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Abstract— Sencils™ (sensory cilia) are chemical sensors that are minimally invasive, disposable
and easily readable to make frequent measurements of various analytes in vivo over a period of 1-3
months. A percutaneous optical fiber permits precise, reliable photonic measurement of chemical
reactions in a nano-engineered polymer matrix attached to the internal end of the fiber. The first
Sencils sense interstitial glucose based on measurement of fluorescence resonance energy transfer
(FRET) between fluorophors bound to dextran and Concanavalin-A in a polyethylene glycol (PEG)
matrix. In vitro experiments demonstrate a rapid and precise relationship between the ratio of the
two fluorescent emissions and concentration of glucose in saline over the physiological range of 0-
500mg/dl. Chronic implantation in pigs has demonstrated biocompatibility. The Sencil platform
can be adapted to detect other analytes in interstitial fluids.
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1 The Potential of Chemical Sensing in vivo

Although biosensors have been used in clinical application for decades, most of the
commercialized products are intended for in vitro assays of samples expelled or extracted from body (urine,
blood, tissue etc.). These sensors have significant disadvantages for monitoring fluctuating physiological
processes because it is impractical to obtain these samples more than once or twice a day.

In order to manage certain diseases and conditions, it is important to make frequent measurements of
specific analytes over an extended period of time. These include diabetes, cancer chemotherapy treatment,
and hormonal monitoring for fertility and complications of pregnancy. Continuous in vivo monitoring
could reduce the complications of diabetes from hyperglycemia and hypoglycemia (insulin overdosage).
Frequent monitoring could increase the safety and effectiveness of chemotherapy by measuring interstitial
drug levels and detecting apoptosis of tumor cells in situ without sampling through biopsy.

The technology can also benefit basic research in molecular biology, drug discovery and veterinary
medicine. For example, some metabolites and secondary messengers in signaling transduction pathways
can only be traced directly through in vivo detection (Harper et al.). Tracking such activity without
requiring biopsies or sacrificing experimental animals would expedite such research (Wiley et al.). Sencils
can be implanted precisely in solid tumors and other tissues to provide highly localized information.

2 Challenges of chemical sensing in vivo

Over the past twenty years, there have been many research projects to develop minimally invasive
chemical sensors but relatively few products have been approved for clinical use. The requirements
discussed below tend to compete with each other, making it difficult to develop and validate strategies that
achieve useful tradeoffs among them.
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2.1 Critical sensitivity and selectivity requirement

The chemical sensor involves two steps in the biosensing process: recognition of a specific analyte and
transduction into a signal that provides information about the concentration of the analyte over its
physiological range. Most analytes of clinical interest are present in low concentrations (micromolar to
nanomolar) and are mixed with a huge number of other biochemicals whose concentrations may vary
widely and unpredictably. Other physiological variables can affect transduction. For example the catalytic
activity of glucose oxidase, the most common transduction molecule in commercial glucose sensors,
deteriorates over time and is sensitive to pH, oxygen tension and temperature (Usmani et al.). So the sensor
must recognize the analyte efficiently and selectively, and convert the weak interaction between the analyte
and the transduction material into a signal with sufficient accuracy and precision to provide clinically
useful information about the analyte independent of concurrent pathological conditions (e.g. fever, hypoxia,
acidosis, etc.).

One desirable approach is to use transcutaneous optical interrogation of a systemic or locally implanted
chemical sensor. Variability of tissue properties over time and between subjects (such as pigment, water
content and thickness of skin, or scattering and re-absorption of photons in the eye) make it difficult to
achieve reliable and accurate measurement. Absorption spectroscopy has been shown to be useful in
monitoring glucose, glutamate, ammonia, lactic acid in vitro, and has been explored to detect glucose in
vivo (Chung et al., McShane and Cote). It detects glucose by measuring IR absorptions due to low energy
electronic vibration (700-1000nm) and bond stretching of —OH and —CH (1000-2500nm). The absorption
band is sensitive to temperature and hydrogen bond effects. The lack of repeatability of the signal in vivo
reflects the signal coupling difference within and between patients. “The primary known drawbacks to
taking this technology from an in vitro to an in vivo device include the path length variability when going
from a fixed test cell to a pliable tissue; temperature variability when going from a controlled, incubator,
environment to peripheral site such as finger or earlobe; other chemical substance (protein, cholesterol,
alcohol and urea etc. ) that have overlapping spectra and may vary in ways that can not be accommodated
by calibration; and the pulsatile nature of blood effects both the path length and the concentration of
chemicals.”(Cote) Polarimetry measurement of glucose is another technique with complex problems when
used in vivo. Glucose can change the polarity of light (rotate light in the right-handed direction with
concentration). In addition to the concentration of the chiral material, the amount of rotation of linear
vector of the polarized light also depends on the thickness of the layer traversed by the light, the
wavelength of light used for measurement, the temperature and pH of the solvent. Because the device must
be able to measure millidegree rotations, researchers have focused on detection in the clear fluids of the eye
rather than the highly scattering tissues of the skin (McNicols & Cote). Photon energy must be kept low to
prevent injury, but that significantly reduces the signal-to-noise ratio. The confounding rotation due to
corneal birefringence and the variation in this rotation with eye motion pose significant problems for this
technology.

2.2 Perturbation of the analyte by the sensor

Rather than detecting the analyte directly, it may be useful to amplify the strength and selectivity of the
signal by means of a specific chemical reaction.. Enzymatic transducers tend to have a high selectivity for
their substrates but they consume the substrate irreversibly, creating local concentration gradients that
depend on the perfusion of the tissue rather than the systemic concentration of the analyte (McNichols &
Cote). The implanted component of the sensor may induce a foreign body reaction that changes the local
concentration of the analyte or that blocks diffusion of the analyte to the transduction point.

2.3 Strict biocompatibility and chemical/mechanical integrity requirement for chronic implantation

As with any implanted device, biocompatibility can be divided into effects of the sensor on the tissue
and effects of the tissue on the sensor. Because of the intimate contact required between the chemical
transducer and body fluids, even reactions that are nominally benign may cause serious degradation of
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