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Disclosure
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10Blade develops application software, wireless
sensors and sensor network infrastructure for
the management of acutely ill and injured
patients.
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Introduction

Trauma is the leading cause of death in the first
three decades of life
> 100,000 traumatic deaths/year in U.S.
Traumatic brain injury is #1 cause of death;
Exsanguination #2
Hypoxia and hypotension are associated with
higher rates of morbidity and mortality

Hypoxia is injurious; hypotension is profoundly
detrimental

Evidence-based guidelines exist

Wide spectrum of treatment strategies due to complex
nature of injuries and time sensitive interplay of:

Other injuries and multiple related physiological factors

Many treatment variables
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Current resuscitation strategies
Are incompletely understood and difficult to study
Usually focus on a single organ system

Example: Mgmt of uncontrolled hemorrhage

This strategy raises several questions:
What is the optimal timing for fluid infusion?
What type of fluid and at what rate? Pressors?
What are the best end points for fluid resuscitation?
What is best strategy for severe CHI w/
exsanguination?
When dealing with multiple injuries, how should
the resuscitation process be prioritized,
monitored and adjusted?
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An electronic patient care system...
To collect real-time physiological data in parallel with
human observations and interventions

Complete system Is:
Built upon open standards
Easy to use and graphically rich
Semantically flexible
Rule based to request more info, alert users
Easily changed as new knowledge is gained
Designed to help build decision support tools
Eventually suggest how to prioritize and manage pts.



IRevive System Overview
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IRevive Application

System developed with Boston MedFlight
Funding provided by NIH, NSF, DOD
Sensed physiological data using wireless sensors
Manually entered patient information

Utilizes knowledge-based rules
Guide data collection; enforce standards of care
Semantic data linked across the organization

Wirelessly linked to SQL DB

Centralized situational awareness
Reporting, billing, QA/QI, research

Data sharing with heterogeneous systems
Data mediator, web services, HL-7, and Zigbee



IRevive Application
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Wireless physiological patient sensors will allow
us to contextualize patient care:

Make observations continuously
Collect and store these observations in digital form

Change medical care from a relatively passive
process to a very active , real-time process

We are investigating:

What types and how much information we should
collect

How to integrate physiologic sensor data with patient
care information

Where data processing should occur within the
network
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Wireless Sensors and Sensor Networks

Original VitalDust sensor
Sensor node + pulse ox Pulse Ox
Interface

Built w/ Matt Welsh’s group boar

MICAZ2 Specs
Microprocessor
132K memory, 512K flash
933 MHz radio; 20-100 m

Encrypted, secure wireless

communication
20 mA current consumption

6 days continuous
operation on 2 AA batteries




Wireless Sensors and Sensor Networks
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VitalDust? sensor
Pulse oximetry + GPS

MICAZz Specs
Microprocessor
132K memory, 512K flash
250 Kbps radio at 2.4 GHz
Range of 20-100 meters
Programmable, power mgmt.
Can filter data, alarm users
Form secure ad-hoc networks

Demo today with Nonin



Single vs. Multi-Sensor Devices
N

Single individual sensors
Individual sensors linked wirelessly to a hub
Deploy what is needed; easier to apply (?)
More comfortable for patients
Self-organizing (?); self-programming (?)
Multi-sensor devices
Wired and more cumbersome to apply
More expensive
Already linked and easier to associate
Self-scaling data capture (?)



Single vs. Multi-Sensor Devices
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| Proposed Multi-sensor Device
Pulse oximetry

Non-invasive BP

3 lead EKG

Crossbow MPR 2600
Battery Powered Mesh Network Sensor Node
Postage Stamp Form Factor
IEEE 802.15.4, 2.4 GHz Radio for up to 250 kbps Dat a Bandwidth
XMesh™ and ZigBee Mesh Networking Protocols



Continuous vs. Intermittent Data Capture
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Should observations be made continuously
along a timeline, or by exception?

Sensors will collect and store observations (vital
signs, location, events, etc.) in digital form
Which data streams? Under what circumstances?
Want to optimize patient care
Protect caregivers from frivolous lawsuits
Enable future data-mining and algorithm development

Who will be responsible for data processing and
where should it occur?



Continuous vs. Intermittent Data Capture
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Continuous data processing on individual sensor nodes
pro: minimize bandwidth and network congestion
con:. current sensors are under powered and difficult to
program; may lose valuable information
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Continuous vs. Intermittent Data Capture
"
Continuous data processing at aggregation points in network

pro: offers a certain level of control and data filtering
con: may limit flexibility and innovation
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Continuous vs. Intermittent Data Capture
"
Data processing at SG; decouples sensors from applications

pro: increases flexibility and promotes innovation
con: may limit access to data
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Continuous vs. Intermittent Data Capture
"
Data processing at application levels

pro: robust data collection
con: high bandwidth; risk of network congestion
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Continuous vs. Intermittent Data Capture
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Data processing at the network level
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Knowledge Management
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This Is our goal, but many questions remain
unanswered...

How will we manage access and protect privacy?
Notice and consent
Where will data be stored and who will have access to it?
Will patients be able to opt out?

How will we support multiple patient care applications
simultaneously?

How will we harness and discover sensor data from
multiple networks?

How will we derive and optimally utilize real-time
“Intelligence” from the collected patient data?



Future Directions
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Our focus is on the development of smart, dynamic, semi-
automated patient care systems composed of mobile
devices and smart sensors

Smart Tiny
algorithms physiologic
Sensors

Open standards

Wireless
technologies

‘ Mobile devices |
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