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Final Design

Design Concept
= Ball and cage valve
= Prevents sample loss

Abstract

Bronchoalveolar lavage (BAL) is a procedure that obtains a lung
effluent sample by injecting saline solution into the lungs, removing it,
and depositing it into a specimen trap. If the specimen trap is freely
hanging in space, however, manipulation of the bronchoscope can lead
to inversion of the trap and loss of sample to the vacuum line. In order to
address this issue, we designed a ball and cage attachment to a widely
used BAL trap, which acts to cut suction when the sample is inverted,
eliminating the risk of losing the effluent sample.

The design attaches a ball and cage valve between the trap and the
tubing to the vacuum source to form a seal between the trap and suction
when the trap is tipped more than 90°. The final prototype was
manufactured using proprietary plaster powder with a cyanoacrylate glue
with a rapid prototyping machine. A steel ball and rubber stopper were
then inserted.

Initial testing was completed and dimensions were modified to optimize

Competition

Current Solutions i n
= Medical staff holds trap Se== (]
= Tape trap to bronchoscope li g )

In-Line Specimen Trap [3]

(Figure 10)
= Valve switch vacuum airway to
include or exclude specimen trap
= Can still lose sample during
procedure

Figure 10: In-line specimen
trap showing turning valve
to change path of suction.

Figure 2: Final prototype. The cage (blue),
stopper (black) and ball (grey) are all inside a
cylinder with threaded (green) cap. See Figure 6
for dimensions and Figure 5 for final prototype. At
the bottom of the cylinder is a connection for the
specimen trap and at the top, the cap connects to
the vacuum tubing.

When Tipped
= Ball moves up cage
= Ball forms a seal with stopper
= Cuts off vacuum pressure

’ z .. * 5 Endoscope Suction Trap [4]
Figure 11: 1
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design performance. Further testing confirmed functionality of modified . SHEIAE) 4 :Ierg?;{]a&:i;u:cg;sﬁalr ¢
prototype. Future work will consider dimension and material changes, After Tipped o , remov?ble . ‘ ® = Can still lose sample during
and restrictions imposed by mass production and medical standards. = Ball falls down when tubing is kinked T | colestiophz ! collection

= Procedure can continue ! -
Background 3 Design Criteria
Bronchoalveolar Lavage (BAL) [1,2] { Figure 6: | L
. Nonir\vasive medical procedure to cgllect lung effluent sample Dimensions for Bk Cost Effective
ranging from $2,000-$4,000 per patient t final prototype in I . = Mass production cost under $10 per attachment
= Performed on immunosuppressed patients mm ¥ = < — = Design and prototype budget under $100
= Lung effluent sample analyzed in lab to diagnose: AR

Functional
= Maintain at minimum 40 mL of effluent in trap after tip
= Should work for trap filled to 60 mL
= Must not interfere with procedure
= Simple and easy to implement

= Malignancy
= Alveolar hemorrhage
= Lung infection
Procedure (Figure 1) [2]
= Patient anesthetized
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: ) ) Figure 3: Prototype 1 Figure 4: Prototype 2 Figure 5: Prototype 3 ! ﬁri Material
= Bronchoscope m_serted, V\_ledge_d into bronchiole ) . . Bl o Mo ek e alEss
=100 mL,0.9% saline solution injected through scope to lung Prototype 1 (Figure 3)  Prototype 2 (Figure 4)  Prototype 3 (Figure 5) 1 « Durable 9
= Effluent: epithelial cells and solution, suctioned from lung to = Large scale = Full scale design = Final design « Sterile
specimen trap conceptual design = Materials: = Dimension changes
= Materials: - Proprietary plaster from prototype 2 .
i 7 B - Interchangeable powder * Materials: Qﬁ:firz;mtype Future Work
includes a specimen trap balls - Cyanoacrylate glue - Proprietary plaster connected to - e
(center) connected to a - Rubber stopper - Rubber stopper powder specimen trap Design Optimization
bronchoscope (left) and - Specimen trap - Steel Ball (d=8 mm) - Cyanoacrylate glue representing * Minimize size
tubing (right) to vacuum - Wire = Cost: $9 - Rubber stopper / connection to = One cpntinuous, sealed unit
source (not shown). - Pipette tip « Proficient — Needs - Steel Ball (d=8 mm) / bronchoscope and . Com.blne trap and attachment . _
= Cost: $4 Improvement = Cost: $9 k L vacuum. * Cap: strengthen, shorten connecting piece
= \Provedlconcept « Proficient = Stopper: optimize hole diameter, conical gradation
. . Material Changes
M o tl Va tl O n - :to"pper: medlical grade silicclz)l;e '
= Ball: no metal, use comparable plastic
90° Tip Test for the 3 Prototypes Testing With and Without Prototype 3 = Transparent plastic she{l) P
The bronchoalveolar lavage specimen traps currently in 0 + Mass Production Considerations
use are unstable in space and can invert to lose effluent Z “ w© : = Sterile
sample. This requires costly repeat procedures. % 2 g T ) = Injection-moldable material
2 10 3z 4 - with = Minimize cost
g 8 ° Prototype N
Goal: To create a simple, cost effective, efficient 3° FES e Aone ° CeHime (53
attachment to the current bronchoalveolar lavage g ° Y ’ F”’_ﬂ’;ﬁ;;i:;';?essure range
X . 4
specimen trap to prevent sample loss during the 2 : 0 . - « Matsriallcompatibillty with lab analysis
procedure. . . o * A - = Operation in realistic setting

e g Fast Tip 180° Slow Tip 180° = Attach to bronchoscope, vacuum limitations
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Prototype 3**
Prototype
Figure 8: Tests on all prototypes (n=3*10**)were

performed starting with 60 mL of water and tipping
the trap 90°.

Intermediate Tip 90°
Test

Figure 9: All tests (n=10) were performed starting with 60 mL of water.
The first test, a test in which we tipped the trap quickly 180°, resulted in
less water loss when we used the prototype on the trap (one-tailed
P<10%, SDroi0ype = 0-39, SDyp = 5.04). Testing by tipping slowly 180°
had similar results (one-tailed p<10-'%, SDqotype = 1.26, SDygp = 0).
Finally, tipping the trap to 135° also yielded similar results (one-tailed
p<107, SD, =1.11, SDy, = 5.75).

prototype trap

= Use in animal or human procedure
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