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Real-time monitoring is a technique that can be accomplished
in the future by continuous or high-frequency analyses of bi-
omarkers indicating disorders (e.g., acute myocardial infarc-
tion) in an unattended manner, which eventually will occur in
wearable or implantable biosensor formats (refer to Figure 1)'.
This technique can enable early diagnosis and prognosis for
target diseases, and even provide information related to the
disease in progress and therapeutic effect in personalized
medicine. The biochemical signs related to a disease will be
combined with real-time physical signals such as cardiac im-
pulse and pulsation, significantly increasing diagnostic accu-
racy®. A great number of disease-related biomarkers have been
clinically validated, and various types of analytes from simple
molecules, such as ions and metabolites, to large, complex
markers, such as proteins and cells, are available. To achieve
unattended care through real-time monitoring, unmet technical
demands remained are as follows: 1) (semi-)continuous draw-
ings of venous blood without pains and infection, 2)
(semi-)continuous separation of blood cells, 3) recyclable
immunosorbent, 4) miniaturized, possibly, label-free sensor
system, 5) in situ baseline correction algorithm, and 6) secure
data transmission.

Recently, liquid biopsy has started to emerge for, in partic-
ular, cancer diagnosis via detection of circulating DNA, tumor
cells, and exosomes in body fluids, instead of removing a
piece of tissue for examination®. For these markers, as they are
usually present in extremely low concentrations in samples,
isolation steps of a subpopulation before analysis could be re-
quired. This may add a layer of complexity in carrying out re-
al-time monitoring. The new method, nevertheless, can be ex-
tended to other diseases, for example, Alzheimer's, cardiovas-
cular abnormality, and infectious diseases due to many poten-
tial merits compared to the conventional tissue biopsy.

Although continuous glucose monitoring (CGM) is the only
approved real-time biomarker detection to date*, unattended
care of patient will be realized in a hospital or even at home in
the near future, e.g., 2020s. However, many hurdles exist as
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mentioned, for example, bulky label-free sensor system, fre-
quent withdrawal of blood without infection, and continual
separation of blood cells. For the time being, this may restrict
the use of real-time monitoring techniques within a medical
care unit. Approximately 30 years were spent until the CGM
system was introduced on the market though using a single
enzyme reaction. Various technologies developed for CGM
are expected to speed up the commercial launch of the binding
reaction-based continuous sensor in a relatively short period of
time (e.g., 10 years).
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Figure 1. Historical view of immuno-analytical device tech-
nologies.
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