wo 2020/092080 A 1 | NI 000 KO Y00 00 00 0 000

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

19) World Intellectual Propert N
B organisation > A O 0 0 00O O
International Bureau (10) International Publication Number
(43) International Publication Date WO 2020/092080 A1
07 May 2020 (07.05.2020) WIPO I PCT
(51) International Patent Classification: (72) Inventors: WALEN, James, G.; 3621 Fleetwood Drive,
A61B 17/02 (2006.01) A61B 17/00 (2006.01) Portage, MI 49024 (US). CARUSILLO, Steven, J.; 8301
A61IM 1/00 (2006.01) A61B 34/20 (2016.01) N 26th Street, Kalamazoo, MI 49004 (US).
(21) International Application Number: (74) Agent: MAZZOLA, Paul S. et al.; Howard & Howard At-
PCT/US2019/057599 torneys PLLC, 450 West 4th St., Royal Oak, MI 48067
(US).

(22) International Filing Date:

23 October 2019 (23.10.2019)  (81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AOQO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
(26) Publication Language: English 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,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,

(25) Filing Language: English

(30) Priority Data:

62/751,964 29 October 2018 (29.10.2018)  US KR, KW, KZ LA.LC, LK, LR, LS, LU, LY. MA, MD, ME,
(71) Applicant: STRYKER CORPORATION [US/US]; 2825 MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
Airview Boulevard, Kalamazoo, MI 49002 (US). OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,

(54) Title: SYSTEMS AND METHODS OF PERFORMING SPINE SURGERY AND MAINTAINING A VOLUME OF FLUID AT
A SURGICAL SITE

o 32
OUTFLOW
SOURCE -

CONTROLLER. ..o,

INFLOW
SOURCE

43 o

FIG. 2

(57) Abstract: Systems and methods for performing spine surgery. A retractor may be positioned within a patient to facilitate main-
taining a volume of fluid at the surgical site. The retractor includes an opening capable of receiving one or more surgical instruments,
for example, a cutting instrument and an endoscope. A cutting member of the cutting instrument is submerged and operated within
the volume of fluid to resect tissue, for example, within the intervertebral disc space. The volume of fluid is maintained at the surgical
site improves cooling of the surgical site and visualization of the surgical site via the endoscope during resection. The volume of fluid
is maintained at the surgical site via the surgical system. The surgical system may include a sensor for measuring the level of fluid
in the retractor, an inflow source and an outflow source in fluid communication with the retractor, and a controller controlling the
surgical system.

[Continued on next page]



WO 2020/092080 A1 {1110} 00P 0000 0 0

SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

—  with international search report (Art. 21(3))

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))



WO 2020/092080 PCT/US2019/057599

SYSTEMS AND METHODS OF PERFORMING SPINE SURGERY AND
MAINTAINING A VOLUME OF FLUID AT A SURGICAL SITE

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] The subject patent application claims priority to and all the benefits of U.S. Provisional
Patent Application Serial No. 62/751,964, which was filed on 29 October 2018, the disclosure of

which is hereby incorporated by reference in its entirety.

BACKGROUND
[0002] Many surgical procedures involve the resection of bone or tissue with an instrument,
often within small bodily orifices or cavities or through small incisions with limited visibility. Of
particular interest is minimally invasive surgery (MIS) of the spine. For example, in a
transforaminal lumbar interbody fusion (TLIF), an offending intervertebral disc is prepared to
receive an interbody spacer with morselized bone to ultimately facilitate fusion of the two
vertebrae adjacent the offending disc. With reference to Figure 1, the preparation of the
intervertebral disc may include removing the facet joint to provide access to the intervertebral disc.
The annulus fibrosis is resected (i.e., an annulotomy), and at least a portion of the nucleus pulposus
contained within the annulus fibrosis is removed (i.e., a discectomy) manually with rongeuers.
Moreover, the endplate of each of vertebrae adjacent the intervertebral disc is also prepared, in
which a rasp and various curettes are manually deployed to prepare the disc space for receipt of
the interbody spacer. In instances where it is contemplated to use a powered surgical instrument
as opposed to manual instruments, it is desirable to provide a clear field of view of the endoscope
or the operative microscope and reduce heat generated by high-speed variants of powered surgical
instruments. Therefore, there is a need in the art for improved systems and methods for performing

minimally invasive spine surgery.

BRIEF DESCRIPTION OF THE DRAWINGS
[0003] Advantages of the present disclosure will be readily appreciated as the same becomes
better understood by reference to the following detailed description when considered in connection

with the accompanying drawings.
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[0004] Figure 1 is an illustration of an axial section of the human spine identifying certain
structures and regions. A retractor is positioned within the anatomy to provide a working channel
to the surgical site.

[0005] Figure 2 is an illustration of a first variation of the surgical system including a
retractor, an inflow source, an outflow source, a controller, and a sensor for maintaining a threshold
level of fluid in the retractor and the surgical site.

[0006] Figure 3 is an illustration of a second variation of the surgical system including a
second controller in communication with an outflow source.

[0007] Figure 4 is an illustration of a third variation of the surgical system including a second
controller in communication with an inflow source.

[0008] Figure 5 is an illustration of a fourth variation of the surgical system including a first
outflow source and a second outflow source.

[0009] Figure 6 is an illustration of one configuration of the sensor including an electrical
fluid sensing member coupled to the retractor.

[0010] Figure 7 is an illustration of another configuration of the sensor including a
measurement vessel in fluid communication with the retractor and a pressure sensor coupled to the
measurement vessel.

[0011] Figure 8 is an cross-sectional illustration of one configuration of the retractor,
including an inflow-outflow channel defined between the inner and outer surface of the retractor.
[0012] Figure 9 is an perspective view illustration of one configuration of the retractor
including a coupling member and an inflow-outflow channel defined by inflow and outflow tubes
disposed near the inner surface of the retractor.

[0013] Figure 10 is an illustration of another variation of the surgical system including a tilt
sensor coupled to the retractor.

[0014] Figure 11 is an illustration of a method of using the surgical system including a step
of maintaining a level of fluid in the retractor.

[0015] Figure 12 is an illustration of a method of consecutively positioning a K-wire,
followed by a plurality of dilators, followed by a retractor.

[0016] Figure 13 is an illustration of a method of using the surgical system including a step

of an endoscope.
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[0017] Figure 14 is an illustration of a method of using the surgical system including an

endoscope and a surgical instrument.

DETAILED DESCRIPTION

[0018] Figure 1 is an illustration of the axial section of the human spine with certain
structures and regions to be referenced throughout the present disclosure. With reference to the
compass rose of Figure 1, it is noted that the anatomical directions will also be referenced in
accordance with standard medical convention; i.e., medial (M) to the center of the body, lateral
(L) to the sides of the body, anterior (A) to the front of the body, and posterior (P) to the rear of
the body. The spine includes a series of vertebrae (V) separated by intervertebral discs (IVD).
Figure 1 shows a singular intervertebral disc (IVD) positioned superior a singular vertebra (V)
such that the intervertebral disc (IVD) is viewable in plane. A vertebral space (VS) may be
considered a volume of the anatomy including the vertebra (V) and adjacent the vertebra (V).
Further surrounding the vertebra (V) is various musculature and vasculature. Anterior the anterior
aspect of the vertebra (V) and the intervertebral disc (IVD) is the inferior vena cava (IVC) vein
and aorta (AQ) artery, which serve as the primary cardiovascular vessels of the body. The
identified musculature includes the psoas major (PM) generally lateral to the vertebra (V) and the
intervertebral disc (IVD), and the erector spinae (ES) generally posterior to the same. Fascia (FAS)
and fatty tissue overlay the musculature, and overlying skin (OS) overlays the fascia (FAS).
[0019] The vertebra (V) includes the spinous process (SP) and transverse processes (TP)
with laminae (LAM) generally extending therebetween. A pedicle (PED) extends between facets
(superior articular facet (SAF) identified) and the body of the vertebra (V). The structures
collectively form a portion of the vertebra (V) surrounding the spinal cord (SC) extending in the
cranial-to-caudal direction. The intervertebral disc (IVD) includes the annulus fibrosis (AF), an
outer fibrous ring forming a fibrocartilaginous joint with the vertebra (V) to allow for slight
movement while acting as a ligament for holding the vertebrae together. The annulus fibrosis (AF)
may define the intervertebral disc space (IVDS), within which the nucleus pulposus (NP) is
disposed. The nucleus pulposus (NP) is gel-like in structure and configured to distribute pressure
in all directions within the intervertebral disc (IVD) under compressive loads.

[0020] As mentioned, of particular interest is the preparation of the intervertebral disc space

(IVDS) with a minimally invasive approach. As is common to MIS, and is illustrated in Figure
3
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12, positioned consecutively are a K-wire (not shown), a plurality of dilators 58, and a retractor 22
to provide a working channel 28 to a surgical site 21 at the region of interest. While some
visualization may be realized through the working channel 28 provided through the retractor 22,
it is readily appreciated that meaningful visualization within the intervertebral disc space (IVDS)
or vertebral space (VS) may be unachievable, in particular, the lateral aspects and the posterior
aspect, for example. Further, even with placement of a visualization device that may be capable
of accessing the aforementioned areas (such as an endoscope, for example), blood and bone debris
may obstruct the field of view, particularly after resection of the tissue with the use of a surgical
instrument 62, such as shown in Figure 13.

[0021] Referring now to Figure 2, a surgical system 20 in accordance with a first variation
of the present disclosure is shown. The surgical system 20 may include a retractor 22 having a
proximal end 27, a distal end 26, an inner surface 23, an outer surface 24, and a central axis 25
extending between the distal end 26 and the proximal end 27, in which the distal end 26 is
configured to be positioned within the patient to provide a working channel 28 to the surgical site
21 and the proximal end 27 defines an opening 29 open to ambient. In some variations, such as
when the operation being performed is a transforaminal lumbar interbody fusion (TLIF), the distal
end 26 of the retractor 22 may be positioned adjacent to the intervertebral disc space (IVDS) after
the removal of the facet joint to provide access to the intervertebral disc for resection of desired
tissue. Additionally, in some endoscopic procedures, such as those pertaining to the spine, the
surgical site 21 cannot be subjected to substantial barometric pressure. In some instances, the
surgical site 21 may not be pressurized due to physiological constraints within the region, while in
other instances it may be impractical. Therefore, in certain variations, the opening 29 of the
retractor 22 is open to ambient to prevent exposing the surgical site 21 to greater than atmospheric
pressures by allowing excess matter (air, for example) in the retractor 22 to escape through the
opening 29 as opposed to building up pressure within the surgical site 21.

[0022] The surgical system 20 may also include an inflow source 31 in fluid communication
with the retractor 22 for providing a fluid to the surgical site 21 to form a volume of fluid 41
disposed in the surgical site 21 and the retractor 22, as well as an outflow source 32 in fluid
communication with the retractor 22 for removing a volume of fluid from the surgical site. An
exemplary inflow source is disclosed in U.S. Patent No. 7,238,010, which is hereby incorporated

by reference in its entirety. The inflow source 31 and/or the outflow source 32 may include, for
4
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example, a vacuum source, or a positive pressure pump, such as a peristaltic pump. The inflow
source 31 and the outflow source 32 may be in fluid communication with the retractor by tubing
coupled to the retractor 22, for example. In certain configurations, the fluid is a suitable fluid such
as water, saline, and the like, preferably a liquid. Among other advantages, the volume of fluid 41
may improve visualization of the surgical site 21 from an endoscope 66 or improve cooling of a
surgical instrument 62 and the nearby tissue, illustrated in Figure 14.

[0023] With continued reference to Figure 2, the surgical system 20 may further include a
sensor 33 coupled to the retractor 22 for providing a sensor input signal 44 based on a level of
fluid disposed in the retractor 22. The level of fluid may pertain to a height or a volume of the fluid
extending up the retractor 22 from the distal end 26. The surgical system 20 may also further
include a controller 43 in communication with at least one of the sensor 33, the inflow source 31,
or the outflow source 32 to control a flow rate of fluid being provided to the surgical site 21 by the
inflow source 31, an outflow rate of fluid being removed from the surgical site 21 by the outflow
source 32, or a combination thereof based on the sensor input signal 44, such that a threshold level
of fluid 48 is maintained in the retractor 22 and at the surgical site 21. The threshold level of fluid
48 pertains to a desired range of fluid to be maintained in the retractor 22 and includes at least one
of a minimum threshold 48’ or a maximum threshold 48’°. The minimum threshold 48’ may be
defined such that it ensures a desired minimum level of fluid is at the surgical site 21 and within
the retractor 22 during operation of the surgical system 20. For example, the minimum threshold
48’ may be defined such that the fluid level is maintained at or above the distal end 26 of the
retractor 22, for example, one-third, one-half, or three-quarters upwardly along the central axis 25
of the retractor 22. In another example, minimum threshold 48’ may be an approximate minimum
steady state volume of fluid to be maintained within the retractor 22, for example, 0.5mL, 0.1mL,
ImL, 5 mL, etc. The maximum threshold 48’ may be defined, for example, such that it ensures
fluid does not overflow from the retractor 22 during operation of the surgical system 20.

[0024] Still referring to Figure 2, the controller 43 may be configured to receive a user input
signal corresponding to the threshold level of fluid 48 disposed in the retractor 22 for controlling
the outflow source 32 and/or the inflow source 31 based on the user input signal. For example, the
user input signal may pertain to the desired level of fluid to be maintained at the surgical site 21
and within the retractor 22 during operation of the surgical system 20. The user input signal may

be provided by a user input device (not shown), such as a button, GUI, knob, slider, etc. that
5
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provides the operator with an interface capable of providing the user input signal to the controller
43 in order to modulate operational parameters of the surgical system 20, such as the threshold
level of fluid 48.

[0025] In an example of the operational behavior of the surgical system 20, a user input
signal pertaining to an increase in the threshold level of fluid 48 received by the controller 43 may
result in the controller 43 controlling the outflow source 32 to temporarily decrease the outflow
rate, while also controlling the inflow source 31 to maintain the inflow flow rate. Alternatively,
for example, the controller 43 may control the inflow source 31 to temporarily increase the inflow
flow rate while controlling the outflow source 32 to maintain the outflow rate in order to maintain
the volume of fluid 41 within the increased threshold level of fluid 48.

[0026] Conversely, a user input signal pertaining to a decrease in the threshold level of fluid
48 provided to the controller 43 may result in the controller 43 controlling the outflow source 32
to temporarily increase the outflow rate while controlling the inflow source 31 to maintain the
inflow flow rate. Alternatively, for example, the controller 43 may control the inflow source 31 to
temporarily decrease the inflow flow rate while controlling the outflow source 32 to maintain the
outflow rate in order to maintain the volume of fluid 41 within the decreased threshold level of
fluid 48.

[0027] Additionally or alternatively, the controller 43 may also be configured to receive a
user input signal pertaining to a turnover rate of fluid disposed in the retractor 22. Based on the
user input signal pertaining to the turnover rate, the controller 43 is capable of controlling at least
one of the outflow source 32 or the inflow source 31. The turnover rate of the fluid disposed in the
retractor 22 may pertain to a synchronized inflow rate of fluid to the surgical site 21 coordinated
with the outflow rate from the surgical site 21 to ensure a continuous supply of fresh fluid to the
surgical site 21 to clear any debris and facilitate clear visualization. For example, with the
coordinated inflow rate and outflow rate of fluid being provided, a swirling motion of the fluid in
the surgical site 21 may result that moves debris away from surgical site 21.

[0028] The turnover rate may be adjusted up or down by the user based on situational needs.
For example, a user input signal pertaining to an increase in the turnover rate may result in the
controller 43 controlling the outflow source 32 and the inflow source 31 to increase the outflow

rate and the inflow rate, respectively. The increase in the turnover rate may be advantageous for
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situations where the debris being generated at the surgical site 21 is not evacuated from the surgical
site 21 as quickly as desired.

[0029] Conversely, a user input signal pertaining to a decrease in the turnover rate may result
in the controller 43 controlling the outflow source 32 and the inflow source 31 to decrease the
outflow rate and the inflow rate, respectively. The decrease in the turnover rate may be
advantageous for situations where little debris is being generated at the surgical site 21, and the
swirling motion of the fluid unnecessarily obstructs visualization.

[0030] Referring to Figure 3, in a second variation, the surgical system 20 may include,
amongst other components, an outflow source 32 in fluid communication with the retractor 22 for
removing a volume of fluid and having an outflow sensor 50 for providing an outflow input signal
53. In certain configurations, the outflow source 32 may be a vacuum system 49. The vacuum
system 49, for example, may be a surgical waste management system sold under the tradename
NEPTUNE manufactured by Stryker Corporation (Kalamazoo, Mich.) and disclosed in commonly
owned U.S. Patent Nos. 7,621,898; 8,216,199; 8,740,866, 8,915,897; 9,579,428, among others,
each of which is hereby incorporated by reference in its entirety. The outflow sensor 50 may be a
pressure sensor, flowrate sensor, or a combination thereof and may be used to generate the outflow
input signal 53 pertaining to operational characteristics of the outflow source 32. For example,
the operational characteristics of the outflow source 32 may include a pressure differential being
generated by outflow source 32 or a mass/volumetric flowrate of matter being removed from the
surgical site 21 by the outflow source 32.

[0031] The surgical system 20 of the aforementioned second variation may further include a
fluid level sensor 33 (similar to the aforementioned sensor of the first variation), a first controller
55, and a second controller 56 in communication with the first controller 55 and the outflow source
32, such that the first controller 55 controls the inflow source 31 based on the received outflow
input signal 53 and the fluid level sensor input signal 44. In certain variations, the first controller
55 is in communication with at least one of the inflow source 31, or the outflow source 32 to
control a flow rate of fluid being provided by the inflow source 31, an outflow rate of fluid being
removed by the outflow source 32, or a combination thereof based on the fluid level sensor input
signal 44 and the outflow input signal 53. For example, the outflow input signal 53 may be

provided to the controller(s) to provide feedback regarding the operational characteristics of the
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outflow source 32 in order to compensate for the operation of the outflow source 32 in order to
maintain the threshold level of fluid 48 in the retractor 22.

[0032] Advantageously, the aforementioned feedback allows the controller(s) to anticipate
changes in the level of fluid 41 due to the operation of the outflow source 32 faster than could be
detected by the fluid level sensor 33. More specifically, changes in the operational characteristics
of the outflow source 32 precede any resulting change in the level of fluid 41 in the retractor 22.
Thus, the fluid level sensor 33 may experience a delay in conveying a change in the level of fluid
in the retractor 22 in response to a change in an operational characteristic of the outflow source
32. Therefore, the provided feedback of the operational characteristics of the outflow source 32
facilitates a smoother response to transient operation of the surgical system 20.

[0033] In a third variation, illustrated in Figure 4, the surgical system 20 may include,
amongst other components, an inflow source 31 having an inflow sensor 52 for providing an inflow
input signal 57, and an outflow source 32 (similar to aforementioned outflow source in previous
variations) for removing a volume of fluid from the surgical site 21. The inflow sensor 52 may
include a pressure sensor, flowrate sensor, or a combination thereof and may be used to generate
the inflow input signal 57 pertaining to operational characteristics of the inflow source 31. For
example, the operational characteristics of the inflow source 31 may include a pressure differential
being generated by the inflow source 31 or a mass/volumetric flowrate of fluid being provided to
the surgical site 21 by the inflow source 31.

[0034] The surgical system 20 of the aforementioned third variation may also include the
fluid level sensor 33 (similar to aforementioned fluid level sensor in previous variations) coupled
to the retractor 22 for providing a fluid level sensor input signal 44 responsive to the level of fluid
41 in the retractor 22, a first controller 55, and a second controller 56 in communication with the
first controller 55 and the inflow source 31, such that the first controller 55 controls the outflow
source 32 based on the inflow input signal 57 and the fluid level sensor input signal 44. In certain
variations, the first controller 55 is in communication with at least one of the inflow source 31, or
the outflow source 32 to control a flow rate of fluid being provided by the inflow source 31, an
outflow rate of fluid being removed by the outflow source 32, or a combination thereof based on
the fluid level sensor input signal 44 and the inflow input signal 57. For example, the inflow input

signal 57 may be provided to the controller(s) to provide feedback regarding the operational
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characteristics of the inflow source 31 in order to compensate for the operation of the inflow source
31 in order to maintain the threshold level of fluid 48 in the retractor 22.

[0035] Advantageously, the aforementioned feedback allows the controller(s) to anticipate
changes in the level of fluid 41 due to the operation of the inflow source 31 faster than could be
detected by the fluid level sensor 33. More specifically, changes in the operational characteristics
of the inflow source 31 precede any resulting change in the level of fluid 41 in the retractor 22.
Thus, the fluid level sensor 33 may experience a delay in conveying a change in the level of fluid
in the retractor 22 in response to a change in an operational characteristic of the inflow source 31.
Therefore, the provided feedback of the operational characteristics of the inflow source 31
facilitates a smoother response to transient operation of the surgical system 20.

[0036] In a fourth variation, illustrated in Figure 5, the surgical system 20 may include,
amongst other components, an inflow source 31 having an inflow sensor 52 for providing an inflow
input signal 57, and a first outflow source 32 (similar to aforementioned outflow source in previous
variations) in fluid communication with the retractor 22 for removing a volume of fluid from the
surgical site 21 and having an outflow sensor 50 for providing an outflow input signal 53. The
surgical system 20 may also include a second outflow source 51 that may be in fluid
communication with an outflow outlet 63 of a surgical instrument 62 having a cutting member 60
for removing a volume of fluid from the surgical site 21. In certain variations, the second outflow
source 51 may be, for example, a centralized wall suction system, which in some configurations
may not be controllable by the surgical system 20. The surgical system 20 may further include a
second controller 56 in communication with the first controller 55 and the first outflow source 32
such that the first controller 55 controls the inflow source 31 to control a flow rate of fluid being
provided by the inflow source 31 and the second controller 56 controls the first outflow source 32
to control an outflow rate of fluid being removed by the first outflow source 32 based on at least
one of the sensor input signal 44, the inflow input signal 57, or the outflow input signal 53 such
that a threshold level of fluid 48 is maintained in the retractor 22 to compensate for sensed changes
due to operation of the second outflow source 51.

[0037] In an illustrative scenario, with the inflow source 31 and first outflow source 32 being
controlled by the controller 43 to maintain a threshold amount of fluid 48 in the retractor 22 and
the surgical site 21, the user may insert the surgical instrument 62 in fluid communication with the

second outflow source 51, for example, a shaver coupled to a vacuum. Because the second outflow
9
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source 51 may be electronically independent of the first outflow source 32, the controller 43 may
not anticipate the suction associated with the shaver being introduced into the volume of the fluid
41. The insertion of the shaver and operation of the vacuum may initially decrease rapidly the
level of fluid 41 disposed in the retractor 22. It is important that the volume of the fluid 41 not be
entirely aspirated such that no fluid remains. Therefore, the controller 43 is configured to
compensate for this in a rapid and responsive manner. The controller 43 may do so by increasing
the inflow rate of the inflow source 31, decreasing the outflow rate of the first outflow source 32,
or a combination thereof. The new parameter(s) may be maintained while the shaver remains
operational within the anatomy. Similarly, once the shaver is removed from the retractor 22, the
new parameter(s), if left unchanged, may result in an undesired amount of fluid rapidly
accumulating within the retractor 22 or overflowing from the retractor 22. The controller 43 is
configured to rapidly and responsively compensate for this by decreasing the inflow rate of the
inflow source 31, increasing the outflow rate of the first outflow source 32, or a combination
thereof. The aforementioned functionality advantageously provides for ensuring the minimum
threshold of fluid 48’ is maintained in the retractor 22, and the maximum threshold of fluid 48’ is
not exceed without requiring specific user intervention or input. In other words, the surgeon need
not stop the procedure to adjust the parameter(s) of the surgical system 20 prior to insertion or
removal of the shaver. Furthermore, the functionality may be particularly well suited with off-the-
shelf or standalone surgical instruments that are configured to be operated independently (i.e., not
electronically integrated into the surgical system 20).

[0038] While in some variations, multiple controllers are used to operate various components
of the surgical system 20, it is contemplated that a single controller, for example having a plurality
of sub-controllers, could be used to provide a similar capability.

[0039] Referring now to Figure 6, in one variation, the aforementioned sensor 33 may
include an electrical fluid sensing member 34 disposed about the inner surface 23 or outer surface
24 of the retractor 22 and provides the sensor input signal 44 to the aforementioned controller(s).
The electrical fluid sensing member 34 may be configured to sense impedance or resistance, such
as the impedance or resistance of liquid in the retractor 22. In an additional variation, shown in
Figure 7, the retractor 22 may further include a measurement vessel 36 in communication with the
retractor 22 and the sensor 33 includes a pressure sensor 37 that is configured to measure pressure

within the measurement vessel 36 and provides the sensor input signal 44 to the aforementioned
10
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controller(s). In certain variations, the sensor input signal 44 may pertain to the height or volume
of the fluid extending up the retractor 22 ascertained by the sensor 33. The aforementioned
controller(s) may compare the threshold level of fluid 48 and the sensor input signal 44, and based
on the comparison of the threshold level of fluid 48 and the sensor input signal 44, the controller(s)
may control at least one of the outflow source 32 or the inflow source 31 to maintain the volume
of fluid 41 within the threshold level of fluid 48.

[0040] Referring now to Figure 8, a variation of the retractor 22 is shown. The retractor 22
may include at least one of an inflow port 71 or an outflow port 72. The inflow port 71 is adapted
to receive an inflow tube 74 in fluid communication with an inflow source 31 to define an inflow
path 77, and the outflow port 72 is adapted to be coupled to an outflow tube 75 in fluid
communication with an outflow source 32 to define an outflow path 78. Figure 8 shows the inflow
port 71 and the outflow port 72 coupled to the retractor 22, and more particularly near the distal
end 26 of the retractor 22. For illustrative purposes, the inflow port 71 and outflow port 72 are
positioned on opposite sides of the retractor 22, but other locations and arrangements are within
the scope of the present disclosure. The inflow port 71 and outflow port 72 are adapted to be
removably coupled to the inflow tube 74 and outflow tube 75, respectively, with a Luer fitting, or
other suitable connection providing fluid communication between the inflow source 31 and
outflow source 32, respectively.

[0041] Figure 8 shows the retractor 22 defining an inflow-outflow channel 79 at least
partially separate from the working channel 28. The inflow-outflow channel 79 of the illustrated
variation is defined between the inner surface 23 and the outer surface 24 of the retractor 22. In
other words, the inflow-outflow channel 79 may be an annular space extending between the inner
surface 23, the outer surface 24, and the distal and proximal ends 26, 27 of the retractor 22. The
inflow-outflow channel 79 at the proximal end 27 is adapted to be placed in fluid communication
with at least one of the inflow port 71 or the outflow port 72. The inflow-outflow channel 79 at
the distal end 26 may be open such that the fluid flows out the distal end 26. In the variation
illustrated in Figure 8, the inflow-outflow channel at the distal end 26 is closed, and the inner
surface 23 includes fenestrations 80 providing fluid communication between the inflow-outflow
channel 79 and the working channel 28. The fenestrations 80 may be, for example, apertures
circumferentially arranged about at least a portion of the inner surface 23, and in particular, a lower

portion of the inner surface as shown in Figure 8. Figure 8 shows the inflow-outflow channel 79
11
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in fluid communication with each of the inflow tube 74 and the outflow tube 75. In one variant,
the annular space defining the inflow-outflow channel may include partitions (not shown)
extending a length of the retractor 22 such that the partitions provide fluid separation between the
inflow fluid being received from the inflow tube 74, and the fluid to be removed by the outflow
tube 75.

[0042] It is contemplated that other manners for providing fluid communication between the
inflow-outflow channel 79 and the retractor 22 are contemplated. The retractor 22 may also
include a coupling member 81 configured to be coupled to the retractor 22, as shown in Figure 9.
The coupling member 81 may be a plug 82 sized to be snugly inserted within the working channel
28 of the retractor 22 and secured by interference fit. An access opening 83 may be defined through
the coupling member 81 with the access opening 83 suitably sized to receive one or more surgical
instruments, for example, the cutting instrument 62 or the endoscope 66. The retractor 22 may also
further include an inflow tube 74 and an outflow tube 75 each coupled to the coupling member 81.
Each of the inflow and outflow tubes 74, 75 extend distally from the coupling member 81. A distal
end 86 of the inflow tube 74 is spaced at a desired distance from the coupling member 81, for
example near the distal end 26 of the retractor 22. Likewise, a distal end 88 of the outflow tube
75 is spaced at a desired distance from the coupling member 81, for example near the distal end
26 of the retractor 22. Figure 9 shows the distal end 86 of the inflow tube 74 positioned distal to
the distal end 88 of the outflow tube 75. The arrangement may facilitate the outflow tube 75
siphoning the debris-filled fluid from the retractor 22 with the inflow tube 74 providing the fresh
fluid closer to the surgical site 21. The arrangement may also provide the aforementioned swirling
effect to move debris away from the field of view of the endoscope 66. In the illustrated
embodiment, the inflow and outflow tubes 74,75 are positioned in a side-by-side configuration,
and further positioned near the inner surface 23 of the retractor 22. With the inflow and outflow
tubes 74,75 positioned near the inner surface 23, substantially an entirety of the working channel
28 remains unobstructed for the passage of, among other items, the surgical instrument 62 and/or
the endoscope 66 through the access opening 83.

[0043] Referring now to Figure 10, in another variation, the aforementioned retractor 22 may
further include a tilt sensor 35 in communication with any of the aforementioned controller(s) and
configured to generate a signal pertaining to an orientation of the retractor 22. Based on the sensed

orientation of the retractor 22, the aforementioned controller(s) may control at least one of the
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outflow source 32 or the inflow source 31. For example, if the sensed orientation is beyond a
defined deviation from upright, the controller(s) may automatically prevent operation of the
surgical system 20. For example, the tilt sensor 35 may include an accelerometer, a gyroscope, or
another sensor for determining orientation. Likewise, the surgical system 20 may include
additional or separate accelerometer(s) or gyroscope(s) configured to detect sudden movement of
the retractor 22 of the surgical system 20, which is desired to remain relatively stable during the
surgical operation. If a sudden movement is detected beyond a predetermined threshold, the
controller(s) may terminate operation of the surgical system 20. Still further, the surgical system
20 may include a device sensor (not shown) configured to prevent inadvertent operation of the
surgical system 20 unless the device sensor is coupled to the retractor 22. In one example, the
device sensor may be a clip with a readable tag (e.g., radiofrequency identification (RFID) tag)
that, once coupled to the retractor 22 and detected by a complementary reader, permits operation
of the surgical system 20 in the manners described throughout the present disclosure. Conversely,
if the readable tag is not detected by the complementary reader, operation of the surgical system
20 is prevented.

[0044] The surgical system 20 may include a retention member 30 adapted to maintain the
position of the retractor 22 relative to the patient or other desired structure within the surgical site.
Figure 2 shows the retention member 30 including a flange rigidly coupled to the retractor 22. The
retention member 30 may be operably coupled to a robot, for example the MAKO® Robotic-Arm
Assisted Technology (MAKO Surgical Corp., Ft. Lauderdale, Flor.) utilizing a surgical navigation
system (not shown) to precisely maintain the pose (i.e., position and orientation) of the retractor
22, particularly in response to any movement of the patient.

[0045] In another variation, a deflectable valve (not shown) may be coupled to the retractor
22 and disposed within the opening 29. In one example, the deflectable valve is a duckbill valve.
In one example, the deflectable valve is a diaphragm formed from material (e.g., an elastomer)
adapted to be impaled by the surgical instrument(s) 62. A partial seal between the valve and the
instrument(s) may be provided such that the level of fluid maintained in the retractor 22 remains
at or near atmospheric pressure, yet egress of the fluid from the working channel 28 through the
opening 29 is prevented. It is further contemplated that an illumination source (not shown) may
be coupled to the retractor 22 and configured to provide illumination through the working channel

28.
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[0046] The present disclosure also pertains to various methods of performing a surgical
procedure at a surgical site 21 of a spine of a patient. In one variation shown in Figure 11, the
method includes the steps of: positioning a retractor 22 in a patient’s back such that the distal end
26 of the retractor 22 is located adjacent to a surgical site 21 at the patient’s spine, providing a
fluid from an inflow source 31 to the surgical site 21 to form a volume of fluid 41 disposed in the
surgical site 21 and the retractor 22, sensing a level of a fluid disposed in the retractor 22 using a
sensor 33, and controlling the inflow source 31, an outflow source 32, or a combination thereof
based on the sensed level of fluid in the retractor 22 such that fluid is maintained in the retractor
22. For example, the volume of the fluid 41 maintained in the retractor 22 may be a threshold level
of fluid 48. Among other advantages, maintaining fluid in the retractor 22 may assist a surgeon
with visualization of the surgical site 21 from an endoscope 66 or improve cooling of a surgical
instrument 62 (not shown in Fig. 9) and the nearby tissue.

[0047] In certain variations of the various methods of the present disclosure, the method
further includes a step of receiving user input to a controller 43 pertaining to the threshold level of
fluid 48 to be maintained in the retractor 22 and controlling the outflow source 32 and the inflow
source 31 based on the user input signal. The user input signal may be provided by a user input
device (not shown), such as a button, GUI, knob, slider, etc. that provides the operator with an
interface capable of providing the user input signal to the controller 43 in order to modulate
operational parameters of the surgical system 20, such as the threshold level of fluid 48. For
example, the user input signal may pertain to the desired level of fluid to be maintained at the
surgical site 21 and within the retractor 22 during operation of the surgical system 20. Furthermore,
in certain additional variations of the method of the present disclosure, the method further includes
a step of receiving user input to the controller 43 pertaining to a turnover rate of fluid and
controlling the outflow source 32 and the inflow source 31 based on the user input signal. The
turnover rate of the fluid disposed in the retractor 22 may pertain to a synchronized inflow rate of
fluid to the surgical site 21 coordinated with the outflow rate of fluid from the surgical site 21 to
ensure a continuous supply of fresh fluid to the surgical site 21 to clear any debris and facilitate
clear visualization, the rate of which may be adjusted up or down by the user based on situational
needs.

[0048] With reference to Figure 12, in a further variation of the methods of the present

disclosure, the aforementioned step of positioning the retractor 22 may further include the steps
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of: positioning consecutively a K-wire (not shown), a plurality of dilators 58 sequentially
increasing in diameter, and a retractor 22 having a distal end 26 and a proximal end 27 such that
the plurality of dilators 58 and the distal end 26 of the retractor 22 are at a location adjacent to the
surgical site 21 at the patient’s spine, and removing the plurality of dilators 58 and the K-wire such
that the retractor 22 remains to provide a working channel 28 to the location adjacent to the surgical
site 21 at the patient’s spine.

[0049] In some endoscopic procedures, such as those pertaining to the spine, the surgical site
21 cannot be subjected to substantial barometric pressure. In some instances, the surgical site 21
may not be pressurized due to physiological constraints within the region, while in other instances
it may be impractical. Therefore, in another variation, the step of providing a fluid to the surgical
site 21 via the inflow source 31 further includes providing the fluid to the surgical site 21 without
exposing the surgical site 21 to a pressure greater than atmospheric pressure (e.g. 1 atm).

[0050] Referring to Figures 9, 11, and 12, a distal end of the endoscope 66 may be inserted
through the retractor 22 and submerged within the volume of fluid 41. One exemplary endoscope
66 suitable for the present application includes the 1188 HD 3-Chip Camera manufactured by
Stryker Corporation (Kalamazoo, Mich.). It is contemplated that a camera (or an illumination
source) may be coupled near a distal end of a nosetube of the surgical instrument 62 (or at or near
a distal end of the outer tube of the shaver). It is further contemplated that the lens or imaging
sensor may be a component of a steerable assembly, i.e., configured to articulate within the
anatomy of the patient in response to an input from the user. One exemplary steerable camera
suitable for the present application is disclosed in commonly owned International Publication No.
WO02017/139304, filed February 10, 2017, the entire contents of which are hereby incorporated
by reference. Alternatively, a microscope may be used in lieu of the endoscope 66.

[0051] The endoscope 66 of Figures 9, 11 and 12 includes a shaft defined between the distal
end and a proximal end opposite the distal end. At or near the distal end of the endoscope 66 is
the lens or image sensor in communication with the camera at or near a handpiece of the endoscope
66. The proximal end of the shaft may be coupled to the handpiece adapted to be grasped and
manipulated by a physician. The distal end of the shaft, and more particularly the lens or the image
sensor, is submerged within the volume of fluid 41. In certain configurations, the surgical
instrument 62 may be operated to rotate the cutting member 60 within the field of view of the

endoscope 66 during at least a portion of the surgical procedure. With the inflow or outflow being
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removed from the volume of fluid 41, the fluid turnover minimizes obstruction of the field of view
of the endoscope 66, further realizing the benefits of performing the tissue resection within the
volume of fluid 41. For example, with the inflow or outflow being provided or removed, a swirling
effect may result that moves debris away from the lens or the image sensor at the distal end of the
endoscope 66.

[0052] In some variations, the method may further include the step of submerging a cutting
member 60 of a surgical instrument 62 within the volume of fluid 41 and operating the surgical
instrument 62 submerged within the volume of fluid 41 to resect tissue. As used herein, submerged
means to be positioned within the volume of fluid 41 and/or positioned beneath the surface of the
fluid. The surgical instrument 62 is operated to rotate the cutting member 60 within the volume of
fluid 41 to resect tissue within the intervertebral disc space (IVDS). For surgical instruments 62
with the cutting member 60 including a bur head, the method may include submerging the entirety
of the bur head. The benefits of performing the tissue resection within the volume of fluid 41 are
readily realized with the nearly an entirety of the cutting member 60 and the surrounding tissue
being in direct contact with the fluid, thereby maximizing heat transfer to the fluid. Potential
elevation of the temperature of the cutting member 60 and the surrounding tissue is limited, which
may improve cutting efficiency of the cutting member 60 and/or lessen the likelihood of
surrounding tissue damage.

[0053] Another exemplary surgical instrument 62 of particular interest is a shaver. The
shaver includes outer tube and a tubular drive shaft rotatably disposed within the outer tube with
the cutting member 60 defined between windows within each of the outer tube and the tubular
drive shaft. An outflow outlet 63 (see Figures 10 and 11) of the surgical instrument 62 may be in
communication with the windows defining the cutting member 60. The windows are adapted to
be submerged within the volume of fluid 41 with the surgical instrument 62 rotating the tubular
drive shaft to resect the tissue. With the outflow outlet 63 submerged within the volume of fluid
41, the benefits of powerful suction afforded by shavers are fully realized. An exemplary shaver
includes the ESSx® microdebrider system (Stryker Corporation (Kalamazoo, Mich.) and/or
shavers disclosed in commonly owned U.S. Patent Nos. 6,152941; 6,689,146; 7,717,931,
8,475,481, each which are hereby incorporated by reference in its entirety. Other suitable surgical
instruments 62 may include a router, an electrode for radiofrequency (RF) ablation, a saw or a

blade configured to be received by a saw driver, a scalpel, an ultrasonic tip configured to be
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received by a sonopet, a curette, a rasp, a trocar sleeve, biopsy forceps, ligation devices, tissue
staplers, tissue scissors, the S2 nDrive®, Sumex®, Maestro®, Saber, and Aril drill systems,
manufactured by Stryker Corporation (Kalamazoo, Mich.), and/or any other endoscopic cutting
device configured to be received by an endo-handpiece.

[0054] As described throughout the present disclosure, the surgical system 20 includes the
surgical instrument 62 with the cutting member 60 adapted to be submerged within the volume of
fluid 41 to resect tissue, for example within the intervertebral disc space (IVDS) and/or the
vertebral space (VS). The aforementioned bur and shaver systems may be straight or angled. One
exemplary surgical instrument 62 is disclosed in commonly owned International Publication No.
WO 2016/054140, the entire contents are hereby incorporated by reference. It is further
contemplated that the surgical system 20 of the present disclosure may be navigation-assisted. For
example, one or more navigation markers (not shown) may be coupled to the patient in a suitable
location with the navigation markers detectable by an optical camera in the surgical suite, as
described in commonly owned U.S. Patent No. 9,901,407, hereby incorporated by reference in its
entirety. The navigation markers may facilitate the determination of an intraoperative position of
the cutting member 60 of the surgical instrument 62 within the intervertebral disc space (IVDS).
Additionally or alternatively, each of the surgical instrument 62 and the endoscope 66 may include
components and features of the computer-implemented navigation systems disclosed in commonly
owned U.S. Patent No. 8,657,809 and U.S. Patent Publication Nos. 2014/0135617 and
2014/0243658, each of which is hereby incorporated by reference in its entirety. In addition, the
retractor 22 may include one or more navigation markers.

[0055] The utilization of the surgical instrument 62, the endoscope 66, and the outflow
source 32 provided by the surgical system 20 may lessen or eliminate the need to remove the
surgical instrument 62 from the intervertebral disc space (IVDS) once positioned therein, a
significant improvement over existing methodologies using manual rongeuers discussed
previously. Among other benefits, the risk of neural damage to the ascending and/or descending
nerve roots is lessened. Further, the improved visualization of the endoscope 66 during use of the
surgical instrument 62 provides for more thorough, targeted removal of the nucleus pulposus (NP)
and more thorough, targeted preparation of the endplates in advance of placement of the interbody

spacer. Satisfactory preparation of the intervertebral disc space (IVDS) can be confirmed visually
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without needing to rely on rudimentary methodologies associated with manual instruments without
visualization.

[0056] The present disclosure described the surgical system 20 in the context of certain steps
of the transformainal lumbar interbody fusion (TLIF) and laminectomy surgical procedures.
However, other spine procedures well suited to be performed within the volume of fluid 41 include,
but are not limited to, lateral lumbar interbody fusion (XLIF), posterior lumbar interbody fusion
(PLIF), foraminotomy, facetectomy, etc. Moreover, the aforementioned systems and methods of
performing surgery within the volume of fluid 41 may be well suited for other procedures
involving other orifices, cavities within the human body, and/or through openings resected through
skin and/or bone of the patient during the surgical procedure. Examples include the volume of
fluid being provided to the ear cavity, nasal cavity, mouth cavity, or eye cavity. Further examples
include the volume of fluid being provided to a craniotomy during neurosurgery, a joint cavity
during orthopedic surgery, or a soft tissue void space during cardiothoracic surgery.

[0057] Several variations of the surgical system have been discussed in the foregoing
description. However, the variations discussed herein are not intended to be exhaustive or limit
the invention to any particular form. The terminology which has been used is intended to be in
the nature of words of description rather than of limitation. Many modifications and variations are
possible in light of the above teachings and the invention may be practiced otherwise than as

specifically described.
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What is claimed is:

1. A surgical system for performing a surgical procedure at a surgical site of a spine of a
patient, said system comprising:

a retractor having a proximal end, a distal end, an inner surface, an outer surface, and a central
axis extending between said distal end and said proximal end, in which said distal end is configured
to be positioned within the patient to provide a working channel to the surgical site and said
proximal end defines an opening open to ambient;

an inflow source for providing a fluid to the surgical site to form a volume of fluid disposed in
the surgical site and said retractor;

an outflow source for removing a volume of fluid,;

a sensor coupled to said retractor for providing a sensor input signal based on a level of fluid
disposed in said retractor; and

a controller in communication with said sensor and at least one chosen from said inflow source
and said outflow source and configured to control a flow rate of fluid being provided by said inflow
source, an outflow rate of fluid being removed by said outflow source, or a combination thereof

based on said sensor input signal such that a threshold level of fluid is maintained in the retractor.

2. The surgical system of claim 1, wherein said threshold level of fluid comprises at least one

chosen from a minimum threshold and a maximum threshold level to maintain in said retractor.

3. The surgical system of claim 2, wherein said minimum threshold level is defined such that
it ensures a desired level of fluid is at the surgical site and within said retractor during operation

of said surgical system.

4. The surgical system of claims 2 or 3, wherein said maximum threshold level is defined
such that it ensures fluid does not overflow from said retractor during operation of said surgical

system.

5. The surgical system of any of claims 1-4, wherein said sensor comprises an electrical fluid
sensing member disposed about said inner surface of said retractor and provides said sensor input

signal to said controller.
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6. The surgical system of claim 5, wherein said electrical fluid sensing member is configured

for sensing impedance or resistance.

7. The surgical system of any of claims 1-6, further comprising a measurement vessel in
communication with said retractor wherein said sensor comprises a pressure sensor and is
configured to measure pressure within said measurement vessel and provides said sensor input

signal to said controller

8. The surgical system of any of claims 1-7, wherein said retractor further comprises a tilt
sensor configured to sense an orientation of said retractor and in communication with said
controller, based on the sensed orientation of retractor, said controller is configured to control said

outflow source and said inflow source.

9. The surgical system of any of claims 1-8, wherein said controller is configured to receive
a user input signal corresponding to the threshold level of fluid disposed in said retractor for

controlling said outflow source and said inflow source based on said user input signal.

10. The surgical system of any of claims 1-9, wherein said controller is configured to receive
auser input signal corresponding to a turnover rate of fluid disposed in said retractor for controlling

said outflow source and said inflow source based on said user input signal.

11. The surgical system of any of claims 1-10, wherein said controller is configured to compare
said threshold level and said sensor input signal and based on said comparison of said threshold
level and the sensor input signal said controller is configured to control said outflow source and

said inflow source.

12. A method for performing a surgical procedure at a surgical site of a spine of a patient, said
method comprising:
positioning a retractor in a patient’s back such that the distal end of the retractor is located

adjacent to a surgical site at the patient’s spine;
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providing a fluid via an inflow source to the surgical site to form a volume of the fluid disposed
in the surgical site and the retractor;

sensing a level of a fluid disposed in the retractor using a sensor; and

controlling the inflow source, an outflow source, or a combination thereof based on the sensed

level of fluid in the retractor such that a desired level of fluid is maintained in the retractor.

13. The method of claim 12, wherein the fluid is provided to the surgical site without exposing

the surgical site to greater than atmospheric pressures.

14. The method of claims 12 or 13, further comprising a step of receiving user input to the
controller pertaining to a threshold level of fluid and controlling said outflow source and said

inflow source based on said user input signal.

15. The method of any of claims 12-14, further comprising a step of receiving user input to the
controller pertaining to a turnover rate of fluid and controlling said outflow source and said inflow

source based on said user input signal.

16. A surgical system for performing a surgical procedure at a surgical site of a spine of a
patient, said system comprising:

a retractor having a proximal end, a distal end, an inner surface, outer surface, and a central
axis extending between said distal end and said proximal end, in which said distal end is configured
to be positioned within the patient to provide a working channel to the surgical site and said
proximal end defines an opening open to ambient;

an inflow source coupled to said retractor for providing a fluid to the surgical site to form
a volume of fluid disposed in the surgical site and said retractor;

an outflow source for removing a volume of fluid having an outflow sensor for providing an
outflow input signal;

a fluid level sensor coupled to said retractor for providing a fluid level sensor input signal based
on a level of fluid disposed in said retractor;

a first controller; and
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a second controller in communication with said first controller and said outflow source,
wherein said first controller is configured to control said inflow source based on said outflow input

signal and said fluid level sensor input signal.

17. The surgical system of claim 16, wherein said first controller is in communication with at
least one chosen from said inflow source and said outflow source and is configured to control a
flow rate of fluid being provided by said inflow source, an outflow rate of fluid being removed by
said outflow source, or a combination thereof based on said fluid level sensor input signal and said

outflow input signal.

18. The surgical system of claims 16 or 17, wherein said outflow sensor is a pressure sensor,

flowrate sensor, or a combination thereof.

19. The surgical system of any of claims 16-18, wherein said fluid level sensor comprises an
electrical fluid sensing member disposed about said inner surface of said retractor and provides

said fluid level sensor input signal to said first controller.

20. The surgical system of claim 19, wherein said electrical fluid sensing member is configured

for sensing impedance or resistance.

21. The surgical system of any of claims 16-20, further comprising a measurement vessel in
communication with said retractor wherein said fluid level sensor comprises a pressure sensor and
is configured to measure pressure within said measurement vessel and provides said fluid level

sensor input signal to said first controller.

22. The surgical system of any of claims 16-21, wherein said retractor further comprises a tilt
sensor configured to sense an orientation of said retractor and in communication with said first
controller, based on the sensed orientation of retractor, said first controller is configured to control

said outflow source and said inflow source.
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23. The surgical system of any of claims 16-22, wherein said first controller is configured to
receive a user input signal corresponding to a threshold level of fluid disposed in said retractor for

controlling said outflow source and said inflow source based on said user input signal.

24. The surgical system of any of claims 16-23, wherein said first controller is configured to
receive a user input signal corresponding to a turnover rate of fluid disposed in said retractor for

controlling said outflow source and said inflow source based on said user input signal.

25. The surgical system of any of claim 16-24, wherein said first controller compares a
threshold level and said fluid level sensor input signal and based on said comparison of said
threshold level and the fluid level sensor input signal said first controller is configured to control

said outflow source and said inflow source.

26. A surgical system for performing a surgical procedure at a surgical site of a spine of a
patient, said system comprising:

a retractor having a proximal end, a distal end, an inner surface, outer surface, and a central
axis extending between said distal end and said proximal end, in which said distal end is configured
to be positioned within the patient to provide a working channel to the surgical site and said
proximal end defines an opening open to ambient;

an inflow source coupled to said retractor for providing a fluid to the surgical site to form
a volume of fluid disposed in the surgical site and said retractor and having an inflow sensor for
providing an inflow input signal;

an outflow source for removing a volume of fluid,;

a fluid level sensor coupled to said retractor for providing a fluid level sensor input signal based
on a level of fluid disposed in said retractor;

a first controller; and

a second controller in communication with said first controller and said inflow source, wherein
said first controller is configured to control said outflow source based on said inflow input signal

and said fluid level sensor input signal.
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27. The surgical system of claim 26, wherein said first controller is in communication with at
least one chosen from said inflow source and said outflow source and is configured to control a
flow rate of fluid being provided by said inflow source, an outflow rate of fluid being removed by
said outflow source, or a combination thereof based on said fluid level sensor input signal and said

inflow input signal.

28. The surgical system of claim 26 or 27, wherein said inflow sensor is a pressure sensor,

flowrate sensor, or a combination thereof.

29. The surgical system of any of claims 26-28, wherein said fluid level sensor comprises an
electrical fluid sensing member disposed about said inner surface of said retractor and provides

said fluid level sensor input signal to said first controller.

30. The surgical system of claim 29, wherein said electrical fluid sensing member is configured

for sensing impedance or resistance.

31. The surgical system of any of claims 26-30, further comprising a measurement vessel in
communication with said retractor wherein said fluid level sensor comprises a pressure sensor and
is configured to measure pressure within said measurement vessel and provides said fluid level

sensor input signal to said first controller.

32. The surgical system of any of claims 26-31, wherein said retractor further comprises a tilt
sensor configured to sense an orientation of said retractor and in communication with said first
controller, based on the sensed orientation of retractor, said first controller is configured to control

said outflow source and said inflow source.
33. The surgical system of any of claims 26-32, wherein said first controller is configured to

receive a user input signal corresponding to a threshold level of fluid disposed in said retractor for

controlling said outflow source and said inflow source based on said user input signal.
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34. The surgical system of any of claims 26-33, wherein said first controller is configured to
receive a user input signal corresponding to a turnover rate of fluid disposed in said retractor for

controlling said outflow source and said inflow source based on said user input signal.

35. The surgical system of any of claims 26-34, wherein said first controller compares a
threshold level and said fluid level sensor input signal and based on said comparison of said
threshold level and the fluid level sensor input signal said first controller is configured to control

said outflow source and said inflow source.

36. A method for performing a surgical procedure at a surgical site of a spine of a patient
utilizing an inflow source for providing a fluid to the surgical site, an outflow source for removing
the fluid, and a controller, said method comprising:

positioning consecutively a K-wire, a plurality of dilators sequentially increasing in diameter,
and a retractor and having a distal end and a proximal end such that the distal end of each of the
K-wire, the plurality of dilators, and the retractor are at a location adjacent to the surgical site at
the patient’s spine;

removing the K-wire and plurality of the dilators such that the retractor remains to provide a
working channel to the location adjacent to the surgical site at the patient’s spine;

sensing a level of a fluid disposed in the retractor using a sensor;

controlling the inflow source, the outflow source, or a combination thereof based on the sensed
level of fluid in the retractor such that a threshold level of level of fluid is maintained in the
retractor;

submerging a cutting member of a surgical instrument beneath a surface of the fluid maintained
in the retractor; and

operating the surgical instrument submerged within the fluid maintained in the retractor to

resect tissue.

37. The method of claim 36, wherein the fluid is provided to the surgical site without exposing

the surgical site to greater than atmospheric pressures.
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38. The method of claims 36 or 37, further comprising a step of providing user input to the
controller pertaining to the threshold level of fluid and to control said outflow source and said

inflow source based on said user input signal.

39. The method of any of claims 36-38, further comprising a step of receiving user input to the
controller pertaining to a turnover rate of fluid and to control said outflow source and said inflow

source based on said user input signal.

40. The method of any of claims 36-39, wherein the surgical site at the patient’s spine is an
intervertebral disc includes an annulus fibrosis and a nucleus pulposus, and the step of submerging

the cutting member is positioning the cutting member within the annulus fibrosis.

41. The method of any of claims 36-40, wherein the cutting member is a bur, a shaver, or a

drill bit.

42. A method for performing a surgical procedure at a surgical site of a spine of a patient
utilizing an inflow source for providing a fluid to the surgical site, an outflow source for removing
the fluid, and a controller, said method comprising:

positioning consecutively a K-wire, a plurality of dilators sequentially increasing in diameter,
and a retractor and having a distal end and a proximal end such that the distal end of each of the
K-wire, the plurality of dilators, and the retractor are at a location adjacent to the surgical site at
the patient’s spine;

removing the K-wire and plurality of the dilators such that the retractor remains to provide a
working channel to the location adjacent to the surgical site at the patient’s spine;

providing a fluid to the surgical site via the inflow source wherein the fluid is provided to the
surgical site without exposing the surgical site to greater than atmospheric pressures;

controlling the inflow source, the outflow source, or a combination thereof such that a
threshold level of level of fluid is maintained in the retractor;

submerging a cutting member of a surgical instrument beneath a surface of the fluid maintained

in the retractor; and
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operating the surgical instrument submerged within the fluid maintained in the retractor to

resect tissue.

43. A surgical system for performing a surgical procedure at a surgical site of a spine of a
patient, said system comprising:

a retractor having a proximal end, a distal end, an inner surface, outer surface, and a central
axis extending between said distal end and said proximal end, in which said distal end is configured
to be positioned within the patient to provide a working channel to the surgical site and said
proximal end defines an opening open to ambient;

an inflow source coupled to said retractor for providing a fluid to the surgical site to form
a volume of fluid disposed in the surgical site and said retractor and having an inflow sensor for
providing an inflow input signal;

a first outflow source coupled to said retractor for removing a volume of fluid from the surgical
site and having an outflow sensor for providing an outflow input signal;

a second outflow source configured in fluid communication with a surgical instrument having
a cutting member for removing a volume of fluid from the surgical site;

a fluid level sensor coupled to said retractor for providing a fluid level sensor input signal based
on a level of fluid disposed in said retractor;

a first controller in communication with said inflow source and said fluid level sensor;

a second controller in communication with said first controller and said first outflow source
wherein said first controller is configured to control said inflow source to control a flow rate of
fluid being provided by said inflow source and said second controller is configured to control said
first outflow source to control an outflow rate of fluid being removed by said first outflow source
based on said sensor input signal, said inflow input signal, and said outflow signal to compensate
for sensed changes due to operation of said second outflow source such that a threshold level of

fluid is maintained in the retractor.

44. The surgical system of claim 43, wherein said threshold level of fluid comprises at least

one chosen from a minimum threshold and a maximum threshold level to maintain in said retractor.
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45. The surgical system of claim 44, wherein said minimum threshold level is defined such
that it ensures a desired level of fluid is at the surgical site and within said retractor during operation

of said surgical system.

46. The surgical system of claims 44 or 45, wherein said maximum threshold level is defined
such that it ensures fluid does not overflow from said retractor during operation of said surgical

system.

47. The surgical system of any of claims 43-46, wherein said outflow sensor is a pressure

sensor, flowrate sensor, or a combination thereof.

48. The surgical system of any of claims 43-47, wherein said inflow sensor is a pressure sensor,

flowrate sensor, or a combination thereof.

49. The surgical system of any of claims 43-48, wherein said fluid level sensor comprises an
electrical fluid sensing member disposed about said inner surface of said retractor and provides

said fluid level sensor input signal to said first controller.

50. The surgical system of claim 49, wherein said electrical fluid sensing member is configured

for sensing impedance or resistance.

51. The surgical system of any of claims 43-50, further comprising a measurement vessel in
communication with said retractor wherein said fluid level sensor comprises a pressure sensor and
is configured to measure pressure within said measurement vessel and provides said fluid level

sensor input signal to said first controller.

52. The surgical system of any of claims 43-51, wherein said retractor further comprises a tilt
sensor configured to sense an orientation of said retractor and in communication with said first
controller, based on the sensed orientation of retractor, said first controller is configured to control

said inflow source and said first outflow source.
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53. The surgical system of any of claims 43-52, wherein said first controller is configured to
receive a user input signal corresponding to a threshold level of fluid disposed in said retractor for

controlling said inflow source and said first outflow source based on said user input signal.

54. The surgical system of any of claims 43-53, wherein said first controller is configured to
receive a user input signal corresponding to a turnover rate of fluid disposed in said retractor for

controlling said inflow source and said first outflow source based on said user input signal.

55. The surgical system of any of claims 43-54, wherein said first controller compares a
threshold level and said fluid level sensor input signal and based on said comparison of said
threshold level and the fluid level sensor input signal said first controller is configured to control

said first outflow source and said inflow source.

56. A surgical system for performing a surgical procedure at a surgical site of a spine of a
patient, said system comprising:

a retractor having a proximal end, a distal end, an inner surface, outer surface, and a central
axis extending between said distal end and said proximal end, in which said distal end is configured
to be positioned within the patient to provide a working channel to the surgical site and said
proximal end defines an opening open to ambient;

an inflow source coupled to said retractor for providing a fluid to the surgical site to form
a volume of fluid disposed in the surgical site and said retractor;

an outflow source configured to be in fluid communication with a surgical instrument for
removing a volume of fluid from the surgical site;

a fluid level sensor coupled to said retractor for providing a fluid level sensor input signal based
on a level of fluid disposed in said retractor;

a controller in communication with said fluid level sensor and said inflow source, and not in
communication with said outflow source, said controller configured to control a flow rate of fluid
being provided by said inflow source to compensate for sensed changes due to operation of said

outflow source such that a threshold level of fluid is maintained in the retractor.
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57. The surgical system of claim 56 wherein said outflow source is a second outflow source
and the surgical system further comprises a first outflow source coupled to said retractor for

removing a volume of fluid from the surgical site.

58. The surgical system of claims 56 or 57, further comprising said surgical instrument,

wherein said surgical instrument further comprises a cutting member.

59. The surgical system of claim 58, wherein said cutting member is a shaver configured to be

operated to resect tissue from the surgical site.

60. The surgical system of claim 58, wherein said cutting member is a burr configured to be

operated to resect tissue from the surgical site.

61. The surgical system of any of claims 56-60, wherein said controller is configured to control
said inflow source to increase a rate of fluid being provided to the retractor such that the threshold
level of fluid i1s maintained in the retractor based upon said fluid level sensor sensing a decrease in

the level of fluid disposed in said retractor due to operation of said outflow source.

62. The surgical system of any of claims 56-61, wherein said controller is configured to control
said inflow source to decrease a rate of fluid being provided to the retractor such that the threshold
level of fluid is maintained in the retractor based upon said fluid level sensor sensing an increase

in the level of fluid disposed in said retractor due to termination of operation of said outflow source.

63. The surgical system of claim 59, wherein said controller is configured to control said inflow
source to increase a rate of fluid being provided to the retractor such that the threshold level of
fluid is maintained in the retractor based upon said fluid level sensor sensing a decrease in the level

of fluid disposed in said retractor due to insertion of said shaver into the fluid within said retractor.

64. The surgical system of claim 59, wherein said controller is configured to control said inflow

source to decrease a rate of fluid being provided to the retractor such that the threshold level of
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fluid is maintained in the retractor based upon said fluid level sensor sensing an increase in the

level of fluid disposed in said retractor due to removal of said shaver from the fluid within retractor.
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This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-11

A surgical system for performing a surgical procedure at a
surgical site of a spine of a patient, said system
comprising a retractor having a distal end configured to be
positioned within the patient to provide a working channel
to the surgical site and said proximal end defines an
opening open to ambient, an inflow source for providing a
fluid to the surgical site, an outflow source for removing a
volume of fluid, a sensor coupled to said retractor for
providing a sensor input signal based on a level of fluid
disposed in said retractor, and a controller in
communication with said sensor and at least one chosen from
said inflow source and said outflow source and configured to
control a flow rate of fluid being provided by said inflow
source, an outflow rate of fluid being removed by said
outflow source, said retractor further comprising a tilt
sensor configured to sense an orientation of said retractor
and in communication with said controller, wherein, based on
the sensed orientation of retractor, said controller is
configured to control said outflow source and said inflow
source so that sudden movement of the retractor can be
detected for higher stability of the retractor during use.

2. claims: 16-35

A surgical system for performing a surgical procedure at a
surgical site of a spine of a patient, said system
comprising a retractor having a distal end configured to be
positioned within the patient to provide a working channel
to the surgical site and a proximal end defining an opening
open to ambient, an inflow source for providing a fluid to
the surgical site, an outflow source for removing a volume
of fluid having an outflow sensor for providing an outflow
input signal, a fluid level sensor coupled to said retractor
for providing a fluid level sensor input signal based on a
level of fluid disposed in said retractor, a first
controller, and a second controller in communication with
said first controller and said outflow source, wherein said
first controller is configured to control said inflow source
based on said outflow input signal and said fluid level
sensor input signal, so that changes in the fluid level of
the retractor can be anticipated more quickly.

A surgical system for performing a surgical procedure at a
surgical site of a spine of a patient, said system
comprising a retractor having a distal end configured to be
positioned within the patient to provide a working channel
to the surgical site and a proximal end defining an opening
open to ambient, an inflow source for providing a fluid to
the surgical site and having an inflow sensor for providing
an inflow input signal, an outflow source for removing a
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volume of fluid, a fluid Tevel sensor coupled to said
retractor for providing a fluid level sensor input signal
based on a level of fluid disposed in said retractor, a
first controller, and a second controller in communication
with said first controller and said inflow source, wherein
said first controller is configured to control said outflow
source based on said inflow input signal and said fluid
level sensor input signal, so that changes in the fluid
level of the retractor can be anticipated more quickly.

3. claims: 43-64

A surgical system for performing a surgical procedure at a
surgical site of a spine of a patient, said system
comprising a retractor having a distal end configured to be
positioned within the patient to provide a working channel
to the surgical site and a proximal end defining an opening
open to ambient, an inflow source coupled to said retractor
for providing a fluid to the surgical site, an outflow
source configured to be in fluid communication with a
surgical instrument for removing a volume of fluid from the
surgical site, a fluid Tevel sensor coupled to said
retractor for providing a fluid level sensor input signal
based on a level of fluid disposed in said retractor, a
controller in communication with said fluid level sensor and
said inflow source, wherein said controller is configured to
control a flow rate of fluid being provided by said inflow
source to compensate for sensed changes due to operation of
said outflow source such that a threshold Tevel of fluid is
maintained in the retractor.
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Claims Nos.: 12-15, 36-42

Pursuant to Article 17(2)(a)(i) PCT, this Authority is not required to
search the subject-matter of claims 12-15,36-42, since a method for
performing a surgical procedure at a surgical site of a spine of a
patient as defined in claims 12,36,42 represents a method for treatment
of ghe human or animal body by surgery (Rule 39.1(iv) and Rule 43bis
PCT).
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