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MULTI-PORTAL SURGICAL SYSTEMS, CANNULAS, AND
RELATED TECHNOLOGIES

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Patent Application No. 16/565,403
filed on September 9, 2019 and U.S. Patent Application No. 16/687,520 filed on

November 18, 2019, the entireties of which are incorporated herein by reference.

TECHNICAL FIELD

[0002] The present disclosure relates generally to medical systems and, more

particularly, to systems, devices, and methods for performing multi-portal surgical

procedures.
BACKGROUND
[0003] Individuals often suffer from damaged or displaced spinal discs and/or

vertebral bodies due to trauma, disease, degenerative defects, or wear over an
extended period of time. One result of this displacement or damage to a spinal disc or
vertebral body may be chronic back pain. A common procedure for treating damage or
disease of the spinal disc or vertebral body may involve partial or complete removal of
an intervertebral disc. An implant (commonly referred to as an interbody spacer) can
be inserted into the cavity created where the intervertebral disc was removed to help
maintain height of the spine and/or restore stability to the spine. An interbody spacer
may also provide a lordotic correction to the curvature of the spine. An example of an
interbody spacer that has been commonly used is a fixed dimension cage, which
typically is packed with bone and/or bone-growth-inducing materials. Unfortunately, it
may be difficult to implant the interbody spacer at the intended implantation site between
vertebral bodies. Additionally, conventional surgical techniques can cause a significant
amount of trauma at or near the implantation site, which can significantly increase
recovery time and lead to patient discomfort. Accordingly, there is a need for improved

surgical systems, visualization techniques, and/or related technologies.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Figure 1 is a side view of a multi-portal surgical system in accordance with

an embodiment of the disclosure.

[0005] Figure 2 is a schematic top plan view showing surgical approaches to a

lumbar spine for performing interbody fusion procedures.
[00086] Figure 3 is an isometric view of the lumbar spine of Figure 2.

[0007] Figure 4 is a side view of a tissue removal device positioned between
adjacent vertebrae and a visualization device positioned to visualize a working area in

accordance with an embodiment of the disclosure.

[0008] Figure 5 is a side view of a distraction instrument with a collapsed
expansion element positioned at an intervertebral space and a visualization device in

accordance with an embodiment of the disclosure.

[0009] Figure 6 is a side view of the distraction instrument with the inflated
expansion element contacting endplates of vertebral bodies in accordance with an

embodiment of the disclosure.

[0010] Figure 7 is a side view of a distraction instrument with an expansion

element in accordance with an embodiment of the disclosure.

[0011] Figure 8 is a side view of an instrument positioned between two vertebrae

in accordance with an embodiment of the disclosure.

[0012] Figures 9A, 9B, and 9C are views from an anterior direction of a subject's
spine with an interbody spacer positioned between vertebrae in accordance with an

embodiment of the disclosure.

[0013] Figure 10A is a side view of the interbody spacer in a collapsed
configuration. Figure 10B is a side view of the interbody spacer in an expanded

configuration.

[0014] Figure 11 is a flow diagram illustrating a method for performing a spine
surgery in accordance with an embodiment of the disclosure.
[0015] Figure 12 illustrates a system for providing assistance prior to, during, or

after surgery according to an embodiment of the disclosure.
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[00186] Figure 13 is a plan view of a surgical kit in accordance with an

embodiment of the disclosure.

[0017] Figure 14 is a perspective view of a tissue-mapping cannula in

accordance with an embodiment of the disclosure.

[0018] Figure 14A is a perspective view of a distal end of the cannula of Figure

14 with lumens and tissue-mapping probes in accordance with an embodiment of the

disclosure.

[0019] Figure 14B is a perspective view of a proximal end of the cannula of Figure
14.

[0020] Figure 14C is a longitudinal cross-sectional view of the cannula of Figure
14.

[0021] Figure 15 is an end view of a distal end of a cannula with a plurality of

lumens and an array of tissue-mapping probes in accordance with an embodiment of

the disclosure.

[0022] Figure 16 is a side view of a cannula with a protruding tissue-mapping

probe according to an embodiment of the disclosure.

[0023] Figure 17 is a side view of a surgical system with cannulas that circulate
surgical irrigation fluid and map tissue in accordance with an embodiment of the

disclosure.

[0024] Figure 18 is a side view of a cannula with a deployable expander carrying

tissue-mapping probes in accordance with an embodiment of the disclosure.

[0025] Figure 19 is an enlarged top view of the cannula of Figure 18 with the

expander in a deployed configuration.

[0026] Figure 20 is a flow diagram illustrating a method for performing multi-portal
spine surgery with circulated irrigation flow and/or tissue-mapping in accordance with

an embodiment of the disclosure.

DETAILED DESCRIPTION

[0027] The following disclosure describes various embodiments of medical

systems and devices and associated methods of use. At least some embodiments of
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a surgical system provide visualization capability. A series of instruments can be
delivered via portal sites and used to alter tissue (e.g., shape, crush, separate, cut,
debulk, break, fracture, or remove tissue), prepare an implantation site, implant a
device, combinations thereof, or the like. Instrument visualization can help a physician
prevent or limit injury or damage to non-targeted organs and tissues. In endoscopic-
assisted surgeries, devices can be precisely implanted using minimally-invasive
techniques to improve outcomes and reduce recovery times. Certain details are set
forth in the following description and in Figures 1-20 to provide a thorough
understanding of such embodiments of the disclosure. Other details describing well-
known structures and systems often associated with, for example, surgical procedures
are not set forth in the following description to avoid unnecessarily obscuring the

description of various embodiments of the disclosure.

A. OVERVIEW

[0028] At least some embodiments are directed to multi-portal surgical systems.
The surgical systems can be used to treat patients with damaged or displaced spinal
discs and/or vertebral bodies. The surgical systems can be used to implant a fixed or
expandable interbody device to space apart vertebral bodies, restore stability of the
spine, provide lordotic correction, combinations thereof, or the like. In spinal fusion
procedures, interbody devices can be used alone or in combination with bone, bone-
growth-inducing materials, fixation devices (e.g., pedicle screw systems, fixation rods,
etc.), or the like. The patient's spine can be visualized using endoscopic techniques to
view, for example, the spine (e.g., vertebral spacing, vertebral alignment, etc.), tissue
(e.g., damaged or displaced sections of intervertebral cartilage disc, tissue contributing
to nerve compression, etc.), instruments and implants before, during, and after
implantation, or the like. The visualization can help a physician throughout the surgical

procedure to improve patient outcome.

[0029] The surgical system can provide access to the surgical site. The
implantation site can be prepared by performing a discectomy, interbody preparation
procedure, or the like. One or more devices (e.g., implants, fusion devices, etc.) can
be delivered and placed within the patient. In some embodiments, decompression
procedures can be performed to minimize or reduce pressure applied to nerve tissue

and can include removing tissue contributing to stenosis, tissue pushing against nerve
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tissue, bulging sections of intervertebral cartilage disc, or the like. For example,
decompression procedures can be performed to enlarge an epidural space to reduce

spinal cord compression.

[0030] One surgical method includes positioning a distraction instrument
between adjacent vertebrae at a first portal site along the patient to enlarge an
intervertebral space. A tissue removal device can be used to clear and prepare the
enlarged intervertebral space for implantation. An interbody fusion implant can be
delivered into the enlarged intervertebral space. The expanding interbody fusion
implant is endoscopically viewed using an endoscopic instrument, which is positioned
at a second entrance along the patient. Endoscopic viewing can be used to evaluate
whether the expanded interbody fusion implant is at the desired location, assist in
delivering bone graft material, or other steps that promote bone healing and facilitate
spinal fusion. Other visualization techniques can be used in combination with the
endoscopic viewing. For example, fluoroscopy can be used in combination with

endoscopic viewing.

[0031] In some embodiments, a multi-portal endoscopy-assisted method for
treating a subject includes performing at least a portion of a surgical procedure by using
a first portal site. At least a portion of the surgical procedure uses an endoscope
positioned via a second portal site spaced apart from the first portal site. The spacing
can be selected based on location and accessibility of the treatment site(s), whether

along the spine or at another location.

[0032] In some embodiments, a multi-portal method for treating a subject's spine
includes distracting adjacent vertebrae using a distraction instrument positioned at a
first entrance along the subject to enlarge an intervertebral space between the adjacent
vertebrae. An interbody fusion implant is delivered into the enlarged intervertebral
space. The interbody fusion implant is positioned directly between vertebral bodies of
the adjacent vertebrae while being endoscopically viewed using an endoscopic
instrument. The endoscopic instrument can be positioned at a second entrance along
the subject. The positions of the first and second entrances can be selected based on

the accessibility of the implantation site.

[0033] In yet further embodiments, a multi-portal method for treating a spine of a

subject includes positioning a first cannula at a first portal along the subject. A first
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vertebral body and a second vertebral body are distracted using one or more distraction
instruments, which can extend through the first cannula. The interbody fusion implant
can be moved, via the first cannula, toward an intervertebral implantation site between
the distracted first and second vertebral bodies. At least a portion of the intervertebral
implantation site and at least a portion of the interbody fusion implant can be visualized

using an endoscopic instrument positioned at a second portal along the subject.

[0034] In some embodiments, a spinal implant delivery instrument includes an
elongated body configured to be positioned in a cannula and a distractor assembly. The
distractor assembly can be coupled to the elongated body and movable from a delivery
state to an expanded state to distract first and second vertebral bodies. In certain
embodiments, the distractor assembly in the delivery state is configured for insertion
into an intervertebral space between the first and second vertebral bodies and in the
expanded state is configured to hold apart distracted first and second vertebral bodies

while an interbody fusion implant is delivered into the intervertebral space.

[0035] In further embodiments, a spinal implant delivery instrument includes an
elongated body configured to be positioned in a cannula and a distractor assembly
coupled to the elongated body. The distractor assembly is movable from a delivery
state to an expanded state to distract first and second vertebral bodies. The distractor
assembly in the delivery state is configured for insertion into an intervertebral space and
in the expanded state is configured to hold apart distracted first and second vertebral
bodies while an interbody fusion implant is delivered. The interbody fusion implant can
be delivered from the distractor assembly and into the intervertebral space. In some
embodiments, a driver is detachably couplable to a rotatable connection interface of the
interbody fusion implant. The driver can move axially to move the interbody fusion
implant directly between the first and second vertebral bodies. The driver is configured
to expand the interbody fusion implant from a collapsed configuration to a deployed
configuration. The distractor assembly can include a jaw operable to define a delivery

gap through which the interbody fusion implant can be delivered.

[0036] In some embodiments, a multi-portal method for treating a subject's spine
includes inserting multiple cannulas into a subject. The cannulas can be used to identify
tissue to, for example, facilitate placement of the cannulas/instruments and/or identify

tissue (e.q., targeted tissue, non-targeted tissue, etc.), or the like. The cannulas can be
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used to circulate (e.g., continuously or intermittently) irrigation fluid (e.q., saline, water,
etc.) through and around the surgical site. Tissue-mapping and surgical site irrigation
can be performed concurrently or sequentially. In some embodiments, fresh irrigation
fluid can be delivered by an irrigation system through a first cannula. The irrigation
system can have one or more pumps that generate desired back pressure. To remove
the irrigation fluid, another cannula can draw an optional vacuum to suck the irrigation
fluid and unwanted material (e.g., blood, bone dust, loose tissue, etc.) out of the subject.
Additionally, the pressurized irrigation fluid in the subject can help promote hemostasis.

The cannulas can be used to generate desired flows of irrigation fluid.

[0037] Irrigation fluid (e.g., flows of irrigation fluid into and/or out of the subject)
can be monitored to, for example, facilitate visualization, provide feedback to a clinician,
or the like. In some embodiments, irrigation fluid can be circulated periodically based
on endoscopic visibility. If the system detects an excess amount of bone dust, for
example, the system can automatically circulate irrigation fluid through the surgical site
to remove bone dust. In some embodiments, a clinician can control, via a control pedal,
hand controls, etc., when irrigation fluid is circulated. Advantageously, the cannulas
can have fluid lumens spaced apart from working lumens such that the irrigation fluid
flow rates can be increased or decreased without interfering with instruments located in

the working lumens. This allows for independent control of instruments and irrigation.

[0038] The cannulas can include, without limitation, sensors (e.g., flow sensors),
flow diffusers, flow spreaders, valves (e.g., one-way valves), fittings (e.g., fittings for
connecting to hoses), connectors, and other fluidic components. For example, proximal
ends of cannulas can have one or more fittings for connecting to fluid lines of an
irrigation system. Distal ends of cannulas can include nozzles for directing flows in a
desired direction. The configuration of the cannulas can be selected based on the
desired circulation. For example, to reduce or minimize trauma to tissue positioned
immediately distal to the cannula, the cannula can have outlets or nozzles configured
to direct fluid laterally away from non-targeted tissue. The cannula can direct a stream
of irrigation fluid toward the vacuum cannula. Cannulas can also have one or more

expanders, including mechanical expanders, pneumatic expanders, or the like.

[0039] In some embodiments, information obtained using cannulas can be used

to guide instruments, evaluate the surgical procedure, confirm whether a procedure has
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been completed, or the like. In embodiments with tissue-identifying probes, the
cannulas can be used to identify one or more types of tissue. Nerve-detecting probes
can be used to identify nerve tissue, for example. This allows a surgeon to perform
procedures while minimizing or limiting the impact to nerve tissue. In some automated
detection embodiments, a system can automatically notify a user that the cannula is
contacting or adjacent to non-targeted tissue. The surgeon can keep the cannula at a
safe location. In some procedures, the cannula is used to map a pathway to a surgical

site, a surgical site itself, or other desired location.

[0040] The surgeon can manually rotate a cannula to map tissue around and
proximate to the distal end of the cannula. In other embodiments, the cannula can have
a distal end that automatically rotates for mapping an area. Such a cannula can include

one or more motors, actuators, or the like.

[0041] In yet other embodiments, a cannula includes an elongated body and a
plurality of lumens extending through the elongated body. One of the lumens can be a
working lumen configured to allow a surgical instrument to pass therethrough. Another
one of the lumens can be a fluid lumen configured to provide a flow of surgical irrigation
fluid to/from the surgical site. In some embodiments, the cannula can have additional

fluid lumen configured to provide another flow of irrigation fluid.

[0042] In multi-portal surgical techniques, two cannulas can be used to circulate
irrigation fluid. In some embodiments, a fluid lumen of a first cannula can be connected
to an irrigation fluid supply system. lIrrigation fluid can flow through a fluid lumen and
exit a distal end of a first cannula. The irrigation can flow along the surgical site. The
irrigation fluid can be drawn from the surgical site through a fluid lumen of a second
cannula. In some embodiments, the first and/or second cannulas can have two or more
fluid lumens. Additional lumens can be connected to either the fluid supply system or
the fluid return system. In this way, any of the cannulas can be configured to supply or
return irrigation fluid. In further embodiments, cannulas can be configured to both

supply and return irrigation fluid.

[0043] The irrigation fluid supply system can include one or more fluid supply
reservoirs, pumps, flow monitors, pressure monitoring devices, flow control
mechanisms, or the like. Similarly, the fluid return system can include one or more

pumps, pressure monitoring devices, flow control mechanisms, return fluid containers,
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or the like. The supply and return systems can be components of an irrigation fluid
control system. The irrigation fluid control system can provide monitoring, such as flow
monitoring, pressure monitoring, etc. In some embodiments, the control system can
selectively supply and return fluid through any one of the connected fluid lumens

according to the needs of the surgical procedure.

[0044] Additionally, cannulas can include one or more detectors, such as tissue-
mapping probes. The detectors can be configured to output and/or receive energy to
acquire information, identify tissue (e.g., tissue at or near the treatment site), and/or
monitor treatment. In some embodiments, the detectors are neuromonitoring
electrodes configured to identify nerves using, for example, electromyography
techniques. Mapping the location of nerves can be useful to guide the position of the
cannula, instruments, or other devices to reduce or avoid nerve tissue injury. The
detectors can be connected to a tissue-mapping system programmed to determine
locations of tissue. The tissue-mapping system can provide feedback about the location
of tissue, including, for example, an audible tone indicating proximity to a nerve or other
tissue (e.g., targeted tissue, non-targeted tissue, etc.). In other embodiments, the
tissue-mapping system can provide a visual indication of the location of tissue. The
visual indication can be, for example, image(s), identifiers of tissue locations overlaid
on image data (e.qg., still image(s), video, etc.) provided by a visualization instrument,

such as an endoscope, fiber optic viewing system, or the like.

[0045] In further embodiments, a cannula can include a deployable expander.
The expander can be configured to enlarge spaces or working volumes, thereby aiding
visibility and/or facilitating the flow of irrigation fluid to or from the cannula. The
expander can have a delivery configuration to minimize its profile during insertion into
the subject. The expander can be coupled to or part of the distal end of the cannula
such that the body of the expander contacts the cannula body. In other embodiments,
the expander is coupled to the cannula by a connector mechanism and extendably
engaged with the cannula body to extend the expander a distance away from the
cannula body, for example, prior to and/or during deployment. In yet other
embodiments, the expander is a separate device configured to be delivered through

one of the working lumens of the cannula.
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[0046] The expander can include one or more tissue-mapping probes. These
probes can be in place of or in addition to tissue-mapping probes located on a cannula
body. The probes can be used to aid the positioning of the cannula, the deployment
and/or positioning of the expander, the insertion and use of a surgical instrument, and/or
the evaluation of the procedure (e.g., to determine whether a nerve has been damaged

or severed).

[0047] Embodiments of the present disclosure will be described more fully
hereinafter with reference to the accompanying drawings in which like numerals
represent like elements throughout the several figures, and in which example
embodiments are shown. Embodiments of the claims may, however, be embodied in
many different forms and should not be construed as limited to the embodiments set
forth herein. The examples set forth herein are non-limiting examples and are merely

examples among other possible examples.

B. MULTI-PORTAL SURGICAL SYSTEMS

[0048] Figure 1 is a side view of a spinal surgical system 100 ("system 100"
positioned along a human subject's spine in accordance with an embodiment of the
disclosure. The system 100 can include an instrument assembly 130 and a visualization
assembly 160. The instrument assembly 130 can be used to perform at least a portion
of a surgical procedure while the visualization assembly 160 provides visualization. The
instrument assembly 130 can include an instrument 110 and a cannula 120. Ports can
be used to facilitate insertion of the instrument assembly 130 and/or visualization
assembly 160. For example, the visualization assembly 160 can be positioned in an
endoscope port, and the instrument assembly 130 can be positioned in an instrument

port.

[0049] A series of instruments can be delivered through the cannula 120 to
perform a surgical procedure. In some procedures, the instrument 110 can be used to
prepare an implantation site by, for example, moving organs or tissue (e.g., moving
nerve tissue), removing tissue (e.g., removing the intervertebral disc 171, removing
tissue contributing to stenosis, etc.), preparing vertebral bodies (e.g., roughening or
shaping vertebral endplates), or the like. The instrument 110 can be removed and a

distraction instrument can be delivered through the cannula 120. The distraction
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instrument can distract adjacent vertebrae 170, 172, thereby enlarging the intervertebral
space. An interbody fusion implant can be delivered through the cannula 120 and into
the enlarged intervertebral space. In expandable embodiments, the interbody spacer
or fusion implant can be expanded to contact vertebral endplates. During the
procedure, the visualization assembly 160 can provide endoscopic viewing of delivery
paths, organs, tissue (e.g., nerve tissue) implantation sites, interbody fusion devices
(e.q., before, during, and/or after delivery), instrument(s), and other areas or features of
interest. The position of the portal sites for the instrument assembly 130 and the
visualization assembly 160 can be selected based on the procedure to be performed
and optical characteristics (e.g., field of view, zoom capability, etc.) of the visualization

assembly 160, as discussed in connection with Figure 4.

[0050] With continued reference to Figure 1, the visualization assembly 160 can
include a visualization device 140 and a cannula 150. The cannula 150 can help a
physician when switching between visualization devices. In some embodiments, the
visualization assembly 160 can be used without the cannula 150. For example, the
visualization device 140 in the form of a low-profile fiber optic endoscope positioned
directly through an incision, an endoscopic port, or the like. The visualization device
140 can include one or more endoscopes having, without limitation, fiber optics (e.qg.,
optical fibers), lenses, imaging devices, working lumens, light source(s) controls, or the
like for direct viewing or viewing via a display 162. In some embodiments, the
visualization device 140 can include a lumen through which fluid flows to irrigate the
surgical site. For example, saline, or another suitable liquid, can be pumped through
the visualization device 140 to remove tissue (e.g., loose tissue, bone dust, etc.) or
other material impairing visualization. The visualization device 140 can illuminate the
body cavity and enable high-resolution video visualization. A light source (e.g., a laser,
light-emitting diode, etc.) located near or at the proximal end of the fiber optics can be
used to transmit light to the distal end and provide illuminating light. This enables a
surgeon to safely navigate into the subject's body and to illuminate specific body
anatomy to view vertebral spacing, vertebral structures, nerves, bony buildup (e.g.,
buildup that could be irritating and pressing against nerves contributing to nerve
compression), etc. In some embodiments, visualization optics for vision and illumination

are included within the distal tip of the visualization device 140. The configuration and
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functionality of the visualization device 140 can be selected based on the desired field

of view, viewing resolution, pan/zoom functionality, or the like.

[0051] Figure 2 is a schematic top plan view along the lumbar spine of a human
subject and illustrates example approaches for performing interbody fusion procedures
suitable for the system 100 of Figure 1. Figure 3 is an isometric view of the lumbar
spine of Figure 2. Referring to Figures 2 and 3, surgical instruments can be delivered
via different paths, including an anterior lumbar interbody fusion (ALIF) path 210, an
oblique lumbar interbody fusion (OLIF) path 220, a lateral or extreme lateral lumbar
interbody fusion (LLIF or XLIF) path 230, a transforaminal lumbar interbody fusion
(TLIF) path 240, and a posterior lumbar interbody fusion (PLIF) path 250. Example

TLIF and PLIF procedures are discussed in connection with Figures 4-6.

[0052] With continued reference to Figures 2 and 3, the number and
configuration of interbody fusion devices can be selected based on the fusion procedure
to be performed. In one example TLIF procedure, the transforaminal path 240 may be
employed to implant a single small expandable or non-expandable interbody spacer at
the intervertebral space. In one example PLIF procedure, two interbody spacers can
be delivered along the posterior path 250 and implanted at the intervertebral space.
The two interbody spacers can cooperate to keep the vertebral bodies at the desired
spacing and may be larger than the TLIF spacer. Additionally, multiple interbody
spacers can provide lordotic correction by providing support at different heights. In one
example LLIF procedure, a single relatively large interbody spacer can be delivered
along the lateral path 230 and implanted to provide asymmetrical support. In one
example ALIF procedure, an asymmetric interbody spacer can be delivered along the
anterior path 210 to provide support consistent with lordosis at that portion of the spine.
Lateral approaches, transforaminal approaches, and anterior approaches can be used
to access the cervical spine, thoracic spine, etc. The number of instruments,
configurations of instruments, implants, and surgical techniques can be selected based
on the condition to be treated.

[0053] Figure 4 is a detailed side view of the instrument assembly 130 positioned
to perform a TLIF or PLIF procedure in accordance with embodiments of the disclosure.
The instrument assembly 130 can extend through a port 472, and the visualization

assembly 160 can extend through a port 474. The illustrated instrument assembly 130
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can extend through the subject's skin 460, through subcutaneous tissue 462, and
adjacent to or through supraspinal ligament 464. The visualization assembly 160 has
a field of view 213 suitable for viewing the spinal column and can be positioned using,
for example, a transforaminal approach, a posterior approach, or a lateral approach.
The illustrated visualization assembly 160 is positioned to enable viewing an
intervertebral disc 430 and a tissue removal tip 470 of the instrument 110, which is
illustrated between spinous processes 450, 454 of vertebrae 440, 444, respectively.
Fluoroscopy, MR imaging, CT imaging, direct visualization, or other visualization

techniques can be used in addition to or in lieu of the endoscopic viewing.

[0054] The tissue removal tip 470 can be advanced in the anterior direction to
remove the intervertebral disc 430, or other unwanted tissue, including, without
limitation, tissue bulging from disc 430 (or other discs), bone (e.g., lamina, lateral
recesses, facets including the inferior facets, etc.), bone spurs (e.g., bone spurs
associated with osteoarthritis), tissue of thickened ligaments, spinal tumors, displaced
tissue (e.q., tissue displaced by a spinal injury), or tissue that may cause or contribute
to spinal nerve compression. The instrument 110, as well as other instruments (e.g.,
rongeurs, debulkers, scrapers, reamers, dilators, etc.), can be used to perform one or
more dilation procedures, decompression procedures, discectomies,
microdiscectomies, laminotomies, or combinations thereof. In procedures for treating
stenosis, the instrument 110 can be used to remove tissue associated with central canal
stenosis, lateral recess stenosis, and/or other types of stenosis. In some
decompression procedures, the instrument 110 can be a tissue removal device used
to, for example, remove bone, separate the ligamentum flavum from one or both
vertebrae 440, 444, cut or debulk the ligamentum flavum, remove loose tissue, and
remove at least a portion of the intervertebral disc 430. Each stage can be performed
with a different instrument. Instruments can be selected to treat, without limitation,
spinal nerve compression (e.g., spinal cord compression, spinal nerve root
compression, or the like), spinal disc herniation, osteoporosis, stenosis, or other

diseases or conditions.

[0055] The instrument 110 and the visualization device 140 can be positioned
along different paths. For example, the instrument 110 can be positioned along a

posterior path, whereas the visualization device 140 can be positioned along a
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transforaminal or oblique path. The ports 472, 474 are positioned at different superior-
inferior positions, and the port 472 is positioned directly posterior to the treatment site
such that a longitudinal axis of the tissue removal device 110 lies in a plane that is
generally parallel to a transverse plane of the subject. The visualization device 140 can
be, without limitation, an endoscopic instrument that includes fiber optics 480 suitable
to image the ligamentum flavum, spinal cord, nerves branching from spinal cord,
ligament, vertebrae 440, 444, intervertebral disc 430, or any other features or
anatomical structures of interest while the instrument 110 removes tissue (e.g., bone

from the vertebrae 440, 444 or tissue intervertebral disc 430).

[0056] Figure 5 is a side view of a distraction instrument with a collapsed
expansion element positioned between two vertebrae after an intervertebral disc has
been removed in accordance with an embodiment of the disclosure. A distraction
instrument 510 is positioned in the cannula 120 and has positioners or stops 530, 534
and an expander or distractor head 560 ("expander 560"), illustrated in a partially
expanded state, configured to push apart the adjacent vertebrae 440, 444. Expansion
of the expander 560 and the positioners 530, 534 can be viewed endoscopically with
the visualization device 140.

[0057] The positioners 530, 534 are configured to help position the expander 560
insertable into an intervertebral space 570. For example, the positioner 530 can contact
an inferior vertebral notch 550 of the vertebral body 441, and the positioner 534 can
contact a superior vertebral notch 554 of the vertebral body 445. An elongate member
540 can be extended or contracted to position the expander 560 at a desired location,
while the positioners 530, 534 can remain relatively stationary relative to the vertebral
bodies 441, 445. Throughout this process, the visualization device 140 can be used to
view the positioners 530, 534, the elongate member 540, and/or the expander 560. A
physician can confirm the condition of expander 560 relative to anatomical features
prior, during, and after expansion. This ensures that the expander 560 contacts desired
regions of the spinal column. The expander 560 can be deployed to push against
endplates of the adjacent vertebrae 440, 444, thereby enlarging the intervertebral space
570.

[0058] The positioners 530, 534 can include spikes, protrusions, or other

movement-inhibiting elements. In some embodiments, anchors or protrusions can be
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connected directly to the elongate member 540 and can be deployed to engage the
endplates. The configuration, number, and position of the positioners can be selected

based on the desired positioning relative to the spinal column.

[0059] The elongate member 540 is connected to the expander 560 and can be
a rod with one or more lumens through which fluid flows. Fluid (e.q., saline, gas, or
another suitable fluid) can be pumped through the elongate member 540 to inflate the
expander 560. For fluoroscopy, the fluid can include a contrast media. The expander
560 can include, without limitation, one or more inflatable members, balloons,
mechanical expanders, wedging devices, or the like. Arrows indicate one of the many
possible directions of expansion, and the direction of expansion of the expander 560 is

not limited to bidirectional expansion.

[0060] The distraction instrument 510 can also deliver an interbody fusion
implant and serve as a driver instrument. The distraction instrument 510 can have a
shaft connectable to the interbody fusion implant. The shaft can be rotated to deploy
the interbody fusion implant. U.S. Pat. No. 8,632,594, U.S. Pat. No. 9,308,099, U.S.
Pat. No. 10,105,238 and U.S. Pat. No. 10,201,431, which are hereby incorporated by
reference and made a part of this application, disclose driver components that can be

incorporated into the distraction instrument 510.

[0061] Figure 6 is a side view of the distraction instrument 510 with an inflated
expansion element 560 holding apart the vertebral bodies 441, 445. The level of
expansion of expander 560 can be increased or decreased to increase or decrease,
respectively, the pressure applied to the endplates. The expander 560 can include one
or more roughened surfaces, spikes, protrusions, or other features capable of
roughening, abrading, scraping, or otherwise affecting tissue. In some embodiments,
the expander 560 has a plurality of protruding spikes that can be used to roughen the
opposing vertebral endplate surfaces to help limit or substantially prevent migration of
an implanted device. The expander 560 can be collapsed and removed. Another
expander can be inserted into the already-expanded intervertebral space 570 to further
distract the vertebrae 440, 444. In this manner, the vertebrae can be sequentially

distracted in a controlled manner until a desired amount of separation is achieved.

[0062] The expander 560 can hold apart the distracted second vertebral bodies

441, 445 while an interbody fusion implant is delivered through the distraction
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instrument 510 and into the intervertebral space 570. The interbody fusion implant can
be positioned adjacent to the deployed expander 560, which can be removed after, for

example, deploying the interbody fusion implant.

[0063] The configuration of the instruments can be selected based, at least in
part, on the distance from the portal sites to the treatment site. The surgical procedure
can be selected based on the steps to be performed. For example, TLIF and PLIF
surgery can include a decompression procedure in which tissue along the posterior
region of the spine is removed in contrast to an ALIF procedure in which no such
decompression procedure is performed. The systems and techniques discussed in
connection with Figures 4-6 can be modified to perform other types of procedures,

including non-spine procedures.

[0064] Figure 7 is a side view of a distraction instrument 700 with an expansion
element in accordance with an embodiment of the disclosure. The instrument 700 can
include control elements 710, 712, an elongated body 720, positioners 730, 740, and
an expander assembly 758. The control elements 710, 712 can be operated to deploy
the positioners 730, 740 and/or expander assembly 758. For example, a user can
manually rotate the control elements 710, 712 to independently deploy the respective
positioners 730, 740. For example, the control element 710 can be used to rotate the
positioners 730, 740 away from undeployed positions 732, 742 (illustrated in dashed
line) and a longitudinal axis 743 of the instrument 700 and toward the illustrated

outwardly deployed positions.

[0065] The distraction instrument 700 can be used in a similar manner as
described in connection with Figures 5 and 6. For example, the deployed positioners
730, 740 can rest against adjacent vertebrae. The expander assembly 758 has an
expander or distractor head 760 ("expander 760") positionable at a desired location
suitable for distracting the vertebrae. The expander assembly 758 can include an
elongated body 750 fluidically connected to a fluid line 751. The expander 760 can be
mounted to the distal end of the elongated body 750 such that fluid can be pumped
through the fluid line 751, through the elongated body 750, and into the expander 760.

[0066] Figure 8 is a side view of an instrument 800 positioned to distract adjacent

vertebrae in accordance with an embodiment of the disclosure. A description of the
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instruments discussed in connection with Figures 4-7 applies equally to the instrument

800 unless indicated otherwise.

[0067] The instrument 800 can include an access device or cannula 810 and a
distraction assembly 828. The cannula 810 can serve as an access device through
which the distraction assembly 828 can be delivered. The distraction assembly 828 can
include positioners 830, 834 configured for atraumatic contact with the spinal column.
The positioners 830, 834 can be inflatable members (e.g., inflatable balloons),
mechanically expanded members, or other types of elements. The positioners 830, 834
can be configured to contact vertebral bodies, transverse processes, spinous
processes, or the like. The distraction assembly 828 can further include an expandable
assembly 848 with an expander 850 and an elongated body 852. The illustrated
expander 850 is in a collapsed, deflated configuration or state. The expander 850 can
be expanded/inflated in a manner similar to the expander 560 discussed in connection
with Figures 5 and 6. A visualization device can be used to view the expander 850,
positioners 830, 834, or other features of the instrument before, during, and/or after the
distraction process. In some embodiments, the distraction assembly 828 can function
as a jaw in which the positioners 830, 834 can be used to grip or define a delivery gap.
Additionally or alternatively, the positioners 830, 834 can be inserted into spaces (e.g.,

cavities) and then moved apart to expand the spaces.

[0068] Figures 9A-9C are anterior views from an anterior direction of a subject of
an interbody spacer 910 between two vertebrae in accordance with an embodiment of
the disclosure. In Figure 9B, the interbody spacer 910 is in a laterally expanded
configuration. In Figure 9C, the interbody spacer 910 is in a laterally and vertically
expanded configuration. In general, the interbody spacer 910, in a collapsed
configuration, can be delivered into an intervertebral space. After endoscopically
viewing the position of the interbody fusion implant, the implant can be moved from the
collapsed configuration (Figures 9A and 10A) to an expanded configuration (Figures 9C
and 10B). The expansion (e.g., lateral expansion, vertical expansion, combinations
thereof, etc.) can be viewed using the endoscopic instrument. The interbody spacer
910 can be, without limitation, an implant, an interbody fusion implant, or the like.

Details of the operation of the interbody spacer 910 are discussed in detail below.
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[0069] Referring now to Figure 9A, the intervertebral disc has been removed from
the intervertebral space 907. The interbody spacer 910 can be delivered through a
cannula, such as the cannula 120 of Figures 1-7 or the cannula 810 of Figure 8, to
position the collapsed interbody spacer 910 directly between endplates 912, 914 of the
vertebrae 440, 444, respectively. The position of the collapsed interbody spacer 910
can be confirmed via endoscope viewing. If the interbody spacer 910 is at an undesired
position, the interbody spacer 910 can be moved to another position. Once again,
endoscopic viewing can be used to confirm the final position of the interbody spacer
910.

[0070] Figure 9B shows the interbody spacer 910 after it has been laterally
expanded under endoscopic viewing. Advantageously, if the expansion process
causes unwanted displacement of the interbody spacer 910, the user can reposition the

interbody spacer 910.

[0071] Figure 9C shows the interbody spacer 910 after it has been vertically
expanded against endplates 912, 914 of the vertebrae 440, 444, respectively. After full
expansion, the interbody spacer 910 can be locked to prevent collapse. Optional
material can be delivered to the intervertebral space 907 to promote or facilitate fusion.
For example, material can be delivered into the intervertebral space 907 via a delivery
instrument 920 (Figure 10A) connected to the interbody spacer 910. The material can
be bone, bone-growth-inducing materials, cement, or other suitable material. The bone-
growth-inducing materials can be configured to promote bony arthrodesis. In some
procedures, the material is delivered through the passageway of the delivery or driver
instrument. In other procedures, the material can be delivered via a separate
instrument. In some procedures, multiple interbody spacers are implanted at the
intervertebral space 907. Details of delivery instruments are discussed in connection
with Figures 10A and 10B.

[0072] Referring to Figure 10A, the interbody spacer 910 and delivery instrument
920 can be delivered through a port 922, with or without the use of a cannula 930. The
instrument 920 can include a handle assembly 931, an elongated body 932, and a
connecter 934. The handle assembly 931 can include a grip 950 and one or more
control elements 940 operable to control operation of the interbody spacer 910 and

control decoupling from the interbody spacer 910. In some embodiments, the control
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elements 940 can include one or more dials, levers, triggers, or other movable
elements. The elongated body 932 is connected to the handle 950 and extends to the
connecter 934. The elongated body 932 can serve as a driver instrument and can
include one or more rods, shafts, or other elements used to operate the interbody
spacer 910. In some embodiments, a driver instrument is inserted through the delivery
instrument 920 and into engagement with the interbody spacer 910. The driver
instrument can be rotated to gradually and controllably deploy the interbody spacer 910.
The features, configuration, and functionality of the connector 934 can be selected

based on the configuration of the interbody spacer 910.

[0073] Figure 10B is a side view of the expanded interbody spacer 910 after the
delivery instrument 920 has been separated from a connection feature or connection
interface 916 ("connection feature 916") of the interbody spacer 910. The expanded
interbody spacer 910 can be locked in the expanded configuration. To reposition the
interbody spacer 910, the delivery instrument 920 can be reconnected to the interbody
spacer 910 and operated to unlock and collapse the interbody spacer 910. The delivery

instrument 920 can be used to move the collapsed interbody spacer 910.

[0074] The delivery instrument 920 can include one or more distal connection
elements or features for detachably coupling to the interbody spacers. The connection
elements can be a polygonal connection (e.g., a hexagonal protrusion) received by a
complementary polygonal recess or feature of the interbody spacer 910. Other
connections can be used to detachably couple the delivery instrument 920 to the
interbody spacer 910. U.S. Pat. No. 8,632,594, U.S. Pat. No. 9,308,099, U.S. Pat. No.
10,105,238 and U.S. Pat. No. 10,201,431, which are hereby incorporated by reference,
disclose delivery instruments, interbody spacers, connection features, and methods of
operating delivery instruments and deploying interbody spacers. The delivery
instrument 920 can be a delivery instrument and include features disclosed in U.S. Pat.
No. 8,632,594, U.S. Pat. No. 9,308,099, U.S. Pat. No. 10,105,238 and U.S. Pat. No.
10,201,431. Other types of implantable devices and delivery instruments can be
utilized. The configuration of the implant and corresponding delivery instruments can

be selected based on the procedure to be performed.

[0075] Figure 11 is a flow diagram illustrating a method for treating a subject in

accordance with an embodiment of the disclosure. In block 1002, incisions can be
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made in the subject's tissue to create first and second portal sites (i.e., entrances). In
some embodiments, the first and second entrances can be positioned on the same side
of the subject's midsagittal plane. In other embodiments, the first and second entrances
can be positioned on opposite sides of the subject's midsagittal plane. In yet other

embodiments, the incisions can be made along the subject's midsagittal plane.

[0076] Ports can be installed in each of the entrances. The sizes of the ports can
be selected based on the size of the incision and characteristics of the tissue at the port
site. For example, a tubular body of the port can be sufficiently long to extend through
the subject's skin, fascia, and muscle. An access opening of the port can be sufficiently
large to allow instruments to be inserted into and through the ports, which can prevent
or inhibit tearing of tissue. Instruments can be delivered through the incisions into the
patient without utilizing ports. Such instruments can have relatively small diameters to
limit or inhibit tearing of the tissue around the incision. In some procedures, ports can
be installed in some incisions and instruments can be installed in other incisions without
ports. A physician can determine whether to install ports based on the instruments to

be utilized and the position of the incisions.

[0077] In block 1004, a distraction instrument can be positioned at the first portal
site by inserting the distraction instrument through, for example, an installed port. In
some procedures, a cannula can be positioned in the port and the distraction instrument
can be delivered through the lumen of the cannula. In other embodiments, the
distraction instrument can be inserted directly into the port without utilizing the cannula.
Utilization of distraction instruments and cannulas are discussed in connection with

Figures 5-8.

[0078] In block 1006, a visualization device can be positioned at a second portal
site by delivering the visualization device through a port. The visualization device can
be installed with or without use of the cannula. Ultilization of a cannula and a port are
discussed in connection with Figures 1-7. In some embodiments, the visualization
device can be a low-profile fiber optic visualization system deliverable through a portal
site in the form of a small incision. In these procedures, a cannula may not be used
since the visualization device has a small diameter. The visualization device can be
kept at the same portal site throughout most of the surgical procedure period in which

the spine is altered. For example, the visualization device can be positioned at a single
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portal site for at least 80% or 90% of the surgical period in which instruments are
positioned in the subject. The visualization device can be positioned within the subject
such that an interbody fusion device is capable of being implanted without removing the

endoscope from the subject. This can reduce the overall surgery time.

[0079] A steerable visualization device can be used to facilitate navigation
around anatomical features. The steerable visualization device can include a fiberoptic
scope, or a flexible or rigid instrument with one or more illumination elements (e.q., fiber-
optics for illumination) or imaging elements (e.q., charge-coupled devices for imaging)
suitable for visualizing the interior of otherwise inaccessible sites. In some
embodiments, the visualization device can be rod-lens endoscopes with an outer
diameter equal to or smaller than about 2 mm, 3 mm, 4 mm, 5 mm, 6 mm, 8 mm, or 10
mm; and a length equal to or shorter than about 15 cm, 20 cm, 30 cm, or 40 cm. The
device can also have connectors (e.g., electrical connectors, fluidic connectors, etc.),
access ports (e.g., access ports connected to lumens (e.g., lumens through which
instruments can pass)), or the like. In embodiments with an angled lens, the
visualization instrument can have approximately 15 degree, 30 degree, or 45 degree
lens angles, which are toward a light source. In other angled lens embodiments, the
visualization instrument can have an approximately 15 degree, 30 degree, or 45 degree
lens angled away from a light source. The angle of the lens can be selected based on
the area to be viewed. In some posterior or lateral spinal procedures, a 0 degree lens
can provide a wide-angle view suitable for viewing nerve roots, the spinal cord, and
intervertebral space. A 30 or 45 degree lens endoscope angled toward the light source
can be used to provide an angled view toward, for example, the midsagittal plane to
view, for example, the spinous processes, spinal cord, central regions of the
intervertebral space, or the like. A 30 or 45 degree lens endoscope angled away from
the light source can be used to provide an angled view toward the lateral features or
the spine, such as nerve roots at the neural foramen, side regions of the intervertebral

space, or the like.

[0080] In some procedures, multiple visualization instruments are utilized. In one
procedure, multiple visualization instruments are positioned within the same port, which
is large enough to allow relative movement between the endoscopic instruments. In

other procedures, endoscopic instruments are positioned in spaced apart ports. To

21



WO 2021/050577 PCT/US2020/049982

provide bilateral viewing, a first port and first endoscopic instrument can be positioned
on one side of the midsagittal plane of the subject, and the other port and endoscopic
instrument can be positioned on the other side of the midsagittal plane. Multiple
visualization instruments used in a single procedure can have different viewing
characteristics.

[0081] The images of the subject's spine can be used to determine implantation
information about the interbody fusion implant. Implantation information can include,
without limitation, a recommended interbody fusion implant, expansion setting for the
interbody fusion implant, and/or recommended implantation position for the interbody
fusion implant. The user can be presented information for viewing based on the
analysis of the image data, including information for repositioning the interbody fusion
implant or information for collapsing the interbody fusion implant. In block 1008, tissue
from the intervertebral space can be removed with a tissue removal device positioned
at the first entrance. In block 1010, adjacent vertebrae can be distracted using the
distraction instrument to enlarge the intervertebral space between the adjacent
vertebrae. In block 1012, an interbody spacer, such as an interbody fusion implant, can
be delivered to the enlarged intervertebral space. The interbody fusion implant can be
delivered in a collapsed configuration through a lumen of the distraction instrument. In
block 1014, the interbody fusion implant can be expanded laterally and vertically while
a driver instrument is positioned within the distraction instrument positioned at the first
entrance and while being endoscopically viewed in block 1016. The lateral and vertical
expansion of the interbody fusion implant can be sequential. For example, after the
interbody fusion implant is horizontally expanded, the interbody fusion implant can be

vertically expanded to provide disc height restoration.

[0082] In block 1016, image data can be obtained by an endoscopic instrument.
The image data can be video, still images, or other image data. Image data can be
obtained before, during, and/or after expansion and analyzed with endoscopic
visualization to confirm the position of the expanded interbody fusion implant to improve
efficacy of surgeries by allowing the physician to visually assess the procedure. For
example, a first image of an implantation site can be obtained by the endoscopic
instrument. A second image of the implantation site can be obtained using the

endoscopic instrument after delivery of the interbody fusion implant. Image data can
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be analyzed to determine whether the expanded interbody fusion implant is located at
a deployment position based on a position of the expanded interbody fusion implant

shown in the second image.

[0083] In some embodiments, the first image and the second image can be
compared to determine the position of the expanded interbody fusion implant. If the
interbody fusion implant is mispositioned, the user can be notified of the mispositioning.
The notification can be via an audible alert, visual alert (e.g., an alert displayed on the
display 162 at Figure 1), or by other suitable notification means. In block 1018, the
driver instrument can be separated from a locked expanded interbody fusion implant,
as discussed in connection with Figure 10B. The implanted interbody fusion implant
can be visualized to confirm proper positioning and deployment of the implant.
Visualization can be used if additional procedures are performed. Additional
procedures may include, without limitation, delivering bone, growth-promoting
materials, or the like to the intervertebral space. Visualization can also be used to view
other procedures, such as fixation procedures involving pedicle screws, interspinous

spacers, or the like.

[0084] The method of Figure 11 can be performed using various systems
disclosed herein. Additional instruments and steps can be performed as needed to
provide treatment flexibility. For example, decompression procedures can be
performed before or after distracting the adjacent vertebrae at block 1010. Visualization
can be used during the decompression procedure to visually identify targeted tissue, as
well as ensuring that non-targeted tissue (e.g., nerve tissue) is not traumatized.
Although the method is discussed in connection with implanting an interbody fusion
implant, the method can be performed to deploy and implant other devices. For
example, the method can be used to implant an articulating intervertebral disc.
Moreover, the multi-portal systems can be used to implant rigid or fixed interbody fusion
devices. The acts and steps in the method of Figure 11 can be modified based on the
features of the implant to perform, for example, an oblique lumbar interbody fusion
procedure, a lateral lumbar interbody fusion procedure, a posterior lumbar interbody
fusion procedure, a transforaminal lumbar interbody fusion procedure, or an anterior

lumbar interbody fusion procedure.
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[0085] Figure 12 illustrates a system 1110 for providing surgical assistance
according to an embodiment of the disclosure. The system 1110 can improve surgeries
by displaying image data, analyzing image data, suggesting steps in a surgical
procedure, analyzing implants, or the like. The system 1110 can comprise hardware
components that improve surgeries using, for example, a surgical assistance system
1164. In various implementations, the surgical assistance system 1164 can store
patient information, obtain image data, analyze information/data to obtain results, and
use the results to provide feedback to a user. The surgical assistance system 1164 can
analyze still images or video from input devices 1120 to suggested implants for a
procedure. For example, the surgical assistance system 1164 can recommend the
number, size, and configuration of implants and surgical procedure. Based on the
recommendations, the surgical assistance system 1164 can further suggest surgical
instruments, a surgical plan, and other information. The surgical plan can include
(1) surgical steps, (2) number, size, and/or position of ports, and/or (3) surgical
approaches. For example, the surgical assistance system 1164 can annotate an image
(e.g., an X-ray image, stillimage, video, etc.) with suggested insertion points along the
subject's skin, surgical procedures (e.g., PLIF, ALIF, LLIF, etc.), access paths, etc.
During a procedure, the surgical assistance system 1164 can provide warnings or other

feedback to surgeons.

[0086] System 1110 can include one or more input devices 1120 that provide
input to the processor(s) 1145 (e.g., CPU(s), GPU(s), HPU(s), etc.), notifying it of
actions. The actions can be mediated by a hardware controller that interprets the
signals received from the input device and communicates the information to the
processors 1145 using a communication protocol. The processors 1145 can be used
to analyze data, such as image data, to determine whether the expanded interbody
fusion implant is located at a deployment position based on a position of the expanded

interbody fusion implant shown in an acquired image.

[0087] Input devices 1120 can include, for example, visualization devices, such
as the visualization device 140 discussed in connection with Figures 1-6, endoscopic
instruments, imaging devices (e.g., cameras), CRT machines, X-ray machines, or the
like. The visualization, in some surgical embodiments, enables surgeons to visually see

and verify the vertebral bodies, vertebral spacing, damaged/displaced tissue,
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intervertebral discs (including bulging portions), presence of unwanted cartilage (e.qg.,
cartilage buildup), bone, or tissue that is causing nerve root compression and damage
to normal body functions. This information on the unwanted material can be
documented and recorded by saving image data into a computer database and printing
color images (e.g., pictures) immediately for reference and recording. The physician

can use the information to develop at least a portion of a surgical plan.

[0088] Additionally or alternatively, the input devices 1120 can include a mouse,
a keyboard, a touchscreen, an infrared sensor, a touchpad, a wearable input device, a
camera- or image-based input device, a microphone, or other user input devices. For
example, a mouse can be used to select or manipulate image data captured by
visualization devices. A keyboard can be used to annotate image data. The number

and configuration of the input devices can be selected based on the physician.

[0089] Processors 1145 can be a single processing unit or multiple processing
units in a device or distributed across multiple devices. Processors 1145 can be
coupled to other hardware devices, for example, with the use of a bus, such as a PCI
bus or SCSI bus. The processors 1145 can communicate with a hardware controller
for devices, such as for a display 1130. The display 1130 can be used to display image
data. For example, the display 1130 can correspond to the display 162 in Figure 1,
which can be connected to one or more visualization devices via a wired or wireless
connection (Figure 1 shows a wired connection). The display 1130 can present
information for viewing by a user. The presented information can include suggested
implant information, suggested surgical instruments, information for implanting devices,
information for repositioning the interbody fusion implant, information for collapsing the
interbody fusion implant, or the like. The information can be overlaid on orinserted into

images or video. In some embodiments, the information can be annotations.

[0090] The display 1130 can provide graphical and textual visual feedback to a
user. In some implementations, the display 1130 includes the input device as part of
the display, such as when the input device is a touchscreen or is equipped with an eye
direction monitoring system. In some implementations, the display is separate from the
input device. Examples of display devices are: an LCD display screen, a light-emitting

diode (LED) display screen, a projected, holographic, or augmented reality display
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(such as a heads-up display device or a head-mounted device), and so on. The display

1130 can provide high definition visualization.

[0091] Other 1/O devices 1140 can also be coupled to the processor, such as a
network card, video card, audio card, USB, firewire or other external device, camera,
printer, speakers, CD-ROM drive, DVD drive, disk drive, or Blu-Ray device. Other I/O
devices 1140 can also include input ports for information from directly connected
medical equipment such as MRI machines, X-Ray machines, etc. Other |/O devices
1140 can further include input ports for receiving data from these types of machines
from other sources, such as across a network or from previously captured data, for

example stored in a database.

[0092] The system 1110 can also include a communication device capable of
communicating wirelessly or wire-based with a network node. The communication
device can communicate with another device or a server through a network using, for
example, TCP/IP protocols. The system 1110 can utilize the communication device to

distribute operations across multiple network devices.

[0093] The processors 1145 can have access to a memory 1150 in a device or
distributed across multiple devices. A memory includes one or more of various
hardware devices for volatile and non-volatile storage, and can include both read-only
and writable memory. For example, a memory can comprise random access memory
(RAM), various caches, CPU registers, read-only memory (ROM), and writable non-
volatile memory, such as flash memory, hard drives, floppy disks, CDs, DVDs, magnetic
storage devices, tape drives, device buffers, and so forth. A memory is not a
propagating signal divorced from underlying hardware; a memory is thus non-transitory.
Memory 1150 can include program memory 1160 that stores programs and software,
such as an operating system 1162, surgical assistance system 1164, and other
application programs 1166. Memory 1150 can also include data memory 1170 that can
include, e.g., implantation site information (e.g., level information, implant deployment
information, etc.), surgical plan data, user options or preferences, image data, etc,,

which can be provided to the program memory 1160 or any element of the system 1110.

[0094] Some implementations can be operational with numerous other
computing systems, environments or configurations. Examples of computing systems,

environments, and/or configurations that may be suitable for use with the technology
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include, but are not limited to, personal computers, server computers, handheld or
laptop devices, cellular telephones, wearable electronics, tablet devices, multiprocessor
systems, microprocessor-based systems, programmable consumer electronics,
network PCs, minicomputers, mainframe computers, distributed computing

environments that include any of the above systems or devices, or the like.

[0095] The foregoing detailed description has set forth various embodiments of
the devices and/or processes via the use of block diagrams, flowcharts, and/or
examples. Insofar as such block diagrams, flowcharts, and/or examples contain one or
more functions and/or operations, it will be understood by those within the art that each
function and/or operation within such block diagrams, flowcharts, or examples can be
implemented, individually and/or collectively, by a wide range of hardware, software,
firmware, or virtually any combination thereof. In one embodiment, several portions of
the subject matter described herein may be implemented via Application Specific
Integrated Circuits (ASICs), Field Programmable Gate Arrays (FPGAS), digital signal
processors (DSPs), or other integrated formats. However, those skilled in the art will
recognize that some aspects of the embodiments disclosed herein, in whole or in part,
can be equivalently implemented in integrated circuits, as one or more computer
programs running on one or more computers (e.g., as one or more programs running
on one or more computer systems), as one or more programs running on one or more
processors (e.g., as one or more programs running on one or more MiCroprocessors),
as firmware, or as virtually any combination thereof, and that designing the circuitry
and/or writing the code for the software and or firmware would be well within the skill of
one skilled in the art in light of this disclosure. In addition, those skilled in the art will
appreciate that the mechanisms of the subject matter described herein are capable of
being distributed as a program product in a variety of forms, and that an illustrative
embodiment of the subject matter described herein applies regardless of the particular
type of signal bearing medium used to actually carry out the distribution. Examples of
a signal bearing medium include, but are not limited to, the following: a recordable type
medium such as a floppy disc, a hard disk drive, a CD, a DVD, a digital tape, a computer
memory, etc.; and a transmission type medium such as a digital and/or an analog
communication medium (e.g., a fiber optic cable, a waveguide, a wired communications

link, a wireless communication link, etc.).
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C. SURGICAL KITS

[0096] Figure 13 is a top plan view of a surgical kit 1200 that includes
components discussed in connection with Figures 1-11, 14-16, and 18-19. The kit 1200
can include cannulas 120, 150, and a set 1210 of ports. A physician can select
appropriate ports based on locations of portal sites and instruments to be utilized. In
the illustrative embodiment, the set 1210 includes four ports. A higher or lower number
of ports can be provided and can be of the same or different sizes. The kit 1200 can
include a connector (e.g., a rigid connector) to couple together cannulas (e.g., cannulas
120, 150, 1400). The cannulas can be coupled together before expanding the interbody

fusion device at an intervertebral implantation site.

[0097] The kit 1200 can further include a plurality of decompression instruments.
In the illustrated embodiment, the kit 1200 includes a debulking instrument 1220 and a
reamer 1222. If the decompression instruments are utilized, a physician can select the
port 1230 with a large opening 1232. The kit 1200 can also include scalpels, dilators,
rongeurs, irrigation cannulas, tissue-detecting or mapping cannulas, expanders, or
other surgical instruments. For example, the kit 1200 can include the visualization
device 140, the distraction instrument 510, the delivery or deployment instrument 920,
and implantable devices 1238. The configuration and components for the kit can be
selected based upon the procedure to be performed. Example components for kits are
discussed in connection with Figures 14-20. A biportal kit with tissue-mapping
capabilities can have tissue-detecting cannulas, whereas biportal kits with irrigation
functionality can have cannulas with irrigation flowthrough cannulas. Biportal kits can
have cannulas configured for both tissue mapping and irrigation. Moreover, one or
more of the kit's components can be disposable and can be made, in whole or in part,
from metal, polymers, ceramics, composite materials, or other biocompatible and

sterilizable materials.

[0098] In some embodiments, the kit 1200 is a sterile universal biportal spine
surgery kit for performing different procedures. In some biportal procedures, a first port
and a second port can be selected from the set 1210 based on the subject's anatomy
and procedure to be performed. The first and second ports can be inserted into

incisions in the subject. An instrument cannula (e.g., cannula 120, cannula 150,
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cannula 1400) can be inserted into the first port. Another cannula can be inserted into
the second port. Instruments (e.g., debulking instrument 1220, reamer 1222, etc)
positioned in the instrument cannula can be used to perform at least a portion of the
procedure while visualization is provided by an imaging device positioned in the imaging

cannula.

[0099] The surgical instruments can be selected based on the biportal spine
procedure to be performed. The instruments can be used to complete one, multiple, or
all of steps of the biportal spine procedure with or without utilizing all of the surgical
instruments in the kit. Universal spine surgical kits can also have instruments for
interbody procedures, decompression procedures, fixation procedures, or combinations
thereof. Instruments can be sequentially inserted in the instrument cannula to perform
surgical steps. Each of the instruments can be configured to fit within the instrument
cannula, thereby allowing the same cannula to be used for the entire procedure. In other
procedures, multiple cannulas can be sequentially positioned within the same port. The
port can reduce or eliminate tearing of tissue caused by insertion, removal, or

positioning of the cannulas.

[0100] In some embodiments, a surgery-specific kit 1200 can be configured to
perform a particular type of procedure. A physician can select a surgery-specific kit

1200 based on the procedure to be performed.

[0101] In some procedures, the location of tissue can be mapped using one or
more energy-emitting elements coupled to the instrument cannula and/or the imaging
cannula. The energy-emitting elements can be tissue-mapping elements configured to
identify tissue beneath the subject’s skin. Mapping information can be used to position
instruments, imaging devices, cannulas, or the like. Advantageously, mapping can be
performed without introducing additional instruments into the subject, thereby reducing
procedure complexity, risk of complications, or the like. The tissue of interest can be
nerve tissue, connective tissue, anatomical features (e.g., nerve roots, nerve branches,
etc.), or the like. For example, mapping can be used to identify the location of nerve

roots exiting the vertebral foramen, spinal ganglion, spinal nerves, or the like.

[0102] The cannulas can be configured to be fluidically coupled to one or more
irrigation apparatuses. The fluidic coupling can be achieved using, without limitation,

one or more fittings, connectors, hoses, conduits, or the like. An irrigation apparatus
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can include one or more fluid control systems, pumps, vacuum or suction devices,
conduits, sensors (e.g., flow sensors, fluid pressure sensors, blood sensors, etc.),

controllers, or combinations thereof.

[0103] The kit 1200 can include one or more expanders that are part of or
couplable to a kit component. Expanders can be moved from an unexpanded
configuration to an expanded configuration, thereby increasing a working space within
the subject. The expander can be a mechanical expander, a pneumatic expander, a

self-expanding expander, or the like.

[0104] Figure 14 is a perspective view of a cannula 1400 in accordance with an
embodiment of the disclosure. The cannula 1400 can be used in @ manner similar to
the cannulas 120, 150, 810, 930 as discussed previously in connection with Figures 1,
4-6, 10A, and 13. The cannula 1400 can include a distal end 1401, a proximal end
1402, and an elongated body 1404 having a plurality of lumens extending from the distal
end 1401 to the proximal end 1402. The lumens can be used to deliver instruments to
a surgical site, deliver fluid into the subject, remove fluid from the subject, or the like.
This allows irrigation of the surgical site while instruments can access the site via a
working lumen 1408. The working lumen 1408 can be configured to receive a surgical
instrument (e.g., a distraction instrument, decompression tool, etc.), a visualization
instrument, an implantable device, or other instrument for use during a surgical
procedure. The diameter of the working lumen 1408 can be equal to or smaller than
about2 mm, 3mm, 4 mm, 5mm, 6 mm, 8 mm, or 10 mm, and the outer diameter of the
cannula 1400 can be equal to or smaller than about 3 mm, 4 mm, 5 mm, 6 mm, 8 mm,
10 mm, or 12 mm. Other cannula dimensions can be selected based on the access

path, instrument dimensions, and procedure to be performed.

[0105] Figures 14A and 14B are perspective views of the distal end 1401 and the
proximal end 1402, respectively, in accordance with an embodiment of the disclosure.
Figure 14C is a longitudinal cross-sectional view as indicated in Figure 14A. Referring
now to Figure 14A, the distal end 1401 can include a first distal opening 1414, a second
distal opening 1416, and a working lumen opening 1418. The first and second openings
1414, 1416 can be positioned on opposite sides of the working lumen opening 1418
and allow fluid flow therethrough. This allows fluid flows to be kept on opposite sides

of the working lumen 1408. The configuration, number, and positions of the openings

30



WO 2021/050577 PCT/US2020/049982

for fluid flow can be selected based on the desired flow of fluid. For example, the
number of openings and corresponding lumens can be increased to increase the flow

rate of irrigation fluid within the subject.

[01086] Referring now to Figure 14B, the proximal end 1402 can include a first
proximal opening 1446 and a second proximal opening 1448. As shown in Figure 14C,
a first fluid lumen 1441 extends between the distal opening 1414 and a proximal
opening 1446, and a second fluid lumen 1412 extends between the distal opening 1416
and the proximal opening 1448. The diameter and configurations of the lumens can be
selected based on the procedure to be performed. The configurations of the lumens
1408, 1410, 1412 can be, for example, circular, elliptical, or polygonal (including
rounded polygonal). In addition, the cross-sectional shapes of lumens can vary along
the length of lumens, for example, when a circular lumen terminates at a rectangular

aperture at the distal end 1401 of the cannula 1400.

[0107] Referring to Figure 14C, the working lumen 1408 can be substantially
centered within the elongate body 1404 so that its distal opening 1409 is
correspondingly centered at the face of the distal end 1401, or it can be offset toward
the side of the body 1404 depending on its configuration. Similarly, the fluid lumens
1410, 1412 can be positioned within the cannula body 1404 such that their distal
apertures 1414, 1416 are located at other positions than those illustrated. For example,
the lumens 1410, 1412 could be located adjacent to one another on the same side of
the cannula body 1404 to aid in coupling the proximal apertures to a fluid control system.
Additionally, according to a variety of embodiments, any of the openings 1406, 1414,
1416, 1446, 1448 can be located along an outer surface 1413 of the cannula body 1404.

[0108] With continued reference to Figure 14C, the fluid lumens 1410, 1412 can
be configured to allow surgical irrigation fluid to flow through in either direction according
to some embodiments. For example, the first fluid lumen 1410 can be configured to
allow a flow of irrigation fluid from a supply connected to the proximal end 1402 to the
distal end 1401, while the second fluid lumen 1412 can be configured to allow a flow of
irrigation fluid from the distal end 1401 to the proximal end 1402. In various
arrangements, both lumens 1410, 1412 can be used to flow fluid in the same direction;

only one lumen can be configured to flow fluid, while the other lumen is closed, capped,
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obturated, or otherwise not used to flow fluid; or neither lumen can be configured to flow

fluid and both can be closed, capped, obturated, or otherwise not used to flow fluid.

[0109] The cannula 1400 can have one or more tissue-mapping probes. With
reference again to Figure 14A, tissue-mapping probes 1420 can be configured to output
energy (e.g., electrical energy, radio frequency energy, electromagnetic energy,
ultrasound energy, acoustic energy, etc.) useful for identifying the locations of tissue at
a treatment site. The interaction of the energy with various tissue can provide a
response that can be measured using a variety of techniques. For example, the tissue-
mapping probes 1420 can be neuromonitoring electrodes used with electromyography
(EMG) techniques. For example, electrical signals emitted by the electrodes 1420 can
depolarize nearby nerves, causing a response in an innervated muscle detectable with
an EMG system. Other techniques include, but are not limited to, ultrasonography,
fluoroscopy, doppler imaging, and optical imaging. The configuration of the tissue-
mapping probes 1420 can be suitable for locating a variety of tissues, including nerve
tissue, dura, bone tissue, ligaments, ligamentum flavum, and bone graft material, as

well as areas of interest, such as tissue margins, tissue interfaces, or the like.

[0110] The arrangement of the tissue-mapping probes 1420 can be selected to
aid the tissue-mapping technique. For example, the spaced-apart probes 1420
arranged as illustrated in Figure 14A can provide directional information. Tissue of
interest can respond more strongly to energy output from a probe in closer proximity
than from the other probes positioned further away on the cannula. The tissue-mapping
probes 1420 can also be configured to emit energy sequentially or in another suitable
pattern, such that tissue in each direction associated with a particular tissue-mapping
probe can be probed in the same sequence or pattern. This allows tissue-mapping to
be performed without adjusting the positions of the tissue-mapping probes 1420. For
example, if the distal end 1401 of the cannula 1400 is positioned over a nerve root, the
tissue-mapping probes 1420 can be used to detect the presence of a nerve root and
additional information, such as the size of a nerve root, orientation of the nerve root,
depth of the nerve root, or the like. Advantageously, the mapping can be performed
without physically contacting and injuring the nerve tissue. Nerve mapping can be

performed to locate spinal nerves around and adjacent to the spinal column.
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[0111] Referring to Figures 14A and 14C, a transmission line 1430 coupled to
the tissue-mapping probes 1420 can extend from the distal end 1401 to the proximal
end 1402. The transmission line 1430 can include, without limitation, one or more wires,
fiber optics, etc., and can be located within a sidewall of the body 1404. The
transmission line 1430 can be configured to transmit energy, electrical signals, and/or
optical signals, including digital and analog signals of various types. In some
embodiments, the transmission line 1430 can be configured to transmit both energy to
one tissue-mapping probe and signals received from another tissue-mapping probe.
Referring now to Figures 14B and 14C, the transmission line 1430 can connect to an
interface 1440 at the proximal end 1402. The interface 1440 can include, without
limitation, one or more plugs, connectors, or other components that provides a

connection point to a tissue-mapping system.

[0112] Figure 15 is a front elevation view of a cannula 1500. The description of
the cannula 1400 of Figures 14-14C applies equally to the cannula 1500 unless
indicated otherwise. The cannula 1500 can have a tissue-mapping array 1520 with
tissue-mapping probes arranged circumferentially around a distal face 1502 of a distal
end 1501. The increased number of tissue-mapping probes of Figure 15 can provide
increased directional resolution for tissue-mapping. Additionally, different probes can
be configured to emit different types of energy. Other probes can also be configured to

receive a return signal.

[0113] The tissue-mapping array 1520 can include neuromonitoring electrodes
1522, ultrasonic transducers 1524, and photoacoustic sensors 1526. The arrangement
of multiple modalities of tissue-mapping can improve tissue location and visualization.
Neuromonitoring electrodes 1522 can aid the positioning of the cannula so as to avoid
nerve contact during insertion, while ultrasonic emitters and photoacoustic sensors can
provide information related to the location of various tissues and tissue interfaces. The
number (e.g., five, six, eight, ten, etc.), positions, and configuration of the tissue-
mapping probes can be selected based on the mapping to be performed. For example,
the number of electrodes can be increased to provide higher-resolution mapping. In
some embodiments, some probes can be arrayed around the side of the distal end,

while others are arrayed on the distal face 1502. The probes can be flush with the outer
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surface 1503 of the cannula body or slightly recessed within the cannula body. In other

embodiments, a probe can extend past the surface 1503.

[0114] Figure 16 is a side view of a cannula including a tissue-mapping probe
1620 according to a particular embodiment of the disclosure. The description of the
cannula 1400 of Figures 14-14C and cannula 1500 of Figure 15 applies equally to the
cannula 1600 unless indicated otherwise. The tissue-mapping probe 1620 extends
distally from the distal end 1631 of the cannula body 1604. The distance d of the tissue-
mapping probe 1620 extends from the body 1640 can be selected based on the desired
clearance for the lumen opening 1622 of the working lumen 1624 (shown in dashed
line). Such probe protrusion can aid in techniques like EMG during the guided insertion
of a cannula, where the probe leads the body of the cannula and can determine tissue
location before the tissue is contacted by the cannula. In some embodiments, the distal
end 1631 can have a distal face 1632 that is generally angled with respect to a
longitudinal axis 1636 of the cannula 1600. For example, the illustrated face 1632 can
be non-orthogonal with respect to the longitudinal axis 1636 to provide lateral clearance
to instruments. When the probe 1620 is adjacent or contacting tissue 1640 (illustrated
in dashed line), instruments can be easily passed out to the working lumen in a lateral
direction, as indicated by the arrow 1644. Advantageously, the probe 1620 can
physically contact the tissue to help maintain spacing between the tissue 1640 and the
working instrument. The configuration and position of the probe 1620 can be selected
based on the desired mapping and tissue interaction. For example, the probe 1620 can
have a blunt or rounded tip 1641 configured to slide atraumatically across tissue. In
other embodiments, the tip 1641 can be pointed or relatively sharp to pierce tissue. In
some procedures, the piercing probe 1620 can be inserted into tissue to map tissue

underlying the exposed tissue surface.

[0115] Figure 17 is a detailed side view of cannulas 1720, 1721 positioned to
perform a procedure in accordance with embodiments of the disclosure. Cannulas
1720, 1721 can be positioned in respective ports 472, 474 and extend through the
subject's skin 460 and through subcutaneous tissue 462. The cannulas 1720, 1721 can
be inserted through the respective ports 472, 474 such that their distal ends are
adjacent to or at a treatment site 1750 (generally identified in dashed line). The insertion

can be guided by a tissue-mapping probe 1724 that is operably coupled to a tissue-
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mapping system 1740 via a transmission line 1744. The cannula 1720 can have the

features of the cannula 1600 discussed in connection with Figure 16.

[01186] The cannulas 1720, 1721 have fluid lumens 1725, 1726, respectively,
configured to circulate surgical irrigation fluid through the treatment site 1750. The fluid
lumen 1726 can be fluidically connected to a fluid supply system 1760. The fluid lumen
1725 can be fluidically connected to a fluid return system 1770 at the proximal end of
the cannula 1720. In some embodiments, the fluid supply system 1760 and fluid return
system 1770 are elements of an integrated fluid control system. The systems 1760,

1770 can include components and features discussed in connection with system 1110.

[0117] The circulating fluid flow can be controlled and monitored by the fluid
supply system 1760 and/or the fluid return system 1770. The flow can be present while
an instrument assembly 130 and visualization instrument 140 are positioned within the
working lumens 1706, 1708 of the cannulas 1720, 1722, respectively. The irrigation
fluid can improve visibility at the treatment site 1750 and provide improved control of
fluid pressure and flow rate during a procedure. In various embodiments, the cannulas
1720, 1722 can be configured as described with regard to cannulas 1400, 1500, and
1600 discussed above in connection with Figures 14A-C, 15, and 16, and as described

below with regard to cannula 1800.

[0118] The tissue-mapping probe 1724 can be used to map tissue near the
treatment site 1750 while the instrument assembly 130 and visualization instrument 140
are positioned within the cannulas 1720, 1722, respectively. In this way, according to
some embodiments, a physician can receive periodic or continual updates regarding
the position of tissue near or at the treatment site 1750 as the surgical procedure
progresses. The tissue-mapping system 1740 can be an element of the system 1110
for providing surgical assistance as discussed above in connection with Figure 12. The
tissue-mapping system 1740 can include, without limitation, one or more displays,
computers, computing devices, processors, displays, or combinations thereof.
Information relating to the location of tissue (e.q., tissue location information determined
by energy output by tissue-mapping probe 1724), and/or information relating to the
visualization of the treatment site 1750 (e.g., visualization information obtained via the
visualization instrument 140) can be processed and combined and presented to the

physician to improve surgeries. In some embodiments, the tissue-mapping system
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1740 can provide a visualization of tissue locations at the treatment site 1750 and
overlay this visualization onto image data (e.q., still images, video, etc.) obtained from
the visualization instrument. The procedure of Figure 17 can employ other cannulas,

ports, or components discussed herein.

[0119] Figure 18 is a side view of a cannula 1800 according to embodiments of
the disclosure. Figure 19 is a top view of the cannula 1800 with the cannula body 1801
shown in dashed line. The cannula 1800 can include an expander or spacer 1810
("expander 1810") coupled to a distal end 1803 of an elongate body 1801 of the cannula
1800. The expander 1810 can have a stowed configuration (as illustrated in Figure 18)
and a deployed configuration (as illustrated in Figure 19). The expander 1810 can be
translated relative to the distal end 1803 (Figure 18) via a movable coupler 1811. The
movable coupler 1811 can be moved away from the distal end 1803, as indicated by
arrow 1813 of Figure 18. In some procedures, the coupler 1811 is slidably disposed
within a side wall of the elongate body 1801 such that a physician can manually push
the expander 1810 distally. In other embodiments, the coupler 1811 is fixedly coupled
to elongate body 1801. For example, the coupler 1811 can be a rod integrally formed
with or coupled to the elongate body 1801. In further embodiments, the coupler 1811
can be rotatably coupled to the distal end 1803. This allows the spacer 1810 to be
rotated relative to elongate body 1801. For example, the expander 1810 can be rotated
about a longitudinal axis 1811 of the coupler 1811. The configuration of the coupling

arrangement can be selected based on the desired movability of the expander 1810.

[0120] The expander 1810 can have an articulatable body movable between a
ring-shaped or spiral configuration and expanded configuration. Figure 18 shows the
expander 1810 in a spiral configuration. Articulated segments can be connected via
joints or pivots to move toward the expanded configuration of Figure 19. The
segmented sections of the body of the expander 1810 can be connected by joints 1823
(one identified in Figure 19) that can include, without limitation, one or more hinges,
joints, living hinges, or the like. The expander 1810 can include tissue-mapping
elements, contact sensors, anchors, or other features for engaging or contacting tissue.
In some embodiments, the expander 1810 can include one or more deployable arms or
tines to allow further expansion of the spacer 1810. When deployed, the expander can

create a working volume at a treatment site within a subject.
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[0121] In other embodiments, the expander can be an expandable cone, funnel,
or other suitable shape to provide increased working volume near or at a treatment site.
The expander allows visualization of the volume partially bounded by the expander
when in the deployed configuration. For example, a visualization instrument positioned
within a second cannula near to the cannula 1800 can visualize the region interior to
the spacer by viewing through an unenclosed side of the expander 1810. In some
embodiments, the expander 1810 can have an aperture, a window, or other opening to

permit visualization of the partially bounded region.

[0122] The expander 1810 can have tissue-mapping probes 1824 positioned at
the exterior surface of the segments. The tissue-mapping probes 1824 can be
configured to output energy similarly to the tissue-mapping probes 1420, 1520, 1620
discussed above in connection with Figures 14A-16. The tissue-mapping probes 1824
can be in addition to tissue-mapping probe 1822 (Figure 18) positioned at the distal end
of the cannula 1800. The tissue-mapping probes 1824 can aid in the deployment of the
expander 1810, help locate and orient the expander 1810, and provide feedback to

avoid contacting nerve tissue or other tissue.

[0123] Figure 20 is a flow diagram illustrating a method 2000 for treating a subject
in accordance with an embodiment of the disclosure. At block 2002, a subject's tissue
is incised and incisions at locations in the incisions. Block 2002 can be similar to block
1002 described above in connection with Figure 11. At block 2004, a first cannula can
be positioned in a port at a first location in the subject's tissue. An instrument, for
example, a distraction instrument, can be inserted through the working lumen of the
cannula. Utilization of distraction instruments and cannulas are discussed in connection
with Figures 5-8. Various additional embodiments of cannulas are discussed in

connection with Figures 14A-16 and 18-19.

[0124] At block 2006, a visualization device can be inserted through a second
cannula positioned at a second portal site. Utilization of a visualization device at a
second portal site is discussed above in connection with Figure 11, for embodiments
where a visualization device may be used with a second cannula at a second portal

site.

[0125] In optional block 2008, a spacer can be deployed at a treatment site. The

expander can enlarge a working volume at the treatment site to improve irrigation fluid
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flow, improve visualization, and/or aid in tissue-mapping. For example, the expander
can increase visibility and/or access to the surgical location and can be configured to
maintain an expanded configuration. The expander can be engageable and
disengageable with the cannula body. Deploying an expander is discussed above in

connection with Figures 18 and 19.

[0126] At block 2010, tissue-mapping probes on the first and/or second cannulas
can be used to determine the locations of tissue at or near a treatment site within the
subject. Tissue-mapping probes and tissue-mapping systems are discussed above in
connection with Figures 14A-19. In some embodiments, the tissue-mapping system
can provide information in addition to image data provided by an endoscopic instrument.
The information can be combined with the visualization image data to provide an image
overlay or other indication of the location of tissue within the subject. The tissue-

mapping information can be used if additional procedures are performed.

[0127] In block 2012, irrigation fluid can be circulated through a treatment site via
the first and second cannulas. The fluid lumen of the first cannula can be fluidically
connected to a fluid supply system to supply fluid at a controlled pressure or flow rate.
The fluid lumen of the second cannula can be fluidically connected to a fluid return
system to return fluid from the treatment site. The deployed expander can aid in
controlling the fluid flow by providing a controlled boundary for the working volume at
the treatment site. According to several embodiments, the first and second cannulas
can have additional fluid lumens that can be connected to a fluid control system. The
fluid control system can then be used to configure a fluid lumen to supply or return
irrigation fluid. Thus, a first cannula can have, for example, both a fluid lumen
configured to supply irrigation fluid and a fluid lumen configured to return irrigation fluid,
while a second cannula has a fluid lumen configured to return irrigation fluid and a fluid

lumen configured to neither supply nor return irrigation fluid.

[0128] At procedure 2013, blocks 2014-2020 describe various steps, including
removing tissue from a treatment site, moving an interbody fusion implant to an implant
site, expanding the implant, and visualizing the expansion. These steps are similar to
steps at blocks 1008-1016 discussed above in connection with Figure 11. Steps can

be removed and performed in different orders.
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[0129] The components discussed herein can be mixed and matched to provide
desired functionality. For example, the cannulas and instruments discussed in
connection with Figures 1 and 13 can include tissue expanders, tissue-mapping
elements, visualization devices, or other features to provide desired functionality. The
components can be integrated into instruments and cannulas or can be separate
components. For example, the expander 1810 discussed in connection with Figures 18
and 19 can be coupled to other cannulas discussed herein using a clamp, pin
connectors, or other suitable connection arrangement. This allows the expander 1810
to be coupled to a wide variety of different types of cannulas. Additionally, distal regions
of instruments, cannulas, and expanders can have atraumatic designs to reduce or limit
tissue injury. By way of example, the expander 1810 of Figures 18 and 19 can have
rounded distal regions to help slide along tissue, thereby limiting or preventing tissue
injury. In other embodiments, expanders and cannulas can have relatively sharp edges
to facilitate cutting, abrading, or otherwise manipulating tissue. A kit can have both
atraumatic and non-atraumatic instruments to allow a user to select how tissue may or
may not be affected by the instruments and cannulas. Although lumens are within
cannulas, a separate tube can be couplable to cannulas. For example, a bone dust

removal tube can include a connector or clamp for detachably coupling to cannulas.

[0130] The above detailed descriptions of embodiments of the technology are not
intended to be exhaustive or to limit the technology to the precise form disclosed above.
Although specific embodiments of, and examples for, the technology are described
above for illustrative purposes, various equivalent modifications are possible within the
scope of the technology, as those skilled in the relevant art will recognize. For example,
while steps are presented in a given order, alternative embodiments may perform steps
in a different order. Features from various systems, methods, and instruments can be
combined with features disclosed in U.S. Pat. No. 8,632,594, U.S. Pat. No. 9,308,099,
U.S. Pat. No. 10,105,238, U.S. Pat. No. 10,201,431, U.S. Patent Application No.
16/565,403, and U.S. Patent Application No. 16/687,520, which are hereby
incorporated by reference and made a part of this application. Variations of the implants
are contemplated. For example, the interbody spacer 910 (Figures 9A-9C) may be
provided with different overall heights covering a range of intervertebral disc heights. In
other examples, the interbody spacer 910 may be provided with different lordotic and/or

kyphotic angles. In still other examples, the interbody spacer 910 may be provided with
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other patterns or features, such as spikes, protrusions, or the like on the bone contacting
surfaces that provide stability and/or resistance to shifting positions. The implant may
be made from metal, polymer, ceramic, composite, or other biocompatible and
sterilizable material. Different materials may be combined in what is described herein
as a single part. A surgical kit can include components discussed in connection with,
for example, Figures 1-11, 14-16, and 18-19. The kit can include cannulas, ports, fluid

components, tissue-mapping elements, expanders, combinations thereof, or the like.

[0131] Systems, components, and instruments disclosed herein can be
disposable or reusable. For example, the ports, instruments, or cannulas can be
disposable to prevent cross-contamination. As used herein, the term "disposable" when
applied to a system or component (or combination of components), such as an
instrument, a tool, or a distal tip or a head, is a broad term and generally means, without
limitation, that the system or componentin question is used a finite number of times and
is then discarded. Some disposable components are used only once and are then
discarded. In other embodiments, the components and instruments are non-disposable
and can be used any number of times. In some kits, all of the components can be
disposable to prevent cross-contamination. In some other kits, components (e.g., all or

some of the components) can be reusable.

[0132] Where the context permits, singular or plural terms may also include the
plural or singular term, respectively. Moreover, unless the word 'or' is expressly limited
to mean only a single item exclusive from the other items in reference to a list of two or
more items, then the use of 'or' in such a list is to be interpreted as including (a) any
single item in the list, (b) all of the items in the list, or (¢) any combination of the items
in the list. Additionally, the term "comprising" is used throughout to mean including at
least the recited feature(s) such that any greater number of the same feature and/or
additional types of other features are not precluded. It will also be appreciated that
specific embodiments have been described herein for purposes of illustration, but that
various modifications may be made without deviating from the technology. Further,
while advantages associated with certain embodiments of the technology have been
described in the context of those embodiments, other embodiments may also exhibit
such advantages, and not all embodiments need necessarily exhibit such advantages

to fall within the scope of the present technology. Accordingly, the disclosure and
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associated technology can encompass other embodiments not expressly shown or

described herein.
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CLAIMS

WHAT IS CLAIMED IS:

1. A system for treating a spine of a subject, the system comprising:

an instrument cannula; and

a delivery instrument including an elongated body and a distractor head, the
distractor head is deliverable through the instrument cannula and is
configured to controllably distract adjacent vertebrae and to provide a
delivery path for delivery of an interbody fusion device to an intervertebral
space between the distracted adjacent vertebrae while the elongated

body extends through the instrument cannula.

2. The system of claim 1, further comprising a deployment instrument
configured to be delivered through the instrument cannula and to deploy the interbody

fusion device.

3. The system of claim 1, wherein the delivery instrument includes

at least one stop, wherein the distractor head is insertable into the intervertebral
space while the at least one stop is positioned to contact a vertebral body
of the at least one of the adjacent vertebrae; and

a control element that controls operation of the distractor head such that the
distractor head pushes against endplates of the adjacent vertebrae to

enlarge the intervertebral space.

4. The system of claim 1, wherein the distractor head includes one or more

inflatable members and/or wedging devices.

5. The system of claim 1, further comprising one or more discectomy

instruments deliverable through the instrument cannula to perform a discectomy.
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6. The system of claim 1, further comprising an interbody fusion device with
an interface element detachably couplable to the delivery instrument, wherein the
delivery instrument is operable to cause the interbody fusion device to expand in a first

direction and a second direction different from the first direction.

7. The system of claim 1, further comprising an endoscopy cannula
configured to be positioned in a second port to provide access to endoscopically view

a treatment site along the spine while the delivery instrument is positioned in the subject.

8. The system of claim 1, further comprising one or more tissue removal

tools configured to remove tissue between vertebral bodies of the adjacent vertebrae.

9. The system of claim 1, further comprising an endoscope.

10. The system of claim 1, further comprising an interbody fusion device

configured to be delivered through the elongated body.

11.  The system of claim 1, wherein the distractor head is movable from a
delivery state configured for insertion into an intervertebral space between the adjacent
vertebrae and an expanded state configured for holding apart the distracted adjacent
vertebrae while the interbody fusion implant is delivered from the delivery instrument

and into the intervertebral space.

12. The system of claim 1, further comprising a driver detachably couplable
to a rotatable connection interface of the interbody fusion device, the driver moves
axially to move the interbody fusion device directly between adjacent vertebral bodies
of the adjacent vertebrae, wherein the driver is configured to expand the interbody

fusion device from a collapsed configuration to a deployed configuration.

13.  The system of claim 1, wherein the distractor head includes an inflatable
member insertable into the intervertebral space, the inflatable member is configured to
push apart the adjacent vertebral bodies when the inflatable member at the

intervertebral space is inflated.
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14.  The system of claim 1, wherein the distractor head includes at least one
stop movable away from a longitudinal axis of the distractor assembly toward a
deployed position, the at least one stop in the deployed position is configured to contact
a side of one of the adjacent vertebral bodies while the distractor head distracts the

vertebral bodies.

15.  The system of claim 1, wherein the system is configured to perform any

one of the methods of claims 21-54.

16. A spinal implant delivery instrument, comprising:

an elongated body configured to be positioned in a cannula; and

a distractor assembly coupled to the elongated body and movable from a delivery
state to an expanded state to distract first and second vertebral bodies,
wherein the distractor assembly in the delivery state is configured for
insertion into an intervertebral space between the first and second
vertebral bodies and in the expanded state is configured to hold apart the
distracted first and second vertebral bodies while an interbody fusion
implant is delivered from the distractor assembly and into the

intervertebral space.

17.  The spinal implant delivery instrument of claim 16, further comprising a
driver detachably couplable to a rotatable connection interface of the interbody fusion
device, the driver moves axially to move the interbody fusion device directly between
the first and second vertebral bodies, wherein the driver is configured to expand the

interbody fusion device from a collapsed configuration to a deployed configuration.

18. The spinal implant delivery instrument of claim 16, wherein the distractor
assembly includes a jaw having a first contact member and a second contact member
that define a delivery gap through which the interbody fusion device can be delivered

when the distractor assembly is in the expanded state.

19.  The spinal implant delivery instrument of claim 16, wherein the distractor

assembly includes an inflatable member insertable into the intervertebral space, the
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inflatable member is configured to push apart the first and second vertebral bodies when

the inflatable member at the intervertebral space is inflated.

20.  The spinal implant delivery instrument of claim 16, wherein the distractor
assembly includes at least one stop movable away from a longitudinal axis of the
distractor assembly toward a deployed position, the at least one stop in the deployed
position is configured to contact a side of one of the first and second vertebral bodies

while the distractor assembly distracts the first and second vertebral bodies.

21. A multi-portal method for treating a subject's spine, the method
comprising:

distracting adjacent vertebrae using a distraction instrument positioned at a first
entrance along the subject to enlarge an intervertebral space between the
adjacent vertebrae;

delivering an interbody fusion implant into the enlarged intervertebral space; and

expanding the interbody fusion implant positioned directly between vertebral
bodies of the adjacent vertebrae while endoscopically viewing the
interbody fusion implant using an endoscopic instrument, which is

positioned at a second entrance along the subject.

22.  The multi-portal method of claim 21, further comprising:

laterally and vertically expanding the interbody fusion implant using a driver
instrument;

viewing, via the endoscopic instrument, the lateral and vertical expansion of the
interbody fusion implant; and

separating the driver instrument from the laterally and vertically expanded

interbody fusion implant.

23.  The multi-portal method of claim 22, further comprising:

delivering the interbody fusion implant through a distal portion of the distraction
instrument;

expanding the interbody fusion implant while the driver instrument is positioned

within the distraction instrument positioned at the first entrance; and
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after the interbody fusion implant is in a locked expanded configuration,

separating the driver instrument from the interbody fusion implant.

24.  The multi-portal method of claim 22, further comprising:
incising the subject's tissue to form the first and second entrances, wherein the
first and second entrances are positioned on the same side of the

subject's midsagittal plane.

25.  The multi-portal method of claim 22, further comprising:
incising the subject's tissue to form the first and second entrances, wherein the
first and second entrances are positioned on opposite sides of the

subject's midsagittal plane.

26.  The multi-portal method of claim 21, further comprising:
sequentially expanding the interbody fusion implant laterally and vertically using

a driver instrument positioned at the first entrance.

27.  The multi-portal method of claim 21, wherein expanding the interbody
fusion implant includes

horizontally expanding the interbody fusion implant, and

after horizontally expanding the interbody fusion implant, vertically expanding the

interbody fusion implant to provide disc height restoration.

28. The multi-portal method of claim 21, further comprising confirming a

position of the expanded interbody fusion implant based on the endoscope viewing.

29.  The multi-portal method of claim 21, further comprising:

obtaining image data of the interbody fusion implant using the endoscopic
instrument; and

analyzing the image data to determine whether the interbody fusion implant is

mispositioned.

30.  The multi-portal method of claim 29, further comprising:
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in response to determining that the expanded interbody fusion implant is

mispositioned, notifying a user of the mispositioning.

31.  The multi-portal method of claim 29, further comprising:

presenting information for viewing by a user based on the analysis of the image
data, wherein the presented information includes at least one of
information for repositioning the interbody fusion implant or information for

collapsing the interbody fusion implant.

32.  The multi-portal method of claim 21, further comprising:

positioning a first port at the first entrance;

delivering the distraction instrument through the first port to move a distal end of
the distraction instrument toward the intervertebral space; and

expanding the distal end of the distraction instrument to push apart the adjacent

vertebrae.

33.  The multi-portal method of claim 21, further comprising:

positioning at least one stop of the distraction instrument adjacent to at least one
of the adjacent vertebrae;

inserting an expander into the intervertebral space while the at least one stop is
positioned to contact a vertebral body of the at least one of the adjacent
vertebrae; and

deploying the expander such that the expander pushes against endplates of the

adjacent vertebrae, thereby enlarging the intervertebral space.

34.  The multi-portal method of claim 33, wherein the expander includes one

or more inflatable heads and/or wedging devices.

35.  The multi-portal method of claim 21, further comprising:

delivering the interbody fusion implant in a collapsed configuration through a
lumen of the distraction instrument and into the enlarged intervertebral
space; and

after viewing, via the endoscopic instrument, the interbody fusion implant in the
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intervertebral space, causing the interbody fusion implant to move from

the collapsed configuration to an expanded configuration.

36. The multi-portal method of claim 21, further comprising performing a
discectomy between the adjacent vertebrae prior to expanding the interbody fusion

implant.

37.  The multi-portal method of claim 21, further comprising:

obtaining a first image of an implantation site using the endoscopic instrument;

obtaining a second image of the implantation site using the endoscopic
instrument after delivery of the interbody fusion implant into the enlarged
intervertebral space; and

determining whether the expanded interbody fusion implant is located at a
deployment position based on a position of the expanded interbody fusion

implant shown in the second image.

38.  The multi-portal method of claim 37, further comprising:
comparing the first image and the second image; and
determining the position of the expanded interbody fusion implant based on the

comparison.

39.  The multi-portal method of claim 37, further comprising displaying, via an

electronic screen, the first image and the second image.

40.  The multi-portal method of claim 21, further comprising:
obtaining one or more images of the subject's spine using the endoscopic
instrument; and
determining implantation information about the interbody fusion implant based
on the one or more images, wherein the implantation information includes
at least one of
recommended interbody fusion implant,

expansion setting for the interbody fusion implant, or
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recommended implantation position for the interbody fusion

implant.

41. A multi-portal method for treating a spine of a subject, comprising:

positioning a first cannula at a first portal site along the subject;

distracting a first vertebral body and a second vertebral body using a distraction
instrument extending through the first cannula;

moving, via the first cannula, an interbody fusion implant toward an intervertebral
implantation site between the distracted first and second vertebral bodies;
and

visualizing at least a portion of the intervertebral implantation site and at least a
portion of the interbody fusion implant using an endoscopic instrument

positioned at a second portal site along the subject.

42. The method of claim 41, further comprising expanding the interbody
fusion implant while endoscopically visualizing the interbody fusion implant using the
endoscopic instrument positioned at the second portal site.

43. The method of claim 41, wherein the first and second portal sites are
positioned to perform at least one of oblique lumbar interbody fusion, lateral lumbar
interbody fusion, posterior lumbar interbody fusion, transforaminal lumbar interbody

fusion, or anterior lumbar interbody fusion.

44.  The method of claim 41, further comprising inserting bone graft material
into the expanded interbody fusion implant, wherein the bone graft material is

configured to promote bony arthrodesis.

45, The method of claim 41, further comprising:

visualizing at least a portion of the interbody fusion implant throughout most of
an expansion process for restoring intervertebral disc space between the
first and second vertebral bodies.
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46. The method of claim 41, further comprising coupling together the first
cannula and a second cannula prior to expanding the interbody fusion device at the

intervertebral implantation site.

47. A multi-portal endoscopy-assisted method for treating a spine of a subject,
comprising:
performing at least a portion of a surgical procedure by using a first port to access
the subject's spine; and
visualizing at least a portion of the surgical procedure using an endoscope
positioned via a second port, wherein the first port and second port are

spaced apart from one another along the subject's skin.

48. The method of claim 47, wherein the endoscope is positioned within the
subject such that an interbody fusion device is capable of being implanted without

removing the endoscope from the subject.

49.  The method of claim 47, wherein the endoscope is positioned through the
second port throughout most of the surgical procedure period in which the spine is

altered, wherein the surgical procedure is part of a minimally invasive spine surgery.

50. The method of claim 47, wherein the surgical procedure is an oblique
lumbar interbody fusion procedure, a lateral lumbar interbody fusion procedure, a
posterior lumbar interbody fusion procedure, a transforaminal lumbar interbody fusion

procedure, or an anterior lumbar interbody fusion procedure.
51. The method of claim 47, further comprising sequentially delivering
instruments, via the first port, into the subject to perform the portion of the surgical

procedure.

52.  The method of claim 47, further comprising incising the subject's skin to

form the first port.

50



WO 2021/050577 PCT/US2020/049982

53. The method of claim 47, further comprising performing a discectomy via
the first port.

54.  The method of claim 47, further comprising removing at least most of an

intervertebral disc of the subject.

55. A system configured to perform any one of the methods of claims 21-54.

56. A cannula comprising:

an elongate body including a proximal end and a distal end;

a plurality of lumens extending from the proximal end to the distal end of the
elongate body, wherein the plurality of lumens includes a first fluid lumen
configured to provide flow of fluid therethrough and a working lumen
configured for allowing a surgical instrument to pass therethrough; and

one or more tissue-mapping probes disposed at the distal end of the elongate

body and configured to emit energy.

57.  The cannula of claim 56, further comprising at least one transmission line
within the elongate body and electrically coupled to the one or more tissue-mapping
probes, and wherein the one or more tissue-mapping probes are positioned around a
distal end of the working lumen and configured to emit the energy for identifying nerve

tissue while the surgical instrument is positioned in the working lumen.

58. The cannula of claim 56, wherein the plurality of lumens further includes

a second fluid lumen configured to provide flow of fluid therethrough.

59. The cannula of claim 58, wherein:

the first fluid lumen is configured to provide flow of irrigation fluid from the
proximal end to the distal end and into a surgical site; and

the second fluid lumen is configured to provide flow of irrigation fluid from the

surgical site through the distal end and to the proximal end.
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60. The cannula of claim 58, wherein the proximal end of the cannula is
configured to be coupled to a surgical irrigation supply system to fluidically couple the

first fluid lumen and/or the second fluid lumen to the surgical irrigation supply system.

61. The cannula of claim 56, wherein the one or more tissue-mapping probes

are spaced circumferentially around the distal end of the cannula.

62. The cannula of claim 56, wherein the one or more tissue-mapping probes

include neuromonitoring electrodes.

63. The cannula of claim 56, wherein the one or more tissue-mapping probes
are operably coupled to at least one transmission line extending along the elongate
body.

64. The cannula of claim 56, wherein the at least one transmission line is
operably connectable to a tissue-mapping system programmed to identify tissue based,

at least in part, on output from the one or more tissue-mapping probes.

65. The cannula of claim 56, wherein the at least one transmission line is

configured to transmit electrical signals and/or optical signals.

66. A multi-portal method for treating a spine of a subject, the method
comprising:

positioning a first cannula at a first portal site along the subject, wherein the first
cannula comprises a first fluid lumen configured to provide flow of
irrigation fluid therethrough;

positioning a second cannula at a second portal site along the subject, wherein
the second cannula comprises a second fluid lumen configured to provide
flow of irrigation fluid therethrough;

mapping one or more locations of tissue within the subject using at least one

tissue-mapping probe coupled to the first cannula and/or second cannula;
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removing tissue from the treatment site using one or more instruments positioned
through the first cannula while circulating, via the first and second
cannulas, irrigation fluid through the treatment site;

moving, via the first cannula, an implant toward an intervertebral implantation
site; and

visualizing at least a portion of the intervertebral implantation site and at least a
portion of the implant using an endoscopic instrument inserted through

the second cannula.

67. The method of claim 66, wherein:
mapping the one or more locations of tissue includes receiving a response signal

at the at least one tissue-mapping probe.

68. The method of claim 66, wherein:
mapping the one or more locations of tissue includes transmitting a stimulus
signal from the at least one tissue-mapping probe and receiving a

response signal at a sensor disposed within the subject.

69. The method of claim 68, wherein the stimulus signal is an electrical signal,

an optical signal, or an ultrasonic signal.

70.  The method of claim 66, wherein the tissue includes nerve tissue, bone,

fascial tissue, and/or connective tissue.

71.  The method of claim 66, further comprising deploying an expander at the
treatment site via the first cannula such that the expander increases a volume of a

working space in the subject.
72.  The method of claim 71, wherein the expander is further configured to

permit visualization of the treatment site and an intervertebral implantation site using

the endoscopic instrument extending through the second cannula.
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73.  The method of claim 71, wherein the expander comprises one or more

articulating segments each having at least one tissue-mapping probe disposed thereon.

74. A method for performing a biportal spine procedure using a sterile
universal biportal spine surgery kit including a set of ports, surgical instruments, an
instrument cannula, and an imaging cannula, the method comprising:

selecting afirst port and a second port from the set of ports based on the biportal

spine procedure to be performed on a subject;

inserting the first port and the second port into the subject;

positioning the instrument cannulas in the first port;

positioning the imaging cannula in the second port; and

using at least one of the surgical instruments positioned in the instrument

cannula to perform at least a portion of the biportal spine procedure while
viewing, using an imaging device positioned in the imaging cannula, the

at least one of the surgical instruments.

75.  The method of claim 74, further comprising:

selecting the at least one of the surgical instruments based on the biportal spine
procedure; and

completing the biportal spine procedure without utilizing all of the surgical

instruments in the kit.

76. The method of claim 74, further sequentially inserting the surgical

instruments in the instrument cannula to perform steps of the biportal spine procedure.

77. The method of claim 74, wherein the surgical instruments include

decompression instruments, a distractor, a rongeur, and a reamer.

78.  The method of claim 74, further comprising:

mapping a location of nerve tissue using one or more energy-emitting elements
coupled to the instrument cannula and/or the imaging cannula; and

using the mapping to position the instrument cannula and/or the imaging

cannula.
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79.  The method of claim 74, wherein the instrument cannula and the imaging

cannula are configured to be fluidically coupled to one or more irrigation apparatuses.

80. The method of claim 74, further comprising using one or more tissue-
mapping elements coupled to the instrument cannula or the imaging cannula and

configured to identify tissue beneath the subject’s skin.

81.  The method of claim 74, wherein the biportal spine procedure is a spinal

decompression procedure or an interbody fusion procedure.

82. The method of claim 74, further comprising:

positioning an expander of one or more of the surgical instruments within the
subject; and

moving the expander from an unexpanded configuration to an expanded

configuration, thereby increasing a working space within the subject.

83.  AKit for multi-portal spine surgery techniques, the kit comprising:

a plurality of cannulas each including a working lumen, a first fluid lumen, a
second fluid lumen, and at least one probe; and

a plurality of surgical ports each sized to receive at least one of the plurality of

cannulas therethrough.

84. The kit of claim 83, wherein the surgical ports are configured to extend

through a subject's skin and fascia.
85.  The kit of claim 83, wherein the kit is a sterile universal spine surgery Kkit.
86.  The kit of claim 83, further comprising:
at least one surgical instrument; and

packaging holding the plurality of cannulas, the plurality of ports, and at least one

surgical instrument.
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87.  The kit of claim 86, wherein the at least one surgical instrument includes
a distraction instrument, a delivery instrument, a scalpel, a dilator, a rongeur, a
debulking instrument, and/or a reamer.

88.  The kit of claim 83, further comprising at least one implantable device.

89.  The kit of claim 83, further comprising a visualization instrument.

56



WO 2021/050577 1/20 PCT/US2020/049982

171 VR (
172 " 40
162
N

\‘/
w7

FIG. 1

SUBSTITUTE SHEET (RULE 26)



WO 2021/050577 2/20 PCT/US2020/049982

&
<
, =
&3
) S
<

SUBSTITUTE SHEET (RULE 26)



WO 2021/050577 3/20 PCT/US2020/049982

440 472

120 130

430

\_/‘l

444

FIG. 4

SUBSTITUTE SHEET (RULE 26)



WO 2021/050577 4/20 PCT/US2020/049982

462

440

570

444

N

(480 140

W /
AN

FIG. 5

SUBSTITUTE SHEET (RULE 26)



WO 2021/050577 5/20 PCT/US2020/049982

440

FIG. 6

SUBSTITUTE SHEET (RULE 26)



WO 2021/050577 6/20 PCT/US2020/049982

710

732 720 % 700

751

=T
S

740

712

FIG. 7

SUBSTITUTE SHEET (RULE 26)



WO 2021/050577 7/20 PCT/US2020/049982

462

46‘17(

450 830
828

440

848 \ 852 ( ;IO 800
850 N\ i::::::::jSA//

444 130

454
834

FIG. 8

SUBSTITUTE SHEET (RULE 26)



WO 2021/050577 8/20 PCT/US2020/049982

440

007 = 912

910

914
/.

444

FIG. 94

SUBSTITUTE SHEET (RULE 26)



WO 2021/050577 9/20 PCT/US2020/049982

440
£
- - \ 912
[ 907
910 "\ /
|
L 914
444

FIG. 9B

SUBSTITUTE SHEET (RULE 26)



WO 2021/050577 10/20 PCT/US2020/049982

910 \ i

444 ?

~ 912
907
<

Lois |
[T

914
—/ /

FIG. 9C

SUBSTITUTE SHEET (RULE 26)



WO 2021/050577 11/20 PCT/US2020/049982

934
910 If
-
FIG. 104
916
922\r
920
AN
910 : .\
: 7
FIG. 10B

SUBSTITUTE SHEET (RULE 26)



WO 2021/050577 12/20 PCT/US2020/049982

1002

Incise subject’s tissue

A 1004

Position distraction instrument
at first entrance

A 1006

Position endoscopic instrument
at second entrance

A 1008

Remove tissue from
intervertebral space

A 1010

Distract adjacent vertebrae

A 1012
Deliver interbody fusion
implant
A 1014
Expand interbody fusion
implant
A 1016

View expansion

A 1018

Separate driver instrument

FIG. 11

SUBSTITUTE SHEET (RULE 26)



WO 2021/050577

13/20 PCT/US2020/049982
1110
Input .
Devices D1|s1 %Igy O’Tﬂ(')/ O
1120
1
\ 4
Processors
1145
y
A
Memory
1150

Program Memory 1160

Operating System
1162

Surgical Assistance
System 1164

Other Applications
1166

1170

Data Memory

FIG. 12

SUBSTITUTE SHEET (RULE 26)



WO 2021/050577 14/20 PCT/US2020/049982

/1200
1210
r A N\
120 190~ 472~ 474 1230
é) @ @ @\1232
| L
1220
[oeecdad]
N\
1222
140
L~
| O —— |
S 510~ — 128
= N
920 ‘
— UJ

FIG. I3

SUBSTITUTE SHEET (RULE 26)



WO 2021/050577 15/20 PCT/US2020/049982

1402

1400
_—‘\\\\ 1404

1401

1408

FIG. 14
1400 ——\\\\
1401 1420 = =
FIG. 144  “fol.. & =
1420
1402

FIG. 14B

SUBSTITUTE SHEET (RULE 26)



WO 2021/050577 16/20

1400 1402 1430 1440

5 ) T " %,
XN %, 3, %,
XN %, 3, %,
XN %, 3, %,
XN %, 3, %,
XN %, 3, %,
XN %, 3, %,
XN %, 3, %,
141 0 XN %, 3, %, /— 141 2
N %9
b, ] 4]
XN %, 3, %,
XN %, 3, %,
K XN %, 3, %,
XN %, 3, %,
XN %, 3, %,
1408 . o] e,
XN %, 3, %,
XN %, 3, %,
s, P, ] %, 3, %,
"ﬂ;’ﬁ XN %, 3, %,
O N N I
XN %, 3, %,
XN %, 3, %,
XN %, 3, %,
XN %, 3, %,
XN %, 3, %,
1404 o] e,
XN %, 3, %,
XN %, 3, %,
XN %, 3, %,
XN %, 3, %,
XN %, 3, %,
XN %, 3, %,
XN %, 3, %,
XN %, 3, %,
XN %, 3, %,
XN %, 3, 7,
Py, % |
N
N
P, ] -z T —
XN %, 3, %,
XN %, 3, %,
P, %, o],
P, % %, 3,1,
N I
N I
N I
~— o, S B
¢ B XN N I
G N N I
N I N N I
G N N I
G N N I
G N N I
G N N I
G N N I
G N N I
G N N I
1413 ’\' A I A
G N N I
G N N I
G N P N I
G N N I
o ] 1430 o] R,
G N N I
G N N I
G N N I
G N N I
G N N I
G N N I
G N N I
o I s T o o IS

1401 8 XKC-C S \

1416
1420 1420
1414 1409

FIG. 14C

SUBSTITUTE SHEET (RULE 26

PCT/US2020/049982



WO 2021/050577 17/20 PCT/US2020/049982

1501

1510

1524 1524
1526

1520

FIG. 15

k-~ 1636
|
|
|
I

1600 \

\%

A

1624 ----|

N\1604

I
]
]
I
]
]
|
r/'\163o
]
]
I
]
]
I
]
]
I
]
]
I
]

11620
= 1641

\
~-1640

FIG. 16

SUBSTITUTE SHEET (RULE 26)



18/20 PCT/US2020/049982

WO 2021/050577

LI "OIA

L44% 7\ ovv

oy

0LL1

SUBSTITUTE SHEET (RULE 26)



WO 2021/050577 19/20 PCT/US2020/049982

b k1801

1824 1823 1824 1811

FIG. 18

1824

1824

1810

FIG. 19

SUBSTITUTE SHEET (RULE 26)



WO 2021/050577

2000

20720

2002

Incise subject’s tissue and
install ports

Y 2004

Position a first cannula at a first
portal

A 2006

Position a second cannula at a
second portal

A 2008

Deploy expander at
treatment site

A 2010

Map locations of tissue

A 2012

Circulate irrigation fluid through
treatment site via the first and
second cannulas

A 2014
Remove tissue from treatment
site
A 2016

Move interbody fusion implant
to implant site

A 2018
Expand interbody fusion
implant
A 2020

View expansion

> 2013

FIG. 20

SUBSTITUTE SHEET (RULE 26)

PCT/US2020/049982



INTERNATIONAL SEARCH REPORT

International application No.

PCTIUS 20/49982

A. CLASSIFICATION OF SUBJECT MATTER
IPC - AG1F 2/46 (2020.01)

CPC - AB1F 2/4611

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

See Search History document

Minimum documentation searched (classification system followed by classification symbols)

See Search History document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

See Search History document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 2007/0276406 A1 (MAHONEY et al.); 29 November 2007 (20.11.2007); entire document, 1-2, 4, 8, 10-11

- especially Abstract, Fig. 38-39, para. [0065], [0101])-{0103], (0114]. P —————.

Y 1,3,5 14

X US 2006/0149279 A1 (MATHEWS); 6 July 2006 (06.07.2006); entire document, especiaily 1,7, 9, 13, 47-54, 55/(47-

- Abstract, Fig. 3C, para. [0042], [0045], [0050). 54)

Y

-- 6, 12, 19, 21-29, 32-37,

A 40-45, 55/(21-29, 32-37,
40-45)
30-31, 38-39, 46, 55/(30-
31, 38-39, 46)

X US 3,486,505 A (MORRISON); 30 December 1969 (30.12.1969); entire document, especially 16, 18

- Fig. 1-2; col. 2, In 10-34. B

Y 19

A 17

X US 2009/0281551A1 (FREY), 12 November 2009 (12.11.2009); entire document, especially 16, 20

- Abstract, Fig. 1, para. [0043]-[0048). mmmeemeemeeee e ees

Y 1, 3, 5, 14, 33-34, 55/(33-
34)

m Further documents are listed in the continuation of Box C.

I:I See patent family annex.

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“D” document cited by the applicant in the international application

“E"” earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which
is cited to establish t e;nPubhcatlon date of another citation or other
special reason (as specified)

“Q" documentreferringtoan oral disclosure, use, exhibition or other means

“P” document published prior to the international filing date but later than

the priority date claimed

“T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

“Y™ document of particular relevance; the claimed invention cannot
be considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the interational search

28 October 2020

Date of mailing of the international search report

26 JAN 2071

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300

Authorized officer
Lee Young

Telephone No. PCT Helpdesk: 571-272-4300

Form PCT/ISA/210 (second sheet) (July 2019)




INTERNATIONAL SEARCH REPORT

International application No.

PCT/US 20/49982

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 2002/0143401 A1 (MICHELSON) 3 October 2002 (03.10.2002); entire document, 6, 12, 21-29, 32, 35-37,
- especially Fig. 23-24; Abstract, para. [0100], {0113]-[0114]. 40-45, 55/(21-29, 32, 35-
A

37, 40-45)

17, 30-31, 38-39, 46,
55/(30-31, 38-39, 46)

Form PCT/ISA/210 (continuation of second sheet) (July 2019)




INTERNATIONAL SEARCH REPORT International application No.

PCT/US 20/49982

Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. EI Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. Claims Nos.: 15

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be searched, the appropriate additional search fees must be paid.

Group I: Claims 1-14, 16-55 directed to a system for treating a spine of a subject comprising a distractor and associated methods.

Group |l: Claims 56-89 directed to a cannula comprising one or more tissue-mapping probes, a kit comprising the probe, and associated
methods.

-*-NOTE: Claim 15 is unsearchable and is not included with any of the claim groups-*-

-*-Continued in extra sheet-*-

1. l:l As all required additional search fees were timely paid by the applicant, this intemational search report covers all searchable
claims.

2. |___I As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. K{ No required additional search fees were timely paid by the applicant. Consequently, this intemational search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.:

1-14, 16-55

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.
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-*-Box No. Ill - Lack of unity-*-

The inventions listed as Groups I-Il do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

SPECIAL TECHNICAL FEATURES

The invention of Group | includes the special technical features of a delivery instrument including an elongated body and a distractor
head, the distractor head [is deliverable through the instrument cannula)] and is configured to controllably distract adjacent vertebrae and
to provide a delivery path for delivery of an interbody fusion device, not required in Group 1.

The invention of Group |l includes the special technical features of a cannula comprising a first fluid lumen
configured to provide flow of fluid therethrough and one or more tissue-mapping probes disposed at the distal end of the elongate body
and configured to emit energy, not required in Group |.

COMMON TECHNICAL FEATURES

1he inventions of Groups I-li share the technical features of a plurality of surgical ports and a cannula. The common technical features
are known in prior art as shown in US 2006/0149279 A1 to Mathews (hereinafter ‘Mathews'). Therefore, Groups I-Il lack unity since the
shared technical features do not represent a contribution over Mathews which teaches a plurality of surgical ports (ports 18, 19, Fig. 4,
para. [0050], and a cannula (distractor 30', Fig. 4, para. [0050]).

The inventions of Groups |-l further share the technical features of multi-portal method for treating a spine of a subject, the method
comprising: positioning a first cannula at a first portal site along the subject, positioning a second cannula at a second portal site along
the subject, moving, via the first cannula, an implant toward an intervertebral implantation site, and visualizing at least a portion of the
intervertebral implantation site and at least a portion of the implant using an endoscopic instrument inserted through the second cannula.
The common technical features are known in prior art as shown in Mathews. Therefore, Groups |- lack unity since the shared technical
features do not represent a contribution over:

Mathews teaches a multi-portal method for treating a spine of a subject (method for preparing a disc space and for forming interbody
devices therein, Abstract), the method comprising positioning a first cannula at a first portal site along the subject (first cannula of port 19
is placed to land on annulus, para. [0042));

positioning a second cannula at a second portal site along the subject (second cannula of port 18 is placed to land on annulus, para.
[0042));
moving, via the first cannula, an implant toward an intervertebral implantation site (material delivery lumen 32b’ of dilator 30' extending
through port 19 for delivering material 50 into the intervertebral space, Fig. 3-4, para. [0050]); and

visualizing at least a portion of the intervertebral implantation site and at least a portion of the implant using an endoscopic instrument
inserted through the second cannula (access port 18 can then be used for endoscopic visualization; An endoscope can be placed in one
of the access portals, para. [0042]-[0043]).

As the common features were known in the art at the time of the invention, they cannot be considered special technical features that
would otherwise unify the groups.

Therefore, Groups I-ll lack unity under PCT Rule 13 because they do not share a same or corresponding special technical feature.
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