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CONDITIONAL AUTOMATION OF
SURGICAL TASKS

BACKGROUND

[0001] The present disclosure is generally directed to
surgical tasks and, more particularly, toward conditional
automation of one or more surgical tasks based on time
tracking and data analysis.

[0002] Operating rooms may be used to perform one or
more surgeries or surgical procedures. The surgery or sur-
gical procedure may follow a set workflow, so that the same
surgery or surgical procedure is uniformly performed even
with different patients, different surgeons and/or different
surgical assistants. Over the course of time, a physician may
learn the nuanced requirements of the surgery or surgical
procedure, leading to improved patient outcomes. The sur-
geon may nonetheless need to handle one or more surgical
instruments or perform other tasks within the operating
room that negatively impacts the surgeon’s performance and
delays the surgery or surgical procedure, such as adjusting
surgical lights.

SUMMARY

[0003] Issues with the above-mentioned surgical perfor-
mance may be addressed by the technical solution disclosed
herein. According to at least one embodiment, a surgical
workflow may include one or more devices that automati-
cally perform one or more actions based on operating room
conditions. For example, the one or more devices may
include a processor that determines, using, for example,
conditional logic, that the surgery or surgical procedure has
begun, and automatically triggers one or more actions (such
as automatically adjusting the surgical lighting) based on
such a determination.

[0004] In at least one embodiment, the conditional logic
may be based on one or more static indicators. The static
indicators may be binary values (e.g., a value of zero or a
value of one) or any other type of value (e.g., an integer
value), that may be used by the processor to conditionally
enable or perform one or more actions within the operating
room. For instance, the static indicator may be a binary value
that, when equal to zero, indicates that the one or more
actions cannot yet be performed. Once the static indicator is
updated to be equal to one (such as when a patient enters the
operating room), the processor may be able to enable or
perform one or more actions, such as enabling the function-
ality of one or more surgical tools or any other piece of
equipment within the operating room.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG. 1 shows a block diagram of aspects of a
system according to at least one embodiment of the present
disclosure;

[0006] FIG. 2 shows a timeline with comparative logic
according to at least one embodiment of the present disclo-
sure;

[0007] FIG. 3 illustrates the comparative logic using sur-
gical events to enable one or more actions according to at
least one embodiment of the present disclosure; and

[0008] FIG. 4 is a flowchart according to at least one
embodiment of the present disclosure.
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DETAILED DESCRIPTION

[0009] The exemplary systems and methods of this dis-
closure will be described in relation to conditional automa-
tion of surgical tasks. However, to avoid unnecessarily
obscuring the present disclosure, the description omits a
number of known structures and devices. This omission is
not to be construed as a limitation of the scope of the claimed
disclosure. Specific details are set forth to provide an under-
standing of the present disclosure. It should, however, be
appreciated that the present disclosure may be practiced in
a variety of ways beyond the specific detail set forth herein.
[0010] Turning first to FIG. 1, aspects of a system 100
according to at least one embodiment of the present disclo-
sure are shown. The system 100 includes a processing unit
104, a memory 108, a user interface 112, a network interface
116, a database 118, a network 120, a surgical instrument
152, a surgical monitor 160, a display 168, and one or more
other pieces of surgical equipment 172. In some embodi-
ments, the system 100 may include additional or alternative
components to those shown in FIG. 1. For example, in some
optional embodiments the system 100 may include addi-
tional surgical instruments, surgical monitors, equipment
and/or equipment monitors or sensors.

[0011] The processing unit 104 may provide processing
functionality and may correspond to one or many computer
processing devices. For instance, the processing unit 104
may be provided as a Field Programmable Gate Array
(FPGA), an Application-Specific Integrated Circuit (ASIC),
any other type of Integrated Circuit (IC) chip, a collection of
IC chips, a microcontroller, a collection of microcontrollers,
a GPU(s), or the like. As another example, the processing
unit 104 may be provided as a microprocessor, Central
Processing Unit (CPU), Graphics Processing Unit (GPU),
and/or plurality of microprocessors that are configured to
execute the instructions sets and/or data stored in memory
108. The processing unit 104 enables various functions of
the system 100 upon executing the instructions (such as
workflow instructions 128) and/or data stored in the memory
108.

[0012] The memory 108 may be or comprise a computer
readable medium including instructions that are executable
by the processing unit 104. The memory 108 may include
any type of computer memory device and may be volatile or
non-volatile in nature. In some embodiments, the memory
108 may include a plurality of different memory devices.
Non-limiting examples of memory 108 include Random
Access Memory (RAM), Read Only Memory (ROM), flash
memory, Electronically-Erasable Programmable ROM (EE-
PROM), Dynamic RAM (DRAM), etc. The memory 108
may include instructions that enable the processing unit 104
to control the various elements of the system 100 and to
store data, for example, into the database 118 and retrieve
information from the database 118. The memory 108 may be
local (e.g., integrated with) the processing unit 104 and/or
separate from processing unit 104.

[0013] The memory 108 may include the worktlow
instructions 128, algorithms 144, and comparative logic 148.
The workflow instructions 128 may include action sets 132,
timing information 136, and surgical information 140, which
are discussed in further detail below. In some optional
embodiments, the memory 108 may include additional or
alternative components than those depicted in FIG. 1.
[0014] The user interface 112 includes hardware and/or
software that enables user input to the system 100 and/or any
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one or more components thereof. The user interface 112 may
include a keyboard, a mouse, a touch-sensitive pad, touch-
sensitive buttons, mechanical buttons, switches, and/or other
control elements for providing user input to the system 100
to enable user control over certain functions the system 100
(e.g., enabling/permitting compositing of video data
streams, rendering processed video to the display 168, etc.).
Simply as an illustrative example, the display 168 may have
input buttons and switches, and, additionally, a keyboard or
mouse may be connected directly to the processing unit 104.
All of these together constitute the user interface 112.
[0015] The network interface 116 may enable one or more
components of the system 100 to communicate wired and/or
wirelessly with one another or with components outside the
system 100. These communication interfaces that permit the
components of the system 100 to communicate using the
network interface 116 include wired and/or wireless com-
munication interfaces for exchanging data and control sig-
nals between one another. Examples of wired communica-
tion interfaces/connections include Ethernet connections,
HDMI connections, connections that adhere to PCI/PCle
standards and SATA standards, and/or the like. Examples of
wireless interfaces/connections include Wi-Fi connections,
LTE connections, Bluetooth® connections, NFC connec-
tions, and/or the like. In some optional embodiments, one or
more components of the network interface 116 may be
disposed in or may be constituted by a gateway 124.
[0016] The database 118 includes the same or similar
structure as the memory 108 described above. In at least one
exemplary embodiment, the database 118 is included in a
remote server and stores video data captured during a
surgery or surgical procedure (e.g., a camera on an endo-
scope capturing a live feed during an endoscopy).

[0017] The network 120 may be a collection of transmit-
ters, receivers, and/or cables (electrical and/or optical) that
transfer data from the surgical instrument 152, the surgical
monitor 160, components thereof, and the like to the pro-
cessing unit 104 (and vice versa) through the gateway 124.
The network 120 may be or comprise a collection of fiber
optic cables (e.g., single-mode fiber, multi-mode fiber, etc.)
and the like capable of transferring data. In some embodi-
ments, the network 120 may be or comprise a cloud com-
puting network. In some embodiments, the network 120 may
include one or more wireless or Wi-Fi capabilities (e.g.,
ability to communicate with other networks wirelessly,
ability to transfer data to or from the surgical instrument 152,
the surgical monitor 160, and/or transfer data from other
components of the system 100 to other locations or virtual
spaces, etc.). In some embodiments, the network 120 may
provide 10 Gpbs transfer speed capabilities and/or may
otherwise have sufficient bandwidth to transfer 10G data
streams.

[0018] The gateway 124 may be or comprise a transmitter
and/or receiver configured to enable the processing unit 104
to communicate (e.g., send signals to and/or receive signals
from) with the surgical instrument 152 and/or the surgical
monitor 160 (or components thereof) over the network 120.
The gateway 124 may be further configured to receive, for
example, monitored status data from the first sensor 156
and/or the second sensor 164 and communicate the status
data to the processing unit 104. In some optional embodi-
ments, the gateway 124 may use one or more protocols (e.g.,
Modbus RS232 protocol, Modbus RS485 protocol, etc.) to
transmit the status data.
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[0019] The display 168 may be or comprise a liquid
crystal display (LCD), a light emitting diode (LED) display,
a high definition (HD) display, a 4K display, or the like. The
display 168 may be a stand-alone display or a display
integrated as part of another device, such as a smart phone,
a laptop, a tablet, a headset or head-worn device, and/or the
like. In one embodiment, the display 168 may be a monitor
or other viewing equipment disposed within an operating
room, such that video feed captured from a surgery or
surgical procedure can be rendered to the display 168 for a
physician to view.

[0020] The surgical instrument 152 may be or comprise
surgical tools or other surgical components used during the
course of the surgery or surgical procedure. For example, the
surgical instrument 152 may be or comprise an electrocau-
tery device capable of delivering an electric current to ablate
or cauterize anatomical tissue, or may alternatively be or
comprise a surgical shaver configured to cut or remove
anatomical tissue. While examples of an electrocautery
device and surgical shaver are provided, it is to be under-
stood that the types of surgical instruments discussed herein
are in no way limited, and additional non-limiting examples
include a surgical drill, a surgical ablator, a surgical reamer,
a surgical saw, a surgical tap, and/or an irrigation device
(e.g., a device capable of delivering water, saline, and/or
other fluids to an anatomical site).

[0021] The surgical monitor 160 may be or comprise one
or more instruments or devices capable of monitoring one or
more conditions of the surgical environment, such as patient
vitals, and relaying such information to the processing unit
104. Non-limiting examples of the surgical monitor 160 may
include a heart rate monitor, a blood pressure monitor, a
body temperature monitor, a pulse rate monitor, a respiration
monitor, and a heart rhythm monitor.

[0022] The surgical equipment 172 may be or comprise
surgical lights, an operating table, HVAC controls, and/or
other equipment that assist with facilitating one or more
surgical procedures. The surgical instrument 152, the surgi-
cal monitor 160, the surgical equipment 172, and any other
component of the system 100 may include a controller 176.
The controller 176 may communicate with the processing
unit 104 to permit the surgical instrument 152, the surgical
monitor 160, and/or the surgical equipment 172 to be
controlled or otherwise operated. In some embodiments, the
processing unit 104 and/or the controller 176 may be
capable of controlling operation of the surgical instrument
152, the surgical monitor 160, the surgical equipment 172,
and/or other components based on the results of the com-
parative logic 148.

[0023] The first sensor 156 and the second sensor 164 may
be or comprise devices capable of measuring, reading, or
otherwise detecting device information associated with the
respective surgical instrument 152 and the surgical monitor
160 (e.g., current and/or voltage measurements), or more
generally may measure, read, or otherwise detect informa-
tion associated with other surgical instruments or other
objects within the context of the surgical environment. For
example, the first sensor 156 and/or the second sensor 164
may be or comprise motion sensors capable of detecting
patient movement and/or surgeon movement. The first sen-
sor 156 and/or the second sensor 164 may be wireless
sensors that communicate with the processing unit 104 over
the network 120. In some optional embodiments, the first
sensor 156 and/or the second sensor 164 may be wired, or
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otherwise connected to and in communication with the
processing unit 104 without the use of the network 120. In
some embodiments, the first sensor 156 and/or the second
sensor 164 may be or comprise current sensors (e.g., Amme-
ters) capable of measuring the current flowing into and/or
out of the respective surgical instrument 152 and surgical
monitor 160. Information related to the current flow (e.g.,
magnitude of the current) may then be transmitted to the
processing unit 104 (e.g., over the network 120), and the
processing unit 104 may use the measured current, along
with other information and comparative logic, to condition-
ally enable one or more actions, as discussed in further detail
below.

[0024] The workflow instructions 128 may, when pro-
cessed by the processing unit 104, cause the processing unit
104 to use comparative logic to enable one or more functions
or actions associated with a surgery or surgical procedure
and/or perform the one or more functions or tasks associated
with the surgery or surgical procedure. The action sets 132
may cause the processing unit 104 to perform one or more
functions or tasks in accordance with the action sets 132. For
example, the action sets 132 may cause the processing unit
104 to control or operate the surgical instrument 152 and/or
the surgical monitor 160 (or one or more components
thereof). As another example, the action sets 132 may cause
the processing unit 104 to adjust surgical lighting within an
operating room. In some embodiments, the action sets 132
may include information about which actions are capable of
being enabled based on, for example, what actions are
already enabled, the current state of the surgery or the
surgical procedure (e.g., preoperative phase, intraoperative
phase, post-operative phase, etc.), combinations thereof, and
the like.

[0025] The timing information 136 may be or comprise
information related to the amount of time required for the
completion of one or more surgical tasks and/or the order in
which the surgical tasks are to be completed. For instance,
the timing information 136 may include information about
which tasks in a set of surgical tasks occurs first (e.g.,
surgical lights are turned on before a surgical tool is turned
on), as well as the time required for the completion of the
surgical task (e.g., turning on the surgical lights takes 10
seconds, while turning on the surgical tool takes 2 seconds).

[0026] In some embodiments, the workflow instructions
128 may be capable of being pre-programmed by a user
(e.g., a surgeon, a member of a surgical staff, etc.) to include
information about the surgery or surgical procedure. For
example, the user may verify an end of a step of the surgery
or surgical procedure by providing an input on the user
interface 112, such as by pressing a virtual button rendered
to the user interface 112. Such an input may be verified by
the system 100 using, for example, an actuating of an
electrical transducer. As a result, the workflow instructions
128 may change based on the surgery or surgical procedure.
The type of surgery or surgical procedure discussed herein
is not particularly limited, and examples may include sur-
geries or surgical procedures directed toward anatomical
elements such as the heart, liver, lungs, stomach, intestines,
arms, legs, neck, spine, brain, and the like. While an
example implementation of aspects of the present disclosure
are further discussed below with various examples, it is to be
understood that any aspects of the present disclosure may be
used with any surgery or surgical procedure, and that such
examples are in no way limiting. Additionally, while pre-
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programming of workflow instructions 128 by the user is
possible, in some embodiments the comparative logic 148 is
driven by data obtained from one or more surgical compo-
nents of the system 100.

[0027] The workflow instructions 128 may be defined by
the user through an Application Programming Interface
(API) and/or Graphical User Interface (GUI), which may be
rendered to the user interface 112. When rendered, the user
interface 112 may permit the user to enter surgical informa-
tion 140, such as the type of surgery (e.g., a knee arthro-
plasty surgery, an upper endoscopy, etc.), patient informa-
tion (e.g., patient biometric data like height, weight, age,
blood type, etc.), and/or other information (e.g., anticipated
time for surgery). In some embodiments, the surgical infor-
mation 140 may be retrieved from the database 118 based on
one or more entries by the user. For example, the user may
enter the type of surgery (e.g., a knee arthroplasty), and the
processing unit 104 may, based on the type of surgery,
extract surgical information based on the type of surgery
from the database 118 (e.g., timing information associated
with the knee arthroplasty, action sets 132 associated with
the knee arthroplasty, etc.).

[0028] In some embodiments, the workflow instructions
128 and/or portions thereof may be rendered to the user
interface 112, with the user interface 112 displaying (or
audially communicating), for example via animation, where
in the workflow the surgical procedure is and what functions
are being controlled by the workflow instructions 128. For
example, the workflow instructions 128 may include three
steps in a surgical procedure, with visual depictions of these
three steps rendered to the user interface 112. When the
surgical procedure proceeds from the first step to the second
step, a visual indicator associated with the first step and/or
associated with one or more functions of the first step may
change (e.g., functions associated with the first step but not
the second step may switch from being rendered in green to
being rendered in red). Additionally or alternatively, each
step in the surgical procedure may be rendered on the user
interface 112 at one time, with the current step being visually
distinguishable from the other steps. This way, the surgeon
or member of the surgical staff may be informed as to which
functions are enabled or disabled, as well as which step of
the surgical procedure is being performed.

[0029] The comparative logic 148 may be or comprise a
set of logical comparisons that can be used by the processing
unit 104 to determine an output based on input information,
such as the workflow instructions 128. In some embodi-
ments, the comparative logic 148 may be used by the
processing unit 104 to determine a binary output based on
the input. Different types of the comparative logic 148 may
be used by the processing unit 104 based on the workflow
instructions 128. For example, the workflow instructions
128 may dictate that a patient must be within the operating
room for a first action to be enabled. When the workflow
instructions 128 are processed by the processing unit 104,
the processing unit 104 may use an AND logic gate that
takes at least a binary value representing whether the patient
is within the operating room as an input, and outputs
whether or not the first action is to be enabled based on the
AND logic gate output. Examples of logic gates used in the
comparative logic 148 are in no way limited, and examples
may include an AND gate, a NOT gate, an OR gate, a
NAND gate, a NOR gate, a XOR gate, a XNOR gate,
combinations thereof, and the like. The algorithms 144 may
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be or comprise a set of rules used by the processing unit 104
to determine conditional automation of one or more actions
during the course of a surgery or surgical procedure. The
algorithms 144 or other instructions may be organized into
one or more applications, modules, packages, layers, or
engines. In some embodiments, the algorithms 144 may
cause the processing unit 104 to determine, based on the
workflow instructions 128, which comparative logic 148
should be used.

[0030] The use of the comparative logic 148 may benefi-
cially enable the system 100 to operate in a deterministic
fashion, such that the system does not have to function with
a level of uncertainty associated with machine learning or
artificial intelligence systems and methods. By using com-
parative logic 148, the system 100 is guaranteed to take the
same action with the same inputs on a logic gate, unlike
machine learning or artificial intelligence systems whose
non-deterministic models could output different actions for
the same set of inputs. This deterministic approach benefi-
cially conserves computation resources, provides greater
transparency in the surgical environment, and reduces uncer-
tainty during a surgery or surgical procedure.

[0031] Turning to FIGS. 2-3, aspects of the system 100 are
shown according to at least one embodiment of the present
disclosure. FIG. 2 illustrates signals 208A-208N passing
through the comparative logic 148, with resulting actions
212A-212N occurring at different times on a timeline 204.
In FIG. 3, the comparative logic 148 may include logic gates
304A-304N that receive any combination of the signals
208A-208N and output the actions 212A-212N based on
surgical events 312A-312N.

[0032] As an example, at a first time 308A the patient may
enter the operating room, as represented by a first event
312A in FIG. 3, resulting in the first signal 208A (e.g., a
binary value of 1) being sent to one or more logic gates
304A-304N of the comparative logic 148. The workflow
instructions 128 may recognize the first event 312 A through
a first input 316 A. The first input 316 A may be part of a
plurality of inputs 316A-316N that, when received, cause
the action sets 132 to be executed. For example, the first
input 316A may be a barcode or radio-frequency identifi-
cation (RFID) tag that is scanned when the patient enters the
OR. The receipt of the first input 316 A may cause an action
set 132 to be executed, in turn causing the first signal 208A
to be sent to the one or more logic gates 304A-304N. As
another example, a second input 316B may be a user (e.g.,
a surgeon) entering a timer through, for example, the user
interface 112. The input of the second input 316B may cause
one or more action sets 132 to be executed, ultimately
resulting in one or more actions. The inputs 316A-316N are
in no way limited, and examples may include a start or stop
input with an input into the user interface 112, a voice
activation input (e.g., the surgeon says, “let’s turn on the
irrigation device™), one or more measurements from the first
sensor 156 and/or from the second sensor 164, combinations
thereof, and/or the like.

[0033] The enable signal represented by the first signal
208A may enable one or more of the logic gates 304A-304N
to trigger one or more actions. For example, the first signal
208A may have been a binary value of 0 before the patient
entered the operating room, such that one or more of the
logic gates 304A-304N (e.g., AND gates) would be disabled
or otherwise unable to trigger the actions 212A-212N. In
some embodiments, the first signal 208A may be a static
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indicator. The static indicator may be or comprise a binary
signal that identifies and/or triggers one or more automatable
tasks. For example, the first signal 208 A may cause a first
logic gate 304A to output the first action 212A, which may
be a rendering of patient data on a user display. Additionally
or alternatively, the static indicator may allow a first set of
actions to become enabled only when the static indicator is
in a predetermined state (e.g., when the static indicator is
enabled). For example, the sending of the first signal 208A
to the logic gates 304A-304N may indicate that the static
indicator is in a first state, allowing the first set of actions.
When the static indicator is in a second state different from
the first state, the first set of actions may be un-enabled or
may be otherwise prevented from being enabled. While the
static indicator is discussed herein as a binary value, it is to
be understood that any other form of a static indicator (e.g.,
a non-binary signal) may be sent to the logic gates 304A-
304N.

[0034] As the surgery or surgical procedure progresses,
additional actions may be taken or enabled. For example, at
a second time 308B, the preparation of the patient for
surgery may begin (e.g., the patient’s leg is prepared for a
knee arthroplasty), as represented by the second event 312B.
The second event 312B may be identified by the system 100
(e.g., by the processing unit 104) based on input from a
surgical monitor, input from a surgical instrument, the
workflow instructions 128, combinations thereof, and the
like. As the example in FIG. 3 indicates, the first logic gate
304A may take into account data from the surgical instru-
ment 152, as well as the first signal 208A, to determine
whether or not a first action 212A is to be enabled. For
example, the data from the surgical instrument 152 may be
electrical current data captured by the first sensor 156, with
such data indicating that the surgical instrument 152 has
been turned on. In such examples, the first logic gate 304A
may be an AND gate that enables, when both the first event
312A and the second event 312B have occurred, the first
action 212A, such as adjusting the surgical lights to assist the
surgeon by illuminating an anatomical site. Once the second
event 312B ends at a third time 308C, a third signal 208C
may be generated and passed to the comparative logic 148.
The third signal 208C may be used by a second logic gate
304B to, for example, automatically cause a second action
212B to occur, such as turning off the surgical instrument
152. In other embodiments, the second action 212B may
additionally or alternatively comprise other actions, such as
adjusting the surgical lights, turning on the surgical monitor
160, sending a notification to a front desk and/or a patient’s
family member indicating the current progress of the surgery
or surgical procedure, displaying additional images to a user
display, combinations thereof, and the like.

[0035] Insome embodiments, the processing unit 104 may
make one or more determinations based on, for example, the
timing information 136, the action sets 132, data from the
database 118 or collected from the surgical instrument 152
and/or the surgical monitor 160, combinations thereof, and
the like, and may use such determinations in adjusting the
enablement or triggering of one or more actions. For
example, the processing unit 104 may pass timing informa-
tion 136 retrieved from the database 118 into a third logic
gate 304C, where the timing information 136 can be used in
determining whether or not to enable or perform a third
action 212C. When the timing information 136 does not
align with one or more surgical events, the third logic gate
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304C may not enable the third action 212C. For example, the
third logic gate 304C may determine, based on the timing
information 136 and based on a third event 312N, that the
third action 212C should not be enabled. This may occur
when the third event 312N has begun (e.g., at a fourth time
308D), but has yet to end (e.g., a fifth time 308E has not been
reached in the surgery or surgical procedure). In such cases,
the timing information 136 may indicate that the third event
312N has not ended (e.g., the time between the fourth time
308D and the fifth time 308E has not yet taken place), and
the third action 212C may not be triggered or enabled. Once
the fifth time 308E has taken place, the third logic gate 304C
may enable or perform the third action 212C.

[0036] Insomeembodiments, the actions 212A-212N may
be organized in a hierarchy, such that a first set of actions
may need to be enabled or triggered before a second set of
actions can be performed or triggered. In such embodiments,
one or more static indicators may be associated with the first
set of actions and the second set of actions, with such static
indicators capable of being varied between different states to
enable or disable the activation, triggering, or enabling of
one or more sets of actions. As an example, intraoperative
information may be rendered to a user display only after the
patient has undergone anesthesia. In this example, a static
indicator associated with the anesthesia may be changed
from a binary signal of 0 to a binary signal of 1 once it has
been determined that the patient has undergone anesthesia.
Such a determination may be made, for example, based on
the workflow instructions 128; the processing unit 104 may
determine, based on the timing information 136, that at a
first time after the patient enters the operating room the
patient will be under anesthesia and may automatically
adjust the static indicator. As a result, the enablement of one
or more actions in the second set of actions may occur
automatically after the patient has undergone anesthesia,
freeing up the surgeon to continue the surgery or surgical
procedure without needing to input anesthesia information
into the system 100. In some embodiments, there may be
additional sets of actions (e.g., a third set of actions, a fourth
set of actions, etc.) that cannot be enabled until static
indicators associated with both the first set of actions and the
second set of actions have been enabled.

[0037] In some embodiments, the second set of actions
may be related to automated functions within the surgery or
surgical procedure. For example, the second set of actions
may include automatically turning on the surgical instru-
ment 152. As another example, the second set of actions may
include automatically rendering preoperative surgical infor-
mation or intraoperative surgical information (e.g., patient
data, one or more images of patient anatomy, surgical plans,
etc.) to a user display. In some embodiments, the enabling or
automatic triggering of one or more actions may be con-
tinuously logged (e.g., in the database 118). During or after
logging, the workflow instructions 128 (or components
thereof), the algorithms 144, and/or the comparative logic
148 may be updated based on the logged information. For
example, if the enabling of the second action 212B occurs
consistently during the course of a plurality of the same
surgeries or surgical procedures (e.g., the surgeon begins to
use a surgical tool at a first time after the patient enters the
operating room), the action sets 132 may be updated to
indicate that the surgical tool should be automatically turned
on after the first amount of time.
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[0038] For illustrative purposes only, the following is an
example of using the systems and methods discussed herein
in the context of a knee arthroplasty surgery. The patient
enters the operating room at a first time, triggering a change
in state of a static indicator. The change in the static indicator
enables one or more logic gates to output one or more
signals to enable or trigger one or more actions. At a later
second time, the patient’s leg is prepared for the surgery. The
surgeon expresses that the preparation has begun (e.g.,
vocally, by entering information into a user interface, etc.),
and the logic gates enable the system to access a database to
retrieve predetermined lighting presets, and further causes a
leg preparation timer and preoperative information to be
rendered on a user interface. Once the preparation has ended
at a third time, a signal is sent to the logic gates that cause
a message to be sent to the front desk and intraoperative
information to be rendered on the user interface. At a fourth
time, an incision step begins, which may be determined
based on the overall time since the patient has entered the
room, based on historical data related to similar knee arthro-
plasty surgeries, or based on the surgeon’s actions (e.g., the
surgeon enters information into the user interface). The logic
gates, as a result, then send signals that adjust the surgical
lighting, message the front desk, begin a recording of the
surgery, and enable current flow to one or more surgical
instruments, tools, irrigation devices, and the like. After the
incision is complete and an artificial knee is surgically
implanted, the logic gates adjust the surgical lighting again,
stop the recording of the surgery, and disable current flow to
the one or more surgical instruments, tools, or irrigation
devices. The patient may then exit the operating room,
causing the static indicator to once again change states,
resulting in the logic gates being disabled.

[0039] FIG. 4 depicts a method 400 that can be used, for
example, to carry out conditional automation of one or more
tasks associated with a surgical procedure.

[0040] The method 400 (and/or one or more steps thereot)
may be carried out or otherwise performed, for example, by
at least one processor or processing unit and an associated
piece(s) of equipment. The at least one processor or pro-
cessing unit may be the same as or similar to the processing
unit 104 described above. A processor or processing unit
other than any processor or processing unit described herein
may also be used to execute the method 400. The processing
unit 104 may perform the method 400 by executing elements
stored in a memory. The elements stored in memory and
executed by the processor may cause the processor to
execute one or more steps of the steps of method 400. One
or more portions of a method 400 may be performed by the
processing unit 104 executing the algorithms 144 and using
one or more results thereof to carry out any one or more
steps of the method 400.

[0041] The method 400 starts and then proceeds to step
404, which comprises receiving first information related to
at least one of a surgical instrument or a surgical monitor.
The surgical instrument may be similar to or the same as the
surgical instrument 152, and the surgical monitor may be
similar to or the same as the surgical monitor 160. The first
information may be information collected from one or more
sensors, such as the first sensor 156 and/or the second sensor
164, related respectively to the surgical instrument 152 and
the surgical monitor 160. The first information may option-
ally include information related to a state of the surgical
instrument 152 (e.g., turned on or turned off, idling, etc.).



US 2024/0057877 Al

Additionally or alternatively, the first information may
include information related to the surgical monitor 160 (e.g.,
a patient heart rate, a patient blood pressure reading, etc.).

[0042] The method 400 continues to step 408, which
comprises determining, at a first time and based on the first
information, if a first indicator is in a first state. The first
indicator may be a static indicator that can be used to enable
or automatically trigger one or more actions. In other
embodiments, the first indicator may be an output from the
logic gates 304A-304N. The first indicator may be repre-
sented by a binary value (e.g., either a 0 or a 1), such that the
first indicator is enabled in the first state, and disabled in a
second state (or vice versa). In other words, the first indi-
cator has a value of 1 and is enabled when in the first state,
and has a value of 0 and is disabled when in the second state.
The method 400 continues to step 412, which comprises
automatically triggering, when the first indicator is in the
first state, at least one first action. When the first indicator is
in the first state, one or more functions may be automatically
enabled. For example, the first indicator may be a static
indicator that enables one or more surgical tools. In this
example, the first indicator may be enabled when the pro-
cessing unit 104 determines (using workflow instructions
128) that the surgery has progressed to the point where a
surgical instrument 152 will be needed. Once the processing
unit 104 has made such a determination, the static indicator
may be switched to enabled, and at least one first action may
be triggered. The at least one first action may be similar to
any one or more of the actions 212A-212N. For example, the
at least one first action may comprise automatically provid-
ing power to the surgical instrument 152, so that the surgeon
does not need to manually switch on the surgical instrument
152.

[0043] The method 400 continues to step 416, which
comprises rendering, to a display, an indicator that the at
least one first action has been triggered. The display may be
similar to or the same as the display 168. The method 400
continues to step 420, which comprises receiving, at a
second time later than a first time, second information. The
second information may be received from the first sensor
156 and/or the second sensor 164, and may be based on one
or more measurements respectively associated with the
surgical instrument 152 (e.g., current values, whether the
surgical instrument 152 is turned on, etc.) and the surgical
monitor 160 (e.g., patient heart rate, patient blood pressure,
patient respiration rate, etc.). In some optional embodiments,
the second information may be entered by the surgeon or a
member of the surgical staff, such as through the user
interface 112. Such second information may be or comprise,
for example, information that is not automatically or easily
detectable, such as when the surgeon has determined that the
patient is sufficiently under the influence of anesthesia, or
when a step in the surgery or surgical procedure has ended.
In some embodiments, such actions by the surgeon or
surgical staff may optionally function as a trigger to change
a state associated with one or more static indicators.

[0044] The method 400 continues to step 424, which
comprises automatically triggering, based on the second
information and when the at least one first action is trig-
gered, at least one second action. The step 424 may be
similar to the step 412. In some embodiments, the at least
one second action cannot be triggered without having the at
least one first action being triggered. For example, the at
least one second action may be an adjustment to the current
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supplied to the surgical instrument 152, but such an adjust-
ment cannot occur without the surgical instrument 152 being
turned on, which may be the at least one first action. The
method 400 continues to step 428, which comprises receiv-
ing, at a third time later than the second time, third infor-
mation. The third information may be received from the first
sensor 156 and/or the second sensor 164, and may be based
on one or more measurements respectively associated with
the surgical instrument 152 (e.g., current values, whether the
surgical instrument 152 is turned on, etc.) and the surgical
monitor 160 (e.g., patient heart rate, patient blood pressure,
patient respiration rate, etc.). In some embodiments, the
third information may be or comprise the timing information
136. For example, the third information may include infor-
mation about the average time needed to complete a surgical
event (e.g., a first event 312A, a second event 312B, etc.).
The method 400 continues to step 432, which comprises
automatically triggering, based on the third information and
when the at least one second action is triggered, at least one
third action. Based on the third information (e.g., based on
timing information 136), the at least one third action may be
triggered. For example, the at least one second action may
be to adjust the surgical lights while a surgeon uses the
surgical instrument 152 to perform an incision. Since the at
least one second action is triggered, the processing unit 104
may use the timing information 136 to adjust the surgical
lights once the physician has completed the incision. At the
third time, the processing unit 104 may use the comparative
logic 148 to determine that the at least one second action has
been triggered and whether or not the surgeon has had
sufficient time to complete the incision. If the timing infor-
mation 136 indicates that enough time has passed (with such
timing information 136 based on, for example, historical
incision data for similar procedures), the at least one third
action may be automatically triggered. The at least one third
action may be, for example, a further adjustment of the
surgical lights, sending a notification that the incision has
been performed to a display (e.g., the display 168), to an area
outside the operating room (e.g., to a patient’s family, to a
surgeon outside the operating room, etc.), generating a
reminder to one or more members of the surgical staff,
combinations thereof, and the like. The reminder may be
delivered visually (e.g., a rendering on a user interface)
and/or audially (e.g., a noise played over speakers), and may
indicate that the one or more members of the surgical staff
should take one or more actions related to the surgical
procedure (e.g., turning off a surgical instrument, removing
equipment from a surgical site, etc.). The method 400 may
then end or continue in assessing additional information to
enable or disable one or more other functions.

[0045] Any of the steps, functions, and operations dis-
cussed herein can be performed continuously and/or auto-
matically.

[0046] While the exemplary embodiments illustrated
herein show the various components of the system collo-
cated, certain components of the system can be located
remotely, at distant portions of a distributed network, such as
a LAN and/or the Internet, or within a dedicated system.
Thus, it should be appreciated, that the components of the
system can be combined into one or more devices, such as
a server, communication device, or collocated on a particular
node of a distributed network, such as an analog and/or
digital telecommunications network, a packet-switched net-
work, or a circuit-switched network. It will be appreciated
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from the preceding description, and for reasons of compu-
tational efficiency, that the components of the system can be
arranged at any location within a distributed network of
components without affecting the operation of the system.
[0047] Furthermore, it should be appreciated that the vari-
ous links connecting the elements can be wired or wireless
links, or any combination thereof, or any other known or
later developed element(s) that is capable of supplying
and/or communicating data to and from the connected
elements. These wired or wireless links can also be secure
links and may be capable of communicating encrypted
information. Transmission media used as links, for example,
can be any suitable carrier for electrical signals, including
coaxial cables, copper wire, and fiber optics, and may take
the form of acoustic or light waves, such as those generated
during radio-wave and infra-red data communications.
[0048] While the flowcharts have been discussed and
illustrated in relation to a particular sequence of events, it
should be appreciated that changes, additions, and omissions
to this sequence can occur without materially affecting the
operation of the disclosed embodiments, configuration, and
aspects.

[0049] A number of variations and modifications of the
disclosure can be used. It would be possible to provide for
some features of the disclosure without providing others.
[0050] In yet another embodiment, the systems and meth-
ods of this disclosure can be implemented in conjunction
with a special purpose computer, a programmed micropro-
cessor or microcontroller and peripheral integrated circuit
element(s), an ASIC or other integrated circuit, a digital
signal processor, a hard-wired electronic or logic circuit
such as discrete element circuit, a programmable logic
device or gate array such as PLD, PLA, FPGA, PAL, special
purpose computer, any comparable means, or the like. In
general, any device(s) or means capable of implementing the
methodology illustrated herein can be used to implement the
various aspects of this disclosure. Exemplary hardware that
can be used for the present disclosure includes computers,
handheld devices, telephones (e.g., cellular, Internet
enabled, digital, analog, hybrids, and others), and other
hardware known in the art. Some of these devices include
processors (e.g., a single or multiple microprocessors),
memory, nonvolatile storage, input devices, and output
devices. Furthermore, alternative software implementations
including, but not limited to, distributed processing or
component/object distributed processing, parallel process-
ing, or virtual machine processing can also be constructed to
implement the methods described herein.

[0051] In yet another embodiment, the disclosed methods
may be readily implemented in conjunction with software
using object or object-oriented software development envi-
ronments that provide portable source code that can be used
on a variety of computer or workstation platforms. Alterna-
tively, the disclosed system may be implemented partially or
fully in hardware using standard logic circuits or VLSI
design. Whether software or hardware is used to implement
the systems in accordance with this disclosure is dependent
on the speed and/or efficiency requirements of the system,
the particular function, and the particular software or hard-
ware systems or microprocessor or microcomputer systems
being utilized.

[0052] In yet another embodiment, the disclosed methods
may be partially implemented in software that can be stored
on a storage medium, executed on programmed general-
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purpose computer with the cooperation of a controller and
memory, a special purpose computer, a microprocessor, or
the like. In these instances, the systems and methods of this
disclosure can be implemented as a program embedded on
apersonal computer such as an applet, JAVA® or CGI script,
as a resource residing on a server or computer workstation,
as a routine embedded in a dedicated measurement system,
system component, or the like. The system can also be
implemented by physically incorporating the system and/or
method into a software and/or hardware system.

[0053] Although the present disclosure describes compo-
nents and functions implemented in the embodiments with
reference to particular standards and protocols, the disclo-
sure is not limited to such standards and protocols. Other
similar standards and protocols not mentioned herein are in
existence and are considered to be included in the present
disclosure. Moreover, the standards and protocols men-
tioned herein and other similar standards and protocols not
mentioned herein are periodically superseded by faster or
more effective equivalents having essentially the same func-
tions. Such replacement standards and protocols having the
same functions are considered equivalents included in the
present disclosure.

[0054] The present disclosure, in various embodiments,
configurations, and aspects, includes components, methods,
processes, systems and/or apparatus substantially as
depicted and described herein, including various embodi-
ments, subcombinations, and subsets thereof. Those of skill
in the art will understand how to make and use the systems
and methods disclosed herein after understanding the pres-
ent disclosure. The present disclosure, in various embodi-
ments, configurations, and aspects, includes providing
devices and processes in the absence of items not depicted
and/or described herein or in various embodiments, configu-
rations, or aspects hereof, including in the absence of such
items as may have been used in previous devices or pro-
cesses, e.g., for improving performance, achieving ease,
and/or reducing cost of implementation.

[0055] The foregoing discussion of the disclosure has been
presented for purposes of illustration and description. The
foregoing is not intended to limit the disclosure to the form
or forms disclosed herein. In the foregoing Detailed Descrip-
tion for example, various features of the disclosure are
grouped together in one or more embodiments, configura-
tions, or aspects for the purpose of streamlining the disclo-
sure. The features of the embodiments, configurations, or
aspects of the disclosure may be combined in alternate
embodiments, configurations, or aspects other than those
discussed above. This method of disclosure is not to be
interpreted as reflecting an intention that the claimed dis-
closure requires more features than are expressly recited in
each claim. Rather, as the following claims reflect, inventive
aspects lie in less than all features of a single foregoing
disclosed embodiment, configuration, or aspect. Thus, the
following claims are hereby incorporated into this Detailed
Description, with each claim standing on its own as a
separate preferred embodiment of the disclosure.

[0056] Moreover, though the description of the disclosure
has included description of one or more embodiments,
configurations, or aspects and certain variations and modi-
fications, other variations, combinations, and modifications
are within the scope of the disclosure, e.g., as may be within
the skill and knowledge of those in the art, after understand-
ing the present disclosure. It is intended to obtain rights,
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which include alternative embodiments, configurations, or
aspects to the extent permitted, including alternate, inter-
changeable and/or equivalent structures, functions, ranges,
or steps to those claimed, whether or not such alternate,
interchangeable and/or equivalent structures, functions,
ranges, or steps are disclosed herein, and without intending
to publicly dedicate any patentable subject matter.

[0057] Exemplary aspects of the present disclosure
include:
[0058] An apparatus according to at least one embodiment

of the present disclosure comprises:

[0059] a processor; and a memory storing instructions
thereon that, when processed by the processor, cause
the processor to: receive first information related to at
least one of a surgical instrument or a surgical monitor;
determine, at a first time and based on the first infor-
mation, if at least a first indicator is in a first state;
automatically trigger, when at least the first indicator is
in the first state, at least one first action; receive, at a
second time later than the first time, second informa-
tion; determine, at a second time and based on the
second information, if at least a second indicator is in
a second state; and automatically trigger, based on the
second information and when the at least one first
action is triggered, at least one second action.

[0060] Any of the above aspects, wherein the first indica-
tor is enabled when in the first state.

[0061] Any of the features herein, wherein the at least one
first action comprises a first automatable function of the
surgical monitor, and wherein the at least one second action
comprises a second automatable function of the surgical
instrument.

[0062] Any of the above aspects, wherein the instructions
further cause the processor to: receive, at a third time later
than the second time, third information; and automatically
trigger, based on the third information and when the at least
one second action is triggered, at least one third action.
[0063] Any of the above aspects, wherein the instructions
further cause the processor to: compare a first set of data
with a second set of data; and automatically trigger, when
the comparing produces a first result, at least one third
action.

[0064] Any of the above aspects, wherein the instructions
further cause the processor to: omit from triggering, when
the comparing produces a second result, the at least one third
action.

[0065] Any of the above aspects, wherein the at least one
third action comprises at least one of adjusting one or more
surgical lights, sending a notification, and displaying one or
more images on a display.

[0066] Any of the above aspects, wherein the surgical
instrument comprises at least one of an electrocautery
device, a surgical drill, a surgical ablator, a surgical reamer,
a surgical saw, a surgical tap, and an irrigation device, and
wherein the surgical monitor comprises at least one of a
heart rate monitor, a blood pressure monitor, a body tem-
perature monitor, a pulse rate monitor, a respiration monitor,
and a heart rhythm monitor.

[0067] Any of the above aspects, wherein the at least one
first action comprises one or more of sending a notification,
rendering one or more images to a display, displaying
preoperative information to the display, and adjusting one or
more surgical lights.
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[0068] Any of the above aspects, wherein the instructions
further cause the processor to: render, to a display, an
indicator that the at least one first action has been triggered.
[0069] A method according to at least one embodiment of
the present disclosure comprises: receiving first information
related to at least one of a surgical instrument or a surgical
monitor; determining, at a first time and based on the first
information, if a first indicator is in a first state; automati-
cally triggering, when the first indicator is in the first state,
at least one first action; receiving, at a second time later than
the first time, second information; and automatically trig-
gering, based on the second information and when the at
least one first action is triggered, at least one second action.
[0070] Any of the above aspects, wherein the first indica-
tor is enabled when in the first state.

[0071] Any of the above aspects, wherein the at least one
first action comprises a first automatable function of the
surgical monitor, and wherein the at least one second action
comprises a second automatable function of the surgical
instrument.

[0072] Any of the above aspects, further comprising:
receiving, at a third time later than the second time, third
information; and automatically triggering, based on the third
information and when the at least one second action is
triggered, at least one third action.

[0073] Any of the above aspects, further comprising:
comparing a first set of data with a second set of data; and
automatically triggering, when the comparing produces a
first result, at least one third action.

[0074] Any of the above aspects, further comprising:
omitting from triggering, when the comparing produces a
second result, the at least one third action.

[0075] Any of the above aspects, wherein the at least one
third action comprises at least one of adjusting one or more
surgical lights, sending a notification, and displaying one or
more images on a display.

[0076] Any of the above aspects, wherein the surgical
instrument comprises at least one of an electrocautery
device, a surgical drill, a surgical ablator, a surgical reamer,
a surgical saw, a surgical tap, and an irrigation device, and
wherein the surgical monitor comprises at least one of a
heart rate monitor, a blood pressure monitor, a body tem-
perature monitor, a pulse rate monitor, a respiration monitor,
and a heart rhythm monitor.

[0077] Any of the above aspects, wherein the at least one
first action comprises one or more of sending a notification,
rendering one or more images to a display, displaying
preoperative information to the display, and adjusting one or
more surgical lights.

[0078] Any of the above aspects, further comprising:
rendering, to a display, an indicator that the at least one first
action has been triggered.

[0079] A system according to at least one embodiment of
the present disclosure comprises: a means for receiving first
information related to at least one of a surgical instrument or
a surgical monitor; a means for determining, at a first time
and based on the first information, if a first indicator is in a
first state; a means for automatically triggering, when the
first indicator is in the first state, at least one first action; a
means for receiving, at a second time later than the first time,
second information; and a means for automatically trigger-
ing, based on the second information and when the at least
one first action is triggered, at least one second action.
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[0080] Any of the above aspects, wherein the first indica-
tor is enabled when in the first state.

[0081] Any of the above aspects, wherein the at least one
first action comprises a first automatable function of the
surgical monitor, and wherein the at least one second action
comprises a second automatable function of the surgical
instrument.

[0082] Any of the above aspects, further comprising: a
means for receiving, at a third time later than the second
time, third information; and a means for automatically
triggering, based on the third information and when the at
least one second action is triggered, at least one third action.
[0083] Any of the above aspects, further comprising: a
means for comparing a first set of data with a second set of
data; and a means for automatically triggering, when the
comparing produces a first result, at least one third action.
[0084] Any of the above aspects, further comprising: a
means for omitting from triggering, when the comparing
produces a second result, the at least one third action.
[0085] Any of the above aspects, wherein the at least one
third action comprises at least one of adjusting one or more
surgical lights, sending a notification, and displaying one or
more images on a display.

[0086] Any of the above aspects, wherein the surgical
instrument comprises at least one of an electrocautery
device, a surgical drill, a surgical ablator, a surgical reamer,
a surgical saw, a surgical tap, and an irrigation device, and
wherein the surgical monitor comprises at least one of a
heart rate monitor, a blood pressure monitor, a body tem-
perature monitor, a pulse rate monitor, a respiration monitor,
and a heart rhythm monitor.

[0087] Any of the above aspects, wherein the at least one
first action comprises one or more of sending a notification,
rendering one or more images to a display, displaying
preoperative information to the display, and adjusting one or
more surgical lights.

[0088] The use of any apparatus discussed herein during a
surgery or during a surgical procedure.

[0089] The use of any method discussed herein during a
surgery or during a surgical procedure.

[0090] The use of any system discussed herein during a
surgery or during a surgical procedure.

[0091] Any one or more of the aspects disclosed herein.
[0092] One or more means for performing any one or
more of the aspects disclosed herein.

[0093] The phrases “at least one,” “one or more,” “or,” and
“and/or” are open-ended expressions that are both conjunc-
tive and disjunctive in operation. For example, each of the
expressions “at least one of A, B and C,” “at least one of A,
B, or C,” “one or more of A, B, and C,” “one or more of A,
B, or C,” “A, B, and/or C,” and “A, B, or C” means A alone,
B alone, C alone, A and B together, A and C together, B and
C together, or A, B and C together.

[0094] The term “a” or “an” entity refers to one or more
of that entity. As such, the terms “a” (or “an”), “one or
more,” and “at least one” can be used interchangeably
herein. It is also to be noted that the terms “comprising,”
“including,” and “having” can be used interchangeably.
[0095] The term “automatic” and variations thereof, as
used herein, refers to any process or operation, which is
typically continuous or semi-continuous, done without
material human input when the process or operation is
performed. However, a process or operation can be auto-
matic, even though performance of the process or operation
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uses material or immaterial human input, if the input is
received before performance of the process or operation.
Human input is deemed to be material if such input influ-
ences how the process or operation will be performed.
Human input that consents to the performance of the process
or operation is not deemed to be “material.”

[0096] Aspects of the present disclosure may take the form
of' an embodiment that is entirely hardware, an embodiment
that is entirely software (including firmware, resident soft-
ware, micro-code, etc.) or an embodiment combining soft-
ware and hardware aspects that may all generally be referred
to herein as a “circuit,” “module,” or “system.” Any com-
bination of one or more computer-readable medium(s) may
be utilized. The computer-readable medium may be a com-
puter-readable signal medium or a computer-readable stor-
age medium.

[0097] A computer-readable storage medium may be, for
example, but not limited to, an electronic, magnetic, optical,
electromagnetic, infrared, or semiconductor system, appa-
ratus, or device, or any suitable combination of the forego-
ing. More specific examples (a non-exhaustive list) of the
computer-readable storage medium would include the fol-
lowing: an electrical connection having one or more wires,
a portable computer diskette, a hard disk, a random access
memory (RAM), a read-only memory (ROM), an erasable
programmable read-only memory (EPROM or Flash
memory), an optical fiber, a portable compact disc read-only
memory (CD-ROM), an optical storage device, a magnetic
storage device, or any suitable combination of the foregoing.
In the context of this document, a computer-readable storage
medium may be any tangible medium that can contain or
store a program for use by or in connection with an instruc-
tion execution system, apparatus, or device.

[0098] A computer-readable signal medium may include a
propagated data signal with computer-readable program
code embodied therein, for example, in baseband or as part
of a carrier wave. Such a propagated signal may take any of
a variety of forms, including, but not limited to, electro-
magnetic, optical, or any suitable combination thereof. A
computer-readable signal medium may be any computer-
readable medium that is not a computer-readable storage
medium and that can communicate, propagate, or transport
a program for use by or in connection with an instruction
execution system, apparatus, or device. Program code
embodied on a computer-readable medium may be trans-
mitted using any appropriate medium, including, but not
limited to, wireless, wireline, optical fiber cable, RF, etc., or
any suitable combination of the foregoing.

[0099] The terms “determine,” “calculate,” “compute,”
and variations thereof, as used herein, are used interchange-
ably and include any type of methodology, process, math-
ematical operation or technique.

2 < 2 <

What is claimed is:
1. An apparatus, comprising:
a processor; and
a memory storing instructions thereon that, when pro-
cessed by the processor, cause the processor to:
receive first information related to at least one of a
surgical instrument or a surgical monitor;
determine, at a first time and based on the first infor-
mation, if at least a first indicator is in a first state;
automatically trigger, when at least the first indicator is
in the first state, at least one first action;
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receive, at a second time later than the first time, second
information;

determine, at a second time and based on the second
information, if at least a second indicator is in a
second state; and

automatically trigger, based on the second information
and when the at least one first action is triggered, at
least one second action.

2. The apparatus of claim 1, wherein the first indicator is
enabled when in the first state.

3. The apparatus of claim 1, wherein the at least one first
action comprises a first automatable function of the surgical
monitor, and wherein the at least one second action com-
prises a second automatable function of the surgical instru-
ment.

4. The apparatus of claim 1, wherein the instructions
further cause the processor to:

receive, at a third time later than the second time, third

information; and

automatically trigger, based on the third information and

when the at least one second action is triggered, at least
one third action.

5. The apparatus of claim 1, wherein the instructions
further cause the processor to:

compare a first set of data with a second set of data; and

automatically trigger, when the comparing produces a first

result, at least one third action.

6. The apparatus of claim 5, wherein the instructions
further cause the processor to:

omit from triggering, when the comparing produces a

second result, the at least one third action.

7. The apparatus of claim 6, wherein the at least one third
action comprises at least one of adjusting one or more
surgical lights, sending a notification, and displaying one or
more images on a display.

8. The apparatus of claim 1, wherein the surgical instru-
ment comprises at least one of an electrocautery device, a
surgical drill, a surgical ablator, a surgical reamer, a surgical
saw, a surgical tap, and an irrigation device, and wherein the
surgical monitor comprises at least one of a heart rate
monitor, a blood pressure monitor, a body temperature
monitor, a pulse rate monitor, a respiration monitor, and a
heart rhythm monitor.

9. The apparatus of claim 1, wherein the at least one first
action comprises one or more of sending a notification,
rendering one or more images to a display, displaying
preoperative information to the display, and adjusting one or
more surgical lights.

10. The apparatus of claim 1, wherein the instructions
further cause the processor to:

render, to a display, an indicator that the at least one first

action has been triggered.

11. A method comprising:

receiving first information related to at least one of a

surgical instrument or a surgical monitor;
determining, at a first time and based on the first infor-
mation, if a first indicator is in a first state;
automatically triggering, when the first indicator is in the
first state, at least one first action;

receiving, at a second time later than the first time, second

information; and

automatically triggering, based on the second information

and when the at least one first action is triggered, at
least one second action.
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12. The method of claim 11, wherein the first indicator is
enabled when in the first state.

13. The method of claim 11, wherein the at least one first
action comprises a first automatable function of the surgical
monitor, and wherein the at least one second action com-
prises a second automatable function of the surgical instru-
ment.

14. The method of claim 11, further comprising:

receiving, at a third time later than the second time, third

information; and

automatically triggering, based on the third information

and when the at least one second action is triggered, at
least one third action.

15. The method of claim 11, further comprising:

comparing a first set of data with a second set of data; and

automatically triggering, when the comparing produces a

first result, at least one third action.

16. The method of claim 15, further comprising:

omitting from triggering, when the comparing produces a

second result, the at least one third action.

17. The method of claim 16, wherein the at least one third
action comprises at least one of adjusting one or more
surgical lights, sending a notification, and displaying one or
more images on a display.

18. The method of claim 11, wherein the surgical instru-
ment comprises at least one of an electrocautery device, a
surgical drill, a surgical ablator, a surgical reamer, a surgical
saw, a surgical tap, and an irrigation device, and wherein the
surgical monitor comprises at least one of a heart rate
monitor, a blood pressure monitor, a body temperature
monitor, a pulse rate monitor, a respiration monitor, and a
heart rhythm monitor.

19. The method of claim 11, wherein the at least one first
action comprises one or more of sending a notification,
rendering one or more images to a display, displaying
preoperative information to the display, and adjusting one or
more surgical lights.

20. The method of claim 11, further comprising:

rendering, to a display, an indicator that the at least one

first action has been triggered.

21. A system comprising:

a surgical instrument;

a surgical monitor;

a processor; and

a memory storing instructions thereon that, when pro-

cessed by the processor, cause the processor to:

receive first information related to at least one of the
surgical instrument or the surgical monitor;

determine, at a first time and based on the first infor-
mation, if at least a first indicator is in a first state;

automatically trigger, when at least the first indicator is
in the first state, at least one first action;

receive, at a second time later than the first time, second
information;

determine, at a second time and based on the second
information, if at least a second indicator is in a
second state; and

automatically trigger, based on the second information
and when the at least one first action is triggered, at
least one second action.
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