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Sensitivity Characterization of a Time-Domain Fluorescence Imager: eXplore Optix

Abstract

Empirical relations of ignal to

experimental data over a wide range of parameters, and the sensmvlly of eXplore Opllx
using Cy5.5 for known tissue optical properties is predicts
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Introduction

The interest in fluorescence imaging has increased steadlly in the last decade [1H15].
Using fluorescence techniques, it is feasible to visualize and quantify the function of
genes and the expression of enzymes and proteins deep into tissues. When applied to
small animal research, optical imaging based on fluorescent marker probes can provide
valuable Information on the specificity and efficacy of drugs at reduced cost and with
greater efficiency than current nuclear imaging techniques. Meanwhile, fluorescence
fechniques represent an importani class of opficel methods being appied to n vt and
in vivo biomedical clin

ART developed a time domain in vivo small animal fluorescence imager, eXplore Optix
[16]. Using the measured f ved signal, location and
concentration can be quickly estimated [17]. Fluorescence imaging often involves the
injection of an extrinsic fluorophore, typically chemnically bounded with drug molecules or
activatable after interaction with specific enzymes. Then, an extemal light source Is
applied to excite the fluorophore and the fluorescent signal is recorded accordingly. A
key issue in practical application of fluorescence imaging is the background signal, that
in general comes from four sources: autofluorescence from the tissue sample, residual
signal due to imperfect clearance of the targeted probe, leakage of the excitation laser
light due to imperfect fluorescent filters, and fluorescence from the optical components in
the data acquisition channel. Regardiess of the exact technology employed, background
signal can not be completely eliminated, although it does not affect the data quality when
the targeted fluorescence signal is strong. However, when the fluorescence signal s
weak, background signal could dominate the measurement. As a resul, it limits the
detecting sensitivity of an imaging system. In this paper, we present some results of the
sensitivity characterization of eXplore Optix mainly limited by background.

Due to light diffusion in fissue, the fluorescent as well as the background signal are a
function of tissue optical properties, e.g. absorption and scattering coefficients, and
fluorophore concentration and location, etc. We use Cy5.5 fluorophore submerged at
different positions in fissue-iike phantoms with various optical properties to expiore the
capabllity of eXplore Optix. By defining a threshold of signal to background ratio (SBR),
empirical relations of fluorescence signal with the variables aforementioned are
established that allow us o predict the detectable depth of a given fluorophore
concentration or the minimum detectable concentration at a given location for known
tissue optical properties.

Device, material and method

Detalled description of eXplore Optix can be found elsewhere [16], [17]. Basically, a
pulsed diode laser (PDL) from PicoQuant (Berin, Germany) is used as a light source. A
photomultiplier tubes (PMT) (Hamamatsu, Japan) coupled with a time correlated single
photon counting (TCSPC) system (Becker & Hickl, Berlin, Germany) is used as a
fluorescence signal detector. A combination of filters (Omega Optical, Brattieboro,
Vermont and Barr Associates, Westford, Massachusetts) was installed In the system for
fluorescence measurements. A translation stage and galvanometric mirrors enable
raster scanning along x and y directions for imaging. For Cy5.5 experiments, a 670 nm
laser s used. The average laser power was kept at about 1 mW. Actual laser power
delivered to the target is adjusted by a computer-controlled variable neutral density filter
wheel.

The liquid phantom Is achleved by mixing 10% Liposyn Il (Abbott Laboratories, Montreal,
Canada), demineralized water and India ink. The quantty of each composition is
selected by a predetermined recipe [18] to ensure the optical properties are similar to
tissue (u/,=0.6 — 1.8 mm"! and 1, = 0.006 — 0.08 mm). Solid fluorescent inclusions are
made from polyurethhane resin, fitanium dioxide (TiO2), as well as the Cy5.5
fluorophore.

Three groups of experiments were done to explore the sensitivity of eXplore Optix. In
each group, two of the three parameters, fluorophore concentration ¢, s;, and s, are
fixed, and the third varies. A fluorescent inclusion is imaged at different depths inside the
liquid phantom, and both fluorescent and background signal are recorded.
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Results and discussion

Shown in Fig. 1 are typical fluorescence signal o background ratios SBR (defined as

ersus_inclusion depth. Clearly it decreases
exponentially as expected. By defining SBR=0.05 as detectable and SBR=1 as
quantifiable (ilustrated in Fig. 2), one can get the detectable and quantifiable depths of a
inclusion Versus 4, ', and ¢ (as shown in Fig. 3). Combining the three fittings and
extrapolating them, one is able o get a function of SBRover i, 1, and ¢ Then one can

predict the detectable and depths for given or the minimum
detectable and quantifiable concentrations at given depth (see Fig. 4 and Fig. 5, for
example).

Figure 1: Typical fluorescent signal to background ratio of a 100
M Cy5.5 inclusion versus its depth inside a liquid phantom with
17,7003 mr and varied s . The five curves from top to bottom
corresponds to x’, 0.6, 0.8, 1.0, 1.2, and 1.6 mn!

Gircle: data
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Figure 2: Definition of quantifiable and detectable SBR. Left
panel, for SBR>1, information extracted from the signal is
consistent, so is quantifiable. Right upper panel, SBR=0.08, signal
from inclusion can be distinguished from surrounding background, so
is detectable. Right lower panel, SBR=0. signal from inclusion
is buried in the surrounding background, so it is nondetectable.
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Figure 3: Detectable and quantifiable depth of a inclusion versus u’_ and
4, and fluorophore concentration, when the other two parameters are Fixed.

cctable (left) and quantifiable (right) depth of a 100 i
ent inclusion over s, and u,’ space.

Figure 5: Minimm detectable (left) and quantifiable (right)
concentration in M of Cy5.5 fluorescent inclusion at 4 mn depth
inside the medium over g, and u ~ space,
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Summary

Cy5.5 fluorescence signal and background were measured in various conditions
within tissue-like phantoms. Empirical relations of fluorescence signal to background
ratlo are established from experimental data over a wide range of parameters that
allow us to predict the sensitivity of eXplore Optix for known tissue optical properties.




