Testing Device to | mprove Diagnostic
Yield of Fine Needle Aspiration

Final Design Report

December 13, 2006

Team Members:

Kristen Seashore

Tu Hoang Anh Mai
Chris Goplen
Jason Tham

Client:
Frederick Kelcz, M.D.
Department of Radiology
UW Hospital

Advisor:
Professor Mitch Tyler
Department of Biomedical Engineering



Table of Contents

A DS T ACT . .. oo

Introduction..
Background

Problem Statement. ... ..o e
Problem OVerview.........coocoviiiiii i
Problem MOtIVALION. ... e e e e
DeSIgN CONSIIAINTS. ...ttt e e e e e e e e e e e e eaans
LOF U [ =] ] A B LAV (o=
(@] 097011 111 0] o 1R P

Alternate Designs
Solenoid..

Wheel and Motor ..............................................
Manual/MeChaNICAL. .. .......oo e e e e e e e e e e e e
DeSIgN MatriX. .. e e e e e e e e

Final Design... :
Materials & Methods

Testing & RESUIS......coiii i e
COoNCIUSIONS & FULUIE WOTK . .. e e e e e e e e e e e e e e e e e e

Appendices
References..

Product DeS|gn SpeC|f|cat|ons............................................................



ABSTRACT

The purpose of our project is to create a testengog to determine which factors
improve the diagnostic yield of fine needle asjpirat Currently, our client uses a manual
technique that requires multiple procedures in ota®btain an adequate tissue sample.
Our client wants to automate this procedure witlaadheld device. The device must be
safe, have an adjustable needle stroke and freguand be reusable. This will reduce
operating time and increase yield, accuracy, alighibty. After analysis of several
design options, we chose, constructed, and testefinal prototype.

INTRODUCTION

A biopsy is a medical test involving removal ofaanple of tissue from the body. It is the
only reliable method for distinguishing benign tusérom cancerous cells which
otherwise appear similar on imaging tests. Finalleegspiration (FNA) is a biopsy
procedure that is performed on tissues where asosp lump can be felt by using a
small needle (from 23 to 25 gauge - from 0.635.508 mm in diameter) to collect cells.
Presently, FNA is operated manually by hand, apeéated procedures are required to
accumulate enough samples for conclusive resutis.yielding sample from one
procedure can be improved by using an automatidiadgm device. Therefore, time
consumption and cost will be reduced while increggatient comfort. We propose a
testing fine needle aspiration device that cangexated in various frequencies and
stroke depths. Furthermore, from testing resulesyw¥t be able to build a fine needle
aspiration device that will yield the largest saenpl each procedure.

BACKGROUND

Biopsy

A biopsy is a medical test involving the removaba$ample of tissue from the body for
examination by a pathologist. A biopsy test indésaany suspected cancerous lumps. It
can be performed on any organs, and dependingeometiaire of each organ, major
biopsy surgery or a small operation can be choBeere are currently seven kinds of
biopsies:

¢ Incisional biopsy: A small piece of tissue is remd\for sectioning and
examination. Incisional biopsy is done when thegumammographic change, or
suspicious rash is too extensive or too big todmeoved easily. The best yield is
collected using a 14 gauge (2.108 mm in diameteejlle.

e Excisional biopsy: A whole suspected area or a &bogan is removed for
accurate diagnosis. This type of biopsy is preferab organs that are dangerous
to cut into without removing the whole organ. Tisi®n open surgical biopsy.

e Endoscopic biopsy: A fiberoptic endoscope is iregih to the gastrointestinal
tract, allowing the direct visualization of the abmal area and the pinching off
of small amounts of tissue.



e Colposcopic biopsy: A gynecologic procedure thaeommended for patients
with an abnormal Pap smear.

e Fine needle aspiration: A small needle is inseitgalthe lump to withdraw a cell
sample for examination. A needle from 23-25 gawgerésponding to 0.635-
0.508 in diameter) is used.

e Punch biopsy: A procedure that uses a biopsy p(srolll version of a cookie
cutter) to cut out a small piece of skin (3-4 mnadiameter) to test for skin
cancer. This type of biopsy requiresicular blade or trephine attached to a
pencil-like handle. The instrument is rotated ddatwough the epidermis and
dermis to remove skin.

e Bone marrow biopsy: A sample is taken from the pdbone. The needle (10-16
gauge: 3.404-1.651 mm in diameter) is insertedtimomarrow space to
withdraw cells. This biopsy is used to diagnoseddugse of abnormal blood
counts, such as a high white cell count.

After a sample of cells or tissues is collecteaviit be stained by a chemical and
examined under a microscope by a pathologist.

Fine Needle Aspiration (FNA)

Fine Needle Aspiration is a special type of bioffgt involves a fine needle (from 23 to
25 gauge) to collect a small sample of cell fluidissue. Based on the diagnosis of these
cells, a pathologist will be able to conclude & Buspected lump is benign, malignant or
non-definitive. If inconclusive, a repeat procedomest be done. Fine needle aspiration is
usually performed in tissues such as neck lymplesoeck cysts, parotid gland, thyroid
gland, inside the mouth, or anywhere that a lumplzafelt.

A small needle (usually 23 gauge) is held by thetaiobetween his/her index finger and
his/her thumb. The skin overlying the mass is pregavith a sponge containing 70%
isopropyl alcohol. The lump is then immobilizedthg doctor’s other hand between the
index finger and the middle finger. The small neadlinserted into the mass in a to and
fro fashion for several times with a rapid, genskabbing motion. When the cells are
collected in the needle, a syringe with its plungleeady retracted will be attached
immediately to the needle to expel the sample artlean glass slide. It is then prepared
for staining and examining. An average number & d€lls should be taken to ensure the
success of the procedure (Figure 1).
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Figure 1. Diagrams showing Fine Needle Aspiratimcpdures. The first diagram shows a needle being
inserted into the suspected mass in a thyroid glahe second diagram shows a needle insertedriato t
suspected mass in breast tissue.

Fine needle aspiration has a diagnostic succes®ta0%-80%. If the tissue is
diagnosed to be benign, the growth of the abnomaass is under control, non-cancerous
and is not spreading to other tissue. If it is daded to be malignant, then the mass is
cancerous, growing uncontrollably, and spreadingther tissues. This result will signify
doctors of the appropriate treatment, such as a@rmeatment or even surgery. Fine
needle aspiration procedures fail when no conclusam be made because of inadequate
number and quality of cells. In such a case, tbeguture needs to be repeated, or may
even lead to a surgical biopsy.

Problem Statement

Fine needle aspiration is a biopsy method of cotigaissue samples. The procedure is
currently manual and requires repetitive low yisdompling to collect enough viable cells
for testing. The goal of our project is to maximissue sample size in a single, timely
procedure. We propose to develop a testing dekimteatutomates the current biopsy
procedure, and tests the sample yield by varyiedgréfuency and needle stroke. The test
results will determine the optimal operating freaeyeat various stroke lengths to

provide a maximum cell yield. The automation of tlevice will reduce operating time,
cost and discomfort for the patient.

Problem Overview

The design needs to be safe, meaning that it radsice the fine needle aspiration time
and number of procedures. The device must be h&hdeesable, and durable. It must
have an adjustable needle stroke and frequencynd@éele should be able to penetrate
the tissue without breaking or bending. Patientfoomms also highly prioritized. The
device should be able to withstand typical hostatilization methods, and should be
dependable and precise.

Problem M otivation

The final device would reduce the time and numlégrrocedures compared to the
current method. By incorporating an automatic ¢estedin method, the amount of tissue
collected in one operation would increase. Theaewgan be customized for each
procedure by adjusting the depth and frequenchi@heedle. Increasing the sample yield
would reduce procedure time because only one sanqléd need to be analyzed by the



pathologist. Reduction in the number of procedwesld also decrease the procedure
time and increase patient comfort.

DESIGN CONSTRAINTS

Our design was constrained by a set of criteriasélcriteria include performance
requirements, safety and reliability, accuracy emkatability, dimensions and weight,
ergonomics, and shelf life.

First of all, the device must satisfy performaneguirements. The device must be
reusable up to 3 tests in 20 minutes, and sulpjechemical sterilization methods
between procedures. The machine must also producesfgreat enough to penetrate all
necessary tissues encountered in the body. Sastles include, but are not limited to,
muscle, adipose, epidermal, gland tissues, ete. dElice must also be able to withstand
constant oscillation. The device should operdieieftly at 23 degrees Celsius, and
efficiently produce a consistent, adequate sample.

Safety and reliability are also very important.eTieedle penetration depth must be
variable and lock between 10 and 20 millimeterbe power supply should be portable,
with no risk of electric shock. All materials mus non-toxic and non-allergenic.
Needle integrity must be preserved as well, wittbanding or blunting.

Accuracy and repeatability ensure the successegpithicedures. Precise needle insertion
depth is mandatory. The penetration depth musthiable from 10 millimeters to 20
millimeters, and the frequency of the ‘in-and-outedle cycle is variable. The biopsy
sample must be retained within the needle shadt baneasily expelled.

The dimensions of the product must conform to thbtyto use with one hand. An
operator should not feel strain on the arm or Hamiah the weight of the tool, and easy
maneuvering must be possible. Less weight and-banfbrming dimensions are
desirable.

Ergonomics ensure that the machine is easily opérathe device should be operable in
either the left or right hand. Various angles dliba needle inclusion point should be
attainable by moving the device. The controlstf@r device should also be easily
accessible.

Current Devices

Currently, our client uses a manual aspiration §yaiechnique. A fine needle is held in
the hand and inserted into the tissue. This nasdemetimes accompanied by a syringe
to aid in suction of the desired tissue into thedhe shaft. This technique requires
multiple attempts to collect an adequate samptessiie to be tested. The current
technique is successful after repeated procedooggever, many difficulties still exist.
This technique does not provide an accurate wapltect cell samples from harder
tissues. When the needle is inserted, it often molve hardened tissue mass around,



rather than collecting a cell sample. Also, itfien difficult to collect enough tissue
during the first procedure. By automating the FNFAgedure, our client would be able to
rapidly insert the needle and collect an adequatgk through an oscillatory needle
motion. Our client would like to decrease bothphecedure time and cost to the patient
by creating an automated device.

Competition

Several devices have been developed that autohetitrent fine needle aspiration
procedure. A Syringe Gun was developed by Cameatcaghplies a constant suction to
the tissue using a trigger and syringe. A specifitten inside the syringe prevents cells
from entering it. However, this device is much mexpensive than the current technique
and is more difficult to use. Because of theseamessmany doctors have not obtained
this device. The second method uses a Vacuum NeHuiedevice uses partial
withdrawal of the needle to create suction. Howeldras undergone limited testing and
is not widely used by doctors. A United States piaeas recently issued for a Fine
Needle Aspiration Gun. This patent proposes a tdalyaneedle motion using two
different methods. The first involves an externalton that drives the needle shatft.
Because this device contains external componedtsa@nls, our client is not interested.
The second method involves two opposing solenaidis¢arly drive the needle shatft.
However, this device has not been tested or matk&eerall, testing done by a variety
of researchers shows that none of these devicesteekave an advantage over the
current manual method.

ALTERNATE DESIGNS

Solenoid Design

The solenoid design consists of two AC

solenoids and one DC solenoid. The DC achionashiadlon Ac soknold  —cn/off Bufton
solenoid is attached to a drive shaft and set ezl
between the two AC solenoids. A rechargeab .- rowe co
battery or AC to DC circuitry will supply direct
current to the center solenoid so that one enc
will be continually positive and the other
negative. The AC solenoids will be supplied
with AC current from a wall outlet via a cord.
The AC current will cause a momentary
repulsion between the DC solenoid and one /
solenoid and a corresponding attraction to the
other AC solenoid. The AC current will then switatlarity and attract/repel the DC
solenoid in the opposite direction. This will creat linear oscillation of the DC solenoid
and drive the shaft. The biopsy needle will bechita to the drive shaft by a standard
luer connection.

Drive shaft
DC Solenoid

Figure 2. The Solenoid Desit

Stroke of the needle can be changed by varyingligtance between the two AC
solenoids. This would be adjusted mechanically ke side of the device. Oscillation



frequency can be adjusted by changing the AC freqqueFrequency will be adjusted by
a dial located on the rear portion of the devicaethBoscillation depth and frequency
controls would be located away from the grip toidaxcidental adjustments. The device
will have a one-handed pen-like grip to provideyeasnipulation and control. The

on/off switch will be located on top of the devioear the grip for easy control.

This design has several advantages. All motioméal and the drive shaft and needle are
the only moving parts. This causes very little &iiton and reduces mechanical wear and
tear. Depth and frequency adjustments are alsoteasntrol and change. Using
electronics introduces the possibility of electrglaock. Electrical safety concerns must
be carefully addressed to assure that the patidiftevharmed during the procedure. The
design also includes a cord to supply the devith alternating current. This could be a
hazard in busy operating conditions where the owagl be pulled or snagged during the
procedure. It may also limit the accessibility lod¢ tdevice. The use of magnetic fields
would also limit the device to areas away from MiAchines.

Alternatives to this design may include using tw@ Bblenoids. One DC solenoid could
be attached to a drive shaft. A second solenoiddvapel or attract the first solenoid in
opposition to a spring. By turning the second soi@ion and off, the drive shaft would
be moved back and forth linearly. This would eliatenthe need for AC power and
therefore the cord.

Wheel and Motor Design
The wheel and motor design uses an off-center cechagtie bettey ot Corte s
member to convert rotational motion into linear _ On/Off Button
motion much like a piston. A DC motor, powered k -
a rechargeable battery, will rotate a wheel. A
member will be attached to the wheel off-center sc
that it may pivot. The other end of this membei wil
be connected to a linearly constrained member. B
rotating the wheel, motion will be converted into
linear oscillations. The needle would be connetec
the linear member by a standard luer connection.

Figure 3. The Wheel ar

The stroke of the needle can be adjusted by chgng ot°" Pesian-

the radius of the wheel. Oscillation frequency baradjusted by varying the motor
speed. A dial near the rear of the device will beduto avoid accidental changes. The
device will have a one handed pen-like grip to mteveasy manipulation and control.
The on/off switch will be located on top of the ae&vnear the grip for easy control.

This design is easy to build and uses common efB#if parts. It runs only on DC
current and can be powered by an internal rechblgdattery. This would eliminate the
need for a cord which could be a potential safeizand if it is pulled or caught during a
procedure. Without a cord it can also be easy nudattigd and portable. Since all motion
is not linear, vibration is a concern. The designtains several moving parts which
increase the chance of mechanical failure and ¢ld for maintenance. The oscillation



stroke is also difficult to adjust since it reqeighanging the radius of the wheel. This
could be done by either making the wheel replageabmaking the pivot point of the
member adjustable; neither option being very simple

M anual M echanical Design

The manual/mechanical design is a biopsy dri .

device constituted strictly of mechanical £ PeprAdnsier Needle
components. The design appears to that of a
standard ‘clicking’ pen, in which the

compression of a top-mounted trigger protrudt HeREgaral Slings spring
the needle at the opposing end of the device.
Ergonomics of the mechanical design would
best be imitated by the grasping of a syringe
between the index finger and middle finger, ar
the use of the thumb to activate the trigger.
Upon each compression of the trigger, recoil
would again bring the thumb up to the ‘ready’
position for activation. The device would be Figure 4. The Manual Mechanical Desi
approximately the size of a standard pen, or

about six inches in length, and one-quarter ohah in diameter. The top button would
be directly linked to the needle insertion moust an internal, linear compression spring.
This spring and mounting components would be entcasa non-allergenic plastic
housing. This spring would aid in producing thecéoto penetrate tissues and effectively
collect sample cells. The spring can also be tsatbre potential energy as it is
compressed, and then accelerate the needle gte¢bd sequired to pierce the desired
tissue. Rapid firing of the needle would occuroyckening the pace of activation of the
trigger, variable to the pace of human control (abtHz). The depth of penetration of
the needle is governed by a stop on the triggertitig the length of compression and
insertion. This stop is manually adjusted alonlichethreads by the torsion of the
hexagonal plunger. This stop is variable from Simeters to 20 millimeters, and the
insertion depth directly coincides in equal ingertmagnitude.

L% - Lo

There are several pros to this device. The elitiwnaof electrical components eases the
complexity of the design. There is no battery, Iderds, or electromechanical
components of concern. A second positive poititaslinear nature of the device. Since
all motion is longitudinal, there is no ‘wobblingt latitudinal motion. This helps ensure
patient comfort, as the needle will move strictlyand out. Another pro is the
dimensions and weight of the device: small andtlighhe device will be easy to hold in
one hand. A simple interface would also be us®idce there are less than 4 controls
total, the device is easy to understand.

This device also has many cons. Perhaps the ngosiGant and hindering aspect is the
ergonomics. Accuracy is less attainable by the gfithe device. All precision is
created by the placement of the forearm and hdime. fingers are unable to aim the
device, as it is difficult to maneuver the grasph& device. The apparatus must be
manually operated, and thus the frequency of ngestetration is dependent solely on



the pace of the operator’s thumb. Since the openatist also exert force to compress
the internal spring, the machine is subject to urteh thrust from the thumb and
instability of the hand. Lastly, the insertiontbé needle is variable only to the rate of
trigger activation (no more than 4 Hz), which isquacker than that of the manual
methods currently used.

DESIGN MATRIX

In order to select a final design, we created airtiat weighted ten features based on
their importance to our client. Each alternate glesvas rated on a scale of points for
each feature, with a grand total of 100 points bbss

Feature (possible Wheel and

points) Solenoid Motor Manual/Mechanical
Ergonomics (10) 8 7 6
Durability (6) 3 4 6
Oscillation Adjustability

(12) 10 8 11
Repeatability (15) 12 12 8
Accuracy (12) 11 11 7
Patient Comfort (15) 14 12 10
Cost (4) 1 3 4
Safety (20) 12 16 8
Interface (6) 5 5 2
TOTAL (100) 76 78 62

Figure 5. Design matrix showing scores for ourralige designs.

After rating our alternate designs, it was founat tihe Wheel and Motor Design scored
the highest. Because of this result, we have chibssnour final design.

FINAL DESIGN

The final design that we chose incorporates a wdweelmotor. A small 9 to 18 volt DC
motor has a worm attached to the drive shaft. Tbemis used to drive the worm, which
turns the corresponding worm gear. The worm geglaised on a member along with an
adjustable wheel. This wheel has several diffehefés drilled into it to adjust the radii
from 0.5 — 1.0 cm. This radii adjustment corresotada 1.0 — 2.0 cm needle stroke. A
steel shaft can be temporarily attached to the \wkitle a #8-3/8 inch screw. The shatft is
attached to another linearly constrained membeigiwis epoxied to a three-way
stopcock. A fine needle can be screwed into a stdpavhile a tube and syringe are
connected to the stopcock as well to apply vaculim. syringe operates as a type of
vacuum mechanism to help draw cells into the negliddt. The frequency of the needle
can be changed by adjusting the input source wltaghe motor. Based on experimental
results, the frequency can increase up to aboutis.®verall, the final design is a
testing device that will determine which valuedrefjuency, needle stroke, and suction
increase cell yield most effectively.



2. Wheel drives o-center
shaft. Adjustable
radius determines
needle stroke.

4. Vacuum ca 1
be applied via syringe.

1. DC motor drives worm and wor
gear. Frequency determined by
motor speed:”

3. Linearly constraine
shaft oscillates biopsy needle.

Figure 6. This SolidWorks diagram describes thalfdesign and its functions.

MATERIALSAND METHODS

Most construction was done in the ECB student nmecbhop. A stock U-channel was
used as the support base for the device. A 9-18\Mdr purchased from Radio Shack
was clamped to the U-channel using a slotted sifedtuminum for easy removal and
adjustment. Two drive shaft mounts were machinga®6L/8” aluminum sheet and
attached to the aluminum channel. The worm and wgeans were positioned on the
motor and drive shaft. To insure proper meshing,nlounts were fastened in slots so
adjustments could be made to the drive shaft’siposiA modified gear serves as the
off-center wheel. Tapped holes were machined atisad of 5mm to 10mm at 1mm
increments which correspond to a 10mm to 20mm tisgake. The off-center drive

shaft and linear drive shaft were cut to length tnash the ends were sanded to a smaller
radius so that the pivot ends (#8 electrical rgmgninals) could be pressed onto the ends.
The off-center drive shaft was screwed into ontheftapped holes corresponding to a
specific radius. The linear drive shaft was comséa by two nylon bearings set in a
block of aluminum attached to the U-channel. TleekMas machined down to reduce
the weight of the device and increase ergonomidlivan A three way stopcock was
epoxied onto the end of the linear drive shaft. méedle was connected to the inline
connection and an extension tube and syringe wash&d to the remaining connection.
The following list is the bill of materials for owlevice.



Aluminum U-Channel e #8-32 Hex Nuts
1" x 1"x 2” Aluminum Block o #8-32 Lock Nuts
1/8” Aluminum Sheet e #8-32 Electrical Ring Terminals
0.156” Aluminum Sheet e 1/8”" Nylon Bearings
1/8” Stainless Steel Rod e 8-19Vv DC Motor
3.58° R.H./1 Lead/0.333" P.D. e 10mL Syringe
Worm e 12" Luer Tubing Extension
1.042" P.DWorm Gear e 3-Way Luer Stopcock
Wheel (Gear) with Tapped Holes e Epoxy
#8-32 Machine Screws e Power Supply
#8 Washers

Motor Mouni

DC Motor

S

Nylon Bearing

Extensior
/ Tube

Figure 7. This SolidWorks diagram shows the comptsef our final design.



TESTING AND RESULTS

Simulated tissues were used to test the deviceneance at different frequencies and
strokes. A gelatinous polymer imitated the envirentraround the egg yolk “tumor”.
This polymer was made by mixing 25mg of agar powudér 100ml water and boiled for
10 minutes until totally dissolved. The solutionsysoured into a mould and left until it
was set. A boiled egg yolk was placed on top offitisé layer, then a second layer was
poured in until the egg yolk was totally submerg&de phantom was cooled down until
firm.

Our device was tested using the following basicpdure. A needle was first inserted
into the tumor manually, and then input voltage slasvly increased to a certain value
which corresponded to a specific frequency. Theadenan for ten seconds while
keeping it stationary. Suction was applied usirsyrange connected through a stopcock.
The frequency was then slowly turned down untilyfstopped. The needle was
withdrawn and unscrewed from the device. A syrings used to expel the sample from
the needle tip. The maximum sample volume obtaired this device was
approximately 0.6mm

Our first test was the effect of voltage on thejérency of oscillation. To carry this test
out, we used a power supply to provide voltagénéox-18 volt DC motor. We applied
voltage varying from O to 18 volts and calculatieel tesulting oscillation frequency.
This frequency was calculated using a LabView wariostrument program and a
LabJack sensing device. The program would semseldlure of an electrical circuit in
series (about 2 volts running through the circaityl register the pulse as a vertical blip
on a chart mapping voltage with respect to time.c@mplete the circuit, each period of
oscillation of the rotor arm would bump two wir@salose proximity together and create
a connection. Each created connection would sesigihal to the LabView program.
The time interval on the graph was set to five sdso After five seconds of data
collection, the program could be paused and thatitexs over a five second interval
were counted. The number of pulses divided bytithe interval (five seconds) yielded
the frequency. Several tests were run with vavathge to the drive motor.

A test was conducted using a linear oscillationtdeyy 1 cm with no load on the device
of the needle to determine the voltage and frequeslationship. This relationship was
determined to be linear (see Figure 8). The equnatf the trend line is

y = 0.3431x + 0.0709

and the regression is high, at 0.9959, showingamgtlinear fit.
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Figure 8: Relationship between frequency and veltags found to be linear.

This relationship was confirmed using differenbk# values and with varied needle
loads.

CONCLUSIONS AND FUTURE WORK

In the future, testing will be our main concern.e Will be conducting analysis of several
aspects of our device. Our initial testing mustibee to check our device for
repeatability. The results we obtain must be adelyraeproduced with each procedure.
From the testing results, the importance of stiaéqath, frequency, and suction can be
found. This will lead to determination of an optimaerating frequency and voltage.

Along with the initial frequency and stroke testisgveral other factors must be
examined to determine their importance. Motionpf@rics, and waveform paths are all
essential to our research. Testing different vacdewices, drives, isolation techniques,
and needle forces are also important. By examithege different aspects, the
significance of oscillatory drive versus differeaicuum techniques can be determined.
Our future device must be dependable and efficentyell as ergonomic and easy to
use. A needle stroke setting should be added #mbe change during the procedure.
Additional testing of sample volumes must be doité the aid of a pathologist.

We will also be investigating a few different drigevices. Our prototype from this
semester was strictly mechanical and electromagnétivas the source of positive and
negative points. In the future, we hope to lodk pneumatic designs as well as
hydraulic designs. These designs could potent&lse the methods of drive. We will
also look into incorporating a cable line and hagdb transfer the linear motion from a
stationary device to a more mobile ‘pen grippeddie insertion device. By the end of
next semester, we hope to have a new final debafrtakes the previous testing



guidelines into consideration. We would also likdry the aforementioned varieties of
drive devices. Furthermore, we hope to try diffgrvacuum methods to find the most
controllable and efficient vacuums.
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Appendix B: Product Design Specifications

Fine Needle Aspiration (FNA) Device

Chris Goplen, Tu Hoang Anh Mai, Kristen Seashore, Jason Tham
December 12, 2006

Function: Fine needle aspiration is a biopsy method of ctiig tissue samples. The
procedure is currently manual and requires repetltw yield sampling to collect
enough viable cells for testing. The goal of owjgxet is to maximize tissue sample size
in a single, timely procedure. We propose to dgvalalevice that automates the current
biopsy procedure, and tests the sample yield byingithe frequency and needle stroke.
The test results will determine the optimal opagfrequency at various stroke lengths
to provide a maximum cell yield. The automatiorited device will reduce operating
time, cost and discomfort for the patient.

Client requirements. The device must:
e Dbe reusable
be durable
be user-friendly
be sanitary to clients standards
comply with given hospital safety standards
be dependable and precise
test variations in frequency and needle stroke

Design requirements:
1) Physical and Operational Characteristics
a) Performance Requirements:
i) Reusable
i) Withstand constant oscillation
i) Withstand multiple procedures
iv) Withstand sterilization methods
V) Needle force requirements
vi) Vacuum mechanism to draw cells into needle eagigrated by second
person

b) Safety:
i) No risk of electric shock
i) Non-toxic and non-allergenic
i) Preserve needle integrity

c) Accuracy and Reliability:
i) Variable needle insertion depth (10mm to 20mm)
i) Frequency must be variable and measurable



2)

3)

d)

9)

h)

)

iii) Biopsy sample must be retained within needle shaft
Life in Service: Device must be operable over 3Aute interval

Operating Environment:
i) Sterile hospital environment
i) 23°C standard room temperature

Ergonomics:
i) Functional at varying angles of operation withasihg maneuverability
i) Controls must be easily accessible

Size:
i) Small and slender
i) Must not restrict maneuverability and accessibility

Weight:
i) Must not strain arm and hand
i) Light weight

Materials:
i) Light weight materials
i) Easily sanitized, especially materials potentiailgontact with patient

Aesthetics, Appearance, and Finish:
i) Marketable (aesthetically pleasing to patient amctar)
i) Maintains professional medical device appearance

Production Characteristics

a)

b)

Quantity: 1 prototype

Target Product Cost: minimal, constrained by budget

Miscellaneous

a)

b)

Standards and Specifications: FDA approval (hureatirtg standards)

Customer:

i) Minimal training

i) Low production costs
i) User-friendly

Patient-related concerns:

i) Sterilized between uses

i) Minimal time, cost and pain
i) Professional aesthetics



d) Competition
i) Manual fine needle aspiration technique
i) Cameco Syringe Gun
i) Vacuum needle
iv) Fine Needle Gun (Patent 7008383)



