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(57) Abstract: Devices and methods for stimulation and recording of muscle responses for determining degree of neuromuscular
blockade, particularly relevant to elicitation of such responses in those under the influence of anesthesia. A system for estimating the
degree of neuromuscular blockade includes at least one stimulating electrode, at least one recording electrode, a pulse generator for
providing stimulation to a nerve through the stimulating electrode, and a computing device configured to: apply stimuli to the nerve
according to a stimulation protocol, wherein the stimulation protocol provides a plurality of stimulation sequences that vary in fie-
quency of pulses in the stimulation sequence, frequency of the stimulation sequences, number of pulses in the stimulation sequence,
or all of the above; measure, by the recording electrode, electrical responses of a muscle; and estimate the degree of neuromuscular
blockade based on changes in the electrical responses of the muscle during a stimulation sequence.
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A DEVICE AND MEANS OF ASSESSING NEUROMUSCULAR JUNCTION
STATUS WITH HIGHER FIDELITY

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Application No.
62/085,193 filed on November 26, 2014, which is hereby incorporated by reference in its

entirety.
FIELD OF INVENTION

[0002] Embodiments of the present technology generally relate to the field of clinical
neurophysiology. More specifically, to devices and methods for the assessment of the
neuromuscular junction and the level of pharmacological blockade while under
anesthesia. Such devices may be used to determine the degree of muscle relaxation both
during and at the end of surgery to insure adequate surgical intervention and adequate

recovery from anesthesia.
BACKGROUND OF THE INVENTION

[0003] Quantitative measurement of the depth of neuromuscular blockade during
surgery and at other times is widely recognized as important, particularly to prevent
residual paralysis in patients after surgery. Current techniques require the
anesthesiologist to use devices that employ either ~mechanomyography,

accelomyography, phonomyography and/or electromyography recording modalities.

[0004] All measurements of neuromuscular blockade employed by these devices
depend upon stimulation of a nerve containing motor fibers and recording activity from a
corresponding innervated muscle to quantify a response. Usually either the integrated
compound action potential or the tension produced by a muscle in response to
stimulating the ulnar nerve is recorded. A variation of the latter, developed by Viby-
Mogensen, is to record the acceleration of the rate of tension development instead of the

tension itself, as the two are directly proportional.
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[0005] One of two strategics is typically used to determine the relative degree of
muscle blockade or relaxation over time: maximal contraction determination through
single or multiple stimuli to obtain a maximal muscle response that can be followed over
time and fatigability or fade determination of the muscle response on repeated
stimulation or after high frequency facilatory stimulation that induces tetany (post tetanic
techniques). While all neuromuscular blocking compounds must produce relaxation, not

all produce fade. Most, if not all, commercially available agents produce fade.

[0006] Common techniques for determining neuromuscular blockade use a
standardized frequency of stimulation, both for inducing tetany and for recording muscle
responses. One popular method of measuring the degree of neuromuscular blockade is
the train of four (TOF) approach, characterized by four stimuli delivered at 2 Hz and
measurement of both the presence or absence of responses to the stimuli, and the ratio of
muscle response in amplitude — or arca under the curve — of the fourth response
compared to the first. The other techniques involving application of tetanic stimuli are
less well understood by most anesthesiologists and therefore, infrequently or

inadequately applied.
SUMMARY OF THE INVENTION

[0007] Generally, embodiments disclosed herein provide an automated device and
system that follows a predetermined stimulation protocol for intermittent or continuous
monitoring of the level of neuromuscular blockade throughout the surgery by
automatically adjusting either the stimulation frequencies or the number of stimuli
delivered according to the degree of blockade present to improve reproducibility and
fidelity of the measurement. The device also uses a novel technique to more accurately

reflect expected physiological strength.

[0008] The applicants have identified a need to improve measurement of strength and
fatigability of the muscles and neuromuscular junctions of patients receiving
neuromuscular blockade agents, and to display the data in a clear and easy to understand
way. Embodiments described herein are based, at least in part, upon the applicants’
discovery of the need for a simple, easy to apply device and method which automatically

adjusts to the level of neuromuscular blockade, and improves reproducibility and

R
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apparentness of measurements of strength and fatigability. Such embodiments disclosed
herein are particularly useful in the borderline range where current techniques, such as

TOF, are less accurate and are prone to error.

[0009] Quantitative measurements typically used to measure the degree of blockade
have been found to be superior to qualitative assessment of the degree of blockade by the
anesthesiologist. However, the quantitative measurements achieved by existing devices
and techniques may either be insufficient for determining adequate reversal of
neuromuscular blockade, or not apparent enough to be clinically useful to the user.
Therefore, embodiments of the present technology provide systems and methods for
quantitative measurement of adequate reversal of neuromuscular junction blockade to
ensure an adequate ability for the patient to breathe, and to ensure patient safety, with
increased resolution and reproducibility While current recommendations suggest only a
10% degree of decrement in fourth to first response is safe in train of four (TOF)
measurements (Lien 2014), even in normal muscles, responses can vary as much as 5-8%
(see, e.g., Kimura 2013) to low frequency stimulation. In addition, movement artifact in
the measured responses, interference from electro cautery, lower quality amplifiers and
lack of adequate filtering may cause further variability. Warming of the patient after
removal of the endotracheal tube may make the neuromuscular junction less efficient and
shift the patient from a safe to a potentially unsafe state. These factors all make

determination of safety margin difficult.

[0010] Embodiments described herein generally relate to devices and methods for
measuring the degree of neuromuscular blockade in patients, particularly in the range of
blockade that is borderline for safety. Various embodiments relate to devices, systems,
and methods for obtaining and processing the recorded signals in such a manner that
interference from electric surgical devices is reduced or eliminated while the target

biosignal is maintained.

[0011] In one aspect, disclosed herein is a device for estimating the degree of
neuromuscular blockade more accurately that automatically applies stimuli and measures
muscle responses in varying frequency and number. In another aspect, disclosed herein is

method for estimating the degree of neuromuscular blockade more accurately that
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automatically applies stimuli and measures muscle responses in varying frequency and

number.

[0012] In another aspect, disclosed herein is a device comprising at least one
stimulating electrode, at least one recording electrode, a pulse generator for providing
stimulation to a nerve through the stimulating electrode, and a computing device
comprising a processor having instructions stored therecon. When executed by the
computing device the instructions cause the computing device to apply stimuli to the
nerve through the stimulating electrode according to a stimulation protocol in varying
frequency and number, measure electrical responses of a muscle, and estimate the degree

of neuromuscular blockade based on changes in the electrical responses of the muscle.

[0013] In another aspect, disclosed herein is a method for estimating the degree of
neuromuscular blockade, comprising applying stimuli to a nerve through a stimulating
electrode according to a stimulation protocol in varying frequency and number,
measuring electrical responses of a muscle, and estimating the degree of neuromuscular
blockade based on changes in the electrical responses of the muscle. In some aspects, the
estimation is more accurate than a standard train of four analysis. In some aspects, the
method further comprises adjusting the stimulation protocol automatically according to
the degree of blockade present to improve reproducibility and fidelity of the

measurement.

[0014] In another aspect, disclosed herein is system comprising at least one stimulating
electrode, at least one recording electrode, a pulse generator for providing stimulation to
a nerve through the stimulating electrode, and a computing device comprising a
processor having instructions stored thercon. When executed by the computing device,
the instructions cause the computing device to apply stimuli to the nerve through the
stimulating electrode according to a stimulation protocol, wherein the stimulation
protocol provides a plurality of stimulation sequences that vary in frequency of pulses in
the stimulation sequence, frequency of the stimulation sequences, number of pulses in
the stimulation sequence, or all of the above; measure, by the recording electrode,
electrical responses of a muscle; and estimate the degree of neuromuscular blockade

based on changes in the electrical responses of the muscle during a stimulation sequence.
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[0015] In some embodiments, estimating the degree of neuromuscular blockade
comprises determining a ratio between the electrical response of the muscle from a first
pulse in a stimulation sequence and the electrical response of the muscle from a last
pulse in the stimulation sequence. In some embodiments, the number of pulses in a
stimulation sequence is between four and twenty pulses. In some embodiments, the
number of pulses increases with each subsequent stimulation sequence in the stimulation
protocol. In some embodiments, the frequency of pulses in a stimulation sequences is
between 2 Hz and 10Hz. In some embodiments, the frequency of pulses increases with

cach subsequent stimulation sequence in the stimulation protocol.

[0016] In some embodiments, the stimulation protocol comprises a first stimulation
sequence of four pulses at a first frequency, a second stimulation sequence of four pulses
at a second frequency higher than the first frequency, a third stimulation sequence of four
pulses at a third frequency higher than the second frequency. In some embodiments, the
stimulation protocol further comprises a fourth stimulation sequence of more than four

pulses.

[0017] In some embodiments, the processor further comprises instructions that when
executed by the computing device, cause the computing device to function automatically,
without user input. In some embodiments, the computing device automatically
determines if the stimulation protocol needs to be adjusted and adjusts the stimulation
protocol. In some embodiments, the computing device determines if the stimulation
protocol needs to be adjusted at predetermined intervals, upon electrical response
readings above or below a threshold value, in response to other physical parameters of

the patient, and/or in concert with a timing of a procedure.

[0018] In some embodiments, the nerve is a peripheral nerve. In some embodiments,
the peripheral nerve is at least one of the nerves in a group comprising: an ulnar nerve, a
median nerve, a peroneal nerve, and a posterior tibial nerve. In some embodiments, the

stimulating electrode is configured to be positioned on a wrist or an ankle of a patient.

[0019] In some embodiments, the system further comprises a display unit for
displaying information about a patient. In some embodiments, the information is

information related to the degree of neuromuscular blockade. In some embodiments, the

-5-
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system further comprises a signal amplifier to reduce factors that confound the electrical
response signal, wherein the signal amplifier comprises one or more of CMRR of >96

dB, stimulation artifact filtering, and detection of electro-cautery signal.

[0020] In another aspect, disclosed herein is a method for estimating the degree of
neuromuscular blockade, comprising: applying stimuli, using a pulse generator, to a
nerve through a stimulating electrode according to a stimulation protocol, wherein the
stimulation protocol provides a plurality of stimulation sequences that vary in frequency
of pulses in the stimulation sequence, frequency of the stimulation sequences, number of
pulses in the stimulation sequence, or all of the above; measuring electrical responses of
a muscle; and estimating the degree of neuromuscular blockade based on changes in the

clectrical responses of the muscle during a stimulation sequence.

[0021] In some embodiments, estimating the degree of neuromuscular blockade
comprises determining a ratio between the electrical response of the muscle from a first
pulse in a stimulation sequence and the electrical response of the muscle from a last

pulse in the stimulation sequence.

[0022] 1In some embodiments, the nerve is a peripheral nerve. In some embodiments,
the peripheral nerve is at least one of the nerves in a group comprising: an ulnar nerve, a
median nerve, a peroneal nerve, and a posterior tibial nerve. In some embodiments, the

stimulating electrode is positioned on a wrist or an ankle of a patient.

[0023] In some embodiments, the stimulation protocol comprises a first stimulation
sequence of four pulses at a first frequency, a second stimulation sequence of four pulses
at a second frequency higher than the first frequency, a third stimulation sequence of four
pulses at a third frequency higher than the second frequency. In some embodiments, the
stimulation protocol further comprises a fourth stimulation sequence of more than four

pulses.

[0024] In some embodiments, information related to the degree of neuromuscular
blockade is displayed on a display unit. In some embodiments, the method further
comprises determining if the stimulation protocol needs to be adjusted, based on the
estimation of the degree of neuromuscular blockade, and adjusting the stimulation

protocol. In some embodiments, the computing device determines if the stimulation

-6-
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protocol needs to be adjusted at predetermined intervals, upon electrical response
readings above or below a threshold value, in response to other physical parameters of

the patient, and/or in concert with a timing of a procedure.

[0025] In some embodiments, the method further comprises providing a signal
amplifier to reduce factors that confound the electrical response signal, wherein the
signal amplifier comprises one or more of CMRR of >96 dB, stimulation artifact

filtering, and detection of electro-cautery signal.

[0026] In another aspect, disclosed herein is a device for estimating the degree of
neuromuscular blockade, the device configured to provide a first set of electrical stimuli
to a nerve, measure muscle responses to the stimuli, and automatically adjust the stimuli
by varying the frequency of the pulses in a second set of stimuli, a number of pulses in

the second set of stimuli, or both.

[0027] In another aspect, disclosed herein is a A computerized method for estimating
the degree of neuromuscular blockade comprising providing a first set of electrical
stimuli to a nerve, measuring muscle responses to the stimuli, and automatically
adjusting the stimuli by varying the frequency of the pulses in a second set of stimuli, a

number of pulses in the second set of stimuli, or both.
BRIEF DESCRIPTION OF DRAWINGS

[0028] The above-mentioned features, as well as other features, aspects, and
advantages of the present technology will now be described in connection with various
embodiments of the invention, in reference to the accompanying drawings. The
illustrated embodiments, however, are merely examples and are not intended to limit the

invention.

[0029] FIG.1 depicts a functional block diagram of one embodiment of a system for
monitoring and measuring the strength and fatigability of muscles and neuromuscular

junctions.
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[0030] FIG 2 depicts a functional block diagram of one embodiment of a computer
system that may be used in association with, in connection with, and/or in place of any

embodiment of the systems and components described herein.

[0031] FIG. 3 is a series of graphs depicting the amplitude ratio between a first

stimulus in a series to a last stimulus in a series at varying frequencies and quantities.

[0032] FIG. 4 is a series of graphs depicting the amplitude ratio between a first

stimulus in a series to a last stimulus in a series at varying frequencies.

[0033] FIGS. 5A-5B provide a comparison for determining the onset of muscle
response when the stimulus artifact has not been cleared (5A) and when a stimulus

artifact has been removed by an adaptive filter (5B).
DETAILED DESCRIPTION OF THE INVENTION

[0034] In the following detailed description, reference is made to the accompanying
drawings, which form part of the present disclosure. The embodiments described in the
drawings and description are intended to be exemplary and not limiting. As used herein,
the term ‘exemplary’ means ‘serving as an example or illustration’ and should not
necessarily be construed as preferred or advantageous over other embodiments. Other
embodiments may be utilized and modifications may be made without departing from
the spirit or the scope of the subject matter presented herein. Aspects of the disclosure,
as described and illustrated herein, can be arranged, combined, and designed in a variety
of different configurations, all of which are explicitly contemplated and form part of this

disclosure.
Definitions

[0035] Unless otherwise defined, each technical or scientific term used herein has the
same meaning as commonly understood by one of ordinary skill in the art to which this
disclosure belongs. In accordance with the claims that follow and the disclosure
provided herein, the following terms are defined with the following meanings, unless

explicitly stated otherwise.
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[0036] The term “about” or “approximately,” when used before a numerical
designation or range (e.g., pressure or dimensions), indicates approximations which may

vary by (+) or ( - ) 5%, 1% or 0.1%.

[0037] As used in the specification and claims, the singular form “a”, “an”, and “the”
include both singular and plural references unless the context clearly dictates otherwise.
For example, the term “an evoked potential” may include, and is contemplated to
include, a plurality of evoked potentials. At times, the claims and disclosure may include

29 CC

terms such as “a plurality,” “one or more,” or “at least one;” however, the absence of
such terms is not intended to mean, and should not be interpreted to mean, that a

plurality is not conceived for a particular embodiment.

[0038] With respect to the use of any plural and/or singular terms herein, those having
skill in the art can translate from the plural to the singular and/or from the singular to the
plural as is appropriate to the context and/or application. The various singular/plural

permutations may be expressly set forth herein for sake of clarity.

[0039] As used herein, the term “comprising” or “comprises” is intended to mean that
the devices, systems, and methods include the recited elements, and may additionally
include any other elements. “Consisting essentially of” shall mean that the devices,
systems, and methods include the recited elements and exclude other clements of
essential significance to the combination for the stated purpose. Thus, a device or
method consisting essentially of the elements as defined herein would not exclude other
materials or steps that do not materially affect the basic and novel characteristic(s) of the
claimed invention. “Consisting of” shall mean that the devices, systems, and methods
include the recited elements and exclude anything more than a trivial or inconsequential
element or step. Embodiments defined by each of these transitional terms are within the

scope of this disclosure.
System Overview

[0040] FIG. 1 depicts a block diagram of a system for stimulating a nerve and
measuring the strength and fatigability of the muscles and neuromuscular junctions of
patients receiving neuromuscular blockade agents in accordance with one embodiment of

the present disclosure. In the depicted embodiment, the system 100, which may be

9.
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coupled to a patient 101, includes, but is not limited to, one or more recording clectrodes
102, one or more stimulating electrodes 103, a paralytic assessment device 104, and a

display unit 106.

[0041] In some embodiments of the system 100, the stimulating electrodes 103 are
configured for placement on or near the arms or legs of a patient 101 over peripheral
nervous structures such as, for example, the ulnar nerves, median nerves, peroneal
nerves, and/or posterior tibial nerves. In some embodiments, the stimulating electrodes
103 are intended for placement on a patient’s skin on the wrists and ankles so that the
electrodes are located over or near the ulnar nerves and posterior tibial nerves. Such a
configuration allows for full patient monitoring of peripheral nerves (i.e., monitoring of
nerves in all limbs). In other embodiments, the system 100 may be used for upper limb
monitoring only; in such embodiments, the stimulating electrodes 103 may be intended
for placement on the skin of a patient’s wrists, for example, over or near the ulnar nerves
only. The recording electrodes 102 of some embodiments are configured for placement
over the wrists or ankles, or other location where muscular and neuromuscular junction

response to the stimulation from the stimulating electrodes 103 can be measured.

[0042] In various embodiments, the paralytic assessment device 104 is electronically
coupled to the recording electrodes 102 and stimulating electrodes 103 via a plurality of
cables, or the electrodes may be wirelessly coupled thereto. The paralytic assessment
device 104 of various embodiments forms part of, is coupled to, and/or includes a
computing device, such as, for example, the computing device 200 described in further
detail below with reference to Figure 2. The paralytic assessment device 104 may
include or be coupled to a pulse generator to provide stimulation via the stimulating
electrodes 103. In various embodiments, the paralytic assessment device 104 is also
electrically, electronically, and/or mechanically coupled to the display unit 160 via a link
150. In some embodiments, the link 150 is internal wiring or external cable. In some
embodiments, the link 150 is a wireless communication link. For example, in some
embodiments, the paralytic assessment device 104 is wirelessly coupled to the display
unit 160 via Bluetooth® or other radiofrequency signal or via near field communications

or a cellular signal.

-10-
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[0043] The display unit 106 may display various information on a graphical user
interface (GUI), such as, for example, but not limited to, biographical information of a
patient, suggested locations of electrodes, stimulation parameters, areas being stimulated
and recorded, baseline and current signal traces, historical trends in signals, relevant
changes in signals, location of signal changes, quality of recorded signals, position of
clectrodes, alerts due to significant changes in signals, and proposed movements to
mitigate detrimental signal changes. In addition, the display unit 106 may include an
input user interface, which includes, for example, a touchscreen, buttons, and/or control
inputs. According to some embodiments, the input user interface allows an operator to
set up the initial monitoring layout and interact with the display unit 106 during
monitoring to add additional information, view information in a different format, or
respond to alerts. In some embodiments, the display unit 106 may allow override of a
change in signal by an anesthesiologist or other medical personnel, etc., when a signal
change is related to or attributable to a change in dose of anesthetic agent or some other

event unrelated to positioning effect or neuromuscular blockade.

[0044] Various embodiments of the system 100 also include software that facilitates
the automation of the system 100. Such software may be stored within memory and
executed by a processor within the system 100. In various embodiments, the memory
and processor are components of a computer, and in at least some such embodiments, the
paralytic assessment device 104 forms part of, is coupled via a wired or wireless
connection to, and/or includes said computer. Additionally, in some embodiments, the
system 100 includes one or more user interfaces to receive inputs from a user and
provide outputs to the user. Such user interfaces may form part of the computer or may
be in electrical or wireless communication with the computer. The user interfaces of

some embodiments further facilitate the automation of the system 100.

[0045] The computing device 200 includes a processor and memory and stores
programmed instructions. The instructions, when executed by the processor, cause the
device to: (1) deliver stimulations (in the form of electric current or voltage) to the
stimulating electrodes, and (2) record detected signals picked up at the recording
electrodes. FIG. 2 depicts a block diagram of one example embodiment of a computer

system that may form part of any of the systems described herein. Specifically, FIG. 2

-11-
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illustrates an example computer 200, which may run an operating system such as, for
example, MICROSOFT® WINDOWS® NT/98/2000/XP/CE/7/VISTA/RT/S, etc.
available from MICROSOFT® Corporation of Redmond, WA, U.S.A., SOLARIS®
from SUN® Microsystems of Santa Clara, CA, U.S.A., OS/2 from IBM® Corporation of
Armonk, NY, U.S.A., i0OS or Mac/OS from APPLE® Corporation of Cupertino, CA,
U.S.A., or any of various versions of UNIX® (a trademark of the Open Group of San
Francisco, CA, USA) including, ec.g., LINUX®, HPUX®, IBM AIX®, and
SCO/UNIX®, or Android® from Google®, Inc. of Mountain View, CA, U.S.A., etc.
Such operating systems are provided for example only; the system embodiments
described herein may be implemented on any appropriate computer system running any

appropriate operating system.

[0046] Other potential components of the system 100, such as, for example, a
computing device, a communications device, a personal computer (PC), a laptop
computer, a tablet, a mobile device, 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 streaming
technology servers, etc., may also be implemented using a computer such as that shown

in FIG. 2.

[0047] The computer system 200 may include one or more processors, such as
processor(s) 204. The processor(s) 204 may be connected to a communication
infrastructure 206 (for example, a communications bus, cross-over bar, or network, etc.).
Various software embodiments may be described in terms of this example computer
system. After reading this description, it will become apparent to a person skilled in the
relevant art(s) how to implement the described methods using other computer systems

and/or architectures.

[0048] Computer system 200 may include a display interface 202 to forward graphics,
text, and other data, etc., from the communication infrastructure 206 for display on the

display unit 230.

[0049] The computer system 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.

-12-
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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 magnetic 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 read from and/or
write to a removable storage unit 218 in a well-known manner. Removable storage unit
218 may represent, for example, 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.

[0050] 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
cartridge interface (such as, e.g., but not limited to, those found in some 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.

[0051] Computer 200 may also include an input device 216 such as, for example, a
mouse or other pointing device such as a digitizer, a touchscreen, a microphone, a
keyboard, and/or other data entry device. Computer 200 may also include output devices
240, such as, for example, a display 230 and/or display interface 202. Computer 200
may include input/output (I/O) devices such as a communications interface 224, a cable
228, and/or a communications path 226, etc. These devices may include but are not
limited to a network interface card and modems. The communications interface 224 may
allow software and data to be transferred between the computer system 200 and external
devices. Examples of a communications interface 224 include, for example, a modem, a

network interface (such as, e.g., an Ethernet card), a communications port, a Personal

13-
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Computer Memory Card International Association (PCMCIA) slot and card, etc.
Software and data transferred via the 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 the communications interface 224. These signals 228 may be
provided to the communications interface 224 via, for example, a communications path
226 such as a channel. This channel 226 may carry signals 228, for example propagated
signals, and may be implemented using, for example, wire or cable, fiber optics, a
telephone line, a cellular link, a radio frequency (RF) link and other communications

channels, etc.

[0052] In various embodiments described herein, wired networks may include any of a
wide variety of well-known means for coupling voice and data communications devices
together. In various embodiments described herein, wireless network types may include,
but are not limited to, for example, code division multiple access (CDMA), spread
spectrum wireless, orthogonal frequency division multiplexing (OFDM), 1G, 2G, 3G, or
4G wireless, Bluetooth, Infrared Data Association (IrDA), shared wireless access
protocol (SWAP), “wireless fidelity” (Wi-Fi), WIMAX, and other IEEE standard
802.11-compliant wireless local area network (LAN), 802.16-compliant wide areca

network (WAN), and ultra-wideband (UWB) networks, etc.

[0053] Some embodiments may include or otherwise make reference to WLANS.
Examples of a WLAN may include a shared wireless access protocol (SWAP) developed
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 technologies 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, for example, wireless LANs compliant with [EEE std. 802.11a, b, d, g, or n,
such as, e.g., but not limited to, IEEE std. 802.11 a, b, d, g, and n (including, e.g., but not
limited to IEEE 802.11g-2003, etc.), etc.

[0054] Some embodiments described herein are directed to the apparatuses and/or
devices for performing the operations described herein. Such an apparatus may be

specially constructed for the desired purposes, or it may comprise a gencral purpose
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device selectively activated or reconfigured by a program stored in the device to perform

the specialized purpose.

[0055]  Other embodiments described herein are directed to instructions stored on a
machine-readable medium, which may be read and executed by a computing platform to
perform operations described herein. A machine-readable medium may include any
mechanism for storing or transmitting information in a form readable by a machine (e.g.,
a computer). For example, an exemplary machine-readable storage medium may
include: read only memory (ROM); random access memory (RAM); magnetic disk
storage media; optical storage 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.) therecon, and others. 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 particular, the computer programs, when executed, may enable the processor
or processors 204 to provide a method to control and/or manage operation of an EPDD
according to an exemplary embodiment. Accordingly, such computer programs may

represent controllers of the computer system 200.

[0056]  Another exemplary embodiment is 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 functions described herein. In other embodiments, various functions
described herein may be implemented primarily in hardware using, for example, but not
limited to, hardware components such as application specific 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 apparent to persons skilled in the
relevant art(s). In some embodiments, described functions may be implemented using

one or a combination of any of hardware, firmware, and software, etc.
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[0057] As used herein, the terms “computer program medium” and “computer readable
medium” may generally refer to media such as, e.g., but not limited to removable storage
drive 214, a hard 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. 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,
clements, 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 appropriate

physical quantities and are merely convenient labels applied to these quantities.

[0058] Unless specifically stated otherwise, as apparent from the following

discussions, it may be appreciated that throughout the specification discussions utilizing

29 < 29 Cc

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 physical, such as
electronic, quantities within the computing system’s registers and/or memories into other
data similarly represented as physical quantities within the computing system's

memories, registers or other such information storage, transmission or display devices.

[0059] In a similar manner, the term “processor” may refer to any device/hardware or
portion of a device that processes electronic data from registers and/or memory to
transform that electronic data into other electronic data that may be stored in registers

and/or memory. A “computing platform” may comprise one or more processors.

[0060] 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 program logic, which may be embodied on an exemplary computer 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 exemplary

methods.
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[0061] In some embodiments, the systems and methods for assessing neuromuscular
blockade, paralysis, or neuromuscular junction status can be combined with the systems,
devices and methods described in U.S. Patent No. 8,731,654, entitled “SYSTEM,
METHOD, APPARATUS, DEVICE AND COMPUTER PROGRAM PRODUCT FOR
AUTOMATICALLY DETECTING POSITIONING EFFECT,” which is incorporated
herein by reference in its entirety. In some embodiments, the combination with the
devices and methods of ‘654 patent can provide the benefit of a multi-functionality
system. In some cases, the devices and methods of the ‘654 patent can be supplemented
with the addition of one or more additional electrodes, for example a stimulating
electrode on the wrist, arm or hand of the patient. The systems, methods and devices can

be further modified according to the other embodiments described herein as desired.

Methods and Functions

[0062] Embodiments described herein generally relate to improved devices and
methods for measuring the degree of neuromuscular blockade in patients, generally
caused by administration of a neuromuscular blockade agent prior to or during surgery,
particularly in the range of blockade that is borderline for safety. Various embodiments
relate to devices, systems, and methods for obtaining and processing the recorded signals
in such a manner that interference from electric surgical devices is reduced or eliminated

while the target biosignal is maintained.

[0063] The system 100 of various embodiments may include one or more features
intended to automate stimulation and improve reproducibility and fidelity of the
measurement of neuromuscular blockade.  Various exemplary features are described

below.

[0064] According to an exemplary embodiment, the paralytic assessment device 104
continuously or intermittently, either as directed by a user or automatically by an
automated system, monitors the level of neuromuscular blockade during or throughout
the surgery and adjusts a stimulation protocol. The adjustment may include one or more
of an adjustment of the stimulation frequencies, the number of stimuli delivered, or other
adjustment of the applied stimulation. The stimulation protocol may be adjusted
according to the degree of blockade present, to thereby improve reproducibility and

fidelity of the measurement.
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[0065] According to an exemplary embodiment, the paralytic assessment device
applies electrical stimulation to peripheral nerves of a patient by sending electrical
signals to the stimulating electrodes 103 located on some or all of a patient’s limbs. The
recording electrodes 102, including a sensor, sense the intrinsic electrical activity of the
nerve and muscle induced by the electrical stimulations at the nerves. The measured
amplitude, or various other characteristics of the electrical activity, directly corresponds
to the strength of the muscle response, and can be used to indicate the amount of
neuromuscular blockade. Accordingly, it is possible to determine the impact that the
blockade agent has on the patient during the surgery. Changes in the electrical activity of
the muscle can be correlated directly to changes caused by addition of the blockade agent

or administration of a blockade reversal agent.

[0066] Neuromuscular blockade is generally measured utilizing one or more of a
standardized set of stimuli applied at a specific frequency and for a specific period of
time. Various embodiments of the device, however, instead can use stimulations applied
in varying frequencies or length of trains to obtain a more apparent or better defined
result. For instance, when train of four stimulation (TOF) is applied, the resulting ratio of
the fourth muscle response to the first might fall in an unclear range, such as less than 1
but greater than 0.6. In various embodiments of the typical device this would trigger
reapplication of the series of 4 stimulations at progressively higher frequencies such as 3
Hz, 4 Hz and so on in order to add additional stress to the neuromuscular junction and
make its failure or integrity more apparent. As depicted in Fig. 3, the amplitude ratio of
the first stimulus to the last stimulus was 0.85 for 4 stimuli at 2 Hz, which is within the
margin of error to be considered a normal response to stimulation. However, by further
stressing the neuromuscular junction with higher stimulation frequencies and a greater
number of stimuli, the ratio of first to last stimulation decreased to a ratio of 0.55 which
would clearly indicate that the junction is still not operating at a safe level of
transmission. In another example, as depicted in Fig. 4 the amplitude ratio of the first
stimulus to the last stimulus was 0.85 for 4 stimuli at 2Hz which is within the margin of
error to be considered a normal response to stimulation. By further stressing the
neuromuscular junction with higher stimulation frequencies, the ratio of first to last
stimulation increased to a ratio of 0.90 indicating that the junction is operating at a safe

level of transmission and further testing is not required.
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[0067] Some embodiments of the instant technology additionally, or alternatively,
apply the stimuli in a longer train, for example, up to 8 stimuli or 12 stimuli and so on in
order to add additional stress to the neuromuscular junction and to confirm accuracy of

the result and make its failure or integrity more apparent.

[0068] Furthermore, in some embodiments the devices, systems and methods
additionally, or alternatively, can apply the stimuli in progressively rapid fashion such
that the inter-stimulus interval shrinks between successive stimuli as they are applied in
order to add additional stress to the neuromuscular junction and make its failure or

integrity more apparent

[0069]  Still further embodiments relate to applying repetitive stimulation at the same
time that the stimulator is depolarizing the nerve to detect proximally recorded
waveforms including somatosensory evoked potentials (SSEP) and updating the

recording of neuromuscular blockade at the beginning of each SSEP average.

[0070]  Other embodiments of the instant technology utilize amplifiers with one or
more of CMRR of >96 dB, stimulation artifact filtering, and electro cautery detection,

which can remove confounding factors from interpretation.

[0071] While most devices depend upon the user to initiate individual types of tests,
various embodiments of the device, systems and methods disclosed herein use an
automated algorithm for deciding when additional resolution of the degree of blockade is
needed, and when or if additional stimuli at differing frequency or number of stimuli are
needed. For example, the algorithm can be set for testing at predetermined intervals,
upon readings below or above a desired threshold, in response to other physical

parameters, in response to the stage or timing of a procedure, etc.

[0072] Some devices used to measure neuromuscular blockade depend upon direct
wiring to the processing device. In some embodiments of the instant devices, systems

and methods transmission may be via wireless signal.

[0073] Some devices also depend upon maximal single response from the muscle to
measure neuromuscular blockade. In some embodiments disclosed herein, the devices,

systems and methods use a graded progressive level of stimulations at a high rate of
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stimulation, for example, such as 20 Hz. In certain embodiments, the devices and
methods deliver a minimal stimulation level, such as 10 mA, that will elicit responses
from the first few motor units, to a maximal stimulation level, such as 40 mA, to elicit a
maximal response from all motor units. Using a graded stimulation protocol such as this
can more closely follow the physiological response that is natural for a person when
contracting a muscle, and can provide greater fidelity of measurement of neuromuscular

junction function.

[0074] Some currently used devices can also have problems accurately measuring the
onset of the evoked muscle response because the amplifiers have not recovered to
baseline due to stimulus artifact contamination. In some embodiments, the instant
devices, systems and methods can incorporate an adaptive filter algorithm that zeroes the
baseline and to improve accuracy of the measurement of the muscle potentials. Figure Sa
displays stimulus artifact that has not recovered to baseline before the onset of the
muscle response. This is improved in Figure 5b which displays the use of an adaptive
filter that removes the stimulus artifact, allowing for accurate measurement of the onset
of the muscle response. It is important that the device be able to identify the onset of the

potential in order to accurately quantify the muscle response.

[0075]  Each of the following references is incorporated herein by reference in its
entirety for all of the methods, devices, systems and components described therein,
which can be incorporated with, substituted for, and/or combined with the systems,

methods, devices and components described herein:

PCT/US2013/064518 Oct 12, 2012 Apr 17, 2014 Hampton et al. ‘Neuromuscular
monitoring display system’. This application describes a system for displaying a degree
of neuromuscular block in a patient.

PCT/CA2004/002047 Nov 26, 2003 Jun 9 2005 Bou-Phon Chang et. al. ‘Monitoring of
neuromuscular blockade using phonomyography’.

US4291705 Sep 10, 1979 Sep 29, 1981 A Severinghaus ct. al. ‘Neuromuscular Block
Monitor’

US2690178 Nov 13, 1950 Sep 28, 1954 Research Corp ‘Automatic apparatus for
administering drugs’

US3364929 Dec 21, 1964 Jan 23, 1968 Burroughs Wellcome Co ‘Method for
administering muscle relaxant drug’
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US3513834 Nov 21, 1967 May 26, 1970 Hitachi Ltd ‘Anesthetic depth measuring
system’

US3565080 Jul 19, 1967 Feb 23, 1971 Burroughs Wellcome Co ‘“Neuromuscular block
monitoring apparatus’

US3774593 Dec 27, 1971 Nov 27, 1973 Shionogi & Co ‘Method of and apparatus for
sleep monitoring by brainwave, electromyographic and eye movement signals’

US3898983 Oct 3, 1973 Aug 12, 1975 James O Elam ‘Device and method for detecting
the degree of muscle relaxation of a medical patient’

US3905355 Dec 6, 1973 Sep 16, 1975 Joseph Brudny ‘System for the measurement,
display and instrumental conditioning of electromyographic signals’

US3916876 Jun 13, 1974 Nov 4, 1975 Fsw Associates ‘Differential/ratiometric
clectromyographic bio-feedback monitor’

US4148303 Sep 9, 1976 Apr 10, 1979 Cohen Leonard ‘A Method of assessing
intentional muscular disability’

Kimura, J, Electrodiagnosis in Diseases of Nerve and Muscle Principles and Practice, 4t
Ed., Oxford University Press, 2013 which describes

Lien, C. A. & Kopman, A. F. (2014), 'Current recommendations for monitoring depth of
neuromuscular blockade.', Curr Opin Anaesthesiol 27(6), 616--622

Ali, H.H. Monitoring of neuromuscular function. Seminars in Anaesthesia . 1984; 284—
292.

[0076] The foregoing description details certain embodiments of the systems, devices,
and methods disclosed herein. It will be appreciated, however, that no matter how
detailed the foregoing appears in text, the devices and methods can be practiced in many
ways. As is also stated above, it should be noted that the use of particular terminology
when describing certain features or aspects of the technology should not be taken to
imply that the terminology is being re-defined herein to be restricted to including any
specific characteristics of the features or aspects of the technology with which that
terminology is associated. The scope of the disclosure should therefore be construed in

accordance with the appended claims and any equivalents thereof.

[0077] 1t will be appreciated by those skilled in the art that various modifications and
changes may be made without departing from the scope of the described technology.
Such modifications and changes are intended to fall within the scope of the

embodiments, as defined by the appended claims. It will also be appreciated by those of
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skill in the art that parts included in one embodiment are interchangeable with other
embodiments; one or more parts from a depicted embodiment can be included with other
depicted embodiments in any combination. For example, any of the various components
described herein and/or depicted in the Figures may be combined, interchanged or

excluded from other embodiments.
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CLAIMS
What is claimed:

1. A system comprising:
at least one stimulating electrode;
at least one recording electrode;
a pulse generator for providing stimulation to a nerve through the stimulating
electrode; and
a computing device comprising a processor having instructions stored thereon,
wherein when executed by the computing device cause the computing device to:
apply stimuli to the nerve through the stimulating electrode according to a
stimulation protocol, wherein the stimulation protocol provides a plurality of
stimulation sequences that vary in frequency of pulses in the stimulation
sequence, frequency of the stimulation sequences, number of pulses in the
stimulation sequence, or all of the above;
measure, by the recording electrode, electrical responses of a muscle; and
estimate the degree of neuromuscular blockade based on changes in the

clectrical responses of the muscle during a stimulation sequence.

2. The system of claim 1, wherein estimating the degree of neuromuscular blockade
comprises determining a ratio between the electrical response of the muscle from a first
pulse in a stimulation sequence and the electrical response of the muscle from a last

pulse in the stimulation sequence.

3. The system of claim 1, wherein the number of pulses in a stimulation sequence is

between four and twenty pulses.

4. The system of claim 3, wherein the number of pulses increases with each subsequent

stimulation sequence in the stimulation protocol.

5. The system of claim 1, wherein the frequency of pulses in a stimulation sequences is

between 2 Hz and 10Hz.
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6. The system of claim 5, wherein the frequency of pulses increases with each

subsequent stimulation sequence in the stimulation protocol.

7. The system of claim 1, wherein the stimulation protocol comprises a first stimulation
sequence of four pulses at a first frequency, a second stimulation sequence of four pulses
at a second frequency higher than the first frequency, a third stimulation sequence of four

pulses at a third frequency higher than the second frequency.

8. The system of claim 7, wherein the stimulation protocol further comprises a fourth

stimulation sequence of more than four pulses.

9. The system of claim 1, wherein the processor further comprises instructions that when
executed by the computing device, cause the computing device to function automatically,

without user input.

10. The system of claim 9, wherein the computing device automatically determines if

the stimulation protocol needs to be adjusted and adjusts the stimulation protocol.

11. The system of claim 10, wherein the computing device determines if the stimulation
protocol needs to be adjusted at predetermined intervals, upon electrical response
readings above or below a threshold value, in response to other physical parameters of

the patient, and/or in concert with a timing of a procedure.
12. The system of claim 1, wherein the nerve is a peripheral nerve.

13. The system of claim 12, wherein the peripheral nerve is at least one of the nerves in a
group comprising: an ulnar nerve, a median nerve, a peroneal nerve, and a posterior tibial

nerve.

14. The system of claim 1, wherein the stimulating electrode is configured to be

positioned on a wrist or an ankle of a patient.

15. The system of claim 1, further comprising a display unit for displaying information

about a patient.

16. The system of claim 15, wherein the information is information related to the degree

of neuromuscular blockade.
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17. The system of claim 1, further comprising a signal amplifier to reduce factors that
confound the electrical response signal, wherein the signal amplifier comprises one or
more of CMRR of >96 dB, stimulation artifact filtering, and detection of electro-cautery

signal.

18. A method for estimating the degree of neuromuscular blockade, comprising:

applying stimuli, using a pulse generator, to a nerve through a stimulating
electrode according to a stimulation protocol, wherein the stimulation protocol provides
a plurality of stimulation sequences that vary in frequency of pulses in the stimulation
sequence, frequency of the stimulation sequences, number of pulses in the stimulation
sequence, or all of the above;

measuring electrical responses of a muscle; and

estimating the degree of neuromuscular blockade based on changes in the

electrical responses of the muscle during a stimulation sequence.

19. The method of claim 18, wherein estimating the degree of neuromuscular blockade
comprises determining a ratio between the electrical response of the muscle from a first
pulse in a stimulation sequence and the electrical response of the muscle from a last

pulse in the stimulation sequence.
20. The method of claim 18, wherein the nerve is a peripheral nerve.

21. The method of claim 20, wherein the peripheral nerve is at least one of the nerves in
a group comprising: an ulnar nerve, a median nerve, a peroneal nerve, and a posterior

tibial nerve.

22. The method of claim 18, wherein the stimulating electrode is positioned on a wrist or

an ankle of a patient.

23. The method of claim 18, wherein the stimulation protocol comprises a first
stimulation sequence of four pulses at a first frequency, a second stimulation sequence of
four pulses at a second frequency higher than the first frequency, a third stimulation

sequence of four pulses at a third frequency higher than the second frequency.
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24. The method of claim 23, wherein the stimulation protocol further comprises a fourth

stimulation sequence of more than four pulses.

25. The method of claim 18, wherein information related to the degree of neuromuscular

blockade is displayed on a display unit.

26. The method of claim 18, further comprising determining if the stimulation protocol
needs to be adjusted, based on the estimation of the degree of neuromuscular blockade,

and adjusting the stimulation protocol.

27. The method of claim 26, wherein the computing device determines if the stimulation
protocol needs to be adjusted at predetermined intervals, upon electrical response
readings above or below a threshold value, in response to other physical parameters of

the patient, and/or in concert with a timing of a procedure.

28. The method of claim 18, further comprising providing a signal amplifier to reduce
factors that confound the electrical response signal, wherein the signal amplifier
comprises one or more of CMRR of >96 dB, stimulation artifact filtering, and detection

of electro-cautery signal.

29. A device for estimating the degree of neuromuscular blockade, the device configured
to provide a first set of electrical stimuli to a nerve, measure muscle responses to the
stimuli, and automatically adjust the stimuli by varying the frequency of the pulses in a

second set of stimuli, a number of pulses in the second set of stimuli, or both.

30. A computerized method for estimating the degree of neuromuscular blockade
comprising providing a first set of electrical stimuli to a nerve, measuring muscle
responses to the stimuli, and automatically adjusting the stimuli by varying the frequency
of the pulses in a second set of stimuli, a number of pulses in the second set of stimuli, or
both.
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AMENDED CLAIMS
received by the International Bureau on 04 April 2016 (04-04-2016)

1. A system comprising:
at least one stimulating electrode;
at least one recording electrode;
a pulse generator for providing stimulation to a nerve through the stimulating
electrode; and
a computing device comprising a processor having instructions stored thereon,
wherein when executed by the computing device cause the computing device to:
apply stimuli to the nerve through the stimulating electrode according to a
stimulation protocol, wherein the stimulation protocol provides a plurality of
stimulation sequences that vary in frequency of pulses in the stimulation
sequence, frequency of the stimulation sequences, number of pulses in the
stimulation sequence, or all of the above;
measure, by the recording electrode, electrical responses of a muscle;
estimate the degree of neuromuscular blockade based on changes in the
electrical responses of the muscle during a stimulation sequence; and
determine if the stimulation protocol needs to be adjusted, wherein the
computing device determines if the stimulation protocol needs to be adjusted at
predetermined intervals, upon electrical response readings above or below a
threshold value, in response to other physical parameters of the patient, and/or in

concert with a timing of a procedure.

2. The system of claim 1, wherein estimating the degree of neuromuscular blockade
comprises determining a ratio between the electrical response of the muscle from a first
pulse in a stimulation sequence and the electrical response of the muscle from a last pulse

in the stimulation sequence.

3. The system of claim 1, wherein the number of pulses in a stimulation sequence is

between four and twenty pulses.
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4. The system of claim 3, wherein the number of pulses increases with each subsequent

stimulation sequence in the stimulation protocol.

5. The system of claim 1, wherein the frequency of pulses in a stimulation sequences is

between 2 Hz and 10Hz.

6. The system of claim 5, wherein the frequency of pulses increases with each

subsequent stimulation sequence in the stimulation protocol.

7. The system of claim 1, wherein the stimulation protocol comprises a first stimulation
sequence of four pulses at a first frequency, a second stimulation sequence of four pulses
at a second frequency higher than the first frequency, a third stimulation sequence of four

pulses at a third frequency higher than the second frequency.

8. The system of claim 7, wherein the stimulation protocol further comprises a fourth

stimulation sequence of more than four pulses.

9. The system of claim 1, wherein the processor further comprises instructions that when
executed by the computing device, cause the computing device to function automatically,

without user input.

10. The system of claim 9, wherein the computing device automatically determines if the

stimulation protocol needs to be adjusted and adjusts the stimulation protocol.
11. The system of claim 1, wherein the nerve is a peripheral nerve.

12. The system of claim 11, wherein the peripheral nerve is at least one of the nerves in a
group comprising: an ulnar nerve, a median nerve, a peroneal nerve, and a posterior tibial

nerve.

13. The system of claim 1, wherein the stimulating electrode is configured to be

positioned on a wrist or an ankle of a patient.

14. The system of claim 1, further comprising a display unit for displaying information

about a patient.

15. The system of claim 14, wherein the information is information related to the degree

of neuromuscular blockade.
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16. The system of claim 1, further comprising a signal amplifier to reduce factors that
confound the electrical response signal, wherein the signal amplifier comprises one or
more of CMRR of >96 dB, stimulation artifact filtering, and detection of electro-cautery

signal.

17. A method for estimating the degree of neuromuscular blockade, comprising:
applying stimuli, using a pulse generator, to a nerve through a stimulating
electrode according to a stimulation protocol, wherein the stimulation protocol provides a
plurality of stimulation sequences that vary in frequency of pulses in the stimulation
sequence, frequency of the stimulation sequences, number of pulses in the stimulation
sequence, or all of the above;
measuring electrical responses of a muscle;
estimating the degree of neuromuscular blockade based on changes in the
electrical responses of the muscle during a stimulation sequence;
determining if the stimulation protocol needs to be adjusted, based on the
estimation of the degree of neuromuscular blockade; and

adjusting the stimulation protocol.

18. The method of claim 17, wherein estimating the degree of neuromuscular blockade
comprises determining a ratio between the electrical response of the muscle from a first
pulse in a stimulation sequence and the electrical response of the muscle from a last pulse

in the stimulation sequence.
19. The method of claim 17, wherein the nerve is a peripheral nerve.

20. The method of claim 19, wherein the peripheral nerve is at least one of the nerves in
a group comprising: an ulnar nerve, a median nerve, a peroneal nerve, and a posterior

tibial nerve.

21. The method of claim 17, wherein the stimulating electrode is positioned on a wrist or

an ankle of a patient.

22. The method of claim 17, wherein the stimulation protocol comprises a first
stimulation sequence of four pulses at a first frequency, a second stimulation sequence of
four pulses at a second frequency higher than the first frequency, a third stimulation

sequence of four pulses at a third frequency higher than the second frequency.
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23. The method of claim 22, wherein the stimulation protocol further comprises a fourth

stimulation sequence of more than four pulses.

24. The method of claim 17, wherein information related to the degree of neuromuscular

blockade is displayed on a display unit.

25. The method of claim 17, wherein the computing device determines if the stimulation
protocol needs to be adjusted at predetermined intervals, upon electrical response
readings above or below a threshold value, in response to other physical parameters of

the patient, and/or in concert with a timing of a procedure.

26. The method of claim 17, further comprising providing a signal amplifier to reduce
factors that confound the electrical response signal, wherein the signal amplifier
comprises one or more of CMRR of >96 dB, stimulation artifact filtering, and detection

of electro-cautery signal.

27. A device for estimating the degree of neuromuscular blockade, the device configured
to provide a first set of electrical stimuli to a nerve, measure muscle responses to the
stimuli, determine if the stimulation protocol needs to be adjusted, based on the muscle
response, and automatically adjust the stimuli by varying the frequency of the pulses in a

second set of stimuli, a number of pulses in the second set of stimuli, or both.

28. A computerized method for estimating the degree of neuromuscular blockade
comprising providing a first set of electrical stimuli to a nerve, measuring muscle
responses to the stimuli, determining if the stimulation protocol needs to be adjusted,
based on the muscle response, and automatically adjusting the stimuli by varying the
frequency of the pulses in a second set of stimuli, a number of pulses in the second set of

stimuli, or both.
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BB D — A IR P ARAE s R, X T — BARSL A, SR IR B ARIE A BE L AR N, FE A
WA NAZ G ER AR, S HOEA T DA A
[0038]  J&T AL H A FHAT AT S H0ORN /B BRI , AR GUREE AR N ] AR E T B R
SCA/ B 5 3 R B e o BB 20ORN /B SRR o B RO 3R o T R
AT DATE b B ff 1) 3R 2% b S 40/ S R
[0039]  dmA L H Ad FHIR) , R “f45 (comprising) ” BE “B#E (comprises)” B fEFR 1L A
ARGV, ST iFBEFL g B o tE, 3 BT UL R A FEAT A HAh oo T A B H A, 5
B R KR 1% A RGO RIS TR R H o BLHERR X T AL A B SR
BOLHI AR TCA o R, G AR S HR PR 2 1, SE 5 _E Bz oo A4 R 15 45 B VAR A 2 HERR IR
SIS R BR ) B AR R PR AN (2 A) B BURE M ) AR R B IR “Hh L L LR K AR
2~ R K7 1R ALFE BB 1 oA I ELHERR EE H BN AN B ) oA B BRI AT A G
PEESD IR o pH 3 S 3 3 AR 1 R 1 A — AR 11 S it ) 0 7 A A T (9 3 LY

ARG
[0040] &I LHHIR T AR 48 AR A T () — AN St 51 (1) FH - S0l v 28 51 0 1282 52 4 28 JUL R BEL v 71
(100 R8T JULIR) AR 4 28 LAY 82 Sk 1) e 5 98 235 55 1) R e RO AE I o 7 T 73R 1 S e 451+, T
HREBEFI0LH RGL00EFEHEAR T — PNl ZMDF K102, — B2 AR #2103
FRR P17 14 4% 104 F1 7 B 71106
[0041]  7£ RSt 100/ — L8 STt 45 o , S350 e A 10349k Fic B A9 0 BB 7 J8 35 1O 1P 50 i it o
BT, 7R R AR SR I RAPE  IE AR HER & R/ 815 IR 4 b o 7E — S St 451
HH IO A 103 FH T T8 A S 5 R SRS 1100 B kb, el 7 e i R o7 T RO 28 A i e Ao
28 I BB o IR B 0V AP HEAT A TR B ) (R, W ET A AR AP .
FE ARSIt 451 o, R Ge100 1] DAY T F R B A0 5 ZE X RE A St 49+, B Al 103 0] LA A T
T AE BB W R b B A AR R A2 b B T . — S S A 1 S FR AR 10245 e B A
TS0 A 0 B S i L A m DA SO0 AL PR) R e 2 L A) i Sk oF SR 1 R AR 1103 118 35 g e
AL
[0042]  F & Fol St 4 o, JBR B P A1% 15 4% 10438 3o 22 2 H, 20 H 08 2 )0 3% F A 1 O 2 R 71 38k e,
103, B HL AR T DL TG 2l 6 0 L b o & TSI ith 491 1 BRI PPk 152 45 L0ATE BT BRI A5 1 —
o A BT R A% RN/ BRI T AR A, o, i T T 2 BRI 28— 2D VR AR IR 1 T E
%200 o JBRIE VPt 152 25 104 1] LU AL FE BIORE 6 30 ik v 4 28 48 DL 28 H 3300 A 1 03B A3 sk« 7
B P s gt 45 P, R B AL R S 1040 B I BEM 150 /) (electrically) (H F
(electronically) Fl/SAHUHHE & E 58 B IC160 . 75— L8 St 9 o , BERS 1502 P 3R 2R Bk
AR EL B o 7E — BB S P, B % 150 2 T 2818 15 BE B o 491 2, 76— LS ST b L BRI VP A 152
2104385 W5 2 ©ul oAl TS 5 B4 B I 330 5 0l 55 45 5 T 4R AR & 2 /R BT 160,
[0043]  WLoREAIG1060] LLZE I A P i (GUT) b B 7R 8 R B, 8 B AR T A 4E
YA J2  EE AR P SO B TR B R S D T AR R 2R A S H (5 5 I 2R (5 5
D3 s A5 5 AR S S AR AL B IE SRS S S R AR B TS S
(1) J5k 25 AR AT 5] AT 24, DL S #% Bl DA ZR FEAS RIS 5 284k o e Ak, \BoR B 6106 7]
PAELFE N P T, LR ] dn e B 5 A% AR/ B N o AR s — e St 5], B N
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FLIH SOV W B AIAA W&, I BL7E IS IR 5 o 5610638 B LA InHAh(E 2.,
DA ) % 20 W6 A I 5 Tt S i i I o E — S S5 o, 2445 5 ARk K B s R T R
T 5751 14D 7] 2 5 A g L At — 2k 5 A7 2550 I B e 2 JUL DA BEL ks A AH 2 ) SRR, BB 7R 6 106 1)
DL SO VR PRI s HAth 27 N A A5 S 11

[0044] R G5 100/ 5% Pk jte 47138 00 R 3k R 45100 E ShALEI AT o 3R Fel i 4 7] LA s A2 AF
fitr 2% 4 I H AL T R G100 1 AL 88 AT - 7E 85 Fh Sz it ) v, 77 28 LA B Ab TR 2% 2 3B
(84T 5 I B 2 DA — S P s A5 o, BRI AR 15 % 104 B TH LI — 58, & B 26
B R AN G BT ENLAN/ BB R T IR T E L A, TE s i, REE1006FE
— A2 A G AR P U N T L) B P SR AR 3R P SR AT DR R B
HUA— 543 30T A5 S H L 38 (5 B TE 2R3 A — Se St 49 o A 1 P St it — B R i3k R 4
10089 H 34k, .

[0045]  TF5 % 200 CLFE b BR 48 FIA7 A #8 FE A7 LI AZ 48 2 o W BB PATFa 21, 2=
545« (1) K (B Rt B R ) T 2X0) A% 38 B I AR, DL JZ (2) 1SR AE e S AR A
B IS 5 o B2 7 0T DAAS A SR SR AT KRG — 3B 0 TR R R — A
1 A5 A SIZ i A5 P A T o LA, 81 27 s A8 1200, Fe AT LS AT 4 AE RS, i sk B
56 [ A B M B S AR O AR I B *WINDOWS®NT/98/2000/XP/
CE/T/VISTA/RT/8% >k H 3 E A4 Je I M 2 7 5 b T SUN® M R 4 1 SOLARIS® K
H & B 4129 1B 22 52 1) IBM® A J110S /2 3K H 5 B 48 Je 0 M EE L5 7 1) S R ® A
[1710SEMac/0S B AR A UNIX® (GEE A48 JE 0 TH £ L ) i 238 4w 5 oA
5, 6040, LINUX®, HPUX®. IBMAIX®HAISCO /UNIX®E K [ £ E Al 45 2 I M
S RO 71 Android® %% A X S5 3 1 RGN TR 9] s A SCHEIR K R GE ) 5
it 5 ] LA AR I AT AT A& 3 E RS MR S E TRV RS 5.

[0046] {34, ZR 458 100f Hofth 78 78 5B 44 , & a0t S8 4% VB AS W& N A HEHL (PO) LR L
RATHENL TR i B B 2% & o ARl 2 P o JRE R P o AR B R 45 4 - X 4% 8 15
R 55 28 VIZERE VT A B 4% & P i L S IR S5 B TSR B A L D 28 AR 45 A B L AR
A A AT R AR IR 55 2 B R AR IR 4548 55, R RE ] LA i anfE B 2r 7R B T PR
S

[0047]  T+ENLRG2007] LLAFE— DR Z AN FEES (241 AR 204. (ZA4Y) /b3
FR2040] DLE B 2 il E At ah #9206 (fF4n, 3H 15 B2k A8 X5k (cross—over bar) BY %5 5%)
PP S 5 T LR SR XA R BT BN R G AT A AR R AR B2 5, 6T (2
AN) AR A B AR N 5, ane] s B FLAR T SEAL R G0 AN/ Bl 2R 25 # S BT R 1) 5 1
EXELENTS

[0048]  {HEHL RSE2000] LUALIE R 42 11202, % R 38 15 FE A4S M9 20611 & T SCA L J2
fh i HE 5% , LLE S om B t230_F s .

[0049] 4, T1 ML R GE 20050 A] LLALFEH AR T 3247 it 25 208 B LAZHUA- it 2% (RAM) LA
BB AT AR 21055 B, 25 A7 i 88 210 ] DAL S (E AN PR R 54 SR 3 21 2 F1 / 5 8% Bh 471
UREN214 , AR BAL R B B DX B OB IR Bl L B A IR SN L K R R A I EhCD-ROM. H 7 %
FIJ6EL (DVD) «— IR B N2 UL (WORM) 4%  IN A7 3L 425 . B sh A7t Bk sh 214 0] DL LA A AT A
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K 75 SONFE A7k BT 21 SERHUR /85 N B8 sh A7t 570218 1 U, B B A7k #6218
A DA R BAL AT G GG VBB R N AR A S, T DL RS shAF A IR Bh 214152
L K BN s 1 A 7 s A7 il #0218 0] DUELHE 75 . A A7 A TE ML AN/ 308 s 1
THEANLAT A .

[0050] 7 W] & 4 () o 9 P St 45 v, 5 — A7 i A 2 10] LA HE FH T fo VR In e it LR
B HARFE 2 2T ENL RS 200 4 1 H AR AL 2 o 140, X 5 2% 7T DUAL 35 32 30 47 fif B
2220) Kz 1220 0 X Ff s g v] LA ALFEFE 7 85 DA K B 5 T (B A (ELAS PR T 7 — e A0 AT X 4%
&R L) S e RE e DA S @A) S AT A BRI A AR O i G 9 nfHAS R T~ mT B2 BRI AT
SRAE AT i 2% (EPROM) B AT ZmFE 1) RS2 77 1k 2% (PROM) LA Rz AH S BR ) 3 4 , LA Jz HoAth A% 5
1A B 02220 Je 211220, IX Fhise 28 7] LA SR VI B FVECHE RS B A7 il B 2224 % 22 1T 5
ML £ 45200,

[0051] 540, v+ B AHL20038 AT DL AL H5 i A\ 152 #5216 , 8 A B b B H AR FR 4 150 45 18 B 4k
A0 A B 22 50 A B RN/ B A B i N B 2% o 91 T, TSR L200348 R DAL HE A H 1A
240, 1 W 7R 25230 F1 /B /R 32 11202 THEAL200 7] LLELFES N /i Hh (1/0) W&, v anid
{BHE10224 ., 2R 25228 F1 /BB 15 B A2 22655 o IX B8 15 2% ] DL ALRE(E AN PR - X 28 4% 11 R A1 )
fiR R B B AS R 224 0] DL A FAE TN R G0 200 AN 4R 38 4% 22 1) A% gy S Ak A8l o 49 2, 38
15 42 1 224 8 S 4510 45 18 F i R 2% X 28 22 11 i an 4 an DA K X =) e A5 o 1 S A THRL
17 fit % R E PR Pp2x (PCMCTA) R AEFI-R &5 . 28 j ol {5 2 1 22448 S (1) R A AN s vl LR S 5
228/, (552280 LR FE5 RG5O E 5 B Ae @ I a5 12 1 2243210K
455 5T, IX 15 5228 AT DL Bl {5 542226 GE W5 18) $24t4 B B 224 64, i%
GiE226 1] LA 15 5228 (W WAL #E (5 5) , FF L oT LS L 4R BRER 45 64T FE UG 48 Vi
SERR T (RF) 4 B AN HC A {5 (5 18 S5 52 11

[0052] 7R A SCH IR 1) 25 PS5 v, A 22 0 2 ] DL HE FH T4 05 8 08 45 1 A i a
5V R B AR — R 1 S PR A BT R RO ) R A AT AR TR o A9, R AR SO IR [ b S it
e, o 2 X 26 95 7 AT LB AR R T-45 43 22 hik (CDMA) T 2647 At 1IEAZ 473 52 F (OFDM)
1GTE 4 \2GTE 4 \ 3G TR A BRAGTL £ 6 I L1 AN v 2 (TrDA) I TR 4 U7 i) 08 (SWAP) |
“TLAREL (Wi-Fi)” WiMAXDL Jz At TEEEFR#E802 . 1 1 FE A TE 48 ]R3 ™ (LAN) , IEEER ik
802. 16FRZX M1k (WAN) DL Ko 55 7 (UWB) 2845

[0053]  — s 5z i 451 ] DA AL HFEWLANEY 55 71 2 REWLAN o WL AN 7% 451 7] DA 466 Hi 58 FH 5 A
(HomeRF) F & [ 3 S TE 2% U7 i) §p i (SWAP) , L Jz H T 2 LA K 9 3 25 PE K B (WECA) 1B 5 (1)
TEEE 802.11[RTAEM L AR B Wi-Fi) . IEEE 802.11TCLZRLANKRE 81 & Fh TG 2B LANKR
EF I — A Z N & PR G TEEE 802. 11 I JCZELANT] LU M & FHIEEE 802.11°C
LRLANFRAE ) — AN T 2 AN I AE AT AR E , 6140, TEEE 802. 11 TE LR LANFRE G5 5 TEEE b5 i
802.11a.802.11b.802.11d.802.11gEL802. 11n3fE 25 I T LELAN, & W sl an{H ASPR T TEEE R
##802.11a.802.11b.802.11d.802.11gbA % 802. 11n (Hl 11, M 45{E AR F IEEE 802.11g-
2003%%) &,

[0054] A I () — HE St 451 45 1) FH T PAT A SO A B #A 1) 2 ERN/ B R A o X
Pl B T DL 7 U B TR g, B AT DUELRE H A7 7R A B RE R I B P B
Bl E AT T H 88 3% .
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[0055] AR 3 r 4 ik 1) Al S Bt 491 48 [ A AEBL A8 TR i E9R 2, AT BLi i 5T &
BEHOF HARAT PUSRAT 25 SO F 38 R #R 4 o HLAS W32 o ol AR 45 T DAL 28 AT B 2K
(BTt SR A7 fif 8L 415 2 AR TR o 510, 7= B PEN LA AT A7 6 0 o m] DA A4 - e
At (ROM) < B HLAF HOAF it 5% (RAM) T 476k A0 o2 S A7 A A0 o S B AF A I TR A ¢
s AL EREE A A D6 B R U AR 55 (B0, B AAME S 5 5 55)
R A s B PR A7 At 1 2, LR AR o o SERLRE Py (L s T S L% 32 48) AT DA 475 T 1) o
FEITHENUER Y, I BT DUE A 7E 3 470 25 208 R/ B — A7t 2% 210 F1 / B0 R% Bl A7 i
2147, WFRON T SFHURE 777 i o XM S URE PP AT I, AT BLAE TSP R S5 20088 5 34
AT ANASCR R AR W IR RFAL o B AR, AR F R BIVE S 6], 5 T SEAURE PP AT I, FL]
LA — AN b B 45 20485 2 > A P 45 204 BE 5 42 {1t 5 20K 1 ) AN/ B8 BEEPDD I # F o [H 1E , 1X
Tt SRR 7 i) AR TH LB R G 2001 28 1 25 -

[0056] 5y — Ao Bk S it ) i 1P AL 48 THSREL T 5 B TH S URE F 7 i S ik B Rl 3
I RAEH WA A R HZ AR CHENLERAE) « 4G A B8R 20430 T 3= i I 45, T LA fie f Ak
B IR 2044 AT A ST rh IR 1 DR o A FL AR St 1 o L 491 4, AR SO R A A5 R T RE RT LA
ABAN PR T B0 2 s 97 FH R B FRL B (ASTC) B — M ER B MRS, 32 BEAERE A 5
Bl 3T (AN MR A B HEARN B, SEIUEAEAR S HLBLAE AT AR SC o Fli ik 1) Th RE K &
Y08 1 o #E B S t9] H , w) LAASE FREAF [ AR AP o (R A A — IO A (14 2 45 S5 oK S
LR 1) THRE -

(00571 AR SC AR A I 4514 L ARTE “TF SERURE P B AU SEML AT 354 R — AT B3
T U(EANIR TR S A7 i K B2 14 22 B A1 R A A Al A/ B H A A7 A BE % 2 127 (R B 4 A S A5
522855 X BB THERLRE Fp 7 it T LS B B SR R 48200, BbAb , A — RGN 2 7
BURSE LRI H AR — BURAT N7 51 B AE P 41 o IX 22 P A A SE V) PR R R W B Al Y, R
SRAR L E, X B R AURE W WA i A A L EE DL K S MR 45 5 Bl A5 5 1R
o EE R T8 R, CX ST E TR 5 74 RE 75, 2R
FLATI 207 [ SR 0 ML PR , P A I AR LR B ARTE AL 5 S & i Y B B A R B
I HAGE B T3 B8 8 7 {8 hr 45

[0058]  ERAR F34MREHIFE T, Wi A IR IR A4S B I, T BL 1, B Ui ki 45,
AR 0 AP U5 (computing) ™\ “THEH (calculating) ” . “WiE” & et HALEL T
BAG ISR/ BB, BUSRAA 1 T S R AR TS R G i) 3 A7 ds N A/ BAF it 2 Y
IS B (o el 1 1) B0 , BN/ B S N ARV B R GE B A7k 4 27 A7 A B
AN J2 A7k AR is o6 B e 2 PN ) SRABL R s D W B A ) H A Kl

(00591 DASRABAAK 75 30, ARTE “ALBEES™ W LAFR AL BE R H A 47 3 A0/ 5UAfk 45 10 B 1 Hdls , DA
A v, 1 B0 AT DA 2 A7 8 N/ B b 1) JE At R 00 ) A e 86 B A 25 1) 7
e UEF ST TS AN AL S

(00601 ARy — A7 B 1 S BtA5] 5 AR S rp 52 A (R 2= B4 D79 A DA 3l A B e 12 )
ANBIERT— A B AT LAC B B IAT , 122 PP 2 38 w] AL & R 7R B T B A U7 0] 47k
IR L XM RE P I A TS IR — A B AN AR A EPATIN L %R 2 4 T AT W
AN D A AR R I AR 1 2D 3R

[0061]  fE— Lol ofr , I PP A A 22 LA BEL i « R i 22 LA 42 SRS 1 R e Ay

11



CN 106999081 A ﬁﬁ HH :I:; 9/11 71

AL S B RS 88731654« 4 FR N “SYSTEM,METHOD , APPARATUS ,DEVICE AND COMPUTER
PROGRAM PRODUCT FOR AUTOMATICALLY DETECTING POSITIONING EFFECT (FHF H ahts il e
PRI R GE T i R B e AT SEHURE PP 77 i) ™ (105G [ & MBI (K &R e 7 ik A e 4
gha, A A A IE I 51 IR AR S AL — LS ], 55654 % R e AT IR 4L & m]
LAFE A2 The RGTHI 2t Ak o AE LS OU S, AT DL A I — A BRI B, 49 4 58 1Y
P 0 P T P R N, SR AN TR 654 R I A% AT ik o W LA AR S AR SO
R H e SRt — DB TR R TR

JIiE AT RE
[0062] AR SCHlA 14 <52 it 57368 5 20 S P 3 000 B B Ao e JUL PR L 9 R 2 11 e a2 £ e 6 A
V25 5 T FL AT BEL i 368 5 R T R 2 A ) i P A 2 LRI BEL Y 750 51, SR ) A A 22 4
IR P9 BEL 5 V05 L P o 25 s it 10982 e AAE DR H B A2 045 5 1) R B P AR B ok B H AR 8
TP 5 SRS AL B C 15 5 B RGN
[0063] 2% Ffrsic it 1 1) A St 100 m] AR 5 ££ B Sh A3 ELIR = fe LD BH ¥ 00 &) F
BUVE AN OR FLRE ) — AN ANRFAE o T 38 %% Fhos G RS AE -
[0064] ARz BIPESLHtB] , b1 FH P BE Zhik RS0 H S dEor , BRF Pl 52 10434 22 5]
A , AT AR 8] 5T 7 A TR M A 22 LA BEL Y 7K T, LS R BT %6 o T mT g
SRR 38325 1 TR KA 1) IR B L BT i 0 ) FL A R B e i — A A RO R
A DLAR S =24 17 0 B A P AT R, DT 32 v 0 B P PR AR P
[0065] AR5 7= M9 14 i it 451, JRRISE VY-Ali e 28 3B 1) 52 RB PR AR 1) — L i 2 S P TR R A
1037 3% HL A5 -5 RO R 1) Jo) LA 4 Bt Ao ek Rk o 97 A S 8 14 10 7% L AT 1O 20300 e v 50
AZE 1 (R A AL DA PR 2] A FEL 375 3 o 005 01 B e B3 L 37 0 1) 2% b ELAR AR A L3 Bz T UL
PR 0 J52 ) 538 J8E , R P 4 725 e JUL PR BEL ¥ 1 o DAL, R LA 7 A T A S0 ) BEL ¥ 77 06 S8
RIS o JULPA) FEL 375 3 AR A2 A RT DL 45 5 o N BEL ¥ 790 3t P BEL ¥ e 8 751 Foie 52 (R R A A 5
X
[0066] 3 H A FI £ 5 H91 5 ARy S IR 8] Bt i — A 53 22 A Ao o4 2L oA il B 22 LAY
BEL Y65 o R 1T, s 8 ) 5 A i 451 T R PR AR [ 8 0 5 i o ) G 3 T o IR 2R A5 B B I
Bl B4 A PR 5 R o B =4 i N DY > R 0 (TOR) B 55 DU JUL AT i 182 5 55— JUTL PR i 12 14
FEAR LG B AT RE VR AEANTE RE B VA P9 5 490 40/ T HER T70.. 6.0 78 317 12 458 1) 2% A S it 1)+ 3
R fich S LA IZE I S e ) B3 A9 G 3H 7  AH 2 25 Rt 0 — 2R 91040 SRS, AR g A e LA 2k 1
TIVEAI 1 s 7 5 A5 D 2R 280 5 1k B i B 5 o P 3 s, 2Hz AT, 38— T S i
JE PRI L 90 . 85, A 1R 22 Vi | P BN D9 A L FR SRS 2 o S 1T, 368 3o DA B vy ) 3R
PPN TN 22 1) RO ot — 20 X e LA 2 St . » 28— 5 5w TR BU AP AR 210 55
I EC AR, SRR 2 MR IZ AR SR A AR ANAE L A AR /KT N84T o AR S — Do i, sl 4
o, FE2H2 (R 4 BT S 26— RIS A B R IE L 90 . 85, HAE TR ZE Y N A v /&
AE R SR I o 368 T DA v PR RO k20 X e LA Sk I 5 5 A e I
FEAELHE N30 90F LUAR , R IR AL L A A 15K NI AT , AR Zik— D i,
(00671 AFLA [ — LE St 1] 73 Hh b B RT 5 A LA A3 it o s 4510 2 22 38 8 A e
12 H A 5 DA ] e JUL PRI 32 Sk 18 It S i) s 77 Bl 5 SR B HE BRI 5 DA R ot 1L 2R 2
SEREMER NI .
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[0068]  WbAb, fE—SesL il , 1% &« RGN T VE A E A] B AR RE DL D ) 7 2
Jit TSR, A5 45 SR Tt TS S0 ) o 7 328 282 1) TR TR Se 4, DAARE [ o 2 UL R 2 2k 1
DA s 77, A 2R Rl e 4 4 B I ¥
[0069] S 4N S50 A it 0 2 A2 SRR, (] B SRR 2 Bl A ok 2 DA I B A B i H
A7 (SSEP) £ N F T 3 1 53 1YY HLAE SR> SSEP-F- S5 4B - 4B ) 5 37w+ 2 JUL RI L i 1 5% o
[0070]  AHL APy HoAh 52 5t 491 1) FH B> 96 dBHT CMRR - JaJ 38 D 52 388 8% R0 L 10 0l pe) — A
B AN IIIBOR A 5 AT LU 37 YR TR A PR 2
[0071]  EAAR K 2 B & WO T FH 7 oKk B sl & MR B I (2 AL A TFI & R4t
A7V & Fh e Tt 45 4 FH B B A SRR U sE RIS 75 2 PH AR B2 (R B A M 8) J3 H 3 , DA S AT )
B A 1 T BN o e sl i 1 B m I o 51 G v 8 T At A B 2 e T AR )
B B B I &5, AR AR ARG T Bl T B 7 AR B 152, W DA BRI 1 B O DA T 1] B 2k A7
o
[0072] 3~ I & 4 2 JUL PRD L 3 1) — S8 12 28 MO T B 4 AR 4 B A B &  AE AR £
RGATT AR — LS b, v DA HOE 215 5 & -
[0073]  — MLy R IR AR 4 VLD 4D e R B g 12 A U 2 4+ 2 LRI LY o FE AR ST I —
SO ST R, WA RS AT VR LD R, 451 a0 20Hz , A58 FH 23 G 2k i RIEOK A o 78 S 2
STt A5 A, 1B % RN T v 5 2% B /) B IR S 48 1 1 0mA 2 e R HIIIBOK P45 14 OmA , 12 fx /)N T
WK PR 175 Rk B BT LA Bh 570 R0 B, 12 5 R RIEOK PR 375 KR H BT S 3h 5 o i B
R 7 o A5 FH XA 1R 23 2 I 28 ] DA AE S 4 JULIR) B B 5 2 g i o T AR Ui & R A 2B
FH e N, H AT PSR 5E R ) e LR 422k D e il & ) DR SRS o
[0074]  [RIATEOK A BT RIS DR 5235 S A IR B2 42, — 26 | i s H 1 150 4% FE AE i b
T 15 5 T LAY o 1857 () 4 b AR A ) o E — SR S R, AN 2%« RGN 5 T DL X
TR AT VA E & S8 B LU ey LR FE A7 08 1 R ik 2 o 11 5ia Y02 7= 7 L DAY Wi )87 FF
6 T A PR 2 B 3L 28 1 B P 5 X AE B 5 b H A5 21 ot , FL R R T 2 R R D 2 Y
3 N8I A » 0 VTR 0 = AL A i 2 P 46 o B R IR 0, 1 48 BE 8 1R I HE A7 1 2 DA
Tff bt 5 A UL PRI i
[0075]  DL'F 2% SCHR I A3l ) 2 i 5| AR I AN A SO, Hodr B iR i BT A 5325 I
RGHERAE, AT N B AN/ B A BIAR ST IR B RS0 77 & A -

PCT/US2013/064518,20124-10 H12H ,201444 H17H ,Hampton%¥, Neuromuscular
monitoring display system oiZHGHIA | —FfE BE AN En IR A FERE R R
.

PCT/CA2004/002047,2003411 H26H ,20054-6 H9H ,Bou-Phon Chang%%,
Monitoring of neuromuscular blockade using phonomyography

US4291705,19794E9 H10H , 198149 H29H ,A SeveringhausZ, Neuromuscular
Block Monitor’

US2690178,1950411 H13H ,195449 H28H ,Research Corp, ‘Automatic apparatus
for administering drugs’

US3364929,1964412 A21H ,19684-1 A23H ,Burroughs Wellcome Co, Method for

administering muscle relaxant drug
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US3513834,1967411 H21H ,19704E5 H26H ,Hitachi Ltd, ‘Anesthetic depth
measuring system’

US3565080,196747H19H ,197142H23H ,Burroughs Wellcome Co,
‘Neuromuscular block monitoring apparatus’

US3774593,1971412 H27H ,19734E11 H27H ,Shionogi&Co, Method of and
apparatus for sleep monitoring by brainwave,electromyographic and eye
movement signals’

US3898983,1973410 AH3H , 197548 H12H , James O Elam, Device and method for
detecting the degree of muscle relaxation of a medical patient’

US3905355,1973412 H6H , 197549 A16H , Joseph Brudny, ‘System for the
measurement,display and instrumental conditioning of electromyographic
signals’

US3916876,197446 H13H ,1975%11 H4H ,Fsw Associates, Differential/
ratiometric electromyographic bio—feedback monitor’

US4148303,197649 H9H , 197944 H10H ,Cohen Leonard, ‘A Method of assessing
intentional muscular disability

Kimura,]J,Electrodiagnosis in Diseases of Nerve and Muscle Principles and
Practice, 54R, AR HI ik, 2013, b ifid

Lien,C.A.&Kopman,A.F. (2014) , ‘Current recommendations for monitoring depth
of neuromuscular blockade’ ,Curr Opin Anaesthesiol,27 (6) ,616-622
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