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7) ABSTRACT

A system and method for monitoring a medical procedure
performed in a clinical environment is provided. An audio
recorder is configured to produce a verbal data signal that is
representative of a verbal communication occurring in the
clinical environment, and a data analyzer is configured to
detect an adverse condition based upon the verbal data
signal. An alert module is configured to alert an operator
upon the detection of an adverse condition.
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1
MEDICAL PROCEDURE MONITORING
SYSTEM

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a U.S. National Stage Entry of Inter-
national Application Serial No. PCT/US2013/050690, filed
on Jul. 16, 2013, which claims priority to and the benefit of
U.S. Provisional Patent Application Ser. No. 61/671,922,
filed on Jul. 16, 2012. The disclosures of both above-
identified applications are hereby incorporated herein by
reference in their entirety.

BACKGROUND OF THE INVENTION

The rate of surgical complications has been estimated to
be between 3-17%, worldwide. The Joint Commission,
formerly known as the Joint Commission on Accreditation
of Healthcare Organizations, identified human factors, com-
munication, and information management to be among the
top ten root causes for surgical complications in the past
eight years. Data driven decision making is compromised by
cognitive overload of surgeons and inability to quickly
diffuse information to operating room teams, meaning that
high-level patient management and performing attention
dedicated technical skills are not always simultaneously
exercised. Communication in the operating room is often
marred by ambiguity of roles, dysfunctional teams, lack of
situational awareness and unfamiliarity with surgeons’ sty-
listic preferences. Studies have shown teamwork/communi-
cation disruption causes 52% of interruptions and distrac-
tions, and 10% of all communication breakdowns were seen
to cause visible delays in surgery.

While checklists have positive effects, there is a need for
a truly effective system covering a wide array of system
failure modes such as communication breakdown, fatigue,
inappropriate staffing, interruptions and inappropriate pro-
tocol.

SUMMARY

According to an aspect of the invention, a system for
monitoring a medical procedure performed in a clinical
environment includes an audio recorder configured to pro-
duce a verbal data signal representative of verbal commu-
nication that occurs in the clinical environment; a data
analyzer configured to receive the verbal data signal from
the audio recorder, analyze the verbal data signal and detect
at least one adverse condition; and an alert module config-
ured to alert at least one operator when the at least one
adverse condition is detected by the data analyzer.

The medical procedure can include a procedure selected
from the group consisting of: a surgical procedure such as a
minimally invasive surgical procedure, a laparoscopic sur-
gical procedure; an open surgical procedure; an interven-
tional procedure; a reconstructive surgery; a robotic or
robotically-enabled procedure; an outpatient procedure; a
dental procedure such as a fully anesthetized dental proce-
dure; and combinations of these.

The clinical environment can include a setting selected
from the group consisting of: an operating room; a catheter-
ization lab; an intensive care unit; a control room for an
operating room; an outpatient surgery treatment room; a
dentist’s office; a surgeon’s office such as a maxillofacial
surgeon’s office; and combinations of these.
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In some embodiments, the audio recorder can include at
least one microphone. For example, the audio recorder
includes multiple microphones, where a first microphone is
positioned in proximity to a first operator and a second
microphone in proximity to a second operator. In some
embodiments, the audio recorder can include an operator-
worn headset. For example, each operator of the at least one
operators wears a headset where each headset comprises an
identifier associated with the particular operator. In some
embodiments, the audio recorder can include an intercom
system.

The audio recorder can be configured to produce a non-
verbal data signal. The non-verbal data signal can include an
audio signal produced by equipment positioned in the clini-
cal environment such that the data analyzer can receive the
non-verbal data signal from the audio recorder, analyze the
non-verbal data signal and detect an equipment status signal.
In an example, the equipment status signal includes an
equipment warning signal.

The system can include a video camera configured to
produce a video data signal. The data analyzer can receive
and analyze the video data signal from the video camera.
The data analyzer can detect an operator gesture, for
example a gesture selected from the group consisting of: a
head nod or other affirmatory response; a head shake or other
non-affirmatory response; a shrug; an indecisive response;
and combinations of these. The data analyzer can detect at
least one spoken word in the video data signal. The data
analyzer can detect at least one adverse condition in the
video data signal. The data analyzer can combine the verbal
data signal and the video data signal to produce a combined
signal so as to analyze the combined signal. From an
analysis of the combined signal, the data analyzer can detect
an adverse condition.

The verbal data signal can include communication data
received from a single operator. The verbal data signal can
include communication data received from multiple opera-
tors, for example communication data from at least a first
operator and a second operator where the data analyzer is
configured to differentiate the communication data of the
first operator from communication data from the second
operator. The verbal data signal can include verbal commu-
nication that occurred prior to, during and/or after the
performance of the medical procedure.

The data analyzer can include a component selected from
the group consisting of: microprocessor; microcontroller;
analog to digital converter; digital to analog converter; and
combinations of these.

The data analyzer can include spoken word recognition
software employing at least one algorithm where the algo-
rithm converts the verbal data signal to text data. The at least
one algorithm can be biased to correlate at least a portion of
the verbal data signal to one or more medical terms, for
example where the system includes a library of medical
terms. The at least one algorithm can be biased to correlate
at least a portion of the verbal data signal to one or more
terms input by an operator. The at least one algorithm can be
biased to correlate at least a portion of the verbal data signal
to at least one quantitative value input by an operator. In
some embodiments, the at least one quantitative value can
include a range of values. The at least one algorithm can be
biased to correlate at least a portion of the verbal data signal
to a range of quantitative values wherein the range com-
prises quantitative values that are typically associated with
a parameter. The at least one algorithm can be biased to
correlate at least a portion of the verbal data signal to a
previously received verbal data signal. In some embodi-
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ments, the at least a portion of the verbal data signal
comprises a quantitative value.

The data analyzer can include a memory module config-
ured to store patient historic data. Patient historic data can
include data selected from the group consisting of: sex, age,
height, weight, race, medical history; and combinations of
these. In some embodiments, the data analyzer can employ
an algorithm to extract the patient historic data from the
verbal data signal. Patient historic data can be entered into
an input device, for example an operator can enter the
patient historic data into a device selected from the group
consisting of: a keyboard; a touch screen display; and
combinations of these.

The data analyzer can be configured to identify patient
data in the verbal data signal. Examples of patient data
include: ACT; blood pressure; heart rate; pulse rate; respi-
ratory rate; glucose levels; saturated O, pressure; saturated
CO, pressure; core body temperature; skin temperature;
total lung capacity; residual volume; expiratory reserve
volume; vital capacity; tidal volume; alveolar gas volume;
actual lung volume; EEG bands such as Delta, Theta, Alpha,
Beta, Gamma and Mu; EKG information such as RR intet-
val, P wave length/amplitude, PR interval, amplitude of
QRS complex, J-point detection, absolute and relative
refractory periods, QT interval and U & J Wave detection;
blood volume; extra embolic gases; heparin volume;
protamine sulfate volume; and combinations of these.

The data analyzer can be configured to identify equipment
data in the verbal data signal. Examples of equipment data
include: instructions to turn a piece of equipment on or off;
instructions to modify the settings of one or more pieces of
equipment; and combinations of these.

The data analyzer can be configured to identify procedure
data in the verbal data signal. Examples of procedure data
include: total procedure length; length of a procedural step;
time of initiation of a procedural step; time since last
administration of a drug or other agent; and combinations of
these. Examples of a procedural step include: procedural
steps selected from the group consisting of: patient prepa-
ration; anesthesia induction; opening/sternotomy; initiation
of bypass; cardiac repair; termination of bypass; closure;
post-op; anesthesia; insufflation; laparoscopic insertion such
as laparoscopic insertion prior to a cholecystectomy; diag-
nosis confirmation; port incisions; removing bile; grasping a
structure such as a gallbladder; isolating and dividing struc-
tures; separation of a first structure from a second structure
such as a gallbladder from a liver; removal of a structure
such as a gallbladder; irrigation such as abdominal wall
irrigation; prostatectomy such as a robotic prostatectomy;
docking of a robot; dissection such as SV dissection; hemo-
stasis; completion of anastamosis; removal of drapes; and
combinations of these.

The data analyzer can be configured to identify a request
for information data in the verbal data signal. Examples of
information data include: a patient parameter; a procedural
parameter; an equipment parameter; and combinations of
these. A quantitative and/or qualitative response to the
request can be provided.

The data analyzer can be configured to identify an
acknowledgement of receipt of information, for example
where the system includes a library of acknowledgement
terms.

The data analyzer can be configured to correlate the
received verbal data signal to a first operator or to a second
operator. In some embodiments, the data analyzer can
include an algorithm for detecting the adverse condition
where the algorithm comprises a first analysis on data
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correlated to the first operator and a second, different analy-
sis on data correlated to the second operator. In some
embodiments, the data analyzer can correlate the verbal data
signal of the first operator based on a first identifier and
correlate the verbal data signal of the second operator based
on a second identifier, where the first identifier is different
from the second identifier, for example where a headset
worn by each operator includes the identifier.

The data analyzer can be configured to correlate the
verbal data signal to an operator type. Examples of operator
types include: a surgeon; an anesthesiologist; a scrub nurse;
a circulating nurse; hospital administrator; and combinations
of these. In some embodiments, the data analyzer can
include an algorithm, where the algorithm detects the
adverse condition based on the operator type and the verbal
data signal.

The data analyzer can be configured to filter and/or
segregate verbal data received from at least one operator. In
some embodiments, the filtered and/or segregated verbal
data is prioritized based on an operator hierarchy. Addition-
ally, the data analyzer can be configured to filter and/or
segregate verbal data received from a non-operator.

The data analyzer can include a memory module. One or
more portions of the verbal and/or video data signal can be
stored in the memory module. One or more portions of a
processed verbal and/or video data signal can be stored in
the memory module. A library of values can be stored in the
memory module, for example a library of multiple spoken
word terms to be recognized and/or a library of one or more
quantitative values where the data analyzer includes an
algorithm that compares the verbal data signal to the one or
more quantitative values. Historic medical statistics and/or
other medical data can be stored in the memory module.

The data analyzer can detect the at least one adverse
condition based on data extracted from the verbal data signal
exceeding a threshold, for example where the threshold
includes a value or a range of values. The value or range of
values can be inputted to the system by one or more
operators and can relate to at least one of a patient, proce-
dural or equipment parameter. Additionally, the data ana-
lyzer can detect the at least one adverse condition based on:
an identification of a key word in the verbal data signal; a
detection of an unrecognized voice in the verbal data signal;
a detection of an unrecognized term in the verbal data signal,
a determination that a first operator has been active and/or
present above a threshold of time such as when the first
operator is a surgeon; a detection of a heightened frequency
of recognized terms at an improper time; a lack of receipt of
information; a determination that multiple pieces of similar
data have not been received within a pre-determined time
interval such as an operator adjustable time interval; a
determination that a particular operator is not present; an
analysis of patient historic data; an analysis of a set of
medical statistics such as a set of medical statistics that are
pre-selected by an operator; and combinations of these.

In some embodiments, the alert module can be configured
to notify a single operator of the detection of an adverse
condition. The notification can be based on an identifier
associated with that particular operator, for example via a
headset worn that by that operator. In some embodiments,
the alert module can be configured to notify multiple opera-
tors of the detection of an adverse condition.

The alert module can include an audio transducer config-
ured to produce an audible beep when an adverse condition
has been detected. In some embodiments, the audio trans-
ducer can be configured to produce a first audio pattern when
a first adverse condition is detected and a second audio
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pattern when a second adverse condition is detected. The
sounds and audio patterns can include a computer generated
voice; a recording of a human voice; and combinations of
these.

In some embodiments, the alert module can include a
visual display. For example, the visual display can provide
alpha-numeric text when an adverse condition is detected. In
some embodiments, the alert module can include a tactile
transducer, for example an operator-worn tactile transducer
that can vibrate upon the detection of an adverse condition.
In some embodiments, the alert module can include multiple
alert transducers, for example an audio transducer such as
speaker and a piezo transducer; a visual transducer such as
an LCD screen, a touch screen, and a light such as an LED;
a tactile transducer such as a vibrating transducer and a
thermal transducer; and combinations of these.

The system can include a data input module configured to
allow at least one operator to input data to the system. The
data input module can include a voice data input module
such as a microphone and/or the input module can include
a text data input module such as a keyboard; a touch screen;
a motion-sensing input device; a cell phone; a handheld
electronic organizer; a mouse; a tablet; a hospital computer
or computer network; a wireless connection such as a
cellular service; an internet connection; an electronic file
transfer port such as USB port; a memory storage device
such as a USB memory stick; and combinations of these.

Operator voice data can be entered into the input module
from any or all operators so that the data analyzer can
convert the verbal data signal to text data based on the
operator voice data. Additionally, the data analyzer can
correlate the verbal data signal to the operator voice data to
identify the operator. In some embodiments, the data ana-
lyzer includes memory, where the operator input data
includes spoken word terms, and where the data analyzer
can store the spoken word terms in the memory. Then, an
algorithm can compare the verbal data signal to the spoken
word terms stored in the memory which converts the verbal
data signal to text data. In some embodiments, the data
analyzer includes memory, where the operator input data
comprises quantitative data, and where the data analyzer can
store the quantitative data in the memory. Then, an algorithm
can compare the verbal data signal to quantitative data
stored in the memory, for example where the quantitative
data includes a threshold value.

The data input module can communicate with a healthcare
information system, for example to send and/or receive
patient, procedural or other medical information from the
healthcare information system.

The system can include a data output module configured
to provide patient and/or procedural information to at least
one operator. The patient and/or procedural information can
be provided in response to a request by the at least one
operator. Examples of patient and/or procedural information
includes: a current or real-time parameter; a historic param-
eter; an average of multiple parameter values; a maximum of
multiple parameter values; and combinations of these. Other
examples of information that can be provided by the data
output module includes: an adverse condition detected; an
operator’s entry and/or exit time into the clinical setting; a
procedure event that surpasses a threshold; an evidence-
based decision support reminder; a captured video; a rec-
ommendation generated by the data analyzer; and combi-
nations of these. The information can be provided in paper
and/or electronic form, in real-time and/or after the comple-
tion of a procedure.
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The data output module can communicate with a health-
care information system, for example to send and/or receive
patient, procedural or other medical information from the
healtheare information system.

The system can include a data monitoring module. In
some embodiments, the data monitoring module can confirm
that the proper information is received, for example to
confirm that proper information is continually received
within a pre-determined time interval.

The system can include an operator position monitoring
module. In some embodiments, the operator position moni-
toring module can monitor an operator position by detecting
an operator voice in the verbal data signal. The operator
position monitoring module can include a motion sensor; a
video camera; a timecard entry assembly; and combinations
of these.

The system can include at least one sensor. Examples of
sensors include: a temperature sensor; an acoustic sensor; an
electromagnetic sensor; a pressure sensor; a motion sensor;
and combinations of these.

The system can include a patient treatment device.
Examples of a patient treatment device include: scalpel;
electrocautery device; grasper; guidewire; interventional
catheter; anesthesia injection device; RF or cryogenic abla-
tion equipment; retractor; ECMO device; ventricular assist
device; ventilator; bone awl; bone tamper; bone gouge; bone
file; bone mallet; osteotome; defibrillator; drill; radiosurgery
system; CPB machine; endoscope; cross clamp; robotic
surgical system; colonoscope; polytectomy snare; and com-
binations of these. In some embodiments, the treatment
device can be modified upon the detection of an adverse
event, for example the treatment device can be powered
down or otherwise disabled.

The system can include a checklist. At least a portion of
the checklist can be customized for a particular operator, for
example prior to the performance of a medical procedure. In
some embodiments, the data analyzer can detect an adverse
condition based upon an analysis of the checklist.

According to another aspect of the invention, a method for
monitoring a medical procedure performed in a clinical
environment includes producing a verbal data signal repre-
sentative of verbal communication that occurs in the clinical
environment; receiving the verbal data signal; analyzing the
verbal data signal; detecting at least one adverse condition;
and alerting at least one operator when the at least one
adverse condition is detected.

The method can further comprise producing a non-verbal
data signal and/or a video data signal. These signals can then
be received and analyzed by a data analyzer.

Receiving the verbal data signals can include receiving
communication data from a single operator. Receiving the
verbal data signals can include receiving communication
data from multiple operators such as a first and a second
operator wherein the method further comprises differentiat-
ing the communication data of the first operator from the
communication data of the second operator. Receiving the
verbal data signals can include receiving communication
data occurring prior to, during, and/or after the performance
of a medical procedure.

Analyzing the verbal data signal can include: converting
the verbal data signal to text data via spoken word recog-
nition software employing at least one algorithm for
example where the algorithm correlates at least a portion of
the verbal data signal to one or more medical terms stored
in a library; correlating at least a portion of the verbal data
signal to one or more terms input by an operator; correlating
at least a portion of the verbal data signal to at least one
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quantitative value or range of quantitative values input by an
operator; correlating at least a portion of the verbal data
signal to a range of quantitative values wherein the range
comptrises quantitative values that are typically associated
with a parameter; correlating at least a portion of the verbal
data signal to a previously received verbal data signal such
as where the verbal data signal includes a quantitative value;
and combinations of these.

The method can further comprise storing patient historic
data. Examples of patient historic data includes: sex; age;
height; weight; race; medical history; and combinations of
these. The method can further comprise extracting the
patient historic data from the verbal data signal. The method
can further comprise entering the patient historic data via an
input device such as a keyboard; a touch screen display; and
combinations of these.

The method can further include identifying patient data in
the verbal data signal. Examples of patient data includes:
ACT; blood pressure; heart rate; pulse rate; respiratory rate;
glucose levels; saturated O, pressure; saturated CO, pres-
sure; core body temperature; skin temperature; total lung
capacity; residual volume; expiratory reserve volume; vital
capacity; tidal volume; alveolar gas volume; actual lung
volume; FEG bands such as Delta, Theta, Alpha, Beta,
Gamma and Mu; EKG information such as RR interval, P
wave length/amplitude, PR interval, amplitude of QRS
complex, J-point detection, absolute and relative refractory
periods, QT interval and U & J Wave detection; blood
volume; extra embolic gases; heparin volume; protamine
sulfate volume; and combinations of these.

The method can further include identifying equipment
data in the verbal data signal. Examples of equipment data
include: instructions to turn a piece of equipment on or off;
instructions to modify the settings of one or more pieces of
equipment; and combinations of these.

The method can further include identifying procedure
data in the verbal data signal. Examples of procedure data
include: total procedure length; length of a procedural step;
time of initiation of a procedural step; time since last
administration of a drug or other agent; and combinations of
these. Examples of procedural steps include: patient prepa-
ration; anesthesia induction; opening/sternotomy; initiation
of bypass; cardiac repair; termination of bypass; closure;
post-op; anesthesia; insufflation; laparoscopic insertion such
as laparoscopic insertion prior to a cholecystectomy; diag-
nosis confirmation; port incisions; removing bile; grasping a
structure such as a gallbladder; isolating and dividing struc-
tures; separation of a first structure from a second structure
such as a gallbladder from a liver; removal of a structure
such as a gallbladder; irrigation such as abdominal wall
irrigation; prostatectomy such as a robotic prostatectomy;
docking of a robot; dissection such as SV dissection; hemo-
stasis; completion of anastamosis; removal of drapes; and
combinations of these.

The method can further include identifying a request for
information data in the verbal data signal, for example a
request for information selected from the group consisting
of: a patient parameter; a procedural parameter; an equip-
ment parameter; and combinations of these. The method can
further include providing a quantitative and/or qualitative
response to the request.

The method can further include identifying an acknowl-
edgement of receipt of information wherein the identifica-
tion of the acknowledgement is based on a library of
acknowledgement terms.

The method can further include correlating the verbal data
signal to a first operator or to a second operator. In some
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embodiments, an adverse condition can be detected via an
algorithm via an algorithm, where the algorithm comprises
a first analysis on data correlated to a first operator and a
second, different analysis on data correlated to a second
operator. The method can further include correlating the
verbal data signal of the first operator based on a first
identifier and correlating the verbal data signal of the second
operator based on a second identifier, wherein the first
identifier is different from the second identifier.

The method can further include correlating the verbal data
signal to an operator type, for example where an adverse
condition is detected based on the operator type and the
verbal data signal via an algorithm.

The method can further include filtering and/or segregat-
ing verbal data received from at least one operator and/or
non-operator. In some embodiments, the method further
includes prioritizing the filtered and/or segregated verbal
data based on an operator hierarchy.

The method can further comprise storing data selected
from the group consisting of: one or more portions of the
verbal data signal; one or more processed data signals; a
library of values where the values include spoken words to
be recognized and/or quantitative values; historic medical
statistics and/or other medical data; one or more portions of
a video data signal produced by a video camera; and
combinations of these.

Detecting the adverse condition can be based on: data
extracted from the verbal data signal exceeding a threshold,
an identification of a key word in the verbal data signal; a
detection of an unrecognized voice in the verbal data signal,
a detection of an unrecognized term in the verbal data signal;
a determination that a first operator has been active and/or
present above a threshold of time; a heightened frequency of
recognized terms at an improper time; a lack of receipt of
information; a determination that multiple pieces of similar
data have not been received within a pre-determined time
interval; a determination that a particular operator is not
present; an analysis of patient historic data; an analysis of a
set of medical statistics; and combinations of these.

Alerting the at least one operator when the adverse
condition is detected can include alerting a single operator or
multiple operators. Alerting the at least one operator when
the adverse condition is detected can include producing at
least one of an audible sound; a tactile feedback; or a visual
display.

The method can further include entering data into a data
input module, for example voice data and/or text data.
Entering data can include receiving operator voice data from
a first operator via the input data module. The method can
further include converting the verbal data signal to text data
based on the received first operator voice data, correlating
the verbal data signal to the operator voice data to identify
the first operator, and storing the operator voice data in a
memory. Additionally, quantitative data can be stored in
memory, for example to compare the verbal data signal to
the quantitative data where the quantitative data includes a
threshold value.

The method can further include transmitting information
from a healthcare information system to the data input
module.

The method can further include providing patient and/or
procedural information to at least one operator via an output
module, for example where the patient and/or procedural
information is provided in response to a request by the
operator. Examples of patient and/or procedural information
include: a current or real-time parameter; a historic param-
eter; an average of multiple parameter values; a maximum of
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multiple parameter values; and combinations of these. The
information can be provided in paper and/or electronic form,
in real-time and/or after a procedure. The method can further
include transferring the information to and/or from a health-
care information system.

The method can further include confirming proper infor-
mation is received via a data monitoring module, for
example confirming the proper information is continually
received within a pre-determined time interval.

The method can further include monitoring an operator
position by detecting an operator voice in the verbal data
signal via an operator position monitoring module, for
example where the operator position is monitored via at least
one of a motion sensor; a video camera; or a timecard entry
assembly.

The method can further include sensing at least one
parameter via at least one sensor. Examples of a sensor
include: a temperature sensor; an acoustic sensor; an elec-
tromagnetic sensor; a pressure sensor; a motion sensor; and
combinations of these.

The method can further include treating a patient via a
patient treatment device. Examples of a treatment device can
include scalpel; electrocautery device; grasper; guidewire;
interventional catheter; anesthesia injection device; RF or
cryogenic ablation equipment; retractor, ECMO device;
ventricular assist device; ventilator; bone awl; bone tamper;
bone gouge; bone file; bone mallet; osteotome; defibrillator;
drill; radiosurgery system; CPB machine; endoscope; cross
clamp; robotic surgical system; colonoscope; polytectomy
snare; and combinations of these. The method can further
include modifying the treatment device if an adverse event
is detected, for example disabling or powering down the
treatment device.

The method can further include analyzing a checklist and
detecting the at least one adverse condition based upon the
analysis of the checklist. The method can include custom-
izing the checklist so that at least a portion of the checklist
is customized for a particular operator, for example where
the checklist is customized prior to the performance of a
medical procedure.

The method can be performed using the system described
herein.

The technology described herein, along with the attributes
and attendant advantages thereof, will best be appreciated
and understood in view of the following detailed description
taken in conjunction with the accompanying drawings in
which representative embodiments are described by way of
example.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a system for monitoring a medical
procedure performed in a clinical environment, consistent
with the present inventive concepts.

FIG. 2 illustrates a flow chart of a method for monitoring
a medical procedure performed in a clinical environment,
consistent with the present inventive concepts.

FIG. 3 illustrates a flow chart of a method of requesting
data during a medical procedure performed in a clinical
environment, consistent with the present inventive concepts.

FIG. 4 illustrates a flow chart of a method for monitoring
the presence of an operator during a medical procedure
performed in a clinical environment, consistent with the
present inventive concepts.

DETAILED DESCRIPTION OF THE DRAWINGS

Reference will now be made in detail to the present
embodiments of the technology, examples of which are
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illustrated in the accompanying drawings. The same refer-
ence numbers are used throughout the drawings to refer to
the same or like parts.

The systems, devices and methods disclosed herein are
configured to detect and analyze a wide array of adverse
events occurring during a medical procedure such as com-
munication breakdown, fatigue, inappropriate staffing, inter-
ruptions and inappropriate protocol. Further, the medical
team can be alerted of such adverse events, thus improving
the outcome for both the patient and the medical team.

The term “operator” shall refer to one or more individuals,
singly or in combination, who provide input data and/or
receive output data from the system of the present inventive
concepts. Operators can include but are not limited to:
surgeons; surgeons’ assistants; nurses; health care providers;
insurance providers; patients; and combinations of these.

FIG. 1 illustrates a system for monitoring a medical
procedure performed in a clinical environment, consistent
with the present inventive concepts. System 10 includes
input module 110, data analyzer 120 and output module 130.
Input module 110 includes audio recorder 115, configured to
produce a verbal data signal representative of one or more
verbal communications that occur in the clinical environ-
ment. Input module 110 can further include non-audio
recorder 116, configured to produce a non-verbal data signal
representative of one or more non-verbal communications
that occur in the clinical environment. Data analyzer 120 is
configured to receive the verbal data signal from input
module 110 and at least detect one or more adverse condi-
tions that have occurred in the clinical environment. Output
module 130 is configured to provide information to one or
more operators of system 10. Output module 130 can
include alert module 135, configured to provide an audio or
other alert notifying one or more operators of system 10 that
an adverse condition has been detected by data analyzer 120.

System 10 may be utilized during various types of medi-
cal procedures. For example, system 10 may be used during
a surgical procedure, such as a minimally invasive surgical
procedure, a laparoscopic surgical procedure and an open
surgical procedure. Alternatively or additionally, system 10
may be used during an interventional medical procedure.
Applicable medical procedures can include but are not
limited to: reconstructive surgery; concomitant surgery; a
robotic or robotically-enabled procedure; an outpatient pro-
cedure; a dental procedure such as a fully anesthetized
dental procedure; and combinations of these.

System 10 may be used in various clinical environments,
such as a clinical setting selected from the group consisting
of: an operating room; a catheterization lab; an intensive
care unit; a control room for an operating room; an outpa-
tient surgery treatment room; a dentist’s office; a surgeon’s
office such as a maxillofacial surgeon’s office; and combi-
nations of these.

System 10 may be configured to interface with one or
more operators. An operator can be any member of the
hospital staff, for example a surgeon; an anesthesiologist; a
scrub nurse; a circulating nurse; and a hospital administrator.
In some embodiments, the patient is an operator of the
system such as when a spoken word of the patient is
recorded by audio recorder 115 and/or another component of
input module 110 and analyzed from data analyzer 120.

In some embodiments, an operator, for example a primary
user such as a surgeon, can enter data into input module 110,
such as via audio recorder 115 and/or non-audio recorder
116, at any time prior to, during and/or subsequent to a
medical procedure performed on a patient. Audio recorder
115 can include one or more audio recording devices
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selected from the group consisting of: a microphone; an
operator-worn microphone or headset (wireless or with
cable); a room microphone; an omnidirectional microphone;
a Bluetooth device; a wireless device; a telephone; a mobile
telephone; and combinations of these. Non-audio recorder
116 can include one or more devices selected from the group
consisting of: a keyboard; a touch screen; a motion-sensing
input device; a mouse; a tablet; a cell phone; a handheld
electronic organizer; a hospital computer or computer net-
work; a wireless connection such as a cellular service; an
internet connection; an electronic file transfer port such as
USB port; a memory storage device such as a USB memory
stick; and combinations of these. An application can be
stored in one or more modules of system 10 enabling an
operator to select a particular type and/or form of informa-
tion to be communicated by system 10 to one or more
operators. In some embodiments, an operator selects one or
more patient and/or procedural parameters to be communi-
cated and recorded by system 10, such as a communication
made by an operator and/or produced by output module 130.
Additionally, an operator can customize which particular
operator should report the information and how frequently it
should be reported by an operator and/or output module 130.
Further, the customization can include to whom the infor-
mation should be reported. For example, an operator can
identify a particular operator that should report (e.g. verbally
state) the patient’s blood pressure. In some embodiments,
the frequency of reporting can be included, such as reporting
needing to occur at least every five minutes. In some
embodiments, an operator can identify a particular adverse
condition that should be monitored for by data analyzer 120.
In some embodiments, an operator can enter quantitative
data into input module 110, such as a quantitative value for
a threshold, where data analyzer 120 includes an algorithm
configured to compare the threshold to a verbal data signal.
In some embodiments an operator can enter a library of
keywords associated with a parameter, such as a patient
and/or procedural parameter that may be requested during a
medical procedure (e.g. “blood pressure”, “ACT level”,
“EKG status”, and the like) Input module 110 may be
configured to receive a library of keywords associated with
one or more particular adverse conditions, and data analyzer
120 configured to identify these keywords. Non-limiting
examples of non-technical keywords include: “help”;

“code™; “tanking”; “slipping”; “falling”; “burning”;
“lethal”; “fatal”; “overdose”; “pale”; ‘“hot™; “cold”;
“unstable”. Non-limiting examples of technical keywords
include:  “hyperthermic”;  “hypothermic™; “hypoxic”;

“hyperoxic”; “hypocapnic”; “hypercapnic™; “asystole”;
“tachycardia”; “bradycardia”; “fibrillating”; “a-fib”; “v-fib”;
“hypoglycemic”; “hyperglycemic”; “long-QT”; and combi-
nations of these.

In some embodiments, system 10 can be configured such
that audio recorder 115 receives voice data, e.g. at least one
spoken word, from each operator of system 10. This voice
data can be used by data analyzer 120 to identify a particular
operator’s voice based on the stored word or words.

System 10 can be configured to allow an operator to
import, record or otherwise enter various forms of data via
input module 110, such as via non-audio recorder 116. Data
may include non-patient data, hereinafter “external data”,
which can include medical treatises, medical statistics, or
any other medical information that is publicly or privately
available. External data to be included can be selected and/or
filtered by an operator of system 10. For example, an
operator can enter and/or filter external information that is
particularly relevant to the procedure to be performed or
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relevant to the particular patient’s medical history and/or the
patient’s current medical status. Alternatively, entire trea-
tises, books, or other medical sources can be entered into
system 10 via input module 110.

System 10 can be configured to allow an operator to
import, record or otherwise enter patient data via input
module 110, such as patient data collected prior to the
medical procedure being performed. Patient data can include
but is not limited to: sex; age; height; weight; race; medical
history; and combinations of these.

Data entered into input module 110 can be entered prior
to, during and/or subsequent to a medical procedure such as
surgery. The data entered can be updated, deleted, or oth-
erwise modified at any time prior to, during and/or subse-
quent to the procedure by one or more of the operators, such
as by an authorized or otherwise pre-determined operator. In
some embodiments, system 10 may be configured to permit
a limited number or subset of operators to enter, update,
delete, or otherwise modify one or more sets of data entered
into and/or contained within system 10.

In some embodiments, system 10 can communicate with
a healthcare information system, for example input module
110 can receive information from the healthcare information
system such as information relevant to the particular patient
and/or procedure to be performed, for example patient or
non-patient clinical, historic data. Such information includes
but is not limited to: pre-operative risk calculations for
surgical morbidities; intraoperative risk calculations for sur-
gical morbidities; success rate of sub-procedures given
health record; and combinations of these.

System 10 includes audio recorder 115 configured to
record a verbal communication and produce a verbal data
signal that is representative of the verbal communication.
The verbal communication can be a communication occut-
ring prior to, during, and/or subsequent to a medical proce-
dure. For example, a verbal communication occurring prior
to a procedure can include input data being entered into
input module 110 via audio recorder 115. A verbal commu-
nication occurring during a procedure can include but is not
limited to: a notification of a patient, procedural and/or
equipment parameter; a request for data; an acknowledg-
ment of received data; and combinations of these.

Audio recorder 115 can include at least one microphone,
and in some cases, audio recorder 115 includes multiple
microphones. In some embodiments, a microphone can be in
proximity to each operator, for example, a first microphone
can be positioned in proximity to a first operator, and a
second microphone can be positioned in proximity to a
second operator.

In some embodiments, audio recorder 115 includes a
headset worn by each operator. The system can receive
and/or transmit audio to each operator wearing a headset, or
the system can receive and/or transmit audio to a particular
operator. In some embodiments, each headset comprises a
unique identifier associated with each operator such that data
analyzer 120 can correlate a verbal data signal to a specific
operator, for example an identifier such as a SIM card.
Alternatively or additionally, audio recorder 115 can include
an intercom system such that all operators can receive and/or
transmit audio simultaneously. In some embodiments, audio
recorder 115 can be configured such that only a particular
operator’s verbal communications is transmitted to the
remaining operators present in the clinical environment
while the remaining operators are muted, for example in a
case where the particular operator is the lead surgeon and he
or she desires to communicate data to all other operators
present in the clinical environment.
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Alternatively or additionally, audio recorder 115 and/or
non-audio recorder 116 can include a video camera config-
ured to produce a video data signal. The video camera can
detect an operator gesture, for example a gesture including
but not limited to a head nod or other affirmatory response;
a head shake or other non-affirmatory response; a shrug; an
indecisive response; and combinations of these. The video
camera can also detect the speech of an operator. The
gestures and/or speech are converted to a video data signal
such that the video data signal can be analyzed by data
analyzer 120, such as to detect an adverse condition. In some
embodiments, input module 110 comprises a video camera
and at least one microphone such that data analyzer 120
combines a verbal data signal with the video data signal and
analyzes the combined signal. In cases where the verbal data
is not heard, data analyzer 120 can analyze the video data
signal to detect an adverse condition. Conversely, if the
video data is not seen, data analyzer 120 can analyze the
verbal data signal to detect an adverse event.

A verbal data signal can be representative of a verbal
communication received from a single operator and/or mul-
tiple operators. In the case of multiple operators, system 10
is configured to differentiate verbal data signals from a first
operator and verbal data signals from a second operator. The
verbal data signal can be representative of verbal commu-
nication occurring prior to, during, and/or after the medial
procedure.

In some embodiments, system 10 is configured to produce
non-verbal data signals. In some embodiments, the non-
verbal data signal can include an audio signal produced by
a piece of equipment located in the clinical environment in
the form of an equipment status signal. For example, if a
piece of equipment requires maintenance, an operator can be
alerted to the condition via an equipment warning signal.

System 10 can further comprise a memory storage device,
memory module 150, which is configured to store data, such
as data entered into input module 110 and/or produced by
data analyzer 120. In some embodiments, at least a portion
of the verbal data signals and/or video data signals that are
received and/or processed (i.e. analyzed by data analyzer
120) as well as the verbal communications and gestures
captured by audio recorder 115, can be stored in the memory
module. System 10 can include a method of replaying audio,
video and/or other recordings, such as via output module
130.

System 10 includes data analyzer 120 configured to
receive a verbal data signal from audio recorder 110, analyze
the verbal data signal, and detect at least one adverse
condition. Data analyzer 120 includes various electronic and
other componentry, such as componentry selected from the
group consisting of: microprocessor; microcontroller; ana-
log to digital converter; digital to analog converter; and
combinations of these. Data analyzer 120 can include spo-
ken word recognition software employing at least one algo-
rithm that converts the verbal data signal to text data. In
some embodiments, the algorithm can be biased to correlate
at least a portion of the verbal data signal to one or more
medical terms. System 10 can further comprise a library of
medical terms, such as a library of medical terms stored in
memory module 150 where the algorithm’s bias is based on
the library of medical terms. The library of medical terms
can be imported via input module 110, such as data input to
system 10 by an operator and/or an external data source. The
external data source can include medical treatises, medical
statistics, or any other medical information that is publicly
or privately available.
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Data analyzer 120 can include an algorithm configured to
extract the patient historic data stored in the memory module
from the verbal data signal. In some embodiments, data
analyzer 120 can include an algorithm that is biased to
correlate at least a portion of the verbal data signal to at least
one quantitative value input by a primary user. The algo-
rithm can be biased to a range of values. In one example, the
range of values can include values that are typically asso-
ciated with a particular parameter, so for instance, if a blood
pressure reading typically ranges within 100/60 to 120/80,
for patients in general and/or for a particular patient, and
data analyzer 120 correlates the received verbal data signal
to both the value 115/75 and the value 300/75, data analyzer
120 can record the value of 115/75 due to the bias in the
algorithm toward the range 100/60 to 120/80. In some
embodiments, the algorithm can be biased toward a previ-
ously received verbal data signal such as the last received
verbal data signal. For example, if the last received verbal
data signal includes a blood pressure reading of 115/75, and
data analyzer 120 correlates the currently received verbal
data signal to both the value 115/75 and the value of 300/75,
data analyzer 120 can record the value of 115/75 due to a
bias toward the value’s proximity to the previously recorded
value of 115/75.

Data analyzer 120 can identify and analyze verbal data
signals recorded by input module 110. The verbal data signal
can include patient data, such as data including but not
limited to: ACT; blood pressure; heart rate; pulse rate;
respiratory rate; glucose levels; saturated O, pressure; satu-
rated CO, pressure; core body temperature; skin tempera-
ture; total lung capacity; residual volume; expiratory reserve
volume; vital capacity; tidal volume; alveolar gas volume;
actual lung volume; EEG bands such as Delta, Theta, Alpha,
Beta, Gamma and Mu; EKG information such as RR intet-
val, P wave length/amplitude, PR interval, amplitude of
QRS complex, J-point detection, absolute and relative
refractory periods, QT interval, and U & ] Wave detection;
blood volume; extra embolic gases; heparin volume;
protamine sulfate volume; and combinations of these.
Recorded data may be associated not only with a parameter
level but a recording time. For example, the verbal commu-
nication “blood pressure is 150 over 90” can be identified by
data analyzer 120 as ‘blood pressure=150/90 @ time’. If an
operator, such as the patient’s primary caregiver (e.g. the
surgeon), has specified that this parameter should be com-
municated by an operator associated with the verbal com-
munication, then when that operator states the proper infor-
mation, the stated value can be logged into memory module
150 with a time stamp.

Data analyzer 120 can identify verbal data signals includ-
ing equipment data such as data including but not limited to:
instructions to turn a piece of equipment on or off; instruc-
tions to modify the settings of one or more pieces of
equipment; and combinations of these. Data analyzer 120
can identify non-verbal data signals including equipment
data, such as audio data recorded from a piece of equipment
(e.g. audio data recorded by a microphone of audio recorder
115), visual data recorded from a piece of equipment (e.g.
visual data recorded by a camera of non-audio recorder 116),
or electronic data output by a piece of equipment (e.g. via a
wired or wireless communication between a piece of equip-
ment and non-audio recorder 116).

Data analyzer 120 can identify verbal data signals includ-
ing procedural data, such as procedural data selected from
the group consisting of: total procedural length; length of a
procedural step; time of initiation of a procedural step; time
since last administration of a drug or other agent (e.g. time
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since infusion of heparin, protamine sulfate and/or car-
dioplegia); and combinations of these. Procedural steps
include but are not limited to: patient preparation; anesthesia
induction; opening/sternotomy; initiation of bypass; cardiac
repair; termination of bypass; closure; post-op; anesthesia;
insufflation; laparoscopic insertion such as laparoscopic
insertion prior to a cholecystectomy; diagnosis confirma-
tion; port incisions; removing bile; grasping a structure such
as a gallbladder; isolating and dividing structures; separation
of a first structure from a second structure such as a
gallbladder from a liver; removal of a structure such as a
gallbladder; irrigation such as abdominal wall irrigation;
prostatectomy such as a robotic prostatectomy; docking of a
robot; dissection such as SV dissection; hemostasis; comple-
tion of anastamosis; removal of drapes; and combinations of
these.

Data analyzer 120 can identify a request for data from an
operator recorded by audio recorder 115. Data requests can
in a request for data selected from the group consisting of:
a patient parameter; a procedural parameter; an equipment
parameter; external data; patient historic data; and combi-
nations of these. System 10 can be configured to respond to
an operator’s request quantitatively and/or qualitatively via
output module 130. For example, an operator, e.g. the
primary surgeon, can request the patient’s blood pressure
during a procedure, and system 10 will retrieve the patient
parameter from the memory module and deliver the
requested value to the operator, for example via an operator-
worn headset or a visual display.

Data analyzer 120 can be configured to identify and/or
require an acknowledgment of receipt of data. When a value
is delivered to an operator, either pursuant to an impromptu
request or the customized cadence input into input module
110, data analyzer 120 can identify the acknowledgement of
receipt of the data based on a library of acceptable
responses. For example, prior to a procedure being pet-
formed on a patient, a library of acceptable acknowledge-
ment responses can be entered into input module 110,
including but not limited to responses such as, “yeah”,
“yes”, “okay”, “gotcha”, “thanks”, and the like.

Data analyzer 120 can correlate the verbal data signal to
a particular operator, for example using voice data entered
into input module 110 prior to the procedure. In some
embodiments, data analyzer 120 comprises an algorithm
where the algorithm performs a first analysis on a verbal data
signal correlated to a first operator and a second, different
analysis on a verbal data signal correlated to a second
operator. In some embodiments, data analyzer 120 correlates
the verbal data signal of the first operator based on a first
identifier and correlates the verbal data signal of the second
operator based on a second, different identifier, for example
where a headset worn by the first and second operators
includes the identifier, such as an embedded electronic ID. In
one example, the identifier can include a SIM card included
in each headset worn by the first and second operator. These
embodiments can apply to a clinical environment including
one or multiple operators. Additionally, data analyzer 120
can correlate the verbal data signal to a particular operator
type, each type comprising one or more operators of system
10. Operator types can include but are not limited to: a
surgeon; an anesthesiologist; a scrub nurse; a circulating
nurse; a hospital administrator; a patient; and combinations
of these. Data analyzer 120 can employ an algorithm that
determines an adverse condition has occurred based on the
particular operator and/or operator type providing data via
audio recorder 115 and/or another component of input
module 110.
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Data analyzer 120 can be configured to filter and/or
segregate verbal data signals that are received by an opera-
tor. The verbal data signals can be filtered based on operator
hierarchy and/or the importance of a particular value based
on data entered into input module 110 prior to or during the
procedure. For example, if a surgeon operator customizes
system 10 such that a nurse or anesthesiologist operator
should recite blood pressure readings every five minutes,
data analyzer 120 can filter the nurse’s speech based upon
the value it is seeking, i.e. identify the nurse’s recitation of
blood pressure readings every five minutes. In instances
where a desired reading is not identified in the predeter-
mined time period (e.g. five minutes), system 10 can be
configured to request the information, such as via output
module 130.

Data analyzer 120 analyzes the verbal data signal
recorded by audio recorder 115 to detect at least one adverse
condition. In some embodiments, the verbal data signal is
analyzed and/or compared to additional data entered into
input module 110, as discussed above, such as data stored in
memory module 150. In some embodiments, the adverse
condition can be detected based on an analysis of the verbal
data signal whose output exceeds a threshold. For example,
if an operator entered a maximum acceptable value for the
patient’s blood pressure into input module 110, the data
analyzer 120 will detect an adverse condition if the maxi-
mum acceptable value is exceeded.

In some embodiments, the adverse condition can be
detected based on the identification of a keyword in the
verbal data signal. In some embodiments, the adverse con-
dition can be detected based on the identification of an
unrecognized term or value in the verbal data signal. In some
embodiments, the adverse condition can be detected based
on the identification of an unrecognized or inaudible voice
in the verbal data signal. In some embodiments, the adverse
condition can be detected based on a determination that a
particular operator has been active and/or present in the
clinical environment past a threshold of time. For example,
when an operator is the surgeon, data analyzer 120 can
determine that the surgeon has been performing a complex
procedure for a length of time that has been previously
determined to exceed a safety threshold. The length of an
operator’s presence can be determined by data analyzer 120
receiving a verbal data signal and/or a video data signal from
the particular operator, thus associating the receipt of the
signal with the operator’s presence. Additionally or alterna-
tively, the operator’s presence can be determined automati-
cally, for example by a motion sensor, or manually, for
example by a timecard entry assembly.

In some embodiments, the adverse condition can be
detected based on the heightened frequency of recognized
terms at a time other than that customized by the operator.
In some embodiments, the adverse condition can be detected
based on the non-receipt of information such as when an
identified operator does not provide a particular piece of
information at the proper time. In some embodiments, the
adverse condition can be detected based on a determination
that multiple pieces of similar data have not been received
within a pre-determined time interval where the time inter-
val can be an operator adjustable time interval that can be
adjusted prior to and/or during a procedure. In some embodi-
ments, the adverse condition can be detected based on a
determination that a particular operator is not present. In
some embodiments, the adverse condition can be detected
based on an analysis of patient historic data and/or based on
an analysis of a set of medical statistics such as a comparison
of patient historic data to a set of medical statistics. In some
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embodiments, an adverse condition can be detected based on
the identification of the patient’s voice and/or gestures. For
example, if the patient is no longer fully anesthetized and is
able to speak and/or move, the data analyzer 120 can
identify the patient’s speech. In some embodiments, a
library of evidence-based practices, for example a proper
protocol or set of standards for a particular type of medical
procedure can be entered into input module 110 prior to or
during a procedure, where the real-time events occurring
during the procedure can be recorded and compared and/or
analyzed according to the evidence based information. An
adverse event can be detected by data analyzer 120 when an
event is detected that falls outside of the proper protocol or
acceptable set of standards.

Output module 130 can include alert module 135 config-
ured to alert at least one operator upon the detection of at
least one adverse condition by data analyzer 120. Alert
module 135 can alert one or all operators in the clinical
environment, and any number of operators in between. In
some embodiments, alert module 135 can be configured to
alert a specific operator based on a unique identifier, for
example an identifier included in that specific operator’s
headset, as discussed hereabove. In one embodiment, alert
module 135 can include an audio transducer configured to
produce an audible beep when an adverse condition is
detected. The audible beep can include a first audible pattern
associated with a first adverse condition, and a second,
different audible pattern associated with a second, different
adverse condition. In addition or alternative to an audible
beep, the audio transducer can produce voice alert such as a
computer generated voice or a recording of a human voice.
Additionally or alternatively, alert module 135 can include
a visual display, for example a visual display that provides
alphanumeric text and/or graphic images when an adverse
condition is detected. Additionally or alternatively, alert
module 135 can include a tactile transducer such as an
operator-worn tactile transducer and/or a vibrating trans-
ducer. Non-limiting examples of additional or alternative
alert modules include: an audio transducer such as speaker
and a piezo transducer; a visual transducer such as an LCD
screen, a touch screen, and a light such as an LED; and a
tactile transducer such as a vibrating transducer and a
thermal transducer.

In addition to alert module 135, output module 130 may
include numerous output components, such as to provide
both alert and non-alert information to an operator of system
10. Output module 130 can be configured to provide an
analysis of information to one or more operators such as
patient and/or procedural information in real-time, i.e. dur-
ing a procedure, or after completion of a procedure. In some
embodiments, the information provided by output module
130 is information requested by at least one operator, for
example information after the completion of a procedure in
order to evaluate the overall performance of the operators as
well as the relationship between team behavior and real-time
changes in patient status. Additionally, a full audio transcript
of the entire procedure can be provided and/or for each
individual operator. Other types of information can be
provided such as information selected from the group con-
sisting of: a current (real-time) parameter; a historic param-
eter; an average of multiple parameter values; a maximum of
multiple parameter values; and combinations of these. Other
information can include one or more of: one or more adverse
conditions detected; an operator’s entry and/or exit time into
the clinical setting; a procedure event that surpasses a
threshold; an evidence-based decision support reminder; a
captured video; a recommendation generated by the data
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analyzer; and combinations of these. The information can be
provided to at least one operator or all operators in the form
of a generated report, for example a hard copy and/or an
electronic report. In some cases, system 10 can refer to a
library of evidence-based practices, for example a library of
data entered into input module 110, and system 10 can
perform a quantitative or qualitative calculation related to
clinical approach efficacy, appropriateness and/or timeli-
ness. The report can then be transferred to a healthcare
information system. Additionally, output module 130 can
create a post-operative debrief in the form of an interactive
montage of critical events, for example an output including
procedure video, audio, transcripts of audio, patient vital
signs during the procedure, corresponding pre-operative
thresholds/scores, any relevant medical imaging, and any
other desired information.

Data analyzer 120 can further include a data monitoring
algorithm that confirms proper information is received by
audio recorder 115, non-audio recorder 116, sensor 117,
and/or data analyzer 120. Additionally, the data monitoring
algorithm can confirm that proper information is received
within one or more predetermined time intervals. The lack of
receipt of information can lead to detection of an adverse
event by data analyzer 120, such as has been described
hereabove.

In addition to audio recorder 115 and non-audio recorder
116, input module 110 may include at least one sensor 117.
Sensor 117 can comprise a sensor selected from the group
consisting of: a temperature sensor; an acoustic sensor; an
electromagnetic sensor; a pressure sensor; a motion sensor;
and combinations of these. Qutput of these sensors may be
included in one or more analyses of data analyzer 120, such
as to determine if an adverse event has occurred or to
produce other calculated data.

System 10 can further comprise a treatment device, such
as treatment device 200 as shown in FIG. 1. In some
embodiments, treatment device 200 comprises a device
selected from the group consisting of: scalpel; electrocautery
device; grasper; guidewire; interventional catheter; anesthe-
sia injection device; RF or cryogenic ablation equipment;
retractor; ECMO device; ventricular assist device; ventila-
tor; bone awl; bone tamper; bone gouge; bone files; bone
mallet; osteotome; defibrillator; drills; radiosurgery system;
CPB machine; endoscope; cross clamp; robotic surgical
system; colonoscope; polytectomy snare; and combinations
of these. In some embodiments, treatment device 200 can
comprise one or more electronic components or assemblies
that can deliver information to input module 110 and/or
receive control data from output module 130. In some
embodiments, treatment device 200 can be modified or
disabled upon the detection of an adverse event, for example
an adverse event related detected by data analyzer receiving
an equipment data signal.

Alert module 135 and other components of output module
130 can include numerous forms of user output components,
such as components selected from the group consisting of:
visual display such as an alphanumeric color display moni-
tor; touchscreen display; indicator light such as an LED;
audio transducer such as a speaker or piezo alert; tactile
transducer such as an operator-worn assembly configured to
vibrate on demand; USB port; wireless transmitter; internet
connection; and combinations of these.

System 10 can further comprise a checklist. In some
embodiments, data analyzer 120 can detect an adverse
condition based upon an analysis of the checklist. The
checklist can include a pre-operative, intra-operative, and/or
a post-operative checklist that can be automatically and/or
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manually initiated. The checklist can comprise at least a
portion that can be customized, such as a customization
associated with one or more operators of system 10. The
customization can be performed at any time, such as a time
just prior to the performance of a medical procedure using
system 10.

FIG. 2 illustrates a flow chart of a method for monitoring
a medical procedure performed in a clinical environment,
consistent with the present inventive concepts. The method
includes configuring a system, for example system 10 of
FIG. 1 hereabove, where the system is configured to produce
a verbal data signal representative of verbal communication
that occurs in the clinical environment; receive the verbal
data signal and detect at least one adverse condition; and
alert at least one operator when the at least one adverse
condition is detected by the data analyzer.

The method may be performed during various types of
medical procedures and may be performed in various clini-
cal environments as described hereabove.

In STEP 200, the system is configured. Configuring the
system can include entering data into an input module, for
example, data entered into input module 110 as described in
reference to FIG. 1 hereabove. In some embodiments, an
operator can enter data into the input module at any time
prior to, during, and/or subsequent to a medical procedure
performed on a patient. The data entered can be updated,
deleted, or otherwise modified at any time prior to, during,
and/or subsequent to the procedure by any of the operators.
In some embodiments, a specific operator can be authorized
to enter, update, delete, or otherwise modify the input data.

The data input module can include one or more devices
selected from the group consisting of: a keyboard; a touch
screen; a motion-sensing input device; a mouse; a tablet; a
cell phone; a handheld electronic organizer; a hospital
computer or computer network; a wireless connection such
as a cellular service; an internet connection; an electronic
file transfer port such as USB port; a memory storage device
such as a USB memory stick; and combinations of these. An
application can be stored in one or more modules of the
system enabling an operator to select a particular type and/or
form of information to be communicated by the system to
one or more operators. In some embodiments, an operator
selects one or more patient and/or procedural parameters to
be communicated and recorded by the system. Additionally,
an operator can customize which particular operator should
report the information and how frequently it should be
reported by an operator and/or an output module such as
output module 130 of FIG. 1. Furthermore, an operator can
identify an adverse condition that should be detected by a
data analyzer. In some embodiments, an operator can enter
quantitative data into the input module such as a quantitative
value for a threshold, where the data analyzer includes an
algorithm configured to compare the threshold to a verbal
data signal, as is described in STEP 250 below. An operator
can enter a library of keywords associated with a parameter,
such as a patient and/or procedural parameter that may be
requested during a medical procedure, for example key-
words that are typically associated with a patient and/or
procedural parameter such as the keyword “blood pressure”.
Additionally, the primary user can enter a library of key-
words associated with an adverse condition into the input
module, where the data analyzer identifies the keywords, as
has been described in reference to FIG. 1 hereabove.

Voice data can be entered into the input module, e.g. at
least one spoken word, from each operator to be present
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during the medical procedure such that the data analyzer can
identify an operator’s voice based on the stored word or
words.

External data which can include medical treatises, medi-
cal statistics, or any other medical information that is
publicly or privately available can also be entered into the
input module. The external data can be selected and/or
filtered by an operator. For example, the operator can enter
external information that is particularly relevant to the
procedure to be performed or relevant to the particular
patient’s medical history and/or current medical status.
Alternatively, entire treatises, books, or other medical
sources can be entered into the input module.

Patient data, such as data including but not limited to, sex;
age; height; weight; race; medical history; and combinations
of these can also be entered into the input module.

In STEP 210, audio is recorded, for example via audio
recorder 115 of FIG. 1. The audio recorder is configured to
record a verbal communication and produce a verbal data
signal that is representative of the verbal communication, for
example via at least one microphone. The verbal commu-
nication can be a communication occurring prior to, during,
and/or subsequent to a medical procedure. For example, a
verbal communication occurring prior to a procedure can
include input data being entered into the input module as
described in STEP 200. A verbal communication occurting
during a procedure can include but is not limited to: a
notification of a patient, procedural and/or equipment
parameter; a request for data; an acknowledgment of receipt
of data; and combinations of these. The system can receive
and/or transmit audio to each operator via the audio recorder,
e.g. a headset worn by each operator, or the system can
receive and/or transmit audio to a particular operator. Alter-
natively or additionally, the audio recorder can include an
intercom system such that all operators can receive and/or
transmit audio simultaneously.

Alternatively or additionally, video data can be recorded,
for example via a video camera that can detect an operator
gesture, for example a gesture including but not limited to a
head nod or other affirmatory response; a head shake or other
non-affirmatory response; a shrug; an indecisive response;
and combinations of these. The video camera can also detect
the speech of an operator. The gestures and/or speech are
converted to a video data signal such that the video data
signal can be analyzed by the data analyzer to detect an
adverse condition. In some embodiments, an input module
comprises a video camera and at least one microphone such
that the data analyzer combines the verbal data signal with
the video data signal and analyzes the combined signal. In
cases where the verbal data is not heard, the data analyzer
can analyze the video data signal to detect an adverse
condition. Conversely, if the video data is not seen, the data
analyzer can analyze the verbal data signal to detect an
adverse event.

The recorded signals can be representative of a verbal
communication received from a single operator and/or mul-
tiple operators. In the case of multiple operators, the system
is configured to differentiate verbal data signals from a first
operator and verbal data signals from a second operator. The
verbal data signal can be representative of verbal commu-
nication occurring prior to, during, and/or after the medial
procedure.

In some embodiments, non-verbal data signals are pro-
duced such as audio signals produced by a piece of equip-
ment located in the clinical environment in the form of an
equipment status signal, as has been described in reference
to FIG. 1 hereabove.
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In STEP 220, the data signals are analyzed, for example
via data analyzer 120 of FIG. 1. The data analyzer can
include spoken word recognition software employing at
least one algorithm that converts the verbal data signal to
text data. In some embodiments, the algorithm can be biased
to correlate at least a portion of the verbal data signal to one
or more medical terms where the system can further com-
prise a library of medical terms, where the algorithm’s bias
is based on the library of medical terms, as has been
described in reference to FIG. 1 hereabove. The external
data source can include medical treatises, medical statistics,
or any other medical information that is publicly or privately
available. Additionally, the data analyzer can include an
algorithm configured to extract patient historic data from the
data stored in a memory module. Further, the data analyzer
can include an algorithm configured to extract the patient
historic data stored in the memory module from the verbal
data signal. Still further, the data analyzer can include an
algorithm that is biased to correlate at least a portion of the
verbal data signal to at least one quantitative value input by
an operator. In some embodiments, the algorithm can be
biased to a range of values, as has been described in detail
hereabove. In some embodiments, the algorithm can be
biased toward a previously received verbal data signal such
as the last received verbal data signal, also described in
detail hereabove.

The analysis can include an analysis of patient data;
equipment data; procedural data; and combinations of these,
examples of each provided hereabove.

The analysis can include an identification of a request for
information, including but not limited to a request for a
patient parameter; a procedural parameter; an equipment
parameter; and combinations of these. The system is con-
figured to respond to the operator’s request quantitatively
and/or qualitatively via the audio recorder. For example, an
operator, e.g. the primary surgeon, can request the patient’s
blood pressure during a procedure, and the system will
retrieve the patient parameter from the memory module and
deliver the requested value to the operator, for example via
an operator-worn headset and/or a visual display.

The analysis can include an identification of an acknowl-
edgment of receipt of data. Alternatively or additionally, the
analysis can identify when data has been provided to an
operator and require that an acknowledgement be provided
by the operator. As described above, a library of acceptable
responses can be entered into an input module and the
acknowledgement can be identified based upon the library.

The analysis can include a correlation of the verbal data
signal to a particular operator, for example using the voice
data entered into the input module prior to a procedure. In
some embodiments, an algorithm performs a first analysis
on a verbal data signal correlated to a first operator and a
second, different analysis on a verbal data signal correlated
to a second operator. In some embodiments, the correlation
of a verbal data signal of the first operator is based on a first
identifier and the correlation of the verbal data signal of the
second operator is based on a second, different identifier, for
example where a headset worn by the first and second
operators includes the identifier, such as an embedded
electronic ID. In one example, the identifier can include a
SIM card included in each headset worn by the first and
second operator. These embodiments can apply to a clinical
environment including one, two, or multiple operators.
Additionally, the analysis can include a correlation of the
verbal data signal to a particular operator type, each type
comprising one or more operators. Operator types can
include but are not limited to a surgeon; an anesthesiologist;
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a scrub nurse; a circulating nurse; a hospital administrator;
a patient; and combinations of these. An algorithm can be
employed that determines an adverse condition has occurred
based on the particular operator and/or operator type pro-
viding data via an audio recorder and/or other input module.

In STEP 230, one or more keywords are identified via the
data analyzer. The identification can be based on a library of
keywords associated with a parameter that may be requested
during a medical procedure, for example keywords that are
typically associated with a patient and/or procedural param-
eter such as the keyword “blood pressure”. The library of
keywords can be entered into the input module, for example
by an operator prior to, during and/or subsequent to a
procedure.

In STEP 240, data is extracted via the data analyzer. The
data can be extracted based on operator hierarchy and/or the
importance of a particular value based on data entered into
an input module prior to, during and/or subsequent to the
procedure. For example, if an operator customizes the
system such that the nurse should recite blood pressure
readings every five minutes, data analyzer can filter the
nurse’s speech based upon the value it is seeking, i.e.
identify the nurse’s recitation of blood pressure readings
every five minutes. Additionally, the extracted data can be
logged into the system such as recording and storing the data
in a memory module with a time stamp.

In STEP 250, the extracted data is compared to a thresh-
old, for example a threshold entered into an input module
where the data analyzer includes an algorithm configured to
compare the threshold to the data. In one embodiment, an
adverse condition can be detected based on an analysis of the
data exceeding a threshold. For example, if an operator
entered a maximum acceptable value for the patient’s blood
pressure into the input module, the data analyzer will detect
an adverse condition if the maximum acceptable value is
exceeded.

If the data is within the acceptable limits, i.e. does not
exceed a threshold, the method begins at STEP 210, and the
steps are repeated. However, if the data exceeds the thresh-
old, STEP 260 is performed where an alert mode is entered.
In this step, an alert module, for example alert module 135
of FIG. 1 is configured to alert at least one operator. An alert
can be provided to one or all operators in the clinical
environment, and any number of operators in between. In
some embodiments, an alert is provided to a specific opera-
tor based on a unique identifier, for example an identifier
included in that specific operator’s headset, as discussed
hereabove. In one embodiment, an audible beep is produced
when an adverse condition is detected. The audible beep can
include a first audible pattern associated with a first adverse
condition, and a second, different audible pattern associated
with a second, different adverse condition. In addition or
alternative to an audible beep, a voice alert such as a
computer generated voice or a recording of a human voice
can be produced. Additionally or alternatively, a visual
display, for example a visual display that provides alphanu-
meric text and/or graphic images when an adverse condition
is detected can be provided. Additionally or alternatively, a
tactile transducer such as an operator-worn tactile transducer
and/or a vibrating transducer can be included to alert at least
one operator. Non-limiting examples of additional or alter-
native alert modules include: an audio transducer such as a
speaker and a piezo transducer; a visual transducer such as
an LCD screen, a touch screen, and a light such as an LED;
and a tactile transducer such as a vibrating transducer and a
thermal transducer.
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In STEP 270, the alert mode is cleared, and if cleared,
then the method begins at STEP 210, and the steps are
repeated. The system will remain in the alert mode until
cleared. The alert mode can be cleared by remedying any of
the adverse conditions described herein.

In some embodiments, the alert module can be configured
so as to automatically reset a threshold value if the alert
mode is ignored. For example, if an adverse condition is
detected based upon a blood pressure reading of 150/80,
exceeding the threshold value of 145/75, the system will
enter an alert mode. Continuing with this example, if the
alert is ignored three times, the threshold value will reset to
150/80 or some value higher than its previous value. Sta-
tistical Process Control (SPC) can be used to handle error
detection, or monitor alerts and any ignoring of alerts, such
as to modify a threshold for entering an alert state after an
alert is ignored a number of times.

The method can further comprise storing any of the data
entered into the input module, as well as any verbal data
signals that are received and/or processed, i.e. analyzed by
the data analyzer, during a procedure, for example via a
memory module.

In some embodiments, the method further comprises
detecting an adverse condition based on the identification of
a keyword in the verbal data signal. In some embodiments,
the adverse condition can be detected based on the identi-
fication of an unrecognized term or value in the verbal data
signal. In some embodiments, the adverse condition can be
detected based on the identification of an unrecognized or
inaudible voice in the verbal data signal. In some embodi-
ments, the adverse condition can be detected based on a
determination that a particular operator has been active
and/or present in the clinical environment past a threshold of
time. For example, when an operator is the surgeon, the data
analyzer can determine that the surgeon has been performing
a complex procedure for a length of time that has been
previously determined to exceed a safety threshold. The
length of an operator’s presence can be determined by the
data analyzer receiving a verbal data signal and/or a video
data signal from the particular operator, thus associating the
receipt of the signal with the operator’s presence. Addition-
ally or alternatively, the operator’s presence can be deter-
mined automatically, for example by a motion sensor, or
manually, for example by a timecard entry assembly. In
some embodiments, the adverse condition can be detected
based on the heightened frequency of recognized terms at a
time other than that customized by the operator. In some
embodiments, the adverse condition can be detected based
on the non-receipt of information such as when an identified
operator does not provide a particular piece of information
at the proper time. In some embodiments, the adverse
condition can be detected based on a determination that
multiple pieces of similar data have not been received within
a pre-determined time interval where the time interval can
be an operator adjustable time interval that can be adjusted
prior to and/or during a procedure. In some embodiments,
the adverse condition can be detected based on a determi-
nation that a particular operator is not present. In some
embodiments, the adverse condition can be detected based
on an analysis of patient historic data and/or based on an
analysis of a set of medical statistics such as a comparison
of patient historic data to a set of medical statistics. In some
embodiments, the adverse condition can be detected based
on the identification of the patient’s voice and/or gestures.
For example, if the patient is no longer fully anesthetized
and is able to speak and/or move, the data analyzer can
identify the patient’s speech. In some embodiments, a
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library of evidence-based practices, for example a proper
protocol or set of standards for a particular type of medical
procedure can be entered into the input module prior to or
during a procedure, where the real-time events occurring
during the procedure can be recorded and compared and/or
analyzed according to the evidence based information. An
adverse event can be detected by the data analyzer if an
event is detected that falls outside of the proper protocol or
acceptable set of standards. In some embodiments, the
adverse condition can be detected based upon an analysis of
a checklist. For example, the checklist can include a pre-
operative, intra-operative, and/or a post-operative checklist
that can be automatically and/or manually initiated. The
checklist can be modified or include a portion that is
modified or customized for a particular operator or set of
operators.

The method can further comprise providing an analysis of
information to one or more operators such as patient and/or
procedural information in real-time, i.e. during a procedure,
or after completion of a procedure. In some embodiments,
the information is provided by an output module for
example information requested by at least one operator, such
as information after the completion of a procedure in order
to evaluate the overall performance of the operators, as well
as the relationship between team behavior and real-time
changes in patient status. Additionally, a full audio transcript
of the entire procedure can be provided and/or a transcript
for each individual operator can be provided. Other types of
information can be provided such as information selected
from the group consisting of: a current (real-time) param-
eter; a historic parameter; an average of multiple parameter
values; a maximum of multiple parameter values; and com-
binations of these. Other information can include one or
more adverse conditions detected; an operator’s entry and/or
exit time into the clinical setting; a procedure event that
surpasses a threshold; an evidence-based decision support
reminder; a captured video; a recommendation generated by
the data analyzer; and combinations of these. The informa-
tion can be provided to at least one operator or all operators
in the form of a generated report, for example a hard copy
and/or an electronic report. In some cases, the system can
refer to a library of evidence-based practices, for example a
library of data entered into the input module, and the system
can discern whether the clinical approach was efficacious,
appropriate and done in a timely manner. The report can then
be transferred to a healthcare information system. Addition-
ally, output module can create a post-operative debrief in the
form of an interactive montage of critical events, for
example an output including procedure video, audio, tran-
scripts of audio, patient vital signs during the procedure,
corresponding pre-operative thresholds/scores, any relevant
medical imaging, and any other desired information.

The method can further comprise confirming proper infor-
mation is received by the audio recorder and/or the data
analyzer, for example via a data monitoring algorithm.
Additionally, a confirmation that proper information is
received by the audio recorder and/or the data analyzer
within one or more predetermined time intervals can be
performed. The lack of receipt of information can lead to the
detection of an adverse event, as has been described here-
above.

The method can further comprise sensing at least one
adverse condition via at least one sensor, for example a
sensor such as a temperature sensor; an acoustic sensor; an
electromagnetic sensor; a pressure sensor; a motion sensor;
and combinations of these.
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In some embodiments, the method further comprises
communicating with a healthcare information system, for
example the input module can receive information from the
healthcare information system such as information relevant
to the particular patient and/or procedure to be performed,
for example patient historic data. Similarly, the data pro-
vided by the output module can be communicated to the
healthcare information system.

The method can further comprise treating a patient via a
treatment device, for example treatment device 200
described in reference to FIG. 1 hereabove.

FIG. 3 illustrates a flow chart of a method for requesting
data during a medical procedure performed in a clinical
environment, consistent with the present inventive concepts.
In STEP 300, an operator makes a request for data, for
example a patient, procedural, and/or an equipment param-
eter. Additionally, other data can be requested, for example
patient historic data and external data such as medical
statistics. Typically, the request includes a verbal request for
data, where an audio recorder, for example audio recorder
115 of FIG. 1 converts the verbal request to a verbal data
signal.

In STEP 310, a speech recognition step is performed. In
some embodiments, speech recognition software comprising
an algorithm performs an analysis on the received verbal
data signal and correlates the verbal data signal to the
specific operator. In some embodiments, the correlation of
the verbal data signal of the operator is based on an
identifier, for example where a headset worn by the operator
includes the identifier. In one embodiment, the identifier can
include a SIM card included in the operator’s headset.

In STEP 320, a confirmation that the operator requesting
the data is a valid operator is performed. In one embodiment,
the validity of the operator is confirmed based on the data an
operator entered into an input module such as input module
110 of FIG. 1. For example, an operator can authorize a
particular operator to make a request for a particular type or
types of data. In an example, if the surgeon requests data
during the procedure, a data analyzer, for example data
analyzer 120 of FIG. 1, can identify the surgeon’s speech
and determine if it is in fact the surgeon requesting the data.
As discussed above, the data analyzer can comprise speech
recognition software employing an algorithm to detect the
operator’s speech, in this case the surgeon, or alternatively,
the surgeon can wear a headset comprising an identifier such
as a SIM card.

The system can also be configured more narrowly, for
example, by designating both a valid operator and correlat-
ing that operator to a particular piece of data, such as a
particular patient parameter. For example, if the primary
user customizes the system such that the nurse shall provide
and/or request blood pressure readings, the data analyzer can
identify the nurse’s speech and determine if it is in fact the
nurse requesting and/or providing the blood pressure read-
ing. As discussed above, the data analyzer can comprise
speech recognition software employing an algorithm to
detect the operator’s speech, in this case the nurse, or
alternatively, the nurse can wear a headset comprising an
identifier such as a SIM card.

If the operator is determined to be a valid operator, a
check for the requested data is performed, as shown in STEP
330. As described in STEP 230 240 of FIG. 2, when an
operator verbally communicates data, a value associated
with the data is logged into a memory module, for example
memory module 150 of FIG. 1, with a time stamp. For
example, the verbal communication “blood pressure is 150
over 90” will be identified by the data analyzer as ‘blood
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pressure=150/90 @ time’. If an operator has specified that
this parameter should be communicated by the operator
associated with the verbal communication, the then value is
logged into a memory module with a time stamp, and then
can be retrieved and transmitted, as shown in STEP 340
described below.

However, if the operator is determined to be an invalid
operator and/or the requested data is not stored in the
memory module, an alert mode will be entered as shown in
STEP 360. The alert mode is similar to that described in
STEP 260 of FIG. 2 hereabove.

Once the operator is determined to be a valid operator and
the requested data has been retrieved from the memory
module, STEP 340 can be performed where the requested
data is transmitted to the requesting operator. In one embodi-
ment, each operator wears a headset, and requested data can
be transmitted to the requesting operator’s headset. In some
embodiments, each headset comprises a unique identifier
associated with each operator such that the data analyzer can
correlate a verbal data signal to a specific operator, for
example an identifier such as a SIM card. In some embodi-
ments, speech recognition software comprising an algorithm
performs an analysis on the received verbal data signal and
correlates the verbal data signal to the requesting operator
via a headset worn by that operator. In some embodiments,
the requested data can be transmitted to other operators in
addition to the requesting operator, for example two or all
operators in the clinical environment. The information can
be transmitted to the operator(s) via a headset. Alternatively
or additionally, the information can be transmitted via an
intercom system and/or a visual display such that all opera-
tors can receive and/or transmit audio simultaneously.

In STEP 350, the request for data is logged, for example
in the memory module. An output module, such as output
module 130 of FIG. 1, can produce a report providing data
related to the requests made during a procedure, for example
the total number of requests made.

FIG. 4 illustrates a flow chart of a method for monitoring
the presence of an operator during a medical procedure
performed in a clinical environment, consistent with the
present inventive concepts. In one embodiment, the illus-
trated method can be performed to monitor the presence of
a surgeon during a procedure to ensure that the surgeon is
not active and/or performing surgery past a threshold value.
The illustrated method can be performed for multiple opera-
tors during a procedure.

In STEP 400, a start time T1 of an operator is recorded
and logged into a memory module, for example the memory
module, as has been described herein. In one embodiment,
a data analyzer, for example data analyzer 120 of FIG. 1
receives a verbal data signal and/or a video data signal from
an audio recorder, for example audio recorder 115110 of
FIG. 1, thus associating the receipt of the signal with the
operator’s presence. The first verbal data signal can roughly
represent the operator’s start time T1. Additionally or alter-
natively, the operator’s start time can be determined auto-
matically, for example by a motion sensor, or manually, for
example by a timecard entry assembly.

In STEP 410, the operator’s time at T2 1s recorded and
logged into the memory module. T2 can be recorded and
logged similarly to T1.

In STEP 420, the operator’s presence, represented by the
value equaling T2 minus T1, is compared to a threshold. The
threshold value can be a value that is predetermined for
patient safety based upon the complexity of the procedure
being performed. In the example where the operator is the
surgeon, the threshold value can be determined based upon
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the ability and/or experience of the surgeon; whether or not
the surgeon has performed other procedures within a par-
ticular amount of time such as within the last eight hours; the
length of time the surgeon has performed the current pro-
cedure without a relief, whether or not the assistant surgeon
has left early or during a critical phase; and combinations of
these. The threshold value can be entered into an input
module, for example input module 110 of FIG. 1, prior to a
procedure, as has been described hereabove.

If the operator’s presence, i.e. T2 minus T1, does not
exceed a threshold value, the steps can be repeated, begin-
ning with STEP 410. However, if the operator’s presence
does exceed a threshold value, an alert mode will be entered
as shown in STEP 430. The alert mode is similar to that
described in STEP 260 of FIG. 2 hereabove.

The foregoing description and accompanying drawings
set forth a number of examples of representative embodi-
ments at the present time. Various modifications, additions
and alternative designs will become apparent to those skilled
in the art in light of the foregoing teachings without depart-
ing from the spirit hereof, or exceeding the scope hereof,
which is indicated by the following claims rather than by the
foregoing description. All changes and variations that fall
within the meaning and range of equivalency of the claims
are to be embraced within their scope.

What is claimed:

1. A system for monitoring a medical procedure per-
formed in a clinical environment comprising:

an input module for receiving a checklist comprising a
proper protocol for the medical procedure and adapted
to be customized by an operator;

an audio receiver constructed and arranged to produce a
verbal data signal representative of verbal communi-
cation that occurs in the clinical environment;

a data analyzer constructed and arranged to (i) receive the
verbal data signal from the audio receiver, (ii) analyze
the verbal data signal to determine real-time events,
(iil) compare the real-time events to the checklist, and
(iv) detect at least one adverse condition when a
real-time event falls outside of the proper protocol; and

an alert module constructed and arranged to alert at least
one operator when the at least one adverse condition is
detected by the data analyzer.

2. The system of claim 1 wherein the medical procedure
comprises at least one of: a surgical procedure; a minimally
invasive surgical procedure; a laparoscopic surgical proce-
dure; an open surgical procedure; an interventional proce-
dure; a reconstructive surgery; a robotic procedure; a roboti-
cally-enabled procedure; an outpatient procedure; a dental
procedures; a fully anesthetized dental procedure; and com-
binations thereof.

3. The system of claim 1 wherein the clinical environment
comprises at least one of: an operating room; a catheteriza-
tion lab; an intensive care unit; a control room for an
operating room; an outpatient surgery treatment room; a
dentist’s office; a surgeon’s office; a maxillofacial surgeon’s
office; and combinations thereof.

4. The system of claim 1 wherein the audio receiver
comprises at least one microphone.

5. The system of claim 1 wherein the audio receiver
comprises multiple microphones.
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6. The system of claim 5 wherein the multiple micro-
phones are in proximity to the at least one operator.

7. The system of claim 5 wherein the multiple micro-
phones comprise a first microphone positioned in proximity
to a first operator and a second microphone in proximity to
a second operator.

8. The system of claim 1 wherein the audio receiver
comprises at least one of: a microphone; an operator-worn
microphone; an operator-worn headset; a room microphone;
an omnidirectional microphone; a Bluetooth device; a tele-
phone; a mobile telephone; a wireless device; and combi-
nations thereof.

9. The system of claim 1 wherein the audio receiver
comprises an operator-worn headset.

10. The system of claim 9 wherein each operator of the at
least one operator wears a headset.

11. The system of claim 10 wherein each headset com-
prises an identifier associated with a respective operator.

12. The system of claim 1 wherein the audio receiver
comprises an intercom system.

13. The system of claim 1 wherein the audio receiver is
further constructed and arranged to produce a non-verbal
data signal.

14. The system of claim 13 wherein the non-verbal data
signal comprises audio signals produced by equipment posi-
tioned in the clinical environment.

15. The system of claim 14 wherein the data analyzer is
further constructed and arranged to receive the non-verbal
data signal from the audio receiver, analyze the non-verbal
data signal and detect an equipment status signal.

16. The system of claim 15 wherein the equipment status
signal comprises an equipment warning signal.

17. The system of claim 1 further comprising a video
camera constructed and arranged to produce a video data
signal.

18. The system of claim 17 wherein the data analyzer is
further constructed and arranged to receive the video data
signal from the video camera and analyze the video data
signal.

19. The system of claim 18 wherein the data analyzer is
further constructed and arranged to detect an operator ges-
ture.

20. A method for monitoring a medical procedure per-
formed in a clinical environment comprising:

receiving at an input module a checklist comprising a

proper protocol for the medical procedure and adapted
to be customized by an operator;

producing using an audio receiver a verbal data signal

representative of verbal communication that occurs in
the clinical environment;

analyzing the verbal data signal with a data analyzer to

determine real-time events;

comparing the real-time events to the checklist using the

data analyzer;

detecting with the data analyzer at least one adverse

condition when a real-time event falls outside of the
proper protocol; and

alerting at least one operator with an alert module when

the at least one adverse condition is detected.
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