
 

Aided by AI, new catheter design helps
prevent bacterial infections

January 5 2024, by Lori Dajose

  
 

  

Schematic of proposed CAUTI mechanism and anti-infection design process.
(A) Proposed mechanism for CAUTI. The urine flows from within the patient’s
bladder outward through a catheter, while bacteria swim upstream into the
patient’s body. (B) The run-and-tumble motion of bacteria and upstream
swimming mechanism. (C) Simulations to explore catheter shapes suppressing
upstream swimming. (D) AI-assisted optimization using the geo-FNO
framework. (E) Microfluidic experiments to test the design in 2D channels. (F)
3D experiment with designed real-size catheters. Credit: Science Advances

1/5



 

(2024). DOI: 10.1126/sciadv.adj1741

Bacteria are remarkably good swimmers—a trait that can be detrimental
to human health. One of the most common bacterial infections in a
health care setting comes from bacteria entering the body through
catheters, thin tubes inserted in the urinary tract. Though catheters are
designed to draw fluids out of a patient, bacteria are able to propel
themselves upstream and into the body via catheter tubes using a unique
swimming motion, causing $300 million of catheter-associated urinary
infections in the U.S. annually.

Now, an interdisciplinary project at Caltech has designed a new type of
catheter tube that impedes the upstream mobility of bacteria, without the
need for antibiotics or other chemical antimicrobial methods. With the
new design, which was optimized by novel artificial intelligence (AI)
technology, the number of bacteria that are able to swim upstream in
laboratory experiments was reduced 100-fold.

The paper, "AI-aided geometric design of anti-infection catheters," was 
published in the journal Science Advances on January 3.

In catheter tubes, fluid exhibits a so-called Poiseuille flow, an effect
where fluid movement is faster in the center but slow near the wall,
similar to the flow in a river's current, where the velocity of the water
varies from fast in the center to slow near the banks. Bacteria, as self-
propelling organisms, exhibit a unique "two-step forward along the wall,
one-step back in the middle" motion that produces their forward
progress in tubular structures. Researchers in the Brady lab had
previously modeled this phenomenon.

"One day, I shared this intriguing phenomenon with Chiara Daraio,
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framing it simply as a 'cool thing,' and her response shifted the
conversation toward a practical application," says Tingtao Edmond
Zhou, postdoctoral scholar in chemical engineering and a co-first author
of the study. "Chiara's research often plays with all kinds of interesting
geometries, and she suggested tackling this problem with simple
geometries."

Following that suggestion, the team designed tubes with triangular
protrusions, like shark fins, along the inside of the tube's walls.
Simulations yielded promising results: These geometric structures
effectively redirected bacterial movement, propelling them toward the
center of the tube where the faster flow pushed them back downstream.
The triangles' fin-like curvature also generated vortices that further
disrupted bacterial progress.

Zhou and his collaborators aimed to verify the design experimentally but
needed additional biology expertise. For that, Zhou reached out to Olivia
Xuan Wan, a postdoctoral scholar in the Sternberg laboratory.

"I study nematode navigation, and this project resonated deeply with my
specialized interest in motion trajectories," says Wan, who is also a co-
first author on the new paper. For years, the Sternberg laboratory has
conducted research into the navigation mechanisms of the nematode
Caenorhabditis elegans, a rice grain–sized soil organism commonly
studied in research labs and thus had many of the tools to observe and
analyze the movements of microscopic organisms.

The team quickly transitioned from theoretical modeling to practical
experimentation, using 3D printed catheter tubes and high-speed
cameras to monitor bacterial progress. The tubes with triangular
inclusions resulted in a reduction of upstream bacterial movement by
two orders of magnitude (a 100-fold decrease).
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The team then continued simulations to determine the most effective
triangular obstacle shape to impede bacteria's upstream swimming. They
then fabricated microfluidic channels analogous to common catheter
tubes with the optimized triangular designs to observe the movement of
E. coli bacteria under various flow conditions. The observed trajectories
of the E. coli within these microfluidic environments aligned almost
perfectly with the simulated predictions.

The collaboration grew as the researchers aimed to continue improving
the geometric tube design. Artificial intelligence experts in the
Anandkumar laboratory provided the project with cutting-edge AI
methods called neural operators.

This technology was able to accelerate the catheter design optimization
computations so they required not days but minutes. The resulting model
proposed tweaks to the geometric design, further optimizing the triangle
shapes to prevent even more bacteria from swimming upstream. The
final design enhanced the efficacy of the initial triangular shapes by an
additional 5% in simulations.

"Our journey from theory to simulation, experiment, and, finally, to real-
time monitoring within these microfluidic landscapes is a compelling
demonstration of how theoretical concepts can be brought to life,
offering tangible solutions to real-world challenges," says Zhou.

  More information: Tingtao Zhou et al, AI-aided geometric design of
anti-infection catheters, Science Advances (2024). DOI:
10.1126/sciadv.adj1741
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