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Problem Statement —w=— . Development of a 3D-Printing Tumor Model for Real- Comparison and Summary
Current chemotherapy often relies on systemic drug - 1 Time Interstitial Fluid Pressure Measurement Figure 4 below compares pressure measurements between
Biomedical Engineering Us. e artment the Compass Hg and STIC monitor across different needle

delivery, results in the distribution of drugs throughout Industrial and Systemns Avi Patel, Najwan Shokeh, Dorcas Wilson-Anoumou VA U3 Department
_ _ _ L sizes (14 G- 22 G) in tumor models.
the body, affecting healthy tissues and causing adverse N\ Engineering i

Both devices showed strong agreement, with:
effects that could lead to nausea, fatigue, and

Material S an d MEth OdS » <2 mmHg difference for 17G and 19G needles (optimal
immunosuppression . Elevated interstitial fluid pressure 1. Materials 3. Testing Protocol range)
(IFP) within tumors further reduces drug penetration and . Pressure Device: Compass Universal Hg 5> Tumor Phantom Eabrication 1. A biopsy needle Is inserted into the tumor + Slightly higher STIC readings (average +1-3 mmHg),
limits treatment efficacy. Direct intra-tumoral injection * Fluid: Sterile saline . Mixed Dragon Skin or Eco-flex (1:1) with 2 model or biological tissue likely due to its microfluidic sensor design
_ _ _ . N _ 2. Compass Hg connected to top Luer-lock; Best Performance Range  mmm Compass Hg e STIC Moritor
offers a more precise alternative but requires accurate, * Needles: Biopsy needles mL silicone oil Pressure Monitor Comparison by Needle Size

R _ . . _ _ syringe attached to the bottom
real-time pressure monitoring. Silicones: Dragon Skin 10 Medium, Eco-flex 00-10, . ggajt added for porosity and pressure tuning

. 3. Device zeroed to atmospheric pressure ” -
Eco-flex 00-30 . Tumor molds cleaned and sprayed with A eeted 1 mi sal o o -
.. . . . Injected 1 mL saline; pressure recorde 2s
Bac kg round « Additives: Silicone oll, table salt, dye Ease Release 200 J P _
: : - . . . . 5. Repeated across all tumor models and
”:P IS the pressure Of ﬂU'd that SUH‘OUﬂdS the Ce”S N o Hydroge|s: Sodium a|g|nate & calcium chloride . Molds Clamped and injected with silicone P i
: : . : . needle gauges N
tissue. In tumors, this pressure is often much higher than + Molds: 3D-printed tumor molds form VA via syringe Jaud 5
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normal because of leaky blood vessels and poor fluid » Cured at room temperature overnight

» Alginate beads crosslinked and embedded Figure 4: Pressure Monitor Comparison by Needle Size

drainage. This buildup of pressure pushes drugs away from

for texture variation Critical Takeaways

the tumor, making it harder for treatments to reach cancer
7.17G recommended for routine

1. Compass Hg provides clinically use (best precision)

valid measurements (5 mmHg of
STIC) 8. Reserve 22G for cases

2. Meets ASTM E2655-14 standards 'cdY!"Nd minimal tissue
- disruption
for medical pressure sensors

cells effectively. Traditional systemic chemotherapy

distributes drugs throughout the body, leading to low tumor

specificity and harmful side effects. This project addresses

these challenges by designing a system capable of 9. STIC's marginally higher

3. No calibration needed vs. STIC's readings (+3 mmHg) in vascular

5-minute setup

Image 3: Pressure Monitoring Setup with  |mage 4: Pressure Measurement During Injection
Compass Universal Hg and Saline Syringe into Silicone Tumor Phantom

monitoring IFP In real time to support more effective,

mage L Siicone-Based Tumor Phantom  Eo . teing Compass unversal tg tissues (e.g., Iiyer) may require
pressure-informed treatment strategies. . . 4. Sterile/disposable design fits a small correction factor for
Results and Discussion seamlessly into biopsy aggressive tumors
. _ - rocedures . " .
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= s Compes . _ - nit cost of the cost, making IFP
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« Device Comparison: Compass and STIC both tracked within the CO 1 C| us | on
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clinical range . . . .
| | o Elevated interstitial fluid pressure (IFP) in tumors acts as a
- « Key Insight: Tissue type and needle gauge significantly affect

barrier to effective chemotherapy, limiting drug penetration. This

pressure values

Needr: Sauge = @ project developed a clinically compatible system for real-time IFP
o S . . . . m rement using th m niversal H vice, which
o inerstitelfluidflow 2% Proteoghyean | extraceliiar matriv | Figure 2: Experimental Pressure Measurements : Steak vs. Liver Tissue easurement using the Compass Universal Hg device, ¢
s m N S - connects easily to standard Luer-lock biopsy needles and requires
ity ° ot v fvsi Normal interstitial fluid {€] Outwards interstitial ’ matcix crossiinking
& Healthy cell Cancer cell pressure [0 mm Hg) fiuid flow X hinoes . . . . . . . . . . . .
grinhes : e e [l ™ e e e Figure 2 data showed consistent pressure differences between steak and liver tissues across needle gauges. Liver produced higher readings, often no calibration or external equipment. Custom tumor models with

drainage crainage remadeling

surpassing the tumor threshold, while steak remained closer to the healthy range. Compass and STIC devices captured clinically relevant pressures,
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Figure 1: Comparison of Interstitial Fluid Flow and Pressure Between
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Obj eclives pressures [2]. +5 mmHg. This device measures interstitial pressure, helping
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Design a device that directly measures interstitial fluid . * Eco-flex 00-30 (Salt-Modified): 36 mmHg, ideal for fibrotic tumor determine the precise amount of fluid that can be safely delivered
y Ew 43 mmH simulation (ASTM F2450-18) [3]. to the tumor.
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and pressure measurement Increasing pressures 200-300% by creating microporosity. While alginate models (12 mmHQ) worked for cystic regions, their discontinuous fluid AC kn OWI ed g ments

pathways limited pressure retention. These materials cover 92% of clinical IFP needs, offering a versatile platform for tumor simulation and drug _ _
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