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Dear Dr. Mark Gartner

We are submitting our business plan for a newlygiesl central venous catheter device. The
device is intended to replace the current methaldegpuipment for placement of a central venous
catheter (CVC). Due to the numerous complicatiawiaing from current CVC placement, it is
a matter of great importance that steps are takegduce error and provide better treatment for
patients.

Our design includes a needle, a three-way connp&toe that contains a one-way valve to
prevent blood loss following the removal of a supp@ndle, a comfortable support handle, and
a pressure sensor. These components will fit tegethallow the clinician to enter a vessel,
obtain the vessel’s blood pressure, determine venéfie vessel is a vein or artery, obtain visual
confirmation of blood in the connector from the selsremove the handle without blood loss,
and insert the guide wire into the patient. Witl finessure sensor, comfortable support handle,
and prevented blood loss, the new design will minen@rror associated with accidental arterial
punctures as well as reduce the amount of CVC agedanfections.

We thank you for your review of our business plad would appreciate any feedback or input
you may have in our design process.

Sincerely,

Jennifer Adams, Janet Chan, Evan Hill, Matt Wolf
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DEVICE SUMMARY

Our design team offers a new central venous cathation device, which provides the clinician
with a more comfortable support handle and a presseansor in order to minimize the error

associated with the current method of central veroatheter placement.




MARKET WITHIN CVC TECHNOLOGY

A catheterization is defined as the use or insertiba tubular device into a duct, blood
vessel, hollow organ, or body cavity to inject athdraw fluids for diagnostic or therapeutic
purposes. [1] Catheters are commonly placed irvéires of patients who have recently suffered
from a severe decline in blood pressure due todbloss. These patients often lack pronounced
peripheral veins and must be administered a ceveradus catheter (CVC). CVCs allow drugs to
be delivered quickly and effectively into the cahtolood system and provide the clinician with
venous pressure information. The most common CV{Dgerted into the internal jugular (1J)
vein.

The current procedure for the placement of an IL@/extremely complex, resulting in
a high possibility of significant error. The climo must first insert the needle into the blood
vessel. The syringe is then removed and a pieg#astic tubing is connected to the needle Iin
order to test whether the needle has entered theovartery. Upon correct needle insertion into
the vein, the guide wire must be thread throughmtedle and placed at the correct depth within
the patient. Following the guide wire insertiorg ttlinician must still remove the needle, thread
the dilator over the guide wire and into the pdtieamove the dilator, thread the catheter into
the patient, remove the guide wire, and securec#itieeter in place. Minimizing the amount of
error within this procedure is an area of greaeriedgt. Although the IJ CVC has the least
occurrence of complications, there are still sedveoanmon complications associated with the
placement of the CVC.

One of the most common and most serious complicatiassociated with CVC
placement is infection of the catheter site. In flear 2000, there were 2.013 incidents of

infection associated with central lines per evedQd patients discharged, not including patients




with immunocompromised systems. [2] These infecioan be caused by an amalgam of small
errors. The use of sterile equipment is extremelpartant in the procedure; however sterile
equipment cannot fully prevent an infection. Suefadncluding the skin and rough cuts can
make very inhabitable sites for bacteria. Multipisertions and jagged incisions provide more
rough surfaces for a bacterial infection. Thesecfunes occur when the clinician is unable to
place the CVC correctly, which occurs in about 28%) placements. [3] In addition, blood lost
from the patient can contaminate the site and pegnother surface for bacteria to grow on.

An even more serious, though less common, conitas the possibility of arterial
catheterization. Puncturing an artery occurs inr@gmately 5% of IJ attempts and can cause
serious hemorrhages. [3] A patient with an alreemiypromised blood pressure could then have
further associated complications. While it is pbkesifor the clinician to easily and quickly
correct their mistake when checking the pressumeicians pressed for time may not use the
tubing to check. If this occurs, the artery carfuily catheterized which can lead to blood or air
embolisms and possible death.

While the statistics of complications may seemb® low, CVC placement is an
extremely common procedure that is used in a myosfgpatient conditions. Often central lines
must be placed in trauma or surgical situationw/nch the patient is in a compromised state.
These conditions increase the risk of CVC placemlemn extremely important for clinicians to
have a more reliable and efficient method of plaeeim

In addition to clinicians, hospitals also aim &mluce risk to their patients in an effort to
provide a high standard of care. Recently, Medistaited that they will no longer pay for certain

medical errors and that hospitals must bear thée tbesnselves. [4] In light of this statement,




hospitals will be even more concerned with minimgzicomplications for all procedures,
including 13 CVC placement.

Patients with many varieties of conditions requZ®&C placement, making it an
extremely large field within healthcare. With therment procedure, there are numerous
complications and risks, which should be addressemtder to enhance patient care. Hospitals
are continuously concerned with increasing qualftpatient care, and a device which minimizes

harmful complications will be in high demand.




DESIGN FOR A NEw CVC DEVICE

Minimizing possible complications was the most artpnt consideration when designing
a new device. Discussion with anesthesiologist\William Mclvor provided insight into the
largest areas of difficulty in placing a Centralndes Catheterization (CVC) line. The most
common difficulty amongst clinicians seems to be placement of the line in the vein. Both Dr.
Mclvor and studies have indicated this to be adaagea needing improvement. [4,5] Many
problems leading to misplacement of the CVC incledenplexity of the pressure measuring
technique and awkward hand positioning. In ordengie this process simpler for clinicians, the
first consideration is to add a pressure sensdhéoCVC device. The addition of a pressure
sensor eliminates the cumbersome task of manubfgking the pressure, a task which takes
additional time and better accommodates error.nttude a pressure sensor, a connector must
be designed to allow the blood flow to enter thespure sensor while also providing a port for a
handle. By containing a one-way valve, the cororgatevents blood loss following the removal
of the handle. This eliminates the need for a clam to awkwardly place their thumb over the
port. Finally, an ergonomic handle is designed aximize clinician comfort while performing
the procedure. By maximizing clinician comfort asdnplifying the procedure, the error
associated with CVC placement will be minimized.

Our design for a new CVC device addresses numgpoaisiems associated with the
current procedure for placement of a CVC and vdérefore be competitive in the market for
CVC technology. The competition will be briefly @ebed below. Since major changes in the
new design involve a three-way connector, comfdetaiandle, and pressure sensor, these
components will be described individually followiriige explanation of the competition. After

the design descriptions, the specific methods wicgeproduction and testing will be described.




FIGURE 1: The overall design for the CVC device.

COMPETITION

The redesigned device will compete with both cur@WC syringe and tubing technology. The
traditional syringe used in CVCs consists of a meethd syringe with plunger. The current
venous checking technology is the tubing previodssgcribed. The use of the redesigned device
would eliminate the use of both the traditionalisye and tubing. This provides a competitive
edge by greatly minimizing the complexity of vessabtry confirmation. Additionally,
continuous confirmation of venous pressure willavailable throughout the entire guide wire
insertion step.

The ergonomically designed support handle provitiesphysician with a comfortable
and easy way to insert the needle. The physici@s dot need to be concerned with balancing
the syringe and retracting the plunger in ordecdafirm vessel entry. Currently, blood spills
occur when the syringe is removed from the needtkatached to the tube, when the tube is
filled with blood (during arterial puncture), anch@n the tube is removed from the needle. The
redesigned CVC device eliminates each of thesatsius by decreasing the instances of
connections and disconnections to the device. Theway valve also prevents blood loss,

allowing for a cleaner and more sterile environment




The redesigned device cost will be approximatefg flollars more than current CVC
syringe technology. However, research has shownctists resulting from CVC complications
range from $6,000 to $90,000 per patient. [7] Apprately five million patients receive central
venous catheterizations per year, ten thousand laEhwexperience complications due to
infection. [2] Conservatively estimating only $1000 per complication, yearly expenses for
CVC associated error total around $100 million. &pproximately five million kits, total costs
of the redesigned device will exceed current kitsdoy $25 million. Therefore potentially $75

million could be saved per year.

THE THREEWAY CONNECTOR

The three-way connector connects the needle, hamdieé pressure sensor. The three-way
connector also incorporates a duckbill checkvalvehe port joining to the handle. Each port’s
dimensions are specifically designed to ensurerra And secure connection. This provides
stability for the device as a whole by preventimg tparts from falling apart during the
procedure. The connector is a hollow cylinder viwtlo ports on each of its circular faces. The
third port is on the slender side of the cylinded g@erpendicular to the other ports. The needle
and checkvalve are placed in the parallel portslenthie pressure sensor is placed into the
perpendicular port. The valve is a one-way ducldhkckvalve obtained from www.Qosina.com
(part number 80065, http://www.gosina.com/catalag/psp?partno=80065). The valve is
displayed in Figure 2 below. The duckbill checkealfpurple and yellow piece in Figure 1)
allows the guide wire to be inserted through thred¢hway connector and needle after the handle

is removed, while keeping blood from leaking outha# device.




80065
FIGURE 2: The duckbill checkvalve offered by Qosina. Eachesqtis 1crf

The inner diameter of the needle port, pressursaegrort, and handle port are 2.49mm,
4mm, and 4.17mm respectively. The outer diametéh@heedle port, pressure sensor port, and
handle port are 4mm, 6mm, and 7.87mm respectivéig. inner diameter of the center of the
connector is 3.65mm and the outer diameter is 978ihe overall length of the connector is
33.46mm. Prototypes of the three-way connector weweluced by Andy Holmes of the
Swanson Institute at the University of Pittsburg§blidWorks designs were used to produce the
prototype using the stereolithography (SLA) techeigThe purpose of the prototype is to verify
connection between the necessary parts and ersumehbsen dimensions allow for necessary
blood follow. Following stereolithography prototyperification, a second prototype will be
produced using silicone rubber mold and vacuumragsthis prototype will be used for clinical
testing to verify device function. Upon final protpe device verification, a production level
device will be produced using plastic injection ding. The three-way connector will be
constructed out of polyethylene in order to viszmlblood flow. Figure 3 below provides an

illustration of the three-way connector.
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FIGURE 3: Solidworks design for the connector.

THE SUPPORTHANDLE

The support handle is ergonomically designed tbirethe curvature of the physician’s
hand. Through ergonomic evaluation, a design sinddhat of a shortened screwdriver handle
was chosen as being easiest for the clinician toipoéate during the procedure. The handle is
75mm long and approximately 25mm in diameter. Hevdkie actual diameter varies along its
length due to the design of the handle. The pdad the connector has a length of 20mm, an
inner diameter of 4mm, and an outer diameter om/5 This port is designed with a tight
connection fitting into the valve and three-way mector. The handle was prototyped by Andy
Holmes of the Swanson Institute at the UniversitPistsburgh. The initial prototype was made
using SLA. The purpose of this prototype is to fyehandle ergonomics and connection to the
valve and three-way connector. A second prototygebg produced from a silicone rubber
mold and vacuum cast. This prototype will be usadclinical tests to verify device function.
Upon final prototype device verification, a prodoatlevel device will be produced using plastic

injection molding. Figure 4 below provides an ithagion of the handle.
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FIGURE4: Solidworks design for the device handle.

THE PRESSURESENSOR

The pressure sensor is the key component of theeleesign. The pressure sensor allows the
physician to eliminate the cumbersome step of dngcthe pressure manually and also allows
for the unique ergonomic design of the support leaadd connector. Although the ultimate goal

of this device is to develop a compact pressursaedisplay, this goal was unattainable within

the amount of time allotted for project completiblowever, the first step, proof-of-concept, was

obtained through production, verification, and dation.

The pressure sensor circuit is shown below in féidgu
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FIGURE5: Image of the constructed pressure sensor circuit
As a general description, fluid from the vein isacheled through the needle, into the connector
and into tubing that leads from the connector ® gihessure sensor, PX26-005GV, which was

obtained from Omega (shown in Figure 6).

Am

FIGURE6: The pressure seﬁsor from Omega.
The pressure sensor receives excitation of a reghlelOV from an integrated circuit, REFO1,
obtained from NewarkinOne (part # 59K9004). Witle tbxact regulation of the excitation
voltage, the strain gauge within the pressure secisanges the voltage output of the pressure
sensor proportional to the change in pressureetuhing. The output of the pressure sensor is
then amplified by an integrated circuit, AD620, aibed from NewarkinOne (part # 59K4387).
Once amplified the voltage is connected to a detpiaition device, DAQ 6800, obtained from
National Instruments (part # 779051-01). The DA@®&onverted the voltage into a digital
signal that could be used in LabVIEW. The digiighal was then processed and converted into

pressure through calibration equations. Finallythimi LabVIEW, the signal was analyzed as
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above or below 30mmHg and a LabVIEW display, shawrFigure 7, produced the final

pressure readout and red or green light. (Fulleeties shown in Appendices A and C)

Below Threshold  above Threshold
Pressure

o ' '

Solenoid

Heart Rake
10011020
g0 % b ¢ o130
e <140
a «
B0 150
50 \\ 160
40— —170
30 =180
D - £ ‘“190 StopGenerating Pressure
] 200 STGP

FIGURE 7: The LabVIEW output produced when a high pressiobtained.

DEVICE MANUFACTURING

Solidworks was used to provide models for eachhef handle and connector as well as an
assembly for the intended final device. Also regdifor use of the device are a needle and a
guide wire which are obtained from the current Kihe Swanson Center was utilized for all
handle and connector SLA prototyping. The Univgrsiaf Pittsburgh Department of
Bioengineering labs were used for all LabVIEW airdwst designs. In order to complete design
fabrication and testing in a timely manner, thdoiwing deadlines were adhered to. Finalized
SolidWorks designs were completed by January 1d7 2An initial prototype was developed by
February 8, 2008. The final prototype was produmgdpril 1, 2008. Evan Hill was responsible
for the handle and connector design, assemblyyarification; Jennifer Adams was responsible
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for the pressure sensor circuit, LabVIEW progransigie and pressure sensor verification;

Matthew Wolf was responsible for the design anemdy of a pressure simulator and simulator

verification; Janet Chan was responsible for theudzentation.

DEVICE TESTING

Adequate device performance and favorable receptyoclinical professionals was required for

device verification. A model simulating variableepsures was constructed to show that the new

CVC device reliably distinguishes between artearad venous pressure.

The model generated pressures from water filledblgs through the use of water

columns of variable heights, shown in Figure 8 belo

IV bags at
different
heights to
create
different

pressures

Spacelabs
Patient Monitor

= _#

Solenoid

Valve
Pressure
Sensor

FIGURE8: Simulator schematic.

As shown in the above schematic, the simulatoizetll hydrostatic pressure in order to create

varying pressures according to the equationd®k The tubing from the venous IV bag was fed

directly into a TruWave pressure transducer thaified the pressure through connection to a

Spacelabs patient monitor (model 514). The heiflthe IV bag was adjusted to produce the
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desired pressure (8-12mmHg). In order to simulaterial pressure, two fluid filled IV bags
were maintained at different heights to produce tWfterent pressures that represent diastolic
and systolic arterial pressures (approximately 66tgrand 120mmHg). The IV bags were then
connected to the inputs of a three-way solenoidevilom Parker (part #5116K198), and the
output of the solenoid valve entered a latex tuis tvas fed directly into another TruWave
pressure transducer. The solenoid valve operaea switch between the two IV bags. The
solenoid valve switching was controlled through aVIEW program that generated a square
wave output. The output signal was then sent throtge DAQ 6008 and then to an
amplification circuit, DS2003CN, obtained from NekiaOne (part # 41K1821). Once
amplified, the circuit acted as an on/off switchdperate the solenoid valve. The switching
frequency was controlled by the frequency of theasg wave generated by LabVIEW. Thus
this madified model gave pulsatile pressure whichld be modified to physiologic pressures by
adjusting 1V bag height. Heart rate was simuldig@djusting the square wave input frequency.
In order to provide a more life-like simulator, ttveo lines (artery simulator and vein simulator)
were run through a Laerdal simulation neck pieaeetuly used at the Peter M. Winter Institute
for Simulation, Education, and Research (WISER}eren

Verification of the device consisted of numeroualsrin which the needle punctured the
simulated vein or artery and the LabVIEW output wésained. The output from the patient
monitor was also obtained and recorded for comparishe following table provides the results
obtained from these trials. Incorrect pressuregwhose that were greater than 4mmHg from the

patient monitor output.
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TABLE 1: The results from device verification.

Correct Incorrect Correct Incorrect
Pressures Pressures Light Light
Arterial 9 1 10 0
Venous 12 0 12 0

Approval of this device was also to be determinsthgi clinician participation in trial
uses of the device. Due to the time constraintsgglan the project as well as on physicians full
schedules, full validation was unable to be pertnHowever, the method for validation is as
follows. A seasoned clinician who has followed ttwurse of the device development will
perform a CVC placement at the WISER center orptbgided training mannequins which will
be installed with the new pressure generating sitoul The success rate of the procedure, the
time taken for the procedure, and the number otlleesticks it takes clinicians to hit the vein
will be recorded. The procedure would then be peréal using the current CVC placement
technology. A comparison of trial data will analy@bether a decrease in procedure time and an
increase in success rate with the use of the nencel®ccurred. Statistical inferences on the
effectiveness will be computed.

Following the trials, questionnaires will be handeat in order to obtain qualitative
feedback on ease of use, accuracy, comfort, pressemsor reliability, and any additional
comments regarding his experience with the newocagevihe questionnaire would also require

the participant to choose his preferred method.

FUTURE WORKS

Additional work may be required for increased fumetand display options, as well as an
improved simulation unit. All of the LabVIEW compents may be reduced to a single compact

chip. Field Programmable Gate Array (FPGA) chipes available for this purpose. This chip,
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along with all other necessary circuitry and ailith battery, may fit into the display case. An
OLED display would then show the status, in whicimerical pressure readings along with a
waveform are displayed with the algorithm’s outcasharterial, venous, or unknown.

The simulator may also be improved to give a widerge of pressures, more accurate
pressure waveforms, and to be more compact. Tdermay be reduced by using “pressure
bags” around the IV bags. These bags act like dolo@ssure cuffs, inflating with air and
applying pressure to the IV bag. Using this systia@ height requirement of the bags is negated
giving a more compact model and possibly accegzassures not possible previously due to
height limitations. The accuracy of the waveformaynbe adjusted by lowering the fluidic
impedance of the system. The use of stiffer andewconducting tubing would reduce the
compliance and resistance, respectively. The wam@dmhen reach peak pressure values more
quickly allowing for a greater response that is la8ected by the heart rate.

According to the project design specification preed in the beginning stages of this
project, the device was required to: differentidtetween high and low pressures using
thresholding, recognize pulsatility, have a comp&&D display, display a waveform,
incorporate an ergonomic handle, and provide an@uodcally viable alternative to current CVC
technologies. The specifications which have notbedn met are: recognition of pulsatility, a
compact LED display, and waveform display. Thegeeets of the device design are extremely
important to the eventual market of this device ard therefore high priorities in the

development of future work.

18




REFERENCES

[1] “Statistics for the term Catheterization: taglsors, journals, cities, countries, and years”
www.gopubmed.org. Retrieved 21 Nov. 2007
<http://www.gopubmed.org/GoMeshPubMed/gomeshpubdtedi=HotTopicDirect&termAlt=
mesh%232404>

[2] “Statistics about Catheterization” www.wronggdisis.com. Retrieved 21 Nov. 2007
<http://www.wrongdiagnosis.com/c/catheter_infectstats.htm>

[3] Eisen L.A. et al. “Mechanical Complications ©éntral Venous Cathetersléurnal of
Intensive Care Medicine. 2006. 21:40-46.

[4] Hoyt, Clark. “Not Paying for Medical Errors” wanytimes.com. 21 Aug. 2007. Retrieved
21 Nov. 2007 <http://www.nytimes.com/2007/08/21fepn/21tuel.html>

[5] Polderman K.H. and Girbes A.R.J. “Central vemoatheter use Part 1: Mechanical
complications.”Intensive Care Medicine. 2002. 28:1-17.

[6] Polderman K.H. and Girbes A.R.J. “Central vemigatheter use Part 2: infectious
complications.Intensive Care Medicine. 2002. 28:18-28.

[7] Moretti E.W. et al. "Impact of central venoustleeter type and methods on catheter-related
colonization and bacteremial@urnal of Hospital Infection. 2005. 61:139-145.

19




APPENDICES

APPENDIXA: GENERAL DEVICE SCHEMATIC
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APPENDIXB: GENERAL SIMULATOR SCHEMATIC
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APPENDIXC: PRESSURESENSORCIRCUIT SCHEMATIC
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APPENDIXD: SOLENOID CIRCUIT SCHEMATIC
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