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METHOD AND SYSTEM FOR EXTRACTING
AN ACTUAL SURGICAL DURATION FROM
A TOTAL OPERATING ROOM (OR) TIME
OF A SURGICAL PROCEDURE

TECHNICAL FIELD

[0001] The present disclosure generally relates to building
machine-learning-based surgical procedure analysis tools
and, more specifically, to systems, devices and techniques
for extracting an actual surgical duration from a total oper-
ating room (OR) time of a surgical procedure based on
multiple sources of data collected during the surgical pro-
cedure.

BACKGROUND

[0002] Operating room (OR) costs are among one of the
highest medical and healthcare-related costs. With skyrock-
eting healthcare expenditures, OR-costs management aimed
at reducing OR costs and increasing OR efficiency has
become an increasingly important research subject. OR
costs are often measured based on a per-minute cost struc-
ture. For example, one 2005 study shows that the OR costs
range from $22 to $133 per minute with an average cost of
$62 per minute. In this per-minute cost structure, the OR
costs of a given surgical procedure are directly proportional
to the duration/length of the surgical procedure. Hence, OR
time-management and scheduling plays a central role in
overall OR-costs management. Clearly, OR time-manage-
ment and scheduling are highly dependent on the duration of
a particular type of surgical procedure (also referred to as
“procedure time”). For example, OR time for a particular
type of surgical procedure can be allocated based on an
average duration of that surgical procedure. While predict-
ing the average duration of a given surgical procedure can be
a highly complex task, it is possible to collect a large amount
of surgical-procedure-related data and estimate the average
duration for the given surgical procedure based on data
analyses.

[0003] In some conventional surgical procedure analyses,
the duration of a surgical procedure is simply measured as
a time period between the moment when the patient arrives
at the OR (i.e., wheeled-in time) and the moment when the
patient leaves the OR (i.e., wheeled-out time). Based on
these analyses, a first surgical procedure of a given type
performed by a first surgeon may have a total OR time of 50
minutes between the wheeled-in time and the wheeled-out
time, while a second surgical procedure of the same type
performed by a second surgeon may have a total OR time of
one hour and five minutes. When comparing these two
surgical procedures, one may conclude that the first surgeon
is far more eflicient than the second surgeon. However,
evaluating surgeon skill/efficiency or an overall OR effi-
ciency based on comparing the total OR times can be
extremely flawed. This is because a total OR time of a
surgical procedure is typically composed of various seg-
ments/events, and the amount of time the surgeon is actually
operating on the patient with surgical tools is only one part
of the total OR time. In the above-described example, the
two surgeons can have substantially the same efficiency,
while the time difference in the total OR times can be caused
by the inefliciency of the support team of the second
surgeon, e.g., when performing tool exchanges. In this case,
the times that the surgeon waits for the right tools to be
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brought in contribute to the total OR time, but are not part
of the actual surgical duration.

[0004] Some advanced ORs have a multitude of sensors
and cameras installed for monitoring OR efficiency. How-
ever, these sensors and cameras are primarily used for
monitoring patient and surgical staff movements inside the
OR and identifying OR efliciency based on the observed
movements. Unfortunately, there are no known data analysis
tools that perform root-cause analysis on OR videos and
sensor data to determine the root causes of OR inefficiency
that lead to long total OR times.

SUMMARY

[0005] In this patent disclosure, various examples of a
surgical procedure analysis system for breaking down a total
operating room (OR) time of a surgical procedure into a
series of identifiable events, categorizing the events, and
determining the duration of each of the identifiable events
are disclosed. In particular, these identifiable events can
include a set of “non-surgical events” that do not involve
interactions between surgical tools and the patient’s tissues
(i.e., when the surgeon is not performing actual surgical
tasks on the patient). For example, the set of non-surgical
events can include but are not limited to: “patient prepara-
tions” before and after the actual surgical procedure; “out-
of-body events” when the endoscope is taken outside of the
patient’s body for various reasons; “tool exchange events”
when one actively used surgical tool is being replaced with
another surgical tool and the associated wait times; and
“surgical timeout events” when the surgeon pauses for
various reasons and is not performing actual surgical tasks
on the patient. Moreover, the identifiable events also include
a set of actual surgical segments separated by the set of
non-surgical events and involving interactions between sur-
gical tools and the patient’s tissues (i.e., when the surgeon is
performing actual surgical tasks on the patient). Conse-
quently, the actual surgical procedure duration (or “actual
procedure duration™), i.e., the actual amount of time the
surgeon interacts with the patient’s tissues using surgical
tools, can be extracted from the total OR time by subtract-
ing/excluding from the total OR time those non-surgical
events that do not involve interactions between surgical
tools and the patient’s tissues.

[0006] In various embodiments, the disclosed surgical
procedure analysis system identifies various non-surgical
events from the total OR time by analyzing one or multiple
of the following data sources collected during the total OR
time: one or more endoscope videos; recorded OR videos
from wall/ceiling cameras; pressure sensors at the doorway
of the OR; pressure sensors on the surgical platform; pres-
sure sensors on the tips or jaws of the surgical tools; and/or
recorded OR audios. In various embodiments, the disclosed
surgical procedure analysis system includes machine-learn-
ing modules that can be applied to one or more of the above
data sources to identify both non-surgical events and surgi-
cal events. In particular, the disclosed surgical procedure
analysis system can include machine-learning modules for
identifying out-of-body events based on endoscope videos;
machine-learning modules for identifying tool exchange
events based on endoscope videos; machine-learning mod-
ules for identifying surgical timeout events based on endo-
scope videos; and machine-learning modules for identifying
actual surgical segments based on endoscope videos.
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[0007] In some embodiments, the various predictions
made based on endoscope videos can be combined with
other data sources to improve the confidence levels of the
predictions. For example, the actual surgical segment pre-
dictions made based on endoscope videos can be combined
with data from pressure sensors on the surgical tool tips/jaws
to improve the confidence levels of the predictions. As
another example, the out-of-body event predictions based on
endoscope videos can be combined with videos from the
wall/ceiling cameras to improve the confidence levels of the
predictions.

[0008] In various embodiments, the disclosed surgical
procedure analysis system can also include machine-learn-
ing modules for tracking personnel movements inside the
OR based on videos from wall/ceiling cameras; machine-
learning modules for identifying certain out-of-body events
based on videos from wall/ceiling cameras; and machine-
learning modules for identifying certain surgical timeout
events based on videos from wall/ceiling cameras (e.g., a
wait time for a collaborating surgeon to arrive). In some
embodiments, the disclosed surgical procedure analysis sys-
tem can also include machine-learning modules for deter-
mining wheeled-in and wheeled-out times based on pressure
sensors at the doorway of the OR; machine-learning mod-
ules for determining certain timeout events (e.g., reposition-
ing of the surgical tools) based on pressure sensors on the
surgical platform; and machine-learning modules for deter-
mining certain timeout events (e.g., delays caused by OR
room chats/discussions) based on audios recorded in the OR.

[0009] In one aspect, a process for extracting an actual
procedure duration that involves actual surgical tool-tissue
interactions from a total procedure duration of a surgical
procedure is disclosed. This process can begin by obtaining
the total procedure duration of the surgical procedure. For
example, obtaining the total procedure duration may include
identifying a time when a patient of the surgical procedure
is being wheeled into the OR and a time when the patient is
being wheeled out of the OR. The process then receives a set
of OR data from a set of OR data sources collected during
the surgical procedure. Next, the process analyzes the set of
OR data to detect a set of non-surgical events during the
surgical procedure that do not involve surgical tool-tissue
interactions. The process then extracts a set of durations
corresponding to the set of events. Finally, the process
determines the actual procedure duration by subtracting the
combined set of durations corresponding to the set of events
from the total procedure duration.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The structure and operation of the present disclo-
sure will be understood from a review of the following
detailed description and the accompanying drawings in
which like reference numerals refer to like parts and in
which:

[0011] FIG. 1 shows a diagram illustrating an exemplary
operating room (OR) environment with a robotic surgical
system in accordance with some embodiments described
herein.

[0012] FIG. 2 illustrates a timeline of an exemplary full
surgical procedure indicating various surgical and non-
surgical events that make up the duration of the full surgical
procedure in accordance with some embodiments described
herein.
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[0013] FIG. 3 presents a flowchart illustrating an exem-
plary process for performing automatic HIPAA-compliant
video editing in accordance with some embodiments
described herein.

[0014] FIG. 4 presents a block diagram illustrating the
interrelationships between various types of events that con-
stitute the total OR time of a surgical procedure and the set
of data sources available inside the OR during the surgical
procedure in accordance with some embodiments described
herein.

[0015] FIG. 5 shows a block diagram of an exemplary
surgical procedure analysis system in accordance with some
embodiments described herein.

[0016] FIG. 6 conceptually illustrates a computer system
with which some embodiments of the subject technology
can be implemented.

DETAILED DESCRIPTION

[0017] The detailed description set forth below is intended
as a description of various configurations of the subject
technology and is not intended to represent the only con-
figurations in which the subject technology may be prac-
ticed. The appended drawings are incorporated herein and
constitute a part of the detailed description. The detailed
description includes specific details for the purpose of
providing a thorough understanding of the subject technol-
ogy. However, the subject technology is not limited to the
specific details set forth herein and may be practiced without
these specific details. In some instances, structures and
components are shown in block diagram form in order to
avoid obscuring the concepts of the subject technology.

[0018] FIG. 1 shows a diagram illustrating an exemplary
operating room (OR) environment 110 with a robotic sur-
gical system 100 in accordance with some embodiments
described herein. As shown in FIG. 1. robotic surgical
system 100 comprises a surgeon console 120, a control
tower 130, and one or more surgical robotic arms 112
located at a robotic surgical platform 116 (e.g., a table or a
bed, etc.), where surgical tools with end effectors are
attached to the distal ends of the robotic arms 112 for
executing a surgical procedure. The robotic arms 112 are
shown as a table-mounted system, but in other configura-
tions, the robotic arms may be mounted in a cart, ceiling or
sidewall, or other suitable support surface. Robotic surgical
system 100 can include any currently existing or future-
developed robot-assisted surgical systems for performing
robot-assisted surgeries.

[0019] Generally, a user/operator 140, such as a surgeon or
other operator, may use the user console 120 to remotely
manipulate the robotic arms 112 and/or surgical instruments
(e.g., tele-operation). User console 120 may be located in the
same operating room as robotic surgical system 100, as
shown in FIG. 1. In other environments, user console 120
may be located in an adjacent or nearby room, or tele-
operated from a remote location in a different building, city,
or country. User console 120 may comprise a seat 132,
foot-operated controls 134, one or more handheld user
interface devices (UIDs) 136, and at least one user display
138 configured to display, for example, a view of the
surgical site inside a patient. As shown in the exemplary user
console 120, a surgeon located in the seat 132 and viewing
the user display 138 may manipulate the foot-operated
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controls 134 and/or UIDs 136 to remotely control the robotic
arms 112 and/or surgical instruments mounted to the distal
ends of the arms.

[0020] In some variations, a user may also operate robotic
surgical system 100 in an “over the bed” (OTB) mode, in
which the user is at the patient’s side and simultaneously
manipulating a robotically driven tool/end effector attached
thereto (e.g., with a handheld user interface device (UID)
136 held in one hand) and a manual laparoscopic tool. For
example, the user’s left hand may be manipulating a hand-
held UID 136 to control a robotic surgical component, while
the user’s right hand may be manipulating a manual lapa-
roscopic tool. Thus, in these variations, the user may per-
form both robotic-assisted (minimally invasive surgery)
MIS and manual laparoscopic surgery on a patient.

[0021] During an exemplary procedure or surgery, the
patient is prepped and draped in a sterile fashion to receive
anesthesia. Initial access to the surgical site may be per-
formed manually with robotic surgical system 100 in a
stowed or withdrawn configuration to facilitate access to the
surgical site. Once the access is completed, initial position-
ing and/or preparation of the robotic system may be per-
formed. During the procedure, a surgeon in the user console
120 may utilize the foot-operated controls 134 and/or Urns
136 to manipulate various surgical tools/end effectors and/or
imaging systems to perform the surgerv. Manual assistance
may also be provided at the procedure table by sterile-
gowned personnel, who may perform tasks including but not
limited to, retracting tissues or performing manual reposi-
tioning or tool exchange involving one or more robotic arms
112. Non-sterile personnel may also be present to assist the
surgeon at the user console 120. When the procedure or
surgery is completed, robotic surgical system 100 and/or
user console 120 may be configured or set in a state to
facilitate one or more post-operative procedures, including
but not limited to, robotic surgical system 100 cleaning
and/or sterilization, and/or healthcare record entry or print-
out, whether electronic or hard copy, such as via the user
console 120.

[0022] In some aspects, the communication between
robotic surgical platform 116 and user console 120 may be
through control tower 130, which may translate user com-
mands from the user console 120 to robotic control com-
mands and transmit the robotic control commands to robotic
surgical platform 116. Control tower 130 may also transmit
status and feedback from robotic surgical platform 116 back
to user console 120. The connections between robotic sur-
gical platform 116, user console 120 and control tower 130
can be via wired and/or wireless connections, and can be
proprietary and/or performed using any of a variety of data
communication protocols. Any wired connections may be
optionally built into the floor and/or walls or ceiling of the
operating room. Robotic surgical system 100 can provide
video output to one or more displays, including displays
within the operating room as well as remote displays acces-
sible via the Internet or other networks. The video output or
feed may also be encrypted to ensure privacy and all or
portions of the video output may be saved to a server or
electronic healthcare record system.

[0023] In addition to robotic surgical system 100, OR
environment 110 also includes a wall camera 142 and
multiple ceiling cameras 144. During an OR procedure,
these cameras can capture staff movements, surgeon move-
ments, activities over surgical platform 116, and movements
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at a doorway 146 of the OR. Hence, the videos captured by
wall camera 142 and ceiling cameras 144 during the OR
procedure can provide direct visual information related to
surgical staff performance, patient preparations before and
after a surgical procedure, surgical tool exchanges, endo-
scope lens exchanges and cleaning, surgeons taking tim-
eouts, and waiting for a collaborating surgeon, among oth-
ers. OR environment 110 can also include voice recording
devices such as a microphone 150. During an OR procedure,
microphone 150 can record audio feeds within OR environ-
ment 110 including discussions between surgeons and other
people inside or outside OR environment 110.

[0024] Various sensors can be installed within OR envi-
ronment 110 to provide additional information related to
surgical procedures taking place inside OR environment
110. For example, OR environment 110 can include pressure
sensors 148 installed at doorway 146 that can be used to
estimate the times when the patients are being wheeled into
and wheeled out of OR environment 110. OR environment
110 also includes pressure sensors 152 installed on surgical
platform 116 that can detect events when patients are being
transferred onto and removed from surgical platform 116, as
well as events when patients are being repositioned on
surgical platform 116 during surgical procedures for various
purposes, such as creating a new pott in the patient’s body
to allow for better tool access. Although not visible in FIG.
1, surgical tools/end effectors attached to robotic arms 112
can include pressure sensors on the tool tips or jaws of the
tools that can detect events when the tools are actually
interacting with tissues, and events when the tools are inside
the patient’s body but idle for various reasons.

[0025] In addition to the various data sources within OR
environment 110 described above, full surgical procedure
videos captured by endoscope cameras remain one of the
most important data sources for analyzing surgical proce-
dures, such as estimating the actual duration of the surgical
procedure (or “actual procedure duration” hereinafter).
Actual procedure duration can be considered as the amount
of time when the surgeon is actually operating on the patient
by manipulating the surgical tools. Hence, the actual pro-
cedure duration includes the times that involve tool-tissue
interactions, i.e., when the surgical tools actually interact
with the tissues. However, the total recorded OR time (or
“the total OR time”) for a given surgical procedure is
typically measured from the moment the patient is wheeled
into the OR to the moment the patient is wheeled out of the
OR. We also refer to the entire OR process corresponding to
this total recorded OR time as “the overall surgical proce-
dure” or “the full surgical procedure” hereinafter.

[0026] Note that the total OR time can include various
time periods during which no tool-tissue interactions take
place. For example, these time periods can be associated
with the surgeon waiting for a tool to be brought in, taking
a timeout to discuss with his surgical team, taking the
endoscope out of the patient’s body to be cleaned, and so on.
As such, the actual procedure duration is generally not
continuous but segmented by a set of non-tool-tissue-inter-
action events (or “non-surgical events” for simplicity) dur-
ing which time the surgeon is not applying surgical tools on
the tissues and, hence, no tool-tissue interaction is taking
place. By definition, the total OR time is the sum of the
combined time of all of these non-surgical events and the
above-described actual procedure duration. Consequently, if
these non-surgical events can be identified within the total
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OR time and their durations extracted, the actual procedure
duration can be determined by excluding the combined time
of these non-surgical events from the total OR time.
[0027] Some embodiments described herein aim to detect
these non-surgical events by combining various available
data sources within the OR including procedure videos from
endoscope cameras, OR videos from the wall cameras
and/or ceiling cameras, and various sensor data from the OR
including: data from pressure sensors on the doors of the
OR, data from pressure sensors on the surgical platforms,
and data from pressure sensors on the tips of the surgical
tools, among others. In various embodiments, the above-
described data sources can be analyzed/mined using various
machine-learning-based techniques, conventional computer-
vision techniques such as image processing, or a combina-
tion of machine-learning and computer-vision techniques to
identify these non-surgical events and extract the associated
event durations. We now describe different types of the
non-surgical events in more detail below.

Patient Preparation Before the Surgical Procedure

[0028] This is a time period when the surgical staff pre-
pares the patient for surgery, after the patient has been
wheeled into the OR. The time period can include transfer-
ring the patient from the wheeled bed onto the surgical
platform, positioning the patient on the surgical platform for
convenient surgical tool access, arranging patient’s clothing
for surgical tool access, preparing the patient’s skin for
incision, and positioning the surgical tools over the patient’s
body, among other things. Note that during this preparation
time no endoscope video is available because the endoscope
camera has not been introduced into the patient’s body. We
also refer to this time period as the “pre-surgery preparation
time” or “the first patient preparation time” hereinafter.

Tool Exchange Times/Events

[0029] A tool exchange event is a time period when one
actively used surgical tool is being replaced with another
surgical tool. More specifically, during a tool exchange
time/event, the actively used surgical tool is being taken out
of the patient’s body and the next surgical tool is being
brought into the patient’s body. Note that, in addition to the
time needed to remove one tool and bring in another tool, the
tool exchange time can also include time that the surgeon
waits for the new tool. This wait time can be affected by the
readiness of the surgical support team in the OR. It is
appreciated that, a surgical support team that understands the
surgeon’s technique and tool needs can have the right tool
supplies available at the right times for tool exchange to
happen smoothly. In contrast, if the surgical support team
changes due to absence of some personnel, it is not uncom-
mon for surgeons to wait around for the right tool to show
up, which can be retrieved from the inventory outside of the
OR during the surgical procedure. Other factors that can
contribute to the wait time during tool exchange include:
time to sterilize the new tool (if the tool is not sterilized);
time to open a new tool; and time to warm up a new tool (a
cold tool cannot be inserted into a patient’s body because the
patient can go into shock).

[0030] In some embodiments, tool exchange times can be
detected based on the endoscope videos, because during a
tool exchange event the endoscope generally remains inside
the patient’s body and continues to record. For example, the
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beginning of a tool exchange event can be identified when
it is detected that an actively used tool disappears from the
video images; and the end of a tool exchange event can be
identified when it is detected that a new tool appears in the
video images. Because detecting a tool exchange event
involves detecting and recognizing multiple surgical tools, a
machine-learning based analysis can be applied to the endo-
scope videos, e.g., by identifying the beginning of the tool
exchange event based on a first sequence of video images
and identifying the end of the tool exchange event based on
a second sequence of video images.

[0031] In other embodiments, tool exchange times can be
detected based on OR videos from wall and ceiling cameras
or based on the pressure sensor data from the tips or the jaws
of the two surgical tools involved in the tool exchange event.
However, the tool exchange times can be detected and
durations inferred mainly based on the endoscope videos;
the predictions made based on endoscope videos can be
combined with OR videos from wall and ceiling cameras
and/or pressure sensor data from the tips or the jaws of the
surgical tools to improve the confidence levels of the pre-
dictions.

Out-of-Body (OOB) Times/Events

[0032] An OOB time/event is generally defined as a time
period when the endoscope is taken out of the patient’s body
for one of various reasons during the surgical procedure
while the endoscope camera continues to record, or right
before and/or right after the surgical procedure while the
endoscope camera is recording, so that the endoscope video
is available for analysis. An initial OOB time/event can exist
at the beginning of a surgical procedure if the endoscope
camera is turned on prior to being inserted into the patient’s
body; and a final OOB time/event can exist at the end of a
surgical procedure if the endoscope camera remains turned
on for a period of time after the completion of the surgical
procedure when the endoscope camera has been taken out of
the patient’s body.

[0033] During the actual surgical procedure, an OOB
event can take place for a number of reasons. For example,
an OOB event will occur if the endoscope lens has to be
cleaned. Note that a number of surgical events can cause the
endoscopic view to be partially or entirely blocked. These
surgical events can include, but are not limited to: (a)
endoscope lens is covered with blood and visibility is
partially or completely lost (e.g., due to a bleeding compli-
cation); (b) fogging of the endoscope lens due to conden-
sation, e.g., as a result of the temperature difference between
the lens and the patient’s body; and (c) endoscope lens is
covered with cautery-generated tissue particles, which stick
to the lens and eventually block the endoscopic view. In each
of the above scenarios, the endoscope camera needs to be
taken out of the body so that the endoscope lens can be
cleaned to restore visibility or warmed up for condensation
removal. After cleaning and/or other necessary treatment,
the endoscope camera often needs to be re-calibrated,
including performing white-balancing before it can be put
back into the patient’s body, which takes additional time to
complete. Note that this lens-cleaning type of OOB event
can take a few minutes to complete.

[0034] As another example of a different type of OOB
event, sometimes during a surgical procedure, the endoscope
lens needs to be changed from one scope size to another
scope size for different anatomy/fields of view (FOV). For
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example, a surgical procedure may first use a smaller scope
size (i.e., S mm)/larger FOV endoscope lens to locate a
difficult-to-find anatomy, and then change to a larger scope
size (i.e., 10 mm)/smaller FOV endoscope lens to perform
the actual operation on the specific anatomy. In such events,
the endoscope camera needs to be taken out of the patient’s
body so that the scope can be changed. After changing the
scope. the endoscope camera often needs to be re-calibrated,
including performing white-balancing before it can be
inserted back into the patient’s body, which takes additional
time to complete.

[0035] As yet another example of another type of OOB
event, some robotic surgical procedures today are not 100%
robotic, but with a majority (e.g., 90%) of a given procedure
performed with a robotic system and a small portion (e.g.,
10%) of the given procedure still performed with a laparo-
scopic system. In such a hybrid surgical procedure, there is
a transition or downtime during the overall procedure when
the robotic system is disengaged (including removing the
endoscope camera) and laparoscopic tools are engaged
(including introducing the laparoscopic camera). Depending
on the efficiency and skills of the surgical support team, the
transition requires a certain amount of time to move the
robot away (including disengaging the robot arms), engage
the laparoscopic tools, and wait for the laparoscopic surgeon
to arrive at the OR. Note that the beginning of this transition
time can be identified as the moment that the endoscope
video stops, while the end of the transition time can be
identified as the moment that the laparoscopic camera
images begin to show. Moreover, this OOB event can be
easily identifiable and therefore distinguishable from other
OOB events without system changes, because the view of
the laparoscopic images is typically quite different from the
view of the endoscope images. For example, the endoscope
view is usually quite zoomed in so that the anatomy often
occupies the full screen, whereas the laparoscopic view is
usually circular surrounded by a black border on the screen.

Surgical Timeout Events

[0036] Surgical timeout events, or simply “surgical tim-
eouts,” can include various times/events taking place during
the surgical procedure when the surgeon pauses for various
reasons and is not performing actual surgical tasks on the
patient. While there can be different types of surgical tim-
eout events for different reasons, each of the surgical timeout
events can be identified based on the fact that the endoscope
images become “static,” i.e., show a lack of meaningful
movement. In particular, if there are one or more surgical
tools within the field of view, the tools would have substan-
tially stopped moving. Note that for certain time periods
during which the associated endoscope video images do not
contain any surgical tools, these time periods can also be
considered as surgical timeouts. However, if such a time
period is part of the above-described tool exchange event
(e.g., when the surgeon is waiting for the new tool to arrive),
the time period can be identified as part of the tool exchange
event instead of a separate surgical timeout event.

[0037] As mentioned above, surgical timeouts can be
caused by different reasons. Typical surgical timeouts can be
caused by, but are not limited to, the following reasons. For
example, some surgical timeouts are caused by necessary
OR discussions. More specifically, a surgical timeout can
occur during the actual surgical procedure when the surgeon
stops interacting with the tissue and starts a discussion with
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another surgeon, the surgical support team, or other resi-
dents. These discussions can include discussions for making
collective decisions on how to proceed with the procedure
under the current situation, such as a complication. These
discussions can also include times when the surgeon is
teaching the residents who are observing the procedure.
[0038] Surgical timeouts can also occur when the surgeons
make decisions (on their own or in consultation with the
surgical support team) based on on-screen events or com-
plications. For example, there can be time periods during a
given procedure when a surgeon has to assess the on-screen
events such as comprehending the anatomy, and/or discuss-
ing how to deal with complications. During these times, the
surgeon is only making decisions, not actually operating on
the patient.

[0039] On some rare occasions, surgical timeouts can
occur when the surgeon becomes lost in the on-screen events
such as a complex anatomy and does not know how to
proceed. For example, such events can happen when junior
surgeons encounter situations they have not experienced
before. Such situations can arise either due to taking a wrong
step in the procedure or due to an unusual anatomy. To
resolve such situations, the surgeon may have to be on a call
with a senior surgeon, resort to tele-operation with an expert
surgeon, or even look up on the Internet for videos of similar
procedures. In any of these scenarios, the surgeon will have
to pause to have the situation resolved without actually
operating on the patient.

[0040] Another type of surgical timeout is caused by
waiting for a collaborating surgeon to come into the OR. In
complex surgical procedures such as an esophagectomy,
there can be multiple surgeons collaborating across different
phases of the procedure. In such cases, the appropriate
surgeons will need to be paged at the appropriate times.
However, even if the next appropriate surgeon is notified at
the time when the current phase of the procedure is being
completed, it may still take some time for the next surgeon
to come to the OR, which can potentially cause delays.
Patient Assistant after the Surgical Procedure

[0041] This is the final time period in the total OR time
after the last step of the actual surgical procedure has been
completed. During this time period the surgical support team
performs necessary steps to complete the overall surgical
procedure, such as closing up the incisions in the patient,
cleaning up the patient’s body (e.g., removing an IV line),
transferring the patient from the surgical platform to a
wheeled bed, and finally wheeling the patient out of the OR,
among other things. Note that during this patient assistant
time, no endoscope video is available because the endoscope
camera has been turned off. We also refer to this time period
as the “post-surgery preparation time” or “the second patient
preparation time” hereinafter.

[0042] In various embodiments, the above-described data
sources can be analyzed/mined using various machine-
learning-based techniques, conventional computer-vision
techniques such as image processing, or a combination of
machine-learning and computer-vision techniques to iden-
tify these non-surgical events and extract the associated
event durations. We now describe different types of the
non-surgical events in more detail below.

[0043] Some embodiments described in this disclosure
aim to combine various available data sources within the OR
and analyze these data sources individually or in combina-
tion to facilitate detecting the above-described non-surgical
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events within an overall surgical procedure and determining
the associated durations of the these events. In various
embodiments, the available data sources can be analyzed/
mined using various machine-learning-based techniques,
conventional computer-vision techniques such as image
processing, or a contbination of machine-learning and com-
puter-vision techniques to identify these non-surgical events
and extract the associated event durations. By combining
data from the multiple data sources in the OR, and applying
computer-vision and machine-learning techniques to ana-
lyze these data, the disclosed technology can reconstruct the
actual procedure duration by separating the detected events
from the actual procedure duration. Alternatively, the actual
procedure duration within the total OR time can be directly
determined by analyzing the same data sources, and in doing
s0, detecting all of the tool-tissue interaction events and
extracting the associated durations of the detected tool-tissue
interaction events.

[0044] FIG. 2 illustrates a timeline of an exemplary full
surgical procedure 200 indicating various surgical and non-
surgical events that make up the duration of the full surgical
procedure in accordance with some embodiments described
herein.

[0045] As can be seen in FIG. 2, full surgical procedure
200 starts at the moment the patient is wheeled into the OR,
indicated as a timestamp t,,, and ends at the moment the
patient is wheeled out of the OR, indicated as a timestamp
t,.- As mentioned above, t,, and t,, can be determined
based on data from sensors installed in or near the OR
entrance. For example, t,; and t,, can be determined with
one or more pressure sensors installed on the floor near the
OR entrance by detecting the combined weight of the
wheeled bed and the patient on the bed. Alternatively, t,,; and
t,, can be determined by analyzing videos from the wall
camera and/or ceiling cameras that capture the moments of
t,, and t,  at the OR entrance. In some embodiments, t,, and

t,,., can be determined by combining the pressure sensor data
at the doorway and the videos from the wall and/or ceiling
cameras to increase the confidence level of the estimated t,,,
and t,, .

[0046] Still looking at FIG. 2, note that immediately after
t,,, is the first (i.e., pre-surgery) preparation time T,,,. ;. This
is the time period when the surgical staff prepares the patient
for surgery, such as transferring the patient from the wheeled
bed onto the surgical platform, positioning the patient on the
surgical platform for convenient surgical tool access, arrang-
ing the patient’s clothing for surgical tool access, preparing
the patient’s skin for incision, and positioning the surgical
tools over the patient’s body, among other things. Note that
during preparation time T,,,,,; no endoscope feed is avail-
able, because the endoscope camera has not been introduced
into the patient’s body. In some embodiments, the end of
preparation time T, ,, can be marked as the moment when
the first incision (e.g., for the camera port) is made, because
this represents the beginning of applying the surgical tools
on the patient’s body. In these embodiments, the end of
preparation time T, ,, and the beginning of the endoscope
video can have a very short intervening gap. In the embodi-
ment shown in FIG. 2, however, preparation time T,,,,.,, ends
at the moment when the endoscope video begins, which is
designated as t,,,,, Time point t,,,,, can also be deter-
mined by analyzing the videos from wall and/or ceiling
cameras that capture the moment when the first incision on
the patient’s body is made. Hence, the first preparation time
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T,,.,1 can be easily determined based on the extracted
values of t,, and t,,,,. In some embodiments, the first
preparation time T,,,,,,; can be determined by combining the

endoscope video and the wall and/or ceiling camera videos.

[0047] In some embodiments, if the estimated first prepa-
ration time T, is significantly longer than a normal
pre-surgery preparation time, the wall camera and/or ceiling
camera videos can be used to identify the cause(s) of the
inefliciency, e.g., based on how the actual preparation pro-
gressed and which person or persons were responsible for
the delay(s) during the patient preparation.

[0048] Note that the endoscope video recording from the
endoscope camera can begin before or after the endoscope
camera has been inserted into patient’s body. Hence, t,,,;.0,
which represents the beginning of the endoscope video, can
occur prior to or after the endoscope camera insertion. For
example, if the endoscope camera is turned on before the
insertion, t,,,,, Will occur before the insertion. The exem-
plary surgical procedure 200 illustrates a scenario when
na00 OccUrs before the insertion when the endoscope cam-
era remains outside of the patient’s body. As a result, the
time segment immediately following t_,,,, and right before
the insertion represents an OOB event, designated as T3, -
It can be appreciated that Tz, can be determined simply
by analyzing the beginning portion of the endoscope video.
As described in more detail below, the full surgical proce-
dure 200 can include multiple OOB events. Note that during
these OOB events no tool-tissue interactions take place
within the patient’s body. Hence, the overall duration of
these multiple OOB events can contribute to a significant
amount of non-surgical time and, hence, OR inefliciency.

[0049] As shown in FIG. 2, the first OOB event Tz,
ends at time t,,,,, which represents the moment when the
endoscope camera is inserted into the camera port in the
patient’s body and anatomy images inside the patient’s body
begin to show. The end of T,y can also represent the
beginning of the actual surgical procedure when the surgical
tools are inserted and begin interacting with the tissues. Note
that some variations to the exemplary surgical procedure
200 do not have T, if the endoscope camera is turned on
during or after the insertion. In these cases, t_, ;o andt_, ;. ;
are substantially the same time representing the beginning of
the endoscope video.

[0050] Still referring to FIG. 2, note that following t_,,,,;,
1.e., the beginning of the endoscopic video, surgical proce-
dure 200 comprises a sequence of phases designated as P,
P,, and P,. These phases are separated by a sequence of
OOB events designated as T 5052, Toogs, and Tpops. More
specifically, each of the phases P, P,, and P is defined as
a time period when the endoscope video is available while
the endoscope camera remains inside the patient’s body,
while each of the OOB events T 55, Toogs, and Tppop4 18
defined as a time period when the endoscope is taken out of
the patient’s body for various reasons during and immedi-
ately after the actual surgical procedure. For example, one of
the OOB events Tz, can correspond to an event when the
endoscope is taken out of the body so that the endoscope
lens can be cleaned, re-calibrated (e.g., with white balanc-
ing), and then re-inserted into the patient’s body. Clearly,
during these OOB events, the surgeon performing surgical
procedure 200 has to wait for the endoscope and the actual
surgical procedure is paused. Consequently, to determine the
actual procedure duration, the combined duration of all of
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these OOB events should be determined and excluded from
the overall surgical procedure duration between t,,, and t,,,,.
[0051] Note that while the exemplary surgical procedure
200 includes four OOB events, other surgical procedures can
include a fewer or greater number of OOB events and
corresponding time periods. Moreover, the last OOB time
period T,,z, takes place toward the end of the surgical
procedure 200, which is identified as the time period
between a timestamp t,, , , corresponding to the moment the
endoscope video images from inside of the patient’s body
end as the endoscope camera is being taken out of the
patient’s body, and a timestamp t,, 4,5 corresponding to the
moment the endoscope camera is turned off marking the end
of the endoscope video. Similar to the first OOB period
Toos1s Tooss €an also be determined simply by analyzing
the endoscope video to identify the video image(s) corre-
sponding to t,, .. Note that another surgical procedure may
not have a corresponding time period like Tppop, if the
endoscope camera is turned off prior to or during the
removal of the endoscope camera from the patient’s body
after the completion of the surgical procedure. In such
scenarios, the end of the last procedural phase, such as P,
corresponds to the end of the endoscope video.

[0052] Note that during each of the phases P, P,, and P;,
a number of other non-surgical events can occur that do not
belong to the actual procedure duration but contribute to the
overall surgical procedure 200. As mentioned above, these
events can include various surgical timeouts, which can
include but are not limited to the following types of events:
(1) the surgeon is discussing how to proceed with the
surgical support team or other residents; (2) the surgeon is
teaching the residents; (3) the surgeon is waiting for a
collaborating surgeon to arrive; and (4) the surgeon is
making a decision based on on-screen events or complica-
tions. These additional non-surgical events can also include
tool exchange events. On rare occasions, these non-surgical
events can also include scenarios when the surgeon is lost in
the on-screen anatomy and does not know how to proceed.
[0053] As a specific example, phase P, within the exem-
plary surgical procedure 200 can include a surgical timeout
event TO, when the surgeon is discussing how to proceed
with the surgical support team or residents in the OR. This
event TO, corresponds to a time period designated as T ;.
As discussed above, while surgical timeouts can take a
number of types or forms, they are typically identifiable in
the endoscope video when the surgical tool stops moving.
Because event TO, happens within phase P; when the
endoscope video is available, event TO, can be detected
based on a lack of surgical tool movement. For example,
when it is determined that tool movement in the endoscope
video has substantially stopped for more than a predeter-
mined time period, the initial time when the movement is
determined to have stopped can be recorded as the beginning
of the TO,. When the tool movement is detected again for
the given tool, the moment when the movement is deter-
mined to have resumed can be recorded as the end of event
TO,, and the corresponding duration of T,,, can then be
extracted.

[0054] Note that it can be difficult to determine the exact
cause of surgical timeout TO, solely based on the endoscope
video images. For example, the lack of tool movement in the
endoscope video can also be associated with other types of
timeout events, such as waiting for a collaborating surgeon
to alive. In some embodiments, the exact nature of the
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detected timeout event TO, can be further predicted or
verified based on the recorded OR audio signals during the
same time period as timeout event TO,. Furthermore, these
visual and audio data sources can also be used collabora-
tively with wall and/or ceiling camera videos to determine
the exact nature of the timeout TO,.

[0055] As another example of a surgical timeout event,
phase P in surgical procedure 200 is shown to include a
second surgical timeout event TO, when the surgeon is
teaching the residents who are observing surgical procedure
200. Because event TO, happens within phase P; when the
endoscope video is available, the event TO, can also be
detected based on the lack of surgical tool movement in the
endoscope video images, and the corresponding duration
T ;0. can be extracted between the moment when the tool is
determined to have stopped moving and the moment when
the tool is determined to begin moving again. In practice,
although it can be difficult to determine the exact type of
surgical timeout TO, solely based on the video images, the
nature of the detected event TO, can be predicted or verified
based on the recorded OR audio signals during the same
time period as timeout event TO,.

[0056] As yet another example of a non-surgical event
taking place during a given surgical phase, phase P, in
surgical procedure 200 is shown to include a tool exchange
event EX1 when one surgical tool is taken out of the
patient’s body and another tool is brought into the patient’s
body. The event corresponds to a time period designated as
Ty, - Note that, in addition to the time needed to remove one
tool and bring in another tool, Ty, can also include time that
the surgeon has to wait for the new tool to be brought to the
OR and made ready for use. Because event EX1 happens
within phase P, when the endoscope video 1s available, the
event can be detected by analyzing the endoscope video, and
the corresponding duration Tgy, can be extracted. However,
the detection of event EX1 and the estimation of T, can
also be based on a collaborative analysis of the endoscope
video and videos from the ceiling and wall cameras.
[0057] Note that the above-described various non-surgical
events within a given surgical phase further break up that
phase into a set of surgical segments, wherein the sum of the
set of segments corresponds to the actual surgical procedure
duration within the given phase, and the sum of all of the
surgical segments from all of the phases corresponds to the
actual surgical procedure duration of the exemplary surgical
procedure 200. However, instead of predicting for each of
the surgical segments and calculating the sum, some
embodiments detect and estimate the two patient preparation
times, various OOB times, various non-surgical times within
each surgical phase, and then obtain the overall non-surgical
time as the sum of the above. The actual surgical procedure
duration is then obtained by excluding the overall non-
surgical time from the duration of the overall surgical
procedure 200.

[0058] Referring still to FIG. 2, note that immediately
after the last OOB event T, 1s the post-surgery patient
assistant (i.e., second patient preparation time) T, », which
begins at t,, ;- when the endoscope video stops and ends at
t,,, when the patient is wheeled out of the OR. This is the
final time period in the full surgical procedure 200 after the
final step of the surgical procedure is completed (though the
surgeon may or may not have left the OR). During this time
period the surgical support team performs necessary steps to
complete the overall surgical procedure, such as closing up
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the incisions in the patient, cleaning up the patient’s body
(e.g., removing an IV line), transferring the patient from the
surgical platform to a wheeled bed, and finally wheeling the
patient out of the OR. During the event of T, ., the
endoscope video has ended. However, like the first prepa-
ration time T, ,, T, can also be determined by analyz-
ing the videos from wall and/or ceiling cameras. In some
embodiments, the second preparation time T, . can be
determined by combining the pressure sensor data from the
surgical platform with the information from the wall/ceiling
camera videos.

[0059] Eventually, when the patient is being wheeled out
of the OR, the doorway sensor can record the final moment
t,, of the full surgical procedure 200. Hence, the overall
duration P, or the total OR time of the full surgical
procedure 200 can be expressed as:

Pror=tyety:

Finally, the actual procedure duration P,., of the full
surgical procedure 200 can be computed by excluding all of
the above-described non-surgical times from the overall
duration P,

P ger=ProrTprepi+ Dprepat Toos1+ Tooza+ Tooss*
ToosatTror+ Troxt Tex)-

[0060] Note that one of the applications of identifying
OOB events during a surgical procedure is that the identified
OOB events can be used to facilitate HIPAA-compliant
surgical video editing. During an QOB event, the endoscope
camera can be pointed to various subjects to trigger privacy
violations, such as a whiteboard in the OR with patient
information, a patient, or surgical support staff. Tradition-
ally, to edit out such OOB segments from recorded surgical
videos, HIPAA-compliance experts are hired to watch the
videos, identify those OOB segments, and have the video
segments blurred out. The disclosed technique to automati-
cally identify OOB events can make HIPAA-compliant
video editing a fully automated process.

[0061] FIG. 3 presents a flowchart illustrating an exem-
plary process 300 for performing automatic HIPAA-com-
pliant video editing in accordance with some embodiments
described herein. In one or more embodiments, one or more
of the steps in FIG. 3 may be omitted, repeated, and/or
performed in a different order. Accordingly, the specific
arrangement of steps shown in FIG. 3 should not be con-
strued as limiting the scope of the technique.

[0062] Process 300 begins by receiving an endoscope
video captured by an endoscope camera during a surgical
procedure (step 302). In some embodiments, the surgical
procedure is a non-robotic minimally invasive surgery
(MIS) procedure. In some other embodiments, the surgical
procedure is a robotic surgical procedure. Next, process 300
performs a machine-learning-based analysis on the endo-
scope video to identify one or more OOB events (step 304).
As mentioned above, an OOB event is defined as a time
period when the endoscope is taken out of the patient’s body
while the endoscope camera continues to record. Hence,
identifying an OOB event would require identifying two
transitional events: (1) when the endoscope camera is being
taken out of the patient’s body; and (2) when the endoscope
camera is being placed back into the patient’s body. Note
that each of these transitional events can be detected based
on a given pattern in a sequence of video images. For
example, the beginning of the OOB event can be identified
based on a sequence of video images depicting when the

Jun. 18, 2020

endoscope camera is being pulled from the patient’s body to
outside of the patient’s body. Within the sequence of images,
the identifiable pattern can include multiple frames initially
showing an anatomy inside the body, followed by multiple
frames of dark images, which are further followed by video
frames showing various objects and/or personnel in the OR.
Similarly, the end of an OOB event can be identified based
a sequence of images made up of multiple frames initially
showing various objects and/or personnel in the OR, fol-
lowed by multiple frames of dark images, which are then
followed by multiple frames displaying an anatomy inside
the body. In some embodiments, a machine-learning model
can be trained to detect a first pattern indicating the begin-
ning of an OOB event based on a first sequence of video
frames; and a second pattern indicating the end of an OOB
event based on a second sequence of video frames. For each
of the identified OOB events, process 300 next performs a
blurring operation to anonymize the video segment corre-
sponding to the identified OOB event (step 306). Process
300 subsequently provides the edited endoscope video with
blurred-out OOB events for further post-procedural analysis
(step 308).

[0063] Note that the endoscope videos produced during
the surgical procedure are often the best data source for
post-procedural analysis, including performing machine-
learning-based analysis. Using machine-learning and/or
computer-vision analysis tools, an endoscopic video can be
used to detect and recognize surgical tools and determine
when a surgical tool is actually in contact with the tissue and
whether that tool is actually moving. Based on such analy-
ses, the endoscopic video can be used to determine various
OOB events that have taken place during the surgical
procedure.

[0064] The endoscope videos can also be used to identify
tool exchange events, i.e., based on performing computer-
vision and/or machine-learning-based tool detection and
recognition analyses. The endoscope videos can additionally
be used to identify surgical timeouts, e.g., by identifying
static scenes within the videos indicating various timeout
events, such as OR room chats/discussions, waiting for
collaborating surgeons, among others. More details of sur-
gical tool detection based on surgical video analysis are
described in a related patent application (insert application #
for VERB-0059), the contents of which are incorporated by
reference herein. As described above, the endoscope videos
can also be used to identify a switching time between the
robotic phase and the laparoscopic phase of a hybrid surgical
procedure.

[0065] Furthermore, the endoscope video can be used to
perform surgical phase segmentation, i.e., segmenting a
surgical procedure into a set of predefined phases, wherein
each phase represents a particular stage of the surgical
procedure that serves a unique and distinguishable purpose
in the entire surgical procedure. More details of the surgical
phase segmentation based on surgical video analysis are
described in a related patent application (insert application #
for VERB-0053), the contents of which are incorporated by
reference herein. Note that the set of phases P, P,, and P,
associated with surgical procedure 200, which are separated
by the set of OOB events, is not the same as the set of
pre-defined phases generated by the surgical phase segmen-
tation procedure. In fact, it is not necessary to perform the
surgical phase segmentation in order to identify the various
non-surgical events. However, segmenting a given surgical
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procedure into the set of pre-defined phases allows for
associating each identified non-surgical event with a given
pre-defined phase. Because these non-surgical events gen-
erally mean delays in a surgical procedure, knowing which
pre-defined phases include which identified non-surgical-
related events can significantly improve understanding of a
given surgical procedure. For example, identifying which
pre-defined surgical phase contains the highest number of
identified delays can indicate a deficiency in the surgeon’s
skill.

[0066] In some embodiments, videos from wall and ceil-
ing cameras capture events taking place inside the OR, such
as personnel (both the surgeon and the support staff) move-
ments. The captured personnel movements can be used as a
direct indicator and/or analyzed using image processing
tools to identify tool exchange events, OOB events, certain
types of timeout events, and switching between robotic and
laparoscopic phases.

[0067] In some embodiments, pressure sensor data from
the tips or jaws of the surgical tools can be used collabora-
tively with the endoscope video to reinforce the detection of
some timeout events. For example, after detecting a timeout/
static event based on the endoscope video, the starting time
and the ending time of the static event can be verified based
on the pressure sensor data. A person skilled in the art will
appreciate that the pressure data from the tool tip sensor can
indicate when the tool tip is actually in touch with the tissue
and when the tool tip is not touching the tissue. The
timestamps associated with the pressure data can then be
used to validate the extracted timestamps for the static event
based on the endoscope video.

[0068] In some embodiments, the pressure sensor data
from surgical tool tips can also be used collaboratively with
the endoscope video to detect and determine the time
periods for some timeout events. For example, the endo-
scope video can be used as the first data source to detect a
segment of the video when the tool(s) in the FOV is not
moving (e.g., in combination with observing the pulsing of
the tissue). Next, the pressure sensor data from the tool tips
around the time frames of the detected timeout event can be
used to pinpoint the beginning (e.g., when the pressure
decreases to zero) and the end (e.g., when the pressure
increases from zero to a significant value) of the timeout
event. Note that using only one of the two data sources, i.e.,
either detecting from the endoscope video that the tool is not
moving, or detecting from the pressure sensor that there is
no pressure at the tool tip, may be insufficient to determine
whether the tool is completely static. By combining these
two data sources, the output based on the collaborative
information can lead to much higher confidence levels in the
accuracy of the detection.

[0069] In some embodiments, the pressure sensors on the
patient’s bed can be used to detect repositioning of the tools.
For example, when the initial positioning of the surgical
tools and holes/ports in the body are determined to be
improper to access certain anatomy, an additional hole/port
in the body may need to be created. When this happens, the
camera can usually remain in place, but one or more surgical
tools may need to be repositioned. This repositioning may be
categorized as a type of surgical timeout because while the
surgeon is trying to figure out a proper tool placement, no
tool-tissue interaction is happening. Note that if the reposi-
tioning requires repositioning of the patient on the surgical
platform, the pressure sensor on the platform can detect a
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change in pressure as a result. However, if the repositioning
requires little change of the patient’s position, it is more
reliable to combine the pressure sensor data with the videos
from the wall and ceiling cameras to actually see the
repositioning process.

[0070] FIG. 4 presents a block diagram illustrating the
interrelationships among various types of events 402-410
that constitute the total OR time 400 of a surgical procedure
and the set of data sources 412-422 available inside the OR
during the surgical procedure in accordance with some
embodiments described herein. As can be seen in FIG. 4,
total OR time 400 includes patient preparation times 402,
actual procedure duration 404, OOB events 406, tool
exchange events 408, and surgical timeout events 410. The
set of data sources includes endoscope videos 412, videos
414 from wall and ceiling cameras, pressure sensor data 416
from the surgical platform, pressure sensor data 418 from
the surgical tools, pressure sensor data 420 from the OR
doorway, and OR audio data 422. Note that each arrow
linking a given type of event and a given data source
represents that the given data source can be used, either on
its own or in conjunction with other data sources, to detect/
identify the given type of event from the full surgical
procedure.

[0071] As described above, total OR time 400 can be
determined based on pressure sensor data 420 from the OR
doorway, based on the videos 414 captured by the wall/
ceiling cameras, or based on a combination of the pressure
sensor data 420 and videos 414. For example, if the total OR
time 400 determined based on pressure sensor data 420 is
unreasonably short, videos 414 from the wall/ceiling cam-
eras can be used to verify or make corrections to the total OR
time 400 determined solely based on pressure sensor data
420. Note that determining total OR time 400 is a relatively
straightforward process and typically does not require using
computer-vision or machine-learning techniques.

[0072] As further described above, patient preparation
times 402 can include the pre-surgery preparation time
1,1 and the post-surgery preparation time T,,,,, », and both
can be directly determined based on videos 414 from the
wall and/or ceiling cameras. In some embodiments, these
two patient preparation times 402 can also be determined
based on the pressure sensor data 416 from the surgical
platform. For example, to determine the first preparation
time T, pressure sensor data 416 from the surgical
platform can be analyzed to determine when the sensor data
has increased from zero (without patient) to a significantly
higher value (when the patient is transferred onto the sur-
gical platform), and has stabilized (e.g., after positioning the
patient on the surgical platform). Next, T,,,,,, can be deter-
mined as the time period between wheeled-in time t,, and
the moment when the pressure data on the surgical platform
stabilizes. Similarly, to determine the second preparation
time T, pressure sensor data 416 from the surgical
platform can be analyzed to determine when the data has
decreased from a higher value (when the patient is still lying
on the surgical platform) to a significantly lower value or
zero (when the patient is removed from the surgical plat-
form). Next, the T, can be determined as the time
between the wheeled-out time t,,, and the time when the
pressure data on the surgical platform becomes zero. In

some embodiments, T,,,, and T, . can be determined
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based on the combination of the pressure sensor data 416
from the surgical platform and videos 414 captured by the
wall/ceiling cameras.

[0073] As also described above, OOB events 406 can
include OOB events during the actual surgical procedure (or
“In-procedure OOB events” hereinafter), an initial OOB
event at the beginning of the actual surgical procedure, and
a final OOB event at the end of the actual surgical procedure.
Moreover, each of the in-procedure OOB events can be
identified within the total OR time 400 based on analyzing
endoscope videos 412. In some embodiments, to identify a
given in-procedure OOB event from total OR time 400, a
machine-learning model can be applied to endoscope videos
412 to identify the beginning of the OOB event based on a
first sequence of video images, and to identify the end of the
OOB event based on a second sequence of video images.
Note that prior to applying the machine-learning model to
identify OOB events from the total OR time 400, the model
can be trained to classify a sequence of video images as one
of: (1) the beginning of an in-procedure OOB event; (2) the
end of an in-procedure OOB event; and (3) neither of the
above.

[0074] Also described earlier, if the endoscope camera is
turned on prior to the initial insertion of the endoscope into
the patient’s body, an initial OOB event exists and needs to
be detected. Note that to identify the initial OOB event from
the total OR time 400, only the end of the imitial OOB event
needs to be detected. In some embodiments, the same
machine-learning model used for detecting in-procedure
OOB events can be applied to the beginning portion of the
endoscope video to determine when the endoscope is ini-
tially inserted into the patient’s body based on a sequence of
video images. Next, the initial OOB event can be calculated
as the time between the beginning of an endoscope video
412 and the determined initial insertion time.

[0075] Similarly, if the endoscope camera remains turned
on for some time after the final removal of the endoscope
from the patient’s body, a final OOB event exists and needs
to be detected. Note that to identify the final OOB event
from the total OR time 400, only the beginning of the final
OOB event needs to be detected. In some embodiments, the
same machine-learning model used for detecting in-proce-
dure OOB events can be applied to the final portion of an
endoscope video 412 to determine when the endoscope is
finally removed from the patient’s body based on a sequence
of video images. Next, the final OOB event can be calculated
as the time between the end of the endoscope video 412 and
the determined final endoscope removal time.

[0076] Note that all of the above OOB events can also be
directly identified based on videos 414 from the wall/ceiling
cameras. For example, for an in-procedure OOB event
related to lens cleaning, one or more videos 414 captured in
the OR during the surgical procedure may capture the event
including the moment when the endoscope is taken out of
the patient’s body and the moment when the endoscope is
re-inserted into the patient’s body after lens cleaning and
camera recalibration. In some embodiments, an in-proce-
dure OOB event can be determined based on the combina-
tion of endoscope videos 412 and videos 414 from the
wall/ceiling cameras. For example, if analyzing endoscope
videos 412 fails to identify either the beginning or the end
of an in-procedure OOB event, the corresponding videos
414 can be used to help identify the missing timestamp.
More specifically. if analyzing endoscope videos 412 has
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identified the beginning of an OOB event t,, but fails to
identify the end of the QOB event t,, videos 414 from the
wall and ceiling cameras can be reviewed from the time t,
onward till the point when the endoscope is being re-inserted
into the camera port. Similarly, if analyzing endoscope
videos 412 has identified the end of the OOB event t,, but
fails to identify the beginning of the OOB event t,, videos
414 from the wall and ceiling cameras can be reviewed from
the time t, backward till the point when the endoscope is
being removed from the camera port.

[0077] Tool exchange events 408 make up another portion
of total OR time 400 that does not belong to actual procedure
duration 404. As described above, each of the tool exchange
events 408 can be determined based on analyzing endoscope
videos 412. Because detecting a tool exchange event
involves detecting and recognizing multiple surgical tools, a
machine-learning-based analysis can be applied to endo-
scope videos 412, e.g., by individually identifying the begin-
ning and the end of a tool exchange event. For example, a
machine-learning-based video analysis tool may continue to
detect and recognize a first surgical tool (e.g., a surgical
stapler) up until image frame i, but begins to detect and
recognize a second surgical tool (e.g., a surgical grasper)
starting from image frame i+50. In between image frames 1
and 1+50, no surgical tool is detected from endoscope videos
412. The video analysis tool can then conclude that a tool
exchange event 408 has been detected starting from frame i
and ending at frame i+50, and a corresponding tool
exchange time can also be extracted.

[0078] In some embodiments, a tool exchange event 408
can also be detected based on pressure sensor data 418 from
tips or jaws of the two surgical tools involved in the tool
exchange event. For example, the beginning of the tool
exchange event 408 can be determined as the time when the
pressure sensor data 418 from the first surgical tool (which
is being replaced) goes from a finite value to zero, whereas
the end of the tool exchange event 408 can be determined as
the time when the pressure sensor data 418 from the second
surgical tool (which is replacing the first surgical tool) goes
from zero to a finite value. In some embodiments, a tool
exchange event 408 can be identified based on the combi-
nation of endoscope videos 412 and pressure sensor data 418
from the surgical tools involved in the tool exchange event.
In some embodiments, a tool exchange event 408 can also
be identified based on the combination of endoscope videos
412, pressure sensor data 418 from the surgical tools
involved in the tool exchange event, and videos 414 from the
wall and ceiling cameras.

[0079] Surgical timeout events 410, such as OR room
chats/discussions or waiting for collaborating surgeons,
make up for another portion of the total OR time 400 that
does not belong to actual procedure duration 404. As
described above, during a surgical timeout, the surgeon is
not doing anything with a surgical tool in the FOV of an
endoscope video; therefore, the surgical tool is idle and the
scene appears static in the endoscope video. Hence, each of
the surgical timeout events 408 can be identified based on
analyzing the corresponding video 412. For example, by
analyzing a sequence of images and recognizing that the
scene has not changed over a predetermined number of
frames (e.g., 20 frames), a timeout event can be identified.
Note that often-times the scene of the endoscope video is not
completely static due to pulsing of the organs in the FOV.



US 2020/0194111 Al

However, the pulsing can be extracted as the background
noise, or used as a signature indicating a static scene (when
pulsing is the only action).

[0080] Insome embodiments, a surgical timeout event 410
can also be detected based on pressure sensor data 418 from
the surgical tools involved in the event. For example, the
beginning of a surgical timeout event 410 can be identified
as the time when pressure sensor data 418 from the surgical
tool goes from a finite value to zero (i.e., becomes inactive),
whereas the end of the surgical timeout event 410 can be
identified as the time when pressure sensor data 418 from the
surgical tool goes from zero to a finite value (i.e., becomes
active again). In some embodiments, a surgical timeout
event 410 can be determined based on the combination of
the endoscope video 412 and pressure sensor data 418 from
the surgical tools involved in the event. In some embodi-
ments, a surgical timeout event 410 can also be determined
based on videos 414 from the wall and ceiling cameras.
[0081] Note that audio data 422 recorded during total OR
time 400 can include verbal exchanges between the surgeon
and other people both inside and outside the OR. At any
point in time during total OR time 400, audio data 422
provide clues to the ongoing event. Hence, audio data 422
can be used collaboratively with any of the other data
sources 412-420 to detect each type of non-surgical event
406-410, or to improve the accuracy and confidence of the
detection of such events initially based on data sources
412-420. In some embodiments, processing audio data 422
in collaboration with data sources 412-420 for non-surgical
event detection can include performing natural language
processing on audio data 422.

[0082] As can be seen, the disclosed surgical procedure
analysis system allows for identifying and extracting the
corresponding duration for each non-surgical event and each
type of the described non-surgical events. Once all of the
above information is available, the full surgical procedure
and the corresponding total OR time duration can be broken
up into the different segments described above. The
extracted time information of various surgical and non-
surgical events can be used to perform in-depth analysis of
and provide insight into the corresponding surgical proce-
dure, e.g., by evaluating individually or in combination (e.g.,
as a combined time of the same type of non-surgical event)
to determine its impact on the total OR time (e.g.. in term of
percentage of total OR time 400). For example, the total
recorded tool exchange time can be used to evaluate the
impact of tool exchange events on the total OR time. Note
that tool recognition information extracted along with
detecting tool exchange events can also be used for the
purposes of tool inventory, and tracking how many times
surgical tools are used or fired. The extracted time informa-
tion of various surgical and non-surgical events is also
correlated to, and therefore can also be used to perform
assessments of, the following metrics:

[0083] OR workflow efficiency;

[0084] OR cost;

[0085] Effect on anesthesia dosage;

[0086] Effect on infection rates;

[0087] Surgeon skill evaluations; and

[0088] Surgical procedure outcomes analysis.

The results from the above evaluations can then guide the
relevant hospitals, surgeons, and surgical support teams to
make corrections and adjustments to their OR practices.
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[0089] Moreover, the time information for a given type of
non-surgical event can be used for item-to-item comparisons
between different surgical procedures and different sur-
geons. As a concrete example, for two surgical procedures A
and B of the same type performed by two surgeons A and B,
the total OR times indicate that surgeon A spends 20 minutes
longer in the OR than surgeon B. After extracting various
non-surgical events, it is determined that the actual proce-
dure durations of the two procedures are substantially the
same. However, procedure A has 20 minutes more in deter-
mined overall timeout events than procedure B, e.g., due to
the discussions of surgeon A with others in the OR. This
analysis can reveal that surgeon A is less eflicient as a result
of taking too many timeouts.

[0090] FIG. 5 shows a block diagram of an exemplary
surgical procedure analysis system 500 in accordance with
some embodiments described herein. As can be seen in FIG.
5, surgical procedure analysis system 500 includes OR data
sources 502 that further include endoscope videos 504,
wall/ceiling camera videos 506, pressure sensor data 508,
and OR audio data 510, each of which is collected inside an
OR during a surgical procedure. Note that pressure sensor
data 508 can further include pressure sensor data from
surgical tool tips or jaws, pressure sensor data from a
surgical platform, and pressure sensor data from an OR
doorway.

[0091] As can be seen in FIG. 5, surgical procedure
analysis system 500 further includes a surgical procedure
analysis subsystem 512, which is coupled to OR data
sources 502 and configured to receive various video, audio
and sensor data 504-510 from OR data sources 502 and
perform various above-described surgical procedure analy-
ses to break down a total OR time by identifying various
disclosed surgical and non-surgical segments/events and
extract the duration of each of the identified surgical or
non-surgical segments/events. More specifically, surgical
procedure analysis subsystem 512 can include a set of
machine-learning modules that can be applied to one or
more of the data sources 504-510 to identify various surgical
and non-surgical events.

[0092] For example, these machine-learning modules can
include a machine-learning module 514 for identifying a set
of OOB events during the total OR time mainly based on
endoscope videos 504; a machine-learning module 516 for
identifying a set of tool exchange events during the total OR
time mainly based on endoscope videos 504; a machine-
learning module 518 for identifying a set of surgical timeout
events during the total OR time mainly based on endoscope
videos 504; and a machine-learning module 520 for identi-
fying a set of actual surgical segments during the total OR
time mainly based on endoscope videos 504. These
machine-learning modules can also include a natural-lan-
guage-processing module 522 for analyzing OR audio data
510, and the output from natural-language-processing mod-
ule 522 can be used by machine-learning modules 514-520
to improve the accuracy of detection of various surgical and
non-surgical events. Note that surgical procedure analysis
subsystem 512 also includes an actual-procedure-extraction
module 524 that can use the output from machine-learning
modules 514-520 to extract the actual procedure duration
from the total OR time.

[0093] FIG. 6 conceptually illustrates a computer system
with which some embodiments of the subject technology
can be implemented. Computer system 600 can be a client,
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a server, a computer, a smartphone, a PDA, a laptop, or a
tablet computer with one or more processors embedded
therein or coupled thereto, or any other sort of computing
device. Such a computer system includes various types of
computer-readable media and interfaces for various other
types of computer-readable media. Computer system 600
includes a bus 602, processing unit(s) 612, a system memory
604, a read-only memory (ROM) 610, a permanent storage
device 608, an input device interface 614, an output device
interface 606, and a network interface 616. In some embodi-
ments, computer system 600 is a part of a robotic surgical
system.

[0094] Bus 602 collectively represents all system, periph-
eral, and chipset buses that communicatively connect the
numerous internal devices of computer system 600. For
instance, bus 602 communicatively connects processing
unit(s) 612 with ROM 610, system memory 604, and
permanent storage device 608.

[0095] From these various memory units, processing unit
(s) 612 retrieves instructions to execute and data to process
in order to execute various processes described in this patent
disclosure, including the above-described surgical procedure
analyses to detect/identify various disclosed surgical and
non-surgical events, extract the durations of the identified
events, and extract the actual procedure duration from the
total OR time described in conjunction with FIGS. 1-5. The
processing unit(s) 612 can include any type of processor,
including but not limited to, a microprocessor, a graphic
processing unit (GPU), a tensor processing unit (TPU), an
intelligent processor unit (IPU), a digital signal processor
(DSP), a field-programmable gate array (FPGA), and an
application-specific integrated circuit (ASIC). Processing
unit(s) 612 can be a single processor or a multi-core pro-
cessor in different implementations.

[0096] ROM 610 stores static data and instructions that are
needed by processing unit(s) 612 and other modules of the
computer system. Permanent storage device 608, on the
other hand, is a read-and-write memory device. This device
is a non-volatile memory unit that stores instructions and
data even when computer system 600 is off. Some imple-
mentations of the subject disclosure use a mass-storage
device (such as a magnetic or optical disk and its corre-
sponding disk drive) as permanent storage device 608.
[0097] Other implementations use a removable storage
device (such as a floppy disk, flash drive, and its corre-
sponding disk drive) as permanent storage device 608. Like
permanent storage device 608, system memory 604 is a
read-and-write memory device. However, unlike storage
device 608, system memory 604 is a volatile read-and-write
memory, such as a random access memory. System memory
604 stores some of the instructions and data that the pro-
cessor needs at runtime. In some implementations, various
processes described in this patent disclosure, including the
processes of detecting/identifying various disclosed surgical
and non-surgical events, extracting the durations of the
identified events, and extracting the actual procedure dura-
tion from the total OR time described in conjunction with
FIGS. 1-5, are stored in system memory 604, permanent
storage device 608, and/or ROM 610. From these various
memory units, processing unit(s) 612 retrieves instructions
to execute and data to process in order to execute the
processes of some implementations.

[0098] Bus 602 also connects to input and output device
interfaces 614 and 606. Input device interface 614 enables
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the user to communicate information to and select com-
mands for the computer system. Input devices used with
input device interface 614 include, for example, alphanu-
meric keyboards and pointing devices (also called “cursor
control devices”). Output device interface 606 enables, for
example, the display of images generated by computer
system 600. Output devices used with output device inter-
face 606 include, for example, printers and display devices,
such as cathode ray tubes (CRT) or liquid crystal displays
(LCD). Some implementations include devices such as a
touchscreen that functions as both input and output devices.
[0099] Finally, as shown in FIG. 6, bus 602 also couples
computer system 600 to a network (not shown) through a
network interface 616. In this manner, the computer can be
a part of a network of computers (such as a local area
network (“LAN”), a wide area network (“WAN”), an
intranet, or a network of networks, such as the Internet. Any
or all components of computer system 600 can be used in
conjunction with the subject disclosure.

[0100] The various illustrative logical blocks, modules,
circuits, and algorithm steps described in connection with
the embodiments disclosed in this patent disclosure may be
implemented as electronic hardware, computer software, or
combinations of both. To clearly illustrate this interchange-
ability of hardware and software, various illustrative com-
ponents, blocks, modules, circuits, and steps have been
described above generally in terms of their functionality.
Whether such functionality is implemented as hardware or
software depends upon the particular application and design
constraints imposed on the overall system. Skilled artisans
may implement the described functionality in varying ways
for each particular application, but such implementation
decisions should not be interpreted as causing a departure
from the scope of the present disclosure.

[0101] The hardware used to implement the various illus-
trative logics, logical blocks, modules., and circuits
described in connection with the aspects disclosed herein
may be implemented or performed with a general purpose
processor, a digital signal processor (DSP), an application-
specific integrated circuit (ASIC), a field-programmable
gate array (FPGA) or other programmable logic device,
discrete gate or transistor logic, discrete hardware compo-
nents, or any combination thereof designed to perform the
functions described herein. A general-purpose processor
may be a microprocessor, but in the alternative, the proces-
sor may be any conventional processor, controller, micro-
controller, or state machine. A processor may also be imple-
mented as a combination of receiver devices, e.g., a
combination of a DSP and a microprocessor, a plurality of
MicCroprocessors, one or more Microprocessors in conjunc-
tion with a DSP core, or any other such configuration.
Alternatively, some steps or methods may be performed by
circuitry that is specific to a given function.

[0102] In one or more exemplary aspects, the functions
described may be implemented in hardware, software, firm-
ware, or any combination thereof. If implemented in soft-
ware, the functions may be stored as one or more instruc-
tions or code on a non-transitory computer-readable storage
medium or non-transitory processor-readable storage
medium. The steps of a method or algorithm disclosed
herein may be embodied in processor-executable instruc-
tions that may reside on a non-transitory computer-readable
or processor-readable storage medium. Non-transitory com-
puter-readable or processor-readable storage media may be
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any storage media that may be accessed by a computer or a
processor. By way of example but not limitation, such
non-transitory computer-readable or processor-readable
storage media may include RAM, ROM, EEPROM, flash
memory, CD-ROM or other optical disk storage, magnetic
disk storage or other magnetic storage devices, or any other
medium that may be used to store desired program code in
the form of instructions or data structures and that may be
accessed by a computer. The terms “disk” and “disc,” as
used herein, include compact disc (CD), laser disc, optical
disc, digital versatile disc (DVD), floppy disk, and Blu-ray
disc where disks usually reproduce data magnetically, while
discs reproduce data optically with lasers. Combinations of
the above are also included within the scope of non-transi-
tory computer-readable and processor-readable media.
Additionally, the operations of a method or algorithm may
reside as one or any combination or set of codes and/or
instructions on a non-transitory processor-readable storage
medium and/or computer-readable storage medium, which
may be incorporated into a computer-program product.
[0103] While this patent document contains many specif-
ics, these should not be construed as limitations on the scope
of any disclosed technology or of what may be claimed, but
rather as descriptions of features that may be specific to
particular embodiments of particular techniques. Certain
features that are described in this patent document in the
context of separate embodiments can also be implemented in
combination in a single embodiment. Conversely, various
features that are described in the context of a single embodi-
ment can also be implemented in multiple embodiments
separately or in any suitable subcombination. Moreover,
although features may be described above as acting in
certain combinations and even initially claimed as such, one
or more features from a claimed combination can, in some
cases, be excised from the combination, and the claimed
combination may be directed to a subcombination or varia-
tion of a subcombination.

[0104] Similarly, while operations are depicted in the
drawings in a particular order, this should not be understood
as requiring that such operations be performed in the par-
ticular order shown or in sequential order, or that all illus-
trated operations be performed, 1o achieve desirable results.
Moreover, the separation of various system components in
the embodiments described in this patent document should
not be understood as requiring such separation in all
embodiments.

[0105] Only a few implementations and examples are
described, and other implementations, enhancements and
variations can be made based on what is described and
illustrated in this patent document.

What is claimed is:

1. A computer-implemented method for extracting an
actual procedure duration that involves actual surgical tool-
tissue interactions from a total procedure duration of a
surgical procedure, the method comprising:

obtaining the total procedure duration of the surgical

procedure;

receiving a set of operating room (OR) data from a set of

OR data sources collected during the surgical proce-
dure;

analyzing the set of OR data to detect a set of non-surgical

events during the surgical procedure that do not involve
surgical tool-tissue interactions;
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extracting a set of durations corresponding to the set of

events; and

determining the actual procedure duration by subtracting

the combined set of durations corresponding to the set
of events from the total procedure duration.

2. The computer-implemented method of claim 1,
wherein obtaining the total procedure duration of the surgi-
cal procedure includes identifying a time when a patient of
the surgical procedure is being wheeled into the OR and a
time when the patient is being wheeled out of the OR.

3. The computer-implemented method of claim 1,
wherein the set of OR data includes one or more of the
following:

one or more endoscope videos captured during the sur-

gical procedure;

one or more videos captured by one or more wall and/or

ceiling cameras inside the OR during the surgical
procedure;

a set of sensor data collected inside the OR during the

surgical procedure; and

a set of audio files recorded inside the OR during the

surgical procedure.

4. The computer-implemented method of claim 3,
wherein the set of sensor data further includes one or more
of the following:

pressure sensor data collected from surgical tools

involved in the surgical procedure;

pressure sensor data collected from a surgical platform

inside the OR; and

pressure sensor data collected from a doorway of the OR.

5. The computer-implemented method of claim 1,
wherein analyzing the set of OR data to detect a set of
non-surgical events during the surgical procedure includes:

1dentifying a set of out-of-body (OOB) events, wherein an

OOB event begins when an endoscope used during the
surgical procedure is taken out of the patient’s body for
one of a set of reasons.

6. The computer-implemented method of claim 5,
wherein the set of OOB events includes one or more
in-procedure OOB events, wherein an in-procedure QOB
event begins when an endoscope of the surgical procedure is
being taken out of the patient’s body and ends when the
endoscope is being inserted back into the patient’s body.

7. The computer-implemented method of claim 6,
wherein identifying an in-procedure OOB event includes:

receiving one or more endoscope videos captured during

the surgical procedure; and

performing a machine-learning-based analysis on the one

or more endoscope videos to:

identify the beginning of the in-procedure OOB event
based on a first sequence of video images; and

identify the end of the in-procedure OOB event based
on a second sequence of video images.

8. The computer-implemented method of claim 35,
wherein the set of OOB events includes one or both of:

an initial OOB event caused by turning on an endoscope

prior to an initial insertion of the endoscope into the
patient’s body at the beginning the surgical procedure;
and

a final OOB event caused by leaving an endoscope turned

on after removing the endoscope from the patient’s
body at the end of the surgical procedure.
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9. The computer-implemented method of claim 8,
wherein a given OOB event is caused by one of a following
set of reasons:

cleaning the endoscope lens when an endoscopic view is

partially or entirely blocked,

changing the endoscope lens from one scope size to

another scope size; and

switching the surgical procedure from a robotic surgical

system to a laparoscopic surgical system.

10. The computer-implemented method of claim 1,
wherein analyzing the set of OR data to detect a set of
non-surgical events during the surgical procedure further
includes:

identifying a set of tool exchange events, where a tool

exchange event occurs during the surgical procedure
when a first surgical tool involved in the surgical
procedure is being replaced with a second surgical tool.

11. The computer-implemented method of claim 10,
wherein identifying a tool exchange event includes:

receiving an endoscope video captured during the surgical

procedure; and

performing a machine-learning-based analysis on the

endoscope video to:

identify the beginning of the tool exchange event when
the first surgical tool disappears from the endoscope
video; and

identify the end of the tool exchange event when the
second surgical tool appears in the endoscope video,

wherein the beginning of the tool exchange event and the

end of the tool exchange event are separated by a wait

time for the second surgical tool to become ready for

insertion.

12. The computer-implemented method of claim 11,
wherein identifying the tool exchange event further includes
combining the machine-learning-based analysis with one or
both of:

pressure sensor data collected from surgical tools

involved in the surgical procedure; and

the one or more videos captured by one or more wall

and/or ceiling cameras.

13. The computer-implemented method of claim 1,
wherein analyzing the set of OR data to detect a set of
non-surgical events further includes:

identifying a set of surgical timeout events, where a

surgical timeout event occurs during the surgical pro-
cedure when a surgeon of the surgical procedure pauses
for various reasons and is not interacting with tissues
with surgical tools.

14. The computer-implemented method of claim 13,
wherein identifying a surgical timeout event includes:

receiving an endoscope video captured during the surgical

procedure; and

performing a machine-learning-based analysis on the

endoscope video to determine that a surgical tool in the
endoscope video has not moved over a predetermined
number of frames.

15. The computer-implemented method of claim 14,
wherein identifying the surgical timeout event further
includes combining the machine-learning-based analysis
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with pressure sensor data collected from the surgical tool
determined to be not moving.
16. The computer-implemented method of claim 1,
wherein analyzing the set of OR data to detect a set of
non-surgical events during the surgical procedure further
includes:
identifying a pre-surgery patient preparation time prior to
the surgical procedure; and
identifying a post-surgery patient assistant time after the
completion of the surgical procedure.
17. A system for extracting an actual procedure duration
that involves actual surgical tool-tissue interactions from a
total procedure duration of a surgical procedure, the system
comprising:
one or more processors; and
amemory coupled to the one or more processors, wherein
the memory stores instructions that, when executed by
the one or more processors, cause the system to:
obtain the total procedure duration of the surgical
procedure;

receive a set of operating room (OR) data from a set of
OR data sources collected during the surgical pro-
cedure;

analyze the set of OR data to detect a set of non-surgical
events during the surgical procedure that do not
involve surgical tool-tissue interactions;

extract a set of durations corresponding to the set of
events; and

determine the actual procedure duration by subtracting
the combined set of durations corresponding to the
set of events from the total procedure duration.

18. The system of claim 17, wherein the set of OR data
includes one or more of the following:

one or more endoscope videos captured during the sur-
gical procedure;

one or more videos captured by one or more wall and/or
ceiling cameras inside the OR during the surgical
procedure;

a set of sensor data collected inside the OR during the
surgical procedure; and

a set of audio files recorded inside the OR during the
surgical procedure.

19. The system of claim 17, wherein the set of non-

surgical events includes:

a set of out-of-body (OOB) events, wherein an OOB event
begins when an endoscope used during the surgical
procedure is taken out of the patient’s body for one of
a set of reasons;

a set of tool exchange events, wherein a tool exchange
event occurs during the surgical procedure when a first
surgical tool involved in the surgical procedure is being
replaced with a second surgical tool; and

a set of surgical timeout events, wherein a surgical tim-
eout event occurs during the surgical procedure when a
surgeon of the surgical procedure pauses for various
reasons and is not interacting with tissues with surgical
tools.
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