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An automated system, method, apparatus, device and/or com-
puter program product for detecting positioning effect is set
forth, the apparatus according to an exemplary embodiment
may include an output operable to couple to one or more
stimulating electrodes to stimulate one or more peripheral
nerves of the patient, an input operable to couple to one or
more recording electrodes to record resultant electrical wave-
forms generated by a nervous system of a patient in response
to the stimulating module, and one or more processors oper-
able to identify the positioning effect based on the resultant
electrical waveforms.
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SYSTEM, METHOD, APPARATUS, DEVICE
AND COMPUTER PROGRAM PRODUCT FOR
AUTOMATICALLY DETECTING
POSITIONING EFFECT

CROSS-REFERENCE TO RELATED PATENT
APPLICATIONS

[0001] This application is a divisional of U.S. patent appli-
cation Ser. No. 12/620,384, filed Nov. 17, 2009, incorporated
herein by reference in its entirety, which claims priority from
Provisional Application U.S. Application 61/185,441, filed
Jun. 9, 2009, incorporated herein by reference in its entirety.

BACKGROUND

[0002] The present invention relates to a medical device,
and more particularly to a device for injury detection.
[0003] During many types of surgeries, patients are posi-
tioned, e.g., by medical workers, to facilitate surgical access
in ways that may put undue tension or pressure on peripheral
nervous structures. This undue tension or pressure can create
what is generally termed as a “positioning effect.”” Warning
signs of positioning effect may include sensations, such as,
e.g., but not limited to, numbness, tingling or weakness. Dur-
ing surgery, a patient is usually placed under general anesthe-
sia. Therefore, they would be unable to identify the usual
warning signs resulting from positioning effect. Consequen-
tially, the patient would be left in this compromised position
for the duration of the surgical procedure. Continued trauma
from positioning effect may result in prolonged or even per-
manent injury. An injury caused by positioning effect is
known as a “positioning effect injury.”” What is needed is a
method to prevent positioning effect injuries.

SUMMARY OF THE INVENTION

[0004] In an exemplary embodiment of the present inven-
tion a system, method, device, apparatus, and/or computer
program product for automatically detecting positioning
effect and avoiding such injuries is disclosed.

[0005] According to an exemplary embodiment, a method
of identifying positioning effect in a patient may be provided.
According to an exemplary embodiment, the method may
include stimulating one or more peripheral nerves with one or
more electrical pulses from one or more stimulating elec-
trodes, recording resultant electrical waveforms generated by
a nervous system of the patient in response to the electrical
pulses using one or more recording electrodes, and identify-
ing, by or with one or more computing devices, the position-
ing effect based on the resultant electrical waveforms.
[0006] According to an exemplary embodiment, the one or
more stimulating electrodes may be coupled to one or more of
an arm of the patient, a leg of the patient, an ulnar nerve of the
patient, a median nerve of the patient, or a posterior tibial
nerve of the patient.

[0007] According to an exemplary embodiment, the one or
more recording electrodes may be coupled to one or more of
a trunk of the patient, an Erb’s point of the patient, a head of
the patient or a neck of the patient.

[0008] According to an exemplary embodiment, the result-
ant electrical waveforms may be somatosensory evoked
potential waveforms.

[0009] According to an exemplary embodiment, The iden-
tifying may include one or more of comparing, with the
computing device, information based on the resultant electri-
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cal waveforms to information from an anesthesia machine to
determine when changes in the resultant electrical waveforms
are due to anesthesia and/or comparing, with the one or more
computing devices, information based on the resultant elec-
trical waveforms to information from, e.g., but not limited to,
a blood pressure machine to determine when changes in the
resultant electrical waveforms are due to blood pressure.
[0010] According to an exemplary embodiment, the
method may further include determining how to reduce the
positioning effect based on a position of a table.

[0011] According to an exemplary embodiment, the
method may further include providing information based on
the positioning effect to a table.

[0012] According to an exemplary embodiment, the
method may further include providing information to a table
to at least partially reposition the table to reduce the position-
ing effect.

[0013] According to an exemplary embodiment, the
method may further include adjusting a position ofthe patient
based on the positioning effect using an electro-mechanism
of a table.

[0014] According to an exemplary embodiment, the
method may further include alerting a user to the positioning
effect using one or more of a notification, an alert, a commu-
nication, an indication, and/or an alarm.

[0015] The method may further include displaying infor-
mation based on the resultant electrical waveforms on a dis-
play unit.

[0016] According to an exemplary embodiment, the
method may further include receiving a user input regarding
the accuracy of the resultant electrical waveforms.

[0017] According to an exemplary embodiment, an auto-
mated apparatus for detecting positioning effect leading to a
potential positioning effect injury may include an output
operable to connect and/or couple to one or more stimulating
electrodes to stimulate one or more peripheral nerves of a
patient, an input operable to connect and/or couple to one or
more recording electrodes to record resultant electrical wave-
forms generated by anervous system in response to the one or
more stimulating electrodes, and one or more processors,
connected and/or coupled to the output and the input, oper-
able to identify the positioning effect based on the resultant
electrical waveforms.

[0018] According to an exemplary embodiment, the pro-
cessor may further include means for identifying the position-
ing effect which may include one or more means for identi-
fying changes in a latency of the resultant electrical
waveforms, means for identifying changes in an amplitude of
the resultant electrical waveforms, and/or means for identi-
fying changes in a morphology of the resultant electrical
waveforms.

[0019] According to an exemplary embodiment, the appa-
ratus may further include a display unit, connected and/or
coupled to the one or more processors, operable to display
information regarding the resultant electrical waveforms.
[0020] According to an exemplary embodiment, the appa-
ratus may further include an alert unit, coupled to the one or
more processors, operable to alert a user to the positioning
effect.

[0021] According to an exemplary embodiment, the appa-
ratus may further include an interface, connected and/or
coupled to the processor, operable to couple a table to the
processor.
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[0022] According to an exemplary embodiment, the inter-
face may be operable to transfer information between the
table and the one or more processors to reduce the positioning
effect.

[0023] According to an exemplary embodiment, the appa-
ratus may further include a table.

[0024] According to another exemplary embodiment, the
apparatus may further include one or more means for obtain-
ing information from an anesthesia machine to determine
when changes in the resultant electrical waveforms are due to
anesthesia; an anesthesia machine; means for obtaining infor-
mation from a blood pressure machine to determine when
changes in the resultant electrical waveforms are due to blood
pressure; or a blood pressure machine.

[0025] Further features and advantages of the invention, as
well as the structure and operation of various exemplary
embodiments of the invention, are described in detail below
with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The foregoing and other features and advantages of
the invention will be apparent from the following, more par-
ticular description of a preferred embodiment of the inven-
tion, as illustrated in the accompanying drawings wherein
like reference numbers generally indicate identical, function-
ally similar, and/or structurally similar elements. The left
most digits in the corresponding reference number indicate
the drawing in which an element first appears.

[0027] FIG. 1 depicts an exemplary diagram of the system
according to an exemplary embodiment of the present inven-
tion,;

[0028] FIG. 2 depicts an exemplary embodiment of a com-
puter system that may be used in association with, in connec-
tion with, and/or in place of, but not limited to, any of the
foregoing components and/or systems; and

[0029] FIG. 3 depicts an exemplary diagram of the table,
according to an exemplary embodiment of the present inven-
tion.

DETAILED DESCRIPTION

[0030] Various exemplary embodiments of the invention
including preferred embodiments are discussed in detail
below. While specific exemplary embodiments are discussed,
it should be understood that this is done for illustration pur-
poses only. A person skilled in the relevant art will recognize
that other components and configurations can be used without
parting from the spirit and scope of the invention.

[0031] The danger of positioning effect injuries is recog-
nized. Despite careful positioning and padding of structures
at risk to positioning effect by operating room teams, posi-
tioning effect injuries still occur in significant numbers in
many surgical types. See, for example, C. J. Winfree and D. G.
Kline, “Intraoperative positioning nerve injuries,” Surgical
Neurology, 63(1), pages 5-18, published 2005. Surgical table
equipment manufacturers spend considerable time and
energy engineering surgical tables attempting to prevent such
injuries.

[0032] Impending positioning effect injuries can be
detected based on somatosensory evoked potentials (SEPs)
by specially trained personnel using conventional attended
intraoperative neurophysiologic monitoring (IONM) sys-
tems. SEPs are summated electrical potentials usually
recorded from the head or neck area after repeatedly stimu-
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lating a peripheral nerve. Monitoring patients using SEPs
during surgery has been shown to allow early identification of
impending positioning effect injury that can then be avoided
by repositioning the patient to alleviate pressure or tension
causing the positioning effect. See Hickey, C.; Gugino, L. D.;
Aglio, L. S.; Mark, J. B.; Son, S. L. & Maddi, R., “Intraop-
erative somatosensory evoked potential monitoring predicts
peripheral nerve injury during cardiac surgery,” Anesthesiol-
ogy, 78(1), pages 29-35, published 1992; Kamel, 1. R.; Drum,
E.T.; Koch, S. A.; Whitten, J. A.; Gaughan, J. P.; Barette, R.
E. & Wendling, W. W., “The use of somatosensory evoked
potentials to determine the relationship between patient posi-
tioning and impending upper extremity nerve injury during
spine surgery: a retrospective analysis,” Anesthesia & Anal-
gesia, 102(5), pages 1538-1542, published 2006; and
Labrom, R. D.; Hoskins, M.; Reilly, C. W.; Tredwell, S. J. &
Wong, P. K. H., “Clinical usefulness of somatosensory
evoked potentials for detection of brachial plexopathy sec-
ondary to malpositioning in scoliosis surgery.” Spire, 30(18),
pages 2089-2093, published 2005.

[0033] However the IONM procedure is not automated, not
available everywhere, is expensive, and is not traditionally
performed for many types of surgery that give rise to posi-
tioning effect. In addition, IONM is not practical for use
anywhere outside the operating room where unresponsive,
weak or confined patients may incur positioning effect. Such
monitoring may generally require highly trained technolo-
gists under physician supervision with sophisticated multi-
channel amplifier and display equipment. Unfortunately,
such personnel and equipment are limited in availability,
require pre-booking, and are costly. In addition, such moni-
toring is not traditionally done in many of the surgeries in
which positioning effect occurs and is not traditionally done
outside of the operating room where patients may remain at
risk.

[0034] An algorithm for neurophysiology monitoring
capable of quickly finding stimulation thresholds over mul-
tiple channels of a neurophysiology monitoring system is
described in U.S. Patent Application No. 20080167574, to
Farquhar, entitled “Multi-Channel Stimulation Threshold
Detection Algorithm For Use In Neurophysiology Monitor-
ing,” filed Sep. 22, 2006, published Jul. 10, 2008, the contents
of which are incorporated herein by reference in their entirety.
However, the publication focuses on the use of an algorithm
to determine stimulation thresholds for evoking neuromuscu-
lar responses and does not address positioning effect.

[0035] In an exemplary embodiment, a system, method,
device and/or computer program product for automatically
detecting positioning effect may be used to, e.g., but not
limited to, detect, alert and/or ameliorate, etc., positioning
effect during any surgery or situation where a patient is at risk,
such as, e.g., but not limited to, an unconscious patient, a
confined patient, an enfeebled patient, an anesthetized
patient, etc.

[0036] FIG. 1 depicts an exemplary diagram of a system
according to an exemplary embodiment of the present inven-
tion. According to an exemplary embodiment, the system
100, which may be coupled to a patient 101, may include, e.g,,
but not limited to, one or more recording electrodes 102, one
or more stimulating electrodes 103, a positioning effect
detection device (PEDD) 104, a table integration unit 105, an
alert and display (or other output) unit 106, and a table 107. In
an exemplary embodiment, the table 107 may include, e.g,,
but not limited to, any surface upon which the patient 101 may
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be placed, a bed, a chair, an operating room table, a pre-op
table, and/or a post-op table, etc.

[0037] According to an exemplary embodiment, the
recording electrodes 102 may be coupled to the head, neck,
arms, legs, trunk, Erb’s point and/or torso of the patient 101,
and stimulating electrodes 103 may be coupled to the arms
and/or legs of the patient 101.

[0038] According to an exemplary embodiment, the PEDD
104 may be electronically coupled to recording electrodes
102 and stimulating electrodes 103. In an exemplary embodi-
ment, the PEDD 104 may be part of, may be coupled to,
and/or may include, a computer. According to an exemplary
embodiment, the PEDD 104 may include a computer, such as,
e.g., but not limited to, the computer set forth in and described
further below with reference to FIG. 2. In an exemplary
embodiment, PEDD 104 may be electrically, electronically,
and/or mechanically coupled to the table integration unit 105
and/or the alert and display unit 106.

[0039] According to an exemplary embodiment, the table
integration unit 105 may be mechanically and/or electroni-
cally coupled to the table 107 and/or PEDD 104. In an exem-
plary embodiment, the table integration unit 105 may be
incorporated in the table 107 and/or PEDD 104.

[0040] According to an exemplary embodiment, the alert
and display unit 106 may be any of various well known output
devices. In an exemplary embodiment, the alert and display
unit 106 may be mechanically and/or electrically coupled to
the PEDD 104 and/or table 107. According to an exemplary
embodiment, the alert and display unit 106 may be incorpo-
rated in the table 107 and/or PEDD 104.

[0041] In an exemplary embodiment, the PEDD 104 may
detect positioning effect in a patient 101 lying on the table 107
using the stimulating electrodes 103 and the recording elec-
trodes 102. According to an exemplary embodiment, the
PEDD 104 may communicate positioning effect information
using the alert and display unit 106 to, e.g., operating room
personnel.

[0042] In oneexemplary embodiment, the PEDD 104 may
further, correct positioning effect using a table integration
unit 105 providing for movement of the table 107 to correct
positioning effect.

[0043] According to an exemplary embodiment, the PEDD
104 may stimulate sensory or mixed nerves of the patient
using the stimulating electrodes 103 to produce SEPs. In an
exemplary embodiment, a PEDD 104 may be attached,
coupled and/or connected to the patient 101 with stimulating
electrodes 103, e.g., near the arms or legs over peripheral
nervous structures, such as, but not limited to, e.g., the ulnar
nerves, median nerves and posterior tibial nerves.

[0044] According to an exemplary embodiment, the PEDD
104 may use the recording electrodes 102 to detect SEPs
generated by a patient’s nervous system in response to the
stimulation from the stimulating electrodes 103. In an exem-
plary embodiment, recording electrodes 102 may be attached,
connected, and/or coupled over the spine, neck, and/or head.
[0045] According to an exemplary embodiment, based on
the observed SEPs, the PEDD 104 may identify potential
positioning effect injuries caused by positioning of the patient
101. In an exemplary embodiment, the PEDD 104 may detect
changes in the SEPs, such as, e.g., but not limited to, changes
in latency, changes in amplitude or changes in morphology.
According to an exemplary embodiment, changes, such as,
e.g., but not limited to, reductions or aberrations in the SEPs
may indicate a positioning effect. In an exemplary embodi-
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ment, the PEDD 104 may identify a particular nerve structure
affected by positioning effect based on the SEPs. The PEDD
104 may further recommend actions to ameliorate the posi-
tioning effect by recommending changes in position. In one
exemplary embodiment, the PEDD 104 may move the patient
automatically so as to prevent positioning effect injury to the
patient 101.

[0046] In an exemplary embodiment, the stimulating elec-
trode 103 may be incorporated into the PEDD 104, coupled to
the PEDD 104, or attachable or connectable, directly or indi-
rectly to the PEDD 104. According to an exemplary embodi-
ment, the PEDD 104 may sequentially stimulate peripheral
nerves via the stimulating electrode 103 while recording the
SEPs via the recording electrode 102. According to an exem-
plary embodiment, the PEDD 104 may include an output
operable to couple to the stimulating electrodes 103. In an
exemplary embodiment, the recording electrodes 102 may be
at least one of, incorporated into the PEDD 104, coupled to
the PEDD 104, or attachable or connectable, directly or indi-
rectly to the PEDD 104. According to an exemplary embodi-
ment, the PEDD 104 may include an input operable to couple
the PEDD 104 to the recording electrode 102. In an exem-
plary embodiment, the PEDD 104 may include a processor, a
memory, a storage device or a computer.

[0047] In an exemplary embodiment, the SEPs may be
returned to the PEDD 104 as electrical signals recorded by the
recording electrodes 102. In an exemplary embodiment, the
PEDD 104 may include standard industry components, such
as, e.g., but not limited to, electric stimulators, pre-amplifiers,
amplifiers and/or computer components, etc., to control
stimulation and process return signals. According to an exem-
plary embodiment, the response to several stimuli may be
averaged together to reduce noise and produce a clean signal.
In an exemplary embodiment, proprietary or third party soft-
ware may be used in signal processing to improve the signal-
to-noise ratio and reduce the number of stimuli required to
obtain a clean signal.

[0048] According to an exemplary embodiment, propri-
etary software may also be used to compare signals between
limbs of a patient 101 to eliminate alerts from changes in
signals due to systemic effects of anesthesia or blood pressure
changes. In an exemplary embodiment, the PEDD 104 may
obtain anesthesia information from an anesthesia machine
and may calculate if changes in signals are due to anesthesia.
According to an exemplary embodiment, the PEDD 104 may
obtain blood pressure information from a blood pressure
machine and may calculate if changes in signals are due to
changes in a patient’s sensed blood pressure.

[0049] In an exemplary embodiment, the alert and display
unit 106 may include a display which may display various
information, such as, e.g., but not limited to, areas being
stimulated and recorded from, baseline and current signal
traces, trends in signals, relevant changes in signals, location
of signal changes, quality of recorded signals, position of
electrodes, position of the table 107 or other similar device,
location of table parts associated with body position, alerts
due to significant changes in signals, and proposed or
impending movements in the table 107 or similar device to
mitigate the monitoring signal changes. In addition, the alert
and display unit 106 may include, e.g., but not limited to,
multiple buttons or control inputs. According to anexemplary
embodiment, the buttons or inputs may allow an operator to
set up the initial monitoring layout and interact with the alert
and display unit 106 during monitoring to add additional
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information or respond to alerts. In an exemplary embodi-
ment, the alert and display unit 106 may allow override of a
change in signal by, e.g., but not limited to, an anesthesiolo-
gist, or other medical personnel, etc., when a signal change is
related to a change in dose of anesthetic agent or some other
event unrelated to positioning effect.

[0050] According to an exemplary embodiment, the PEDD
104 may include an interface operable to transfer information
between the table integration unit 105 and the table 107. Tn an
exemplary embodiment, the table integration unit 105 may
pass information to and from the table 107 regarding the
signals and positions of parts of the table. In an exemplary
embodiment, the table integration module 105 may send sig-
nals to the table 107 instructing the table 107 to move in
response to changes in SEPs in order to mitigate positioning
effect.

[0051] According to an exemplary embodiment, the table
integration unit 105 may obtain information from the table
107 about the position of the table’s various parts, and any of
the table’s parts associated with the position of the patient’s
limbs. In an exemplary embodiment, the table integration unit
105 may update information in real time. In an exemplary
embodiment, the PEDD 104 may receive the table position
information and determine how to alleviate positioning effect
based on the table position information. According to an
exemplary embodiment, the table integration unit 105 may
transfer information regarding a potential positioning effect
injury and may cause the table 107 to change in position to
alleviate the potential injury.

[0052] In an exemplary embodiment, the table integration
module 105 may send signals to the table 107 instructing the
table 107 to move in response to changes in signals in order to
mitigate positioning effect. According to an exemplary
embodiment, the table 107 may move based on instructions
from a table integration module 105. In an exemplary
embodiment, the table 107 may include servo-mechanism
controlled parts, and/or other electro-mechanical moving
parts, and may position parts of the table 107 using the elec-
tro-mechanisms. According to an exemplary embodiment,
the PEDD 104 may be integrated into a table 107. In an
exemplary embodiment, the table integration unit 105 may be
left out when using tables 107 that do not have sufficient
moving parts or automated moving parts.

[0053] According to an exemplary embodiment, the PEDD
104 and table 107 may cooperatively move the patient 101 so
as to prevent positioning effect injuries. In an exemplary
embodiment, the PEDD 104 may identify a potential posi-
tioning effect injury. According to an exemplary embodi-
ment, the table 107 may then move the patient 101 so as to
avoid potential injury. In an exemplary embodiment, the
PEDD 104 may then determine if the positioning effect has
been reduced. According to an exemplary embodiment, if the
positioning effect has been reduced, the table 107 may repo-
sition the patient further so that the positioning effect is elimi-
nated. In an exemplary embodiment, if the positioning effect
has not been reduced, the table 107 may reposition the patient
differently. According to an exemplary embodiment, if the
positioning effect is worsened, the table 107 may reposition
the patient back to the patient’s original position. In an exem-
plary embodiment, the table 107 may include, e.g., but is not
limited to, any surface upon which the patient 101 may be
placed, a bed, a chair, an operating room table, a pre-opera-
tion table, and/or a post-operation table.
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[0054] In an exemplary embodiment, the table integration
unit 105 and/or the alert or the display unit 106 may be
subcomponent modules of the PEDD 104 or may be coupled
to the PEDD 104. According to an exemplary embodiment, an
override functionality may be another subcomponent module
of the PEDD 104. Override functionality may include intet-
action with the PEDD 104 at any time by several methods
including tactile or voice command.

Exemplary Processing and Communications
Embodiments

[0055] FIG. 2 depicts an exemplary embodiment of a com-
puter system 200 that may be used in association with, in
connection with, and/or in place of, e.g., but not limited to,
any of the foregoing components and/or systems.

[0056] Thepresent embodiments (or any part(s) or function
(s) thereof) may be implemented using hardware, software,
firmware, or a combination thereof and may be implemented
in one or more computer systems or other processing systems.
In fact, in one exemplary embodiment, the invention may be
directed toward one or more computer systems capable of
carrying out the functionality described herein. An example
of a computer system 200 is shown in FIG. 2, depicting an
exemplary embodiment of a block diagram of an exemplary
computer system useful for implementing the present inven-
tion. Specifically, FIG. 2 illustrates an example computer 200,
which in an exemplary embodiment may be, e.g., (but not
limited to) a personal computer (PC) system running an opet-
ating system such as, e.g., (but not limited to) WINDOWS
MOBILE™ for POCKET PC, or MICROSOFT® WIN-
DOWS® NT/98/2000/XP/CE/T/VISTA, etc. available from
MICROSOFT® Corporation of Redmond, Wash., U.S.A.,
SOLARIS® from SUN® Microsystems of Santa Clara,
Calif.. U.S.A., OS/2 from IBM® Corporation of Armonk,
N.Y., US.A., Mac/OS from APPLE® Corporation of Cuper-
tino, Calif., U.S.A., etc., or any of various versions of UNIX®
(a trademark of the Open Group of San Francisco, Calif,,
USA) including, e.g., LINUX®, HPUX®, IBM AIX®, and
SCO/UNIX®, etc. However, the invention may not be limited
to these platforms. Instead, the invention may be imple-
mented on any appropriate computer system running any
appropriate operating system. In one exemplary embodiment,
the present invention may be implemented on a computer
system operating as discussed herein. An exemplary com-
puter system, computer 200 is shown in FIG. 2. Other com-
ponents of the invention, such as, e.g., (but not limited to) a
computing device, a communications device, a telephone, a
personal digital assistant (PDA), a personal computer (PC), a
handheld PC, client workstations, thin clients, thick clients,
proxy servers, network communication servers, remote
access devices, client computers, server computers, routers,
web servers, data, media, audio, video, telephony or stream-
ing technology servers, etc., may also be implemented using
a computer such as that shown in FIG. 2.

[0057] The computer system 200 may include one or more
processors, such as, e.g., but not limited to, processor(s) 204.
The processor(s) 204 may be connected to a communication
infrastructure 206 (e.g., but not limited to, a communications
bus, cross-over bar, or network, etc.). Various exemplary soft-
ware embodiments may be described in terms of this exem-
plary computer system. After reading this description, it will
become apparent to a person skilled in the relevant art(s) how
to implement the invention using other computer systems
and/or architectures.
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[0058] Computer system 200 may include a display inter-
face 202 that may forward, e.g., but not limited to, graphics,
text, and other data, etc., from the communication infrastruc-
ture 206 (or from a frame buffer, etc., not shown) for display
on the display unit 230.

[0059] Thecomputersystem 200 may also include, e.g., but
may not be limited to, a main memory 208, random access
memory (RAM), and a secondary memory 210, etc. The
secondary memory 210 may include, for example, (but may
not be limited to) a hard disk drive 212 and/or a removable
storage drive 214, representing a floppy diskette drive, a mag-
netic tape drive, an optical disk drive, a magneto-optical disk
drive, a compact disk drive CD-ROM, a digital versatile disk
(DVD), a write once read many (WORM) device, a flash
memory device, etc. The removable storage drive 214 may,
e.g., but not limited to, read from and/or write to a removable
storage unit 218 in a well known manner. Removable storage
unit 218, also called a program storage device or a computer
program product, may represent, e.g., but not limited to, a
floppy disk, a magnetic tape, an optical disk, a magneto-
optical disk, a compact disk, a flash memory device, etc.
which may be read from and written to by removable storage
drive 214. As will be appreciated, the removable storage unit
218 may include a computer usable storage medium having
stored therein computer software and/or data.

[0060] In alternative exemplary embodiments, secondary
memory 210 may include other similar devices for allowing
computer programs or other instructions to be loaded into
computer system 200. Such devices may include, for
example, a removable storage unit 222 and an interface 220.
Examples of such may include a program cartridge and car-
tridge interface (such as, e.g., but not limited to, those found
in video game devices), a removable memory chip (such as,
e.g., but not limited to, an erasable programmable read only
memory (EPROM), or programmable read only memory
(PROM) and associated socket, and other removable storage
units 222 and interfaces 220, which may allow software and
data to be transferred from the removable storage unit 222 to
computer system 200.

[0061] Computer 200 may also include an input device 216
such as, e.g., (but not limited to) a mouse or other pointing
device such as a digitizer, and a keyboard or other data entry
device (none of which are labeled).

[0062] Computer 200 may also include output devices 240,
such as, e.g., (but not limited to) display 230, and display
interface 202. Computer 200 may include input/output (I/O)
devices such as, e.g., (but not limited to) communications
interface 224, cable 228 and communications path 226, etc.
These devices may include, e.g., but not limited to, a network
interface card, and modems (neither are labeled). Communi-
cations interface 224 may allow software and data to be
transferred between computer system 200 and external
devices. Examples of communications interface 224 may
include, e.g., but may not be limited to, a modem, a network
interface (such as, e.g., an Ethernet card), a communications
port, a Personal Computer Memory Card International Asso-
ciation (PCMCIA) slotand card, etc. Software and data trans-
ferred via communications interface 224 may be in the form
of signals 228 which may be electronic, electromagnetic,
optical or other signals capable of being received by commu-
nications interface 224. These signals 228 may be provided to
communications interface 224 via, e.g., but not limited to, a
communications path 226 (e.g., but not limited to, a channel).
This channel 226 may carry signals 228, which may include,
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e.g., but not limited to, propagated signals, and may be imple-
mented using, e.g., but not limited to, wire or cable, fiber
optics, a telephone line, a cellular link, an radio frequency
(RF) link and other communications channels, etc.

[0063] In this document, the terms “computer program
medium” and “computer readable medium” may be used to
generally refer to media such as, e.g., but not limited to
removable storage drive 214, ahard disk installed in hard disk
drive and/or other storage device 212, and signals 228, etc.
These computer program products may provide software to
computer system 200. The invention may be directed to such
computer program products.

[0064] An algorithm is here, and generally, considered to
be a self-consistent sequence of acts or operations leading to
a desired result. These include physical manipulations of
physical quantities. Usually, though not necessarily, these
quantities take the form of electrical or magnetic signals
capable of being stored, transferred, combined, compared,
and otherwise manipulated. It has proven convenient at times,
principally for reasons of common usage, to refer to these
signals as bits, values, elements, symbols, characters, terms,
numbers or the like. It should be understood, however, that all
of these and similar terms are to be associated with the appro-
priate physical quantities and are merely convenient labels
applied to these quantities.

[0065] Unless specifically stated otherwise, as apparent
from the following discussions, it is appreciated that through-
out the specification discussions utilizing terms such as “pro-
cessing,” “computing,” “calculating,” “determining,” or the
like, refer to the action and/or processes of a computer or
computing system, or similar electronic computing device,
that manipulate and/or transform data represented as physi-
cal, such as electronic, quantities within the computing sys-
tem’s registers and/or memories into other data similarly
represented as physical quantities within the computing sys-
tem’s memories, registers or other such information storage,
transmission or display devices.

[0066] Ina similar manner, the term “processor” may refer
to any device or portion of a device that processes electronic
data from registers and/or memory to transform that elec-
tronic data into other electronic data that may be stored in
registers and/or memory. A “computing platform” may com-
prise one or more processors.

[0067] Embodiments of the present invention may include
apparatuses and/or devices for performing the operations
herein. An apparatus may be specially constructed for the
desired purposes, or it may comprise a general purpose device
selectively activated or reconfigured by a program stored in
the device.

[0068] Embodiments of the invention may be implemented
in one or a combination of hardware, firmware, and software.
Embodiments of the invention may also be implemented as
instructions stored on a machine-readable medium, which
may be read and executed by a computing platform to per-
form the operations described herein. A machine-readable
medium may include any mechanism for storing or transmit-
ting information in a form readable by a machine (e.g., a
computer). For example, an exemplary machine-readable
storage medium may include, e.g., but not limited to, read
only memory (ROM); random access memory (RAM); mag-
netic disk storage media; optical storage media; magneto-
optical storage media; flash memory devices; other exem-
plary storage devices capable of storing electrical, optical,
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acoustical or other form of propagated signals (e.g., carrier
waves, infrared signals, digital signals, etc.) thereon, and
others.

[0069] Computer programs (also called computer control
logic), may include object oriented computer programs, and
may be stored in main memory 208 and/or the secondary
memory 210 and/or removable storage units 214, also called
computer program products. Such computer programs, when
executed, may enable the computer system 200 to perform the
features of the present invention as discussed herein. In par-
ticular, the computer programs, when executed, may enable
the processor or processors 204 to provide a method to control
and/or manage operation of a positioning effect detection
device according to an exemplary embodiment of the present
invention. Accordingly, such computer programs may repre-
sent controllers of the computer system 200.

[0070] In another exemplary embodiment, the invention
may be directed to a computer program product comprising a
computer readable medium having control logic (computer
software) stored therein. The control logic, when executed by
the processor 204, may cause the processor 204 to perform
the functions of the invention as described herein. In another
exemplary embodiment where the invention may be imple-
mented using software, the software may be stored in a com-
puter program product and loaded into computer system 200
using, e.g., but not limited to, removable storage drive 214,
hard drive 212 or communications interface 224, etc. The
control logic (software), when executed by the processor 204,
may cause the processor 204 to perform the functions of the
invention as described herein. The computer software may
run as a standalone software application program running
atop an operating system, or may be integrated into the oper-
ating system.

[0071] In yet another embodiment, the invention may be
implemented primarily in hardware using, for example, but
not limited to, hardware components such as application spe-
cific integrated circuits (ASICs), or one or more state
machines, etc. Implementation of the hardware state machine
so as to perform the functions described herein will be appar-
ent to persons skilled in the relevant art(s).

[0072] In ancther exemplary embodiment, the invention
may be implemented primarily in firmware.

[0073] In yet another exemplary embodiment, the inven-
tion may be implemented using a combination of any of; e.g,,
but not limited to, hardware, firmware, and software, etc.
[0074] Exemplary embodiments of the invention may also
be implemented as instructions stored on a machine-readable
or accessible storage medium, which may be read and
executed by a computing platform to perform the operations
described herein. A machine-readable storage medium may
include any mechanism for storing or transmitting informa-
tion in a form readable by a machine (e.g., a computer). For
example, a machine-readable medium may include, e.g., but
not limited to, read only memory (ROM); random access
memory (RAM); magnetic disk storage media; optical stor-
age media; magneto-optical storage media; flash memory
devices; other exemplary storage devices capable of storing
electrical, optical. acoustical or other form of propagated
signals (e.g., carrier waves, infrared signals, digital signals,
etc.) thereon, and others.

[0075] Theexemplary embodiment of the present invention
makes reference to, e.g., but not limited to, communications
links, wired, and/or wireless networks. Wired networks may
include any of a wide variety of well known means for cou-
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pling voice and data communications devices together. A
brief discussion of various exemplary wireless network tech-
nologies that may be used to implement the embodiments of
the present invention now are discussed. The examples are
non-limiting. Exemplary wireless network types may
include, e.g., but not limited to, code division multiple access
(CDMA), spread spectrum wireless, orthogonal frequency
division multiplexing (OFDM), 1G, 2G, 3G wireless, Blue-
tooth, Infrared Data Association (IrDA), shared wireless
access protocol (SWAP), “wireless fidelity” (Wi-Fi),
WIMAX, and other IEEE standard 802.11-compliant wire-
less local area network (LAN), 802.16-compliant wide area
network (WAN), and ultrawideband (UWB) networks, etc.

[0076] Bluetooth is an emerging wireless technology
promising to unify several wireless technologies for use in
low power radio frequency (RF) networks.

[0077] IrDA is a standard method for devices to communi-
cate using infrared light pulses, as promulgated by the Infta-
red Data Association from which the standard gets its name.
Since IrDA devices use infrared light, they may depend on
being in line of sight with each other.

[0078] The exemplary embodiments of the present inven-
tion may make reference to WLANs. Examples of a WLAN
may include a shared wireless access protocol (SWAP) devel-
oped by Home radio frequency (HomeRF), and wireless
fidelity (Wi-Fi), a derivative of IEEE 802.11, advocated by
the wireless Ethernet compatibility alliance (WECA). The
IEEE 802.11 wireless LAN standard refers to various tech-
nologies that adhere to one or more of various wireless LAN
standards. An IEEE 802.11 compliant wireless LAN may
comply with any of one or more of the various IEEE 802.11
wireless LAN standards including, e.g., but not limited to,
wireless LANs compliant with IEEE std. 802.11a, b, d or g,
such as, e.g., but not limited to, IEEE std. 802.11a,b.dand g,
(including, e.g., but not limited to IEEE 802.11g-2003, etc.),
etc.

[0079] Unless specifically stated otherwise, as apparent
from the following discussions, it may be appreciated that
throughout the specification discussions utilizing terms such
as “processing,” “computing,” “calculating,” “determining,”
or the like, refer to the action and/or processes of a computer
or computing system, or similar electronic computing device,
that manipulate and/or transform data represented as physi-
cal, such as electronic, quantities within the computing sys-
tem’s registers and/or memories into other data similarly
represented as physical quantities within the computing sys-
tem’s memories, registers or other such information storage,
transmission or display devices.

[0080] Ina similar manner, the term “processor” may refer
to any device or portion of a device that processes electronic
data from registers and/or memory to transform that elec-
tronic data into other electronic data that may be stored in
registers and/or memory. A “computing platform” may com-
prise one Or MOre Processors.

[0081] According to an exemplary embodiment, exemplary
methods set forth herein may be performed by an exemplary
one or more computer processor(s) adapted to process pro-
gram logic, which may be embodied on an exemplary com-
puter accessible storage medium, which when such program
logic is executed on the exemplary one or more processor(s)
may perform such exemplary steps as set forth in the exem-
plary methods.
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Exemplary Operating Room Table Embodiment

[0082] FIG. 3 depicts an exemplary diagram of the table
107, according to an exemplary embodiment of the present
invention. According to an exemplary embodiment, the table
107 may include parts operable to move the patient. In an
exemplary embodiment, the table 107 may include, e.g., but
not limited to, ahead piece 302, atorso piece 304, one or more
arm pieces 306 A, 3068, and a leg piece 308. According to an
exemplary embodiment, the table 107 may use parts of the
table to move body parts of a patient, such as, e.g., but not
limited to, the patient’s head, the patient’s arms, the patient’s
legs, etc., individually or in combination. In an exemplary
embodiment, the table 107 may position a patient, such as,
e.g., butnot limited to, tilt, rotate, flex, reflex, incline, decline,
etc. According to an exemplary embodiment, the table 107
may include an interface 310 operable to receive instructions
from a user to position the table 107. According to one exem-
plary embodiment, the interface 310 may be coupled to the
table, as shown, via an exemplary cable. According to another
exemplary embodiment, the interface 310 may be coupled
via, e.g., but not limited to a communications link such as,
e.g., butnot limited to, a wireless communications link, etc. In
an exemplary embodiment, the table 107 may receive infor-
mation and/or instructions for positioning from the table inte-
gration unit 105. According to an exemplary embodiment, the
table 107 may receive information from a user and/or a table
integrationunit 105. According to an exemplary embodiment,
components may be attached to and/or detached from the
table 107 to facilitate particular types of operations. An exem-
plary table 107 may be an AMSCO 3085 SP Surgical Table
made by Steris Corporation of Mentor, Ohio, U.S.A.

Exemplary Electromechanical Control

[0083] According to an exemplary embodiment of the
present invention, the table 107 may move one or more por-
tions of the table 107 using, e.g., but not limited to, electro-
mechanical movement. In an exemplary embodiment, elec-
tromechanical movement may include, e.g., but not limited
to, hydraulic movement, pneumatic movement, magnetic
movement, or mechanical movement. According to an exem-
plary embodiment, the table 107 may include, e.g., but not
limited to, pumps. In an exemplary embodiment, the exem-
plary pumps may manipulate fluid and/or gas pressure to
move parts of the table 107. According to an exemplary
embodiment, the table may include, e.g., but not limited to,
electrical motors. In an exemplary embodiment, the exem-
plary electrical motors may provide mechanical force to
move parts of the table 107.

[0084] According to an exemplary embodiment, the table
107 may include one or more servo-mechanisms. In an exem-
plary embodiment, the servo-mechanism may automatically
ameliorate positioning effect. According to an exemplary
embodiment, the servo-mechanism may include, e.g., butnot
limited to, electro-mechanical parts of the table 107, where
the parts of the table may be moved in response to feedback
based on positioning effect. In an exemplary embodiment, the
servo-mechanism may be, e.g., but not limited to, a servo-
motor. According to an exemplary embodiment, one or more
parts of the table 107 may be electromechanically positioned
by the exemplary servo-motor to reduce positioning effect.

Exemplary Patient Module

[0085] In an exemplary embodiment, the PEDD 104 may
be a small, lightweight PDA-sized device that may hang on,
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e.g., but not limited to, an operating table 107. The PEDD 104
may have storage and/or print features to provide a graphical
record of the results. The PEDD 104 may be connected and/or
coupled to a display 106 through, e.g., but not limited to, a
single cable. According to one exemplary embodiment, the
display 106 may include, one, two, or more screens. The first
exemplary screen may display an anatomical diagram that
may first light up in, e.g., but not limited to, yellow to warn of
asignificant change and then, e.g., but not limited to, inred as
an alarm of a critical change in the waveforms. The first
exemplary screen may be designed so interpretation of data
may not require expertise in neuromonitoring. The second
exemplary screen may display the waveforms and the wave-
form’s associated amplitude and latency values.

[0086] In an exemplary embodiment, the PEDD 104 may
be packaged as a lightweight 5"x3"x1" plastic, liquid proof
case. The PEDD 104 may have 4-stimulation channels and 6
channels for recording, according to an exemplary embodi-
ment. The electrodes may connect and/or couple to the PEDD
patient module (PEDD-PM) through, e.g., but not limited to,
a single D-shell connector that may be attached and/or
coupled to exemplary, but non-limiting, disposable elec-
trodes. In an exemplary embodiment, each electrode may be
color-coded and/or labeled, indicating placement sites (in-
cluding, e.g.. but not limited to, Stim-R Wrist, Record-L,
Cortical, etc.). The electrodes may be surface-sticky, in an
exemplary embodiment. However the electrodes, such as,
e.g., but not limited to, two scalp electrodes, may instead be
sub-dermal needles. In one exemplary embodiment, the dis-
play 106 may be, e.g., butnot limited to, a small flat panel that
may fit among other physiological monitoring displays. The
exemplary flat panel display may plug into an electrical, such
as, e.g., but not limited to, AC or DC, receptacle for power.

[0087] According to an exemplary embodiment, the PEDD
104 may be easy to use. An anesthesiologist and/or surgical
nurse may be able to connect and/or couple all of the elec-
trodes 102 and 103 in, e.g., but not limited to, about two
minutes or less. In an exemplary embodiment, the PEDD 104
may automatically test for electrode impedances and provide
information on the quality of the recording. According to an
exemplary embodiment, the PEDD 104 may automatically
adjustthe stimulation level. In an exemplary embodiment, the
PEDD 104, if desired, may provide an alarm if the potentials
deviate significantly from baseline measurements. According
to an exemplary embodiment, the PEDD 104 may also pro-
vide an alert if the patient has, e.g., but not limited to, a
peripheral neuropathy or other nerve disorder that may pre-
vent the collection of reliable baseline waveforms.

[0088] Embodiments of the present invention may include
apparatuses for performing the operations herein. An appa-
ratus may be specially constructed for the desired purposes,
or it may comprise a general purpose device selectively acti-
vated or reconfigured by a program stored in the device. Inyet
another exemplary embodiment, the invention may be imple-
mented using a combination of any of, for example, but not
limited to, hardware, firmware and software, etc. References
to “one embodiment,” “an embodiment,” “example embodi-
ment,” “various embodiments,” etc., may indicate that the
embodiment(s) of the invention so described may include a
particular feature, structure, or characteristic, but not every
embodiment necessarily includes the particular feature,
structure, or characteristic. Further, repeated use of the phrase
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“in one embodiment,” or *“in an exemplary embodiment,” do
not necessarily refer to the same embodiment, although they
may.

[0089] In the description and claims, the terms “coupled”
and “connected,” along with their derivatives, may be used. It
should be understood that these terms are not intended as
synonyms for each other. Rather, in particular embodiments,
“connected” may be used to indicate that two or more ele-
ments are, or may be, in direct physical or electrical contact
with each other. “Coupled” may mean that two or more ele-
ments are, or may be, in direct physical or electrical contact.
However, “coupled” may also mean that two or more ele-
ments are not in direct contact with each other, but yet may
still co-operate or interact with each other.

[0090] Finally, while various exemplary embodiments of
the present invention have been described above, it should be
understood that they have been presented by way of example
only, and not limitation. Thus, the breadth and scope of the
present invention should not be limited by any of the above-
described exemplary embodiments, but should instead be
defined only in accordance with the following claims and
their equivalents.

What is claimed is:

1. A method of identifying positioning effect in a patient,
the method comprising:

stimulating one or more peripheral nerve structures with

one or more electrical pulses from a stimulating elec-
trode;

recording resultant electrical waveforms generated by a

nervous system of the patient in response to the electrical
pulses using a recording electrode;

detecting, by a computing device, a change in the resultant

electrical waveforms;

analyzing, by the computing device, the detected change in

the resultant electrical waveforms to automatically iden-
tify the positioning effect, the positioning effect com-
prising an immediate or potential injury to the one or
more peripheral nerve structures due to stress associated
with a position in which the patient has been placed for
medical care or treatment; and

forwarding data to a display, the data comprising informa-

tion for displaying an anatomical diagram that depicts a
location of the detected change.

2. The method of claim 1, wherein said at least one stimu-
lating electrode is coupled to at least one of:

an arm of the patient;

aleg of the patient;

an ulnar nerve of the patient;

amedian nerve of the patient; or

a posterior tibial nerve of the patient.

3. The method of claim 1, wherein said at least one record-
ing electrode is coupled to at least one of:

a trunk of the patient;

an Erb’s point of the patient;

ahead of the patient; or

aneck of the patient.

4. The method of claim 1, wherein the peripheral nerve
structure comprises one or more of the group consisting of: a
peripheral nerve, a nerve root, a nerve trunk, a nerve plexus,
a cord, and a division.

5. The method of claim 1, wherein the resultant electrical
waveforms are somatosensory evoked potential waveforms.
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6. The method of claim 1, wherein the change in the result-
ant electrical waveforms comprises a change in a latency, an
amplitude, or a morphology of the resultant electrical wave-
forms.

7. The method of claim 1, wherein analyzing the detected
change comprises at least one of:

comparing, by the computing device, information based on
the resultant electrical waveforms to information from
an anesthesia machine to determine when changes in the
resultant electrical waveforms are due to anesthesia; or

comparing, by the computing device, information based on
the resultant electrical waveforms to information from a
blood pressure machine to determine when changes in
the resultant electrical waveforms are due to blood pres-
sure.

8. The method of claim 1, further comprising:

determining how to reduce the positioning effect based on
a position of a table.

9. The method of claim 1, further comprising:

providing information based on the positioning effect to a
table.

10. The method of claim 9, further comprising:

providing information to the table to at least partially repo-
sition the table to reduce the positioning effect.

11. The method of claim 1, further comprising:

adjusting a position of the patient based on the positioning
effect using an electro-mechanism of a table.

12. The method of claim 1, further comprising:

alerting a user to the positioning effect using at least one of:

a notification;

an alert;

a communication;

an indication; or

an alarm.

13. The method of claim 1, further comprising:

displaying information based on the resultant electrical
waveforms on at least one display.

14. The method of claim 1, further comprising:

receiving a user input regarding the accuracy of the result-
ant electrical waveforms.

15. The method of claim 1, wherein analyzing the detected
change comprises averaging together the resultant electrical
waveforms generated in response to several stimulations to
reduce noise.

16. An automated system, comprising:

a stimulating electrode to stimulate one or more peripheral

nerve structures of a patient;
a recording electrode to record resultant electrical wave-
forms generated by a nervous system in response to
stimulation by the one or more stimulating electrodes;
a processor coupled to the stimulating electrode and the
recording electrode, operable to:
receive information about the recorded resultant electri-
cal waveforms from the recording electrode;

detect a change in the resultant electrical waveforms;

analyze the detected change in the resultant electrical
waveforms to automatically identify the positioning
effect, the positioning effect comprising an immedi-
ate or potential injury to the one or more peripheral
nerves due to stress associated with a position in
which the patient has been placed for medical care or
treatment; and

alert a user to the positioning effect.
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17. The system of claim 16, wherein the change in the
resultant electrical waveforms comprises a change in a
latency, an amplitude, or a morphology of the resultant elec-
trical waveforms.

18. The system of claim 16, further comprising a display
interface operable to forward data to a display, the data com-
prising information for providing the alert to a user on the
display.

19. The system of claim 18, wherein the alert is an ana-
tomical diagram that depicts a location of the detected change
in the resultant electrical wavefornis.

20. The system of claim 16, wherein the peripheral nerve
structure comprises one or more of the group consisting of: a
peripheral nerve, a nerve root, a nerve trunk, a nerve plexus,
a cord, and a division.

® 0% % % %
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