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Abstract: Microneedles have been developed rapidly in the field of transdermal administration in the past few decades. In
recent years, the development of microelectronics technology has expanded the applications of microneedles by combining
with microelectronic systems, especially in biological diagnosis and treatment. Different types of microneedles have been
designed to extract blood and tissue fluids for detection, or as electrodes to directly detect blood sugar, melanoma and pH in
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real-time in vivo, both show good prospects for real-time detection applications. In this paper, we review the design of
materials and structure of microelectronic-based microneedles, and discuss their advances in biological diagnosis.
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Fig. 1 Some bionic artificial MNs. (A) Photograph of the snake fang-inspired MN array[zzl. (B) (i) Digital image of a

microstructure. (iv) Perpendicular MN array: the gray arrow shows it is prone to fall off from the skin when placed
upside down. Bio-inspired serrated clamping MN array has the ability to hold on firmly®. (C) The schematic diagram

of honeybee-inspired MNs?4,
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Fig. 2 Classification of microneedles: solid MNs,
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Fig. 3 Coated MNs and dissolving MNSs. (A) SEM image of microneedles with phase change coating™. (B) (i) Digital image of
Alg-APBA/HA soluble microneedles; (ii) SEM image of microneedle array. Fracture surface (iii and iv) and needle tip (v).
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Fig. 4 Some separable MNs. (A) Microscope camera photos of separable MNs with Rhodamine 6G loaded in the needle
tips'*!l. (B) Representative bright-field microscopy images of an array of microneedles containing bubbles. The black arrows
identify bubble structures at the interface of the microneedles and patch backing™.. (C) Design of effervescent MN patches™ ).
(D) Representative bright-field microscopy images of MN patches before (left) and immediately after (right) placement in

PBS solution. The yellow arrows indicate gasbubbles generated in the effervescent backing
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Fig. 5 Schematic diagram of blood extraction using MNs. (A) Automatic blood collection device based on MNs™“. (B) (i)
Schematic diagram of the pre-vacuum activation and parylene coating process for the one-touch blood extraction system.
Scanning electron microscopy images of the PDMS chamber surface (ii) before and (iii) afterparylene film depositiont®®.
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Fig. 6 Schematic diagram of MNs for extracting blood under negative pressure by pressing. (A) Schematic
representation of the one-touch-activated blood multidiagnostic system (OBMS)™%. (B) In vivo blood extraction using
MEMS micro sampler®®®.
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Fig. 7 Extraction of ISF using MNs. (A) Bird-eye-view scanning electron microscope (SEM) images at two
different magnifications of type 1 MNs with a typical insulin needle sitting ontheir top for comparison[SZ]. (B)
Schematic of the proposed minimally invasive blood glucosemonitoring system integrating an array of porous

MNP, (C) Schematic representation of the rapid extraction of ISF by crosslinked MeHA-MN patches®*.
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Fig. 8 Real-time glucose monitoring. (A) Schematic diagram of the minimally-invasive glucose electrochemical biosensor
based on a silk fibroin/D-sorbitol microneedle electrodeand the biocatalyzed reaction cycle involved in the detection of
glucose using GODP®!. (B) A schematic representation of the reaction mechanism forFcCOOH mediated electrochemical
detection of glucose via oxidation by dissolved glucose oxidase at a microneedle array electrode®®”.
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Fig. 9 Real-time glucose monitoring. (A) Schematic representation of microneedle-based biosensor array for simultaneous
lactate and glucose monitoring in artificial interstitial fluid®. (B) Showing the two different approaches (microneedle

arrayelectrodes versus commercial CGM) and the two regions of the skin compartment used to access the interstitial fluid
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Fig. 10 Detection of K* in vivo. (A) (i) Illustration of the microneedle patch. (ii) Modification of the bare microneedles with
different coatings. (iii) Image of the microneedle patch inserted into the skin®®.. (B) (i) CorelDraw rendering of a cross-section

of the K* ISE microfluidic chip. (ii) Solidworks drawing of K* ISE microfluidic chip
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Device Company Application Real-time monitoring  References
Guardian real-time Medtronic minimed Monitoring blood glucose Yes [71]
Paradigm real-time Medtronic minimed Monitoring blood glucose Yes [71]
STS Dexcom Inc. Monitoring blood glucose Yes [71]
Freestyle navigator Abbot Inc. Monitoring blood glucose Yes [71]
TAP Seventh Sense Biosystems Inc.  Extraction of blood No [51]
HemoLink Tasso Inc. Extraction of blood No [72]
ISF absorber Renephra Ltd Extraction of ISF No [72]
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