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DS1 — Design Problem & Design Brief

Design Problem

In the United States alone, 23.6 million people (roughly 7.8% of the population) have diabetes’.
Glucose meters have become essential management devices used by these individuals on a daily basis.
Amongst the 10 million elderly diabetic patients, however, approximately 50% suffer from arthritis and
almost 45% also suffer from diabetic retinopathy. For these individuals with both visual and dexterity
impairment, even seemingly routine procedures like pricking their fingertips and using the glucose meters
may prove difficult. Furthermore, the amount of blood acquired on testing strips sometimes proves
insufficient, requiring repeated attempts to extract more blood.

Design Brief

We propose an augmentation of current devices, by designing an add-on to complement existing
meters. The new design will aim to provide stationary support during the testing procedure, and requires
minimal dexterity for blood extraction via fingertip punctures. It should provide the means to automatically
extract and detect that enough blood has been acquired for testing, without causing the patients
additional discomfort. It will be easy to use, and sufficiently adapted for sterilization to prevent infective
complications, as to minimize required maintenance. The device will also display information in a format
accessible to a wide audience of professionals and patients.

! American Diabetes Association. <http://www.diabetes.org/about-diabetes.jsp>



DS2 - RESEARCH

A - Problem Summary
A.1 - Diabetes

Diabetes is a disorder that causes high blood sugar levels because the body does not adequately use or
produce insulin, a key hormone in the regulation of blood glucose levels. Diabetes may be brought on by
environmental factors or it may be heredltary Roughly 23.6 million Americans suffer from diabetes, of
which up to 5.7 million remain undiagnosed. 2 A further 57 million people are believed to have pre-
diabetes, which is a less drastic form of the disease. Diabetes refers to situations in which the body fails
to respond to or create insulin, which is a necessary hormone in glucose metabolism. The dlsease is
especially common in the elderly, 23.1% of the population aged 60 and older have diabetes.?

Diabetes is divided into two categories, type 1 and type 2. Type 1 diabetes refers to patients whose body
does not produce any insulin, whereas type 2 refers to patients who either do not produce enough insulin
or whose cells do not properly respond to normal insulin levels.

Many of the symptoms of diabetes are caused directly by high blood glucose levels rather than an insulin
deficiency, including increased fatigue, blurry vision, excessive thirst and hunger, and frequent urination.
If high glucose levels remain untreated, severe compllcatlons can occur. Adults with diabetes have heart
disease death rates 2-4 times higher than those without.* Long-term complications include damage to the
nervous system, kidneys and eyes For instance, diabetes is the lead cause of kidney failure, accounting
for 44% of new cases in 2005.° Over 40% of diabetics also suffer from diabetic retinopathy, limiting their
visual abilities. This can result in difficulties performing various tasks including blood glucose
measurements, as existing devices include a lot of small removable parts. Furthermore, approximately 1
in 2 elderly diabetic patients also suffer from arthritis, leading to dexterity impairment that further
complicates their working with existing glucose meters.

While there is no cure for diabetes, proper monitoring of 350
blood glucose levels, along with changes to diet and
lifestyle, can greatly reduce the risk of complications in
diabetic patients. ® Treatments vary depending on the
severity of the disease in an individual patient. Self-
monitoring of blood glucose levels and treatment with
insulin is one common treatment. Approximately 40% of
patients with type 1 diabetes perform blood glucose
testing at least once per day. "Itis important to monitor
the patient’s blood glucose closely. Extremely high blood
glucose levels can result in rapid dehydration causing
acute complications such as mental confusion,
drowsiness, and seizures.? In addition, improper
treatment may result in hypoglycemia, a state of

Blood glucose level, milligrams per demiliter

abnormally low blood sugar caused by side effects of 0 | | 1
diabetes treatment that can have a rapid effect on the ¥.am 12 noon- 6 pm 7 am 12 noon & pm 7am
brain. Time

A.2 — Glucose Meters

% American Diabetes Association. http://www.diabetes.org/about-diabetes.jsp
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® Diabetes Control and Complication Trial Research Group. The effect of intensive treatment of diabetes in the development and progression of
long-term complications in insulin-dependent diabetes mellitus. New England Journal of Medicine 1993;329:977

” Harris M, Cowie C, Howie L. Self monitoring of blood glucose by adults with diabetes in the United States population. Diabetes Care.
1993;16:1116

& Merck Diabetes Information http://www.merck.com/mmhe/sec13/ch165/ch165a.html
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Prior to the invention of blood glucose meters, glucose levels were measured by color changing test
strips. The first blood glucose meter was developed by Anton Hubert Clemens. The Ames Reflectance
Meter (ARM) was primarily meant for use by physicians’ offices. The test strips used by the device were
also developed by Ames, Destrostix, was available since 1965 and required a “large” sample of blood.’
The color change in the strip corresponded with a color chart of varying levels of blood glucose. The strip
also required blood to be washed off one minute before inserting into the device to be measured.

The first articles in the medical literature on the home blood glucose monitoring were published in 1978."
These demonstrated that patients could reliably measure their blood glucose levels at home and improve
control of their glucose levels. This led to the development of two dominating meters for the home
market, Glucometer and Accu-Check.'® As a result of the growing accuracy of domestic meters, color
changing test strips faded from popularity.

With the American Diabetes Association, Food and Drug Administrations, and National Institutes of
Health’s recommendations, today’s blood glucose device are designed to keep track of patient glucose
levels over time, help make day-today decisions for glucose management, and to recognize emergency
situations. Advanced meters today help in controlling glucose at a specific, healthy level and adjusting
glucose levels in response to changes in life-style for individuals requiring medication.

Blood glucose monitoring is pivotal in the care of diabetes mellitus. American Diabetes Association
(ADA) recommends that most patients with type 2 diabetes test their blood glucose levels three or more
times per day ' A blood glucose test is performed by piercing the skin to draw blood, typically from the
fingertip. This blood sample is then placed on a chemically active disposable strip which indicates the
result either by a color change, or by an electrochemical change which is measured by an electronic
meter.

There are several key characteristics of modern
blood glucose meters. These include: size, test
strips, volume of blood sample, testing speed,
display, and memory/data storage. These
testing devices are typically small, hand held,
and battery powered with a liquid crystal display
screen. The electrochemistry of the testing strip
is essential to the operation of the glucose
monitor. Test strips are the consumable, one-
time use elements of these meters, and a typical
test trip is composed of the following: ~29% w/w

Blood is put on monitor
to check glucose levels

B

A blood sample
is taken

If glucose levels are

glucose oxidase, ~32% potassium ferrlcyanlde
and ~39% w/w non-reactive |ngred|ents 2 Each
strip contains a capillary, to draw up blood from
the patient, and an enzyme electrode containing
glucose oxidase, which can be reoxidized with
an excess of ferricyanide ion. The concentration
of glucose in the blood sample can be measured

too high insulin is
administered, if
glucose levels
are too low
carbohydrates
are ingested

One way to administer
insutin is through an
insulin pump

Baband, inc

milligrams per deciliter (mg/dl) since it is proportional to the total charge passing through the electrode.™
Different models vary the amount of bIood needed for accurate blood glucose measurements. These can

range from 0.3pl, all the way to 10ul."

° http://www.fda.gov/Diabetes/glucose.html#16
% http://www.mendosa.com/history.htm
" http://www.fda.gov/Diabetes/glucose.html#7

'2 Bayer Ascensia Elite blood glucose test strips package insert, 2002.

3 http://en.wikipedia.org/wiki/Glucose_meter



A3. - Fingertip vasculature and alternate site testing.

There has been a growing trend amongst modern blood glucose meters to allow for testing blood from
alternative sites, such as the upper arm, forearm, base of the thumb, and thigh. Alternate site testing is
possible only with newer blood glucose meters that require a significantly small quantity of blood (0.6l —
1.0 pl) to generate accurate blood glucose measurements. Among the alternate-site meters currently
available are the Accu-Chek Active and Compact (marketed by Roche Diagnostics); the Ascencia
Breeze, Contour, DEX2, Elite, and Elite XL (Bayer); the FreeStyle Freedom and FreeStyle Flash (Abbott);
and the InDuo, One-Touch Ultra, One-Touch Ultra 2, and OneTouch UltraSmart (LifeScan).14 Each
meter’s user manual specifies what parts of the body can be used to obtain the blood sample. Sampling
blood from alternative site may be desirable, but it has some limitations. Glucose concentrations change
rapidly after every meal, injection of insulin, or exercise. The measured levels at alternate sites appear to
change more slowly than in the fingertips due to their vasculature. The fingertips are source of arterial
blood whereas alternative site testing usually test venuous blood. After one has a meal, their glucose
levels change rapidly. Arterial blood is the fastest indicator of blood since glucose is directly absorbed
into the blood stream and pumped toward the extremities. This means that alternative site test results
may be different from fingertip test results not because of the meter's ability to test accurately, but
because the actual glucose concentration can be different.’

Recent studies over the past few years have compared the accuracy of alternate-site testing results with
results from fingertip blood glucose monitoring. The studies have generally shown that during routine
blood glucose monitoring, such as before meals or two or more hours after meals or exercise, the results
from alternate sites correspond well with results from fingertip monitoring. However, because glucose
utilization in the fingertips is faster than in the arms or other sites, when blood glucose level is falling
rapidly (e.g. immediately after exercise) or rising rapidly (e.g. right after a meal), alternate-site readings
lag behind fingertip readings.16 This could result in delayed detection of hypoglycemia or sharp changes
in blood glucose level. Therefore, alternate-site testing should not be performed directly after a meal or
exercise or when blood glucose level is low or falling. It is also recommended that users confirm low
readings from alternate-sites with a fingerstick check before treating hypoglycemia.

A4. - Who is the customer?

While the patient who uses the device is usually the primary customer, many of them seek reimbursement
from insurance companies. To ensure our product is readily received into the market we should design it
assuming the customer to be an insurance company.

AS. - Who is the user?

Our target user is the elderly population living with diabetes that currently use conventional blood glucose
monitors. Specifically, we hope users with visual and/or dexterity impairments will prefer our device over
currently distributed monitors.

" http://www.diabetesselfmanagement.com/articles/Diabetes_Definitions/Alternate_Site_Testing
1 http://www.fda.gov/diabetes/glucose.html#12
1 http://americandiabetes.com/AlternateSite.htm
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Which_Meter is
ACCU-CHEK Products ACCU-CHEK® Blood Glucose Meter Right for You?
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° New: Updated ACCU-CHEK 3
Compact Plus System Our latest blood glucose testing systems have been designed with you » Click Here Jr
N in mind—providing features that make it easier to test right the first time
HACCUCHEK Aviva and take the pain out of testing. 2 o
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. Blood Glucose Meter Finally, there’s insulin therapy
* Purchase Accessories The first system to put all the pieces that revolves around you.
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i L View detail . xlgg!t"_“eﬁE
* Insurance Information O View meter demo Spil‘lt Insulin
» Meter Warranty Pump
= ACCU-CHEK Compact Plus Blood
*» Purchase Meter or Test Strips Glucose Meter
About Diabetes - All-in-one convenience. Least pain.1
T 7 i i LD View detail
Monitoring & Treatment 0 View meter demo
Meals & Activity £
Goring (onothers T - ACCU-CHEK Aviva Blood Glucose
e Meter
Medical Professional 104 Designec to make every strip count by
— - - et s Ficed b
by Infrared (IR) -
The ACCU-CHEK Compact Plus System Wi - 15
Display — Test/On/0ff Button — Release Button — Used to transfer 1, |
Shows blood Slide and release this Slide to release the | [data from the 2
sugar results, button to turn on the attached lancing meter to a
messages, and meter and advance a device. You can computer. Black Cap — Clear Cap —
results stored in test strip. Also, at the Use your lancing Lancet Use this cap for Use this cap for
memory. completion of a test, device attached or Test Drum — fingertip testing only. non-fingertip testing only |
M Button — slide and release this unattached. The bar codes | Ml
Press this button button to turn off the on the label are | Il'g"m Protective '
to review results in rEeter and release Battery Cover — automatically of Cover \ Comfort Dial with Depth Selection —
memory. the test strip. Slide the cover read by the = This shows the number of the
Drum Door - ; to unlock and meter. setting on the comfort dial.
Covers the # S Button — open the battery i
compartment where i Press this button to compartment. Test Strip —
the test drum goes. set the beeper, year, Apply a drop
Test Strip Slot e and gt ' Test Strip Count g(fjrll)tl%oldsglrution to
Test strips come out i Window - Shows the: biack notch
of the meter here. Drum Door Tab — the number of test i JACK e Lancing Device
Lift up on this tab to strips remaining in on the end of the
open the drum door. a test drum. test strip. Plunger

http://www.accu-chek.com/us/rewrite/content/en US/2.1:10/article/ACCM general article 2353.htm

Summary

ACCU-CHEK® diabetic meter systems: Portable blood glucose meter that utilizes a pre-loaded drum of 17
diabetes test strips to eliminate individual strip handling. Disposable test drums are sold separately.
Device can be used to test from patient’s fingertip, palm, forearm, upper arm, thigh, or calf. ACCU-CHEK
Compact Plust Bood Glucose Meter requires only a 0.6 microliter sample volume and results appear in 5
seconds. Test results can be stored into a 300-value memory and downloaded to a PC via infrared with
proprietary ACCU-CHEK software. Device features a detachable lancet which can be used attached or
detached from the blood glucose meter. User is asked to press a plunger on the lancing device (like a
pen) one the test site. Audible alarms can be programmed to remind the user up to 3 times a day to
check blood glucose levels. MSRP: $85.00

Comments

This product utilizes a rotating “drum” of test strips as a means to eliminate individual strip handling. It's
similar to our idea of loading multiple strips onto a rotating disk or a conveyor belt. However, each
individual strip still needs to be discarded with this device, and the lances still need to be individually


http://www.accu-chek.com/us/rewrite/content/en_US/2.1:10/article/ACCM_general_article_2353.htm

loaded and replaced during each test. Our product will be advantageous because after loading a whole
disk or conveyor belt, no further action needs to be done in terms of replacement until the entire disk/belt
runs out. The device also includes a lot of removable parts, including the lancing device (very rapidly
launches and then retracts the lances) and various caps, which may not be convenient for the elderly
population our add-on will target. Although, the alternate sites (palm, forearm, upper arm and thigh)
testing capability of the device is worth considering.
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http://www.onetouchdiabetes.com/ultramini/index.html

Summary

OneTouch® UltraMini™ Blood Glucose Meter: Device offers a low-cost, highly portable, sleek design
which allows for testing at the fingertip, forearm, or palm. Requiring a 1 microliter sample of blood from
the user, the meter stores a maximum of 500 blood glucose test results. Individual results are processed
within 5 seconds of testing. Users are asked to either puncture at the fingertip or at alternate sites. This
meter employs a unique feature that eases the testing at these alternate sites. When puncturing at the
forearm or palm, the user is asked to firmly press and hold the lancing device until the OneTouch® AST™
Clear Cap changes color (as blood collects beneath the skin). This indicates to the user that there is
sufficient blood for a good sample. The OneTouch disposable lancing device has nine puncture depth
settings to use for children and adults. Proprietary disposable test strips are sold separately. MSRP:
$19.99

Comments

This is a small, portable device. This could be advantageous in terms of accessibility, but may pose a
problem to use for the elderly, being so small. We’re not sure if it comes with its own lancing device, as
the webpage makes no mention of it. Similar to the Accu-Chek, this device is also capable of alternate
sites testing at the base of the thumb, the forearm, the upper arm, and at the thigh. Alternate site testing
is definitely worth considering in our add-on, as it’s less painful than at the fingertip. This existing device
also utilizes color change to indicate that enough blood has been loaded onto the test strip, which is a
reminder that our add-on should have some sort of similar visual/audio queue to serve the same function.
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Summary

Ascensia® CONTOUR® BREEZE®2 Glucose Monitoring System: Device offers 5 second test time and is
capable of storing 420 test entries. Unique rotating 10-test disc and automatic strip filling action allows for
easier handling for people with limited dexterity due to arthritis. Meter automatically checks for errors and
calibrates each time a new lot of test strips is used. Device is cleared for multiple-site testing including
the finger, forearm, palm, abdomen and thigh. One microliter sample size required. MSRP: $59.99

Comment

This new meter by Ascensia can be served to a similar audience as our add-on. It utilizes a rotating disk
for loading of test strips as to increase convenience. Again, though, once the disk is loaded, the strips
still need to be discarded individually after usage. Neither dexterity nor visual impairment is very well
targeted, since the patient still needs to manually bring the small exposed tip of the test strip to the test
site. Our add-on, instead, will eliminate the small steps. Furthermore, the lances and the lancing device
are also separate from the body of the meter, unlike what we’ve envisioned for our add-on. Nonetheless,
the disk design warrants further observation and can be used in our finalizing our design.
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| always feel close to you.
Even when we're 9.84 feet apart.

OreTouch® Ping™ is the intelligent glucose management system with one thing on its mind:
working together to help you perform at your best,

Like other insulin pump systems, OneTouch® Ping™ frees yvou from multiple daily injections and
gives you the ability to quickly and easily adjust your insulin based on your body’s immediate
needs.

But unlike other systems, OneTouch Ping delivers the double whamrmy in terms of smarts. The
pump is packed with unique capabilities that may be accessed both wirelessly (by using the
meter-rermote) and manually, &nd the meter-remote, with its full set of functions, is designed to
make your life with diabetes easier and more discreet. In fact, you can even dose your insulin
from it

It matches your body's needs like no other pump system.

OreTouch Ping gives you the smallest basal increment available (0.025 LIfhr) for more precise
basal dosing. So if you need 0,025, 0.675 or 1.075 U/hr to perform at your best, we can deliver,
Talk about fine-tuned control,

It has serious communication skills.

The OneTouch Ping meter-remote and the OneTouch Ping insulin pump communicate and share
infarmation wirelessly, In addition to testing blood glucose, the meter-remote can actually
control pump functions. This means that the meter-remote can calculate a bolus, then tell the
pump to deliver it. 1t also lets you view things like your basal rate without having to look at your
pump.

It's smart about your carbs.

The meter-remote can store the nutritional values of 500 of your favorite foods, via Calorieking®,
for easy and accurate carb counting on the go. Using eziManager® Max software, you can even
customize the database or enter your own favorites (like Mom’s chicken soup), That means you
can rest assured you're giving yourself the most precise insulin dose, wherevar, whenever,

It's got beauty as well as brains.

The OneTaouch Ping insulin pump has a flat panel color screen that uses the same screen
technology as the latest televizions and digital cameras. The screen is also self-illuminating and
high contrast for readability and viewable from a wide angle. Plus it comes in five briliant colors.

http://www.animascorp.com/animas-onetouch-ping-insulin-pump.aspx

Summary

OneTouch® Ping™: An insulin pump that also detects glucose levels. Wireless information shared
between the OneTouch meter and the OneTouch pump. The pump is capable of calculating and
delivering necessary bolus. It's also capable of giving very small dosages, down to 0.025U/hr for basal
dosing. Detects and stores information about carb. content in consumed food, and then delivers
necessary amount of insulin. It's also waterproof up to 12 meters for 24 hours, and therefore works while
the patient’s in the pool or caught in the rain. MSRP: To be determined.

Comment

This device was something that we came across and thought was very neat. Not only is it capable of
detecting blood sugar levels, it can relay the information wirelessly to an insulin pump, and have that
pump deliver the appropriate amount of insulin. This requires a needle to be subcutaneously imbedded in
the patient for extended periods of time, which is something we thought we’d steer away from. The
water-proof aspect, however, was a protective aspect of the device maybe our add-on can incorporate as
well, assuming it's not too complicated to implement.

10
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e

Easy fo use!

Touch Drop
to Edge

Ponfident testing.
the yellow window is full, you have enough blood in the test strip. Ifit's not full, more blood can be
pplied within 15 seconds.
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Glucose

in Whole Blood - hccurate results.

b mhies ¢ igh-quality electrodes with palladium deliver improved accuracy and dependability. You can trust the
Advantage“ | [esults even at extreme temperatures, from 57° to 104° F.

F1 test strips in hospitals.

hsurance

Monitoring your blood sugar is one of the most important elements of managing your diabetes. Whether
o ou rely on private insurance or Madicare, our Insurance Information page can help you geat reimbursed
Test St”ps pr vour testina sunnlies and show vou how to save monev each month.

Bload Glucose Ménitors

http://www.accu-chek.com/us/rewrite/generalContent/en US/article/ACCM general article 2542.htm

Summary

ACCU-CHEK® Comfort Curve Test Strips: These test strips are curved to fit around your finger. You don't
need to put the blood on the test strip, and users are instructed not to do this. By simply placing the
curved area next to the drop of blood on your finger, the blood will be pulled into the yellow testing
window. MSRP: $33.69

Comment

These test strips are ideal in our design to draw the user’s blood directly into the capillary situated in the
middle of the test strip. Our current design is implemented with the rotating disk of lances that comes up
below where the test strip is positioned. We’re thinking by implementing these grooved test strips, the
lances can puncture through right by the capillary without the need to break through the strip itself.
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C - Similar Applications
C.1

Abbott
Diabetes Care

iR Help is now at hand.

User 10;

Fassword:

Login

Frgot Passyurd?

How to use

Sof\. I act Place pre-loaded Sof-Tact Sof-Tact™ meters are no longer available. However, test strips can still be
meter on the arm and purchased at your local pharmay or Diabetes sustralia outlet,
press start button,
Sof-Tact automatically
obtains blood sampla Praduct information and the product usage guide is provided below,

and beging to test.

-7L;‘1_Sol"-Tact Blood Glucose Electrodes Product Information

[

7&!_Sof-Tact Diabetes Management System User Manual

&

Besp sound signals the f L 'I.'
countdown to results, L)

Clinically accurate biood
glucose results are given in
just 20 seconds on a large,
back-lit display.

http://www.abbottdiabetescare.com.au/sof-tac.php

Summary & Comments

MediSense Sof-Tact™ Meters: The Sof-Tact Diabetes Management System is designed for in vitro
diagnostic use (use outside of the body). It is for use only with fresh capillary whole blood from sites such
as your forearm, upper arm, or the base of your thumb. To use, both test strip and standard lancet are
placed within the unit. Holding the Sof-Tact against your skin, you press a button that generates a slight
vacuum, lances the skin, and applies the blood to the test strip. This happens in about five to ten seconds
and is completely automatic. Once the test strip has a sample, the unit generates a reading in 20
seconds. Even though testing was relatively painless, the Sof-Tact is not the ideal alternative site monitor
because of its relatively large blood volume requirement. Obtaining the required 2-3 microliters from the
forearm was not always easy. (Other alternative site meters require from one-third to one-tenth the
volume of blood as the Sof-Tact.) One reader who uses the Sof-Tact reports that changing the lancet
each time is essential to getting the correct blood volume. Though the meter automates the process of
blood glucose testing, the user is still required to change individual test strips and lances between
testings. The meter is also much larger than other meters and somewhat awkward to handle for very
small hands. The internal lancing and blood application also means that the meter requires cleaning.

This device has been discontinued as of 2005.
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C.2

Importance of Glucose Monitoring

‘While diabetes is a chronic disease that has no known cure, sel-monitaring of sugar levels by patients has transformed the management of diabetes over the last several years, allowin
diabetics to achieve and maintain specific alvcemic goals. Why is selfmonitoring so critical? Without proper management of diabetes, the disease can cause severe long-term health
complications, including blindness, kidney disease, heart disease, and nerve damage, potentially leading to amputation or death. Results of blood glucase monitoring are used to assed
efficacy oftherapy and to guide madifications in nutrition therapy, exercise, and medications to achieve the best possible blond glucose control. By keeping the concentration of glucose i
blood inside a defined range {100-120 mgfdL), diabetics can lead normal lives. Shown above at [eft are the daily accouterments of a diabetic: glucose monitor, lancet, alcohol swahs, syri
needles, insulin, and emergency sugar for over-injection of insulin.

Enter the GlucoWatch® Monitor

As previously descrihed, monitoring blood glucose levels all dayis no small ardeal. The GlucoWatch monitor, a newly developed product of
Cyanus, Inc., is & wristworn device that provides automatic, non-invasive measurement of glucose levels for adults with diabetes. It has a dispgsable sensor that adheres to the
wearer's wrist, allowing measurement of sugar levels in the interstitial fluids on the outermost lavers of the skin of the wrist. Although it is not yet FDA-approved for use by diabetics,
and is still being tested and considered an investigative device, diabetics around the world anxiously await its release

How the GlucoWatch® Monitor Works

Befare use, the Glucolatch monitar must first be calibrated. The wearer may do this by taking an initial glucose measurement using the tradiional finger-pri
calibrated, the maonitor can provide up to three glucose readings each hour for 12 hours. The GlucoWatch monitor uses reverse iontophoresis to callect gluc
intact skin. Similar to the transdermal medication patches used for smoking cessation and hormone therapy, iontophoresis is a non-invasive, needle-free my
controlling the transport of water-soluble ionic {electrically charged) drugs outofthe skin and surrounding tissues using a low level of electrical current.

A single-use sensar containing gel collection discs gathers glucose samples. The gel collection discs contain the enzyme glucose oxidase. As glucose ent
the glucose oxidase in the gel to farm hydrogen peroxide. A biosensor in contact with each gel collection dise detects the hydrogen peroxide and issues an g
manitor uses the calibration value initially entered by the wearer ta translate the signal into a glucose measurement. The manitar then displays the glucose

rmermory. In addition to taking glucose readings, the GlucoVWatch monitor can sound alarms in response to results outside of high and low values selected fg
feature can provide a method to reduce the risk of hyperglycemia (abnormal increase of sugar in the hlood) and hypoglycemia (abnormal decrease of sugar

The GlucoWatch monitor should prove to be an excellent alternative to the painful pricking of traditional glucose reading methods. For many concerned diabg

Update on the GlucoWatch AutoSensor

The U.5. Food and Drug Administration {FDA) approved the use of the GlucoWatch as a prescription device for adults with diabetes on March 22, 2001. This
glucose-monitaring device of its kind currently approved by the FDA.

Diabetes and Glucose-Monitoring Web Site Links

GlucoWatch® Biographer

http://www.brookscole.com/chemistry d/templates/student resources/0030223180 garrettgrisham/HotTopics/GlucoWatch.html

Summary & Comments

Animas GlucoWatch ® G2 Biographer system: The glucowatch was an attempt at a non-invasive glucose
measuring device for patients who test their blood sugar levels multiple times per day. The device used
small electrical currents to draw glucose out of the arm, and because of this caused mild to moderate skin
irritation. The wrist watch design is a good attempt to make the device convenient to use. The device still
required daily calibration using a conventional finger-prick measurement, and therefore did not eliminate
the necessity for invasive measurements on a regular basis. Suffering from inaccuracies in
measurement, especially at low glucose levels, and expensive costs (the sensor needs to be replaced
every 13 hours and they cost approximately $5.00 each, which is very expensive compared with test
strips) the glucowatch has been discontinued. Since the glucowatch did not rely on finger-prick
measurements it did not need to address the manual dexterity impairments we are focusing on.

13


http://www.brookscole.com/chemistry_d/templates/student_resources/0030223180_garrettgrisham/HotTopics/GlucoWatch.html

selOximeter S Mozill e Firefox:

@ \}) @ O ﬁ ¢ hitp: /fwww medicaldevicedepot.com/MNonin-WristOx- 3100-Wearable-Digital-Pulse-Oximete-p/3100.htm

P Getting Started EJLatest Headines 7LaundryView Orine Laun... T8 New York Weather Fore..,

e OFFLINE
— LIVE
3 ) MeAfee’
Medical Device Depot guﬂiﬂl

TETED  0a-aCT

View Cart ‘ Home ‘ Login i Help
Call Us Anytime; 877-646-3300 Join our mailing list!

Home > Pulse Oximeters/Capnographs >
Nonin WristOx@® 3100 Wearable Digital Pulse Oximeter
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phthalmossopes comfortably on the patient’s wrist. Ideal for monitoring daily activities and for overnight
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Done:

http://www.medicaldevicedepot.com/Nonin-WristOx-3100-\Wearable-Digital-Pulse-Oximete-p/3100.htm

Summary & Comments

Nonin WristOx® 3100 Wearable Digital Pulse Oximeter: Device is a small, lightweight pulse oximeter

designed to be worn comfortably on the patient’s wrist. Ideal for monitoring daily activities and for

overnight studies, the compact design of the WristOx is intended to give the patient greater freedom while
improving patient compliance. The concept of a wearable device can be incorporated into our design

ideas. We like the automatic monitoring and ease of use this device offers. MSRP: $725.00
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washroom
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Summary & Comments

HYSO Automatic Door Handle Sanitizer: The HYSO device contains a replaceable can of specially
formulated “QUAT based” ULTRA CLEANER that depending on the selected interval setting, can last for
up to 3 months. At the cusp of intervals a system of gears engages the patented stem pipe, which
releases a measured mist of the formula. A proximity sensor detects motion within one meter of the unit
ensuring the cessation of delivery, thus eliminating the inadvertent spraying of a hand. Also containing a
light sensor, the HYSO unit will power down if no ambient light is present. Powered by 4 AA batteries, the
HYSO unit does not require special wiring into the main electric source, making it easy to install and
inexpensive to operate. We're thinking of implementing something similar in our add-on, as to provide
sterilization for the patients. MSRP: $59.95
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Energizerg EZ Change®

Change your batteries without changing your plans f S A
The Energizerg EZ Change® hearing aid battery dispenser is simple enough for
anyone to use. Our porable baten dispenser makes it easy o replace your battery Ny
‘wherever and whenever you choose, N A
Small and in charge

Aboutthe size of a silver dollar, the Energizer EZ Change® dispenserfits in amost
any pocket of purse. The simple desian of this hearing aid battery dispenser takes all
the hassle and frustration out of handling such small batteries.

Fe Beneit E
A. Magnet holds batery securely + Compactfor easy caming Watchthe demonstration to discover just
B. Thumb Slide pushes outone battery s Works with mostheaning aid styles  how simple Energizerg EZ Change®
atatime and s available in every batlery SiZ8  makes changing your hearing aid
C. Clear Coverlefs you view how many  » Battery goes straight from dispenserto  patteries.
batteries are et hearing aid
D. Dispenser has a contoured base for  » Dispenser keeps batteries fresh by
better grip profecting them from dust and dirt
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EZCha.x | o/~

g < " e & " [ ahoo! scarch KRR
http //www energizer. com/products/hearlnq aid- batterles/consumer/Paqes/batterv-caddv aspx

Summary & Comments

The Energizer EZ Change: is a patented device that aids the elderly in the replacement of batteries for
their hearing aids. We expect our customers to suffer from similar dexterity and visual impairments. The
intuitive design that eliminates the need for elderly users to interact with very small parts is something we

wish to incorporate into our design. It is also very well marketed and described. Price: ~$15.
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C.6

Features

g0, what should you losk for in a mechanical pendil? There are a surprising variety of features to consider, even sticking with only the most commen variations,

a Lead Size: may well be your first cansideration. For drawing and sketching, you may want quite thick lead, and seme mechanical pencils are available with 4mm or thicker lead. For writing, many people prefar
0.3mm ar 8.7mm, with 0.5mm and 0.3mm beceming mere pepular for writing and drawing, and certainly lading the way for technical drawing. The thicker the lead, the mors liksly it is to need sharpening, but
the thicker the line you can get from it, and the easier it is to shads large areas. If you like sspecially soft or hard laad grades, you may be limited by the thicknesses your preferrad grads of lead is available
in. 8.5mm usually has the widest choice, and softer grades are more commen in thicker lsads, If you write or draw 'sgaressively’, thinner leads can be prons to snapping, so you may prefer something thicker
and stranger. Modsrn leads are tougher than older leads, though, s if you used to find 0.5mm leads snapped for you years aga, it might be worth another fry with a modern lead like Pentel's AIN.

Lead Sleeve: the part that surrounds the lead, just behind the writing tip. Either thin and round, or conical...

a Thinround sleaves are us=d in drafting pencils, They give an =asisr view of the drawing area, and allow the pencl to be used more scturately and =asily with rules snd
ternplates, Sometimes, the sleeuve can slide back, so it gets pushed out of the way by the paper if you run low on lead: 1f you use rules and terplates & lot, you may prefer =
fixed slesus, but otherwise, s sliding sleeve can be conusnisrt.

Pencils for writing ususlly haue = conical sleeve, which is l=ss prons to getting bent or broken, and less likely to poke through pockets (and scdentally stab your oun leg!)

Retractable Tip: ofter referred to as "Pocket Safe’. If you are going to camy & pendl in your pocket, being abls to retract the tip part inside the pencil can save your pocket and

your leg frorm damage. This is less important with conical sleeues than with thin slesves,

Lead Grade Indicator: sorme pencils have an indicator you can set to show which grade of lead you have loaded in that pencil, If you use a number of different
pencils, with different hardnesses of leads, this could be very useful. The indicator will usually only have a limited range of hardnesses listed, 5o if you use unusually
hard or soft leads, you may not be covered by all pencils,

& Grip: you nesd to be able to hold the pencl comfortably and without it slipping in your fingers, so you need to gat 5 grip that suits your fingers, Many people now
like rubber grips, snd they sre fast bacorning the most cormrmon type ausilable. Some people still prefer the old-fashioned knurled rmetal style, and such grips do
still exist - =spacially in drafting pencils, If you have trouble holding = thin pencil, you may want to laok for one with & wider grip - like the Faber-Castell Grip Plus.
Don't alwaps assurme, though, that rubber will be the most non-slip surface - some plastic or metsl grips can be very gripsy.
a Triangular Grips: some people find a trisngular grip section more cornfortable, and it can give you & bit more contact ares with the pencl. See the Faber-Castell
Grip range, and Staedtler's Triplus pencils, for some nice examples.
a clip: if you like to carry your pencil(s) in & shirt pocket, = pocket clip rmay be important to you, Most pencils come with & clip of sorme sort, and in some cases it can be removed, A dip will slso stop the pancl
frarm rolling off the desk whan you put it down for & mement.
a Lead Advance: all rmechanical pencls have some way of rmoving the lead forward. The most commmon is s button st the top of the pencl, but there are other options svailsble now...

. ‘ Top Button; still the most common, and many pencils with other mechanisms aéss have a button an the top.
%

. Side Button: a few pencils are available with a buttan on the sids as well as or instead of the top. This lete you advance the lead witheut moving the pendl as much, usually using your thumb,

http://www.cultpens.com/acatalog/Mechanical Pencils.html

Summary & Comments

Mechanical pencil constructs are similar in design to the lance loading mechanism in current devices. We
are identifying the best lance advancement mechanism and found an assortment of current mechanical
pencil designs. In considering for an optimal lance loading mechanism, we are geared to finding one that
is a one step snap loading in addition to being relatively easy to release. These layouts are fitting for our
design because they all entail simple clicks to advance the lead. If we would expand upon these
constructs and adapt them to a single, rapid release along the entire length of the lance, it would be
advantageous for the user and us.
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D - Interviews

D.1

(Grandmother-Had to be translated from another language, so the answers are not direct quotes.)
Q: How long have you had diabetes?

A: I've had diabetes since you were born, in 1987, so it's been a bit over two decades.

Q: What is the most difficult part of having diabetes?

A: | think the most difficult part came when | was first diagnosed with diabetes. In China at the time, the
medicines weren’t that great and didn’t help much to manage glucose levels. It really came down to self-
management, and having to restrain myself from eating a lot of the foods that I've been eating all my life.
The insulin was also not perfect, whereupon it can lower the patient’s blood glucose level to such an
extent that it became dangerous to the patients.

Q: What is the most challenging aspect of managing your diabetes?

A: Up to the present day, it would still be the dietary constraints. Don’t get me wrong, it’s not that | love
food, but it's quite a burden to have to be careful about everything you eat. Also, you can’t eat a lot per
meal, and have to divide your regular meals into multiple servings.

Q: How many times a day do you have to check your glucose level?

A: Once every 2 days or so when properly managed, and | inject insulin once daily. If | see that my
glucose reading is too high on a particular day, | would watch my diet even more closely and may do
additional tests during the day.

What device are you currently using?
A: ’'m not too sure. It's in English, and | can’t read it.

Q: Are you content with your current device, and what do you think can be improved about it?

A: Well, I've been using this device for almost a decade now, and have gotten used to it. | did get a new
device about a year or two ago, but I'm not really using it because of all the pre-programming and setup
required. | suppose it can be made more user-friendly, especially for people who have a language
barrier. Also, cleaning the current device is problematic, because it’s difficult to open and expose the
inside of the detector where the measurement strips are inserted. | suppose in that regard, sterilization
can be improved.

Q: How much did your device cost?
A: | don’t remember the exact cost, but it should have been over $100 back then.

Q: What do you think about our proposed device?

A: I think it'll be an improvement. With the current device I'm using, I've gotten so used to it that testing
doesn’t provide much of a problem for me, and | can tell how much blood | need to have extracted.
However, | can certainly see the advantage of having something that provides more stationary support
and sterilization.

Q: What do you dislike about our proposed device?

A: Well, it's not something that | dislike about it, but for people like your grandfather who has a
psychological fear of needles and getting injections, can it be made less invasive or less painful?
Although your proposed device will provide better support and sterilization, he’ll still feel pain and knows
that a needle is involved.
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D.2

(Interview with Djalil Macki)

To further our understanding of how patients cope with their disease and use currently distributed blood
glucose monitors we interviewed Djalil Macki, a 62 year old male who has type Il diabetes.

We first asked him a number of questions regarding how he uses his blood glucose monitor. Since he
uses the device multiple times per day, he prefers using different fingers throughout the week so as not to
bother one finger too much. He also prefers using his device while seated at a table, which he feels
makes it easier to prick his finger and get a proper amount of blood onto the strip with relative ease.

Djalil is frequently frustrated with the occasional need to acquire a second sample when the first sample
is insufficient. He will occasionally reuse the lance but always ensures that he wipes it and washes his
hands before taking a measurement.

When informed about the function of our device, Djalil initially felt it not applicable to him since he does
not have trouble pricking his finger for measurements. However, after further discussion, he did say that it
would be convenient to have a device in a stable location to automate his measurements. He also felt a
record of previous measurements would be beneficial. He also said that since the device isn’'t readily
portable he would still feel the need to have his current glucose monitor. When asked if he would prefer a
device that incorporates his existing glucose monitor, he responded enthusiastically, saying it would be
useful to have all the results stored on one device overtime so he does not need to combine the data if he
wanted to track his glucose level for a prolonged period (for example when testing a new diet).

D.3

Patricia Kringas, RN, BSN, MA
Research Coordinator

We interviewed Patricia Kringas, RN at the Naomi Berrie Diabetes Center. She was ecstatic over the
comfort and ease of use plans we had detailed. Along with agreeing that current devices needed
preloaded drums or cartridges for extended testing, she also liked our idea of improving lancing device
comfort and handling through automation. Additionally, she liked our idea of pre-loaded lances in the
form of a drum or cartridge which would have superior handling compared to the current individual lances.
Nurse Kringas suggested by providing these lances in a compact, user friendly container it would free the
user from the high dexterity required to handles single lances.

Nurse Kringas also approved the finger guiding system of our add-on and its universal appeal to patients
with movement impairments and younger users. She suggested that with a form of stationary support
such as a table clamp, patients with these dexterity impairments or weaker hands would be better able to
test without losing their grip on the machine. As she often deals with patients that have movement
disorders, she realized the importance that a firm, stationary support would have high appeal to patients
looking to be independent from assisted care.

Nurse Kringas also noted the need to allow the patient to rotate the finger within the machine so that the

same exact site is used no more than a few times a week. Often patients with diabetes rotate testing sites
to avoid sores and infection to the testing area. With the tight spacing and motorized components, Nurse
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Kringas was concerned with excess blood from elderly or younger users preventing efficient cleaning of
the device. She mentioned a possible open air compartment would be better suited for maintenance and
replacement of parts.

D.4

—————————
Dr. Lauren Golden
Endocrinologist

We also interviewed Dr. Lauren Golden at the Naomi Berrie Diabetes Center. Dr. Golden liked our ideas
for a meter add-on and applauded our idea to eliminate the individual placement of strips. She suggested
pre-loading strips in the form of cartridges ranging from 15-20 to allow users easy loading. As for the
overall design, she found our initial combination of automation and comfort to be unique and innovative,
since many current companies have not demonstrated a device to encompass an all-in-one system.

Dr. Golden works with middle aged and older patients experiencing diabetes and found that our proposed
device would be especially appealing to all people because of its simplicity and automation. In regards to
our finger massaging portion, Dr. Golden recommended massaging to occur before the procedure, since
massaging during blood extraction may create complications. Taking her suggestion into practice, we
proposed the idea of a rough, automated area that would produce a massaging area when the finger is
placed on it.

When asked the question of when to sterilize or if to sterilize, Dr. Golden mentioned that repeated
sterilization via alcohol pads actually dries the finger and causes long term issues with the patient skin.
Instead of sterilizing the finger, she proposes that patients engage in active, daily hand washing to
maintain sanitary conditions.
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E — Safety Considerations and FDA

FDA U.S. Food and Drug Administration <

CENTER FOR DEVICES AND RADIOLOGICAL HEALTH
FDA Home Page | CDRH Home Page | Search | A-Z Index Ques

FDA > CDRH = Guidance Documents = Review Criteria Assessment of Portable Blood Glucose Monitoring In Vitro Diagnostic Devices Using Glucose Oxidase, Dehydrogenase or Hexokinase Methodology

Review Criteria Assessment of Portable Blood Glucose Monitoring In Vitro Diagnostic Devices Using
Glucose Oxidase, Dehydrogenase or Hexokinase Methodology

DRAFT DOCUMENT

This guidance document is being distributed for comment purposes only.
Clinical Chemistry and Toxicology Devices Branch
Division of Clinical Laboratory Devices
Office of Device Evaluation
Draft released for comment on 2/28/97
Comments and suggestions regarding this draft document should be submitted within 60 days of the above release date to: Joseph Hackett, Ph.D., Associate Director, Divisit
Clinical Laboratory Devices, HFZ-440, 2098 Gaither Road. Rockville, MD 20850. Comments and suggestions received after this may not be acted upon by the Agency until th
document is next revised or updated. For questions regarding the draft document, contact Dr. Kaiser Aziz or Dr. Joseph Hackett via phone (301) 594-3084 or fax (301) 594-5¢
U. S. DEPARTMENT OF HEALTH AND HUMAN SERVICES
Public Health Service
Food and Drug Administration
Center for Devices and Radiological Health
REVIEW CRITERIA FOR ASSESSMENT OF PORTABLE BLOOD GLUCOSE
MORNITORING IN VITRO DIAGNOSTIC DEVICES USING GLUCOSE OXIDASE
DEHYDROGENASE, OR HEXOKINASE METHODOLOGY
VERSION 02/14/96

This is a flexible document presenting current guidance on the preparation of premarket notifications (510(k)s) for glucose in vitro diagnostics devices employing enzymatic
methodologies. It is based on I) current technology, 2) clinical experience, 3) previous submissions by manufacturers to the Food and Drug Administration (FDA), and 4) Safe
Medical Devices Act of 1980 and regulations in the Code of Federal Regulations (CFR). So that we may revise the draft as necessary, please send your comments to the add
given below.

Joseph Hackett, Ph.D.
Associate Director

http://www.fda.gov/Diabetes/glucose.html

“(a) Identification.

A glucose test system is a device intended to measure glucose quantitatively in blood and other
body fluids. Glucose measurements are used in the diagnosis and treatment of carbohydrate
metabolism disorders including diabetes mellitus, neonatal hypoglycemia, and idiopathic
hypoglycemia, and of pancreatic islet cell tumors.

(b) Classification. II”

FDA:
-all devices require testing and accuracy check before marketing
-the FDA has approved one minimally invasive and one noninvasive device
-both devices, however, are not meant to serve as replacements for standard devices
-they’re meant to provide additional information on top of standard measurements
-both also need to be re-calibrated frequently

Safety Considerations:
-the movement of the lance/needle needs to be restricted beyond a certain threshold, as to
prevent puncturing the patients too deeply
-the restricting ring for inducing blood extraction needs to be capped at a maximum amount of
force applied, as to prevent causing the patients additional discomfort
-perhaps some sort of safety mechanism should be included, as to prevent small children from
insertion their fingers into the detector
-small removable parts are involved in the construction of the device, and warrant further
consideration (i.e. how to prevent a small child from removing one of the pieces and ends up
choking on it)
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DS3 — Constraints and Specifications

Constraints

Must be usable by dexterity and/or visually impaired patients

Must not cause unnecessary pain to patients

Must not be so large as to prohibit portability (i.e. transport between home and work should
not be inhibited)

Must reliably and accurately detect glucose levels

Must be readily able to be sterilized

Should be adjustable for use on different fingers

Should be adjustable to allow for different pressures necessary to puncture skin of varying
thickness

Must be easily maintained and cleaned

Must be priced competitively compared to existing glucose monitors

Specifications

Device must be testable using materials of varying toughness

Device will be AC powered from wall outlet (includes necessary transformers)

Ergonomics are a very important consideration since target users are dexterity and/or visually
impaired

Device must be accessible since elderly population has difficulty programming complex
devices

Device should be relatively small and rectangular to allow for easy transport

Minimal training should be required, since currently special nurses teach patients how to use
glucose monitors prior to treatment plans

Should cost less than $150 to manufacture, and less than $200 to sell

Reliability of data is essential since inaccurate measurements can result in patient mortality
Life of product for user is approximately 5-10 years

Life of product for company is approximately 2 years

Data acquired should be saved over time and readily uploaded to computers

Device should take less than 1 year to design since market is susceptible to new innovations
in non-invasive measurement techniques

Device must not harm patients unnecessarily (i.e. stab them to deep)

Device must deliver necessary volume of blood (between 1 and 10 microliters depending on
glucose monitor)

Device must add-on to an existing glucose monitor and be separable to allow for portability
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