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Problem statement

• It is becoming increasingly clear that 
improvements in patient safety, patient care, 
and healthcare efficiency require systems 
solutions which cannot be implemented due to 
the lack of interoperability of medical devices 
and systems,especially in high-acuity clinical 
settings (ICU, OR, ED, etc.)
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Forward-area OR in Iraq

This is the current state

ICU

Clinical environments are crowded with advanced, life-saving technology

Typical OR of todayTypical ORs
Current state
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Current state: 
All devices function 
independently
No closing of the loop
No smart alarms
No standard device interfaces

PICU

NICU

How do we prevent errors and
Injuries?

OR
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Mass General Hospital/CIMITMass General Hospital/CIMIT
Operating Room of the FutureOperating Room of the Future

Lessons from the OR of the Future project:
perspective on device and data integration

• Comprehensive integration of clinical and non-clinical data, 
devices, and systems can provide “error-resistance” and reduce 
inefficiencies across the continuum of care:
– Smart Alarms requires “contextual awareness”
– Workflow Support requires “closing the workflow loop”
– Safety Interlocks require tight system integration
– Not limited to the OR: ICU, ER, home, etc.

• These solutions require seamless cross-vendor connectivity, 
which is not currently available:
– Hospitals, researchers, and small companies cannot implement 

potentially important solutions
– Therefore, many great ideas die on the vine
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The overarching “Clinical Need”

• Significant improvements in patient safety and 
healthcare efficiency require systems solutions 
which cannot be implemented due to the lack of 
interoperability of medical devices and systems,
especially in high-acuity clinical settings

• The ability to “integrate the clinical 
environment” is an essential step to create error-
resistant systems

Scale:
40,000 - number of medical devices in 2-hospital inventory database
2,100 - number of intravenous infusion pumps just added to secure wireless 
network in MGH

How urgent is the problem?

• “To Err is Human” IOM 1999
– 98,000 preventable hospital deaths 

annually

• HealthGrades “Patient Safety in 
American Hospitals”
– 2000-2002
– 195,000 preventable deaths annually
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Why Focus on Medical Device Interoperability?

• The national focus has been on the EMR, but Medical Devices have a 
unique place in the “interoperability ecosystem”
– 1. DATA - Medical Devices are key data sources ( to EMR)
– 2. CARE DELIVERY - Medical devices can be better utilized to 

improve health care delivery (fluid, medication, energy, 
measurement)

– 3. INJURIES - Medical Devices are at the sharp end of patient care. 
Adverse Events/Near Misses that involve medical devices must be 
mitigated using medical devices as part of system solutions

• We need to develop an infrastructure - A PLATFORM - for 
innovation to create error resistant systems

The “sharp edge” of health care:

Clinical Requirements

• Clinical scenarios are being collected 
from clinicians and clinical engineers to 
assure that solutions will support clinical 
improvements in safety and efficiency.
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http://www.asahq.org/Newsletters/2006/05-06/goldman05_06.html

Clinical Society “Requirements”

“We believe that intercommunication and 
interoperability of electronic medical devices 
could lead to important advances in patient 
safety and patient care, and that the standards 
and protocols to allow such seamless 
intercommunication should be developed fully 
with these advances in mind…”

Anesthesia Patient Safety Foundation
Society for Technology in Anesthesia
Society of American Gastrointestinal Endoscopic Surgeons

World Federation of Societies of Anesthesiologists
American Society of Anesthesiologists
Massachusetts Medical Society

as of Nov 2008:
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“ICE” Standard - Integrated Clinical Environment

• New draft standard describes requirements 
for safe and effective “plug-and-play” 
integration of devices in high-acuity 
environments

• Draft produced by MD PnP Program writing 
group convened under the authority of ASTM 
Committee F29

Additional information available at www.MDPnP.org

Scope of ICE Part I

“This International Standard …  Integrated Clinical 
Environment (ICE) … is intended to facilitate the safe 
integration of medical devices and other equipment 
from different manufacturers into a medical system 
for the care of a single high acuity patient. 
ICE is a medical system that has greater capability to 
support error resistance and improvements in patient 
safety, treatment efficacy and workflow efficiency 
than that achievable from independently used 
individual medical devices.”
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Integrated Clinical Environment (ICE)
Functional Diagram

Key
1    patient
2 medical device 
3 Equipment
4 ice interface
5 ice network controller
6 data logger
7 ice supervisor
8 ice manager
9 clinician
10 ICE
11 external interface

ICE leaves many solutions unspecified
Can serve as a collaboration framework

Adoption of medical device interoperability will support:

1. Complete, accurate electronic medical records
2. “flight data recorder” to facilitate adverse events analysis
3. Clinical decision support systems and smart clinical alarms
4. Automated system readiness assessment (prior to starting invasive 

clinical procedures or critical care transport)
5. Reduce cost of devices and their integration, and reduce EMR-

adoption costs
6. Closed-loop control of therapeutic devices and safety interlocks (e.g. 

ventilation, medication and fluid delivery)
7. Pathway for innovative medical applications (by small manufacturers)
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What is needed?
• Development of an open research platform to facilitate:

– Safety evaluation of proposed engineering solutions
– Standards gap analysis (for fx and non-fx 

requirements)
• Modeling architectures and design aspects of ICE
• Methodology for clinical scenario -> clinical requirements   

-> technical requirements -> solutions
• Tools and methodologies for emerging IEEE 80001 

standard on risk management of medical devices 
connected to IT networks (responsibility of hospitals!)


