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[57] ABSTRACT

A method and associated apparatus for simulating neu-
romuscular stimulation in real time during simulated
medical surgery using a manikin, such as ulnar nerve
stimulation to detect the degree of neuromuscular
blockade and external stimulation of nerves to produce
evoked potentials so as to monitor the integrity of
nerves during surgery is provided. Such simulation
allows for the active participation of trainees with the
simulation apparatus to experience real world medical
procedures in a setting that closely mimics the real
- world.

23 Claims, 5 Drawing Sheets
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METHOD AND APPARATUS FOR SIMULATING
NEUROMUSCULAR STIMULATION DURING
MEDICAL SURGERY

BACKGROUND OF THE INVENTION

This invention relates to a medical simulator for mod-
eling neuromuscular stimulation during surgery that is
especially useful for training personnel in the medical
and related arts or for demonstration or testing of medi-
cal apparatus used in conjunction with neuromuscular
stimulation. More particularly, the invention relates to a
method and associated apparatus for simulating neuro-
muscular stimulation in real time, such as ulnar nerve
stimulation to detect the degree of neuromuscular
blockade and the external stimulation of nerves to pro-
duce evoked potentials so as to monitor the integrity of
nerves during surgery. Such simulation allows for the
active participation of trainees with the simulation ap-
paratus to experience real world medical procedures in
a setting that closely mimics the real world.

The concepts involved in simulation of complex pro-
cedures are well established in the aviation and military
arts. Simulation in the medical context is not so well
developed. Various computer-controlled anesthesiolog-
ical training simulators, such as those described in U.S.
Pat. No. 3,520,071; D. M. Gaba et al., Anesthesiology,
69:387 (1988); M. L. Good, Int. Anesthesiology Clinics,
27(3):161 (1989); and U.S. Pat. No. 4,996,980, are
known in the art. Further, lung simulators, such as those
described in S. Lampotang, Crit. Care Med., 14(12):1055
(1986); M. L. Good, Anesthesiology, Abstract No. A982,
71:(3A) (1989); and U.S. Pat. No. 4,878,388 and other
medical simulators, such as the simulator described in
U.S. Pat. No. 4,907,973, which utilizes a video display
of simulated internal conditions to model invasive or
semi-invasive procedures, are known.

However, none of these disclosures addresses the
simulation of neuromuscular stimulation, particularly
the electrical stimulation of the ulnar nerve during anes-
thetized medical procedures or the electrical, auditory
or visual external stimulation to produce evoked poten-
tials. Because the results of neuromuscular stimulation
can be difficult to interpret and because other factors,
such as amount and kind of anesthetics, equipment mal-
function or even the patient’s temperature, can affect
these results, there exists a need for a simulator capable
of modeling neuromuscular stimulation. Further, there
exists a need for a method to train medical personnel,
particularly novice medical personnel, to use neuromus-
cular stimulation equipment of ever-increasing com-
plexity and cost without putting the patient at risk of
injury.

Throughout this application, various publications are
referenced. The disclosures of these publications in
their entireties are hereby incorporated by reference
into this application in order to more fully describe the
state of the art to which this invention pertains.

SUMMARY OF THE INVENTION

This invention relates to an apparatus and method for
simulating neuromuscular stimulation during surgery,
particularly a nerve stimulator simulator and an evoked
potentials simulator. The simulators of this invention
are capable of standing alone or being integrated into a
simulator capable of emulating a wide variety of clinical
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variables, such as an anesthesiological training simula-
tor.

In particular, this invention relates to a method of
simulating neuromuscular stimulation in real time dur-
ing simulated medical surgery using a manikin, compris-
ing the steps of (a) applying at least one pulse corre-
sponding to a merve stimulation protocol to a pulse
sensing means associated with the manikin, wherein the
at least one pulse is applied using a nerve stimulator; (b)
automatically detecting the at least one pulse and identi-
fying the corresponding nerve stimulation protocol; (c)
computing a simulated response to the identified nerve
stimulation protocol according to a time- and event-
based script, a computer model or a combination of a
time- and event-based script and a computer model; and
(d) automatically actuating at least one output device
associated with the manikin in real time according to
the computed simulated response to simulate the neuro-
muscular stimulation associated with the nerve stimula-
tion protocol. More particularly, this invention relates
to simulating ulnar nerve stimulation, spinal cord or
peripheral nerve stimulation, cranial nerve stimulation
by auditory means and optical nerve stimulation by
visual means.

This method can further include the steps of (a) ad-
ministering a simulated or real neuromuscular blockade
drug to the manikin; (b) detecting the time at which the
neuromuscular blockade drug is administered, detecting
the quantity of neuromuscular blockade drug adminis-
tered, and detecting the kind of neuromuscular block-
ade drug administered; and (c) utilizing the time the
drug was administered, the quantity of drug adminis-
tered, and the kind of drug administered in computing 2
simulated response on the manikin so as to provide a
combined simulated response in accordance with both
the degree of blockade and the identified nerve stimula-
tion protocol.

Various output devices are provided, including a
thumb twitch actuator, which moves a thumb on a hand
of the manikin relative to the fingers on the hand a
distance, time duration and pattern computed according
to the nerve stimulation protocol. Further, the thumb is
capable of transmitting a force related to the distance
computed according to the nerve stimulation protocol
when movement of the thumb is retarded.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a block diagram generic representation
of the processes involved in medical simulation;

FIG. 2 shows the hardware and electronics of one
embodiment of the twitch simulator according to the
present invention;

FIG. 3 shows a block diagram representation of the
structure of one embodiment of the evoked potential
simulator according to the present invention; and

FIG. 4 shows a block diagram representation of one
embodiment of the distributed processing network ac-
cording to the present invention.

FIG. 5 shows a schematic diagram of the simulator of
the invention.

DETAILED DESCRIPTION OF THE
INVENTION

The invention described herein relates to a method
and apparatus for simulating neuromuscular stimulation
during medical surgery, particularly the use of a nerve
stimulator simulator and an evoked potentials simulator.
The following first discusses the most generic simula-
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tion engine that will address the specific needs of medi-
cal simulation. Further, two specific embodiments, the
nerve stimulator (NS) or twitch simulator and an
evoked potentials (EP) simulator, are described fol-
lowed by a discussion of the distributed processing
network, which is used to support the simulator of the
present invention and is an important component of the
implementation.

Generic Medical Simulation Concepts

From an engineering viewpoint, the purpose of medi-
cal simulation is to create a clinically realistic and accu-
rate, dynamic environment where clinical variables
(Sp02, blood pressure, cardiac output, evoked poten-
tials, skin temperature, urine output, end-tidal gas con-
centrations, etc.) change with time in a clinically credi-
ble fashion. For clinical accuracy, the dynamic changes
in the clinical variables controlled by the simulation
engine must be context sensitive and synchronized to
the sequence and flow of events in the simulated do-
main.

Furthermore, the actions of the trainee must be
sensed so that the simulation engine can be informed-of
the trainee’s responses and, in real time, generate appro-
priate changes in the variables that would normally
result from the trainee’s reactions. Thus, the process of
simulation can be divided into three logical sections:
input, simulation engine and output. This functional
division is illustrated in FIG. 1.

Input can be from any device that can be interfaced to
the computer(s) that run the simulation engine. Some
examples are (a) standard I/0 devices for computers
like a mouse, trackball, touchscreen, light pen or key-
board; (b) custom devices like proximity switches, po-
tentiometers, pressure and flowrate transducers, optical
emitter-detector pairs, magnetic switches; and (c) the
standard equipment used in a normal OR or medical
environment like gas analyzers, ventilators, and blood
pressure monitors. To use the equipment and monitors
in an OR as input devices, communication between the
device and the simulation engine computer must be
established. This is usually accomplished via the analog
or serial port that is usually available on medical elec-
tronic equipment but is not restricted to that modality.
Obviously, the list of input devices above is but a small
sample of the mechanisms that can be used.

The engine that runs the simulation can be either a
time and event-based script or a mathematical model,
both running on a computer. The time and event-based
script has the advantage that it is readily implemented
and requires less program memory compared to the
mathematical model, which usually requires a signifi-
cant investment in time and effort for development and
validation. However, the mathematical model benefits
from more flexibility than the script because the script
can only cope with events that are pre-coded in it. The
two approaches are not mutually exclusive and can be
combined into a hybrid simulation engine. For example,
a time-based script will always be necessary to trigger
faults at specific points in time in an equipment fault
scenario. Or the script can trigger the execution of one
or several mathematical models of physiological or
kinetic systems.

The simulation engine can thus simulate many differ-
ent clinical variables, such as cardiac output, blood
pressure, pupil size, neuromuscular blockade, evoked
potentials, skin and core temperatures, heart rate, ejec-
tion fraction, and the like. The simulation engine can
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4

also introduce artifacts peculiar to the clinical variable
being monitored, such as motion artifact on an SpO2
plethysmogram, bradycardic diastolic hypotension and
electrical interference on an electrocardiogram. Fur-
thermore, the simulation engine can simulate changes in
one variable resulting from a change in another variable
that would actually be observed in a real clinical setting.
For example, the disturbance of evoked potentials by
volatile anesthetics can be portrayed when anesthesia
begins at the start of a simulated surgical procedure.

The output devices can be any actuator, display de-
vice or monitoring instrument that can be interfaced
and controlled by a computer and that can provide
feedback to the trainee via the five senses (sight, hear-
ing, touch, smell and taste). Among others, the output
device can be a fault actuator, such as valves and sole-
noid-actuated pins that are usually triggered according
to a time-based script, or a regular actuator, such as a
speaker that produces different heart sounds as in-
structed by the simulation engine. Other output devices
include monitoring instruments, such a pulse oximeter
or blood pressure monitor or EP monitor, whose dis-
played values, waveforms and trends are controlled by
the simulation engine. The purpose of the output device
is to close the simulation loop and provide feedback to
the trainee.

Feedback to the trainee or team being trained can be
limited to visual (alarms, cyanosis, displays etc.), audi-
tory (alarms, heart and breath sounds, etc.) and tactile
(palpable pulse, etc.) means. However, the output de-
vices can be readily extended to include the other senses
of the trainee like smell and taste. For example, a simu-
lated vaporizer leak could be accompanied by volatile
anesthetic being actually released in the general region
of the vaporizer by a computer controlled syringe or
infusion pump.

Twitch Simulator

Neuromuscular blocking agents are used extensively
in contemporary anesthesia practice to insure a motion-
less operating field (e.g., eye surgery, craniotomy) or to
facilitate surgical exposure of muscular body cavities
(e.g., laparotomy, sternotomy). A neuromuscular block-
ade monitor, often referred to as a twitch monitor or
nerve stimulator (NS), is used by the anesthesiologist
for visual and tactile assessment of the degree of neuro-
muscular blockade (NMB) caused by the neuromuscu-
lar blockade drugs, which can be classified as either
depolarizing or non-depolarizing,

One embodiment of the present invention, referred to
herein as a twitch simulator, simulates the twitch re-
sponse of a patient’s thumb to an electrical stimulus
applied at the ulnar nerve. The twitch simulator in-
cludes a means for applying at least one electric pulse,
preferably by a nerve stimulator, more preferably a
commercial nerve stimulator such as Model NS-2C
(Professional Instruments) or Myotest (Biometer, Den-
mark). Typically, the nerve stimulator is capable of
generating five main modes of electrically neuromuscu-
lar stimulation, referred to herein as nerve stimulation
protocols, to the ulnar nerve: single twitch, train of four
(TOF), tetanic, post tetanic count (PTC) and double
burst (DB). The latter two nerve stimulation protocols
are more recently developed and less commonly used in
current clinical settings, but apparently are useful clini-
cally as described by J. Viby-Mogensen in “Neuromus-
cular Monitoring” in Anesthesia (3rd ed), vol. 2, (R. D.
Miller. ed), Churchill Livingstone, N.Y. (1990). The last







































