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Description

[0001] Thisapplication claims priority to provisional ap-
plication, US Serial No. 61/712,250, filed October 10,
2012, entitled "PATIENT SIMULATION SYSTEM FOR
MEDICAL SERVICES OR DIAGNOSTIC MACHINES,".

FIELD OF TECHNOLOGY

[0002] This disclosure relates generally to the techni-
cal fields of medical devices, and in one example em-
bodiment, this disclosure relates to a method, apparatus
and system of patient simulation with diagnostic and pa-
tient services machines.

BACKGROUND

[0003] This disclosure relates generally to the techni-
cal fields of medical devices, and in one example em-
bodiment, this disclosure relates to a method, apparatus
and system of patient simulation with diagnostic and pa-
tient services machines.

[0004] A patient simulator (e.g., a simulation appara-
tus) may be used in the training of health-care students
(e.g., pharmacy students, nursing students, medical stu-
dents). The patient simulator may provide insight and
experience without the associated risks associated with
on-the-job training with actual patients. However, the pa-
tient simulator may be limited in its ability to simulate a
range of possible medical conditions. As a result, the
medical simulator may not be usable in a wide range of
medical training. JP 2005114764 A discloses an example
of such medical simulators.

[0005] One type of the patient simulator may be imple-
mented substantially in software. Using a graphical user
interface (GUI) and software programming, the patient
simulatorimplemented substantially in software may only
provide limited insightinto an actual patient care scenario
because of its partial approximation of a real-world phys-
ical interaction. Further, a simulation conducted substan-
tially in software may lack depth given that the simulated
experience may not adequately model external stressors
(e.g., presence of blood, screaming patients, multiple
complications among different patients simultaneously).
Therefore, the patient simulator implemented solely in
software may not adequately prepare the health care stu-
dents for actual patient care scenarios in the physical
world. This lack of preparation can result in errors, omis-
sions, and sometimes a loss of life.

SUMMARY

[0006] A hydraulic based, hardware and software sim-
ulation system which models a human patient and at-
taches to any of a variety of extracorporeal cardiopulmo-
nary support devices such as a heart lung machine
(HLM), extracorporeal membrane oxygenation (ECMO)
machine, emergency cardiac life support (ECLS) device,
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ventricular assist device (VAD), dialysis machines,
hyperthermic intraperitoneal chemotherapy (HIPEC)
machine, Aortic Balloon pump etc.

[0007] The system uses proprietary models of the car-
diovascular system, the respiratory system, the gas ex-
changed by an artificial lung, and drug interactions and
combines them into a realistic and reactive model of the
human body.

[0008] The models in the system are combined with
the appropriate sensors and actuators to detectand react
appropriately to the impacts imposed by the various ex-
tracorporeal cardiopulmonary support devices on the hu-
man body. These reactions include the dynamic and
long-term impact on the cardiovascular system, the res-
piratory system, the hematological system, and the renal
system.

[0009] The patient reactions or changes are displayed
on a variety of ’virtual’ operating room (O.R.) and ICU
monitors that are part of the simulator. Displays include
signals from singular systems or any combination of sig-
nals from systems such as a pulse oximeter, a cerebral
oximeter, an in-line blood gas monitor, a blood gas ana-
lyzer, an activated clotting time (ACT) analyzer, EKG
monitor, a blood pressure monitor, or bispectral index
(BIS) cerebral monitor.

[0010] A predetermined clinical scenario is used to
control the virtual patient by displaying of appropriate
monitors, providing verbal commands and alerts, dis-
playing and manipulating the O.R. clock, and providing
for the sequence of events that make a realistic thera-
peutic or operating room environment. This scenario can
be pre-established and loaded into the simulator using a
single spreadsheet file.

[0011] Configuration of the patient simulator is accom-
plished with predetermined clinical scenarios. It compris-
es displaying the appropriate monitors available, choice
of verbal commands and alerts, O.R. clock manipulation,
and sequencing of events. These custom clinical scenar-
ios can be pre-established and loaded into the patient
simulator using a single spreadsheet. The user or oper-
ator (trainer) has the option to write custom scenarios for
the trainee and can apply clinical data including arterial
pressure, pulmonary artery pressure, EKG-including
multiple arrhythmias, ventilator, A.C.T. Plus, arterial color
duplex imaging (CDI), venous CDI, blood monitoring unit
(BMU), spectrum medical variable input patient electron-
ic record, HMS, blood gas analyzer, and NIRS. In addi-
tion, patient-specific factors (sex, height, weight, body
surface area (BSA)), physiologic factors including left
ventricular (LV) and right ventricular (RV) contractility,
heart rate, depth of anesthesia and metabolic rate can
all be included in the clinical scenario.

[0012] The system maintains an electronic medical
record that can be saved and accessed during or after
the simulator system exercise for a given clinical scenar-
io. This medical record contains all of the time-stamped
information relevant to the case including patient vital
signs, medications given and special events and circum-
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stances. In addition, this electronic medical record can
be sent out in real time to various data management sys-
tems (DMSs) designed to collect and maintain clinical
data during surgical cases. This is accomplished by com-
munication via the serial port of the computing device
using standard communication protocols.

[0013] The methods, operations, processes, systems,
and apparatuses disclosed herein may be implemented
in any means for achieving various aspects, and may be
executed in a form of a machine-readable medium,
and/or a machine accessible medium, embodying a set
of instructions that, when executed by a machine or a
data processing system (e.g., acomputer system), inone
or more different sequences, cause the machine to per-
form any of the operations disclosed herein. Other fea-
tures will be apparent from the accompanying drawings
and from the detailed description that follows. Accord-
ingly, the specification and drawings are to be regarded
in an illustrative rather than a restrictive sense.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Example embodiments are illustrated by way of
example and not limitation in the figures of the accom-
panying drawings, in which like references indicate sim-
ilar elements and in which:

Figure 1is a diagram of a medical simulation system
coupled to one or more therapeutic devices, accord-
ing to one or more embodiments.

Figure 2A is a block diagram of the functional inputs
and outputs of the simulation system, according to
one or more embodiments.

Figure 2B is a block diagram of the functional inputs
and outputs of the simulation module portion of the
simulation system, according to one or more embod-
iments.

Figure 3 is a schematic of the patient module, ac-
cording to one or more embodiments.

Figure 4 is a display of the patient monitor/ delivery
device, according to one or more embodiments.

Figure 5A is a graphical user interface (GUI) of the
simulation module for a heart-lung machine (HLM),
as shown on the instructor display, according to one
or more embodiments.

Figure 5B is a graphical user interface (GUI) of the
simulation module for an extracorporeal membrane
oxygenation (ECMO), as shown on the instructor dis-
play, according to one or more embodiments.

Figure 6 is a clinical scenario spreadsheet, accord-
ing to one or more embodiments
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Figure 7 is a flowchart of a process simulating a
patient interaction with a therapeutic machine, ac-
cording to one or more embodiments.

[0015] Other features of the present embodiments will
be apparent from the accompanying drawings and from

the detailed description that follows.

DETAILED DESCRIPTION

[0016] The invention is defined by the features of claim
1 and is a system of patient simulation for medical serv-
ices and diagnostic machines. In the following descrip-
tion, for the purposes of explanation, numerous specific
details are set forth in order to provide a thorough under-
standing of the various embodiments. It will be evident,
however to one skilled in the art that various embodi-
ments may be practiced without these specific details.

Patient Simulator

[0017] Referringto Figure 1, a medical simulation sys-
tem 100 coupled to one or more therapeutic device op-
tions 103 is shown, accordance with one or more em-
bodiments. Medical simulation system 100 includes a pa-
tientmodule 101 that represents a body of a patient, elec-
trically coupled to a computing device 102. Patient mod-
ule 101 contains a fluid circuit, input and output ports,
fluid sensors, and control devices, as described in more
detail in subsequent Figure 3. Computing device 102
implements one or more algorithms to simulate and /or
evaluate vital signs of the patient module 101 during an
execution of a clinical scenario. A graphical user interface
(GUI) oninstructor display 104 shows simulation system
options, clinical scenario results, etc. thereby allowing
the instructor to control and manipulate the simulation,
as described in more detail in Figures 5A-5B.

[0018] A patient monitor/delivery device 108 performs
many functions as well, such as displaying physical data
that was measured in patient module 101 and at least a
portion of the clinical scenario. Furthermore, patient mon-
itor/delivery device 108 displays virtual data calculated
by an algorithm in computing device 102, to which it is
coupled, as well as clinical scenario data read from mem-
ory in computing device. Patient monitor/delivery device
108 also accepts input from a system operator, or user,
who is being trained as a clinician on the simulation sys-
tem 100, and who can select virtual control data for virtual
portions of therapeutic devices or for an entire therapeu-
tic device and communicate that virtual data back to com-
puting device 102. For example, patient monitor/ delivery
device 108 can display an oxygen (02) blood level of the
patient, or receive a clinician’s input to increase a virtual
control of 02 delivery to the ECMO machine 112. In com-
bination with the clinician physically changing a blood
flow rate setting on the actual ECMO machine 112 itself,
a resulting increase of the patient module blood level is
shown as increased on the same display, with the blood
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level calculation being performed by the computing de-
vice 102. Patient monitor/delivery device 108 also pro-
vides audio/visual (A/V) training materials during the clin-
ical scenario to simulate a real-life surgical operation or
other hospital setting in which the therapeutic device
could be used. Consequently, a display function is im-
plemented as well as a delivery function of virtual controls
and drug and diagnostic testing by patient display / de-
livery device. Alternatively, separate discrete screens
can be provided for each function.

[0019] Both the patient module 101 and computing de-
vice 102 of simulation system 100 are flexibly designed
to interface with a plurality of extracorporeal therapeutic
device options 103, including standalone HLM machine
110, ECMO machine 112, ECLS 114, VAD machine 116,
HIPEC 118 and balloon pump 119 (only HLM shown)
directly via an external fluid circuit 128 and indirectly via
an electrical coupling 130, e.g.,., a 10/100 Base-T Cat 5
cable. Patient module 101 has a set of input and output
ports 126 and internal components packaged in a small
form factor aluminum housing (400mm x 330mm x
280mm, for example) that is easily transported and sub-
stantially rugged, with a fast set-up time that supports
any of the therapeutic device options 103. Computing
device 102 has a superset of programming capability to
be selectively implemented for a chosen one of the ther-
apeutic device options 103. Peripheral patient support,
such as IV equipment 115 and oxygenator /venous res-
ervoir 117, couple to the simulation system 100 to man-
age fluid supplies realistically. Thus, compared to a med-
ical simulator that is designed to couple only to a single
specific therapeutic device, the present embodiment has
much greater flexibility and usefulness, thereby reducing
cost, and increasing training effectiveness.

[0020] Patient module 101 provides basic core fluid
functions (e.g., arterial flow rate and pressure) for realistic
fluid coupling to therapeutic devices, while computing de-
vice 102 provides any additional fluid functionality (e.g.,
related central venous pressure (CVP), etc.) and simu-
lating of patient vital sign (such as EKG, blood pH level,
etc.) via software. This allows much greater flexibility of
the simulation system 100 to interface with any of a wide
variety of therapeutic device options 103. Consequently,
simulation system 100 provides a holistic simulation ve-
hicle for cost-effectively training clinicians. Physical ma-
terial, e.g., fluid, is communicated between patient mod-
ule 101 and the therapeutic device options 103. Signals
from computing device 102 are used to control physical
components in the patient module 101, such as a stepper
valve. Physical data, such as fluid pressure, is commu-
nicated from patient module 101 to computing device
102.

[0021] In one embodiment, a comma-separated val-
ues (CSV) electronic document, e.g. a spreadsheet, dic-
tates the clinical scenario, with field-separated columns
for over 50 physiological and monitoring variables in a
practically unlimited number of sequential steps, repre-
sented by at least one line of data. The spreadsheet is
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read by the computing device, and evaluated by the al-
gorithmic application software in combination with the
measured fluid data, and the virtually selected variable
to provide the simulated patient vital signs and long-term
clinical course. A virtually selected variable is a variable
or a setting that a clinician sets via the patient monitor/de-
livery device 108 that is used by computing device 102
to algorithmically calculate a related, but not physically
measured, patient parameter, such as pulmonary artery
blood pressure.

Functional Control Plane

[0022] Referring now to Figure 2A, a block diagram
200-A of the functional inputs and outputs of the simula-
tion system is shown, according to one or more embod-
iments. Computing device 102 includes a processor 202
coupled to memory 206 to receive physical data 240-B
from the patient module and to implement one or more
algorithms to simulate vital signs of a hypothetical patient
simulated by the patient module 101 during an execution
of a clinical scenario. In one embodiment, physical data
includes fluid pressure and flow rates, as described in
Figure 3.

[0023] Instructor display 204 illustrates data related to
the clinical scenario. Instructor 1/0 216 is any communi-
cation device and connection such as a keyboard,
mouse, touch screen, wireless device, network connec-
tion for remote access, etc., to share data between an
instructor and computing device 102. Physical control is
provided from computing device 102 to patient module
101 to implement clinical scenario conditions, e.g., a ve-
nous stepper valve is closed in response to a clinical
scenario condition of a patient bleeding out. Operator /O
214 implements physical control input 242 to therapeutic
device options 103 by manually touching their controls.
Operator 1/0 214 also implements virtual control of ther-
apeutic device options 103 via virtual control input 252-
A to patient monitor/delivery device 208 and propagated
virtual control input 252-B to computing device 102. This
effectuates a change by operator 1/0 214 by algorithmi-
cally calculating the effect on patient vital signs and long
term clinical care, and passing that resulting virtual data
back to patient monitor /delivery device 208 via virtual
data 251-B and to instructor display as virtual data 251-
A. Thus, a clinician may selectively choose a drug deliv-
ery option in a GUI displayed on the touch screen of the
patient monitor/delivery device 108. That selection would
be communicated to computing device 102 that would
then algorithmically consider the input when evaluating
other variables to determine the vital signs that the com-
puting device will simulate and then display on the patient
monitor/delivery device 108.

[0024] Physical data 240-A, e.g., flow, pressure, and
temperature, is communicated from therapeutic device
options 103 via the fluid transfer. Physical data 240-B is
communicated from patient module 101 to computing de-
vice 102 by virtue of fluid sensors in patient module 101,
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and is read by computing device 102. The clinical sce-
narios and parameters can be recorded directly to mem-
ory 206, at a desired sampling rate, or to a printer (not
shown) in response to a touch screen request by instruc-
tor 1/0 216 or operator/clinician 1/0 214. Simulation sys-
tem 100 also has an ability to add different types and
sizes of flow sensors to accommodate a wide range of
simulated patient sizes.

[0025] Referring now to Figure 2B, a block diagram
200-B shows the functional inputs and outputs of the sim-
ulation module 250 portion of the simulation system 100
is shown, according to one or more embodiments. Sim-
ulation module 250 is implemented in computing device
102 by storing clinical scenario database 256 and algo-
rithm codes 262 in memory 206 and by accessing and
executing same using processor 202. Inputs to simula-
tion module 250 include physical data 240-B from patient
module 101, virtual control 252-B from patient moni-
tor/delivery device 208, and instructor 1/0 216, as shown
in Figure 2A. Both virtual data 251 and physical data 240
are stored and retrieved from clinical scenarios database
256 during the execution of the clinical scenario.

[0026] Referring now to Figure 3, a schematic of the
patient module 101 is shown, according to one or more
embodiments. Patient module 101 includes a fluid circuit
301 and includes a microcontroller 305, coupled to each
other for simulating a hydraulic function of a hypothetical
patient as shown in the simulation system 100 of Figure
1. Fluid circuit 301 contains conduits, sensors, and con-
trol devices coupled to each other. In particular, fluid cir-
cuit 301 includes an input (IN) conduit, or line, 322 having
an input port 323, a pressure transducer 320 for sensing
input pressure, a variable stepper motor proportioning
valve (stepper valve or SV) 334, shown as a variable
resistance symbol, for varying the resistance on the input
conduit, or line, 322 per the clinical scenario, and a flow
meter 307 for measuring a flow rate of fluid in the input
conduit 322. Similarly, fluid circuit 301 includes an output
(OUT) conduit, or line, 317 having an output port 316,
and a variable stepper motor proportioning valve 332 for
varying the flow restriction, or resistance, on the output
conduit 317 per the clinical scenario. An additional input
conduit is provided with cardiopulmonary (CP) input con-
duit 314 having a CP port 315, a variable stepper motor
proportioning valve (SV) 330 for varying the resistance
on the CP conduit 314 line per the clinical scenario, a
flow meter (FLOW) 306 for measuring a flow rate of fluid
in the CP conduit 314, and a temperature sensor 308 for
measuring temperature (TEMP) of fluid in CP conduit
314. Two additional lines are provided as a pump sucker
312, which provides suction of blood from fluid circuit 301
similar to that used by a surgeon to remove blood from
the chest cavity during heart surgery, and a vent 310,
which allows for the purging of air from the fluid circuit
301. All these described lines and conduits are disposed
parallel to each other from the ports to the venous res-
ervoir 304, to which they are appropriately coupled. Input
ports 323, 316, 315 and ports for pump sucker 312 and
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vent 310, are showninFigure 1 as ports 126. The specific
function and settings of the valves and the impact of the
sensors in the fluid circuit 301 are described hereinafter,
based upon which of the therapeutic device options 103
is coupled to the patient module 101. The variable step-
per motor proportioning valves 330, 332, and 334 can
have a flow rate over a range from about 50 ml/min for
a neonate to about 6.5 L/min for an adult.

[0027] A blood pressure (B.P.) pump 318, implement-
ed as a positive displacement roller pump, couples output
conduit 317 with input conduit 322 to provide a baseline
heartbeat and pressure in input conduit 322 for initial cou-
pling of patient module 101 to a therapeutic device, as
part of the protocol for establishing a connection between
and confirming the connection with a heartbeat and pres-
sure. That is, some therapeutic machines check for a
patient pulse prior to initiating treatment. The speed of
the pulsating B.P. pump 318 matches the patient heart
rate as dictated by the clinical scenario. The volume of
the venous reservoir 304 can be adjusted to accommo-
date different patient sizes by manually inserting a dis-
placement object inside the reservoir or by adjusting the
volume (VOL) level sensor 309 such that the threshold
level is lower for a smaller size patient. Temperature sen-
sor 331 provides temperature reading for the fluid in the
venous reservoir 304. The fluid sensors for flow 307,
pressure 320 and resistance 334 of the fluid flow in input
conduit 322 is common to HLM 110, ECMO machine
112, VAD machine 116, and aortic balloon pump 119
since all these therapeutic devices access blood and are
concerned with measuring pressures and flows and mod-
eling the body to show responses to different protocols
and devices that affect the pressure and flow.

[0028] Variable resistance symbol represent variable
pressure drops in fluid conduit between patient and heart
lung machine to simulate a pinched or occluded catheter,
or a catheter pressed against the wall of the heart or
vessel that can stop orrestrict the blood flow. The variable
pressure drop can be accomplished by any mechanical
means of restricting the effective diameter of the tubing.
For example, stepper motor valve 334 can be controlled
by feedback from the pressure transducer 320 and there-
by be used to maintain the blood pressure to match the
readout in the algorithmic model and on the ICU monitor.
[0029] Therapeutic device options 103 include anyone
of the HLM 110, ECMO machine 112, HIPEC 118, VAD
machine 116, and balloon pump 119 are all selectively
coupled to input port 323 and output port 316 as the two
common fluid ports of patient module 101 that apply to
each of the therapeutic device options 103. Note that
input conduit 322 and output conduit 317 are referred to
generally as ’input’ and 'output’ because the specific hu-
man blood vessels they represent are different from each
other. For example, for the HLM 110, input conduit 322
represents an arterial blood vessel, while output conduit
317 represents a venous blood vessel. In contrast, for
the ECMO machine 112, input conduit 322 represents
an arterial or venous blood vessel, while output conduit
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317 represents a venous blood vessel. This embodiment
for ECMO allows a different simulated blood path of ve-
nous out/ venous in (VV) or venous out / arterial in (VA)
to the patient module 101 without any plumbing hardware
changes in the fluid circuit 301. As another example, for
the HIPEC machine 118, input conduit 322 represents
an input to the peritoneal cavity, while output conduit 317
represents an output to the peritoneal cavity. In contrast,
for the VAD machine 116 and balloon pump 119, input
conduit 322 represents a ventricular blood vessel, while
output conduit 317 represents an atrial blood vessel. Just
as input line 322 and output line 317 can be configured
and labeled to represent different blood vessels in the
body, so can stepper valves be configured and labeled
to represent different functions and settings, depending
upon the therapeutic device option chosen and the clin-
ical scenario operated on the simulation system. For ex-
ample, stepper valve 334 provides the resistance in the
arterial (input) line 322 to maintain an arterial blood pres-
sure reading 320 at the pressure indicated on the patient
display /delivery device 108, described hereinafter. This
arterial blood pressure is determined by several factors
dictated by the clinical scenario including the patient size,
clinical pathology and blood flow 306 generated by the
heart lung machine 110 or ECMO machine 112. Like-
wise, stepper valve 332 controls the rate of blood drain-
age from the patient through the venous drain. Partially
closing valve 332 will result in an accumulation of blood
in reservoir 304 with the concomitant increase in the pa-
tient’s simulated blood volume and reflex alterations in
blood pressure, etc.

[0030] The flexibility of patient module 101 arises from,
in part, tracking and labeling the inputs to and outputs
from microcontroller 305, which are subsequently com-
municated to computing device 102, according to an
identified one of the therapeutic device options 103 uti-
lized in the clinical scenario. Thus, for HLM simulation,
pressure 320 and flow meter 307 sensor outputs are la-
beled and evaluated in the clinical scenario as ’arterial’
blood vessel values, while the same sensor outputs are
labeled and evaluated in the clinical scenario as ’perito-
neal fluid values for a HIPEC simulation. Optional heater
(HTR) / cooler 311 is coupled to the HLM 110 and the
ECMO machine 112 for improved features in the clinical
scenario. The HLM 110 requires additional plumbing that
is provided in patient module 101 as pump sucker 312
and LV vent line 310, which are included in the superset
of fluid conduits 301 to as to provide the universal appli-
cation to therapeutic device options 103.

[0031] Microcontroller (uController) 305 interfaces
multiple input lines (I-1 through 1-6), for sensing input
values, and multiple output lines (O-1 through O-4), for
controlling the different control devices, via an analog to
digital (A/D) converter 303. In particular, inputs to uCon-
troller 305 include CP flow meter 306 input I-1, CP tem-
perature 308 input I-2, input conduit flow meter 307 input
I-3, venous reservoir temperature 309 input I-4, venous
reservoir level 309 input I-5, and input conduit pressure

10

15

20

25

30

35

40

45

50

55

320 as input I-6. In particular, outputs from uController
305 include input conduit stepper valve 334 as output O-
1, output conduit stepper valve 322 as output O-2, CP
stepper valve 330 as output O-3, B.P. pump 318 control
as output O-4. Microcontroller 305 includes programma-
bility functions with memory for storing firmware or soft-
ware, e.g., on EEPROM, such that microcontroller 305
can behave ’reflexively’ to conditions sensed in patient
module 101. Thus, for example, if volume level sensor
309 input I-5 reaches a low threshold, i.e. an indication
that the patient is bleeding out, then uController 305
reads that low threshold value, and outputs a signal to
close CP conduit stepper valve 330, thereby maintaining
fluid in patient module 101 and avoiding a dry operation,
while indicating to a HLM 110, via the pumped fluid, that
a problem exists.

[0032] Microcontroller 305 is a real-time and modular
embedded control system that, in one embodiment, in-
cludes a processor, FPGA, 512 MB built in memory, and
ten slots for modules, all coupled to each other. Available
modules include analog I/O, industrial digital I/O, TTL
I/O, reed relays, RTDs, SSRs, stepper driver and other
control functionality. The simulator software takes the
sensor readings and uses them as input into the physi-
ological algorithms to generate the patient’s responses
and drive the O.R. monitor. Scenario actions that require
mechanical responses will drive the uController 305 to
control the pump and stepper valves as shown in Figure
3. While the specific embodiment is provided herein for
microcontroller 305, those skilled in the art appreciate
that a wide variety of computing devices can be utilized
to provide the control and computations needed in patient
module 101.

[0033] Microcontroller 305 is coupled to computing de-
vice 102 via the A/D converter module 303 such that data
from the patient module 101, e.g.,, bypass blood flow
rate, cardioplegia flow and circulating blood volume, is
communicated to computing device 102 and combined
with data from sensors and actuators to detect and react
appropriately to the inputs imposed by the various extra-
corporeal and cardiopulmonary support devices on the
human body. These reactions include the dynamic and
long-term impact on the cardiovascular system, the res-
piratory system, the hematological system, and the renal
system.

[0034] Still referring to Figure 3, an IV fluids drip bag
(shown 115 in Figure 1) is coupleable to patient module
101 directly (not shown), or indirectly via reservoir 117,
for the clinician to administer additional fluid. This is in-
cluded as part of the simulation because adding fluid is
a common treatment used to increase the circulating
blood volume of the patient. This will greatly affect the
blood pressure and cardiac output. Patient module 101
cansense any fluid administration by measuring changes
in the venous reservoir volume via a level sensor 309. If
the clinician administers more volume from the IV bag
(for example in response to a falling blood pressure as
dictated by the clinical scenario), the simulator will re-
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spond with an appropriate increase in the algorithmically
generated virtual value of central venous pressure (CVP)
as well as an increase in blood pressure 320 resulting in
an increase in algorithmically generated cardiac output
and algorithmically generated mixed venous 02 satura-
tion (SVO2). (See Figure 5A, bottom middle)

[0035] The HLM 110 and the ECMO machine 112, as
well as the HIPEC machine 118, VAD machine 116, and
aortic balloon pump 119, can be standard hospital equip-
ment to which a patient would be coupled, e.g., by tubing
that represents blood flow from the patient’s artery and
vein to the input and output of the Heart/Lung machine
(HLM) and /or ECMO machines (ECMOM). No electrical
connections are required between the patient simulators
and the hospital machines in the present embodiment.
However, in another embodiment, sensors can be placed
on the patient module, e.g., to measure a patient’s tem-
perature, blood pressure, blood 02 rate, etc. The read-
outs from those sensors can be fed to diagnostic and
therapeutic machines 103 or those mentioned in the next
section, to provide input and feedback, and more realis-
tically represent a patient’s interaction with the machines.
By replacing the patient with the patient module 101, dif-
ferent patient scenarios and responses can be presented
to the clinician, with the clinician’s input and changes
being accurately represented therein. The hardware por-
tion of the patient module 101 provides controlled tem-
perature, fluid flow rates or blockages, modulated pres-
sure, pressure spikes or pressure drops, and accurate
volumetric representation of a human cardio pulmonary
system via the uController 305 and/or the computing de-
vice 102 controlling the valves and pump in the patient
module 101. The interaction of the software models and
the hardware and measurement and metrics input to the
software model to allow the simulation system to simulate
patient treatments and responses. Some patient treat-
ments are provided as virtual interfaces with the diag-
nostic/treatment machines, e.g., communicated on link
131 and displayed on patient monitor/delivery device 108
via computing device 102 software algorithm and model
for the delivery of drugs, reaction to drugs, contraindica-
tions, etc. in response to an operator’s selection of type
of drug, quantity of drug, and rate of delivery. Other pa-
tient conditions such as activated clotting time (ACT),
heparin resistance, elevation of blood pressure, heart
failure. pathologies, etc. can be programmed with variety
of degrees of cardiovascular disease and representative
equipment malfunction, simulated ventilator perform-
ance for controlling 02 and CO2, etc., while simulating
the patient transition on or off the ECMO machine as
would be done clinically.

[0036] The hydraulic portion of the patient module 101
simulates the blood flow between the ECMO machine
112 and the patient. That is, patient module 101, via an
interactive system, pumps fluid (e.g., colored water to
simulate blood) between patient module 101 and any of
the therapeutic machine options 103. This simulation pro-
vides a more life-like representation of the interaction be-
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tween the three primary interactions in patient treatment:
i) between a patient and the ECMO or CPB machine, ii)
between the operator and the patient, e.g., delivering
drugs, and iii) between the operator and the ECMO ma-
chine, e.g., modifying controls of the ECMO machine.
Thus, the present system provides a full bidirectional
communication, interaction, and feedback between the
three primary components of the system. Any combina-
tion or permutation of conditions and reactions between
the three primary interactions can be provided as desired
by the programming steps provided hereinafter.

[0037] Patient module 101 may be selectively operat-
ed in multiple modes, including a real mode or in a sim-
ulation mode. In the real mode, computing device 102
interacts with the patient module 101 to evaluate at least
one fluid property measured and to provide a signal to
the at least one control device disposed. In the simulated
mode, no interaction exists between patient module 101
and computing device 102, with computing device 102
calculating all data for patient module 101. In a hybrid
mode, the patient module 101 measures flow and vol-
ume, and models patient responses (with proprietary
physiological models that simulate responses), but with
no feedback, no valves, etc. that would measure the in-
teraction with the ECMO machine 112. In this mode, the
patient attributes can be modeled in the patient module
101, e.g., sicker patient, recovering patient, an acute con-
dition or crashing patient, etc. This baseline patient mod-
ule 101 is a cost-effective tool for new trainees. Features
can be manually performed on this baseline patient mod-
ule 101, such as manually closing off a hose, to simulate
a kink in the catheter.

[0038] However, as competence grows, a trainee
should transition to another embodiment of the patient
module 101 thatdoes provide an output and doesreceive
an input (feedback) that measures and receives changes
to the patient module 101. This 'smart’ ECMO patient
module provides more life-like responses and interac-
tions that would prepare a clinician for the complications
that frequently arise in treating real patients.

[0039] Referring to Figure 4, a schematic diagram of
the patient monitor/delivery device 108 in ECMO mode
is shown according to one or more embodiments. The
balance of simulator system 100 interactively interfaces
with the patient module 101, one or more diagnostic or
patient therapeutic machine options 103, and simulated
(virtual) physiological systems such as drug administra-
tion, (together "components") and the settings, operator
changes to the settings, instructor changes, the compo-
nents, responses from the components, in a single inte-
grated system. Fluid is pumped between the ECMO ma-
chine 112 and the patient module 101 while flow rates
and volumes are being measured for compliance to ac-
ceptable standards using flow meter 307 and volume lev-
el 309. Oxygenation generation and CO2 removal are
simulated by computing device 102 for ECMO machine
112 using modeling algorithms that the operator can ma-
nipulate via the touch screen of the patient monitor/ de-
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livery device 108. Real-time feedback, programmable
patient parameters and scenario settings, instructor
overrides and modifications provide a nearly indefinite
number of testing scenarios through which competent
technologists can be trained.

[0040] In particular, the simulator system can simulate
blood clotting properties and three concurrent blood gas-
ses (pre-Oxygenator, Post-oxygenator, and patient
blood gasses, arterial and venous). It can provide full
interaction between all four properties to track and model
how a change in one or more properties will affect the
other properties. It can also model how cardiovascular
changes arise, and how pulmonary functions interact with
a fluid pump in ECMO machine 112 and ventilator sim-
ulator and algorithmically defined patient condition pro-
vided by computing device 102. While a default set of
algorithms are presented for simulation system 100 in
the presentembodiment, a user can programmably enter
different algorithm formulas, weighting values, and set-
tings for an alternative configuration.

[0041] An optional ancillary O.R. monitor (not shown),
besides showing typical cardiovascular parameters, can
also display any of several ancillary O.R. monitor func-
tions such as the ACT machine, in-line blood gas moni-
tors or outputs from various point of care (POC) devices
such as blood gas analyzers or heparin management
system (HMS) printouts. Which ancillary monitors are
used and when they are visible during the case can all
be controlled using simulator GUI via instructor display
104. Any of several different electrocardiogram (EKG)
patterns can also be displayed including sequentially ad-
vancing to an arrest EKG pattern upon sensing adequate
delivery of cardioplegia. Using a touch screen, the oper-
ator can administer drugs, print strip charts of lab data
generated by the simulator, and make adjustments in
gas flow and fraction of inspired oxygen (FIO2) of the
CPB sweep gas.

Controller Display

[0042] Referring now to Figure 5A, a controller display
104 is shown according to one or more embodiments.
The instructor display 104 serves as the "controller dis-
play" GUI to be used by the instructor or simulation op-
erator. This panel allows the operator to manipulate var-
ious physiological parameters related to the patient,
change the types of monitors displayed on the O.R. mon-
itor screen as well as control the progress of the clinical
scenario.

[0043] The proprietary software of simulator system
100 is very customizable which allows the trainer to write
custom clinical scenarios for the trainee. Examples of
diagnostic and patient-servicing machines include blood
pressure monitors, EKG monitors, ventilators, Activated
Clotting Time (ACT in-line blood monitoring systems,
pulse oximeters, spectrum variable input patient elec-
tronic record display, homeostasis management system
(HMS), blood gas analyzer, and cerebral oximetry
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(NIRS). Inputs from these machines can be fed to the
simulator CPU via data cable. Alternatively, the data can
be communicated in atable format, e.g., in a spreadsheet
format, that is usable by the system and software.
[0044] Data from any of the aforementioned sources
can be modeled and presented on the display for the
operator and instructors as an additional or alternative
O.R. display parameter. For example, channels or pa-
rameters can be shown on the O.R. monitor for bispectral
index "BSI" or thromboselastogram ("TEG"), and a vari-
ety of different Lab diagnostic printouts.

[0045] Patient specific factors (sex, height, weight),
physiologic factors including left ventricle (LV) and right
ventricle (RV) contractility, heart rate, pulmonary func-
tions (pulmonary compliance, shunt fraction, dead
space) depth of anesthesia and metabolic rate can all be
specified through the scenario or by the controller dis-
play. By adjusting these factors, pre-existing co-morbid-
ities can be simulated and actual patient physiology can
be controlled according to temperature and drug load.

Clinical Scenarios

[0046] Clinical scenarios in the present disclosure can
be preloaded and called up and applied in a variety of
timings, stop/start on command, printed out on a local
device or stored on electronic or medical data storage
devices, such as a USBdrive, anetwork drive, or memory
206 of Figure 2A. Other clinical monitors and analyzers
can be shown on the patient monitor/delivery device 108
and can be activated and utilized at the discretion of either
the trainee or the instructor based on their input to the
system. Additionally the clinical scenarios can also acti-
vate the various monitors, analyzers and other clinical
devices. All three patient simulators are self-contained.
They do not require additional devices such as the EKG
machine or Blood Pressure Monitor.

Absolute Mode

[0047] Referring to Figure 6, a clinical scenario
spreadsheet is shown according to one or more embod-
iments. Clinical Scenarios can be written and loaded into
the Simulator as a spreadsheet. Each columnrepresents
either a different control from the Controller display or a
specific action to be performed. Each row defines a dif-
ferent step (Scenario Steps) that determines all of the
settings and variables that define the patient and the pa-
tient monitoring choices. Below is a composite view of
an actual spreadsheet used to program a clinical scenar-
io composed of three steps illustrating the 56 individual
variables that are manipulated by the simulator.

[0048] The first three columns define the step number,
name and the length of time (duration) that the simulator
will wait before advancing to the next step. This informa-
tion is then displayed on the drop-down table near the
middle of the controllers screen (see Figure 5A) This
scenario table along with the Scenario Progress bar and
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the green and red "GO" and "Stop" buttons below it are
controls the operator can use to start and stop the auto-
matic progression, jump to any other step and otherwise
monitor the progress of the scenario.

[0049] The nextfive columns define the Patient ID, sex
age height and weight. This information will be used by
the computer models (algorithms) that will determine
many of the physiological parameters and responses of
the patient. The next five columns (I-M) are data used to
define the "Heparin Sensitivity" of the patient and repre-
sent variables used to for the "Heparin Management Sys-
tem" (HMS). The display output for the HMS can be called
up by the clinician using a button on the touch screen
that will also be printed by the receipt printer. The "Sur-
gical Events", column O, are entries that can be used to
communicate with the clinician to indicate the progress
of the surgery. This entry shows up at the top of the "O.R.
monitor". The next two columns, P and Q are used to
control the O.R. clock shown at the top left of a monitor.
"Time Factor" dictates how fast the O.R. clock will move.
For example, with an entry of 10, the O.R. clock will move
ahead ten seconds every second. "Advance" is used to
force the O.R. clock to jump ahead. The "Text to Speech"
and "Voice" columns (R and S) will cause the simulator
to talk, using one of three voices as determined by the
"Voice" entry. Column T (Anesthetic Factor) allows the
operator to adjust the depth of anesthesia for the patient.
This will cause a change in the rate of metabolism for the
patient that will in turn alter the rate of Oxygen consump-
tion and CO2 production via the metabolic algorithms in
the models.

[0050] Columns U throughW adjustthe cardiovascular
health of the patient. Manipulations of these variables
will show up as changes in the pressure waveforms (and
pressure values) shown on the "O.R. monitor".

[0051] Surgical application of the aortic "cross clamp”
can be initiated with a true entry in column X, causing
the heart to stop ejecting blood and the blood pressure
to fall (unless the heartlung machine operatoris perform-
ing their task appropriately).

[0052] ColumnsY, Z and AA control variables associ-
ated with "Cardioplegia" delivery (anesthetic for the
heart). The simulator has flow sensors that will measure
the delivery of cardioplegia from the heart lung machine.
ColumnY dictates whether the cardioplegia will enter the
heart in an antegrade or retrograde (against the normal
blood flow pattern). The flow factor (column Z) dictates
the speed to which the heart will respond to the delivery.
As cardioplegia is delivered, the EKG pattern will auto-
matically cycle through 12 individual patterns ranging
from a normal pattern to a flat line depending on the rate
of the cardioplegia delivery. If the cardioplegia is being
delivered retrograde, the CVP pressure trace (dashed
bottom line in Figure 4) will automatically convert to a
display of "coronary sinus pressure" indicating the driving
pressure of the cardioplegia. The "Retrograde Resist-
ance" column (AA) can then be used to indicate the re-
sistance to flow, affecting the pressure displayed on the
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monitor.

[0053] The patient’'s bladder temperature and arterial
and venous blood temperatures are dictated by columns
AB, AC and AD. Which of the twelve EKG patterns is
displayed and the patient’s heart rate are set by entries
in columns AE and AF. The patient's accumulated urine
output is control by column AG and the results are con-
tinuously displayed on the O.R. monitor. The next ten
columns (AH-AR) represent lab results for various blood
values. Some of these values are displayed on the on-
line blood monitors. Some are used in the computer mod-
els to calculate secondary variables and some are dis-
played in the lab results print-out

[0054] The activated clotting time (ACT) analyzer is
controlled by the next four columns (AT-AW). This ACT
analyzer becomes visible by a true condition in column
AY. ACT 1 and ACT 2 (columns AT and AU) dictate the
resultant clotting time after the analysis is complete. The
time factor allows the machine to advance faster than
real time to allow it to move to completion without the
need to wait the entire time for the result. A TRUE value
in the start column (AW) will initiate the analysis.

[0055] The remaining nine columns determine which
of the available monitors and analyzers will be visible on
the O.R. monitor screen.

[0056] An entry of 'true’ in column AX and BC will dis-
play the blood analyzer strip showing the results of the
blood gas analysis. An entry of 'false’ in the last column
(BD) will display the results of the venous blood gas and
‘true’ will display the results for arterial blood. These re-
sults can be printed out on the receipt printer if the clini-
cian presses the red button labeled ’call for blood gas’
shown on the O.R. monitor.

[0057] In addition to pausing and restarting the sce-
nario, the controller can change any one of the functions
represented by columns in the programming spread-
sheet. Each of these functions is represented by an in-
dividual control on the Controllers Display (see Figure
5A).

[0058] The controller also has the option of saving per-
tinent patient data in an "electronic medical record" of
the case. Data relevant to the case can be stored in a
separate spreadsheet that time stamps the data.
[0059] Comments from the controller can be entered
during the case by typing into a data entry box in the
middle of the Controllers Display and hitting the "Submit"
button (see Figure 5A).

Calculated Mode

[0060] A patient monitor/ delivery device can be used
in "Calculated Mode" (not shown) according to one or
more embodiments. The major difference between the
"Absolute Mode" and the "Calculated Mode" is that the
"Calculated Mode" provides the ability for the simulator
to calculate various blood gas parameters based on the
actions of the clinical operator instead of dictating the
values as described above. In the case of the Calculated
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Mode, a ventilator option is included on the patient mon-
itor/ delivery device.

[0061] In calculated mode, the clinician can make the
patient ventilator visible on the O.R. monitor screen (high-
lighted with the red circle) by touching the lower green
button off to the far right labeled "Ventilator". "Pressure
Mode" ventilation or "Volume Mode" ventilator options
can be selected. The ventilator is operated by first touch-
ing the knob on the ventilator to activate it, and then turn-
ing the large thumb wheel in the far left bottom corner to
adjust the parameter accordingly. All of the blood gases
including pH and venous 02 saturation will respond ac-
cordingly based on the patient’s size and temperature by
means of the algorithm models in the simulator. In addi-
tion, variables for ventilating the artificial lung in either
the heart lung machine or ECMO machine can be ad-
justed by means of the "Oxygenator Controls" (highlight-
ed by the yellow circle) made visible by the upper green
button to the farright. Changesinthe "Oxy Sweep" (upper
control) or "Oxygenator FIO2 (middle blue knob) will also
change the patient’s blood gases and pH depending on
the blood flow rate being delivered by the heart lung ma-
chine or ECMO machine. Both the ventilator and machine
oxygenator are working concomitantly, allowing the op-
erator to adjust each independently. This makes it pos-
sible to challenge the clinician to determine whether the
patient is well enough to allow termination of the extra-
corporeal blood support and therefore transition to the
ventilator alone.

[0062] The spreadsheet used to load the scenario for
the "Calculated Mode" has some differences from that
described above for the "Absolute Mode". For the "Cal-
culated Mode", the first difference is the inclusion of pa-
rameters describing the patient’s lung disease. Dead
space (S), Pulmonary Shunt Fraction (V), Airway Resist-
ance (W) and Pulmonary Compliance (X), are variables
that characterize the degree of lung disease suffered by
the patient. Changes in any one of these parameters re-
quire a specific change in the adjustment of the ventilator
and will have an effect on the blood gas results. Likewise,
Oxygenator Shunt (T) defines the effectiveness of the
artificial lung and together with Cannula Recirculation (U)
will determine the impact of the heart lung or ECMO ma-
chine.

[0063] Another major difference in scenario parame-
ters is the lack of any blood gases in the "Calculated
Mode" scenario since these are all being calculated. Like-
wise, instead of dictating the patient’s bladder tempera-
ture, the "Calculated Mode" relies on the temperature
probe in the simulator reservoir for the value used in the
algorithms and displayed on the O.R. monitor screen.
[0064] Referring now to Figure 7, a flowchart 700 of a
process simulating a patientinteraction with a therapeutic
machine is shown, according to one or more embodi-
ments. Flowchart 700 is implemented on processor 202
and memory 206 of computing device 102 with relevant
data communicated between patient module 101, patient
monitor/delivery device 108, and computing device 102,
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as appropriate for the protocol. Flowchart 700 initiates a
clinical scenario in operation 704, per input from instruc-
tor or clinician calling up an executable file from comput-
ing device 102 of Figure 1 and providing a therapeutic
device selection input 704-A, e.g., an ECMO machine. If
the simulation system 100 is operated in real mode, then
an identified therapeutic device from the therapeutic de-
vice option set 103 is coupled to the patient module 101.
Else, if the simulation system 100 is operated in simula-
tion mode, the identified therapeutic device can either be
coupledtothe patientmodule 101, or not, since any phys-
ical device inputs are ignored, and the entire clinical sce-
nario is executed in a virtual mode.

[0065] Inoperation 705, data is read from a sequential
step of the electronicfile, i.e., from all relevantfields, such
as columns A through BD of a spreadsheet file, as de-
scribed in the prior Figure 6. Operation 708 evaluates
the data from the spreadsheet for the given sequential
step. For example, spreadsheet columns relating sex,
age, height, weight, body fluid and organ temperatures,
urine output, and degree of lung disease, or other pathol-
ogy will be evaluated by one or more algorithms 262 of
Figure 2B operating in the clinical scenario module 252,
which is executed the processor 202 and memory 206
of computing device 102. Operation 708 also accepts
input from many different sources, such as virtual patient
and control data input 708-A, which is data the algorithm
synthesizes internally from spreadsheet data that was
just read. For example reading a patient data on heart
conditions in one algorithm can then provide input to an-
other algorithm, such as a cardio algorithm, thatinternally
degrades a baseline related heart metric because of the
given patient pathological conditions. Another input to
the evaluation operation 708 is physical device sensor
data 708-B, e.g. pressure and flow data sensed by ucon-
troller 305 via A/D 303 in patient module 101 and com-
municated to computing device 102 via link 130, as
shown in Figures 1 and 3. For example, while a given
patient module might appear properly coupled to an EC-
MO machine foran ECMO simulation, the actual initiation
of a transfer of fluid from patient module 101 to ECMO
machine 112, might expose a flaw in the physical cou-
pling of the tubing. This might lead to a change in meas-
ured performance, such as a miscoupled port having a
leak and thereby resulting in a drop of measured pressure
320 on input line 222 of Figure 3A that is then commu-
nicated to algorithm evaluation operation 708. Virtual de-
vice adjustment input 708-C can also be input to opera-
tion 708. This input can arise from an adjustment by the
clinician ab initio or preemptively, i.e., before the simu-
lation finishes evaluating the sequential step in the sim-
ulation system 100. Another input is instructor input 708-
D, which can implement a wide range of control adjust-
ments or timing, as described in Figure 5A. Finally, an-
notations input 708-E can be input to the system by in-
structor or clinician for noteworthy conditions, reactions,
or performances. An output of recording data 708-F can
record any time-sampled rate of physical and virtual data,
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ranging from the equipment settings, to the simulated
patent vital signs, along with annotations to capture the
overall performance.

[0066] As the algorithms evaluate the input data pro-
vided in operation 708, that resulting output data is com-
municated to user displays in operation 710. For exam-
ple, patient physiology and virtual control information, as
discussed in Figure 5A, can be communicated to user
display(s), e.g., to instructor on computing device 102,
and to clinician via patient monitor/delivery device 108,
of Figure 1. The clinician might receive data such as
patient physiological conditions and optional simulated
(virtual) physiological systems such as drug administra-
tion, (together "components"). The instructor display re-
ceives a more complete suite of information for control
and testing purposes.

[0067] In parallel to information being passed to user
displays, other information from the algorithm evaluation
operation 708 is communicated to physical devices in
operation 712. Algorithm outputs are provided on elec-
trical, optical, etc. lines 130 to physical control devices
in patient module 101, e.g., stepper valves 330, 332, 334,
B.P. pump 318, etc. to set the simulated patient scenario
for the clinician. Thus, if the patient being simulated by
the patient module 101 is an overweight adult male with
acute arterial sclerosis, a signal can be communicated
to stepper valve 334 that will reduce its internal diameter
significantly from what would otherwise be a normal di-
ameter size for a healthy patient. Many other application
specific scenarios can be presented in the data of the
spreadsheet.

[0068] Another parallel branch of output from the algo-
rithm evaluation operation 708, is operation 714 of com-
municating audio/visual (A/V) broadcast data to the user.
Forexample, atextto speechinstruction can be executed
on a speaker system of patient monitor/ delivery device
108 to communicate a statement, order, question, or oth-
er interaction with the clinician/ operator. In another ex-
ample, a video clip of a surgeon head-cam can begin
playing at the time a step for initiating the HLM is given.
Alternatively, a video or still picture of a clinical or diag-
nostic test, such as an angiogram, requested by the clin-
ical scenario can be brought up.

[0069] Thus, with the multiple parallel branches for da-
ta output from the algorithmic evaluation operation 708,
the system provides a near real-time experience for the
clinician with many changes occurring at once. For op-
erations or conditions that are meant to be serial, data
can be provided for in subsequent steps in the spread-
sheet. Alternatively, only one variable can be changed
at a time, with all other variable in the spreadsheet re-
maining constant across multiple steps.

[0070] As the algorithm evaluates the data, and as the
patient module 101 and the therapeutic devices begin to
react, the simulation system will receive inputs in oper-
ation 716 from a user of the simulation system who has
evaluated the situation and is reacting by changing set-
tings on physical control devices or virtual control devic-

10

15

20

25

30

35

40

45

50

55

1"

es, as inputs 716-A and 716-B, respectively. Recording
data operation 716-C can electronically store the inputs
716-A and 716-B along with the patient’s physiological
data, both from physical sensors and from virtually sim-
ulated vital signs for subsequent analysis and grading of
the clinician.

[0071] Inoperation718,aninquiry determines whether
a change in the sequence of the clinical scenario is de-
sired. If no change is desired, then operation 719 ad-
vances the clinical scenario to the next sequential step
in the spreadsheet, and the flowchart 700 repeats, start-
ing at operation 705 of reading of data from that next
sequential step. If, however, the instructor does wish to
adjust the timing of the clinical scenario, and then input
722-A from instructor can change clinical scenario timing
in operation 722. The timing can be halted, accelerated,
stepped forward in time, slowed down, sped up, or the
clinical scenario could be canceled. This operation allows
an instructor to input commands via instructor display
104 to processor 202 in computing device 102 for altering
the timing. For example, an instructor may wish to ad-
vance to a step halfway through a given clinical scenario
for focusing a clinician on a discrete operation. If the clin-
ical scenario is not canceled by the instructor, then after
operation, the clinical scenario advances to the next se-
quential step in the spreadsheet, and flowchart 700 re-
pasts.

[0072] Once aclinical scenario has been completed or
stopped, a different clinical scenario may be uploaded in
software, and an entirely different scenario tested on the
clinician. Alternatively, after a given clinical scenario has
been completed or stopped, atherapeutic device coupled
to the patient module 101 can be changed to a different
therapeutic device in just minutes, and another clinical
scenario for the new therapeutic device can be run on
the same patient module 101 and computing device 102
equipment. Alternatively, the same patient physiological
data can be reused on the new therapeutic machine, and
thus offer a closely timed comparison of how different
therapeutic machines will result in different vital signs
and different long-term clinical course results.

Alternative Embodiments

[0073] Referencestomethods, operations, processes,
systems, and apparatuses disclosed herein that are im-
plementable in any means for achieving various aspects,
and may be executed in a form of a machine-readable
medium, e.g., computer readable medium, embodying a
set of instructions that, when executed by a machine such
as a processor in a computer, server, etc. cause the ma-
chine to perform any of the operations or functions dis-
closed herein. Functions or operations may include re-
ceiving, measuring, communicating, altering, adjusting,
transmitting, and the like.

[0074] The term "machine-readable" medium includes
any medium that is capable of storing, encoding, and/or
carrying a set of instructions for execution by the com-
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puter or machine and that causes the computer or ma-
chine to perform any one or more of the methodologies
ofthe various embodiments. The "machine-readable me-
dium" shallaccordingly be taken toinclude, but not limited
to, solid-state memories, optical and magnetic media,
compactdisc and any other storage device that can retain
or store the instructions and information, e.g., only non-
transitory tangible medium. The present disclosure is ca-
pable of implementing methods and processes de-
scribed herein using transitory signals as well, e.g., elec-
trical, optical, and other signals in any format and protocol
that convey the instructions, algorithms, etc. to imple-
ment the present processes and methods.

[0075] Exemplary computing systems, such as a per-
sonal computer, minicomputer, mainframe, server, etc.
that are capable of executing instructions to accomplish
any of the functions described herein include compo-
nents such as a processor, e.g., single or multi-processor
core, for processing data and instructions, coupled to
memory for storing information, data, and instructions,
where the memory can be computer usable volatile mem-
ory, e.g. random access memory (RAM), and/or compu-
ter usable nonvolatile memory , e.g. read only memory
(ROM), and/or data storage, e.g., a magnetic or optical
disk and disk drive). Computing system also includes op-
tional inputs, such as alphanumeric input device includ-
ing alphanumeric and function keys, or cursor control de-
vice for communicating user input information and com-
mand selections to processor, an optional display device
coupled to bus for displaying information, an optional in-
put/output (I/0) device for coupling system with external
entities, such as a modem for enabling wired or wireless
communications between system and an external net-
work such as, but not limited to, the Internet. Coupling of
components can be accomplished by any method that
communicates information, e.g., wired or wireless con-
nections, electrical or optical, address/data bus or lines,
etc.

[0076] The computing system is only one example of
a suitable computing environment and is not intended to
suggest any limitation as to the scope of use or function-
ality of the present technology. Neither should the com-
puting environmentbe interpreted as having any depend-
ency or requirement relating to any one or combination
of components illustrated in the exemplary computing
system. The present technology may be described in the
general context of computer-executable instructions,
such as program modules, being executed by a compu-
ter. Generally, program modules include routines, pro-
grams, objects, components, data structures, etc., that
perform particular tasks or implement particular abstract
data types. The present technology may also be prac-
ticed in distributed computing environments where tasks
are performed by remote processing devices that are
linked through a communications network. In a distribut-
ed computing environment, program modules may be
located in both local and remote computer-storage media
including memory-storage devices.
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[0077] Methods and operations described herein can
be in different sequences than the exemplary ones de-
scribed herein, e.g., in a different order. Thus, one or
more additional new operations may be inserted within
the existing operations or one or more operations may
be abbreviated or eliminated, according to a given appli-
cation, so long as substantially the same function, way
and result is obtained

[0078] Although the present embodiments have been
described with reference to specific example embodi-
ments, it will be evident that various modjifications and
changes may be made to these embodiments without
departing from the broader spirit and scope of the various
embodiments.

[0079] The foregoing descriptions of specific embodi-
ments of the present disclosure have been presented for
purposes of illustration and description. They are not in-
tended to be exhaustive or to limit the invention to the
precise forms disclosed. Many modifications and varia-
tions are possible in light of the above teaching without
departing from the broader spirit and scope of the various
embodiments. The embodiments were chosen and de-
scribed in order to explain the principles of the invention
and its practical application best, to enable others skilled
in the art to best utilize the invention and various embod-
iments with various modifications as are suited to the
particular use contemplated. Itis intended that the scope
of the invention be defined by the Claims appended here-
to and their equivalents.

Claims
1. A medical simulation system (100), comprising:

a patient module (101) that represents a human
body, the patient module comprising:

a fluid circuit (301), with at least one fluid
sensor, coupleable to different types of ther-
apeutic machines (103) that include an ex-
tracorporeal membrane oxygenator ['EC-
MQO"] machine (112), for interactively com-
municating a fluid therebetween;

a patient display/delivery device (108) coupled
to the patient module;

a computing device (102) coupled to the patient
module and the patient display/delivery device,
the computing device comprising a processor
and a memory that are coupled to each other
and are configured to:

interact with the patient module to simulate
one or more vital signs of the patientmodule
as the patient module interacts with at least
one of the different types of therapeutic ma-
chines; and
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receive physical data of at least one meas-
ured pressure of the fluid from the sensor
in the fluid circuit of the patient module and
provide instructions to the patient module
to implement a clinical scenario (252);

generate at least one simulated pressure
signal to control a physical component in
the fluid circuitbased on the measured pres-
sure for the patient module interacting with
the at least one of the different types of ther-
apeutic machines, to display on the patient
display/ delivery device; and wherein:

the computing device contains a super-
set of programming capability for one
or more different types of therapeutic
machines; and

the medical simulation system simulates
the clinical scenario of the human body ac-
cording to a degree of a pathological con-
dition of at least one system of the human
body.

2. The medical simulation system of claim 1 wherein:

the at least one system of the human body for
which a degree of pathological condition is sim-
ulated includes: a cardiovascular system, a pul-
monary system, and co-morbidly both the car-
diovascular system and the pulmonary system.

3. The medical simulation system of claim 1 wherein:

the fluid circuit of the patient module further com-
prises:

one or more variable physical controls (330,
332, 334, and 318) that simulate a degree
of the pathological condition of at least one
of a cardiovascular system, a pulmonary
system, or co-morbidly both the cardiovas-
cular system and the pulmonary system;

the patient display/delivery device is configured
to:

receive an input instruction (252-A) to select
the clinical scenario;

receive an input instruction to control the at
least one of the different types of therapeutic
machines to treat the clinical scenario; and
receive an input of the degree of the path-
ological condition of at least one of the car-
diovascular system, the pulmonary system,
or co-morbidly both the cardiovascular sys-
tem and the pulmonary system; and
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24
the computing device is further configured to:

receive from the patient display/delivery de-
vice, the input instruction to select and to
control;

control the one or more variable physical
controls of the fluid circuit;

calculate and communicate one or more vir-
tual physiological conditions to the patient
display/delivery device;

at least one of the operations of receiving,
controlling, calculating and communicating
is based upon the degree of the pathological
condition of at least one of the cardiovascu-
lar system, the pulmonary system, or co-
morbidly both the cardiovascular system
and the pulmonary system; and

control the one or more variable physical
controls of the fluid circuit based on the input
instruction and based on the calculated one
or more virtual physiological conditions.

4. The medical simulation system of claim 1 wherein:

the at least one of the different types of thera-
peutic machines to which the medical simulation
system can interface includes a heart lung ma-
chine ("HLM") for a cardiopulmonary clinical
scenario, such as a cardiopulmonary bypass
clinical scenario.

5. The medical simulation system of claim 1 wherein:

the at least one of the different types of thera-
peutic machines to which the medical simulation
system caninterface includes an extra corporeal
life support ("ECLS") device, a ventricular assist
device ("VAD"), a dialysis machines, a hyper-
thermic intraperitoneal chemotherapy ("HI-
PEC") machine, an aortic balloon pump ("ABP"),
or the ECMO.

6. The medical simulation system of claim 1 wherein:

the fluid circuit contains a superset of fluid con-
duits (310, 312,315, 316, 318, 322, 304) in order
to interface with any of the different types of ther-
apeutic machines;

at least one of the superset of fluid conduits can
interface with each of the different types of ther-
apeutic machines; and

the computing device includes a superset of pro-
gramming capacities in order to interface with
any of the different therapeutic machines.

7. The medical simulation system of claim 1 wherein:

the computing device and the patient module
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are configured to model one or more reactions
of one or more systems of the human body being
simulated with the at least one of the different
types of therapeutic machines;

26

at least one of a plurality of patient-specific fac-
tors chosen from: a height, a sex, a weight, a
body surface area, a physiologic factor of left
ventricular contractility and right ventricular con-

the one or more systems of the human body 5 tractility, a heart rate, a depth of anesthesia, a
include at least one of a cardiovascular system, metabolic rate, an arterial pressure, a pulmo-
a respiratory system, a hematological system, nary artery pressure, an EKG including multiple
and a renal system; and arrhythmias, a heparin resistance, a change in
the patient display/delivery device displays an blood pressure, a heart failure, and other pathol-
impact of the one or more reactions to the one 10 ogies.
or more systems of the human body.

12. The medical simulation system of claim 1 further

8. The medical simulation system of claim 1 wherein: comprising:

the computing device can simulate at least one 75 a first machine selected from the different types
of a plurality of blood paths of venous out/ ve- of therapeutic machines;
nous in ("VV") blood path and a venous out / a second machine selected from the different
arterialin ("VA") blood path to the patient module types of therapeutic machines; and wherein:
without any plumbing hardware changes in the
fluid circuit. 20 the medical simulation system simulates an

operation and an adjustment of the first ma-

9. The medical simulation system of claim 3 wherein chine and of the second machine concom-
the patient display/delivery device is further config- itantly and independently from each other;
ured to: and

management system, a blood gas analyzer,
a cerebral oximetry, a pulse oximetry, and
a bispectral index cerebral monitor.

25 the clinical scenario simulates a termination
receive and display physical data from the pa- of the first machine and a transition to only
tient module; the second machine.
receive the virtual physiological conditions cal-
culated by the computing device; and 13. The medical simulation system of claim 1 wherein:
display on the patient display/delivery device, 30
one or more selectable parameters to adjust the the computing device is further configured to:
at least one of the different types of therapeutic
machines; and wherein: degrade a baseline heart metric of the hu-

man body in a first algorithm based on input
the operations of receiving data, receiving 35 from a second algorithm that simulates the
conditions, and displaying selectable pa- pathological condition.
rameters simulate the degree of the patho-
logical condition of at least one of the car- 14. The medical simulation system of claim 1 wherein:
diovascular system, the pulmonary system,
or co-morbidly both the cardiovascular sys- 40 the computing device is further programmed to:
tem and the pulmonary system.
model the patient attribute dynamically as
10. The medical simulation system of claim 1 wherein: one of a patient getting sicker, a patient with
an acute condition, a crashing patient, and
the computing device is further configured to: 45 a recovering patient.
receive a custom clinical scenario of clinical 15. The medical simulation system of claim 1 wherein:
data for at least one of: an activated clotting
time, an arterial or venous color duplex im- the degree of a pathological condition simulated
aging, a blood monitoring unit, a heparin 50 includes at least one of a plurality of pulmonary

conditions that include a dead space, a pulmo-
nary shunt fraction, an airway resistance, and a
pulmonary compliance.

11. The medical simulation system of claim 1 wherein 55 16. The medical simulation system of claim 1, wherein
additional factors of the human body being simulated the fluid circuit (301) is coupleable to a plurality of
include: the different types of therapeutic machines.

14
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morbid sowohl das kardiovaskulare als auch
das Pulmonalsystem.

Patentanspriiche

1. Medizinisches Simulationssystem (100), umfas-
send: 3. Medizinisches Simulationssystem nach Anspruch 1,
5 wobei:

ein Patientenmodul (101), das einen menschli-
chen Korper darstellt, wobei das Patientenmo-
dul umfasst:

einen Fluidkreislauf (301) mit mindestens einem

das mindestens eine System des menschlichen
Korpers, flr das ein Grad eines pathologischen
Zustands simuliert wird, umfasst: ein kardiovas-
kuldres System, ein Pulmonalsystem und ko-

15

der Fluidkreislauf des Patientenmoduls weiter
umfasst:

Fluidsensor, deran verschiedene Artenvonthe- 70 einen oder mehrere variable physische
rapeutischen Maschinen (103) koppelbarist, die Regler (330, 332, 334 und 318), die einen
eine Maschine fir die extrakorporale Membran- Grad des pathologischen Zustands min-
oxygenierung ['ECMO"] (112) umfassen, um ei- destens des kardiovaskularen Systems,
ne interaktive Kommunikation des Fluids dazwi- des Pulmonalsystem oder komorbid sowohl
schen herzustellen; 15 des kardiovaskularen Systems als auch des
ein Patientenanzeige-/Ausgabevorrichtung Pulmonalsystems simuliert/simulieren;
(108), die an das Patientenmodul gekoppelt ist;
eine Rechenvorrichtung (102), die an das Pati- die Patientenanzeige-/Ausgabevorrichtung
entenmodul und die Patientenanzeige-/Ausga- konfiguriert ist, um:
bevorrichtung gekoppelt ist, wobei die Rechen- 20
vorrichtung einen Prozessor und einen Speicher einen Eingabebefehl (252-A) zu empfan-
umfasst, die aneinandergekoppelt sind und kon- gen, um das klinische Szenario auszuwéh-
figuriert sind, um: len;
mit dem Patientenmodul zu interagieren, um ein einen Eingabebefehl zu empfangen, um die
oder mehrere Vitalzeichen des Patientenmo- 25 mindestens eine der verschiedenen Arten
duls zu simulieren, wenn das Patientenmodul therapeutischer Maschinen zu steuern, um
mit mindestens einer der verschiedenen Arten das klinische Szenario zu behandeln; und
therapeutischer Maschinen interagiert; und eine Eingabe des Grads des pathologi-
physische Daten von mindestens einem gemes- schen Zustands mindestens des kardiovas-
senen Druck des Fluids vom Sensor im Fluid- 30 kuldren Systems, des Pulmonalsystems
kreislauf des Patientenmoduls zu empfangen oder komorbid sowohl des kardiovaskula-
und Befehle an das Patientenmodul zu geben, ren Systems als auch des Pulmonalsys-
um ein klinisches Szenario umzusetzen (252); tems zu empfangen; und
mindestens ein simuliertes Drucksignal zu er- die Rechenvorrichtung weiter konfiguriert
zeugen, um eine physische Komponente im Flu- 35 ist, um:
idkreislauf basierend auf dem gemessenen
Druck fir das Patientenmodul, das mit mindes- von der Patientenanzeige-/Ausgabe-
tens einer der verschiedenen Arten therapeuti- vorrichtung den Eingabebefehl zum
scher Maschinen interagiert, zu steuern, so Auswahlen und Steuern zu empfan-
dass es auf der Patientenanzeige-/Ausgabevor- 40 gen;
richtung angezeigt wird; und wobei: den oder die mehreren variablen phy-
die Rechenvorrichtung eine Obermenge von sischen Regler des Fluidkreislaufs zu
Programmierfahigkeiten fir eine oder mehrere steuern;
verschiedene Arten therapeutischer Maschinen einen oder mehrere virtuelle physiolo-
enthéalt; und 45 gische Zustande zu berechnen und an
das medizinische Simulationssystem das klini- die Patientenanzeige-/Ausgabevor-
sche Szenario des menschlichen Kérpers ge- richtung zu kommunizieren;
mal einem Grad eines pathologischen Zu- wobei mindestens einer der Vorgéange
stands mindestens eines Systems des mensch- des Empfangens, Steuerns, Berech-
lichen Korpers simuliert. 50 nens und Kommunizierens auf dem
Grad des pathologischen Zustands
2. Medizinisches Simulationssystem nach Anspruch 1, mindestens des kardiovaskuldren Sys-
wobei: tems, des Pulmonalsystems oder ko-
morbid sowohl des kardiovaskularen
55

Systems und des Pulmonalsystems
basiert; und

den einen oder die mehreren variablen
physischen Regler des Fluidkreislaufs
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basierend auf dem Eingabebefehl und
basierend auf dem berechneten einen
oder den berechneten mehreren virtu-
ellen physiologischen Zustédnden zu
steuern. 5

menschlichen Kérpers mindestens ein kardio-
vaskulares System, ein respiratorisches Sys-
tem, ein hamatologisches System oder ein re-
nales System umfasst/umfassen; und

die Patientenanzeige-/Ausgabevorrichtung ei-
ne Auswirkung der einen oder mehreren Reak-
4. Medizinisches Simulationssystem nach Anspruch 1, tionen auf das eine oder die mehreren Systeme

wobei: des menschlichen Kérpers anzeigt.

die mindestens eine der verschiedenen Arten 70 8. Medizinisches Simulationssystem nach Anspruch 1,
therapeutischer Maschinen, an die das medizi- wobei:

nische Simulationssystem gekoppelt werden
kann, eine Herz-Lungen-Maschine ("HLM") fir

ein kardiopulmonales klinisches Szenario, wie

das klinische Szenario eines kardiopulmonalen 75
Bypasses, umfasst.

die Rechenvorrichtung mindestens eine einer
Vielzahl von Blutbahnen der Blutbahnen vends
hinaus/vends hinein ("VV") und eine Blutbahn
vends hinaus/arteriell hinein ("VA") zum Patien-
tenmodul simulieren kann, ohne dass Hard-
5. Medizinisches Simulationssystem nach Anspruch 1, ware-Veranderungen am Fluidkreislauf durch-
wobei: gefiihrt werden missen.
20

die mindestens eine der verschiedenen Arten 9. Medizinisches Simulationssystem nach Anspruch 3,

therapeutischer Maschinen, an die das medizi- wobei die Patientenanzeige-/Ausgabevorrichtung

nische Simulationssystem gekoppelt werden weiter konfiguriert ist, um:

kann, eine Vorrichtung fiir Extracorporeal Life

Support ("ECLS"), ein ventrikulares Unterstit- 25 physische Daten vom Patientenmodul zu emp-

zungssystem ("VAD"), eine Dialysemaschine,
eine Maschine flr hypertherme intraperitoneale
Chemotherapie ("HIPEC"), eine aortale Ballon-
pumpe ("ABP") oder die ECMO-Maschine um-

Maschinen simuliert wird/werden, zu modellie-
ren;
das eine oder die mehreren Systeme des

16

fangen und anzuzeigen;

die virtuellen physiologischen Zustande, die von
der Rechenvorrichtung berechnet werden, zu
empfangen; und

fasst. 30 auf der Patientenanzeige-/Ausgabevorrichtung
einen odermehrere auswahlbare Parameter an-
Medizinisches Simulationssystem nach Anspruch 1, zuzeigen, um die mindestens eine der verschie-
wobei: denen Arten therapeutischer Maschinen einzu-
stellen; und wobei:
der Fluidkreislauf eine Obermenge von Fluidlei- 35 die Vorgange des Empfangens von Daten, des
tungen (310, 312, 315, 316, 318, 322, 304) ent- Empfangens von Zustadnden und des Anzeigens
halt, um sich mit einer der verschiedenen Arten auswahlbarer Parameter den Grad des patho-
therapeutischer Maschinen zu verbinden; logischen Zustands mindestens des kardiovas-
mindestens eine aus der Obermenge von Flu- kuldren Systems, des Pulmonalsystems oder
idleitungen sich mit jeder der verschiedenen Ar- 40 komorbid sowohl des kardiovaskuldren Sys-
ten therapeutischer Maschinen verbinden kann; tems und des Pulmonalsystems simulieren.
und
die Rechenvorrichtung eine Obermenge von 10. Medizinisches Simulationssystem nach Anspruch 1,
Programmierfahigkeiten umfasst, um sich mit wobei:
einer beliebigen der verschiedenen therapeuti- 45
schen Maschinen zu verbinden. die Rechenvorrichtung weiter konfiguriert ist,
um:
Medizinisches Simulationssystem nach Anspruch 1,
wobei: ein spezifisches klinisches Szenario von kli-
50 nischen Daten fiir mindestens eines der fol-
die Rechenvorrichtung und das Patientenmodul genden Systeme zu empfangen: eine akti-
konfiguriert sind, um eine oder mehrere Reakti- vierte Gerinnungszeit, eine arterielle oder
onen eines oder mehrerer Systeme des venose Farb-Duplex-Bildgebung, eine Blut-
menschlichen Kérpers, die mit der mindestens kontrolleinheit, ein Heparin-Kontrollsystem,
einen der verschiedenen Arten therapeutischer 55 ein Blutgasanalysegerat, eine zerebrale

Oxymetrie, eine Pulsoxymetrie und eine
Kontrolle des zerebralen bispektralen Inde-
Xes.
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11. Medizinisches Simulationssystem nach Anspruch 1, 15. Medizinisches Simulationssystem nach Anspruch 1,
wobei zusatzliche Faktoren des menschlichen Kor- wobei:
pers, der simuliert wird, umfassen:

mindestens einen aus einer Vielzahl patienten-
spezifischer Faktoren, ausgewahlt aus: Grofe,
Geschlecht, Gewicht, Kérperoberflache, physi-
ologischer Faktor der linksventrikularen Kontra-
kilitat und rechtsvertrikularen Kontraktilitat,
Herzfrequenz, Tiefe der Anasthesie, Stoffwech-
selrate, arterieller Druck, Lungenarteriendruck,
EKG einschlieRlich mehrerer Arrhythmien, He-
parinresistenz, Verdnderung des Blutdrucks,
Herzversagen und andere Pathologien.

12. Medizinisches Simulationssystem nach Anspruch 1,
weiter umfassend:

eine erste Maschine, ausgewahlt aus den ver-
schiedenen Arten therapeutischer Maschinen;
eine zweite Maschine, ausgewahlt aus den ver-
schiedenen Arten therapeutischer Maschinen;
und wobei:

das medizinische Simulationssystem einen
Vorgang und eine Einstellung der ersten
Maschine und der zweiten Maschine gleich-
zeitig und unabhéangig voneinander simu-
liert; und

dasklinische Szenario eine Beendigung der
ersten Maschine und einen Wechsel nur zur
zweiten Maschine simuliert.

13. Medizinisches Simulationssystem nach Anspruch 1,
wobei:

die Rechenvorrichtung weiter konfiguriert ist,
um:

eine Baseline-Herzmetrik des menschli-
chen Korpers in einem ersten Algorithmus
basierend aus der Eingabe von einem zwei-
ten Algorithmus, der den pathologischen
Zustand simuliert, zu verschlechtern.

14. Medizinisches Simulationssystem nach Anspruch 1,
wobei:

die Rechenvorrichtung weiter programmiert ist,
um:

das Patientenattribut dynamisch als dasje-
nige eines Patienten, der kranker wird, ei-
nes Patienten mit einem akuten Leiden, ei-
nes zusammenbrechenden Patienten und
eines genesenden Patienten zu modellie-
ren.
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der Grad eines pathologischen Zustandes, der
simuliert wird, mindestens einen einer Vielzahl
pulmonaler Zustdnde umfasst, die einen To-
traum, eine Lungenshuntfraktion, einen Atem-
widerstand und eine Lungencompliance umfas-
sen.

16. Medizinisches Simulationssystem nach Anspruch 1,
wobei der Fluidkreislauf (301) an eine Vielzahl der
verschiedenen Arten therapeutischer Maschinen
koppelbar ist.

Revendications

1. Systtme de simulation médicale (100),
comprenant :

un module patient (101) qui représente un corps
humain, le module patient comprenant :

un circuit de fluide (301), doté d’au moins
un capteur de fluide, pouvant étre couplé a
des types différents de machines thérapeu-
tiques (103) qui comprennent une machine
d’'oxygénation par membrane extracorpo-
relle [« ECMO »] (112), permettant une
communication interactive d’un fluide entre
elles ;

un dispositif d’affichage/de distribution
(108) de patient couplé au module patient ;

un dispositif informatique (102) couplé au mo-
dule patient et au dispositif d’affichage/de distri-
bution de patient, le dispositif informatique com-
prenant un processeur et une mémoire qui sont
couplés I'un a l'autre et configurés pour :

interagir avec le module patient pour simu-
ler unou plusieurs signaux vitaux du module
patient lorsque le module patient interagit
avec au moins un type des types différents
de machines thérapeutiques ; et
recevoir des données physiques d’au moins
une pression mesurée du fluide du capteur
situé dans le circuit de fluide du module pa-
tient et délivrer des instructions au module
patient pour mettre en oeuvre un scénario
clinique (252) ;

générer au moins un signal de pression simulé
pour commander un composant physique du cir-
cuit de fluide sur la base de la pression mesurée
du module patient qui interagit avec I'au moins
un type des types différents de machines théra-
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peutiques, a des fins d’affichage sur le dispositif
d’'affichage/de distribution de patient ; et dans
lequel :

34

recevoir, du dispositif d’affichage/de distri-
bution de patient, I'instruction d’entrée de
sélection et de commande ;

commander la ou les commandes physi-

le dispositif informatique contient un suren- 5 ques variables du circuit de fluide ;
semble de capacités de programmation calculer un ou plusieurs états physiologi-
d’'unou de plusieurs types différents de ma- ques virtuels et le ou les communiquer au
chines thérapeutiques ; et dispositif d’'affichage/de distribution de
le systeme de simulation médicale simule patient ;
le scénario clinique du corps humain con- 170 au moins l'une des opérations parmi les
formément a un stade d’'un état pathologi- opérations consistant a recevoir, comman-
que d’au moins un systéme du corps hu- der, calculer et communiquer étant basée
main. sur le stade de I'état pathologique d’au
moins I'un du systéme cardio-vasculaire, du
2. Systéme de simulation médicale selon la revendica- 15 systéme pulmonaire, ou a la fois du systéeme
tion 1, dans lequel : cardio-vasculaire et du systéme pulmonaire
dans un état de morbidité conjointe ; et
'au moins un systéme du corps humain pour commander la ou les commandes physi-
lequel est simulé un stade d’état pathologique ques variables du circuit de fluide sur la ba-
comprend : un systeme cardio-vasculaire, un 20 se de l'instruction d’entrée et sur la base du

systéme pulmonaire et a la fois le systéeme car-
dio-vasculaire et le systéme pulmonaire dans
un état de morbidité conjointe.

ou des états physiologiques virtuels calcu-
lés.

4. Systeme de simulation médicale selon la revendica-
3. Systéme de simulation médicale selon la revendica- 25 tion 1, dans lequel :

tion 1, dans lequel :

le circuit de fluide du module patient comprend
en outre :

I’'au moins un type des types différents de ma-
chines thérapeutiques auxquelles il est possible
d’interfacer le systéeme de simulation médicale

30 comprend un coeur-poumon artificiel (« HLM »)
une ou plusieurs commandes physiques associé a un scénario clinique cardio-pulmonai-
variables (330,332, 334 et 318) qui simulent re, tel qu’un scénario clinique de circulation ex-
un stade de I'état pathologique d’au moins tracorporelle.
un systéme parmi un systéme cardio-vas-
culaire, un systéeme pulmonaire ou a lafois 35 5. Systéme de simulation médicale selon la revendica-
le systéme cardio-vasculaire et le systéeme tion 1, dans lequel :
pulmonaire dans un état de morbidité
conjointe ; I’'au moins un type des types différents de ma-

chines thérapeutiques auxquelles il est possible
le dispositif d'affichage/de distribution de patient 40 d’interfacer le systéeme de simulation médicale
est configuré pour : comprend un dispositif extracorporel de main-
tien des fonctions vitales (« ECLS »), un dispo-
recevoir une instruction d'entrée (252-A) sitif d’assistance ventriculaire (« VAD »), une
servant a sélectionner le scénario clinique ; machine de dialyse, une machine de chimiothé-
recevoir une instruction d’entrée servanta 45 rapie hyperthermique intrapéritonéale
commander I'au moins un type des types (« HIPEC »), une pompe aortique a ballonnet
différents de machines thérapeutiques pour (« ABP »), ou FTECMO.
traiter le scénario clinique ; et
recevoir une entrée du stade de I'état pa- 6. Systéme de simulation médicale selon la revendica-
thologique d’au moins I'un du systéme car- 50 tion 1, dans lequel :
dio-vasculaire, du systéme pulmonaire, ou
a la fois du systéme cardio-vasculaire et du le circuit de fluide contient un surensemble de
systéme pulmonaire dans un état de mor- conduits de fluide (310, 312, 315, 316, 318, 322,
bidité conjointe ; et 304) servant a un interfagage avec n'importe le-
55 quel des types difféerents de machines

le dispositif informatique est en outre configuré
pour :

18

thérapeutiques ;
au moins un conduit du surensemble de con-
duits de fluide permetuneinterface avec chaque
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type des types différents de machines
thérapeutiques ; et

le dispositif informatique comprend un suren-
semble de capacités de programmation servant

10. Systéme de simulation médicale selon la revendica-
tion 1, dans lequel :

le dispositif informatique est en outre configuré

auninterfagage avec n’importe laquelle des dif- 5 pour :
férentes machines thérapeutiques.
recevoir un scénario clinique personnalisé
Dispositif de simulation médicale selon la revendi- de données cliniques d’au moins I'un : d’un
cation 1, dans lequel : temps de coagulation activée, d’'une image-
10 rie en duplex de couleur artérielle ou vei-
le dispositif informatique et le module patient neuse, d’'une unité de surveillance de sang,
sont configurés pour modéliser une ou plusieurs d’'un systéme de gestion d’héparine, d’'un
réactions d’'un ou de plusieurs systemes du analyseur de gaz sanguin, d’'une oxymétrie
corps humain faisant I'objet d’'une simulation par cérébrale, d’'une oxymétrie pulsée et d’'un
'au moins un type des types différents de ma- 15 moniteur cérébral d’'indice bispectral.
chines thérapeutiques ;
le ou les systemes du corps humain compren- 11. Systéme de simulation médicale selon la revendica-
nent au moins un systéme parmi un systéme tion 1, dans lequel des facteurs supplémentaires du
cardio-vasculaire, un systéme respiratoire, un corps humain faisant I'objet d’'une simulation
systéeme hématologique et un systemerénal ;et 20 comprennent :
le dispositif d’affichage/de distribution de patient
affiche un impact de la ou des réactions sur le au moins un facteur parmi une pluralité de fac-
ou les systémes du corps humain. teurs spécifiques a un patient choisi entre : une
taille, un sexe, un poids, une surface corporelle,
8. Systéme de simulation médicale selon la revendica- 25 un facteur physiologique de contractilité ventri-
tion 1, dans lequel : culaire gauche et de contractilité ventriculaire
droite, une fréquence cardiaque, une profon-
le dispositif informatique peut simuler au moins deur d’anesthésie, un taux métabolique, une
un trajet parmi une pluralité de trajets de sang pression artérielle, une pression d’artére pulmo-
d’'un trajet de sang veineux de sortie/veineux 30 naire, un ECG présentant de multiples aryth-
d’entrée (« VV ») et d'un trajet de sang veineux mies, une résistance a I'héparine, une variation
de sortie/artériel d’entrée (« VA ») vers le mo- de pression sanguine, une insuffisance cardia-
dule patient sans aucune modification de maté- que et d’autres pathologies.
riel de tuyauterie du circuit de fluide.
35 12. Systeme de simulation médicale selon la revendica-

9. Systéme de simulation médicale selon la revendica- tion 1, comprenant en outre :
tion 3, dans lequel le dispositif d’affichage/de distri-

bution de patient est en outre configuré pour : une premiére machine sélectionnée parmi les

types différents de machines thérapeutiques ;

recevoir et afficher des données physiques pro- 40 une seconde machine sélectionnée parmi les
venant du module patient ; types différents de machines thérapeutiques ;
recevoir les états physiologiques virtuels calcu- et dans lequel :
|és par le dispositif informatique ; et le systéeme de simulation médicale simule un
afficher, sur le dispositif d'affichage/de distribu- fonctionnement et un réglage simultanément de
tion de patient, un ou plusieurs parametres pou- 45 la premiére machine et de la seconde machine
vant étre sélectionnés pour régler I'au moins un et indépendamment I'une de l'autre ; et
type des types différents de machines le scénario clinique simule une fin de fonction-
thérapeutiques ; et dans lequel : nement de la premiére machine et un passage
uniquement a la seconde machine.

les opérations de réception de données, de 50

réception d’'états et d’affichage de parame- 13. Systéme de simulation médicale selon la revendica-

tres pouvant étre sélectionnés simulent le tion 1, dans lequel :

stade de I'état pathologique d’au moins I'un

du systéme cardio-vasculaire, du systéme le dispositif informatique est en outre configuré

55

pulmonaire, ou a la fois du systeme vascu-
laire et du systeme pulmonaire dans un état
de morbidité conjointe.

19

pour :

dégrader une mesure cardiaque de référen-
ce du corps humain dans un premier algo-
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rithme sur la base d’'une entrée d’un second
algorithme qui simule I'état pathologique.

14. Systéme de simulation médicale selon la revendica-
tion 1, dans lequel : 5

le dispositif informatique est en outre program-
mé pour :

modéliser dynamiquement I'attribut de pa- 70
tient comme étant un patient devenant plus
malade, un patient dans un état aigu, un
patient en état de choc et un patient en état
de rétablissement.
15
15. Systéme de simulation médicale selon la revendica-
tion 1, dans lequel :

le stade d’'un état pathologique simulé com-
prend au moins un état parmi plusieurs états 20
pulmonaires qui comprennent un espace mort,
une fraction de dérivation pulmonaire, une ré-
sistance des voies aériennes et une compliance

pulmonaire.
25
16. Systéme de simulation médicale selon la revendica-
tion 1, dans lequel le circuit de fluide (301) peut étre
couplé a une pluralité des types différents de machi-
nes thérapeutiques.
30
35
40
45
50
55
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