Kirigami-inspired stent offers new drug
delivery method for tubular organs
14 June 2021
delivering them in a segment of a tubular organ
multiple centimeters in length," said corresponding
author Giovanni Traverso, MB, BChir, Ph.D., a
gastroenterologist and biomedical engineer in the
Brigham's Division of Gastroenterology and the
Department of Mechanical Engineering at MIT.
"One of the strategies we came up with was a
dynamic stent, which can be stretched to change
shape and deliver drugs circumferentially and
longitudinally to cover the tube."
To design the drug-depositing stent system, the
team looked to the principles of kirigami, a
Japanese form of paper art similar to origami that
includes cutting paper. The researchers previously
The device has two key elements -- a soft, stretchy tube demonstrated that the buckling properties of
made of silicone-based rubber, and a plastic coating
kirigami-based designs can be used to engineer
etched with needles that pop up when the tube is
footwear outsoles that generate friction to prevent
stretched. Credit: MIT
slips and falls. The kirigami stent has a snakeskinlike, cylindrical design that expands to engage popout needles, which are controlled by air pressure
applied to a soft actuator. This allows for the
Diseases that affect tubular structures in the body, circumferential delivery of therapeutics into the GI
such as the gastrointestinal (GI) system,
tract, as well as the vasculature and airways. The
vasculature and airway, present a unique
stent is removed shortly after the delivery of the
challenge for delivering local treatments. Vertically therapeutic and is not implanted in the body. It can
oriented organs, such as the esophagus, and
be manufactured in various sizes, and drug delivery
labyrinthine structures, such as the intestine, are
can be controlled by varying the thickness of the
difficult to coat with therapeutics, and in many
kirigami shell, needle length and applied pressure.
cases, patients are instead prescribed systemic
drugs that can have immunosuppressive effects.
After refining the mechanics of the kirigami stent,
To improve drug delivery for diseases that affect
the researchers coated the design with budesonidetubular organs, like eosinophilic esophagitis and
loaded polymeric micro-particles to support
inflammatory bowel disease, a multidisciplinary
extended drug delivery, which was then tested in
team from Brigham and Women's Hospital,
the esophagi of pigs. Budesonide is a drug
Massachusetts General Hospital and
commonly used to treat a range of gastrointestinal
Massachusetts Institute of Technology (MIT)
diseases. The kirigami needles were left in their
designed a stretchable stent based on the
popped-out configuration for two minutes before the
principles of kirigami that is capable of supporting stent was removed. When the researchers
rapid deposition of drug depots. The research is
examined the animals at different times (one, three
described in Nature Materials.
and seven days after the drug's delivery), they
found concentrations of the therapeutic in the
"We know that injected drugs like steroids can help animal tissue at all time points, indicating that the
relieve certain GI conditions, but the challenge is
delivery system can promote the sustained
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administration of therapeutics.
"Our simple approach allows us to develop a drugreleasing system that can be applied to various
length-scales and be matched with the size of any
target tubular organ," said first author Sahab
Babaee, Ph.D., a research affiliate in the Division of
Gastroenterology at the Brigham and an MIT
research scientist.
The researchers will continue to refine the drug
delivery system in animal models and work toward
developing it for use in humans. They hope that the
system can also be deployed in structures like the
trachea and iliac artery, thereby improving the
targeted, sustained delivery of therapeutics for a
range of diseases.
"The vision here is to think about the long-term
release of the drug, so that one day a patient could
receive local delivery of a treatment and have
therapy for weeks, if not months or even years,"
Traverso said. "Removing the need to routinely
take a prescribed medication, like a steroid or other
drug, can really transform the patient experience."
More information: Kirigami-inspired stents for
sustained local delivery of therapeutics, Nature
Materials (2021). DOI:
10.1038/s41563-021-01031-1 ,
www.nature.com/articles/s41563-021-01031-1
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