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Safe IV therapies in developing countries

Reducing mortality with an electronically controlled
infusion set

Many diseases require intravenous (IV) infusion therapy. But uncontrolled infu-
sion rates and incorrect dosing can lead to severe complications or even death.
The ECGF-IS project aims to improve the safety of IV therapies in developing
countries. Its goal is to develop a low-cost, electronically controlled gravity-feed
infusion system to reduce the mortality associated with over-infusion and
under-infusion, especially in children. Fraunhofer researchers are developing
the device in collaboration with the Uganda Industrial Research Institute. They
have received the 2020 German-African Innovation Incentive Award (GAIIA) for
their work on the project so far.

Precise intravenous therapies can significantly improve outcomes for patients suffering
from a range of different illnesses. IV infusion is often used in intensive care medicine,
cases of severe blood loss, and the treatment of dehydration and severe gastrointesti-
nal symptoms. IV therapy is also used to treat COVID-19 patients. Gravity-feed infusion
is the most common form of IV therapy. It works by delivering fluid containing miner-
als, nutrients and medications from an elevated IV bag to the patient through an infu-
sion system (ECGF-IS). This method can be problematic in developing countries such as
Uganda, however, where hospitals routinely use gravity-feed infusion systems in situa-
tions where a patient in an industrialized country would be treated using an infusion
pump. Infusion pumps allow for much more accurate dosing of the therapeutic agent
because they continuously regulate the infusion flow rate. This is not possible with
gravity-feed infusion sets, which require the flow rate to be adjusted manually using a
roller clamp on the tube below the IV bag. Manual adjustment is a time-consuming
process that is often neglected due to insufficient staff. This lack of staff is an issue in
Ugandan hospitals, too. In the worst case scenario, incorrect dosing can be fatal for the
patient. Children are affected more frequently than adults because they are particularly
susceptible to dosing errors.

Automated, controlled dosing

The researchers working on the “Electronically Controlled Gravity-Feed Infusion Set”
project — known as ECGF-IS for short — are aiming to develop a device that regulates
dosing automatically and improves the safety of the infusion process. The purpose of
the new electronically controlled gravity-feed infusion system is to close the gap be-
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complex to operate and costly to maintain. With spare parts often hard to obtain, they
are of limited use for clinical settings in Uganda, which can sometimes be very far from
ideal. They are also poorly equipped to deal with varying power outages and cannot be
used in areas that have no access to electricity.

The project was initiated by Philippa Ngaju Makobore, a researcher at the Uganda In-
dustrial Research Institute in Kampala. She is supported by a team of researchers from
the Project Group for Automation in Medicine and Biotechnology PAMB in Mannheim,
which is part of the Fraunhofer Institute for Manufacturing Engineering and Automa-
tion IPA. The project partners have already been rewarded for their sustainable, innova-
tive solution with the 2020 German-African Innovation Incentive Award (GAIIA) pre-
sented by the German Federal Ministry of Education and Research (BMBF). Their newly
developed medical device will help African countries tackle some of the social chal-
lenges they face.

“The new system includes a drip sensor that automatically counts the number of drops
of IV fluid. The roller clamp normally found in IV sets has been replaced by an actuator
that blocks the infusion tube so that the device only administers the number of drops
that are actually required to treat the patient,” says Tobias Behr, an engineer at Fraun-
hofer PAMB, describing how the gravity-feed infusion system works. The device also
ensures the drip rate remains constant while allowing it to be readjusted where neces-
sary. A major advantage is the fact that hospitals can simply attach the new drip sensor
system to their existing IV bags and tubes and continue using them. The physician can
adjust all the settings via the display screen. The device is battery-powered and the
team of researchers is currently developing a solar-powered charging station for use in
rural areas.

Strengthening local structures in Uganda

Most of the components of the system are available in Uganda, so only few of the
parts have to be purchased or imported abroad. This was a key goal right from the
start: “Our goal is to strengthen local structures, so that means building the solution in
Uganda and not having to import expensive components from Germany. We're sup-
porting the partners with technical issues and helping them prepare their application
for approval, but essentially we're just acting as sparring partners,” says Johannes
Horsch, a team leader and colleague of Tobias Behr at Fraunhofer PAMB.

The safety and effectiveness of the current version of the infusion set have already
been evaluated and validated in two clinical studies involving 12 adult patients and 160
children. The new system demonstrated a significantly more accurate flow rate than
the conventional set used to treat a control group. “The results of the two studies were
so promising that we're already working on an optimization of the prototype,” says
Behr.
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The German and Ugandan researchers envisage a long-term partnership that will ena-
ble them to develop more low-cost medical devices as well as tackling other projects.
Distribution of the new infusion set will initially focus on East Africa but will eventually
extend worldwide if successful. Other plans include setting up an academic exchange
program and offering courses for students. As well as expanding both partners’ net-
works, the project will also produce results that can be used as a basis for teaching
classes in both Uganda and Germany on medical technology in developing countries.

Further information:
pamb.ipa.fraunhofer.de/en.html

Picture 1: Nurse Winnie
Kibirige sets up the ECGF-IS
gravity-feed infusion set to
provide IV therapy as part of
an adult clinical trial at
Kiruddu Hospital in
Kampala.
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UIRI tests a circuit used to

supply power to the ECGF-IS

gravity-feed infusion set.
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The Fraunhofer-Gesellschaft, headquartered in Germany, is the world’s leading applied research organization. With its focus on developing key
technologies that are vital for the future and enabling the commercial exploitation of this work by business and industry, Fraunhofer plays a central
role in the innovation process. As a pioneer and catalyst for groundbreaking developments and scientific excellence, Fraunhofer helps shape society
now and in the future. Founded in 1949, the Fraunhofer-Gesellschaft currently operates 74 institutes and research institutions throughout
Germany. The majority of the organization’s 28,000 employees are qualified scientists and engineers, who work with an annual research budget of
2.8 billion euros. Of this sum, 2.3 billion euros is generated through contract research.



