
Novel telemetric approach to assess the progressing impact of diabetes on the 
peripheral nervous system 

Martin N. Skov1,2, Hatice Tankisi2,3 , Vladimir Matchkov4, Jesper G. Madsen1, Michael Pedersen1

1. Comparative Medicine Lab, Department of Clinical Medicine, Aarhus University, Denmark

2. International Diabetic Neuropathy Consortium (IDNC)
3. Department of Clinical Neurophysiology, Aarhus University Hospital

4. Department of Biomedicine, Aarhus University

It is of great importance to recognize the sensory and autonomic
dysfunction as early as possible to better treat and prevent complications,
associated with diabetic neuropathy. Today, it is unclear how and when the
autonomic changes develop in relation to the somatosensory signs, because
measurements are performed as single measurements over long intervals.

There is therefore a need for both accurate and frequent measurements of
the sensory and autonomic nerves. To address these needs, we believe that
introduction of a telemetric approach in measuring functional measures in
periphery nerves would reveal fundamental information about the sensory
and autonomic changes, associated with development of diabetic
neuropathy.

Introduction

Methods

Preliminary data from ongoing studies in the progress of developing 
a telemetric device.

Figure A and B is the first study of a front-end sensor, suitable for use
with the Qtrac setup. We have been testing on both rats and humans.
These two figures are from a healthy human, as an illustration of a
typical result.

Figure C, D and E show the the result from recording a compound
action potential from Median nerve in a healthy human. The
recording is produced by using the stimulation capability from the
Qtrac setup. The signal is simultaneously recorded, using both the
regular Qtrac setup and the wireless device at a sample-rate at about
5600 samples pr. sec.

Figure C. The  56 recordings from the regular Qtrac setup.

Figure D. The 56 recordings from the wireless device.

Figure E. The mean of 56 recordings of the two recorded signal, 
superimposed on top of each other.

Figure F. Typical Equipment setup for Qtrac. Our device is designed to
be substituted with the amplification stage in the diagram.

Results

The aims of this project are: 1) development of a novel telemetric
implantable device for electrophysiological recordings, 2) application of
front-end device, combined with a regular Qtrac setup (Figure F), where our
front-end substitute the amplification stage, to healthy volunteers, 3) to
compare electrophysiological measurements obtained by telemetry with
regular wired (non-telemetric) reference method, 4) Combine Qtrac
threshold analyses with wireless implanted device for signal transmission of
the electrophysiological signal.
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Conclusion and perspectives
Diagram of the signal path and the implants substructure:

Step 1.
Apply electrodes to the nerve and insert the implant into the abdomen.
The electrodes will be connected to the nerve for up to 8 weeks, without
damaging it.
Step 2.
Analogue filtering and amplification. The signal will be amplified from an
amplitude of 2 p-p mV to 1 p-p V. Bandwidth of 200-3 kHz.
Step 3.
The signal is converted from analog to digital, in the PSoC 4 BLE module.
Step 4.
The PSoC 4 sends the signal using bluetooth-4.0-le format.
Step 1-4 Inside the animal.
Step 5.
A receiver board with a PSoC 4 BLE, receives the telemetric signal and forward
it via USB.
Step 6.
A PC with a specially designed software will record and analyze the signal.

Validation and stability test with Qtrac.
Comparison 

between Regular Qtrac and Front-end (Step 2.) setup 

A.

B.

Threshold electrotonus stability test. 
Blue: Device front-end,
Red and green: Digitimer Qtrac setup 

E.C.

D. F.

As all preliminary data show very promising results, we are planning to start the final part of Ph.D. project. Here we intend to
implant the device in newly STZ induced diabetic rats and follow them for 8 week. 1-3 times a week the rates will be exanimated
following the Qtrac threshold tracking protocol.
Thanks to this new possibility to implant a recording device and monitoring the same rat over multiple weeks, we expect to obtain
new knowledge about the impact of diabetes on the peripheral nerves system.
We later expect that this device will be a very important tool in studies of the peripheral nerves system in animals and humans.

The picture shows the first 
prototype of the front-end 
sensor (red), compared to 
the regular Qtrac setup 
(green), which it can 
substitute. It measures 2cm 
X 2cm X 5mm. This will be 
the same size of the final 
design of the wireless 
device.  
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Regular Qtrac protocol. 
Green: Device front-end 
Red:  Digitimer Qtrac setup 


