UNLOCKING PATIENT-CENTRIC
SOLUTIONS IN DIALYSIS WITH
ADVANCED SENSORS

Explore the use and benefit of sensor technologies
in modern dialysis machines.
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INTRODUCTION

As we navigate the shifting landscape of dialysis treatment, the significance of patient-centric solutions becomes
increasingly clear. Both facility-based and in-home treatment options are evolving rapidly, reflecting a growing
need for flexible, personalized care. At the heart of this evolution is sensor technology—playing a critical role in
optimizing dialysis parameters, enhancing patient outcomes, and driving cost efficiency. This application paper
explores how advanced sensors can help precisely control critical parameters such as blood temperature, venous
and arterial blood pressure, in-process pressure, pump force, and air bubble detection to help enable patient safety
and treatment quality. This resource is a roadmap for design engineers and product managers, offering insight into
the transformative impact of sensor technology in dialysis machines.

COMMON SENSORS USED IN HEMODIALYSIS DEVICES

The following diagram highlights the various sensors typically used in hemodialysis devices, as well as their
placement within the device. These sensors work together to provide life-saving support and comfort to patients.
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THE CONTROL OF DIALYSIS PARAMETERS WITH ADVANCED SENSORS
BLOOD TEMPERATURE CONTROL

Liquid temperature sensors play an integral role in modern medical devices, particularly within the functionality
of dialysis machines. This technology has evolved significantly, transitioning from traditional mercury-based
thermometers to advanced digital and infrared temperature sensors. For instance, modern hemodialysis machines
utilize integrated sensors for core body temperature monitoring and managing dialysate temperature. These
sensors employ sensing elements such as thermocouples, thermistors, or resistive thermal devices (RTDs) for
precise temperature regulation and monitoring, enabling patient safety and comfort during dialysis.

When selecting a temperature sensor for a dialysis machine, a few critical considerations come into play.
Accuracy and response time are paramount; deviations in temperature readings can significantly impact patient
health, leading to risks such as hypothermia or hyperthermia. Moreover, the sensor’s compatibility with various
media and resilience during rigorous cleaning and disinfection cycles are crucial for reliable operation.
Advancements in technology have opened up new opportunities for both facility and in-home dialysis treatment.
Modern dialysis machines equipped with smart sensors and advanced control systems can accurately regulate
dialysate temperature and maintain thermal balance, thereby improving intradialytic hemodynamic stability.

This progress has allowed the development of compact and portable dialysis machines for in-home treatment.
These machines, being more accessible to operate and more mobile than traditional ones, could significantly
enhance patients’ quality of life and improve treatment compliance.

EXPERTS CORNER: CONSIDERATIONS FOR BLOOD TEMPERATURE CONTROL SENSORS

Accuracy High accuracy, depending on size, aim for £0.1°C

Stability
and Reliability

Look for proven stability and low drift over lifetime of sensor

Time Response <1 sec response time

Operating

. . _ o + o
BRI EEREE A wide operating temperature range, e.g. -40°C to +125°C

Compliance Meets DIN EN IEC 60751 standard
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ARTERIAL AND VENOUS BLOOD PRESSURE CONTROL

Venous and arterial pressure sensors are crucial in dialysis systems, providing real-time blood pressure monitoring
at different stages. The arterial sensor, situated upstream, regulates the blood pump speed to prevent hemolysis
(the damaging of red blood cells) by tracking the pressure of blood drawn from the patient. Conversely, the
downstream venous sensor observes the pressure of dialyzed blood returning to the patient, aiding in identifying
potential complications such as line blockage. Both sensors utilize precise measurement methodologies, like
capacitive or piezoelectric principles, to translate pressure changes into electrical signals for the control system.

Designing arterial and venous blood pressure sensors for dialysis systems necessitates a meticulous,
patient-centred approach. Striking a balance between high accuracy (as tight as £0.25%) for optimal flow rate
control and minimal total error band (ideally around #1.0%) provides reliable, safe readings that are integral to
precise patient care. Consideration of biocompatible materials, such as medical-grade silicones, stainless steel,

or titanium, mitigates potential adverse patient reactions. Practical design facets, like flush-mount configurations
and cable/connector options, simplify installation and maintenance, promoting continuous patient care.
Energy-efficient sensor solutions respond to global sustainability trends and reduce operational costs, thereby
contributing to more accessible care. Moreover, employing digital interface protocols, like 12C or SPI, allows
seamless system integration, facilitating efficient data transfer and real-time monitoring—critical for patient safety
during dialysis treatment. These patient-centered design considerations aim to foster the development of reliable,
effective dialysis machines that enhance patient care.

EXPERTS CORNER: CONSIDERATIONS FOR BLOOD PRESSURE CONTROL SENSORS

Compliance Align with AAMI Blood Pressure Tranducers standards

Sensitivity Aim for 5.0 yV/V/mmHg Sensitivity

Total Error Band Typically, 1% FS total error band
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IN-PROCESS PRESSURE

Pressure sensors continue to play a vital role in multiple facets of dialysis machine operation, providing patient
safety by meticulously monitoring and controlling various operational stages. For example, a crucial role of these
sensors is to regulate the inflow of water into the machine. By continuously monitoring the pressure, they allow for
precise control of the water inlet, confirming an optimal and steady flow rate. This is an essential task as it not only
influences the quality of the treatment but also safeguards the machine against potential damage due to
unregulated inflow. Pressure sensors can also help estimate the dialysate’s flow rate by taking differential pressure
measurements from multiple points along the fluid line, ensuring optimal speed for efficient waste removal from the
patient’s blood.

A pressure transducer can be used to trigger various essential rinsing cycles, maintaining machine cleanliness and
performance. The transducer can be strategically deployed in the deaeration chamber, where it acts to remove air
bubbles from the dialysate by maintaining a negative pressure. Additionally, it monitors pressure within the dialyzer,
confirming proper dialysate flow in and out of the chamber. This continuous pressure monitoring is pivotal to both
the machine’s operational efficiency and patient safety, ultimately contributing to the overall success of the dialysis
treatment.

Hemodialysis machines deploy several cleaning cycles to prevent the growth of bacteria that could cause infections
and remove any calcification and precipitation buildup within the internal hydraulics to avoid blockage. The first is
the disinfection cycle to remove bacteria by heat or chemicals. A descaling cycle with an acid rinse also removes
calcification and precipitation. It’s crucial to select pressure sensors that can withstand exposure to frequent
cleaning cycles with harsh chemicals and high temperatures.

EXPERTS CORNER: CONSIDERATIONS FOR IN-PROCESS PRESSURE CONTROL SENSORS

Mounting Design Flush mount design for seamless integration

Accuracy High accuracy, typically +0.25% Full-Scale

Sensors should maintain £1% Full-Scale total error band initially

RetaliEEegEant and less than 1% Full-Scale shift for 10 years

Power
Requirements

Seek low-power options for portable or energy-efficient machine design

Output Options 12C or SPI Interface Protocols

Able to withstand frequent cleaning cycles, harsh chemicals,
and high temperatures

Environmental
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FORCE APPLIED TO PUMP

Force sensors are used for occlusion detection in medical pump applications. An occlusion is a blockage or partial
blockage causing a restriction in fluid flow in a tube. Typically, an occlusion can be caused by a patient rolling over
on the tube. If an occlusion does occur, it can cause various issues, including pressure build-up in the tube and risk
to patient safety. In dialysis, a force sensor is utilized on both the venous and arterial sides. If an occlusion occurs
on the venous side, pressure in the tube will build up, causing the tube to expand. The expansion of the tube will
apply a compressive force on the tube, sending a signal to the electronics to alert the operating control.

Typically, customers configure their systems such that the tube (carrying the drugs) is slightly compressed by

the force sensor in its nominal state. When an occlusion occurs, the pressure in the tubing significantly increases,
exerting force on the force sensor. The fluid is under vacuum on the arterial side, so in this case, the force sensor
is in tension during regular operation. A partial blockage or pinch in dialysis may cause a neck down region or
reduction of the tube’s inner diameter, increasing fluid velocity. When blood is subjected to high velocity, this may
result in mechanical hemolysis. Therefore, it is critical in dialysis to employ a sensor for detecting occlusions for
proper device operation and patient safety.

Homecare dialysis represents a significant trend in modern healthcare, driven by advancements in technology that
enable safer and more efficient treatments in the comfort of one’s home. However, this shift necessitates enhanced
electromagnetic interference (EMI) and electromagnetic compatibility (EMC) immunity in line with [IEC61000-4-3
standards. To cater to this requirement, the chosen force sensor should be designed to robustly withstand
heightened EMI/EMC levels typical of a home environment. A standout in utilizing force sensors is their non-invasive
approach to occlusion detection, meaning they never come into direct contact with the dialysis fluid. This not only
mitigates concerns about material biocompatibility and sterilization but also signifies a significant leap toward safer,
more convenient home dialysis treatments.

EXPERTS CORNER: CONSIDERATIONS FOR FORCE APPLIED TO PUMP SENSORS

Accurac

: " e )
and Reliability Aim for Non-linearity +/-1% Full Scale and low deflection

Capacity Typically 500 to 5000 Grams-Force Range and high over range capability

Stainless steel construction

Compact design without sacrificing durability

Output Options mV, amplified analog, and digital outputs, along with optional I12C digital interface

Compliance High noise immunity to EMI/EMC per IEC61000-4-3
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AIR BUBBLE DETECTION

Air bubble detectors are used in dialysis machines to detect the presence of air bubbles in the system. Air can enter
the dialysis circuit from areas around the arterial needle through leaky or broken tubing or connections and the
saline infusion set. When the air gets into the bloodstream, it’s called air embolism. Severe air embolism can be
serious and potentially fatal. When large air bubbles travel to a patient’s brain, heart, or lungs, they can cause
stroke, heart attack, or respiratory failure. An air bubble detector is typically placed in the venous path to detect

air bubbles of blood circulation. After air bubbles are detected, the dialysis machine can remove the air bubbles
through a bubble trap before returning blood to the patient, or if a large amount of air is detected, stop the dialysis
process.

A key consideration for air bubble detection in dialysis is bubble size sensitivity. For example, some air bubble
detectors can be designed to detect bubble sizes as small as 25% of the tubing’s inner diameter. Given that larger
bubbles present a greater concern, these detectors can be configured to identify only bubbles of a specific size or
larger, ignoring smaller ones if necessary. Another crucial consideration is the need for non-contact monitoring of
air bubbles to eliminate any possible contamination within the system. Air bubble detectors based on ultrasonic
technology are particularly effective as they can detect air bubbles within the tubing without any exposure to the
blood. Implementing these detectors in the hemodialysis process can provide additional safety measures,
enhancing patient well-being and dialysis outcomes.

EXPERTS CORNER: CONSIDERATIONS FOR AIR BUBBLE DETECTION SENSORS

Sensitivity/Accuracy Able to detect very small (min. 70% of tubing inner diameter) air bubbles

Response Time <= 0.25 milliseconds time

Reliability Continuous self-diagnostic test capabilities

Ease of Integration Non-invasive design with customization capabilities to fit a variety of tubes

Compliance High noise immunity to EMI/EMC per IEC61000-4-3
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PATIENT MONITORING/VITAL SIGNS

During dialysis, it’s crucial to monitor the patient’s vital signs. Typical vital signs monitored during dialysis are
blood pressure, oxygen saturation (Sp02), temperature, pulse and respiration. Tracking these vital signs in relation
to pre-determined normal ranges makes it possible to identify potentially unstable patients or adverse events
before they occur. Identifying variances allows timely intervention and can help prevent complications during
dialysis. Some examples of adverse events include low blood pressure, access site infection, cardiac arrhythmia
(irregular heartbeat), air embolism, bleeding, and seizures. Therefore, vital sign monitoring during dialysis is critical
to help support patient safety and well-being for better treatment outcomes.

Blood Pressure

Accurately measuring blood pressure requires pressure sensors that directly interact with the bloodstream.
These sensors are generally disposable, biocompatible, and incorporate media isolation capabilities to cater
specifically to invasive blood pressure applications.

Oxygen Saturation and Pulse

The industry standard for SpO2 (oxygen saturation) measurements employs optical technology, which, through
advanced signal processing, simultaneously provides both oxygen saturation and pulse rate data, aiding
comprehensive patient health monitoring during dialysis. These SpO2 optical sensors are available in various
formats, including disposable and reusable configurations, to meet diverse operational requirements.

Body Temperature

For body temperature monitoring during dialysis, industry leading NTC temperature probes are typically utilized,
available in both disposable and reusable packaging options, thus offering flexibility for the specific needs of the
dialysis process. These sensors convert changes in physical temperature into measurable voltage changes and are
vital to ensure patient comfort and to monitor for potential complications like infection.

Respiratory

Respiration monitoring in dialysis machines can benefit from the application of piezoelectric PVDF
(Polyvinylidene fluoride) polymer film sensors. As these lightweight, flexible sensors generate electrical signals in
response to stretching, they are adept at capturing the dynamic strain changes associated with respiration cycles.
Their low-frequency response capabilities, combined with their durability, shock resistance, and ability to operate
without external power, make these piezo film sensors uniquely suited for respiration rate detection, even in
conditions with a limited power supply.
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ABOUT TE CONNECTIVITY

TE Connectivity stands as a leading sensor manufacturer with a deep understanding of the dialysis industry, and we
are passionately committed to providing innovative and reliable sensor solutions that prioritize patient-centred care
and treatment quality. We recognize the challenges that design engineers face in the medical device sector, and we
are here to support you every step of the way.

Connect with our experts today to experience our commitment to customer experience, collaborative solution
design, and advanced sensor technology. Let us guide you through the sensor selection process and help you
elevate your dialysis devices, driving innovation and improving patient outcomes. Contact us now to embark
on a collaborative journey that will help revolutionize your dialysis devices and positively impact the lives of
countless patients.
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CONNECT WITH US

We make it easy to connect with our experts and are ready to provide all the support you need.
Visit www.te.com/support to chat with a Product Information Specialist.
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