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cardiac marker testing should be available to the
physician within 30 minutes (“vein-to-brain” time) to
initiate therapy within 60–90 minutes (“door-to-needle”
time) after the patient has arrived at the emergency room
or intensive care unit [1]. It is therefore very clear that the
development of point-of-care-testing for cardiac enzymes
is highly desirable.

Abstract
The requirement for fast identification, with accurate
and reliable diagnostics for acute myocardial infarction
or “Heart Attack” has generated what can be called
“Point-of-Care (POC)” devices.
This paper will use key engineering platforms
developed that can address the need for improved clinical
management in cardiology and reduce Health Service
delivery costs. Our primary objective is to develop rapid
and label-free Point of Care diagnostic tests for cardiac
markers based on multi-frequency impedimetric
transducers.
Impedance testing using micro-scale interdigitated
electrodes (µIDE’s) offers a much more rapid response
compared to the reaction times of fluorescent label-based
systems (~ 8 minutes). In the case of small gap of IDE
impedance, we are seeing stable and predictive trends
occurring after one minute. Therefore the overall benefit
to the clinician and patient will be true point of care
monitoring allowing a blood sample to be rapidly (1-2
minutes) analysed for a range of cardiac enzymes.
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Figure 1. Illustration of treatment benefit after AMI

Introduction

The development of impedimetric IDE immunosensor
for monitoring cardiac enzymes can provide:
1- Faster feedback (1-2 minutes) to the clinical
team than current STAT lab based diagnostics
(1-2 hours) therefore allowing clinicians to
maximise patient benefit and reduce costs.
2- Improved management of the patient within
ambulance; triage; A&E; bed-side; and home
due to immediate feedback on overall trends of
the cardiac enzyme profiles.
3- Evidence based and timely decision making for
improved condition management due to
enhanced data frequency and accuracy, hence
improved pattern recognition and trend analysis
capability.

Testing for cardiac enzymes, from blood samples,
along with a full patient examination and ECG is a
routine part of diagnosing damage to the heart. Enzyme
concentration can rise slowly (after 2 hours) and it is
often common practice to repeat the test on an ongoing
basis. Test results are normally available within 1 – 2
hours. ECG results show High specificity, Low sensitivity
and are inconclusive with unreliable results in 50% of all
cases.
There is however compelling evidence, highlighted in
a number of important reviews, that the management of
AMI and ACS is extremely time critical [1-6]. Early data
from the US National Heart Attack Alert Program have
shown clearly that if therapy is delayed for more than 2
hours then the treatment benefit to patients decreases
tremendously (see figure 1.)
According to current guidelines, the results of the
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The development of µIDE arrays for multi-frequency
impedance measurement offers significant advantages
that include enlargement of the surface area, reduced
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was exposed to the IDE sensor surface overnight and
washed with ethanol to remove unbound thiols.
The other end of thiol was activated using EDC/NHS
for 60 min. followed by immobilisation of human Anti
myoglobin (MyAb) (500 µg/mL ) (HyTest, Finland) for
30 min. The electrode was then rinsed with PBS and
unbound IDE sites blocked and cross terminated using 1Ethanolamine:HCl for 7 min.
Human Myoglobin (MyAg) (HyTest, Finland) was
prepared with a range of concentrations (50 ng/mL) in
PBS with Tween20. These antigens were injected onto
the prepared immunosensor and the change in impedance
( Z) measured as a function of time, over the range 50300 ng/mL.
The change of impedance means the difference in the
impedance before and after adding antigens, the change
of impedance is denoted by (∆Z), however it can be
calculated from the following equation.

impedance test can be conducted before and after the
addition of myoglobin antigens to the IDE immunosensor
as illustrated in figure 5.
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Figure 5. Multi-frequency impedance spectra before and
after the addition of myoglobin antigens

∆Z=ZAb-Ag-ZAb

Although, the selectivity of the immunosensor was
tested by injecting different type of antigen (Rabbit IgG),
both types of impedimetric tests (single or multifrequency) perform no change in the impedance spectra,
which confirmed that the IDE immunosensor will provide
evidence of response upon the presence of the specific
analyte (myoglobin antigen) as illustrated in figure 6.

Where ZAb-Ag is the magnitude of impedance after
myoglobin antigen binding to myoglobin antibody, ZAb is
the magnitude of impedance of myoglobin antibodies
immobilised onto surface of IDE immunosensor.
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Results and discussion

In this work, we use interdigitated electrodes (µIDEs)
as EIS platform for monitoring the cardiac enzyme in
real-time, our results showed evidences of detection
within less than 2 minutes. This detection based on
antibody-antigen interaction onto the µIDE‟s surface.
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Figure 6. Selectivity test using Rabbit IgG, no change in
impedance was obtained after Rabbit IgG, whereas the
IDE revealed increasing of impedance upon myoglobin
antigens addition

Figure 4. Represents Ab-Ag interactions demonstrated
in the change of impedance at 130 Hz versus time; red
arrows represent injection of 50 ng/mL of myoglobin at 2
minutes intervals

Several single frequency tests using different gap size
of IDE immunosensors have been conducted, in order to
monitor antibody-antigen interactions for a dynamic
range of myoglobin antigens 50-300 ng/mL.
We obtained calibration curves for each IDE
immunosensor (as shown in figure 7.). A linear
relationship was observed between 50-300 ng/mL,
demonstrating sensitivity at levels typically required for

Figure 4. demonstrates the change of impedance upon
the addition of myoglobin antigen to the immunosensor
using a single frequency impedance test. In order to
verify the antibody-antigen interaction, a multi-frequency

203

The system will be able to rapidly produce continuous
profiles that will significantly aid overall cardiac
management. Furthermore production of such devices at
low cost (no optics required) and thus opening up
potential applications to primary health care and even
home based monitoring.

clinical assays.
Table 1. Lists the corresponding change of impedance
for each IDE immunosensor with different concentrations
of myoglobin antigen.
Table 1. The change of impedance for each IDE
immunosensor
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These calibration curves revealed a linear relation with
respect to the gap-size of the IDE immunosensor, and
hence any reduction of the gap-size will increase the
sensitivity of IDE immunosensor (as shown in figure 7),
due to increasing of the electric field which will induce
more charges onto the surface resulting a fast change of
the impedance.
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Figure 7. Calibration curve for each IDE as a function of
myoglobin Ag concentration
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Conclusion

In comparison to the work of Ko [10], the EIS
immunosensor obtained lower detection (50 ng/mL)
limits without the requirement for a labelling antibody.
The system was able to detect small changes of the
impedance upon the presence of the cardiac enzymes in
less than 1 minute, which can ultimately aid in immediate
interventions that can rescue lives and reduce the cost of
treatments.
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