure 81. Hence, once the
expandable structure 81 is inflated by the cryogen, the structure 83 may be adjusted in
position or moved via manipulating the probe shaft 145 relative to the interior of the
expandable structure 81 to enable the targeted positioning and cooling of the tissue region
when in contact against the outer surface of the expandable structure 81. For instance, the

structure 83 may press laterally upon a particular region of the underlying tissue to stretch or
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thin out the contacted tissue region to facilitate the cryogenic treatment. When the structure
83 is adjusted in position relative to the expandable structure 81, the expandable structure 81
may remain in a static position against a contacted tissue region allowing for limited
repositioning of the structure 83 within.

[0136] In embodiments, the structure 83 may be attached along the interior of the
expandable structure 81 partially at particular portions of the structure 83 or along the entirety
of the structure 83. For instance, structure 83 may be attached, adhered, or otherwise coupled
over its entirety to expandable structure 81 while in other variations, a distal portion of
structure 83 may be attached, adhered, or otherwise coupled to a distal portion of the
expandable structure 81 while in yet other variations, portions of the structure 83 may be
attached, adhered, or otherwise coupled to the expandable structure 81 along its side portions.
Any of these variations may be optionally utilized depending upon the desired interaction and
treatment between the structure 83, expandable structure 81, and underlying tissue region to
be treated.

[0137] In embodiments, the lumen 84 for introducing the cryogen into the interior of the
expandable structure 81 may be extended past the distal end of the probe shaft such that the
cryogen is released, within the interior at a more distal location. As shown, the cryogen
lumen 84 may be supported along the structure 83, e.g., via a bar or member 85 which
extends across the structure 83. This particular variation may allow for the cryogen to be
introduced into the distal portion of the interior of the expandable member 81. Either this
variation or the variation where the cryogen is released from an opening of the probe shaft
may be utilized as desired.

[0138] Fig. 17B shows a side view of the embodiment of Fig. 17A illustrating how the
structure 83 can be formed from a relatively flattened configuration relative to the inflated
expandable structure 81. Because of the structural integrity of structure 83 and its relatively
flattened profile, the structure 83 may provide for targeted treatment of the tissue when
contacted by the device. Fig. 17C shows the side view of the inflated expandable structure 81
when pressed in a longitudinal direction by its distal tip against the underlying tissue surface
S. The relative strength of the structure 83 provides for the ability to press the device against
the tissue surface such that the remainder of the expandable structure 81 may maintain its
inflated configuration to potentially insulate the other surrounding tissue regions. Fig. 17D
likewise shows the device when the structure 83 is pressed laterally along its side against the
tissue surface S such that the structure 83 lies flat. The contacted tissue region may be treated

while the remainder of the surrounding tissue is potentially insulated by the expanded
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structure 81. Further exemplary ablation devices for use with the present invention are
described in U.S. 14/503,060 filed September 30, 2014 and U.S. 62/408,920 filed October 17,
2016, the contents of which are incorporated herein by reference in their entirety for all
purposes.

[0139] In embodiments ultrasound transducers may be attached to a support member within a
balloon as shown in Fig. 17A. In embodiments this balloon may be selectively filled and
drained with an acoustic coupling agent such as a gel or a fluid. In embodiments, the balloon
is filled with fluid to allow for better acoustic coupling during ultrasonic sensing and
positioning, then drained of fluid once the device is in place and ablation is desired to be
performed, for example by releasing a cryogen into the area encompassed by the balloon. In
embodiments, ultrasound transducers 1702 are mounted on a loop-like support structure 83
that is shown in Fig 17A and in Fig 18 A-C and may be used to scan tissue within the nasal

cavity, as discussed herein.

[0140] In embodiments, an ultrasound probe and an ablation probe may be integrated into a
single probe with a single shaft. For example, as shown in Fig. 19A a shaft 1902 of a probe
1900 may include an ultrasound transducer 1904 at the distal end and an ablation element
portion 1906, for example a cryo-balloon along the shaft of the probe. In embodiments, for
example as shown Figs. 19B and 19C, the shafts may include articulation joints 1908, which
may be used to perform scans with the ultrasound probe while the cryo-ablation elements
remains stationary of is required to move less relative to the ultrasound transducer.

[0141] In embodiments, an integrated probe may include a plurality of ultrasound
transducers, which are used to locate an anatomical features, such as the SPA or a bony
landmark, as disclosed above. The ultrasound transducers may be positioned at any position
along the longitudinal shaft of the probe, the cryo-ablation element, or an auxiliary shaft
including a crossbar. For example, as shown in Fig. 20, an integrated probe 2000 includes a
crossbar 2002 with three sets of ultrasound transducers 2004 at the distal end, and an ablation
member 2006 along the shaft 2008. Further, in embodiments ultrasound transducers may be
attached to the balloon of the cryo-ablation element. For example, as shown in Fig. 21, a
balloon 2106 at the distal end of a shaft 2108 of a probe 2100 may include an ultrasound
transducer 2104 at the distal end and ultrasound transducers 2104 along a perimeter around
the longitudinal axis of the probe shaft. As a further example, as shown in Fig. 22, a balloon
2206 may include ultrasound 2204 transducers along a planar perimeter around an axis which

is perpendicular to the longitudinal axis of the probe shaft. Figs. 21 and 22 show ultrasound
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transducers mounted to an exterior surface of a balloon, however in embodiments one or
more or all of the ultrasound transducers may be mounted to the interior surface of a balloon,
or are otherwise encompassed within the balloon’s interior. An advantage of positioning
ultrasound transducers in the interior of a balloon is the ability to use additional acoustic
coupling mechanisms, such as those described elsewhere in this disclosure.

[0142] As disclosed above, multiple ultrasound units may be used by a processing unit to
more precisely and/or more quickly locate the SPA or other vessels or anatomical features.
For example, the processing unit may acquire a signal from each independent ultrasound unit
and analyze the signals to generate directional information regarding the position of the SPA
relative to the cryo-ablation element. In embodiments, the signals from individual ultrasound
transducers may be combined or averaged prior to processing. For example, during A-mode
scanning or B-mode imaging, a multi-element transmit and receive array may provide
benetits including the improvement of lateral image resolution.

[0143] When a target treatment site is determined based on a correlation with the location
of a detected anatomical feature with the one or more ultrasound transducers of an integrated
probe, the probe may be positioned at the target treatment site and ablation of the PNN to
treat rhinitis may be performed. In embodiments, the detection of the anatomical features, for
example the SPA, may continually be performed before and/or during the ablation to provide
the advantage of real time target treatment site detection relative to the probe while ablation
is being performed.

[0144] In embodiments, for example as shown in Fig. 23 A an ultrasound transducer 2302
may be offset from the center 2303 of the cryo-ablation element 2304 and epicenter of
ablation so that ablation may be performed when the ultrasound transducer is positioned
above a blood vessel 2305, for example the SPA, and therefore prevent direct treatment of the
SPA. For example, the ultrasound transducer may be offset by a distance “d” from the center
of the ablation probe and treatment epicenter, wherein the distance corresponds to a distance
between a blood vessel to be avoided and a nerve to be treated. The ultrasound transducer
2302 may be offset in a lateral orientation, as shown in Fig. 23A, or a distal orientation as
shown in the Figs 23B-23D. During an ablation procedure, the surgical probe may be
advanced into the nasal cavity and the offset ultrasound transducer may scan tissue, as
disclosed above, in order to locate a blood vessel. With the transducer over the blood vessel,
for example the SPA as shown in Figs. 23A-D, the cryo-ablation element will not be over the

SPA. With the ultrasound transducer held stationary and continuing to detect blood flow of
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the SPA, cryo-ablation is performed with the assurance that the SPA is not at the epicenter of

the ablation zone and will not receive direct treatment.

[0145] In embodiments utilizing an integrated ultrasound and ablation surgical probe, the
relative position of the ultrasound transducer with respect to the ablation probe may be fixed
or may be variable. In embodiments with a variable distance between the ultrasound
transducer and the cryo-ablation element, the distance at any time may be measured for
example with a sensor, and used by a control system to alter ablation parameters. In
embodiments, the probe may provide an indication if the detected variable distance is not
large enough to avoid tissue damage in the region of the SPA.

[0146] Figs. 24A and 24B show embodiments of combined ablation and ultrasound sensing
probes 2400 configured to interrogate the posterior fontanelle, palatine bone 2402 and
sphenoid bone 2403 and surrounding tissues. As disclose above, A-mode ultrasound scans
may reflect signals that allow for differentiation between different thicknesses of mucosal
tissue, bones, and bone and cartilage boundaries. For example, differentiation between thin
cartilage of the fontanelle and thin palatine and/or thick sphenoid bone may be detected. One
way in which the signals may differ may be in the amplitude of reflected signal. In
embodiments, a plurality of ultrasound transducers 2406 may be coupled to the probe shaft
2408 both more distal of the cryo-ablation element 2410 and more proximal of the cryo-
ablation element 2410, for example as shown in Fig. 24A. The two ultrasound transducers
may be used to detect anatomical features on either side of the cryo-ablation element. For
example, the ultrasound transducers may be used to detect different thicknesses or
composition of tissue 2405 corresponding to a target treatment site of a nerve. To detect this
difference the probe 2400 is advanced into the nasal cavity and scanned along tissue within
the nasal cavity until the distal transducer detects a signal characteristic of one tissue
configuration and the proximal transducer detects a signal characteristic of a different tissue
configuration. For example, in locating the transition between the thin palatine and thick
sphenoid bones, the device is advanced to the point at which the distal transducer(s) detects a
reflected signal characteristic of thick bone while the proximal transducer(s) detects a
reflected signal characteristic of thin bone or cartilage. Once this position is determined, the
operator will have increased confidence regarding how deep within the nasal cavity the
ablation probe is located, and from that point can further maneuver the probe, as needed, into
the desired region for treatment (for example, in the region of the PNN) and initiate ablation.

In embodiments, probe 2400 may be used to detect mucosal thicknesses to determine dosing
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timing. For example, tissue around the treatment area may be 1-5 mm thick. If the tissue is
less than 3 mm thick the flowrate or discharge time of the cryogenic liquid that evaporates in
the cryo-ablation element may be reduced to ensure ablation does not penetrate too deep and
damage tissue that it not in the target treatment area. In embodiments, bone/soft tissue
changes are used as indicators for the location of a treatment site. The transition of 0.5-1 mm
thick cartilage to 1-3 mm thick bone may indicate that the probe has reached the
perpendicular plate of the palatine bone where the nerves innervate the nasal cavity and this
transition may be used to determine the target treatment site. In embodiments, a bone to bone
transition between the palatine and the sphenoid bone may be detected by a transition from 1-
3 mm of bone thickness to >4 mm of bone thickness. In embodiments, the location of the
palatine canal may be determined in order to avoid treatment to nerves within the palatine
canal. In embodiments, for example as shown in Fig. 24B, a single ultrasound transistor
2406 of a probe 2400 may be used to detect bone and tissue thicknesses and transitions as
discussed in relation to Fig. 24A.

[0147] In embodiments, for example as shown in Fig 25A-C, the ultrasound transducers 24
are configured in an array on the lateral side of the ablation probe positioned a distance r
from the epicenter of ablation zone and an angle o away from each other to define an area
within the ablation zone that if arteries are identified within this region the device provides a
notification not to ablate or will prevent ablation from being initiated. The radius can be
defined between 1-8mm, preferably 6 mm. The angle between the transducers can be 5-180
deg. preferably 45-90 deg. The number of transducers can be 2-10. Fig. 25A illustrates the
lateral face of the embodiment. Probe 10 comprises of an integrated sensing element 23 with
ultrasound transducers 24 embedded and an ablation element 22 affixed to a cannula 21. The
sensing element 23 is affixed to bottom or top of the cannula 21 in line with the vertical axis
of the lateral plane to keep the profile in the horizontal axis as low as possible. Electrical or
flex circuitry runs the length of the cannula from the ultrasound sensors to a controller inside
a hand piece or box. Fig. 25B shows a top view of probe 10 in the collapsed configuration.
Before inserting the probe into the nasal cavity, a coat of a gel like substance 23 lubricates at
least the lateral side of the probe around the transducers to create an acoustic friendly
environment and make translation on the mucosa easier. This configuration is designed to
allow the user to advance the probe in to the nasal cavity and position the ablation element 22
in the target area. Once the probe 10 is in the region of the target area, for example the
posterior 1/3 of the middle meatus, the ablation element 22 is expanded to press the

transducers 24 onto the lateral wall of the nasal cavity. Fig. 25C shows an expanded state of
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probe 10. Once the transducers are in contact with the wall, an indication is provided the
ablation probe is appropriately placed and free of main branches of the SPA by an audible,
visual or tactile signal. If a visible indicator is used, the indicator will be affixed along
cannula 21 so it can be visualized within the nasal cavity using the rigid endoscope that is
being used to visualize the target area. If placement is correct and safe, the embodiment will
inform the user and the user will activate ablation. If there is an artery detected, the probe
will inform the user and ablation may not be allowed to activate. In this case, the user will
translate anterior or posterior until the ablation element is free of vasculature and the user will
be informed and ablation will be allowed.

[0148] In embodiments, a cryo-ablation element may be slideably coupled to the probe
shaft of an ultrasound probe, for examples as shown in Figs. 26A-D. As shown in Fig. 26A,
ultrasound probe 2600 comprises a shaft 2602 with an ultrasound transducer 2604 disposed at
the distal end. The ultrasound probe 2600 may be inserted into the nasal cavity with the cryo-
ablation element 2606 remaining outside of the nasal cavity. With the ultrasound probe 2600
within the nasal cavity, the ultrasound transducer 2604 may be swept along tissue within the
nasal cavity in order to detect an anatomical features, for example a blood vessel or
anatomical features (e.g. tissue thickness, bone thickness, transition/boundary) as discussed
above. A target treatment area may be determined based on the determined location of the
anatomical feature. For example as shown in Fig. 26B, the anatomical feature may be the
SPA and the target treatment site may be determined to be a predefined distance from the
SPA corresponding to the distance between the SPA and the PNN. With the ultrasound
transducer 2604 held against the SPA, as cryo-ablation element 2608 is advanced along the
shaft 2602 of the ultrasound probe, for example as shown in Fig. 26C. In embodiments, the
cryo-ablation element may be advanced through a lumen in the ultrasound probe or may use
the shaft of the ultrasound probe as a rail. For example, a cryo-ablation element 2606 is
coupled to shaft 2608, both of which have a lumen that surrounds and slides over shaft 2602
As shown in Fig. 26C, the cryo-ablation element may comprise an inflatable structure with a
lumen that surrounds and slides along the shaft of the ultrasound probe. As shown in Fig.
26D, the cryo-ablation element 2606 may be advanced to the predetermined distance “d”
from the ultrasound transducer and ablation may be performed at the target treatment site. In
embodiments the ultrasound probe may be configured like a flexible or rigid guide wire over
which the ablation probe may be introduced to the ablation site. Using the ultrasound probe

as a guide for the slidable cryo-ablation element is advantageous since it allows for the target
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treatment site to be located with a small device, and further allows the cryo-ablation probe to
reach the target treatment site more precisely compared to an unguided device.

[0149] In embodiments, the sensing or combined ablation and sensing probe may contain
stabilization elements. Relative tissue/transducer motion that is parallel to the angle of
ultrasound transmission but unrelated to blood flow may add unwanted noise to or confound
Doppler measurements. For example, slight shifts in probe position, for instance those
arising from an unsteady hand of an operator holding the probe, occurring while
measurements are being made may create a Doppler-type effect. This could reduce
performance for locating the SPA and as such extend procedure time or lead to errors in
determining the proper location of treatment. In embodiments, an inflatable balloon may be
attached to the shaft of the probe and used to stabilize the ultrasound transducer while
ultrasound scans are performed. When a Doppler scan is to be performed the balloon inflates
and applies transient pressure against nearby structures as a way to stabilize the position of
the probe relative to surrounding tissues, thus reducing motion unrelated to blood flow and
increasing the accuracy of the Doppler signal. The balloon may be deflated when it is desired
to reposition the probe. The balloon may be re-inflated when additional Doppler
measurements are taken. For some Doppler measurements, for example when the ultrasound
probe is traversing the nasal cavity quickly in a “scanning mode” where accuracy is less
important than general information, the stabilization balloon may not be inflated. In
embodiments, a single stabilization balloon is utilized. In embodiments, multiple balloons
may be used, for example a stabilization balloon located on either side of the ultrasound
transducer. In embodiments with a plurality of transducers, a plurality of balloons may be
proximate to some or all of these transducers. In embodiments, the balloons may encompass
the ultrasound transducers. In embodiments, the transducers may be attached to the exterior
of the balloons. In addition to balloons, stabilization mechanisms may also include suction,
coiling, and tines extending from the probe employed to stabilize probe position.

[0150] In embodiments, the quality of acoustic coupling between the ultrasound transducer
and tissue is important for achieving accurate measurements for all modes of ultrasound.
Without proper acoustic coupling, large reflections at the transducer/air interface essentially
prevent ultrasound waves from reaching tissues. One mechanism for ensuring quality
acoustic coupling is to place the ultrasound transducer directly in contact with tissue so that
there is no air gap. To aid in ensuring sufficient contact, suction may be employed. A lumen
may be incorporated through the shaft of an ultrasound probe containing one or more

ultrasound transducers. Air may be pushed or pulled through this lumen. One or more

31



19 Oct 2023

2018256964

openings may be placed at the distal end of the probe in proximity to the ultrasound
transducer. When the ultrasound transducer is brought in proximity with tissue, suction may
be applied to the openings near the transducer and that suction may draw the transducer more
closely to the tissue until the openings make contact with the tissue and lock the device in
place. Suction may be maintained during ultrasound measurements to ensure sufficient
contact for quality energy coupling and signal transmission across the tissue-transducer
interface. Ablation is also dependent upon contact between the ablation member and the
tissue surface. The system and methods described above may be used where the openings are
in proximity to the ablation member and where suction is applied to make sufficient contact
during treatment.

[0151] In embodiments, ultrasound signals from during a cryo-ablation treatment may be
analyzed by the processing unit to determine it the mucosa or a blood vessel, for example the
SPA, is being damaged during treatment. For example, blood flow through the SPA during
ablation may be monitored, and the detected blood flow may be used to determine the
duration of the ablation. If the blood flood is detected to be reduced below a preset threshold
the ablation may be terminated. In embodiments, the target ablation sites may be
immediately adjacent to the determined location of the SPA, for example 1-5 mm, in order to
avoid freezing directly over the SPA.

[0152] Embodiments further include systems and methods for assessing the effect of a
treatment performed in the nasal cavity. For example, the effect of a chemical or
pharmacologic intervention, such as the application of a steroid, antibiotic, or other substance
can be assessed using ultrasound scans as disclosed herein. Embodiments are also used to
assess the impact of mechanical interventions, including artery ligation, neuromodification
procedures such as neurectomy, neuroablation, and/or selective postganglionic
pterygopalatine parasympathectomy (SP3), and other tissue remodeling procedures such as
turbinate reduction. In embodiments assessments are made as stand-alone single session
evaluations. In embodiments the assessments are the result of comparison of evaluations
obtained before and after an intervention has taken place. In embodiments, comparisons are
made using evaluations captured after a period of time has elapsed following an intervention,
allowing time for full therapeutic effect to be achieved and for the resolution of any acute
post-procedure effects such as swelling or inflammation. In embodiments this period of
elapsed time is 7 — 30 days following an intervention. In embodiments, comparisons are made
using evaluations captured immediately or nearly immediately following an intervention, for

example 5 — 30 minutes following an intervention.
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[0153] Embodiments include the use of an ultrasound transducer connected to the shaft of a
catheter or probe and inserted into the nasal cavity. The transducer may be a single element
transducer or an array of multiple or many elements (for example, up to 72 elements). The
transducer may be configured to operate in A-mode, M-Mode, Doppler mode(s), and/or B-
mode (for embodiments involving transducer arrays only). Processing techniques, such as
elastography imaging or assessments involving spectral analysis, may be implemented in
some embodiments.

[0154] In embodiments an assessed parameter includes the thickness of mucosal tissue in
the nasal cavity. Comparisons may be made between mucosal thickness evaluated before and
after an intervention in order to assess the effect of the intervention.

[0155] Ultrasound waves emitted from a transducer will be scattered, absorbed, and
reflected by tissues. The degree of reflection will be largely governed by changes in the
acoustic impedance of tissue that a traveling wave encounters. Bone (and cartilage) and
mucosal tissue have large differences in acoustic impedance, and large amplitude ultrasound
wave reflections will occur at the interface between bone (or cartilage) and mucosal tissue.
As such, the transition between mucosal tissue and bone is detectable in ultrasound data. For
example, the interface is represented by a large amplitude spike an in A-mode ultrasound
trace or as a bright linear region in an M-mode or B-mode ultrasound image. Embodiments
will use a transducer operating at a frequency of 8 — 20 MHz and preferably 12 — 15 MHz.
[0156] The mucosal tissue is soft and may be deformed with pressure applied via an
apparatus. As such the thickness of mucosal tissue may be altered through the contact of an
ultrasound transducer to the nasal cavity wall. Embodiments will include mechanisms or
methodological steps to ensure that each thickness evaluation utilized for comparative
purposes is taken with an identical or nearly identical degree of pressure applied to the
mucosal surface.

[0157] In embodiments the ultrasound transducer is mechanically coupled to a force sensor
such as a pressure sensor, force plate, or strain gauge to assist with controlling pressure
applied to the mucosal tissue while making tissue thickness measurements. In embodiments
one or more pressure sensors are mounted on the tissue contacting face of the transducer. In
embodiments one or more pressure sensors are mounted on a probe or catheter shaft adjacent
to the transducer. In embodiments the sensors are adapted to send readings along sensor
wires located in a lumen of the probe or catheter shaft to a handpiece of the apparatus.
Software algorithms interpret signals from the sensor, for example electrical signals from a

strain gauge or force plate, and convert the information to a pressure or force.
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[0158] In embodiments, the actual force or pressure readings are provided to a user. In
variation embodiments, the force or pressure readings are not provided to a user, but instead
the apparatus provides the user with an indicator that the contact force is within an acceptable
range for a valid measurement. For example, the apparatus may provide a visual, audio, or
tactile indicator if contact force is too minimal, acceptable, too aggressive, or some
combination of these ranges.

[0159] In embodiments, contact force or pressure information is not provided to the user in
any way. Alternatively, algorithms making mucosal thickness measurements automatically
adjust the calculation based upon the contact force. The elastic modulus (Young’s modulus)
of mucosal tissue is generally known, as is the Poisson ratio and other material properties
required to translate a contact force to an estimated longitudinal strain. As such, an
embodiment may use ultrasound time of flight algorithms to estimate the thickness of
mucosal tissue, then improve this estimate by adjusting the originally calculated thickness by
a factor which accounts for deformation due to the contact pressure or force.

[0160] In embodiments, contact force is not measured with a sensor, but is controlled via a
mechanical means. In embodiments, a spring mechanism is located at or near the tissue-
contacting face of the transducer. The spring constant of the spring is selected such that a
certain small range of suitable forces will be required to be applied to the mucosal tissue in
order for the transducer to make adequate tissue contact.

[0161] In embodiments, contact force is controlled by a compliant coupling balloon, for
example a balloon comprised of silicone rubber. The balloon may initially be configured in a
deflated state for insertion of a catheter or probe into the nasal cavity. When in the desired
position to take a measurement, the user may expand the balloon, for example by filling the
balloon with a fluid or gel-like substance infused through a lumen in the shaft of the catheter
or probe. In one embodiment, a syringe containing a fluid may connect to a luer-type
interface on the handpiece of the apparatus, wherein depressing the plunger on the syringe
forces the fluid along the lumen of the apparatus and into the balloon, causing it to expand.
When the balloon is expanded, it makes contact with mucosal tissue. Due to the compliant
nature of the balloon, the shape of the balloon will mold to the shape of the mucosal tissue
without applying a force that is sufficient to compress of deform the tissue. In embodiments,
the transducer remains a small distance, for example 1 — 5 mm, away from the mucosal wall
to ensure no contact force is applied. The fluid or gel used to expand the balloon provides
sufficient acoustic coupling such that the ultrasound waves may appropriately interrogate the

mucosal tissue.
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[0162] In embodiments, the apparatus includes a mechanism to collapse the balloon by
removing the fluid or gel, thus allowing for the distal portion of the apparatus to return to its
original slimmer profile which will facilitate removal from the nasal cavity. Fluid or gel can
be removed by applying a vacuum or suction to the port on the apparatus handpiece that had
previously been used to convey the fluid or gel into the balloon. With the application of
negative pressure, the fluid or gel will be drawn back through the delivery lumen towards the
handpiece and allow for the balloon to collapse. In embodiments, multiple lumens are used
for delivery and/or removal of fluid or gel to/from the balloon.

[0163] In embodiments where the transducer is positioned a small distance from the
leading edge of the mucosa, for example in embodiments that utilize a coupling balloon,
algorithms to determine mucosal thickness may be refined to address additional echoes
originating from the interface between the fluid/gel/balloon-mucosa boundary. The difference
in acoustic impedance at this boundary is expected to be much lower than the difference at
the mucosa-bone/cartilage boundary, and as such the reflection will be of relatively smaller
amplitude and easily discernible from the larger reflection produced at the interface with
bone or cartilage. In these embodiments, the mucosal thickness may be estimated using the
time difference between the detection of these two spikes in a received ultrasound signal.
[0164] The thickness measurement of mucosal tissue are dependent on the angle of
incidence of the ultrasound beam. For a given region of mucosa, an orthogonally-aligned
transducer produces a thickness estimate that is smaller relative to an estimate in the same
region when the transducer is obliquely-aligned (and thus has a longer path through the
tissue). Though this discrepancy may be controlled for if the incidence angle is known, doing
so is expected to be a challenging and low-accuracy task. It is thus desirable to account for
the angle of incidence variations in a pro-active manner.

[0165] In embodiments, a transducer is mounted on a movable axis, for example on a pivot
joint or ball-joint, such that it becomes “self-aligning”, for example as shown in Figs. 28A-D
and 29. That is, whenever a transducer is pressed against a surface, the position of the
transducer moves along the axis such that it naturally aligns in an orthogonal fashion. In some
embodiments, contact sensors, for example electrical impedance sensors or force sensors,
may be used at one or more locations on or near the transducer face to ensure orthogonal
contact.

[0166] In embodiments, transducers are configured to scan through a range of incidence
angles. For example, in a phased array, the transmission delay between individual elements is

adjusted to steer the resulting ultrasound beam through a number of angles, collecting data at
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each. Alternatively, in a single element transducer or a transducer comprised of a linear array,
the transducer may be mechanically swept through a range of angles, for example from -45
degrees to + 45 degrees, collecting data at multiple angles in the range. A number of
calculations of mucosal thickness may be made, and the minimum thickness may be selected
as the gold-standard measurement that is representative of an orthogonal incidence angle. In
embodiments, the maximum thickness may be analyzed, or some combination of the various
thickness measurements made at the angles interrogated.

[0167] Embodiments may include detection and analysis of echogenicity. One impact of
nasal cavity interventions may be a change in the level of edema or fluid in the mucosal
tissue. A change in the level of edema, fluid, and/or swelling may be indicative of
symptomatic relief and as such indicative of the therapeutic efficacy of an intervention.
Changes in these properties of mucosal tissue may be assessed with ultrasound and thereby
be useful to physicians and patients.

Mucosal assessments may be made with ultrasound by examining the echogenicity of the
mucosal tissue. In the present context, echogenicity is a characteristic of tissue that describes
how it responds to ultrasound interrogation — i.e. how it absorbs, scatters, and reflects
incident ultrasound energy. For example, the brightness (in B-mode) or reflected signal
strength (in A-mode) would be indicative of echogenicity. Other tissue characteristics
captured by an ultrasound beam — for example speckle texture, spectral energy content, and
attenuation constant (inherently linked to the absorption coetficient) — may also be useful for
interrogating tissues.

It is known by those skilled in the art that changes in tissue edema/water content alter the
ultrasonic properties of tissue, for example the speed of sound and the absorption coefficient.
In embodiments, one or more ultrasound signals is transmitted into mucosal tissue and the
corresponding echoes are received. Received radiofrequency data may be processed in order
to extract brightness data, for example algorithms related to quadrature demodulation,
envelope detection, rectification, and/or involving the Hilbert transform may be used to better
extract brightness data. In embodiments, resulting brightness data is assessed over a window
where the mucosa is detected to be (for example, in a region bounded by large reflection
spikes that signity balloon/mucosa and mucosa/bone interfaces, respectively). In
embodiments collecting two-dimensional B-mode data, brightness data may be assessed
across a tissue window that spans both depth and a width determined by the size of the
transducer array. In embodiments, comparisons are made between measurements captured

before and after a nasal cavity intervention in order to assess a change.
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[0168] In embodiments, spectral analysis may examine the frequency content of returning
echoes to assess changes. For example, a reduction in fluid content in mucosa may change
the absorption properties of the tissue in a way that results in a frequency content shift of
acoustic backscatter measured by the transducer. In embodiments, received radiofrequency
data may be converted into the frequency domain using techniques such as the Fast Fourier
Transtorm (FFT) and analyzed to determine the power density of the frequency content. For
example, in the presence of moderate or severe mucosal edema, the attenuation coefficient
may be reduced. The attenuation coefficient for ultrasound is frequency dependent, and as
such a spectral shift of the power density may occur.

[0169] In embodiments, an ultrasound array may be configured to estimate the mechanical
properties of tissue using elastography or elasticity imaging, for example vibrational
elastography, acoustic radiation force impulse imaging, or shear wave elasticity imaging. As
interventions in the nasal cavity may impact the degree or edema or other tissue
characteristics that impact the tissue’s shear or elastic modulus, mechanical property
investigation may yield a practical and valuable way to assess the efficacy of an intervention.
[0170] In embodiments, an ultrasound transducer composed of an array of individual
elements is mounted on the shaft of a probe or catheter and inserted into the nasal cavity.
When in place, an initial ultrasound scan of the area is acquired. Following this, the array is
operated in an excitation mode, sending a high intensity focused pulse of ultrasound into
mucosa. This pulse displaces tissue in the focal zone using a radiation force and creates a
shear wave that will travel away from the excitation site at a speed directly proportional to the
shear modulus of the tissue. Following the excitation pulse, the transducer is configured to
deliver a series of subsequent tracking pulses in locations adjacent to the location of the
excitation pulse. These tracking pulses are similar or identical to standard B-mode ultrasound
pulses. Using algorithms that involve speckle-tracking, for example cross-correlation
algorithms or phase-shift estimators, these tracking pulses can be utilized to monitor the
propagation of the induced shear wave in tissue. By calculating the speed of the shear wave
propagation, the shear modulus, and thus ultimately the elastic modulus, of the mucosa may
be determined. By comparing measurements of elastic modulus before and after an
intervention has taken place, insights into the impact of the intervention may be obtained.
[0171] In embodiments that utilize a cryo-ablation probe, ultrasound measurements may be
taken during treatment to detect changes in tissue characteristics associated with tissue
freezing. These measurements may be used to detect the state of the target tissue. The state

of the tissue may be used during treatment to adjust treatment dose parameters including
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treatment time or the number of freeze-thaw cycles. For example, ice crystals formed during
cryo-ablation may increase scattering and/or reflection of ultrasound waves in the treatment
region. Using B-mode ultrasound visualization, the proximal edge of a cryo-ablation treated
area may appear hyperechoic (bright) with large hypoechoic (dark) regions more distal from
the transducer due to strong reflections at the ice ball interface and associated acoustic
shadowing. A change in echogenicity (strength of received echoes) across a region of certain
size may signify that treatment is sufficient and that the procedure may end. As an example,
an acoustic shadow at least 5 mm wide may be seen as indicative of sufficient freezing. In
other examples, different size regions, for example 2 mm or 10 mm wide, may be viewed as
more appropriate to signify that sufficient freezing has occurred. In embodiments, these
changes are measured using the strength of the signals measured during an A-mode
ultrasound scan. One benefit to stopping a treatment at or shortly after sufficient freezing has
occurred is that it reduces the risk of unwanted collateral tissue damage in regions outside of
the intended treatment area.

[0172] In embodiments, transducers are built into the probe shaft to assess the lateral
growth of the ice ball created during cryo-ablation. During a cryo-ablation treatment, the
cryo-ablation element freezes a region of the mucosal tissue to form an ice-ball that may be
ellipsoidal in profile shape, and the depth of the treated region may be related to the width of
the frozen region. In embodiments, monitoring lateral growth of the frozen region over time
is used to determine the depth of the frozen region, which in turn is used to determine the
length of treatment. In embodiments, multiple transducers are mounted on the probe shaft so
as to interrogate tissues at fixed lateral distances from the ablation member, for example at
Smm, 10mm, and 15mm from the member. In embodiments, a single transducer may slide
along a recessed path in the shaft (similar to as shown in Fig. 23) so as to interrogate tissues
at various distances from the ablation member. In embodiments, a single transducer may be
used at a fixed distance.

[0173] In embodiments the depth of the frozen region of tissue is measured directly. Since
acoustic shadowing in the treated region may prevent straight-on measurements of ice-ball
penetration, an oblique interrogation approach is used. An example embodiment utilizing
oblique measurement of treatment depth is depicted in Figs. 27A-C. As shown, a combined
ablation and sensing probe 102 contains an ablation element 103 and an ultrasound
transducer 104 located a distance 1) distal to the ablation element. The transducer is angled
an angle 8 with respect to the longitudinal axis of the probe shaft and is aimed in the direction

the ice ball is expected to form during cryo-ablation. During ablation, it is intended to create
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a frozen region 108 that will reach a distance r from the contact surface of the ablation
element 103. Prior to treatment and in the early phases of treatment, the ultrasound
transducer 104 scans tissue with the probe 102 positioned between the middle turbinate 101
and inferior turbinate 107, for example using A-mode imaging techniques, and receives a
normal pattern of echo signals associated with soft tissue scanning. As the ice ball in the
frozen region 108 in the tissue 105 grows, it enters the path of the ultrasound beam 110 and
changes the received echo pattern. For example, the new echo pattern may be characterized
by a hyperechoic area at the boundary of the ice ball followed by hypoechoic regions
associated with acoustic shadowing. An advantage of the distal location of the ultrasound
sensor on the probe is that it allows for an interrogation path that originates posterior to the
middle turbinate 101, which may limit or eliminate echo interference associated with the
bony prominence 106. In embodiments, the ultrasound sensor may be located more proximal
on the probe shaft than the ablation element.

[0174] In some embodiments the angle 8 of the axis of the beam of the ultrasound
transducer relative to the axis of the distal end of the probe shaft may be adjustable by the
user. When a desired depth of the ablation region (r) is known, the geometric tangent can be
utilized to calculate the angle 8 for the transducer given that r; is fixed. The transducer angle
can be adjusted using dials, knobs, buttons, with a low-power motor/robotic control, or using
other methods. In embodiments, the angle 6 is fixed, but the distance r; is adjustable. In
embodiments, both 8 and r; are fixed.

[0175] Ultrasound may further be used to actively monitor tissue thickness changes during
treatment. The ice crystal formation during cryo-ablation causes tissues to expand when
treated. Though the amount of expansion is small, it is within the measurable resolution of
ultrasound imaging techniques. After tissue has expanded a certain amount, for example a
certain percentage of its baseline thickness (for example, 20%) or to a certain pre-calculated
degree (for example, 1 mm), the detected expansion is used as an indication that the treatment
is sufficient and that the procedure may end. In embodiments, A-mode or M-mode
ultrasound techniques may be used to assess this expansion in real time, for example by
determining changes in the thickness of mucosal tissue using techniques described previously
in this disclosure. Though acoustic shadowing may confound assessment of tissue thickness
directly in the treated region, expansion in immediately adjacent regions may be informative
for guiding treatment.

[0176] Ultrasound measurements may be taken post treatment to detect changes in tissue

properties associated with tissue thawing. These measurements may be used to determine
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when the device can be safely removed. For example, changes that were measured during
treatment, such as alterations in echogenicity, thickness, or other characteristics, may begin to
reverse themselves during thawing and approach baseline values. In a treatment paradigm
that includes multiple cycles, these measurements may also be used to determine when the
next freezing cycle should begin.

[0177] Ultrasound measurements may be taken post treatment to detect changes in tissue
characteristics associated with cryo-ablation injury. For example, tissue injury may be
associated with changes in density or changes in elasticity that are measurable using
ultrasound. These measurements may be used to verify that target tissue has been treated.
[0178] Before, during, or post-treatment, M-mode ultrasound measurements may be
acquired to assess tissues and/or changes in tissues resulting from ablation treatment. M-
mode (motion mode) imaging acquires successive scans along the same region of
interrogation (i.e. successive A-mode imaging lines) and as such can record how structures
move toward or away from the transducer over time. At baseline, tissues may be detected to
move differently than when frozen, and treated and subsequently thawed tissues may be
detected to move differently than either frozen tissues or untreated tissues. As such, M-mode
techniques may be used for assessing treatments in both the short- and longer-terms
following treatment.

[0179] In embodiments, M-mode imaging is used to track naturally occurring tissue
movements, for example physiological motion associated with the pulsation of arterial blood
vessels. In embodiments, M-mode may be used to track tissue motion that occurs in response
to an external stimulation, for example a pulse of acoustic radiation force emitted from the
transducer or the application of a vibrating piston oscillator.

[0180] In embodiments, advanced processing techniques such as speckle tracking
algorithms may be applied to M-Mode data to extract quantitative information from the scan,
for example information about the exact degree of longitudinal tissue movement.

[0181] In embodiments, ultrasound transducers housing may be attached to a probe through
a joint capable of flexing or rotating in one or more directions. When the transducer housing
is brought into contact at an angle other than 90°, the uneven pressure or force along the
interface causes the housing to passively orient itself such that the housing and tissue surfaces
are closer to parallel. Figs. 28 A and 28B show an ultrasound transducer 2802 mounted on
single axis joint 2803 to facilitate for orthogonal alignment with tissue surface 2804. Figs
28C and 28D show an ultrasound transducer 2802 mounted on ball joint 2805 to facilitate for

orthogonal alignment with tissue surface 2804. To better achieve a desired angle, the
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ultrasound transducer may be housed such that the axis of the transducer and of the housing
are at a fixed angle between 0 and 90° with each other. When the surface of the housing is
parallel to the tissue surface, the axis of the transducer is at roughly the same angle to the
tissue as with the housing surface. This concept is illustrated in Fig. 29. Fig. 29 shows an
ultrasound transducer 2902 mounted in housing 2904 at a desired angle with the surface of
the housing in contact with tissue. When the housing surface is parallel to and in contact with
the tissue surface, the ultrasound beam will be at a desired angle to the tissue surface. The
housing is constructed such that the material between the transducer and tissue has an
acoustic impedance appropriate to maximize ultrasonic energy transmission. In this way the
transmitted ultrasound signal can be oriented to provide an increased accuracy related to
Doppler measurements being made for vessels that run parallel or closely parallel to the
tissue surface.

[0182] In embodiments, sensors on the shaft of a probe are used to aid with probe
positioning by detecting and using the turbinates within the nasal cavity as guiding
landmarks. In embodiments, the desired location for cryo-ablation treatment is the posterior
1/3 of the middle meatus, which may be identified generally by the relative position of the
turbinates. More specifically, the inferior and middle turbinate may serve as landmarks used
to locate the desired region for treatment or narrow the search region for the desired region of
treatment. The inferior and middle turbinate can be located within the nasal cavity using
endoscopic guidance or other methods, so a location technique that uses these features as
navigation aids is simple, convenient, and allow for shorter procedure time. In an
embodiment, a probe contains sensors which measure the relative position of a probe to the
middle and inferior turbinate. The probe may be an ultrasound probe or a combined
ablation/ultrasound probe, as disclosed above. The sensors may be acoustic, optical,
electromagnetic, or mechanical in nature. For example, optical (ex. laser) or more general
electromagnetic (ex. radar, infrared) sensors may be mounted to a probe shaft and measure
distance from the shaft to a reflective surface such as the turbinates using time of flight
measurements. In embodiments, ultrasound sensors may be used in conjunction with
coupling mechanisms that allow the signal to acoustically couple to the turbinate wall. For
example, the ultrasound sensor may be encased in an inflatable coupling balloon that is filled
with gel, water, or another coupling substance that expands outward from the shaft and makes
contact with turbinate walls. An example of an embodiment using a coupling balloon is
shown in Fig. 30, with the coupling balloon 1010 serving as the mechanism for acoustically

coupling ultrasound energy back and forth from the sensor and turbinates. Anatomy in the
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figure may not be to scale and is provided as a visualization aid only. Fig. 30 illustrates a
combined ablation and sensing probe that utilizes acoustic coupling balloons. Figs. 31A-C
show embodiments that utilize the turbinates to guide placement of an ablation probe in a
tissue region. The figures show the use of a non-ultrasound sensor, however in embodiments
ultrasound sensors may be in place of or in addition to the sensors shown. Anatomical
features depicted in the figure are not drawn to scale and may not be precisely co-located, and
are included only as a contextual visual aid. As shown in Figure 31A, a combined sensing
and ablation probe 1001 is located in the nasal cavity in the general region between the
inferior turbinate 1002 and middle turbinate 1003. In embodiments, the probe contains a joint
1005, for example a single-axis joint or a ball joint, that allows the distal end of the probe
containing the ablation member 1004 to articulate with respect to the proximal end of the
shaft. The probe contains sensors 1006 on the superior and inferior aspects of the probe for
interrogating the middle and inferior turbinates, respectively. In embodiments, the sensors
only seek to establish that the turbinates are present within the path of the sensor signals, or
alternatively are present within a certain distance d of the sensor. As an illustrative example,
the sensing protocol may be binary in nature and seek to determine only if a turbinate is
located within 2 mm of the shaft, illuminating an LED if this condition is true. In
embodiments, the sensors use time of flight or other techniques to measure the distance to
each turbinate. Some embodiments may utilize additional sensors in additional locations, for
example a sensor on the lateral aspect of the probe shaft for interrogating the lateral nasal
cavity wall. As shown in Fig. 31A, the probe is situated in the nasal cavity such that the
sensors on the probe shaft are located within the portion of the middle meatus bounded
superiorly and inferiorly by the turbinates. As such signals produced by the sensors interact
with the turbinates and inform the operator that it may be desirable to advance the probe more
posteriorly prior to initiating treatment. As shown in Fig. 31B, the probe is advanced such
that the sensor on the inferior side of the shaft is beyond the proximal boundary of the
inferior turbinate, and as such the sensor signal is changed in such a way that the operator
may determine that this anatomical landmark has been completely traversed. For example,
the sensor may determine the distance to the closest reflective tissue is beyond a distance d
that indicates the presence of the inferior turbinate. Given this location information, the probe
may be determined to be in the proper position for ablation, or it may be determined how to
further adjust the probe position based upon this anatomical landmark to prepare the probe to

be in the proper position for ablation.
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[0183] In embodiments, once the probe has advanced so as to be beyond the posterior
boundary of one or both turbinates, the distal end of the probe may be articulated about the
joint 1005 in order to better position the ablation member in the desired region of interest. In
embodiments, the probe angle can be selectively changed, for example in one degree
increments over a range of 0 to 30 degrees, by adjusting a dial located on the end of the
device proximate to the handle. In embodiments, the probe angle may shift between two or
more pre-determined available angles via the use of a dial or switch. An illustration of an
embodiment with a variable probe angle is shown in Fig. 31C.

[0184] In embodiments, guiderail type sensors may contact the surface of the inferior and
middle turbinates directly to aid with positioning of the ablation element in the region of
interest. The guiderails are comprised of a spring-based or otherwise
expandable/compressible rod topped by a sphere or another suitable structure that can glide
smoothly along tissues while maintaining contact. As shown in Fig. 32A, when deployed
guiderails 1008 emanate from the superior and inferior aspects of a probe and maintain
contact with the turbinates as the probe traverses the nasal cavity in the region of the middle
meatus. As an aspect of the probe becomes closer to the corresponding turbinate, force is
exerted on the corresponding sphere and the corresponding guiderail is compressed, as shown
in Fig. 32B. In embodiment, instead of being compressed the guiderail may be bent or
shifted to a more acute angle. As an aspect of the probe moves away from the turbinate, or
the probe traverses past the posterior boundary of a turbinate, the corresponding guiderail
expands in length or is straightened and/or angled more normal to the probe surface. Sensors
in the device measure guiderail position and can determine the presence of the turbinates, and
in embodiments the distance to the turbinates. This information is used to guide the probe to
the desired region for ablation. In embodiments, the guiderails may be collapsible into the
body of the probe shaft so as not to increase the width of the shaft when not in use. This may
allow the probe to maintain optimal maneuverability. Fig. 32C shows an embodiment
including collapsible guiderails where a guiderail 1008 containing a spring-based body 1009
may collapse into a recessed region of the probe shaft 1007.

[0185] Sensors may be placed on or around ultrasound transducers to provide feedback to
the user concerning the presence or quality of tissue contact. Sensors may include force
sensors for detecting contact force between the probe and tissue surface. Sensors may
include electrical impedance sensor / electrodes which can determine contact through
electrical conductivity. If a sensor measures a very high impedance (similar to an “open

circuit” condition), it will indicate the contact isn’t be made effectively with tissue. If
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impedance is higher than expected, for example 2000 Ohms or higher, that may suggest that
only partial contact is being made. In embodiments, different impedance values, for example
500 Ohms or 5000 Ohms, may be indicative of partial contact. If impedance is within the
expected range for contact with mucosal tissues, for example 500 Ohms or less, it may be
inferred that the sensor is making quality contact with the tissue. Sensors may also include
non-contact sensors, such as light sensors or magnetic sensors that do not have to contact the
tissue directly to function. In embodiments, light-based distance sensors are positioned both
proximal and distal to an ultrasound transducer mounted on a probe. Each light sensor
calculates the distance from the sensor to the mucosal tissue wall. To facilitate guiding the
transducer face into quality contact with the mucosal wall, the distances measured as well as
the difference in distances measured by the two sensors may be used to inform the operator
how to best manipulate the position of the probe in order to establish quality transducer
contact. In embodiments, one sensor or more sensors may be utilized.

[0186] In embodiments, the same transducer or transducers may be used alternately in
different ultrasound modes. For example, a transducer may be configured to run in either
Doppler or A-mode, and may be switched between modes based on the target tissue
measurement. For example an ultrasound transducer may first be used to locate a blood
vessel with a Doppler scan, as described above, and then may be used to detect a bony
landmark with an A-mode scan. Further for example, the Doppler scan may be used to locate
the SPA prior to treatment to determine a target treatment site, and then during treatment the
same ultrasound transducer may be used with an A-mode scan to monitor tissue thickness or
reflection changes associated with freezing, as described above. Further, after switching to
an A-mode scan, the ultrasound transducer may then be switched back to a Doppler scan to
monitor flow through the SPA. In another example, an ultrasound transducer may be used in
A-mode prior to treatment to locate the sphenopalatine foramen or the transition between
palatine and sphenoid bones which are landmarks by which the SPA can be located. Then,
while cryo-ablation treatment is being performed a Doppler mode scan is used to monitor
flow through the SPA. As noted above, in embodiments the angle of the ultrasound
transducer relative to the probe shaft may be adjustable, and may be adjusted while in use.
As noted above, the ideal angle of a transducer with respect to tissue may differ between A-
mode and Doppler scan and in embodiments that switch ultrasound scan modes, the angle of
transducer with respect to tissue may be adjusted back and forth between the ideals for each

depending upon which mode is in use.
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[0187] Embodiments in this disclosure may have been described as using ultrasound
sensors, light-based sensors, or mechanical sensors. However, other types of imaging or
sensing modalitics may be implemented. For example, IR sensors, thermal sensors, thermal
strain imaging, and photoacoustic imaging are all mechanisms that allow for evaluation of
various characteristics of the nasal cavity anatomy, and as such aid in probe guidance as well
in treatment planning and/or monitoring. In embodiments, a probe may include an array of
microphones configured to detect audible blood flow. In embodiments, a probe may include
an array of pressure sensors configured to assess probe and tissue contact as well as detect
pulsations from arterial blood flow.

[0188] In embodiments, when the location of an anatomical features, for example the SPA,
is located, one of the ultrasound probe, integrated probe, or a separate implement may be
used to deposit surgical ink indicating the location of the SPA or a target ablation location
based on the location of the SPA. With this approach, it may be visually confirmed that the
ablation member is correctly positioned prior to commencing the ablation procedure. In
embodiments SPA locations are marked visually with respect to visible landmarks. In
embodiments the SPA locations are marked using 3D magnetic tracking systems which
include surgical tracking systems which generate magnetic fields which encompass the
surgical field and utilize measured interactions between those fields and active or passive
magnetic markers on surgical tools to track the tool’s location and orientation in the surgical
field and to register those locations with respect to the patient anatomy.

[0189] In embodiments, the location of the SPA may be located by the processing unit
using the optical (particularly absorptive, transmissive and reflective) properties of tissue
with regard to infrared light or visible light. Different tissues absorb, reflect, and transmit
different frequencies of light to varying degrees. For example, oxygenated and deoxygenated
blood difterentially absorb and transmit IR (wavelengths ranging from 700 — IM nm) and
near IR, or nIR (wavelengths ranging from 650 — 1350nm) light, as shown in Fig. 35. Using
these properties, the processing unit can differentiate arteries carry oxygenated blood from
other vessels and tissues in the body based on IR absorption and reflection. In embodiments,
a probe may include a light source and detector and an operator may place the probe within a
nasal cavity and direct IR light or visible light into the tissue and the processing unit
measures the reflected light spectra. The light source and reflector may be placed at angles to
each other and a fraction of transmitted energy may be measured by the processing unit. By
introducing visible light into the tissue at an angle relative to the observer (endoscope or

camera) the tissues having a higher visible light transmission coefficient may appear more
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translucent while tissue having a higher absorptive or reflective coefficient may appear
darker. In this way the large vessels may be visually differentiated from surrounding tissues
and located by the operator or processing unit.

[0190] In embodiments, a probe may include an ablation member 3302 and a light sensing
unit 3304, as shown in Figs. 33A-C. The light sensing unit includes light source 3306 and
light detector 3308 adjacent to each other. The light source may direct IR light or visible
light into the tissue and the processing unit measures the reflected light spectra. The
processing unit analyzes the spectra to different light reflected from arteries compared to light
reflected from other tissues. Based on this differentiation, the processing unit may determine
the location of the SPA. As discussed above, integrated probes including an element to
detect SPA location and an ablation member, may be used to locate the SPA in real time and
be used orient the integrated probe relative to the SPA at an ablation target, and then ablating

the ablation target to ablate the PNN to treat rhinitis.

[0191] In embodiments, a probe may include a light source configured to be positioned away
from or behind the tissue and a measuring unit located to measure the transmitted light
spectra trough the tissue, as shown in Fig. 34. The anatomy of the nasal cavity is not
conducive to placing the light source and reflector opposite each other orthogonal to the
tissue surface 3406 with the tissue positioned between them, therefore as shown the light
source 3402 and detector (IR camera 3404) may be placed at angles to each other and a
fraction of transmitted energy from the blood vessel 3408 may be measured. As shown in
Fig. 34, the light source 3402 may be on an separate probe from the receiver, which may be

an endoscope or IR camera 3404.

[0192] In embodiments, a probe may illuminate the tissue using IR light 3502 and view the
tissue 3506, including a blood vessel 3508, reflecting the emitted light using a digital camera
3504 capable of detecting IR wavelengths, as shown in Fig. 35.

[0193] In embodiments, to improve the coupling of energy between the ultrasound probe
and the tissue being interrogated the ultrasound probe may include an internal gel delivery
lumen, wherein the gel is delivered proximate to the ultrasound unit in order to improve
coupling between the tissue and ultrasound unit. In embodiments, other methods and devices
may be used to improve the coupling of ultrasound energy to tissue within the nasal cavity.
For example, in embodiments, an ultrasound transducer may be disposed within a balloon or
sack containing a gel, water bath, or other suitable coupling agent and may be filled prior to

imaging. During use, the coupling balloon is located between the ultrasound transducer and
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the nasal tissue, and serves as an acoustic impedance matching zone that allows energy to
flow more efficiently into tissues. This is useful because it allows for a transducer to not be in
direct contact, or even in the immediate proximity of, tissues it is intended to interrogate with
ultrasound. In embodiments, the coupling balloon may be filled and drained and re-filled, as
the ultrasound probe may be easier to navigate in and out, and through the nasal cavity while
it is in a smaller collapsed geometry with the balloon drained. In embodiments, the coupling
balloon is filled a certain amount, for example 40% or 70% of maximum capacity. In
embodiments, the degree of balloon filling is automatically governed by the device, for
example the balloon may cease filling in response to an event such as detecting that the
exterior of the balloon initiating contact with the nasal cavity wall. In embodiments, the
coupling balloon may fill an entire portion of the nasal cavity and the transducer with or
without ablation element can move freely inside the filled cavity to identity key locations of
the nasal cavity. The coupling balloon may be used as an anchor device and allow energy to
flow more efficiently into the tissue.

[0194] In embodiments, a system may include a navigation system which detects the
location of portions of the ultrasound probe in a coordinate system and maps the detected
locations of the anatomical features, such as the SPA and/or other blood vessels. The
mapping may be used to position an ablation member at an ablation target site to ablate the
PNN. For example, a mapping system identifies the path of the SPA which identifies the
proximity of the nerves and the ablation probe is placed just adjacent to the SPA to allow
ablation of the surrounding area without ablating directly on top of the large blood vessel.
[0195] In embodiments the sensing probe is a compliant volume filling member similar but
not limited to a urethane balloon. On the outer surface of the probe, ultrasound transducers
are affixed or surround the surface confined in an expandable net. The sensing probe is
attached to a malleable to rigid shaft that allows the probe to be advanced to the posterior side
of the nasal cavity while allowing the user to maneuver the probe from outside the nasal
cavity. Once the sensing probe is in place, the probe is expanded so the probe conforms to
the anatomy and presses the transducers, or at least one of the transducers, against the lateral
wall. Once transducers are touching the wall, they are utilized to generate an image of the
blood vessels, for example an A-Mode, B-Mode, or M-Mode image, in this area defining a
target region on the display of the console in relationship to a visible anatomical landmark.
Once the target region is defined, the sensing probe is collapsed and removed from the nasal
cavity. The ablation probe will then be advanced to the target region using the aid of the

blood vessel image defined by the sensing probe. In embodiments, this is accomplished by
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recognizing that the vessel on the image appears to be a certain distance d from a bony
prominence which serves as a landmark, and knowing the target treatment region is for
example approximately at the midpoint of this span (i.e. a distance of d/2 from landmark),
and adjusting the position of the ablation probe accordingly. Once in place the ablation will
be activated.

[0196] The teachings of the technology provided herein can be applied to other systems
including systems, methods and devices disclosed in the applications incorporated by
reference. The elements and acts of the various examples described above and in the patents
and applications incorporated by reference can be combined to provide further
implementations of the technology. Some alternative implementations of the technology may
include not only additional elements to those implementations noted above, but also may
include fewer elements. Further any specific numbers noted herein are only examples;
alternative implementations may employ differing values or ranges, and can accommodate
various increments and gradients of values within and at the boundaries of such ranges.
Furthermore, the described features, advantages, and characteristics of the present technology
and the technology disclosed in the applications incorporated by reference may be combined
in any suitable manner in one or more embodiments. One skilled in the relevant art will
recognize that the present technology can be practiced without one or more of the specific
features or advantages of a particular embodiment. In other instances, additional features and

advantages may be recognized in certain embodiments of the present technology.

[0198] The reference in this specification to any prior publication (or information derived
from it), or to any matter which is known, is not, and should not be taken as an
acknowledgment or admission or any form of suggestion that that prior publication (or
information derived from it) or known matter forms part of the common general knowledge

in the field of endeavor to which this specification relates.

[0199] Throughout this specification and the claims which follow, unless the context
requires otherwise, the word "comprise"”, and variations such as "comprises" and
"comprising", will be understood to imply the inclusion of a stated integer or step or group of
integers or steps but not the exclusion of any other integer or step or group of integers or

steps.
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WHAT IS CLAIMED IS:

L. A surgical probe for treating rhinitis of a patient, comprising:

an elongated probe shaft with a proximal end and a distal end;

a handle coupled to the proximal end;

a cryo-ablation element coupled to the probe shaft; and

an ultrasound transducer coupled to the probe shaft toward the distal end of the probe
shaft and distal of the cryo-ablation element;

wherein the ultrasound transducer is configured to determine a location of a target
treatment site within a nasal cavity of the patient,

wherein the cryo-ablation element is configured to be positioned at the target
treatment site location to cryogenically ablate the target treatment site in order to ablate at

least one nasal nerve to reduce at least one symptom of rhinitis.

2. The surgical probe of claim 1, wherein the ultrasound transducer is configured
to detect relative thicknesses of mucosal tissue in the nasal cavity to identify an anatomical

landmark correlated to the location of the target treatment site.

3. The surgical probe of any of claims 1 or 2, wherein the ultrasound transducer
is configured to determine the location of the target treatment site by detecting relative
thicknesses of a palatine or sphenoid bone in the nasal cavity in order to identify an

anatomical landmark correlated to the location of the target treatment site.

4. The surgical probe of any of claims 1-3, wherein the ultrasound transducer is

configured to determine the location of the target treatment site by detecting a relative

boundary or transition between two bones in the nasal cavity or between a bone and cartilage
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in the nasal cavity to identify an anatomical landmark correlated to the location of the target

treatment site.

S. The surgical probe of claim 4, wherein the transition comprises 0.5-1 mm of

cartilage adjacent to 1-3 mm of bone used to identity a perpendicular plate of a palatine bone.

6. The surgical probe of any of claims 1-5, further comprising a second
ultrasound transducer coupled to the probe shatft,

wherein the second ultrasound transducer is coupled to the probe shaft towards the
proximal end of the probe shaft and proximal the cryo-ablation element, and

wherein the ultrasound transducer and the second ultrasound transducer are
configured to determine the location of the target treatment site by both detecting tissue

properties with both.

7. The surgical probe of claim 6, wherein the ultrasound transducer and the
second ultrasound transducer are configured to detect tissue properties to determine the
location of the target treatment site by identifying relative mucosal tissue thicknesses
indicating that the cryo-ablation element is positioned proximate to the location of the target

treatment site.

8. The surgical probe of claim 6, wherein the ultrasound transducer and the
second ultrasound transducer are configured to detect tissue properties to determine the
location of the target treatment site by identifying relative bone thicknesses indicating that the

cryo-ablation element is positioned proximate to the location of the target treatment site.
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9. The surgical probe of claim 8, wherein the relative bone thickness indicates
that the ultrasound transducer is detecting a sphenoid bone and the second ultrasound

transducer is detecting a palatine bone.

10. The surgical probe of any of claims 1-5, wherein the cryo-ablation element
and the ultrasound transducer are coupled to the probe shaft at a predetermined distance
relative to each other,

wherein the predetermined distance corresponds to a distance between an anatomical
feature detectable with the ultrasound transducer and the at least one nasal nerve,

wherein the ultrasound transducer is configured to determine the location of the target
treatment site by locating the anatomical feature, and

wherein the cryo-ablation element is configured to cryogenically ablate the target
treatment site by ablating the at least one nasal nerve while the ultrasound transducer is
detecting a signal indicating that the ultrasound transducer is proximate to the anatomical

feature.

11. The surgical probe of claim 10, wherein the anatomical feature is a blood

vessel.

12. The surgical probe of any of claims 1-6 and 10, wherein the ultrasound

transducer is configured to determine that the surgical probe is advancing through a middle

meatus by detecting a middle turbinate in the nasal cavity.
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13. The surgical probe of any of claims 1-6, 10 and 12, wherein the probe shaft
comprises an articulation joint configured to facilitate articulation of the ultrasound
transducer relative to the cryo-ablation element, and

wherein the ultrasound transducer is configured to determine the location of
the target treatment site by articulating the ultrasound transducer with the articulation joint to

sweep an area of tissue within the nasal cavity.

14. The surgical probe any of claims 1-6, 10 12 and 13, further comprising a light
emitting element coupled to the probe shaft, and configured to emit a visual indication within

the nasal cavity when the location of the target treatment site is determined .

15. The surgical probe of any of claims 1-6, 10, 12, 13 and 14, further comprising
a haptic feedback element coupled to the handle, and configured to emit a haptic indication

when the location of the target treatment site is determined.

16. The surgical probe of any of claims 1-6, 10, 12, 13, 14, and 15, wherein the
cryo-ablation element comprises an expandable structure, and is configured to inflate through
evaporation of a cryogenic fluid within the expandable structure to cryogenically ablate the

target treatment.

17. The surgical probe of any of claims 1-6, 10, 12, 13, 14, 15 and 16, wherein the

ultrasound transducer is configured to monitor a size of an ice ball formed while

cryogenically ablating the target treatment site, and
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wherein the ultrasound transducer is configured to emit an ultrasound beam at an
angle relative a longitudinal axis of the probe shaft in order to intersect tissue in the nasal

cavity where the ice ball forms.

18. The surgical probe of claim 17, wherein the cryo-ablation eclement is
configured to terminate cryogenic ablation when the size of the ice ball reaches a

predetermined size range.

19. The surgical probe of any of claims 1-6, 10, 12, 13, 14, 15, 16 and 17, wherein
the cryo-ablation element is slidably coupled to the probe shaft,
wherein the cryo-ablation element is configured to be advanced into the nasal cavity by
sliding the cryo-ablation element along the shaft toward the distal end of the elongated probe
shaft to the target treatment site after the location of the target treatment site is determined

with the ultrasound transducer.
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