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Vision that guides Biomedical-Healthcare Systems

Each Biomedical-Healthcare System strives to be a preeminent leader in clinical care, education, research
and service. These are measured by objective evidence and established best practices....."

TRADITIONAL PRESSURES PROCESS OPTIMIZATION

“For full effectiveness, all the work needs to be
integrated into a unified program for
performance.”

Peter Drucker

"If it can be measured, it can be managed [and
improved]“
Jack Welch

KPI’'s Metrics
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HEALTHCARE REFORM

Balance Scorecard

Hoshin Kanri
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Lean & Six Sigma




Issues to be Addressed

Time to adoption

Ensure regulatory, compliance, and risk
management requirements are met

Cost reduction

Consistency across device design
Others?
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Generic Models:

- Infusion Pump
- ICE (ASTM F2671)
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Addressing Risk Up Front

* Risk tolerance typically lower in medical devices

* Risk management a key element in device
clearance/approval. New Safety Assurance practices
and documentation likely (Infusion Pumps).

* Device clearance/approval is tightly linked to
compliance with standards and regulations
— 1SS0 14971 (Risk Management)
— |EC 62366 (Usability Engineering)
— IS0 62304 (Software Life Cycle)
— |EC 60601 (Electrical Safety)
— FDA Design Controls (Needs, Requirements, V&V, etc.)
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ASTM F2671 Integrated Clinical Environment (ICE) “N(@%
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Figure 1 from ASTM F2671
— Conceptual functional
model showing the
elements of ICE
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Transform information in standards into
integrated model elements, configurations,
and views which are directly traceable to
use scenarios, requirements, architecture,
verification, validation, risk management,
safety assurance, and other information.
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SysML Representation of the ASTM F2671 Integratedl@f

Clinical Environment (ICE) Model
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Model-Driven Safety Analysis of
Closed-Loop Medical Systems
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* Model of a patient controlled analgesia
(PCA) pump

* Allows for model with a patient in the loop

» Create a model that incorporates this
devices with higher level system




Patient Model

« Captures the patient nervous system and
circulatory system response to the drug

Las Vegas, NV
June 30 - July 3, 2014

« Mathematically modeled in python

* Linked to SysML parametric diagram using XMl




Patient Model

- [HCI1 @C12 @C I3 |=[M—(/ki12 + 413
+AI10 ) &AI21 &KI31 @HI12 &—Ki12 &0 @
k13 &0&—4I31 [[ECI1 @CI2 @CI3 |+ (M

1/Vil @0@0 |/

. J/=[E1&0&0 [[MCI1 @CL2 @CL3 ]




DrugModel ST
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* Represents the effects of the human system on
the drug

« Mathematically modeled in python

* Linked to SysML parametric diagram using XMl




Drug Model

* £410=0.152minT-1 ,k 412 =0.207
minT—1,k 413 =0.04072n27—-1

e /421 =0.092minT-1 ,k£I31 =0.048
minT—1,VI1 =12 liters




Model and Environment

Operator Model

Monitor
Sensor

Restart/Override/Manual

Risk mitigation

Alerts/Alarms Drug infusion limit
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Device Operational

Monitoring frequency

Patient Model

Characteristics/Failure
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Risk mitigation - .
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Operational failure & corrective action

Respiratory Rate
Device
Operational
Characteristics/Fa
ilure

Oximeter (Sp02)
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Patient treatment
Management
Requirements

Requirements

Device operational
requirements

Requirements
Clinical
Guidelines/Protocol

FDA

Overall System
Assurance
Assessment

Risk Analysis




PCA Pump verification
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Moving Forward
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Goals
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Guidelines for using the framework
developed

Expansion of library of components and
methods

Continue integration of ISO/IEC standards
and compliance

Others?
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Biomedical-Healthcare MBSE Challenge Team: Modeling for a Healthy Future
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MBSE WIiKI A
MBSE:DRUGDELIVERY

«Biomedical-Healthcare MBSE
Challenge Team: Modeling for a
Healthy Future
Purpose «Purpose
«Measure of Success
. . . . . - . - Topic Overview / Descripti
The Biomedical-Healthcare Model Based Systems Engineering (MBSE) Challenge Team was formed to develop SysML reference models which facilitate patient- .T::Lcu:temew ssererion
centered development of medical/pharmaceutical devices and systems, with particular emphasis on assurance of safety, reliability, usability, interoperability, and -Schedule (all times EST/EDT)
compliance with standards and regulations. Currently, the team is developing a reference architecture for use in the biomedical community as guidance throughout 'FEI’” Members
the device lifecycle. Our mission is to demonstrate the value and utility of MBSE in biomedical programs, as well as provide INCOSE members including the :M?::;
Biomedical Working Group members a reference design to adopt for their specific drug, device, and/or biological product development efforts. . Wiki Articles
«Publication Area
*Reference List
Measure of Success

for their biomedical system development efforts is also a success metric.

Topic Overview / Description

Develop a methodology and architectural framework that can be used in programs within the biomedical industry. Success of this architectural framework will be seen in it being capable of
accelerating the development of biomedical systems and successful implementation of those designed systems. In addition, the adoption of the framework by members of the healthcare community

compliance challenges.

Task List

The team will create a SysML model for use as a reference architecture to guide the development of medical devices and the necessary associated documentation. This effort is intended to
demonstrate a biomedical application of model-based systems engineering (MBSE) by creating a system model consisting of a medical device, pharmaceutical product, and a human physiological
system. In addition, unique applications of MBSE to medical device and pharmaceutical development will be explored, including the management of safety risks, usability, and unique regulatory and

http://www.omgwiki

.org/MBSE/doku.php?

iId=mbse:drugdelivery
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