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CThM77 Fig. 2. LExpcrimental axial re-
sponses obtained when multimode tibers with
various core diameters arc nsed. O1, 50-pm-
core-diametet graded-index fiber; OF2, 100-juin-
core-diameter graded-index fiber; O3, 365-fm-
core-diamcter step-index fiber.

exceeding 0.3 pm. The curves have various
slopes because different parts of the out-of-
focus signal are introduced into fibers with
different core diameter. We attribute the sub-
micron resolution achieved to the exiremely
large dynamic range of the resolving power.
Lor instance, after a precise liber adjustiment to
the maximum signal, we obtain an output
power collected by varfous multimode fibers
in the range 0.5-1 mW, which corresponds to
5-10% from the input laser power. Thus, due
to the ase of aperturcless reflection confocal
design and large-core fiber for signal detection,
a regime of high output power is achieved that
provides the high submicron resolution.
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Optimization of frequency domain
measurement technigue and
development of a clinical prototype
optical tomography system
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ALTO 9AB, United Kingdom; E-inail:
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In order to attempt a clinical evaluation of an
optical tomography (T} system, the scanning
time must be kept low. 'I'wo aspects of redie-
ing scanning time are looked at in this work.
The first aspect is based on experimerntation
using an existing system built around a ‘rotate
rotate” geometry, T'he aim is to optimize this
Mark I system in respect of the number of
[requency domain measurements required in
order to obtain a reasonably resolved two-
dimensional (2D) image. A comprontise has to
be made between image quality and scanning
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C1hM78 Fig. 1. Geometry used forimage re-
construction of experimental data.
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CThM78 Fig. 2. Absorption image recon-
struction using cxpetimental 13C data.

time plus computation Lime speil on recon-
struction,

"I'he second aspect is developing a faster Mark
IL OT system based on multiplexed fibre cou-
plings between soutce tissuc and detector. '

The Matk 1 system consists of a single cw
light source and a detector, cach tiber coupled
to a cylindrical, tissuc cquivalent optical phan-
tom. e light source scans around the phan-
tom and for cach source position, the detector
scans around the cylinder once. This system is
driven by two stepper motors allowing a vari-
able number of measuring positions N.
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The phanton used is a perspex cylinder
with a dtameter of 64 mm. It is filled with a
solution of water and Titanium Dioxide pac-
ticles simulating a scattering medium, plus
some ink acting as an absorber, [Tighly absorb-
ing black metal rods in the solution simulate
blood vessels. They ave placed as sliown in Fig, 1.

The light source is a 35-mW laser diode,
cruitting at 785 nm. A photo multiplier tube
{PM1'} s used for detection. DC Data from the
PMT is digitized in a comptter, which also
controls the scanning system and data process-
ing.

Figure 2 shows images obtained from ex-
perimental DC data by van der Zee ef al 2 'hese
were reconstructed from measurements ob-
tained with N = 20 different source/dctector
positions allowing N(N - - 1) measurements. N
can be varied and changes in image resolution
observed. Using the developed source and de-
tection units of the Mark II system, data from
AC intensity, amplitude nmodulation depth
and phasc is also utilized for this optimization.

The experimental setup is shown in Pig. 3.

This system, also ‘rotale rotate’, uses multi-
plexed fibet optics. As an alternative to using
multiple sources/detectors,® light [rom a
singte laser diode, amplitude modulated at 200
Mz, is switched to different points avound
the tissue. This source is multiplexed by an
clectronically rotatable mirvor eliminating the
need for a slow slepper motor. Lmerging light
is collected by fiber-bundles multiplexed into a
single detector. Additional heterodyne equip-
wient is used to detect frequency domain data,
The first measurements made with this system
are used for further image reconstruction,
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CThM78  Tig 3. Block diugram of Mark IT O’ system.
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In vivo and ex vive high-resolution
evaluation of neoplastic tissues with
optical coherence tomography
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Barly diagnesis of neoplasia is often critical to
improving paiient prognosis and successful
treating cancer, 'Ihe imaging capabilitics of
optical coherence tomography (OCT) make it
a promising tool for the carly detection of nea-
plastic changes.” Previous studies have evalu-
ated OC'T and have demonstrated that inicro-
structural changes .1\‘q(midnd with ncoplasia
can be identified.2* These initial Gndings are
very promising and warrant further consider-
ation, 'Lhe dysplastic human cervix is an excel-
lent model system to systematically investigate
and guantitasively evaluate OCT. 1t is acces-
sible and exhibits well defined pathology, pro-
gression and endpoints. Markers of dysplasia
and cancer can be idenfified in the OC 1 images
and their diagnostic utility evaluated. Conelu-
sions can be drawn (rom studies of the cervix
which can be gencralized to other epithelial
Caneeys.

I order to evaluate OCL for the detection
of wicra-structural changes associated with
cervical ncoplasia in vivo, an integrated OCT
colposcope was constructed, This instruiment
permits simultancous e# fuce vicwing of strac-
tural features while allowing precise registra-
tion of the OCT scan plane without interferityg
with the normal medical procedure. U'he lirst
clinical feasibility study resulted in successful
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CUhM79  Fig. 1. Lxample of an in vive OCT
image of & cervix exhibitiug nabothtan cysts (A).
The arrows indicate the cystis of which correlate
well with colposcopy (I3 and histology (C 40X &
1) 20X). This image was acquired using an inte-
grated OCT colposcope ata speed of 4 frames per
second. (Wavelength: 1300 nm. Size: 3 X 5 mm.
Resolution; 15 pwm axial X 22 jum transverse).

identification of neoplastic and micro-
stractural changes (Lig, 1), The use ol image
processing Ecchmqucs can be a powerful
method for analyzing OCT iinage data, espe-
cially when large numbers of patients ave in-
volved.* Image processing allows complex im-
age information to be reduced to quantitative
variables which can be statistically analyzed,
guantilied, inlerpreted and used to predict the
presence of discase. In addition, it enables
faster and better coverage and visualization of
Jarge arcas and large volumes of data. Ap ex-
ample of a segmented OCT image and mea-
suremeits of some siatistical properties are
shown in ¥ig, 2. Those preliminary results ap-
pear to correlate with the aveas of most ad-
vanced neoplasin and could be extended (o
large volumes of data.

Grading ncoplasia will probably require
more mformation than the micro-steactaral
features resolved by standard resolution OCT
Cellular and even sub-cellular characteristics
may be critical for the accurate determination
of neoplastic grade. A very broad bandwidth
TRALO, laser was used for the acquisition of
ulteahigh vesolution OCT images.® The system
consisted of a specially balanced and compen-
sated interferometer and achromatic optics.
An example of an ex vivo ultvahigh resolution
OCT image of the normal cervix is shown in
Fig. 3 and demonstrates for the fivst time, Lo
our knowledge, the presence of cells in ligman
tissue, The squamous cells of the cervical epi
thelium (arrows), probably with the presence
olkoilocytosis, are clearly evideut fu the inage
They range in sizes of about 10-30 pan. This
(inding implies that Hagnostically useful ectlu-
lar information can be extracted from haman
tissue using o high resolution OCT systew,

This paper will describe advancements in
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CThM7Y  Fig. 2.
vivo OCT image of a cervix exhibiting mild focal
dysplasia. The arrows indicate the warging of a
focal dysplastic area. Normal epithelimn (¢) and a
focal avca of dysplasia (d} ave visible aud correlate
well with histology and colposcopy. The OCT
inage was sepmented, using pradient-based fil-
tering and edge detection algorithns, and mea-
surements of the epithelial layer niediun intensity
and standard deviation diflerences are shown,
Analysis of these quantities suggests that avcas of
focal dysplasta may be identificd, {Wavelength:
1300 . Resolntion: 15 pum axial > 22 it trans-
verse).

Example of a segincuted it
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CrM79  Fig. 3. Example ol an ex vive ultra-
high vesolution OCT image of the normal corvix.
The squamous cdlls of the corvical epithelium
(arrows), probably with the presenee of koilocy-
tosts, are clearly evident in the image, (Wave-
length: 800 3m. Resolntion: 15 o axial XX 5 um
Leansverse).

the development of OCL as a diagnostic tool
for cancer. Key issucs to be addressed will be
the integration of OCTT imaging with currently
used diagnostic devices, the use of ultrahigh
resolution imaging on the cellular level, and
spectroscopically resobved imaging. Fxamples
of in vitro and in vivo imaging of neoplasia will
Dbe presenied,
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