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Context:  Healthcare MBSE Challenge Team

• Healthcare Challenge Team Goals
– Short term:  develop MBSE examples medical device & healthcare problems
– Long term:  create MBSE best practices for medical device & healthcare problems

• Phase 1:  Medical device MBSE [2011-2014]
– Intent:  develop a reference example of how MBSE can be used in the development of 

medical devices
– Outcome:  a non-proprietary MBSE model of an infusion pump 

• Phase 2:  Clinical operations MBSE [2014-2017]
– Intent:  understand what aspects of clinical operations would benefit from MBSE models
– Outcome:  three example models based on elicitations from clinical staff
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This presentation addresses one of the three examples from Phase 2



Case Study Desired Outcomes

• The Challenge:  Will conventional systems engineering tools and 
methods work for clinical operations?

– Better understanding of challenges
• Are clinical operations really so different that MBSE won’t work?
• Are clinical staff really so different that MBSE will not communicate?

– Initial understanding of the utility
• Lean methods and simulation applications have clearly demonstrated value
• Does MBSE add anything?  How does it compare to methods like SEIPS and HFMEA?

– An initial demonstration of methodology and tools
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These questions were the outcomes of three workshops with clinical staff



Enterprise Architecture Overall Approach

• Develop a draft high-level MBSE enterprise architecture
• Employ the MBSE architecture to address relevant problems
• Explore the potential to generalize the MBSE architecture
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This work was focused on a hospital emergency department in order to 
control problem scope
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Initial High-Level Architecture of a Hospital 
Emergency Department



High-Level Architecture:  Emergency Department

• Objective:  proof of concept for MBSE & clinical operations
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IW2015 
Workshop

Standards & Guidelines Entities for Constructing an Architecture

Clinician 
Elicitation A Clinical Use Case

Draft High-level architecture

An MBSE Use CaseThe process followed the standard “use cases to architecture” approach



ED Use Case:  Hypoglycemia Treatment
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Clinical roles
• Most identified during elicitation
• Remainder incorporated from standards & 

guidelines analyses

Clinical locations and equipment
• Primarily derived from standards & guidelines 

analyses
• Some obtained via literature review of ED 

modeling and simulation papers

Activity flow
• Derived from elicitation with Emergency Dept. 

physician



Formation of High-Level Architecture
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The same information but a 
new view

• All interactions and 
relationships derived from the 
use case activity diagram

• Use MBSE tool to change 
perspectives

Shows the potential for further 
work analysis

• MBSE is capable of capturing 
Emergency Dept. in context of 
entire hospital

• Suggests that MBSE tools 
could be suitable for analyzing 
clinical operations
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Capturing the Emergency Department Clinical 
Environment for Device Developers



Capturing the ED Clinical Environment

• Objective:  use the architecture to work problems
– Assist device developers in understanding clinical environment factors
– Improve patient safety by creating a feedback from clinicians to device engineers

• Approach
– Elicitations with ED nurses of infusion pump work flow
– Rendering workflow as a set of use cases within the high-level architecture

• Link to locations
• Link to equipment

– Incorporate usability information affecting patient safety
– Use the architecture to connect usability information to equipment
– Use the architecture to produce requirements for device developers
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ED Use Cases for Infusion Pumps
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Identified nine use cases to span the infusion pump 
lifecycle from acquisition to disposal
Performed elicitations addressing three use cases

• UC 3:  Set up pump to operate at the point of use
• UC 4:  Program the infusion pump and connect it to the 

patient
• UC 5:  Operate-monitor infusion pump during use

Integrated the use cases into the high-level 
architecture

• Developed activity diagrams
• Linked to performers
• Mapped equipment to activities

Integrated patient safety data into the activity flow
• Patient safety data obtained from HFMEA published by 

the Institute for Safe Medication Practices



Incorporation of Patient Safety Information
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Process Failures/Risks
(things that could go wrong)

(what must happen to prevent failure/risk)

Operational 
constraints

includes

(description of failure/risk being prevented)

Operational 
activity

applies to

Device 1

Device 2

Device 3

uses

allocated to

allocated to
(recommended 
mitigation of 
failure/risk)

Patient safety data from HFMEA

Elicited Process Flow

Usability 
Req’t



Requirements for Design Engineers

• Sort safety and requirements data by equipment item

www.incose.org/symp2018 13



www.incose.org/symp2018 14

Future Directions:  Clinical Communications and 
Data-Device Interoperabiliy



The Derived ED Data Environment

www.incose.org/symp2018 15



Summary

• Successfully addressed the challenge from IW2015 Workshop
– Existing MBSE tools appear to represent clinical operations adequately
– Existing SE methodologies appear to be suitable for capturing clinical operations 

• Demonstrated an application of the resulting architecture
– Translating clinician input on patient safety into requirements for equipment developers
– Potentially could be a tool for Healthcare FMEA analysis

• Identified potential future applications in analyzing the hospital 
data architecture
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Analysis of ED Standards Documents
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Infusion Pump Use Cases

• Nine use cases span the infusion pump lifecycle
– UC 1:  Infusion pump arrives and is “prepared” for use
– UC 2:  Pump is moved from supply to point of use
– UC 3:  Set up pump to operate at the point of use
– UC 4:  Program the infusion pump and connect it to the patient
– UC 5:  Operate-monitor infusion pump during use
– UC 6:  Move the infusion pump with the patient to new location
– UC 7:  Disconnect pump from patient and “restore” for next use
– UC 8:  Updates to software-library installed in the pump
– UC 9:  Perform preventive maintenance and calibration
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Addressed during 
elicitations with 

ED nurses



FDA Human Factors Analysis Requirements
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Applying Human Factors and Usability Engineering 
to Medical Devices -- Guidance for Industry and 

Food and Drug Administration Staff 

Mostly captured in the activity diagrams

Taken from the existing HFMEA, but 
could be done directly in the model

Not yet done – requires a plug-in to the 
tool that I don’t have

Taken from the existing HFMEA, but 
could be done directly in the model

Model provides req’ts to the developers/ 
owners of each system used in the process

Scripts can be built to export all model 
information into MS Office Suite documents
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OV-2 Operational Resource Flow Description OV-2 Hypoglycemic shock use case summary[   ]
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OV-5b Operational Activity Model Activity f low  - Hypoglycemic Shock [  ]
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SV-2 Systems Resource Flow Description SV-2 Use Cases 3-4-5 summary  ][ 
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