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Abstract

Current models used in umbilical vein catheterization training have been deemed inadequate at simu-
lating the actual procedure. To provide a more realistic experience for the trainees, a cuff mechanism was
designed last semester and was proven to surpass the current models in terms of its ability to incorporate
and stabilize a real umbilical cord. This semester, the project focuses on the design of an external support
that mimics the infant’s abdomen and can be integrated with the cuff mechanism. The project also aims to
present the final product to a suitable manufacturer by the end of the semester. To date, 2 designs have
been devised for the external support and will be pursued in the near future, while technical drawings have
been completed as part of the presentation package for the manufacturer.

Background Information
Anatomy of the Umbilical System

Before delivery, the fetus is connected to the mother through the umbilical cord and the placenta. A
healthy umbilical cord contains 1 central vein which transports oxygenated blood from the placenta to the
fetus, and 2 umbilical arteries which transport deoxygenated blood in the opposite direction. Structural dif-
ferences between the umbilical vessels include lumen size and wall thickness (Figure 1). In the umbilical
cord, the umbilical vessels are surrounded by Wharton’s jelly, a gelatinous substance that is composed of
mostly hyaluronic acid, some collagen and mesenchymal stem cells. Functionally, the Wharton’s jelly pro-
vides structural support and protection for the umbilical vessels, regulates blood flow, and stores chemicals
upon the onset of labor. The allantoic duct, though running in parallel with the umbilical vessels within the
umbilical cord, is a remnant of embryonic development and eventually becomes a vestigial structure. Be-
sides the allantoic duct and the umbilical vessels, other macrostructures in the umbilical cord such as
nerves and lymphatic vessels are absent."
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Figure 1: Histological cross section of an umbilical cord revealing the relative positions of
the umbilical arteries and veins, and the surrounding Wharton’s jelly.[!

Page 3 of 20 LAST UPDATED: March 11, 2008



BME 301 (BIOMEDICAL ENGINEERING DESIGN) MID-SEMESTER REPORT
ADVISOR: PROFESSOR BRENDA OGLE PROJECT #22 (UMBILICAL)

From the placenta to the umbilicus, the umbilical vessels intertwine in a helical fashion, and diverge
upon entry into the fetal abdominal cavity (Figure 2). The umbilical arteries turn inferiorly towards the
legs and course around the urinary bladder before joining the internal iliac arteries (and eventually the aorta)
approximately at the first sacral vertebral level”. On the other hand, the umbilical vein ascends into the liv-
er and bifurcates at the transverse fissure, branching into the right hepatic lobe and the inferior vena caval,

In a full-term neonate, the umbilical cord
is on average about 50 cm long and 2 c¢m in di-
ameter. The lumen of an umbilical vessel is ap-
proximately 1 to 2 mm in diameter.”

Umbilical Vein Catheterization (UVC)'®"

During delivery, once the neonate is able
to breathe independently, the umbilical cord is
doubly clamped at about 2 to 3 cm from the
neonatal end and severed between the clamps.
The position at which the cord is severed heav-
ily depends on the wellbeing of the neonate. If
the need for catheterization through any of the
umbilical vessels is foreseen, the cord is cut J
further away from the neonatal end, leaving a ‘
longer umbilical stump. Once the cord is se-

vered, the umbilical stump that remains takes Figure 2: Schematic of the course of the umbilical vessels

up to 2 to 3 weeks to dehydrate and self- upon entry into the abdominal cavity and the insertion of
amputate. an umbilical vein catheter.l’]

UVC is called for when the neonate requires medical intervention via venous access, whether or not it
is an emergency. Examples of such situations include shock, cardiopulmonary failure and hypoglycemia, all
of which can happen during or after delivery. Venous access allows clinicians to deliver intravenous drugs
and perform blood transfusions. Having no innervation, the UV provides the most direct and painless
intravenous route without the need to access intact systemic veins and damage them unnecessarily. How-
ever, due to the rapid detetrioration of the umbilical stump, UVC can only be used temporarily while new
routes of venous access are being identified.

During UVC, the clinician carefully inserts a 3.5- or 5-
French catheter (Figure 3) into the UV while an assistant stabi-
lizes the umbilical stump with tweezers. The clinician then navi-
gates through the UV towards the liver, usually up to a depth of f!
about 5 cm beyond the umbilicus. To verify the depth of inser- = &
tion, the clinician refers to the graduations on the catheter and
regularly draws back on the catheter syringe to obseﬁ§ .the pres- Figure 3: An umbilical vein catheter.
ence of blood. If blood can be drawn back, the clinician stops (3 French = 1

. A ench = 1 mm)

advancing and performs the necessary medical procedures.

-
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[5.7]

UVC Training by the American Academy of Pediatrics

Via the Neonatal Resuscitation Program (NRP), the American Academy of Pediatrics trains thousands
of clinicians at least 45 times a year to hone their UVC skills. The current accepted training model is the
baby bottle model. It consists of a bottle of Pedialyte solution and a cap of a standard milk bottle. The tip
of the cap is cut to expose a hole through which a fresh umbilical cord can be inserted, and the Pedialyte
solution is dyed red using commercial food coloring (Figure 4a). The umbilical cord is subsequently tied as
required by the actual catheterization protocol (Figure 4b), and catheterization proceeds (Figure 4c). Al-
though tying helps to stabilize it, the cord readily slips in and out of the bottle once the trainee starts to ca-
theterize it. This increases the tendency of the trainee to apply more force while catheterizing, which may
eventually puncture the cord (Figure 4d). Clearly, such cord instability in the NRP baby bottle is not at all
representative of the actual procedure and hinders training progress.

(c)
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Figure 4: (a) The NRP baby bottle model. (b) Tying the cord offers some stability. (c) Assis-
tance is needed during catheterization as the cotd slips in and out of the bottle. (d) Punctured
cord due to aggressive handling.

Market Research

b
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There are 2 models existing in the cur- ] ﬁ
rent market that aim to provide a better simu-

lation model for the NRP UVC training. One
of them is an artificial umbilical cord made
from vinyl tubing (Figure 5a). This model can
be homemade at less than $5 and does not
require expertise for assembly.” Friction be-
tween the vinyl tubing and the milk bottle cap
is considerably higher than that between
Wharton’s jelly and the milk bottle cap, hence

providing sufficient stability for use in UVC  Figure 5: (a) Using the vinyl umbsilical cord with the NRP
training. baby bottle modell®l. (b) “Baby Umbi” from Laerdalll.

The other model is “Baby Umbi” from Laerdal (Figure 5b). Without tax, the model costs $§920 per
doll and $102 per set of 3 artificial umbilical cords.” Besides offering adequate stability during UVC train-
ing, the model has an additional dimension of simulation by providing an infant substitute. This is benefi-
cial as the trainee is now able to support his or her wrists on the doll’s abdomen like what is done in the ac-
tual procedure. The doll also permits a more realistic visual experience.
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The 2 existing models indeed resolve the issue of cord stability posed by the NRP baby bottle. How-
ever, one major setback of these models is the absence of a real umbilical cord. Regardless of how stable or
realistic the models might be, using real umbilical cords is critical to the trainee’s learning. In particular,
plastic tubing does not possess the soft, slimy texture of the Wharton’s jelly and the intertwining anatomy
of the umbilical vessels. More resistance is also encountered when catheterizing a plastic tube as the fric-
tion between the plastic tube and the catheter is much higher than that between a real umbilical vein and
the catheter. It is thus apparent that the existing models are inadequate substitutes for the NRP baby bottle
model.

Problem Statement

This project aims to provide a better model for the NRP UVC training and entails 2 short-term goals
and 1 long-term goal. The short-term goals include the design of a functional mechanism that incorporates
and stabilizes a real umbilical cord, and the design of an external structure that mimics the infant’s abdo-
men. Both components should be complementary and able to be integrated into a single model. These
goals essentially combine the strengths of the existing models. On the other hand, the long-term goal is to
utilize the model in the NRP. To do so, the model must first undergo practical testing to prove its advan-
tage over the baby bottle model and eventually be manufactured in bulk. Manufacturability must therefore
be taken account in the model design.

Client’s Requirements

There are several specific requirements put forth by the client. Firstly, fresh umbilical cords must be
used within 1 to 2 days after birth, in the light of their rapid deterioration ex zivo. The dimensions of the
stabilizing mechanism must allow for at least 2 cm of cord extruding beyond the “umbilicus” and 5 cm into
the “abdomen”, and must also accommodate various cord sizes. The internal segment of the cord can be
treated as systemic blood vessels, so there is no need to mimic the internal abdominal anatomy. As umbili-
cal cords are biohazards, materials used in the model must be disposable.

Next, the stabilizing mechanism must withstand the upper limit of mechanical forces involved during
UVC training. This limit should be low since trainees are expected to practice cautious handling during
UVC. The mechanism should also include a blood reservoir from which blood-mimicking solution can be
drawn for verification of catheter depth. Meanwhile, the external structure needs to fit the dimensions and
weight of the infant’s abdomen. Its texture must resemble human soft tissue and should ideally be opaque.
Although the entire model will be disposed after usage, it should be durable at least for the period of use.

Lastly, the final model should be user-friendly such that minimal preparation effort is required on the
user side. It must also perform better than the existing models, and yet remain easily manufactured.

Ethical Considerations

To preserve donor confidentiality, umbilical cords must be obtained anonymously. Morally, the cords
must be treated with respect and should not be misused. Meanwhile, potential dangers of the model must
be made clear to the user and manufacturer in a disclaimer. With regards to intellectual property, it is ne-
cessary to keep the designs as original as possible, otherwise respective sources must be properly cited.
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Project History

Both short-term goals were pursued in the previous semester. An external support derived from a
foam football was created to mimic the infant’s abdomen. A 1.75”-diameter hole is drilled into the football
to contain the stabilizing mechanism and the umbilical cord. At the same time, two models were created to
incorporate and stabilize real umbilical cords, namely the cord-in-gel (or gel) model and the sphygmoma-
nometer (or cuff) model.

The Cord-in-Gel Model

The gel model utilizes two 1.75”-diameter Playtex liners. One of the liners is used to contain the um-
bilical cord, and its inner surface is coated with a 2 cm by 13 cm strip of adhesive sandpaper just below the
brim. A 7-cm segment of umbilical cord is then vertically suspended in the middle of the liner with a
weight tied to its lower end to straighten it. The weight is chosen such that overstretching of the cord is
prevented. Meanwhile, Knox gelatin is dissolved in boiling water at a concentration of three packets per
150 ml of water. The solution is continuously stirred to ensure complete dissolution and left to cool to
room temperature. It is then poured into the sandpaper-coated Playtex liner leaving approximately 2 cm of
the cord exposed in air. Finally, the entire liner is placed in a large airtight bag and cooled at 2°C overnight
to allow the gelatin to set.

The liner is removed from the refrigerator on the following day. Using a scalpel, the liner is cut to de-
tach the weight and expose a cross section of the cord. The other liner is then filled with 50 ml of water
and a few drops of red dye, and the sandpaper-coated liner with the cord and gelatin is inserted into it
(Figure 6a). The entire unit of 2 liners is then inserted into the external support until the lips of the liners
touch the support (Figure 6b). This completes the gel model.

As the umbilical cord is fixed in place by the gelatin and further enhanced by the sandpaper (which
provides additional adhesion between the liner and gelatin), the gel model greatly supersedes the NRP baby
bottle model in terms of the stability of the cord. Not only does it prevent rotation and translation of the
cord during catheterization, it even resembles an umbilicus due to the skin-like texture of the solidified ge-
latin. Also, a variety of cord sizes can be accommodated. Finally, the incorporation of real umbilical cords
renders the gel model superior to existing models in the market.

(@) y (b)

Figure 6: (a) Stabilizing mechanism of the gel model. The cord specimen
is embedded in solidified gelatin. (b) The completed gel model.
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The Sphygmomanometer Model

The major functional component of the cuff model is a Philips Neonate 3 blood pressure cuff, which
has a maximum diameter of 3.18 cm and collapses upon complete inflation such that opposite sides of the
cuff’s inner surface are in contact with each other. The cuff is prepared by gluing 4.1 cm by 0.3 cm strips of
sandpaper to its inner surface in groups of 3. The strips are regularly spaced at about 0.2 cm between each
other and each group is placed at regions of the cuff’s inner surface that do not crease upon inflation. Such
a placement ensures that the cuff inflates into a square shape so that the umbilical cord is in optimal con-
tact with the frictional surfaces.

The modified cuff is then secured inside an 80-ml Medela SpecialNeeds Feeder bottle by applying a
cyanoacrylate-based adhesive between the cuff’s outer surface and the bottle’s inner surface. A 3.57 mm-
diameter hole is drilled 4.5 cm from the upper lip of the bottle to allow the cuff’s air tube to exit the bottle
without blocking the lumen. Once the air tube is passed through the hole, it is attached to a 50-ml syringe
which serves as a control for the cuff’s inflation (Figure 7a). 25 ml of water and a few drops of red dye are
then added to the bottle to form the blood reservoir, and the entire unit is inserted into the external sup-
port (Figure 7b). To accommodate the ait tube, a 3/8”-hole is drilled into the external support. This com-
pletes the cuff model.

Like the gel model, the cuff model performs better than the NRP baby bottle model and the existing
models in the market in terms of cord stability and realistic simulation. Various cord sizes can also be ac-
commodated. However, the major difference is that the cuff model does not engage the user in preparatory
work in order to use it.

(a)
(::? £ -

Figure 7: (a) Stabilizing mechanism of the cuff model. The cord specimen can be held in place by
inflating the sandpaper-lined blood pressure cuff using the syringe. (b) The completed cuff model.

Model Testing

Without quantitative assessment, it was difficult to determine which model was actually better as both
models satisfied the design requirements. More importantly, objective evidence was necessary to prove that
the models were indeed better than the NRP baby bottle model. Hence, two types of tests were performed.
The first was a tensile test in which a cord specimen was stabilized using each model, and a Newton meter
was used to uproot the cord. The maximum force required was recorded and averaged over several cords.
The second test put the models through actual catheterization and the average success rate was computed.
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To minimize the effects of confounds such as variability in the cord tissue and the coiling of the um-
bilical vein, each umbilical cord was cut into 3 equal segments so that every cord was tested in each model.
Results are shown below.

10 7

Maximum Tensile Force (N)
O]

Gel Model Cuff Model NRP Baby Bottle Model

Figure 8: Tensile test results. Figures reflect the average maximum tensile force required
to uproot a cord segment from each model. (Sample size = 5)

MODEL SUCCESS OF CATHETERIZATION
Gel Model 100%
Cuff Model 67%
NRP Baby Bottle Model 0%

Figure 9: Catheterization test results. Figures reflect the percentage of cord
segments that could be successfully catheterized. (Sample size = 3)

Clearly, both models performed better than the NRP baby bottle model, and the gel model was supe-
rior to the cuff model in both tests. However, it was noted that the cuff model has a greater commercial
potential as it is much more user-friendly in terms of its preparation and can be repeatedly used since the
cord is not permanently fixed to it. Such manufacturability was not observed in the gel model. Hence, fur-
ther testing was performed to assess if the characteristics of the cuff model are sufficient despite being
weaker than those of the gel model.
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One hypothesis to why the cuff model underperformed in the catheterization test was that the pres-
sure might be too high for successful catheterization, as the umbilical vein could be occluded. Hence, the
additional test involved catheterizing the same cord under different pressures, and repeating the same pro-
cedure on different cords. Out of 3 cords, the same success rate as that in Figure 9 was observed. However
it was noted that the “unsuccessful” cord had multiple blood clots which might have hindered catheteriza-
tion. More importantly, the cuff pressure seemed to have no effect on the success rate, as all “successful”
cords remained catheterizable between pressure limits of the cuff. There was also no movement of the
cords throughout the test, implying that even though the cuff model is weaker than the gel model in terms
of tensile stability, it is strong enough to sustain the forces involved during cord handling. With these, the
cuff model was selected against the gel model, fulfilling one of the short-term goals.

b

Plans for This Semester

The focus of this semester is to pursue the remaining 2 goals, namely external support design and
product manufacturing. Although brainstorming for the external support has begun last semester, it was
not the project’s focus then, hence the foam football had all along served as a substitute. It was not ideal
because its shape and texture cannot be modified, being a commercial product. This semester, the primary
objective pertaining to external support design is to create a better external support that closely mimics the
texture, shape, size and weight of the infant’s abdomen, and can be easily manufactured. Meanwhile, the
primary objective pertaining to product manufacturing is to find out the relevant manufacturing standards,
tulfill them and ultimately present the product to a suitable manufacturer. This can be done by devising a
manufacturing package that contains all the information a manufacturer needs to assess the product.

External Support Design

Besides the client’s requirements, there are certain engineering and manufacturing concerns that are
involved when designing the external support. They can roughly be divided into 3 categories: physical and
operational characteristics, production characteristics, and miscellaneous. Together with the client’s re-
quirements, these are summarized in the Product Design Specifications available at Appendix A.

The physical and operational characteristics provide guidelines on how the external support must look
and function in a predetermined environment (in this case, clinical or laboratory settings). Firstly, the sup-
port must be either disposable or sterilizable since its usage involves physical contact with blood and hu-
man tissue. However, as sterilizable materials are much more restricted in terms of their moldability, the
design will focus primarily on disposable materials. Consequently, the support should withstand usage for
at least 2 hours but have a shelf life of at least 2 years. Mimicry of the abdominal texture must be achieved
without compromising the functionality of the cuff model. In other words, the external support must be
compatible with the cuff model. As the average weight of a newborn is 3.4 kg!'’, the external support is
expected to weigh between 1 kg to 2 kg. It should be roughly rectangular in shape, around 30 cm long, 15
cm wide, and 5 cm deep to accommodate the cuff model. Taking into consideration the inlet for the cuff
model, the average density of the support should be between 0.46 g/cm’ and 0.92 g/cm’.

The production characteristics provide information on the quantity and target production cost of the
external support prototype due by the end of this semester. One reproducible model shall be constructed
at a cost below $90, considering only raw materials.

Page 10 of 20 LAST UPDATED: March 11, 2008



BME 301 (BIOMEDICAL ENGINEERING DESIGN)
ADVISOR: PROFESSOR BRENDA OGLE

MID-SEMESTER REPORT
PROJECT #22 (UMBILICAL)

The miscellaneous category covers all requirements that did not fit into the categories above. Here,
the only requirement is that the external support must comply with manufacturing standards and the NRP

guidelines.

Summing all the above requirements, the design assessment criteria for the external support can be

broadly classified as follows:

Appearance & texture: This refers to the model’s ability to mimic the infant’s abdomen in
terms of texture, visual appeal, color and shape. It is the most important criterion as it is
crucial at providing a realistic visual and tactile experience to the user.

Ease of construction: This refers to the complexity of the construction procedure and the
availability of materials. Ideally, the materials and methods used to build the model should
be available on the manufacturing line, yet accessible on campus. The incorporation of the
cuff model into the support should also be simple.

Reproducibility: This refers to how easy it is to reconstruct the original model with mi-
nimal errors and variability. The construction or reconstruction process should also allow
easy backtracking and repair should accidental defects be detected before completion of the
product.

Durability: This refers to how long the model can be stored without significant degrada-
tion and how much it can endure the stresses involved during handling. It is the least impor-
tant criterion as the usage period is only 2 hours and the users are expected to handle the

model carefully.

The Artificial Skin Model

The artificial skin model is composed of 2
elements: a core made of a tough, deformable
material such as high-density foam, and an ex-
ternal later made of a soft, elastic material such
as soft rubber (Figure 10). The main advantag-
es of this model is the ease of construction and
reproducibility as the core and external layer
can be easily purchased, drilled and adhered
together. It is however not perfect as the inter-
face between the 2 materials presents a source
of mechanical weakness and construction et-
rors. It may also be difficult to select 2 mate-
rials that give the ideal texture and respond
equally to the same adhesive. Nevertheless,
these weaknesses are not significant, hence the
model is still a strong candidate.

Q5

AR

Figure 10: A representative portion of the artificial skin
model. The thinner top layer is made of low-density materi-
al while the thicker core is made of high-density material.

All measurements are in inches.
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Figure 11: The bean bag model. The “bean bag”
around the cuff model and is coated with a layer of soft po-
lymer. The outer diameter of the model is about 30 cm.

The Rubber Mold Model

The rubber mold model is simply a block
of soft polyurethane molded to accommodate
the cuff model (Figure 12). Compared to the
other models, it is the most reproducible as on-
ly one step is involved in the construction
process. Since the density of polyurethane can
be controlled, there is a lot of flexibility in ap-
pearance and texture. However, a certain level
of expertise may be required to mold such elas-
tomers, hence this model fares less on the ease
of construction than the artificial skin model.
Nevertheless, if properly molded, the model
has little or no points of weakness.

Design Matrix

The Bean Bag Model

The bean bag model utilizes a donut-
shaped cushion that is stuffed with beads, sand,
or any other particles and wraps around the
cuff model (Figure 11), based the concept of a
bean bag. The cushion fabric is additionally
coated with a layer of soft polymer such as
rubber to mimic skin texture The motivation
behind this model is to produce a similar com-
pression when pressed as does the infant’s ab-
domen. Compared to the artificial skin model,
this model is weaker in all aspects. Not only
does it resemble the infant’s abdomen less, it is
Wraps more difficult to alter its appearance and tex-
ture. Sewing renders it less reproducible, less
easy to construct, and less durable though it
may be sufficient to endure the usage period.
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Figure 12: A representative portion of the rubber mold
model. The entire model is made of a single soft polyure-
thane. All measurements are in inches.

To identify the best model to pursue, the design criteria are weighted in percentage according to their
importance and relevance to the design requirements. Each model is then evaluated and given a score out
of 100 for each criterion. The score for each criterion is multiplied by the corresponding weight and added
up to yield the total score for that model. Based on the design matrix (Figure 13), both the artificial skin
and rubber mold models are deemed equally well and are chosen for future work.
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Appearance & Texture 40% 30 70 90
Ease of Construction 30% 90 60 80
Reproducibility 20% 90 50 100
Durability 10% 80 70 90
TOTAL 100% 85 63 89

Figure 13: Design matrix showing the weight of each design criterion and the scores of each model. Both
the artificial skin and rubber mold models were chosen for future work.

Product Manufacturing

While pending the identification of a single workable external support model, research has been done
to identify the materials and methods commonly used in mass production and the information which a
manufacturer requires to assess the manufacturability of a product.

One recommended material for the external support is soft polyurethane 10A. It comes in a liquid
form and can be used in a variety of methods. In dip coating, a solid object is dipped into a liquid polymer
and left to stand at room temperature or higher. The polymer will cure and harden over time depending on
the temperature and setting time. In injection molding, an aluminum mold is custom-made according to
the desired shape of the resulting polymer. The liquid polymer is injected into the mold and left to cure via
a computerized process. Seemingly, dip coating is more suited for the artificial skin model, while injection
molding is more for the rubber mold model.

Along with the recipe for constructing the cuff model, the manufacturing materials and methods, once
identified, constitute the standard operating procedures — the first piece of information that needs to be
included in the manufacturing package. Substantiating the standard operating procedures are detailed tech-
nical drawings. In addition, testing results are required to prove the market niche of the product. Examples
of testing that are relevant to this project include statistical surveys and device fatigue analysis, both of
which can be performed on campus. Lastly, the demand quantity for the product in the current and future
market must be determined. This is critical because it directly correlates with product profitability and justi-
ties the production cost. The current estimated cost of an injection mold is about $25,000. Other costs
such as raw materials, machinery, opportunity cost and labor will be researched upon in the future.!'"

Note: With regards to the cuff model, no specialized machinery currently exists to assemble it, as it is
a novel invention whose components are derived from products of various companies. However, it is
possible to tap on and modify existing machines that perform similar functions to suit the needs of this
project. Such a decision lies mainly on the manufacturer and will not be pursued in this semester until a
suitable manufacturer is engaged.
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Current Progress

Besides brainstorming on design ideas, performing literature research and completing technical draw-
ings, the team has conducted a survey at the Meriter Hospital to add on to the testing results obtained last
semester. Each participant was asked to perform the UVC procedure using the NRP baby bottle model
and then the cuff model, and was later asked to compare both models in an anonymous survey. Results re-
veal that the cuff model is indeed an improvement over the NRP baby bottle model (Figure 14). In addi-
tion, a lot of positive feedback and suggestions for further improvement were received. Most of them fo-
cused on the improvement of the pressure valve and the external support.

5.5 7

ol [ [ [
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Average Score (out of 5)

0.5

Cord Stability Realistic Experience Biological Safety

Figure 14: Survey results. Residents at the Meriter Hospital generally regard the cuff model more func-
tional than the NRP baby bottle model. Details can be found at Appendix B.

Future Work & Potential Difficulties

For the rest of the semester, the team will focus on purchasing and selecting the best material for both
external support models, and compare both models to identify the better one. Access to facilities at the
Department of Mechanical Engineering will be obtained to conduct experiments on polymers. Meanwhile,
the team will continue to conduct surveys and begin fatigue analysis on the cuff model. The team will also
attempt to project the estimated production costs for the entire model. This may prove to be difficult,
hence assistance will be sought from experts on campus and if need be, existing manufacturers. Lastly, the
cuff model will be improved upon based on inputs from the survey.
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APPENDIX A: PRODUCT DESIGN SPECIFICATIONS

Project Title: Umbilical Cord Model for Umbilical Vein Catheterization Training
(Project Number: 22 / Code: umbilical)

Initial Problem Statement

The American Academy of Pediatrics Neonatal Resuscitation Program (NRP) is required training for
thousands of physicians and medical staff who attend the delivery of newborns. Placement of an intrave-
nous catheter in the umbilical vein of the cord stump in a distressed newborn is one way to provide life-
saving medication and is a skill that is essential to the NRP course. Hands-on training in the placement of
an umbilical venous catheter has received increased attention and emphasis since the 2005 update of the
NRP course. Currently, two models for hands-on training are available. Some companies make newborn
models for CPR that also have artificial umbilical cords (eg. Laerdal). These models appear to inadequately
mimic placement in a real cord and are very expensive. Alternatively, the American Academy of Pediatrics
recommends using sections of an umbilical cord obtained after delivery. The cord section is placed in a
glass baby bottle with part of the nipple cut off so the cord extends about 1/2 an inch from the top of the
nipple. While this model has the advantage of using a real cord, the cord is secured pootly and thus does
not adequately mimic placement in a newborn. The goal of this project would be to create an inexpensive
and disposable model that would be a vast improvement over the “baby bottle” model for teaching and
could be patented and marketed to the over 25,000 individuals in the US who teach NRP.

During the first semester of this project, the umbilical team designed two working models, the “cord-
in-gel” and “sphygmomanometer”. Both models had good tensile test assessments and limited but promis-
ing side-by-side comparisons of catheterization success. Additional design work is needed for both models
before consideration of patent and production. The superior model needs to be identified, and the materi-
als and construction process need to be refined for bulk manufacturing. The mold for the “cord-in-gel”
model needs additional design work with alterations to mimic the course of the umbilical vein in the body
and modifications to ensure correct placement of the cord in the gel and exit of the cord end to a reservoir.
The “sphygmomanometer” model was created from a blood pressure cuff and purchased materials. This
model needs to be designed from appropriate materials with a built-in “cuff”’. The design for the support
system for both models will need to be altered accordingly. In addition, part of the design goals will include
work with human cords to determine if cord orientation, storage (eg. freezing), or fixation affect the model.
Ultimately, we will have physicians test the models side by side to gather data for the possible patenting of
this product through WAREF, including success of catheterization, biosafety, and infection control data.

Revised Problem Statement

The superior model has been identified as the sphygmomanometer (or cuff) model. The design focus
now lies on the creation of an external support that incorporates the cuff model and mimics the infant’s
abdomen. As umbilical vessels themselves will be used to simulate the systemic blood vessels upon the
umbilical cord’s entry beyond the umbilicus, the course of the umbilical vein in the abdomen needs not be
mimicked. Manufacturability of the entire model must be considered as a design constraint. At the end of
the semester, a manufacturing package that encompasses all pertinent information required for a manufac-
turer’s assessment should be prepared. This includes testing results as mentioned in the initial problem
statement.
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Client Requirements

- Fresh human umbilical cords are to be used within 1 to 2 days before significant postnatal deteriora-
tion begins and renders the cords unsuitable for handling.

«  The umbilical cord should be well stabilized and be able to withstand the mechanical forces involved
during catheterization training.

« At least 2 cm of the umbilical cord should extrude from the surface of the model, while 5 cm of it
should be embedded within the model to simulate the systemic blood vessels.

- A variety of cord sizes must be accommodated.

- A blood reservoir should be included to contain blood-mimicking solution that can be drawn to verify
catheter depth during catheterization training.

«  The external support of the stabilizing mechanism should mimic the infant’s abdomen in terms of di-
mensions and weight, and its texture must resemble human soft tissue and be opaque.

- Materials should be disposable to ensure biosafety, but should at least be durable for the period of us-
age.

= The final product must be user-friendly and require minimal or no preparatory work by the user.

- The model should perform better than existing models and must be manufacturable in a standard
production line.

Design Requirements (for External Support)

1. Physical & Operational Characteristics:

a. Performance Requirements: The external support must mimic the infant’s abdomen in terms
of dimensions, weight and texture, and incorporate the cuff model without compromising the
stability of the umbilical cord.

b. Safety: Materials used in the entire model must be disposable since physical contact with human
tissues is anticipated. Additionally, the model must not contain sharp edges, or any mechanisms
that permit skin contact with human tissue during usage. Expected device failures must not en-
danger the user.

c. Accuracy & Reliability: The dimensions and weight of the external support should be within
10% from those of an average healthy infant. Texture mimicry will be assessed using compliance
testing, but the acceptable accuracy has yet to be determined. Methods and materials employed to
construct the external support must optimize reproducibility to reduce variance among the prod-
ucts at both design and manufacturing stages.

d. Life in Service: Fach usage should last for at least 2 hours between opening of the packaging
and disposal of the product.

e.  Shelf Life: At least 2 years of storage is expected since the NRP training occurs at least 45 times
a year.

f.  Operating Environment: Normal clinical or laboratory environment.
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g.  Ergonomics: The model should require minimal or no preparation on the user’s part. During
usage, the user must be sufficiently “convinced” by the abdominal mimicry, and the catheter
should be inserted at least 5 cm into the umbilical vein to be considered successful.

h. Size: Assuming that the “abdomen” is roughly rectangular, the external support should be
around 30 cm by 15 cm by 5 cm, and contain a cylindrical hole of 1.75” in diameter to incorpo-
rate the cuff model.

1. Weight: Between 1 kg to 2 kg, considering the average weight of a newborn is 3.4 kg and the ab-
domen is approximately 30% of the body weight.

j.  Materials: One fresh human umbilical cord per use, but may be sectioned such that 2 to 4 prod-
ucts share the same cord. Soft elastomers or other low-density polymers will be considered to
mimic the texture of the infant’s abdomen.

k. Aesthetics, Appearance & Finish: The model must resemble an infant’s abdomen primarily in
terms of texture. Color will be of secondary concern.

2. Production Characteristics:

a.  Quantity: 1 reproducible model by the end of the semester. Target production quantity at the
manufacturing stage will be determined later.

b. Target Product Cost: Raw materials should cost less than $90 for 1 product. Target production
cost at the manufacturing stage will be determined later.

3. Miscellaneous:

a. Standards & Specifications: The design and construction of the model must comply with
manufacturing standards and the NRP guidelines.

b. Customers: Any clinical institution that is involved in the NRP umbilical vein catheterization
training.

c. Patient-Related Concerns: The donor of the umbilical cords must remain anonymous to the
designers and users of the model.

d. Competition: The recommended baby bottle model currently used in NRP. Commercial prod-
ucts include “Baby Umbi” from Laerdal.
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APPENDIX B: SURVEY RESULTS

Date of (Conducted on February 27, 2008)

Legend: INRP Baby Bottle Model
Blood Pressure Cuff Model

STATEMENT SD D N A SA
3 1
The umbilical cord is well stabilized. 3 .
1 3
The model is too complicated to use. : 3
1 3
It is obvious how the model should be used. . 3
1 2 1
The model is representative of the actual procedure. 5 5
2 2
The model reminds me that ’'m dealing with an infant. ) . )
1
The model fulfills the training objectives. A
2 1 1
It is obvious that the model is meant for catheterization training. . 3
3 71
I feel safe using the model. 5 )

Comments on NRP baby bottle model:

1) Umbilical cord moved out.
2)  Seemed less stable than blood pressure cuff model.

Comments on blood pressure cuff model:

1)  BP cuff needs to be deflated in order to advance catheter and draw back through catheter.
2)  Have cord extend above “baby body”.
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3) The cord I had had a very twisted vein which made it difficult to catheterize. The pressure in the cuff
was adequate.

Comparison between both models:

1)  Iliked it much better — more realistic!

2)  Appreciate “baby body”. Like ability to adjust pressure around cord to stabilize cord.

3)  BP cuff was more stable but I was more successful with the baby bottle model.

4) I think that the BP cuff model more realistically simulates the actual procedure. Thanks.
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