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Why wireless medical devices?

* Graying population
o Similar for USA and
Japan B oo
* By 2050: 20% of the g 1s-20%
world population > 60 [l 16-18%
yrs 0 1s16%
12-14%
e To avoid institutionali- <12%

zing older persons: A
= Cure illness
= Promote wellness

¢ One way: through

technology
http:/ /en.wikipedia.org/wiki/Ageingof Europe
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Technological changes

¢ PCs are increasingly available, and thereby Internet access

» Wireless connectivity

e Rapid development of miniature, autonomous, and wireless
Sensors

e Passive and active “tags” are being used more often

« Cellular phones o ——

* GPS '

e Microelectronics
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Adapted from: Chan et al: A review of smart homes, Computer Methods and
Programs in Biomedicine (Elsevier), Volume 91, Issue 1, July 2008, Pages 55-81
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Smart home (1)

¢ = a living environment that has been carefully constructed to
assist people in carrying out required activities
« Is considered a promising and cost-effective way of improving
access to home care for the elderly and disabled
= Improving comfort
- Dealing with medical rehabilitation
= Monitoring mobility and physiological paremeters
- Anticipating risky situations
- Deliver therapy
e To people with severe pathologies or chronic iliness
» Or people who simply want a better quality of life

Adapted from: Chan et al: A review of smart homes, Computer Methods and
Programs in Biomedicine (Elsevier), Volume 91, Issue 1, July 2008, Pages 55-81
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Smart home (2)

Smart floor

Activity detection sensor

Sleep monitoring: breathing,
heart rate, snoring, body movement
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Connectivity in smart homes

e “Wires”, Ethernet, RS-232, etc.

o Wireless:
° BluetOOth (24 GHZ) Reproduction rights(?bgi‘g;l?y?zi
- Zigbee (868 MHz in Europe, 915 MHz in > E‘” =
the USA and Australia, and 2.4 GHz in =@ B4

most jurisdictions worldwide)
- ISM (also 434 MHz)
W-LAN (2.4 GHz and 5.5 GHz)

- Infrared (IrDA) f | P7
o
 Powerline Communication (PLC) ; ﬁ{’gﬁt} i
i A ] E
‘.'u“ '.7.. — 7.‘\ ”"".V, e
IN THE WONDERFUL IN A WORLD
WORLD OF WIRE GONE WIRELESS
<2 ; . ; ,
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To measure:

o Motion

» Skin temperature

¢ Galvanic skin response (skin conductance)
o Colorimetry (Spectrophotometry)
° pH

» Blood glucose

» Blood pressure

o Body humidity

e Pulse

* ECG

o EEG

o Spirometry

» Photoplethysmograph

ECG monitor developed
by the Holst Centre
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Examples of WMDs

LifeShirt
Recorder
saves data to
compact flash
memory card

Bodymedia’s SenseWear Pro
Armband measures motion, steps,
galvanic skin response, skin
temperature and heat flux

« Comfortable

« Washable / waterproof /
robust

- » Sensors included in the fabric

Abdominal band "5 - « Easy to install / operate

e IR R » Automatically collect data

e Personal / secure

VivoMetrics’ LifeShirt
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Implantable Medical Devices (IMDs)

Examples

As a sensor: As an actuator:

o ECG (Holter recorder) « Implantable cardio defibrillator
* ENG (ICD)

e ECoG e Muscle stimulator

« Implantable glucose sensor o Neurostimulator

o Intracranial pressure sensor

» Glaucoma sensor

* Motion sensor

« Nitric oxide (emitted by cancer
cells) sensor

In a closed-loop fashion:
cardiac pacemakers ANS’ Eon
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Future closed-loop IMDs

« “Implant-and-forget” cochlear implants
e Vestibular implants
e Retinal implants | T B

Microprocessor

Implant tacked

Retinal implant to retina

froeoronrn n - [
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The need for networked IMDs

o Fully implantable smart insulin pumps
« (to treat diabetes)
o Closed-loop neurostimulators
- (e.g., to treat epilepsy)
» Combination of a sphincter sensor and a bladder
(muscle) stimulator
- (to treat urge incontinence)
» Binaural cochlear implants
- (to restore directional hearing)
« Simultaneous stimulation of the vagus nerve and
auditory cortex
« (to treat tinnitus) Example of a WIMD: a
« Repair damage to the peripheral nervous system "e‘ég‘r’tﬁgm;trggs'?;ﬁ')a"t
- (to give back sense and motion)
* Rewire the brain
- (e.g., after a stroke)
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2057 The Body

The uncut video shown during this
presentation can be watched at:
http:/ /www.youtube.com/watch?v=5-px4MAKREs

<2
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Back from the future

<2
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ietworked IMDs

later and form scar tissue

lead /
Az / electrode
uations \

- Reliable energy source

» Small form factor
- Rechargeable
- Energy harvesting

stimulator

© Medtronic
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Characterizing the transcutaneous
wireless channel
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