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Abstract

To address acute kidney injury (AKI), GLAsense will target the intensive care units (ICUs) in hospitals where more than
100,000 patientsin the UK alone are affected.

TheAcute kidney injuryMonitoring in Intensivecare units sensor,AMI shown in Figure 1, is a continuous wearable
biosensor for near real-time monitoring of creatinine levels in AKI patients, dramatically accelerating decision support
for nephrologists who currently wait up to four hours for test results. Not only does our biosensor eliminate the need for
frequent blood tests (every 1–2 hours), but also reduces patient discomfort and strain on hospital resources, importantly
freeing healthcare professionals to address other critical tasks in the wards. The sensor utilises molecularly imprinted
polymers (MIPs) that alter the physical properties of a hydrogel in response to creatinine levels in interstitial �uids (ISF),
which will be obtained passively using microneedles. Our device employs an ultrasonic measurement at 20 MHz to detect
these changes, providing real-time data on kidney function.

Figure 1: AMI in use
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1 BIOSENSOR

1.1 Molecular Recognition

For the detection of the analyte, the molecular recognition component is essential and also plays an important role in
the analyte's speci�city and sensitivity. In this study, the diffusion behaviour of �uorescein isothiocyanate (FITC) was
studied as a model for creatinine using agarose gel and polyacrylamide gel, to understand the behavior of small molecules
like creatinine with different types of gels. We used 0.5% agarose gel with a thickness of 2 mm to analyse movement
of molecules in an out of the gel. The intensity of �uorescence provided us with a measurement of diffusion, which
reach equilibrium after ca. 50min, which is too long for a fast continuous measurement. Decreasing size (thickness
to 1.5mm) and using 3% polyacrylamide enabled us to accelerate the diffusion, as well as to build speci�c molecular
recognition elements in the gel, with Molecularly Imprinted Polymers (MIPs). These results are important to understand
how creatinine would interact with the polyacrylamide gel matrix. These results also justify the use of polyacrylamide for
precise molecular recognition in the design of our biosensor.

Figure 2: The process of developing MIPs. (Adopted from
[1])

Analysing interstitial �uid (ISF) for biomarkers pro-
vides a promising approach for continuous and non-
invasive monitoring of kidney function [2]. The epider-
mal accessibility to ISF has been utilised for the develop-
ment of convenient wearable biosensors [3]. Moreover,
the metabolic similarity between ISF and blood, along-
side the absence of clotting factors in ISF make it a prefer-
able sampling route for developing continuous biosensors,
which tend to foul and fail in other samples [4]. While
there are multiple methods to sample interstitial �uid, hy-
drogel microneedles are the most preferred due to their
minimal invasiveness, high mechanical strength, and their
ability to be fabricated with recognition molecules such
as enzymes [5], aptamers [6], and molecularly imprinted
polymers [7]. Compared to enzymes and aptamers, the fabrication of hydrogel microneedles with MIPs provides higher
stability and biomarker �exibility [7]. MIPs are synthetic polymers that provide recognition to molecules of interest based
on their size, shape, and chemical properties [8]. They are created by imprinting a polymer using the target molecule of
interest as a template during the polymerisation, as shown in Figure 2. This is achieved by promoting the polymerisa-
tion of functional monomers in the presence of a target molecule, utilising the target molecule as a template for printing
cavities in the polymer for molecular recognition of the target upon template removal [8].

In our device shown in �gure 3, we will use a setup similar to electrophoresis to actively push creatinine out of the gel
with small DC currents in sequences, akin to systems that elicit sweat generation in wearable patches [9]. This way, we
create an electric �eld that encourages the migration of creatinine molecules out of the MIPs embedded in the gel towards
anodes, ensuring that the sensor is continuously reset and ready to detect new creatinine molecules. Nevertheless, this
also suggests a strong binding to the MIPs which holds promise for sensitivity.

Figure 3: Sensor con�guration showing the position of anode and cathode used for electrophoresis to remove creatinine
out of the gel.

As the analysis utilised pure creatinine solution, the diffusion of off-target molecules can affect the signal when testing
the biosensor in a complex mixture such as interstitial �uid. Therefore, the acoustic response of creatinine MIPs upon sub-
jecting them to ISF samples with known creatinine concentrations must be measured and compared to the measurements
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observed for pure creatinine solutions.

1.2 Physical Trasduction

The quanti�cation of creatinine is based on the change in the acoustic response of the polyacrylamide gel, speci�cally
by detecting the change in the speed of sound re�ecting back from the sample. The gel contains MIPs for creatinine which
will alter the speed of sound depending on creatinine concentration.

As shown in Figure 4b, the measurement setup consisted of a function generator to produce a single pulse sine wave
signal with a frequency of 20 MHz. This signal is then transmitted from an ultrasound transducer into the gel medium.
Upon transmission, the signal �rst re�ects off the inner surface of an acrylic sheet back to the transducer followed by
another re�ection which bounces back from the backside of the gel, as illustrated in Figure 4c. The re�ected signal is
then passed through two stages of ampli�cation, with each ampli�er having a gain of 10 dB, making the total gain equal
to 20 dB. After ampli�cation, the signal is stabilised by capacitors with capacitance of 821 pF and 68 pF. The processed
signal is then displayed on an oscilloscope. By analysing the signal on the oscilloscope, the speed of sound in the gel can
be determined through appropriate signal processing techniques.

(a) (b) (c)

Figure 4:(a) Real measurement setup.(b) Circuit diagram of (a): The function generator drives the transducer, emitting
ultrasound waves. The re�ected is signal is ampli�ed with ampli�ers and displayed on an oscilloscope.(c) Gel-Transducer
interface: The transducer (A) sends sound waves through an acrylic sheet (B) into a gel medium (C) with MIPs and
creatinine. The `1st' path shows the initial re�ection; the `2nd' re�ects from the back of the gel.

1.3 Reader Instrument & User Interaction

The AMI sensor is designed to be a compact and easy-to-use solution for achieving continuous creatinine monitoring
in AKI patients in the ICU. The body of the sensor is split into two major parts, a top half containing the electronics,
and the bottom hydrogel cartridge which acts as an interface between the sensor and the patient. The top half contains
most of the major hardware components including the transducer, processor, battery, WiFi repeater, and LEDs, as well as
a central button for inputting power and recording commands. This piece can be reused for the entire product life cycle.
The hydrogel cartridge is the smaller piece, and comprises of the hydrogel patch for creatinine absorption, housed in an
outer plastic scaffold. On the side which is interfacial to the skin, adhesive hydrogel microneedles help attach it to the arm
of the user and access the interstitial �uid layer. On the opposing side, there is a snap-�t clip to easily attach the two parts,
and ensure the correct relative contact and orientation. The recommended process for the �rst use of the product involves:

• The removal of the hydrogel cartridge from its protective �lm.

• Pressing the microneedle side of the cartridge into the cleaned skin surface of the user, ensuring a secure and
uniform contact.

• Ensure the upper half of the device has battery charge, and turn on with the central button.

• Align the upper half with the hydrogel cartridge, securing it with the snap-�t mechanism.

• At this stage, the device should begin recording automatically, indicated by the green LED lighting, and data is sent
via WiFi to the hospital or clinic patient database, and outputted live on the clinician's electronic device.

• Once the recording is completed, the red LED lights, and noti�cation is sent to a graphical user interface on the
clinician's PC or portable device.
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