Developing Instrumentation for Endoscopic
Fluorescence Lifetime Imaging

Introduction

The aim of the research that 1 am involved in is to develop endoscopic instrumentation for use in
Fluorescence Lifetime Imaging (FLIM). General advantages of FLIM over conventional fluorescence
intensity imaging include the fact that the fluorescence lifetime is sensitive to the micro-environment of
the fluorophore® (e.g. pH? and solvent viscosity®) and that it is relatively robust against variations in
fluorophore concentration and the intensity of the excitation source®. FLIM can also be applied to imaging
intrinsic tissue autofluorescence from biomolecules such as NADH, elastin and collagen. A number of
studies have now shown that FLIM has the ability to provide intrinsic contrast between different tissue
states, including between healthy and diseased tissues® . Despite this, there have been relatively few
studies into endoscopic FLIM, aimed at in vivo diagnostic applications.

Endoscopy, in itself, is a fairly wide field of research and a number of groups have proposed methods
employing optical fibres to permit in vivo imaging. One approach to this is confocal endomicroscopy,
which can be achieved using several techniques. The first of these is to use a single optical fibre to deliver
the illumination light — and carry back the fluorescent or reflected light — with a scanning mechanism and
objective lens situated at the distal end of the fibre®. Alternatively a fibre bundle can be used, consisting
of 10,000 or so fibre cores, with a scanning system at the proximal end, which sequentially addresses each
fibre core. The objective lens is situated at the distal end as before. In this setup the scanning mechanism
is usually very similar to that used in a confocal microscope (i.e. scanning mirrors)® but it is also possible
to use a digital micromirror device (DMD) to translate a single spot across the fibre bundle™. A very
different approach is used in wide-field endoscopes where the light is delivered and collected by two
different fibres with a fibre bundle typically being used to relay the image from the sample to the detector.

As mentioned above, relatively few studies have been published on endoscopic FLIM. Systems
demonstrated to-date include the work by Mizeret et al using a frequency domain detection technique™
and a system developed at Imperial College London which uses a wide-field time-gated detection
technique to achieve endoscopic FLIM in the time domain at acquisition rates of up to 29 frames/s®. Part
of our research is now aimed at improving this system and packaging it such that it is suitable for in vivo
studies in humans (e.g. so that it can be easily sterilised, etc.).

Research in the Photonics group at Imperial is also underway using a second endoscope. This system is a
microconfocal endoscope designed for fluorescence intensity imaging, which consists of a fibre bundle
and two scanning mirrors at the proximal end. Currently the endoscope operates at a wavelength of
488nm.

Part of my work is to investigate the practical issues associated with in vivo FLIM. One such problem is
that the fibre bundle used to carry the excitation light can exhibit unwanted background fluorescence —
this produces noise that can adversely affect experiments. Data regarding the background emission from
some similar fibres has recently been published? and we are currently undertaking an investigation into
the spectral and lifetime characteristics of our fibre.



Current Research

Various studies have been carried out here at Imperial based on evaluating the potential of FLIM as a
clinical tool. One such example is reference 6, where biopsies were taken from 25 patients identified to
have Basal Cell Carcinomas (BCCs). The unstained samples were then excited using a pulsed 355nm
laser and imaged using FLIM. Although no consistent relationship was observed between the
autofluorescence intensities of the areas of BCC and the areas of surrounding normal skin, a statistically
significant difference was seen between the two regions in fluorescence lifetime. The regions of BCC
were found to have shorter mean fluorescence lifetimes than the surrounding normal tissue and this trend
was consistently observed using different combinations of two emission filters and two fitting methods®
(single exponential and stretched exponential™).

The fluorescence lifetime measurements taken were then used to produce FLIM maps of all of the
samples. In each case 2D false-colour maps of lifetime alone were generated as were intensity-weighted
lifetime images. In the majority of situations clear visual contrast was observed between the areas of BCC
and the surrounding normal skin. An example of one of the images produced is shown below in figure 1
where clear contrast can be seen between the central region of BCC (short lifetime) and the outer regions
of normal skin (long lifetime).

In the study discussed, as well as in others®, FLIM has been shown to
provide intrinsic contrast between different states of tissue. For this
reason, it is desirable to use FLIM in vivo to see if this useful contrast
remains. In order to do this, it is necessary to have instrumentation to
apply FLIM endoscopically.

For this reason, the group has produced a wide-field FLIM endoscope
which retains the intrinsic contrast observed in lifetime images obtained
using a wide-field macroimager (i.e. a system where the endoscope is
replaced by a standard camera lens), although the quality of the images is

Figure 1: Intensity-weighted degraded slightly. The system has been tested by imaging a multi-well
lifetime map of a skin biopsy plate array of two solutions with differing lifetimes as well as by imaging
with basal cell carcinoma autofluorescence of a sample of bisected lamb kidney. In this study, it
(BCC)®. was found that the signal-to-noise ratio was lower in the endoscopic

images than in those acquired with the macroimager but, importantly, that
the fluorescence lifetime contrast was not adversely affected®. Figure 2
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g 6.00 g 6.00 . . - .

i R not just that the system discussed can reproduce the previously obtained
1 £ fluorescence lifetime contrast, but also that it can do so at update rates
! ! that are high enough to suggest that the endoscope can be used in a

0.00
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Figure 2: Intensity weighted contrast in each of the four images. Of the two images acquired using the
FLIM maps of a multi-well . . .
plate array of altemating endoscope, figure 2(c) was obtained at an update rate of 29Hz while 2(d)
solutions of Stilbene was obtained at 7.2Hz". These are both very rapid acquisitions and the
1 and Coumarin 314 obtained former is certainly fast enough to be implemented in clinical diagnostics.

using (a), (b) the
macroimager and (c), (d) the
endoscope®.



Future Direction

As discussed above, it has been demonstrated that FLIM provides intrinsic contrast between healthy and
diseased states of tissue and that applying FLIM endoscopically is feasible. The aim of our work in the
near future is, therefore, to develop instrumentation for endoscopic FLIM that is suitable for use in a
clinical environment. We currently have two endoscopes set up in the laboratory — one wide-field
endoscope built “in-house” and a second microconfocal endoscope. The wide-field system is already
equipped with FLIM and needs simply to be housed in such a way that is appropriate for clinical use (i.e.
so that it can be easily sterilised, etc.). Work on the microconfocal system will also be a significant part of
my PhD.

It is intended that all of these steps be carried out soon such that we can use both systems for endoscopic
FLIM. Once this is the case, the systems will be tested and characterised by comparing their performance
to that of a hyperspectral FLIM microscope. They will then be used to study various tissue samples, ex
vivo, in an investigation aimed at improving understanding of the molecular origins of the fluorescence
lifetime contrast observed between healthy and diseased tissue. Finally, we hope that the endoscopic
FLIM systems will be applied to in vivo clinical imaging — for example, to look at cancer and pre-cancer
in the gastrointestinal tract.

In conclusion, our research is based around the use of FLIM for biomedical and clinical applications, such
as the diagnosis, monitoring and study of various diseases. Previous investigations have shown that FLIM
can provide useful contrast between healthy and diseased tissue and that endoscopic FLIM is a feasible
and potentially useful tool for clinical diagnostics. Thus, current work is aimed at designing and
improving two FLIM endoscopes, characterising their performance and using them for in vivo clinical
applications.
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