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Purpose:

. This presentation will describe work done to-date in

Y developing a standardized, modular, data object model to
support simulation-based training of medical personnel. The
background need, related contract work, and likely
continuing work are described.
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Benefits:

e A standardized foundation on which diverse real and simulated
systems interact

* Reduced costs and risks to develop and maintain training
systems

A standard data model for use in contract specifications
(technical requirements) to procure training systems that are
“interoperable by design”
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Key Take-Aways:

* A Medical Modeling & Simulation Federation Object Model (MMS
FOM) is being built under contract to a US Government agency

* |Initial delivery in Summer 2019
* Continued future use and expansion will be pursued

*  MMS FOM is used with IEEE-standard High Level Architecture (HLA)
*  MMS FOM will support standalone & distributed training systems

* Statements and views expressed herein are those of the
authors who are individuals working for private companies.
No endorsement by US Government agencies is implied.
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Background:

* To date, simulation as a technology applied to medical training has
largely meant standalone systems such as:
* Mannequins to simulate human bodies (patients),
e Virtual reality to simulate surgery, and
e Scenario-driven training activities.
* Simulation-based medical training based on distributed training
involving many different systems is emerging.

* The history of distributed simulation-based training in other domains,

e.g. training pilots in flight simulators, clearly shows that the use of
international standards and a standardized data object model is a good

) #ITEC2019 way to go forward.
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Background:

The project is part of a contract issued in 2017 by the Medical Technology
Enterprise Consortium (MTEC) and sponsored by the US Government’s Medical
Simulation and Information Sciences Research Program (JPC-1).

Development of the MMS FOM is a requirement of that contract.

The project objective is to provide a training environment that simulates patient
care, evacuation, and hand-offs to replicate the continuum of care to improve
patient outcomes.

Continuum of care spans care for combat-injured soldiers at the Point of Injury
through higher tiered medical facilities.

IVIR Inc. (USA) is the prime contractor for the FOM portion of the contract.
Subcontractors are: Pitch Technologies (Sweden & USA), EMS (USA), SCM Globe
(USA), Discovery Machine (USA), VCom3D (USA) and HC Simulation (USA).
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Benefits:

* 30+ years of simulation-based training experience has shown that
simulators and training devices built on standards can:
* Be the most cost-effective
* Save much money over time as changes are inevitably needed
* Implement updates and adaptations faster
* Enable “Systems of Systems” for more complex training
* Allow future growth while preserving the value of legacy systems
* Avoid “stove-piped” (“dead-end”) implementations
* Enable effective After Action Reviews, plus analysis and reuse of data
* Train complex scenarios in real time, or slower or faster than real time
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Patient Documentation:

* The trail of documents from combat medic to field hospital to regional
hospital to major medical facility, including MEDEVAC transport, must
be supported in a training system involving handoffs of patients
through those tiers of medical care.

* The MMS FOM defines data exchanges for patient and medical info
that was first noted on or later transcribed to paper documents

¥ #ITEC2019
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Existing Policies and Documents:

* The US DoD, like other similar organizations, has carefully defined

policies and procedures for patient care during handoffs from one tier
to a higher tier.

 Example, at the Point of Injury, a US Army combat medic uses a Tactical
Combat Casualty Care document (TCCC card) to document patient
injuries and treatments.

* Information on the TCCC card is communicated to the next tier medical

caregiver, usually in advance of patient handoff but always as part of the
patient handoff.
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A combat medic
completes the
TCCC card at the
Point Of Injury.

Info from the
TCCCcard is
specified in the
MMS FOM, so
this data can be
shared amongst
interconnected
systems.

TACTICAL COMBAT CASUALTY CARE (TCCC) CARD
BATTLE ROSTER #:
o EVAC: [ Urgent [ Priority [[] Routine

BATTLE ROSTER #:

EVAC: [|Urgent [] Priority [/ Routine

Treat X all that apply, and fill in the blank)

NAME (Laat, Firak: LAST 4:
GENDER:[] M [] F DATE ipo-smmerey: TIME:
SERVICE: UNIT: ALLERGIES:

.Mnchanism of Injury: X all that appty)
[ Artillery ] Blunt [] Burn [] Fall [T Grenade [] GSW [] IED
L I_:| Landmine [ MVC [] RPG [] Other:
|njury‘. (Mark injuries with an X}
TQ: RAm E:-f- TQ: LAm * ¥
TYPE: ¥ % TYPE:

TME: ,")‘:-"v-u-" TIME: (_, .
-
A 1B )

TE:

TQ: RlLeg Y| (V TQ: L Leg
TYPE: TYPE:

Signs & Symptoms: (Fill in ths blank}

Time

Pulse (Rate & Location)

-
-
-

Biood Pressire &

Respiratory Rate

Fuise Ox % 02 Sat

AVPU

Pain Scale {0-10)

C:TQ- [JExtremity []Junctional [7] Truncal
Dressing-[] Hemostatic []Pressure ] Other

A: Clintact CINPA [CICRIC [JET-Tube []SGA

B: []02 [JNeedle-D []Chest-Tube [] Chest-Seal

Twe S

C: Name Volume

Route Time

Fluid

Blood
Product

MEDS: Name Dose

Route Time

Morphine)

Antibiotic

(0.9,
Ertapenem}

Other

le.g., TXA)

OTHER: [ Combat-Pill-Pack [ Eye-Shield (IR [CJL) [Splint

[0 Hypothermia-Prevention Type:
NGRS - SR i =

FIRST RESPONDER

DD Form 1380, JUN 2014 TCCC CARD

NAME (Last, First):
DD Form 1380, JUN 2014 (Back)

LAST 4:
TCCC CARD
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Approach:

* Many years of experience in other simulation domains show that a
Publish-Subscribe system architecture along with a standardized data
object model would satisfy current and projected future needs for
simulation-based medical training, whether standalone or distributed.

* The prime contractor for this contract chose “High Level Architecture”
(HLA), an IEEE-controlled international simulation standard, as the data
interchange architecture, because HLA fits this application very well.

¥ #ITEC2019
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Benefits of HLA for Medical Simulation-based Training:

*  Proven

o |EEE standard ... 20+ years of development and use ... Suitable for small, large, and
very large scale applications

e Efficient
o  Publish/Subscribe architecture
o  Quick (short time) to develop/adapt new applications
* Commercial off-the-shelf tools readily available from multiple suppliers
* Modular and Expandable
o  Future proof ... No “stove-piped” (“dead-end”) implementations
* Time management
o Real-time operation plus slower or faster than real-time operation
o Time synchronized throughout the training systems
* Assured data delivery
’ #ITEC2019 o  Causality and Deterministic, needed for operational integrity & repeatability
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Wide Range of Medical Care Related Data:

Building a standardized Medical Modeling &
Simulation Federation Object Model (MMS
FOM) requires inclusion of many different
categories of information. The MMS FOM
defines the overall data infrastructure
through which various medical-related
simulators interchange data.

Any standalone or distributed medical
training system may include these types of
information in full or in part.

Medical Facility
Physiological
Pharmacological
Transfer of Patient
Control of Simulation
Logistics
Communications
Instructional
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MMS FOM Modules:

Several modules of the Medical Modeling
& Simulation Federation Object Model
(MMS FOM) are described in more detail
in subsequent slides.

** Medical Facility

*» Physiological

* Pharmacological

e Transfer of Patient

e Control of Simulation
*» Logistics

** Communications

* |nstructional
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Standardized Data ... Facilities

Medical facility examples:

* The immediate area surrounding a combat medic treating a
field casualty at the point of injury

o In other words, the area around the point of injury is a
medical “facility” where care is provided by a combat medic

 CASEVAC/MEDEVAC transportation vehicles

* Fixed facilities, such as field (tents) and regional hospitals
* Mobile hospitals, e.g. US Navy “Mercy” ship

o HITEC2019 Facility info includes the number of beds, providers, other info
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Standardized Data ... Facilities

Fixed SectionDepartment Uhso
ps ps

RotaryWing Ch47
ps

Uh1H

€130

AirAmbulance

FixedWing c21
ps
Facility c12
3 =
VTOL vz
Mobile M1266A1
-
Mazx_Litter Integer3ZBE ps
M113A3
A ers nteger22B s ps
Mazx_Ambulatory Integer: 32BE ps GrosmwiAminance ps M396A1
¥ ps HMMWY
M997A1
FirstResponder M1133
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Standardized Data ... Physiological e
The Physiological module contains oo ot e
data definitions involving: el o
* Patients e
o Identification, vital signs, e
oxygen level in blood, others -
* Injuries T hsaciuane
o Injury types (standard e e

medical codes)
[ ] Tre a t m e nts I:atienlDemographics

PatientEvaluation
»

o Medicines given, topical
treatments, tourniquets, etc
’ #ITEC2019 I:atienlLocalion

PatientPathology
L3
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SupplyChain
-

Standardized Data ... Logistics

Usesld

The Logistics module contains data
definitions for tracking of medical supplies

LogisticsFacility

-

HLAASCIIstring
HLAASCIIstring
HLAASCIIstring
Integer3ZBE

Medical_kit_s

Integer3ZBE

and related materials, plus transportation, —
including routing, of supply vehicles.
* Products S —
o  Product Names & Part Numbers -
o Packaging (weights and sizes) ;
* Info about Routes
*  Route planning and deployment CL=nh
« Info about logistics facilities —
o Locations cere
o  Stocks (inventories) __“:::t
*  Supply Vehicles v

HLAASCIstrin,

@

HLAASCstrin,

@

Integer3ZBE
Integer3ZBE
Integer32BE
Integer3ZBE
Integer3ZBE
Integer3ZBE

FloatType32BE
HLAASCIIstring
FloatType32BE
Integer3ZBE

FloatType32BE

may

BIR|B|B

BIR|R|B B|R|B|B|R B

BIR|R|B[B
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Standardized Data ... Comms

The MMS FOM’s Comms module

defines data types used in verbal and

written communications between

medical care personnel

* Example use: radio transmission of
military medical documents including

the TCCC card used by combat medics
at the Point Of Injury.

TCCC

-
bettieRosterNumber
evacuationLevelRequest
ptientNameLast
pstientNameFirst

SSAN

gender

date

time:

senvice

unit

sllergies

mechanismCinjury
injuryAnnotaticn
signsSymptoms
treatmentCirculatory Toumiquet
treatmentCirculatoryDressing
treatmentAirvey
treatmentBreathing
treatmentFluids
treatmentBloodProducts
treatmenthledsAnalgesic
treatmenthledsAntibiotic
treatmenthledsOther
treatmentOther
treatmentMotes

responder

NATOFieldMedicalCard

Civilian

PatientEvacuationTag

PatientEvacuationManifest

InpatientTreatmentRecord

HLAASCIIstring
DD1380_evacuation_level_record
HLAASClIstring

HLAASClIstring

HLAASCIlstring
DD1380_gender_record
HLAASCIIstring

HLAASCIIstring

HLAASCI

ing
HLAASClIstring
HLAASCIlstring

DD1280_mechenism_of_injury_record

HLAASCIIstring
DD1380_signs_symptams_amay

DD1380_treatment_circulatory_tourniqu

DD1280_treatment_circulstory_dressing

DD1280_treatment_ainway_recerd

DD1380_treatment_breathing_record

DD1380_treatment_fluid_amey
DD1380_treatment_fluid_amay

DD1280_treatment_meds_analgesic_an.

DD1280_treatment_meds_antibiotics_ar

DD1280_treatment_meds_octher_smay

DD1380_treatment_other_record
HLAASCIIstring
DD1380_respander_recard

BIB|B|B|BR|B|R(R[(B|B|B|R|B|R(R[(BR|R|(BR|B|B|R[R|R|(BR|B|R
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Results:

A demo Point of Injury related training system of systems is being
constructed to verify the approach and first implementation of the
Medical Modeling & Simulation Federation Object Model (MMS FOM).
Key components are:

* Interactive 3D visualization (“serious game”)
* Highly advanced physiology engine

* Simulated CASEVAC/MEDEVAC operations

* Capture of patient and treatment data

* Capture of voice communications and related written documentation,
in the forms mandated by US DOD policies

e Tracking medical supplies via automated interaction with a Logistics
system

* Integration with a formal Learning Management System (LMS)

¥ #ITEC2019
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Lessons Learned:

1. Most medical training devices today were not designed to be
interoperable.
. Commercial off-the-shelf HLA tools provided a straightforward path to
add HLA compatibility to devices and training systems used in our demo.
2. The standardized MMS FOM provides a well-documented data

interchange model.

. It took time “up front” to determine the data Input and Output capabilities
and requirements of each component system, but having a standardized MMS
FOM enables previously disconnected systems to interoperate with minimal
stress on systems or personnel.

¥ #ITEC2019
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Lessons Learned:

3. Implementing interoperability using a modern, robust simulation
framework (HLA) with a standardized data model and modern
software tools was relatively easy to do and produced excellent
results.

4. Building a modern interoperable system on the basis of old standard
forms (paper documents) that have been in field use for years,
sometimes decades, was definitely challenging. HLA’s modularity and
flexible data types enabled our adaptation of paper forms to
electronic data.

5. It was critically important to have Subject Matter Experts (SMEs)
available to consult (e.g. medical SMEs, logistics SMEs, etc)
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Conclusions:

1. HLA proved to be a viable architecture for simulation-based training
of medical personnel.

2. HLA enabled interoperability of previously standalone systems and
training products.

3. Making a standardized object model, the MMS FOM, took time to
coordinate but was worth the effort.

4. Future training systems can benefit from our work, building on the
current baseline and adding modules when needed.
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