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HomeDIA: Home Dialysis Intelligence Assistant
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Abstract

According to data from the United States Renal Data System
(USRDS), Taiwan has the highest number of patients with end-stage
renal disease (ESRD) in the world, with nearly 100,000 people
currently undergoing dialysis treatment. Although hemodialysis
requires fixed times for in-hospital treatment, affecting flexibility in
time management and quality of life (QoL), and involves enduring
needle pain, strict dietary control, and a high risk of anemia, it
remains the preferred choice for most patients. This preference is
mainly because healthcare professionals handle the treatment
process, providing a sense of security for patients and their families.
However, the medical costs of hemodialysis are significantly higher
than those of peritoneal dialysis, placing a considerable burden on
the healthcare system. Additionally, during the COVID-19 pandemic,
hemodialysis patients face a higher risk of cluster infections.

Numerous studies indicate that the therapeutic effects of continuous
ambulatory peritoneal dialysis (CAPD) are comparable to those of
hemodialysis. The ability to perform treatments at home avoids the
discomfort and inconvenience associated with hemodialysis and
has lower medical costs, suggesting it should be more widespread.
However, patients and hospitals face challenges with CAPD, such as
inaccurate heating of the dialysis fluid, difficulty controlling injection
volumes, and complications that are hard to monitor in real-time.
These issues significantly impact treatment efficacy and patient
willingness to cho ose this method.

To address these problems, our team has developed the HomeDIA:
Home Peritoneal Dialysis Intelligent Assistant. The system architecture,
asshowninFigure 2,includes a heating and thermal preservation (HTP)
bag, a smart device with infusion volume detection and turbidity
recognition, and a cloud monitoring platform (CMP). The HTP bag uses
bidirectional silicon-controlled rectifier technology to precisely control
the heating temperature of dual Polyimide flexible heating elements,
preheating the dialysis fluid to 37°C within 10 minutes and maintaining
a constant temperature. The smart device features a load cell and an
automatic clamp switch, monitoring changes in the weight of the
dialysis fluid bags to calculate infusion volumes and automatically
closing the clamp when the predetermined volume is reached,
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ensuring precise control of each infusion. The smart device is also
equipped with a camera, turbidity test card, and LED backlight
module to capture images of the drainage bags. Using deep learning
image classification technology, it identifies the turbidity level of the
drainage fluid, helping patients monitor their condition and seek
medical attention when necessary.

The CMP platform of the HomeDIA system is a game-changer for
hospitals, enabling the implementation of remote patient management
(RPM) for CAPD patients. As shown in Figure 3, through this platform,
healthcare professionals can monitor the dialysis data of the patients
inreal-time, detect and address abnormalities promptly, and provide
timely care. Patients and their families can also access their dialysis
records and health status via mobile phones or computers. This
information-based management approach not only enhances treatment
accuracy and safety but also reduces the inconvenience of frequent
hospital visits, increasing patient autonomy and compliance. For
hospitals, it helps lower the burden on the healthcare system and
reduces the risk of potential cluster infections.
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Fig. 3 RPM cloud service platform.




