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Photonic Therapeutics and Diagnostics VI

7548A-01, Session

Multiphoton microscopy of engineered
dermal substitutes: assessment of 3D
collagen matrix remodeling induced by
fibroblasts contraction

A. Pena, C. Olive, J. Michelet, J. Galey, D. Fagot, F. Leroy, L’'Oréal
Recherche (France); J. Martin, Ecole Polytechnique (France); A.
Colonna, L’Oréal Recherche (France); M. Schanne-Klein, Ecole
Polytechnique (France)

One of the main functions of dermal fibroblasts is the generation

of mechanical forces within their surrounding extracellular matrix.
Investigating molecules that could modulate fibroblast contraction and
act as potent anti aging ingredients requires the development of dermal
substitutes and of three-dimensional in situ imaging methodologies. Here
we use multiphoton microscopy in order to investigate the fibroblast-
induced collagen matrix reorganization in engineered dermal tissue and
to evaluate the effect of fibroblast contraction inhibitors.

For that purpose, we studied dermal substitutes composed of
fibroblast-populated collagen gel. We visualized these tissues by

taking advantage of the intrinsic multiphoton signals from collagen
(second harmonic generation) and from fibroblasts (endogenous cellular
two-photon excited fluorescence). We compared dermal substitutes
whose culture medium contained an inhibitor (Y-27632,a RhoA-kinase
inhibitor,Calbiochem-688001) for fibroblast contraction with control
substitutes cultured in the same conditions. The samples were analyzed
at 3 different time sets: 1)T0, 2)T+24h and 3)T+48h after contraction
had been induced by removing the gel from the well borders. At T+24h
the culture medium containing the inhibitor was removed and replaced
with a control medium in order to verify whether the inhibitor effect was
reversible.

We observed that fibroblast contraction induced a 3D remodeling of
collagen matrix. In control samples, collagen fibrils rearranged around
fibroblast with increasing density, whereas collagen fibrils showed no
remodeling at T+24h in the samples containing the inhibitor. Moreover,
at T+48h, the dermal substitutes with the inhibitor presented the same
3D reorganization as control samples, which indicates that the inhibitor
effects are reversible.

In conclusion, our study demonstrates the relevance of multiphoton
microscopy to visualize three-dimensional remodeling of the matrix
induced by fibroblast contraction.

7548A-02, Session

Ablative fractional resurfacing drug delivery
for aminolevulinic acid photodynamic therapy
(ALA-PDT)

F. H. Sakamoto, M. Wanner, A. G. Doukas, W. A. Farinelli, R.
R. Anderson, Wellman Ctr. for Photomedicine, Massachusetts
General Hospital (United States)

Background and Objective: Ablative fractional resurfacing (AFR) creates
holes with micro-thermal zones of injury (MTZ). We tested the hypothesis
that AFR could facilitate topical ALA delivery. Study Design/Materials
and Methods: In pigs, AFR using a CO2 laser prototype was tested using
400, 200 and 100 MTZ/cm2, at 100 and 50 mJ per pulse. 20% ALA was
applied for 3 hours, followed by PDT (635-nm, 200 J/cm2, 110 mW/cm2).
Skin response, fluorescence photographs, fluorescence microscopy,
histology, immunohistochemistry and viability assays were assessed
before and after PDT. Results were compared to appropriate controls.
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Results: Absence of porphyrin fluorescence within each MTZ was
observed. AFR at 100 mJ, 400 MTZ/cm2 caused absence or reduced
fluorescence compared with ALA alone. ALA applied after 200 and 100
MTZ/cm2 showed significantly higher epidermal fluorescence than ALA
alone. Although increased pulse energy caused increased depth of
thermal ablation, deep porphyrin fluorescence was not increased. At 400
MTZ/cm2 +ALA-PDT, epidermis and superficial dermis were severely
damaged, moreso than for AFR or ALA-PDT alone. At 200 and 100 MTZ/
cm2 + ALA-PDT, there was more epidermal damage than with ALA-PDT
alone. Conclusions: Within each MTZ, thermal denaturation appears

to inhibit ALA metabolism. AFR at relatively low MTZ density increased
porphyrin in the adjacent epidermis, but there was no evidence for
enhanced deeper uptake. AFR at high MTZ density reduced ALA-induced
fluorescence, but there was enhanced injury from this combination.

This preliminary study suggests that low-density AFR may be useful for
increased epidermal delivery of topical PDT agents or other drugs.

7548A-03, Session

Evaluation of cryo-preserved skin tissues
using two-photon microscopy

I. Riemann, A. Beier, M. Schwarz, D. Doerr, F. Stracke, H.
Zimmermann, Fraunhofer-Institut fir Biomedizinische Technik
(Germany)

If no fresh skin samples can be obtained or used, it is important for
research and industries to have models and stored tissue samples as
close to the native state as possible at disposal. One way to preserve
tissues for a longer timeframe is to use deep freezing cryo-techniques.
Unfortunately much damage can be induced during the cooling and the
thawing processes like disruption of cells and extra-cellular matrices
due to the formation of ice crystals. This could lead to a disturbance of
the united cell structure up to the point of a loss of cell viability. Two-
photon microscopy is able to gather information about cells and tissue
components via excitation of the autofluorescence deep inside the
sample with a high resolution in both, frozen and thawed states. It is
possible to monitor the samples before and after and, important, observe
events during the freezing process like the formation of ice crystals.

To determine the state of skin tissues after slow rate freezing and the
quick process of vitrification, the samples were examined with two-
photon microscopy. To establish an optimized freezing-protocol for
skin tissues, morphological changes, changes in autofluorescence of
endogenous fluorophores (NADH, keratin, flavins, elastin) or changes in
second harmonic generation of collagen fibres could provide information
about the quality of the used freezing parameters and protective
additives and lead to an optimized freezing-protocol with a new set

of parameters to obtain mostly intact tissue samples. Multiphoton
microscopy has been established as a useful tool for optical in situ
quality control of frozen tissues.

7548A-04, Session

Effect of vacuum and thermal shock on laser
treatment of trichophyton rubrum (toenail
fungus)

G. Aguilar, F. Sun, P. Carlier, E. Young, D. Hennings, Univ. of
California, Riverside (United States)

In recent years, the eradication of Trichophyton Rubrum (toenail

fungus) has been attempted via laser irradiation. Researchers have
recognized that this approach could result advantageous relative to
oral, mechanical and chemical therapies. However, anticipating that
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the fluences required to achieve the necessary thermal effects on this
fungus could unintentionally damage the underlying toe dermal layer,

we have explored two auxiliary approaches: (a) vacuum pressure,

and (b) rapid-cooling followed by laser heating (thermal shock). For
both, we assess viability and regrowth of toenail fungus. The rationale
behind these two approaches is that at low pressures, the temperature
necessary to achieve necrotic thermal effects, e.g., water evaporation/
boiling, is significantly reduced, thus reducing the laser fluence. Similarly,
a thermal shock induced by a cryogen-cooled tip followed by laser
irradiation may require much lower fluences to achieve the same thermal
effect. Our study includes numerical simulations, where we use a three
layer (toenail, fungus, and toe) model to compute photon distribution
during laser irradiation via a widely used Monte Carlo code (MCML and
CONV). Its output is fed into a custom-made finite difference code to
compute heat generation and diffusion through the layered model. For
the experiments we use a Cooltouch, 1320 nm laser and an adapted
Petri dish to perform the laser irradiation tests under controlled vacuum
pressure. A thermoelectric cooler thermally attached to another Petri dish
from underneath along with a miniature thermocouple are used during
the thermal shock experiments to simulate the rapid cooling procedure
and for temperature tracking, respectively.

7548A-05, Session

In vivo multiphoton excitation spectra of skin
fluorophores

H. G. Breunig, H. Studier, JenLab GmbH (Germany); K. Kénig,
Saarland Univ. (Germany) and JenLab GmbH (Germany)

Multiphoton tomography of skin allows in-vivo non-invasive imaging
with sub-cellular resolution and provides a valuable insight into tissue
structure. The technique is based on the spatially resolved excitation
and detection of autofluorescence signals from various endogenous
fluorophores such as NAD(P)H, flavoproteins, keratin, lipofuscin, elastin,
collagen, melanin, and metal-free porphyrins as well as on second
harmonic generation (SHG) by collagen fibers induced by nonlinear
optical excitation. We investigated the spectral intensity dependence

of endogenous cellular fluorophores of human skin measured in

vivo with the commercially available clinical multiphoton tomograph
Dermalnspect (JenLab GmbH). The Dermalnspect images horizontal
sections with subcellular resolution up to a depth of 200 m inside the
skin and allows additionally time correlated single photon counting for
each pixel and provides spectral information with the use of appropriate
filters. High-resolution multiphoton images at different depths inside the
skin were recorded with in the red and near infrared range spectrally
tunable femtosecond-excitation pulses in dependence on wavelength
and pulse duration. Variation of the excitation wavelength allows to
excite different endogenous fluorophores with partially overlapping
two-photon absorption spectra with varying efficiency and therefore in
principle to distinguish them. The effect of the pulse duration on two-
photon excited fluorescence and SHG signals is also discussed. The
measurements are supplemented by measurements of the signal decay
curves which allow in particular separating SHG from autofluorescence
signals. Characteristics of the Dermalnspect and the spectral-intensity
dependencies of endogenous cellular fluorophores measured in-vivo at
different depths inside the skin will be presented.

7548A-06, Session

A blue-LED-based device for selective
photocoagulation of superficial abrasions:
theoretical modeling and in vivo validation

F. Rossi, R. Pini, Istituto di Fisica Applicata Nello Carrara, CNR
(italy); G. De Siena, D. Massi, F. S. Pavone, Univ. degli Studi

di Firenze (ltaly); D. Alfieri, Light4tech Firenze srl (Italy); G.
Cannarozzo, Univ. degli Studi di Firenze (ltaly)

The blue light (~400 nm) emitted by high power Light Emitting Diodes
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(LED) is selectively absorbed by the haemoglobin content of blood

and then converted into heat. This is the basic concept in setting up a
compact, low-cost, and easy-to-handle photohaemostasis device for the
treatment of superficial skin abrasions. Its main application is in reducing
bleeding from superficial capillary vessels during laser induced aesthetic
treatments, such as skin resurfacing, thus reducing the treatment time
and improving aesthetic results (reduction of scar formation). In this
work we firstly present the preliminary modeling study: a Finite Element
Model (FEM) of the LED induced photothermal process was set up, in
order to estimate the optimal wavelength (405 nm) and treatment time
(30 s), by studying the temperature dynamics in the tissue. Then, a
compact, handheld illumination device has been designed: commercially
available high power LEDs emitting in the blue region were mounted

in a suitable and ergonomic case. The prototype was tested in the
treatment of dorsal excoriations in rats. Thermal effects were monitored
by an infrared thermocamera, experimentally evidencing the modest

and confined heating effects and confirming the modeling predictions.
Objective observations and histopathological analysis performed in a
follow-up study showed no adverse reactions and no thermal damage

in the treated areas and surrounding tissues. The device was then used
in human patients, in order to stop bleeding during Erbium laser skin
resurfacing procedure. By inducing LED-based photocoagulation, the
overall treatment time was shortened and scar formation was reduced,
thus enhancing esthetic effect of the laser procedure.

7548A-07, Session

Imaging of human skin lesions with the
multispectral dermoscope

D. Kapsokalyvas, N. Bruscino, V. De Giorgi, G. Cannarozzo, T.
Lotti, F. S. Pavone, Univ. degli Studi di Firenze (Italy); D. Alfieri,
Light4Tech Firenze Srl (Italy)

A novel Multispectral Dermoscope based on LED illumination and
subsequent image processing, has been developed. The principle of
operation is similar to that of a common Dermoscope. Major differences,
however, are the use of high power LEDs emitting at three distinct
spectral regions, 470 nm(blue), 530 nm(green) and 630 nm(red) as light
source, a polarizer for the illumination and an analyzer for the detection.
These spectral regions target on the major absorbers of the skin
(hemoglobin and melanin). The lesion is illuminated with each spectral
region at two different positions of the analyzer, one parallel (0°) to the
polarizer and one orthogonal (90°). In the former case single and multiple
photons are detected while in the latter only multiple scattered photons,
from deeper layers of the skin, are detected. Subsequent processing

of the images reveals information, on the localization of melanin,
hemoglobin, collagen and structures with different scattering properties
than the adjacent skin.

Several skin lesions have been examined. The revelation of blood vessel
morphology in the superficial layers of the dermis is demonstrated

and their destruction after Pulse Dye Laser treatment is assessed. The
capability of indicating the level of proliferation of melanocytes in the
dermis is demonstrated thus offering a result specific to melanoma in
situ. Additionally the processed images offer high contrast for highly
scattering structures inside the skin, a result which is useful for visualizing
the skin surface morphology and monitoring the changes of scars in the
skin.

7548A-08, Session
Photochemical predictive analysis of
photodynamic therapy in dermatology

F. Fanjul-Vélez, |. Salas-Garcia, Univ. de Cantabria (Spain); M.
Lopez-Escobar, Univ. Hospital Marqués de Valdecilla (Spain); N.
Ortega-Quijano, J. L. Arce-Diego, Univ. de Cantabria (Spain)

Photodynamic Therapy (PDT) is a recent treatment modality that allows
malignant tissue destruction. The technique provides a localized effect
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and good cosmetic results. The application of PDT is based on the
inoculation of a photosensitizer and the posterior irradiation by an
optical source. This radiation chemically activates the drug and provokes
reactions that lead to tissue necrosis.

Nowadays there are fixed clinical PDT protocols that make use of a
particular optical dose and photosensitizer amount. These parameters
are independent of the patient and the lesion. In this work we present a
PDT model that tries to predict the effect of the treatment on the skin.
First the results of a clinical study in the Dermatology Department of

the Marqués de Valdecilla University Hospital are presented. The most
common lesions and some unsuccessful cases are stated. The predictive
model proposed is based on a 3D optical propagation of radiation

by a Monte Carlo approach. Once the optical energy is obtained, a
complex photochemical model is employed. This model takes into
account the electronic transitions between molecular levels and particles
concentrations. As the process of generation of photosensitizer is

not homogeneous, the photosensitizer distribution is also taken into
account. The optical power of the source, the exposition time and the
optochemical characteristics of the tissue can be varied. This implies that
these parameters could be adjusted to the particular pathology we are
dealing with, so the unsuccessful cases could be better treated.

7548A-09, Session

Use of spectral imaging for documentation of
skin parameters in face lift procedure

E. C. Ruvolo, Jr.,, P. R. Bargo, Johnson & Johnson CPPW (United
States); T. Dietz, R. Scamuffa, K. Shoemaker, Ethicon Endo-
Surgery, Inc. (United States); B. DiBernardo, New Jersey Plastic
Surgery (United States); N. Kollias, Johnson & Johnson CPPW
(United States)

In Rhytidectomy the postoperative edema (swelling) and ecchymosis
(bruising) can influence the cosmetic results. Evaluation of edema has
typically been performed by visual inspection by a trained physician using
a four-level or, more commonly, a two-level grading. Few instruments
capable of quantitatively assess edema and ecchymosis in skin exist.
Here we demonstrate that edema and ecchymosis can be objectively
quantitated in vivo by a multispectral clinical imaging system (MSCIS).
Five patients undergoing rhytidectomy were recruited for a clinical study
and multispectral images were taken at days 0, 1, 3, 5, 7, 10, 14, 21 and
30. Apparent concentrations of oxy-hemoglobin, deoxy-hemoglobin
(ecchymosis), melanin, scattering and water (edema) were calculated for
each pixel of a spectral image stack. These chromophore maps are two-
dimensional quantitative representations of the involved skin areas that
demonstrated characteristics of the recovery process of the patient after
the procedure. We conclude that multispectral imaging can be a valuable
noninvasive tool in the study of edema and ecchymosis and can be used
to document these chromophores in vivo and determine the efficacy of
treatments in a clinical setting.

7548A-10, Session

Intravital multiphoton tomography as a
novel tool for non-invasive in vivo analysis of
human skin affected with atopic dermatitis

V. Huck, Westfalische Wilhelms-Univ. Mlnster (Germany); C.
Gorzelanny, Ruprecht-Karls-Univ. Heidelberg (Germany); K.
Thomas, T. A. Luger, Westfalische Wilhelms-Univ. Miinster
(Germany); K. Kdnig, JenLab GmbH (Germany); S. W. Schneider,
Ruprecht-Karls-Univ. Heidelberg (Germany)

Atopic Dermatitis (AD) is an inflammatory disease of human skin. Its
pathogenesis is still unknown; however, dysfunctions of the epidermal
barrier and the immune response are regarded as key factors for the
development of AD.
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In our study we applied intravital multiphoton tomography (5D-IVT),
equipped with a spectral-FLIM module for in-vivo and ex-vivo analysis of
human skin affected with AD.

In addition to the morphologic skin analysis, FLIM technology gain
access to the metabolic status of the epidermal cells referring to the
NADH specific fluorescence lifetime. We evaluated a characteristic
5D-IVT skin pattern of AD in comparison to histological sections and
detected a correlation with the disease activity measured by SCORAD.
FLIM analysis revealed a shift of the mean fluorescence lifetime (taum) of
NADH, indicating an altered metabolic activity.

Within an ex-vivo approach we have investigated cryo-sections of human
skin with or without barrier defects. Spectral-FLIM allows the detection
of autofluorescent signals that reflect the pathophysiological conditions
of the defect skin barrier. In our study the taum value was shown to be
different between healthy and affected skin.

Application of the 5D-IVT allows non-invasive in-vivo imaging of

human skin with a penetration depth of 150 pm. We could show that
affected skin could be distinguished from healthy skin by morphological
criteria, by FLIM and by spectral-FLIM. Further studies will evaluate the
application of the 5D-IVT technology as a diagnostic tool and to monitor
the therapeutic efficacy.

7548A-11, Session

Imaging spectroscopy of thermal and
electrical burs

J. C. Ramella-Roman, A. Basiri, T. Nguyen, The Catholic Univ. of
America (United States)

Today it is still clinical practice to determine burns wounds and their
depth by visual inspection. However, it was recently shown that burns
develop differently from their initial grade depending on the contact
time of the source. As this contact time varies it is difficult to assess the
burn severity relaying only on a naked eye. Parameters such as oxygen
saturation, hematocrit, water presence, and perfusion, can offer a more
quantitative approach to wound assessment hence improving diagnosis
and treatment. These parameters can be obtained with spectroscopic
and flow sensitive techniques techniques. We propose a study of burns
dynamic using a combination of spectroscopic and Doppler techniques.
A multi-aperture camera based on a lenslet array architecture was used
to obtain 18 images of the skin, each lenslet was interfaced with a
narrow-band filter hence 18 spectrally sensitive images were obtained.
500g aluminum branding iron heated in a water bath to 100 degree
Celsius was used for inducing thermal burns on anesthetized rat while
electrical burns were obtained with a shock model. In this paper the
results of the study are presented.

7548A-12, Session
Rapid hyperspectral characterization of skin

L. L. Randeberg, Norwegian Univ. of Science and Technology
(Norway); T. V. Haavardsholm, Norwegian Defense Research
Establishment (Norway); A. Aksnes, Norwegian Univ. of Science
and Technology (Norway); T. Skauli, Norwegian Defense
Research Establishment (Norway); L. O. Svaasand, Norwegian
Univ. of Science and Technology (Norway)

Hyperspectral imaging provides a powerful tool for skin characterization.
However, fast and efficient data analysis is required for the technique to
be relevant for clinical in vivo diagnosis. This is challenging due to the
large amounts of data collected in each scan. In this study, in vivo data
(400-1000 nm) were collected from human skin using a pushbroom-
scanning hyperspectral camera (VNIR 1600, Norsk Elektro Optikk AS)
with 1600 spatial pixels in each scan line. The scan duration was 5 to

20 seconds, depending on the size of the object and the chosen focal
length of the camera. The presented results were collected from skin
regions approximately 10 cm in size. Image data were fed directly into a
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real-time processing software which enables immediate visualization of
results. Multiple processing algorithms can be applied in an essentially
simultaneous manner as needed. Results are presented for simple band
ratio metrics as well as more complex statistical image analysis methods
applied during scanning. The algorithms enable visualization of skin
structures like vasculature and chromophore distributions, as well as
detection of skin anomalies. The real-time analysis is proven to be an
efficient and flexible way to treat large amounts of data, and is believed
to have a large potential for in vivo characterization of skin.

7548A-13, Session

Automated measurement of epidermal
thickness from optical coherence
tomography by image analysis using a region
growing technique

J. de la Cruz, J. Weissman, K. W. Gossage, Unilever HPC USA
(United States)

Optical Coherence Tomography (OCT) is a non-invasive imaging modality
that acquires cross sectional images of tissue in-vivo. It accelerates skin
diagnosis by eliminating invasive biopsy and laborious histology in the
process. Dermatologists have widely used it for looking at morphology
of skin diseases such as psoriasis, dermatitis, basal cell carcinoma etc.
Skin scientists have also successfully used it for looking at differences

in epidermal thickness and its underlying structure with respect to age,
body sites, ethnicity, gender, and other related factors.

Similar to other in-vivo imaging systems, OCT images suffer from a high
degree of speckle and noise content, which hinders examination of tissue
structures. Most of the previous works in OCT segmentation of skin were
done manually. This compromised the quality of the results by limiting the
analyses to a few frames per area.

In this paper, we discuss a region growing method for automatic
identification of the upper and lower boundaries of the epidermis in
living human skin tissue. This image analysis method utilizes images
obtained from a frequency-domain OCT. This system is high-resolution
and high-speed, and thus capable of capturing volumetric images of the
skin in short time. The three-dimensional (3D) data provides additional
information that is used in the segmentation process to help compensate
for the inherent noise in the images. This method not only provides a
better estimation of the epidermal thickness, but also generates a 3D
surface map of the epidermal-dermal junction, from which underlying
topography can be visualized and further quantified.

7548A-14, Session

Multiphoton microscopic imaging of human
keloid scar

J. Chen, Fujian Normal Univ. (China)

Keloid is characterized by the deposition of excessive extracellualar
matrix components by abnormal fibroblasts in response to cutaneous
injury. It occurs at areas of cutaneous injury that do not regress or
contract and continue to grow and extend beyond the confine of the
original wound. The most important question is that keloid scars have
very high recurrence rate after surgical removal in clinic. In this study,
morphology and amount of collagen and elastin were described and
analyzed quantitatively in the dermis of keloid scar and compared to
normal skin based on multiphoton microscopy. Our results showed that
these two extracellular matrix components have a completely different
behavior and characteristics in superficial and deep dermis. This study
can help us better understand formation process of keloid scar and may
lead to development of new therapeutic approach.
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7548A-15, Session

Linking visual appearance of skin to
the underlying optical properties using
multispectral imaging

N. Choudhury, R. Samatham, S. Jacques, Oregon Health &
Science Univ. (United States)

Visual appearance of human skin varies not only among individuals

but also between various spatial locations in an individual. Hence, in
order to study the underlying optical properties linked to human skin
appearance we have used a multispectral camera system to obtain

skin optical properties. Using the multispectral system we obtain a 2D
reflectance image R(x,y) at various wavelengths. The data is combined

to get a 3D data cube R(x,y, ). From the data cube one can get the
reflectance spectrum, R( ), at a given location (x,y) of the imaged skin
sample. The analysis of the reflectance spectrum involves a library of
known absorption spectra from the literature for melanin, oxyhemoglobin,
deoxyhemoglobin, and water. The analysis models the wavelength
dependent nature of scattering by a combination of Rayleigh scattering
(varies as -4) and Mie scattering (varies as ~ -1). A one dimensional light
transport model is used. By using our analysis on the reflectance spectra
we specify the melanin content M (volume fraction of melanosome in the
pigmented epi-dermis), the blood content B (average volume fraction of
whole blood in skin), oxygen saturation level S, water content W (average
volume fraction of water in tissue) and the reduced scattering p’s500 at
500 nm. The spatial map of the optical properties can now be linked to
the visual appearance of the skin. We also studied the effects various
parameters on the reflectance spectra and related visual appearances.

7548A-16, Session

Carbon nanotube assisted photothermal
therapy of skin cancers - pilot proof-of-
principle study in a murine model

N. Huang, H. Wang, J. Zhao, The BC Cancer Research Ctr.
(Canada); H. Lui, The Univ. of British Columbia (Canada); M.
Korbelik, H. Zeng, The BC Cancer Research Ctr. (Canada)

Single-wall carbon nanotubes (SWNTs) are a new type of nanomaterial
with strong optical absorption. SWNTs also have intense Raman signals
that facilitate convenient monitoring of their location within tissue thereby
enabling non-invasive pharmacokinetic study. We hypothesize that
SWNTs can absorb 785-nm laser light and generate significant local
hyperthermia to destroy cancer cells and eradicate tumors.

In this study a 785-nm diode laser is used for both Raman excitation and
photothermal therapy. SWNTs are made water-soluble by functionalizing
with polyethylene glycol (PEG) and administrated by intratumoral
injection. C3H/HeN mice were injected subcutaneously with 2 million
mouse squamous cell carcinoma (SCCVII) cells to create the tumor
model. We conducted experiments with 100 mice divided into 10 different
groups: control, SWNT only, 100 mW/cm2 laser irradiation only, 200 mW/
cm2 laser irradiation only, and 6 treatment groups with different drug and
light dose combinations (SWNTs 0.1, 0.5. 1 mg/ml, laser 100 and 200
mW/cm2). The treatment time was 10 minutes. The temperatures of the
tumors irradiated by laser were monitored by an IR thermometer. Mice
survival was observed for 45 days.

The study revealed that the temperature within the tumors increased in

a light- and drug-dose dependent manner. The optimized light and drug
dose combinations (1 mg/ml + 120 J/cm2) resulted in tumor temperature
elevation of 18.5°C and successful eradication of the tumors. This light
dose is moderate and is as low as 1/10 of other published studies using
nanomaterials. The Raman spectroscopy measurements suggest that
SWNTs persisted within the tumor tissue for months.
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7548A-17, Session

Fine scale alignment of skin images for acne
detection and tracking over time

G. O. Cula, Johnson & Johnson CPPW (United States); S. K.
Madan, Texas Instruments Inc. (United States); K. J. Dana,
Rutgers, The State Univ. of New Jersey (United States); N.
Kollias, Johnson & Johnson CPPW (United States)

It is known that effectiveness of acne treatment increases when the
lesions are detected earlier, before they could progress into mature
wound-like lesions, which lead to scarring and discoloration. However,
little is known about the evolution of acne from early signs until after the
lesion heals. In this work we attempt to computationally characterize

the evolution of inflammatory acne lesions, based on analyzing cross-
polarized images that document acne-prone facial skin over time. Taking
skin images over time, and being able to follow skin features in these
images present serious challenges, due to change in the appearance

of skin, difficulty in repositioning the subject, inherent movement

due breathing. Consequently, we have developed a practical robust
algorithm to align face regions using skin texture with mostly indistinct
micro level features, which are considered to be constant over time.

Our method approximates the face surface as a collection of quasi-
planar skin patches and uses quasiconvex optimization and the Lo
norm for estimation of spatially varying homographies. Moreover, a
computational technique for automatic detection of lesions by separating
the background normal skin from the acne lesions based on fitting
Gaussian distributions to the intensity histograms is also presented.

In order to track and quantify the evolution of lesions, in terms of the
degree of progress or regress of the lesion we designed a study to
register and analyze facial skin images of 21 young individuals, followed
over the course of 2 months at 6 different time points. We found that
early variation in appearance of lesions is a strong cue for characterizing
the lesion as developing or healing. By following the appearance of the
lesion over time, we document which lesions are more likely to develop
post-inflammatory hyper-pigmentation (PIH). The detection technique we
propose for inflammatory lesions correlates well with visual inspection of
acne lesions by trained graders.

7548A-18, Session

5-ALA induced fluorescence image analysis
of actinic keratosis

Y. Cho, Y. Bae, E. Choi, B. Jung, Yonsei Univ. (Korea, Republic of)

Actinic keratosis (AK) has been considered as a precursor of non-
melanoma skin cancer (NMSC), especially squamous cell carcinoma
(SCC). 5-aminolevulinic acids (5-ALA) as a photosensitizing precursor has
been used for non-invasive photodynamic therapy (PDT) of AK lesions.
5-ALA is converted into efficient photosensitizer, protoporphyrin IX (PpIX),
by enzymatic conversion in exogenous heme biosynthetic pathway. The
PplX is preferentially accumulated in cancerous tissue lesion than normal
skin. The PplIX has a broad absorption spectrum centered at 405nm and
a fluorescence emission with a dominant peak at 635nm. After 5-ALA
application on AK lesion including partly normal skin sites, broadband

2D fluorescent emission images were obtained with a hyper-spectral

and a fluorescent color imaging system by exciting 5-ALA applied lesion
using a UVA light source and processed to differentiate selectively

the AK lesion. This study confirmed that the accumulation of 5-ALA
photosensitizer in AK lesions can be more specifically evaluated by
analyzing the fluorescent signal with hyper-spectral imaging system than
fluorescent color image.
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7548A-19, Session

Multimodal confocal mosaicing microscopy:
an emphasis on squamous cell carcinoma

N. W. Chen, A. Ardeshiri, A. Blanchard, S. Jacques, D. Gareau,
Oregon Health & Science Univ. (United States)

Mohs surgery, for the removal of Basal Cell Carcinomas (BCCs), involves
the sequential examination of frozen histology to screen for the presence
of residual tumor. The creation of a frozen histology is precise but slow.
Our previous study reported a sensitivity of 96.6% and a specificity

of 89.2% in detecting BCCs when nuclei were stained with acridine
orange (1 mM) in 5-9 minutes, opposing 20-45 for frozen histology.
Good contrast was found over the background dermis and submicron
(diffraction limited) resolution over a cm field of view. Squamous Cell
Carcinomas (SCCs) are more difficult to detect than BCCs due to

less obvious atypical morphology. Surgeons screen for anaplasia,
hyperkeratinization and pleomorphism. Infiltrative BCCs remain difficult
due to smaller clusters of cancerous cells. Pathology can be achieved

by utilizing both acridine orange (1 mM) and eosin (1 mM), which stains
proteins for cytoplasm contrast. We found that the peak fluorescent
excitation for eosin staining in tumor is near the 532 nm wavelength,

and showed for physiological conditions(i.e. bound to DNA), the peak
absorption wavelength for acridine orange lowers to approximately 488
nm. A second laser added to our previous design independently detects
eosin fluorescence. Eosin displays dermis inconsistently, so a third mode
shows collagen in reflectance. This study will use fluorescence confocal
mosaicing to attempt to show good tumor contrast in SCC and infiltrative
BCC by staining with both eosin and acridine orange. This study will also
present sensitivity and specificity in multimodal confocal microscopy
using eosin, acridine orange, and reflectance.

7548A-20, Session

Evaluation of basal and squamous cell
carcinomas with combined Raman
spectroscopy: optical coherence tomography
(RS-OCT)

C. A. Patil, H. Krishnamoorthi, Vanderbilt Univ. (United States);
M. Guo, Vanderbilt Univ. Medical Ctr. (United States); D. L. Ellis,
Vanderbilt Univ. Medical Ctr. (United States) and Veterans Affairs
Tennessee Valley Healthcare System (United States); T. van
Leeuwen, Univ. of Amsterdam (Netherlands) and Univ. of Twente
(Netherlands); A. Mahadevan-Jansen, Vanderbilt Univ. (United
States)

Optical spectroscopy and imaging have shown promise for performing
rapid non-invasive detection and diagnosis of skin cancers in vivo.
Specifically, Raman Spectroscopy (RS) has demonstrated the ability to
perform diagnosis of skin cancers with excellent overall classification
accuracy based on its inherent biochemical specificity, but has a

limited ability to relate features of skin morphology. Optical Coherence
Tomography (OCT), on the other hand, has demonstrated the ability

to perform real-time, high-resolution, cross-sectional imaging of the
microstructural characteristics of skin disease, but typically lacks
molecularly specific information that can assist in positively classifying
pathology. We present the design, development, and characterization of
a combined Raman Spectroscopy-OCT (RS-OCT) system for evaluating
the both the structural and biochemical composition of skin lesions. The
785 nm Raman laser and 1310 nm OCT source, along with the detection
hardware for both modalities, are housed in a portable cart for clinical
convenience. The RS and OCT sampling beams are co-aligned in a
handheld sampling probe that either continuously acquires OCT images
or pauses OCT to acquire a Raman spectra from the central axis of the
OCT image frame. We are currently enrolling patients in a pilot study
aimed at identifying the morphological features of basal and squamous
cell carcinomas with OCT as well as developing direct multi-class
Bayesian classification algorithms to characterize the Raman spectra.
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We plan to present the clinical results, evaluate the system performance,
and assess the added value RS and OCT can provide, in combination, for
non-invasive analysis of skin lesions.

7548A-22, Session

In vivo comparative documentation of skin
hydration by confocal Raman microscopy,
skin sensor, Skicon and NovaMeter

G. Zhang, A. Papillon, E. C. Ruvolo, Jr.,, P. R. Bargo, N. Kollias,
Johnson & Johnson CPPW (United States)

The stratum corneum provides a vital physical barrier that protects
against external insults and excessive internal water loss. Water activity
is thought as a key factor to maintain proper skin barrier integrity via
regulating enzyme activities and lipid phase behavior. Consequently,
maintenance of an optimal hydration level in SC becomes an important
clinical and cosmetic concern.

The objective methods to assess SC hydration are based on either
electrical or optical properties of the SC. Electrical techniques used in the
current study include high frequency conductance (Skicon), impedance
(Nova DPM) and DC I-V curve (skin sensor). Confocal Raman Microscopy
was utilized to document water profile versus depth, and this technique
is based on inelastic scattering of monochromatic light from different
chemical species of skin.

Water patches were applied on the 14 subjects’ forearm for 20 minutes
and 1.5 hrs. Skin hydration levels for individuals were documented by
utilizing the mentioned above instruments in vivo. Results show that
patterns of water profiles upon the hydration are significantly different
among the individuals and these differences may be related to skin
barrier function integrity. The intrinsic water content and water absorption
upon the hydration were summed corresponding to different depths

(8-m and 15-m) from the data obtained by confocal Raman microscopy.
These results were correlated to the readings from electrical approaches.
Results show that the NovaMeter is not sensitive to SC hydration
changes. Neither superficial (3-m) nor deeper layer (15-m) water contents
correlated well with the reading from Skicon and Skin Sensor among
individuals. There is strong correlation between the data acquired with
Skicon and Skin sensor.

7548A-23, Session

New multimodal multiphoton imaging and
spectroscopy apparatus for dermatology

A. Lee, H. Wang, Y. Yu, J. Zhao, The BC Cancer Research Ctr.
(Canada); S. Tang, H. Lui, D. I. McLean, The Univ. of British
Columbia (Canada); H. Zeng, The BC Cancer Research Ctr.
(Canada)

As skin cancers continue to be the most highly diagnosed form of cancer
worldwide, there is an urgent need for non-invasive, non-destructive
diagnostic tools for examining the skin. We present the construction of a
new multimodal, multiphoton spectroscopic and imaging instrument for
in vivo patient use. The instrument is designed with a large clearance to
permit access to body sites where skin cancer is most commonly found.
Utilizing a tunable femtosecond laser, we are able to simultaneously
acquire two-photon excited fluorescence, second harmonic generation,
and confocal reflectance images at video rates, while concurrently
acquiring the two-photon excited fluorescence spectrum. We are also
able to acquire the two-photon excitation emission matrix. Control of our
scanning optics allows us to carefully control our 2D and 3D regions of
interest. Thus, we can provide clinicians with imaging tools for visualizing
tissue morphology, and spectroscopic analysis for biochemical
specificity. We present preliminary results using this instrument on a
subcutaneous murine tumour model.
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7548A-24, Session

Assessment of microcirculation frequency
components through functional diffuse
reflectance spectroscopy: a promising tool
for noninvasive skin diagnosis

P. R. Bargo, I. Seo, N. Kollias, Johnson & Johnson CPPW (United
States)

Measurement of cutaneous microcirculation is of great importance for
clinical evaluations as many biological processes (i.e. inflammation)
activate superficial vessels. Diffuse Reflectance Spectroscopy (DRS) is
a widely used method to assess cutaneous microcirculation since it is
based on the spectral characteristics of skin chromophores, particularly
the strong absorption bands of blood in visible spectral range. However,
the DRS system only provides a snapshot of the blood content in tissue
from the reflectance detected at a single exposure time, and it fails

to demonstrate dynamic changes of blood flow inside the tissues. In

the present study, a prototype system for functional DRS (fDRS) has
been developed for the sequential acquisition of multiple reflectance
spectra in the visible range at sub-second intervals. Twelve healthy
subjects with skin phototype I-Ill were recruited for an UV skin phototest
where the subject’s back was exposed to an increasing dose of solar
simulated irradiation at a maximum of 3 minimum erythema dose (MED).
Evaluations included conventional DRS, functional DRS, and a laser
Doppler flowmeter/imaging system. In a frequency analysis results, there
were two distinctive frequency components. A low-frequency component
was found near 0.03-0.1 Hz, and another high-frequency component
near 0.9-1.2 Hz which is synchronous with heart pulsations. The
magnitude of the high-frequency and the steady-state components of
the fDRS signal increased with increase in exposure dose. These results
demonstrate the potential of this technique for noninvasive assessment
of cutaneous microcirculation.

7548A-25, Session

Monitoring chemically enhanced transdermal
delivery of zinc oxide nanoparticles by using
multiphoton microscopy

W. Lo, National Taiwan Univ. (Taiwan) and National Cheng Kung
Univ. (Taiwan); C. Hsu, National Taiwan Univ. (Taiwan); T. Kuo,
National Taiwan Normal Univ. (Taiwan); S. Chiang, Academia
Sinica (Taiwan); S. Lin, National Taiwan Univ. Hospital (Taiwan);
S. Chen, National Cheng Kung Univ. (Taiwan); C. Chen, National
Taiwan Normal Univ. (Taiwan); C. Dong, National Taiwan Univ.
(Taiwan)

In this work, we used multiphoton autofluorescence (AF) and scond
harmonic generation (SHG) microscopy for monitoring the transdermal
delivery pathway of ZnO NPs. Since the noncentrosymmetric structure
renders ZnO nanoparticles effective in generating the second harmonic
signals, therefore, the morphology of SC and the distribution of ZnO
NPs can be spectrally resolved by detecting multiphoton excited AF and
SHG respectively. We quantitatively analyzed the SHG intensity of ZnO
NPs in skin with different chemical enhancers: oleic acid (OA), ethanol
(EtOH) and oleic acid-ethanol (OA-EtOH). This investigation may help

to understand the mechanisms of these chemical enhancements in
transdermal delivery. The microtransport properties of ZnO NPs were
quantified to reveal the enhancements of the vehicle-to-skin partition
coefficient (K), the SHG intensity gradient (G) and the effective diffusion
path length (L). The results showed that OA, EtOH and OA-EtOH were all
capable of enhancing the transdermal delivery of ZnO NPs by increasing
the intercellular lipid fluidity or extracting lipids from the SC.
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7548A-26, Session

Automated detection of unequivocal
malignant melanoma

R. Hennessey, D. S. Gareau, S. Jacques, Oregon Health &
Science Univ. (United States)

In vivo reflectance confocal images can reveal malignant morphologies
to detect melanoma. Because the application of confocal in the
dermatology clinic is relatively new, establishing the sensitivity and
specificity of the technique is key. Until recently, the hallmarks identified
to indicate melanoma with adequate sensitivity and specificity have
been recognized only by a handful of the top clinicians. Here, we
present methods to automate the same feature recognition. As a first
step to prove the technique on unequivocal lesions, the automated
algorithm was tweaked to correctly classify malignant melanomas and
benign nevi. These were melanomas that show pagetoid spread (the
spreading of melanocytes in the epidermis) and dramatic breakdown of
the dermal epidermal junction, the two traits that possess the highest
diagnostic accuracy. The performance of the QR factorization method
and Levenberg-Marquardt method were compared for specifying the
axial decay of the confocal reflectance signal. The surface of melanin was
identified and the stratum corneum and epidermis were digitally stripped
to reveal the diagnostic region of interest. With future work to bring the
performance of this pattern recognition technique to the level of the
clinicians on difficult lesions, melanoma diagnosis could be brought to
primary care facilities and save many lives by improving early diagnosis.

7548A-27, Poster Session

Delineating the region of localized human
skin cancer (basal cell carcinoma) using
polarization sensitive optical coherence
tomography (PS-OCT)

A. Ortega, M. Wong, S. Islam, C. Oh, H. Park, Univ. of California,
Riverside (United States)

Nonmelanoma skin cancer is a common condition that can occur

with excess exposure to ultraviolet (UV) light, usually from the sun.
Deformation of collagen due to dimerization of thymine from UV
radiation allows non-invasive assessment of basal cell carcinoma using
polarization-sensitive OCT. Previous studies demonstrated differentiation
of BCC from normal skin by observing the differences in their collagen-
derived birefringence characteristics in single images. We expand on
these preliminary findings using volumetric imaging to analyze and
determine the location and boundaries of these cancerous tissues. Early
results show favorable correlation between PS-OCT and histological
images, pointing to potential future application as a screening tool for
BCC'’s or as an aid in surgical guidance for their resection.
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7548A-31, Poster Session

Yellow light in photodynamic therapy (PDT):
the use of sodium light

I. M. Zich, C. Philipp, H. Berlien, Elisabeth Klinik (Germany)

Systemic PDT is an important treatment of tumor diseases. Severe side
effects of PDT are acute and delayed photosensibilisation including
undisired areas remote from the tumor site due to terrestric or artificial
light. Sodium light sources (589nm) are used to spare patients and
hospital personal from “dark-room detention”. Aim of our work was to
investigate the influence of yellow light sources during PDT specifically.
Using the in vivo CAM-assay we evaluated the phototoxic effect of
yellow light in the presence of photosensibilisators. In addition we
meassured the singulet oxygen generation of several light sources using
ESR. Wave lenghts of regular commercial and frequently used in the

OR halogen - illumination overlap with the absorbtion spectra of many
photosensibilisators. Sodium light sources have a small absorption
overlapp with common photosensitizers. Thus surgery under yellow light
source might reduce side effects due to erratic, unspecific photodynamic
effects at remote areas improving PDT tolerability and subsequently
patient complience.
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7548B-32, Session 1

Near-infrared spectroscopy of the bladder:
a new technique for studying lower urinary
tract function in health and disease

B. Shadgan, K. Afshar, L. Stothers, A. J. Macnab, Univ. of British
Columbia (Canada)

Near infrared spectroscopy (NIRS) is a non-invasive optical technique
for monitoring tissue oxygenation and hemodynamics. The purpose of
this study was to assess the feasibility of bladder NIR spectroscopy

in children and to correlate the findings with uroflowmetry and
cystometrogram results in both healthy and subjects with lower urinary
tract symptoms (LUTS). Using a wireless NIRS system, changes of
chromophores oxygenated, deoxygenated and total hemoglobin (O2Hb,
HHb and tHb) of bladder detrusor in 20 male and female subjects 4-17
yrs were evaluated during voiding.

These included 5 healthy subjects and 15 patients with non-neurogenic
lower urinary tract dysfunction (14 patients) and urethral stricture (1
patient). Simultaneous uroflow or cystometrogram was done as well.
The NIRS probe was secured to the abdominal wall 2 cm above the
symphysis pubis with a full bladder. NIRS data collection started 10-

15 seconds before permission to void and continued for 30 seconds
following termination of voiding. Chromophore changes were compared
to standard urodynamic pressure tracings in all cases. Comparison of
patients with abnormal bladder function with healthy subjects revealed
two reproducible differences: lack of initial increase in detrusor O2Hb
concentration following permission to void and steady increase in HHb
level during detrusor contraction. Changes of NIRS chromophores were
also observed during overactive detrusor contractions during filling
cystometry. Our preliminary results are showing that NIRS is technically
feasible in children and able to differentiate between normal and
abnormal lower urinary tract function. Further studies are under way for
confirming these qualitative findings and measuring them quantitatively.

7548B-33, Session 1

Multidimensional two-photon imaging
and spectroscopy of fresh human bladder
biopsies

R. Cicchi, A. Crisci, G. Nesi, A. Cosci, S. Giancane, M. Carini, F.
S. Pavone, Univ. degli Studi di Firenze (ltaly)

Two-photon fluorescence (TPEF) microscopy is a powerful tool to
image human tissues up to 200 microns depth without any exogenously
added probe. TPEF can take advantage of the autofluorescence of
molecules intrinsically contained in a biological tissue, as such NADH,
elastin, collagen, and flavins. Two-photon microscopy has been already
successfully used to image several types of tissues, including skin,
muscles, tendons, intestine. Nevertheless, its usefulness in imaging
bladder tissue has not been deeply investigated yet. In this work we
have used combined two-photon excited fluorescence (TPEF), second
harmonic generation microscopy (SHG), fluorescence lifetime imaging
microscopy (FLIM), and multispectral two-photon emission detection
(MTPE) to investigate different kinds of human ex-vivo fresh biopsies
of bladder. Morphological and spectroscopic analyses allowed to
characterize both healthy mucosa and carcinoma in-situ (CIS) samples
in a good agreement with common routine histology. Cancer cells have
shown different morphology with respect to the corresponding healthy
cells: they have appeared more elongated and with a larger nucleus

to cytoplasm ratio. From the spectroscopic point of view, we found
differences between the two tissue types in both spectral emission and
fluorescence lifetime distribution. Even if further analysis, as well as a
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more significant statistics on a large number of samples would be helpful
to discriminate between low, mild, and high grade cancer, our method

is a promising tool to be used as diagnostic confirmation of histological
results, as well as a diagnostic tool in a multiphoton endoscope or
cystoscope to be used in in-vivo imaging applications.

7548B-34, Session 1

Endoscopic probe for in vivo Raman
spectroscopy of the urinary bladder: initial
results

M. C. M. Grimbergen, R. O. P. Draga, Univ. Medical Ctr. Utrecht
(Netherlands); C. F. P. van Swol, St. Antonius Ziekenhuis
Nieuwegein (Netherlands); R. M. Verdaasdonk, R. J. H. L. Bosch,
Univ. Medical Ctr. Utrecht (Netherlands)

Raman spectroscopy has proven to enable bladder cancer diagnosis with
high specificity in-vitro. A customized Raman probe was developed in
collaboration with EMVision LLC for in-vivo endoscopic application.

The materials of the Raman probe are in compliance with Dutch medical
device directive and allowed for both EtO and Sterrad(R) sterilization.
The external shielding of the probe comprises multiple layers to block
any external light as required in the operating room. The Raman probe is
connected to a custom build suspended Raman spectroscopy cart that
allows safe transport between OR and lab, and different hospitals. The
centrally located single-mode fiber of the Raman probe is connected

to the FC/APC interfaced optical isolator of the Cheetah DFB laser
(Sacher, Germany) producing 100mW output at 785nm. The 6 collection
fibers are connected to a Hollolab 5000 (Kaiser Optical Systems, USA)
spectrograph and a 256BR (PI-Acton, USA) deep depletion CCD camera.

Patients with known bladder cancer were informed of the study and
consent was obtained in 40 cases. Lesions of interest were found

by means of standard white light endoscopy and with fluorescence
spectroscopy.

A total of 342 spectra were obtained in 40 patients. The first results show
adequate S/N Raman spectra for further analysis with integration times
above 2 seconds. Preliminary spectral analysis allows for discrimination
of superficial and exophytic lesions in pathology subclasses. Normal
tissue could be discriminated from dysplastic and CIS., Non-muscle
invasive and muscle-invasive bladder cancer could also be discriminated,
showing the potential for this technique.

7548B-35, Session 1

Quantitative analysis of urinary stone
composition with micro-Raman spectroscopy

Y. Huang, National Yang-Ming Univ. (Taiwan); H. K. Chiang,
National Yang-Ming Univ. (Taiwan) and Taipei City Hospital
(Taiwan); Y. Chiu, National Yang-Ming Univ. (Taiwan); Y. H. J.
Chou, Taipei City Hospital (Taiwan); S. Lu, Taipei City Hospital
(Taiwan) and National Yang-Ming Univ. (Taiwan); A. W. Chiu,
National Yang-Ming Univ. (Taiwan)

Urolithiasis is a common, disturbing disease with high recurrent rate
(60% in five years). Accurate identification of urinary stone composition
is important for treatment and prevention purpose. Our previous studies
have demonstrated that micro-Raman spectroscopy (MRS)-based
approach successfully detects the composition of tiny stone powders
after minimal invasive urological surgery. But quantitative analysis of
urinary stones was not established yet. In this study, human urinary stone
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mixed with two compositions of COM, HAP, COD, and uric acid, were
analyzed quantitatively by using a 633 nm Raman spectrometric system.

This quantitative analysis was based on the construction of calibration
curves of known mixtures of synthetically prepared pure COM, HAP,
COD and uric acid. First, the various concentration (mole fraction) ratio
of binary mixtures including COM and HAP, COM and COD, or COM and
uric acid, were produced. Second, the intensities of the characteristic
bands at 1462cm -1(IRCOM), 1477cm-1(IRCOD), 960cm-1(IRHAP) and
1037cm-1(IRuric acid), for COD, COM, HAP and uric acid were used
respectively for intensity calculation. Various binary mixtures of known
concentration ratio were recorded as the basis for the quantitative
analysis. The ratios of the relative intensities of the Raman bands
corresponding to binary mixtures of known composition on the inverse of
the COM concentration yielded a linear dependence. Third, urinary stone
fragments collected from patients after management were analyzed with
the use of the calibration curve and the quantitative analysis of unknown
samples was made by the interpolation analysis. We successfully
developed a MRS-based quantitative analytical method for measuring
two compositions of mixed human urinary stones.

7548B-36, Session 1

Ex vivo imaging of human bladder and kidney
with multiphoton microscopy

S. Mukherjee, J. S. Wysock, G. Wang, M. Lee, J. A. Sterling, M.
Akhtar, M. A. Rubin, F. R. Maxfield, Weill Cornell Medical College
(United States); W. R. Zipfel, W. W. Webb, Cornell Univ. (United
States); D. S. Scherr, Weill Cornell Medical College (United
States)

Our group is developing Multiphoton microscopy (MPM) of human tissues
and organs as a tool for early cancer diagnosis and surgical margin
assessment. Since the goal of this project is clinical translation of MPM,
our emphasis is on imaging fresh, unstained tissue immediately after
excision. Signals utilized include broadband autofluorescence (from cells,
elastin and fat globules) and second harmonic generation (from tissue
collagen). Immediately upon completion of a Multiphoton microscopy
session, the specimens are submitted for histopathology workup.

The Multiphoton images are subsequently compared with the current
diagnostic gold standard, hematoxylin/eosin labeled thin sections. In this
conference session last year, we presented data demonstrating our ability
to obtain diagnostic quality images from fresh, unstained human bladder
biopsies. In those studies, the interest was to obtain MPM images

at low magnification for the assessment of local tissue architecture,

and at higher magnification to study detailed cellular morphology,

and then assess the extent to which the MPM images correlate with
histopathology. We have now extended this approach to image: (1)
bisected radical or partial cystectomy specimens with the urothelium
under the objective, (2) transmural sections through the cystectomy
specimens, and (3) radical and partial nephrectomy specimens, with

the goal of recapitulating all known histological features in an organ
using MPM. This should allow us to locate a tumor in the context of the
surrounding structures, assess surgical margins, and eventually help in
the translation of this methodology to Medical Multiphoton Microscopic
Endoscopes, which will allow real time “optical biopsy.”

7548B-37, Session 2

Near-infrared optical properties of prostate
tissue using oblique-incidence reflectometry

S. Chitchian, N. M. Fried, The Univ. of North Carolina at Charlotte
(United States)

Introduction: The optimal wavelength for deep penetration of near-
infrared light into prostate tissue for optical imaging (e.g. optical
coherence tomography) has yet to be determined. This study measures
and compares optical properties of canine prostate tissue at several
common near-IR laser wavelengths.
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Methods: A simple, inexpensive technique for measuring tissue optical
properties in their native state without fixation was developed. Oblique-
incidence reflectometry with a normal-detector scanning system was
designed to resolve the spatial distribution of diffuse reflectance.

Using a Levenberg-Marquardt algorithm, the absorption and reduced
scattering coefficients were calculated by fitting the experimental data

to the modified dipole source diffusion-theory model. The absorption
coefficient, pa, and reduced scattering coefficient, p’s, were measured for
fresh canine prostate samples (n=10), ex vivo, at near-IR wavelengths of
1064, 1307, and 1555 nm.

Results: Using mean values for pa and p’s, the effective attenuation
coefficient, peff, measured 2.00, 2.28, and 2.78 cm-1 at 1064, 1307, and
1555 nm, respectively, corresponding to an optical penetration depth

of 0.50, 0.44, and 0.36 cm for canine prostate tissue. At longer near-IR
wavelengths, increased water absorption appears to outweigh decreased
scattering in the tissue, resulting in an overall reduction in optical
penetration depth.

Conclusion: The optimal wavelength for deepest imaging of the canine
prostate is at approximately 1064 nm. Studies on optical coherence
tomography of the prostate may be improved by substitution of
commonly used 1310 nm light sources with 1064 nm sources.

7548B-38, Session 2

Imaging of dog prostate tissue by a Stokes
polarimetry imaging system

J. Kim, Northwestern Univ. (United States); W. K. Johnston llI,
NorthShore Univ. Health System (United States); J. T. Walsh,
Northwestern Univ. (United States)

Prostate cancer is the second leading cause of death in United States
and 190,000 new cases are reported with 2700 deaths in 2009. Today,
removal of the prostate is the most common treatment option chosen.
During prostate surgery for prostate cancer, all prostate tissue (both
benign and cancerous) must be removed. The goal is to limit the removal
of adjacent tissue that contains nerves and muscles that are important
for the return of potency and continence, respectively. By improving
differentiation of prostate tissue from adjacent tissue, a surgeon could
improve cancer removal while reducing injury to adjacent nerves and
muscles.

To improve visualization during prostate surgery, a novel Stokes
polarimetry imaging (SPI) system was developed and evaluated using a
dog prostate specimen in order to examine the feasibility of the system
to differentiate prostate from bladder. The degree of linear polarization
(DOLP) image maps from linearly polarized light illumination at different
visible wavelengths (475, 510 and 650 nm) were constructed.

The SPI system provided the polarization property of the prostate tissue.
Due to the differences in tissue character, the DOLP with visible filters
allowed advanced differentiation by providing smooth muscle orientation
of prostate from bladder. The DOLP image at 650 nm effectively
differentiated prostate and bladder by strong DOLP in bladder.

SPI system has the potential to improve surgical outcomes in open or
robotic-assisted laparoscopic removal of the prostate. Further in vivo
testing is warranted.

7548B-39, Session 2

Real-time 3-D tactile elasticity imaging of
prostate

A. Nehra, Mayo Clinic (United States); A. Sarvazyan, Artann
Labs., Inc. (United States)

Prostate Mechanical Imager (PMI) provides real-time 3D reconstruction of
prostate capturing its geometrical and elastic characteristics, as well as
presence, size/location of tissue abnormalities. Using principles similar

to palpation PMI utilizes intrarectal measurements of surface stress
patterns using a pressure sensor array analogous to that sensed by the
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physician’s finger palpating the prostate during DRE. The changes in
surface stress patterns as a function of pressure and time are closely
related to elastic composition and geometry of the prostate and provide
objective and quantitative information on the structure of the gland.
Once recorded, the PMI data can be stored and used in subsequent
examinations to track changes in geometry and mechanical properties
of a given prostate. Clinical validation study has demonstrated the

PMI capability to reliably reconstruct and produce a three dimensional
image of the prostate. The technological advances of PMI may allow it
to potentially be a cost effective and diagnostic tool for the evaluation of
prostate abnormalities.

Sarvazyan A. Mechanical Imaging: A new technology for medical
diagnostics. - Int. J. Med. Inf., 1998, 49, 195-216.

Egorov V, Ayrapetyan S, Sarvazyan A. Prostate mechanical imaging:
3-D image composition and feature calculations. IEEE Transactions on
Medical Imaging 2006; 25(10): 1329-40.

Weiss R, Egorov V, Ayrapetyan S, Sarvazyan N, Sarvazyan A: Prostate
mechanical imaging: a new method for prostate assessment. Urology
2008 Mar; 71(3):425-9.

7548B-40, Session 2

Real-time magnetic resonance imaging
texture characterization of necrosis during
laser interstitital thermotherapy procedures

N. Betrouni, R. Lopes, C. Pierre, S. Mordon, INSERM, Ctr.
Hospitalier Regional Univ. de Lille (France)

Interest in interstitial thermotherapy procedures as laser-induced
interstitial thermotherapy for the thermal coagulation of solid tumor such
as liver metastases and T2b prostate cancers is growing. Cancer cells
necrosis is produced by the selective, localized, moderate heating of
tumor with a laser source.

One of the key points for the success of these therapies is the
conformation of the lesion produced to the tumor volume. Many
parameters (presence of vessels, optical parameters,..) can significantly
influence the size and shape of the lesions. Monitoring of the treatment
by imaging is achieved to reach this purpose. Ultrasound imaging is
widely used to realize this monitoring.

In this study, we attempted to correlate the local temperature changes to
the texture heterogeneities using the fractal geometry.

7548B-41, Session 2

Advantages of cross-polarization endoscopic
optical coherence tomography in diagnosis of
bladder neoplasia

N. Gladkova, E. Zagaynova, O. Streltsova, E. Kiseleva, M.
Karabut, L. Snopova, E. Yunusova, E. Tararova, Nizhny Novgorod
State Medical Academy (Russian Federation); V. Gelikonov,
Institute of Applied Physics, RAS (Russian Federation)

Earlier research demonstrated the efficiency of the standard OCT for
endoscopic diagnosis of bladder neoplasia. OCT diagnostics of bladder
today faces some problems which include verification of OCT images:
scar/cancer; cancer/cystic ulcer; simple hyperplasia/hyperplasia with
dysplasia 2, metaplasia/ keratinizing metaplasia (leikoplakia). We call the
version of cross-polarization OCT (CP OCT) focused on comparison of
images resulting from cross-polarization and co-polarization scattering
simultaneously. This technique provides information about mictostructural
and biochemical alterations in depolarizing tissue components (collagen).
We present results obtained using a endoscopic two-channel portable
device for CP OCT based on polarization-maintaining fiber, designed at
the Institute of Applied Physics. The CP OCT imaging was done for 158
patients during cystoscopy with suspicion on urothelial neoplasia (benign
conditions - 61 patients, and dysplasia or carcinoma - 97 patients). CP
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OCT images were compared with histological data. Special staining -
Sirius Red for collagen types was applied. We found, that only mature
collagen type |, gave the strong signal in the orthogonal polarization. CP
OCT images of benign inflammatory processes always feature signal

in orthogonal polarization, with layers and borders persisting to be well
defined. In the presence of precancer alterations, such as hyperplasia,
dysplasia 2-3, urothelial metaplasia, signal in orthogonal polarization

is available in the image but it is irregular, disappearing in some areas.
Image depth may be different in this case. CP OCT image of bladder
cancer in orthogonal polarization either shows no signal at all or a weak
signal with vertically oriented zones.

7548B-42, Session 3

Visualization strategies to study the ablation
mechanism of BPH lasers with tissue and
imaging absolute temperature distributions
inside tissue

R. M. Verdaasdonk, S. Been, T. de Boorder, J. Klaessens, Univ.
Medical Ctr. Utrecht (Netherlands)

The ablation mechanism and effectiveness of various laser systems
used for BPH treatment is not fully understood. We developed
various visualization strategies to obtain a better understanding of the
contribution of the processes involved.

In a vitro setup, homogeneous biological tissues and transparent tissues
were positioned underneath water in a transparent container. The tissue
was irradiated with laser energy emitted from a fiber that was translated
at a constant speed (~2mm /s) just above the tissue surface. The laser
sources used were: A. 60 W 810 nm Diode, B. 60 W, 2.1 um pulsed
Holmium, 60 W, C. 2.0 pm cw Thulium and D. 80 W, 532 nm KTP laser.

The tissue ablation process was imaged through the wall of the
container in close-up from the side at the level of the tissue surface. The
imaging modalities used were: A. high speed imaging with frame rates
up to 10.000 fr/s. B. Infra-Red thermal imaging using a IR transparent
window (ZincSelenide) as wall of the container to image the absolute
temperatures underneath the surface. C. Color Schlieren Imaging
showing the temperature gradients in a tissue phantom. The imaging
provided a good understanding of the ablation mechanism as to thermo
dynamics and mechanical stresses. For the diode and KTP laser, tissue
carbonization shows to be the driving mechanism, as is (explosive) water
vapour for the 2 pm lasers.

New visualisation strategies prove to be useful to obtain a better
understanding of the ablation mechanism of various lasers and will
contribute to the safety and the optimal settings for BPH treatment.

7548B-43, Session 3

Five-year therapeutic efficacy of photo-
selective vaporization of prostate

C. Arum, P. Romundstad, J. Mjenes, St. Olavs Hospital (Norway)

OBJECTIVES: We evaluated the long term therapeutic efficacy of 80 watt
photo-selective vaporization of the prostate (PVP) in patients suffering
from lower urinary tract symptoms (LUTS) secondary to prostatic
obstruction.

MATERIAL & METHODS: 150 unselected patients at the average age

of 73 (range 51-92) and a mean American Society of Anesthesiologists
score of 2.4 (median 2.0), of whom 33% were medicated with
acetylsalicylic acid and 5% were anticoagulated with warfarin. Inclusion/
exclusion criteria were the same as for TUR-P at our institution. First
patient was operated March 2004 and yearly follow-up of all patients has
been attempted for 5 years. Follow-up variables have included yearly
creatinine, PSA, IPSS, @OL, post-void residual urin and maximum/
average urine flow rate.

RESULTS: At 12 and 24 months postoperatively, the following parameters
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were significantly (p<0.001) improved: trans-rectal ultrasound,
international prostate symptom score, quality of life score, post-void
residual urine volume, flow max/average, opening pressure, pressure @
flow-max, and micturition resistance. At 48 and 60 months creatinine,
PSA, IPSS, JOL, post-void residual urin and maximum/average urine
flow rates where still significantly (p<0.001) improved compared to pre-
operative values.

CONCLUSION: Up to 5 year follow-up reveals that 80 watt PVP provides
significant and stable symptom relief as well as objective improvement in
residual urine and flowmetric outcomes.

7548B-44, Session 3

MRI-guided trans-perineal laser ablation of
locally recurrent prostate adenocarcinoma

L. A. Mynderse, E. F. McPhail, A. Kawashima, M. R. Callstrom,
K. R. Gorny, T. D. Atwell, M. T. Gettman, K. K. Amrami, D. A.
Woodrum, Mayo Clinic (United States)

Introduction: Biochemical recurrence of prostate cancer (PAC) after
definitive therapy with radical prostatectomy (RRP) is known to occur
between 25-30%. We present the first known cases of MRI guided
ablation using laser interstitial thermal therapy (LITT) for locally recurrent
PAC following RRP. Two patients who previously underwent RRP

for Gleason 4+3 and 3+4, pT3a PAC with extraprostatic extension
presented with rising PSA. Pre-treatment PSA’s were 6.0 and 8.6 ng/
ml. PSA remained undetectable for approximately 1.6 and 5.7 years
post-operatively but then rose to 1.6 and 1.3 ng/ml. Endorectal coil 3T
DCE MRI demonstrated enhancing 1.6-cm and 1.1-cm masses at the
vesicourethral anastomosis. U/S guided biopsy demonstrated recurrent
Gleason 4+3 and 3+ 4 PAC.

Methods: Both patients elected to undergo MRI-guided LITT of the

PAC using an FDA-approved MRI compatible, 980nm, 15W laser. A

MRI compatible urethral cooling catheter was placed to prevent urethral
thermal damage. Using T2 weighted MRI (3.0T General Electric or 1.5T
Siemens) imaging, two and three laser applicators were placed via trans-
perineal approach. Multiple cycles of laser energy ablated the tumors
guided by MR thermometry.

Results: Intra-procedural temperature mapping allowed continuous
monitoring and guidance on adequacy of ablation and protective cooling
by urethal catheter. Post-ablation gadolinium and T2 MR imaging
demonstrated an ablation defect with no residual hyper-enhancing
nodules. Early clinical follow-up show no post therapy incontinence,
rectal damage or other associated treatment morbidity.

Conclusion: This represents the first known, successful, MRI-guided,
LITT procedures at 3.0T and 1.5T for locally recurrent PAC following RRP.

7548B-45, Session 3

Photoselective vaporization of the prostate:
outcomes and adverse events of 220
consecutive patients

E. J. Mueller, The Univ. of Texas Health Science Ctr. at San
Antonio (United States)

Purpose: To evaluate the short term outcomes of the 532nm KTP
greenlight photoselective vaporization of the prostate (PVP) procedure
and to evaluate and categorize the adverse events associated with the
procedure.

Materials and Methods: A total of 220 patients with symptomatic benign
prostatic obstruction were treated with KTP photoselective vaporization

of the prostate. Evaluation measures included the AUA/QOL score, peak
urinary flow rate, post void residual urine and adverse events.

Results: Symptoms were evaluated at 3 months and adverse events
at 1 and 3 months postop. 181 patients returned for their 1 month visit
and 152 returned for their 3 month visit. AUA symptom score decreased
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from 21.8 to 6.7. The QOL score decreased from 3.8 to 0.7. The PVR
decreased from 262cc to 105cc. Most common adverse events lasting
more than 10 days were: mild hematuria-45%, dysuria-32% and urgency/
frequency-31%.

Conclusion: These results confirm, in a large series of patients, that
photoselective vaporization of the prostate (PVP) is a safe and effective
therapy for benign prostatic obstruction. However, there is frequent,
but mild hematuria and irritative voiding symptoms during the early
postoperative period.

7548B-46, Session 4

Incorporation of fiber optic beam shaping into
a laparoscopic probe for laser stimulation of
the cavernous nerves

S. Tozburun, The Univ. of North Carolina at Charlotte (United
States); G. A. Lagoda, A. L. Burnett, Johns Hopkins Hospital
(United States); N. M. Fried, The Univ. of North Carolina at
Charlotte (United States)

Introduction: The cavernous nerves (CN) course along the prostate
surface and are responsible for erectile function. Improved identification
and preservation of CN’s may result in increased sexual function after
prostate cancer surgery. Noncontact laser nerve stimulation (LNS) of

the CN’s was recently demonstrated in an experimental rat model as a
potential alternative to electrical nerve stimulation (ENS) for identification
of CN’s during prostate surgery. The therapeutic window for LNS is
narrow, so design of the fiber optic delivery system is critical for safe,
reproducible stimulation. This study describes modeling, assembly, and
testing of LNS probe for delivering a small, collimated, and flat-top, laser
beam to CN'’s for uniform stimulation.

Methods: Thulium fiber laser radiation (wavelength=1870 nm) was
delivered through a 200-micron fiber, with distal fiber tip chemically
etched to convert Gaussian to flat-top beam profile. The laser beam was
collimated with a 1-mm-diameter spot using an aspheric lens. Computer
simulations of fiber optic light propagation were used to optimize probe
design. The probe was tested in four rats, in vivo.

Results: Consistent optical stimulation of the CN’s was achieved with an
average intracavernosal pressure (ICP) response of 39 mmHg, a 2:1 ratio
to baseline ICP, at pulse energies of 3.7 mJ (0.4 J/cm2), 1-mm-diameter
spot, 5-ms pulse duration, and pulse rate of 20 Hz for 60 s.

Conclusions: Fiber optic beam shaping was incorporated into a
laparoscopic probe, providing a constant laser fluence at the nerve
surface for safe, reproducible stimulation of the cavernous nerves.

7548B-47, Session 4

Enhancing laser tissue ablation with various
compounds

M. Beck, E. Koullick, J. Crank, H. W. Kang, American Medical
Systems (United States)

Laser tissue ablation using the wavelength at 532 nm, which corresponds
to one of the hemoglobin absorption peaks, has been considered to be
an efficient treatment for benign prostate hyperplasia (BPH). This laser
therapy is capable of providing rapid and abundant tissue removal in a
short and uncomplicated procedure when compared to other treatments.
However, there is still a desire to ablate tissue at a faster rate to expedite
the time the patient has to spend in the OR. In this study we want to
determine if incorporating dyes and/or small molecules into prostatic
tissue will increase the rate of tissue ablation faster than tissue without
compounds. Utilizing the 532 nm wavelength that the GreenLight HPS
system generates we tested several compounds (the plant compound
amaranth, hemoglobin and carbon nanoparticles) that seem to absorb
this wavelength. All compounds were injected into canine prostates

in vitro using either a high pressurized jet injection method or needle
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injections. We tested tissue with compounds at 60W and 80W and
compared that to tissue without compounds at 120W using a side

firing fiber that was 1mm above the tissue and moving at 3 mm/s. The
amaranth performed marginally better than tissue treated at 120W
without compounds. The carbon nanoparticles significantly increased
total ablation whereas hemoglobin performed best of all compounds by
doubling the amount of tissue ablated. These results demonstrate that
by injecting a dye or small molecule it may be possible to increase the
speed of tissue ablation while decreasing the total procedure time for the
patient.

7548B-48, Session 4

Comparison between two time-resolved
approaches for prostate cancer diagnosis:
high rate imager vs. photon counting system

J. Boutet, L. Herve, M. Debourdeau, Commissariat a I’Energie
Atomique (France); J. Dinten, Lab. d’Electronique de Technologie
de I'Information, CEA (France)

Finding a way to combine ultrasound and fluorescence optical imaging
on an endorectal probe may improve early detection of prostate cancer.
The ultrasound provides morphological information about the prostate
while the optical system detects and locates fluorophore marked tumors.

A trans-rectal probe adapted to fluorescence diffuse optical tomography
measurements was developed by our team. This probe is based on a
pulsed NIR laser source, an optical fiber network and a time-resolved
detection system. A reconstruction algorithm was used to help locate
and quantify fluorescent prostate tumors.

In this study, two different kinds of time-resolved detectors are
compared: High Rate Imaging system (HRI) and a photon counting
system. The HRI is based on an intensified multichannel plate and a
CCD Camera. The temporal resolution is obtained through a gating of
the HRI. Despite a low temporal resolution (300ps), this system allows a
simultaneous acquisition of the signal from a large number of detection
fibers.

In the photon counting setup, 4 photomultipliers are connected to a
Time Correlated Single Photon Counting (TCSPC) board, providing a
better temporal resolution (0.1 ps) at the expense of a limited number of
detection fibers (4).

At last, we show that the limited number of detection fibers of the
photon counting setup is enough for a good localisation and dramatically
improves the overall acquisition time. The photon counting approach

is then validated through the localisation of fluorescent inclusions in a
prostate-mimicking phantom and on small animals bearing mammary
tumors.

7548B-49, Session 4

Investigation of wavelength-dependent
tissue ablation: visible (lambda=532 nm) vs IR
(lambda=2.01 pm)

H. W. Kang, A. Nemeyer, S. Peng, American Medical Systems
(United States)

Laser prostatectomy with various lasers has been shown to be effective
in the treatment of benign prostate hyperplasia. However, the impact

of laser parameters on tissue ablation is still in question. The aim of
this study is to experimentally characterize laser-tissue interactions as
a function of wavelength by comparing visible (A=532nm) and infrared
(A=2.01pm) spectra. Porcine kidney tissue was used as it has thermal
properties and glandular structure similar to human prostatic tissue.
Q-switched 532nm (GreenLightTM HPS) and CW 2.01pm (custom-made
Tm:YAG) lasers were employed to remove soft tissue under various
settings (power, working distance, and treatment speed). For both laser
systems, ablation volume increased with power and decreased with
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treatment speed. The 532 nm laser generated approximately 10% larger
ablation volume than the IR laser (60.2 vs. 52.9mm3 at 100W for 2.5sec;
p<0.005). Another difference was found in the dimensions of laser-
induced craters: the IR laser created higher aspect ratio (=depth/width)
craters than the 532nm laser (1.8 vs 1.5 at 100W). Owing to constant
heating due the CW mode, the IR laser induced 15% thicker coagulation
depth than the 532nm (0.95 vs 0.8mm at 100W; p<0.005). Histology
also confirmed coagulation depth in response to each wavelength.

Due to light absorption in aqueous environment, the IR laser exhibited

a dramatic decrease in power transmission and ablation volume with
increasing working distance whereas the 532nm laser maintained
relatively constant features. In conclusion, the characteristics of tissue
ablation were contingent upon the applied wavelengths due to optical
properties and laser parameters.

7548B-50, Session 4

Effect of an optical clearing agent on canine
scrotal skin, ex vivo

C. M. Cilip, The Univ. of North Carolina at Charlotte (United
States); A. E. Ross, J. P. Jarow, Johns Hopkins Hospital (United
States); N. M. Fried, The Univ. of North Carolina at Charlotte
(United States)

Introduction: Our laboratory is developing noninvasive laser vasectomy.
Preliminary results with this technique demonstrated reduced frequency
and severity of scrotal skin burns as compared to previous therapeutic
ultrasound vasectomy studies, however, skin burns still remain a
concern. This study assesses the effect of application of an optical
clearing agent to scrotal skin upon efficacy and scrotal skin burns during
laser vasectomy.

Methods: A medical grade optical clearing agent, dimethyl sulfoxide,
was injected into canine scrotal skin, ex vivo, and transmission of
near-IR laser radiation (wavelength = 1075 nm) through the skin was
monitored over time. For vas occlusion, an average laser power of 7 W,
500-ms pulse duration, pulse rate of 1 Hz, and 3-mm-diameter spot was
synchronized with cryogen spray cooling of scrotal skin surface for 60-s
treatment time. Successful thermal vas occlusion was judged with burst
pressure measurements.

Results: A 35% temporary increase in transmission was observed 15-20
min after application of chemical agent. Successful noninvasive laser
vasectomy was performed at a reduced average power of 7 Watts with
chemical clearing agent, in comparison to 11 Watts previously reported
without agent. The vasa were successfully occluded in 9/9 samples
without skin burns, as indicated by burst pressures of 260 + 64 mmHg,
compared to previous measured pressures of 295 + 72 mmHg without
agent, and normal physiological ejaculation pressures of 136 + 29 mmHg.

Conclusions: Application of an optical clearing agent to scrotal skin
significantly reduces laser power needed to thermally occlude the vas,
safely, without skin burns.

7548B-51, Session 4

Noninvasive laser vasectomy: acute in vivo
canine studies

C. M. Cilip, The Univ. of North Carolina at Charlotte (United
States); A. E. Ross, J. P. Jarow, Johns Hopkins Medical School
(United States); N. M. Fried, The Univ. of North Carolina at
Charlotte (United States)

Introduction: Male sterilization has a higher success rate, lower
complication rate, is less expensive, and is easier to perform than female
sterilization. Despite these advantages female sterilization is more
commonly performed, due to male fear of vasectomy complications
(bleeding, infection, scrotal pain). Our previous studies in an ex vivo
canine tissue model demonstrated successful noninvasive thermal
occlusion of the vas. This study explores a similar approach to
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noninvasive laser vasectomy in an acute in vivo canine model.

Methods: A standard vasectomy ring clamp was used to percutaneously
separate the vas from surrounding tissue below the skin surface.
Ytterbium fiber laser radiation with a wavelength of 1075 nm, average
power of 11.2 W, 500-ms pulse duration, pulse rate of 1 Hz, and 3-mm
diameter spot was synchronized with cryogen spray cooling of the
scrotal skin surface for a treatment time of 60 s. Experiments were
performed bilaterally in four dogs. The vasa were then excised following
the procedure, and their burst pressures compared to previously reported
ejaculation pressures.

Results: The vasa were successfully thermally occluded in 8/8 samples,
as indicated by average burst pressures of 283 + 34 mmHg, significantly
greater than ejaculation pressures of 136 + 29 mmHg. Very minor skin
burns were observed on 4/8 sites but were resolved by the next day.

Conclusions: Noninvasive laser thermal occlusion of the vas was
achieved in 100% of the samples. Chronic studies are needed to
evaluate permanent closure of the vas.

7548B-52, Session 5

Optimal laser dosimetry for efficient Ho:YAG
lithotripsy

J. Qiu, The Univ. of Texas at Austin (United States); J. M. H.
Teichman, Univ. of British Columbia (Canada); T. Wang, D.
Gamez, The Univ. of Texas at Austin (United States); R. Glickman,
Univ. of Texas Health Science Ctr. at San Antonio (United States);
B. Knudsen, The Ohio State Univ. (United States); K. F. Chan,
Fourier Biotechnologies (United States); T. E. Milner, The Univ. of
Texas at Austin (United States)

Over the last decade, the free running Ho:YAG laser has been the gold
standard for laser lithotripsy as its clinical application produces small
debris and fragments all stone compositions. We test stone phantoms
and human stones for optimal ablation efficiency (defined as mass

loss per condition) using a clinically available Ho:YAG laser. Optical
coherence tomography (OCT) is used to determine ablation crater volume
for single pulse ablation using multiple pulse widths(0.3-1ms), pulse
energy(0.2-3J) and fiber diameters(272 um and 365 um). Experiments are
repeated (n>10) on stone phantoms and human urinary calculi of known
composition to generate statistically relevant data. Stone retropulsion in
single pulse and free-running modes is measured for stone phantoms.
Pulse energy in free running mode is varied at different frequencies to
maintain constant power. From the above experiments we report laser
dosimetry that produces optimal fragmentation but minimal retropulsion
under the constraint of constant power.

7548B-53, Session 5

Use of a tapered distal fiber tip for thulium
fiber laser lithotripsy

R. L. Blackmon, The Univ. of North Carolina at Charlotte (United
States); P. B. Irby, Carolinas Medical Ctr. (United States); N. M.
Fried, The Univ. of North Carolina at Charlotte (United States)

Introduction: Tapered fibers have been used in laser lithotripsy on the
proximal fiber end for more efficient coupling of the large, multimode,
holmium:YAG laser beam into surgical fibers. However, use of a tapered
distal fiber tip for expanding the laser beam during lithotripsy has not
been studied. The excellent beam profile of the thulium fiber laser has
previously been shown to allow coupling of high power laser radiation (up
to 60 W) into small, 150-micron-core fibers. This study explores use of a
short taper for expanding the thulium fiber laser beam at the distal fiber
tip of a small-core fiber.

Methods: Thulium fiber laser radiation with a wavelength of 1908 nm,
pulse rate of 10 Hz, 70 mJ pulse energy, and 1-ms pulse duration
was delivered through a 2-m-length fiber with 150-micron-input-end,
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300-micron-output-end, and 5-mme-length taper, in contact with human
uric acid (UA) and calcium oxalate monohydrate (COM) stones, ex vivo
(n=10 each).

Results: After delivery of 1800 pulses, mass loss measured 12.7 + 2.6
mg for UA and 7.2 + 0.8 mg COM stones. These results are comparable
to mass loss measured using non-tapered, 100-micron-core fibers (12.6
+ 2.5 mg for UA and 6.8 + 1.7 mg for COM stones) with the same laser
treatment parameters.

Conclusion: Use of a short tapered distal fiber tip allows expansion of
the laser beam, resulting in less fiber tip damage and less dependence
on fiber-stone contact than conventional small-core fibers, without
compromising stone vaporization efficiency or irrigation rates.

7548B-54, Session 5

Holmium:Yag versus thulium fiber laser
lithotripsy

R. L. Blackmon, The Univ. of North Carolina at Charlotte (United
States); P. B. Irby, Carolinas Medical Ctr. (United States); N. M.
Fried, The Univ. of North Carolina at Charlotte (United States)

Introduction: The holmium:YAG laser is currently the most clinically
popular laser lithotripter. However, recent experimental studies have
demonstrated that the thulium fiber laser is also capable of vaporizing
urinary stones. The high-temperature water absorption coefficient for the
thulium wavelength (ua=160 cm-1 at 1908 nm) is significantly higher than
for the holmium wavelength (ua=28 cm-1 at 2120 nm). We hypothesize
that this should translate into more efficient laser lithotripsy using the
thulium fiber laser. This study compares stone vaporization rates for
holmium and thulium fiber lasers.

Methods: Holmium laser radiation pulsed at 3 Hz with 70 mJ energy and
220-ps pulse duration was delivered through a 100-pum-core silica fiber
in contact with human uric acid (UA) and calcium oxalate monohydrate
(COM) stones, ex vivo (n=10 each). Thulium fiber laser radiation pulsed at
10 Hz with 70 mJ energy and 1-ms pulse duration was also coupled into
a 100-pm fiber for the same sets of 10 stones.

Results: For the same number of laser pulses and total energy (126 J)
delivered to each stone, UA mass loss averaged 2.4 + 0.6 mg for the
holmium laser and 12.6 + 2.5 mg for the thulium fiber laser. COM stone
mass loss measured 0.7 += 0.2 mg and 6.8 + 1.7 mg, respectively.

Conclusion: UA and COM stone mass loss for the thulium fiber laser
averaged 5-10 times higher than for the holmium laser. With further
development, the thulium fiber laser may represent an alternative to the
holmium laser for more efficient laser lithotripsy.

7548B-55, Session 5

Evaluation of six holmium:YAG optical fibers
for ureteroscopy: What’s new in 2009?

B. E. Knudsen, The Ohio State Univ. Medical Ctr. (United States);
J. M. H. Teichman, The Univ. of British Columbia (Canada)

Purpose: Prior study has shown that holmium:YAG laser fiber
performance differs among manufacturers. This study was designed to
determine the performance and threshold for failure of six newly available
holmium:YAG laser fibers from Cook Medical and Fibertech Gmbh.

Materials and Methods: Six different commercial available fibers were
evaluated: two were supplied by Fibertech and have core sizes of 272
and 365 microns respectively with non-tapered connectors. Four fibers
were supplied by Cook Medical (OptiLite ) and have core sizes of 150,
200, 273, and 365 microns respectively. The OptiLite 150 and 200
micron fibers have tapered connectors, while the 273 and 365 micron
fibers have non-tapered connectors. All fibers were evaluated for
flexibility, threshold for failure during bend testing with laser activation,
and true fiber diameter. Flexibility was measured by maximally deflecting
a Stryker FlexVision U-500 ureteroscope with the fiber in the working
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channel. The diameter of each fiber was measured by digital micrometer.
Failure threshold was assessed by bending the fibers to 180 degrees
beginning with a radius of 1.25cm. A Lumenis VersaPulse 100W
holmium:YAG laser was operated at 1.2J and 10Hz for 1 minute or until
fiber fracture. The bend radius was reduced in 0.25 cm increments and
the testing repeated until a minimum bend radius of 0.5 cm was reached
or until the fiber failed. Baseline energy transmission was measured by
recording the mean of 50 pulses (0.5J, 10Hz) prior to bend testing and
repeated after each bend test trial. Three fibers samples of each model
were tested for a total of 18 fibers.

Results: The Cook OptiLite 150 had lower energy transmission
compared to all other fibers tests (p<0.01) but was the most flexible. The
remaining five fibers demonstrated no difference in energy transmission
at initial testing. Baseline deflection of the endoscope with no fiber in

the channel was 265°. The OptiLite 150 was the most flexible fiber

and deflected 262°, followed by the OptiLite 200 (255°), the OptiLite
273 (240°), the FiberTech 272 (236°), the FiberTech 365 (188°) and the
OptiLite 365 (186°). The OptiLite 273 did not fail during bend testing
with laser activation while the OptiLite 365 failed at the largest bend
radius (1.25 cm) (p<0.01). Comparing fibers of similar core size, the Cook
OptiLite 273 was smaller in diameter, more flexible, and less likely to

fail when activated in a bent configuration (p<0.01) compared to the
FiberTech 272. Conversely, the FiberTech 365 was smaller in diameter,
more flexible, and failed at a tighter bend radius (p<0.01) as compared to
the Cook OptiLite 365.

Conclusion: Commercially available holmium:YAG laser fibers continue
to differ significantly in their performance characteristics. The Cook
OptiLite 150 had the worst energy transmission suggesting loss at the
connector.

7548B-56, Session 5

Comparative evaluation of inertial forces
generated by ultrasonic lithotriptors

B. E. Knudsen, The Ohio State Univ. Medical Ctr. (United States)

Purpose: Prior study has shown that handheld ultrasonic lithotriptors
differ in performance. The Boston Scientific (BSci) LithoClast® Ultra,
BSci LithoClast® Select with Vario handpiece, and the Olympus/ACMI
Cyberwand are amongst the latest generation of ultrasonic lithotriptors.
This study tests the hypothesis that inertial forces (g-force) vary amongst
different ultrasonic handpieces when evaluated with an accelerometer.

Materials and Methods: Eight handpieces were evaluated including two
US3 (LithoClast® Ultra) handpieces, three Vario handpieces (LithoClast®
Select) and three Cyberwand handpieces using a simulated lithotripsy
fixture incorporated a Bego stone phantom. An accelerometer was
placed under the stone phantom and measurements recorded with data
acquisition hardware as the ultrasound device was brought into contact
with the stone. The US3 and Vario handpieces were tested using a
LithoClast® Select generator set at 100% power and 100 duty. Only the
ultrasound mode was tested. The Cyberwand handpiece was tested on
a Cyberwand generator using the “large stone” setting. Three trials were
performed for each handpiece.

Results: The overall mean inertial force generated by the handpieces

was greatest for the Vario (64.04 g), followed by the US3 (56.01 g) and
the Cyberwand (20.25 g). There was variability amongst the different
samples of each handpieces. The two US3 handpieces each generated

a mean inertial force of 56.01 and 60.41 g’s respectively. The three Vario
handpieces tested each generated a mean inertial force of 56.25, 66.17,
and 68.34 g’s respectively. The three Cyberwand handpieces generated a
mean inertial force of 14.76, 16.48, and 20.30 g’s respectively. All values
are statistically significant (p < 0.01).

Conclusions: The US3, Vario, and Cyberwand ultrasonic handpieces
differed in the inertial forces generated during fragmentation of a Bego
stone phantom. Individual handpieces within the same model line also
varied in performance. The Vario handpiece generated the greatest mean
inertial force, followed by the US3 handpiece, and then the Cyberwand
handpiece.
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7548B-57, Session 6

Characterization of the positive sites by
high magnification cystoscopy during
fluorescence cystoscopy with Hexvix

B. Lovisa, Ecole Polytechnique Fédérale de Lausanne
(Switzerland); D. Aymon, P. Jichlinski, Ctr. Hospitalier Univ.
Vaudois (Switzerland); H. van den Bergh, G. A. Wagniéres, Ecole
Polytechnique Fédérale de Lausanne (Switzerland)

Fluorescence detection of early superficial bladder cancer has been well
established over the last years. This technique exploits the selective
production and accumulation within cancerous tissues of photoactivable
porphyrins (PaP), mainly protoporphyrin IX (PplX), after the instillation

of hexaminolevulinic acid (Hexvix®) in the bladder. Although the
selective production of PplX and the sensitivity of this procedure are
outstanding, its specificity can be improved due to false positive (FP)
lesions. Therefore, our current research focuses on the characterization
of positive sites by high magnification cystoscopy. Cancerization process
often combines with changes in vascular architecture. It is likely that

the visualization of these modifications should allow us to differentiate
false and true positive (TP). New methods, using high magnification
(HM) endoscopy, are being investigated by our group, and hopefully
resulting in a reduced number of biopsies. In this study, we are using a
dedicated rigid cystoscope, allowing conventional magnification during
“macroscopic” white light and fluorescence observation, as well as image
acquisition with HM when the endoscope is in contact with the tissue.
This is realized by an optical setup directly integrated in the cystoscope.
Vascular patterns (oedema, small loops, tortuous or disorganized
network...) were highlighted with various spectral bands and classified
thereafter with a dedicated algorithm. Data from 60 patients will be
presented.

7548B-58, Session 6

Responses to hexyl 5-aminolevulinate-
induced photodynamic treatment in rat
bladder cancer model

C. Arum, St. Olavs Hospital (Norway); O. Gederas, E. Larsen,
L. Randeberg, Norwegian Univ of Science and Technology
(Norway); C. Zhao, St. Olavs Hospital (Norway)

OBJECTIVES: We evaluated histologically the effects of hexyl
5-aminolevulinate-induced photodynamic (HAL-PDT) treatment in a rat
bladder cancer model.

MATERIAL & METHODS: Fischer-344 female rats were divided into

2 groups, half of which were orthotopically implanted with AY-27
urothelial rat bladder cancer cells and half sham implanted. 14 days
post implantation 6 rats from each group were treated with HAL-PDT
(8mM HAL and light fluence of 20 J/cm2). Additional groups of animals
were only given HAL instillation, only light treatment, or no treatment. All
animals were sacrificed 7 days after the PDT/only HAL/only light or no
treatment. Each bladder was removed, embedded in paraffin and stained
with hematoxylin, eosin, and saferin for histological evaluation at high
magnification for features of tissue damage by a pathologist blinded to
the sample source.

RESULTS: In all animals that were AY-27 implanted and not given PDT
treatment, viable tumors were found in the bladder wall. In the animals
treated with HAL-PDT only 3 of 6 animals had viable tumour. In the

3 animals with viable tumour it was significantly reduced in volume
compared to the untreated animals. It was also noted that in the PDT
treated animals there was a significantly increased inflammatory response
(lymphocytic and mononuclear cell infiltration) in the peri-tumour area
compared to implanted animals without complete HAL-PDT.

CONCLUSION: Our results suggest that HAL-PDT in a rat bladder cancer
model involves both direct effects on cell death (necrosis and apoptosis)
and indirect effects to evoke the host immune-response, together
contributing to tumour eradication.
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7548B-59, Session 6

Study on photochemical inactivation
of cell-associated and cell-free human
immunodeficiency virus in vitro

H. Yin, Y. Li, Tianjin Medical Univ. (China); Y. Zheng, Kunming
Institute of Zoology, CAS (China); Z. Zou, Tianjin Medical Univ.
(China)

To explore a potential treatment of AIDS--Photodynamic therapy by
detecting the photoinaction on hunman immunodeficiency virus (HIV) in
vitro. Method: Mixed the photosensitizes hematoporphyrin monomethyl
ether or methylene blue by a series of dilute strengths with the host cells
MT4, C8166 or H9/HIV-1 B or the virus HIV-1 B for 2 hours incubation,
followed by irradiation by a 630nm semiconductor laser with energy
density 0.3J/cm2. After certain time, the activites against HIV-1 B were
assayed by determining the syncytial formation under the inverted
microscope or MTT and measuring the p24 antigen expression level

in supernatant by ELISA. Results: PDT inhibited the cell-cell fusion
(inhibition rate, HMME-PDT64.68%, MB-PDT61.56%)and virus-cell
fusion (inhibition rate, HMME-PDT 85%,MB-PDT 73.64% )induced by
HIV-1 B significantly, and had an intensive inactivation on the cell-free
HIV-1 B especially the inhibition rate up to 100%. However, PDT had no
effect on the replication course 2 hours after cute infection or chronic
infection of HIV-1 B. Conclusion:PDT has outstanding inhibition on cell-
free HIV-1 B and fusion induced by HIV-1 B, which prompts PDT may be
a new treatment of AIDS in future.

7548B-60, Session 6

The feasibility of real-time bladder mapping
using a stereotactic navigational system

R. Draga, H. J. Noordmans, T. M. W. Lock, M. M. Grimbergen, R.
J. L. H. Bosch, Univ. Medical Ctr. Utrecht (Netherlands)

Stereotactic navigational devices have been implemented in
neurosurgery, orthopedics and ear-nose-throat to improve surgical
accuracy. However, the feasibility of navigating inside the bladder has
not yet been investigated. Occasionally, transurethral resections of
bladder tumors (TURBTSs) are impeded by bleeding and cloudiness inside
the bladder and, consequently, the bladder lesions are not found back
easily. In addition, bladder lesions are often concealed when viewed with
the camera some distance away from the bladder wall. The aim of the
study is to investigate the feasibility of real-time bladder mapping using
the Medtronic Stealthstation system, without the use of pre-operative
images. Ten patients were scheduled for a TURBT and were included

in the study. During the TURBT procedure, the spatial coordinates of
the bladder lesions were recorded two times independently, after filling
the bladder with a fixed volume of 390 ml. The distance between the
spatial coordinates of two consecutive measurements, in millimeters,
was calculated. We found that bladder lesions can be found back using
the navigational system with an accuracy of less than 12 mm. Real-time
bladder navigation is feasible without the necessity of pre-operative
images or calibration. If the coordinates are directly superimposed

on the video image this could facilitate the retrieval of bladder lesions
during TURBT. This system could reduce the stress for the surgeon and
decrease the operating time. Furthermore, it could improve the success
rate of the operation, reduce the recurrence rates, improve the patient’s
outcome and save overall treatment costs.
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7548B-61, Session 7

Photodynamic action of the Hypericum
Perforatum L. methanolic extracted fraction
after short intravesical instillation and

white light photoactivation in orthotopic
implantation of transitional cell carcinoma AY-
27 cells in rat bladder

I. Tsimaris, N. E. Stavropoulos, A. Ntemou, I. Tsironis, Hatzikosta
General Hospital (Greece); D. Skalkos, Univ. of loannina (Greece);
U. O. Nseyo, North Florida Foundation for Research and
Education, Inc. (United States)

PDT is an alternative therapy for superficial transitional cell carcinoma

of the urinary bladder. Short intravesical instillation of PMF and white
light photoactivation induces high rates of apoptosis in an orthotopic
transitional cell carcinoma bladder tumor model as presented by our
group (SPIE 2007, 6427-11, section 3). There was no tumor eradication
due to the bulking tumors produced by the applied cancer model. In

this setting we managed to reproduce flat urethelial lesions, namely
dysplasia. After catheterization, the bladder mucosa was mildly disrupted
using a 15-sec wash with 0.4 ml of 0.1 N HCI, followed by neutralization
with same quantity and strength of NaOH. AY-27 cells in a concentration
106 cells in 0,5 ml of PBS, were instilled intravesically in 20 female Wistar
rats for one hour. After 10 days there were divided in two groups. One
was treated with 15 minutes of intravesical instillation of PMF diluted

in normal saline, containing 250 ug/ml hypericins. The bladder was
washed out with normal saline. An optic fiber was inserted intravesically
and Photodynamic Treatment with white light performed. The PMF was
photoactivated with energy of 700 J/cm2. The second group of animals
served as control and underwent photoactivation with the same quantity
of energy without PMF instillation. After 30 days 5 rats of each group
were sacrificed, their bladders removed, cut in 3um sections and stained
with hematoxylin/eosin. The same procedure was followed for the rest
of the animals 90 days after the PDT. Dysplasia was noted in the bladder
of all untreated animals. Complete lack of urothelium was apparent 30
days after PDT. The urothelium was regenerated 90 days in all animals
after PDT. None of the rats treated had dysplasia. The Hypericum
Perforatum L. extract, mainly its Polar Methanolic Fraction, is a potent
photosensitizer that deserves further evaluation for its use in PDT.

7548B-62, Session 7

GreenLight laser prostatectomy: a safe
and effective treatment for bladder outflow
obstruction by prostate cancer

G. Muir, F. Liberale, S. Chandrasekara, K. Walsh, King’s College
Hospital (United Kingdom)

Most men with progressive prostate cancer will have some LUTS
which may be minor or a dominant issue affecting quality of life: LUTS
commonly leads to urinary retention in patients with relapsed prostate
cancer.

While channel TURP has for years been the standard for palliation of
men with this problem, there are few large series attesting to its safety. In
those reports which do exist the incidence of bleeding, incontinence and
post-operative failure to void are all much higher than one would expect
in BPH series.

We report on a series of 41 prostate cancer patients treated for LUTS
(32%) or urinary retention (68%) with 532nm GreenLight laser prostate
vaporisation. 79% of patients had hormonally relapsed disease, the
others (21%) having a mixture of refractory LUTS or previous radiation
therapy. The mean age was 72,5 (54-96 years). Mean prostate volume
was 76,2 cm3 (13-246 cm3) and mean pre-operative PSA was 125,4

g/ml (0.1-2000 g/ml), time from initial diagnosis to symptomatic local
progression being 2.8 years (0-13 ys).
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Operating time was 42 minutes, mean energy delivered 150,000 joules
(81 patients were treated with the 80 watt PV machine and 12 with the
HPS system).

Mean post-op hospital stay was 9.6 hours (range 2-36 hours, median 9,2
hours). 32 patients (74.4%) were admitted for less than 24 hours. Twelve
patients (28%) had no post operative catheter, mean post-op catheter
times was 22 hours.

All patients were able to void without a catheter within three days of
surgery, with one (2%) having early stress incontinence. There were no
post op transfusions or TUR syndrome, although three patients (7%)
required simple bladder washout (without cystoscopy) for secondary
haemorrhage.

At three months, 41/42 evaluable patients were voiding, and wherepre-op
values were available there was a significant improvement in peak flow
and symptom score.

With mean follow up of 22 months four (10%) patients had had redo
laser therapy and three (7%) developed further retention and did not wish
further surgery.

GreenLight laser prostate vaporisation is a safe non-invasive method

of treating locally obstructing prostate cancer which minimises time

in hospital and has medium term efficacy and complications at least
equivalent to those reported with channel TURP.

7548B-63, Session 7

Multicentre prospective analysis of safety
and efficacy of GreenLight HPS laser
prostatectomy

G. Muir, F. Gdmez Sancha, A. Bachmann, B. Choi, E. Collins, J.
J. de la Rosette, O. Reich, S. Tabatabeh, H. Woo, King’s College
Hospital (United Kingdom)

240 patients treated sequentially at 9 centres had data prospectively
collected for laser energy used, per-operative and post-operative
complications and clinical effectiveness. Follow up was at three months
with ongoing follow up at one year.

Data was obtained at all points for: IPSS and Quality of Life scores , Urine
flow and/or ability to void without catheter, Residual urine volume, PSA
and Prostate Volume, Morbidity and Mortality

One year data collection is ongoing but will be complete by the date of
the conference. Early data show excellent safety with transfusion rates
less than one percent, no stress incontinence and no early post-operative
deaths or TUR syndrome. Energy use was approximately 4.5 kd/cm3 of
prostate tissue measured by transrectal ultrasound.

At all post op time points peak flow rate was improved by over 100%,
while IPSS and residual volume had reduced to less than 50% of
baseline. PSA reduction was significant and related to the size of the
gland.

Recommendations on technique and energy use to achieve standardised
results will be shown.

7548B-64, Session 7

Problems with assessing new technologies
in surgery: assessing the evidence and new
study design

G. Muir, King’s College Hospital (United Kingdom)

There has been a trend in recent years to strive for level one evidence

in all areas of medicine, and to ignore anything less. In practice this will
usually mean that good evidence is available for medical interventions
sponsored by major international pharmaceutical companies but for little
else.

Surgery, and in particular assessment of new surgical technologies,
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has particular difficulty. We recently published an assessment of

RCT'’s in urological and other surgical techniques where it was shown
that compliance with the accepted basic level of reporting for RCT’s
(CONSORT) was so poor as to make the great majority of published
RCT’s in surgery unsuitable for proper critical analysis. There are several
reasons for these problems, none of which includes surgeons being

too stupid to do the studies, since the same investigators are often
experienced and active pharmaceutical triallists.

For the typical surgical RCT, a minimally invasive approach for a common
condition is evaluated, often with minimal financial support. Usually, a
single centre RCT is set up. Much more rarely multi-centre studies are set
up. Hopefully (but rarely) some level of ensuring that surgical skills in the
new procedure are equivalent to the existing procedure will have been
attempted .

Randomisation may occurs yet blinding is very difficult. Inevitably there
may be some subconscious bias towards one technology (kudos, private
practice, conflict of interest with the company.)

Almost invariably the trial reports with small numbers and will only
demonstrate rough equivalence. For very major differences a significant
difference may be seen, although in a small study this would have been
obvious from the start (you do not need to be randomised to know if a
punch on the nose will hurt more than not being punched!).

| will discuss the problems inherent in surgical RCT’s relating to funding ,
crossover errors, bias, reproducibility and technological obsolescence of
new technology.

Some alternative cost- effective options will be proposed and discussed.

7548B-65, Poster Session

IR absorption spectra of dried urine samples
in case of any deviation in urine composition
and with the presence pathological salts

O. Z. Drobchak, O. Bordun, lvan Franko National Univ. of L'viv
(Ukraine)

Statistical review of nephrolithiasis diseases draws the following results:
5% of females and 12% of males have abovementioned diseases. It
should be mentioned that average age of peoples with this disorder
has sharply decreased. One of the negative characteristics of the
nephrolithiasis is the fact that, as a rule, it is diagnosed on the posterior
stages when the person needs either medication treatment or invasive
interruption. In this case the problem of early diagnostics of kidney
stone diseases is of the greatest importance. The IR spectroscopy
might be promising in the aspects of enlarging the field of early medical
diagnostics in nephrolithiasis.

IR absorption spectra of the following samples were studied: urea, dried
urine samples in case of any deviation in urine composition and with the
presence pathological salts in spectral range 500-8000 cm-1. The shifting
of stretching vibrations frequency of carbonyl group C=0 assert this fact
that the pathological salt molecules join to urea molecules via oxygen
atom of urea. IR absorption bands of pathological salts are identified.
Obtained results may be used for developing of new methods of early
nephrolithiasis diagnostics.
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7548B-66, Poster Session

Anticancer effect of the Hypericum
Perforatum L. extract in high grade T24
human bladder cancer cells after white light
photoactivation

I. Tsimaris, N. E. Stavropoulos, Hatzikosta General Hospital
(Greece); S. Mbellou, D. Skalkos, Univ. of loannina (Greece); U.
0. Nseyo, North Florida Foundation for Research and Education,
Inc. (United States)

The polar methanolic fraction (PMF) of the Hypericum perforatum L.
extract has recently been developed and tested as a novel, natural
photosensitizer to be used in the photodynamic therapy (PDT), and
photodynamic diagnosis (PDD). It has significant photocytotoxicity
against human bladder cancer cells after excitation with a 630 nm

laser light. In this study we investigate its photodynamic action after
photoactivation with white light. Bladder cancer cells T24 (2x104/well)
were plated in 96-well tissue culture plates in DMEM containing 10%
FBS and 1% pen/strep in a final volume of 0.1 mL. The culture plates
were incubated with PMF at a concentration of 40pg/ml or 80pg/ml.
Twenty-four hours later, replacement of the medium was replaced by
fresh DMEM supplemented with 10%FCS and 1% pen/strep. Exposure
to white light followed either under low-pressure mercury discharge
lamp (TL-D Super 80 New generation, Philips) with a light dose of 310,
620, 1240 and 4650 J/cm2 or under a Halogen Storz cystoscope lamp
with a light dose of 300, 600 and 900 J/cm2. Cells were incubated at
37°C for 48h. Cell viability was evaluated by 3-(4, 5-dimethylthiazol-
2-yl)-2, 5-diphenyltetrazolium bromide (MTT) (Sigma, San Louis, MO,
USA) assay. The photosensitizer exhibited significant photocytotoxicity
at a concentration of 80pg/ml, with 1240 J/cmz2 light dose (delivered
from the low-pressure mercury discharge lamp) and with 600 J/cm2
light dose (delivered from the halogen cystoscope lamp), resulting in
cell destruction in 98% and 96% respectively. At the concentration of
40pg/ml the PMF exhibited significant photocytotoxicity resulting in
96% cell death with 4650 J/cm2 (mercury lamp) and 95% cell death
with 600 J/cm2 (halogen lamp) respectively. PMF was not active in
either concentration when photoactivated with 310 or 620 J/cm2
delivered from low-pressure mercury discharge lamp. The apparent
differences in the amount of the delivered light energy needed in order
to achieve significant photocytotoxicity are due to the different emission
spectra of the lamps. The halogen lamp has an emission spectrum that
resembles closely the absorption spectrum of the PMF. The reported
significant photocytotoxicity and the known selective localization, natural
abundance, easy, and inexpensive preparation, underscore that the PMF
extract hold the promise of being a novel, effective PDT photosensitizer.
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7548C-67, Session 1

Our experience with optical diagnostics of
the head and neck

C. Hopper, Univ. College London Hospitals NHS Foundation
Trust (United Kingdom); W. K. Jerjes, T. Upile, Univ. College
Hospital (United Kingdom)

No abstract available.

7548C-68, Session 1

Wide-field and high-resolution optical
imaging for early detection of oral neoplasia

M. C. Pierce, K. Rosbach, D. M. Roblyer, T. Muldoon, Rice
Univ. (United States); M. D. Williams, A. K. EI-Naggar, A. M.
Gillenwater, The Univ. of Texas M.D. Anderson Cancer Citr.
(United States); R. R. Richards-Kortum, Rice Univ. (United States)

Current procedures for oral cancer screening typically involve

visual inspection of the entire tissue surface at risk under white

light illumination. However, pre-cancerous lesions can be difficult to
distinguish from many benign conditions when viewed under these
conditions. We incorporated cross-polarization, narrowband reflectance,
and fluorescence imaging modes in a portable, robust, wide-field imaging
device to reduce specular glare, enhance vascular contrast, and detect
disease-related alterations in tissue autofluorescence.

We have also developed a portable system to enable high-resolution
evaluation of cellular features within the oral mucosa in situ. This system
is essentially a wide-field epi-fluorescence microscope coupled to a 1
mm diameter, flexible fiber-optic imaging bundle, capable of imaging
nuclear size and nuclear-to-cytoplasmic ratio following topical application
of a fluorescent labeling solution. Proflavine solution was used to
specifically label cell nuclei, enabling the characteristic differences in N/C
ratio and nuclear distribution between normal (b) and cancerous (d) oral
mucosa to be quantified.

This presentation will discuss the technical design and performance
characteristics of these complementary imaging systems. We will also
present data from ongoing clinical studies aimed at evaluating diagnostic
performance of these systems for detection of oral neoplasia in high- and
low-prevalence populations.

7548C-69, Session 1
The detection of oral cancer using differential
pathlength spectroscopy

H. J. C. M. Sterenborg, Univ. Medisch Ctr. Rotterdam
(Netherlands)

No abstract available.
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7548C-70, Session 1

Raman spectroscopy of lymph nodes in the
head and neck

L. Orr, C. A. Kendall, J. C. Hutchings, M. Isabelle, J. Horsnell, N.
Stone, Gloucestershire Royal Hospital (United Kingdom)

The development of lymphadenopathy in the neck has many causes,

in children it is often found in relation to infection and in a small but
significant number it is the first presentation of lymphoma. In adults
neoplastic causes predominate for example, lymphoma, squamous cell
carcinoma and adenocarcinoma. The treatment modalities and prognosis
for these conditions varies enormously and in the case of squamous cell
carcinoma an excision biopsy can lead to significant morbidity. A major
prognostic factor for the response to treatment for example in lymphoma
is the extent of the disease at presentation. Pre-treatment accurate
diagnosis is imperative and is a compelling argument for investment in
the development of accurate, sensitive and minimally invasive diagnostic
techniques, such as Raman spectroscopy.

This work seeks to investigate the abilty of Raman spectroscopy to
differentiate between the major neoplastic diseases of lymph nodes
presenting within the neck. Raman spectroscopy at 830nm has been
used to extensively study lymph nodes from the head and neck and
pathology related spectral signatures have been identified.

7548C-72, Session 1

Assessment of suspicious oral lesions using
optical coherence tomography

Z. Hamdoon, W. K. Jerjes, T. Upile, Univ. College Hospital (United
Kingdom); G. P. McKenzie, Michelson Diagnostics Ltd. (United
Kingdom); A. Jay, G. J. Thomas, Univ. College Hospital (United
Kingdom); C. Hopper, Univ. College London Hospitals NHS
Foundation Trust (United Kingdom)

No abstract available.

7548C-73, Session 1

Assessment of tumour resection margins
using optical coherence tomography

Z. Hamdoon, W. K. Jerjes, T. Upile, Univ. College Hospital (United
Kingdom); G. P. McKenzie, Michelson Diagnostics Ltd. (United
Kingdom); A. Jay, G. J. Thomas, Univ. College Hospital (United

Kingdom); C. Hopper, Univ. College London Hospitals NHS
Foundation Trust (United Kingdom)

No abstract available.

customerservice@spie.org 19



Conference 7548C: Advanced Technology and Instrumentation in

BiOS -

SPIE Photonics West

Otolaryngology: Lasers, Optics, Radio Frequency, and Related Technology

7548C-74, Session 1

Quantitative analysis of head and neck
resection margins using optical coherence
tomography: Imperial-UCL work

Z. Hamdoon, W. K. Jerjes, T. Upile, Univ. College Hospital (United
Kingdom); G. P. McKenzie, Michelson Diagnostics Ltd. (United
Kingdom); A. Jay, Univ. College Hospital (United Kingdom); A.
Sandison, Imperial College London (United Kingdom); C. Hopper,
Univ. College London Hospitals NHS Foundation Trust (United
Kingdom)

No abstract available.

7548C-75, Session 1

Real-time volumetric optical coherence
tomography OCT imaging with a surgical
microscope

G. Hattmann, J. Probst, Univ. zu Libeck (Germany); T. Just,

H. W. Pau, Univ. Rostock (Germany); S. Oelckers, MOLLER-
WEDEL GmbH (Germany); D. Hillmann, P. Koch, Thorlabs GmbH
(Germany); E. M. Lankenau, Univ. zu Libeck (Germany)

Optical coherence tomography is a unique technique to visualize
subsurface tissue structures with a resolution below 10 pm during
microsurgery without tissue contact. Since it was introduced more than
15 years ago imaging speed was boosted by more than three orders
of magnitude, from less than 100 to more than 300,000 A-scans per
second. Instead of taking only still images of anatomical structures,
the increased speed of OCT allows now to image volumes nearly in
real time. This enables not only the scanning of larger tissue surfaces,
but also opens new application beyond simple diagnosis. A non-
contact volumetric imaging with less than 15 pm resolution can guide
microsurgery at the eye, in Otolaryngology (ENT) and in other medical
disciplines.

Here we present an ultrahigh speed OCT system with more than 200.000
A-scans/second integrated into a surgical microscope (MOLLER Hi-R
1000, Moller-Wedel GmbH, Wedel, Germany), which is capable of
processing, rendering and displaying more than 7 volumes with 12
million pixel per second by using a PC with a high performance graphics
accelerator card. Best performance was reached by distributing the
calculation of the A-scans to the four cores of the PC, whereas the
preprocessing and rendering was done in real-time with dedicated
software on graphic processing unit (GPU).

Possible applications of the system are OCT guided microsurgery in the
middle ear or tumor surgery of the vocal fold.

7548C-168, Session 1

Design, conduct and challenges of a
clinical trial utilizing elastic light scattering
spectroscopy in thyroid lesions

J. E. Rosen, H. Suh, S. Lee, O. M. Aamar, |. J. Bigio, Boston Univ.
(United States)

Thyroid cancer is the most common endocrine malignancy. The
standard of care in the management of a patient with a thyroid nodule
is fine-needle aspiration biopsy (FNA) with cytological evaluation. While
5-10% of nodules are malignant, 10-25% of FNAs are indeterminate.
Consequently, about twice as many patients undergo surgery for a
suspicious lesion that turns out to be benign as undergo surgery for a
known malignant lesion. A more accurate molecular and ultrastructural
based algorithm would be useful to improve diagnostic accuracy.
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Noninvasive optical tissue diagnosis mediated by fiber-optic probes

can be used to perform non-invasive, or minimally-invasive, real-

time assessment of tissue pathology in-situ. Elastic light-scattering
spectroscopy (ESS) is a point spectroscopic measurement technique,
which is sensitive to cellular and subcellular morphological features.
Normal and abnormal tissues can generate different spectral signatures
as a result of changes in nuclear size, density, and other sub-cellular
features, the optical-spectroscopy equivalent of histopathological
readings. ESS is optimal for use in the small-volume area as found

in thyroid FNA. An important advantage of ESS is that it provides an
objective and quantitative assessment of tissue pathology that may not
require on-site special expertise and subjective image interpretation as in
conventional histopathology. Here we will describe our experience in the
clinical application of elastic scattering spectroscopy in the thyroid.

7548C-174, Session 1

Current Munich status concerning in-
vivo optical coherence tomography
for differentiating lesions of the upper
aerodigestive tract

V. Volgger, H. G. Stepp, Ludwig-Maximilians-Univ. Minchen
(Germany); W. K. Jerjes, T. Upile, Univ. College Hospital (United
Kingdom); A. Leunig, Ludwig-Maximilians-Univ. Minchen
(Germany); C. Hopper, Univ. College London Hospital (United
Kingdom); C. S. Betz, Ludwig-Maximilians-Univ. Minchen
(Germany)

No abstract available.

7548C-76, Session 2

Automatic segmentation of clinical OCT
images for the determination of epithelial
thickness changes in laryngeal lesions

H. Wisweh, L. Martinez Mateu, Laser Zentrum Hannover e.\V.
(Germany); M. Kraft, Kantonsspital Aarau (Switzerland); A. Krlger,
H. Lubatschowski, Laser Zentrum Hannover e.V. (Germany)

Automated classification of laryngeal lesions using optical coherence
tomography data be helpful in making a faster and safer diagnosis. A
change in the epithelial layer thickness seems to be an effective indicator
for laryngeal cancer and its precursors.

Lesions with different grades of malignity were scanned with a time
domain OCT system during microlaryngoscopy. Every diagnosis was
confirmed by performing a biopsy. Each OCT image was separately
segmented, manually by an expert and automatically by a segmentation
algorithm. Values for the maximal and average epithelial thickness as well
as the standard deviations were compared for both segmentations.

The results show a thickening of the epithelium from normal over
dysplastic to cancerous tissue. The values for the automatic
segmentation are in good agreement with expert segmentation.

In conclusion, automatic segmentation can be used for epithelial
thickness measurements as a promising indicator for laryngeal cancer.
It would also be possible to extract other characteristics like standard
deviation or signal attenuation within the segments. Thus, we laid the
foundation for computer-aided diagnosis of laryngeal lesions.
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7548C-77, Session 2

Ultrahigh-resolution 3D full-field optical
coherence micropscopy of the pulmonary
airways ex vivo

L. Liu, W. Oh, B. E. Bouma, Wellman Ctr. for Photomedicine,
Massachusetts General Hospital (United States) and Harvard
Medical School (United States); S. M. Rowe, The Univ. of
Alabama at Birmingham (United States); G. J. Tearney, Wellman
Ctr. for Photomedicine, Massachusetts General Hospital (United
States) and Harvard Medical School (United States)

Visualizing the respiratory mucosa in pulmonary airways at the sub-
cellular level could yield new insights into pathogenesis of many
important diseases. However, current imaging modalities to study the
respiratory mucosa lack the required resolution to visualize critical
subcellular detail such as nuclei and respiratory epithelial cilia. Full-
field optical coherence microscopy (FFOCM) is an emerging technique
capable of providing reflectance images in situ with high spatial
resolution in all three dimensions.

We have developed a FFOCM with an axial sectioning thickness of 1 ym
and a high transverse resolution of 0.6 pm. The three-dimensional field
of view was 256 (H) x 256 (W) x 400 (D) pm. Three-dimensional images
of formalin-fixed, sectioned porcine bronchial segments were obtained
immediately ex vivo. Images were compared to H&E stained histology
at corresponding sites. Pilot images on fixed human airways from
individuals with cystic fibrosis (CF) and Chronic Obstructive Pulmonary
Disease (COPD) were also acquired.

Individual epithelial cells and goblet cells, including their subcellular
morphologies, were easily seen. Cross-sectional views showed gland
ducts containing mucus, cilia, the periciliary layer (PCL), and nuclei.
Three-dimensional rendering of the trachea showed the presence of
mucus droplets directly above non-ciliated goblet cells, tethered to the
surface of these cells by a thin adherent mucus strand.

Our results demonstrate the potential of FFOCM to provide detailed
microstructural imaging of pulmonary airways without administration
of a contrast medium. The future development of a probe for in vivo
monitoring of mucociliary transport, gland function, and airway surface
liquid (ASL) depth could provide new avenues for improving our
understanding of respiratory mucosal pathophysiology and enable
longitudinal assessment of the response to novel drugs.

7548C-78, Session 2

High-speed three-dimensional imaging of the
pulmonary alveoli

E. Namati, Harvard Medical School (United States) and Wellman
Ctr. for Photomedicine, Massachusets General Hospital (United
States); C. Unglert, Harvard Medical School (United States)

and Massachusets General Hospital (United States) and Air
Liquide (France); B. E. Bouma, G. J. Tearney, Harvard Medical
School (United States) and Wellman Ctr. for Photomedicine,
Massachusets General Hospital (United States)

Investigating the structure and function of pulmonary alveoli in vivo is
crucial for understanding the normal and diseased lung. In particular,
understanding the three-dimensional geometry and relationship of the
terminal alveoli to their neighboring alveoli, alveolar ducts and acini
during respiration would be a major advance. However, the lung is an
inherently difficult organ to image in vivo and the peripheral lung has
many compounding challenges not limited to its highly scattering micro
architecture, large motion artifacts and difficult access through the
bronchial tree.

In this study, we image the alveoli of fixed pig lungs using a high-speed
high-resolution optical frequency domain imaging (OFDI) system that is
endoscopically compatible for future in vivo imaging of human alveoli.
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Core imaging components include a rapidly swept wavelength source
centered at 1310nm resulting in an A-line depth scan rate of 62,500 Hz,
a polarization diverse dual balanced receiver, and a high speed data
acquisition system. Whole lungs were excised from normal piglets and
inflation fixed at 15 cm H20 pressure using a modified Heitzman fixation
technique. Lungs were air dried in a heated oven and sectioned into 500
pum slices. Three-dimensional datasets were acquired from lung slices
with 512x512x1024 voxels and a voxel dimension of 5x5x8um. Datasets
were acquired at 122 frames per second and 0.23 volumes per second

- indicating the potential to acquire a three-dimensional volume within a
single human respiratory cycle.

OFDI images reveal clear delineation of alveolar septal walls,
demonstrating that high-speed three-dimensional visualization of air filled
alveoli is feasible. The fixed lung data provides a strong foundation for
investigating the 3D structure and function of alveoli in vivo and suggests
great promise for advancing our knowledge of the functional unit of the
lung.

7548C-79, Session 2

Reflectance microscopy techniques for 3D
imaging of the alveolar structure

C. Unglert, Wellman Ctr. for Photomedicine, Massachusetts
General Hospital (United States) and Harvard Medical School
(United States) and Air Liquide R&D Medical Gases (France); E.
Namati, L. Liu, Wellman Ctr. for Photomedicine, Massachusetts
General Hospital (United States) and Harvard Medical School
(United States); H. Yoo, D. Kang, B. E. Bouma, Wellman Ctr. for
Photomedicine, Massachusetts General Hospital (United States);
G. Tearney, Wellman Ctr. for Photomedicine, Massachusetts
General Hospital (United States) and Harvard Medical School
(United States)

Lung disease involving the alveoli and distal bronchioles are poorly
understood and most commonly studied indirectly via lung function
tests. Available imaging tools for the non-destructive assessment of
the alveolar structure include X-ray computed tomography, intra-vital
fluorescence microscopy and Optical Coherence Tomography, which
are either limited by long acquisition time, inadequate resolution and
contrast, or shallow imaging depth.

In this study, we investigated the potential of two high-resolution
reflectance microscopy imaging techniques, Spectrally Encoded
Confocal Microscopy (SECM; 1um (x) x 1um (y) x 5pym (z) resolution) and
Full Field Optical Coherence Microscopy (FFOCM; 1um (x) x 1um (y) x
1pm (z) resolution), for imaging alveolar microstructural detail. 2 mouse
lung samples were imaged with both SECM and FFOCM. The specimens
were inflation-fixed using a modified Heitzman fixation technique at

20 cm H20 pressure. They were cut in 500 mm thick slices and water
immersed for imaging. Images were obtained and analyzed to determine
whether or not the resolution and contrast of these techniques are
sufficient to visualize the fine structures of the alveolar wall.

Alveolar microstructure could be resolved in three dimensions in images
obtained by both technologies. Alveolar septal walls from multiple

layers could be clearly identified while sub-cellular structures such as
nuclei were also visible in the SECM technique. In conclusion, we have
demonstrated that two imaging technologies provide important sub-
cellular detail that is required to study alveolar microstructure. Future
research to develop these imaging modalities further so that they may be
used in vivo is merited.
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7548C-80, Session 2

Three-dimensional microscopy of the human
bronchial mucosa

M. J. Suter, Harvard Medical School (United States) and Wellman
Ctr. for Photomedicine, Massachusetts General Hospital (United
States); D. R. Riker, Lahey Clinic Medical Ctr. (United States); B.
E. Bouma, Harvard Medical School (United States) and Wellman
Ctr. for Photomedicine, Massachusetts General Hospital (United
States); J. F. Beamis, Jr., Lahey Clinic Medical Ctr. (United
States); G. J. Tearney, Harvard Medical School (United States)
and Wellman Ctr. for Photomedicine, Massachusetts General
Hospital (United States)

Introduction: Lung cancer is the leading cause of cancer related death,
and despite recent efforts to reduce the mortality associated with the
disease, patient prognosis remains poor with the current 5-year survival
rate under 15%. Detection and diagnosis of lesions arising in the
bronchial mucosa remains problematic and as a result they are typically
well advanced upon discovery.

Methods: We are currently conducting a clinical study aimed at

using optical frequency domain imaging (OFDI) to interrogate the
bronchial mucosa of patients with the suspicion of lung cancer. During
bronchoscopic evaluation, regions of interest suspicious for cancer or
precursor lesions were identified and imaged, in addition to regions of
normal appearing mucosa. Following OFDI imaging, mucosal biopsies
were obtained for histopathologic analysis. Spiral cross-sectional OFDI
images were obtained at a rate of 50 frames/sec using a 2.4 Fr catheter
(frame size: 1536 x 1024; image resolution: 8 pm x 23 ym x 100 pm).

Results/Conclusions: The layered structure of the normal bronchial
mucosa was clearly visualized in the OFDI images including the
identification of the epithelium, lamina propria, smooth muscle,
perichondrium and cartilage layers. In addition, features such as mucosal
vasculature, glands, ducts and alveoli were observed. Various features
associated with airway disease were also observed including the
presence of fibrous debris, airway inflammation, and lymphatic and blood
vasculature remodeling. Based on these preliminary results we anticipate
that OFDI imaging of the pulmonary airways will enable the early
detection of airway features associated with the development of cancer.
When used as a screening tool in high-risk patients we hope that early
detection of airway associated cancer with OFDI will result in a decrease
in patient mortality.

Acknowledgements: Olympus Corporation, K99 CA134920

7548C-81, Session 2

Endoscopic ICG perfusion imaging for flap
transplants: technical development

H. G. Stepp, Ludwig-Maximilians-Univ. Miinchen (Germany)

No abstract available.

7548C-82, Session 2

Endoscopic ICG perfusion imaging for flap
transplants: clinical results
C. S. Betz, Ludwig-Maximilians-Univ. Minchen (Germany)

No abstract available.
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7548C-83, Session 2

In vivo monitoring of Foscan-mediated
photodynamic therapy in clinical head and
neck procedures using optical spectroscopy

S. C. Kanick, Univ. Medisch Ctr. Rotterdam (Netherlands); B.
Karakullukcu, Antoni van Leeuwenhoek Hospital, Netherlands
Cancer Institute (Netherlands); R. L. van Veen, H. J. C. M.
Sterenborg, Univ. Medisch Ctr. Rotterdam (Netherlands); I.

Bing, Antoni van Leeuwenhoek Hospital, Netherlands Cancer
Institute (Netherlands); M. J. Witjes, Univ. Medical Ctr. Groningen
(Netherlands); A. Amelink, D. J. Robinson, Univ. Medisch Ctr.
Rotterdam (Netherlands)

Photodynamic therapy with m-THPC (Foscan) is as established
treatment for superficial squamous cell carcinoma and is also being
considered for treatment of larger head and neck tumors. Recently,
clinical implementation of Foscan-mediated PDT in the head and neck
has not been optimal; a subset of patients has experienced incomplete
response. It is well-understood that sufficient quantities of light, drug and
oxygen must be present in the targeted tissue in order to deliver sufficient
damage. This requirement is complicated by variations in the tissue
optical properties and in the photosensitizer uptake rates; however,

most clinical protocols do not measure the affect of these factors on the
PDT dose delivered to individual patients. This study represents a first
step toward incorporating optical techniques developed to monitor PDT
treatments in pre-clinical models into the clinical treatment of head and
neck cancer.

This clinical study incorporates reflectance and fluorescence
spectroscopic measurements are into the PDT-treatment protocol.
Spectral analysis allows the extraction of Foscan concentrations and the
quantitative determination of tissue physiological parameters that are
important to the PDT-delivered dose (e.g. blood volume and hemoglobin
saturation). The study identifies the practical and technical challenges

of translating these techniques into the clinical setting. Moreover, the
data presented here contribute to understanding the link between these
optical measurements and the PDT-dose delivered to individual patients
during treatment.

7548C-167, Session 2

Fiber-based microendoscopic multiphoton
imaging

G. Liu, Beckman Laser Institute and Medical Ctr., Univ. of
California, Irvine (United States); B. J. Wong, Univ. of California,

Irvine (United States); Z. Chen, Beckman Laser Institute and
Medical Ctr., Univ. of California, Irvine (United States)

No abstract available.

7548C-175, Session 2
Multimodality bronchoscopic imaging of
airway abnormalities

S. D. Murgu, H. G. Colt, Y. Ahn, M. Brenner, Univ. of California,
Irvine (United States)

No abstract available.
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7548C-176, Session 2

Utilizing 5-aminolevulinic acid and pulsed
dye laser for photodynamic therapy of oral
leukoplakia: pilot study

G. Shafirstein, Univ. of Arkansas for Medical Sciences (United
States); W. Baeumler, Univ. Clinics Regensburg (Germany); E.
Sigel, C. Fan, E. Vural, B. Stack, J. Y. Suen, Univ. of Arkansas for
Medical Sciences (United States)

No abstract available.

7548C-177, Session 2

Emerging applications for OCT in the head
and neck

M. Rubinstein, J. Kim, W. B. Armstrong, H. R. Djalilian, Univ. of
California, Irvine (United States); Z. Chen, B. J. Wong, Beckman
Laser Institute and Medical Ctr., Univ. of California, Irvine (United
States)

Objectives: To describe the current and promising new applications of the
Optical Coherence Tomography (OCT) as a helpful tool when imaging the
different sites in the head and neck. Using the OCT Niris system, which

is the first commercially available OCT device for applications outside the
field of ophthalmology.

Methods: We obtained OCT images of normal, benign, premalignant

and malignant lesions in different areas of the head and neck. The OCT
imaging system has a tissue penetration depth of approximately 1-2mm,
a scanning range of 2mm and a spatial depth resolution of approximately
10-20 m. Imaging was performed using a flexible probe in two different
situations, the outpatient clinic and the operating room.

Results: High-resolution cross-sectional images from the larynx were
obtained with the patient awake, without the need of general anesthesia.
The OCT probe was inserted through the nasal cavity and placed in
slightly contact with the laryngeal tissue, under direct visualization with
a flexible fiberoptic. Images of other sites, such as the oral cavity, nasal
cavity, and ears were also obtained in various settings.

Conclusions: This system is non invasive and easy to incorporate into
the operating room as well as to the outpatient clinic. It requires minimal
set-up and requires only one person to operate the system. OCT has
the distinctive capability to obtain high-resolution images, where the
microanatomy of different sites can be observed. OCT technology has
the potential to offer a quick, efficient and reliable imaging method to
help the surgeon not only in the operating room but also in the clinical
setting to guide surgical biopsies and aid in the decision making of
different head and neck pathologies, especially those arising form the
larynx.

7548C-178, Session 2

Measurement of epithelial thickness within
the oral cavity using optical coherence
tomography (OCT)

S. Prestin, C. S. Betz, M. Kraft, State Hospital Aarau (Switzerland)
and Ludwig-Maximilian Univ. Hospital Miinchen (Germany)

No abstract available.
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7548C-179, Session 2

Towards early dental caries detetion with
OCT and polarized Raman spectroscopy

L. Choo-Smith, National Research Council Canada (Canada)

No abstract available.

7548C-84, Session 3

Feedback controlled laser system for safe
and efficient reshaping of nasal cartilage

E. Sobol, A. Sviridov, N. Vorobieva, Institute of Laser and
Information Technologies (Russian Federation); V. Svistushkin,
Vladimirskiy Research and Clinical Institute of Moscow Region
(Russian Federation)

In 1992, we identified laser-induced stress relaxation in cartilage. This
led to the development of a new laser application in otolaryngology-
head and neck surgery for the non-ablative reshaping of cartilage. Laser
septochondrocorrection is non-invasive, bloodless, painless procedure
which takes only 10 minutes to complete and can be performed in
outpatient settings.

The efficacy and safety of this technology can be guarantied with the
feed back control system measuring temperature and stress distribution
in the course of laser treatment. The paper presents recent results of
the research and clinical applications of the technology and equipment
for laser reshaping of cartilage in the ENT. The new equipment LSC-701
(Arcuo Medical Inc., USA) for laser reshaping of nasal cartilage includes
an Erbium doped glass fiber laser (1.56 micrometers in wavelength),
special instrument and feedback control system which allow to correct
laser settings in the course of laser treatment and to stop the laser when
the procedure is completed. The laser technology and equipment are
certificated by the Federal Service on Surveillance in Healthcare and
Social Development of Russian Federation. The laser septocorrection
using LSC-701 has been performed for 120 patients at the ENT Clinics
of the Sechenov Medical Academy of Moscow and at the Vladimirskiy
Research and Clinical Institute of Moscow Region (MONIKI). The
positive results were obtained for 95 percent of the patients in two years
follow up. No age limitation (for the patients from 12 until 68 years), no
complications and negative secondary effects were observed.

7548C-85, Session 3

Methods for evaluating changes in cartilage
stiffness following electromechanical
reshaping

A. Lim, D. E. Protsenko, B. J. Wong, Beckman Laser Institute and
Medical Ctr. (United States)

One component of several otolaryngological surgeries is the reshaping
of cartilage. Several previous studies have demonstrated the efficient
achievement of this procedure through electromechanical reshaping
(EMR), a technigue that involves the direct application of voltage to
cartilage mechanically deformed in a jig. Two main parameters, voltage
and application time, may be varied to achieve varying degrees of shape
change. Both maximized shape change and minimized intrinsic tissue
damage determine the ideal parameters for EMR. In preceding research,
EMR parameters were correlated with degree of shape change. However,
it remains necessary to correlate the same parameters with the degree
of change in the mechanical properties of tissue. This study satisfies
this need by providing comprehensive data on the pre- and post-EMR
stiffness of both septal and auricular cartilage over a range of voltages
with constant application time (2-8V, 2min, and 2-8V, 3min, respectively).
EMR was applied using flat platinum electrodes to one of two 15 mm

X 5 mm samples obtained from the same cartilage specimen, while
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the second sample was maintained as a control. Following a 15 min
rehydration period, the Young’s modulus of the tissue was calculated for
both the control and experimental sample from data obtained through a
uniaxial tension test. A general reduction in stiffness was observed from
beginning at 3V, with the magnitude of reduction increasing at 6V.

7548C-86, Session 3

Using optical coherence tomography
to monitor effects of electromechanical
reshaping in septal cartilage

H. Chen, Univ. of Southern California (United States) and
University of California, Irvine (United States); L. Yu, C. Manuel,
B. J. Wong, University of California, Irvine (United States)

Electromechanical reshaping (EMR) of cartilage is a promising
noninvasive technique with potential for broad application in
reconstructive surgery. EMR involves applying direct current electrical
fields to localized stress regions and then initiating a series of oxidation-
reduction reactions, thus effecting a shape change. Previous EMR
studies have focused on macroscopic structural measurements of

the shape change effect or monitoring of electrical current flow. Only
limited investigation of structural changes in the tissue at the histologic
level have been performed, and not in real time. This study is the first
to use optical coherence tomography (OCT) to examine structural
changes in cartilage during EMR. Two platinum needle electrodes were
inserted into fixed rectangular rabbit nasal septal cartilage specimens.
The spectral domain OCT probe was then positioned above the anode
needle. A constant voltage of 6V was applied for 3 minutes, and
images were obtained (8 frames/second). OCT was also performed

in specimens undergoing dehydration under ambient conditions and
during pH changes produced by the addition of HCI, as both processes
accompany EMR. The OCT data identified distinct findings among the
three conditions, suggesting that EMR causes a much greater degree
of reshaping on a molecular level than dehydration or a change in pH
alone. OCT provides a means to gauge structural changes in the tissue
matrix during EMR. The application of OCT to image the EMR process
will add to our understanding of the mechanisms of action involved and
potentially facilitate optimization of this process.

7548C-87, Session 3

Comparison of bend angle measurements
in fresh cryopreserved cartilage specimens
after electromechanical reshaping

K. Karimi, D. Protsenko, E. Wu, A. Foulad, C. Manuel, B. J.
Wong, Beckman Laser Institute and Medical Ctr. (United States)

Cryopreservation of cartilage has been investigated for decades and

is an established protocol. However, the reliability and application of
cryopreservation of cartilage for use in electromechanical reshaping
(EMR) has not been studied exclusively. A system to cryopreserve large
amounts of tissue provides a steady source of similar quality cartilage
for future experimentation. This will reduce error that may arise from
different cartilage stock, and have the potential to maximize efficiency
under time constraints. Our study utilizes a unique methodology to
cryopreserve septal cartilage for use in electromechanical reshaping
studies. Septal cartilages were extracted and placed in one of three
solutions (Saline, PBS, and 10% DMSO by volume in PBS) for four
hours in a cold room. Then, each cartilage specimen was vacuumed
and sealed in an anti-frost plastic bag and placed in freezer for 1 to

3 week durations. EMR was performed using 2 volts for 2 minutes to
create a bend. Bend angle measurements of the cryopreserved cartilage
specimens were compared to the bend angles of fresh cartilage which
underwent EMR using the same parameters. Results demonstrate that
Saline, PBS, and DMSO were effective in cryopreservation, and indicated
no significant differences in bend angle measurements. Our methodology
to cyropreserve cartilage specimens provides a successful approach for
use in electromechanical reshaping studies.
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7548C-88, Session 3

Monitoring of electrical current in rabbit
and porcine cartilage tissue during
electromechanical reshaping

C. Manuel, A. Foulad, D. Protsenko, B. J. Wong, Beckman Laser
Institute, Univ. of California, Irvine (United States)

Electro Mechanical Reshaping (EMR) with platinum needle electrodes
has been recently developed to shape cartilage without conventional
cut and suture surgery. This study investigates the relationship between
the voltage applied, the electrical current measured during EMR with
platinum needles, and the resulting shape. Monitoring the electrical
current provides information to model the electro-chemistry, which will
aid in determining the onset of shape stabilization. Rabbit septal, rabbit
auricular, porcine auricular, and porcine costal grafts were bent into a 90°
angle using a moulage. Platinum needle electrodes were then placed in
contact with the cartilage and a constant voltage was applied for a set
time. The electrical current was measured during the process and total
charge transferred was calculated. The cartilage specimen was then
removed from the jig and photographed after one minute in order to
determine the resulting bend angle. Results show that a higher current
in tissue is produced with increasing applied voltage. Each current trace
is unique and is dependent on tissue thickness and inter-electrode
distances. Understanding the electrical current process ultimately leads
to optimizing EMR and feedback control. Voltage, for example, could be
varied in real-time during EMR to produce a constant chemical reaction
rate and potentially reduce total tissue dehydration in contact with
electrodes. In conclusion, electric current traces provide information
about chemical kinetics during EMR that depend on exposure settings,
and monitoring these traces is an important step in optimizing the
reshaping process.

7548C-89, Session 3

Numerical analysis of costal cartilage
warping after laser modification

A. Foulad, C. Manuel, B. J. Wong, Beckman Laser Institute,
University of California Irvine (United States)

Grafts obtained from peripheral regions of costal cartilage have an
inherent tendency to warp over time. Laser irradiation provides a
potential method to control the warping process, thus yielding stable
grafts for facial reconstructive surgery. In our current study, we propose

a simple and well-fitting model that numerically describes the degree of
warping of laser irradiated costal cartilage grafts. Using an Nd:YAG laser
(lambda=1.32 pm) at various exposure settings, grafts harvested from

the peripheral regions of porcine costal cartilage were irradiated. The
resulting graft geometry was fitted to a curve using a quadratic regression
model. The coefficient of determination demonstrated a very strong fit

for all grafts modeled. A quadratic regression is simple to perform and
results in a single numerical value that appropriately describes the degree
of cartilage warping. Our proposed model is valuable in assessing the
effect of laser irradiation on the warping process of costal cartilage.

7548C-90, Session 3

A laser device for fusion of nasal mucosa

M. C. Larson, V. Sooklal, J. McClure, L. Hooper, J. Sieber, Univ.
of Colorado at Colorado Springs (United States)

A patent pending device has been created, and successfully used,

to fuse tissue membranes as an alternative to sutures or staples. The
joining, or coaptation, is accomplished through the controlled application
of laser heating to induce protein denaturation and subsequent
renaturation across the interface. Lasers have been used by a number

of researchers to close wounds in controlled laboratory tests over the
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last 15 years. Many encouraging results have been obtained; however,
no commercial delivery systems are currently available. This is due
primarily to two factors: requiring an inordinate amount of experience
on the part of the operator to detect changes in tissue appearance, and
attempting to achieve general applicability for multiple tissue systems.
The present device overcomes these barriers as it is tailored for the
particular application of septal laser fusion, namely for the coaptation of
mucoperichondrial membranes.

The important parameters involved in fusing biological tissues using
radiation from laser sources are identified. The development of the
device followed from computational modeling of the fusion process
based on engineering first-principles from heat transfer, fluid dynamics
and optics, and from experimental results on a particular tissue system.
The experiments were designed and analyzed using orthogonal arrays,
employing a subset of the relevant parameters, i.e., laser irradiance,
dwell time and spot size, for a range of wavelengths. The in vitro fusion
experiments employed 1cm by 1cm sections of equine nasal mucosa
having a nominal thickness of 1mm.

7548C-91, Session 4

Ten years of experience with photodynamic
therapy of early oral cavity and oropharynx
cancers: a retrospective report of 170
patients

B. Karakullukcu, K. van Oudanaarde, M. Wildeman, M. Klop,
B. Tan, A. van Leeuwenhoek, The Netherlands Cancer Institute
(Netherlands)

No abstract available.

7548C-92, Session 4

The role of photodynamic therapy in the
management of oral dysplasia

C. Hopper, Univ. College London Hospitals NHS Foundation
Trust (United Kingdom); W. K. Jerjes, Z. Hamdoon, T. Upile, Univ.
College Hospital (United Kingdom)

No abstract available.

7548C-93, Session 4

Photodynamic therapy of laryngeal cancers

M. A. Biel, Virginia Piper Cancer Institute, Abbott Northwestern
Hospital (United States)

Carcinoma of the larynx accounts for 25-30 percent of all carcinomas

of the head and neck. Early carcinomas of the larynx (Tis or T1)

and severe dysplasia are presently treated with either radiation

therapy or surgery alone. Radiation therapy, however, has significant
disadvantages including mucositis during and for potential prolonged
periods after therapy, permanently altered voice quality, dysphagia,
chondroradionecrosis of the larynx and trachea, and the extensive length
of therapy (6-7 weeks). Surgical therapy for early carcinomas of the larynx
includes performing a partial cordectomy or hemilaryngectomy. Although
cure rates are high, surgical removal of portions of the vocal cord or
hemilarynx results in significant alteration of the quality of voice.

Photodynamic therapy has been demonstrated to be effective in the
treatment of early carcinomas of the larynx, Tis and T1, with cure rates
of 90% with followup to 236 months. The advantage of PDT therapy
for early carcinomas of the larynx is the ability to preserve normal
endolaryngeal tissue while effectively treating the carcinomas. This
results in improved laryngeal function and voice quality. Furthermore,
PDT requires a short duration of therapy as compared to radiation
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therapy, is repeatable and carries less risk than surgical therapy and is
performed as an outpatient noninvasive treatment. Importantly, the use of
PDT does not preclude the use of radiotherapy or surgery in the future for
new primary or recurrent disease.

7548C-94, Session 4

Ultrasound-guided interstitial photodynamic
therapy for deeply seated pathologies:
assessment of outcome

J. Osher, W. K. Jerjes, T. Upile, Z. Hamdoon, F. Nhembe, R.
Bhandari, S. Mackay, P. Shah, Univ. College Hospital (United
Kingdom); C. A. Mosse, Univ. College London (United Kingdom);
S. Morley, Univ. College Hospital (United Kingdom); C. Hopper,
Univ. College London Hospitals NHS Foundation Trust (United
Kingdom)

No abstract available.

7548C-180, Session 4

Photochemical internalization

W. K. Jerjes, T. Upile, Univ. College Hospital (United Kingdom);
C. A. Mosse, M. R. Austwick, Univ. College London (United
Kingdom); Z. Hamdoon, D. Carnell, Univ. College Hospital
(United Kingdom); K. Berg, Oslo Univ. Hospital (Norway); A.
Hogset, PCI Biotech AS (Norway); S. G. Bown, C. Hopper,
National Medical Laser Ctr. (United Kingdom)

No abstract available.

7548C-184, Session 4

Non-invasive measurement of photosensitiser
concentration using fluorescence differential
path-length spectroscopy: validation for
different liposomal formulations of m-THPC:
Foscan, Foslip and Fospeg

S. A. de Visscher, M. J. Witjes, Univ. Medical Ctr. Groningen
(Netherlands); S. Kascakova, D. J. Robinson, H. J. C. M.
Sterenborg, Univ. Medisch Ctr. Rotterdam (Netherlands); J. L.
N. Roodenburg, Univ. Medical Ctr. Groningen (Netherlands); A.
Amelink, Univ. Medisch Ctr. Rotterdam (Netherlands)

As previously described, Fluorescence differential path length
spectroscopy (FPDS) can determine chromophore concentrations non-
invasively after injection with m-THPC (Foscan) in the rat liver (1). Our first
aim is to validate FDPS for two other, liposomal formulations of m-THPC;
pegylated liposomes (Fospeg) and conventionel liposomes (Foslip),

and compare them to Foscan. As a proof of principle we use the highly
vascularised, optically homogenous liver of the rat (1). Validation of the
FDPS-measurements was done by chemical extraction of the same liver
@.

Our second aim is to validate FDPS measurements of the tongue,

which is optically less homogenous, but clinically more relevant.

After successful validation in both liver and tongue tissue, the
pharmacokinetic-profile in other tissue types could be assessed by FDPS
alone. Therefore, FDPS can lower the need for labour-intensive chemical
extraction.

Fifty-four male Wistar rats were intravenously injected with one of the
three formulations of m-THPC; eighteen rats for each formulation. All
rats were injected with 0.15 mg kg m-THPC. FDPS measurements
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were performed on liver, palate, tongue, spleen and kidney 2, 4, 8, 24,
48, and 96 h after m-THPC administration. For validation of our FDPS
measurements, liver and tongue were harvested for chemical extraction
(2). Concentration estimates in liver and tongue measured by FDPS are
here compared with chemical extraction.

At the HNODS-meeting we will present the results of our first step in the
validation of FDPS; the correlation of FDPS measurements with chemical
extraction for the three different formulations in the liver.

1. In vivo quantification of chromophore concentration using fluorescence
differential path length spectroscopy. Kruijt B, Kascakova S, de Bruijn
HS, van der Ploeg-van den Heuvel A, Sterenborg HJ, Robinson DJ,
Amelink A. J Biomed Opt. 2009 May-Jun;14(3):034022.

2. Ex vivo quantification of mMTHPC concentration in tissue: influence of
chemical extraction on the optical properties. Kascakova, S; Kruijt, B; de
Bruijn, HS; van der Ploeg-van den, Heuvel A; Robinson, DJ; Sterenborg,
HJ; Amelink, A. J Photochem Photobiol B. 2008 May 29;91(2-3):99-107.
Epub2008 Feb 19.

7548C-71, Session 5

An optical coherence tomography study for
imaging the round window niche and the
promontorium tympani

T. Just, Univ. Rostock (Germany); E. M. Lankenau, G. Huttmann,
Univ. zu Lubeck (Germany); H. W. Pau, Univ. Rostock (Germany)

Tympanosclerosis may involve the tympanic membrane, the ossicles,

as well as the oval and round window niche, respectively. The surgical
treatment of the obliterated oval window niche is most challenging.
Beside stapesplasty, vibroplasty with coupling the floating mass
transducer (FMT) onto the round window niche and into a new, so-
called third window is indicated. In the latter situation, drilling a hole

into the promontorium is necessary to couple the FMT close to the
membranous endosteum. Any damage of the membranous inner ear
needs to be avoided. The question was whether OCT is useful to identify
the endosteum and to provide microanatomical information about the
round window niche. OCT was carried out on human temporal bone
preparations in which a third window was drilled, while leaving the
membranous labyrinth and the fluid-filled inner ear intact and removing
the overhang of the round window niche. A specially equipped operating
microscope with integrated OCT prototype (spectral-domain-OCT)

was used. The OCT images and 3D reconstructions demonstrate the
usefulness of OCT to measure the drilling cavity, to visualize the inner
ear structures, and to obtain microanatomical information about the
round and oval window niche. These findings may have an impact on
stapes surgery, on cochlea implantation, and on vibroplasty with coupling
the FMT onto the round and third window. OCT-guided drilling allows
identification of the intact inner ear more precisely.

7548C-96, Session 5

Photodynamic therapy as the “last hope” for
tongue-based carcinoma

W. K. Jerjes, T. Upile, Z. Hamdoon, F. Nhembe, R. Bhandari, S.
Mackay, Univ. College Hospital (United Kingdom); C. A. Mosse,
Univ. College London (United Kingdom); S. Morley, Univ. College
Hospital (United Kingdom); C. Hopper, Univ. College London
Hospitals NHS Foundation Trust (United Kingdom)

No abstract available.
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7548C-97, Session 5

The effect of PDT on H. influenza biofilm in
vivo

C. Rhee, S. Chang, P. Chung, J. Jung, J. Ahn, M. Suh, Dankook
Univ. Hospital (Korea, Republic of)

Biofilm formation has been demonstrated for many mucosal pathogens
such as Haemophilus influenzae. The presence of mucosal biofilms with
chronic otitis media with effusion (COME) suggests that bacteria do not
clear by antibiotics. Aim: To test the effect of photodynamic therapy
(PDT) on H. influenzae induced biofilm in vivo. Methods: Sixteen bullae
of 8 gerbils were injected with 200pl (107CFU/mI) of H. influenza and
formation of biofilms in the bullae was obtained by 5 days. The bullae
were divided into control, laser, photofrin, and PDT groups. The control
group received no treatment. For laser group, 120 J/cm2 (100 mw x

20 min) of 632 nm LD laser was irradiated into the bullae by a fiber
inserted directly into the bullae. For photofrin group, photofrin 40ul (1mg/
ml) were injected into the bullae. For PDT group, photofrin same as in
photofrin group was injected into the bullae and LD laser was irradiated
into the bullae same way as in laser group. The mucosal tissues in
bullae were examined by H/E staining, and SEM. Results: The control,
laser, and photofrin groups have shown well formed biofilm. Two third
of the PDT group bullae have shown well resolved biofilm while 1/3 of
the bullae have shown incompletely resolved biofilms. Conclusion: The
results of this study demonstrated that PDT appears to be effective to
treat experimental H. influenzae induced biofilms in vivo. Further trial in
different dose combinations of photosensitizer and laser needs to be
tried for better results in PDT group. Clinical implication: PDT may be an
alternative to antiobiotic treatment on otitis media with biofilm formation.

7548C-98, Session 5

Toward endoscopic ultrafast laser
microsurgery of vocal folds

A. Ben-Yakar, C. L. Hoy, W. N. Everett, The Univ. of Texas at
Austin (United States); J. Kobler, Massachusetts General Hospital
(United States)

Vocal fold scarring can arise from disease or post-surgical wound healing
and is one of the predominant causes of voice disorders. Focused
ultrafast laser pulses have been previously demonstrated to create tightly
confined sub-surface ablation in a variety of tissue, including vocal folds.
Here, we demonstrate how we can take advantage of this unique ability
of ultrafast laser ablation to create sub-surface vocal fold microsurgeries
with a goal for eventually creating a plane in tough sub-epithelial scar
tissue into which biomaterials can be injected. Specifically, we create
sub-epithelial ablations in vocal fold tissue in under 1 minute using sub-
ud pulses from a compact, commercially available amplified ultrafast
laser system from Raydiance Inc., operating at a 500 kHz repetition

rate. The use of relatively high repetition rates, with a small number of
overlapping pulses, is critical to achieving ablation in reasonable amounts
of time while still avoiding significant heat deposition. Additionally, we
use multiphoton fluorescence of the ablation region and SHG imaging of
collagen fibers to obtain visual feedback of tissue structure and confirm
successful ablation. Lastly, we demonstrate microsurgery using amplified
ultrafast laser pulses delivered through over 1 meter of air-core photonic
crystal fiber to a laser scanning microsurgery probe, illustrating the
feasibility of developing an ultrafast laser surgical laryngoscope. We aim
to further develop this clinical tool through demonstration of laryngeal
microsurgery using a compact laser system in conjunction with a larynx-
specific fiber-based surgery probe.
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7548C-99, Session 5

Femtosecond laser microstructuring and
bioactive nanocoating of titanium surfaces in
relation to chondrocyte growth

J. F. R. ligner, S. Biedron, Univ. Hospital Aachen (Germany); E.
Fadeeva, B. Cichkov, Laser Zentrum Hannover e.V. (Germany);
D. Klee, RWTH Aachen (Germany); A. Loos, E. Sowa-Soehle,
Medizinische Hochschule Hannover (Germany); M. Westhofen,
Univ. Hospital Aachen (Germany)

Introduction: Titanium implants can be regarded as the current gold
standard for restoration of sound transmission in the middle ear following
destruction of the ossicular chain by chronic inflammation. Many efforts
have been made to improve prosthesis design, while less attention had
been given to the role of the interface. We present a study on chemical
nanocoating on microstructured titanium contact surface with bioactive
protein.

Materials and Methods: Titanium samples of 5mm diameter and 0,25mm
thickness were structured by means of a Ti:Sapphire femtosecond laser
operating at 970nm with parallel lines of 5um depth, 5um width and
10pm inter-groove distance. In addition, various nanolayers were applied
to PVDF foils, while bone matrix protein 7 (BMP-7) was linked to the outer
coating layer.

Results: Chondrocytes could be cultured on microstructured surfaces
without reduced rate of vital / dead cells compared to native surfaces.
Chondrocytes also showed contact guidance by growing along ridges
particularly on 5pm lines. On PVDF foils, chondrocyte growth was
doubled in contact with BMP-7 compared to hydrogel layer or native
surface. Discussion: According to these results, relative preference

for cell growth on titanium prosthesis contact surfaces compared

to non-contact surfaces (e.g. prosthesis shaft) can be achieved by
nanocoating. Relative selectivity induced by microstructures for growth of
chondrocytes compared to fibrocytes is subject to further evaluation.

7548C-100, Session 5

Laser hearing aids

G. I. Wenzel, Medizinische Hochschule Hannover (Germany); H.
H. Lim, Medizinische Hochschule Hannover (Germany) and Univ.
of Minnesota (United States); K. Zhang, Laser Zentrum Hannover
e.V. (Germany); S. Balster, Medizinische Hochschule Hannover
(Germany); O. Massow, H. Lubatschowski, Laser Zentrum
Hannover e.V. (Germany); G. Reuter, T. Lenarz, Medizinische
Hochschule Hannover (Germany)

Visible light is a source of energy known to activate the visual system
through absorption by photoreceptors in the eye. When the so-called
stress-confinement condition is fulfilled, laser light can induce an
acoustic signal through an optoacoustic effect. We sought to assess, if
visible light with parameters that induce an optoacoustic effect (i.e., 532
nm, 10 ns pulses) could be used to stimulate the peripheral hearing organ
at ear drum and middle ear level.

Auditory brainstem responses (ABRs) were recorded preoperatively in
anesthetized guinea pigs to confirm normal hearing. After opening the
bulla, a 50-pm core-diameter optical fiber was positioned first in the outer
ear canal directed towards the tympanic membrane and then within the
bulla directed towards the bony structures within the middle ear as well
as towards the round window membrane.

Optically-induced ABRs (OABRs), similar in shape to those of acoustic
stimulation, were elicited with single pulses after stimulation within the
outer as well as the middle ear. The OABR peaks increased with energy
level (0.6-23 pd/pulse) but varied in magnitude depending on the location
of stimulation.

Our findings demonstrate that visible light can be used to activate the
peripheral hearing organ when applied at the ear drum level or on bony
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structures within the middle ear that can transmit vibrations to the
cochlea or inner ear.

We propose that this novel, non-contact laser stimulation method could
be used to improve implantable and non-implantable hearing aids as well
as for research purposes.

7548C-101, Session 5

CO2 laser myringoplasty using a handheld
waveguide

D. M. Kaylie, J. Miller, Duke Univ. Medical Ctr. (United States)

Introduction: Eustachian tube dysfunction is very common and is

the predominant cause of otitis media with effusion. Negative middle

ear pressure generated by Eustachian tube dysfunction can cause
deformation of the collagen layer in the ear drum. Collagen becomes
stretched and looses its orderly array. Over time, deep retraction pockets
form. If left untreated, the tympanic membrane becomes prone to
cholesteatoma formation. CO2 laser energy interacts with collagen and
causes it to return to its natural configuration.

Objective: To describe and review our results treating tympanic
membrane retraction pockets using laser myringoplasty with a novel
hand-held flexible photonic band gap fiber CO2 laser.

Methods: A hand-held flexible fiber CO2 laser system (Omniguide
BeamPath) was used to treat tympanic membrane retraction pockets.
The fiber tip was held approximately 3mm from the membrane surface
producing a spot size of 570 microns at the setting of 2 watt per 100
millisecond pulse. Pulses were administered until the desired level of
membrane contraction was achieved. A tympanostomy tube was then
placed in the affected ear.

Results: We reviewed our results with this procedure on 22 patients

(40 ears). The average pre-operative air bone gap (ABG) pure-tone
average (PTA) was 15 dB. The average post-operative ABG PTA was 6
dB (p=0.002). All patients had satisfactory contraction of the atelectatic
segment. There were no adverse events recorded.

Conclusion: Laser myringoplasty using the Omniguide hand-held flexible
fiber CO2 laser provides immediate hearing improvement and eardrum
contraction. Long-term results are pending.

7548C-102, Session 5
The use of CO2 laser in tumour resection of
the oropharyngeal region

T. Upile, W. K. Jerjes, Z. Hamdoon, Univ. College Hospital (United
Kingdom); C. Hopper, Univ. College London Hospitals NHS
Foundation Trust (United Kingdom)

No abstract available.

7548C-103, Session 5

CO2 laser ablation of oropharyngeal dysplasia

T. Upile, W. K. Jerjes, Z. Hamdoon, Univ. College Hospital (United
Kingdom); C. Hopper, Univ. College London Hospitals NHS
Foundation Trust (United Kingdom)

No abstract available.
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7548C-169, Session 5

CO2 laser transoral laser microsurgery of
head and neck cancer: lessons learned over
ten years

W. B. Armstrong, Univ. of California, Irvine (United States); M.
Rubinstein, Beckman Laser Institute and Medical Ctr., Univ. of
California, Irvine (United States)

No abstract available.

7548C-171, Session 5
Lasers, a tool for soft cochleostomies

A. J. Fishman, Feinberg School of Medicine, Northwestern Univ.

(United States) and National Naval Medical Ctr. (United States);
L. E. Moreno, Feinberg School of Medicine, Northwestern Univ.
(United States); A. Rivera, National Naval Medical Ctr. (United
States); C. Richter, Feinberg School of Medicine, Northwestern
Univ. (United States) and National Naval Medical Ctr. (United
States)

Advancements in implantable auditory prostheses now demand
preservation of residual auditory function following the surgery.
Atraumatic cochleostomy formation is essential to this goal. Clinically
reported hearing outcomes in human implantation are still quite variable
in this regard. The objective of the study was to determine whether a
CO2 laser operated with a handheld hollow waveguide can consistently

7548C-181, Session 5

Treatment planning for interstitial
photodynamic therapy for head and neck
cancer

R. L. P. van Veen, D. J. Robinson, H. J. C. M. Sterenborg, Univ.
Medisch Ctr. Rotterdam (Netherlands); J. B. Aans, Erasmus
MC (Netherlands); I. B. Tan, F. Hoebers, Het Nederlands Kanker

Instituut (Netherlands); M. J. Witjes, Univ. Medisch Ctr. Groningen
(Netherlands); P. C. Levendag, Erasmus MC (Netherlands)

No abstract available.

7548C-182, Session 5
Laser interactive thermal therapy for head
and neck lesions

G. Shafirstein, G. Richter, L. Buckmiller, J. Y. Suen, Univ. of
Arkansas for Medical Sciences (United States)

No abstract available.

produce cochleostomies without damaging the residual auditory function.

Human temporal bones were used to present a novel method creating a
cochleostomy and adult guinea pigs were used to test whether cochlear
function will be affected by the procedure. Baseline cochlear function
was determined by recording compound action potential thresholds
evoked by acoustic tone pips. Measurements were conducted at 6
steps per octave and 5 octaves starting at 50 kHz. The sound level as
attenuated from 0 to 80 dB in steps of 5 dB.

The human temporal bones were mounted and a standard approach
through the facial recess was used to access the cochlea. The lateral
bone was thinned at the basal turn with a motorized drill (Anspach
Effort®, Palm Beach Gardens, FL, USA). Care was taken not to open the
cochlea. The final opening of scala tympani was made with the handheld
CO2 laser fiber (BeamPath® OTO-S, OmniGuide® Inc., Cambridge, MA,
USA) and a Sharplan 20C CQO2 laser (Lumenis®, Yokneam, Israel).

In addition to describing the surgical approach, our experiments have
demonstrated that for a careful selection of the laser’s power, the safety
range for the laser is superior to the safety range of drilling. Particularly
important is the finding that multiple laser pulses through the same
cochleostomy do not further increase the initial compound action
potential (CAP) threshold elevation. Moreover, multiple laser pulses at
different locations of the cochlea do not further increase the initial CAP
threshold elevation observed after the first laser pulse. When opening the
inner ear, safe laser settings would be up to 4 W, at pulse durations of
100 ms in single pulse mode.
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7548D-104, Session 1

Contour mapping of the chemical
composition within human coronary artery via
intravascular Raman spectroscopy

J. Nazemi, J. F. Brennan lll, Prescient Medical, Inc. (United
States); G. M. Sangiorgi, Univ. of Modena and Reggio Emilia
(Italy); A. Mauriello, Univ. of Rome Tor Vergata (ltaly)

The concentrations of lipids in human coronary artery can be estimated
accurately with high wavenumber-shifted Raman spectra, which can be
measured through a single optical fiber. Building upon these findings,

we developed an intravascular catheter system that can measure
spectra from the full lumen of a given coronary artery. These spectra

can be processed to produce maps of chemical concentrations, such as
cholesterol and esterified cholesterol, within an arterial wall. To assess
this catheter system, we gathered spectra during pullback procedures

in several coronary artery segments and correlated the mappings with
histology. Human coronary artery segments were dissected from donor
hearts within 24 hours after death, snap-frozen, and stored at -80 °C until
use. After the segments were thawed, an intravascular Raman diagnostic
catheter was positioned distally within an artery segment, and then the
sensors were illuminated. The initial sensor position was marked with
ink, and the catheter was withdrawn at 0.5 mm/s, sampling the artery
every 250 um along its length and at 8 locations spaced circumferentially
around the artery. The spectra were processed according to previously-
established algorithms to estimate the concentrations of cholesterol,
esterified cholesterol, triglycerides, and protein , and the information was
displayed as contour maps of chemical concentrations within arterial
segments. The coronary segments were sectioned at fixed intervals

and examined by a pathologist to determine the tissue morphology. We
compared the Raman-derived contour maps to the artery morphology
and found that the locations of plaques correlated well with increased
concentrations of cholesterol and cholesterol esters.

7548D-105, Session 1

A steerable IVUS guided multimodal catheter
for in vivo time-resolved fluorescence
spectroscopy

H. Xie, D. N. Stephens, Y. Sun, Y. Sun, L. Marcu, Univ. of
California, Davis (United States)

This study is to develop a multi-modal intravascular diagnostic
technique integrating time-resolved fluorescence spectroscopy

(TRFS) and intravascular ultrasonography (IVUS) to provide combined
compositional and structural characterization of atherosclerotic plaques.
We demonstrate the design of a prototype catheter (5.4 Fr) combining

a 400 pm side-viewing optical fiber (SVOF) with 3.2 Fr 30 MHz IVUS
probe. The hybrid catheter can locate a fluorophore mounted on a stent
in vivo vessel wall, perform water flushing in flowing blood, and acquire
consistent TRFS emission induced with pulsed UV laser excitation.

The steering capability of the catheter allows for the co-registration of
the site location of the TRFS measurement with the IVUS image plane.
The performance of the catheter were evaluated in pig arteries in vivo
(n=3) for the intravascular investigation. The resulting fluorescence
spectrums from the pig arteries were proved to be consistent with the pig
arterial wall composition and the retrieved average lifetime is relatively
independent of blood interference. Co-registration of aligning the IVUS
image plane and the SVOF beam was evaluated successfully by using

a 0.8 mm fluorophore mounted on a 7 mm billiary stent, resulting in a
guiding precision of 0.23 + 0.12 mm to the site location on the pig arterial
wall. A catheter pull-back procedure in vivo is also demonstrated using
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real-time TRFS acquisition method, suggesting that TRFS measurement
can be obtained in vivo at distances from the arterial wall up to 0.5 mm.
Current results support the conclusion that this multi-modal catheter can
be applied to clinical diagnosis of the intravascular atherosclerotic plaque
under IVUS guidance.

7548D-106, Session 1

Endoscopic FLIM images of carotid plaque:
an automated classification method

J. E. Phipps, N. Hatami, Y. Sun, R. Saroufeem, L. Marcu, Univ. of
California, Davis (United States)

The objective of this study is to develop an automated algorithm

which uses fluorescence lifetime imaging microscopy (FLIM) images

of human carotid atherosclerotic plaque to provide quantitative and
spatial information regarding compositional features related to plaque
vulnerability such as collagen degradation, lipid accumulation, and
macrophage infiltration. Images from human carotid plaques have been
acquired through a flexible fiber imaging bundle with intravascular
potential at three wavelength bands optimal to recognize markers of
vulnerability: f1: 377/55 nm, f2: 460/50 nm, and 3: 510/80 nm (center
wavelength/bandwidth). An automated algorithm segments groups of
similar pixels then calculates ratios of spectroscopic parameters derived
from the FLIM measurements to determine chemical composition.
Correlations with histopathology are analyzed and statistical significance
is calculated with an ANOVA analysis. For example (results given as
mean +/- standard error), calculating a ratio of average fluorescence
lifetimes from f1 and 2 distinguishes elastin-rich (1.60 +/- 0.1) from
lipid-rich regions (1.30 +/- 0.1); a ratio of fluorescence intensity from f1
and f3 distinguishes collagen-rich (0.60 +/- 0.12) from lipid-rich regions
(1.05 +/- 0.05); a ratio of a deconvolution parameter from f1 and 3
distinguishes collagen-rich (0.90 +/- 0.05) from lipid-rich regions (1.10 +/-
0.06). The algorithm finally displays a false-color image with each pixel
representative of varying amounts of elastin, collagen, and lipid content.
The capability of this algorithm to use FLIM images to quickly determine
the chemical composition of atherosclerotic plaque, particularly related
to vulnerability, further enhances the potential of this system for
implementation as an intravascular diagnostic modality.

7548D-107, Session 1

Raman spectroscopy for atherosclerotic
plaque characterization

A. H. Chau, Massachusetts Institute of Technology (United
States) and Massachusetts General Hospital (United States); J.
A. Gardecki, B. E. Bouma, G. J. Tearney, Massachusetts General
Hospital (United States) and Harvard Medical School (United
States)

Raman spectroscopy is a promising technique for evaluating
atherosclerotic plague composition, yielding detailed information about
the chemical composition of the arterial wall. While most biological
applications of Raman spectroscopy have been performed in the
“fingerprint” region (Raman shifts between 400 and 1800 1/cm), the
high wavenumber region (2700-3100 1/cm) offers distinct technical
advantages, including increased Raman signal relative to the fluorescent
background and potentially less fiber background. However, the high
wavenumber region may yield different molecular information and

thus have different diagnostic capability. In this talk, we present a
benchtop Raman system capable of acquiring Raman spectra in both
wavenumber regions. In contrast to previous work, which focused on
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plaque characterization based on the Raman spectrum from a single

site within the plaque, our system utilizes a line scanning paradigm,

in which Raman spectra are acquired at fixed intervals across the full
cross-section of the plaque. Using the benchtop Raman system, we have
acquired a database of Raman line scans and corresponding histology
for over sixty plaque specimens. Using this database and a chemical
basis spectra model, we compare the diagnostic capability of fingerprint
and high wavenumber Raman spectroscopy for plaque characterization.
By examining fit coefficient profiles for Raman line scans, it is possible to
determine the presence and size of an atherosclerotic lesion.

7548D-108, Session 1

Non-thermal ablation technology for
arrhythmia therapy: acute and chronic
electrical conduction block with
photosensitization reaction

A. Ito, H. Matsuo, T. Suenari, T. Kajihara, Keio Univ. (Japan); T.
Kimura, S. Miyoshi, Keio Univ. School of Medicine (Japan); T.
Arai, Keio Univ. (Japan)

We have examined the possibility of non-thermal ablation technology
for arrhythmia therapy with photosensitization reaction, in which
photochemically generated singlet molecular oxygen may induce
myocardial electrical conduction block. In the most popular energy
source for arrhythmia catheter ablation; radiofrequency current, the
thermal tissue injury causes electrophysiological disruption resulting

in electrical isolation of ectopic beats. The temperature-mediated
tissue disruption is difficult to control because the tissue temperature

is determined by the heating and thermal conduction process, so

that severe complications due to excessive heat generation have

been the problem in this ablation. We demonstrated the electrical
conduction block of surgically exposed porcine heart tissue in vivo with
photosensitization reaction. The acute myocardial electrical conduction
block was examined by the stimulation and propagation set-up
consisting of a stimulation electrode and two bipolar measurement
electrodes. Fifteen to thirty minutes after the injection of 5-10 mg/kg
water-soluble chlorin photosensitizer, talaporfin sodium (NPe6, LS11),
the laser light at the wavelength of 663 nm with the total energy density
of 50-200 J/cm2 was irradiated several times with 3 mm in spot-size to
make electrical block line in myocardial tissue across the conduction
pathway between the bipolar measurement electrodes. The propagation
delay time of the potential waveform increased with increasing the
irradiated line length. The observation of Azan-stained specimens in the
irradiated area two weeks after the procedure showed that the normal
tissue was replaced to the scar tissue, which might become to be
permanent tissue insulation. These results demonstrated the possibility
of non-thermal electrical conduction block for arrhythmia therapy by the
photosensitization reaction.

7548D-109, Session 1

Monitoring and guidance of cardiac
radiofrequency ablation using optical
coherence tomography

C. P. Fleming, H. Wang, Z. Hu, Case Western Reserve Univ.
(United States); K. J. Quan, Metro Health Medical Ctr. (United
States); A. M. Rollins, Case Western Reserve Univ. (United
States)

Radiofrequency ablation (RFA) is now the standard of care for treatment
of many arrhythmias. The objective of epicardial ablation for ventricular
tachycardia is ablation of the surviving myocardium that supports the
arrhythmia by created linear lines of ablation. A major complication that
arises is ablating close to a coronary vessel and ablation in the presence
of epicardial fat limits the success of this procedure. We hypothesized
that Optical Coherence Tomography (OCT) can provide real time
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guidance to identify normal structures.

1600 images from freshly excised swine ventricular wedges were
acquired using microscope integrated Fourier domain OCT system with
linear in k spectrometer, 11pm axial and 10pm lateral resolutions and
40,000 A-line rate. A decision tree model was developed for automatic
classification of the normal epicardium, epicardium with coronary
vessels, and epicardial fat for guidance of epicardial ablation. Principle
component analysis was used to reduce five analysis parameters (light
attenuation, backscattering, imaging depth, tissue heterogeneity, and
gradient intensity) to three principle components. A three tiered decision
tree model resulted in a 5.7% misclassification rate. RFA linear lesions
were subsequently created on ventricular wedges and imaged with

to identify gaps within ablation lines. Gaps of viable myocardium had

a characteristic birefringence band between two ablation lesions and
correlated with triphenyltetrazolium chloride staining to identify viability
and necrosis.

We have demonstrated OCT has great potential for monitoring and
guidance of RFA therapy. A direct image by OCT can guide the precise
application of energy and provide real-time formation of successful
lesions.

7548D-110, Session 2

Impact of the beam distortion on the
quantitative coronary artery optical
coherence tomography analysis

N. Suzuki, H. Yamamoto, S. Ishikawa, Y. Shiratori, A. Miyazawa,
K. Kozuma, T. Isshiki, Teikyo Univ. (Japan)

Introduction: In the field of interventional cardiology, quantitative optical
coherence tomography (OCT) analysis is about to be relevant for the
correct assessment of appropriate coronary artery stent apposition.
Nevertheless, the pseudo stent struts (PS)are sometimes seen at odd
positions in the lumen and locate at the same distance from the image
wire as a true strut. PS may be produced by the distorted beam and
interfere accurate analysis. Our aim was to investigate the incidence of
PS. Methods: We created a simple phantom model (2.5 mm-CypherTM
apposed in 8Fr sheath filled with saline) was created. OCT pullback
images at 1 mm/sec were obtained with an eccentric imagewire position.
The strut location was recognized by locating the strong signal inside
the sheath. Of these, PS was defined as: an irregularity of the alignment
of strut reflections; the difference in the strut-wire distance with one of
the adjacent struts is within 20 micron. Strut contour with and without
PS were delineated by semi-automated dedicated beta-version software
(OCT system software B.0.1, Light Lab Inc., Westford, MA) with cubic
spline interpolation, and symmetry index (= Min/Max diameter) was
calculated. Results: Of the 252 optimal frames, a pseudo strut reflection
was observed in 10 (4.0%). The symmetry index was significantly higher
in strut contours without pseudo strut (0.93+0.05 versus 0.87+0.08,
p=0.001). Conclusion: PS may mislead to the wrong data of clinical
OCT analysis, although it is infrequently observed. This artifact can be
recognized by checking the wire location.

7548D-111, Session 2

Toward the development of an automatic
image processing algorithm for initiating and
terminating intracoronary OFDI pullback

L. P. Hariri, B. Bouma, G. J. Tearney, Massachusetts General
Hospital (United States)

Intracoronary optical frequency domain imaging (OFDI) is a high-
resolution, three-dimensional, catheter-based cross-sectional imaging
technique that requires a non-occlusive saline/contrast purge through
a guide catheter to displace blood and provide clear views of arterial
wall. Recent studies utilized manual pullback initiation/termination
based on real-time image observation. Automated pullback initiation/
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termination, accomplished by conducting real-time OFDI signal analysis
would enable simplified operation and more efficient data acquisition.
We evaluated the use of the images’ first and second moments to 1)
differentiate diagnostic-quality, clear artery wall versus blood-obstructed
fields and 2) determine whether the catheter’s imaging segment was
within an artery or within the guide catheter. Algorithms were tested
retrospectively and prospectively using two data sets: 1) intracoronary
OCT human data obtained from a previously conducted clinical study
and 2) intracoronary OFDI swine data. In the prospective analysis, the
sensitivity and specificity of the ratio of the second and first moments for
distinguishing clear artery wall were 99.6% (95% Cl: 99.4-99.8%) and
97.2% (96.3-98.1%), respectively. For determination of guide catheter,
the second moment had a sensitivity and specificity of 98.1% (97.2-
99.0%) and 99.8% (99.7-99.9%), respectively. These results indicate that
the algorithm may be utilized with intracoronary OFDI for initiating and
terminating automated pullback and digital data recording.

7548D-112, Session 2

Optimizing flushing parameters in
intracoronary optical coherence tomography:
an in vivo swine study

M. J. Suter, S. K. Nadkarni, K. A. Gallagher, N. Asanani, Harvard
Medical School and Wellman Ctr. for Photomedicine (United
States); G. B. Conditt, A. Tellex, K. Milewski, G. L. Kaluza, J. F.
Granada, Cardiovascular Research Foundation (United States);
B. E. Bouma, G. J. Tearney, Harvard Medical School and
Wellman Ctr. for Photomedicine (United States)

Introduction: Intracoronary OCT requires the displacement of blood,

a highly scattering media, for clear visualization of the arterial wall.
Optically transparent radiographic contrast agents have been found

to be highly effective at displacing blood in clinical OCT studies
however, when coupled with relatively large doses administered during
standard percutaneous coronary intervention, may increase the risk of
contrast-induced nephropathy. The goal of this study was to determine
the optimal flushing parameters necessary to reliably perform high
quality intracoronary OCT while reducing the volume of administered
radiographic contrast.

Methods: 14 days prior to imaging, bare metal stents were placed in 3
coronary arteries of 3 swine (9 arteries total). At day 14, OFDI imaging
was performed in each vessel. Both 2 and 3 cc/sec flush rates were
tested with a number of media including Lactated Ringers solution,
5% Dextran 40 in sodium chloride, and increasing concentrations of
routinely used contrast agents including low-osmolar Omnipaque 350
and iso-osmolar Visipague 320. A total of 144 OFDI pullbacks were
acquired together with synchronized EKG and intracoronary pressure
wire recordings.

Results/Conclusion: Flushing media with viscosities that were closely
matched to that of whole blood resulted in rapid and efficient blood
displacement. Media with lower viscosities such as the Lactated Ringers
solution or the diluted contrast solutions resulted in increased mixing

or dilution of the blood rather than displacement therefore reducing the
length of the OFDI imaging segment obtained. Intracoronary pressure
wire readings were utilized to ensure that flushing variances were not
attributed to guide catheter displacement. 100% Visipaque 320 routinely
outperformed the other flushing media in terms of blood clearance rate
and duration, however 5% Dextran 40 in sodium chloride was found to
give highly comparable results. Given that Dextran 40 has been used for
the prevention of nephrotoxicity associated with radiographic contrast
media we recommend that it be used as the preferred OCT flushing
media particularly in patients with decreased kidney function.

Acknowledgements: Merck, R0O1 HL076398, K99 CA134920.
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7548D-113, Session 2

Durable phantoms of atherosclerotic arteries
for optical coherence tomography

C. Bisaillon, M. L. Dufour, G. Lamouche, National Research
Council Canada (Canada)

We previously reported a method to fabricate phantoms of coronary
arteries. This method allows the deposition of multiple layers on a tubular
structure, each layer replicating optical and mechanical properties of
coronary artery layers. We now report further improvements to this
method to produce phantoms of arteries affected by atherosclerosis.
Different strategies used to add features such as intimal thickening, lipid
pools, calcifications, and thin cap fibroatheroma to multilayered coronary
artery phantoms will be presented. The phantoms can be used in training
personnel to use OCT systems and to diagnose different conditions.
They can also be used to develop and test procedures without requiring
human or biological samples. Since they are highly durable, they can also
serve as a reference for comparing results between different systems, or
one system over time.

7548D-114, Session 3

Clinical studies of frequency domain optical
coherence tomography in the coronary
arteries: the first 200 patients

C. Petersen, D. C. Adler, J. M. Schmitt, LightLab Imaging, Inc.
(United States)

We report clinical study results of three-dimensional (3D) in vivo imaging
of human coronary arteries using frequency domain optical coherence
tomography (FD-OCT). Over 200 patients at over 10 study sites were
imaged between August 2007 and July 2009 using FD-OCT systems
and disposable fiberoptic catheters developed by LightLab Imaging Inc.
The first commercial versions of the system was introduced in Europe in
May 2009. The system operates at 50,000 axial lines/s, performing a 50
mm spiral pullback in 2.5 seconds with a rotational frame rate of 100 Hz.
The commercial system employs a proprietary micro-cavity swept laser,
developed jointly with AXSUN Technologies Ltd., which enables high-
resolution imaging of vessel diameters up to 10 mm. Study data indicates
that FD-OCT is being used for post-intervention imaging of deployed
coronary stents in 42% of cases. High-resolution 3D imaging of stent
geometry immediately following deployment enables detection of stent
malapposition, which can increase the risk of thrombosis. Longer term
follow-up imaging of stented vessels can detect thrombus formation,
which can be treated pharmacologically, and neointimal growth, which
may require angioplasty or re-stenting. FD-OCT is being used for pre-
intervention imaging of stenotic lesions in 58% of cases. Here FD-OCT
is used to measure the minimum lumen area and to identify calcified
and lipid lesions, side branches, or other vascular structures that could
interfere with the stenting procedure. Overall, FD-OCT continues to be
adopted at an increasing rate and has provided clinicians with a powerful
tool for pre- and post-intervention assessment of the coronary arteries.

7548D-115, Session 3

OCT catheterization of healthy and diseased
artery models

M. D. Hewko, G. Lamouche, M. Dufour, M. Smith, B. Gauthier, E.
Kohlenberg, S. Bascaramurty, S. Vergnole, C. Bisaillon, L. Choo-

Smith, C. Ko, C. Padioleau, F. D’Amours, E. Pellerin, M. Sowa,
National Research Council Canada (Canada)

An intravascular OCT catheter was developed and tested with both
time-domain and swept-source OCT platforms. Intravascular imaging
was initially conducted in a healthy porcine modified Langendorff heart

customerservice@spie.org 31



Conference 7548D: Diagnostic and

BiOS -

SPIE Photonics West

Therapeutic Applications of Light in Cardiology

model. The left anterior descending coronary artery was catheterized

and imaged with both OCT platforms. Imaged arterial sections were then
harvested and prepared for histology. The co-registered OCT images and
histology sections were compared for OCT image quality and penetration
depth.

While the porcine heart model allowed for refinement of the
catheterization procedure, the morphology was limited to healthy
non-diseased tissue. Myocardial infarction prone Watanabe heritable
hyperlipidemic (WHHL-MI) rabbits were selected as a model of
atherosclerotic disease to allow for imaging of diseased arterial tissue.
The aorta of the rabbit was catheterized with an intravascular OCT

probe and images were collected along the aorta from the descending
arch to the abdominal region. Coronal histological sections were
collected from matched OCT regions and compared for morphological
similarities. Thereafter, several remaining lengths of aortic tissue were cut
longitudinally and the lumen surface was re-mapped with a microscopy
style OCT system for comparison with catheter performance. The
exposed luminal surface was also mapped with Raman spectroscopy
and imaged by laser scanning nonlinear optical microscopy to provide
information on the tissue biochemistry for comparison with both histology
and the morphology of the OCT images.

7548D-116, Session 3

Increase of retrograde blood flow in the early
quail embryonic vitelline artery after acute
hypoxic exposure

S. Gu, M. W. Jenkins, L. M. Peterson, M. Watanabe, Y.
Doughman, A. M. Rollins, Case Western Reserve Univ. (United
States)

During vertebrate embryonic development, hypoxic heterogeneity
contributes to normal development of the cardiovascular system.
Perturbation of the oxygen concentration can cause abnormal
development of the cardiovascular system. Previous studies focused

on hypoxia’s long-term effect on heart morphology, vessel patterning

and gene expression during development. However, it has been recently
demonstrated that mechanical forces exerted by blood flow play an
important role in early development. We hypothesize that short-term
exposure to hypoxia could affect these mechanical forces, and in turn the
cardiovascular system. Using optical coherence tomography (OCT), we
obtained M-mode Doppler images of the right-side vitelline artery of quail
embryos at stage 20 (70-72 hours after incubation). OCT can provide high
spatial (10 micrometer) and temporal resolutions (34 microsec), which
enables us to accurately measure the flow pattern and detect even the
smallest variations. A mild hypoxia (15% 02) was applied to an ex ovo
culture for 1 hour, and significant increases of relative retrograde blood
flow to the forward flow was observed after 5-10 minutes of exposure
(0.9% under normoxic conditions to 3.0% under hypoxic conditions). It
gradually recovered to baseline within 1 hour, demonstrating the ability of
the embryo to adapt to this adverse condition. Embryos pre-treated with
chetomin, an inhibitor of hypoxia-inducible factor 1 (HIF-1), can still adapt
to hypoxia within 1 hour, suggesting a HIF-independent mechanism.
Further exploration between acute changes in flow pattern and structural
changes in the long-term could elucidate mechanisms leading to
congenital heart disease in humans, especially in cases of placental
insufficiency.

This work is supported by NIH grants RO1HL083048, T32EB007509, and
CO06RR12463-01
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7548D-117, Session 3

Clinical experience with intracoronary optical
frequency domain imaging for visualization of
coronary artery microstructure

G. J. Tearney, Massachusetts General Hospital (United States);
S. Waxman, Lahey Clinic (United States); M. Suter, M. Shishkov,
B. Vakoc, Massachusetts General Hospital (United States); A.
Maehara, C. Castellanos, Columbia Univ. Medical Ctr. (United
States); M. Freilich, Lahey Clinic (United States); M. Rosenberg,
Massachusetts General Hospital (United States); G. Weisz, J.
Moses, M. Leon, Columbia Univ. Medical Ctr. (United States); B.
Bouma, Massachusetts General Hospital (United States)

Optical Frequency Domain Imaging (OFDI) is second-generation form
of optical coherence tomography (OCT) that enables the volume
visualization of long segments of coronary artery microstructure following
a brief, non-occlusive saline purge. Here, we report the first studies
conducted with intracoronary OFDI in human patients. Volumetric OFDI
images were obtained in twenty patients following intracoronary stent
deployment. Images were acquired in all three coronary arteries using
non-occlusive saline/radiocontrast purge rates ranging from 3-4 ml/s,
and for purge durations of 3-4 seconds. Good visualization of artery
wall was obtained in all cases, with lengths of clear viewing averaging
6.0 cm at pullback rates at 20 mm/s. A diverse range of microscopic
features were identified in two- and three-dimensions, including thin-
capped fibroatheromas, calcium, macrophages, cholesterol crystals,
bare stent struts, and stents with neointimal hyperplasia. Our results
demonstrate that OFDI is a viable method for comprehensively imaging
the microstructure of long coronary segments in patients and indicate
that this technology will be very useful for studying human coronary
pathophysiology and as a clinical tool for guiding the management of
coronary artery disease.

7548D-118, Session 4

Assessment of peripheral tissue perfusion
by dynamic optical imaging and nonlinear
regression modeling

Y. Kang, J. Lee, Korea Advanced Institute of Science and
Technology (Korea, Republic of); K. Kwon, Ewha Womans
Univ. (Korea, Republic of); C. Choi, Korea Advanced Institute of
Science and Technology (Korea, Republic of)

Accurate measurement of peripheral tissue perfusion is necessary

but challenging in diagnosing peripheral vascular insufficiency. Deep
tissue penetration of near-infrared (NIR) wave has enabled in vivo NIR
fluorescence imaging. The purpose of this study is to estimate the
peripheral tissue perfusion rates from time-series analysis of distribution
and elimination kinetics of a clinically proven NIR fluorescence probe,
indocyanine green (ICG). We developed a new method, dynamic ICG
perfusion imaging technique to evaluate peripheral tissue perfusion that
employs planar imaging with a CCD digital imaging system and time-
series analysis of the spatiotemporal dynamics (150s) of intravenously
injected ICG by using nonlinear regression and differential evolution
methods. Six parameters ( , , s, d, m; parameters which depend on an
arterial input function (AIF) into a lower extremity and p; perfusion rates in
the lower extremity) were estimated by the nonlinear regression modeling
method. We have confirmed the validity of our new method by applying
the method to a normal control and a patient with peripheral arterial
occlusive disease (PAOD). Recirculation time was estimated around 80
to 90 sec after detection of first ICG fluorescence signal in the normal
control. In contrast, PAOD patient showed an unique AlF curve pattern,
which was caused by collateral blood flow passing through the narrowing
major artery. The lower extremity tissue perfusion rate of the PAOD
patient was estimated as 12% to 20% of those of normal values. These
results indicate that ICG perfusion imaging method is sensitive enough to
diagnose PAOD and capable of diagnosing functional arterial diseases.
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7548D-119, Session 4

Assessment of permeation of lipoproteins in
human carotid tissue

K. V. Larin, M. Ghosn, Univ. of Houston (United States)

Cardiovascular disease is among the leading causes of death in the
United States. Specifically, atherosclerosis is an increasingly devastating
contributor to the tally and has been found to be a byproduct of arterial
permeability irregularities in regards to lipoprotein penetration. To

further explore arterial physiology and molecular transport, the imaging
technique of Optical Coherence Tomography (OCT) was employed.

With OCT, the permeation of glucose (MW = 180 Da), low density
lipoprotein (LDL; MW = 2.1 x 106 Da), and high density lipoprotein (HDL;
MW = 2.5 x 105 Da) in human carotid tissue was studied in vitro to
determine the effect of different molecular characteristics on permeation
in atherosclerotic tissues. The permeability rates calculated from the
diffusion of the molecular agents into the abnormal carotid tissue
samples is compared to those of normal, healthy tissue. The results show
that in the abnormal tissue, the permeation of agents correlate to the
size constraints. The larger molecules of LDL diffuse the slowest, while
the smallest molecules of glucose diffuse the fastest. However, in normal
tissue, LDL permeates at a faster rate than the other two agents, implying
the existence of a transport mechanism that facilitates the passage

of LDL molecules. These results highlight the capability of OCT as a
sensitive and specific imaging technique as well as provide significant
information to the understanding of atherosclerosis and its effect on
tissue properties.

7548D-120, Session 4

Intraoperative assessment of acute
revascularization effect on ischemic muscle
perfusion and oxygenation

Y. Shang, Univ. of Kentucky (United States); Y. Zhao, Univ. of
Kentucky (United States) and Tianjin Univ. (China); R. Cheng, L.
Dong, S. P. Saha, G. Yu, Univ. of Kentucky (United States)

Peripheral arterial disease (PAD), a manifestation of lower extremity
atherosclerosis, may result in tissue ischemia, causing intermittent
claudication, rest pain and limb loss. Arterial revascularization can
improve macro-circulation via bypass grafts or percutaneous transluminal
angioplasty (PTA), thus potentially improving microcirculation and

tissue oxygenation. A novel flow-oximeter based on near-infrared

diffuse correlation spectroscopy (see another submitted abstract) has
been developed for simultaneous measurement of the relative change

of calf blood flow (rBF), oxy- and deoxy- hemoglobin concentration
(A[HbO2] and A[Hb]) during revascularization. Nine legs out of eight PAD
patients underwent low leg revascularization (2 PTAs, 6 bypass grafts,

1 PTA with bypass graft) have been studied. Two sterilized fiber-optic
probes were taped respectively on the calf muscles in both legs before
surgery. Calf muscle blood flow and oxygenation were continuously
monitored throughout the revascularization. The post-revascularization
values were averaged for 20 minutes and compared to the 10-minute
averaged pre-revascularization baseline. The optical measurements
demonstrated high sensitivity to dynamic physiological events (e.g.,
arterial clamping and releasing). Significant improvements in calf rBF
[+49.5+13.5% (mean+SE), p = 0.006] in the surgical legs were observed
after revascularization whereas acute revascularization effects in tissue
oxygenation were not evident (A[HbO2] = -1.0+1.7 pMol and A[Hb] =
+2.77+1.49 pMol, p>0.05). Further investigations are being conducted to
correlate these acute effects with long-term clinical outcomes. This first
pilot study suggests a role for the novel diffuse optical technologies in
intraoperative evaluation of acute effects of revascularization on ischemic
muscle perfusion and oxygenation.
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7548D-121, Session 4

Optical frequency domain imaging for
intracoronary blood flow measurements

G. J. Tearney, M. Suter, B. Vakoc, M. Shishkov, S. Nadkarni, B.
Bouma, Massachusetts General Hospital (United States)

Interventional cardiologists measure intracoronary blood flow using an
ultrasound Doppler guide wire to evaluate coronary vascular function
and guide percutaneous coronary intervention (PCl). However, Doppler
ultrasound requires a separate, standalone instrument and is difficult
to use because the Doppler signal is dependent on the orientation of
the transducer’s tip. Optical Frequency Domain Imaging (OFDI), a new
intracoronary imaging technique that enables the volume visualization
of long segments of coronary artery microstructure, is currently on the
verge of widespread clinical adoption. If intracoronary blood flow could
be measured using an OFDI system and catheter, then imaging and
functional perfusion measurements could be conducted easily, rapidly,
and without additional cost above and beyond that of an OFDI device.
In this abstract, we report a preliminary feasibility study to determine
the capability of OFDI to measure blood flow in coronary arteries of
living swine. For this study, a 2.4F OFDI catheter was inserted in a
swine coronary artery in vivo, blood allowed to freely flow through the
vessel, and OFDI data obtained while catheter optics were stationary.
The OFDI data was processed to produce a flow waveform. Comparison
of the OFDI flow waveform to EKG and pressure waveforms, obtained
simultaneously with the OFDI data, demonstrated a high degree of
correlation between the different measurements. These results indicate
that OFDI may be utilized to obtain both structural and functional
intracoronary flow measurements in vivo.
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7548E-122, Session 1

Multichannel time-resolved spectroscopic
system for TBl/stroke monitoring: preliminary
study

J. J. Selb, Massachusetts General Hospital (United States); M.
Mujat, D. X. Hammer, N. Iftimia, Physical Sciences, Inc. (United
States)

We have developed a compact multi-channel time-resolved near-infrared
spectroscopic (TR-NIRS) instrument for topographic brain imaging with
depth sensitivity. The device is based on three time-multiplexed pulsed
laser diodes (690, 800, and 830 nm), whose combined output is injected
through an optical switch to 15 source fibers. The time-correlated single
photon counting (TCSPC) detection uses 8 photo-multiplier tubes (PMTs).
A neutral density filter of variable attenuation is positioned in front of each
detector and can be adjusted to the light level. This versatile device can
accommodate various mono- or bi-hemispheric head probe geometries.
The device interface enables real-time monitoring of blood volume

and oxygenation: it displays 2D maps of oxy- and deoxy-hemoglobin
variations, obtained from the integrated CW signal, as well as maps of
mean time of flight, or pulse width at each wavelength. Further data
analysis for characterization of the baseline optical properties, or imaging
with depth reconstruction are performed off-line. We have characterized
the instrument on phantoms, and have performed preliminary in-vivo
testing. We will now apply the device to measuring absolute cerebral
blood volume and oxygenation on healthy adult subjects, as well as to
performing functional imaging during cerebral activation to characterize
the system depth sensitivity in-vivo. We will then translate the instrument
to the hospital to perform bi-hemispheric measurements on stroke and
traumatic brain injury patients and assess baseline brain oxygenation in
these subjects, as well as their variations during clinical procedures.

7548E-123, Session 1

Functional Doppler optical coherence
tomography for cortical blood flow imaging

L. Yu, G. Liu, E. Nguyen, B. Choi, Z. Chen, Beckman Laser
Institute and Medical Ctr., Univ. of California, Irvine (United
States)

Optical methods have been widely used in basic neuroscience research
to study the cerebral blood flow dynamics in order to overcome the

low spatial resolution associated with magnetic resonance imaging and
positron emission tomography. Although laser Doppler imaging and
laser speckle imaging can map out en face cortical hemodynamics and
columns, depth resolution is not available. Two-photon microscopy has
been used for mapping cortical activity. However, flow measurement
requires fluorescent dye injection, which can be problematic. The
noninvasive and high resolution tomographic capabilities of optical
coherence tomography make it a promising technique for mapping depth
resolved cortical blood flow.

Here, we present a functional Doppler optical coherence tomography
(OCT) imaging modality for quantitative evaluation of cortical blood flow
in a mouse model. Fast, repeated, Doppler OCT scans across a vessel of
interest were performed to record flow dynamic information with a high
temporal resolution of the cardiac cycles. Spectral Doppler analysis of
continuous Doppler images demonstrates how the velocity components
and longitudinally projected flow-volume-rate change over time, thereby
providing complementary temporal flow information to the spatially
distributed flow information of Doppler OCT. The proposed functional
Doppler OCT imaging modality can be used to diagnose vessel stenosis/
blockage or monitor blood flow changes due to pharmacological
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agents/neuronal activities. Non-invasive in-vivo mice experiments were
performed to verify the capabilities of function Doppler OCT.

7548E-124, Session 1

Optically based quantification of absolute
cerebral metabolic rate of oxygen (CMRO2)
with high spatial resolution in rodents

M. A. Yaseen, V. J. Srinivasan, S. Sakad?i&#263;, Massachusetts
General Hospital (United States); S. A. Vinogradov, Univ. of
Pennsylvania (United States); D. A. Boas, Massachusetts General
Hospital (United States)

Measuring oxygen delivery in brain tissue is important for identifying the
pathophysiological changes associated with brain injury and various
diseases such as cancer, stroke, and Alzheimer’s disease.

We have developed a multi-modal imaging system for minimally
invasive measurement of cerebral oxygenation and blood flow in small
animals with high spatial resolution. The system allows for simultaneous
measurement of blood flow using Fourier-domain optical coherence
tomography, and oxygen partial pressure (pO2) using either confocal

or multiphoton phosphorescence lifetime imaging with exogenous
porphyrin-based dyes sensitive to dissolved oxygen.

Here we present the changes in pO2 and blood flow in superficial
cortical vessels of Sprague Dawley rats in response to conditions such
as hypoxia, hyperoxia, and functional stimulation. pO2 measurements
display considerable heterogeneity over distances that cannot be
resolved with more widely used oxygen-monitoring techniques such as
BOLD-fMRI. Large increases in blood flow are observed in response to
functional stimulation and hypoxia.

Our system allows for quantification of cerebral metabolic rate of oxygen
(CMRO2) with high spatial resolution, providing a better understanding
of metabolic dynamics during functional stimulation and under

various neuropathologies. Ultimately, better insight into the underlying
mechanisms of neuropathologies will facilitate the development of
improved therapeutic strategies to minimize damage to brain tissue.

7548E-125, Session 1

Long-term monitoring cerebrovascular
response in focal traumatic and ischemic
brain injuries

Y. Jia, A. Gruber, N. Alkayed, R. K. Wang, Oregon Health &
Science Univ. (United States)

Inadequate cerebral blood flow (CBF) is an important contributor to
neurological disorder after brain injuries. Restoration of local blood flow
in post-traumatic or post-ischemic brain plays a critical role in rescuing
damaged neurons and long-term functional recovery. Therefore, in
clinical, increasing attention has been focused on potential strategies of
promoting cerebrovascular response in the area of insult for recovery of
blood flow supply.

Optical Micro-AngioGraphy (OMAG), capable of resolving 3D distribution
of dynamic blood perfusion at the capillary level within microcirculatory
beds in vivo, has been developed recently. The goal of this study is to
develop and implement OMAG for simultaneouslly in vivo measuring
hemodynamic properties, such as CBF and volume (CBV) and imaging
vascular remodeling, i.e. neovascularization in small rodent animal
models of focal traumatic brain injury (fTBI) and focal ischemic brain
injury (fIBI). Firstly, we used flow phantoms to verify the reliability of

spie.org/pw Return to Contents



Conference 7548E: Optical Techniques in

BiOS -

SPIE Photonics West

Neurosurgery, Brain Imaging, and Neurobiology

this novel microvascular imaging system in vitro, and then tested its
feasibility to evaluate localized CBF in normal mice by comparing

with autoradiography. Then we detected its feasibility to image the
fluctuation of CBF and vascular remodeling in these two animal models.
Separately, the performance of OMAG will be verified by conventional
immunohistochemistry.

7548E-126, Session 2

Four-dimensional multi-site two-photon
excitation

V. R. Daria, C. Stricker, The Australian National Univ. (Australia);
R. Bowman, Univ. of Glasgow (United Kingdom); H. Bachor, S.
Redman, The Australian National Univ. (Australia)

We use high-speed programmable holograms to project three-
dimensional (3D) optical field patterns suitable for multi-site non-linear
photostimulation in four-dimensions. Holographic splitting of a collimated
femtosecond-pulse laser transforms an incident beam into optical

field patterns characterized by several intensity maxima or focal spots.
Each spot can be used for multi-site photostimulation via non-linear
two-photon absorption. To meet the speed requirements, we use a
straightforward derivation of the hologram with no iterative optimization
procedure. We further optimize the speed by taking advantage of the
parallel computing capability of a graphics accelerator board. Since no
iterative optimization procedure is utilized during the generation of the
hologram, we theoretically analyse the efficiency, fluctuations in peak
intensities, and aberrations as the spots are projected around the focal
volume. For quantitative two-photon response, we show that fluctuations
from interference effects and device parameters can be minimized with
random spot configurations and can be accurately modelled using optical
theory. We further show that the various excitation spots have sufficient
energy and spatiotemporal photon density for localized two-photon
absorption. The multiple spots allow for user-defined multi-site non-linear
photostimulation within the focal volume of a lens. The applications of our
system point to 3D non-linear microscopy, volume holographic storage,
microfabrication and nano-surgery. In neuroscience, our system allows
for realistic simulation of integrating simultaneous synaptic signals from
multiple sites within the 3D dendritic trees of a neuron. Photo-stimulation
of neurotransmitters at arbitrary sites provides fundamental answers to
the mechanisms of information processing in the human brain.

7548E-127, Session 2

A modified MPEG2 algorithim for HD and 3D
medical imaging
W. J. Picard, Picard Internet Products (Canada)

The worlds economy now feeds off of promoting problems that often
have simple cures if thinking beyond the envelope is used. This paper
describes novel cures to cancer detection and cure through compression
based vision algorithms described for medical robots to reduce the high
cost of medical care. A cure for computer eyestrain and fatigue using a
$100 laptop terminal with a more vision friendly 3D LCD screen display
algorithm described in detail. Finally a solution to the world’s monetary
crisis by pegging the US dollar to Federal Reserve Bank real estate
mortgages instead of precious metals to promote confidence. An oatmeal
breakfast made with tea cures world hunger due to poverty and the car
based US economy could be saved by promoting large cars and energy
conservation simultaneously through car pools of 4 or more occupants.
A survey of home and work postal codes among interested parties would
be a good start. Termite stomach bacteria could turn straw into liquid
gold (oil) and hydrogen from seawater is possible using silver chloride
which is light sensitive like silver oxide for film in a photographic process
with a nickel catalyst
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7548E-128, Session 2

Semantic deficit in Chinese dyslexia: a NIRS
study

J. Sun, J. Zhai, T. Li, Z. Zhang, H. Gong, Huazhong Univ. of
Science and Technology (China)

The phonologic and orthographic pathways during semantic processing
in Chinese dyslexic children were evaluated using the stroop paradigm
with near-infrared spectroscopy (NIRS). The NIRS instrument is a
portable, continuous-wave system and can measure concentration
changes of hemodynamic parameters (including oxy-/deoxy-
hemoglobin). Considering better sensitivity, the deoxy-hemoglobin
(deoxy-Hb) measured by NIRS in prefrontal cortex was chosen to indicate
Stroop interference effect and evaluate semantic process. Thirty-one
Chinese primary school children (14 with developmental dyslexia and 17
with normal reading abilities) were recruited to participate in this study.
They were instructed to judge the presented color of color irrelevant
words, color homophone words, and color words, corresponding to
control task, phonological task and semantic task respectively. Stroop
interference effect was reflected as longer response time and more
deoxy-Hb activation than control task. Both behavioral and deoxy-Hb
data showed evident color Stroop effect, but no homophone effect for
normal and dyslexic children. The color Stroop effect was significantly
larger than homophone effect for normal children, but not for the
dyslexics. Further, deoxy-Hb revealed that color Stroop effect and
activation difference between semantic task and phonological task of the
dyslexics was significantly smaller than normal children. These findings
suggest dyslexic children have deficit in semantic processing and that
might be caused by their deficit in processing orthographic information.
The results show that NIRS can be used to study semantic process.

7548E-129, Session 2

Causality of cerebral hemodynamic
responses to whisker stimulation in the rat
brain using NIRS

S. Lee, D. Koh, Korea Univ. (Korea, Republic of); Y. Jung, C. Im,
Yonsei Univ. (Korea, Republic of); B. Kim, Korea Univ. (Korea,
Republic of)

Causality (effective causal connectivity), originated from economics, is
one of the powerful tools in understanding the neurovascular connection
of the brain during brain activation. Recently, the theory of causality has
been applied to explore functional pathways in neurological pathologic
conditions such as epilepsy, schizophrenia and dementia. In this study,
we estimated the effective causal connectivity of cerebral hemodynamic
responses to whisker stimulation in the rat brain using the near-infrared
spectroscopy (NIRS) with the Granger Causality (GC) method. Our results
show that the effective causal connectivity from primary somatosensory
cortex (Sl) and secondary somatosensory cortex (Sll) to primary motor
cortex (M) regions can be identified during whole whisker stimulation.
Also, it shows consistent pattern with electrical causal connectivity
result. We propose that the NIRS with the GC can be a useful tool for
investigating a functional network of the brain.

7548E-130, Session 3

Dynamic contrast enhanced magnetic
resonance imaging (DCE-MRI) for the
assessment of Pc 4-sensitized photodynamic
therapy of a U87-derived glioma model in the
athymic nude rat

A. Anka, P. Thompson, E. Mott, R. Sharma, R. Zhang, N. Cross,
J. Sun, C. A. Flask, N. L. Oleinick, D. Dean, Case Western
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Introduction: Dynamic Contrast-Enhanced-Magnetic Resonance

Imaging (DCE-MRI) may provide a means of tracking the outcome of

Pc 4-sensitized photodynamic therapy (PDT) in deeply placed lesions
(e.g., brain tumors). We previously determined that 150 uL of gadolinium
(Gd) is an optimal dose for U87-derived intracerebral tumors in an
athymic nude rat glioma model. We wish to determine how consistently
DCE-MRI enhancement will detect a statistically significant increase

in Gd enhancement signal following Pc 4-PDT. Methods: We injected

2.5 x 1015 U87 cells into the brains of 5 athymic nude rats. After 8-9
days peri-tumor DCE-MRI images were acquired on a 7.0T microMRI
scanner before and after administration of 150 uL Gd. DCE-MRI scans
were repeated following Pc 4-PDT on Day 11. Results: Useful DCE-MRI
data were obtained for 3 animals before (i.e., Day 8-9) and after (i.e.,

day 11) PDT. Before PDT (i.e., Day 8-9), approximately 30-90 seconds
after Gd administration, an average, normalized peak Gd enhancement
was observed in the tumor region that was 1.298 over baseline (0.029
Standard Error [SE]). The average normalized peak Gd enhancement in
the tumor region in the scan following PDT (i.e., Day 11) was 1.598 (0.080
SE) over baseline, a statistically significant increase in enhancement (p <
0.0247) over the pre-PDT level. Discussion: The 150 uL Gd dose appears
to provide an unambiguous increase in signal indicating Pc 4-PDT-
induced necrosis of the U87-derived tumor region. This protocol may
allow the development of a clinically robust (i.e., unambiguous) technique
for the assessment of PDT outcome.

7548E-131, Session 3

Development of an autofluorescent probe
designed to help brain tumour removal: study
on an animal model

R. Siebert, CNRS, Univ. Paris-Sud 11 (France); B. Leh, Univ.
Paris-Sud 11 (France); M. Collado-Hilly, F. Monnet, INSERM
(France); P. Varlet, Hopital Sainte Anne (France); Y. Charon, Univ.
Paris 7 (France); M. Duval, Univ. Evry (France); L. Menard, Univ.
Paris 7 (France)

The issue of guided brain tumour resection, especially in case of
glioblastoma, is to improve the patient life quality and prognosis. A

way to differentiate healthy from tumorous tissues is autofluorescence
spectroscopy. This modality of detection needs to define a fluorescence
intensity indicator of cancerous tissues.

A probe composed of optical fibres is developed to measure
fluorescence intensity. The first prototype consists of only 2 fibres,
one transferring the excitation light to the tissue, the other collecting
the fluorescent light coming from the tissue thereafter analyzed by a
spectrometer.

To get inside potential discriminating signals between normal and
cancerous tissues, we started first measurements on an animal model.
C6 cells (rat Glioblastoma) are injected in the right striatum of the rat.
After a few weeks of tumour development, the animal is sacrificed and
the fresh (not-perfused) brain is cut into slices for autofluorescence and
histopathological analysis. Several excitation wavelengths are tested. As
a first result, several endogenous fluorophores likely to contribute to the
signal are identified: e.g. the flavins, the lipopigments and the porphyrins.
The intensity of these peaks differs according to the nature of the brain
tissue (white matter, grey matter and healthy or tumourous tissues).
After subsequent fixation (formalin-zinc) of the slices a histopathological
analysis has been done. Autofluorescence and histological results are
compared and a correlation between the current state of the tissue
(cerebral tissue type, tumoral or not, different levels of tumour cell
concentration) and the autofluorescence spectrum has been carried out.
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7548E-132, Session 3

Bypassing the blood brain barrier: delivery of
therapeutic agents by macrophages.

H. Hirschberg, Beckman Laser Institute and Medical Ctr. (United
States); G. Gulsen, Y. J. Kwon, Univ. of California, Irvine (United
States); S. J. Madsen, Univ. of Nevada, Las Vegas (United States)

Cells migrating out from malignant brain tumors have the ability to
insinuate themselves seamlessly and extensively into normal neural
tissue. They are therefore protected by the blood brain barrier (BBB)
which prevents the delivery and limits the effects of anti-tumor agents.
For a therapeutic agent delivery system to be successful at preventing
glioma recurrence, some means of bypassing the BBB is necessary.
Tumor-associated macrophages (TAMs) are frequently found in and
around glioblastomas in both experimental animals and patient biopsies.
Intravenously injected macrophages loaded with iron oxide nanoparticles
have been shown to target experimental brain tumors. This would
indicate local synthesis of chemo attractive factors in gliomas and

that inflammatory cells can pass through an intact BBB. Monocytes or
macrophages loaded with drugs, nanoparticles or photosensitizers could
therefore be used to target tumors. In this context the ability to increase
macrophage migration into brain tumors is a critical factor. We have
investigated photodynamic therapy (PDT) as a method to increase the
number of inflammatory cells in experimental brain tumors in rats. PDT
was highly effective in locally opening the BBB and inducing macrophage
migration into the irradiated portions of normal brain. In addition PDT

at low fluence levels could significantly increase the number of TAMs in
treated brain tumors in rats. Experiments to determine the ability of PDT
to increase the number of iv injected nanoparticle loaded macrophages
into C6 tumors in rodents is presently ongoing.

7548E-133, Session 3

Near-infrared-activated gold nanoshells for
thermal ablation of macrophages in vitro

S. J. Madsen, A. R. Makkouk, Univ. of Nevada, Las Vegas (United
States); H. M. Gach, Nevada Cancer Institute (United States); H.
Hirschberg, Beckman Laser Institute and Medical Ctr. (United
States)

The diffuse and infiltrative nature of glioblastoma multiforme (GBM) is a
primary factor for its resistance to therapeutic interventions. Therefore,
one of the challenges in brain tumor therapy is maintaining an elevated
concentration of therapeutic agents at the tumor site in order to prevent
the spread of tumor cells into healthy tissue. In this context, cell-based
vectorization of therapeutic agents has significant potential. The use

of circulating cells, such as macrophages, presents several features

of interest in the case of brain tumors. Specifically, studies in rat brain
tumor models have found high concentrations of macrophages within the
tumor and near the tumor periphery. Therefore, macrophages may serve
as a vector for the delivery of therapeutic agents such as gold-coated
nanoshells.

Uptake of both nanoshells and iron oxide particles by rat macrophages
was investigated in vitro using inductively coupled plasma atomic
emission spectroscopy (ICP-AES) and transmission electron microscopy
(TEM). The rationale for using iron oxide particles is that, unlike
nanoshells, they can be visualized on magnetic resonance images

thus providing a means for imaging macrophage distributions in vivo.
The results clearly demonstrated the ability of this macrophage line to
internalize both types of particles. Significant cell death was observed
following exposure of nanoshell-laden macrophages to near-infrared
(810 nm) light, corresponding to the absorption peak of these particles.
Collectively, the in vitro results suggest that photothermal ablation of
GBM may be possible via macrophage-mediated delivery of nanoshells.
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7548E-134, Session 3

RF hyperthermia using conductive
nanoparticles

M. Gach, T. Nair, Nevada Cancer Institute (United States)

Specific absorption rate (SAR) heating using radiofrequency (RF) waves is
affected by the RF frequency and amplitude, and the conductivity of the
tissue. Recently, conductive nanoparticles were demonstrated to induce
hyperthermia in vitro and in vivo upon irradiation with an external 13.56
MHz RF field. The addition of conductive nanoparticles was assumed

to increase the tissue conductivity and SAR. However, no quantitative
studies have been performed that characterize the conductivities of
biocompatible nanofluids or tissues containing nanoparticles, and relate
the conductivity to SAR.

The complex permittivities of nanofluids containing single-wall carbon
nanotubes (SWCNTSs) in normal saline were measured for different
nanoparticle concentrations (0 to 93 mM for carbon) and RF frequencies
(20 MHz to 1 GHz) using a dielectric probe and RF impedance analyzer.
The nonionic surfactant Pluronic F108 was added to the solutions

to minimize aggregation of the nanotubes. The conductivities of the
nanofluids were derived from the imaginary component of the permittivity
and corrected for the dipolar nature of water. The conductivities of the
nanofluids rose linearly with carbon concentration and RF frequency. The
dielectric of the nanofluids also rose linearly with carbon concentration
above a percolation threshold of 5 mM but decreased with increasing RF
frequency.

The nanofluids were placed inside a Bruker 7T/20 magnetic resonance
(MR) imaging (MRI) system and irradiated at 300 MHz using a high duty
cycle pulse sequence. The temperature changes were measured directly
using fiber-optic thermometers and indirectly using MR thermometry and
spectroscopy. Temperature changes were consistent with the nanofluid
conductivities.

7548E-135, Session 4

Using the blood oxygenation level dependent
signal utilizing spectral-domain optical
coherence tomography

E. Freeman, Y. Wang, M. S. Islam, C. M. Oh, A. Ortega, B. H.
Park, Univ. of California, Riverside (United States)

While a number of imaging technologies, such as fMRI and diffuse
optical imaging, have successfully utilized the blood oxygenation level
dependent (BOLD) signal to image neural activity, the exact mechanisms
underlying this signal remain largely unknown. Current thinking
hypothesizes that the BOLD signal is caused by some combination of
changes in overall blood flow and localized oxygen consumption as
observed through the ratio of oxygenated to deoxygenated hemoglobin.
However, previously utilized techniques have largely lacked the
appropriate spatiotemporal resolution necessary to elucidate a detailed
sequence of events from neural activation through detection of the
various components in the BOLD signal. The aim of this study is assess
the feasibility of spectral-domain optical coherence tomography to study
the BOLD signal. In particular, the results of optical Doppler tomography
and spectroscopic OCT imaging of porcine blood in a microfluidic
chamber designed to mimic neural architecture will be presented.

7548E-136, Session 4

Diffuse reflectance spectroscopy on cerebral
cortex of pediatric patients with tuberous
sclerosis complex

S. Oh, Miami Children’s Hospital (United States) and Florida
International Univ. (United States); T. Stewart, S. Bhatia, J.
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Ragheb, I. Miller, Miami Children’s Hospital (United States);
W. Lin, Miami Children’s Hospital (United States) and Florida
International Univ. (United States)

Patients with tuberous sclerosis complex (TSC) often suffer from
spontaneous recurrent seizures. One of most effective treatment for
these patients is surgical resection of the epileptogenic cortical tubers.
This study reports on the use of intraoperative diffuse reflectance
spectroscopy on the cerebral cortex associated with tuberous sclerosis
in vivo as a method of surgical guidance during tuberectomy.

A pilot clinical study on three pediatric patients with TSC who underwent
tuberectomy for seizure control was conducted by using a diffuse
reflectance spectroscopy with a fiber-optic probe.

Diffuse reflectance spectra were intraoperatively collected from the
surface of cortex above tuber, the surface of normal cortex, and directly
on the tuberous sclerosis tissue.

Significant findings from the pilot clinical study are that the cortex above
the tuber has less cerebral blood volume as well as lower hemoglobin
oxygenation, compared to the normal cortex. Also this cortex has the
combined optical properties of the normal cortex and the tuber. One
reason for this may be that the measurement on the cortex above tuber
has some portion of normal cortex as well as tuber.

Proper interpretation and understanding of diffuse reflectance
spectroscopy data from the cortex above tuber is important in making a
clinical decision for the surgical plan. The findings in this study suggest
the value of optical spectroscopy for aiding the surgical guidance in
cases of tuberectomy for seizure control.

7548E-137, Session 4

Neuroendovascular optical coherence
tomography Imaging: Clinical feasibility and
applications.

M. S. Mathews, Univ. at Buffalo (United States); J. Su, E. Heidari,
Beckman Laser Institute and Medical Ctr. (United States); M. E.
Linskey, Univ. of California, Irvine (United States); L. N. Hopkins,
Univ. at Buffalo (United States); Z. Chen, Beckman Laser Institute
and Medical Ctr. (United States)

Optical Coherence Tomography (OCT) is a high resolution in vivo imaging
modality that has found wide clinical application for retinal imaging. More
recent work has found it to be feasible and useful for luminal imaging
(such as gut and respiratory) as well as for coronary vascular imaging.
However there has been very little work demonstrating its safety,
feasibility, and applicability for intracranial use. The authors report on

a clinical series of intracranial OCT imaging using neuroendovascular
techniques. OCT imaging was carried out in patients using groin access
under fluoroscopic visualization, with approval from the Institutional
Review Board. Clinical imaging findings were correlated with cadaveric
specimen imaged with OCT and then visualized histologically using a
trichrome stain. Safety was evaluated using pre- and post-procedure
clinical examination and post-procedure Magnetic Resonance Imaging

in some cases. There was no clinical or radiographic evidence of post-
procedure complications. OCT findings correlated well with histology.
The study demonstrated that clinical neuroendovascular OCT imaging

is safe and feasible. Potential applicability for visualization of intracranial
pathology such as intracranial aneurysms, arteriovenous malformations,
plaques, and dissections will be discussed.

7548E-138, Session 4

Brain connectivity study of joint attention
using frequency-domain optical imaging
technique

U. Chaudhary, V. Sharma, A. Godavarty, Florida International
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Autism is a socio-communication brain development disorder. It is
marked by degeneration in the ability to respond to joint attention skill
task, from as early as 12 to 18 months of age. This trait is used to
distinguish autistic from non-autistic. In this study, diffuse optical imaging
is being used to study brain connectivity for the first time to probe the
Joint Attention experience in normal adults. The prefrontal region of

the brain was non-invasively imaged using a frequency-domain based
optical imager, Imagent. The imaging studies were performed on 11
normal right-handed adults and optical measurements were acquired in
response to joint-attention based video clips. While the intensity-based
optical data provides information about the hemodynamic response of
the underlying neural process, the time-dependent phase-based optical
data has the potential to explicate the directional information on the
activation of the brain. Thus brain connectivity studies are performed
by computing covariance/correlations between spatial units using these
optical measurements (intensity and phase). The preliminary results
indicate that the extent of synchrony and directional variation in the
pattern of activation varies in the left and right prefrontal regions of

the brain. The result has significant implication for research in neural
pathways associated with autism, which can be mapped using diffuse
optical imaging tools.

7548E-139, Session 4

Dynamic differential imaging of intrinsic
optical responses in the retina

X. Yao, Y. Li, L. Liu, The Univ. of Alabama at Birmingham (United
States)

Different eye diseases, such as glaucoma, diabetic retinopathy, macular
degeneration, etc., can target different retinal neurons. Because of the
complexity of retinal structure, high resolution examination of stimulus-
evoked retinal neural activities is important for accurate identification

of localized retinal dysfunction, and thus provide improved disease
diagnosis and treatment evaluation. Fast intrinsic optical signals (I0Ss)
have time courses comparable to electrophysiological kinetics of the
retina, and thus near infrared light imaging of fast IOSs holds promise
for high resolution imaging of retinal function. However, practical
application of fast I0Ss has been challenged by low specificity, i.e.,
unclear sources and mechanisms, of I0Ss. Recently, we demonstrated
dynamic differential recording of IOSs correlated with photoreceptor

and post-photoreceptor responses. Both conventional microscope and
home-built confocal imager were employed to investigate transmitted
and reflected light I0Ss in frog retinas activated by variable stimuli. High-
speed (1000 Hz) differential imaging disclosed rapid 10S, which might
relate to early photoreceptor response, immediately after the onset of the
stimulus. Moreover, both fast IOSs and simultaneous electrophysiological
responses could follow high frequency flicker stimuli up to at least 6

Hz. It is well known that different retinal neurons, such as cone and

rod systems, have different critical fusion frequency (CFF), which is the
maximal frequency of stimulation that can be perceived as flickering.
Further development of dynamic differential imaging of fast I0OSs
correlated with retinal flicker stimuli may provide selective evaluation of
different retinal neurons.
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7548F-140, Session 1

Potential of Raman spectroscopy to evaluate
bone quality in postmenopausal osteoporosis
patients.: first results of a perspective study

G. S. Mandair, F. W. Esmonde-White, A. M. Swick, Univ. of
Michigan (United States); M. P. Akhter, Creighton Univ. (United
States); J. Kreider, S. A. Goldstein, Univ. of Michigan (United
States); R. R. Recker, Creighton Univ. (United States); M. D.
Morris, Univ. of Michigan (United States)

As part of our ongoing assessment of bone tissue composition and
structure, we report the first results of a prospective study to investigate
the potential of using Raman spectroscopy to diagnose and predict
skeletal fragility in postmenopausal osteoporosis patients. This multi-
center study will assess several potential spectroscopic and X-ray based
diagnostic techniques. One hundred and twenty participants will be
enrolled in this five year study and the investigators will be blinded to
information concerning patient history and status. They are given iliac
crest bone biopsy specimens with no identifying information except a
patient study number. Our research centers will use micro-computed
tomography (micro-CT) to identify regions of interest in both cortical and
trabecular bone from specimens delivered to us. Raman imaging will

be performed using a line-focused 785 nm laser in order to obtain local
and averaged values on several spectroscopic metrics of bone quality.
These metrics include mineral crystallinity, carbonate/phosphate ratio,
and mineral/matrix ratio. Results from the initial set of biopsies will be
presented. Protocols for obtaining measurements will be discussed, with
emphasis on the challenges presented by the use of fixed and polymer
embedded specimens.

7548F-141, Session 1

Stereo digital image correlation for
charaterization of fresh bone

M. E. Bland, Univ. of Michigan (United States); M. Cortes,
Western New England College (United States); K. J. Solt, M.
Siadat, L. X. Yang, Oakland Univ. (United States)

In this study a whole field, non-contact optical method, Stereo Digital
Image Correlation (SDIC), was used to determine the strain distribution
and mechanical properties of fresh bone in Phosphate Buffered

Saline (PBS) solution. Knowing the whole-surface strain distribution

of bone is useful for understanding the effects of normal physiological
loading, disease, drugs and aging. In addition, knowing the mechanical
properties of bone will aid in the design of new biomaterials. Although
there currently are methods for measuring the mechanical properties

of bone, these methods have some limitations. Many current methods
are only able to characterize material properties at select points. These
methods may miss areas of strain concentration, especially because of
the inhomogeneous nature of bone. Digital speckle pattern interferometry
is a whole surface method but is restricted to small displacement
measurements. It is also difficult to measure fresh bone with a complex
surface. SDIC overcomes these limitations by being able to precisely
measure whole-surface 3D contour and strain of samples in solution over
a wide range of deformations. In this study, SDIC was used to measure
the axial and transverse strain of fresh chicken tibia. A setup which has
the capability to apply force axially or transversely was designed. This
paper describes the methodology of SDIC for measuring fresh bone

in a PBS solution. The effect of drying time on strain distribution was
investigated. The usefulness of the SDIC system is demonstrated by
examples of deformation and strain measurements for different chicken
tibia in PBS solution.

This study was supported by NSF/NIH 0552707
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7548F-142, Session 1

Polarized Raman spectroscopy of bone
tissue: watch the scattering

M. Raghavan, N. D. Sahar, R. H. Wilson, M. Mycek, Univ. of
Michigan (United States); N. Pleshko, Temple Univ. (United

States); D. H. Kohn, M. D. Morris, Univ. of Michigan (United
States)

Polarized Raman spectroscopy is widely used in the study of molecular
composition and orientation in synthetic and natural polymer systems.
Here, we describe the use of Raman spectroscopy to extract quantitative
orientation information from bone tissue. Bone tissue poses special
challenges to the use of polarized Raman spectroscopy for measurement
of orientation distribution functions because the tissue is turbid and
birefringent. Standard polarized Raman theory assumes that the medium
is completely transparent. However, multiple scattering in turbid media
depolarizes light and is potentially a source of error. In this work, we aim
to characterize these multiple scattering effects on the polarized bone
Raman spectra.

Using a Raman microprobe, we show that repeating the measurements
with a series of objectives of differing numerical apertures can be used
to assess the contributions of sample turbidity and depth of field to the
calculated orientation distribution functions. With this test, an optic can
be chosen to minimize the systematic errors introduced by multiple
scattering events. We also measure the elastic light scattering properties
of several different types of bones such as human specimens, genetically
modified mouse bones and deuterium oxide equilibrated mouse bones.
With knowledge of the optical properties of these bone tissues, we

can determine if elastic light scattering affects the polarized Raman
measurements.

7548F-143, Session 1

Raman spectroscopic evidence of crystalline
phosphate precursor to bone apatitic mineral

J. P. McElderry, Q. Yang, G. S. Mandair, R. T. Franceschi, M. D.
Morris, Univ. of Michigan (United States)

Bone is a highly specialized connective tissue comprised of cross-linked
collagen fibers interspersed with apatitic mineral crystallites of various
sizes, shapes, orientation, and composition. However, the nucleation,
growth, and propagation of mineral crystallite into the collagenous

matrix are not clearly understood. By using a research grade inverted
microscope fitted with a line-shaped 830 nm laser and spectrograph,

we show that the Raman scatter from mineralizing cell cultures in an
incubation chamber can be collected and monitored directly through

the bottom of the well-plates over a period of 24 hours. In our studies,
murine-derived MC3T3 cells were incubated at 37°C in the presence

of 5% CO , and 95% humidity. Preliminary results show the presence

of a crystalline phosphate precursor to the stable bone apatite which
diminished over the first 6 hours of mineralization. This transient phase
caused a gradual shift in the phosphate 4 apatitic band center (950-955
cm ). The phosphate ; apatitic band width also narrowed with time. To
quantify the amount of crystal growth in vivo, we used a calibration curve
derived from X-ray powder diffraction and Raman studies performed on a
series of synthetic carbonated apatites and deproteinated mouse femoral
specimens.
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7548F-144, Session 2

Results of CO2 robotic laser oseotomy in
surgery with motion compensation

H. M&nnich, D. Stein, Univ. Karlsruhe (Germany)

This paper presents a visual servoing application with and without
motion compensation and a fixed visual servoing configuration for CO2
laser osteotomy. A multi camera system from ART is used to track the
position of the robot and a skull via marker spheres that are attached to
both. A CT scan from the skull is performed and segmented to acquire
a 3D model. Inside the model the position for the robot for the laser
ablation is planned. The accuracy of the lightweight robot is increased
with the additional supervision of an optical tracking system. Accuracy
improvement was measured with an FARO measurement arm. A visual
servoing control schema is presented. The demonstrator shows a
working visual servoing application for laser osteotomy. To improve

the error resulting mainly from the delay to acquire the data from the
devices a motion compensation algorithm is introduced based on
iterative learning and a normalized Least Mean Square (nLMS) filter. The
results during the simulation and the experimental setup are shown. The
system was then evaluated with the CO2 laser system OsteolLas X10
from Caesar - Bonn, Germany. Different cuts are performed in a static
case and with breathing motion with the robot. For the breathing motion
a robotic breathing simulator is used. The reached accuracy and the
cutting results on bone are shown in both cases.

7548F-145, Session 2

Maturity of human bone estimated by FTIR
spectroscopy analysis: implications for
ostheoporosis

I. Salas-Garcia, L. Buelta-Carrillo, F. Fanjul-Vélez, N. Ortega-
Quijano, Univ. de Cantabria (Spain); M. Rada-Arias, ICANE
(Spain); J. L. Arce-Diego, Univ. de Cantabria (Spain)

The knowledge about bone structure is important in several pathologies,
like osteopetrosis or osteomalacia. The process of hidroxiapatite
deposition on collagen structure is specially relevant in ostheoporosis.
This pathology affects 1 out of 3 women and 1 out of 12 men over 50
years old.

There are several works that deal with the amount of mineral and organic
components in bones. They show the existence of changes in these
components of the bone tissue with the patient’s age and pathology.
Most of them are based on homogenized bone, so they do not consider
the spatial heterogeneity of the bone.

Fourier Transform Infrared spectroscopy (FTIR) is an optical technique
that allows the study of spatial bone properties. In this work the variations
of the properties of mineral and organic bone components depending on
anatomical position and patient’s age are studied. Autopsies of healthy
human iliac crest are analyzed by means of FTIR. Patients of different
ages and different anatomical positions in trabecular bone are included.
The maturity of the bone is estimated by means of spectra analysis,
particularly phosphate and carbonate bands. Several quantitative
coefficients are calculated, like the maturity index or the carbonate to
phosphate ratio.

The results show a tendency in the spatial distribution of mineral and
collagen maturity in most of samples, with a strong dependence on age.
The results could be important in the study, prevention and treatment of
ostheoporosis.
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7548F-146, Session 2

Treatment feasibility study of osteoporosis
using minimal invasive laser needle system

D. Kang, C. Ko, Y. Ryu, S. Park, H. Kim, B. Jung, Yonsei Univ.
(Korea, Republic of)

Low level laser therapy (LLLT) has been suggested as a treatment
method of osteoporosis because of its effectiveness in bone cell
proliferation and bone consolidation of fracture. The clinical efficacy of
LLLT is mainly limited by the light scattering property of tissue, which
reduces the laser photon density at target bone sites. Minimal invasive
laser needle system (MILNS) was developed to address partially the
problem. MILNS stimulates directly the target bone sites by employing
fine hollow needles which guides 100um optical fibers. The clinical
feasibility of the system was investigated by evaluating the therapeutic
efficacy for osteoporosis induced ICR female mice. Mice were divided
into two groups: the SHAM-group was only stimulated by fine needle
and the LASER-group was stimulated both laser and fine needle. After
treatment, in-vivo micro-CT images were obtained over all mice. Three
dimensional (3D) structural parameters and vBMD(volume bone mineral
density, g/cm3) in the trabecular bone were measured. After 2weeks

of treatment, the vBMD, BV/TV, Tb.Th and Th.N in LASER group were
significantly higher than SHAM group and the Tbh.Sp, SMI and tb.Pf lower
than SHAM group(p<0.05). This study implies that the MILNS might have
clinically effective for osteoporosis treatment.

7548F-147, Session 2

Exposed and transcutaneous measurement
of musculoskeletal tissues using fiber optic
coupled Raman spectroscopy

F. W. L. Esmonde-White, K. A. Esmonde-White, M. D. Morris,
Univ. of Michigan (United States)

Raman spectroscopic measurement of bone composition has shown
promise as a medical diagnostic by measuring the molecular composition
of the bone mineral and matrix. We previously demonstrated proof-of-
principle transcutaneous Raman spectroscopy bone measurements.

In this paper, we discuss further optimization of the instrumental
configuration for efficient collection of bone signal using contact fiber-
optic probe designs. To optimize collection of Raman signal through
overlaying soft tissue, novel geometrically-accurate tissue phantoms
were prepared. MRl and CT images of the human cadaveric specimens
were used to create solid tissue phantoms with accurate geometric
dimensions. In these tissue phantoms, optical properties were varied
systematically. Raman spectra of the prepared tissue phantoms were
used to optimize the positions of the fibers in the fiber optic system, and
the laser illumination sequence in the measurements. Three fiber optic
probes were developed and tested with both novel tissue phantoms

and human cadaveric specimens. The contact fiber optic probes were
developed for arthroscopic measurements of joints, for transcutaneous
measurements of bone in situ, and for contact measurements of exposed
bone. By coupling the fiber optic probe to an imaging spectrograph,
spectra were collected simultaneously at many positions on the tissue.
Furthermore, spectra were collected with several different excitation laser
patterns to enhance the effective spatial resolution of the measurements.
Finally, a series of improvements were made in the data preprocessing

to improve the recovered spectral signal. Together, these modifications
improve signal-to-noise and spatial resolution.
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7548F-148, Session 2

Dynamic photophysical processes in
laser irradiated human cortical skull
bone measured by means of modulated
luminescence and infrared photothermal
radiometry

A. Mandelis, Univ. of Toronto (Canada); C. H. Kwan, University of
Toronto (Canada); A. Matvienko,

Modulated luminescence (LUM) and photothermal radiometry (PTR) were
used to analyze photophysical processes in the cortical layer of human
skull bones. The theoretical interpretation of the results was based on
the optical excitation and decay rate equations of the fluorophore and
on the molecular interaction parameter with the photon field density

in the matrix of the bone. Using comparisons of the theory with the
frequency response of dental LUM it was concluded that the optically
active molecular species (fluorophore) in the bones is hydroxyapatite.

An effective relaxation lifetime of skull cortical bone was derived
theoretically and was found to depend on the intrinsic fluorophore decay
lifetime, on the photon field density, and on the thickness of the bone.

The photophysical theory was based on the optical excitation and
decay rate equations of the fluorophore and on the molecular interaction
parameter with the photon field density in the matrix of the bone. These
results show that quantitative LUM and PTR can be used as a powerful
and sensitive method to measure optical properties of the active
fluorophore in cortical skull bones and the optical-field-induced molecular
interaction parameter , the average of the excitation and decay coupling
coefficients between the active lower and upper energy states E1 and
E2 participating in the optical interaction and the molecular fluorophore
(hydroxyapatite) which undergoes an optical field photon absorption
(B12) or luminescence photon emission (B21) event. When calibrated vs.
laser intensity, modulated luminescence can also be used to measure
human skull thickness. These traits can be applied to monitor the bone
mineral density (BMD) and, ultimately can be used as potential markers
of bone health or disease, such as osteoporosis or bone cancer.

7548F-149, Session 3

Optical analysis of physical and biochemical
properties of murine calvaria with combined
Raman spectroscopy optical coherence
tomography

H. Krishnamoorthi, C. A. Patil, D. S. Perrien, E. C. O’Quinn, G. E.
Gutierrez, J. S. Nyman, A. Mahadevan-Jansen, Vanderbilt Univ.
(United States)

Analysis of murine calvaria is important to the study of bone formation
and development, involving the regulation of osteoblasts, the bone
forming cells, and the physiochemical properties of the bone matrix.
Bone biologists typically rely on histology, as well as micro computed
tomography (micro-CT), to measure physical properties, namely calvarial
thickness and mineral density. However, these techniques are either
time-consuming (micro-CT) or destructive (histology). Multi-modal
optical characterization can overcome these disadvantages and provide
a faster and more detailed method than these current techniques for
calvarial analysis. Optical coherence tomography is an emerging imaging
modality that is capable of generating 3D volumes of data in real-time
similar to micro-CT. Raman spectroscopy assesses the molecular
composition of tissue, such as the mineral and collagen phases in bone.
Here, we demonstrate the potential of combined Raman Spectroscopy-
Optical Coherence Tomography (RS-OCT) to perform non-destructive
characterization of both the structural and biochemical properties

of calvaria. OCT images of dissected calvaria provided quantitative
measurements of calvarial thickness, volume, and surface area. Raman
spectra taken across the calvaria surface were analyzed to assess
mineralization, crystallinity, and carbonate substitution. We validate
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the performance of OCT in bone by correlation with both histology and
micro-CT. We intend to show that RS-OCT is a potential tool for providing
rapid analysis of bone formation assays as well as detecting phenotypic
changes involved in genetic mouse models of bone physiology and
disease.

7548F-150, Session 3

Photothermal radiometry and modulated
luminescence examination of demineralized
and remineralized dental lesions

A. Mandelis, Univ. of Toronto (Canada); A. Hellen, Univ. of Toronto
(Canada) and Univ. of Toronto, Dept. of Dentistry (Canada); V.
Finer, University of Toronto (Canada)

Background: Dental caries is a bacterial disease manifested as a
dynamic equilibrium between cycles of mineral loss (demineralization)
originating in the outer tooth shell, enamel, and mineral recovery from
ions in saliva to restore lost mineral (remineralization). The mechanisms
governing demineralization have been well-established; however debate
over physicochemical factors governing remineralization still exists.
Enamel remineralization can be described as being controlled by ion
diffusion through a mineralized surface layer or by diffusion through bulk
enamel. As an emerging non-destructive methodology, photothermal
radiometry and modulated luminescence (PTR-LUM) has shown
promise in measuring changes in tooth mineral content. Objectives: 1)
To identify the relationship between transverse microradiography (TMR)
parameters, mineral loss and lesion depth, and PTR-LUM signals. 2) To
evaluate kinetics of demineralization and remineralization and develop a
photothermal diffusion model to explain signal evolution. Methods: The
PTR-LUM setup consisted of two laser diodes (659 nm, 120 mW; 830
nm, 100 mW), with a beam size of 5.60 mm to ensure a one-dimensional
photothermal field, a mercury-cadmium-telluride (MCT) infrared detector
for PTR and photodiode for LUM. Sterilized (gamma irradiated, 4 kGy)
human teeth (n=36) were subjected to demineralization (10 days) in 0.1M
lactic acid gel (pH 4.5), followed by random assignment to no treatment
group (n=6) or incubation in a remineralizing solution with either 0, 1

or 1000 ppm fluoride (n=10/group) for 4 weeks. Teeth mounted on
LEGO® were coated in acid-resistant varnish, excluding the treated
lingual surfaces and scanned intermittently during demineralization

and remineralization with PTR-LUM frequency scans (1-1000 Hz). TMR
analysis followed the conclusion of all treatments. Results/Conclusion:
Monotonic changes with treatment time in PTR and LUM amplitude

and phase signals during demineralization are consistent with an
increased scattering coefficient in the demineralized enamel lesion.
Remineralization produced further monotonic shifts in PTR amplitude
and phase, with notable decreases in phase lag and shift of phase
peaks to lower frequencies. This is consistent with the formation of a
layer with lower thermal diffusivity or a layer growing in thickness as
remineralization proceeded. A dense, compact mineralized layer at the
enamel surface, as determined by TMR, may arrest lesion progression
and arrest enamel porosities created during demineralization, thus
preventing subsurface enamel remineralization. These results reveal the
potential for PTR-LUM to non-invasively detect and longitudinally monitor
enamel caries.

7548F-151, Session 3

Evaluation of laser ablation of knee cartilage
as an alternative to microfracture surgery:
pilot investigations

E. Su, B. J. F. Wong, H. Sun, T. Juhasz, Univ. of California, Irvine
(United States)

An emerging clinical treatment option for articular cartilage injury includes
bone marrow stimulation techniques, such as microfracture, which has
grown increasingly popular among athletes. During the microfracture
procedure, the surgeon penetrates the subchondral bone with an awl
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and creates “microholes” deep enough to ensure bleeding from the
bone marrow. This procedure triggers a spontaneous repair response
that results in the formation of fibrocartilaginous repair tissue. The study
aimed to evaluate the potential use of femtosecond lasers and Er:-YAG
lasers as alternatives to microfracture surgery of the knee by assessing
the effects of ablation on bovine femoral condyles. Bovine femoral
condyles were obtained and blocks (8mm) were extracted. The specimen
were ablated with various laser dosimetry parameters and observed
under a dissecting microscope to examine the effects of the lasers.
Further imaging with a scanning electron microscope and conventional
histology (hematoxylin and eosin staining) were done to provide more
accurate information. Preliminary results show some carbonization

but demonstrate little thermal damage to surrounding tissues. The
femtosecond laser offers a more precise and efficient ablation than the
Er:YAG laser, but both are demonstrated to be possible alternatives to
the surgical-skill dependent microfracture procedure.

7548F-170, Session 3

In vivo detection of osteoarthritis in the
hand with three-dimensional photoacoustic
tomography

Y. Sun, E. S. Sobel, H. Jiang, Univ. of Florida (United States)

This paper presents a pilot clinical study in detecting osteoarthritis (OA)
in the hand using three-dimensional (3D) photoacoustic tomography
(PAT). Distal interphalangeal (DIP) finger joints from OA patients and
healthy volunteers were imaged with our 3D PAT system in a spherical
scanning configuration. Absorption coefficient images of the joint tissue
were obtained using our finite element based photoacoustic image
reconstruction algorithm coupled with the photon diffusion equation.
The recovered quantitative photoacoustic images revealed significant
differences in the absorption coefficient of the joint cavity (cartilage and
synovial fluid) between the OA and healthy joints. Quantitative analysis
of the joints also indicated an apparent difference in the recovered

joint spacing between OA and healthy subjects, which is in agreement
with the clinical observations. This study suggests that 3D PAT has the
potential to become a useful tool for diagnosis of osteoarthritis.
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7548G-152, Session 1

Non-contact detection of functionally
stimulated nerve activity using spectral
domain optical coherence tomography

M. S. Islam, E. G. Freeman, Y. Wang, C. Oh, A. R. Ortega, B. H.
Park, Univ. of California, Riverside (United States)

Current technology largely limits the analysis of neuronal processing to
single or small clusters of neurons using different varieties of electrodes
or the introduction of exogenous contrast agents and most of these
techniques are invasive in some ways. Optical Coherence Tomography
(OCT) is capable of noninvasively achieving very high resolution cross
sectional images of the tissue structure in submicron level. Recent
developments in spectral domain optical coherence tomography (SD-
OCT) enable us to detect very small transient structural changes in
nerves during action potential propagation in a non-contact minimally-
invasive manner. We demonstrate here the optical detection of the nerve
activity by using a multi-functional SD-OCT system. In our experiments,
rather than using electrical stimulation, the nerve sample taken from the
eye of Limulus polyphemus is functionally stimulated by light and the
detection of neural activity is achieved using endogenous mechanisms.
Our experimental results show that we are able to detect and
quantitatively measure slight changes in phase difference between the
upper and lower surfaces of nerve bundles caused by a transient swelling
that accompanies neural spike propagation. Importantly, these changes
have a similar temporal length to the electrical signal that propagates
through the nerve bundle at that time. In addition, these results require no
averaging over multiple trials, indicating the ability to detect each single
nerve impulse. This study might serve as the basic ground work for future
experiments and will hopefully have an overall revolutionary impact on
functional neuroimaging.

7548G-153, Session 1

Quantitative assessment of peripheral nerve
damaging using polarization-sensitive optical
coherence tomography

Y. Wang, C. M. Oh, M. S. Islam, E. G. Freeman, A. Ortega, B. H.
Park, Univ. of California, Riverside (United States)

The necessity for surgical intervention for peripheral nerve damage
often depends on the severity of the injury. The overall length of

the repaired nerve is critical, and so such surgeries often involve
differentiation of viable from damaged nerve by observation of scar
formation, intraoperative electrophysiology, or imaging modalities such
as computed tomography and magnetic resonance myelography. While
these well-established techniques have led to great improvements

in the field of acute nerve repair, they are not without flaw; waiting

for scar formation introduces a delay before surgical intervention,
intraoperative electrophysiology yields only bulk conduction properties
of a nerve bundle with no cross-sectional differentiation, and CT and MR
myelography can image only gross morphologies. Polarization-sensitive
optical coherence tomography (PS-OCT) can provide a non-destructive
quantitative optical assessment of nerve myelination by taking advantage
of the higher degree of birefringence of myelin compared to the rest of a
peripheral nerve. PS-OCT can provide rapid volumetric imaging of nerve
microstructure with a resolution on the order of 2-5 microns. We present
results of an animal study using data acquired from rat sciatic nerve that
demonstrate the ability to non-destructively assess the viability of the
peripheral nervous system through examination of structural features.

A comparison of this image-derived data to electrical conduction and
quantitative assessment of histological processing after Wallerian
degeneration in response to controlled injury will be presented.
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7548G-154, Session 2

Fast two-photon neuronal imaging and
control using a spatial light modulator and
ruthenium compounds

D. Peterka, V. Nikolenko, E. Fino, R. Araya, Columbia Univ.
(United States); R. Etchenique, Univ. de Buenos Aires (Argentina);
R. Yuste, Columbia Univ. (United States)

The ability to monitor and control neurons is critical in understanding the
activity of the brain. While non-linear microscopic methods have given
detailed views of structure and function, the traditional laser scanning
methods typically suffer from relatively poor temporal resolution because
of the serial scanning of each pixel. To increase the imaging speed,

we have developed a spatial light modulator (SLM) based microscope
that uses diffraction to shape the incoming two photon laser source

to any arbitrary light pattern. This allows the simultaneous imaging or
photostimulation of different regions of a sample with three-dimensional
precision at high frame rates. Additionally we have combined this
microscope with a new class of two photon active neuromodulators

with Ruthenium BiPyridine (RuBi) based cages that offer great flexibility
for neuronal control. We demonstrate the functionality of this system in
brain slices by imaging action potentials in neuronal populations at 60Hz,
and by stimulating individual neuronal spines and firing (or suppressing)
action potentials in pyramidal neurons with single cell precision.

7548G-155, Session 2

Optical devices for neural imaging: an
analysis of light source noise

E. A. Munro, Univ. of Toronto (Canada); T. D. O’Sullivan, Stanford
Univ. (United States); K. So, H. Levy, X. Jin, Univ. of Toronto
(Canada); J. S. Harris, Jr., Stanford Univ. (United States); O. Levi,
Univ. of Toronto (Canada)

Intrinsic optical signal imaging (I0SI) is widely used to measure neural
activation on the surface of the brain. Our group strives to integrate
I0SI components into a miniature, implantable device so that images
can be taken continuously in freely behaving subjects. To accomplish
this, we are fabricating lasers and photodiodes in close proximity on a
semiconductor substrate. Preliminary in vivo studies using a camera
indicate that VCSEL (vertical cavity surface emitting laser) sources,
which we desire for their high intensity, directionality, and smaller device
footprint, exhibit higher noise than LEDs due to coherence effects,
effectively limiting the magnitude of neural signal that can be extracted.
These studies aim to quantify and reduce coherence related noise.

We implemented a novel switching circuit which acquires images
sequentially using any two light sources. The switching mechanism
eliminates trial to trial variability so that spatial and temporal noise
between sources can be directly compared at speeds of up to 9Hz.

We evaluated a red 630nm LED and a red 670nm VCSEL. In vitro
measurements on a brain phantom show that the single mode VCSEL
exhibits up to 10x more noise than the LED. We found that by operating
the VCSEL in multimode or by using diffusing elements, the laser noise
could be reduced to within a factor of 2 of the LED. Preliminary in vivo rat
studies of cortical spreading depression (our chosen neural model) show
that an observable optical change is measurable with both sources.
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7548G-156, Session 3

Plasma membrane permeabilization by
ultrashort electric pulses in nueroblastoma
cells

B. L. Ibey, Air Force Research Lab. (United States); F. M. Andre,
V. V. Nesin, Old Dominion Univ. (United States); G. J. Wilmink,
W. P. Roach, Air Force Research Lab. (United States); A. G.
Pakhomov, Old Dominion Univ. (United States)

**Draft Publically Releaseable Document. Publication upon approval by
Dr. Bennett Ibey**

Cellular exposure to ultrashort electrical pulses (USEP) has been shown
to create small pores or nanopores within the plasma membrane of
mammalian cells. While too small to allow diffusion of large molecules
(DNA, proteins, propidium iodide), nanopores allow ion flows into and out
of the cell. It is unclear what impact USEP exposure will have on neural
tissue, specifically stimulation and propagation of action potentials. As
a first step in this direction, we studied the impact of USEP exposure on
cultured neuroblastoma cells. Whole-cell voltage-clamp recordings and
fluorescent microscopy of cells exposed to USEP showed an increase
in membrane conductance and influx of thallium ions. Such results
suggest that USEP may induce sufficient ion flow across excitable cell
membranes to initiate action potentials.

7548G-157, Session 3

Thermographic and oxygenation imaging
system for non-contact skin measurements
to determine the effects of regional block
anesthesia

J. H. Klaessens, M. Landman, R. de Roode, H. J. Noordmans, R.
M. Verdaasdonk, Univ. Medical Ctr. Utrecht (Netherlands)

Regional anesthetic blocks are performed on patients who will undergo
hand surgery. In this study, thermal and oxygenation imaging techniques
were applied to observe the region affected by the peripheral block as a
fast objective, non-contact, method compared to the standard pinpricks
or cold sensation tests. The temperature images were acquired with an IR
thermal camera (FLIR ThermoCam SC640). The data were recorded and
analyzed with the ThermaCamTM Researcher software. Concentration
changes of oxygenated and deoxygenated hemoglobin in the dermis

of the skin were calculated using the modified Lambert Beer equation
using images at selected wavelengths obtained with a CCD camera
either combined with a Liquid Crystal Tunable Filter (420-730 nm) or a
tunable multi wavelength LED light source ((450-880nm). In 5 patients
an anesthetic block was set by administering 30-40 ml Naropin 7,5 mg/
ml around the plexus brachialis. The anesthetic block of the axillary,
ulnar, median and radial nerve causes dilatation of the blood vessels
inducing an increase of blood flow and, consequently, an increase of the
skin temperature and skin oxygenation in the lower arm. Both imaging
methods showed distinct oxygenation and temperature differences at
the surface of the skin of the lower arm and hand with a good correlation
with the areas with or without nerve blocks. The oxygenation imaging
using a CCD camera with selected LED wavelengths might be a relative
inexpensive method to observe the effectiveness of regional blocks.

7548G-158, Session 3

Noninvasive optical measurements of
spatially resolved electrical activity in the
mouse retina

H. C. Hendargo, R. Herrmann, B. A. Bower, V. Y. Arshavsky, J. A.
Izatt, Duke Univ. (United States)
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We describe development and initial results of optical imaging technology
for non-invasive functional mapping of neural activity in the mouse
retina. The only currently available methodology for functional mapping
of the retina is electroretinography (ERG), which integrates electrical
signals from all layers of retinal neurons but cannot isolate responses
from individual layers. Optical coherence tomography (OCT) is capable
of sectioning both in time and in depth changes that occur in the retina
under visual stimulation and has been used primarily for structural
imaging of the retina. However, OCT is also sensitive to minute changes
in the reflectivity and index of refraction as a function of tissue depth.
Such changes have been shown to accompany the activation and
inactivation of retinal neurons as they process visual information. While
retinal reflectivity measurements using OCT have recently been reported
by others in rats, rabbits, and humans, they have not been obtained

in the optically more challenging but genetically more versatile mouse
model. We demonstrate the ability of OCT to detect distinct reflectivity
changes in the photoreceptor and inner plexiform layers of the mouse
retina in vivo in response to a bright flash stimulus. By using selective
pharmacological agents and transgenic mice bearing knockouts of key
retinal proteins, we will correlate the optical signals with characteristic
ERG responses to isolate activity from individual retinal layers. The
application of OCT to functional interrogation of the retina may open
opportunities for early non-invasive diagnostics of diseases that often
remain asymptomatic before irreversible visual loss takes place.

7548G-159, Session 4

Combined optical and electrical stimulation
of neural tissue in vivo

A. R. Duke, J. Cayce, J. Malphrus, P. Konrad, A. Mahadevan-
Jansen, D. Jansen, Vanderbilt Univ. (United States)

The recent discovery of low-intensity, pulsed infrared light for neural
activation provides a novel neural stimulation modality that circumvents
many of the fundamental limitations of electrical stimulation; namely the
necessity of contact, presence of a stimulation artifact and relatively
limited spatial selectivity. However, infrared neural stimulation (INS) is
limited by an approximately 2:1 range of damaging radiant exposures
to stimulation threshold radiant exposures at 2 Hz in the rat sciatic
nerve. In an effort to mitigate the risk of thermally-induced tissue
damage, we have developed a novel stimulation modality which delivers
a sub-threshold electrical stimulus concomitantly with INS. We have
shown that INS threshold is reduced by a factor of nearly 4 with hybrid
stimulation, thus extending the range of radiant exposures that are both
safe and effective for neural stimulation. The results of this study indicate
that the relationship between the electrical stimulus (expressed as a
percentage of electrical stimulation threshold) and the additional optical
energy required to achieve stimulation (expressed as a percentage of
INS threshold) is nonlinear. The change in INS threshold was shown

to decrease linearly as the INS pulse is increasingly delayed relative to
the electrical pulse. Finally, we have shown that the spatial selectivity
attributed to INS is maintained when combined with a sub-threshold
electrical stimulus. This novel hybrid stimulation modality is expected to
facilitate the development of INS applications and to provide a new tool
for elucidating the underlying mechanism of infrared neural stimulation.

7548G-160, Session 4

A comparison between infrared neural and
electrical stimulation in the rat brain

J. M. Cayce, R. Friedman, E. D. Jansen, A. Mahadevan-Jansen,
P. Konrad, Vanderbilt Univ. (United States)

Infrared neural stimulation has been well characterized as a novel method
to stimulate peripheral nerves without causing damage or inducing a
stimulation artifact. Recently, our group has shown that INS can be used
to produce intrinsic optical images of the intact brain in response to INS
that follow established time courses for intrinsic responses to tactile
stimulation of the forepaw and whisker. While tactile stimulation is a good
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method for identifying areas activated cortex and to test functionality

of the cortex after INS, it is not a direct method of stimulating cortex.
The goal of this study was to compare the optical signals (intrinsic

and flavoprotein imaging) generated by INS to the signals generated

by electrical stimulation. INS and electrical stimulation was performed

in the somatosensory cortex corresponding to the forepaw and barrel
cortex. INS was performed at 1.94 m and 1.875 m light using repetition
rates between 10 - 250 Hz for pulse trains ranging between 500 ms to
1000 ms. Electrical stimulation was performed between 10 - 250 Hz at
amplitudes ranging between 0.5 to 200 A through a tungsten electrode
inserted 100 m into cortex. Optical images were collected at 10 Hz for 8
secs under 632 nm illumination (intrinsic) and 450 nm illumination/ >490
nm emission (flavoproteins). The resulting images were compared for
signal amplitude, spatial precision, and temporal precision.

7548G-161, Session 4

Investigating the effects of infrared neural
stimulation in the Aplysia californica

A. R. Duke, M. A. Gault, Vanderbilt Univ. (United States); J.
Eckert, H. Lu, M. Jenkins, Case Western Reserve Univ. (United
States); E. D. Jansen, Vanderbilt Univ. (United States); H. J. Chiel,
Case Western Reserve Univ. (United States)

Due to advantages over traditional electrical methods of neural activation,
infrared neural stimulation (INS) has quickly become the target of
numerous promising research efforts seeking to apply this contact-free,
artifact-free and spatially precise method of neural stimulation. However,
attempts at uncovering the mechanism of INS have not progressed as
quickly. Here we present an invertebrate model, the marine mollusk
Aplysia californica, which offers the ability to investigate INS at the
cellular level. The Aplysia is advantageous due to its large cell bodies
(10-100 um in diameter) and well-characterized axonal network. It is
particularly exciting for INS as it allows for simultaneous acquisition of
intracellular, extracellular and nerve bundle potentials. Here we show
changes in intracellular and extracellular potentials, as well as the
propagating action potentials associated with INS. In the ex vivo buccal
ganglion we have demonstrated that INS is not only able to produce a
suprathreshold depolarization in some cells, but also inhibit firing in other
cells through the generation of a hyperpolarizing intracellular current with
each pulse. We have also shown that in a single cell, stimulation at low
repetition rates results in summation of the sub-threshold depolarization
stemming from each INS pulse - ultimately leading to action potential
initiation. The Aplysia is exciting as a new invertebrate model for studying
the effects of INS at a cellular level. This system also demonstrates INS
as a new spatially selective, noncontact and artifact-free tool for the
neuroscience and neurobiology communities to use for high precision
stimulation of a neural network.

7548G-162, Session 5

An optogenetic neural stimulation platform
for concurrent induction and recording of
neural activity in neurons

B. McGovern, P. Degenaar, N. Grossman, R. Berlinguer-Palmini,
M. Neil, E. Drakakis, Imperial College London (United Kingdom)

The precise control of neural activity afforded by the use of light sensitive
ion channels such as Channel Rhodopsin (ChR2) offers neuroscientists
the means to devise new experiments not previously possible. A pulse of
blue light, at a suitable intensity and wavelength results in the generation
of an action potential by the illuminated neuron. In this paper we present
the Optogenetic Neural Stimulation (ONS) platform which enables
complex in-vitro or ex-vivo investigation of neural activity. The platform

is based on the use of thousands of micro-meter sized Light Emitting
Diodes (LEDs) integrated onto a single Gallium Nitrite chip. Mounted onto
a microscope system, this system can be used to carry out experiments
on networks of cells, or on sub-cellular regions of a neuron. We show
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how the ONS enables many cells to be stimulated in parallel with
millisecond timing and micrometer resolution. The resulting activity of the
cells is measured using Ca2+ fluorescent imaging, patch clamping and
Micro electrode arrays (MEA) recording.

7548G-163, Session 5

Transdermal Stimulation of Neural Receptors
using a Nanosecond-pulsed Laser

N. M. Jindra, Air Force Research Lab. (United States)

Laser stimulation of nerves is one of the newest and fastest growing
areas of the photonics industry. However, much of the studies in this
field are on direct stimulation of nerves or deal with beam pulses of
several milliseconds or more, likely relying on thermal constraints for
nerve activation. The objective of this study was to determine if action
potentials could be elicited through stimulation of skin receptors

using nanosecond pulsed lasers; parameters that lie within the stress
confinement region. Measurements of laser stimulated action potentials
in the sciatic nerve of hairless rats (Rattus norvegicus) were made using
1540 nm and 1064 nm wavelengths. The dorsal sides of the rat’s hind
limbs were exposed to pulses of 15ns (Nd:YAG laser) and 55ns (Er:Glass
laser) at three separate spot sizes: 2 mm, 3 mm, and 4 mm. Energy
density thresholds were determined for eliciting an action potential at
each experimental condition. Results from these exposures showed
similar evoked potential threshold results for both wavelengths. The
2-mm diameter spot sizes yielded action potentials at much higher
radiant exposure levels than those seen with the 4-mm beam size. Just
as importantly, the data showed action potential thresholds well below
the skin damage threshold, demonstrating the potential of using these
laser parameters for neural stimulation applications.

7548G-164, Poster Session

Plasticity of climbing fibers after laser-
axotomy

A. L. Allegra Mascaro, Univ. degli Studi di Firenze (ltaly); P.
Cesare, Fondazione Santa Lucia (Italy); L. Sacconi, Univ. degli
Studi di Firenze (Italy); G. Grasselli, P. Strata, Fondazione Santa
Lucia (Italy); F. S. Pavone, Univ. degli Studi di Firenze (Italy)

In the adult nervous system, different population of neurons corresponds
to different regenerative behavior.

Although previous works show that olivocerebellar fibres are capable of
axonal regeneration in a suitable environment as a response to injury, we
have hitherto no details about the real dynamics of fiber regeneration.

Recently, two photon imaging has been coupled to laser-induced lesions
to perform in vivo multiphoton nanosurgery in the Central Nervous
System (CNS) of living mice expressing fluorescent proteins.

We exploited this innovative technique to investigate the reparative
properties of Climbing Fibers (CFs) in the adult CNS, following the time
evolution of this plastic process in vivo.

The nanosurgery technique is applied to the distal portion of a CF; 3D
reconstructions of the imaged fiber through the days after this point
disruption are then used to detect morphological changes in time.

Time lapse imaging of the same region over the following days shows
that there may be a structural rearrangement of the dissected neuron
itself or of the surrounding fibers.

According to our preliminary results, the regeneration comes not

from the damaged end but from adjacent portions, suggesting that
some molecules may be released and recall a reorganization of the
surroundings in order to compensate for the lost afference.

The great potential of long-term two photon imaging, coupled to genetic
manipulation, opens great opportunities to further investigate the
dynamic properties of neurons and their rearrangement following an
injury.
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7548G-165, Poster Session

Sensitivity map to photostimulation of
pyramidal neurons with femtosecond laser
pulses

X. Liu, S. Zeng, Britton Chance Ctr. for Biomedical Photonics
(China)

Abstract Specifically Induction of a neuron with light is a new method

to probing neural activities. Pyramidal neurons are depolarized and fire
action potentials irradiated by high intensity mode-locked infrared light.
We activated of pyramidal neurons using a femtosecond laser at different
locations of the cell, and simultaneously recorded their membrane
potentials under the current clamp mode. According the strength of

the electronic response to the photostimulation, sensitivity geography

of pyramidal neurons was mapped. Through all the parts of pyramidal
neurons, the axon initial segments have the highest sensitive to the
photostimulation with femtosecond laser pulses.

7548G-166, Poster Session

In vivo optical microscopy of axonal
myelination in chronic EAE using polarization
sensitive-optical coherence tomography (PS-
OCT)

C. M. Oh, Y. Wang, M. S. Islam, E. Freeman, A. Ortega, H. Park,
Univ. of California, Riverside (United States)

Multiple Sclerosis is an incurable autoimmune condition in which the
immune system attacks the CNS. Resulting demyelination of nerves
causes progressive levels of physical and cognitive disability. This project
utilizes recent advances in optical imaging to quantitatively assess nerve
myelination as myelin exhibits a greater degree of birefringence than
axons. Using polarization-sensitive optical coherence tomography (PS-
OCT), we are capable of imaging nerves and quantitatively assessing the
degree of myelination. Preliminary results indicate a direct correlation of
histological parameters with birefringence values obtained from PS-OCT
images which allows for a statistically significant method of quantifying
axonal myelination. We applied this approach using chronic experimental
autoimmune encephalomyelitis (EAE) in rodents.

By means of direct histological correlation, the ability of PS-OCT to
evaluate and quantify axonal myelination/demyelination in a non-
destructive, in vivo manner was assessed for this disease model.
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7549-02, Session 1

Near-IR imaging of thermal changes in dental
enamel during drilling with a high-speed CO2
laser and the dental hand-piece

L. H. Maung, C. S. Lee, D. Fried, Univ. of California, San
Francisco (United States)

No abstract available.

7549-03, Session 1

Analysis of dental abfractions by optical
coherence tomography

E. T. Demjan, C. Marcauteanu, C. Sinescu, M. Negrutiu, R.
Lighezan, L. Vasile, F. Topala, Univ. de Medicina si Farmacie
Victor Babes, Timisoara (Romania); M. Hughes, A. Bradu, G.
Dobre, A. G. Podoleanu, Univ. of Kent (United Kingdom)

Aim and objectives. Abfraction is the pathological loss of cervical hard
tooth substance caused by biomechanical overload. High horizontal
occlusal forces result in large stress concentrations in the cervical region
of the teeth. These stresses may be high enough to cause disruption of
the bonds between the hydroxyapatite crystals, eventually resulting in the
loss of cervical enamel. The present study proposes the microstructural
characterization of this cervical lesions by optical coherence tomography
(OCT).

Material and methods: 31 extracted bicuspids were investigated using
OCT. 24 teeth derived from patients with active bruxism and laterotruzive/
mediotruzive interferences; they presented deep buccal abfractions and
variable degrees of occlusal pathological attrition. The other 7 bicuspids
were not exposed to occlusal overload and had a normal morphology of
the dental crowns.

The dental samples were investigated using a OCT device operating at
1300 nm (B-scan and C-scan mode). The system penetrates 2,5 mm in
air. OCT images were compared with histological sections.

Results. The OCT investigation of bicuspids with a normal morphology
revealed a homogeneous structure of the buccal cervical enamel. The
C-scan and B-scan images obtained from the occlusal overloaded
bicuspids visualized the wedge-shaped loss of cervical enamel and
damage in the microstructure of the underlying dentin. The high occlusal
forces produced a characteristic pattern of large cracks, which reached
the tooth surface.

Conclusions: Optical Coherence Tomography is a promising imaging
method for dental abfractions and it may offer some insight on the
etiological mechanism of these noncarious cervical lesions.

7549-04, Session 1

Evaluation of a SS-OCT versus a TD-OCT
system for early caries assessment

L. Choo-Smith, S. Vergnole, National Research Council Canada
(Canada); J. Li, Univ. of Manitoba (Canada); M. Dufour, M.
Hewko, G. Lamouche, M. Sowa, National Research Council
Canada (Canada)

Optical coherence tomography (OCT) is being developed for the
detection and monitoring of early dental caries. Our previous studies
have shown that OCT imaging is a non-destructive method that

reveals high resolution morphological details as well as regions of
demineralization in early caries development. Furthermore, we have
demonstrated the utility of acquiring OCT images of teeth (ex vivo) using
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fibre optic probes. For this tool to be viable in a clinical setting, a system
that provides rapid high-resolution imaging is required. Using a subset

of extracted human teeth containing incipient lesions and other clinical
features of interest, paired matched OCT images were collected from

a swept-source OCT (SS-OCT) system and a time-domain OCT (TD-
OCT) system both operating at ~1310 nm. Data were acquired using a
rotating OCT catheter probe. The images were compared to determine
which system would be more suitable for future pre-clinical studies in
vivo. Results will be presented regarding the image signal-to-noise and
contrast-to-noise ratios as well as parameters regarding resolution, depth
penetration, measurement time and suitability for further image analyses
methods involving denoising and segmentation. Based on these findings,
an appropriate setup is selected for continuing OCT studies in vivo.

7549-05, Session 1

Near-IR and PS-OCT imaging of secondary
caries lesions

J. Stahl, H. Kang, C. L. Darling, D. Fried, Univ. of California, San
Francisco (United States)

No abstract available.

7549-06, Session 1

Selective near-UV ablation of dental calculus:
measurement of removal rates

J. E. Shoenly, W. Seka, Univ. of Rochester (United States); P.
Rechmann, Univ. of California, San Francisco (United States)

No abstract available.

7549-07, Session 1

High-speed scanning ablation of dental hard
tissues with an 1=9.3-pm CO2 laser: heat
accumulation and peripheral thermal damage

D. Nguyen, M. Staninec, C. S. Lee, D. Fried, Univ. of California,
San Francisco (United States)

No abstract available.

7549-08, Session 1

Laser brackets debonding: Tm:YAP and
ClarityTM SL self-ligating appliance system

T. Dostalova, Charles Univ. in Prague (Czech Republic); H.
Jelinkova, J. Sulc, Czech Technical Univ. in Prague (Czech
Repubilic); P. Michalik, Charles Univ. in Prague (Czech Republic);
P. Koranda, M. Nemec, M. Jelinek, M. Fibrich, Czech Technical
Univ. in Prague (Czech Republic); M. Miyagi, Sendai National
College of Technology (Japan)

The study demonstrates the possibility of Tm:YAP laser radiation
application for ceramic brackets removing. The amount of enamel
loss and residual resin on teeth has been evaluated. A diode pumped
continuously running Tm:YAP microchip laser with the output power
4 W generating at wavelength 2 um was used for this debonding
purposes. Interacting time and the output power were changed from
30 up to 60 sec and from 1 to 4 W, respectively, with the aim to obtain
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the optimization of the debonding process. Quantitative measurements
were made for visualization of the enamel surface before and after self-
ligating bonding technique. The temperature rise measurement during
the debonding procedure brought the possibility to find the safe value

of used power and time interaction for the most rapid debonding. The
whole set of debonding tooth was checked in CCD camera and scanning
electron microscope to proof the damage of tooth surface.

From the measurements it is possible to conclude that continuously
running, compact, diode pumped Tm:YAP microchip laser having the
output power 1W applied for 60 sec can remove the ceramic bracket
without enamel iatrogenic damage.

7549-09, Session 1

Er:YAG laser debonding of porcelain veneers

C. Moforth, N. C. H. Buu, F. C. Finzen, A. B. Sharma, Univ. of
California, San Francisco (United States)

No abstract available.

7549-16, Poster Session

The impact of antimicrobial photodynamic
therapy on streptococcus mutans in an
artificial biofilm model

M. Schneider, G. Kirfel, F. Krause, O. Brede, M. Frentzen, A.
Braun, Univ. Bonn (Germany)

The aim of the study was to assess the impact of laser induced
antimicrobial photodynamic therapy on the viability of Stretococcus
mutans cells employing an aritificial biofilm model.

Employing sterile chambered coverglasses, a salivary pellicle layer
formation was induced in 19 chambers. Streptococcus mutans cells
were inoculated in a sterile culture medium. Using a live/dead bacterial
viability kit, bacteria with intact cell membranes stain fluorescent green.
Test chambers containing each the pellicle layer and 0.5 ml of the
bacterial culture were analyzed using a confocal laser scan microscope
within a layer of 10 ym at intervals of 1 ym from the pellicle layer. A
photosensitizer was added to the test chambers and irradiated with a
diode laser (wavelength: 660 nm, output power: 100 mW, Helbo) for 2
min each.

Comparing the baseline fluorescence (median: 13.8 [U], min: 3.7, max:
26.2) with the values after adding the photosensitizer (median: 3.7,

min: 1.1, max: 9), a dilution caused decrease of fluorescence could be
observed (p<0.05). After irradiation of the samples with a diode laser,

an additional 48 percent decrease of fluorescence became evident
(median: 2.2, min: 0.4, max: 3.4) (p<0.05). Comparing the samples with
added photosensitizer but without laser irradiation at different times, no
decrease of fluorescence could be measured (p>0.05).

The present study indicates that antimicrobial photodynamic therapy can
reduce live bacteria within a layer of 10 pm in an artificial biofilm model.
Further studies have to evaluate the maximum biofilm thickness that still
allows a toxic effect on microorganisms.

7549-17, Poster Session

Evaluation of the antimicrobial effect of
photodynamic antimicrobial therapy in dentin
caries: a pilot in vivo study

F. M. C. Borges, J. P. M. L. Lima, M. A. S. Melo, Federal Univ. of
Ceara (Brazil); M. Nobre-dos-Santos, Piracicaba Dental School

-State University of Campinas (Brazil); L. K. A. Rodrigues, I. C. J.
Zanin, Federal Univ. of Ceara (Brazil)
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Previous in vitro and in situ studies have demonstrated that the
Photodynamic antimicrobial therapy (PACT) are effective in reducing
Streptococcus mutans population in artificially carious dentin. Therefore,
the purpose of this pilot in vivo study was to evaluate the antimicrobial
effect of PACT using toluidine blue O (TBO) and a light-emitting diode in
carious dentin lesions. Five healthy adults aged 19-36 yr, with 4 active
carious cavities each, participated in this study. Teeth of each volunteer
were randomly divided into four groups: 1-without TBO and light; 2-
with TBO and without ligh; 3- without TBO and LED with 94.J cm2 and
4- with TBO and LED with 94 J.cm2. Each cavity was divided into two
halves. The baseline carious dentine sample was collected from half of
each cavity. Following, the treatments were performed using a random
distribution of tooth into treatments. Then, the second collection of
carious dentin samples was performed. Before and after treatments,
carious dentine samples were analyzed with regard to the counts of
total viable microorganisms, total streptococci, mutans streptococci,
and lactobacilli. The data were statiticaly analysed by Kruskal-Wallis
and Student-Newman-Keuls tests ( =5%). Log reductions ranged from
-0.12 to 2.68 and significant reductions were observed for PACT (group
4) when compared to the other groups (1, 2, and 3) for total streptococci
and mutans streptococci. In Conclusion, PACT was effective in killing
oral microorganisms present in vivo carious dentine lesions and may be
a promising useful technique for eliminating bacteria from dentine before
restoration.

7549-18, Poster Session

Wavelength effect in temporomandibular joint
pain

A. M. C. Marques, C. M. de Carvalho, M. J. P. Ramalho, L. M. P.
Ramalho, A. L. Barbosa Pinheiro, Univ. Federal da Bahia (Brazil)

Temporomandibular Disorders (TMDs) are common painful multifactorial
conditions affecting the temporomandibular joint (TMJ) whose treatment
depends on the type and symptoms. Initially it requires pain control.
Laser-phototherapy (LPT) have been used on the treatment of pain

of several origins, including TMDs. This study reports the treatment

of a selected group of 74 patients treated at Laser Center of Federal
University of Bahia between 2003 and 2008. Following standard
anamneses, clinical and imaginologic examination and with the diagnosis
of any type of TMD, the patients were set for LPT. No other intervention
was carried out during the treatment. Treatment consisted of three
sessions a week during six weeks. Prior irradiation, the patients were
asked to score their pain using a VAS. 780, 790 or 830nm and or 660,
680nm lasers were used on each session (30/40mW; ~ 3mm; mean
dose per session of 14.2 + 6.8J/cm2; and mean treatment dose of 170
+ 79.8 J/cm2). Eighty percent of the patients were female (~46 years
old). At the end of the 12 sessions the patients were again examined and
scored their pain using the VAS. The results were statistically analyzed
and showed that 64% of the patients were asymptomatic or improved
after treatment and that the association of the both wavelengths was
statistically significant (p = 0.02) on the asymptomatic group. It is
concluded that the association of red and IR laser light was effective on
pain reduction on TMJ disorders of several origins.

7549-10, Session 2

Influence of photodynamic therapy on dental
plaque of oral biofilm of artificial dental caries

Z. Zou, Y. Li, H. Yin, Tianjin Medical Univ. (China)

Objective: To build an artificial caries model consistent with the
physiological environment and used it in PDT anti- caries experiments. To
discuss the effects of PDT on the mainly oral cariogenic biofilm bacteria

Methods: An artificial caries model was built consistent with the
physiological environment with Streptococcus mutans. Hematoporyrin
monomethyl Ether was selected for photosensitizer. 635nm diode

laser was used for irradiation, with delivered power 10mW and energy
density 12.47 J/cm2. Fifty enamel blocks after recovery and breeding of
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Streptococcus mutans, collection of the saliva, preparation of enamel
blocks, acquired membrane of saliva, were formed artificial caries
models. Separated them into five groups random, ten blocks each group:
1. Group of HMME; 2. Group of laser; 3. Group of PDT; 4. Positive control
group of 0.05% chlorhexidine; 5.Negative control group of 0.9% saline.
The influence of on dental plaque oral biofilm of artificial dental caries
was observed according to plate counting of bacteria method.

Results: Compared to Negative control group, the number of
Streptococcus mutans (CFU/mI) of oral biofilm in artificial caries model of
HMME group was not significant difference (P>0.05), with the bactericidal
rate only 0.05%; laser irradiation and 0.05% chlorhexidine made the
number of Streptococcus mutans (CFU/ml) of oral biofilm in artificial
caries model significantly reduced (P<0.05), with the bactericidal rate
59.94% and 58.52% separately; after PDT treatment against dental
caries, the number of Streptococcus mutans (CFU/mI) of oral biofilm in
artificial caries model significantly reduced (P<0.05), the bactericidal rate
up to 99.36%.

Conclusions: HMME-PDT was an effective method in eliminate
Streptococcus mutans of oral biofilm for artificial caries model. It
provided an new effective approach for dental caries prevention.

7549-11, Session 2

Effects of 980 diode laser treatment
combined with scaling and root planing on
periodontal pockets in chronic periodontitis
patients

A. Fallah,

Objective: This study compared the effect of 980 Diode laser + scaling
and root planing (SRP) versus SRP alone in the treatment of chronic
periodontitis.

Method: 21 healthy patients with moderate periodontitis with a probing
depth of at least 5mm were included in the study. A total of 42 sites were
treated during 6weeks with a combination of 980 Diode laser and SRP
(21 sites) or SRP alone (21 sites). We used 980nm diode laser with 2.5W,
continuous mode, 400nm fiber, and 3 mm/sec sweeping motion from
the depth of pocket upward to the margin. The whole laser process was
done twice with a 2 minutes gap. Every 7days for 5 weeks (total 6 dental
treatment session) the laser treatment on the test group was performed
on the same site. The whole laser process was performed as sham for
the control group during the 6 weeks. The gingival index (Gl), probing
pocket depth (PPD) and bleeding on probing (BOP) were examined at the
baseline and 6 weeks after the start of treatment.

Results: Both groups showed statistically significant improvements in
Gl, BOP and PPD after treatment. The results also showed significant
improvement from laser+ SRP group to SRP alone group.

Conclusion: The present data suggest that treatment of chronic
periodontitis with either 980 Diode laser + SRP or SRP alone results

in statistically significant improvements in the clinical parameters. The
combination of 980 Diode laser irradiation in the gingival sulcus and SRP,
was significantly better as compared to SRP alone.

7549-12, Session 2

Connective tissue attachment regeneration
effect of new integrated biostimulation/soft
tissue laser and the reduction of periodontal
pockets

R. Gougaloff, Redondo Beach Dental Group (United States) and

Loma Linda Ctr. for Implantology (United States); N. Marquina,
USA Laser Biotech Inc. (United States)

Aims. Measured the effects of a new dental laser that integrates
biostimulation and soft tissue laser technologies in the regeneration
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of connective tissue attachments and the reduction of periodontal
pockets. The study measured the clinical effectiveness as an adjunct to
conventional scaling and root planning (SRP) periodontal therapy.

Materials and Methods. Each of the 50 subjects in the study had at least
two periodontally compromised sites on different teeth. Laser treatments
were rendered using one of three lasers: (1) conventional soft tissue
diode (830 nm), (2) Nd:YAG or (3) the new laser device (wavelength 805
nm, peak power 120W, maximum adjustable average power 10.5W). All
subjects received SRP. Clinical Attachment Level, Bleeding on Probing,
Plaque Index, and Radiographic Bone Levels were used to compare the
three laser groups.

Results.The clinical results suggest that the regeneration of connective
tissue attachments respond well to laser energy delivered in short bursts
(low duty cycles) of high intensity laser pulses.

Conclusions. Applications of a new laser with integrated biostimulation
and soft tissue laser technologies are effective in the reduction of
periodontal pockets as adjunct to conventional SRP periodontal
therapies.

7549-13, Session 2

Color analysis of the mucogingival tissues
depending on abutment type using
hyperspectral imaging

H. J. Noordmans, M. Cune, R. v. Brakel, R. Verdaasdonk, Univ.
Medical Ctr. Utrecht (Netherlands)

In dentistry, titanium implant abutments cause blue-grayish shimmering
of the overlying mucogingival tissues, giving an unhealthy appearance.
White, zirconia abutments are supposedly advantageous from a
biological and aesthetic perspective. To determine the effect on

optical appearance, we measured the reflected spectrum through the
mucogingival tissues covering zirconia and titanium abutments as a
function of the soft-tissue thickness using hyper-spectral imaging.

Fifteen implants in 11 patients were provided with zirconia and titanium
abutments (within-subject comparison) and imaged with a hyper-spectral
camera mounted on a surgical microscope. Each hyper-spectral image
(720x576 pixels, 70 wavelengths from 440 to 720 nm) was captured in
30 seconds, spatially and spectrally normalized, and motion corrected
using GPU based image registration software. Reflection spectra were
extracted from the image along the midline on the implant starting 1

mm before the mucogingival margin, and continuing 3 mm apically.
Mucogingival thickness was measured on plaster casts.

Results show that zirconia implant abutments influence the reflection
spectrum up to a soft-tissue thickness of 2 mm. As expected from theory,
after reflection at the zirconia abutment, the longer wavelengths (red)
dominate the spectrum of the back scattered light. Hemoglobin peaks
are clearly visible in the reflection spectrum and may be an indicator

of mucogingival health. By blinking between zirconia and titanium
abutments images, it becomes clear that the difference in light reflection
is the major reason why zirconia implants appear healthier. Hyper-
spectral imaging shows to be a practical and promising method to study
the condition of oral mucogingival tissues.

7549-14, Session 2

Compositional and crystallographic changes
on enamel when irradiated by Nd:YAG or
Er,Cr:YSGG lasers and its resistance to
demineralization when associated with
fluoride

D. M. Zezell, P. A. Ana, Instituto de Pesquisas Energéticas e
Nucleares (Brazil); L. Bachmann, Univ. de Sao Paulo (Brazil); F. G.

Albero, Instituto de Pesquisas Energéticas e Nucleares (Brazil); C.
Tabchoury, J. A. Cury, Faculdade de Odontologia de Piracicaba-
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UNICAMP (Brazil)

This study investigated the compositional and crystallographic changes
on enamel when irradiated by Er,Cr:YSGG ( =2.78pm, 85J/cm2) or
Nd:YAG (( =1064nm, 84.9J/cm2 associated with black coating), its
resistance to demineralization when irradiation is associated with fluoride
(APF-gel), and CaF2 formation and retention. Sample surfaces were
analyzed by ATR-FTIR (4000-650cm-1, 4cm-1) resolution. Irradiation

with Er,Cr:YSGG laser promoted a significant decrease on carbonate
content of enamel. After Nd:YAG irradiation, it was observed a significant
decrease of carbonate and amides | and Il. X-ray diffraction showed that
both laser irradiations promoted formation of -tricalcium phosphate

and tetracalcium phosphate, and a significant increase on the crystal
growth of the enamel apatite. (ANOVA, p<0.05 was used for all analysis).
These changes can explain the improved resistance of enamel to
demineralization observed in the second part of the study, in which 240
enamel slices divides in 8 groups, received 4 min of professional fluoride
gel (APF-gel 1.23%F-) applied before or after irradiation. After treatments,
the formation of calcium fluoride (CaF2) was determined. The remaining
slabs of each group were submitted to a 10-day pH-cycling model and,
subsequently, enamel demineralization was evaluated by cross-sectional
microhardness. Both lasers significantly reduced enamel demineralization
(ANOVA, p<0.05), and the previous APF-gel application followed by laser
showed the higher reduction of enamel demineralization. CaF2 formed
before pH-cycling was significantly higher in groups were APF was
associated with laser irradiation. After demineralization, these groups also
presented higher CaF2 retention in respect to isolated treatments (only
APF or only laser), suggesting its anticaries potential.

7549-15, Session 2

Assessment of the effect of the use of laser
light or Dantrolen® on facial muscle under
occlusal wear: a Raman spectroscopic study
in a rodent model

A. L. Barbosa Pinheiro, M. V. Lisboa, Univ. Federal da Bahia
(Brazil); C. B. Lopes, R. Rocha, Univ. do Vale do Paraiba (Brazil);
T. A. Ramos, I. D. Abreu, M. C. T. Cangussu, J. N. dos Santos,
Univ. Federal da Bahia (Brazil)

The aim of the present study was to use Raman spectroscopy to
measure levels of CaPi on muscles under occlusal wear and treated

with LLLT and/or muscle relaxant therapy on rodents. The etiology

of temporomandibular disorders is multifactorial. Malocclusion may
influence the masticatory muscles causing fatigue. A major type of
fatigue is the metabolic, caused by the increased accumulation of
metabolites such as inorganic phosphate. Raman spectroscopy allows
nondestructive analysis of the biochemical composition tissues.

Animals and methods: 40 male Wistar rats were randomly divided into 4
groups: control (Gl), Occlusal wear (Gll), occlusal wear + LLLT (Glll), and
occlusal wear + muscle relaxant (GIV). Controls had no treatment. Under
intraperitoneal general anesthesia animals of groups Il, Il and IV had
unilateral amputation molar cusps to simulate an occlusal wear situation.
The masseter muscle of Glll received LLLT ( 830nm, 4J/cm2, 40mW, ~
2mm) after the procedure and repeated at every other day during 14/30
d. Animals of GIV were treated with a daily injection of Dantrolene® (2.5
mg/Kg in 0.5 ml of H20) beginning 24 hours after cusp removal. Animals
were killed by an overdose of general anesthetics at days 14th and 30
after cusps removal and the ipsilateral masseter muscle was excised
and divided into 2. One part was routinely processed and underwent
histological analysis the other was kept in Liquid nitrogen for Raman
spectroscopy. The mean value of the intensity of the peak 958 cm_1
was determined. No morphological changes were seen. Raman Analysis
showed significant differences between G1 and G3 (P<0.05) and between
G2 and G3 (P<0.05) at day 30. Conclusion: Fatigue did not caused
morphologic alterations on masseter muscle under fatigue but resulted
on changes on the level of CaPi that were less compromising when the
laser light was used.
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7549-20, Poster Session

Do the parameters of the Er:Yag laser
influences the apical sealing?

A. M. C. Marques, J. N. dos Santos, A. L. B. Pinheiro, Univ.
Federal da Bahia (Brazil)

Failures on the sealing of the tooth apex is responsible for most the
failures of apical surgeries. The Er:YAG laser has been proposed as an
alternative for the use of rotator instruments on surgical endodontics.

12 human extracted canines without previous endodontic treatment,
anatomically normal roots, free from apical lesions and disinfected were
sectioned at the crown-root junction and submitted to routine endodontic
treatment and randomly distributed into 2 groups. Group |, apicectomy
was performed with the Er:YAG laser (250mJ/15Hz). Apical cut was
performed of perpendicular mode with 3mm from the apical foramen.

On Group ll, the same procedures and the same sequence as above

was used and 400mJ/6Hz. The specimens were divided into groups and
fixed, by the cervical third, on wax. The roots were immersed in a 2%
methylene blue solution and placed in a bacteriological oven for 48 h

and were sagittally split into 2 parts. Apical staining was measured by 3
calibrated examiners. Group | showed the greatest level of dye leakage.
There was a significantly difference between the groups (p = 0.001). it is
concluded that the apicectomies carried out with 400mJ/6Hz showed the
smallest infiltration value.

7549-21, Poster Session

Secondary caries detection with an oral
fluorescence based camera system in vitro

O. Brede, C. Wilde, F. Krause, A. Braun, M. Frentzen, Univ. Bonn
(Germany)

The aim of the study was to compare the ability of a fluorescence based
optical system to detect secondary caries.

The optical detecting system (VistaProof©) illuminates the tooth surfaces
with blue light emitted by high power GaN-LEDs at 405 nm. Employing
this almost monochromatic excitation, fluorescence is analyzed using

a RGB camera chip and encoded in color graduations (blue - red -
orange - yellow) by a software (DBSWIN®), indicating the degree of
caries destruction. 31 freshly extracted teeth with secondary caries

were clened, excavated and refilled (Grandio©). 19 of them were filled
and refilled with amalgam and 12 with a composite resin. Each step

was analyzed with the respective software and analyzed statistically.
Differences were considered as statistically significant at p<0.05.

There was no difference between measurements at baseline and after
cleaning (Mann Whitney, p>0,05). There was a significant difference
between baseline measurements of the teeth primarily filled with
composite resins and the refilled situation (Mann Whitney, p=0.014).
There was also a significant difference between the non-excavated and
the excavated group (Mann Whitney Composite p=0.006, Amalgam
p=0.018).

The in vitro study showed, that the fluorescence based system allows
detecting secondary caries next to composite resin fillings but not next
to amalgam restorations. Cleaning of the teeth is not necessary, if there
is no visible plaque. Further studies have to show, whether the system
shows the same promising results in vivo.
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7549-22, Poster Session

Dental hard tissue investigation after Er:YAG
laser-assisted treatment

C. C. Todea, C. Balabuc, C. Sinescu, Univ. de Medicina si
Farmacie Victor Babes, Timisoara (Romania); C. Locovei, C.
Demian, A. Raduta, Politehnica Univ. of Timisoara (Romania); A.
Bradu, A. Podoleanu, Univ. of Kent (United Kingdom)

Purpose: To investigate the dental hard tissues morphology after Er:YAG
laser-assisted treatment using en-face Optical Coherence Tomography
(OCT) and Scanning Electron Microscopy (SEM) analysis.

Material and Methods: Thirty single- and multi-rooted freshly extracted
human teeth free of caries were used in this study. All teeth were
randomly divided into two study groups, group | (laser) and group |l
(control). In group |, the dental hard tissues were prepared using Er:YAG
laser. The laser parameters used were VSP mode, 40-320 mJ and 10-20
Hz. In group Il, the dental hard tissues were prepared using conventional
methods. The dental hard tissues were first investigated using en-

face Optical Coherence Tomography prototype, based on transverse
scanning and operating at 1300 nm. Then the samples were sectioned
transversally and submitted to SEM analysis.

Results: Both investigation methods demonstrated qualitatively the
surface morphology after Er:YAG laser-assisted treatment, which was
considerably more suitable for filling as compared to the control group, in
which the dental hard tissues were prepared conventionally.

Conclusion: The en-face OCT method provided a superior non-invasive,
in depth and real time investigation method, while the SEM analysis
offered more accurate surface information. Moreover, based on the
results of both investigation methods, it may be concluded that Er:-YAG
laser-assisted treatment provides an improved surface morphology of the
dental hard tissues.

7549-23, Poster Session

An in vitro study of the effect of a pulsed 10.6
pm CO2 laser and fluoride on the reduction
of caries lesions progression in bovine root
dentin

T. M. Parisotto, P. A. Sacramento, Faculdade de Odontologia
de Piracicaba (Brazil); M. C. Alves, Educational Instistution for
Agriculture-ESALQ (Brazil); M. B. D. Gaviégo, R. M. Puppin-
Rontani, M. Nobre dos Santos, Faculdade de Odontologia de
Piracicaba (Brazil)

The aim of the present study was to evaluate in vitro the combined
effects of a pulsed 10.6 um CO2 laser and fluoride on the reduction of
caries lesions progression in root dentin. Sixty five slabs of previously
demineralized bovine root dentin were assigned into five groups (n=13):
control (no treatment), acidulated phosphate fluoride gel 1.23% (FFA),
CO2 Laser (L), FFA+L, L+FFA. The lased groups were irradiated with 4.0
J/cm2. After a 7 days pH cycling regime, the knoop hardness number
(KHN) was determined by cross-sectional microhardness testing (59,
5s, 10-60 pm, 10 pm interval). The data was analyzed by ANOVA and
Student t-test ( = 0.05). A significant effect between KHN and the
depths that indentations were made was found (p<0.05). At 10-20 um,
FFA+L (KHN: 12.12+0.95/13.07+1.03) inhibited caries progression when
compared to control (KHN: 8.76+0.95/9.50+1.03) (p<0.05) and did not
differ from groups L and FFA (p>0.05). At 30 um, only in the group FFA
(KHN: 15.35+1.16) the KHN was significantly higher than the control.

At 40 pm, the groups FFA, L and L + FFA were capable of inhibiting
significantly caries progression, however they did not differ each other
(p>0.05). At depths of 50-60 pm, L alone (KHN: 17.05+1.29/18.26+1.30)
was the only group that differed statistically from the control (KHN:

13.43+1.24/13.81+1.25), but did not from the other groups. In conclusion,

CO2 laser alone was capable of inhibiting caries progression in the
deepest layers. However, no synergic effect was obtained when FFA
application and CO2 laser irradiation were combined.
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7549-24, Poster Session

In vitro near-IR imaging of occlusal caries
lesions using a germanium enhanced CMOS
camera

C. S. Lee, C. L. Darling, D. Fried, Univ. of California, San
Francisco (United States)

No abstract available.

7549-25, Poster Session
Near-IR polarization imaging of sound and
carious dental hard tissues

C. L. Darling, J. J. Jiao, C. S. Lee, H. Kang, D. Fried, Univ. of
California, San Francisco (United States)

No abstract available.

7549-26, Poster Session

Imaging early demineralization with PS-OCT

H. Kang, J. J. Jiao, C. S. Lee, D. Fried, Univ. of California, San
Francisco (United States)

No abstract available.

7549-27, Poster Session

Measurement of the severity of occlusal
caries lesions with near-IR imaging and PS-
OCT

S. M. Douglas, D. Fried, C. L. Darling, Univ. of California, San
Francisco (United States)

No abstract available.
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7550-01, Session 1

Three-dimensional multimodal microscopy of
rabbit cornea after cross-linking treatment

A. Krueger, Laser Zentrum Hannover e.V. (Germany); M.
Hovakimyan, Univ. Rostock (Germany); D. F. Ramirez, R. Lorbeer,
Laser Zentrum Hannover e.V. (Germany); M. Krdger, O. Stachs, A.
Wree, R. F. Guthoff, Univ. Rostock (Germany); H. Lubatschowski,
A. Heisterkamp, Laser Zentrum Hannover e.V. (Germany)

A novel clinical treatment of keratoconus is cross-linking of the cornea
with Riboflavin and UV-A radiation. In spite of the positive clinical track
record, the complex wound healing process is still unclear. The objective
of this study was to evaluate the wound healing process in the cornea
after cross-linking using various microscopic imaging techniques for
complementary information on changes in morphology and physiology.
Rabbit eyes were investigated in vivo using confocal cw-laser scanning
microscopy in reflective mode, ex vivo with an femtosecond-laser based
imaging platform integrating second harmonic generation laser scanning
microscopy in forward and backward detection mode, two photon
excited laser scanning microscopy of NAD(P)H and reflective confocal
laser scanning microscopy. The corneae were also fixated and processed
for histology and immunohistochemistry. Results: No corneal swelling
after one week, fast regeneration of the epithelial layer (in process after 1
week, fully after 5 weeks), no noticeable differences in lamellar structure
of collagen fibres. The anterior stroma lacked cell nuclei after one week,
after 5 weeks there was still a lower abundance of metabolic active
keratocytes in the anterior stroma. In the reflective confocal images, the
anterior stroma constantly showed a high abundance of cell-shaped
scattering structures but with features differing from normal keratocytes.
Conclusion: The combination of various microscopic imaging techniques
provides insight into the complex cellular and extracellular structures and
processes in the cornea during the wound healing after cross-linking.
Additional investigative attention should be paid on the recovery of
stromal keratocytes after cross-linking.

7550-02, Session 1

Internal limiting membrane layer visualization
and vitreoretinal surgery guidance using a
common-path OCT integrated microsurgical
tool

X. Liu, The Johns Hopkins Univ. (United States); P. Gehlbach,
Johns Hopkins Univ. School of Medicine (United States); J. U.
Kang, The Johns Hopkins Univ. (United States)

Contemporary retinal microsurgery is performed by skilled surgeons
through operating microscopes, utilizing free hand techniques and
manually operated precision micro-instruments. One technically
challenging procedure involves incising the Internal Limiting Membrane
(ILM) while minimizing damage to the underlying retina. One strategy for
minimizing damage is to improve visualization of the ILM layer. Here we
present a preliminary evaluation of a prototype tool that integrates an
Ultra High Resolution Fourier Domain Common Path OCT (FD CP-OCT)
into a single mode fiber probe that is integrated with a microsurgical pick.
The tool provides OCT guided visualization of the ILM layer at the point of
tissue contact by the microsurgical pick.

The CP-OCT system consists of a broadband SLD source (central
wavelength 800nm; 3dB bandwidth 106nm), a 2x2 coupler, a
spectrometer and a single mode fiber probe incorporated with a 25
gauge surgical needle (0.5mm OD). The distal end of the fiber was
cleaved at a right angle, therefore the Fresnel reflection at the fiber tip
provides reference light.

We have evaluated the imaging properties of this system in an enucleated
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ex vivo fish eye model. Our results indicate that the ILM layer of retina
was clearly visible. The current maximum imaging depth and the
sensitivity of our CP-OCT was 1.4mm and 91dB respectively. We have
achieved an experimental axial resolution of 3um in air and this appears
sufficient to both identify the ILM and to perform surgical maneuvers.

7550-03, Session 1

On-line visualization of retinal
photocoagulation by OCT: Ex-vivo
experiments

H. H. Muller, K. Schlott, T. Bonin, E. Lankenau, M. Bever, R.
Brinkmann, Univ. of Libeck (Germany); G. Hittmann, Univ. zu
Libeck (Germany)

Photocoagulation is one of the most successful laser therapy in
medicine. By irradiation of the retina with cw-laser, tissue damage is
produced, which spans from the RPE to the superficial parts of the
neural retina. Recently an interest in more selective retinal treatments is
observed. With microsecond irradiation or near threshold coagulation, a
damage confined to the RPE is possible.

Optical coherence tomography (OCT) is the only non-invasive imaging
modality, which can visualize the layered structure of the retina. Though
post operatively OCT images showed changes in tissue morphology due
to the photocoagulation, the direct response of the tissue during and
shortly after irradiation is still not known. Aim of the study was to show,
that Fourier-Domain OCT is able the follow the morphological tissue
changes during and immediately after coagulation.

Tissue effects of photocoagulation were visualized by OCT in enucleated
pig eyes. Changes in tissue scattering were observed during and after
coagulation. Whereas an initial decrease in signal intensity was caused
by fringe wash-out during thermal changes of the tissue, increased
scattering in parts of the retina after coagulation is caused by the the
coagulation of the tissue, which ophthalmologically gives white lesions
in the retina. A more sensitive marker for the onset of tissue changes are
phase changes of the back scattered light which can be visualized by
Doppler-OCT.

7550-04, Session 1

Bioluminescent reporters of retinal response
to sub-lethal thermal stress

M. A. Mackanos, Stanford Univ. (United States); H. Nomoto,
Stanford Univ. School of Medicine (United States); C. Sramek,
Stanford Univ. (United States); C. H. Contag, D. Palanker,
Stanford Univ. School of Medicine (United States)

It has been debated whether retinal laser therapy requires destruction

of some cells or whether sub-lethal thermal stress can trigger cellular
responses leading to beneficial therapeutic outcomes. Sub-lethal thermal
stress does not produce ophthalmoscopically visible changes, and lack
of effective means of detection cellular responses to sub-lethal irradiation
has precluded the objective testing of these distinct approaches. Here we
present a quantitative technique for imaging and analysis of responses

to sub-lethal thermal stress in the retina using a bioluminescent reporter
gene expressed from the promoter of the 70 kilodalton heat shock protein
(hsp70) gene. A Nd:YAG laser (532 nm, 100 ms pulse duration, 400 um
beam diameter, 6 spots per eye) was used to treat the retina in transgenic
reporter mice. An increase of bioluminescence was measured at seven
hours post laser treatment using a Sirius Luminometer with the Promega
luciferase assay kit. Damage thresholds of photoreceptors and RPE were
assessed using ophthalmoscopic visibility of the lesions, Fluorescein
Angiography (FA), and fluorescent live/dead assay of the RPE whole-
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mount preparation. We bracketed the retinal damage thresholds with
powers ranging from 20 to 125 mW. It was determined that the threshold
for induction of the hsp70 promoter was ~40% below the RPE damage
as determined by live/dead assay (25 mW vs. 45 mW, respectively). Using
ophthalmoscopic visibility of the lesions for titration, and decreasing the
laser power accordingly, one could apply sub-lethal thermal stress to the
retina, and study its response to laser retinal treatments.

7550-05, Session 1

Automatic dosimetry control for gentle retinal
photocoagulation

R. Brinkmann, K. Schlott, L. Ptaszynski, J. Langejirgen, M.
Bever, Univ. zu Libeck (Germany); S. Koinzer, J. Roider, Univ.
Schleswig-Holstein (Germany); R. Birngruber, Univ. zu Libeck
(Germany)

Purpose:

The extent of retinal laser coagulations depend on the temperature
increase at the fundus and the time of irradiation. Due to light scattering
within the eye and variable fundus pigmentation the induced temperature
increase and therefore the extent of the lesions cannot be predicted
solely from the laser parameters. We use optoacoustics to monitor the
temperature rise in real-time and to automatically control the coagulation
onto a preselected strength for each individual spot, relieving the
ophthalmologists from any manual dosimetry.

Methods:

A Q-switched Nd:YLF-laser (523nm, 75ns, 1kHz) is used to probe the
temperature increase during photocoagulation. The excited thermoelastic
pressure waves from the retina are detected with an ultrasonic transducer
embedded in the contact lens. The probe pulses are transmitted via the
same slitlamp and fiber as the treatment laser radiation (cw Nd:YAG-
laser, 532 nm). Experiments are performed on enucleated porcine eye
globes and rabbits in vivo.

Results:

The coagulations in rabbits rise about proportional in diameter from 220
to 340 pm with an irradiation time of 300 ms when increasing the laser
power from 40 to 60 mW, respectively. Using an automatic Arrhenius-
correlated laser shut-off, lesions with similar diameter are generated.
Automatic switch-off times vary between 59 and 87 ms for a spot
diameter of 110 ym, exemplary, in the above mentioned power range.

Conclusions:

The temperature/time course during laser photocoagulation can be
determined non-invasively by optoacoustics. The preliminary results are
very promising towards realization of an automatic feedback controlled
irradiation with adjustable coagulation strength.

7550-06, Session 2

Measurement of vibrations induced on the
surface of crystalline eye lens using PhS-
SDOCT

K. V. Larin, N. Sudheendran, Univ. of Houston (United States); S.
Y. Emelianov, The Univ. of Texas at Austin (United States)

Studying stiffness of a crystalline eye lens can help in understanding
several ocular diseases. Studies have shown that stiffness of the eye
lens increases with age that might contribute to loss of accommodation.
The stiffness of the lens could be assessed by measuring mechanically
induced surface waves propagating on its surface. Here we present
preliminary results on measurements of the vibrations induced on surface
of an eye lens with phase sensitive spectral domain optical coherence
tomography (PhS-SDOCT). The system shows an axial resolution of 8
um, phase sensitivity of 0.01 radians, imaging depth of up to 3.4 mm

in air and a scanning speed of 29 kHz for a single A-line. The results
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indicate that the system could detect vibrations as small as 0.45 pm
induced on the crystalline lens, and hence, PhS-SDOCT could be
potentially used to assess stiffness of a crystalline lens.

7550-07, Session 2

Onset of oxidative stress in clear lenses using
dynamic light scattering

R. R. Ansari, NASA Glenn Research Ctr. (United States); M. B.
Datiles Ill, National Institutes of Health (United States)

We evaluated 52 eyes of young normal volunteers 22 years old and
younger to determine the amount of alpha crystallin protein levels

using a fiber-optic dynamic light scattering device. We find a variable
amount of alpha crystallins in young clear lenses, suggesting possible
predisposition of some individuals to develop cataracts sooner in life due
to lower protection from oxidative stress.

7550-08, Session 2

Femto-disruption of the crystalline lens for
presbyopia and cataract surgery: history and
new advancements

R. R. Krueger, The Cleveland Clinic Foundation (United States);
R. Naranjo Tackman, Univ. Nacional Autonoma de Mexico
(Mexico); J. Villar Kuri, APEC Hospital (Mexico); R. Frey, LensAR,
Inc. (United States)

Purpose: To outline the history and recent advancements of femtosecond
laser use in the crystalline lens

Methods: The first concept of femtosecond laser disruption of the lens
for presbyopia was published ten years ago and since that time research
and investigation has led to progress in the treatment of femtosecond
laser assisted presbyopia correction and cataract surgery, including
comparative, contralateral studies of laser vs conventional capsulorhexis
(85 eyes) and laser assisted vs. phaco-fragmentation of LOCS grade 2
cataracts (54 eyes) at the APEC hospital in Mexico City following IRB and
Mexican Regulatory approval.

Results: The first of several companies in this area, LensAR, has
designed a spatial localization system for precise femtosecond laser
delivery within the crystalline lens. Precision capsulotomy was easily
created and removed with a mean achieved diameter difference of

0.183 +0.246mm for the laser group vs. 0.456 +0.735mm for the manual
capsulorhexis group (p=0.001). Laser cubing for nucleus fragmentation
required a median cumulative dispersed energy (CDE) of 3.82 (range from
2.25 to 14.22) for the laser group vs. 7.23 (range from 2.73 to 42.35) for
conventional phacoemulsification. Both groups had equivalent visual
outcomes.

Conclusion: Femtosecond lasers can be effectively delivered
transcorneally into the crystalline lens to significantly enhance the
precision of capsulotomy and reduce by 50% the CDE in breaking up
nuclear fragments for cataract extraction. This technology holds promise
for femto-lens surgery as the next new application of femtosecond lasers
in ophthalmology.

7550-10, Session 2
Extended depth of focus intra-ocular lens: A
solution for presbyopia and astigmatism

Z. Zalevsky, Bar-llan Univ. (Israel); A. Zlotnik, |. Raveh, S. Ben
Yaish, Xceed Imaging Ltd. (Israel); O. Yehezkel, M. Belkin, Tel-
Aviv Univ. (Israel)

Purpose: Subjects after cataract removal and intra-ocular lens (IOL)
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implantation lose their accommodation capability and are left with

a monofocal visual system. The IOL refraction and the precision of

the surgery determine the focal distance and amount of astigmatic
aberrations. We present a design, simulations and experimental bench
testing of a novel, non-diffractive, non-multifocal, extended depth

of focus (EDOF) technology incorporated into an IOL that allows the
subject to have astigmatic and chromatic aberrations-free continuous
focusing ability from 35cm to infinity as well as increased tolerance to IOL
decentration.

Methods: The EDOF element was engraved on a surface of a monofocal
rigid IOL as a series of shallow (less than one micron deep) concentric
grooves around the optical axis. These grooves create an interference
pattern extending the focus from a point to a length of about one mm
providing a depth of focus of 3.00D with negligible loss of energy at any
point of the focus while significantly reducing the astigmatic aberration
of the eye and that generated during the IOL implantation. The EDOF
IOL was tested on an optical bench simulating the eye model. In

the experimental testing we have explored the characteristics of the
obtained EDOF capability, the tolerance to astigmatic aberrations and
decentration.

Results: The performance of the proposed IOL was tested for pupil
diameters of 2 to 5mm and for various spectral illuminations. The MTF
charts demonstrate uniform performance of the lens for up to 3.00D at
various illumination wavelengths and pupil diameters while preserving
a continuous contrast of above 25% for spatial frequencies of up to 25
cycles/mm. Minimal sensitivity to decentration of up to 0.75mm and
capability of correcting astigmatism of up to 1 Diopter was measured.

Conclusions: The proposed EDOF |IOL technology was tested by
numerical simulations as well as experimentally characterized on an
optical bench. The new lens is capable of solving presbyopia and
astigmatism simultaneously by providing focus extension of 3.00D
under various illumination conditions, wavelengths, pupil diameters and
decentrations of the implanted lens without loss of energy at any of the
relevant distances.

Proprietary interest: Dr. Zalevsky is a consultant to Xceed imaging and
has a financial interest in the presented technology.

7550-100, Session

Technology needs for the development of the
accommodative intraocular lens

O. Nishi, Nishi Eye Hospital (Japan)

No abstract available.

7550-12, Session 3

Measuring the rate of hypoxic swelling of
individual layers in human cornea with high-
speed ultrahigh-resolution optical coherence
tomography

K. K. Bizheva, D. C. Hyun, A. A. Moayed, J. Eichel, S. Shakeel, L.
Sorbara, T. Simpson, N. Hutchings, Univ. of Waterloo (Canada)

Hypoxia induced corneal swelling was observed and evaluated in healthy
human volunteers by use of high speed, ultrahigh resolution optical
coherence tomography (UHROCT). Two dimensional corneal images
were acquired at a speed of 47,000 A-scans/s with 4.3um x 10um (axial
x lateral) resolution in corneal tissue. The UHROCT tomograms showed
clear visualization of all intra-corneal layers and allowed for evaluation
of hypoxia induced swelling by measuring the thickness of individual
corneal layers over time. Results from this study show that the response
to hypoxia is different in the various corneal layers, with anisotropic
swelling and recovery rates for the epithelium, epithelium-Bowman’s
complex and stroma.
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7550-13, Session 3

Rapid line-scan confocal imaging of retinal
activation

Y. Li, X. Yao, The Univ. of Alabama at Birmingham (United States)

Intrinsic optical signal (I0S) imaging promises a new method for high
resolution study and diagnosis of retinal function. We have used a
transmitted light microscope to demonstrate the feasibility of high
resolution imaging of fast IOSs in isolated amphibian retinas. Transmitted
light imaging provides important application for the study of isolated
retinas, but reflected light recording is required for potential in vivo
application of I0Ss. Here, we demonstrate a rapid, high-sensitive
confocal imager to achieve reflected light imaging of I0Ss. In this
imager, a cylindrical lens based line-scanner is employed to provide
parallel illumination, and a high-speed (68,000 Hz) linear CCD camera is
used to achieve simultaneous confocal detection of IOSs from multiple
(1024) retinal points. The rapid line-scan confocal imager provides
frame-to-frame and line-to-line imaging modalities. While the frame-
to-frame imaging allows dynamic visualization of |OSs with a frame
speed up to 500 Hz; the line-to-line recording can provide ultrafast
(68,000 Hz) monitoring of a fixed line area of the retina. In coupling with
concurrent electrophysiological measurement, a series of experiments
was conducted to characterize reflected I0Ss in frog retinas. Our
experiments indicate that fast IOSs have time courses comparable to
electrophysiological kinetics. Because of effective rejection of out-of-
focus background light, fast confocal imaging typically discloses fast
I0Ss with magnitude peak > 20% dl/I, where dl is dynamic optical
change and | is background light intensity. We anticipate that further
development of the I0S imaging technology will pave the way toward
noninvasive, high resolution evaluation of retinal function.

7550-14, Session 3

High-sensitive blood flow imaging of the
retina and choroid by using double-beam
optical coherence angiography

S. Makita, M. Yamanari, Univ. of Tsukuba (Japan) and
Computational Optics and Ophthalmology Group (Japan); M.
Miura, Tokyo Medical Univ. (Japan) and Computational Optics
and Ophthalmology Group (Japan); Y. Yasuno, Univ. of Tsukuba
(Japan) and Computational Optics and Ophthalmology Group
(Japan)

Wide-field and high-sensitive Doppler optical coherence angiography

of the posterior human eye has been demonstrated. High-sensitive
phase-resolved spectral-domain optical coherence tomography using
the superluminescent diode with the central wavelength of 840 nm

and bandwidth of 50 nm (FWHM) is developed. Two OCT signals with

a time separation are acquired simultaneously with double sampling
beams divided by using a Wollaston prism and a polarization-sensitive
spectrometer consisting of two line scan cameras. The total power of two
beams on the cornea is 700 uW. The line scan rate of cameras is 27 kHz
and each OCT channel has the sensitivity of 93 dB.

The two sampling beams are separated by approximately 162 um on the
retina. The scanning of the beams is applied along the plane consisting
of them. A single position on the sample is scanned twice with these
two beams. High-contrast and high-sensitive phase-resolved blood flow
image is obtained with these two OCT signals. Since the two signals are
highly correlated, the decorrelation noise is small. In addition to that, this
method does not require dense lateral sampling comparing to the lateral
resolution which is demanded for previous phase-sensitive flow imaging.
High-speed and high-sensitive blood flow imaging is enabled. The retinal
and choroidal vasculature images with the area of 7.7 x 7.7 mm (512 x
256 axial scans) are obtained within 5 s.
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7550-15, Session 3

Flicker stimulated retinal perfusion
changes assessed with high-speed Doppler
tomography

T. Schmoll, C. Blatter, Medizinische Univ. Wien (Austria); M. L.
Villiger, C. Pache, T. Lasser, Ecole Polytechnique Fédérale de
Lausanne (Switzerland); R. A. Leitgeb, Medizinische Univ. Wien
(Austria)

We developed a high speed Doppler tomography system together
with flow extraction algorithms that provide a flexible tool to assess
retinal perfusion. The aim of the present study is to stimulate perfusion
by flickering with light of adjustable color and to measure changes
depending on light frequency and flicker location. We observed relative
changes in arterial flow velocity during flicker stimulation up to 50%.
An increase in arterial vessel diameter by 11% has been measured.
We found in arteries close to the optic nerve head the highest flicker
response at a frequency of 10Hz. We believe that a multi-modal
functional imaging concept is of high value for an accurate and early
diagnosis and understanding of retinal pathologies and pathogenesis.

7550-16, Session 3

True velocity mapping using joint spectral and
time domain optical coherence tomography

|. Grulkowski, M. Szkulmowski, D. Bukowska, S. Tamborski,
I. Gorczynska, A. A. Kowalczyk, M. Wojtkowski, Nicolaus
Copernicus Univ. (Poland)

In this contribution we present both axial and transverse components
estimation using joint Spectral and Time domain Optical Coherence
Tomography (STAOCT) method. Whereas axial component of velocity
vector can be determined from the time-dependent Doppler beating
frequency, the transverse component can be assessed by the analysis of
the broadening of flow velocity profiles (Doppler bandwidth). This enables
us to quantitatively determine the absolute value of the velocity vector.
The accurate analyses are performed using well-defined flow of Intralipid
solution in the glass capillary. This enables performing in vivo imaging
and allows to calulate velocity maps of the retinal vasculature.

7550-17, Session 3

Perfusion measures from dynamic ICG
scanning laser ophthalmoscopy

S. Larkin, Lickenbrock Technologies, LLC (United States);

A. Invernizzi, Univ. of Milan (ltaly); D. Beecher, Lickenbrock
Technologies, LLC (United States); G. Staurenghi, Univ. of Milan
(italy); T. J. Holmes, Lickenbrock Technologies, LLC (United
States)

Movies acquired from fundus imaging using Indocyanine Green (ICG)

and a scanning laser ophthalmoscope provide information for identifying
retinal vascular abnormalities. A limitation of this modality is the necessity
of esoteric training for interpretation for certain disease conditions and
treatments. A straightforward interpretation of these movies by objective
measurements would help to eliminate this problem.

A software program has been prototyped that produces and visualizes
2D maps of perfusion measures. The program corrects for eye motion
- both rigid misalignment and warp. The movie is further corrected by
removing intensity flicker, vignetting and shading artifacts. Each pixel
in the corrected movie is least-squares fit with a spline function to
yield a smooth time-intensity function. From these smoothed curves,
several perfusion measures are calculated. These include a metric that
represents the amount of time required for a vessel to fill with dye and
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a metric representing relative blood flow. Changes due to disease-
condition progression or response to treatment are seen by comparing a
baseline movie and a movie from a later date.

Preliminary test cases were studied where these measures were
compared to the evaluations by standard clinical means. The measures
agreed with these standard evaluations by showing increased or
decreased perfusion, respectively, when the pathologic lesion was
progressing or responding to treatment, respectively.

7550-18, Session 4

Corneal topography and pachymetry using
high-speed swept source OCT

K. M. Karnowski, M. Gora, B. J. Kaluzny, Nicolaus Copernicus
Univ. (Poland); R. A. Huber, Ludwig-Maximilians-Univ. Minchen
(Germany); M. Szkulmowski, Nicolaus Copernicus Univ. (Poland);
S. Marcos, Consejo Superior de Investigaciones Cientificas
(Spain); A. A. Kowalczyk, M. Wojtkowski, Nicolaus Copernicus
Univ. (Poland)

We present applicability of the high speed swept-source optical
coherence tomography for quantitative corneal analysis, including
corneal topography, pachymetry and elevations maps. The accuracy
and repeatability of the measurements preformed using OCT, Oculus

- Pentacam and standard corneal topographer are assessed. Simple
model of the cornea as well as the human cornea in vivo are examined.
An influence of a misalignment of measured cornea with respect to the
instrument are estimated.

7550-19, Session 4

Extraction of clinical refractive parameters
from spectral domain optical coherence
tomography of the cornea

M. Zhao, A. Kuo, S. Farsiu, J. A. Izatt, Duke Univ. (United States)

Accurate determination of parameters such as curvature and power

are important in the clinical diagnosis and management of processes
affecting corneal refraction. Unlike Placido ring based systems [1],
spectral domain-optical coherence tomography (SDOCT) offers the
ability to image both the anterior and posterior refractive surfaces of

the cornea for the determination of these parameters and offers higher
resolution than that found in photographic imaging techniques. To
produce SDOCT representations of the cornea sufficiently accurate for
extraction of refractive parameters, any artifacts due to minute scanning
mechanism imperfections, 3D refraction in the patient’s cornea, and
patient motion during SDOCT acquisition must be eliminated. We present
here algorithms correcting for non-telecentric scan deformation and 3D
refraction correction in the cornea, as well as a trial scan acquisition
protocol designed to reduce patient motion artifact. The implemented
algorithms were then used to correct SDOCT volumes of a contact lens
phantom and of corneas of five healthy volunteers. Clinical parameters
including radii of curvature, central power, and thickness were extracted.
For the contact lens phantom, we were able to accurately recover the
reference parameters. For volunteer subjects, our values varied from
those of other available clinical imaging systems by approximately 2
diopters. These discrepancies are possibly due to the use of an adjusted
corneal refractive index used by other systems. Incomplete removal

of patient motion artifacts may also have contributed to observed
discrepancies.
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7550-20, Session 4

Change in peripheral refraction during
acommodation: myopes vs. emmetropes

A. Ho, S. Delgado, A. Martinez, P. Sankaridurg, Institute for Eye
Research Ltd. (Australia)

No abstract available.

7550-21, Session 4

Imaging distortions of the isolated crystalline
lens posterior surface during optical
coherence tomography

D. Borja, S. R. Uhlhorn, R. Urs, F. Manns, Bascom Palmer Eye
Institute, Univ. of Miami Miller School of Medicine (United States)
and Univ. of Miami (United States); J. A. Parel, Bascom Palmer
Eye Institute, Univ. of Miami Miller School of Medicine (United
States) and Univ. of Miami (United States) and Vision Cooperative
Research Ctr. (Australia)

Purpose: To characterize the effect optical distortions on the curvature
and asphericity of the posterior lens surface in OCT imaging of the
isolated crystalline lens. Methods: A TD-OCT system (12um axial and
60pm lateral resolution and a 10.0 mm axial scan length) with telecentric
beam delivery and a flat scan field was used to image the complete
sagittal profile of the isolated lens immersed in a preservation medium.
OCT images were acquired with the anterior lens surface up and the
posterior surface up on isolated human (n=8, pmt = 66+25hrs, age: 6 to
90 years) and cynomolgus monkey lenses (n = 6, pmt<24 hrs, age: 5to 7
years). Undistorted cross-sectional shadowgraph images were obtained
using an optical comparator. The posterior lens radius curvature (Rp) and
asphericity (Qp) values obtained from the OCT and shadowgraph images
were compared. Results: The difference between Rp measurements
obtained from the two OCT images was 0.05 + 0.43mm and 0.02 +
0.20mm for the human and the cynomolgus monkey. The difference
between the Rp values obtained from the shadowgraph and OCT
images were 0.23 + 0.46 (mm) and -0.19 + 0.18mm for the human and
cynomolgus. A Bland Altman analysis showed no systematic differences
between the OCT and the shadowgraph images. Conclusions: The
effects of the distortions induced from the lens refractive properties

are less than the resolution of our experimental OCT system. OCT can
provide accurate biometric measurements of isolated lenses without the
need for distortion correction.

7550-22, Session 4

A novel scanning method in anterior segment
OCT to be used in imaging the radial 3-mm
section of the crystalline lens

R. Yadav, Univ. of Rochester (United States); G. Yoon, Univ. of
Rochester Eye Institute (United States) and Univ. of Rochester
(United States)

A novel sample scanning method for an anterior segment optical
coherence tomography (AS-OCT) system has been described. This
scanning method has been designed for imaging the entire anterior
segment of the eye (from cornea to posterior surface of the crystalline
lens) at a time. The imaging of the entire anterior segment is crucial in
analyzing various physiological properties of the eye.

In a traditional scanning system the beam is shined straight into the eye
parallel to the optical axis. For anterior segment imaging, larger scan
area leads to increase in the angle of incidence on the ocular surfaces;
this causes the reduction in signal collected from regions further from
the optical axis. This loss in signal combined with loss in signal due to
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coherence makes it impossible to image off axis portions of the deeper
surfaces of the eye, thus making it very difficult to image the entire
anterior segment, where optical depth penetration of 10mm is required.

In this study we have developed a design, which achieves close to
normal incidences at all the lateral locations on the ocular surfaces
within 3mm from the optical axis; this way we increase the amount of
light scattered back to the system. To achieve normal incidence on

all the surfaces we have designed two focusing systems, one of them
optimized for cornea and the front surface of the crystalline lens, while
other for the back surface of the crystalline lens. The two systems are
combined together into just one system by cutting the optical elements
into semicircles and then gluing them together.

To evaluate the performance of our design we imaged model eye using
our scanning design and compared the images obtained with the images
obtained by traditional scan. Two different model eyes were used for
evaluating the two optical systems. In the images obtained for the model
eyes we observed significantly stronger signal (SNR improvement by a
factor of 4) from our scanning design than from the traditional scan.

7550-23, Session 4

Directionality of the retinal reflection as
measured with optical coherence tomography

W. Gao, Indiana Univ. (United States); B. Cense, Utsunomiya
Univ. (Japan); O. P. Kocaoglu, Q. Wang, R. S. Jonnal, D. T. Miller,
Indiana Univ. (United States)

The directional component of the retinal reflection, known as the optical
Stiles-Crawford effect (SCE), results from the waveguiding properties of
photoreceptors. The SCE is of clinical interest as normal directionality
requires normal morphology of the photoreceptors and extracellular
space. Uncertainty, however, remains as to the portion of the fundus
reflections that is waveguided and how this may vary with retinal location.
To address these questions, we have developed a spectral-domain
optical coherence tomography (SD-OCT) instrument that is tailored for
measuring the optical SCE over a wide range of retinal locations. The
instrument systematically translates the beam across the pupil with
B-scans of the retina acquired at pupil intervals of 0.5 mm. From the
B-scans, the magnitude of the primary retinal reflections were extracted
and fitted to a parabolic function using a least-squares method. Results
show that reflections from the inner/outer segment junction (IS/OS) and
posterior tips of outer segment (POS) were highly sensitive to beam entry
position, whereas that of the RPE were noticeably less so. Directionality
of the POS reflection was consistently stronger than that of the IS/

OS reflection regardless of retinal location with directionality of both
increasing with retinal eccentricity. In comparison, directionality of the
RPE was observed weak and less sensitive to retinal location.

7550-24, Session 5

Polarization sensitive corneal and anterior
segment swept-source optical coherence
tomography

Y. Lim, M. Yamanari, Y. Yasuno, Univ. of Tsukuba (Japan) and
Computational Optics and Ophthalmology Group (Japan)

Corneal and anterior segment optical coherence tomography (CAS-
OCT) is a non contact and noninvasive cross-sectional imaging tool

for measuring anterior eye segment in vivo. A conventional OCT

that measures only the backscattering intensity is often difficult to
discriminate the tissues of the anterior eye segment, namely conjunctiva,
sclera, and trabecular meshwork. Polarization-sensitive OCT (PS-OCT)
has been used to visualize birefringence of the fibrous tissues, including
sclera and trabecular meshwork, for better tissue discrimination. Since
the PS-OCT has the advantage of tissue discrimination, and thus may
be important in a clinic, we develop a compact polarization-sensitive
CAS-OCT (PS-CAS-OCT) for the purpose of the routine clinical use.
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Our PS-CAS-OCT also has the purpose for evaluating the usefulness

of PS-OCT, and enabling large scale studies in the tissue properties of
normal and diseased eyes using the benefits of the PS-OCT. To achieve
our purposes, the dimensions of detection arm and reference arm were
reduced to a 19 inch box in order to make the system to be portable, and
a position adjustable scanning head is well-equipped for high usability.

Our PS-CAS-OCT was used to simultaneously acquire intensity and
birefringence images of the anterior eye segment successfully. The
system is considered to have potential to be an imaging tool for anterior
eye segment which discriminates tissues by its optical properties not only
by its anatomy. Using this system, we will evaluate the performance of
PS-OCT as a diagnostic tool for corneal and anterior eye segment.

7550-25, Session 5

Tissue discrimination in anterior eye using
three optical parameters obtained by
polarization sensitive optical coherence
tomography

A. Miyazawa, M. Yamanari, S. Makita, Univ. of Tsukuba (Japan)
and Computational Optics and Ophthalmology Group (Japan);
M. Miura, Tokyo Medical Univ. Kasumigaura Hospital (Japan)
and Computational Optics and Ophthalmology Group (Japan);
K. Kawana, Univ. of Tsukuba (Japan) and Computational Optics
and Ophthalmology Group (Japan); K. lwaya, National Defense
Medical College (Japan) and Tokyo Medical Univ. (Japan); H.
Goto, Tokyo Medical Univ. (Japan); Y. Yasuno, Univ. of Tsukuba
(Japan) and Computational Optics and Ophthalmology Group
(Japan)

Identification of tissue types in optical coherence tomography (OCT)
were important for the diagnosis of disease. In anterior eye, because
scattering property of tissues are not so different, tissue segmentation
based on structural information is hard to be applied. In this presentation
we demonstrate our tissue classification algorithm which is not using a
levelset algorithm but based on classification of the optical properties of
tissue obtained by polarization sensitive OCT (PS-OCT). We measured 4
eyes of 4 subjects by PS-OCT and calculated 3 optical property values,
which were intensity, extinction coefficient and birefringence. These
properties were used as features of tissue and each pixel has a set of

3 feature values which is referred to as three dimensional (3D) feature
vector. All pixels were discriminated to the types of tissues according to
the positions of feature vectors in the feature space. Feature distributions
of 5 tissues (conjunctiva, sclera, trabecular meshwork (TM), cornea

and uvea ) were well separated in the 3D feature space. In 4 eyes of

4 subjects, the 5 tissues were successfully segmented. A TM-line as
observed by a gonioscopy can be observed in 3D volume. According to
the distance between the TM and the surface of the iris, we can intuitively
asses the angle structures. Our method is useful to investigate the narrow
angle and because the OCT is non-contact measurement method, this
method may have a potential for a large population screening of angle-
closure glaucoma.

7550-26, Session 5

Thickness and birefringence measurement
of retinal nerve fiber layer tissue using
polarization-sensitive optical coherence
tomography and adaptive optics

Q. Wang, B. Cense, O. P. Kocaoglu, W. Gao, R. S. Jonnal, D. T.
Miller, Indiana Univ. (United States)

Early detection of retinal nerve fiber layer (RNFL) loss is a critical step
towards effective treatment of glaucoma and other ocular diseases
that destroy this anterior layer. Change in RNFL birefringence has been
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suggested to be a sensitive indicator of RNFL health and to precede
clinically detectable vision loss. Here we investigate the utility of a
polarization-sensitive optical coherence tomography (PS-OCT) system
endowed with adaptive optics (AO) for measuring RNFL birefringence
across a wide range of RNFL thicknesses. AO provides several
performance advantages for PS-OCT, including increased signal to noise,
higher lateral resolution, and smaller speckle size. AO-PS-OCT B-scans
were acquired at multiple locations of a 61-year-old volunteer with a
known arcuate RNFL defect. Results show that the double pass phase
retardation per unit depth varies greatly across the retina (0.13 deg/um to
0.89 deg/um) with the thin RNFL tissue of the arcuate defect being the
most birefringent.

7550-27, Session 5

Quantification of retinal lesions by
polarization sensitive optical coherence
tomography

C. K. Hitzenberger, B. Baumann, E. Gotzinger, M. Pircher, H.
Sattmann, C. Ahlers, C. Schitze, F. Schlanitz, U. Schmidt-
Erfurth, Medizinische Univ. Wien (Austria)

Segmentation of retinal structures and lesions is an important step for
quantitative diagnostic applications of optical coherence tomography
(OCT) in ophthalmology. Previous algorithms are essentially based on
variations of backscattered intensity between layers or at the boundaries
of layers. Intensity based algorithms are, however, sensitive to various
factors like illumination conditions, presence of vessels, or phase
washout caused by ocular motions.

Polarization sensitive (PS) OCT provides additional information on tissue,
allowing direct tissue identification by intrinsic contrast mechanisms.
E.qg., the retinal nerve fiber layer is birefringent while the retinal pigment
epithelium (RPE) act as depolarizers, i.e. scramble the polarization state.
We recently used the latter effect to develop improved algorithms for RPE
segmentation. We now report on further extensions of this technique to
segment and quantify retinal lesions. We used a spectral domain PS-
OCT/SLO system for the measurements. The instrument operates at a
wavelength of 840 nm and records 20000 A-scans/s. Three parameters
can be measured simultaneously: reflectivity, retardation, and optic

axis orientation. In addition, spatially resolved Stokes vectors can be
measured from which the degree of polarization uniformity (DOPU) can
be derived, a quantity closely related to the degree of polarization known
from classical polarization optics.

Up to now, we used PS-OCT to image more than 600 eyes of patients
with various retinal disorders like age related macular degeneration
(AMD), diabetic retinopathy (DR), glaucoma, choroidal tumors, and
others. Segmentation and quantification of several retinal lesions like
drusen, geographic atrophy, and subretinal fluids will be presented.

7550-28, Session 6

Irreversible electroporation for non-chemical
sterilization of eye drops

M. Belkin, Tel Aviv Univ. (Israel); A. Golberg, B. Rubinsky, The
Hebrew Univ. of Jerusalem (Israel)

Purpose: Testing Irreversible Electroporation (IRE) as a method for
nonchemical sterilization of topical eye medications.

Methods: Hylo-Comod® preservative-free eyedrop solution was
contaminated with 106 CFU/mL Escherichia coli bacteria. Electroporation
parameters for sterilization were investigated by comparing electrical
fields of 5.4, 7.2, and 10 kV/cm, delivered as 100-ys square pulses at 1
Hz in sequences of 10 pulses, 20 pulses, or 20 pulses delivered as four
sets of five pulses with 1-min intervals between each set. Pour plate
counting method was used to determine microorganism survival. Effects
of the treatment on temperature and pH were recorded.

Results: Twenty pulses delivered as four separate sets resulted in three
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orders of magnitude reduction in bacterial load (to 0.14%+0.03%). The
solution remained at pH 7.5 and the temperature rose to 35.6°+0.2C°
when these IRE parameters were used.

Conclusions: IRE seems to be a simple method for sterilization of

drugs in solution to regulatory requirements, making the use of

toxic preservatives such as benzalkonium chloride and thimerosal
unnecessary. The method is potentially applicable to any non-solid drug,
contact lens solutions, drinks and foods.

7550-29, Session 6

Ultrashort pulse laser surgery on healthy and
oedematous cornea and sclera

K. Plamann, D. A. Peyrot, F. Deloison, C. Crotti, Ecole Nationale
Supérieure de Techniques Avancées (France); M. Savoldelli,

J. Legeais, Hopital Hotel Dieu (France); F. Morin, F. Druon, M.
Hanna, P. Georges, Institut d’Optique Graduate School (France)

Ultrashort pulse laser surgery on the anterior segment of the eye is

an established and very successful technique in re-fractive surgery.
However, present day systems are of limited use on scattering tissue: the
strong degradation of the beam quality makes it difficult to use them on
pathological cornea for corneal grafting. Glaucoma surgery which would
neces-sitate interventions in the volume of the sclera is not possible.

Basic considerations in tissue optics and earlier experimental work
suggest that the use of longer laser wavelengths will greatly improve the
penetration depth and incision quality in these cases.

We present near-field and far-field theoretical modelling of the scattering
process and experimental measurement of the direct and diffuse
transmission of human cornea and sclera. We compare the results of
these measurements to surgical experiments on tissue performed as a
function of the wavelength using a broadly tuneable Optical Parametric
Ampilifier, an Optical Parametric Generator and a compact fibre laser
source specially designed for surgery of the anterior segment of the
eye. The experimental results confirm the validity of the approach and
demonstrate an improvement at least of a factor of three of the laser
penetration depth in pathological, strongly scattering tissue when using
wavelengths within the optical transmission window between 1.6 pm
and 1.8 pm. Histological and ultrastructural analysis of the tissue using
transmission electron microscopy reveal the absence of any appreciable
thermal or other side effects.

7550-30, Session 6

Visualizing of fs laser pulse induced micro-
incisions inside crystalline lens tissue

0. Stachs, Univ. Rostock (Germany); S. Schumacher, Laser
Zentrum Hannover e.V. (Germany); M. Kréger, Univ. Rostock
(Germany); H. Hoffmann, M. Fromm, A. Heisterkamp, H.
Lubatschowski, Laser Zentrum Hannover e.V. (Germany); R. F.
Guthoff, Univ. Rostock (Germany)

Purpose: One strategy for restoring accommodation and overcoming lens
stiffening is to use fs laser pulses either to separate the collagen fibrils

by microbubbles or to induce micro-incisions inside the lens. The aim of
the study was to evaluate a method for visualizing fs laser pulse induced
microincisions inside crystalline lens tissue.

Method: Lenses removed from porcine eyes were modified ex vivo by fs
laser pulses (wavelength 1040 nm, pulse duration 306 fs, pulse energy
1.0-2.5 pJ, repetition rate 100 kHz) to create defined planes at which
lens fibers separate. The fs laser pulses were delivered by a 3D scanning
unit and transmitted by focusing optics into the lens tissue. Lens fiber
orientation and fs laser-induced micro-incisions were examined using a
confocal laser scanning microscope based on a Rostock Cornea Module
attached to a Heidelberg Retina Tomograph II.

Results: Normal lens fibers showed a parallel pattern, with diameters
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between 3 pm and 9 pm, depending on scanning location. Micro-incision
visualization revealed different cutting effects depending on fs laser pulse
energy, ranging from altered tissue scattering properties with all fibers
intact through to definite fiber separation with a wide gap. Pulse energies
that were too high or overlapped too tightly produced an incomplete
cutting plane due to extensive micro-bubble generation.

Conclusions: 3D CLSM permits visualization and analysis of fs laser
pulse induced microincisions inside crystalline lens tissue. Avoidance of
invasive tissue preparation offers a method for studying the outcome of
fs laser pulse treatment without artifacts.

7550-31, Session 6

Improved safety of retinal photocoagulation
with a shaped beam

C. Sramek, J. Brown, Stanford Univ. (United States); Y. Paulus,
H. Nomoto, D. V. Palanker, Stanford Univ. School of Medicine
(United States)

Laser photocoagulation has long been the standard of care for

several retinopathies. A recent innovation, patterned scanning laser
photocoagulation, simplifies and accelerates the treatment by producing
multiple retinal lesions in a single step with shorter exposures. Pulses of
20 ms in duration have been found to reduce inner retinal damage and
subsequent scarring, while minimizing pain, compared to conventional
100 ms treatment. However, the safe therapeutic window (defined as a
ratio of power for producing a rupture to that of mild coagulation) has
been found to decrease with shorter exposures.

A ring-shaped beam produces lower peak temperature in the center of
the laser spot during coagulation due to optimized heat diffusion in the
irradiated area. This reduces the threshold of rupture and thus improves
safety of short pulse photocoagulation. A finite-element computational
model of retinal photocoagulation and rupture was used to predict the
expected improvement in therapeutic window for a ring-shaped beam.
Sizes of the damage zone were quantified in porcine RPE explants
using a fluorescent viability assay in vitro, and coagulation and rupture
thresholds were measured in rabbit eyes in vivo. A 20 - 40% increase

in therapeutic window relative to top-hat beam was observed for 5 - 50
ms pulse durations, potentially allowing for safe photocoagulation two
times faster than with a top-hat beam. For a retinal beam size of 130 pm
in diameter, the limit of safe pulse duration can be decreased from 20 ms
down to 10 ms.

7550-32, Session 6

Selective retinal therapy with a continuous
line scanning laser

Y. M. Paulus, A. Jain, R. F. Gariano, Stanford Univ. (United
States); H. Nomoto, Stanford Univ. School of Medicine (United
States); G. Schuele, Optimedica Corp. (United States); C.
Sramek, R. Charalel, Stanford Univ. (United States); D. V.
Palanker, Stanford Univ. School of Medicine (United States)

Many macular diseases are initiated by dysfunction of the retinal pigment
epithelium (RPE), suggesting the need for RPE-specific treatments.
Microsecond pulse lasers, as well as rapidly scanning continuous lasers,
can selectively treat RPE cells. We evaluate the selectivity and safety of
a continuous line scanning laser, as well as healing of the resulting retinal
lesions.

A 532 nm laser (PASCAL) with retinal beam diameters of 40 and 66 pm
and dwell times ranging from 15 to 60 ps was applied to 30 pigmented
rabbits. Lesions were acutely assessed ophthalmoscopically, with
fluorescein angiography (FA), and with live-dead fluorescent assay (LD).
Histological analysis was performed at 7 time points from 1 hour to 2
months.

FA and LD yielded similar thresholds of RPE damage. Histological
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analysis demonstrated that ophthalmoscopic visibility (OV) of the lesions
corresponded to photoreceptor damage. Safety and selectivity (the
ratios of the thresholds of rupture and OV to FA visibility) increased with
decreasing duration and beam size, but did not improve with repetitive
scanning. Above the threshold of OV, histology at one day showed RPE
damage and drop-out of photoreceptors. By one week, RPE proliferation
and photoreceptor migration from adjacent areas restored continuity of
the photoreceptor and RPE layers. By 1 month, photoreceptors appeared
normal.

Retinal therapy with a fast scanning continuous laser can provide
selective targeting of the RPE and, at higher power, of the
photoreceptors, and allows for treatment of large areas in a short time.
The safety window and selectivity increases with decreasing exposure
time.

7550-33, Session 6

Experimental retinectomy with a 6.1 pm
Q-switched Raman-shifted alexandrite laser

K. M. Joos, R. Prasad, J. A. Kozub, B. L. lvanov, A. Agarwal, J.
Shen, Vanderbilt Univ. (United States)

Purpose: A wavelength at 6.1 ym produced by an experimental
Free Electron Laser as capable of ablating tissue, including retina,
with a minimal amount of collateral damage. We hypothesize that
6.1 um produced by a portable laser, likewise, would be useful to
perform retinectomy in detached retina with extensive proliferative
vitreoretinopathy.

Methods: An alexandrite laser system, which provides a high-intensity
Q-switched pulse (780 nm, 50-100 ns duration, 10 Hz), is wavelength-
shifted by a two-stage stimulated Raman conversion process into the
6-7 ym range (Light Age, Inc.). Fifteen fresh cadaver porcine retinas
were quartered. They were lased with 6.1 um with a 200 ym diameter
spot at 0.6 - 1.8 mJ/pulse after removal of the vitreous. Specimens were
examined grossly and prepared for histological examination.

Results: The Raman-shifted alexandrite laser produced a smooth
Gaussian profile. A narrow spectrum was produced at 6.1 pm making

it well-suited for future efficient coupling into a hollow-glass waveguide
beam delivery system. The laser was capable of producing retinal
incisions at 0.6 mdJ. However, more uniform incisions were obtained with
an output of 1.8 mJ and a 300 pm/sec scanning speed.

Conclusions: The 6.1 pm mid-infrared energy produced by a portable
laser is capable of incising retinas with minimal thermal damage. Further
experiments will explore different cutting parameters as well as delivery
of the energy through a surgical probe.

7550-34, Session 7

Integrated eye tracking and wide-field
imaging for adaptive optics SLO

R. D. Ferguson, D. X. Hammer, Physical Sciences Inc. (United
States); Z. Zhong, S. A. Burns, Indiana Univ. School of Optometry
(United States)

We have developed a new adaptive optics (AO) patient interface module
design and implementation incorporating a wide-field line-scanning
ophthalmoscope (LSO) and a closed-loop optical retinal tracker. AO SLO
or OCT scans and rasters are deflected by the tracker mirrors so that
direct AO stabilization is automatic during tracking lock. The wide-field
imager and dual mirror optical interface design enable placement of

the AO image field at any retinal coordinates of interest in the >30 deg
field. Several normal adult volunteers were image at IU. High quality AO
images with a diagonal raster size of approximately 1 deg were obtained
over a large angular range in the eye exhibiting a number of fine scale
anatomical features Tracking was initiated during AO imaging and was
compared to non-tracking sequences. During small saccades with
fixating subjects, the tracking system successfully locks and maintains
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the field of view. Small transients during eye accelerations may cause
averaged images to loose contrast over longer duration imaging, but
significant fine scale details survive. Without tracking, eye motions often
exceed the raster size resulting in total loss even of reference features
that might be used for post-processing image registration. Long-term
tracking does not yet perform at the single cone level, yet still preserves
spatial information at the cone scale. The new AO interface has the
potential to address the practical limitation of AO in the clinic, and may
lead to more wide-spread use of high-resolution imaging technology by
ophthalmologist, optometrist, and vision researchers.

7550-35, Session 7

Multimodal adaptive optics for depth
enhanced high-resolution ophthalmic imaging

D. X. Hammer, M. Mujat, N. V. Iftimia, R. D. Ferguson, Physical
Sciences Inc. (United States)

Age-related macular degeneration (AMD) is a leading cause of blindness
and is characterized by drusen followed by photoreceptor and retinal
pigment epithelium (RPE) atrophy (geographic atrophy, GA) or the
development of choroidal neovascular membranes (CNV). FDOCT
systems at 1-pm have been previously developed to enhance depth
penetration and these may be well suited to image AMD initiation and
progression in the photoreceptor, RPE, and choriocapillaris layers. We
have constructed a compact, clinical-prototype, multimodal AO retinal
imaging system specifically designed to image the deeper retinal layers
with long wavelength illumination. The instrument acquires AO-corrected
SLO and FDOCT images. It is comprised of a 1-um swept source Fourier
domain OCT imager, a 750-nm scanning laser ophthalmoscope (SLO),
and an 830-nm wide-field line scanning ophthalmoscope (LSO). The
system design also includes a dual deformable mirror configuration

and retinal tracker, which will be implemented in a latter stage of the
project. An initial human subject investigation is underway to characterize
and optimize the multimodal AO retinal imager. We will present results
from normal human eyes for all imaging modes and discuss novel strip
and montage scanning schemes. Future clinical studies are planned

on subjects with AMD and other retinal disease (glaucoma, retinitis
pigmentosa, etc.).

7550-36, Session 7

Retinal imaging with a combined adaptive
optics optical coherence tomography

and adaptive optics scanning laser
ophthalmoscopy system

R. J. Zawadzki, UC Davis Medical Ctr. (United States); S. M.
Jones, Lawrence Livermore National Lab. (United States); S. Pilli,
UC Davis Medical Ctr. (United States); D. Kim, UC Davis Medical
Ctr. (United States); S. S. Olivier, Lawrence Livermore National
Lab. (United States); J. S. Werner, UC Davis Medical Ctr. (United
States)

We describe retinal imaging results with a novel instrument that combines
adaptive optics - Fourier-domain optical coherence tomography (AO-
OCT) with an adaptive optics scanning laser ophthalmoscope (AO-SLO).
One of the benefits of combining Fd-OCT with SLO includes automatic
co-registration between the two imaging modalities and the potential

for correcting lateral and transversal eye motion resulting in motion
artifact-free volumetric retinal imaging. Additionally this allows for direct
comparison between retinal structures that can be imaged with both
modalities (e.g., photoreceptor mosaics or microvasculature maps).

This dual imaging modality provides insight into some retinal properties
that could not be accessed by a single imaging system. Additionally,
extension of OCT and SLO beyond structural imaging may open new
avenues for diagnostics and testing in ophthalmology. In particular,
non-invasive vasculature mapping with these modalities holds promise
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of replacing fluorescein angiography in vascular identification. Several
new improvements of our system including results of testing a novel
97-actuator deformable mirror and wavefront sensor, as well as AO-SLO
light intensity modulation, will also be presented.

7550-37, Session 7

Imaging retinal nerve fiber bundles at
ultrahigh speed and ultrahigh resolution using
OCT with adaptive optics

0. P. Kocaoglu, Indiana Univ. (United States); B. Cense,
Utsunomiya Univ. (Japan); Q. Wang, J. Bruestle, J. Besecker, W.
Gao, R. S. Jonnal, D. T. Miller, Indiana Univ. (United States)

Ultrahigh speed line scan detectors based on CMOS technology have
been recently demonstrated in ultrahigh resolution spectral-domain
optical coherence tomography (UHR-SD-OCT) for retinal imaging. While
successful, fundamental tradeoffs exist been image acquisition time,
image sampling density, and sensitivity, all of which impact the extent of
motion artifacts, visualization of fine spatial detail, and detection of faint
reflections. Here we investigate these tradeoffs for imaging retinal nerve
fiber bundles (RNFBs) using UHR-SD-OCT with adaptive optics (AO).
Volume scans of 3°x3° and 1.5°x1.5° were acquired at retinal locations
of 3° nasal and 6° superior to the fovea on a healthy subject. Dynamic
AO compensation across a 6 mm pupil provided near-diffraction-limited
performance. The acquisition rates were was 22.5k lines/s and 125k
lines/s with A-lines spaced at 0.9 microns and 1.8 microns and B-scans
at 1.8 microns and 9 microns. Focus was optimized for visualizing the
RNFBs, therefore maximizing its signal. En face projection and cross-
sectional views of the RNFBs were extracted from the volumes and
compared to images acquired with an established CCD-based line-scan
camera. The projection view was found highly sensitive to eye motion
artifacts, yet could only be partially compensated with coarser sampling,
since fine sampling was necessary to observe the microscopic features
in the RNFBs. For the cross-sectional view, speckle noise rather than
eye motion artifacts limited bundle clarity. The highest B-scan density
(1.8 microns spacing) coupled with B-scan averaging proved the best
combination. Regardless of view, the higher line rate provided better
RNFB clarity.

7550-38, Session 8

Adaptive optics for the correction of eye
aberrations

A. Hansen, M. K. Khattab, R. Lorbeer, Laser Zentrum Hannover
e.V. (Germany); R. R. Krueger, The Cleveland Clinic Foundation
(United States); H. Lubatschowski, Laser Zentrum Hannover e.V.
(Germany)

In ophthalmology, femtosecond laser tissue transections
(photodisruption) which do not provoke any damage to the retina are
currently limited to the cornea or lens. In order to not harm the retina
during laser application, the laser focus needs to be either a safe
distance apart from the retina or the threshold energy for the tissue
interaction needs to be low enough to not destruct any peripheral tissue.
For surgery in the direct vicinity of the retina the threshold energy has

to be reduced to a safe level. However, the aberrations of the anterior
elements of the eye cause a distortion of the wavefront and therefore

a raised threshold energy when focussing into the posterior segment
and thus prevent an application with minimized threshold energy. We
present an optical system that allows for correcting aberrations in eyes
using adaptive optics consisting of a deformable mirror and a Hartmann-
Shack-Sensor with a novel light source. If combined with femtosecond
laser pulses this system offers the possibility for minimally invasive laser
surgery in the posterior eye segment with minimized threshold energy.
This offers a new approach for e.g. the treatment of tractional retinal
detachment as a minimally invasive alternative to the current invasive
standard vitrectomy which is very traumatic and in most cases causes
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complications like cataract formation which could be avoided with laser
surgery.

7550-39, Session 8

Novel applications of an adaptive optics
visual simulator in the clinical setting

R. R. Krueger, K. Maia Rocha, The Cleveland Clinic Foundation
(United States)

Purpose: To evaluate the clinical benefit of using an adaptive optics visual
simulator (AOVS) for assessing aberration specific changes in visual
acuity (VA) and depth of focus (DoF).

Methods: An AOVS (Imagine Eyes, Orsay, France) was used to optically
introduce individual aberrations of different magnitude in 9 normal eyes
for assessing VA change (Group 1), 10 cyclopleged eyes for assessing
the ocular DoF with a fixed letter size at various distances (Group 2),
and to optically correct 20 highly aberrated eyes (12 keratoconus and

8 symptomatic post refractive) in order to assess the gain in recorded
visual acuity and improved visual perception (Group 3).

Results: Group 1: The correction of normal HOAs (up to 4th order)
improved the best corrected VA by a mean of one line (-0.1 LogMAR),
while the introduction of individual HOAs of 0.3 pm (5 mm pupil) or more
reduced the VA by ~1.5 lines (+0.15 LogMAR). Group 2: The DoF was
most enhanced (~2.0 D) with the introduction of 0.6 pm of spherical
aberration, and worse at 0.9 pm (6 mm pupil). Group 3: The correction
of highly aberrated HOAs improved keratoconus BCVA by a mean of 2
lines and post-refractive BCVA by 1.5 lines. The visual perception was
markedly improved.

Conclusion: The AOVS defines the degree of VA compromise vs DoF
benefit with HOAs induced in normal eyes, which is useful in designing
optimal corneal or IOL shapes. It also defines the degree of improvement
with HOAs corrected in highly aberrated eyes, which is useful in patient
counseling.

7550-40, Session 8

Binocular adaptive optics visual simulator:
understanding the impact of aberrations in
real vision

E. J. Fernandez, P. Prieto, P. Artal, Univ. de Murcia (Spain)

A novel adaptive optics system is presented for the integral study of
vision. The apparatus is capable for binocular operation. The binocular
adaptive optics visual simulator permits measuring and manipulating
ocular aberrations of the two eyes simultaneously. Aberrations can be
corrected, or modified, while the subject performs visual testing under
binocular vision. One of the most remarkable features of the apparatus
consists on the use of a single correcting device, and a single wavefront
sensor. Both the operation and the total cost of the instrument largely
benefit from this attribute. The correcting device is a liquid-crystal-on-
silicon (LCOS) spatial light modulator. Aberrations from the two eyes are
measured with a Hartmann-Shack sensor. The basic performance of
the visual simulator consists in the simultaneous projection of the two
eyes’ pupils onto both the corrector and sensor. Several examples of the
potential of the apparatus for the study of the impact of the aberrations
under binocular vision are presented. Measurements of contrast
sensitivity with modified spherical aberration are showed. Different
binocular combinations of spherical aberration were explored through
focus. Special attention was paid on the simulation of monovision,
where one eye is corrected for far vision while the other is focused at
near distance. The results suggest complex binocular interactions in
presence of aberrations. The apparatus can be dedicated to the better
understanding of the vision mechanism, which might have an important
impact in developing new protocols and treatments for presbyopia.

The technique and the instrument might contribute to search optimized
ophthalmic corrections.
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7550-41, Session 8
Hybrid adaptive optics visual simulator

C. Canovas, S. Manzanera, P. Prieto, P. Artal, Univ. de Murcia
(Spain)

Visual simulators are useful tools both to study new aspects of the visual
system functioning and to design and develop new ophthalmic optics
elements. We present a new Adaptive Optics system for Visual Simulation
which comprises two phase manipulating elements based on diverse
technologies. The Hybrid Adaptive Optics Visual Simulator synergistically
combines a liquid crystal programmable phase modulator, which is ideal
for static generation of abrupt or discontinuous phase profiles, with a
membrane deformable mirror that can be operated to compensate ocular
aberrations in real time. As a proof of concept, we present results for a
trifocal phase element structured in six radial sectors with discontinuities
between them. Image quality as a function of defocus was objectively
measured and the experimental results were in very good agreement
with the theoretical expectations, both for the trifocal profile alone and

in presence of a real subject’s ocular aberrations. The Hybrid Adaptive
Optics Visual Simulator combines advantages from the two types of
active elements currently available for adaptive optics. The device has

a wide range of applications but it is specially intended as a tool for
designing and developing new ophthalmic optics elements, reducing the
costs of the process and eventually leading to better solutions.

7550-42, Session 9

Small animal ocular biometry using optical
coherence tomography

M. Ruggeri, O. P. Kocaoglu, S. R. Uhlhorn, D. Borja, R. Urs, T.
Chou, Bascom Palmer Eye Institute, Univ. of Miami Miller School
of Medicine (United States) and Univ. of Miami (United States);

V. Porciatti, Bascom Palmer Eye Institute, Univ. of Miami Miller
School of Medicine (United States); J. A. Parel, Bascom Palmer
Eye Institute, Univ. of Miami Miller School of Medicine (United
States) and Univ. of Miami (United States) and Vision Cooperative
Research Citr. (Australia); F. Manns, Bascom Palmer Eye Institute,
Univ. of Miami Miller School of Medicine (United States) and

Univ. of Miami (United States)

An OCT system was built for imaging the whole eye in small animal
models of disease. We developed a software tool for ocular biometry
measurements that allows semi-automatic segmentation and conic
function fitting of the main ocular structure boundaries, making the
acquired data suitable for quantitative information extraction. The system
was used to quantify age-related changes in the biometry of healthy
C57BL/6J mice and DBA/2J mouse model of glaucoma. The algorithm
for ocular biometry measurement was applied to extract the radius of
curvature of the anterior and posterior cornea in three normal mice at the
same age. The preliminary measurements compared well with biometric
data reported in literature.

7550-43, Session 9

Ultrahigh speed imaging of the rat retina
using ultrahigh resolution spectral/Fourier
domain OCT

J. J. Liu, Massachusetts Institute of Technology (United
States); B. M. Potsaid, Massachusetts Institute of Technology
(United States) and Thorlabs, Inc. (United States); Y. Chen,
Massachusetts Institute of Technology (United States); I. M.
Gorczynska, Massachusetts Institute of Technology (United
States) and Tufts Medical Ctr. (United States) and New England
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Eye Ctr. (United States); V. J. Srinivasan, Massachusetts General
Hospital (United States); J. S. Duker, Tufts Medical Ctr. (United
States) and New England Eye Citr. (United States); J. G. Fujimoto,
Massachusetts Institute of Technology (United States)

We performed OCT imaging of the rat retina at 70,000 axial scans per
second with ~3 pm resolution. Three-dimensional OCT (3D-OCT) data
sets of the rat retina are acquired. The high speed and high density
data sets enable improved en face visualization by reducing eye motion
artifacts and improve Doppler OCT measurements. Minimal motion
artifacts are visible and the OCT fundus images offer more precise
registration of individual OCT images to retinal fundus features. Projection
OCT fundus images show features such as the nerve fiber layer, retinal
capillary networks and choroidal vasculature. Doppler OCT images and
quantitative measurements show pulsatility in retinal blood vessels. In
sum, 3D-OCT data sets obtained at high speed show reduced motion
artifacts, enabling improved en face OCT fundus imaging. Doppler OCT
provides non-invasive in vivo quantitative measurements of retinal blood
flow properties and may benefit studies of diseases such as glaucoma
and diabetic retinopathy. Ultrahigh speed imaging using ultrahigh
resolution spectral / Fourier domain OCT promises to enable novel
protocols for measuring small animal retinal structure and retinal blood
flow. Furthermore, this non-invasive imaging technology is a promising
tool for monitoring disease progression in rat and mouse models to
characterize ocular disease pathogenesis and response to treatment.

7550-44, Session 9

Glaucoma models in tree shrew and rat
imaged with 3D 1050-nm optical coherence
tomography

A. R. Tumlinson, P. Samsel, V. Vorobyov, K. Kapoor, W. Drexler, J.
E. Morgan, Cardiff Univ. (United Kingdom)

Tree shrew and rat models of glaucoma were investigated. Elevated
ocular pressure (IOP) was induced by either sclerosis of the episcleral
drainage vessels or injection of 5 micron magnetic beads directed to
occlude the trabecullar meshwork. Preliminary work with postmortem
tissues has demonstrated thinning of the nerve fiber layer and
characteristic cupping of the optic discs. Preparatory to analysing in vivo
changes in the glaucoma models, 3D spectral-domain optical coherence
tomograms of optic nerve heads have been collected from anesthetized
rat and tree shrew. In vivo tomograms appear to be favorably comparable
to published data for the same species at 800nm center wavelength
while showing deeper penetration beyond the retina into scleral tissue.

Please see attached 2 page extended abstract.

7550-45, Session 9

An adaptive-optics scanning laser
ophthalmoscope for imaging murine retinal
microstructure

C. Alt, D. P. Biss, Wellman Ctr. for Photomedicine (United States);
N. Tajouri, Schepens Eye Research Institute (United States); T. C.
Jakobs, Massachusetts Eye and Ear Infirmary (United States); C.
P. Lin, Massachusetts General Hospital (United States)

In vivo retinal imaging is an outstanding tool to observe biological
processes unfold in real-time. The ability to image microstructure in vivo
can greatly enhance our definition of retinal microanatomy and normal
function. Transgenic mice are frequently used for mouse models of retinal
diseases. However, commercially available retinal imaging instruments
lack the optical resolution necessary to visualize detail.

We developed an adaptive optics scanning laser ophthalmoscope (AO-
SLO) specifically for mouse eyes. Rather than using adaptive optics
correction with a Shack Hartmann wavefront sensor and a beacon laser,
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our AO-SLO increases confocal signal intensity to correct for wavefront
aberrations introduced by the mouse eye. The instrument employs a

stochastic parallel gradient descent algorithm to modulate a deformable
mirror, ultimately improving image sharpness after the confocal pinhole.

The resulting resolution allows detailed observation of retinal
microstructure, such as microglia, ganglion cells with their axons and
microvasculature. Our AO-SLO can resolve the moving processes
microglia, demonstrating that microglia are highly motile, constantly
probing their immediate environment. Similarly, we observe the slow cell
death of retinal axons in models of retinal disease. We begin to study

in vivo in real time how different cell populations interact to maintain or
defend retinal structure and function.

7550-46, Session 9

Imaging of mouse embryonic eye
development using optical coherence
tomography

K. V. Larin, S. Syed, Univ. of Houston (United States)

Congenital eye defects can damage vision or even lead to blindness
and account for 3.68/10,000 newborns globally. Early diagnosis is vital
in the treatment, understanding and prevention of eye malformations
such as irreversible blindness caused by congenital glaucoma. Some

of the most common congenital eye malformations include congenital
cataract, microphthalmia, anophthalmia, coloboma, corneal opacity,

and congenital glaucoma. It was shown recently that Optical Coherence
Tomography can be used to study cardiovascular development in
cultured mice embryos. In this study, we utilized Swept Source Optical
Coherence Tomography (SS-OCT) to image live mice embryos between
the ages of 12.5 to 18.5 dpc through the uterus. OCT depth penetration
allowed us to image whole embryonic eye globe at these stages. Our
data shows that OCT can be used to image morphological growth of the
ocular tissue including formation of the eyelids, lens, retina and growth
of the globe with a resolution of up to 8 m. The overall growth of the eye
was tracked using volume measurements of the globe. These results
show that OCT imaging of the embryonic eye can establish a normal
model of embryonic eye development and become a useful technique to
monitor, detect and deeper understand abnormalities that could arise in
the mice embryonic eye development.

7550-47, Session 9

Structural and biochemical characterization
of the rat retina with combined Raman
spectroscopy optical coherence tomography

C. A. Patil, Vanderbilt Univ. (United States); J. Kalkman,
Academisch Medisch Ctr. (Netherlands); D. J. Faber, Univ.
van Amsterdam (Netherlands); J. S. Penn, Vanderbilt Univ.
(United States); T. A. G. van Leeuwen, Univ. van Amsterdam
(Netherlands) and Univ. Twente (Netherlands); A. Mahadevan-
Jansen, Vanderbilt Univ. (United States)

Optical Coherence Tomography (OCT) has become an established

tool in ophthalmic evaluation due to its ability to perform non-invasive,
high-resolution, cross-sectional imaging of the retina in real-time.
However, conventional OCT provides no information as to the molecular
composition of tissue. The fact that molecular changes can precede
structural in the progression of retinal pathology has motivated
alternative OCT system implementations with molecular contrast. An
alternative approach is to develop a multi-modal instrument capable of
augmenting OCT images with co-registered molecularly sensitive data
sets. We present the development of a dual-modal combined Raman
Spectroscopy-OCT (RS-OCT) instrument for evaluating both structural
and biochemical composition of the retina. RS probes biomolecules at
the vibrational level, producing tissue spectra with features associated
with nucleic acids, proteins, lipids, etc. The biochemical sensitivity of RS
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has been demonstrated to improve the specificity of disease diagnosis
in epithelial tissues, and could assist in determining early stage retinal
disease based on biochemical features that arise before structural
changes become evident. The RS-OCT system here is based on a
spectral domain OCT backbone at 850 nm and a 785 nm RS source,
which facilitates the use of a common spectrometer. Raman spectra are
registered to the central axis of the OCT image, arise from the full retinal
thickness, and are collected while OCT imaging is disabled. We plan

to present the system design and development, along with a feasibility
study that will assess the potential for RS-OCT to track pathological
progression in rat pups with oxygen induced retinopathy.

7550-48, Session 10

Multimodal multiphoton imaging of unstained
cornea

N. Olivier, Ecole Polytechnique (France); F. Aptel, Ecole Nationale
Supérieure de Techniques Avancées (France); A. Deniset-
Besseau, Ecole Polytechnique (France); J. Legeais, Hopital

Hoétel Dieu (France); K. Plamann, Ecole Nationale Supérieure

de Techniques Avancées (France); M. Schanne-Klein, E.
Beaurepaire, Ecole Polytechnique (France)

Non-invasive optical methods that enable in situ visualization of tissue
components are of particular relevance in ophthalmology. Commonly
used techniques such as optical coherence tomography (OCT) and
reflectance confocal imaging provide three-dimensional cell-scale
information, based on spatial variations of refractive indices. Multiphoton
imaging appears as a promising alternative method for obtaining virtual
biopsies with additional contrast. We evaluated three modalities of
multiphoton microscopy for imaging the anterior segment of intact
human eye tissue: third-harmonic generation (THG), second-harmonic
generation (SHG), and two-photon-excited fluorescence (2PEF). Imaging
was performed on a custom-built laser scanning THG-SHG-2PEF
microscope[1]. The three modalities provide complementary information
over the entire thickness of the cornea and in the trabecular meshwork.
THG imaging reveals the tissue morphology, including the epithelium
and endothelium structure with sub-cellular resolution. SHG imaging
probes the distribution of stromal collagen lamellae organization. 2PEF
imaging reveals the elastic component of the extra-cellular matrix

and the distribution of fluorescent organelles in epithelial, stromal and
endothelial cells. Multimodal imaging therefore provides a detailed
description of several key corneal components. We note that coherent
nonlinear images (THG and SHG) rely on specific contrast mechanisms,
and that their interpretation requires a careful analysis. We discuss the
contrast mechanisms in these images, based on our previous studies[1].
Our data show that combined THG-SHG-2PEF microscopy is a very
effective method for evaluating corneal microstructures in intact tissue,
which should prove appropriate for studying corneal and glaucoma
physiopathologies.

[1] Débarre et al, Nat Methods 2006.

7550-49, Session 10

Real-time mapping of the corneal sub-
basal nerve plexus by in vivo laser scanning
confocal microscopy

R. F. Guthoff, A. Zhivov, O. Stachs, Univ. Rostock (Germany)

PURPOSE: To produce two-dimensional reconstruction maps of the
living corneal sub-basal nerve plexus by in vivo laser scanning confocal
microscopy in real time.

METHODS: Confocal microscopy (Heidelberg Retinal Tomograph I
Rostock Cornea Modul (HRTII-RCM)) of the sub-basal nerve plexus was
performed in normal and LASIK eyes. Source data (frame rate 30Hz)
was used to create large-scale maps of the scanned area by means

of automatic real time composite mode. The algorithm attempts to
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align single live image into the mapped composite image by means of
landmark feature based image processing. As a result of this spatial
image transformation the same corneal structure is at the same pixel
location in the transformed live image and in the composite image.
Initially a single live image is used as the first instance of the composite
image. The transformed live image is added to the composite image and
a pixel by pixel averaging was performed in the overlap area to reduce
noise in the final image.

RESULTS: Real-time mapping of the sub-basal nerve plexus was
performed in large-scale up to a size of 1.6mm x 1.6mm in healthy
subjects and after LASIK. Mapping quality is depending on the subject’s
compliance and the examiner’s experience.

CONCLUSIONS: The presented method enables a real-time in vivo
mapping of the sub-basal nerve plexus which is stringently necessary for
statistically firmed conclusions about morphometric plexus alterations.
The developed method can be used for large-scale mapping of several
two-dimensional structures which is imaged by using the HRTII - RCM
laser scanning system.

7550-50, Session 10

Fully automated analysis of specular
microscopy images within a large range of
endothelial cell densities

C. P. Bucht, St Erik’s Eye Hospital (Sweden); G. Manneberg,
Royal Institute of Technology (Sweden); P. G. Séderberg, Uppsala
Univ. (Sweden)

No abstract available.

7550-51, Session 10

Ultrahigh-resolution corneal microstructure
and tear film imaging with FDOCT at 100.000
scans/sec

R. A. Leitgeb, T. Schmoll, C. Kolbitsch, Medizinische Univ. Wien
(Austria); T. Le, A. Stingl, FEMTOLASERS Produktions GmbH
(Austria)

We present high-speed ultra-high resolution FDOCT providing 1.6pum
axial resolution at 100.000 A-scans per second. For the first time it is
possible to resolve the corneal tear film of 8.6 + 1.6um with OCT. This

is a pre-requisite for dynamic tear film studies such as film breakage.

The system acquires full 3D corneal tomograms with high transverse
sampling of 1000 x 100 Pixels within a single second thus substantially
reducing motion artifacts. Applying edge detection algorithms we extract
the epithelium and Bowman layer with 1um -precision and determine
their respective thicknesses as 48.7+1.07pym and 17.43+2pm over a 4mm
disk.

7550-52, Session 11

low-cost, high resolution scanning laser
ophthalmoscope for the clinical environment

P. Soliz, VisionQuest Inc. (United States); S. Barriga, VisionQuest
Biomedical (United States) and University of New Mexico (United
States); A. Larichev, Moscow State Univ. (Russian Federation)

Researchers have sought to gain greater insight into the mechanisms of
the retina and the optic disc at high spatial resolutions that would enable
the visualization of structures (less than 10 micrometers) such as capillary
beds, photoreceptors, and nerve fiber bundles. The sources of retinal
image quality degradation are aberrations within the human eye, which
limit the achievable resolution and the contrast of small image details. To
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overcome these fundamental limitations, researchers have been applying
adaptive optics (AO) techniques to correct for the aberrations. Today,
deformable mirror based adaptive optics devices have been developed
to overcome the limitations of standard fundus cameras, but at prices
that are typically outside affordability for most clinics.

The objective of our research was to demonstrate clinically a
commercially viable, low-cost, high-resolution fundus camera that: is
easy to use, i.e., consistent with the operation of current fundus cameras;
has a field of view (FOV) that is typical of current fundus cameras; and
has a factor of five or more improvement in resolution as compared to
existing clinical instruments. This is not an adaptive optics device in the
traditional sense in that it does not use deformable optics. Our low-cost
fundus camera removes low-order aberrations, focus and astigmatism.
We have shown that removal of low-order aberrations results in
significantly better resolution images. Our optical compensator has been
integrated into a low-cost scanning laser ophthalmoscope (SLO). This
integrated retinal imager produces retinal and optic disc images that have
up to five times better resolution when compared to today’s commercial
fundus cameras.

7550-53, Session 11

Spectrally encoded confocal scanning laser
ophthalmoscope

Y. K. Tao, J. A. Izatt, Duke Univ. (United States)

Fundus imaging has become an essential clinical diagnostic tool in
ophthalmology. Current generation scanning laser ophthalmoscopes
(SLO) offer advantages over conventional fundus photography and
indirect ophthalmoscopy in terms of light efficiency and contrast. As

a result of the ability of SLO to provide rapid, continuous imaging

of retinal structures and its versatility in accommodating a variety of
illumination wavelengths, allowing for imaging of both endogenous

and exogenous fluorescent contrast agents, SLO has become a
powerful tool for the characterization of retinal pathologies. However,
common implementations of SLO, such as the confocal scanning laser
ophthalmoscope (CSLO) and line-scanning laser ophthalmoscope
(LSLO), require imaging or multidimensional scanning elements which
are typically implemented in bulk optics placed close to the subject
eye. Here, we apply a spectral encoding technique in one dimension
combined with single-axis lateral scanning to create a spectrally encoded
confocal scanning laser ophthalmoscope (SECSLO) which is fully
confocal. This novel implementation of the SLO allows for high contrast,
high resolution in vivo human retinal imaging with image transmission
through a single-mode optical fiber. Furthermore, the scanning optics are
similar and the detection engine is identical to that of current-generation
spectral domain optical coherence tomography (SDOCT) systems,
potentially allowing for a simplistic implementation of a joint SECSLO-
SDOCT imaging system.

7550-54, Session 11

In vivo investigation of human cone
photoreceptors with high-speed high-
resolution SLO/OCT

M. Pircher, B. Baumann, H. Sattmann, H. Prokesch, E.
Goetzinger, T. Schmoll, R. A. Leitgeb, C. K. Hitzenberger,
Medizinische Univ. Wien (Austria)

We use a recently developed SLO/OCT imaging system to investigate the
human cone photoreceptors in vivo. The instrument operates at a frame
rate of 40fps with a field of view of 1x1 degree. Hardware based axial eye
tracking and a software based algorithm to correct for transverse eye
motion are implemented to the system in order to eliminate all eye motion
artifacts. The unique pattern of the cone mosaic can be used to observe
exactly the same location on the retina over time. Bright reflections of
unknown origin can be observed in the recorded 3D volumes within

the outer segments of cone photoreceptors (between the inner-outer
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photoreceptor segments junction and the end tips of the photoreceptors).

These reflections are investigated at different eccentricities from the
fovea.

7550-55, Session 11

Improved clinical performance in OCT using
1060 nm

M. Esmaeelpour, B. Hermann, B. Povozay, B. Hofer, V. Kajic, N.
Sheen, R. V. North, W. Drexler, Cardiff Univ. (United Kingdom)

Introduction: Retinas of subjects with significant cataracts are difficult
to image with conventional 800 nm OCT and visible light fundus
photography. Additionally, visualisation of choroidal structures in
emmetropic and hyperopic eyes is difficult using 800nm OCT systems.

Aims: To demonstrate the performance of the 1060nm 3D OCT it was
used to measure choroidal thickness and to visualise retinal structures
when cataract is present.

Methods: 3D UHR OCT at 1060nm was performed over about 36 degree
centred on the fovea with 6-8 pm axial resolution and 47 kA-scans/
second, resulting in up to 70 frames/second (512 A-scans/frame).

30 subjects (age range 19-80yrs) with emmetropia or ametropia, but
otherwise healthy eyes were selected. Axial eye length (cornea-RPE)
was measured using optical biometry (IOL Master Zeiss, Germany).
Colour coded choroidal thickness maps were segmented manually from
three dimensional stacks (Figure1). Choroidal thickness was determined
between retinal pigment epithelium and the choroidal-scleral interface at
central (C), nasal (N), temporal (T), superior (S), and inferior (l) locations
~7.5° off-centre. Another 15 subjects with cataract were graded by

the Lens Opacities Classification System Il (LOCS lll) and imaged at
1060 and 800nm OCT. Imaging was performed in an area of 20 degrees
centred around the fovea. Excluded criteria included pseudo-aphakia,
no cataracts, or subjects who lacked the ability to fixate the target
during imaging. A fundus photograph with a 45° photographic angle was
taken (CR-DGi Non-Mydriatic retinal Camera, Canon, Inc., USA) from all
subjects.

Results: Mean+SD ChTs were 317+100pm (C), 252+100pm (N),
298+90um (T), 316+ 102um (S), and 297+105um (1). Axial lengths were
negatively correlated with ChTs for five transversal locations (R2C=0.47,
R2N=0.36, R?T=0.4, R?S=0.4, R3=0.41, P<0.001 for all). Among 15
subjects, 25 eyes had cataract. From all 25 eyes with cataract, 48% were
successfully imaged by the 800nm OCT and 88% by the 1060nm device.
Remaining images were altered by diffuse shadowing that prevented
viewing of retinal and choroidal structures on tomograms (Figure 2).
Image quality was not altered in subjects with high fundus pigmentation.

Conclusion: The results demonstrate feasibility of 1060nm OCT imaging
at the posterior pole. It is possible to penetrate the retinal pigment
epithelium and visualise the choroid, while signal deterioration due to
scattering caused by cataract are significantly reduced.

7550-56, Session 11

Ultrahigh-speed volumetric OCT ophthalmic
imaging at 800 nm and 1050 nm

B. M. Potsaid, Massachusetts Institute of Technology (United
States) and Thorlabs Inc. (United States); J. Liu, Massachusetts
Institute of Technology (United States); Y. Chen, I. Gorczynska,
Massachusetts Institute of Technology (United States) and Tufts
Medical Ctr. (United States) and New England Eye Ctr. (United
States); V. J. Srinivasan, Massachusetts General Hospital (United
States); S. Barry, J. Y. Jiang, A. Cable, Thorlabs Inc. (United
States); V. Manjunath, New England Eye Ctr. (United States) and
Tufts Medical Ctr. (United States); J. S. Duker, Tufts Medical Ctr.
(United States) and New England Eye Citr. (United States); J. G.
Fujimoto, Massachusetts Institute of Technology (United States)
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We demonstrate ultrahigh speed OCT research instrumentation for
acquiring high density volumetric data sets at speeds of 100,000-250,000
axial scans per second at 850nm for high axial resolution and 47,000-
250,000 axial scans per second at 1050nm for deep image penetration.
Motion artifacts are reduced at these ultrahigh imaging speeds and high
transverse sampling densities decrease the possibility of missing focal
point disease. Novel scan protocols that collect auxiliary registration data
are used in post processing algorithms to generate motion corrected
volumetric renderings which represent the true retinal morphology

over large areas. The dense transverse sampling within the volume

also enables en face visualization of individual retinal layers, revealing
nerve fiber bundles, retinal capillary networks, choroid vasculature, and
pores within the lamina cribrosa. Ultrahigh speed improves visualization
of small features, allowing en face visualization of individual cone
photoreceptors and retinal capillaries. These techniques may enable
novel methods for assessing disease progression and promise to reduce
the time over which retinal changes and response to therapy can be
quantified. High speed imaging also allows rapid repeated imaging along
a single line. Averaging of the images obtained from the same location
increases contrast and reduces speckle. The results of this study suggest
that ultrahigh speed OCT used to acquire dense volumetric data sets
can achieve a significant improvement in performance for ophthalmic
imaging. This promises to have a powerful impact in clinical applications,
improving early diagnosis, reproducibility of quantitative measurements
and enabling more sensitive assessment of disease progression or
response to therapy.

7550-57, Session 11

Clinical application of the high-penetration
optical coherence tomography using 1060-nm
wavelength

Y. Ikuno, K. Sayanagi, Osaka Univ. Medical School (Japan); Y.
Yasuno, Univ. of Tsukuba (Japan); S. Usui, K. Nakai, M. Sawa, M.
Tsujikawa, F. Gomi, Osaka Univ. Medical School (Japan)

Purpose: Recent advances of imaging technologies have revealed the
involvement of the choroid in various posterior eye diseases, which
increasingly requires imaging the whole choroidal status. To evaluate the
usefulness of high-penetration optical coherence tomography (HP-OCT)
using a long wavelength (1060nm) in various ophthalmic pathologies
originated from the choroid.

Methods: Prototype swept-source HP-OCT (50,000 A-scan/s) was
applied in patients with vision-threatening and challenging diseases
such as age-related macular degeneration (AMD, 26 eyes), polypoidal
choroidal vasculopathy (PCV, 46 eyes), central serous chorioretinopathy
(CSC, 16 eyes), Vogt-Koyanagi-Harada (VKH, 10 eyes) disease, normal
tension glaucoma (NTG, 18 eyes), pathological myopia (PM, 45 eyes).
Healthy volunteers (105 eyes) were also scanned as controls. Scan
protocol was 512 x 255 A-scans covering 6 x 6 mm. The macula was
scanned in the macular diseases, and optic nerve head in NTG patients.
Choroidal thickness was measured manually by the original measuring
software.

Results: Mean subfoveal choroidal thickness was 354 mm in healthy
eyes. Pathologies beneath the retinal pigment epithelium (RPE) were
clearly visualized in all of the subjects. Abnormal vascular tissue,
choroidal polyps, and Bruch’s membrane were clearly visualized inside
the RPE detachment in PCV. Disappearance of the choroidal meshwork-
like tissue and loss of small vessels were visualized in VKH disease, and
choroidal vessels dilation in CSC. Choroidal thinning was recognized in
NTG and PM.

Conclusions: HP-OCT seems to be useful to detect choroidal changes in
various ocular pathologies.
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7550-11, Poster Session

Non-invasive measurements of flicker vertigo

M. G. Masi, L. Peretto, Univ. degli Studi di Bologna (Italy); L.
Rovati, Univ. degli Studi di Modena (Italy); R. Ansari, NASA Glenn
Research Ctr. (United States)

A light flickering at a frequency of 4-20 flashes per second can produce
flicker vertigo leading to convulsions, nausea, or unconsciousness. This
has been a cause for several aviation accidents. Flicker vertigo can occur
when a pilot is looking through a slow moving propeller toward the sun or
flying with strobes light through fog and clouds.

In this paper we present a new non-invasive measurement device
based on the evaluation of the pupil size variation under flicker light
conditions of changing amplitude, frequency and color. The preliminary
measurements were conducted in volunteer subjects of various age and
gender. Two complimentary techniques (near-infrared spectroscopy or
NIRS) and laser Doppler flowmetry are also being used to compare the
results. Results will also be presented on the evaluation of the effect of
alcohol use (“bottle-to-throttle rule) and subjects’ level of fatigue and
impairment.

7550-58, Poster Session

Characterization of corneal edema by forward
and backward second harmonic generation
microscopy

C. Hsueh, W. Lo, H. Tan, C. Dong, National Taiwan Univ. (Taiwan)

The purpose of this study is to image and quantify the structural changes
of corneal edema by second harmonic generation (SHG) microscopy.
Bovine cornea was used as an experimental model for characterization
of structural alterations in edematous corneas. Forward SHG (FWSHG)
and backward SHG (BWSHG,) signals were simultaneously collected from
normal and edematous bovine corneas to reveal their morphological
differences. For edematous cornea, the uneven expansion in lamellar
interspacing and increased lamellar thickness in posterior stroma

(depth > 200 m) were identified, while the anterior stroma composed

of interwoven collagen architecture remained unaffected. Our work
demonstrate the capability of SHG imaging in providing morphological
information for the investigation of corneal edema biophysics and that
this approach may be applied in the evaluation of advancing corneal
edema in vivo.

7550-59, Poster Session

Automated image classification applied to
reconstituted human corneal epithelium for
the early detection of toxic damage

G. F. Crosta, C. Urani, Univ. degli Studi di Milano-Bicocca (ltaly);
B. De Servi, M. Meloni, VitroScreen Srl (Italy)

Reconstituted human corneal epithelium (HCE) consists of immortalized
cells which, when grown in vitro, give rise to a 3D layered structure
resembling, by morphology and marker expression, the human corneal
tissue. HCE is a model in ophthalmic toxicology. Corneal injury can be
caused by a variety of agents including benzalkonium chloride (BAK).
Increasing BAK concentrations reduce epithelial thickness and increase
the number of necrotic cells. This investigation aims at quantitatively
assessing HCE damage on a purely morphological basis by means of
image recognition. The latter involves two functions: feature extraction
by the spectrum enhancement algorithm and classification by principal
components (PC) analysis. Four types of treatments were carried out:
H1) HCE grown in standard conditions for 24h, the negative control, H2)
HCE exposed to 0.1% BAK for 24h, the positive control, H3) HCE grown
in standard conditions for 48h and H4) HCE exposed to 0.01% BAK for
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24h. Tissues slices were stained and imaged by white light microscopy.
Classifier training and validation were carried out through H1 and H2

and were rated by the confusion matrix. Images of H3 and H4, not used
before, were submitted to a trained classifier. H1 and H2 have been
discriminated, H3 has been recognized as morphologically identical to
H1, whereas the morphology of H4, featuring the onset of damage, has
been positioned in between those of H1 and H2. These results provide a
proof of principle for the automated classification of HCE by means of the
spectrum enhancement algorithm.

7550-60, Poster Session

Segmentation of ophthalmic optical
coherence tomography images using graph
cuts

S. Farsiu, X. Li, C. A. Toth, J. A. Izatt, Duke Univ. (United States)

We report on the development of an automatic method for segmenting
morphological and pathological ophthalmic structures in images
captured via high speed spectral domain optical coherence tomography
(SDOCT). The proposed algorithm is based on the graph theory
formulation of grouping, which for long has been used by for a variety of
image segmentation applications. However, it was only very recently that
D. Tolliver, et al. [ARVO, 2008] incorporated graph cuts for segmenting
morphological structures seen on retinal SDOCT images. Unlike the said
method, which relies on the mathematically complex spectral rounding
solution of the grouping problem, we have based our solution on the
normalized cut formulation of Shi-Malik [PAMI, 2000]. Moreover, for many
practical ophthalmic segmentation problems, our approach can benefit
from Dijkstra’s algorithm, which facilitates incorporating prior knowledge
about the structure of interest in algorithmic implementation. The rational
for proposing our alternative algorithm is that, even if technically possible,
it is a cumbersome task for many clinical research groups (that may not
have access to the high-level image processing expertise) to customize
the complex spectral rounding technique for their particular segmentation
need. Alternatively, our relatively simple segmentation framework takes
advantage of standard MATLAB function and toolboxes. We believe that
even with low-level expertise in image processing, this framework can

be customized to efficiently segment different ophthalmic structures.
Experimental results on segmenting retinal layers of premature infants, as
well as segmenting low-quality corneal images, are included, which attest
to the effectiveness of the proposed technique.

7550-61, Poster Session

Multimodal imaging of retina tissue with
enhanced contrast by multifunctional
microbubbles and nanobubbles

L. Zhang, J. S. Xu, J. Huang, C. J. Roberts, R. X. Xu, The Ohio
State Univ. (United States)

Purpose:

Oxygen and perfusion play an important role in the development of
several retinal diseases, such as age-related macular degeneration and
diabetic retinopathy. However, current techniques can not measure retina
tissue oxygen and perfusion with accuracy. Therefore, we are developing
multimodal imaging systems and contrast agents for quantitative imaging
of retina tissue oxgen and perfusion.

Methods:

A) Contrast agent fabrication. Indocyanine Green dye (ICG) was
encapsulated in biodegradable poly (lactic-co-glycolic acid) (PLGA)
microbubbles and nanobubbles by a modified double emulsion process.
Biomolecular markers can be conjugated with microbubbles and
nanobubbles for disease targeting or oxygen sensing.

B) Multimodal imaging. The following imaging techniques are explored
for tissue oxygen and perfusion imaging: (1) multispectral imaging, (2)
ultrasound imaging of disease targeting microbubbles and nanobubbles,
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(3) fluorescence imaging, (4) photoacoustic imaging.

Results:

A) The size distribution of microbubbles and nanobubbles are 3.4+1.8um
and 400+100nm respectively. The PLGA shell effectively protected ICG
from aggregation and molecular interaction. Therefore the contrast
agents showed consistent absorption and emission peaks in water and in
plasma. PLGA surface has also been modified to conjugate with disease
specific biomarkers.

B) ICG microbubbles and nanobubbles have been tested in various
imaging modalities such as multispectral imaging, ultrasound imaging,
fluorescence imaging, and photoacoustic imaging.

Conclusions:

Multimodal imaging with contrast enhancement by multifunctional
microbubbles and nanobubbles have the potential for quantitative
imaging of retina tissue oxygen and perfusion.

7550-62, Poster Session

In vivo dual-modality imaging of eye in
small animal models: optical coherence
tomography and photoacoustic microscopy
within a single instrument

B. Rao, L. Li, S. Hu, K. Maslov, L. V. Wang, Washington Univ. at
St. Louis (United States)

Optical Coherence Tomography (OCT) has great impact on in vivo
human eye imaging as one of major clinic diagnostic technologies in
ophthalmology. By combining the optical scattering contrast and Doppler
contrast with optical coherence gating, OCT has demonstrated high
spatial resolution imaging of tissue anatomy structure and blood flow

in human eye. Alternatively, photo-acoustic imaging method utilizes

the optical absorption contrast that is complement to OCT to form
tomography image. Recent development of photo-acoustic microscopy
(PAM) has demonstrated in vivo microvasculature imaging with high
spatial resolution. Previous work has revealed the potential of a dual-
modality instrument that employs both OCT and transmission mode
PAM. In this work, we combined contrasts of both OCT and PAM in

a single reflection-mode instrument for the potential applications of
diagnosing, monitoring and management of human eye diseases. We
demonstrated in vivo dual-modality eye imaging in small animal models
with endogenous contrasts.

7550-63, Poster Session

Early cataract detection by dynamic light
scattering with sparse Bayesian learning

S. Nyeo, National Cheng Kung Univ. (Taiwan); R. R. Ansari, NASA
Glenn Reseach Ctr. (United States)

Experimental data are statistical in nature and necessarily require a
probabilistic analysis tool. For early cataract detection by dynamic

light scattering (DLS), the probabilistic sparse Bayesian learning (SBL)
algorithm is introduced for analyzing DLS data of ocular lenses. The
algorithm is used to reconstruct the most-probable size distribution of
alpha-crystallin and their aggregates in an ocular lens. The performance
of the algorithm is studied by analyzing simulated correlation data from
known distributions and DLS data from the ocular lenses of humans so
as to establish the required efficiency of the SBL algorithm for clinical
studies.
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7550-64, Poster Session

Label-free structural characterization of
mitomycin C modulated wound healing after
photorefractive keratectomy by the use of
multiphoton microscopy

W. Lo, National Taiwan Univ. (Taiwan) and National Cheng

Kung Univ. (Taiwan); T. Wang, Taipei Medical Univ. (Taiwan) and
National Taiwan Univ. (Taiwan) and National Taiwan Univ. College
of Medicine (Taiwan); C. Hsueh, National Taiwan Univ. (Taiwan);
S. Chen, National Cheng Kung Univ. (Taiwan); F. Hu, National
Taiwan Univ. Hospital (Taiwan) and National Taiwan Univ. College
of Medicine (Taiwan); C. Dong, National Taiwan Univ. (Taiwan)

In this work, we investigate post surgery wound healing process

from photorefractive keratectomy (PRK) using label-free, multiphoton
autofluroescence and second harmonic generation microscopy. The
effectiveness of mitomycin C (MMC) in modulating collagen regeneration
and keratocyte activation is qualitatively and quantitatively evaluated. We
found that MAF imaging shows that re-epithelialization is accomplished
in 1 week in corneas with and without MMC treatment and reveals that
keratocyte activation peaks at Week 2 after PRK procedure. However,

we found that keratocyte activation is highly reduced in MMC treated
corneas. In addition, there is positive, linear correlation between

active keratocyte density in MAF imaging and myofibroblasts in IHC
observation. In addition, SHG microscopy shows that MMC treatment
effectively reduced structurally irregular collagen deposition. Our results
demonstrate that MAF and SHG imaging can be utilized to monitor
keratocyte activation and SHG regeneration in corneal wound healing
process. Moreover, MMC effectively reduces myofibroblast formation and
suppresses collagen regeneration in post-PRK wound healing processes.

7550-65, Poster Session

In vivo monitoring of outer retinal damage in
a rat retina model with high-resolution OCT

S. Hariri, A. Akhlagh Moayed, C. Hyun, S. Shakeel, Univ. of
Waterloo (Canada); A. Ali-Ridha, St. Michaels Hospital (Canada);
K. Bizheva, Univ. of Waterloo (Canada); S. Boyd, St. Michaels
Hospital (Canada)

A high speed (47,000 A-scan/second), high resolution FD-OCT system,
operating in the 1060nm wavelength range was used to acquire in-vivo
3D images of normal and damaged rat retinas and to monitor non-
invasively outer retinal degeneration over time. The OCT system provided
3um axial resolution in the rat eye and ~102dB sensitivity at 1.3 mW
power of the imaging beam. Images of the normal rat retinas show clear
visualization of all retinal layers, as well as the capillary network of the
inner and mid-retina. Images acquired from the degenerated retinas show
partial or full disintegration of the external limiting membrane (ELM), inner
and outer segments (IS/OS) of the photoreceptor layer and damage to
the retinal pigment epithelial (RPE) layer.

7550-66, Poster Session

Spectral characterization of an ophthalmic
fundus camera

C. Miller, T. Holmes, Lickenbrock Technologies, LLC (United
States); C. J. Bassi, Univ. of Missouri, St. Louis (United States);
D. Brodsky, St. Louis Ophthalmic Equipment Co. (United States)

A fundus camera is an optical system that is carefully designed to
uniformly illuminate and image the retina while minimizing stray light
and backreflections. Modifying such a system requires characterization
of the optical path in order to meet the new design goals and avoid the
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introduction of problems. This work describes measurements made to
characterize one system, the Topcon TRC-50F, necessary for converting
this camera from color film photography to spectral imaging with a CCD
sensor. This conversion consists of replacing the camera’s original flash
tube with a monochromatic light source and the film back with a CCD
array. Two main aspects of the camera must be understood in order to
appropriately choose the new light source and CCD camera, as well as
predict the performance of the modified device. First, the transmission
efficiency of the camera’s illumination optical path, from the flash tube’s
condenser lens to the retina, is required as a function of wavelength.
Similarly, the efficiency of the imaging optics from the retina to the CCD
plane is required. Combining these results with existing knowledge of the
eye’s reflectance and transmission allows for a prediction of the available
light levels at the CCD for imaging. The second aspect examined here,
which also impacts efficiency, is correct optical coupling of the new

light source to the camera. The goal is to maximize throughput without
introducing artifacts such as non-uniformities in the illumination of the
retina. Measurements to achieve this characterization are described here,
along with their results.

7550-67, Poster Session

Image processing algorithms for ocular
fundus reflectometry

N. Palanisamy, M. Bonaiuti, L. Rovati, Univ. degli Studi di
Modena e Reggio Emilia (Italy); C. E. Riva, Univ. degli Studi di
Bologna (ltaly)

Ocular fundus reflectometry is a technique aimed at the in-vivo
measurement of the reflectance of the tissues on the ocular fundus.
Studies have demonstrated a correlation between optical and
physiological properties of such tissues in humans and the existence of
a control mechanism, called neuro-vascular coupling (NC), that adjusts
local blood perfusion to support vision-induced neural activity. We
developed an instrument for functional imaging of the neural tissues of
the ocular fundus based on reflectance measurements to study the NC.
The images acquired with the instrument need processing to work out
reflectance time-courses. The out of focus and eye blinking images are
removed before aligning. The algorithms exploited previously requires
long computational time, poor discrimination of objects and need
manual intervention. We have developed fully automatic algorithms
optimized for the processing of the images of the ocular fundus with
reduced computational time. The good images are separated from the
database with the help of a software developed using maximum count
algorithm. The separated images are aligned by exploiting template
matching algorithm. The template matching algorithm is reasonably
efficient to determine relative translational displacement (translation and
rotation) between the images and also remove the geometric distortion.
Depending upon this measurement, a high speed image registration
algorithm is obtained by combining the linear transformation model with
the template matching technique. Simulation results performed on the
fundus images shows that template matching image registration reduces
computational times upto one third of the time required by the general
purpose algorithm, and better alignment precision.

7550-68, Poster Session

Use of a cyanine dye probe to estimate
the composition of the vitreous body after
enzymatic treatment

I. G. Panova, Koltsov Institute of Developmental Biology (Russian
Federation); A. S. Tatikolov, Emanuel Institute of Biochemical
Physics (Russian Federation); N. P. Sharova, Koltsov Institute of
Developmental Biology (Russian Federation)

The aim of this work was to study the effect of enzymes such as
proteinase K, trypsin, collagenase with hyaluronidase, as well as a
mixture of these enzymes, on albumin and collagens incorporated in
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the vitreous body, using a cyanine dye probe. We studied the vitreous
body of the eyes of 19/20-week human fetuses, in which, as we showed
earlier, the concentration of albumin in the vitreous body is sufficiently
high. Proteinase K steeply decreased the albumin content in the vitreous
body, whereas trypsin and hyalonidase with collagenase had no effect

on the albumin content. Collagen was not subjected to proteinase K.
Enzymatic digestion of collagen occurred under the action of collagenase
with hyalonidase. The content of albumin and collagen sharply decreased
in the system after treatment of the vitreous body with mixture of all
enzymes. Hence, the results obtained showed that, even being in the
mixture, these enzymes have a selective effect on albumin and collagens.
The possibility to study the dose-dependent character of enzymatic
vitreolysis using a cyanine dye probe has been shown in the work. The
spectral-fluorescent probe for albumin and collagens proved to be

useful for experimental approaches at screening the enzymatic mixtures
possessing the selective action. The study performed is considered as

a preclinical trial, and the method presented as promising for the further
research in this field. The effect of the enzymes used for therapeutic
purposes on the functional conditions of the vitreous body should be
studied. The work was supported by RFFI (09-04-01054).

7550-69, Poster Session

Oxygen saturation imaging of human retinal
vessels and measurement in eye disease
patient for clinical application

D. Nakamura, N. Matsuoka, K. Tatsuguchi, M. Ogata, Y.
Yoshinaga, Kyushu Univ. (Japan); H. Enaida, Kyushu Medical Ctr.
(Japan); T. Okada, T. Ishibashi, Kyushu Univ. (Japan)

We have proposed a new automatic visualization procedure based

the ratio of optical densities (ODs) obtained at different wavelength for
the oxygen saturation imaging in human retinal vessels. This method
utilized the morphological processing and the line convergence index
filter to estimate the reflection image of outside vessels and extract the
vessel structure from retinal image, respectively. In the experimental
measurement, clear difference between retinal arteries and veins has
been observed. In this time, disease eyes were investigated using the
method and the change of OD ratio as a relative indicator of oxygen
saturation was obtained at the disease area.

7550-70, Poster Session

Blood flow measurement and slow flow
detection in retinal vessels with joint spectral
and time domain method in ultrahigh-speed
OCT

I. M. Gorczynska, M. Szkulmowski, |. Grulkowski, A.
Szkulmowska, D. Szlag, Nicolaus Copernicus Univ. (Poland);

J. G. Fujimoto, Massachusetts Institute of Technology (United
States); A. Kowalczyk, M. Wojtkowski, Nicolaus Copernicus Univ.
(Poland)

Purpose: To utilize the Joint Spectral and Time domain OCT (STdOCT)
method for detection of wide range of flows in the retinal vessels in
the optic disk, macula and capillary network. To utilize ultrahigh speed
spectral/Fourier domain OCT (SOCT) imaging for development of scan
protocols for Doppler signal analysis.

Methods. Retinal imaging in normal eyes was performed using ultrahigh
speed (200 000 axial scans/s) SOCT instrument with CMOS camera. The
imaging resolution was 4.3 pm axially and 10 ym transversally. Various
raster scan protocols were implemented for investigation of flow in
different retinal regions. Data analysis was performed using the method
of STAOCT.

Results. We will show three dimensional imaging of the retinal vasculature
in normal eyes. Flow in the region of the optic disc and in the macular
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region will be shown and correlated with structural imaging of the vessels
in projection OCT fundus images. Enhanced visualization of capillary
network will be demonstrated.

Conclusions. Detection of blood flow velocities ranging from several
tens of mm/s to several tenths of mm/s is possible in the retinal vessels
with various scan protocols. It is possible to utilize the blood flow as a
contrast not only for imaging of large vessels but also for the detection
of capillary network. If the goal is the velocity measurement, design of
advanced scan protocols is required. Scan methods should specifically
target Doppler shift frequencies characteristic of blood flow in given
retinal regions. Implementation of such protocols is possible with
ultrahigh speed OCT imaging.

7550-71, Poster Session

High-resolution wide field of view blood
perfusion maps for retina and choroid with
optical micro angiography

L. An, R. Wang, Oregon Health & Science Univ. (United States)

In this presentation, we present the high resolution and wide field of view
retina and choroid blood perfusion maps, which are obtained through
optical micro-angiography (OMAG) technology. Based on the special
frequency analysis, OMAG is able to visualize the vascular perfusion
map down to the capillary level resolution. We used an 840 nm, 27

kHz FDOCT system to capture 16 OCT data sets in a sequential order,
which could provide wide field blood field (~7.4mmx7.4mm) information
of posterior part of a human volunteer. For each of these data sets,

we eliminated the bulk motion artifacts through phase compensation
method, which is based on the histogram bulk motion phase estimation.
The displacements occurred between adjacent frames in one data set
were compensated through 2 dimensional cross correlation of two
adjacent OMAG flow images. Compared with the FA and ICGA images
results, the OMAG results of blood perfusion map of retina and choroid
demonstrate a very good agreement with them.

7550-72, Poster Session

Near-infrared receiver for advanced
opthalmology

R. A. Myers, Radiation Monitoring Devices, Inc. (United States);
Y. Zhang, Univ. of Alabama at Birmingham (United States); G.
Derderian, Dipole Engineering, Inc. (United States); F. Robertson,
Radiation Monitoring Devices, Inc. (United States); A. Roorda,
Univ. of California, Berkeley (United States)

Some of the most useful tools for diagnosis and understanding

of blinding retinal diseases rely on the use of spectral reflectance.
Improvements to these tools, especially over the past decade, have
greatly advanced our ability to achieve extremely high-resolution images
of the human retina. In particular, scanning laser ophthalmoscopy (SLO)
has proven to be an important technique for studies of microperimetry,
psychophysics and visual neuroscience by imaging the cone mosaic
while simultaneously delivering stimuli to single cones.

Due to the unprecedented resolution now achieved during retinal
imaging, there is an increasing need for using longer wavelength light
that is invisible or imperceptible to the human eyes. Bounded by human
eye response and increased optical absorption, the use of wavelengths
between 1000 and 1100 nm is the most suitable solution. Unfortunately,
while there are several venders providing decent light sources across this
wavelength range there are no suitable photodetectors.

We will present results of a research effort to develop an avalanche
photodiode (APD) module with exceptional response from 800

nm to 1050 nm that is compatible with established scanning laser
ophthalmoscopes. This will include the discussion of a novel fabrication
process to enhance the APD’s responsivity to near-infrared radiation. We
will present initial results of experiments to utilize the module for visual
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threshold testing and the recording of retinal images with illumination
wavelengths longer than presently applied.

7550-73, Poster Session

Retinal oximetry with a multi-aperture camera

P. Lemaillet, J. C. Ramella-Roman, The Catholic Univ. of America
(United States); A. Lompado, Polaris Sensor Technologies, Inc.
(United States); Q. Nguyen, Johns Hopkins Medical Institutions
(United States)

Measurement of oxygen saturation of the retina vessels has proven

to be paramount in monitoring diabetic retinopathy (DR), a disease
that can lead diabetic patient to blindness. Assessment of the oxygen
saturation is difficult because of the layered structure of the eye and
the eye saccadic movements. This last difficulty can be circumvented
by using spectroscopic snapshot image acquisition. We present the
development of a retinal oximeter that can acquire nine wavelength-
dependent sub-images of the patient fundus in a single snapshot. The
setup is composed of a regular fundus ophthalmoscope and a CCD.
The fundus image is projected on the detector by an array of nine
lenses and wavelength selection is provided by a filter array. Hence,
nine wavelength-dependent images are involved in the estimation of
the oxygen saturation. Higher wavelength images help establishing
melanin absorption which is further extrapolated to shorter wavelength
and subtracted from the absorption images. The remaining shorter
wavelength sub-images are used to fit oxy- and deoxy-hemoglobin
absorption curves and assess the oxygen saturation in the retina.

The setup was calibrated with calibrated standards a well as optical
phantoms of know optical properties. USAF registration targets were
used in the image registration procedure.

We present the results of a clinical trial conducted at The Wilmer Eye
Institute of Johns Hopkins University on thirty healthy and diabetic
patients.

7550-74, Poster Session

Quantitative analysis of thermally induced
alterations of corneal stroma by second-
harmonic generation imaging

P. Matteini, F. Ratto, F. Rossi, Istituto di Fisica Applicata Nello
Carrara (Italy); R. Cicchi, D. Kapsokalyvas, F. S. Pavone, Univ.
degli Studi di Firenze (ltaly); R. Pini, Istituto di Fisica Applicata
Nello Carrara (ltaly)

Thermal modifications induced in the corneal stroma were investigated
with the use of second harmonic generation imaging (SHGI). Whole
fresh cornea samples were heated in a water bath at temperatures

in the 35-90°C range for a 4-min time. SHG images of the structural
modifications induced at each temperature value were acquired from
different areas of cross-sectioned corneal stromas by using a 880 nm
linearly- and circularly-polarized excitation light from a mode-locked
Ti-sapphire laser. The SHG images were then analyzed both by using

an empirical approach and by applying a 2D-model for extrapolating
relevant physiological parameters. The proposed analysis provided a
detailed description of the changes in the structural architecture of the
cornea up to a sub-micron level and at different hierarchical levels of the
stromal collagen. The results allowed to depict a temperature-dependent
biochemical model for the progressive destructuration occurring to the
collagen fibrils and to the non-collagen components of the stroma. In
conclusion, the multifaceted analysis carried out on the SHG images
made it possible 1) to achieve a fine and simple quantification of the
thermally-induced tissue damage and 2) to gain insight into the structural
behavior of the stromal components in the 35-90 °C temperature range.
Similar analytical methods could be proposed to track the modifications
in the normal architecture of connective tissues during surgical
procedures based on heating treatments.
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7550-76, Poster Session

Availability of fluorescence spectroscopic in
the accompaniment of formation of corneal
cross-linking

M. M. Costa, Sr., Univ. de Sdo Paulo (Brazil); C. Kurachi, Univ. de
Séo Paulo (Brazil) and The Univ. of Texas M.D. Anderson Cancer
Ctr. (United States); V. S. Bagnato, S. J. d. F. Souza, L. Ventura,
Univ. de Sao Paulo (Brazil)

The corneal cross-linking is a method that associates riboflavin and
ultraviolet light to induce a larger mechanical resistance at cornea. This
method has been used for the treatment of Keratoconus. Since cross-
linking is recent as treatment, there is a need to verify the effectiveness
of the method. Therefore, the viability of the fluorescence spectroscopy
technique to follow the cross-linking formation at cornea was studied.
Corneas were divided in two groups: G1 (cornea plus riboflavin),

and G2 (cornea plus riboflavina plus light irradiation, 370nm). For
fluorescence measurements, a spectrofluorimeter was used, where
several wavelengths were selected (between 320nm and 370nm) for
cornea excitation. Several fluorescence spectra were collected, at 10
min-interval, during 60 min. Spectra allowed one to observe two very
well defined bands of fluorescence: the first one at 400nm (collagen),
and the second one at 520nm (riboflavin). After spectra analyses, a
decrease of collagen fluorescence was observed for both groups. For
riboflavin, on the other hand, there was a fluorescence increase for group
G1, and a decrease for group G2. Thus, it is possible to conclude that it
this technique is sensitive for the detection of tissue structural changes
during cross-linking treatment, encouraging subsequent studies on
quantification of cross-linking promotion in tissue.

7550-77, Poster Session

Long term observation of low power diode
laser welding after penetrating keratoplasty
in human patients

F. Rossi, P. Matteini, R. Pini, Istituto di Fisica Applicata Nello
Carrara (Italy); L. Menabuoni, I. Lenzetti, Unita Operativa
Oculistica (Italy)

Low power diode laser welding is a recently developed technique

used as a support tool for conventional suturing in ophthalmic surgery.
The main application is in penetrating keratoplasty: in the last four

years (2005-2009), clinical trials were performed at the Ophthalmology
Department of Prato (Italy). In penetrating keratoplasty, diode laser
welding is used to assure the transplanted corneal button in its final
position. The donor tissue is positioned in the recipient eye and 8-16
single stitches are apposed. The surgical wound is then stained with a
saturated (10% w/w) sterile water solution of Indocyanine Green (ICG), it
is washed with sterile water and then a diode laser (810 nm, 13 W/cm2)
is used to induce the welding effect. The laser light induces a thermal
effect, localized in the stained tissue. In vivo and ex vivo studies in animal
models evidenced that welding induces a modification of the architecture
of the corneal collagen through the wound walls, thus enabling a short
healing time and a good restoration of the tissue. In this study on

human subjects, we confirmed the results evidenced in animal models,
by morphological observations. In two cases out of 60, transplant
rejection was observed. It was thus possible to study the efficacy of
laser welding in the closure of the wound one year after implant. Direct
morphological observation evidenced good strengthness of the welded
tissue. Microscopy pointed out a good restoration of the regular collagen
architecture at the external perimeter of the corneal button, where

laser welding was performed, showing the occurrence of a correct and
effective wound healing process.
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7550-78, Poster Session

Ultraviolet analysis on in vitro corneas
following tissue removal

V. A. C. Lincoln, L. Ventura, S. J. de Faria e Sousa, Univ. de Séo
Paulo (Brazil)

Even short exposition to ultraviolet (UV) radiation can cause several
damages to the human eye. Continuous exposure the ultraviolet rays may
cause corneal swelling, lens opacity (cataract), problems in the retina and
pterygium. The purpose of this work is the study of the alteration of the
corneal tissue and its UV natural protection in different scenarios, with a
portable equipment previously developed, which provides measurements
of corneal transmittance in the UV range. The opto-electronics consists
of ultraviolet source and detector, digital processing and visualization of
results in real time. This equipment provides also an additional tool to
assist eye banks on preliminary analysis of corneas for transplantation
regarding limits for its UV protection. The dual beam system, one

for reference and other for the sample analysis, provides tissue UV
transmission with accuracy of 0.25%. A protocol has been established
for testing the UV protection on the cornea, as well as performing the
removal of the corneal tissue, simulating refractive keratotomy. We have
observed that it’s evident that each corneal layer has influence in the

UV absorbance, the results show the little influence of the epithelial

and endothelium layers (~10um depth) and the stroma was the most
important layer (~350um depth). Preliminary studies on 42 human
corneas lead to demonstrate that as the stromal layer is reduced, there

is significant loss of the natural UV protection of the cornea, sometimes
presenting a very restricted protection.

7550-79, Poster Session

Zernike modes from anisotropic material and
noncircular plate deformations for adaptive
optical applications

C. Ou, Hsiuping Institute of Technology (Taiwan)

Adaptive optics is promising and feasible technique to enhance the
performance of optical systems by compensating the aberrations or
produced specific wavefront-illuminating patterns. It uses a spatial
light modulator (SLM) to change or to correct the wavefront from an
illuminated object, such that the image qualities or illuminating condition
of specific object can be improved or modified. Commercialized
deformable mirror using tens to hundreds of electrodes to control the
deformation modes of the membrane. In spite of these advantages and
attractive features, the problem is that these devices are quite expensive,
therefore, there are research team works on low cost approach for
several years. They study the deformations of simpler membrane
structures and evaluate the optical effects for these devices, and try

to reduce the cost of whole system. Therefore, it becomes a practical
approach to study the performance for membrane/plate like structures,
even though it might with only limited controllability on the wavefront
modulation. This report studies the wavefront modulation capabilities
and the optical performance of a simple circular plate structures,

with different boundary conditions (clamped edge, simply support),
loading types (uniform distribution and concentrated loading) and the
anisotropic material properties. This device can induce or correct part
of the aberrations through the correlation with Zernike coefficients, and
complicated Zernike modes can be introduced in very simple way.

7550-80, Poster Session

Simultaneous correction of large LOA
and HOA with a new deformable mirror
technology.

F. Rooms, S. Camet, J. Curis, ALPAO (France)
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A new technology of deformable mirror will be presented. Based on
magnetic actuators, these deformable mirrors feature record stroke (more
than +/- 45pm of astigmatism and focus correction) with an optimized
temporal behaviour. Furthermore, the development has been made in
order to have a large density of actuators within a small clear aperture
(typically 52 actuators within a diameter of 9.0mm). We will present

the key benefits of this technology for vision science: simultaneous
correction of low and high order aberrations, AO-SLO image without
artifacts due to the membrane vibration, optimized control, etc.

Furthermore, using recent papers published by Dobble, Thibos and
Miller, we will show the performances that can be achieved by various
configurations using statistical approach. The typical distribution of
wavefront aberrations (both LOA and HOA) have been computed and
the correction applied by the mirror. The correction of the wavefront
estimation has been estimated for 1000 maps. We will compare two
configurations of deformable mirrors (52 and 97 actuators) and highlight
the influence of the number of actuators on the fitting error, the photon
noise error and the effective bandwidth of correction.

7550-81, Poster Session

Measurement of the tearfilm and anterior
chamber by confocal microscopy

K. K. Buttenschoen, J. Girkin, Durham Univ. (United Kingdom); C.
G. Wilson, Univ. of Strathclyde (United Kingdom); D. J. Daly, Lein
Applied Diagnostics Ltd. (United Kingdom)

We report on the development of a novel low-cost non-contact optical
instrument based on scanning confocal microscopy that permits the
recording of precision depth profiles through the anterior segment of the
eye. We have measured the axial distances first within an artificial eye
with a precision of 1 micrometer and later in human patients through to
the rear of the lens at rates of up to 10Hz. The instrument has sufficient
resolution to resolve the central tear film and results will be presented
that show the thinning of the tear film before blinking. Further results
show the influence of agents for treating dry eye syndrome on the

tear film and the cornea and natural changes in the cornea during the
day. The presentation will also discuss the use of the instrument for
tracking drugs within the aqueous chamber of the eye. We believe that
the instrument will have a clinical role to play in assessing the efficacy
of ophthalmic drugs and also for the accurate and rapid measurement
of corneal thickness which is of increasing significance in relation to
glaucoma diagnosis.

7550-82, Poster Session

Characterization of transverse chromatic
aberration of electro-optic ophthalmic lens

G. Li, Univ. of Missouri/St. Louis (United States)

Transverse chromatic aberration causes lateral smearing or blurring of
the images on retina due to color dependent magnification, and it is an
important performance parameter for ophthalmic lens. The transverse
chromatic aberration is usually characterized by the prism diopters

and the Abbe number of the lens material, which involves the refractive
indices at wavelengths 589.3 nm, 486.1 nm and 656.3 nm, and the
latter two wavelengths are away from the photopic peak. Here a new
parameter, called effective Abbe number is introduced and used to
characterize the transverse chromatic aberration. The measurement is
performed at 543 nm and 594 nm, which are close to the photopic peak
and available with commercial tunable He-Ne laser. It requires only the
laser beam displacements due to the angular deviation imparted by

the lens. Other parameters such as the lens power, the distance of the
measurement location from the center of the lens, and the distance from
the lens to the camera are not required. The effective Abbe number gives
a much better indication of visual performance than the actual Abbe
number. Using this method, experimental results for the electro-optic
ophthalmic lens will be reported.
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7550-83, Poster Session

Non-toric extended depth of focus contact
lenses for astigmatism and presbyopia
correction

Z. Zalevsky, Bar-llan Univ. (Israel); S. Ben Yaish, A. Zlotnik, Xceed
Imaging Ltd. (Israel); O. Yehezkel, M. Belkin, Tel Aviv Univ. (United
States)

Purpose: Testing whether the extended depth of focus technology
embedded on non-toric contact lenses is a suitable treatment for both
astigmatism and presbyopia. Methods: The extended depth of focus
pattern consisting of micron-depth concentric grooves was engraved

on a surface of a mono-focal soft contact lens. These grooves create an
interference pattern extending the focus from a point to a length of about
1mm providing a 3.00D extension in the depth of focus. The extension

in the depth of focus provides high quality focused imaging capabilities
from near through intermediate and up to far ranges. Due to the angular
symmetry of the engraved pattern the extension in the depth of focus can
also resolve regular as well as irregular astigmatism aberrations. Results:
The contact lens was tested on a group of 8 astigmatic and 13 subjects
with presbyopia. Average correction of 0.70D for astigmatism and 1.50D
for presbyopia was demonstrated. Conclusions: The extended depth

of focus technology in a non-toric contact lens corrects simultaneously
astigmatism and presbyopia. The proposed solution is based upon
interference rather than diffraction and thus it is characterized by high
energetic efficiency to the retina plane as well as reduced chromatic
aberrations.

7550-84, Poster Session

Software for keratometry measurements
using portable devices

J. G. S. De Groote, Univ. de Ribeirdo Preto (Brazil); L. Ventura, C.
M. lyomasa, Univ. de Sédo Paulo (Brazil)

In this work we present an image processing software for automatic
astigmatism measurements developed for a hand held keratometer. The
system projects 36 light spots, from LEDs, displayed in a precise circle
at the lachrymal film of the examined cornea. The displacement, the size
and deformation of the reflected image of these light spots are analyzed
providing the keratometry. The purpose of this project was to develop

a software that performs fast and precise calculations in mainstream
mobile devices. In another words, a software that can be implemented
in portable computer systems, which could be of low cost and easy to
handle. This project allows portability for keratometers and is a previous
work for a portable corneal topographer.

7550-86, Poster Session

Age-related model of the human crystalline
lens during simulated accommodation

D. D. Nankivil, D. Borja, Bascom Palmer Eye Institute (United
States); V. Nath, L. V. Prasad Eye Institute (India); E. Arrieta-
Quintero, Bascom Palmer Eye Institute (United States); M.
Taneja, L. V. Prasad Eye Institute (India); N. M. Ziebarth, Bascom
Palmer Eye Institute (United States); A. Mohamed, L V Prasad
Eye Institute (India); A. Ho, Institute for Eye Research Ltd.
(Australia); F. Manns, J. A. Parel, Univ. of Miami (United States)

Purpose: To examine the age dependency of the optical power of the
human crystalline lens during simulation of accommodation in a lens
stretcher.

Methods: Post-mortem human eyes (n=109; age: 0 - 85 years)
were dissected leaving intact the lens, zonules, ciliary body, hyaloid
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membrane, anterior vitreous and a scleral rim. The lens was mounted in
an optomechanical lens stretching system and stretched 2mm radially
in a step-wise fashion. The lens power was measured at each step and
the unstretched power, stretched power and change in power were
quantified and examined as a function of age.

Results: The unstretched power, stretched power and change in power
as a function of age were fit with quadratic functions as follows: y =
(0.0061+0.0003)x2 - (0.714+0.031)x + (42.0+0.7), y = (0.0035+0.0004)

x2 - (0.384+0.033)x + (31.6+0.7), y = (0.0020+0.0002)x2 - (0.282+0.014)x
+ (9.8+0.3). Using the roots of these equations, the minimum unstretched
power of 21.0+2.4D occurs at 58.6+3.5years, the minimum stretched
power of 21.0+2.2D occurs at 55.2+4.2years, and the change in power
reaches 0+1.45D at 58.9+19.8years.

Conclusion: The unstretched power and stretched power of the human
lens decrease with age until 50-60 years, and the change in power of the
human lens decreases with age, reaching zero between 40 and 80 years.
Increases in the unstretched and stetched power of older lenses may
represent a period when physical changes in lens curvatures overcome
the decrease in refractive index of the lens.

Supported by: NIH grant EY14225-01, NIH center grant P30 EY14801,
NIH F31EY015395, Vision CRC, Sydney, Australia, Florida Lions Eye
Bank, Research to Prevent Blindness, Henri and Flore Lesieur Foundation
(JMP).

The authors do not have any proprietary or financial interest in any of the
devices or results presented herein.

7550-87, Poster Session

Surfaces geometry and optical aberrations of
ex vivo isolated human crystalline lenses

J. M. Bueno, C. Schwarz, Univ. de Murcia (Spain); E. Acosta,
Univ. de Santiago de Compostela (Spain); P. Artal, Univ. de
Murcia (Spain)

Aberrations of the crystalline lens result from both the shape of their
surfaces and the refractive index distribution. The shape of the anterior
and posterior surfaces of isolated (fully accommodated) human
crystalline lenses was measured with a shadow photography technique.
Lenses were immersed in a chamber filled with culture medium that was
positioned on a micrometric rotation stage. They were back-illuminated
and a CCD camera with a telecentric objective recorded shadow-images
of meridians 10° apart. Hyperbolas produced the best fitting to the
anterior surface whereas the posterior surface showed a tendency to be
well fitted by circumferences or ellipses. The radii of curvature of both
surfaces, as well as the central lens thickness were also determined.
The back-focal distance and the lens aberrations were calculated by
ray-tracing from the measured geometrical shape data (3D-fitted) when
assuming a constant refractive index (1.42) or a gradient refractive index
(GRIN). Measured and simulated back-focal length agreed well. The
actual wavefront aberrations were measured in monochromatic light
(633nm) using two different techniques: a Hartmann-Shack sensor and
point-diffraction interferometry. During the measurements all lenses were
immersed in a chamber filled with culture medium with good optical-
quality parallel plates as covers. Spherical aberration and astigmatism
were the dominant terms. The measured aberrations were not accurately
predicted from the geometrical data by the ray-tracing approach.

This is may be due to resolution in the surface measurements, the

fitting procedure, the refractive index assumptions or the experimental
measurement noise.
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7550-88, Poster Session

Monochromatic aberrations estimated from
single-pass point spread functions of a
physical model eye by computational phase
retrieval

R. C. Bakaraju, K. Ehrmann, E. B. Papas, A. Ho, Institute for Eye
Research Ltd. (Australia) and Vision Co-operative Research Citr.
(Australia) and The Univ. of New South Wales (Australia)

To explore the optical performance of vision correction devices, such

as spectacles, contact and intra-ocular lenses, an anatomically and
optically equivalent physical model eye had been constructed and
presented previously1. Extracting quantitative wavefront information from
the model eye with use of an aberrometer set-up would need frequent
repositioning of the apparatus and could sometimes be time-consuming
if numerous measurements with different pupils, corrective lenses, and/
or accommodative states are involved. Here, we investigate for a useful,
quick and reliable alternative option, if possible.

Phase retrieval (PR) is defined as a technique that determines the shape
of a wavefront of an optical system from intensity measurements at the
focal plane. This current work describes the use of a computational

PR algorithm to obtain the exit pupil wavefront from the single-pass
point spread functions at the retinal plane of the model eye. The results
obtained by using this technique are verified against the gold-standard
double-pass Hartmann-shack measures (COAS aberrometer). This
technique of using intensity patterns at multiple planes parallel to the
focal region for recovering the monochromatic aberrations is a viable
alternative for reporting the quality of the optical system.

References

1. Bakaraju RC, Ehrmann K, Falk D, Papas E & Ho A. Proceedings of
SPIE, 7163: 16: 1-9.

7550-89, Poster Session

Toward an anatomically correct solid eye
model with volumetric representation of
retinal morphology

R. J. Zawadzki, UC Davis Medical Ctr. (United States); T. S.
Rowe, Rowe Technical Design (United States); A. R. Fuller, B.
Hamann, Univ. of California, Davis (United States); J. S. Werner,
UC Davis Medical Ctr. (United States)

An accurate solid eye model (with volumetric retinal morphology) is

likely to have numerous applications in the field of ophthalmology,
including the evaluation of ophthalmic instruments as well as optometry/
ophthalmology training. We present a method that uses volumetric
Optical Coherence Tomography (OCT) retinal data sets to create an
anatomically correct representation of three-dimensional (3D) retinal
layers. This information is exported to a laser scan system to re-create

it with solid eye retinal morphology to be used in OCT testing. A solid
optical model eye is constructed from PMMA acrylic, with equivalent
optical power (~58D) and axial length to that of the human eye. Although
the index of refraction of PMMA is not a close match to that of any of the
ocular tissues its dispersion Abbe values are ( d = 57.4)1. A Coddington
style pupil provides for an apparent 8 mm clear aperture, large enough for
easy imaging by any ophthalmic instrument. It has one refracting surface
and one scanning surface. The scanning surface is slightly aspherical,
mirroring the curve of best focus over a 50 degree internal field of view,
with a base curvature of 12 mm, nearly equivalent to the nominal human
eye’s retinal curvature2. The optical focus curve was designed to be
300-500 pm anterior to the actual scanning surface. To test the accuracy
of this method we compare OCT volumetric data sets acquired with the
solid eye model and those acquired from human retina imaged in vivo.

customerservice@spie.org 7



Conference 7551: Optical Methods for

BiOS -

SPIE Photonics West

Tumor Treatment and Detection: Mechanisms and

Techniques in Photodynamic Therapy XIX
Saturday-Sunday 23-24 January 2010 e Part of Proceedings of SPIE Vol. 7551
Optical Methods for Tumor Treatment and Detection: Mechanisms and Techniques in

Photodynamic Therapy XIX

7551-01, Session 1

Early cellular effects of photodynamic therapy
D. H. Kessel, Wayne State Univ. (United States)

Early responses to PDT mediated by the release of reactive oxygen
species (ROS) include loss of anti-apoptotic Bcl-2 family functions and/
or release of lysosomal enzymes, the latter leading to activation of the
pro-apoptotic protein Bid. We have found that enhanced formation of
hydrogen peroxide and OH radical can promote apoptosis and cell
death, although these ROS have been reported unable to independently
initiate apoptosis. An additional factor is an early PDT-induced inhibition
of endocytic pathways, regardless of the initial site of photodamage:
mitochondria, ER or lysosomes. This effect could amplify cell-death
signals. Photodamage to cellular organelles is known to lead to
autophagy as cells attempt to repair injuries. An additional factor in the
appearance of autophagy is the loss of Bcl-2 function. At this point,
autophagy appears to be mainly functioning as a survival mechanism
unless it becomes excessive. There are reports that autophagy can lead
to apoptotic death, but in the context of PDT, a more likely result appears
to be the appearance of non-viable cells filled with autophagic vacuoles.

7551-02, Session 1

Molecular markers of cell and tumor
response to photodynamic therapy

N. L. Oleinick, Case Western Reserve Univ. (United States)

PDT produces oxidative damage to cells and tissues which results in a
variety of responses, including protein oxidative changes, activation of
stress gene expression, and induction of cell death pathways. A variety of
molecular changes in the treated cells have been studied for their ability
to report on the extent of damage. Some of these have been studied

in terms of their ability to elucidate mechanisms and to monitor PDT
response.

7551-03, Session 1

Combination treatments with PDT are
enhanced by co-encapsulation of PDT agents
and biologics in targeted nanoconstructs

T. Hasan, Wellman Ctr. for Photomedicine (United States)

Photodynamic Therapy (PDT) is most effective when the photosensitizer
(PS) can selectively accumulate in the target tissue in sufficient
quantities, thereby limiting the phototoxic effects to the tumor alone

and reducing collateral damage to “normal” tissue. Nanotechnology
provides an exciting opportunity to develop multi-functional constructs
carrying a targeting moiety, high payloads of therapeutic and imaging
agents. Combining nanotechnology with PDT provides a potentially
powerful tool for selective destruction of diseased cells and tissues.

We have synthesized targeted polymeric nanoparticles loaded with PS
and biologics such as Avastin and Cetuximab. Targeting is achieved
using aptamers, antibodies or peptides that recognize receptors over-
expressed on these cells. Such nano-constructs allow for detection of
disease followed by tailored release of the therapeutic to selectively
destroy it. Our studies demonstrate significant enhancement in treatment
outcomes when nanoconstruct-based PDT is combined with Avastin,
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Cetuximab, or small molecule inhibitors of receptor tyrosin kinase. In
addition, these studies establish for the first time, the intracellular delivery
of a cell-impermeant antibody that targets proteins present inside

the cells. Results and implications of these early experiments will be
presented and discussed.

7551-04, Session 2

Vitamin D as a potential enhancer of
aminolevulinate-based photodynamic therapy
for nonmelanoma skin cancer

E. V. Maytin, S. Anand, N. Atanaskova, C. Wilson, Cleveland
Clinic Lerner Research Institute (United States)

Vitamin D3 is a hormone essential for normal bone and cardiovascular
health, and may also participate in preventing malignancies such as
nonmelanoma skin cancers (NMSC). Initially synthesized in the skin
(catalyzed by sun exposure), Vit D3 is subsequently hydroxylated in the
liver and kidney to create the active form, 1,25 dihydroxyD3 (“calcitriol”).
We previously showed that calcitriol is a potent inducer of protoporphyrin
IX (PpIX) in skin keratinocytes grown in 3-D organotypic cultures.
Currently, we are investigating the ability of Vit D to enhance PplX levels
within skin tumors in vivo. Squamous papillomas and carcinomas are
generated by chemical carcinogenesis in mice (topical DMBA/TPA; 20
weeks). Tumors are pretreated for 3 days with topical calcitriol. Then
5-aminolevulinic acid is applied topically, and PplIX levels measured by
noninvasive fluorimetry, and in biopsied tissue. Calcitriol pretreatment
results in a 3- to 4-fold elevation of PpIX in tumors, relative to no
pretreatment. Enhanced tumor destruction is demonstrable following
illumination with treatment light. For deep tumors, topical calcitriol may
not penetrate sufficiently. We are therefore exploring the possibility that
systemic Vit D3, given short-term (3 days), might elevate PpIX within
NMSC. Following injection of defined amounts of calcitriol in mice, an
ELISA assay is used to measure calcitriol levels in serum and tissues;
these levels are then correlated with PplX in a deep NMSC model (A431
cells, implanted subcutaneously). The approach could prove attractive.
Since most Americans are currently Vitamin D deficient, an increase in
calcitriol may be possible without risk of hypercalcemia.

7551-05, Session 2

In vivo detection of time-resolved singlet
oxygen luminescence under PDT relevant
conditions

B. Roder, J. Schlothauer, S. Hackbarth, J. Lademann, Humboldt-
Univ. zu Berlin (Germany)

Singlet oxygen (102) is the main mediator of PDT induced effects. It
also is being generated during normal cell activity. Thus kinetics of
102 has been of great interest since its discovery. However, extremely
low quantum vyields of radiative deactivation, especially in biological
environments, hinder a direct observation. Very recent developments
now allow precise determination of 102 kinetics in vitro analysing the
characteristic NIR-luminescence [1]. Attempts to measure the 102
kinetics in vivo have not yet been successful.

For the fist time worldwide we report high amplitude NIR-Luminescence
signals, measured in vivo. The measurements are achieved with
a recently developed setup that was shown to provide superior
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performance for 102 luminescence detection in vitro [2]. This setup has
been adapted to allow now the detection of singlet oxygen signals in
vivo. Pig ears were used for first measurements as a widely accepted

in vivo model for human skin. A major drawback of singlet oxygen
luminescence detection from tissues is a high noise signal, which makes
it difficult to discriminate between the singlet oxygen signal and noise if
the SNR is low.

By contrast, in our luminescence signals singlet oxygen could be
identified as the main contribution. Additionally, the characteristics of
the background signals were analysed regarding the variance between
samples and spectral parameters. Using this knowledge we identified
the singlet oxygen signals from our samples. The high SNR allows
determination of the 102 kinetics. Our in vivo experiments clearly show
an interaction of singlet oxygen with the tissue. A definite dependence of
rise and decay of the 102 signal with irradiation time was observed.

[1] Steffen Hackbarth, Jan Schlothauer, Annegret PreuB, Beate Roder.
Singlet oxygen kinetics inside living cells: observation of endogenous
quencher consumption and consequences for the spatial resolution in
time-resolved measurements. Proc. SPIE 7380, 2009, in print.

[2] Jan Schlothauer, Steffen Hackbarth, and Beate Réder. A new
benchmark for time-resolved detection of singlet oxygen luminescence -
revealing the evolution of lifetime in living cells with low dose illumination.
Laser Phys. Lett., 3:216-221, 2009.

7551-06, Session 2

Effects of Verteporfin-PDT on tumor
microenvironment

T. M. Busch, A. L. Maas, S. L. Carter, M. Yuan, The Univ. of
Pennsylvania Health System (United States); X. Xing, Univ. of
Pennsylvania (United States)

Combining photodynamic therapy (PDT) with pharmaceuticals that
either augment PDT cytotoxicity or abrogate the effects of pro-survival
factors induced by PDT have demonstrated much potential in preclinical
investigations. The design of such combination therapies is informed
by knowledge of PDT effects on tumor microenvironment, e.g. its
stand-alone effects on tumor vascular damage, hypoxia creation, and
production of angiogenic factors. We plan combinations of Verteporfin-
mediated PDT with molecular-targeting pharmaceuticals that will

alter tumor microenvironment, and toward this goal have undertaken
evaluation of how Verteporfin-PDT itself affects local tumor physiology.
PDT conditions studied include short drug-light intervals, e.g. 15 min,
which target primarily the tumor vasculature, and longer drug-light
intervals, e.g. 3 h, which are reported to cause less of a vascular effect.
For these conditions, PDT-mediated cytotoxicity, including vascular
damage, is being quantified, as well as treatment-induced angiogenic
response. Pilot studies examining combinations of PDT with anti-
angiogenic agents are in progress.

7551-07, Session 2

Explicit dosimetry for photodynamic therapy:
macroscopic singlet oxygen modeling

K. K. Wang, T. Busch, J. C. Finlay, T. C. Zhu, Univ. of
Pennsylvania (United States)

Singlet oxygen (102) is the major cytotoxic agent during photodynamic
therapy (PDT), defining the most fundamental treatment efficacy. It has
been a long-term issue to correlate/quantify the amount of 102 with
tumor death in PDT field. The production of 102 involves the complex
reactions among light, oxygen molecule, and photosensitizer. From an
universal macroscopic kinetic equations describing the photochemical
processes of PDT, the reacted 102 concentration, [102]rx with cell target
can be expressed in a form related to time integration of the product

of 102 quantum yield and the PDT dose rate. The light propagation

in tumor tissue is described by the diffusion equation. A simple term
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describing the macroscopic oxygen supply phenomena is introduced in
the equation set. Incorporating all these physiological and photochemical
mechanisms, the spatially and temporally-resolved [102]rx can be
numerically calculated within a fairly short computational time. To apply
this model as a clinical dosimetry, it is urgent to have the modeling ability
being able to predict treatment outcome. Parallel to the simulation work,
a series of interstitial Photofrin-PDT experiments have been conducted,
spanning sufficiently wide treatment regime, and the measurable necrosis
distance are observed. In this work, an optimization routine is developed
to fit the calculated [102]rx profile to the measured necrosis distance

by adjusting the modeling parameters. We expect that this 102 model
can be used as an explicit dosimetry to optimize/predict the treatment
efficacy, using the modeling parameters extrapolated from the fitting for
the particular photosensitizer of interest.

7551-08, Session 2

Spectroscopic evaluation of photodynamic
therapy of the intraperitoneal cavity

J. C. Finlay, A. Dimofte, K. Cengel, T. C. Zhu, Univ. of
Pennsylvania (United States)

We present the results of spectroscopic measurements of diffuse
reflectance and fluorescence before and after photodynamic therapy of
healthy canine peritoneal cavity. Animals were treated intra-operatively
after iv injection of the benzoporphyrin derivative (BPD). The small bowel
was treated using a uniform light field projeced by a microlens-tipped
fiber. The cavity was then filled with scattering medium and the remaining
organs were treated using a moving diffuser. Diffuse reflectance and
fluorescence measurements were made uding a multifiber optical probe
positioned on the surface of various tissues within the cavity before

and after illumination. The measured data were analyzed to quantify
hemoglobin concentration and oxygenation and sensitizer concentration.

7551-09, Session 3

To be announced
C. J. Gomer, Childrens Hospital Los Angeles (United States)

No abstract available.

7551-10, Session 3

A fast heterogeneous algorithm for light
fluence rate for prostate PDT

C. Chang, T. C. Zhu, The Univ. of Pennsylvania Health System
(United States)

To accurately calculate light fluence rate distribution in prostate
photodynamic therapy (PDT), optical heterogeneity has to be taken

into account. Previous study has shown that a kernel based on analytic
solution of the diffusion equation can perform the calculation with
accuracy comparable to Finite-element method. An assumption is made
that light fluence rate detected at a point in the medium is affected
primarily by the optical properties of points (or elements) on the line
between the source and the point. The exponential decay term of the
light fluence rate is expressed as an integral of effective attenuation
coefficient of each point along the line. The kernel method is first
developed for a point source and then extended for a linear source. A
linear source is considered being composed of multiple point sources
and light fluence rate is summation of the fluence rates generated by

the point sources. In this study, we have implemented a fast ray-trace
algorithm to substantially speed up the calculation. The kernel calculation
is compared with FEM calculation and is examined with light fluence rate
measurements. The examination with clinical measurement data shows
that calculated fluence rates present similar features in distribution as the
measurement, with errors of 30%-70% for the peak fluence rates. We
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concluded that our heterogeneous algorithm is potentially valuable for
light fluence rate optimization during interstitial PDT.

7551-11, Session 3

A treatment planning system for pleural PDT

J. Sandell, C. Chang, T. C. Zhu, The Univ. of Pennsylvania Health
System (United States)

Uniform light fluence distribution for patients undergoing photodynamic
therapy (PDT) is critical to ensure predictable PDT outcome. However,
common practice uses a point source to deliver light to the pleural

cavity. To improve the uniformity of light fluence rate distribution, we
have developed a treatment planning system using an infrared camera

to track the movement of the point source. This study examines the

light fluence (rate) delivered to chest phantom to simulate a patient
undergoing pleural PDT. Fluence rate (mW/cm2) and cumulative fluence
(J/em2) was monitored at 7 different sites during the entire light treatment
delivery. Isotropic detectors were used for in-vivo light dosimetry. Light
fluence rate in the pleural cavity is also calculated using the diffusion
approximation with a finite-element model. We have established a
correlation between the light fluence rate distribution and the light fluence
rate measured on the selected points based on a spherical cavity model.
Integrating sphere theory is used to aid the calculation of light fluence
rate on the surface of the sphere as well as inside tissue assuming
uniform optical properties. The resulting treatment planning tool can be
valuable as a clinical guideline for future pleural PDT treatment.

7551-12, Session 3

Comparative study of diffuse reflectance data
analysis algorithms

J. Sandell, J. C. Finlay, Univ. of Pennsylvania (United States)

Diffuse reflectance spectroscopy has been shown to allow quantification
of the hemoglobin saturation and concentration as well as the
concentration of sensitizers and other photo-active drugs, making it an
ideal modality for the determination of the parameters that contribute

to photodynamic therapy dosimetry. A number of different algorithms
have been published for the analysis and interpretation of diffuse
reflectance spectra obtained from human tissue. We present the results
of a comparison of several of these algorithms using a modular fitting
software platform to analyze a standard set of spectra from phantoms of
known composition as well as in -vivo data obtained from animals and
humans. The strengths and weaknesses of each algorithm with respect
to quantification of absorption and scattering coefficients, sample
composition, and spatial heterogeneity.Special attention is given to the
parameters relevant for photodynamic therapy.

7551-13, Session 3

A heterogeneous optimization algorithm for
the optimization of reacted singlet oxygen for
interstitial PDT

T. C. Zhu, M. D. Altschuler, Y. Hu, K. Wang, J. C. Finlay, A.
Dimofte, K. Cengel, S. M. Hahn, The Univ. of Pennsylvania Health
System (United States)

Singlet oxygen (102) is the major cytotoxic agent for type Il
photodynamic therapy (PDT). The production of 102 involves the
complex reactions among light, oxygen molecule, and photosensitizer.
From universal macroscopic kinetic equations which describe the
photochemical processes of PDT, the reacted 102 concentration, [102]
rx, with cell target can be expressed in a form related to time integration
of the product of 102 quantum yield and the PDT dose rate. The object
of this study is to develop optimization procedures that account for the
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optical heterogeneity of the patient prostate, the tissue photosensitizer
concentrations, and tissue oxygenation, thereby enable delivery of
uniform reacted singlet oxygen to the gland. We use the heterogeneous
optical properties measured for a patient prostate to calculate a light
fluence kernel. Several methods are used to optimize the positions

and intensities of CDFs. The Cimmino feasibility algorithm, which is

fast, linear, and always converges reliably, is applied as a search tool

to optimize the weights of the light sources at each step of the iterative
selection. Maximum and minimum dose limits chosen for sample points
in the prostate constrain the solution for the intensities of the linear light
sources. The study shows that optimization of individual light source
positions and intensities is feasible for the heterogeneous prostate during
PDT. To study how different photosensitizer distributions as well as tissue
oxygenation in the prostate affect optimization, comparisons of light
fluence rate were made with measured distribution of photosensitizer in
prostate under different tissue oxygenation conditions.

7551-14, Session 3

In vivo PDT dosimetry: singlet oxygen
emission and photosensitizer fluorescence

S. Lee, K. L. Galbally-Kinney, B. A. Murphy, S. J. Davis, Physical
Sciences Inc. (United States); T. Hasan, B. Spring, Y. Tu,
Massachusetts General Hospital (United States); B. W. Pogue, J.
A. O’Hara, Dartmouth College (United States)

Photodynamic therapy (PDT) is a light activated chemotherapy that is
dependent on three parameters: photosensitizer (PS) concentration;
oxygen concentration; and light dosage. Due to highly variable treatment
response, the development of accurate dosimetry to optimize PDT
treatment outcome is an important requirement for practical application.
Singlet oxygen is an active species in PDT, and we are developing two
instruments, ultra-sensitive singlet oxygen point sensor and 2D imager,
for PDT researchers with the goal of a real-time dosimeter. The 2D
imaging system can visualize spatial maps of both the singlet oxygen
production and the location of the PS in a tumor during PDT. We have
detected the production of singlet oxygen during PDT treatments with
both in-vitro and in-vivo studies. Effects of photobleaching have also
been observed. These results are promising for the development of the
sensor as a real-time dosimeter for PDT which would be a valuable tool
for PDT research and could lead to more effective treatment outcome.

7551-15, Session 4

Targeting cytochrome C oxidase in
mitochondria with Pt(ll)-porphyrins for
photodynamic therapy

M. Bérsch, Univ. Stuttgart (Germany); H. Zimmermann, Albert-
Ludwigs-Univ. Freiburg (Germany)

Mitochondria are the power house of living cells, where the synthesis
of the chemical energy currency adenosine triphosphate (ATP)

occurs. Oxidative phosphorylation by a series of membrane protein
complexes | to IV, that is, the electron transport chain, is the source

of the electrochemical potential difference of protons across the inner
mitochondrial membrane required for ATP production. Destroying
cytochrome C oxidase (COX; complex IV) in photodynamic therapy
(PDT) is achieved by the cationic photosensitizer Pt(ll)-TMPyP. Electron
microscopy revealed the disruption of the mitochondrial christae as a
primary step of PDT. Time resolved resonance energy transfer imaging
identified COX as the binding site for Pt(ll)-TMPyP in living HeLa cells.
As this photosensitizer competed with cytochrome C binding to COX,
destruction of COX might not only disturb ATP synthesis but could
expedite the release of cytochrome C to the cytosol inducing apoptosis.
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7551-16, Session 4

Absolute fluence rate quantification in a
three-dimensional volume for interstitial
photodynamic therapy using multisensor
fluorescence probes

B. Lai, Ontario Cancer Institute (Canada) and Univ. of Toronto
(Canada); L. Lilge, Ontario Cancer Institute (Canada)

The efficacy of photodynamic therapy (PDT) on superficial lesions has
recommended its use for various indications such as the esophagus
and skin. However, for conditions requiring an interstitial approach
(IPDT) such as deep-seated tumors of the lung, brain and prostate,
efficacy appears to be reduced even when using otherwise effective

and clinically approved photosensitizers such as Photofrin. One of the
efficacy-determining factors of IPDT and other light-based therapies is
the distribution of treatment light fluence rate within the clinical treatment
volume (CTV). One major challenge of IPDT of solid tumors is to provide
sufficient photon fluence to ensure destruction of the target cells, yet
avoid overexposure of organs at risk and normal surrounding tissue.

The current standard tools for light quantification are the scattering

tip or cut-end fiber, which allow only single position measurements.
Multisensor fiber-based fluorescent probe (MSP) has been demonstrated
as an alternative tool for spatially resolved fluence rate measurements.
These MSPs are embedded with fluorescent sensors that use the PDT
treatment light for excitation. The sensors’ emission intensities are
therefore correlated to the localized treatment light intensity, effectively
transforming spatial information into the spectral domain. Presented in
this work is a fluence rate quantification system capable of employing
up to 12 MSPs to simultaneously measure the absolute fluence rate
distribution throughout a treatment volume. The system features:
components for sensor calibration, data acquisition, and weighted least-
squares processing designed to allow localized fluence rate information
to be computed in real-time.

7551-17, Session 4

3D ovarian cancer models: imaging and
therapeutic combinations

J. P. Celli, I. Rizvi, Wellman Ctr. for Photomedicine (United
States); F. Xu, Brigham and Women'’s Hospital (United States);

C. Evans, A. Abu-Yousif, Wellman Ctr. for Photomedicine (United
States); S. Moon, Brigham and Women'’s Hospital (United States);
J. F. deBoer, Vrije Univ. Amsterdam (Netherlands); U. Demirci,
Brigham and Women'’s Hospital (United States); T. Hasan,
Wellman Ctr. for Photomedicine (United States)

The vast majority of ovarian cancer (OvCa) patients present with
advanced disseminated disease with treatment options limited primarily
to surgery and chemotherapy and a dismal survival rate that has shown
only marginal improvements. In order to reliably and efficiently evaluate
new combination treatment strategies for this lethal form of the disease,
there is a critical need to create laboratory models that recapitulate

key aspects of the biology and biophysics of micrometastatic OvCa
including: cellular adhesion, motility, communication with stromal
partners, and influence of matrix rheology during tumor growth and

in response to cytotoxic insults. We are exploring a physical-science
based approach to understanding cellular behavior using an innovative
cell printing technology to create multicellular tumor arrays as a high-
throughput reporter of treatment efficacy. These OvCa models approach
the complexity of in vivo systems by restoring key biological and material
interactions that are absent from traditional monolayer cultures. However,
in contrast to time intensive and costly animal models, these 3D tumor
arrays provide the opportunity for high-throughput in situ monitoring of
tumor development and response to novel therapeutic strategies. Using
high-throughput image processing routines to analyze size and cytotoxic
efficacy with this platform we are able to quantitatively characterize
growth and differential response to PDT, chemotherapy and EGFR
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inhibition treatments in heterogeneous distributions of thousands of acini
simultaneously. We utilize analysis of nodule-size dependent treatment
response and patterns of cell death to inform combination regimens
with enhanced efficacy. This presentation will discuss recent results and
implications from our laboratory.

7551-18, Session 4

Three-dimensional visualization of the
structure and treatment dynamics of ovarian
tumor models following photodynamic
therapy

C. L. Evans, A. Abu-Yousif, |. Rizvi, J. Celli, Wellman Citr.
for Photomedicine (United States); J. F. de Boer, Vrije
Univ. Amsterdam (Netherlands); T. Hasan, Wellman Ctr. for
Photomedicine (United States)

Ovarian epithelial cancer has a high morbidity due to its propensity to
metastasize onto surfaces in the abdomen. In order to effectively treat
these metastatic lesions with photodynamic therapy (PDT), it is critical
to understand the detailed dynamics of the PDT response. 3D in vitro
models of ovarian cancer are a promising system for studying the
response to PDT of these lesions, as they replicate the size, appearance,
and characteristics of metastatic disease observed in the clinic. An
ideal approach capable of non-purturbative, 3D imaging of this model is
optical coherence tomography (OCT). An ultrahigh resolution time-lapse
OCT system was developed to visualize the photodynamic therapeutic
response in the hours and days following treatment. Tumor nodules
were observed to experience rapid cell death within the first 24 hours
post-treatment using benzophorphyrin derivative monoacid A (BPD),
characterized by structural breakdown of the model nodules. Highly
scattering cells were observed with OCT contrast to form in the tumor
nodules. These highly scattering moieties were identified as apoptotic
bodies, indicating that OCT is capable of tracking the PDT-induced
apoptosis in real-time without the need for labels. A size-dependent
response was observed, with small ovarian nodules found to be more
susceptible to treatment. To test if this effect is due to hypoxia, we
compared PDT with BPD, which is primarily a type-Il photosensitizer,
with EtNBS, a primarily type-| photosensitzer that is less dependent of
oxygen. Multiplexed viability assays were conducted alongside OCT
measurements to study the PDT treatment response following these
treatments.

7551-19, Session 5

Photodynamic therapy for gastrointestinal
cancers

K. K. Wang, Mayo Clinic (United States)

Photodynamic therapy in the United States for gastrointestinal
malignancies is confined to the esophagus and involves the use of
sodium porfimer which is associated with long term photosensitivity.

In addition, this photosensitizer appears to be unable to clinically treat
patients with p16 abnormalities. We established this is a prospective
randomized study of 148 pts mean age 63 + 12 (range 22-88) with 129
males. 74 were randomized to PDT with 2 mg/kg of sodium porfimer
given intravenously 48 hours prior to photoradiation with a diode laser at
a wavelength of 630nm. Photoradiation was conducted with a 5 cm long
cylindrical diffusing fiber at a power output of 400 mW/cm fiber and a
total dose of 200 J/cm fiber. 74 were randomized to control. We assessed
ploidy status as well as genetic status using FISH for Her2, c-myc, p53,
p16, and their respective centromeric markers. Patients were assessed
for their response to PDt at 3 months. P16 abnormalities, either losses or
gains were associated with a significantly decreased response to PDT.
We have recently begun to investigate the use of HPPH for the treat of
esophagus, biliary, and pancreatic lesions. This agent produced 96%
cell death in cholangiocarcinoma cell lines, 97% in pancreatic cancer
cell lines, and 89% in Barrett’s cell lines at a concentration of .25 ug/
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ml. This was significantly more effective than sodium porfimer at similar
concentrations and light dosages.

7551-20, Session 5

PDT for locally advanced pancreatic cancer:
early clinical results

S. P. Pereira, N. S. Sandanayake, S. G. Bown, Univ. College
London (United Kingdom)

Pancreatic adenocarcinoma ranks as the sixth commonest cause of
cancer death in the UK and USA. Patients usually present late with
advanced disease, limiting curative surgery to 10% of cases. Overall
prognosis is poor with one-year survival rates of less than 10% with
palliative chemotherapy and/or radiotherapy. Photodynamic therapy
(PDT) may have a role in local tumour debulking. In preclinical PDT
studies in hamster models, necrosis in normal pancreas and stomach
was observed, which healed without serious adverse effects. PDT has
been shown to achieve tumour necrosis in chemically induced pancreatic
tumours transplanted into rats and hamsters, complicated on occasion
by duodenal sealed perforation or stenosis, but no significant damage

to the liver, bile duct or major blood vessels. Our group demonstrated a
survival advantage in a randomised controlled study of PDT in pancreatic
tumours transplanted into hamsters. We also conducted the first clinical
study of pancreatic interstitial PDT published in 2002 (Bown et al Gut
2002), using meso-tetrahydroxyphenyl chlorin (mTHPC) in 16 patients
with unresectable locally advanced pancreatic adenocarcinoma. All
patients had evidence of tumour necrosis on follow-up imaging, with a
median survival from diagnosis of 12.5 (range 6-34) months. In patients
with locally advanced pancreatic cancer, we are currently conducting a
phase | dose-escalation study of verteporfin single fibre PDT followed by
standard gemcitabine chemotherapy. Randomised controlled studies are
also planned.

7551-21, Session 5

Photodynamic therapy of head and neck
malignancies

M. A. Biel, Virginia Piper Cancer Institute, Abbott Northwestern
Hospital (United States)

Photodynamic therapy has been successfully used to treat various
cancers of the head and neck. Four hundred fifty two patients with
neoplastic diseases of the larynx, oral cavity and pharynx have been
treated with PDT with follow-up to 238 months. Those patients with
primary or recurrent carcinoma in situ and T1 carcinomas obtained a
complete response after one PDT treatment and 88% remain free of
disease. Patients with T2 and T3 carcinomas treated with PDT obtained
a complete response but in most cases they recurred locally, many with
normal overlying mucosa. This is due to the inability to adequately deliver
laser light to the depths of the tumor despite aggressive use of interstitial
implantation. Intraoperative adjuvant PDT was used in 19 patients

with recurrent head and neck cancers and only two developed local
recurrences.

PDT is effective for the curative treatment of early carcinomas of the
head and neck. It may also be of benefit as an adjuvant intraoperative
treatment of large recurrent tumors.
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7551-22, Session 6

Interstitial Doppler optical coherence
tomography vascular monitoring and
quantification during photodynamic therapy
of prostatic carcinoma: a preclinical in vivo
study

B. A. Standish, Ryerson Univ. (Canada) and Ontario Cancer
Institute (Canada); K. K. Lee, X. Jin, A. Mariampillai, N. R. Munce,
M. Wood, B. C. Wilson, I. A. Vitkin, Ontario Cancer Institute
(Canada); V. X. Yang, Ryerson Univ. (Canada) and Ontario Cancer
Insitute (Canada)

We have tested the feasibility of real-time localized blood flow
measurements, obtained with interstitial Doppler optical coherence
tomography (IS-DOCT), as a predictive measure of photodynamic
therapy (PDT)-induced tumor necrosis deep within solid Dunning rat
prostate tumors.

IS-DOCT was used to quantify the PDT-induced microvascular shutdown
rate in subcutaneous Dunning prostate tumors (n=28). Photofrin® (12.5
mg/Kg) was administered 20-24 h prior to tumor irradiation, with 635nm
surface irradiance rates of 8-133 mW/cmz2 for 25 minutes. High frequency
ultrasound (HFUS) was used to locate the echogenic IS probe, where
treatment efficacy was estimated by percent tumor necrosis within the
DOCT imaging region as quantified by H&E staining, and correlated to
the measured microvascular shutdown rate during the PDT treatment.

IS-DOCT measured significant PDT-induced vascular shutdown within
the imaging region in all tumors. A strong relationship (R"2=0.723) exists
between the percent tumor necrosis at 24 hours post treatment and

the vascular shutdown rate: slower shutdown corresponded to higher
treatment efficacy, i.e. more necrosis. Controls (needle + light, no drug,
n=3) showed minimal microvascular changes or necrosis (4 + 1%).

To our knowledge this is the first study that has correlated a biological
endpoint with a direct localized measurement of PDT-induced
microvascular changes, suggesting a potential clinical role of on-line,
real-time microvascular monitoring for optimizing treatment efficacy in
individual patients.

7551-23, Session 6

Laser-induced photoacoustic imaging for
breast cancer detection using multivariate
image analysis

Y. H. EI-Sharkawy, Cairo Univ. (Egypt)

Time-resolved photoacoustic imaging has been used to characterize
breast tissue for the purpose of discriminating between normal and
maligned areas of the tissue. Ultrasonic thermoelastic waves were
generated in breast tissue by the absorption of nanosecond laser pulses
at 193 nm produced by Q-switched Excimer laser in conjunction with a
Michelson interferometer used to detect the thermoelastic waves and
reconstruct the signal in 3-D image through IR- CCD. The concepts
behind the use of photo-acoustic techniques for off-line detection of
breast cancer tumor features were presented in earlier research papers
[1][2]. This paper illustrates the application of multivariate image analysis
(MIA) techniques to detect the presence of tumor features of breast
cancer. MIA is used to rapidly detect the presence and quantity of
common tumor features as they scanned by an RGB camera. Multiway
principal component analysis is used to decompose the acquired three-
channel tumor images into a two dimensional principal components (PC)
space. Masking score point clusters in the score space and highlighting
corresponding pixels in the image space of the two dominant PCs
enables isolation of tumor defect pixels based on contrast and color
information. The technique provides a qualitative result that can be used
for early tumor detection. The proposed technique can potentially be
used on-line to prescreen the existence of tumors through vision based
systems.
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7551-24, Session 6

Optical characteristics of hematoporphyrin
monomethyl ether (HMME): a new PDT
photosensitizer

G. Glazner, S. Pendyala, T. Lei, Univ. of Colorado, Denver (United
States); X. Wang, H. Wang, Shanghai Skin Diseases and STD
Hospital (China); F. Hetzel, Z. Huang, Univ. of Colorado, Denver
(United States)

Hematoporphyrin monomethyl ether (HMME) is a new photosensitizer

in photodynamic therapy (PDT). It is currently being used in vascular
targeted PDT to treat port-wine stain (PWS) birthmarks in clinical trials in
China, and alternatively may be suitable for ocular PDT. However, to date,
the optical properties, either one photon or two photon excitation, of
HMME have not been fully studied and published data are inconsistent.
In this study, we characterized this photosensitizing drug on the basis of
one photon absorption and studied its fluorescence emission profiles.

In addition, two photon cross sections were measured for a set of
wavelengths. The effects of photobleaching were probed to characterize
decay kinetics, which indirectly indicates the production of singlet oxygen
and its therapeutic effect. We also examined the relation between the
treatment temperature and fluorescence/photobleaching characteristics
of the drug, since temperature change may cause reversible
conformational changes. This thermal effect may be of use in modifying
treatment modalities. We further characterized two photon fluorescence
lifetimes of HMME using fluorescence lifetime imaging microscopy (FLIM)
in various solvents and with certain biological molecules. In addition, we
performed a comparative study using other porphyrin photosensitizers
(e.g. Photofrin, protoporphyrin IX). In this presentation we will report our
evaluation on the optical properties of HMME under both one- and two-
photon excitations.

7551-25, Session 6

EGF targeted fluorescence molecular
tomography as a predictor of PDT outcomes
in pancreas cancer models

K. S. Samkoe, S. C. Davis, S. Srinivasan, J. A. O’Hara,
Dartmouth College (United States); T. Hasan, Wellman Ctr. for
Photomedicine (United States); B. W. Pogue, Dartmouth College
(United States)

Verteporfin photodynamic therapy (PDT) is a promising adjuvant

therapy for pancreas cancer and investigations for its use are currently
underway in both orthotopic xenograft mouse models and in human
clinical trials. The mouse models have been studied extensively using
magnetic resonance (MR) imaging as a measure of surrogate response
to verteporfin PDT and it was found that tumor lines with different levels
of aggression respond with varying levels to PDT. MR imaging was
successful in determining the necrotic volume caused by PDT but there
was difficultly in distinguishing inflamed tissues and regions of surviving
tumor. In order to understand the molecular changes within the tumor
immediately post-PDT we propose the implementation of MR-guided
fluorescence molecular tomography (FMT) in conjunction with an
exogenously administered fluorescently labeled epidermal growth factor
(EGF-IRDye800CW, LI-COR Biosciences). We have previously shown
that MR-guided FMT is feasible in the mouse abdomen when multiple
regions of fluorescence are considered from contributing internal organs.
In this case the highly aggressive AsPC-1 (+EGFR) orthotopic tumor was
implanted in SCID mice, interstitial verteporfin PDT (1mg/kg, 20J/cm) was
performed when the tumor reached ~60mm3 and both tumor volume
and EGF binding were followed with MR-guided FMT. It was found that
the increase in tumor volume of the PDT treated group was delayed as
compared to the control group, and that EGF fluctuations corresponded
with this growth pattern. Currently, further investigations into the identical
treatment with a Panc-1 (-EGFR) tumor line are being carried out to
determine growth factor effect on treatment success.
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7551-26, Session 6

Novel visible light activated Type 1
Photosensitizers

R. Rajagopalan, A. Poreddy, A. Karwa, P. Lusiak, K. Srivastava,
R. B. Dorshow, Covidien (United States)

As part of our program directed toward promising phototherapeutic
agents, we have focused our efforts on the development of novel
photosensitizers that operate via Type 1 mechanism. In contrast to
Type 2 process (PDT), Type 1 process has not, surprisingly, received
much attention despite its considerable potential. The latter process
has a distinct advantage over the former in that Type 1 process does
not require oxygen for inducing tissue damage. In order to establish
feasibility, we have prepared and tested in vitro several classes

of molecules containing fragile bonds that will produce reactive
intermediates such as radicals and nitrenes upon photoexcitation with
visible light. These include azido, oxaza, and diaza. In vitro cell viability
experiments were carried out with U937 leukemia cell lines. The cells
were first incubated with the photosensitizer at various concentrations
range depending on the compound. Thereafter, the cells were illuminated
for 5, 10, and 20 minutes. The corresponding control conditions are:

(a) no photosensitizer, no light; (b) no photosensitizer, light; and (c)
photosensitizer, no light. The results show that all compounds caused
selective cell death compared to the controls when exposed to both the
photosensitizers and light.

7551-27, Session 7

In vitro biological effects of novel Type |
photosensitizers and their mechanism of
action

A. Karwa, A. Poreddy, P. Lusiak, K. Srivastava, R. B. Dorshow, R.
Rajagopalan, Covidien (United States)

Phototherapy has been demonstrated to be a safe and effective
treatment procedure for various cancerous and non-cancerous lesions.
However the majority of photodynamic therapy research has focused on
developing Type 2 photosenstizers (PS), and not on Type 1 PS despite
its considerable potential. Unlike Type 2 compounds that generate
singlet oxygen, Type1 process generates reactive intermediates that
directly interact with cellular components. Several classes of novel

Type 1 compounds were synthesized and screened for their effect on
the viability of U937 cells. The compounds were incubated at different
concentrations with U937 and exposed to different amount of visible
light. The presentation will discuss the effects of photofragmentation
and the possible mechanism of action of these compounds in inducing
cell death. Compounds selected from the primary screen of U937 cell
were then evaluated in different cancer cells. An important aspect of this
program is to develop targeted approach for enhanced drug delivery of
these compounds. The presentation will discuss in detail the conjugation
of these compounds to different targeting vectors and selective and
enhanced cell death caused in different cell lines.

7551-28, Session 7

Noninvasive assessment of tissue distribution
and tumor pharmacokinetics of Pc 181: a
silicon phthalocyanine analogue in mice

L. Bai, J. Guo, Univ. of Pittsburgh Cancer Institute (United
States) and Univ. of Pittsburgh (United States); D. Clausen,

Univ. of Pittsburgh Cancer Institute (United States); J. Eiseman,

Univ. of Pittsburgh Cancer Institute (United States) and Univ. of
Pittsburgh (United States)

Objective: In in vitro photodynamic therapy, the LD50 of Pc 181 has
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been reported to be 7-8 times lower than silicon phthalocyanine 4 (Pc 4)
because of the greater uptake of Pc 181 into MCF-7c3 cells. The Optical
Pharmacokinetic System (OPS) can be used to measure photosensitizer
concentrations non-invasively. In this study, we used OPS to evaluate the
tumor pharmacokinetics of Pc 181 in mice bearing MDA-MB-231 and
SCC-15 xenografts and the tissue drug distribution.

Methods: Following iv administration of 2.5 mg/kg Pc 181 to mice
bearing MDA-MB-231 or SCC-15 xenografts, OPS measurements were
taken on tumor and tissues between 5 and 4320 min in vivo or in situ.
The tissues were collected for HPLC analysis.

Results: Large variations in tumor Pc 181 concentrations were observed
among mice. In MDA-MB-231 tumor, the Pc 181 concentration
decreased for the first hour then gradually increased with time. Tumor
Pc 181 concentration was approximately half of the tumor Pc 4
concentration at an equimolar dose. Pc 181 concentrations were the
highest in liver, followed by spleen, and kidney. Pc 181 concentrations
in SCC-15 tumors peaked at 24 h following administration. Skin and
underlying tissue Pc 181 concentrations appeared to be higher than
tumor concentrations at all time points examined.

Conclusions: This first Pc 181 pharmacokinetics study described a
similar tissue Pc 181 distribution to that of Pc 4. However, tumor Pc 181
concentrations were lower than those of Pc 4 at an equimolar dose.

7551-29, Session 7

Plasmonic gold nanoparticle enhanced
photodynamic therapy

S. Chen, Chalmers Univ. of Technology (Sweden); B. Bauer, Univ.
of Gothenburg (Sweden); L. Gunnarsson, A. Dimitriev, M. Kall,
Chalmers Univ. of Technology (Sweden); M. Ericson, Univ. of
Gothenburg (Sweden)

In photodynamic therapy, the photosensitizer (PS), light and oxygen
must be co-localized in order for the treatment to work. By using
plasmonic nanoparticles, the localization and the effectiveness of the
treatment could be improved. The purpose of this work is to examine
the possibility to enhance the photosensitization effect of the PS by
adding plasmonic gold nanoparticles with strong light absorption at
the irradiation wavelength. Human A431 cell line was incubated with
protoporphyrin IX and nanoparticles before illumination with red low
power LED lamp. The cells were colored by trypan blue death stain and
counted afterwards. We found that less illumination time and increased
cell death is observed when nanoparticles were used together with the
photosensitizer. When cells were only illuminated with nanoparticles,
no cell death was observed therefore excluded the heating effect as in
photo thermotherapy. To isolate that it is indeed due to an increased
singlet oxygen effect we have used uric acid as a singlet oxygen
reporter in a model system which only involves protoporphyrin IX and
phosphatidylcholine vesciles and nanoparticle.

7551-30, Session 7

Photodynamic inactivation of psuedomonas
aeruginosa in burned skin in rats

A. Hirao, Keio Univ. (Japan); S. Sato, D. Saitoh, N. Shinomiya,
H. Ashida, National Defense Medical College (Japan); M. Obara,
Keio Univ. (Japan)

Control of local infection in wounds is critically important to avoid
transition to sepsis; however, recent rise of drug-resistant bacteria makes
it difficult. Thus, antimicrobial photodynamic therapy (APDT) has recently
received considerable attention. In this study, we examined methylene
blue (MB)-mediated photodynamic inactivation of Psuedomonas
aeruginosa in rat burned skin. Deep dermal burn with a 20% total

body surface area was made on the back of a rat and a suspension of
Ps. aeruginosa was applied to the wound surface at 24 h post-burn.

Two days after infection, the wound surface was contacted with a MB
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solution at different concentrations for 2 h and thereafter, the wound
was irradiated with cw 665-nm light at a constant power density of

250 mW/cm2 for different time durations. After illumination, tissue was
biopsied and the number of bacteria was counted on the basis of colony
forming assay. We observed a two orders in magnitude decrease in the
number of bacteria by PDT with 0.5-mM MB solution and 480-J/cm2
illumination, demonstrating the efficacy of PDT against infection with Ps.
aeruginosa in wounds. However, our in vivo photoacoustic monitoring of
photosensitizer showed a limited diffusion of MB in the tissue, i.e., 0.2 -
0.3 mm in depth, indicating that contact delivery of photosensitizer is not
sufficient to treat infection in deeper tissue.

7551-31, Session 7

Patient specific integrating spheres for the
improvement of dosimetry in skin PDT

D. L. Glennie, McMaster Univ. (Canada); T. J. Farrell, M. S.
Patterson, J. E. Hayward, Juravinski Cancer Ctr. (Canada) and
McMaster Univ. (Canada); G. Sawesky, Juravinski Cancer Ctr.
(Canada)

The treatment of superficial skin cancers with photodynamic therapy
(PDT) relies on uniformly covering the treatment target with sufficient light
fluence using an externally applied source.

Inhomogeneities in the irradiance as well as specular and diffuse
reflectance of light from the patient’s skin can introduce dose
uncertainties that prevent an optimum treatment. These can be reduced
by incorporating an integrating sphere into the treatment delivery.

A patient-specific irradiation device has been developed, consisting of

a micro-lens tipped optical fiber coupled to an integrating sphere. The
integrating sphere is both easy and inexpensive to build and consists of
a large irradiation port matched to the lesion size on the skin as well as
an optical fiber-based detection port which allows online spectroscopy in
real time.

A prototype irradiation device was built, consisting of an integrating
sphere measuring 10 cm in diameter with a 5 cm wide treatment port
located directly across from the source fiber. Using an isotropic probe,
the radial and depth dependence of the fluence rate were measured in a
series of tissue-simulating liquid phantoms.

Initial results showed an increase in surface fluence rate (compared to the
open beam) as well as improved depth penetration and uniformity across
the port opening. Monte Carlo simulations of the experiment support the

experimental data and can be used to determine the optimum ratio of the
sphere radius to the illumination port radius.

7551-32, Session 7

Gold nanoparticle assisted light activation of
heat-sensitive nanobubbles for photothermal
therapy

S. Xu, J. Huang, R. Xu, The Ohio State Univ. (United States)

Background: Gold nanoparticles, on account of the phenomenon

of surface plasmon resonance, are emerging contrast agent for
photothermal cancer therapy. The unique photophysical properties of
gold nanoparticle make it tunable to fit the exciting light from visible to
near infrared, and highly efficient for the light-heat conversion as well.
However, broad clinical use of gold nanopartcles is hindered by several
limitations, such as no real-time dosage feedback and chemical reactions
of nanoparticle bioconjugates in physiological environments. We
conjugated gold nanoparticles with poly-lactic-co-glycolic acid (PLGA)
nanobubbles for targeted thermotherapy and dosage control.

Method: PLGA nanobubbles has perfluorocarbon core and can be
activated by the exposure of heat. These heat-sensitive nanobubbles
were fabricated by an emulsion evaporation method. Gold nanoparticles
were conjugated on the PLGA bubble surface. Light was illuminated
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nanobubbles in agueous solution or in a tissue simulating phantom.
The nanobubble expansion process was monitored by microscopy or
ultrasound.

Result: Light was demonstrated to be able to active the nanobubbles by
heating gold nanoparticles and followed to form microbubbles, either in
the aqueous solution or the phantom. The size of bubble before and after
activation changed more than 10 times. For the phantom, the ultrasound
contrast was significantly enhanced after light activation.

Conclusion: The activation of gold nanoparticles by light illumination will
offer a real-time ultrasound monitoring during the photothermal therapy.
The light active heat-sensitive nanobubbles will potentially overcome
the limitations of gold nanoparticles, and greatly enhance the therapy
efficiency.

7551-33, Poster Session

Photodynamic therapy with 5-ALA in
the treatment of condyloma by human
pappilomavirus: clinical protocol, device
development, and application

N. M. Inada, C. Kurachi, O. Guimarédes, M. Costa, S. Quintana,
W. Lombardi, V. Bagnato, Univ. de Sao Paulo (Brazil)

Photodynamic Therapy (PDT) is useful in the treatment of condyloma

by human papillomavirus (HPV) however is necessary to improve the
instrumentation and the clinical protocol to make this technique feasible.
In this work we present the development of the “PDT Flex Use”, a
brazilian PDT device specifically designed for the treatment of vulvar
and vaginal lesions induced by HPV. This equipment is optically based
in 640 nm LED (Light Emitting Diodes) arrays and the illumination probes
were anatomically designed for specific site applications: vulvar, vaginal,
anal and perianal condyloma. The consequence of multiple surgical
procedures can be vulvar disfigurement and loss of sexual function and
laser therapy has the advantage of preservation of vulvar architecture,
but again, recurrence rates are high. The aminolevulinic acid cream
(20%; wt/wt) is incorporated in an emollient cream and topically placed
over the lesions and 4-6 hours after the application the illumination

is performed. The presence of protoporphyrin IX in the lesions were
analyzed with diagnostic system based on fluorescence using other
brazilian homemade device. The illumination time is set depending on the
chosen probe and treatment area to achieve a fluence of 200 J/cm2. As
expect, PDT is not equally effective for all subgroups: was observed that
in two specific cases, the PDT showed rapid and better results: in young
woman and non-cigarette smoker.

7551-34, Poster Session

Vibrational spectroscopy characterization of
low-level laser therapy on mammary culture
cells: an micro-FTIR study

T. D. Magrini, N. V. dos Santos, G. Cerchiaro, N. A. Daghastanli,
H. d. Silva Martinho, Univ. Federal do ABC (Brazil)

Low level laser therapy (LLLT) is an emerging therapeutic approach

for pain treatment, wound healing; tuberculosis; temporomandibular
joint disorders; and several musculoskeletal conditions. The clinical
effects induced by LLLT presumably go from the photobiostimulation/
photobioinibition at cellular level. However, the detailed mechanism
underlying this effect is obscure. The present work is dedicated to
quantify some relevant aspects of LLLT related to cell proliferation and
apoptosis of. This goal was attached by exposing malignant breast

cells (MCF7) to spatially filtered light of a He-Ne laser (633 nm). The
parameters of the study were the laser power density (0.32, 0.65 and
0.97 mW/cm2), treatment time (1 minute), and cell adaptation time 6-24h.
The cell viability was evaluated by microscopic observation using Triplan
Blue. The vibrational spectra of each experimental group (micro-FTIR
technigue on dry cells) was used to identify the relevant biochemical
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alterations occurred in the process. It was found necrotic and apoptotic
characteristic signals wich had statistically correlation to the high fluence
experimental group.

7551-35, Poster Session

Color image reconstruction of oral cavity for
abnormal tissue detection

H. Wang, H. Zih, F. Hsu, National Chung Cheng Univ. (Taiwan);
C. Chiang, National Taiwan Univ. (Taiwan); F. Cheng, Chung Hua
Univ. (Taiwan)

Early identification of high-risk disease could greatly reduce both
mortality and morbidity due to pathological changes of oral tissue. We
have shown that there is significant color difference between normal and
abnormal tissue in the oral cavity, owing to difference in the spectrum of
reflected with a special light emitting device. We describe an algorithm
of color reconstruction, which preserves this color difference, enabling
optimal delineation of normal and abnormal areas. With our method,

we evaluate the perceived tissue reflectance in the each pixel of image
and color reproduction with different illuminated spectra. Our approach
to enhancement of visually perceived color difference between normal
and abnormal oral tissue involves optimization of illumination and
observation conditions by allowing a significant optical contrast of
illuminated spectrum to reach the observer’s eyes. For the observer, this
method would involve using a light emitting diode with a color filter by the
physician to observe tissue reflectance.

7551-36, Poster Session

Reconstruction of optical properties using
a linear source model for interstitial diffuse
optical tomography

K. K. Wang, T. C. Zhu, Univ. of Pennsylvania (United States)

The therapeutic efficacy of photodynamic therapy (PDT) significantly
depends on the quantification of light fluence rate distribution. An
interstitial diffuse optical tomography (iDOT) system with multiple
cylindrical linear sources and isotropic detectors has been developed

to quantify the light distribution of prostate gland during PDT. For our
continuous-wave (CW) iDOT system with the incorporation of linear
sources, the optical measurements for the entire prostate can be made
within 30 seconds for up to 16 linear sources. With such prompt system,
it will be a significant improvement to real-time PDT light dosimetry

with corresponding fast optical properties reconstruction. An inverse
model with an adjoint method based on the CW diffusion equation is
developed for the iDOT system, and three dimensional optical properties
for a series of prostate slices can be accomplished within fairly short
computational time. However, it is generally known that optical property
reconstruction is an ill-conditioned problem especially for the clinical
condition where measured data points are less than the reconstructed
nodes. To best evaluate the necessary detector numbers for a successful
interstitial reconstruction, a mathematical phantom is used. In this study,
a linear source model with finite length sources is used and the forward
calculated data is used for the subsequent inverse computation. Several
scenarios of source and detector configurations are examined in this
study. We expect through this study, the linear source and detector
numbers can be optimized, and the results will have direct impact on the
clinical study.
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7551-37, Poster Session

Pre-clinic study of uniformity of light blanket
for intraoperative photodynamic therapy

Y. Hu, K. K. Wang, T. C. Zhu, Univ. of Pennsylvania (United
States); B. C. Wilson, Univ. of Toronto (Canada)

A light blanket composed of a series of parallel cylindrical diffusing fibers
(CDF) is designed to substitute the hand-held point source in the PDT
treatment of the malignant pleural or intraperitoneal diseases. It achieves
more uniform light delivery and less operation time in operating room.
The blanket is designed and fabricated with multiple fiber bundles CDFs
to produce a large treatment area. The characteristics of the water-proof
and sterilization are considered and achieved. The distribution of light
field is scanned using the isotropic detector and the motorized platform.
The output average and deviation are 7.4 mW/cm2/W and 1.1 mW/
cm2/W respectively with 0.2% intralipid layer. With the more efficient
(more than 60%) beamsplitter and attenuation system, the computerized
modulation of light fluence distribution is performed by adjusting the
power distribution to individual CDFs on the light blanket. The actual
mean spacing between the CDFs and intralipid concentration are also
adjusted to find the optimal distances combined with the intralipid
concentration for the uniform light fluence distribution. Light fluence

rate between the light blankets and a moving point source for different
tissue-simulating phantom of flat and curved shapes are compared to
investigate the uniformity of light distribution within the appropriate light
fluence level used in clinic. The light blanket produces a reasonably
uniform field for effective light coverage and is flexible to conform to
anatomic structures in intraoperative PDT. Taking the advantage of large
coverage and flexible conformity, it will have great potential value for
superficial PDT treatment of uneven surface.

7551-38, Poster Session

The online optimal motion planning of robotic
multichannel platform for photodynamic
therapy

Y. Hu, J. C. Finlay, T. C. Zhu, Univ. of Pennsylvania (United
States)

A compact robotic platform is designed for simultaneous multichannel
motion control for light delivery and dosimetry during interstitial
photodynamic therapy (PDT). Movements of light sources and isotropic
detectors are controlled by individual motors along different catheters. A
multi-channel servo motion controller and micro DC motors, each with
high resolution optical encoder, are adopted to control the motions of up
to 16 channels independently. Each channel has a resolution of 0.1mm
and a speed of 5cm/s. The online optimal motion planning, composed
of the pre-alignment, source stepping optimization, rapid operational
scheme and adaptive control strategy, is adopted to control the robotic
platform for light delivery and dosimetry. With the capability of allowing
arbitrary positioning of light sources and detectors in each catheter,

the pre-alignment can be easily achieved for the profiles of each scan.
The characteristic of high speed and coordinating motion will make it
possible to use short linear sources (e.g., 1- cm) to deliver uniform PDT
treatment to a bulk tumor within reasonable time by multiple source
stepping optimized simultaneously. Operational schemes with various
combinations of source and detector are adopted to greatly reduce the
data acquisition time to 30s. The adaptive control strategy determines
whether making retraction and retry or aborting the delivery, in case of
excessive force on any channel cased by the resistance of fiber bending
or transmission mechanism. The optimal motion planning of robotic
platform is fully adaptable for the clinical environment and procedure to
improve the light delivery and dosimetry in interstitial PDT.
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7551-40, Poster Session

Dependence of light fluence on treated depth
with photosensitization reaction shortly after
photosensitizer injection in rabbit myocardial
tissue in vivo

T. Suenari, H. Matsuo, A. Ito, Keio Univ. (Japan); S. Miyoshi, Keio
Univ. School of Medicine (Japan); T. Arai, Keio Univ. (Japan)

We investigated experimentally dependence of light fluence on treated
depth with photosensitization reaction shortly after photosensitizer
injection in rabbit myocardial tissue in vivo. In this particular
photosensitization reaction scheme, the photosensitizer accumulation
characteristics for target region is not available. Meanwhile, the
photosensitizer dose and hospitalization period under restricted light
circumstance might be reduced. Since both photosensitizer and oxygen
supply are governed by blood flow, this photosensitization reaction

is influenced significantly by blood flow variation in particular blood
vessel occlusion. We employed the myocardial tissue to keep tissue
blood flow during the photosensitization reaction because vessel blood
flow speed in myocardial tissue is fast to resist vascular occlusion.
Surgically exposed rabbits myocardial tissues were irradiated with the
light fluence ranging 25-100 J/cm2 by a 663 nm diode laser 30 min after
the injection of 2 mg/kg water soluble chlorin photosensitizer, Talaporfin
sodium. Two weeks after the irradiation, the rabbits were sacrificed and
the histological specimens of the irradiated area were made to measure
scar layer thickness. The scar layer tissue thickness of 0.2-3 mm was
observed microscopically by the light fluence ranging 25-100 J/cm2.
The scarring threshold in the deposit light fluence was estimated to
15-25 J/cm3 based on the above mentioned relation assuming constant
and uniform myocardial effective attenuation coefficient of 0.72 mm-1.
The estimated scarring threshold in the deposit light fluence was lower
than the threshold of conventional PDT. Large variation of the estimated
threshold value might be attributed to unconsidered PDT parameter
such as flow rate inhomogeneity in the myocardial tissue. These results
suggested that the photosensitization reaction investigated in this study
would be available to apply arrhythmia therapy such as atrial fibrillation.

7551-43, Poster Session

Light dosimetry for pleural PDT

A. Dimofte, T. C. Zhu, J. C. Finlay, M. Cullighan, J. S. Friedberg,
K. A. Cengel, S. M. Hahn, Univ. of Pennsylvania (United States)

This study examines the light fluence (rate) delivered to patients
undergoing pleural PDT as a function of treatment time, treatment volume
and surface area. The accuracy of treatment delivery is analyzed as a
function of the calibration accuracies of each isotropic detector and the
calibration integrating sphere. The patients studied here are enrolled in
a Phase | clinical trial of HPPH-mediated PDT for the treatment of non-
small cell lung cancer with pleural effusion. Patients are administered
4mg per kg body weight HPPH 48 hours before the surgery. Patients
undergoing photodynamic therapy (PDT) are treated with light therapy
with a fluence of 15-60 J/cm2 at 661nm. Fluence rate (mW/cm2) and
cumulative fluence (J/cm2) is monitored at 7 different sites during the
entire light treatment delivery. Isotropic detectors are used for in-vivo
light dosimetry. The anisotropy of each isotropic detector was found to
be within 15%. The mean fluence rate delivery and treatment time are
recorded. A correlation between the treatment time and the treatment
volume will be established. The result can be used as a clinical guideline
for future pleural PDT treatment.
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7551-44, Poster Session

In vivo sampling of Verteporfin uptake

in pancreas cancer xenograft models:
comparison of surface, oral, and interstitial
measurements

M. E. Isabelle, J. A. O’Hara, K. S. Samkoe, P. J. Hoopes,
Dartmouth College (United States); S. Mosse, S. P. Pereira, Univ.
College London (United Kingdom); T. Hasan, Wellman Ctr. for
Photomedicine, Massachusetts General Hospital (United States);
B. W. Pogue, Dartmouth College (United States) and Wellman
Ctr. for Photomedicine, Massachusetts General Hospital (United
States)

Photodynamic therapy (PDT) mediated with verteporfin is being
investigated as a pancreatic cancer treatment in the cases for non-
surgical candidates. Interstitial PDT treatment is the method being carried
out in phase 1 trials, and sampling of the photosensitizer through the
treatment fiber syringe is ongoing, as is sampling from oral tissues. While
the data set is limited, we can assess the quality of this data through
parallel pre-clinical studies. Interstitial photodynamic therapy (IPDT) is
administered to internal tumors using light delivered via fibers inserted
percutaneously and guided by ultrasound imaging.

In this study, an orthotopic pancreatic cancer model (PANC-1) was
implanted in SCID mice and treated with the liposomal form of the
photosensitizer, Verteporfin. Verteporfin uptake and distribution was
analyzed by measuring its fluorescence in oral tissues, liver, pancreas
and tumor in vivo, using an Aurora Optics Inc. PDT fluorescence
dosimeter. Probe measurements were made using a surface probe and
an interstitial needle probe before and up to one hour after tail injection of
the photosensitizer.

Ten dosimetry measurements were made on each tissue at different time
points for mice in the interstitial and superficial groups. Tissue distribution
of the photosensitizer in relation to perfused tumor vasculature was
determined by using the fluorescent carbocyanine dye, DiOc7, on frozen
tissue sections taken from the tumor which stains cells immediately
adjacent to blood vessels.

Photosensitizer fluorescence in tissue elevated rapidly in the first minutes
after administration and continued to rise during 1-hour post injection.
The study demonstrates the challenges that solid tumors play on the
implementation of minimally invasive interstitial PDT and PDT dosimetry
determination, but that careful interpretation of pre-clinical models might
help inform clinical decisions.
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7551-45, Poster Session

Analytic modeling of in vivo drug delivery:
comparison of antibody versus vesicle-
mediated delivery to tumor cells

B. W. Pogue, S. Srinivasan, Dartmouth College (United States); P.
R. Rai, Z. Mai, T. Hasan, Wellman Ctr. for Photomedicine (United
States)

Understanding the potential benefits and optimization of new drug
delivery methods could be significantly enhanced by development of
accurate quantitative models that predict delivered concentration in

vivo, and are used to independently examine the sensitivity of each
parameter. This work focuses on an analytic description of the uptake

of antibody targeting to cancer cells, and compares the relative uptake
from native form ligand, versus ligand delivered through a vesicle particle.
The computational model uses three interlined pieces, including (1) a
vascular supply with known clearance rate, (2) a Krogh cylinder diffusion
approximation for interstitial transport, and (3) an antibody-antigen
binding kinetic model, to predict the consumption of ligand at the site

of delivery. This approach is outlined in rate equation terminology and
analytic approximations are used to estimate the temporal and spatial
kinetics of the drug delivery. It is shown that high affinity of the antibody
will lead to limited penetration in the tumor, whereas encapsulated vesicle
delivery provides an essentially unlimited diffusion in space. Yet the
Diffusion coefficient and the clearance rate in the blood, both can lead

to reduction in the overall concentration across the tumor. Finally, the
tradeoff between site of delivery and binding versus the concentration

is very interesting. Vesicle-based delivery has the potential to deliver to
intracellular sites, and so even if the overall concentration is lower, the
higher rate of binding can lead to higher intracellular concentrations

than the native delivery approach. This is because the native delivery
approach is limited in terms of spatial delivery by the consumption

along the pathway. This modeling Is the first step in a more complete
analysis of how the interplay between (1) pharmacokinetics , (2) interstitial
relocation by diffusion, and (3) ligand binding all contribute to the overall
efficacy of delivery of photosensitizer to tumor cells in vivo.
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7552-01, Session 1

Fundamental mechanisms of phototherapy

T. Hode, Immunophotonics, Inc. (United States) and Irradia USA
(United States); P. Jenkins, Irradia USA (United States); L. Hode,
Swedish Laser-Medical Society (Sweden)

Many studies have been published about the mechanisms of
phototherapy, both with regard to primary mechanisms and secondary
mechanisms. In the case of primary mechanisms there are primarily

two key processes that have gained the most attention, both of which
are connected to photon absorption in mitochondria: 1) Increased

ATP formation and 2) formation of reactive oxygen species that trigger
transcription factors, which in turn upregulates the expression of a

large number of genes. The secondary mechanisms are commonly
referred to as the cascade of processes that are triggered by the primary
mechanisms, and include tissue regeneration, nerve stimulation or
inhibition, and modulation of the cytokine environment that in turn affects
the immune system. However, despite these efforts, not much attention
has been given to the fundamental photochemical and photophysical
reactions that give rise to the increased ATP production and formation of
ROS in the first place.

There are many factors that could contribute to the observed
phototherapy effects, for example, chromophore relaxation times vs.
photon absorption rates, two-photon effects, release of nitric oxide,
lasing effects in tissue, speckle formation and microthermal effects,
rotation of chromophore molecules in the host enzyme, photolysis, and
more. Furthermore, it is possible that the increased ATP production
and the formation of ROS are two fundamentally different processes,
where the modulated ATP production could be a result of, for example,
photoreduction of Cytochrome ¢ Oxidase, whereas ROS production may
be caused by reactions between molecular oxygen and photoexcited
states of the photoreceptor molecules.

7552-02, Session 1

The importance of pulsing illumination
parameters in low-level light therapy

D. Barolet, RoseLab Skin Optics Lab. (Canada) and McGill Univ.
(Canada)

The use of Low Level Light Therapy (LLLT) in an ever growing number of
clinical indications is constantly evolving. The large number of illumination
parameters now available add to the medical applicability but also to its
complexity. The influence of emission parameters on cellular response is
not yet fully understood. In the present study, we investigated the impact
of visible to near infrared (NIR) light continuous wave (CW) emission and
various pulse illumination structures (msec vs psec, duration, interval,
pulse per train, pulse train interval) on collagen production in vitro using
human primary fibroblasts in culture. Type 1 procollagen levels were
measured at baseline and 72 hours post illumination. Results showed
that specific pulsing patterns contrasted with the CW mode in the

ability of fibroblasts to produce collagen de novo. Current evidence
suggests that the cascade of events leading to photobiomodulation
effects by red to NIR illumination is initiated by the antenna molecule
mitochondrial cytochrome c oxidase. Respiration in the mitochondria can
be inhibited by nitric oxide (NO) binding to cytochrome ¢ oxidase which
competitively displaces oxygen and affect cell metabolism. Excess NO
binding is associated with cell damage and apoptosis. Light absorption
dissociates NO allowing cellular respiration to resume and normalization
of cell activity, ultimately triggering biomolecular processes leading to
collagen production. Pulse light delivery might favourably enhance this
cellular strategy. Short and intermittent light emission might enhance NO
dissociation therefore augmenting mitochondrial energy production and
cellular activity. These findings could be relevant to clinical applications
of LLLT.
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7552-03, Session 1

The effects of laser phototherapy device
design and treatment technique on the
optical properties of tissue, and the clinical
implications thereof

P. A. Jenkins, Irradia LLC (United States) and SpectraVET, Inc.
(United States) and SpectraMedics Pty, Ltd. (United States); T.
Hode, ImmuoPhotonics, Inc. (United States) and Irradia LLC
(United States)

An investigation into the effects of various physical and functional
characteristics of laser devices, and their practical application, on
the optical properties of living tissue, and the implications thereof for
researchers, clinicians and laser device manufacturers.

When a laser beam interacts with soft tissue, varying proportions of the
incident light will be reflected, scattered, transmitted and absorbed.

In a clinical sense, the most important of these are transmission and
absorption.

Various treatment techniques can be employed by the practitioner to
maximize transmission of laser energy into deeper tissues, the most
effective of which is to maintain contact and firm pressure between the
laser applicator and the skin. However, not all laser devices can be safely
used in such a manner, and others may not, by the nature of their design,
be capable of providing maximal benefit.

The technique by which laser energy is applied to the tissue can greatly
influence the efficacy of laser phototherapy treatments, and contact
with pressure is probably the most important of these, especially for the
treatment of deeper tissues.

Further, the physical design of a laser delivery system can determine
which techniques are available to the practitioner and influence their
efficacy, which has implications for the design and selection of laser
devices for clinical use.

Most importantly, however, application technique greatly affects the
relationship between the incident dose and the actual dose received in
the tissue, with significant implications for researchers and clinicians.

7552-04, Session 1

Role of the circulation in the systemic effects
of low-light therapy

M. Dyson, King’s College London (United Kingdom)

Systemic photon-induced changes in the circulation may be involved in
the reduction of pain and the acceleration of tissue repair by low-light
therapy (LLT) including low level laser therapy (LLLT). Pain reduction

and tissue repair acceleration follow the absorption of photons by cells
either resident in, or in transit through, the skin and underlying tissues
provided that the correct treatment parameters are used. These cells
include immune cells and stem cells. Photon absorption can lead to an
increase in ATP synthesis and the release of reactive oxygen species
that can activate specific transcription factors resulting in changes in
synthesis of the enzymes needed for nitric oxide synthesis, protein
synthesis and secretion, molecular and cellular movement, and cell
proliferation. Amplification of the effects of photon absorption increases
the range and duration of LLT. This may be caused in part by indirect
effects initiated, in cells that have not absorbed photons, by regulatory
proteins secreted by resident cells that have absorbed photons. Photons
may also induce changes in immune cells and stem cells in transit
through the dermal capillaries. The peripheral location of these capillaries
and other vessels of the microcirculation makes their contents readily
accessible to photons. The longer the duration of treatment, the greater
will be the number of cells in transit that can be affected by photons. For
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a treatment to be clinically effective, its duration as well as its power may
therefore be important.

Direct and indirect photon-induced increases in the microcirculation
and macrocirculation reported recently will be described, together with
their clinical significance in the reduction of pain and acceleration of
delayed tissue repair by LLT. For example, local and systemic increases
in the dermal circulation have been observed in healthy volunteers
following exposure to polychromatic visible light; it was concluded

that these increases were due to activation of nitric oxide synthesis

in the irradiated region which produced both local (direct) and distant
(indirect) microcirculatory effects [1]. Macrocirculatory effects have been
demonstrated following the application of LLLT to the temporomandibular
joint (TMJ). A significant increase in vessel diameter and in blood flow
through the superficial temporal artery (STA) were found on the treated
side, a direct effect, and also on the untreated contralateral side, an
indirect effect. The increases in vessel diameter and blood flow in both
the ipsilateral STA (on the side of the treated TMJ) and contralateral STA
(on the side of the untreated TMJ) may be caused by a vasodilator reflex
via the hypothalamic thermostat, a further indication that photons can
have a systemic effect[2]. Increase in blood flow has also been found

in the central retinal artery following the irradiation of either the stellate
ganglion or the common carotid artery in healthy volunteers with near-
infrared LLT [3], another example of an indirect effect of photons.

It is suggested that some of the local and systemic clinical effects

of exposure of the scalp to LLT may be related to photon-induced
changes in blood flow. The veins of the scalp, the cranial diploe and the
intracranial venous sinuses are linked by emissary veins that traverse
cranial foramina. The valveless nature of the emissary veins permits
transport from the scalp of blood containing cells that have absorbed and
been directly affected by photons to cranial and intracranial structures
where they can induce indirect effects. The emissary veins may also act
as conduits for photons, conducting them through the scalp into the
cranium and intracranial structures where they may produce direct effects
on the cells that absorb them.

References:

1. Samoilova KA, Zhevago NA, Petrishchev NN, Zimim AA. Photomed
Laser Surg 2008; 26(5):443-9.

2. Makiara E, Masumi S. Nihon Hotetsu Shika Gakkhai Zasshi 2008;
52(2):167-70.
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Sakamoto A. J Nippon Med Sch 2007: 74(1):23-9.

7552-05, Session 1

Will LLLT be an alternative treatment for
traumatic brain injury?

Y. Huang, Q. Wu, A. C. Chen, M. R. Hamblin, Massachusetts
General Hospital (United States)

Low level laser (or light) therapy (LLLT) has been clinically applied for
many indications in medicine that require the following processes:
protection from cell and tissue death, stimulation of healing and repair
of injuries, and reduction of pain, swelling and inflammation. One area
that is attracting growing interest is the use of LLLT to treat traumatic
brain injury. The fact that near-infrared light can penetrate into the brain
allows non-invasive treatment to be carried out with a low likelihood

of treatment-related adverse events. LLLT may have beneficial effects
in the acute treatment of brain damage injury. LLLT works, in part, by
increasing respiration in the mitochondria - an effect that continues long
after the light is removed - causing activation of transcription factors
leading to cellular effects such as increased brain antioxidant capacity,
reduction of key inflammatory mediators, and inhibition of apoptosis. It
is proposed that red and NIR light is absorbed by chromophores in the
mitochondria of cells leading to increased ATP production, nitric oxide
release, and formation of low levels of reactive oxygen species. All these
mediators can alter gene transcription and upregulate proteins involved
in cell survival, antioxidant production, collagen synthesis, reduction of
chronic inflammation and cell migration and proliferation. With no broad
agreement on many of these parameters, it will require much more
research before LLLT ever becomes an alternative therapy to TBI.
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7552-06, Session 1

Molecular mechanisms of the anti-
inflammatory effect on rheumatoid arthritis by
low level laser irradiation

Y. Abiko, Nihon Univ. (Japan)

A number of studies have attempted to elucidate the mechanism of the
anti-infla- mmatory effect of low-level laser irradiation (LLLI), however, the
molecular basis of the mechanism remains obscure.

Bioinformatics has become an integral part of research and useful

in biomedical sciences. Now it has an essential role in deciphering
genomic, transcriptomic and proteomic approach generated by high
through put technologies. Thus, there is a great potential for laser science
and medical clinical development to take this advantage of bioinformatics
study. Recently, signal pathway database systems, for querying,
visualization and analysis, should support formats in bioinformatics
research. Novel computational approaches, using the Ingenuity Pathway
Analysis (IPA) to mapping gene onto signaling pathways, have well
developed and constructed to take advantage functional genomic study.

Rheumatoid arthritis rats were generated by immunization with type-II
collagen and showed significant swelling of foot paw and knee joints.
LLLI (SuperLizer; Tokyo lken; Panalas 2000, Panasonic) significantly
reduced these swellings, suggesting these LLLI are effective to reduce
inflammations. To elucidate the molecular mechanism using cell culture
system, human rheumatoid synoviocytes (MH-7) were challenged with IL-
1 and monitored mMRNA levels using Affimetrix GeneChip system (47,000
genes). LLLI altered many genes expression of cytokine, chemokine,
growth factor and signal transduction factor. The signal pathway
database vary widely in coverage and representation of biological
processes, however, making their use is extremely difficult.

IPA analysis results revealed the cellular mechanisms for understanding
the anti-inflammatory effect of LLLI. LI kept the MH7A to the normal state
after IL-1 treatment due to suppress mRNA levels of IL-8, IL-1 , CXC1,
NFkB1, FGF13 enhanced by IL-1 as same as dexamethasone (DEX) did,
however, certain gene expressions were different between LLLI and DEX.
IPA analysis results suggest that LLLI altered useful gene expressions,
whereas DEX randomly altered many gene expressions including the
unwanted genes for anti-inflammation. Thus, genome based gene
expression monitoring provide unprecedented access to elucidate the
mechanism of biostimulatory effects by LlI.

7552-07, Session 2

In vitro suppression of metabolic activity in
malignant human brain cancer and normal
human fibroblast due to extremely low
frequency pulsed electric potential exposures

D. B. Tata, U.S. Food and Drug Administration (United States); A.
Schlichting, Marquette Univ. (United States); R. W. Waynant, U.S.
Food and Drug Administration (United States)

The role of low (repetition) frequency pulsed electric potential was
investigated in suppressing the metabolic activities of aggressive human
glioblastoma (Glios) and normal human fibroblast (NHF) cells. The cells
were exposed in sterile 60mm Petri-dishes (within their respective growth
medium with 10% fetal bovine serum) to the following electric potential
exposure parameters: pulse repetition frequency = 150Hz, pulse duration
= 250 micro-secs, Peak voltage amplitude = 80 volts. A time course
exposure (0 - 5 mins) study revealed a robust production of hydrogen
peroxide (as determined via Amplex Red assay) within both (cell-free)
growth media at the end of the 5 min exposure. The cellular metabolic
activity for various duration of exposure was determined through the
colorimetric MTS assay, 24Hrs after the pulsed E-field exposures.
Comparatively, 24Hrs post exposure, the Glios were found to be highly
sensitive to the pulsed 5 mins electric potential exposures, retaining

only 1.5 % of their metabolic activity (relative to control) as opposed to
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35% for the NHF’s metabolic activity. The pulsed electric field induced
hydrogen peroxide concentration dose response curves revealed the
Glios to be approximately 45 times more sensitive in the reduction of
50 % metabolic activity (relative to the control) than the NHFs. Taken
together, these in-vitro findings suggest a “window of therapeutic
opportunity” in the obliteration of Glio’s metabolic activity through
selective low frequency pulsed electric field exposures.

7552-08, Session 2

Dermal papilla cell activation by low level
light irradiation

Y. Sheen, National Taiwan Univ. Hospital (Taiwan) and National
Taiwan Univ. College of Medicine (Taiwan); S. Lin, National
Taiwan Univ. Hospital (Taiwan); M. S. Fan, National Taiwan Univ.
(Taiwan); C. Chan, S. Jee, National Taiwan Univ. Hospital (Taiwan)

Hair cycles are maintained by perpetual dermal-epidermal interaction
between dermal papilla cells (DPC) and above lying keratinocytes.
Anything that disrupts the balance will lead to hair loss. Light emitting
diode (LED), when designed as a low level light therapy (LLLT), is well
tolerated by biological tissues. Recently, related products are proven
to be beneficial in promoting hair growth, without knowing the actual
working mechanism.

In this research, we aim to investigate the mechanisms underlying

the growth promotion associated with LED irradiation. Primary DPC
harvested from rat vibrissa follicle were irradiated with LED with specific
wavelength. In comparison with the untreated group, irradiated DPC
have a distinct higher rate of proliferation and enhanced cellular viability.
We found a high proportion of DPC in S/G2M phase in irradiated group.
The levels of ERK and Akt phosphorylation increased significantly. The
addition of either PD98059 or LY294002 reversed the growth increase
induced by LLL, which showed that LLL affects the growth of DPC
specifically through both the ERK and the Akt signaling pathways. The
number of outer root sheath keratinocytes (ORSK) co-cultured with
irradiated DPC was significantly higher than that of the direct-irradiated
and control group. The increased growth of ORSK in the co-culture
system would be explained by indirect action through increased DPC
activation in turn mediating ORSK proliferation. We suggest that LLL
irradiation simulates the growth of DPC. Furthermore, DPC may increase
ORSK proliferation via secreting soluble factors and then modulate hair
follicle epithelial-mesenchymal interaction.

7552-09, Session 2

Activation of transcription factors by low level
light in different cell types

A. C. Chen, Y. Huang, M. R. Hamblin, Massachusetts General
Hospital (United States)

Discoveries are rapidly being made in multiple laboratories that shed
“light” on the fundamental molecular and cellular mechanisms underlying
the use of low level light therapy (LLLT) in vitro, in animal models and in
clinical practice. Increases in cellular levels of respiration, in cytochrome
c oxidase activity, in ATP levels and in cyclic AMP are found. Increased
expression of reactive oxygen species and release of nitric oxide have
also been shown. In order for these molecular changes to have a major
effect on cell behavior, it is likely that various transcription factors will

be activated, possibly via different signal transduction pathways. This
presentation will compare and contrast the effects of LLLT in vitro on
murine embryonic fibroblasts, primary cortical neurons and bone-marrow
derived dendritic cells. The effects of red and near-infra-red light will be
compared, and the effects of low and high fluences will be addressed.
Reactive oxygen species generation, nitric oxide release, transcription
factor activation and ATP increases will be reported.
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7552-10, Session 2

Effect of low-level laser on hair cell
regeneration following gentamicin induced
ototoxicity in postnatal organotypic culture of
rat cochlea

C. Rhee, M. Suh, P. He, J. Ahn, Dankook Univ. Hospital (Korea,
Republic of)

Aim
To investigate effects of low level laser (LLL) on hair cell regeneration
following gentamicin exposure in organotypic culture of rat cochlea.

Methods

Organotypic culture of cochlea in culure medium was allowed to grow for
17 days (C group). The organotypic culture was irradiated with 808 nm, at
28.8 J/ cm2(L group). The cochlea were exposed to 1 mM of gentamicin
for 48 hr and allowed to recover (G group) or allowed to recover in the
culture medium with daily irradiation (GL group) of LLL (28.8 J/ cm2).

The cochleae were stained with FM1-43. The number of hair cells was
counted in each group serially for 17 days.

Results

While the C group kept on losing hair cells in vitro culture, the hair cells
remained rather stationary in the L group. The number of hair cells
revealed significantly larger number of hair cells in the L group compared
to the C group (p=0.05). And the group x time interaction was also
significant (p=0.04). That is, the number of hair cells in the C group
showed decreasing tendency which was significantly different from the L
group.

In G group, the initial number of hair cells decreased to 37.2% of that

of the gentamicin non-exposed groups. While the G group kept on
losing hair cells, the number of hair cells increased in the GL group.

The number of hair cells revealed significantly larger in the GL group
(p=0.01) compared to G group. And the group x time interaction was
also significant (p=0.01). Also, the number of hair cells in the GL group
showed increasing tendency which was significantly different from the G
group.

Conclusion

These results suggest that LLL promotes hair cell regeneration following
gentamicin damage in cochlear explants.

7552-11, Session 2

Optimization of dose and power density
for 980 nm and 810 nm light based on
mitochondrial activity

I. Erbele, X. Wu, H. Moges, Uniformed Services Univ. of the
Health Sciences (United States); B. Pryor, LiteCure (United
States); J. Anders, Uniformed Services Univ. of the Health
Sciences (United States)

BACKGROUND: Low level light therapy has been shown to promote
wound healing, but the optimal frequency, dose, and power density

are unknown. The aim of this in vitro study was to compare the effects
of altering dose and power densities of 810nm and 980nm light on

the mitochondrial activity of human fibroblasts. METHODS: Human
fibroblasts were irradiated with combinations of three parameters:
810nm or 980nm light; doses of 0.2, 1, or 5 J/cm2; and power densities
of 10, 25, or 50 mW/cm2. The cells were irradiated three times, with
120 minutes between exposures. At forty minutes after each irradiation,
mitochondrial dehydrogenase activity was determined by an MTS
assay. RESULTS: The greatest statistically significant increases in
enzyme activity occurred with 810nm light at doses of 1 and 5 J/cm2
and a power density of 50 mW/cm2 after two exposures (40 % above
control). For 980nm light, the greatest statistically significant increase
in enzyme activity occurred with 5 J/cm2 and 10 mW/cm2 after two

spie.org/pw Return to Contents



Conference 7552: Mechanisms for Low-Light Therapy V

exposures (11.2% above control). CONCLUSIONS: These data provide
convincing evidence that specific combinations of dose, power density,
and wavelength are necessary to cause a significant alteration in cellular
function and that the power density used is of major importance. It is
interesting that 980 nm light was most effective at a lower power density
compared to 810 nm light. The quantitative differences in the enzyme
activity between the wavelengths may indicate either a need for further
optimization of the 980nm light or a different mechanism of action.

7552-12, Session 3

NIR treatment delays the progression of
parkinson’s disease model in A53T transgenic
mice

H. T. Whelan, Medical College of Wisconsin (United States);

K. Desmet, Univ. of Wisconsin, Milwaukee (United States); E.

Buchmann, M. Henry, Medical College of Wisconsin (United
States); J. T. Eells, Univ. of Wisconsin, Milwaukee (United States)

Transgenic mice expressing the A53T alpha-synuclein mutation driven
by the mouse prion protein gene promoter develop a rapid, severe
motor phenotype that is linked to the accumulation of alpha-synuclein
containing aggregates (Giasson et al, 2002). One hundred percent

of homozygous A53T transgenic mice from the M83 line develop the
motor phenotype within 8-16 months of age (Giasson et al., 2002).
A53T transgenic mice (M83 line) were utilized as an in vivo model of

PD to determine the effectiveness of NIR treatment at delaying disease
progression. By 20 months of age, 95% of non-NIR treated A53T
transgenic mice developed the motor phenotype associated with this
alpha-synuclein mutation. In contrast, only 85% of NIR treated A53T
transgenic mice developed the motor phenotype by 20 months of age.
The average age of phenotype onset was 458 days for non-NIR treated
mice and 524 days for NIR treated mice. NIR treatment effectively
delayed the progression of disease such that at 500 days the group of
mice treated with NIR light had significantly less mice display the motor
phenotype (p=0.0005) as well as succumbing to the disease (p=0.0054).
NIR treatment increased dopamine concentrations in the striatum by
153% (p<0.001). NIR treatment increases Bcl-2 and decreases Bax and
Caspase-9 apoptotic protein expression (<0.05).

7552-13, Session 3

Low-power light effects on rat hearts after
ischemia of myocardium

V. A. Monich, Nizhny Novgorod State Medical Academy (Russian
Federation)

Total ischemia of myocardium has been simulated on isolated hearts of
rats. Effects of a low-power HeNe laser (A=632.8 nm) and a fiber optic
photo-luminescent radiation source of red light (A of the spectral peak
is equal to 630 nm) on isolated heart contractile function characteristics
and on lipid peroxidation (LPO) level in myocardium tissues have been
investigated. The internal pressure in the left ventricle and its first
derivation were registered by an automatic recorder based on a strain-
gauge transducer. The LPO level was evaluated according to content
of molecular products of lipid peroxidation in cardiac muscle tissues.
Two groups of the specimens have been irradiated with red light during
the postischemia (reperfusion) period of time. The first group has been
treated with laser light and the second one with the luminescent radiation
(lumir) with 0.18 J/cm2 at a fluence rate 0.2 mW/cm2 and 1.35 J/cm2
at a fluence rate 1.5 mW/cm2 correspondingly. More rapid restoration
of the speed of contraction, of the force of contraction, of the relaxation
speed and of the heart rate with respect to the data of the control group
has been observed in both experimental groups. Contents of diene
conjugates (DC) and triene conjugates (TC) after red light irradiation
decreased with respect to the control group data by more than 300%
and 150% correspondingly. The similar tendency was observed in the
laser treated specimens. The effects of fibrillation of myocardium of
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isolated hearts irradiated by low-power He-Ne laser light were observed.
These effects could be caused by the local light fluence rate excess

in the interference pattern of laser light diffracted on the heart muscle
structures.

7552-14, Session 3

LASER and LED photobiomodulation in the
prevention and treatment of oral mucositis
after chemotherapy: experimental study in
hamsters

M. d. R. S. Freire, R. Prehatney, A. M. C. Marques, L. M. P.
Ramalho, V. A. Sarmento, Federal Univ. of Bahia (Brazil)

Oral mucositis is a common side effect in patients receiving
chemotherapy and until now researchers looking for methods to
minimize it. These clinical and histomorphometric investigation proposes
to evaluate effects of chemotherapy with 5-FU (Sonis model), Lasers
GaAlAr (MMOptics, Séao Carlos, SP, Brazil), wavelenght of 660nm, the
output power was 40mW,CW, with the spot size of 4mm, 20J/cm and
GaAllnP (MMOptics, Séo Carlos, SP, Brazil), wavelenght of 780nm, total
power was 40mW,CW, with the spot size of 4mm, 20J/cm (MMOpitics,
Sao Carlos, SP, Brazil,); and Leds (Kondortech, Sdo Carlos, SP, Brazil),
emitting red light (670nm), with the output power of 16mW, CW, spot size
of 16mm, with the total energy of 8J, 4J/cm2 and emitting infraredlight
(880nm), output power of 50mW, CW, spot of 16mm, total energy of 4J
irradiations, in hamster cheek pouch mucosa. Preventive groups (I, Il)
started one day before the drug administration, every 48 hours for fifteen
days and the therapeutic groups (lll, IV) started on the fifth day; and two
control groups (V, VI), with and without chemotherapy. Primary results
indicated loss of body mass and allopecia, the healing of mucositis

in different degrees. Histologically, was observed epithelial atrophy,
hyperemia, fibroblasts proliferation, angiogenesis and collagen fibers at
different intervals.

7552-15, Session 3

Raman spectroscopy validates the use of
fluorescence readings of the Diagnodent® as
a method of optical biopsy of tibial fractures
treated or not with laser phototherapy, BMPs,
guided bone regeneration and internal rigid
fixation

A. L. Barbosa Pinheiro, Univ. Federal da Bahia (Brazil); C. B.
Lopes, Univ. do Vale do Paraiba (Brazil); M. T. T. Pacheco, A.
Brugnera Junior, Unicastelo (Brazil); F. A. A. Zanin, Instituto
Brugnera & Zanin (Brazil); M. C. T. Cangussu, Univ. Federal da
Bahia (Brazil); L. Silveira Junior, Unicastelo (Brazil)

Fractures have different etiology and treatment and may be associated
or not to bone losses. LLLT has been shown to improve bone healing.
We aimed to assess through Raman spectroscopy and fluorescence the
levels of CHA (958cm-1) and lipids and proteins (1447cm-1) on complete
fractures treated with IRF treated or not with LLLT and associated or

not to BMPs and GBR. Tibial fractures were created on 15 animals and
divided into 5 groups. LLLT started immediately after surgery, repeated at
48 h interval. Animal death occurred after 30 days. Raman spectroscopy
and fluorescence were performed at the surface. Diagnodent data of
Group IRF + L + B showed similar readings to the ones on the group
IRF_NBL. Significant differences were seen between groups IRF + L + B
and IRF + L ; IRF + L + B and IRF + B and between IRF + L + B and IRF.
CH groups of lipids and proteins readings evidenced decreased level of
organic components on subjects treated with the association of LLLT,
biomaterial and GBR. Pearson Correlation showed that fluorescence
readings of CHA correlated negatively with the Raman data. Using the

customerservice@spie.org 85



Conference 7552: Mechanisms for Low-Light Therapy V

data of CH groups of lipids and proteins Raman we found significant
positive correlation. The use of both methods indicates that the use of
the biomaterial associated to IR LLLT resulted on a more advanced and
of quality bone repair on fractures treated with miniplates and that the
Diagnodent® may be used to perform optical biopsy on bone.

7552-16, Session 3

The photobiomodulation in the bone repair
after radiotherapy: experimental study in rats

M. d. R. S. Freire, Federal Univ. of Bahia (Brazil); D. de Almeida,
Federal Univ. of Reconcavoi Baiano (Brazil); J. N. dos Santos, V.
A. Sarmento, Federal Univ. of Bahia (Brazil)

This research evaluated the effect of the lasertherapy in the healing of
surgical wounds produced in Wistar rats femurs, few days before the
beginning of the radiotherapy. For this, an orifice was artificially produced
in the femur bone of the rats and they had been submitted to an external
radiotherapy with a radioactive source of cobalt in the dosage of 3000
cGys. The experimental group received additionally seven sessions of
780 mm, 40 mW, 100 J/cm2, 5 J/cm2 in four points around the surgical
wound, at each 48 h, initiated at the day of the surgery. These animals
had been sacrificed in three and five weeks. The results were based

on the clinical and hystologic analyses. Clinically, even though the rats
had gained body mass with elapsing of the experiment (p< 0,05), those
who has been submitted to the lasertherapy presented cutaneous
inflammatory reactions. Regarding the hystologic findings, the number of
osteocits (p< 0,0001) and Harvers channels (p< 0,0001) was significantly
larger in the groups that had been radiated with laser, during the
experiment.

7552-17, Session 3

Prevention of bloodstream infections by
photodynamic inactivation of multiresistant
pseudomonas aeruginosa in burn wounds

M. C. E. Hashimoto, R. A. Prates, D. J. Toffoli, L. C. Courrol, M.
S. Ribeiro, Instituto de Pesquisas Energéticas e Nucleares (Brazil)

Bloodstream infections are potentially life-threatening diseases. They
can cause serious secondary infections, and may result in endocarditis,
severe sepsis or toxic-shock syndrome. Pseudomonas aeruginosa is an
opportunistic pathogen and one of the most important etiological factors
responsible for nosocomial infections, mainly in immuno-compromissed
hosts, characteristic of patients with severe burns. Its multiresistance to
antibiotics produces many therapeutic problems, and for this reason, the
development of an alternative method to antibiotic therapy is needed.
Photodynamic inactivation (PDI) may be an effective and alternative
therapeutic option to prevent bloodstream infections in patients

with severe burns. In this study we report the use of PDI to prevent
bloodstream infections in mice with third-degree burns. Burns were
produced on the back of the animals and they were infected with 109
cfu/mL of multi-resistant (MR) P. aeruginosa. Fifteen animals were divided
into 3 groups: control, PDT blue and PDT red. PDT was performed thirty
minutes after bacterial inoculation using 10pM HB:La+3 and a 400mW
light-emitting diode (LED) emitting at =460nm+20nm and a 10mW LED
emitting at =630nm=+20nm for 180s. Blood of mice were colected at 7h,
10h, 15h, 18h and 22h pos-infection (p.i.) for bacterial counting. Control
group presented 1x104 cfu/mL in bloodstream at 7h p.i. increasing to
1x106 at 22h, while mice PDT-treated did not present any bacteria at

7h; only at 22h p.i. they presented 1x104cfu/mL. These results suggest
that HB:La+3 associated to blue LED or red LED is effective to delay and
diminish MR P.aeruginosa bloodstream invasion in third-degree-burned
mice.
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7552-18, Session 4

Review of technology development and
clinical trials of low level light therapy for
acute stroke treatment

B. E. Catanzaro, CFE Services (United States); J. Streeter, L. de
Taboada, Photothera (United States)

Stroke is the one of the leading cause of mortality in the United States,
claiming 600,000 lives each year. Evidence suggests that infrared
illumination has beneficial effects on a variety of cells when these cells
are exposed to adverse conditions. Among these conditions are the
hypoxic state produced by acute ischemic stroke. To demonstrate

the impact Low Level Light Therapy (LLLT) has on ischemic stroke in
humans, a series of double blind clinical trials were designed using

the NeuroThera Laser System (NTS). The NTS was developed to treat
subjects non-invasively using near-infrared (808 nm) illumination. LLLT as
it applies to stroke therapy and the NTS will be described. The results of
the two clinical trials will be reviewed and discussed.

7552-19, Session 4

Laser therapy for the treatment of arthritic
knees: a clinical study

F. Kahn, L. Perrin, F. Saraga, Meditech International, Inc.
(Canada)

Arthritis results in the deterioration of the joints through the process

of chronic inflammation. The most common form is osteoarthritis and
degenerative joint disease which is estimated to affect 80% of the
population by the age of 65. Osteoarthritis most commonly affects the
hands, feet, spine and the large weight bearing joints such as the hips
and knees. The lifetime risk of developing osteoarthritis of the knee

has been estimated at 40%. Recent studies have shown that patients
with this condition are unlikely to benefit from arthroscopic surgery.

On the other hand, clinical trials have indicated that laser therapy for
osteoarthritis of the knees alleviates pain to a significant degree, along
with the restoration of normal function and the quality of the patient’s
life. In a follow-up clinical study to our previously published 2006 SPIE
conference proceeding, we analyzed a cross-section of patients treated
for a variety of knee conditions that present at our Meditech Clinics on a
daily basis.

Of the 98 knee patients included in this study, 65% presented with
osteoarthritis of a knee. On average, 11 treatments were administered for
each patient over a duration of 30 minutes and this program resulted in a
significant improvement rate in excess of 92%.

Duration of treatment and positioning of the treatment arrays and laser
probe are crucial in the process of achieving an optimal therapeutic
effect. Our experience indicates that the knee is best treated in a
relatively flexed position in order for penetration of the photon stream to
the posterior aspect of the patella and the patellar compartment. Laser
therapy is active at both the cellular and systemic levels through a variety
of mechanisms including collagen production, DNA synthesis, improved
microcirculation and the anti-inflammatory effect.

7552-20, Session 4

Transcranial high-intentsity LED therapy
for cognitive dysfunction in chronic mild
traumatic brain injury: two case reports

M. Naeser, Boston Univ. School of Medicine (United States); A.
Saltmarche, MedX Health Corp. (Canada)

Objective: Transcranial, low-level laser therapy research has shown
significant benefit for acute stroke in humans1 and acute traumatic brain
injury (TBI) in mice2. Two chronic, mild TBI (mTBI) cases are presented,
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where cognitive function improved following treatment with transcranial,
high-intensity light emitting diode (LED) therapy.

Methods and Procedures: P1 (age 59) had closed-head injury from motor
vehicle accident (MVA) with no loss of consciousness, normal MRI.
Unable to return to work as development specialist for Internet marketing
due to cognitive dysfunction. At 7 Yr. post-MVA, began transcranial,

LED treatment with cluster heads (2.1” diameter with 61 diodes each

- 9x633nm, 52x870nm; 12-15mW per diode; total 500mW; 22.2 mW/
cm2) on bilateral frontal, temporal, parietal, occipital areas (13.3 J/

cm2 at scalp, estimated 0.4 J/cm2 to brain cortex3). Treated weekly at
office; then daily at home. P2 had series of closed-head injuries related
to military training; 10-20 years later, scored below average on attention
and executive function; unable to work (age 52). MRI scan was abnormal
with widespread cortical atrophy. Performed daily transcranial, LED home
treatments.

Results: P1: Prior to transcranial LED, focused time on computer was
20 minutes. After 2 months of weekly, transcranial LED, increased to 3
hours; formed a small business. Has continued nightly home treatments,
4.5 years; if stops treating for 2-7 weeks, regresses. P2: After 4 months
of nightly home treatments with transcranial LED, can return to part-time
work. Continues with home treatments.

Conclusions: Transcranial LED may help treat cognitive dysfunction in
mTBlI. Controlled research is necessary.

References:

1. Zivin JA, Albers GW, Bornstein N, Chippendale T, Dahlof B, Devlin
T, Fisher M, Hacke W, Holt W, llic S, Kasner S, et al. Effectiveness and
Safety of Transcranial Laser Therapy for Acute Ischemic Stroke. Stroke
2009;40:1359-1364.

2. Oron A, et al. Low level laser therapy applied transcranially to
mice following traumatic brain injury significantly reduces long-term
neurological deficits. J Neurotrauma 2007; 24:651-656.

3. Wan S, Parrish JA, Anderson RR, Madden M. Transmittance

of nonionizing radiation in human tissues. Photochemistry and
Photobiology, 1981;34:679-681.

7552-21, Session 4

The effects of infrared laser therapy and
weightbath traction hydrotherapy as a
component of complex physical treatment in
disorders of lumbar spine: a controlled pilot
study with follow-up

C. Olah, B. Demeter, V. Pall, Borsod County Univ. Teaching
Hospital (Hungary); M. Olah, Hungarospa Health Resort
(Hungary); Z. Jancso6, Debrecen Medical Univ. (Hungary); T.
Bender, St. John of God Hospital (Hungary)

Introduction: The therapeutic modalities available for the conservative
management of chronic lumbar pain included infrared laser therapy and
underwater traction , which usefulness is not universally acknowledged.
This study was intended to ascertain any beneficial impact of infrared
laser therapy and weightbath treatment on the clinical parameters and
quality of life of patients with lumbar discopathy.

Material and methods: The study population comprised 54 randomised
subjects. I. group of 18 patents received only infrared laser therapy to
lumbar region and painful Valley points. Il. group of 18 subjects each
received underwater traction therapy of lumbar spine with add-on
McKenzie exercise and iontophoresis.The remaining lll. group treated
with exercise and iontophoresis, served as control.

VAS, Oswestry index, SF36 scores, range of motion, neurological findings
and thermography were monitored to appraise therapeutic afficacy in
lumbar discopathy. A CT or MRI scan was done at baseline and after 3
moths follow-up.

Result:Infrared laser therapy and underwater traction for discopathy
achieved significant improvement of all study parameters, which was
evident 3 months later. Among the controls, significant improvement of
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only a single parameter was seen in patients with lumbar discopathy.

Conclusions: Infrared laser therapy and underwater traction treatment
effectively mitigate pain, muscle spasms, enhance joint flexibility, and
improve the quality of life of patients with lumbar discopathy.

7552-23, Session 4

Syntonic phototherapy
R. Gottlieb, College of Syntonic Optometry (United States)

This presentation will describe syntonics, an optometric phototherapy
applied to the eyes used to treat children and adults with learning,
reading and attention disabilities, brain injury, eye pathology, strabismus,
headache and more. In a darkened room the patients view a glowing dot
of colored light, 50mm in diameter at about 50cm away. A 50w, 115v
incandescent bulb (powered at 145V to increase color temperature)
illuminates absorption filters and is then focused to the eyes through

a frosted collimating lens. The light may be flashed or constant. There
are a dozen syntonic filters covering the visual spectrum. These are
typically prescribed in pairs to narrow the bandwidth or steepen cut

off slope. Treatments last 20 minutes, one per day for a minimum of
three consecutive days per week, usually for 20 sessions. Syntonic
prescribing is based on medical and birth history, past and present
symptoms, and visual measures. Patients typically have poor eye
motility, accommodation, visual discrimination, binocularity, weak pupil
responses and contracted visual fields caused by brain trauma from
head injury, stroke, high fever, hypoxia, toxicity, fatigue or high stress.
Data is recorded in the initial diagnostic workup and checked after 6-8
treatments, at the last treatment and six weeks later. Typically progress
exams show larger fields, improved objective findings and the symptoms
and signs of visual dysfunction and underachievement improve
permanently. Theory and possible research will be discussed.

7552-24, Poster Session

Polarized light improves cutaneous healing
on diabetic rats

L. M. P. Ramalho, P. C. Qliveira, A. M. C. Marques, A. L. Barbosa
Pinheiro, Univ. Federal da Bahia (Brazil)

The aim of this study was to evaluated the healing of 3rd degree burn

on diabetic rats submitted or not to treatment with Polarized Light

( 400-2000nm, 20 or 40J/cm2, 40mW; 2.4J/cm2 /min; +5.5 cm).
Diabetes mellitus was induced on 45 rats and a burn was created in the
dorsum under general anesthesia. Phototherapy (Polarized Light source
- Bioptron®, 20J/cm2 or 40J/cm2 per session) stared immediately and
repeated at every other day during 21 days. Specimens were taken, cut,
processed to wax, and stained with H&E, Sirius Red, and imunnomarked
with CK AE1/AE3 antibody. The animals submitted to phototherapy
(20J/cm2) showed significant differences on regards revascularization
and epithelialization. Despite the illuminated group (40J/cm2) showed
stimulation of fibroblastic proliferation as isolated feature, no other
difference was observed. The use of 20J/cm2 was effective on improving
the healing of third degree buns on diabetic animals at both early and late
stages of the repair.

7552-25, Poster Session

Assessment of laser photobiomodulation and
polarized light on the healing of cutaneous
wounds on euthyroid and hypothyroid
induced rats

L. M. P. Ramalho, B. M. P. Weyll, M. D. M. da Costa Lino, M. J. P.
Ramalho, A. L. Barbosa Pinheiro, Univ. Federal da Bahia (Brazil)

Thyroid hormone deficiency impairs healing. Laser and polarized light are
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therapies that can speed up healing. 40 rats were divided into euthyroid
and hypothyroid groups and subdivided into Laser (I660nm, 30mW, f
3mm) or Polarized Light (1400-2000nm, 40mW, f 10mm) with 20 or 40J/
cm?: Standardized wounds were created and left without suturing and
irradiation or illumination was carried out every 48 h (7d). Animals were
killed at the 8th day and underwent histological examination (H/E and
Sirius Red). Hypothyroids showed delayed healing, reduced wound
contraction (p=0.0276), poor re-epithelization and incipient formation

of disorganized collagen fibers, when compared to the euthyroids

The use of both therapies increased the number of fibroblasts and the
amount and thickness of collagen fibers, especially in the L 20J/cm2
group. Euthyroid rats showed more regular collagen fibers than the
hypothyroids, which showed irregular fiber distribution. It was concluded
that hypothyroidism delays wound healing and that both polarized light
and laser light improved the healing process mostly at the dose of 20j/
cm2.

7552-28, Poster Session

The antinociceptive effects of monechma
ciliatum and changes in EEG waves following
oral and intrathecal administration in rats

A. B. Meraiyebu, Bingham Univ. (Nigeria) and University of Jos
(Nigeria); A. B. Adelaiye,

The research work was carried out to study the effect of Oral and
Intrathecal Monechma Ciliatum on Antinociception and EEG readings in
Wistar Rats. Traditionally the extract is given to women in labour believed
to reduce pain and ease parturition, though past works show that it has
oesteogenic and oxytotic effects. The rats were divided into 5 major
groups, Group 1 and 2 served as oral control and Intrathecal Controls
respectively and were treated with dextrose. Group 3 and 4 served as
experimental groups and were treated with 500mg/kg and 1000mg/kg
respectively. Group 5 served as intrathecal experimental group treated
with Monechma Ciliatrum intrathecally. The antinociceptive effect was
analysed using an aesthesiometer to take series of Tail Flick Latencies
(TFL). Monechma Ciliatum showed significant antinociceptive effect both
orally and intrathecally, although it had a greater effect orally and during
the first 15 minutes of intrathecal administration. EEG readings were also
taken for all the groups and there was a decrease in amplitude and an
increase in frequency for experimental groups and they produced 13-14
waves per second as seen in relaxed persons (beta waves) and had a
symmetrical distribution, similarly accentuated by sedative-hypnotic
drugs.
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7552-31, Poster Session

Transcranial near infrared laser treatment
(NILT) improves clinical performance in
embolized rabbits: correlation with increased
cortical adenosine-5’-triphosphate (ATP)
content

P. A. Lapchak, Univ. of California, San Diego (United States); L.
H. De Taboada, PhotoThera, Inc. (United States)

Background and Purpose: Transcranial near-infrared laser therapy (NILT)
is currently under investigation in a pivotal clinical trial because laser
therapy has been shown to improve clinical outcome in preclinical stroke
models and in stroke patients. However, nothing is known about the
mechanisms responsible for the behavioral improvements. The purpose
of the present study was to determine the physiological effects of NILT
in embolized rabbits and elucidate mechanisms involved in NILT-induced
neuroprotection.

Methods: First, we determined the effects of post-embolization treatment
with NILT on behavioral function in rabbits using a treatment duration

of 2 minutes and a wavelength of 808 nm. For the studies, we used

the rabbit small clot embolic stroke model (RSCEM), a multiple infarct
ischemia model with a well-defined behavioral endpoint, which allows us
to construct quantal analysis curves to define the amount of microclots
(mg) that produce neurologic dysfunction in 50% of a group of animals
(P50). A separate quantal analysis curve is generated for each treatment
condition. For these studies, behavior including motor function was
measured daily for 3 weeks following embolization. For this we treated
embolized rabbits with NILT initiated 3-12 hours following embolization
and measured behavior 48 hours following embolization. Second, it has
been proposed that mitochondrial energy production may underlie a
response to NILT, but this has not been demonstrated using an in vivo
embolic stroke model. Thus, we evaluated the effect of NILT on cortical
ATP content using the RSCEM. Following embolization, rabbits were
exposed to NILT, which was driven to output either continuous wave
(CW), or pulsed wave modes (PW). Three hours later, the cerebral cortex
was excised and processed for the measurement of ATP content using
a standard luciferin-luciferase assay. NILT-treated rabbits were directly
compared to sham-treated embolized rabbits and naive control rabbits.

Results: In this study, NILT significantly (p<0.05) increased motor
function and the P50 value to 2.21+0.54 mg (n=28) when administered
3 hours following embolization, compared to the control group (P50=
0.97+0.19 mg, n=23). Moreover, NILT increased behavioral function
when administered 6 hours following embolization (P50= 2.06+0.59,
n=29). The effects of NILT are durable and can last up to 21 days
post-treatment. However, NILT was ineffective when applied 12 hours
following embolization. Embolization decreased cortical ATP content
in ischemic tissue by 45% compared to naive rabbits, a decrease that
was attenuated by CW NILT which resulted in a 41% increase in cortical
ATP content compared to the embolized group (p>0.05 compared to
either the naive or sham-EMBO group). However, following PW NILT,
which delivered 5 (PW1) and 35 (PW2) times more energy than CW, we
measured a 157% increase (PW1 p=0.0032) and 221% increase (PW2
p=0.0001) in cortical ATP content, respectively.

Conclusion: In the rabbit embolic stroke model, NILT administration
significantly improved behavioral function when administered up to 6
hours following embolization. Based upon biochemical measurements of
cortical ATP content, we demonstrated that embolization can decrease
ATP content in rabbit cortex and that NILT significantly increases cortical
ATP content in embolized rabbits, an effect that is correlated with cortical
fluence and the mode of NILT delivery. The data provides new insight
into the molecular mechanisms associated with clinical improvement
following NILT.
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7553-01, Session 1

Photonic crystal-enhanced fluorescence

B. T. Cunningham, Univ. of lllinois at Urbana-Champaign (United
States)

Optical resonances produced by photonic crystal surfaces can

be designed to substantially amplify the electric field excitation of
fluorophores while at the same time increasing the collection efficiency of
emitted photons. Because PC surfaces can be produced inexpensively
over large areas by replica molding, they offer an effective means for
increasing sensitivity for broad classes of surface-based fluorescent
assays. In this talk, the design and fabrication of photonic crystal
surfaces and detection instrumentation for fluorescent enhancement will
be described, along with demonstrated applications in gene expression
microarrays and protein biomarker microarrays.

7553-02, Session 1

Real-time small molecule binding detection
using a label-free optical biosensor

Y. Guo, J. Y. Ye, Univ. of Michigan (United States); B. Huang, D.
McNerny, The Michigan Nanotechnology Institute for Medicine
and Biological Sciences (United States); T. P. Thomas, Univ.

of Michigan (United States); J. R. Baker, Jr., The Michigan
Nanotechnology Institute for Medicine and Biological Sciences
(United States); T. B. Norris, Univ. of Michigan (United States)

We have developed a novel label-free optical biosensor using a one-
dimensional photonic crystal structure in a total-internal-reflection
geometry (PC-TIR). This sensor has a narrow resonance width (~1 nm)
and high bulk solvent refractive index sensitivity (~1500 nm/RIU), which
enable sensitive measurements for the presence of analytes on the
sensing surface, and at the same time perform real-time measurements
of biomolecular binding as it employs an open sensing surface.
Moreover, by measuring the differential intensity ratio during binding,
ultralow detection limits have been obtained: 6x10/(-5) nm for analyte
layer thickness, 7x107(-8) RIU for bulk refractive index, and 20 fg/mm2
for protein mass density.

In this report, we further demonstrate the capability of the PC-TIR
sensor for small-molecule detection. The well-studied biotin-streptavidin
system is chosen in order to calibrate the detection limit. Streptavidin

is immobilized on the silica sensing surface. Then analyte molecules - a
series of biotin-conjugated molecules of various molecular weights - are
detected in real time with specific binding to the sensing surface. The
binding of the smallest molecule investigated, D-Biotin (MW 244Da), is
easily experimentally observed with a high signal to noise ratio. The PC-
TIR sensor thus promises to be a high-sensitivity, high-accuracy sensing
platform for biomolecular binding analysis.

7553-03, Session 1

Microcavities in photonic crystal waveguides
for biosensor applications

S. Pal, E. Guillermain, B. L. Miller, P. M. Fauchet, Univ. of
Rochester (United States)

In this study, resonant microcavities in photonic crystal (PhC)
waveguides are investigated for biosensing applications. The device
architecture consists of a PhC waveguide with a defect line for guiding
the transmission of light. Resonant microcavities created by changing
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the radius of a hole adjacent to the defect line are coupled to the PhC
waveguide. Detection is based on shifts in the resonance wavelength
observed in the transmission spectra. The PhC waveguide device is
fabricated on silicon-on-insulator (SOI) wafers using electron beam
lithography and reactive-ion etching (RIE). Receptor molecules are
attached to the defects in the device by standard amino-silane and
glutaraldehyde crosslinking chemistry. Preliminary results demonstrate
successful detection of human IgG molecules as the target at large
concentration levels of 500 pg/ml. Such PhC waveguide devices are
advantageous for medical diagnostics and biosecurity applications as
they allow rapid, label-free, and sensitive detection of multiple analytes in
a single platform.

7553-04, Session 1

Single virus detection with optical
mircocavities

F. Vollmer, Harvard Univ. (United States); S. Arnold, Polytechnic
Institute of NYU (United States)

Virus nano-particles are a major cause for human disease, and their
early detection is of added urgency since modern day travel has enabled
these disease agents to be spread through populations across the globe.
Fast and early detection on site of an outbreak requires biosensors
where ideally individual nano-particles produce a quantitative signal.

We present an optical technique that provides such ultimate sensitivity
towards detection of label-free virions. The high sensitivity relies on

the re-circulation of the probing light in high-Q microcavities, examples
for which are silica microspheres and defects in silicon photonic
crystals. We establish the technique by detecting single polystyrene
nanoparticles from resonance-wavelength fluctuations in spherical
microcavities. We find that the magnitude of the wavelength-shift

signal follows a reactive mechanism with inverse dependence on mode
volume, providing a means to increase sensitivity by reducing the size

of the microsphere. We then optimize the approach and demonstrate
detection of single Influenza A virus particles. The mass (5.2 x 10(-16)
gram) and size (47 nm) of single virions is determined directly from

the magnitude of the wavelength shift, demonstrating a label-free
approach towards identification of an unknown virus without the need for
antibodies. Furthermore, we introduce a novel approach for trapping and
accumulation of virus particles directly at the microcavity-sensor-region
by using light-force exerted in evanescent field gradients.

7553-05, Session 2

Colorimetric-resonant-reflection and image-
correlation sensing with sub-wavelength low-
index-contrast aperiodic gratings

S. V. Boriskina, S. Lee, A. Gopinath, Boston Univ. (United States);
J. A. Amsden, J. Mondia, D. Kaplan, F. Omenetto, Tufts Univ.
(United States); L. Dal Negro, Boston Univ. (United States)

We investigate light scattering from aperiodic low-refractive-index
gratings and discuss their potential applications as multiplexed platforms
for label-free optical biosensing. We demonstrate color localization in
aperiodic gratings by using dark field microscopy measurements, and
reveal the physical mechanism of the colorimetric signatures formation
via rigorous full-wave numerical simulations based on the generalized
multi-particle Mie theory. Unlike periodic gratings, which scatter light

into well-defined grating orders, aperiodic arrays feature a broad-band
frequency response with a wide angular intensity distribution governed
by the Fourier properties of the aperiodic lattice. We demonstrate a
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possibility of the label-free detection with aperiodic lattices both by
monitoring the shift of the resonant scattering (or reflection) peaks in their
spectra and by performing the image correlation analysis of the gratings
colorimetric signatures. Broadband spectral characteristics of aperiodic
gratings make possible obtaining enhanced resonant reflection at several
widely separated wavelengths by adjusting the angle of light incidence,
which paves the way for realization of wavelength- or angle-multiplexed
sensors. We also show that broadband fluorescence sensors can be
realized with aperiodic nano-patterned structures.

7553-06, Session 2

The design of a microfluidic biochip for the
rapid multiplexed detection of food-borne
pathogens by surface plasmon resonance
imaging

M. D. Zordan, M. G. Grafton, K. Park, J. F. Leary, Purdue Univ.
(United States)

The rapid detection of food-borne pathogens is increasingly important
due to the rising occurrence of contaminated food supplies. We have
previously demonstrated the design of a hybrid optical device that has
the capability to perform real-time surface plasmon resonance (SPR) and
epi-fluorescence imaging. We now present the design of a microfluidic
biochip consisting of a two-dimensional array of functionalized gold
spots. The spots on the array have been functionalized with capture
peptides that specifically bind E. coli O157:H7 or Salmonella enterica.
This array is enclosed by a PDMS microfluidic flow cell. A magnetically
pre-concentrated sample is injected into the biochip, and whole
pathogens are bound to the capture array. The previously described
optical device was used to detect the presence and identity of captured
pathogens using SPR imaging. This detection occurs in a label-free
manner, and does not require the culture of bacterial samples. Molecular
imaging can also be performed using the epi-fluorescence capabilities
of the device to determine pathogen state, or to validate the identity

of the captured pathogens using fluorescently labeled antibodies. We
demonstrate the real-time screening of a sample for the presence of

E. coli O157:H7 and Salmonella enterica. Additionally the mechanical
properties of the microfluidic flow cell are assessed. The effect of these
properties on pathogen capture is examined. The device is portable
and can be taken to the site of either food origin or processing for rapid
multiplexed testing for food pathogens.

7553-07, Session 2

A microflow cytometer on a chip

J. P. Golden, J. Kim, G. Anderson, N. Hashemi, R. Eitel, F. Ligler,
Naval Research Lab. (United States)

A rapid, automated, multi-analyte Microflow Cytometer is being
developed as a portable, field-deployable, rapid sensor for on-site
diagnosis of biothreat agent exposure and environmental monitoring.
The technology relies on a unique method for ensheathing a sample
stream in continuous flow past an interrogation region. Optical fibers
provide excitation and collect emission from the interrogation region.
This microfluidic approach avoids clogging by complex samples and
provides for subsequent separation of the core and sheath fluids in order
to capture the target for orthogonal confirmatory assays and recycling

of the sheath fluid. Flow channels have been constructed in PDMS and
PMMA. Coded microspheres provide the capability for highly multiplexed
assays in a few minutes. Optical analysis at four different wavelengths
identified six sets of coded microspheres and quantified target bound by
the presence of phycoerythrin tracer. The Microflow Cytometer detected
fluorescence from the phycoerythrin that correlated to antibodies

conjugated to microsphere sets recognizing Escherichia coli, Listeria, and

Salmonella as well as cholera toxin, staphylococcal enterotoxin B (SEB),
and ricin. Through the formation of an additional layer of phycoerythrin
on the microspheres, signal amplification was performed and provided
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improvement in limits of detection (E. coli: 10/3 cfu/mL; Listeria: 105
cfu/mL; Salmonella: 1075 cfu/mL; cholera toxin: 1.6 ng/mL; SEB: 0.064
ng/mL; ricin: 8.0 ng/mL). The results provided sensitivity comparable to
assays performed on a Luminex commercial benchtop detection system.
Automated sample processing is being incorporated with the assays.

7553-08, Session 2

Programmable nano-bio-chip sensor
systems: toward next-generation pathogen
detectors

J. T. McDevitt, Rice University (United States)

Diagnostic tools are critical to the delivery of effective healthcare, yet
current in vitro diagnostic (IVD) devices are incapable of keeping pace
with the explosive growth of information in the genomics, proteomics,
metabolomics and glycomics areas. With US annual per capita healthcare
costs now above $7,400, and rising 7 to 8 percent per year, it is clear
that the current trends can’t be sustained. A key factor in determining
health care costs is clinical specimen testing. While the ability to process
large amounts of information at the point-of-need is common in the

field of electronics, the capacity to process complex molecular disease
signatures at the point-of-care has not yet been fully demonstrated.
However, the electronics industry provides inspiration for cost reductions
while at the same time producing ever increasing performance. The
marriage of micro-fabrication and in vitro diagnostic devices may play a
key role in developing the next generation diagnostic devices that can be
affordable and accessible for all humanity. This presentation will review
our advances made in the area of nano-bio-chip sensor systems that are
suitable for a variety of human medical, homeland defense, pathogen-
toxin detection and humanitarian applications. Here integrated lab-on-a-
chip sensor systems have been developed into a series of cost effective
and programmable sensor modules that can service a broad range of
applications areas.

7553-09, Session 3

Design of nanoscale interfaces for optical
biosensors

A. Chilkoti, Duke Univ. (United States)

| will describe two examples from my laboratory on the design of
nanoscale interfaces for optical biosensors. In the first example, | will
describe our efforts in the design of a chip-based, label-free sensor that
exploits the local surface plasmon resonance effect exhibited by noble
metal nanostructures. The development of a sensor that measures the
ensemble averaged spectral response of a large collection of particles
as well as recent efforts in detecting binding at the single particle level
will be described. The second example will describe the redesign of a
conventional, antibody sandwich fluoroimmunoassay in an array format
where we have focused on abolishing an important source of “chemical”
noise in the assay by preventing the non-specific binding of proteins.
We have developed a new method for the in situ synthesis of nanometer
thick brushes of an oligoethyleneglycol-functionalized polymer on

glass by surface-initiated polymerization. These polymer brushes show
extraordinary resistance to proteins with a total adsorption from serum
of less than 1 ng/cm2. At the same time, these polymer brushes can be
physically printed with antibodies to enable stable binding of analytes
and capture antibodies for fluoro-immunoassays and protein microarrays.
| will show that decreasing the adventitious binding of proteins enables
detection of a cytokine, IL-6, down to the femtomolar limit in whole
blood, which is orders of magnitude better than commercially available
fluorescence based microarrays.
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7553-10, Session 3

Rapid and sensitive homogenous detection
of the Ibaraki virus NS3 cDNA using magnetic
modulation biosensing system

A. Danielli, Tel-Aviv Univ. (Israel); N. Porat, Univ. of lllinois at
Chicago (United States); A. Arie, M. Ehrlich, Tel-Aviv Univ. (Israel)

Rapid and sensitive detection of specific DNA sequences is a well known
challenge in many biological applications. For example, changes in the
sequence of particular genes of human pathogens such as anthrax
(Bacillus anthracis) can serve as biomarkers for early detection and
response in the event of bioterrorism. Orbiviruses, such as EHDV2-
Ibaraki, represent an acute threat to the bovine and ovine industries.
Furthermore, similarly to other veterinary viruses, the relevant site

of detection and action has the potential to differ considerably from
laboratory settings, a fact that in conjecture with the need to perform

a large number of assays, in a short period of time, underscore the

need for an accurate, fast and sensitive detection technique, involving
minimal enzymatic manipulation. In this work we experimentally
demonstrate magnetic modulation biosensing system for rapid and
homogeneous detection of the Ibaraki virus NS3 cDNA. A novel
fluorescent resonance energy transfer (FRET)-based probe discriminates
the target DNA from the control. When detection is made, the FRET-
based probe is cleaved using Tag-polymerase activity and fluorescent
light is produced. The biotinylated probes are attached to streptavidin
coupled superparamagnetic beads and are maneuvered into oscillatory
motion by applying an alternating magnetic field gradient through two
electromagnetic poles. The beads are condensed into the detection
area and their movement in and out the orthogonal laser beam produces
a periodic fluorescent signal that is demodulated using synchronous
detection. 1.9 picomolar of the Ibaraki virus NS3 cDNA was detected in
homogeneous solution within 18 minutes without separation or washing
steps.

7553-11, Session 3

Detection of food-borne pathogens by
nanoparticle technology coupled to a low-
cost fluorescence cell reader

I. Noiseux, J. Bouchard, INO (Canada); H. Cao, S. Chen, Univ. of
Guelph (Canada); R. Johnson, Public Health Agency of Canada
(Canada); M. Vernon, O. Mermut, INO (Canada)

The detection, identification and quantification of different pathogenic
microorganisms simultaneously and at low cost are of great interest to
the agro-food industry. We have developed a simple, rapid, sensitive,
and specific method for detection of foodborne pathogens based on
use of nanoparticles alongside a low cost fluorescence cell reader for
the bioassay. The nanoparticles are coupled with selected antibodies
which allow specific recognition of the targeted foodborne pathogen
bacteria in either a liquid or food matrix. The bioconjugated nanoparticles
contain thousands of dye molecules binding to each individual bacterial
cell, enabling significant amplification of the fluorescent signal emitted
from each bacterium. The developed fluorescence cell reader is an
LED-based reader coupled with suitable optics and a camera that

uses image processing algorithms to improve the signal-to-noise ratio
compared to that of commercial readers. The cell reader acquires high
resolution images of the entire sample surface containing bacteria. The
algorithm treats all the images acquired from the sample allowing the
counting of each individual nanoparticles-fluorescent bacterial cell, thus
enabling highly sensitive reading. Since only the targeted foodborne
pathogens are fluorescent, only those are imaged with the fluorescent
cell reader. Thus, sample preparation is simple and no separation of non
targeted bacteria is required. Results of bioconjugated nanoparticles
used to specifically target Listeria monocytogenes (responsible for a
large amount of foodborne illness every year) will be presented. The
combination of nanoparticle technology with a compatible optical cell
reader is presented as a low cost solution for the detection of food-born
pathogens.
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7553-12, Session 3

Advanced laser spectroscopy approaches
for sensing surface contaminants on medical
devices

X. Tan, I. llev, U.S. Food and Drug Administration (United States)

Surface contamination is commonly encountered for medical devices,
such as molecular contaminants from manufacturing, packaging,

and sterilizing residues, trace heavy metals on dental crowns, protein
pathogens on surgical instruments, and bacterial biofilms on implants.
Currently applied clinical methods based on swab/wipe sampling and
subsequent ex-situ detection suffer from inaccuracy and inefficiency.
More sophisticated and sensitive techniques such as surface plasmon
resonance (SPR), X-ray photoelectron spectroscopy (XPS), and time-of-
flight secondary ion mass spectrometry (ToF-SIMS) are too expensive
and complex to handle for in-situ analysis. New technologies for rapidly
assessing the presence and identification of surface contaminants

are in pressing need. Laser spectroscopy with fiber-optic sensing
technology fills the void by offering the advantage of being non-invasive,
sensitive, and efficient with the potential to be miniaturized for in-situ
applications. In the present work, we develop label-free detection
approaches based on Fourier Transform Infrared and dispersive Raman
vibrational spectroscopy, and fiber-optical sampling for sensing surface
contamination. Contaminants to be examined first are carcinogenic and
endocrine disrupting plasticizers such as the phthalates (DBP, DEHP)
which are most commonly used in food, cosmetics, and medical device
industries. The study includes validation of the developed technologies
and characterization of the designed sensing systems in terms of
chemical specificity, sensitivity, sample processing and analysis. We will
extend the investigation on contamination validation and analysis to the
more complex protein pathogens and biofilms by exploring advanced
sampling and data analysis as well as system design and integration for
real-time in-situ detection.

7553-13, Session 4

Engineered photonic-plasmonic aperiodic
surfaces for optical biosensing

L. Dal Negro, The Boston Univ. Photonics Ctr. (United States)

In this talk, | will discuss our approaches towards the engineering of
Surface Enhanced Raman Scattering (SERS) chips and colorimetric
biosensors based on light localization in Deterministic Aperiodic Nano
Structures (DANS). DANS are generated by the mathematical rules

of L-systems and number theory, manifest unique light localization

and transport properties, and can be fabricated using conventional
nano-lithographic techniques. When combined with metal-dielectric
nanostructures, DANS give rise to strongly localized field states with
large fluctuations of the photonic mode density - essential attributes to
achieve spatio-temporal energy localization and enhanced light-matter
coupling for broadband optical biosensing. In this paper, | will discuss
electromagnetic coupling, resonant light scattering, structural color
localization and SERS detection from two-dimensional metal-dielectric
arrays of different-shaped/different sized nanoparticles arranged in
deterministic aperiodic sequences. All the arrays have been fabricated
using Electron-Beam Lithography (EBL) on transparent quartz substrates.
Experimental results on chemical reporters and different bacteria will

be presented, along with the discussion of specific engineering design
rules. Finally, | will discuss optical sensing by spectral color localization
in photonic-plasmonic nano-hole arrays and gold nanopatrticles on
quartz substrates. Spectrally resolved correlation analysis and enhanced
backscattering measurements were performed on the arrays revealing
distinctive colorimetric signatures (color localization patterns). Using BSA
protein monolayers as our biological target, we designed, fabricated and
optimized different aperiodic structures and demonstrated for the first
time that structural color localization in lithographically defined photonic-
plasmonic DANS can be utilized as a highly sensitive colorimetric method
for on-chip protein detection and optical biosensing applications.
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7553-14, Session 4

Biological sensing using SERS on metallized
ultra-thin porous silicon membranes

K. Shome, C. Hoeppener, M. Kavalenka, L. Novotny, P. M.
Fauchet, Univ. of Rochester (United States)

Ultra-thin porous silicon membranes provide a novel platform for label
free detection and identification of biological samples using SERS. A

10 nm thin gold metal film is deposited on top of a 30 nm thick porous
silicon membrane to form a thin porous metal film. 3D FDTD simulations
show EM field enhancement inside the holes together with increased
scattering and extinction cross sections, making this structure a novel
SERS substrate.

7553-15, Session 4

Colorimetric signatures on photonic-
plasmonic surfaces for biosensing

Y. K. S. Lee, Boston Univ. (United States); J. Amsden, Tufts Univ.
(United States); S. Boriskina, A. Gopinath, Boston Univ. (United
States); D. Kaplan, F. Omenetto, Tufts Univ. (United States); L. Dal
Negro, Boston Univ. (United States)

In this study, we investigate optical sensing by spectral color localization
in photonic-plasmonic nanostructured surfaces. Aperiodic arrays
consisting of chromium nanoparticles and nanoscale air holes on

quartz substrates with minimum interparticle separations ranging from
50nm to 200nm were fabricated using electron beam lithography and
nanoimprinting pattern transfer fabrication techniques. Silk protein thin
films, in different concentrations, were deposited on the arrays and

their scattering spectra were experimentally measured by dark-field
spectroscopy under white light illumination. Colorimetric signatures
(color localization patterns) on the aperiodic arrays were analyzed with
the spectrally resolved correlation analysis and compared with rigorous
multiple scattering semi-analytical calculations based on the Generalized
Mie Theory. Using silk protein as our target, we designed, fabricated

and optimized different aperiodic structures, which provide broadband
electric field enhancement and mode localization for enhanced biological
sensing. Our results demonstrate for the first time that the characteristic
color localization patterns observed in lithographically defined aperiodic
photonic-plasmonic structures can be directly utilized as highly sensitive
colorimetric signatures for protein detection and employed in optical
biosensing applications in the future.

7553-16, Session 4

Ultrasensitive Raman sensor based on a
highly scattering non-absorbing porous
structure

V. V. Yakovlev, Univ. of Wisconsin-Milwaukee (United States)

Analytical methods capable of in situ monitoring of water quality have
been in high demand for environmental safety, the identification of minute
impurities and fundamental understanding of potential risks of these
molecular species. Raman spectroscopy, which provides ‘fingerprint’
information about molecular species in the excitation volume, is a
powerful tool for in vivo diagnostics. However, due to a relatively weak
Raman signal (~ 1 out of 1014 incident photons produces the useful
signal) there is a need to significantly (by many orders of magnitude)
enhance this signal, to raise the detection sensitivity of this technique.

Traditionally, surface enhanced Raman spectroscopy is employed to
dramatically increase the local field intensity and substantially improve
the efficiency of Raman scattering. However, the above enhancement
occurs only in “hot spots”, which represent only a small percent of the
total surface are of the substrate. Plasmonic nanostructures are also
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found to be hard to manufacture in large quantities with the desired
degree of reproducibility and to be unable to handle high laser power.

We propose and experimentally demonstrate a new type of approach
for ultrasensitive Raman sensing. It is based on manufacturing a random
porous structure of high-index material, such as GaP, and use the effect
of light localization to help improving the detection sensitivity of such
sensor. The desired structure was manufactured using electrochemical
etching of GaP wafers. The observed Raman signal amplitudes are
favorably compared to the best known plasmonic substrates.

7553-17, Session 5

Spectral reflectance imaging for a
multiplexed, high-throughput, label-free, and
dynamic biosensing platform: protein, DNA
and virus detection

M. S. Unld, E. Ozkumur, C. Lopez, A. Yalcin, Boston Univ.
(United States); M. Chiari, C.N.R. (Italy); S. Ahn, G. Daaboul, A.
Reddington, M. Monroe, R. Vedula, J. H. Connor, Boston Univ.
(United States)

Optical resonance is one of the key properties of light enabling important
devices such as interference filters and lasers. We have utilized basic
principles of optical interference and resonance in biological applications
demonstrating label-free sensing of protein binding in a high-throughput
micro-array format.

Direct monitoring of primary molecular binding interactions without

the need for secondary reactants would markedly simplify and expand
applications of high-throughput label-free detection methods. We
developed a simple interferometric technique - Spectral Reflectance
Imaging Biosensor (SRIB) - that monitors the optical phase difference
resulting from accumulated biomolecular mass. Dynamic measurements
were made at ~3 pg/mmz2 sensitivity. We have also demonstrated
simultaneous detection of antigens and antibodies in solution using
corresponding probes on the SRIB surface as well as label-free
measurements of DNA hybridization kinetics.

A primary advantage of label-free detection methods over fluorescent
measurements is its quantitative detection capability, since an absolute
measure of adsorbed material facilitates kinetic characterization of
biomolecular interactions. We demonstrated quantified and calibrated
measurements for protein and DNA assays.

Using our label-free technique, we observed a linear dependence over 4
orders of magnitude.

Finally, we have demonstrated evidence towards single virus detection
promising a highly multiplexed platform for pathogen sensing.

7553-18, Session 5

Multiplex detection of disease marker
proteins with arrayed imaging reflectometry

B. L. Miller, A. Yadav, R. Sriram, Univ. of Rochester (United
States)

Arrayed Imaging Reflectometry, or “AIR”, is a new label-free optical
technique for detecting proteins that relies on binding-induced changes
in the response of an antireflective coating on the surface of a silicon
chip. Thus far, we have demonstrated the use of AIR for the detection
of pathogenic E. coli, and for multiplex detection of a broad range of
proteins in human serum. This lecture will discuss the current state of
development of AIR, including recently developed quantitative models
for sensor response. These models allow direct correlation of reflective
intensity and solution protein concentration, as a function of the
dissociation constant of the capture molecule on the array.
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7553-19, Session 5

LED-based spectral reflectance imaging
biosensor for label-free high-throughput
multi-analyte and single-pathogen detection

G. Daaboul, R. S. Vedula, A. Reddington, E. Ozkumur, C. Lopez,
J. Connor, H. Fawcett, S. Unlii, Boston Univ. (United States)

Field clinics lack a rapid and robust methodology for diagnosis of viral
infections. The general consensus among doctors and researchers in
infectious disease detection is that there is an immediate need for a

tool that provides rapid and multiplexed detection. A new detection
technique, Spectral Reflectance Imaging Biosensor (SRIB) has proven
to be a powerful, high-throughput, label-free immunoassay platform for
detecting biomolecular binding interactions on reflective, layered silicon
substrates with a thick oxide top layer, eliminating the need for multi-step
reagents and labeling processes used in ELISA and PCR systems. In its
original form, SRIB uses a tunable laser and multiple intensity images
on a CCD camera to acquire a cycle of periodic spectral reflectance
signature to determine the profile of the surface in the entire field of
view simultaneously with pm accuracy. A change in the surface profile
indicates binding of target molecules to the specific probes spotted on
the substrate. While external cavity diode lasers provide a compact and
bright light source at a precise wavelength, they have limited tuning range
requiring a thick oxide layer to capture a full period of spectral oscillation.
To maintain the visibility of the spectral interference, a small collection is
used necessitating a low lateral resolution. In case of detecting binding
of analytes on probe molecules (ligands) in large spots, low lateral
resolution is not a handicap. However, in case of whole virus detection,
it is desirable to reduce the imaging spot to increase the effective
interference signature of a single pathogen. In this paper, an inexpensive
and compact LED-based SRIB is presented that uses LEDs with
wavelengths in the visible range to illuminate the Si/SiO2 substrate and
acquire the spectral reflectance data. The LED platform not only has the
high-throughput capability of the laser based SRIB and but also allows
for single pathogen detection through high magnification/resolution
interferometric imaging. Initial data will be presented on the label-free
detection of single Vesicular Stomatitis and flu viruses captured on the
surface at clinically relevant detection limits (106 PFUs) with future work
demonstrating multiplexed label-free detection capabilities. The long-
term impact of these results is the future development of a commercial
optical immunoassay technology that will address the need for high-
throughput disease diagnostics and ultra-sensitive virus detection.

7553-20, Session 5

Hybrid nanoporous silicon optical biosensor
architectures for biological sample analysis

L. A. Delouise, Univ. of Rochester Medical Ctr. (United States); L.
M. Bonanno, Univ. of Rochester (United States)

A major focus in advancing health care alternatives is on developing
rapid point-of-care (POC) biosensors. Considerable effort has centered
on developing label-free optical sensors exploiting the unique properties
of nanomaterials including quantum dots, plasmonic metal nanoparticles
and thin films. A major emphasis in developing state-of-the-art
biosensor technology is on achieving unprecedented target detection
sensitivity (subfemtomolar). However, what is practically required for
POC applications is a low cost technology capable of detecting target

at physiological relevant levels (nano to micromolar) in the complex
milieu of a biological sample using convenient assay protocols. Over the
past 10 years, research has shown that electrochemically synthesized
nanoporous silicon (PSi) holds great promise as an emergent POC
biosensor technology. PSi possesses many characteristics ideal for this
application including its inexpensive fabrication, precise control of pore
morphology (pore diameter and porosity), intrinsic filtering capability
(molecular size selection), high surface area (>100 m2/gm), versatile
surface chemistry, capacity for label-free colorimetric readout by eye, and
compatibility with high throughput array and microfluidic technologies.
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This talk will highlight recent advances in PSi device fabrication including
the manipulation of operational protocols and the development of a
promising new hybrid device architecture that employs target responsive
hydrogels to control the target detection sensitivity range particularly

for analysis of small molecules (<1000 MW) which typically pose unique
challenges for optical transducers. Results from our recent efforts to
conduct translational studies using PSi sensors to detect IgG levels in
whole blood and to screen test clinical urine samples for drugs of abuse
will also be presented.

7553-21, Session 6

Enhancement of diffraction-based biosensing
using porous structures and electromagnetic
surface states

J. E. Sipe, Univ. of Toronto (Canada); S. Weiss, Vanderbilt Univ.
(United States); M. Liscidini, Univ. degli Studi di Pavia (Italy)

Diffraction-based biosensors are often based on the adsorption of a
target material on a grating made of thin layers, where the adsorption is
detected by a modification of the diffracted signal. In this communication
we discuss two strategies for enhancing this detection process. The

first is based on the use of grating structures made of porous elements,
where sensing is based on target molecules penetrating into the elements
and modifying their effective index of refraction. The second is a resonant
process where the effectiveness of the grating is enhanced by the
coupling to surface electromagnetic states, in particular Bloch surface
waves that exist at the interface between a homogeneous medium and a
photonic crystal.

7553-22, Session 6

Photonic molecules as ultrasensitive and
tunable devices for mass and fluorescence
spectroscopy

S. V. Boriskina, Boston Univ. (United States)

Optical and light-matter interaction in coupled optical microcavities
(photonic molecules) give rise to amazingly rich physics and can be
harnessed for a variety of practical applications, including chip scale
integrated bio(chemical) sensing systems. | will show that coupled-cavity
configurations provide additional degrees of freedom for detecting,
capturing and manipulating biological nano-objects over isolated optical
resonators. Sharp and asymmetric Fano resonance features in spectral
characteristics of photonic molecules translate into a higher sensitivity
to environment-induced resonant frequency shifts. Furthermore,
photonic molecules can be designed to support collective multi-cavity
resonances that provide better overlap of the modal field with the
analyte accompanied by the dramatic increase of their quality factors.
Performance improvement offered by the photonic molecule sensors for
the detection of the changes in the ambient refractive index or presence
of nano-particles over sensors based on individual microcavities with
comparable Q-factors will be demonstrated. Finally, | will discuss the
strategies for mechanical and optical tuning of photonic molecule spectra
and for engineering tunable interaction of light forces generated by
photonic molecules with small biological objects, which paves the way to
the development of ultra-sensitive devices for mass, size and orientation
spectroscopy.

[1]. S.V. Boriskina, “Photonic Molecules and Spectral Engineering,” in
Microresonator Research & Applications, to be published, Springer, 2009.
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7553-23, Session 6

Sensitivity analysis of polymer-cladded
porous silicon waveguide for small molecule
detection

Y. Jiao, S. M. Weiss, Vanderbilt Univ. (United States)

Waveguides fabricated in porous materials have recently attracted much
attention for biosensing applications. The large available surface area and
strong field confinement in the porous waveguides significantly enhance
the detection sensitivity of these sensors compared to planar waveguide
and surface plasmon resonance sensors, especially for small molecule
detection. In this work, we theoretically and experimentally demonstrate
a polymer-cladded porous silicon membrane waveguide based on a

1.5 um thick porous silicon membrane coated on one side with a low
loss polymer. The sensor operates in the Kretchmann configuration,
which is amenable to microfluidics integration, with a high index cubic
zirconia prism. Light incident in the prism couples into the porous silicon
waveguide through the polymer cladding. Strong field confinement in

the waveguide is achieved based on the large refractive index contrast
between the high index porous silicon film and low index polymer. We
show through experiments and complimentary calculations how the
cladding thickness and porosity of the porous silicon film directly impact
the small molecule detection sensitivity of the sensor. For example, a
60% porosity porous silicon membrane waveguide exhibits a detection
sensitivity of 30 degrees/RIU for the detection of 0.8 nm silane molecules
and nanomolar detection of DNA molecules while measurements
performed using a 30% porosity waveguide reveal a more than two times
increase in detection sensitivity. Calculations predict that careful tuning of
the porous silicon membrane and polymer cladding parameters will lead
to further improvement of the detection sensitivity.

7553-24, Session 6

Detection of biologicals with functional
porous nanostructures

M. J. Sailor, Univ. of California, San Diego (United States)

Porous Si possesses several properties that make it advantageous

for biosensor applications, including low toxicity,[1, 2] a high surface
area[3] and tunable pore sizes and volumes.[3] Chemical modification[4]
provides a means to adjust the specificity of the material towards many
analytes of interest. Probably the most commonly employed porous
Si-based sensors are those that involve the passive optical properties of
porous Si, measured using various reflectance spectroscopies. Porous Si
sensors based on optical reflectivity typically utilize spectral interference
that occurs within a thin film or a multilayered porous Si structure.
These sensors are essentially refractive index sensors, responding to
the introduction of a chemical or biochemical species within the porous
film that causes a net change in the refractive index of the entire matrix.
[5-17] High sensitivity detection of both solvent vapors and biological
compounds has been demonstrated using these methods. [14, 18-20]

The chemistry and electrochemistry of nanoporous silicon can be
manipulated to allow the material to collect, concentrate, and detect
chemical and biological material. The pore dimensions are controlled by
the current used in the etch [21], allowing the construction of stratified
“nanoreactors” in which enzyme compartmentalization [19], reagent
delivery [22], protein separation [12], and reactant heating [23] can

be performed. This presentation will discuss these various aspects of
porous silicon and other porous nanostructures relevant to detection of
pathogens in agueous environments.
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7553-25, Poster Session

Suspended photonic crystal slabs for
biosensing

M. El Beheiry, Univ. of Toronto (Canada); V. Liu, S. Fan, Stanford
Univ. (United States); O. Levi, Univ. of Toronto (Canada) and
Stanford Univ. (United States)

Photonic crystal (PC) slabs support in-plane guided resonances that
easily couple to external radiation. The evanescent field tail normal to
the slab can be used for index of refraction sensing, similar to surface
plasmon resonance biosensors. Index of refraction changes due to
analyte binding to PC slab surfaces subscribe to changes in the guided
resonance frequency.

We propose a novel suspended PC slab-based biosensing approach.
Our design consists of a high-index PC slab (SiNx) suspended in a
microfluidic environment. Suspended PC slabs provide enhanced
sensitivity compared to PC structures lying directly on a substrate due
to index change overlap with the field on both the top and bottom PC
slab surfaces. Our design consists of parameters (slab thickness, lattice
constant, hole radius, and selection of even/odd guided modes) which
allow accommodation of fabrication constraints and excitation sources.

It has been demonstrated that the quality factor (Q) for odd (TM-like)

guided resonances in PC slabs can be significantly higher (>20x) than
those of even (TE-like) resonances for the same structure, resulting in
easier detection of resonance peak shifts during biosensing. We show
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that Q values of the lowest frequency even (Q~100-300) and odd guided
resonances (Q>2000) are largely invariable between suspended PC slab
and slab-on-substrate designs. In our slab-on-substrate design, similar
sensitivities (~ 240-270 nm/RIU) were calculated for both odd and even
guided resonances. However, the potential enhancement in sensitivity
for a suspended slab design can be nearly three-fold over the slab-
on-substrate design. We have designed and are currently fabricating
suspended PC slabs for increased biosensing sensitivity.

7553-26, Poster Session

New sensitive ammonia gas sensor based on
the Fabry-Perot properties of the layer-by-
layer assembly films

W. Lin, K. Xu, Tianjin Univ. (China)

In recent years, poly(acrylic acid) (PAA) films have attracted attention

in the field of active materials for the ammonia sensing applications,
because the carboxyl groups in PAA can be specific sites for ammonia
molecule absorption. In this work, poly(vinyl pyrrolidone) (PVPON) and
poly(acrylic acid) (PAA) have been alternately deposited onto a substrate
by the Layer-by-Layer assembly technique to fabricate an ammonia

gas sensor. The absorption spectrum of a PVPON/PAA multilayer

film displays Fabry-Perot fringes through the UV, visible, and near-IR
wavelength, which are generated by the light interference between the
air-film and film-substrate interfaces. The ammonia sensitive responses
were determined by the change of Fabry-Perot fringes when the PVPON/
PAA multilayer films are exposed to ammonia gas. The ionization of weak
polyacids was characterized to evaluate the adsorption properties of
ammonia on the PVPON/PAA multilayer films. An additional feature of this
sensitive material is that as PVPON/PAA films are exposed to ammonia,
the Fabry-Perot fringes give instant response, making the hydrogen
bonded Layer-by-Layer PVPON/PAA film a suitable sensor material and
a potential breath ammonia diagnostic method in Helicobacter pylori
infection. The same rationale can be extended to assembly films with
sensitive components which display Fabry-Perot fringes.
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7554-01, Session 1

Optical frequency domain imaging for
studying the natural history of coronary
atherosclerotic plaques

G. J. Tearney, Massachusetts General Hospital (United States); S.
Waxman, Lahey Clinic (United States); M. J. Suter, M. Shishkov,
B. J. Vakoc, Massachusetts General Hospital (United States); A.
Maehara, C. Castellanos, Columbia Univ. Medical Ctr. (United
States); M. I. Freilich, Lahey Clinic (United States); M. Rosenberg,
Massachusetts General Hospital (United States); G. Weisz, J. W.
Moses, M. B. Leon, Columbia Univ. Medical Ctr. (United States);
B. E. Bouma, Massachusetts General Hospital (United States)

Even though coronary atherosclerosis is a leading cause of death in

the US, relatively little is known about how coronary plagues progress
over time to lead to acute coronary events and myocardial infarction.
Many methods have been proposed to image these lesions over time to
uncover this information, but only optical coherence tomography (OCT)
has the resolution that is sufficient to identify the arterial microstructure
relevant to the progression of coronary artery disease.

Initiated in 2007, we have conducted a multicenter clinical trial to utilize
OFDI to study the natural history of coronary atherosclerotic lesions

in vivo. Patients undergoing percutaneous coronary intervention (PCI)
were imaged with OFDI at baseline and at 12-18 month follow-up.
Images were acquired in all three main coronary arteries using non-
occlusive saline/radiocontrast purges through a guide catheter. To date,
a total of 20 patients have been imaged at baseline and 4 at follow-up.
Good visualization the artery wall (> 5.0 cm pullback lengths) has been
achieved in over 90% of cases. A diverse range of microscopic features
were identified in two- and three-dimensions, including thin-capped
fibroatheromas, calcium, macrophages, cholesterol crystals, bare stent
struts, and stents with neointimal hyperplasia. Follow-up data has shown
OCT neointimal coverage in bare and drug-coated stents, late stent
thrombus formation, plaque progression, rupture, and regression.

Our results demonstrate that OFDI is a viable method for studying
plaque progression. This information will be critical for improving our
understanding of this disease and for guiding clinical management on a
per-patient basis.

7554-02, Session 1

System design and image processing
algorithms for frequency domain optical
coherence tomography in the coronary
arteries

D. C. Adler, C. Xu, C. L. Petersen, J. M. Schmitt, LightLab
Imaging Inc. (United States)

We report on the design of a frequency domain optical coherence
tomography (FD-OCT) system, fiber optic imaging catheter, and image
processing algorithms for in vivo clinical use in the human coronary
arteries. This technology represents the third generation of commercially-
available OCT system developed at LightLab Imaging Inc. over the last
ten years, enabling three-dimensional (3D) intravascular imaging at
unprecedented speeds and resolutions for a commercial system. The FD-
OCT engine is designed around a proprietary micro-cavity swept laser
that was co-developed with AXSUN Technologies Ltd. The laser’s unique
combination of high sweep rates, broad tuning ranges, and narrow
linewidth enable imaging at 50,000 axial lines/s with an axial resolution of
< 16 pm in tissue at ranging depths up to 7.5 mm in air. The disposable
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2.7 French (0.9 mm) imaging catheter provides a spot size of < 30 ym at
a working distance of 2 mm. The catheter is rotated at 100 Hz and pulled
back 50 mm at 20 mm/s to conduct a high-density spiral scan in 2.5 s.
Image processing algorithms have been developed to address clinically
relevant needs such as lumen area measurements, 3D visualization of
deployed stents, and neointimal thickness estimates. This system has
been used in over 200 procedures since August 2007 at over 10 clinical
sites, providing clinical users with an advanced tool for 3D assessment of
the coronary arteries.

7554-03, Session 1

Optical coherence tomography forward
imaging catheter for real-time monitoring
of cardiac radiofrequency ablation lesion
formation

C. P. Fleming, H. Wang, Z. Hu, W. Kang, Case Western Reserve
Univ. (United States); K. J. Quan, MetroHealth Medical Ctr.
(United States); A. M. Rollins, Case Western Reserve Univ.
(United States)

Radiofrequency ablation (RFA) is now the standard of care for treatment
of many arrhythmias. However, there is no direct method to monitor RFA
lesion formation in real-time. We hypothesized that Optical Coherence
Tomography (OCT) can provide real time monitoring of RFA lesion
formation.

RFA lesions are formed most efficiently when the ablation catheter is

in contact with the tissue and is perpendicular to the tissue surface. A
forward scanning OCT catheter was prototyped that provides contact,
circular imaging with no metal, 30um lateral resolution and 2mm scan
diameter. Real-time ablative lesion formation was demonstrated in vitro,
using ventricular wedges from a swine heart. The OCT forward imaging
probe was bound to the RFA catheter. During the application of RF
energy real-time imaging of ablation lesion formation was conducted
at 10 frames per second, with 4000 A-scans per frame with a Fourier
domain OCT system with an 11pm axial resolution and linear in
wavenumber spectrometer.

During the application of RF energy, the mean intensity and
backscattering increased nearly linearly with time. Samples were
thereafter submerged in heparanized blood, where an image of the
myocardium was obtained when the catheter was in direct contact with
the tissue, displacing the blood.

We have demonstrated that OCT has great potential for real time
monitoring of cardiac ablation lesion formation, and imaging in the
presence of blood. A direct image by OCT has the potential to guide
the precise application of energy and provide real-time formation of
successful lesions.

7554-04, Session 1

Catheter motion tracking in intracoronary
optical frequency division imaging

J. Ha, M. Shishkov, M. Colice, W. Y. Oh, L. Liu, G. Tearney, B.
Bouma, Havard Medical School (United States)

A novel method for compensating motion artifacts due to cardiac motion
is demonstrated with a heterodyne Doppler interferometer with the

use of a modified angled ball lens for intracoronary optical frequency
domain imaging (OFDI). To track the relative motion of a catheter with
regard to the vessel, a motion tracking system is incorporated with

a standard OFDI system by using wavelength division multiplexing
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(WDM) techniques. Without affecting the imaging beam, dual WDM
monochromatic beams are utilized for tracking the relative radial and
longitudinal velocities of a catheter-based fiber probe. The velocity of
the tracking beam is obtained from measurements of the Doppler shift.
Our results demonstrate that tracking instantaneous velocity can be
used to compensate for distortion in the images due to motion artifacts,
thus leading to accurate reconstruction and volumetric measurements of
endoscopic imaging.

7554-05, Session 1

Investigations of the intravascular
backscattering distribution of light in optical
coherence tomography

P. Cimalla, J. Walther, E. Koch, Technische Univ. Dresden
(Germany)

The inhomogeneous backscattering distribution of low-coherent light in
blood vessels, which appears as waisted double fan-shaped intensity
pattern in optical coherence tomography, is investigated in an in vivo
mouse model. A high resolution spectral domain imaging system
operating in the 1.3 ym wavelength region is applied to obtain structural
and functional Doppler tomograms of the murine saphenous artery and
vein. Based on a predicted orientation of the red blood cells towards the
laminar flow, an angular modulation of the corresponding backscattering
cross-section inside the blood vessels is assumed. In combination with
the signal attenuation in depth by absorption and scattering, a simple
model of the intravascular intensity modulation along a circular path
centered at the vessel midpoint is derived. In a first step, the suitability
of the model is demonstrated by analyzing images of the saphenous
artery during different states of the heart cycle which were recorded at
an A-scan rate of 12 kHz and an exposure time of 79.4 ys. The obtained
data and the predicted model show good correspondence to each other
which leads to the conclusion that the orientation of the red blood cells
seems to be the reason for the observed intensity distribution inside

the blood vessels. Therefore, the analysis of the intravascular intensity
pattern might be useful for the evaluation of flow characteristics.
Additional investigations at different A-scan rates in the artery and the
vein as well as in phantoms with well known flow characteristics have to
be employed for further model refinement and validation.

7554-06, Session 1

Scanning the cardiac functions of live
drosophila with optical coherence
tomography

M. Tsai, National Taiwan Univ. (Taiwan) and Chang Gung Univ.
(Taiwan); C. Lee, T. Chi, J. Wu, L. Lin, C. Yang, National Taiwan
Univ. (Taiwan)

Drosophila has emerged as a powerful model system for a number of
human diseases such as diabetes and cancer. However, it is difficult

to study cardiomyopathy in the post-developmental heart due to the
inability to phenotype normal and abnormal cardiac function and

the structure in the adult drosophila. Functional studies of the adult
drosophila heart have been difficult, and in vivo cross-sectional imaging
has been essentially impossible. For such a study, time-domain optical
coherence tomography (OCT) has been used to provide real-time
images of drosophila heart. However, with time-domain OCT, it is
difficult to real-time observe the diastole and systole of the whole area
of heart due to the limitation of imaging speed. In this paper, we use a
swept-source OCT (SS-OCT) system to obtain the real-time B-mode
and M-mode images of live drosophila heart. With the higher imaging
speed of SS-OCT, successive B-mode images can be obtained and the
diastole and systole of the whole area of the heart can be observed.
Through gene manipulation, we can identify the different heart functions
between normal and abnormal drosophilae. In addition to the structural
information of heart chamber during heart beats, the flow velocity of
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heart fluid in the heart chamber can be quantified by using the optical
Doppler tomography technique. The results prove that the drosophila can
be used as a good model to explore the role of novel human mutation in
the development of dilated cardiomyopathy.

7554-07, Session 2

In vivo early detection of smoke-induced
airway injury using 3D swept source optical
coherence tomography

J.Yin, G. Liu, J. Zhang, L. Yu, S. Mahon, D. Mukai, Beckman
Laser Institute and Medical Ctr. (United States); M. Brenner,
Beckman Laser Institute and Medical Ctr. (United States) and
Irvine Medical Citr., Univ. of California, Irvine (United States); Z.
Chen, Univ. of California, Irvine (United States) and Beckman
Laser Institute and Medical Ctr. (United States)

We report the feasibility of rapid, high resolution, 3-dimensional swept
source optical coherence tomography (3D SSOCT) to detect early

airway injury changes following smoke inhalation exposure in a rabbit
model. The SSOCT system obtained 3-D helical scanning using a
microelectromechanical system (MEMS) motor based endoscope. Real-
time 2-D data processing and image displaying at the speed of 20 frames
per second was achieved by adopting the technique of shared-memory
parallel computing. Longitudinal images were reconstructed via an image
processing algorithm to remove motion artifacts caused by ventilation
and pulse. We demonstrated the ability of the SSOCT system to detect
increases in tracheal and bronchial airway thickness that occurs shortly
after smoke exposure.

7554-08, Session 2

Multiscale imaging of human thyroid
pathologies using integrated optical
coherence tomography (OCT) and optical
coherence microscopy (OCM)

C. Zhou, Massachusetts Institute of Technology (United States);
Y. Wang, Beth Israel Deaconess Medical Ctr. (United States); A.
D. Aguirre, T. Tsai, Massachusetts Institute of Technology (United
States); D. W. Cohen, J. L. Connolly, Beth Israel Deaconess
Medical Ctr. (United States); J. G. Fujimoto, Massachusetts
Institute of Technology (United States)

We evaluate the feasibility of optical coherence tomography (OCT)

and optical coherence microscopy (OCM) for imaging of benign and
malignant thyroid lesions ex vivo using intrinsic optical contrast. Thirty
four thyroid gland specimens were imaged from 17 patients, covering a
spectrum of pathology, ranging from normal thyroid to neoplasma and
benign disease.

The integrated OCT and OCM imaging system allows seamlessly
switching between low and high magnifications, in a way similar to
traditional microscopy. Good correspondence was observed between
optical images and histological sections. The results provide a basis for
interpretation of future OCT and OCM images of the thyroid tissues and
suggest the possibility of future in vivo evaluation of thyroid pathology.
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7554-09, Session 2

Three-dimensional swine esophageal
imaging in vivo using spectral-domain optical
coherence tomography

W. Kang, H. Wang, Case Western Reserve Univ. (United States);
Y. Pan, Thorlabs, Inc. (United States); M. W. Jenkins, Case
Western Reserve Univ. (United States); G. Isenberg, A. Chak, D.
Agrawal, Case Western Reserve Univ. (United States) and Univ.
Hospital Case Medical Ctr. (United States); Z. Hu, A. Rollins,
Case Western Reserve Univ. (United States)

Optical coherence tomography (OCT) obtains micron-scale, cross-
sectional structural images to depths exceeding 1mm in the human
esophagus. The first generation of Endoscopic OCT systems scanned
slowly due to the time-domain OCT configuration and was designed

for spot examination of focal lesion. We present a high-speed spectral-
domain endoscopic OCT system which utilizes a linear-k spectrometer
and can visualize long segment of esophageal wall. The system permits
imaging at 47k A-lines/s. The effective imaging range is 4.2 mm, which
is needed to image esophageal lumens with various diameters and avoid
complex conjugate artifact. The plastic sheath used to enclose the fiber
probe, torsion cable and to support the balloon works like a concave
cylindrical lens that introduces significant astigmatism. By using a GRIN
lens and a cylinder rod lens, we corrected the astigmatism which results
in resulted in a round focal spot with a FWHM diameter of 30 pm and a
focal length of 9.5 mm. A urethane low durometer balloon with a diameter
of 18 mm and length of 25 mm is bound to the distal end of the catheter,
which enters the fiber probe in the esophageal lumen. A fiber rotary joint
rotates the catheter probe at 9.5 revolution/s and a handheld pullback
device pulls the probe at 800 pm/s, which allows the beam scans
helically on the esophageal wall. We were able to obtain comprehensive
swine esophageal images in vivo. 3D reconstruction of a 25mm long
section of swine esophagus will be shown.

7554-10, Session 2

Optical frequency domain imaging of the
biliary tree: a pilot clinical study

M. J. Suter, W. Warger, M. Shishkov, P. S. Yachimski, D.
Forcinone, W. Brugge, B. E. Bouma, G. J. Tearney, Harvard
Medical School and Wellman Ctr. for Photomedicine (United
States)

Current methods for the assessment and diagnosis of biliary

stricture malignancies involve an endoscopic retrograde
cholangiopancreatography (ERCP) imaging procedure together with
tissue sampling via forceps biopsy or brush cytology. Unfortunately, the
diagnostic yields of these tests are low, are difficult to obtain, and may be
associated with a high risk of complications. The goal of this research is
to comprehensively image the entire biliary duct of patients using optical
frequency domain imaging (OFDI) to diagnose malignant strictures and
cholangiocarcinoma. We have designed and developed a custom 1.67
mm OFDI catheter to image the bililary duct. The catheter was designed
for use through the accessory channel of a standard duodenoscope
during an ERCP procedure. The distal optics were based on a ball lens
design and provided a 30 pm spot size at a focal distance of 2 mm.

The catheter’s optical core was encased in a single use sheath with a
distal guide wire provision to facilitate placement in patients with narrow
strictures. The OFDI imaging system acquired spiral cross-sectional
images at a rate of 20 frames per second (frame size: 2048 x 2048).

To date we have successfully imaged the biliary duct of 5 patients in
segments up to 10 cm in length without complication. Features including
the epithelium, lamina propria, dense connective tissue layer, glands
and vasculature were visualized. In addition, regions of adenocarcinoma
were identified on the OFDI images. We anticipate that OFDI imaging of
the biliary tree will provide useful diagnostic information to complement
current ERCP procedures including the diagnosis of biliary stricture
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malignancies and cholangiocarcinoma. OFDI imaging may additionally
prove beneficial in determining tumor-free margins in the surgical
resection of biliary duct malignancies.

7554-11, Session 2

Differentiating different carcinogenesis
stages of oral lesions with optical coherence
tomography

M. Tsai, Chang Gung Univ. (Taiwan); C. Lee, T. Chi, K. Yang,
H. Chen, C. Chiang, Y. Wang, C. Yang, National Taiwan Univ.
(Taiwan)

A swept-source optical coherence tomography (SS-OCT) system is used
to clinically scan oral lesions in different oral carcinogenesis stages,
including normal control, mild dysplasia (MiD), moderate dysplasia (MoD),
early-stage squamous cell carcinoma (ES-SCC), and well-developed
SCC (WD-SCCQ), for diagnosis purpose. Based on the analyses of the SS-
OCT images, the stages of dysplasia (MiD and MoD) and SCC (ES-SCC
and WD-SCC) can be differentiated from normal control by evaluating
the depth-dependent standard deviation (SD) values of lateral variations.
Due to the higher density of connective tissue papillae in the ES-SCC
stage, the SD values of the slowly-varying lateral scan profiles in the ES-
SCC samples are significantly larger than those in the WD-SCC sample.
Also, ES-SCC can be differentiated from WD-SCC by comparing the
exponential decay constants of averaged A-mode scan profiles.

7554-12, Session 2

Resonant fiber scanning endoscope for high-
speed three-dimensional and en face OCT
imaging

L. Huo, J. Xi, Y. Wu, X. Li, The Johns Hopkins Univ. (United
States)

A miniaturized endoscope based on a resonant fiber scanner was
developed for high-speed three-dimensional and en face optical
coherence tomography (OCT) imaging. The resonant frequency of
conventional resonant fiber scanner was slowed down to 62.5 Hz by
using 20-mm fiber cantilever and extra weight on the fiber cantilever tip.
The overall size of the endoscope was 2.4 mm in diameter including the
housing tube. When interfaced with a 40-kHz FDML swept source OCT,
axial-priority scanning sequence was performed and three-dimensional
volumetric data could be collected in a single en face scan.

7554-13, Session 3

Adaptive optics spectral domain optical
coherence tomography with one-micrometer
light source

K. Kurokawa, K. Sasaki, S. Makita, Y. Yasuno, Univ. of Tsukuba
(Japan)

Adaptive optics (AO) retinal imaging provide high lateral resolution
retinal images by correcting dynamic ocular aberration. Adaptive
optics spectral domain optical coherence tomography (AO SD-OCT)
with one-micrometer broadband light source ( ¢ = 1027 nm, A =106
nm, Superlum) was developed for the in vivo investigation of cellular
level anatomical alterations caused by cone-rod dystrophy and optic
nerve neuropathies from glaucoma, which is expected to provide high
isotropic resolution retinal images with high penetration depth. In our
system, theoretical axial resolution was 3.4 micrometer in tissue, and
the ocular aberration was corrected by a single deformable mirror
(Mirao52, Imagine Eyes). A left eye of normal subject was examined,
and the results showed OCT signal gain with the AO correction. Lateral
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resolution was not significantly improved compared to AO scanning laser
ophthalmoscope.

The residual RMS wavefront error was reduced to be 0.07 micrometer,
which is corresponding with the lateral resolution of 3.5 micrometer on
the retina.

The incident beam was focused on the nerve fiber layer and
photoreceptors by adding the additional defocus. Each nerve fiber
bundle and hyper scattering spots of photoreceptors were visualized.
Owing to the high penetration of one-micrometer lights, a strong signal
was observed at the choroid even though the probing beam was focused
on the nerve fiber layer.

7554-14, Session 3

Real-time intraoperative spectral domain
optical coherence tomography for
vitreoretinal surgery

Y. K. Tao, C. A. Toth, J. A. Izatt, Duke Univ. (United States)

Vitreoretinal surgery visualization is inherently limited by the ability

to distinguish between tissues with subtle contrast, and to judge the
location of an object relative to other retinal substructures. Inherent
issues in visualizing thin translucent tissues, in contrast to underlying
semitransparent ones, require the use of stains such as indocyanine
green, which is toxic to retinal tissue. Spectral domain optical coherence
tomography (SDOCT) has demonstrated strong clinical success in retinal
imaging, enabling high-resolution, motion-artifact-free cross-sectional
imaging and rapid accumulation of volumetric macular datasets.

Current generation SDOCT systems achieve <5 pm axial resolutions

in tissue, and have been used to obtain high resolution datasets from
patients with various retinopathies. While OCT imaging has been
considered for various intrasurgical applications, it is uniquely suited

for vitreoretinal surgery where multiple layers of the retinal structure are
readily accessible, and where high resolution cross-sectional viewing
would immediately change the steps of surgery as they are performed
today. Real-time cross-sectional OCT imaging would also provide critical
information relevant to the location and deformation of structures that
may shift during surgery. Here, we demonstrate opto-mechanical designs
for an intraoperative microscope-mounted OCT system (MMOCT) and
preliminary in vivo human retinal imaging in a test subject. By adapting

a Leica Binocular Indirect Opthalmo-Microscope with SDOCT scanning
and relay optics, we have demonstrated real-time cross-sectional
imaging of multiple layers of the retinal structure, allowing for SDOCT
augmented intrasurgical microscopy for intraocular visualization.

7554-15, Session 3

Simultaneous visualization of retinal structure
and function in vivo in healthy and diseased
rat retina with a combined UHROCT and ERG
system

A. Akhlagh Moayed, S. Hariri, Univ. of Waterloo (Canada); T. W.
Kraft, The Univ. of Alabama at Birmingham (United States); B.
Doran, Diagnosys, LLC (United States); S. Boyd, St. Michael’s
Hospital (Canada) and Univ. of Toronto (Canada); K. Bizheva,
Univ. of Waterloo (Canada)

A combined Ultra High Resolution Optical Coherence Tomography
(UHROCT) and Electroretinography (ERG) system was designed to probe
in-vivo and simultaneously, the structure and functional response to

light stimulation of normal and damaged rodent retina. The UHROCT
system operates in the 1060 nm wavelength region and provides 3 pm
axial resolution leading to better visualisation of retinal and choroidal
features than can shorter wavelength systems. The ERG system is used
to determine the electrochemical activity of the retina resulting from

light stimulation. An animal model was used to simulate photoreceptor
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degeneration characteristic to retinal degenerative diseases such as
retinitis pigmentosa or age-related macular degeneration. Data collected
with the combined ERG and UHROCT system in normal and damaged
rat retina shows correlation between retinal structure and function for
different stages of the photoreceptor degeneration.

7554-16, Session 3

Choroidal neovascularization imaging in a
laser-induced mouse model using phase
contrast swept-source optical coherence
tomography at 1050 nm

R. S. Motaghiannezam, D. Koos, California Institute of
Technology (United States); S. He, D. R. Hinton, Keck School of
Medicine, The Univ. of Southern California (United States); S. E.
Fraser, California Institute of Technology (United States)

We report preliminary results of phase contrast imaging with a high-
speed swept source optical coherence tomography (SS-OCT) system

in a mouse laser-induced model of choroidal neovascularization (CNV).
We developed a 1050 nm swept laser source with ~90 nm tuning range
and 0.1 nm instantaneous line width at 50 kHz. To generate a 2D phase
contrast image of a mouse retina, five B-scans of a single slice through
retina were acquired in 25 ms at 50 kHz A-line rate. The statistical
variance of the phase differences between two successive B-scans at
each depth was calculated in order to construct an image over a 2 mm
transverse scan range. Three dimensional phase sensitive OCT data sets
were collected by acquiring several neighboring B-scans over a 2mm

x 2mm field of view (FOV). We show that phase contrast OCT is able to
visualize retinal and choroidal microvasculature as well as the flat vessel
beds perpendicular to illumination beam. For studying CNV mouse model
using phase contrast SS-OCT, one diode laser photocoagulation (75- m
spot size, 0.1-second duration, 140 mW) burns were delivered to the
retina lateral to the optic discs of both eyes of an adult C57BL/6J mouse.
By performing phase contrast SS-OCT 10 after laser surgery, we were
able to visualize 3D volume of CNV lesion as well as leaking fluid in the
mouse model. This method highlights its potential application to visualize
growth of new abnormal vessels and leaking fluids in CNV lesion.

7554-17, Session 3

In vitro retinal imaging with full field swept
source optical coherence tomography

J. R. Fergusson, B. Povazay, B. Hofer, W. Drexler, Cardiff Univ.
(United Kingdom)

The retina of a tree shrew has been imaged in vitro with full field swept
source optical coherence tomography, visualising multiple intraretinal
layers. Combining a frequency stepped SLD light source centred at
850nm with a 50.8nm bandwidth with custom written software and
image speckle reduction, we have achieved ~8um of axial resolution
and 4pm of transversal resolution with a measured signal to noise ratio
of 75dB. Volumetric tomograms of retinal tissue with dimensions of
1248x936x678puma3 (horizontal x vertical x axial) were recorded in two
seconds (equivalent of 153,600 A-scans per second). Various intraretinal
layers can be distinguished in the tomograms including the Ganglion
cell layer, Inner/outer photoreceptor junction and the top of the choroid
as well as the retinal pigment epithelium and nerve fibre layers. En face
images show nerve fibre bundles and choroidal layer structure. From
the 5mW of SLD optical power available, 720pW illuminates the sample,
giving a power per pixel of 4.6nW - ten times less then that used in
standard FDOCT systems. Additionally, due to the diffuse nature of the
illumination beam, the safe limit for the optical power that can be applied
to an in vivo eye is higher than that for the focussed beams used in
FDOCT, potentially allowing access to higher SNR levels.
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7554-18, Session 3

Variable lateral size imaging of the human
retina in vivo by combined confocal/en

face optical coherence tomography with
closed loop OPD-locked low coherence
interferometry based active axial eye motion
tracking

R. G. Cucu, Univ. of Kent (United Kingdom); M. Hathaway, OTI/
Opko Instrumentation (Canada); A. Podoleanu, Univ. of Kent
(United Kingdom); R. Rosen, New York Eye and Ear Infirmary
(United States)

We have reported an active tracking device based on white light
coherence ranging using a spectrally interrogated Michelson
interferometer, which was used to monitor and correct for the axial
displacement of the eye and head of the subject in a confocal scanning
ophthalmoscope/ en face OCT system (SLO/OCT) by tracking the axial
position of the eye fundus. Both the tracking and imaging interferometers
share the eye interface optics and the sample and also an optical

path (OPD) changing device in the reference (fast voice coil mounted
retroreflector), that keeps them locked at constant OPD values. As a
consequence, the sensitivity of the tracking interferometer is not affected
by the spectrometer sensitivity roll-off with increased OPD and mirror
term ambiguity tracking errors close to OPD = 0 are eliminated. Moreover,
the axial tracking range is only limited by the voice coil stage travel

range and the tracking system has an update time better than 5 ms. We
investigate the potential of the new configuration for acquiring volumetric
data free of axial eye motion artifacts. Sets of SLO and en face OCT
images at progressive depths in the retina are simultaneously acquired
for two lateral sizes, 25 deg x 25 deg and 2.5 deg x 2.5 deg, revealing
interesting details of the retinal morphology.

7554-19, Session 3

Ultrahigh-speed full range complex spectral
domain optical coherence tomography for
volumetric imaging at 140,000 A scans per
second

H. Subhash, L. An, R. Wang, Oregon Health & Science Univ.
(United States)

We demonstrate an ultra-high speed full rang spectral domain optical
coherence tomography system based on CMOS camera at 140,000
A-scans per second. By implementing beam-offset method, a constant
modulation frequency is introduced into each B-scan that enables the
reconstruction of the full range complex SDOCT images from in vivo
biological specimens. To make use of the full acquisition capacity of
detection camera used in the system, we developed system control
software that streams the raw spectral fringe data directly into the
computer memory. The feasibly of our high speed full range SDOCT
system is demonstrated for imaging the dynamics of anterior segment of
human eye in vivo.

7554-20, Session 3

Keratometric optical coherence tomography
using fast distributed scan patterns
R. P. McNabb, Duke Univ. (United States); A. Kuo, Duke Univ.

Eye Ctr. (United States); M. Zhao, J. A. Izatt, Duke Univ. (United
States)

Accurate quantitative imaging of the cornea is critical for predictable
outcomes in corneal based surgical interventions. While long the
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standard, reflection based corneal topography to assess corneal
curvature and refractive power is insufficient in an era when surgical
manipulation of the corneal shape is routine and undermines the basis of
reflection topography. Laser refractive surgery is one particular corneal
intervention that has revealed current inadequacies in measuring the
cornea. Over 7 million people in the United States have had some form
of laser refractive surgery to reduce their dependence on corrective eye
wear. The corneal reshaping that occurs from laser refractive surgery
results in excellent visual results for the patient, but renders current
technologies incapable of accurately measuring the power of the
reshaped cornea. Accurate measurement of corneal power is critical in
applications such as the prediction of intraocular lens power needed
after cataract surgery, an event which this group of patients will invariably
encounter as they age into late adulthood. We present a novel concept
for motion corrected high-speed keratometric spectral domain optical
coherence tomography (SDOCT) based on a high-speed distributed scan
approach in which patient motion up to ~100Hz is encoded into high
spatial frequency image content which is then eliminated via low-pass
spatial filtering. In order to achieve the <1ms large-angle beam steering
required for this approach, we introduce a novel non-inertial 2D acousto-
optic SDOCT scanner which includes a diffractive optical element for
negative chromatic dispersion compensation.

7554-21, Session 4

Shear stress in the developing heart tube

M. W. Jenkins, M. Gargesha, L. M. Peterson, S. Gu, B. M. Webb,
Case Western Reserve Univ. (United States); K. K. Linask, Univ.
of South Florida (United States); M. Watanabe, D. L. Wilson, A.
M. Rollins, Case Western Reserve Univ. (United States)

Here, we present the first shear stress measurements in the embryonic
avian heart using OCT. Image-based gated imaging enabled us to
collect a 4-D Doppler data set. The Doppler data was unwrapped

using a Goldstein algorithm and corrected for angle of incidence. The
unwrapping allowed us to make measurements (pulsed Doppler and
shear stress) at several locations within the heart tube simultaneously to
assess regions of interest. Orthogonal planes to the flow were selected
at critical locations along the heart tube and an automated shear stress
algorithm allowed us to calculate the shear stress on the endocardium
at the selected orthogonal planes. A maximum forward velocity of

24.3 mm/s occurred in the outflow portion of the heart tube, while the
maximum shear stress of 10 Pa was produced by regurgitant blood flow
(max velocity = 34.7 mm/s). The maximum shear stress region coincides
with the cardiac cushions, which is where heart valves will eventually
form. A technique to map shear stresses on the endocardium in 3-D
would allow investigations into the role of shear in gene regulation and
how abnormal blood flow may lead to congenital heart defects.

7554-22, Session 4

Mutant and wild type cell chemotaxis in
3D and 4D with ultrahigh-resolution optical
coherence tomography

S. M. Rey, B. Povazay, B. Hofer, A. Unterhuber, A. Harwood, W.
Drexler, Cardiff Univ. (United Kingdom)

Conventionally, cell chemotaxis is studied on two-dimensional (2D)
transparent surfaces due to limitations in optical and image data-
collection techniques. However, substrates which more closely mimic

the natural environment of cells are often opaque or three-dimensional
(8D). The non-invasive label-free imaging technique of frequency domain
optical coherence tomography (OCT) has high axial and transverse
resolution of >4pm, comparatively high penetration depth and the ability
to acquire full volumes in a few seconds, therefore offering the potential
to visualize moving cells in 3D (2D+time) and 4D (3D+time). Cell migration
is demonstrated in 3D on opaque surfaces, and in 4D within an agarose

gel.
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3D images of 256x256x2048 voxels showed that the speed and
directionality of wild type (Ax2) cell movement is comparable on agar and
nitrocellulose filter substrates. This compared well with previous data
from Ax2 cells, although cell movement was slower, probably because
these surfaces are rougher than glass. 4D images were acquired with
800x800x2048 voxels. Differences can be clearly seen in the character
of 4D cell movement between Ax2 and myosin knockout (mhcA-) ~10um
Dictyostelium discoideum cells within 0.5% agarose gel, using frequency
domain ultrahigh resolution OCT with 800nm central wavelength. The
Ax2 cells develop normally and move up to and stream along the surface,
while the mhcA- are unable to move within the agarose. OCT is therefore
shown to be a useful technique for the study of cell migration.

7554-23, Session 4

Structural and functional imaging of live rat
embryos with OCT

K. V. Larin, Univ. of Houston (United States); I. Larina, Baylor
College of Medicine (United States); R. Behringer, The Univ. of
Texas M.D. Anderson Cancer Ctr. (United States)

The rat has long been considered an excellent system to study
mammalian embryonic cardiovascular physiology, but has lacked the
extensive genetic tools available in the mouse to be able to create single
gene mutations. However, the recent establishment of rat embryonic
stem cell lines facilitates the generation of new models in the rat embryo
to link changes in physiology with altered gene function to define the
underlying mechanisms behind congenital cardiovascular birth defects.
Along with the ability to create new rat genotypes there is a strong need
for tools to analyze phenotypes with high spatial and temporal resolution.
OCT has been previously used for 3-dimensional structural analysis

and blood flow imaging in other model species. In this work, Swept
Source OCT was used for live imaging of early post-implantation rat
embryos. Structural imaging was used for 3D reconstruction of embryo
morphology and dynamic imaging of the beating heart and vessels.

This work demonstrates that Swept Source OCT can provide essential
information about dynamics of early rat embryos and serve as a basis for
a wide range of studies on functional evaluation of rat embryo physiology.

7554-24, Session 4

A heterodyne Mach-Zehnder interferometer
employing dynamic phase demodulation
technique to investigate live-cell dynamics

S. Joseph, Stokes Research Institute (Ireland); J. Gineste,
European Commission Joint Research Ctr (Italy); M. Whelan,
European Commission Joint Research Ctr. (Italy); D. Newport,
Stokes Research Institute (Ireland)

In the present study a demodulation technique is reported which can

be employed to extract dynamic phase information. A Mach-Zehnder
heterodyne interferometer, integrated to a microscope is used for
visualizing and capturing live-cell changes. Two frequency locked
acousto-optical devices were used to obtain two laser beams with an
optical frequency difference of 238 Hz. When temporal phase shifting
technique is used for measuring dynamic phase changes, the continuous
wave (CW) signal reaching the detector is a like phase modulated (PM)
signal. To extract the dynamic phase, at first the instantaneous frequency
of the phase modulation is determined, which is then integrated with
respect to time to obtain time-varying phase. The instantaneous
frequency of the PM modulated signal can be obtained by taking a ratio
between the time derivative of its analytic signal and the complex signal
itself. The algorithm is used to extract a time varying phase, caused by

a stimulated vibration at 30 Hz and 200 nm amplitude. CCD camera

with an acquisition rate of 1000 Hz is used to acquire the data. Higher
frequency phase changes could also be evaluated using this method, but
the acquisition rate should be higher than the Nyquist frequency of the
phase change. For live cell imaging, a 3T3 Fibroblast cell is used as the
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sample. Heterodyne phase extraction method is used to obtain the phase
image of the cell. The reported demodulation technique and set-up could
be used for extracting functional states of cells.

7554-25, Session 4

Visualization of damage in mouse models of
muscular dystrophy by three-dimensional
optical coherence tomography

B. R. Klyen, D. Gerstmann, T. Shavlakadze, H. G. Radley, M.
D. Grounds, D. D. Sampson, The Univ. of Western Australia
(Australia)

Biological tissue from animal models is routinely assessed in pre-clinical
experiments of therapies for muscular dystrophy. This paper reports

the application of three-dimensional optical coherence tomography
(8D-OCT) for the imaging of mouse skeletal muscle tissue from exercise-
induced damage models of inflammation and dystropathology in human
Duchenne muscular dystrophy. 3D-OCT scans of ex vivo samples of
the hindlimb muscles from the mdx mouse were acquired with a time-
domain OCT system with center wavelength of 1320nm and resolution
of ~11um in the axial and lateral dimensions. Samples underwent
subsequent histological preparation, and custom visualization software
was used to match the optical 2D OCT images with the H&E-stained
sections. Commercial software was also used to perform segmentation
and visualize 3D images of the muscle structure and pathology. We
present 2D and 3D images of skeletal muscle tissue showing fibers and
connective tissue, and regions of dystropathology. Muscle fibers and
dystrophic lesions, containing inflammation and necrosis, were visible
in 2D OCT images and validated in the corresponding H&E-histology.
Volumes of damage could be segmented from the surrounding intact
tissue based on intensity-level mapping methods and visualized in 3D
images. These results show the ability of OCT to image the structure

of skeletal muscle tissue and identify pathology in 3D volumes, and
demonstrate its suitability as a modality for small-animal imaging studies
of human muscular dystrophy.

7554-26, Session 4

Spectral characterization of individual
biological cells and microparticles via
spectroscopic optical coherence tomography

J. Yi, X. Li, Northwestern Univ. (United States)

Empowered by spatially resolved spectra, spectroscopic optical
coherence tomography (SOCT) has drawn significant research attention.
The recent development of high resolution SOCT system intrigues

great interest on the investigations of micro-scale structures, spectrally
modified by exdogeneous or endogenous contrast agents. In this paper,
we demonstrate the feasibility of recovering visible light range spectral
features from individual micro-scale structures. SOCT measurements
have been conducted in two phantom experiments containing red blood
cells and fluorescent microspheres, respectively. Spectra at 500-630nm
from individual red blood cells were reconstructed and fitted with our
analytical model to spectrally estimate oxygen saturation based on the
absorption feature of hemoglobin. We further calibrate our estimation
with that from diffuse reflectance spectroscopy. Our microparticle
phantom is composed of 6 micron fluorescent spheres and 3 micron
polystyrene spheres in 1% intralipid solution. We analyzed the spectra
from fluorophore-containing microspheres and associated the spectra
to the chemical-dependent absorption spectrum. In that means we
developed an algorithm to discriminate the fluorescent microspheres
from non-absorbing ones in 3D volume, based on the distinguished
absorbing feature. The effectiveness of the algorithm was confirmed by
en face fluorescence image.
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7554-27, Session 4

In vivo optical coherence tomography of
percutaneous implants in hairless mice

S. Donner, Laser Zentrum Hannover e.V. (Germany); F. Witte, 1.
Bartsch, CrossBIT (Germany); F. Petraglia, Univ. of Pittsburgh
(United States); O. Massow, M. Heidrich, H. Lubatschowski,
A. Heisterkamp, A. Krueger, Laser Zentrum Hannover e.V.
(Germany)

Optical Coherence Tomography (OCT) was applied to visualize and
enable quantification of the local skin anatomy around percutaneous
implants in an animal model using hairless mice. In order to investigate
their biocompatibility titanium devices with different coatings were
implanted into a percutaneous location at the side caudal the costal arch
of the mice. OCT is a contact less non destructive imaging technique
having a pm resolution allowing the analysis of the on going process

of marsupialisation. In vivo three dimensional OCT scans of the tissue
around the implant were taken on the seventh and 21st day after the
implantation and ex vivo in situ after inflammation of the skin around the
implant occurred. Additionally B-Scans at different angular positions all
crossing each other at the middle of the implant were taken. These scans
enabled investigation of the implant-tissue interface at different locations
at the interface during the postoperative phase. Compared to a reslice of
the 3D stack a decrease of artifacts caused by axial sample movement
within one B-Scan could be achieved by this scanning scheme.
Automatic image segmentation was performed and a depth correction
according to the refractive index of tissue was done. The thickness of the
tissue above the implant, epithelia thickness and epithelia downgrowth
were measured. Qualitatively the OCT B-Scans were in a good
agreement with the histological sections and therefore can be regarded
as a non destructive in vivo alternative.

7554-28, Session 4

Characterizing matrix remodeling in collagen
gels using optical coherence tomography

D. Levitz, M. T. Hinds, S. R. Hanson, S. L. Jacques, Oregon
Health & Science Univ. (United States)

Optical coherence tomography (OCT) has shown promise at non-
destructively characterizing engineered tissues such as collagen gels.
However, as the collagen gels develop, the OCT images lose contrast

of structures as the gels develop, making visual assessment difficult.
Our group proposed quantitatively characterizing these gels by fitting
the optical properties from the OCT signals. In this paper, we imaged
collagen gels seeded with smooth muscle cells (SMCs) over a 5-day
period and used the data to measure their optical properties. Our results
showed that over time, the reflectivity of the samples increased 30-

fold, corresponding to a decrease in anisotropy factor g, without much
change in the scattering coefficient mu_s. Overall, the optical properties
appeared to be dominated by scattering from the collagen matrix, not the
cells. However, SMCs remodeled the collagen matrix, and this collagen
remodeling by the cells is what causes the observed changes in optical
properties. Moreover, the data showed that the optical properties were
sensitive to the activity of matrix metalloproteinases (MMPs), enzymes
that break down local collagen fibrils into smaller fragments. Blocking
MMPs in the SMC gels greatly impeded both the remodeling process
and change in optical properties at 5 d. Treating 1 d old acellular with
MMP-8 for 3 hr managed to partially reproduce the remodeling observed
in SMC gels at 5 d. Altogether, we conclude that matrix remodeling in
general, and MMPs specifically, greatly affect the local optical properties
of the sample, and OCT is a unique tool that can assess MMP activity in
collagen gels both non-destructively and label free.
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7554-85, Poster Session

In vivo 3D FD OCT of subpleural lung
parenchyma in the intact thorax

S. Meissner, C. Schnabel, L. Knels, E. Koch, Technische Univ.
Dresden (Germany)

In vivo determination of three-dimensional and dynamic geometries

of alveolar structures with adequate resolution is essential to help
developing numerical models of the lung. A thorax window was prepared
in anesthetized rabbits by removal of muscle tissue between 3rd and 4th
rib without harming the parietal pleura. The transparent parietal pleura
allows contact-free imaging by intra-vital microscopy (IVM) and 3D
optical coherence tomography (3D-OCT). We have demonstrated that it
is possible to acquire the identical region in the inspiratory and expiratory
phase, and that OCT in this animal model is suitable for generating

3D geometry of in vivo lung parenchyma. The 3D data sets of the fine
structure of the lung beneath the pleura could provide a basis for the
development of three-dimensional numerical models of the lung.

7554-86, Poster Session

Optical Doppler tomography and spectral
Doppler imaging of localized ischemic stroke
in a mouse model

L. Yu, Univ. of California, Irvine (United States)

We present a combined optical Doppler tomography and spectral
Doppler imaging modality to quantitatively evaluate the dynamic

blood circulation and artery blockage characteristics before and

after a localized ischemic stroke in a mouse model. Spectral Doppler
imaging (SDI) provides the temporal blood flow information, which is
complementary to the spatially distributed flow information of optical
Doppler tomography (ODT). Fast ODT scans across a vessel of interest
were performed in order to record flow dynamic information with a high
temporal resolution of the cardiac cycles. Spectral Doppler analysis of
continuous Doppler images demonstrates how the velocity components
and longitudinally projected flow-volume-rate change over time for
scatters within the imaging volume using spectral Doppler waveforms.
Vascular conditions can be further quantified with various Doppler-angle-
independent flow indices. Non-invasive in-vivo mice experiments were
performed to verify the proposed imaging modality.

7554-87, Poster Session

Monitoring of sutured flexor tendons
using Fourier domain optical coherence
tomography

C. M. B. Tay, Nanyang Technological Univ. (Singapore); M. He,
W. A. Gan, National Univ. Hospital (Singapore); T. Chow, B.
Ng, Nanyang Technological Univ. (Singapore); K. A. Chong,
National Univ. Hospital (Singapore); S. Gulam Razul, Nanyang
Technological Univ. (Singapore)

Flexor tendons, found in the hand connecting muscle to bone, govern
digital motion as well as share load in joints. Torn or injured tendons,
which can cause a significant loss of motion and pain, are often repaired
with surgical sutures. The material behaviour of tendons is important in
healing models as mechanical trauma to the tendon during surgery and
subsequent collagen growth abnormalities during the healing process
compromises the mechanical strength of the tendon. Furthermore digital
motion may become limited due to the formation of fibrous growths at
the suture site. The objective of this work is to investigate the use of
Fourier domain optical coherence tomography (FD-OCT) as a depth
resolved, non-destructive optical imaging technique for the monitoring of
injured flexor tendons and its behaviour under load. Flexor tendons from
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New Zealand white rabbits were severed and then sutured back together.
OCT images of normal and sutured tendons were taken under different
loading conditions for comparison. The tendons were subjected to loads
varying from 0 g to 500 g, in steps of 50 g. Average crimp periods in
normal tendons were observed to increase as the load increases, but the
crimp periods in sutured tendons were constrained at the suture site and
features like differential loading and crimp compression were observed.
This imaging technique will eventually be used to monitor tendon healing
at the suture site.

7554-88, Poster Session

Preliminary optical coherence tomography
investigation of the temporo-mandibular joint
disc

C. Marcauteanu, E. T. Demjan, C. G. H. Sinescu, M. Negrutiu, A.
Motoc, R. Lighezan, C. Clonda, Univ. de Medicina si Farmacie

Victor Babes, Timisoara (Romania); M. R. Hughes, A. Bradu, G.
Dobre, A. G. Podoleanu, Univ. of Kent (United Kingdom)

Aim and objectives. The morphology and position of the temporo-
mandibular disc are key issues in the diagnosis and treatment of
arthrogenous temporo-mandibular disorders. Magnetic resonance
imaging and arthroscopy are used today to identify : flattening of the pars
posterior of the disc, perforation and/or adhesions in the pars intermedia
of the disc and disk displacements. The present study proposes the
investigation of the temporo-mandibular joint disc by optical coherence
tomography (OCT).

Material and methods 8 human temporo-mandibular joint discs were
harvested from dead subjects, under 40 year of age, and conserved in
formalin. They had a normal morphology, with a thicker pars posterior
(2,6 mm on the average) and a thinner pars intermedia (1mm on the
average). We investigated the disc samples by two OCT systems: a time
domain OCT device, working at 1300 nm (C-scan and B-scan mode) and
a Fourier spectral OCT device, working at 840nm (B-scan mode).

Results. The OCT investigation of the temporo-mandibular joint discs
revealed a homogeneous microstructure. Time domain OCT offers a
higher penetration depth (2,5 mm in air), which is important for the
analysis of the pars posterior, while spectral OCT is much faster.

Conclusions: OCT is a promising imaging method for the microstructural
characterization of the temporo-mandibular disc.

7554-89, Poster Session

A study on the qualitative morphological
features of the muscle and subcutaneous
shapes in vivo using Fourier-domain common
path OCT

C. Song, Chonbuk National Univ. (Korea, Republic of) and The
Johns Hopkins Univ. (United States)

We have developed a high-resolution and minimally invasive imaging
system for monitoring and diagnosing subcutaneous based on common
path optical coherence tomography using near infrared broadband light
source at 0.8pym. Qualitative control of polarizations of the light beam by
paddled wave plates can enhance the imaging characteristics that are
relying on the collagenous figures of dermal tissue with intrinsic or form
birefringence. The efficacy of the system for pre-medical applications
was evaluated by using fresh beef and in vivo rat samples to observe
fine dermal structures, and differentiate tissues such as fat and muscle
which differ in scattering properties. The result shown the ability to
delineate muscle with high resolution of 9um and 6pm in both axial and
lateral directions, respectively. Preliminary results using fresh beef and in
vivo rat show that we can visualize the birefringence effect of the tissue
collagen fibers in the samples for better image contrast and sensitivity
for detection of hidden dermal structures. Compared to conventional
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CP-OCT, our proposed PS-OCT could provide depth-resolved images,
which reflect tissue birefringence. One of the problems that still limit PS-
OCT applications in clinics is that it is somewhat cumbersome to use the
fiber-based system. Multiple input polarizations have to be supplied to
the system to determine the polarization state of the light reflected from
the tissue, which can be problematic since longer data acquisition times
are needed. Solving these problems will increase the utility of PS-OCT in
clinical diagnosis and this can be considered in further studies.

7554-90, Poster Session

Clinical optical coherence tomography
combined with multiphoton tomography of
patients with skin diseases

K. Konig, M. Speicher, JenLab GmbH (Germany); H. Studier, R.
Blckle, JenLab Gmbh (Germany); J. Reckfort, JenLab GmbH
(Germany); G. P. McKenzie, Michelson Diagnostics Ltd. (United
Kingdom); J. Welzel, General Hospital Augsburg (Germany);

M. J. Koehler, P. Elsner, M. Kaatz, Friedrich-Schiller-Univ. Jena
(Germany)

We report on the first clinical study based on optical coherence
tomography (OCT) in combination with multiphoton tomography

(MPT) and dermoscopy. 47 patients with a variety of skin diseases and
disorders such as skin cancer, psoriasis, hemangioma, connective

tissue diseases, pigmented lesions, and autoimmune bullous skin
diseases have been investigated with (i) state-of-the-art OCT systems for
dermatology including multibeam swept source OCT, (ii) the femtosecond
laser multiphoton tomograph, and (iii) dermoscopes. Dermoscopy
provides two-dimensional color images of the skin surface. OCT images
reflect modifications of the intratissue refractive index whereas MPT is
based on nonlinear excitation of endogenous fluorophores and second
harmonic generation. A stack of cross-sectional OCT “wide field” images
with a typical field of view of 5x2 mm2 gave fast information on the
depth and the volume of the lesion. Multiphoton tomography provided
0.36x0.36 mm2 horizontal/diagonal optical sections within seconds of a
particular region of interest with superior submicron resolution down to

a tissue depth of 200 pm. The combination of OCT and MPT provides

a unique powerful optical imaging modality for early detection of skin
cancer and other skin diseases as well as for the evaluation of the
efficiency of treatments.

7554-91, Poster Session

Pulse analyzer system using optical
coherence tomography for oriental medical
application

N. Cho, U. Jung, M. Jeon, C. Lee, Kyungpook National Univ.
(Korea, Republic of); C. S. Na, Dongshin Univ. (Korea, Republic
of); J. Song, J. Kim, Kyungpook National Univ. (Korea, Republic

of)

In oriental medicine, pulse wave at region of radial artery is one of the
important diagnostic parameters. The skin above the artery radial has

an important role because oriental medicine practitioners put their finger
tips on the area to diagnose a patient’s health condition by feeling the
pulsation of the arterial contraction. There are three different clinically
important areas called chon, gwan, and chuk, near the wrist where the
arteria radialis reaches close to the skin surface. The finger tip diagnostic
method relies on the subjective opinion of the practitioner, and there is a
need to develop an objective diagnostic modality. The goal of this study
is to demonstrate the feasibility of using a time domain optical coherence
tomography (TD-OCT) to detect pulsation of the arterial contraction. A
software algorithm is developed to extract four different parameters from
the OCT image. The parameters include the pulse speed, amplitude,
intensity, and irregularity of the pulse. Analysis study is also performed to
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relate the parameters and the clinical evaluation, and more than 68% of
specificity can be achievable. The performance of the system is graded
and compared with that of oriental medicine practitioners. The results
suggest the system may provide objective and robust evaluation on
those parameters. The TD-OCT based pulse monitoring system may
provide an objective approach to diagnostics in oriental medicine.

7554-92, Poster Session

Spectral domain polarization sensitive optical
coherence tomography for imaging the nerve
fiber layer at 1 micron

B. Elmaanaoui, J. C. Dwelle, The Univ. of Texas at Austin
(United States); A. B. McElroy, Volcano Corp. (United States);
A. Paranjape, L. Luck, H. G. Rylander Ill, T. Milner, The Univ. of
Texas at Austin (United States)

We report a fiber-based spectral-domain polarization-sensitive optical
coherence tomography system (SD-PSOCT) at 1.06 m for in-vivo

high resolution real time imaging of the retinal nerve fiber layer (RNFL)
about the optic nerve head (ONH). Change in RNFL birefringence about
the ONH may be used to clinically track glaucoma progression. The
hypothesis for this approach is that birefringence in the RNFL of early-
stage glaucomatous eyes will diminish because the vitality of retinal
ganglion cell axons in the RNFL is diminished and structural orientation
of the neurotubules that gives rise to birefringence is lost. The A-scan
rate of the SD-PSOCT system is 34 KHz and uses a tunable laser

source centered at 1064nm with a FWHM of 55nm and 3mW average
power. A bulk electro-optic modulator was constructed to input multiple
polarization states into the interferometer. Using a balanced detection
scheme horizontal and vertical polarization channels are acquired linearly
in k-space and do not require any post-processing to balance dispersion.
Using Intensity and phase information from the two channels we
construct high resolution thickness, retardation, and birefringence maps
of the RNFL of human subjects.

7554-93, Poster Session

Morphometric analysis of the optic nerve
head with optical coherence tomography

M. Young, S. Lee, Simon Fraser Univ. (Canada); K. Hsu, Micron

Optics (United States); M. F. Beg, Simon Fraser Univ. (Canada); P.

J. Mackenzie, Univ. of British Columbia (Canada); M. V. Sarunic,
Simon Fraser Univ. (Canada)

Optical Coherence Tomography is a powerful tool for diagnostic imaging
of the ocular posterior chamber. Recent advances in OCT technology
have facilitated acquisition of high resolution volumetric images of

the retina and optic nerve head. In this report, we investigate the

optic nerve head imaging in humans using home-built laboratory OCT
systems at 830nm and at 1060nm. We also introduce the development
of computational models of the optic nerve heard morphology in order
to study physiological changes which may be associated with elevated
intra-ocular pressure.

7554-94, Poster Session

Dynamic analysis of mental sweating by
optical coherence tomography

M. Ohmi, M. Tanigawa, H. Saigusa, A. Yamada, Y. Ueda, M.
Haruna, Osaka Univ. (Japan)

In the dynamic OCT of mental sweating, we have found internal mental
sweating without ejection of excess sweat from the spiral lumen to the
skin surface. Internal sweating occurs more often in the case where
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mental stress is applied to a volunteer, and it is more useful for evaluation
of activity of the sympathetic nerve. Furthermore, the MIP imaging has
been proposed for quick 3-D imaging of the spiral lumen of sweat glands.
Using time-sequential MIP images with the frame spacing as short as

1.4 sec, several sweat glands can be tracked simultaneously to quantify
sweating stimulated by a mental stress.

7554-95, Poster Session

Minimal invasive localization of the germinal
disc in ovo for subsequent chicken sexing
using optical coherence tomography

A. Burkhardt, S. Geissler, P. Cimalla, J. Walther, E. Koch,
Technische Univ. Dresden (Germany)

Reason for using optical coherence tomography (OCT) to locate the
germinal disc is the questionable and ethically alarming killing of male
layer chickens because for the layer line only the females are necessary.
To avoid this and to protect the animal rights, the sex of the fertilized
chicken egg has to be determined as early as possible in the unincubated
state. Because the information whether the chick becomes male or
female can be found in the germinal disc an accurate localization is
essential for sexing. The germinal disc is located somewhere on top of
the yolk and has a diameter of approximately 4 - 5 mm. Different imaging
methods like ultrasonography, 3D-X-ray micro computed tomography
and magnetic resonance imaging were used for localization until now, but
found to be impractical. The goal of this study is to prove if OCT can be
a moderate approach for the precise in ovo localization. The suitability

of SD OCT to image the germinal disc in an open egg was proven in a
preliminary study. Because the eggshell is an impenetrable barrier for
OCT and to minimize the penetration of germs a very small hole is placed
in the eggshell and a fan-shaped optical scanning pattern is used. The
design of the new 3D scanner head allows imaging through a hole with

a diameter of approximately 1 mm and then sector scanning can be
performed by rotating the focussed OCT beam around a virtual point in
the centre of the hole.

7554-96, Poster Session

High-speed concatenation of frequency
ramps using sampled grating distributed
Bragg reflector laser diode sources for OCT
resolution enhancement

D. J. Derickson, B. J. George, California Polytechnic State Univ.,
San Louis Obispo (United States)

Wavelength tunable sampled grating distributed Bragg reflector (SG-
DBR) lasers used for telecommunications applications have previously
demonstrated the ability for linear frequency ramps covering the entire
tuning range of the laser at 100 kHz repetition rates1. An individual SG-
DBR laser has a typical tuning range of 50 nm. The InGaAs/InP material
system often used with SG-DBR lasers allows for design variations that
cover the 1250 to 1650 nm wavelength range. This paper addresses
the possibility of concatenating the outputs of tunable SGDBR lasers
covering adjacent wavelength ranges for enhancing the resolution of
OCT measurements. This laser concatenation method is demonstrated
by combining the 1525 nm to 1575 nm wavelength range of a “C Band”
SG-DBR laser with the 1570nm to 1620 nm wavelength coverage of an
“L-Band” SG-DBR laser. Measurements show that SGDBR lasers can
be concatenated with a transition switching time of less than 50 ns with
undesired leakage signals attenuated by 50 dB.
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7554-97, Poster Session

Tunable semiconductor laser based on
interaction between strongly mismatched
Fabry-Perot interferometer and waveguide
modes

A. A. Moiseey, V. M. Gelikonov, G. V. Gelikonov, Institute of
Applied Physics (Russian Federation); E. A. Mashcovitch, Nizhny
Novgorod State Univ. (Russian Federation)

The new method of spectral selection, based on interaction between
strongly mismatched waveguide and Fabri - Perot interferometer modes
has been proposed. It was shown, that in certain circumstances in
spectrum, reflected from Fabri - Perot interferometer, narrowband lines,
typical for spectrum of transmitted through Fabri - Perot light, are appear.

System consists of waveguide and Fabri - Perot cavity, made of
concave mirrors, with partly mismatched modes has been examined,
using conversion coefficient approach. Has been discovered, that in
some circumstances, if waveguide mode and mode of Fabri - Perot
interferometer are strongly mismatched, conversion coefficient for Fabri -
Perot interferometer mode, coupling back to the waveguide mode will be
more than ten times bigger, than for reflected from front mirror radiation.
Thus, spectrum, reflected from Fabri - Perot interferometer back to the
waveguide mode, has the same distinguishing feature as a spectrum

of transmitted through Fabri - Perot light. This effect has been used for
wavelength selection in tunable semiconductor laser with tuning range 25
nm at central wavelength 1290 nm.

7554-98, Poster Session

MEMS scanner based swept-source laser for
optical coherence tomography

K. Totsuka, K. Isamoto, T. Sakai, A. Morosawa, C. Chong, Santec
Corp. (Japan)

We developed a swept source laser using a micro electro mechanical
systems(MEMS) scanner mirror, and demonstrated optical coherence
tomography. The laser is composed of a fiber based ring cavity with a
tunable filter. A semiconductor optical amplifier is used as a gain medium.
A tunable optical filter is composed of a MEMS scanner mirror and a
diffraction grating which is arranged in Littrow configuration. In general, it
is difficult to fabricate a MEMS scanner which has a fast scanning speed
while maintaining a large scanning angle. To overcome this trade-off, a
concept of two degree of freedom(2-DOF) MEMS miirror is introduced.
2DOF operation makes it possible to achieve an optical scan angle over
20 degree at a resonant frequency of 17.9 kHz with a 1mm aperture.

The laser has a wavelength range of 143 nm, center wavelength of 1304
nm, peak power of 16 mW. OCT measurements are performed at a rate
of 17.9 kHz and doubled 35.9 kHz at unidirectional and bidirectional
sweeps, respectively. We confirmed that the both upward and downward
wavelength sweeps can generate images with almost equivalent quality,
and can be used to integrate into a single image which has a double
A-line number.

7554-99, Poster Session

Measurement of the coherent transfer
function

M. L. Villiger, C. Pache, T. Lasser, Ecole Polytechnique Fédérale
de Lausanne (Switzerland)

It is important to characterize and quantify the imaging performance of
optical coherence tomography (OCT) and especially optical coherence
microscopy (OCM) systems. The axial resolution and dispersion can
easily be measured on a flat reflector. To assess the lateral resolution,
microspheres embedded in a gel or resin are often used. The size and
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refractive index of the microspheres, their concentration in the gel,

and the temporal stability of this gel are critical parameters. Instead of
measuring the point spread function (PSF), we suggest using a simple
rubber surface, presented to the setup at different focal positions, to
characterize the system’s coherent transfer function (CTF). Rubber

is a nearly perfect scatterer and produces a fully developed speckle
pattern. The speckle size and shape are directly defined by the system’s
aperture and hence reveal its CTF. The rubber surface is scanned in
both lateral directions. Isolating the interference term by background
subtraction and Hilbert transformation, a two dimensional speckle
pattern for each wavenumber k of the spectrometer is obtained. Taking
the two-dimensional Fourier transform of this pattern uncovers the
spatial frequency spectrum which was transmitted through the optical
system. Since this information is available in function of the wavelength,
chromatic variations and aberrations can be analyzed. Changing the focal
position of the rubber completes the characterization of the system. The
CTFs of an OCM with three different illumination and detection aperture
combinations were analyzed and compared to the theoretical results to
validate our approach.

7554-100, Poster Session

Real-time display on SD-OCT using a linear-
in-wavenumber spectrometer and a graphics
processing unit

Y. Watanabe, T. ltagaki, Yamagata Univ. (Japan)

Fourier domain optical coherence tomography (FD-OCT) requires re-
sampling of spectrally resolved depth information from wavelength to
wavenumber, and the subsequent application of the inverse Fourier
transform. The display rates of OCT images are much slower than the
image acquisition rates, due to processing speed limitations on most
computers. We demonstrated a real-time display of processed OCT
images using a linear-in-wavenumber (linear-k) spectrometer and a
graphic processing unit (GPU). We used the linear-k spectrometer with
optimal combination of a diffractive grating with 1200 lines/mm and a F2
equilateral prism in the 840 nm spectral region, to avoid calculating the
re-sampling process. The calculations of the FFT (fast Fourier transform)
were accelerated by the low cast GPU (Nvidia, GeForce GTX 280,
processor clock of 1296 MHz, memory clock of 2214 MHz, 240 stream
processors, and memory 1 Gbytes) with many stream processors, which
realized highly parallel processing. We used NVIDIA's CUDA (compute
unified device architecture) architecture, which could be programmed

in only a C language environment to implement the processing power
of the GPUs The computing time on the GPU was about 28 times

faster than that on the CPU, and only 17% of the interval time of the

line scan camera was used. A display rate of 27.9 frames per second
for processed images (2048 axial pixels x 1000 lateral A-scans) was
achieved in our OCT system.

7554-101, Poster Session

Frequency domain optical coherence
tomography with subsequent depth resolved
spectroscopic image analysis

C. Kasseck, Ruhr-Univ. Bochum (Germany); V. Jaedicke, Georg
Agricola Univ. of Applied Sciences (Germany); N. C. Gerhardt,
Ruhr-Univ. Bochum (Germany); H. Welp, Georg Agricola Univ. of
Applied Sciences (Germany); M. R. Hofmann, Ruhr-Univ. Bochum
(Germany)

We present an analysis method to obtain additional depth resolved
spectroscopic information from standard frequency domain optical
coherence tomography (FDOCT) images. The postprocessing analysis
utilizes Fourier transforms of signal peaks within the complex FDOCT
depth profiles to extract depth resolved spectroscopic information.
By varying the interval length of the Fourier transformed peaks, a
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trade-off can be made between spectroscopic resolution itself and
spectroscopic depth resolution. Larger depth intervals imply better
spectroscopic resolution due to a higher number of data points and
worse spectroscopic depth resolution due to the extended depth
intervals. In any case, the depth resolution of the backscattering profile
is not influenced by the spectroscopic analysis due to the subsequent
analysis process. For verification of the depth resolved spectroscopic
image analysis method, theoretical simulations as well as experimental
studies are demonstrated. The simulation results clearly show the
numerical ability of the method to reconstruct transmission spectra
from a simulated three layer sample. Measurements were performed

on multilayer samples with four different transmission spectra. All
transmission spectra can be reconstructed accurately and thus validate
the simulation results. Furthermore, the accurate depth resolved
spectroscopic reconstruction enables a depth allocation of material
specific transmission spectra due to absorption or scattering. In a further
analysis step, the spectral patterns of specific depth regions can be
compared to spectral material patterns and colored according to their
correlation, thus allowing an automated spectral pattern recognition. This
analysis tool improves the image contrast and allows image mapping of
material specific spectral characteristics for optical histology.

7554-102, Poster Session

Adaptive filtering of optical coherent
tomography fringe data with ensemble
empirical mode decomposition

G. Liu, J. Zhang, L. Yu, Z. Chen, Beckman Laser Institute and
Medical Ctr. (United States)

Empirical mode decomposition (EMD) is a new adaptive data analysis
method in which the analyzed data is decomposed into a limited

number of intrinsic mode functions (IMFs) through a sifting process.

One problem with EMD is mode mixing, which is defined as a single

IMF either consisting of signals of widely disparate scales or a signal of
a similar scale residing in different IMF components. The mode mixing
phenomenon has been solved by Wu et al using ensemble EMD (EEMD).
In this paper, we applied the EEMD method to data acquired from optical
coherence tomography (OCT) to improve the image quality. First, the
original OCT fringe data is converted from linear wavelength to linear
frequency through a calibration process. Second, the calibrated data is
decomposed into different IMFs by EEMD. Third, the physical meaning
of different IMFs was analyzed. Fourth, IMFs that represented noise were
removed from the calibrated fringe data. The noise removed fringe data
was then Fourier transformed to get depth information. EEMD was found
to be able to separate different frequency noise into different IMFs. The
signal to noise ratio of OCT image was improved by removing the IMFs
that represent noise from the acquired fringe data.

7554-103, Poster Session

High-speed full-range imaging with harmonic
detection swept-source optical coherence
tomography

K. A. Peterson, C. Huang, Southwest Sciences, Inc. (United
States); A. B. Vakhtin, Vista Photonics (United States)

Fourier domain optical coherence tomography (FDOCT) has become an
attractive technology for high-resolution biomedical imaging due to its
high sensitivity and fast imaging speeds. However, a major drawback
of FDOCT is the complex conjugate ambiguity due to real Fourier
transforms. The image is symmetric to the zero plane, and only half of
the theoretical imaging depth range is used in practice. In this paper,
harmonic detection, which we have previously demonstrated with a
video rate, line scan camera-based FDOCT, is combined with swept
source optical coherence tomography (SSOCT) to obtain the complex
interferogram. This removes the complex conjugate ambiguity, allowing
use of the full imaging range and providing flexibility of zero plane
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position. This harmonic detection SSOCT system exhibits micrometer
axial resolution, 110dB sensitivity, 40 dB dynamic range, and can operate
at the full sweep rate of the 16 kHz swept source laser.

7554-104, Poster Session

Signal processing with unequally spaced
data in Fourier-domain optical coherence
tomography

S. Vergnole, D. Lévesque, National Research Council Canada
(Canada); S. S. Sherif, Univ. of Manitoba (Canada); G. Lamouche,
National Research Council Canada (Canada)

Two different algorithms for performing Fourier transforms with unequally
sampled data in wavenumber space for Fourier-domain optical
coherence tomography are considered. The efficiency of these algorithms
is evaluated from point-spread functions (PSF) evaluated as a function
of depth with a swept-source optical coherence tomography system.
The amplitude of the PSF, the width of the PSF, and the processing

time are discussed. The performance of the proposed algorithms is
compared to the usual combination of interpolation and fast Fourier
transform. Although more processing intensive, these algorithms provide
better sensitivity at large depth without impacting the width of the

PSF. Additionally, these algorithms are applied to simulated data with
different level of nonlinearity in wavenumber space. This provides better
understanding of the source of improved sensitivity provided by the
proposed algorithms.

7554-105, Poster Session

Evaluation of complex conjugate artifact
removal methods used in spectrometer
based Fourier-domain optical coherence
tomography systems: a comparative study

D. Y. Kim, J. S. Werner, R. J. Zawadzki, Univ. of California, Davis
(United States)

We evaluated several, previously published, complex conjugate artifact
removal methods and algorithms that were implemented in Fd-OCT.

To ensure comparable conditions, only one OCT system was used,

but with modified data acquisition schemes, depending on each
method/algorithm’s requirements. This limited our evaluation to single
spectrometer based Fd-OCT approaches. The suppression ratio of mirror
complex artifact images was assessed for all tested methods. Several
other metrics were also used for comparison, including a list of additional
hardware requirements (beyond standard Fd-OCT components), total
data acquisition time, and image processing time (tested in Labview).
Finally potential problems and limitations connected with different data
acquisition schemes and data processing algorithms will be discussed.

7554-106, Poster Session

Three-dimensional speckle suppression in
optical coherence tomography based on the
curvelet transform

L. Yu, Z. Jian, B. Rao, B. J. Tromberg, Z. Chen, Univ. of
California, Irvine (United States)

Optical coherence tomography is an emerging non-invasive technology
that provides high resolution, cross-sectional tomographic images of
internal structures of specimens. It holds great potentials for a wide
variety of applications, especially in the field of biomedical imaging. OCT
images, however, are usually degraded by significant speckle noise. Here
we report a 3D approach to attenuating speckle noise in OCT images.
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This approach is based on the 3D curvelet transform, and is conveniently
controlled by a single parameter that determines the threshold in the
curvelet domain. Unlike 2D approaches which only consider information
in individual images, 3D processing, by analyzing all images in a volume
simultaneously, has the advantage of also taking the information between
images into account. This, coupled with the curvelet transform’s nearly
optimal sparse representation of curved edges that are common in OCT
images, provides a simple yet powerful platform for speckle attenuation.
We show the approach suppresses a significant amount of speckle noise,
and in the mean time preserves and thus reveals many subtle features
that could get attenuated in other approaches.

7554-107, Poster Session

Multi-beam resolution video rate swept
source optical coherence tomography (OCT)
provides endogenous contrast for in vivo
blood flow independent of flow direction

F. Bazant-Hegemark, S. Hattersley, J. Holmes, Michelson
Diagnostics Ltd. (United Kingdom)

The capillary network provides functional information that can be used
for research, diagnosis of disease, prognosis on treatment options, and
monitoring intervention. Optical coherence tomography (OCT) allows
non-invasive imaging of sub-surface structures in vivo, ideally without a
need for target preparation. In conventional OCT, the contrast for blood
vessels depends on a variety of factors and can be challenging. Speckle
variance has been recognised as a method to enhance contrast for blood
flow without the application of contrast agents in OCT images.

Here, we demonstrate the possibility of extracting blood flow information
from volumetric OCT datasets that were obtained routinely from human
participants. We used a commercially available CE-marked system for
clinical use. The light source has a central wavelength of 1310 nm. Using
multi-beam technology, the system achieves an isometric resolution

of better than 7.5 ym in tissue over the entire imaging depth of around

1 mm. At 1 mm image width, 21 frames (B-scans) per second can be
imaged.

We used the speckle variance in order to enhance the contrast for
blood vessels in vivo. This method allowed us determining the presence
and depth of blood flow within the 1 mm penetration depth, without
dependence on direction or orientation of the blood flow with respect to
the scanning beam.

7554-108, Poster Session

Focusing light through living tissue
I. M. Vellekoop, C. M. Aegerter, Univ. of Zurich (Switzerland)

Tissues such as skin, fat or cuticle are non-transparent because
inhomogeneities in the tissue scatter light. We demonstrate
experimentally that it is possible to focus light through turbid layers

of living tissue, in spite of scattering. Our method is based on the fact
that coherent light forms an interference pattern, even after hundreds

of scat-tering events. This interference pattern can be changed by
spatially shaping the wavefront of the incident laser beam. For a specific
configuration of the incident wa-vefront, the transmitted scattered light
focuses to a point. We used this principle to focus laser light through
living pupae of the Drosophila melanogaster. In contrast to earlier
experiments, where light was focused through solid objects, the body
of the pupa is mainly fluid. In living tissue, microscopic movements

of scattering particles cause the interference pattern to change with
time. A dynamic wavefront shaping algorithm was used to follow these
changes in real time. We relate the performance of the algorithm to the
measured timescale of the changes in the speckle pattern and ana-lyze
our experiment in the light of Laser Doppler flowmetry. Finally, we discuss
applications in particle tracking in turbid tissue, imaging, and thermal
manipulation.
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7554-109, Poster Session

Coherent noise compensation improvement
in spectral-domain optical coherence
tomography

P. A. Shilyagin, V. M. Gelikonov, G. V. Gelikonov, I. V. Kasatkina,
D. A. Terpelov, Institute of Applied Physics (Russian Federation)

An efficient technique of the coherent noise separation of and
compensation for in spectral-domain optical coherence tomography
(SD-OCT) is proposed and validated. The coherent noise is separated
during one exposure by modulating the relative delay of the signal and
reference waves by a certain waveform. It is shown that the influence of
internal motions in an object on the coherent noise separation quality can
be reduced by increasing of modulation frequency. The technique has
been numerically and experimentally validated with the help of an optical
coherence tomography (OCT) setup with a radiation source operating at
a wavelength of 1277 nm and a width of the recorded spectrum of about
100 nm.

7554-110, Poster Session

Effective bandwidth in spectral-domain OCT
M. Jiang, S. Jiao, The Univ. of Southern California (United States)

We found that the bandwidth in the formula calculating the depth
resolution of OCT is usually not the same as the bandwidth of the light
source because the effective spectral profile for the interfering signal is
determined not only by the spectrum of the light source but also by the
dot product of the electric vectors of the light field in the two interfering
arms. We thus introduced a new concept: the effective bandwidth in
spectral-domain OCT (SD-OCT) to calculate the depth resolution of
the optical-fiber based SD-OCT more accurately. Through theoretical
analyses we found that the effective bandwidth is a function of both the
polarization matching conditions (PMC) and the path length difference
(PLD) between the sample and reference arms. We investigated the
two factors separately through experiments. The variation of the
effective bandwidth with PMC for partially polarized light is a universal
phenomenon for both time-domain and spectral-domain OCT, which
comes from the fact that PMC varies across the spectrum when the
degree of polarization (DOP) is less than one. The variation of the
effective bandwidth with PLD is a special phenomenon for SD-OCT,
which comes from the fixed element size (or sampling interval) of the
array detector in the spectrometer. Since the spatial frequency of the
interference pattern along the linear array detector varies with wavelength
(higher frequency for shorter wavelength, lower frequency for longer
wavelength), the signal drop off with PLD is more severe for shorter
wavelength.

7554-111, Poster Session

Comparison of time domain vs. frequency
domain high-speed full-field optical
coherence tomography with low NA

T. Bonin, M. Hagen-Eggert, Univ. zu Libeck (Germany); P. Koch,
Thorlabs HL AG (Germany); G. Hittmann, Univ. zu Libeck
(Germany)

In ultrahigh-speed Fourier domain OCT systems, the commonly used
galvanometric scanners have almost reached their limits in terms of
speed. As the acquisition speed of 2D cameras increased over the last
years, full-field OCT may lead to significantly higher imaging speed
bypassing the need to scan the area of interest. The parallel illumination
of the full field of view also allows for higher light powers when applied
to biological tissue. The first implementations of full-field OCT, which
used thermal light sources with low spatial and temporal coherence

in combination with a high NA objective and a time domain detection
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scheme, demonstrated high image quality.

Although in these cases no transversal scanning is necessary, there still
are moving parts because either the reference mirror or the sample has
to be translated. To overcome this and to benefit from the advantage in
SNR by detecting all photons, the use of swept-sources to setup time
encoded frequency domain full-field OCT systems was demonstrated.

In this paper, we will experimentally compare the performance of time
domain and frequency domain full field OCT in an identical setup with
a lower NA of 0.1 and a fast camera with 1000 frames/s and a spatially
coherent light source

Fast swept-sources are laser based and therefore have a high degree

of spatial coherence. This will introduce significant crosstalk between
adjacent image points in scattering samples. Therefore, different
mechanisms of crosstalk reduction for spatially coherent light sources
are investigated and compared to a TD full-field OCT with a thermal light
source.

7554-112, Poster Session

Speckle imaging by combination of
mathematical morphology and contrast ratio
Z. Li, S. Cai, L. Fan, H. Li, Fujian Normal Univ. (China)

This paper presents a novel speckle imaging that combines mathematical
morphology with contrast ratio. We apply this technique to visualize
laterally localized inhomogeneities embedded within a highly scattering
sample. The speckle images are obtained by intensity polarized parallel
to incident beam minus those polarized perpendicular. The speckle image
is decomposed into a series of component images by the mathematical
morphology, whose a recursive decomposition algorithm consists of
successive opening operations with disc of increasing radii as structuring
elements. We demonstrate that the position and size of the two objects
are accurately reconstructed in the component image for the greatest
structuring element. Furthermore, contrast ratio of a series of component
images are related to the optical properties of objects, which distinguish
objects buried in turbid media from the background. Finally, the results
also show that granulometry in the field of mathematical morphology
could be useful for characterizing the optical properties of background
media. Thus, this technique could be a potential tool for medical
diagnosis in the future.

7554-29, Session 5

Multimodal imaging with integrated
photoacoustic microscopy and optical
coherence tomography

S. Jiao, Univ. of Southern California (United States); H. F. Zhang,
Z. Xie, Univ. of Wisconsin-Milwaukee (United States)

We have developed a multimodal imaging technique by integrating
photoacoustic microscopy and spectral-domain optical coherence
tomography to provide simultaneous volumetric microscopic imaging
of both optical absorption and scattering contrasts in biological tissues.
In the integrated system, the two imaging modalities share the same
optical scanning and delivery mechanisms after their probing and
illumination light beams are combined. By further synchronizing the
image acquisitions, the images from the two modalities are intrinsically
registered. The capabilities of this novel technique were demonstrated by
imaging both the microanatomy and microvasculature in mouse ears in
vivo.
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7554-30, Session 5

Optimizing penetration depth, contrast, and
resolution in 3D dermatologic OCT

A. Aneesh, B. Povzay, B. Hofer, Cardiff Univ. (United Kingdom);
S. Popov, Imperial College (United Kingdom); W. Drexler, Cardiff
Univ. (United Kingdom)

High speed, three-dimensional optical coherence tomography (3D OCT)
at 800nm, 1060nm and 1300nm with approximately 4pum, 7um and

6um axial and less than 15pm transverse resolution is demonstrated

to investigate the optimum wavelength region for in vivo human skin
imaging. The imaging speed is 20 kHz for the 800nm OCT system and
47 kHz for 1060nm and 1300nm systems. The wavelength-dependent
components of the handheld probe such as collimator and objective lens
were selected appropriately, so that each system was comparable in
terms of transverse resolution and depth of field. Signal to noise ratios of
all the three OCT systems were made comparable and images obtained
from same locations of the skin in vivo using these three systems

is compared in terms of resolution, contrast, penetration depth and
dynamic range. Penetration depth was better for 1300nm system, while
images obtained at 800nm were better in terms of contrast and speckle
noise. 1060nm region was a compromise between 800nm and 1300nm
in terms of penetration depth and image contrast. The availability of
ultra-broadband sources in all investigated wavelength regions in
conjunction with high resolution spectrometers with accurate numeric
non-linearity correction and dispersion management helps to accomplish
high quality depth-resolved images with up to 1.5mm penetration into
the skin. Unprecedented visualization of three-dimensional morphology
at 10 pm resolution across areas of more than 50 mm? of glabrous and
non-gélabrous skin, moles and scars could be demonstrated with an
optimized high speed OCT system at all the three wavelengths.

7554-31, Session 5

Noninvasive assessment of biofilm growth
in the middle ear using a portable low-
coherence interferometry system

S. A. Boppart, C. T. Nguyen, H. Tu, E. J. Chaney, Univ. of lllinois
at Urbana-Champaign (United States); C. N. Stewart, Blue
Highway, LLC (United States)

Otitis media (OM) is the most common illness in children in the United
States. Three-fourths of children under the age of three have OM at

least once. Children with chronic OM, including OM with effusion and
recurrent OM, will often have conductive hearing loss and communication
difficulties, and need surgical treatment. Recent clinical studies state
that almost all chronic OM cases are accompanied by a bacterial

biofilm behind the tympanic membrane (eardrum). Biofilms are typically
very thin, making them difficult to recognize using a regular otoscope.
However, low coherence interferometry (LCI) is capable of detecting and
quantifying this microstructure. Our goal was to design a portable system
integrating LCI with a standard video otoscope to detect the presence

of biofilms and provide quantitative information of the middle ear to
assist physicians in diagnosing middle ear infections. In the future, it is
expected such quantitative information will direct and monitor treatment
protocols. The system uses a super luminescent diode centered at 940
nm with a bandwidth of 60 nm and the axial resolution of ~ 4.5 pmin
tissue. Axial scans are acquired in vivo at the rate of 2 kHz, and classified
according to microstructural features to provide statistical determination
for OM status. Preliminary results are described in a rat OM model and in
humans.
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7554-32, Session 5

Design of a dual-modality imaging system
using optical coherence tomography and
fluorescence lifetime imaging for oral cancer
detection

S. Shrestha, B. E. Applegate, P. Pande, J. A. Jo, Texas A&M Univ.
(United States)

We have developed a combined Optical Coherence Tomography (OCT)
and Fluorescence Lifetime Imaging (FLIM) system to provide high-speed
coregistered microanatomical and biochemical images. The OCT/FLIM
system is capable of a maximum A-line rate of 59 kHz for OCT and a
maximum pixel rate of 200 kHz for FLIM. A 40 nm bandwidth 830 nm
SLED provides 7.6 mm axial resolution for OCT. A pulse picked frequency
doubled tunable femtosecond Ti:Sapph laser (350-500 nm) was used
for the FLIM excitation. The OCT sample light and FLIM excitation
co-propagate through a galvo mirror pair and ultrawide bandwidth
achromatic objective lens to provide lateral scanning with 15 mm and
40 mm lateral resolution for OCT and FLIM, respectively. A multispectral
time-resolved fluorescence detection system enables the simultaneous
high-speed acquisition of time resolved emission from three wavelength
bands. Each 2-D galvo scan results in the acquisition of three time-
resolved fluorescence emission images and an OCT volume. Once
optimized the OCT/FLIM system will be capable of rapid acquisition and
processing enabling near real time diagnosis. Future applications of this
technology include the early detection and diagnosis of oral cancer and
atherosclerotic vulnerable plaque detection.

7554-33, Session 5

Diagnosis of oral submucous fibrosis with
optical coherence tomography

C. Lee, National Taiwan Univ. (Taiwan); M. Tsai, Chang Gung
Univ. (Taiwan); H. Lee, H. Chen, C. Chiang, Y. Wang, T. Chi, K.
Yang, C. Yang, National Taiwan Univ. (Taiwan)

The epithelium (EP) thickness and the standard deviation (SD) of A-mode
scan intensity in the laminar propria (LP) layer are used as effective
indicators for the diagnosis of oral submucous fibrosis (OSF) based on
the noninvasive clinical scanning of a swept-source optical coherence
tomography (OCT) system of ~6 micron in axial resolution (in tissue)

and 103 dB in sensitivity. Compared with the corresponding parameters
in healthy oral mucosal mucosa, in OSF mucosa the EP thickness
becomes smaller and the SD of A-mode scan intensity in the LP layer (LP
SD) also becomes smaller. The LP SD can also be used for effectively
differentiating OSF (small LP SD) from lesion (large LP SD). This
application is particularly useful in the case of a lesion without a clear
surface feature. Meanwhile, the use of the SD of A-mode scan intensity
in the EP layer (EP SD) can further help in differentiating OSF (medium
EP SD) from healthy oral mucosal (small EP SD) and lesion (large EP SD)
conditions. Compared with the conventional method of maximum mouth
opening measurement, the use of the proposed OCT scanning results
can be a more effective technique for OSF diagnosis.

7554-34, Session 5

Guidance of hard tissue ablation by forward-
viewing optical coherence tomography

P. J. L. Webster, B. Y. Leung, Queen’s Univ. (Canada); V. X.

D. Yang, Ryerson Univ. (Canada); J. M. Fraser, Queen’s Univ.
(Canada)

A key issue in laser surgery is the inability for the human operator to stop

the laser irradiation in time while cutting/ablating delicate tissue layers.
In the present work, we forward-image through the laser machining
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front in complex biological tissue (bovine cortical bone) to monitor the
incision’s approach to subsurface interfaces in real-time (47 kHz line
rate). Feedback from imaging is used to stop the drilling process within
150 micron of a targeted interface. This is accomplished by combining
the high temporal and spatial resolution of infrared optical coherence
tomography (OCT) with a robust, turn-key, high brightness fiber laser. The
high sensitivity of the imaging system (98 dB) permit imaging through

the rapidly changing beam path even with the additional scattering
caused by the thermal cutting process. Line rates of 47 kHz and 10
microseconds camera integration time provide access to fast morphology
changes within the system, including thermal relaxation after cutting. In
spectral-domain OCT, the imaging acquisition period is easily locked to
the machining laser exposure. Though motion-induced artifacts reduce
interface contrast, they do not introduce incorrect depth measurements
as found in other OCT variants. Standard tomography imaging of the
tissue (B-scans) is also recorded in situ before and after laser processing
to highlight morphology changes.

7554-35, Session 6

Speckle variance OCT tracking of tumor
angiogenesis and response to vascular
targeted photodynamic therapy

A. Mariampiilai, M. T. Jarvi, M. K. Leung, K. K. C. Lee, B. C.
Wilson, I. A. Vitkin, Univ. of Toronto (Canada); V. X. Yang, Ryerson
Univ. (Canada)

We have recently demonstrated a simple new functional extension of
OCT known as speckle variance OCT (SV-OCT) that has a significantly
improved sensitivity to microvasculature over the more traditional Doppler
OCT imaging techniques. Using confocal fluorescence microscopy and
an optimized SV-OCT acquisition scheme we were able to confirm that
SV-OCT is capable of visualizing capillaries with a diameter as small

as 6um over large fields of view (5mm x 5mm). SV-OCT was used to
longitudinally monitor 3-Dimensional vascular changes induced by tumor
angiogenesis in the dorsal skin-fold window chamber model. Subsequent
treatment of tumors with vascular targeted photodynamic (PDT) therapy
demonstrated the ability of SV-OCT to monitor transient changes during
PDT treatments (minutes) with subsequent vascular shutdown and
revascularization over longer time periods (days). Methods and metrics
used to quantify these vascular changes will be presented. The ability

to longitudinally track vascular changes without the use of exogenous
contrast agents, in real-time and with high sensitivity provides exciting
opportunities for studying vascular changes in tumors and the effects of
vascular targeted therapies.

7554-36, Session 6

Optical micro-angiography detects
angiogenesis in brain trauma
Y. Jia, R. Wang, Oregon Health & Science Univ. (United States)

Angiogenesis following brain trauma is crucial to the post-traumatic
repair process. In this study, using Optical Micro-AngioGraphy (OMAG),
a volumetric imaging method capable of in vivo mapping localized blood
perfusion with capillary level resolution, we demonstrated a substantial
increase in angiogenesis following brain injury and investigated dynamic
growth of the trauma-induced angiogenesis on the mouse brain. The
result suggests that OMAG has the potential to be used for in vivo
detecting post-traumatic angiogenesis during rehabilitation process.
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7554-37, Session 6

Influence of blood optical inhomogeneity on
Doppler OCT signals

D. Bukowska, A. Szkulmowska, Nicolaus Copernicus Univ.
(Poland); R. A. Leitgeb, Medizinische Univ. Wien (Austria); M.
Szkulmowski, I. Grulkowski, S. Tamborski, A. A. Kowalczyk, M.
Wojtkowski, Nicolaus Copernicus Univ. (Poland)

In this paper we would like to report that optical inhomogenity of human
blood have an influence on Doppler OCT measurements. To confirm this
phenomenon various experiments with different materials and different
well controlled experimental configurations was carried out. Imaging was
performed using SOCT instrument with CCD camera. Data analysis was
performed using STdOCT.

The results show that more detailed analysis of velocity data reveals

the presence of Doppler signals coming from scattering steady

medium place underneath the capillary while optically inhomogeneous
particles flow throughout the capillary. In the case of homogeneous
flowing particles like intralipid results are negative. Concluding those
observations we can confirm that Doppler signal coming from the
scattering steady medium is caused by the dynamic changes of the
refractive index which can strongly influence the Doppler readout causing
significant broadening of Doppler profiles and the same errors. There

can be also an impact of this effect into a reconstruction of flow in small
capillaries. Additionally we realized that better understanding of the
optical inhomogenity of blood is important for the correct measurement
of the blood flow. Hence, a detailed investigation of the optical properties
of hemoglobin and whole blood using SOCT is needed.

7554-38, Session 6

BM-mode scanning with parabolic phase
modulation for full range Doppler optical
tomography

F. Jaillon, S. Makita, Y. Yasuno, Univ. of Tsukuba (Japan)

Monitoring vessel flow properties may aid the screening and the
treatment of pathologies such as age related macular degeneration,
glaucoma or diabetic retinopathy. Although, Spectral Domain OCT
(SDOCT) has become an advantageous method with respect to time
domain OCT due to its high speed acquisition and large sensitivity, an
intrinsic problem is linked to SDOCT: the complex ambiguity. A solution
to this problem has been brought by the B-M-mode scanning method.
But the latter fails to remove mirror image for high flow regions. We
propose here to solve this issue in changing the linear phase modulation
(along the B-scan direction) used in the standard method to a parabolic
phase modulation. Indeed the shift generated by this parabolic phase
modulation in the spatial frequency domain is related to the acceleration
of the structure and not to its velocity. Consequently, the shift is much
smaller and enables to keep the signal within the filter bandwidth used to
remove the mirror image. We first tested the proposed method utilizing a
loudspeaker as sample in a 1 um SDOCT system. This simple experiment
enables to demonstrate, for different sample axial velocities, a better
mirror image removal efficiency of the proposed technique. Moreover, we
acquired phase-resolved Doppler images of human eye retina using the
parabolic phase modulation technique. We observed, with respect to the
standard BM mode scanning method, the suppression of mirror image
artifacts due to high blood flow.
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7554-39, Session 6

Real-time bulk motion insensitive flow
segmentation algorithm for Doppler spectral
optical coherence tomography

M. Szkulmowski, A. Szkulmowska, D. Szlag, |. Grulkowski, A.
Kowalczyk, M. Wojtkowski, Nicolaus Copernicus Univ. (Poland)

We present a simple and efficient numerical technique for segmentation
retinal and choroidal blood vasculature with bulk motion correction in
functional Doppler Spectral Optical Coherence Tomography (Doppler
SOCT). The technique uses local variance of velocity tomogram which
is higher in the areas of the tomogram with internal flow. The resulting
variance map reveals the position of vessels. This can be used either for
vessel segmentation purposes or for masking the vessels on velocity
tomograms. The remaining velocity information is connected only with
static structure velocity offset. As only Fourier transformations are used
in calculations the algorithm removes the bulk motion from velocity
tomograms and provides images of segmented vessels with speed

of 200 000 lines/s. When combined with basic structural and velocity
tomogram reconstruction techniques that generate 150 000 lines/s,

this speed allows for real-time creation of bulk-motion free velocity
tomograms. The algorithm is shown to work with velocity tomograms
obtained either by phase-resolved Doppler SOCT or by joint Spectral and
Time domain OCT (STdOCT).

7554-40, Session 6

High-resolution wide-field of view blood
perfusion maps for retina and choroid with
optical micro angiography

L. An, D. Wilson, R. Wang, Oregon Health & Science Univ.
(United States)

In this presentation, we present the high resolution and wide field of view
retina and choroid blood perfusion maps, which are obtained through
optical micro-angiography (OMAG) technology. Based on the special
frequency analysis, OMAG is able to visualize the vascular perfusion
map down to the capillary level resolution. We used an 840 nm, 27

kHz FDOCT system to capture 16 OCT data sets in a sequential order,
which could provide wide field blood field (~7.4mmx7.4mm) information
of posterior part of a human volunteer. For each of these data sets,

we eliminated the bulk motion artifacts through phase compensation
method, which is based on the histogram bulk motion phase estimation.
The displacements occurred between adjacent frames in one data set
were compensated through 2 dimensional cross correlation of two
adjacent OMAG flow images. Compared with the FA and ICGA images
results, the OMAG results of blood perfusion map of retina and choroid
demonstrate a very good agreement with them.

7554-41, Session 7

FDML based multi-spot OCT at 4,100,000
A-scans and 4 Gvoxels per second

W. Wieser, B. R. Biedermann, C. M. Eigenwillig, T. Klein, R. A.
Huber, Ludwig-Maximilians-Univ. Minchen (Germany)

We demonstrate OCT imaging at 4.1M A-scans per second. The system
uses a Fourier domain mode locked laser with a sweep repetition

rate of 1028kHz at a sweep range of 106nm centered at 1320nm.

A 4 spot parallel detection system with a power of 4x7.8mW on the
sample achieves a measured sensitivity of 101dB, resulting in good
image quality. With an effective rate of more than 4Gvoxels/s, this
system represents a 2x speed improvement over the fastest, previously
demonstrated OCT setups. The system design, data acquisition solution
and limitations are discussed.
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7554-42, Session 7

Coherent transfer functions and extended
depth of field

M. L. Villiger, C. Pache, Ecole Polytechnique Fédérale de
Lausanne (Switzerland); R. A. Leitgeb, Medizinische Univ. Wien
(Austria); T. Lasser, Ecole Polytechnique Fédérale de Lausanne
(Switzerland)

To preserve the speed advantage of Fourier Domain detection in Optical
Coherence Microscopy (OCM), extended depth of field is needed. With a
narrow probing volume that extends over a long axial range, tissue could
be measured in vivo and at cellular resolution. To assess and improve the
DOF and the lateral resolution, we analyzed the coherent transfer function
(CTF) of OCM. Both the illumination and detection optics contribute
equally to the overall imaging performance. In the Fourier domain
detection, each pixel of the spectrometer has its specific CTF, sampling

a different region of the object’s spatial frequency spectrum. For classical
optics and increasing numerical apertures these regions start to overlap
and bend, which limits the depth of field. Annular apertures, created with
Bessel-like beams produced by axicon lenses or phase filters, circumvent
these detrimental effects, but introduce strong side lobes. Decoupling
the detection and the illumination apertures is needed to provide the
flexibility in engineering a CTF that optimizes the lateral resolution and
the DOF at the same time all while reducing these side lobes.

We evaluated different combinations of Gaussian and Bessel-like
illumination and detection optics, both theoretically and experimentally.
Using Bessel-like beams as well in the illumination as in the detection
paths, but with annular apertures of different lobe radii, we obtained a
lateral resolution of 1.3 ym and an extended depth of field of more than
300 pm, which was completely decoupled from the numerical aperture
and scalable to high lateral resolution.

7554-43, Session 7

Multichannel optical coherence tomography
using a high-power telescope-less polygon-
based swept laser in dual amplifier
configuration

M. K. K. Leung, A. Mariampillai, Univ. of Toronto (Canada); B. A.
Standish, Ryerson Univ. (Canada); K. K. C. Lee, N. R. Munce, .
A. Vitkin, Univ. of Toronto (Canada); V. X. D. Yang, Ryerson Univ.
(Canada)

A major component of swept-source optical coherence tomography is
the light source. Here, we report a high-power wavelength-swept laser
and demonstrate its use for multichannel optical coherence tomography
(MOCT) imaging. The main benefit of MOCT is faster image acquisition
rates without a corresponding increase in the tuning speed, which
tends to decrease the performance of the laser and may be limited
mechanically. The wavelength-swept laser was constructed using a
compact telescope-less polygon-based filter in Littman arrangement. It
consists of a diffraction grating, a polygon scanning mirror, and an end
reflector mirror. High output power, necessary for MOCT, is achieved
by incorporating two serial semiconductor optical amplifiers in the laser
cavity in Fourier domain mode-locked configuration. The measured
wavelength tuning range of the laser is 111 nm centered at 1329 nm,
coherence length of 5.5 mm, and total average output power of 131
mW at a 43 kHz sweeping rate. To demonstrate the applicability of the
laser for MOCT, a six-channel imaging system was constructed. The
imaging arm consists of a multi-fiber push-on connector mounted on

a galvanometer-based scanner. All channels were focused at the same
depth using an achromatic doublet. Six-channel OCT imaging to achieve
258 kHz scan rate is demonstrated. The increase in effective frame rate
using multichannel acquisition may be beneficial for 3-dimensional in-
vivo imaging where bulk tissue motion can adversely affect the image
quality.
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7554-44, Session 7

Design and performance of a novel
sample arm for dynamic optical coherence
elastography

B. F. Kennedy, T. R. Hillman, R. A. McLaughlin, B. C. Quirk, D. D.
Sampson, The Univ. of Western Australia (Australia)

3 page summary attached

7554-45, Session 7

Large field OCT by optical movement tracking
of a single point probe

G. Huttmann, B. Martensen, E. M. Lankenau, Univ. zu Libeck
(Germany)

OCT measures subsurface tissue structures by interferometric analysis of
depth in which broad band irradiation is scattered. For lateral sampling
of the tissue the beam is scanned or the whole optics is moved over the
tissue. The second approach which is used in endoscopic OCT offers

in principle unrestricted field of view. Scanning is done in a predictable
way by actuators in order to construct B- and C-scans. For some
applications a deliberate scan of the tissue by moving the OCT optics

by the physician would be advantageous. Large tissue areas could be
imaged with minimal technical complexity by a small size and lightweight
OCT probe. With this principle skin could be imaged at a difficult
location, a simple OCT probe could be inserted in the working channel
of an endoscope and moved over suspicious lesions by the surgeon.
However, to get a geometrical correct image of tissue structures,
displacement or velocity of the OCT probe has to be traced. The lateral
movement is either measured by an optical sensor or calculated directly
from the speckle pattern in the image. Also, good quality images of skin
through a high NA objective with several millimeters field of view were
demonstrated. This opens a way for a simple combination of multiphoton
imaging with fast OCT of large areas using the same objective. An OCT
probe consisting of a high NA microscope objective, which shall be used
for combined multiphoton and OCT imaging, was build with an optical
mouse Sensor.

7554-46, Session 7

Integrated photonic circuit in silicon
on insulator for Fourier domain optical
coherence tomography

G. Yurtsever, P. Dumon, W. Bogaerts, Univ. Gent (Belgium) and
IMEC (Belgium); R. Baets, Univ. Gent (Belgium)

Optical Coherence Tomography (OCT) is an emerging optical imaging
technology with growing number of applications. OCT enables micron
scale cross-sectional imaging of subsurface microstructures by analyzing
the backscattered light from subsurface layers of the materials. Current
OCT imaging systems are fiber or free space optics based and they are
table-top portable systems. Through implementation of OCT subsystems
in photonic lightwave circuits both their size and price can be reduced.
Silicon on insulator (SOI) is a versatile platform for CMOS compatible,
wafer scale integrated photonic circuit fabrication. On this material
system, passive components such as waveguides, splitters, filters and
active components like lasers, photodetectors and modulators has
already been demonstrated. We present, a planar lightwave circuit on
SOl for Fourier domain OCT. The integrated photonic circuit consists of
grating couplers, single mode waveguides, a multi-mode interference
splitter, a reference arm and a broadband reflector. The grating couplers
are used to couple the light from an external light source in and to couple
the interference signal out to a spectrometer. The center wavelength

of operation is designed to be 1550 nm, supporting 30 nm of 3 dB
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bandwidth. Currently the device has 6 dB insertion loss per grating
coupler, resulting in total of 24dB loss. However, with different processing
methods this can be eventually reduced to the level of fiber connector
losses. Integrated photonics on silicon offers significant miniaturization
possibilities to optical system design for optical coherence tomography
and possible integration with electronics on the same die.

7554-47, Session 7

Novel continuous-wave supercontinuum light
source with stable, broadband, and high-
power spectrum for spectrally sampled OCT

E. J. Jung, Pusan National Univ. (Korea, Republic of); J. Lee, The
Univ. of Seoul (Korea, Republic of); H. S. Lee, M. Y. Jeong, C. S.
Kim, Pusan National Univ. (Korea, Republic of)

We present a novel scheme of continuous-wave (CW) supercontinuum
light source for spectrally-sampled optical coherence tomography (OCT).
Instead of conventional short-pulse pumping method, the implemented
all-fiberized light source exhibits CW high-power of 500 mW and flat

and stable 3-dB spectral bandwidth of ~110 nm covering 1560 ~ 1670
nm. From the experimental comparison of point spread functions
between conventional continuous spectral source and suggested multi-
wavelength source, the advantage of spectrally-sampled OCT is clearly
demonstrated for the enhancement of dynamic range of cross sectional
OCT image using the same average optical power level.

7554-48, Session 7

Linear OCT system with multiple carrier
frequency encoded reference beams for a
discontinuous measurement range

G. Huttmann, V. Hellemanns, Univ. zu Libeck (Germany); P.
Koch, Thorlabs GmbH (Germany)

Time domain OCT systems can be build with a linear detector array
(linear OCT or L-OCT), which makes them are simple and robust.
However, the measurement range is limited by the number of pixel. For
some applications a discontinuous measurement range is advantageous.
E.qg. for the measurement of the refracting surfaces of the eye the totally
needed measurement range is quite high though the rough position

of each surface is known. Here we present the theory of a linear OCT
with several reference arms of different length which each use different
carrier frequencies. Thereby a unique measurement of non-continuous
structures is possible. Experimental results with two reference arms are
presented.

7554-49, Session 8

Frequency comb swept lasers for optical
coherence tomography

T. Tsai, C. Zhou, D. C. Adler, J. G. Fujimoto, Massachusetts
Institute of Technology (United States)

We demonstrate a frequency comb (FC) swept laser and a frequency
comb Fourier domain mode locked (FC-FDML) laser for applications

in optical coherence tomography (OCT). A frequency comb filter in the
cavity of swept lasers causes the lasers to generate a series of frequency
steps. The narrow bandwidth of the frequency comb filter enables a
-1.2dB sensitivity roll off over ~3mm range, while conventional swept
source and FDML lasers have -10dB and -5dB roll offs respectively.
Measurements at very long ranges are possible with minimal sensitivity
loss, however reflections from outside the principal measurement range
of 0-3mm appear aliased back into the principal range. In addition, the
frequency comb outputs from the lasers are equally spaced in frequency.
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7554-50, Session 8

Compact ultrafast reflective Fabry-Perot
tunable lasers for OCT imaging applications

M. Kuznetsov, W. Atia, B. Johnson, D. C. Flanders, Axsun
Technologies Inc. (United States)

We demonstrate novel reflective Fabry-Perot tunable lasers (RFPTL)

for fast swept-source OCT imaging applications. This external cavity
semiconductor laser uses silicon micro-electro-mechanical system
(MEMS) tunable Fabry-Perot filter in a novel reflective mode of operation.
The laser is packaged in a compact 25x15 mm fiber-pigtailed butterfly
package. Lasers at 1060 and 1300 nm wavelengths have been
demonstrated with tuning ranges up to 140 nm, fast scan rates of 100
kHz, and coherence lengths greater than 13 mm. We also describe OCT
imaging with these lasers. RFPTL lasers with 1-2 pm wavelengths and
tuning ranges of 250 nm have also been demonstrated for a wide range
of applications.

7554-51, Session 8

High-frequency driving vs. buffering: scaling
the sweep speed of Fourier domain mode
locked (FDML) lasers

B. R. Biedermann, W. Wieser, C. M. Eigenwillig, T. Klein, R. A.
Huber, Ludwig-Maximilians-Univ. Miinchen (Germany)

The sweep rate of FDML lasers is limited by the mechanical response of
the intra-cavity bandpass filter. We investigate two different approaches
to push the sweep speed of the laser beyond 700kAscans/sec and
demonstrate high quality OCT imaging. The first method is to choose

a higher filter drive frequency, away from its mechanical resonance.

The second method is to increase the filter drive amplitude and to time
multiplex the sweep (“buffering”). For both techniques, OCT relevant
parameters like coherence, sensitivity and noise are measured, compared
and discussed. OCT imaging with sweep durations of 1.3ps/A-scan and
110nm sweep range is demonstrated.

7554-52, Session 8

Fiber-based swept source at 1060 nm using a
tapered ampilifier

S. Marschall, C. Pedersen, P. E. Andersen, O. B. Jensen,
Technical Univ. of Denmark (Denmark); K. Hsu, Micron Optics,
Inc. (United States); B. Sumpf, K. Hasler, G. Erbert, Ferdinand-
Braun-Institut fir Hochstfrequenztechnik (Germany)

Swept source-OCT at 1060 nm has become a valuable tool especially
for ophthalmology. Conventional semiconductor optical amplifiers, the
preferred gain media for swept sources, can only provide low saturation
power in this wavelength range. As an alternative, we propose the use

of a tapered amplifier, a semiconductor gain medium with a narrow
waveguide section where a single-mode light field is generated and a
slowy broadening section that subsequently boosts the output power
while maintaining the mode-profile. These devices can provide high
output power and good beam quality, and are hence suitable to be
integrated in a fiber-based light source. We demonstrate the feasibility

of a tapered amplifier in a fiber-based frequency-swept laser. Using a
device with an ASE bandwidth of 22 nm, sweep operation with a range
of 25 nm is possible at a repetition rate of 1 kHz with an average output
power of 12 mW. If required, the power can be increased by coupling

a larger fraction of light out of the resonator. Point spread functions
generated in a Michelson interferometer show a slow sensitivity roll-off of
8 dB for 15 mm probing depth, which makes this light source interesting
for applications that require a long depth range. The proof of principle
looks promising, and further investigations will address tapered amplifiers

spie.org/pw Return to Contents



BiOS -
Conference 7554: Coherence Domain Optical Methods !P"_: Photonics West

and Optical Coherence Tomography in Biomedicine XIV

with broader gain bandwidth in order to increase the depth resolution for
OCT applications, as well as optimization of the laser cavity for higher
sweeping speeds.

7554-53, Session 8

Ultrabroadband Fourier domain mode locked
swept source based on dual SOAs and WDM
couplers

J. Zhang, G. Liu, Z. Chen, Univ. of California, Irvine (United
States)

A high-speed, ultra-broad band wavelength swept source based on
Fourier domain mode-locking (FDML) technique at center wavelength
of 1310 nm was demonstrated. Two semiconductor optical amplifiers
combined with wavelength-division multiplexing (WDM) couplers were
used as the gain media. The laser is capable of FWHM tuning range of
more than 180 nm and the edge-to-edge scanning range of more than
220 nm at 100 kHz sweeping rate. With the built swept source, an ultra
high resolution FDOCT system was developed.

7554-54, Session 8

Multiband swept laser source for frequency
domain optical coherence tomography

J. Jiang, Tianjin Univ. (China); R. Hui, The Univ. of Kansas (United
States)

We demonstrated a multiband frequency-swept laser based on
wavelength division multiplexing (WDM) and parallel signal processing.
Utilizing the periodical spectral lines of an FPI, multiband simultaneous
optical frequency scanning can be realized. The laser is constructed
with a fiber ring configuration, in which an optical demultiplexer/
multiplexer pair is used to divide the signal wavelength into N wavelength
bands, and the width of each band is v. Each wavelength band has a
dedicated amplifier to provide the optical gain and avoid the crosstalk
between bands. A scanning fiber FPI is used for wavelength selection
sweeping. The ring laser output is fed to the interferometer for OCT
operation. In order to separate optical signals from different wavelength
bands, two identical optical DEMUXs are used such that signal from
each wavelength band is detected by a balanced optical receiver. After
electrical amplification and digitizing, the data from all wavelength bands
are combined for signal processing. For calibration and synchronization
purpose, a small portion of the optical signal is taped from a wavelength
band and its frequency is monitored by a fixed Mach-zehnder
interferometer and a photo detector.

The proposed technique opens the possibility of significantly improved
OCT spatial resolution due to the increases optical bandwidth. It also
allows parallel signal processing and thus reduces the speed requirement
on the ADC and increases the measureable optical path difference
between the two interference arms of OCT. In order to demonstrate the
feasibility of the proposed WDM-OCT, a proof of concept demonstration
was conducted.

7554-55, Session 8

Imaging with novel swept-source OCT system
based on integrated thermo-optic tunable
laser chip

J. D. Cho, E. J. Jung, M. Y. Jeong, C. S. Kim, Pusan National
Univ. (Korea, Republic of); Y. Noh, Chemoptics Inc. (Korea,
Republic of); H. Lee, ChemOptics Inc. (Korea, Republic of); M.

Oh, ChemOptics Inc. (Korea, Republic of) and Pusan National
Univ. (Korea, Republic of)
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We experimentally demonstrated OCT images using a swept-source
OCT based on novel tunable laser chip. Based on the thermo-optic
tuning of a polymer waveguide Bragg reflector, a cost-effective and
microminiaturized integrated chip is demonstrated for wavelength swept
laser. The photonic integrated chip laser shows more than 19 nm of
bandwidth centered at 1532 nm, 0.06 nm instantaneous linewidth, and
5 mW peak output power. The linear response of thermo-optic effect
induces continuously corresponding sweep of output lasing wavelength
by tuning the repeatedly applied voltage on the micro heater. Utilizing
repeated sweeps, each A-line rate is available for cross-sectional OCT
imaging from the Fourier domain detection of the interferometric signal
through the sample. The bandwidth and repetition rate will be enhanced
with better performance of optical emitting source and integrated heating
component, respectively.

7554-56, Session 8

Wavelength swept amplified spontaneous
emission source at 1060 nm with Yb doped
fiber post-amplification

C. M. Eigenwillig, T. Klein, B. R. Biedermann, W. Wieser, R. A.
Huber, Ludwig-Maximilians-Univ. Miinchen (Germany)

We present a rapidly wavelength swept light source for Optical
Coherence Tomography (OCT) at 1060nm. Light alternately passes a
cascade of several different amplification elements and optical bandpass
filters. A phase-shifted control of the two filters compensates for light
transit time. As a last post-amplification step we use a diode pumped Yb
doped fiber setup providing improved gain performance. 11 mW average
output power are demonstrated for a sweep rate of 2x55 kHz (62 nm full
sweep range) and 2x160 kHz (50 nm full sweep range).

7554-57, Session 9

Polarization sensitive optical coherence
tomography of melanin provides tissue
inherent contrast based on depolarization

B. Baumann, Medical Univ. of Vienna (Austria); S. O. Baumann,
T. Konegger, Vienna Univ. of Technology (Austria); M. Pircher,
E. Gotzinger, H. Sattmann, Medical Univ. of Vienna (Austria);

M. Litschauer, Vienna Univ. of Technology (Austria); C. K.
Hitzenberger, Medical Univ. of Vienna (Austria)

Polarization sensitive optical coherence tomography (PS-OCT) was used
to investigate the polarization properties of melanin. Measurements

in samples with varying melanin concentrations revealed polarization
scrambling, i.e. depolarization. The results indicate that the depolarizing
appearance of pigmented structures like, for instance, the retinal pigment
epithelium (RPE) is likely to be caused by the melanin granules contained
in these cells.

7554-58, Session 9

Full range polarization-sensitive swept-
source optical coherence tomography at 1
um with polarization modulation and BM-
mode scan

M. Yamanari, S. Makita, Y. H. Lim, Y. Yasuno, Univ. of Tsukuba

(Japan) and Computational Optics and Ophthalmology Group
(Japan)

We demonstrate full range imaging of polarization-sensitive swept-source
optical coherence tomography (PS-SS-OCT) at 1 um wavelength to
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measure intensity and phase retardation images of retina without mirror
images. Continuous source polarization modulation and BM-mode scan
are applied. Since the axes of these modulations are orthogonal, these
methods can be applied simultaneously.

The incident state of polarization is modulated by electro-optic modulator
sinusoidally at a frequency of 40 MHz during sweeping the wavelength by
a light source at a rate of 30 kHz. In addition, BM-mode scan is applied
along the transversal scan on the sample using a phase modulator in

the reference arm with a phase step of pi/2. Horizontally and vertically
polarized components of the interference between the reference and
sample beams are detected by two photoreceivers individually and
digitized at 100 MS/s.

The measured spectra are demultiplexed for the polarization modulation
in the signal frequency domain for each A-scan. Subsequently, the
complex conjugate ambiguity is removed using BM-mode scan in the
spatial frequency domain. As a result, we obtain all elements of the Jones
matrix of the sample without complex conjugate ambiguity. Full range
intensity and phase retardation images of retina are demonstrated. Our
method can extend the measurable depth range and improve the image
quality of polarization-sensitive imaging of retina.

7554-59, Session 9

Single camera polarization sensitive spectral
domain OCT by spatial frequency encoding

T. Schmoll, E. Gétzinger, M. Pircher, C. K. Hitzenberger, R. A.
Leitgeb, Medizinische Univ. Wien (Austria)

Recent developments in polarization sensitive OCT gave important
insights into retinal and cardio vascular pathologies. In order to retrieve
retardation and optical axis orientation, it is necessary to use amplitude
as well as phase information. In the present work we introduce a method
that allows for parallel acquisition of orthogonally polarized spectra with
a single detector and an electro-optic modulator (EOM). If the EOM is
illuminated with linear polarized light at an angle of 45deg with respect
to fast axis of the EOM crystal, any modulation introduced by the EOM
will only effect the phase of the polarization component that is parallel
to the fast axis. The orthogonal component will not be affected by

the modulation. Viewing this modulation as spatial carrier frequency

we obtain a separation of the spatial spectra of both polarization
components. Retardation and optical axis orientation are reconstructed
using the relations where illumination of the sample with circularly
polarized light is assumed. Such reconstruction allows for a parallel
recording of orthogonally polarized signal channels. Proof-of principle
using a chromatic quarter wave plate designed for 1300nm as a sample
and acquisitions of a piece of borealis, a highly birefringend plastic is
provided. Results of the method for in-vivo imaging of a fingertip are
presented.

7554-60, Session 9

Polarization-sensitive optical frequency
domain imaging based on depolarized light

K. H. Kim, Pohang Univ. of Science and Technology (Korea,
Republic of); C. Kerbage, Neuroptix Corp. (United States); B. H.
Park, Univ. of California, Riverside (United States); Y. Tu, W. Y. W.
Oh, T. Hasan, Wellman Ctr. for Photomedicine (United States); J.
F. de Boer, Vrije Univ. Amsterdam (Netherlands)

We present a new method for polarization-sensitive optical frequency
domain imaging (PS-OFDI). In this method, a sample is probed with
depolarized light, which is composed of two polarization states
separated by 180° in the Poincaré sphere with an enough path length
difference between them, and the reflected sample states are acquired
simultaneously based on the frequency multiplexing scheme. This
simultaneous acquisition of two reflection states enables to use
depolarized light, because the phase information between the two
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polarization states is available, and the full Jones matrix of the sample
and the output path can be obtained. The new PS-OFDI system ran at
31K axial scans/s with 3072 pixels per spectrum, and its sensitivity was
98dB. Images of the chicken leg muscle, human finger tip are presented.
Lastly a mouse cancer model was imaged to demonstrate that PS-OFDI
provides a good contrast to distinguish the cancer and normal tissues.

7554-61, Session 9

High-speed spectral domain polarization-
sensitive OCT using a single InGaAs line-scan
camera and an optical switch

S. Lee, H. Jeong, B. Kim, Korea Univ. (Korea, Republic of)

We demonstrate high-speed spectral domain polarization-sensitive
optical coherence tomography (SD-PS-OCT) using a single InGaAs line-
scan camera and a 1 x 2 optical switch. The SD-PS-OCT system was
constructed by free-space optics. The horizontal and vertical polarization
light rays split by polarization beam splitter were delivered and detected
via an optical switch to a single spectrometer by turns instead of dual
spectrometers. The SD-PS-OCT system has an axial resolution of

8.2 um, a sensitivity of 101.5 dB, and an acquisition speed of 23,496
A-lines/s.

7554-62, Session 9

Ultrahigh-resolution fiber-based polarization
sensitive spectral domain optical coherence
tomography

E. Gotzinger, B. Baumann, M. Pircher, C. K. Hitzenberger,
Medizinische Univ. Wien (Austria)

We developed a fiber based ultra high resolution polarization sensitive
spectral domain optical coherence tomography system. The system is
based on polarization maintaining fibers and retrieves the backscattered
intensity, birefringence and optic axis orientation with only one A-scan
per measurement location. In addition a light source with a bandwidth of
100nm was implemented. The setup was used to image the polarization
properties of the human retina.

7554-63, Session 10

From controlling the shape of Talbot bands’
visibility to improving the sensitivity decay
with depth in FD-OCT

A. G. Podoleanu, M. R. Hughes, A. Bradu, D. Woods, Univ. of
Kent (United Kingdom)

We present theoretical and experimental studies on the sensitivity
variation versus optical path difference (OPD) in Fourier domain spectral
interferometry using configurations which produce Talbot bands. Such
configurations require that the two interfering beams use different parts of
the diffraction grating in the interrogating spectrometer. We show that by
manipulating the power distribution within the two interfering beams, the
OPD value where maximum sensitivity is achieved can be conveniently
tuned, as well as the sensitivity variation with OPD. Furthermore, creating
a gap between the two beams leads to adjustment of the minimum
detectable OPD value, while the widths of the beams determine the
maximum detectable OPD value. These features cannot be explained

by theoretical models involving spectrometer resolution elements only.
Improvement in the sensitivity variation with depth is demonstrated
experimentally.
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7554-64, Session 10

Performance of reduced bit-depth acquisition
for optical frequency domain imaging

B. D. Goldberg, B. J. Vakoc, Wellman Ctr. for Photomedicine,
Massachusetts General Hospital (United States) and Harvard-MIT
Div. of Health Sciences and Technology (United States); W. W.
Oh, M. J. Suter, Wellman Ctr. for Photomedicine, Massachusetts
General Hospital (United States); S. Wasman, M. I. Freilich, Lahey
Clinic (United States); B. E. Bouma, G. J. Tearney, Wellman Ctr.
for Photomedicine, Massachusetts General Hospital (United
States) and Harvard-MIT Div. of Health Sciences and Technology
(United States)

High-speed optical frequency domain imaging (OFDI) has enabled
wide-field microscopic imaging in the biological laboratory and clinical
medicine. The imaging speed of OFDI, and therefore the field of view,
of current systems is limited by the rate at which data can be digitized
and archived rather than the system sensitivity or laser performance.
One solution to this bottleneck is to digitize OFDI signals at reduced bit
depths. However, the implications of reduced bit-depth acquisition on
image quality have not been studied. In this paper, we use simulations
and empirical studies to evaluate the effects of reduced depth acquisition
on OFDI image quality. We show that image acquisition at 8-bit depth
allows high system sensitivity with only a minimal drop in the signal-to-
noise ratio compared to higher bit-depth systems. Images of a human
coronary artery acquired in vivo at 8-bit depth are presented and
compared with images at higher bit-depth acquisition.

7554-65, Session 10

Sonification of optical coherence tomography
data and images

A. Ahmad, S. G. Adie, Y. Wang, S. A. Boppart, Univ. of lllinois at
Urbana-Champaign (United States)

Sonification is the process of representing data parameters with audio
signals or waveforms. In this manuscript, we describe the auditory
presentation of OCT data and images. This conversion will be especially
valuable in time-sensitive surgical or diagnostic procedures where it may
not be possible to visually interpret or analyze the image-based data in
real-time. In these scenarios, auditory feedback can complement visual
data without requiring the surgeon to constantly monitor the screen. In
this paper we present techniques to translate OCT data and images into
sound based on the extracted spatial and Fourier domain properties from
the OCT data. Results obtained from parametric mapping sonification

of human adipose and tumor tissues are presented which indicate that
audio feedback of OCT data may be used for interpretation of OCT
images.

7554-66, Session 10

Non-harmonic analysis for high-resolution
optical coherence tomography

C. Chong, A. Morosawa, K. Totsuka, T. Suzuki, Santec Corp.
(Japan); X. Cao, S. Hirobayashi, Univ. of Toyama (Japan)

A new processing technique called Non-Harmonic Analysis (NHA) is
proposed for OCT imaging. Conventional Fourier-Domain OCT relies on
the FFT calculation which depends on the window function and length.
Axial resolution is counter-proportional to the frame length of FFT that is
limited by the swept range of the swept source in SS-OCT, or the pixel
counts of CCD in SD-OCT degraded in FD-OCT. However, NHA process
is intrinsically free from this trade-offs; NHA can resolve high frequency
without being influenced by window function or frame length of sampled
data, i.e. wavelength range in the case of SS-OCT. In this study, NHA
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process is explained and applied to SS-OCT imaging and compared with
OCT images based on FFT. We apply the nonlinear equation process to
convey the calculation of OCT signal using NHA. In order to validate the
benefit of NHA in OCT, we carried out OCT imaging based on NHA with
three different sample, onion-skin, pig-eye, human skin. The results show
that NHA process can realize image quality equivalent to 100nm swept
range by only using less than half-reduced wavelength range, and it also
implies the potential of ultra-high resolution imaging capability without
the need of an ultra-broadband source.

7554-67, Session 10

Resolution improvement in optical coherence
tomography by step-frequency encoding
E. Bousi, |I. Charalambous, C. Pitris, Univ. of Cyprus (Cyprus)

A novel technique for axial resolution improvement of Optical Coherence
Tomography (OCT) systems is presented. The technique is based on
step-frequency encoding of the OCT signal, using frequency shifting. A
resolution improvement by a factor of ~ 7 is achieved without the need
for a broader bandwidth light source. This method exploits a combination
of two basic principles: the appearance of beating, when adding two
signals of slightly different carrier frequencies, and the resolution
improvement of OCT images by deconvolution of the interferogram with
the encoded source autocorrelation function. In OCT, step-frequency
encoding can be implemented by performing two A-scans, with different
carrier frequencies and subsequently adding them to create the encoded
signal. Deconvolution of the resulting interferogram, using appropriate
kernels, results in a narrower resolution width when the frequency steps
are appropriately selected.

7554-68, Session 10

Twofold improvement in axial resolution of
optical coherence tomography by four-pass
sample probing

M. Sylwestrzak, E. A. Kwiatkowska, P. Targowski, Nicolaus
Copernicus Univ. (Poland)

In this contribution a proof of concept for the alternate way of twofold
increasing the axial resolution of Optical Coherence Tomography systems
is shown. On the contrary to expanding the bandwidth of the light
source, the number of passes of light between sample and the Michelson
interferometer is increased. In two simplified novel configurations of
Spectral OCT devices designed for this research, the interferometer is
equipped with polarization controlling elements in order to force light to
pass the distance from the beam spilitter to the sample four times: during
the first pass the initial liner polarization of the probing beam is converted
to the perpendicular component and on return to the interferometer
deflected by the polarization sensitive beam splitter towards the
additional mirror reflecting it back to the sample. After the second pass
the state of polarization is changed again and restored to the initial

one in order to interfere with the reference beam. As a result in both
set-ups optical paths difference between both arms of the Michelson
interferometer is twofold longer comparing to the standard system. This
results in two times smaller axial calibration coefficient and finally twofold
increase of an effective axial resolution for the same coherence length of
the light source. In the paper the experimental evidences are given and
limitations of the method discussed.
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7554-69, Session 11

Magnetomotive optical coherence
tomography for in vivo molecular imaging of
mammary tumors using targeted magnetic
nanoprobes

R. John, R. Rezaeipoor, S. G. Adie, E. J. Chaney, B. P. Sutton,
M. Marjanovic, A. Oldenburg, S. A. Boppart, Univ. of lllinois at
Urbana-Champaign (United States)

In this study, we report for the first time, in vivo imaging of functionally
targeted magnetic iron oxide nanoparticles (MNPs) using magnetomotive
optical coherence tomography (MM-OCT) in a rat mammary tumor
model. These specially engineered super paramagnetic iron oxide
nanoprobes have multifunctional capabilities enabling them to be used
as molecular agents in magnetic resonance imaging (MRI), MM-OCT,
and magnetic drug targeting applications. The dextran-coated iron oxide
nanoparticles were functionalized with anti-epidermal growth factor
receptor type 2 (anti-HER2) antibody to target the HER2 receptor, which
is over expressed in about 30% of human invasive breast carcinomas.

In vivo imaging using MM-OCT demonstrates accumulation of antibody-
conjugated nanoparticles in only mammary tumors, whereas non-
targeted nanoparticles show a weak biodistribution in lungs and liver and
do not show any specific accumulation in mammary tumors. In vivo MRI
of the rats performed before and after injection of targeted iron oxide
nanoparticles show changes in T2* contrast, confirming the accumulation
and multimodal imaging of these iron oxide nanoparticles. Biodistribution
studies confirm the accumulation of targeted nanopartcles in tumors with
sizes up to ~1.5 cm.

7554-70, Session 11

The development of pump-probe optical
coherence microscopy

Q. Wan, B. R. Applegate, Texas A&M Univ. (United States)

We have developed a novel subcellular molecular imaging technique
based on the fusion of Pump-Probe absorption spectroscopy and Optical
Coherence Microscopy (OCM). Pump-probe absorption spectroscopy is
a well established tool in molecular physics for measuring the spectrum
and dynamics of molecular species which are poor fluorophores. OCM
combines the scattered light rejection of low coherence interferometry
with confocal microscopy to enable subcellular resolution deep in

highly scattering tissue. Their fusion, Pump-Probe Optical Coherence
Microscopy (PPOCM), is able to image chromophores with subcellular
resolution deep in highly scattering tissue. The PPOCM signal is detected
as an amplitude modulation of the OCM signal hence each scan results
in the acquisition of two images, the reflectance (OCM) image and the
molecular (PPOCM) image. We have demonstrated the prototype system
on a fixed human skin sample containing a nodular melanoma. The
results indicate that PPOCM can clearly provide strong contrast between
the melanotic and amelanotic regions. Potential applications of PPOCM
imaging of melanin include the early diagnosis of melanoma and the
mapping of tumor margins during excision. While we have demonstrated
the prototype PPOCM system on melanin the technique may in general
be applied to any biological chromophore with a known absorption
spectrum.

7554-71, Session 11

Magnetomotive optical coherence
elastography for relating lung structure and
function in cystic fibrosis

R. K. Chhetri, J. Carpenter, R. Superfine, S. H. Randell, A. L.

Oldenburg, The Univ. of North Carolina at Chapel Hill (United
States)
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Cystic fibrosis is a genetic defect in the cystic fibrosis transmembrane
conductance regulator protein and is the most common life-limiting
genetic condition affecting the Caucasian population. It is an autosomal
recessive, monogenic inherited disorder characterized by failure of airway
host defense against bacterial infection, which results in bronchiectasis,
the breakdown of airway wall extracellular matrix (ECM). Using externally
controlled magnetic nanoparticles as force transducers, magnetomotive
optical coherence elastography (MMOCE) is employed to study the
internal microscopic deformations associated with bronchiectasis. We
hypothesize that several factors contribute to ECM breakdown which
are linked to bacterial colonization, including the excretion of microbial
proteases, activation and migration of neutrophils and their production of
neutrophil activating factors and matrix metalloproteinase (MMP) activity
by the epithelial cells. To non-invasively access ECM remodeling, we use
in vitro models consisting of human tracheo-bronchial-epithelial (hBE)
cells grown on porous supports at an air-liquid interface. It is shown

that MMOCE can reveal the elastic properties of the electrospun in vitro
scaffolds, and that OCT can visualize the epithelial cell cultures similar to
histology but non-destructively. Correlative studies using OCT examined
the morphology of ex vivo CF and non-CF lung tissues. These studies
will result in improved understanding of the major pathologic changes in
CF lung structure and function, and may lead to new in vivo imaging and
elastography methods to monitor disease progression and treatment.

7554-72, Session 11

Overcoming barriers in topical administration
of gold nanoparticles for optical coherence
tomography using multimodal delivery

C. S. Kim, P. Wilder-Smith, Y. Ahn, L. L. Liaw, Z. Chen, Beckman
Laser Institute and Medical Ctr. (United States); Y. J. Kwon, Univ.
of California, Irvine (United States)

Optical coherence tomography (OCT) is a non-invasive imaging modality
with higher resolution than other conventionally practiced diagnostic
techniques. However, its low achievable contrast level in biological
tissues limits the use of OCT in detecting early-stage cancer with pin-
pointed accuracy, which can be improved by employing optical contrast
agents. Gold nanoparticles (Au NPs) can be a promising contrast agent
because they are easy to synthesize into a desired size and shape and
possess optical properties suitable for OCT, such as high light scattering
and surface plasmon resonance (SPR) effects, which could help
differentiate early-stage cancer lesions from normal tissue. While topical
delivery of Au NPs offers many advantages, including significantly lower
systemic toxicity and dosage, poor penetration and distribution of Au
NPs in tissue are major barriers, which were attempted to be overcome
in this study. It is hypothesized that Au NPs are able to penetrate through
micropassages created by microneedles and distributed by ultrasound
afterwards (multi-modal delivery). Enhanced penetration and distribution
of Au NPs via multi-modal topical delivery were proven to overcome

two major barriers in topically administering Au NPs using an in vivo oral
dysplasia hamster models (overall 150% enhanced contrast). This talk
will also present an expanded progress on a highly efficient and versatile
Au NP-releasing microneedle platform for multi-modal delivery of Au NPs.

7554-73, Session 11

Tissue differentiation in human lymph nodes
using parameterized optical coherence
tomography

R. A. McLaughlin, L. Scolaro, The Univ. of Western Australia
(Australia); P. Robbins, PathWest Lab. Medicine WA (Australia);
C. Saunders, Sir Charles Gairdner Hospital (Australia) and The
Univ. Western Australia (Australia); S. L. Jacques, Oregon Health
& Science Univ. (United States); D. D. Sampson, The Univ. of
Western Australia (Australia)
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This paper presents a method to construct parametric images from a
3D-OCT data set. By modeling the rate of signal attenuation within an
A-scan, the algorithm estimates the local tissue attenuation coefficient.
Calculating this value automatically for each A-scan, it is possible to
construct a 2D parametric en-face image, where the parameter value
indicates the underlying tissue type. The algorithm is demonstrated on
ex vivo human lymph nodes, both normal and cancerous, and validated
against a histological gold standard. Results demonstrate variation in
attenuation between adipose, lymph cortex and stroma, and between
cancerous and healthy tissue.

7554-74, Session 11

Reconstruction of absorption profiles of
indocyanine green using spectral OCT

S. Tamborski, D. Bukowska, M. Szkulmowski, |. Grulkowski, A.
Kowalczyk, M. Wojtkowski, Nicolaus Copernicus Univ. (Poland)

In Spectral Optical Coherence Tomography (SOCT) in-depth information
about the object structure is encoded in a spectral fringe signal
produced at the output of an interferometer system and collected by a
spectrometer with a multipixel photodetector. By taking advantage of
high imaging speed, high sensitivity and high resolution of this technique
it has been already successfully applied to structural imaging of the
anterior eye and retina in three dimensions. Moreover, the OCT fringe
signal enables diverse functional analysis of biomedical objects. Since
now, functional OCT research have been conducted mostly in the

field of flow analysis. Another important issue for functional studies is
depth resolved extinction which can provide information about relative
variation of the chemical content in measured tissue and thereby be
useful for example in determination of the blood oxidization level. Joint
Spectral and Time domain OCT method proposed by our group enables
simultaneous calculation of flow velocity and depth and wavelength
dependent extinction from the same measurement outcome. Moreover, in
particular experimental setup the method shows potential to distinguish
between absorption and scattering contributions to extinction. This
information can be relatively easily derived when the OCT signal is
constructed with light reflected from the surfaces within the sample. Far
more complex case is when light is just scattered by the object, as it is
usual when the latter is turbid biological tissue. This contribution contains
the detailed description of the method dealing with this problem followed
by the demonstration and comments on experimental results.

7554-75, Session 11

Monitoring small changes in blood hematocrit
using phase sensitive spectral domain optical
coherence tomography

K. V. Larin, V. G. R. Manne, Univ. of Houston (United States)

A new method for monitoring ultra-small changes in blood hematocrit
(~0.2%) based on measurement of refractive index changes in vitro
using Phase Sensitive Spectral Domain Optical Coherence Tomography
modality (PhS-SDOCT) is introduced. The developed system has an
axial resolution of ~8 pm, phase sensitivity of +0.01 radians, imaging
depth of 3.4 + 0.01 mm in air, and image acquisition speed of 29 kHz.
The experimental accuracy for monitoring refractive index changes as a
function of hematocrit level in blood is found to be +1.5x10-4 (+0.2%).
Obtained results indicate that the PhS-SDOCT can be used to monitor
ultra-small changes in the hematocrit and in vitro and, potentially, in
tissue blood vessels in vivo.

Return to Contents TEL: +1 360 676 3290

+1 888 504 8171

7554-77, Session 12

Dark-field optical coherence microscopy

C. Pache, M. L. Villiger, T. Lasser, Ecole Polytechnique Fédérale
de Lausanne (Switzerland)

Over the past years, many solutions have been proposed to produce
phase quantitative images of biological cell samples. Among these,
Spectral Domain Phase Microscopy combines the fast imaging

speed and high sensitivity of Optical Coherence Microscopy (OCM)

in the Fourier domain with the high phase stability of common-path
interferometry. We report on a new illumination scheme for OCM that
enhances the sensitivity for backscattered light and detects the weak
sample signal, otherwise buried by the signal from specular reflection.
With the use of a Bessel-like beam, a dark-field configuration was
realized. Sensitivity measurements for three different illumination
configurations were performed to compare our method to standard OCM
and extended focus OCM. Using a well-defined scattering and reflecting
object, we demonstrated an attenuation of -40 dB of the DC-component
and a relative gain of 30 dB for scattered light, compared to standard
OCM. In a second step, we applied this technique, referred to as dark-
field Optical Coherence Microscopy (dfOCM), to living cells. Chinese
hamster ovarian cells were applied in a drop of medium on a coverslide.
The cells of ~15 pm in diameter and even internal cell structures were
visualized in the acquired tomograms.

In conclusion, this work demonstrates that Bessel-like beams can
find application in OCM not only for extended depths of field but also
to improve the sensitivity. With dfOCM, tomograms of backscattered
light from living cells were obtained, revealing internal cell structures
and providing complementary information to the optical path length
measurements of common phase microscopy methods.

7554-78, Session 12

Ultrahigh-speed phase mapping at 512,000
A-scan rate with line field Fourier domain
optical coherence tomography

B. Grajciar, Medical Univ. of Vienna (Austria); Y. Lehareinger, ETH
Zurich (Switzerland); A. F. Fercher, R. A. Leitgeb, Medical Univ. of
Vienna (Austria)

We present a new ultra high speed parallel (line-field) FD-OCT method

for phase mapping employing 2D CMOS detector technology operating
at equivalent 512,000 Hz. A single tomogram is captured in one single
exposure with no additional lateral scanning device and therefore the
structure is free of any motion artifacts and we can observe excellent
transversal phase stability. The high speed is exploited by phase sensitive
assessment changes of refractive indices of solutions by ultra fast
recording of injection processes for observing the mixing and interaction
between phases and/or particles of different liquids.

7554-79, Session 12

Crosstalk rejection in full-field optical
coherence tomography using spatially
incoherent illumination with a partially
coherent source

A. Z. Dhalla, J. Migacz, J. A. Izatt, Duke Univ. (United States)

The recent advent of ultra high frame rate cameras gives rise to the
possibility of constructing swept source full-field OCT systems with
achievable volume rates approaching 10Hz and net A-scan rates
approaching 10MHz. Unfortunately, when illuminated with partially
coherent light, full-field OCT in turbid media suffers resolution and
SNR degradation from coherent multiple scattering, a phenomenon
commonly referred to as crosstalk. As a result, most FFOCT systems
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employ thermal sources, which provide spatially incoherent illumination
to achieve crosstalk rejection. However, these thermal sources preclude
the use of swept source lasers. In this work, we demonstrate the use of
a carefully configured FFOCT system employing a multimode fiber in the
illumination arm to reduce the spatial coherence of a partially coherent
source. By reducing the coherence area below the system resolution,
the illumination becomes effectively spatially incoherent and crosstalk

is largely rejected. We compare FFOCT images of a USAF test chart
positioned beneath both transparent and turbid phantoms using both
illumination schemes.

7554-80, Session 12

Breast cancer surgery and full-field OCT in
the operating room

B. Sigal-Zafrani, Institut Curie (France); S. Gigan, Ecole
Supérieure de Physique et de Chimie Industrielles (France);

B. De Poly, O. De Witte, LLTech (France); C. Brossollet, Ecole
Supérieure de Physique et de Chimie Industrielles de la Ville de
Paris (France); C. Boccara, Ecole Supérieure de Physique et de
Chimie Industrielles (France)

Full Field OCT (FFOCT) images allow an easy comparison with
histological sections, nevertheless they are limited to about 1Tmm2
whereas histological sections expand typically over 0.1 to 1 cm2. The
pathologist being used to explore a large number of scales from cm
down to pm in order to achieve realistic comparisons we stitched images
to display a significant field of view.

“Virtual sectioning” of normal and cancerous tissues as well as the
histological sections of the same samples have been performed on
colons, breast tumors, lymph nodes etc. it appears that the same
structures are easily identified in both kinds of images down to the
cellular level.

We thus started to explore the FFOCT ability to become a useful
complementary tool for pathologists working on breast cancer
diagnostics.

Current per surgery tumor margins and sentinel breast lymph node
analysis are usually performed in two steps: the pathologist makes a
rapid “macroscopic” observation in the operating room; in parallel on
one frozen tissue section a microscopic analysis is performed, leading
to a first diagnosis concerning the presence of cancer cells. Then, in
case of negative answer, the rest of the tumor or of the axillary nodes
are preserved for serial sectioning and specific colorations for a careful
search of cancer cells. In case of positive diagnosis (from 10 to 40 % of
the cases) a re-operation is scheduled. Our program intends to reduce
the re-operation rate by allowing the pathologist to get within a time
interval of 15 minutes a cellular resolution view of the suspected areas.
This FFOCT does not aim to replace the scheduled examinations but
hopefully will complement efficiently the per-operatory diagnostic.

7554-81, Session 12

Low-coherence enhanced backscattering
imaging with simultaneous multiple spatial
filters

J. Liu, Z. Xu, Y. L. Kim, Purdue Univ. (United States)

In conventional optical coherence tomography and confocal microscopy,
spatial gating such as low-coherence gating and optical-sectioning is

the key element to eliminate background intensity caused by out-of-
focus scattered light. To achieve an alternative yet effective approach for
spatial gating without mechanical pinhole scanning, we take advantage
of the intrinsic property of low spatial coherence illumination and the
self-interference effect of low-coherence enhanced backscattering
(LEBS). The unique combination of low spatial coherence illumination
and differential angle imaging permits the implementation of multiple
independent virtual pinholes into an imaging platform, which in turn offers
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self-generated optical-sectioning to the subsurface in a relatively large
area (our imaging approach is hereafter referred to as LEBS imaging).
Indeed, resolution and contrast improvements in LEBS imaging have
analogy with confocal (or pinhole) gating such that resolution and
contrast obtained from confocal microscopy are better than those

from conventional microscopy. We further make use of sensitivity of

light scattering spectroscopy to capture subtle alterations in size and
density of internal structures of samples. We demonstrate that our novel
spectroscopic imaging platform substantially minimizes cross-talk among
adjacent pixels, rejects the background light caused by out-of-plane
scattered light, and thereby enhances image contrast and resolution.
Given that LEBS is one of the most robust interference phenomena in
light scattering, the key characteristics in LEBS spectroscopic imaging
may have the potential for widespread utilization in tissue imaging and
histopathological guidance. In addition, our approaches could potentially
be used to develop wide-field optical coherence tomography for large
tissue areas.

7554-82, Session 12

Double common-path phase microscopy for
the use of high numerical aperture objective
lens

J. S. Park, H. D. Kim, M. Y. Jeong, C. Kim, Pusan National Univ.
(Korea, Republic of)

We demonstrate a novel phase-sensitive optical coherence microscopy
system based on double common-path interferometer configuration.
Conventional single common-path phase microscopes have suffered

the spatial resolution problem by using low numerical aperture objective
lens for the simultaneous focus of the sample and the reference reflector.
We introduce new interferometer scheme to overcome those limitations
by adding a tunable common-path optical delay line. Since our double
common-path interferometer is flexible to change the distance between
sample and reference reflector, it is easily permitted to use high numerical
aperture microscope objectives. As it is also possible to enhance the
spatial resolution and phase stability, we demonstrate the experimental
comparison results of nanometer scale profiling of sample surface using
the wavelength-swept light source and Fourier domain detection for
rapid phase measurement. Displacement sensitive surface profile is
experimentally measured using the sample of a U.S. Air Force resolution
target. It will be possible to measure more accurate displacement
sensitivity by using higher NA objectives and reducing detection noise
further.

7554-83, Session 12

The role of a detector dead time in phase-
resolved Doppler analysis using spectral
domain optical coherence tomography

J. Walther, P. Cimalla, E. Koch, Technische Univ. Dresden
(Germany)

We have recently shown that for any oblique sample movement
containing a transverse velocity component, the prevalent classic
Doppler model assuming that the phase shift is proportional to the
axial velocity component is erroneous for spectrometer-based FD OCT.
While the previous derivation assumed a continuous integration of the
photocurrent, we extend the new Doppler model for detectors with a
shutter control by taking the detector dead time into account. Because
an analytical solution for the new relation between phase shift and
oblique sample displacement can not be given, numerically calculated
universal contour plots, which are valid for any center wavelength and
beam size, are presented for detector dead times ranging from 5%

to 90%. The theoretical results were verified by using a flow phantom
model. We have shown theoretically and experimentally that for small
Doppler angles between the transverse and the flow direction and small
detector dead times the discrepancy to the assumed linear relationship
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may be dramatic. Compared to systems with a duty cycle of 100%,

the average phase shift does not approach a constant value for large
transverse displacements and high sample velocities. In contrast, at large
detector dead times and with this small integration times, the numerically
simulated phase shift corresponds almost to the assumed one according
to the classic Doppler model for the investigated velocity range. With
these findings, the question of whether a detector dead time at a
constant A-scan rate will be beneficial for the Doppler flow measurement
is addressed in this study.

7554-84, Session 12

Sub-cellular resolution imaging with Gabor
domain optical coherence microscopy

P. Meemon, CREOL, The College of Optics and Photonics,

Univ. of Central Florida (United States); K. Lee, The Institute of
Optics, Univ. of Rochester (United States); S. Murali, CREOL, The
College of Optics and Photonics, Univ. of Central Florida (United
States) and General Optics (Asia) Ltd. (India); |. Kaya, CREOL,
The College of Optics and Photonics, Univ. of Central Florida
(United States); K. P. Thompson, Optical Research Associates
(United States); J. P. Rolland, CREOL, The College of Optics

and Photonics, Univ. of Central Florida (United States) and The
Institute of Optics, Univ. of Rochester (United States)

To achieve an axially and laterally high resolution OCT image, Optical
Coherence Microscopy (OCM) that used a high NA microscope objective
in the sample arm was proposed. An increase in NA however leads to

a dramatically decreased depth of focus (DOF) and hence shorten an
imaging depth range so that high lateral resolution is maintained only
within a small depth region close to the focal plane. Consequently, to
increase the depth of imaging while keeping a high lateral resolution,
dynamic-focusing (DF) was introduced. We have recently presented and
quantified a solution for high invariant resolution imaging using a liquid
lens embedded variable focusing element within a fixed optics hand-
held custom microscope. In this paper we demonstrate the details how
the portions of the in-focus cross-sectional images can be extracted
and fused to form an invariant lateral resolution image with multiple
cross-sectional images acquired corresponding to a discrete refocusing
step along depth enabled by the DF probe. The combination of the
automatic C-mode acquisition accommodated by the DF objective
optics and the sliding-window based fusing mechanism that builds on
the Gabor transform is referred to as Gabor domain OCM (GD-OCM). We
demonstrate sub-cellular resolution imaging of an African frog tadpole
(Xenopus Laevis) taken from a 500 pm x 500 pm cross-sectional portion.
The first skin in vivo image will be shown with high speed GD-OCM.
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7555-01, Session 1

Development of a multimodal tissue
diagnostic system combining time-resolved
fluorescence spectroscopy, high-resolution
ultrasound, and photoacoustic imaging

Y. Sun, Y. Sun, D. N. Stephens, H. Xie, M. Lam, Univ. of
California, Davis (United States); J. M. Cannata, Univ. of Southern
California (United States); G. Farwell, Univ. of California, Davis
(United States); K. Shung, Univ. of Southern California (United
States); L. Marcu, Univ. of California, Davis (United States)

We report the research for development and validation of a multimodal
tissue diagnostic technique, which combines three complementary
techniques into one system: time-resolved fluorescence spectroscopy
(TRFS), ultrasonic backscatter microscopy (UBM), and photoacoustic
imaging (PAl). Distinct chemical, structural, and functional features of
bio-systems can be simultaneously extracted by the fusion of these three
methods. A novel compact combined probe was designed integrating

a 3.5 pm single mode fiberoptic (excitation for PAl), a miniature 40 MHz
angle ultrasound transducer (for UBM and PAl), and a multimode 600
um fiberoptic (for TRFS). Fluorescence was induced with a nitrogen laser
(837 nm, pulse width 800 ps, 2 pJ/pulse, 30 Hz), detected by a gated
MCP-PMT, and recorded by an oscilloscope (20 Gs/s, bandwidth 2.5
GHz) with the overall time resolution of 300 ps. Ultrasonic backscatter
signals were detected by the transducer, amplified with a low noise
amplifier by 35 dB, and recorded by a fast digitizer (400 Ms/s).
Photoacoustic signals were excited by a Nd:YAG laser (532 nm, pulse
width 8 ns, 20 Hz), and acquired by the shared UBM receiving circuit,
showing substantial contrast for the distribution of optical absorbers.
The system performance was evaluated with multimodal physical and
biological tissue phantoms, and in vivo hamster buccal pouch model

of carcinoma induced by 7,12-Dimethylbenz[a]anthracene. The ability
for the multimodal system to derive biochemical and microanatomical
information from tissue and to evaluate the tumor angiogenesis, for the
discrimination between healthy tissue, early lesion, and malignant tumor
will be reported.

7555-02, Session 1

Clinically compatible instrumentation for
accurate detection of fluorescence intensity
and lifetime in turbid media

C. Chang, W. Lloyd, R. Wilson, Univ. of Michigan (United States);
G. Gillispie, Fluorescence Innovations (United States); M. Mycek,
Univ. of Michigan (United States)

Fluorescence wavelength-time matrices (WTMs) consist of fluorescence
decay curves collected over a range of emission wavelengths. The
information-rich nature of WTM data shows promise for a variety of
biomedical optics applications. Here we report data collected with

a specialized transient digitizer, high repetition rate microchip laser
sources, and fiber optic light delivery and collection for rapid remote
sensing in tissue-simulating phantoms. The instrumentation is highly
suitable for eventual translation to a clinical setting owing to the speed of
data acquisition and small footprint.

Tissue-simulating phantoms that replicate intrinsic optical properties
in a controlled manner were used for quantitative studies of photon
transport in turbid media. One set of phantoms was composed of
varying concentrations of polystyrene microspheres embedded in a
fluorescent gelatin matrix. A second set of phantoms was composed
of varying concentrations of fluorescent microspheres embedded in a

120 SPIE Photonics West 2010

collagen gel matrix. Ranges for data acquisition time and instrument
sensitivity were determined by measuring WTMs from these phantoms
for varying scattering and absorption coefficients. The accuracy of the
instrumentation and the phantoms was determined by comparison of the
collected WTMs with the results of Monte-Carlo simulations of time- and
wavelength-resolved fluorescent light propagation in turbid media.

7555-03, Session 1

Using Raman spectroscopy to detect cervical
dysplasia in minority populations

E. Vargis, Vanderbilt Univ. (United States); T. Byrd, Meharry
Medical College (United States); D. Khabele, Vanderbilt Univ.
(United States) and Meharry Medical College (United States); A.
Mahadevan-Jansen, Vanderbilt Univ. (United States)

Cervical cancer is the second most common malignancy among women
worldwide. When cervical cancers are detected early, they are highly
curable. In fact, early detection of cervical dysplasia using Pap smears
and colposcopies has played a central role in reducing the mortality
associated with this disease in the US over the last 50 years. However,
this trend is not observed across all areas of the US and in countries
such as Zambia, where the mortality and prevalence rate of invasive
cervical cancer is the second highest in the world. These places have
less access to the resources necessary to perform Pap smears and
colposcopies. An automated diagnostic method or a “See and Treat”
protocol with adequate sensitivity and specificity would significantly
improve the management of the disease in any low resource setting. Over
the past few years, we have developed an instrument to acquire Raman
spectra from the cervix, as well as a sophisticated algorithm to classify
tissue as normal (benign or inflammatory), squamous metaplasia, low-
grade dysplasia, or high-grade dysplasia. Previous results on a primarily
Caucasian population show that high-grade spectra classify correctly
95% of the time and low-grade classify correctly 74% of the time with a
sensitivity of 98% and a specificity of 96%. This study details the results
found by using this tool with patients from a more diverse background,
with varying socioeconomic and ethnic/racial statuses, showing that
this tool will greatly benefit areas where professional care is difficult to
achieve, regardless of inherent patient variability.

7555-04, Session 1

Optical fiber guided needle insertion to
localize epidural space in porcine

Y. Chang, National Yang-Ming University (Taiwan); C. K. Ting, M.
Tsou, P. Chen, K. Chan, Taipei Veterans General Hospital (Taiwan)

Experiments of ex-vivo and in-vivo in porcine were performed to

verify that the epidural space could be localized without assistance of
additional guidance. In the ex-vivo study the optically reflective spectra
of identified porcine tissues were firstly obtained. By which wavelengths
of 650 nm and 532 nm were selected to differentiate epidural space and
ligamentum flavum. A specially designed hollow stylet that contained
optical fibers served for tissue illumination and receiving reflected light
from tissue in the in-vivo experiment. The data was real-time displayed
on an oscilloscope and stored for analysis. A total of 50 punctures from
upper thoracic to lower lumbar regions of spin were done in four 20-kg
pigs.

Two-way ANOVA for reflective lights of 650 and 532 nm indicates no
significant difference at the different puncture sites for ligamentum
flavum and epidural space (all p>0.05). Mean magnitudes for 650 nm
and 532 nm and their ratio at epidural space and ligamentum flavum
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were 3.565+/-0.194, 2.542+/-0.145, 0.958+/-0.172 and 3.842+/-0.191,
2.563+/-0.131, 1.228+/-0.244 respectively. Paired t test showed

that significant differences occurred between epidural spaces and
ligamentum flavum in both 650nm (p<0.001), 532nm (p=0.014) and their
ratio (p <0.001). Optically feature extraction is the core technique in this
study to distinguish different in-vivo tissues. Ultrasonograph has verified
that the catheter for anesthetic drug delivery can be correctly placed in
the epidural space by using this technique.

7555-05, Session 1

Development of an accurate 3D blood vessel
searching system using NIR light

Y. Mizuno, T. Katayama, E. Nakamachi, Doshisha Univ. (Japan)

The health monitoring system (HMS) and the drug delivery system
(DDS) requires accurate puncture for the automatic blood sampling. In
this study, our objective is to develop a miniature and high accuracy
automatic 3D blood vessel searching system. The size of detecting
system is 40x25x10 mm. Our detecting systems use a Near-Infrared
(NIR) LED light, CMOS camera modules and an image processing unit.
We employ the stereo method for the searching system to determine
3D blood vessel location. The blood vessel visualization system adopts
hemoglobin’s absorption characterization of the NIR light. The NIR LED
is set behind the finger and it irradiates Near Infrared light for the finger.
CMOS camera modules are set in front of the finger and it captures
clear blood vessel images. The two dimensional location of the blood
vessel is detected by the luminance distribution of the image and its
depth is calculated by the stereo method. A 3D blood vessel location
is automatically detected by our image processing system. To examine
the accuracy of our detecting system, we carried out experiments using
finger phantoms with blood vessel diameters, 0.5, 0.75, 1.0mm, at the
depths, 0.5 ~ 2.0 mm, under the artificial tissue surface. Experimental
results of depth obtained by our detecting system showed good
agreements with the given depths, and the availability of this system is
confirmed.

7555-06, Session 2

Comparison of image cytometry and flow
cytometry for detection of DNA ploidy
abnormalities in Barrett’s oesophagus

L. B. Lovat, J. M. Dunn, D. Oukrif, Univ. College London (United
Kingdom); P. S. Rabinovitch, Univ. of Washington (United States);
S. G. Bown, M. Novelli, Univ. College London (United Kingdom)

Introduction: DNA ploidy abnormalities (aneuploidy/tetraploidy) are strong
predictors of future cancer risk in Barrett’s oesophagus (BE) as measured
by flow cytometry (FC). There is, however, variability in accuracy of
diagnosis between laboratories, which may be explained by technical
and sampling errors. Image cytometry (IC) is an optical technique
allowing visualisation of abnormal nuclei and can be undertaken on
archival tissue.

Aim: To compare the accuracy of IC versus FC to detect DNA ploidy
abnormalities.

Methods: 48 paraffin embedded blocks from 35 patients were retrieved.
A nuclear suspension was prepared and separated for IC analysis at UCL
and FC at UW. A nuclear monolayer was then prepared and scanned

by an automated image cytometric analyzer, which consists of a Zeiss
Axioplan 2 microscope, a 546-nm green filter, and a black-and-white,
high-resolution digital camera. The digital images of nuclei of interest
were stored individually and converted into a series of pixels that were
quantified as the integrated optical density (I0OD) value, representing the
DNA content of the nucleus.

Results: 44 samples were analysed. 91% (40/44) were classified
identically. 4 were not concordant;2 aneuploid at UW/diploid at UCL;1
aneuploid at UW/tetraploid at UCL; 1 diploid UW/ aneuploid UCL. Of the
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matched cases 67 % aneuploid, 9% tetraploid, 24% diploid. There was
no significant difference in either the coefficient of variance for the diploid
peak or the DNA index of the aneuploid peak between the two methods.

Conclusion: These data demonstrate IC is highly accurate for the
detection of DNA ploidy abnormalities against the current gold standard
of FC.

7555-07, Session 2

Imaging spectroscopy for substance
identification in capillaries using dispersive
gel grating Raman and absorption
spectrometers

O. Pawluczyk, R. Pawluczyk, P&P Optica Inc. (Canada)

Advances in spectrometer design now allow imaging of separation
mixtures directly in capillaries. A novel approach using capillary
connected directly to the long entrance slit of a high performance, gel
grating transmission spectrometer is described. The direct attachment
to the entrance slit of the spectrometer permits very efficient collection
of signal, in both Raman and absorption modes. The fluid under
investigation enters a capillary and separation techniques such as
electrophoresis or isoelectric focusing are used. The high performance,
non-scanning spectrometer used for slit imaging permits to capture
information regarding both the chemical and dynamic information of the
substance under investigation.

A series of tests have been conducted to analyze fluids in capillaries.
First, Raman spectroscopy at 785 nm excitation was used for the
measurement of biological samples. The Raman spectra of proteins
could be identified within the capillary. Spatial information regarding the
location of the protein within the focused capillary was also obtained. The
experiment showed high sensitivity in identification of similar proteins

as both Raman and spatial information could be used. Furthermore, the
use of absorption spectrometer for the same samples also provided
additional information about the chemical composition.

7555-08, Session 2

Development of a hyperspectral laparoscope
system for intraoperative diagnosis of
intestinal ischemia

V. R. Sauvage, D. James, K. Koh, T. Wood, D. S. Elson, Imperial
College London (United Kingdom)

Intestinal ischemia is characterized by a localized or well-spread
insufficient blood supply to the small or large bowel. Spectroscopic
techniques have been successfully used to diagnose ischemia by
detecting hemoglobin during endoscopic procedures, one of the main
constituents of blood and the strongest colon tissue absorber in the
visible. However, they cannot easily detect the extent of the ischemic
area as they are non-imaging devices. Current imaging techniques

may acquire images of anatomic modifications resulting from ischemia
but these changes can be caused by other pathologies. Furthermore,
these techniques are time-consuming, limiting their intraoperative use.
We present here a simple and compact system consisting of a CCD
camera and liquid crystal tunable filter which allows for the acquisition
of wavelength resolved diffuse reflection images between 400nm and
720nm. It can be easily attached to a standard rigid laparoscope or
endoscope, with illumination provided by a Xenon lamp using the
incorporated fiber bundle. The whole system is small enough to fit in
the sterile sheath usually used to isolate the non-sterile camera of video
laparoscopes. Hemoglobin concentrations and oxygen saturations
were calculated on a pixel-by-pixel basis using a model which assumes
that oxyhemoglobin and deoxyhemoglobin are the only absorbers and
which accounts for the scattering properties of the colon. The ability of
this hyperspectral laparoscope to image these variations from images
acquired at different wavelengths is demonstrated in a) tissue phantoms
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and b) in vivo in a porcine model under general anesthesia during an
open and a laparoscopic abdominal surgical procedures.

7555-09, Session 2

Real-time hyperspectral endoscope for early
cancer diagnostics

R. Kester, L. Gao, T. S. Tkaczyk, Rice Univ. (United States)

Hyperspectral imaging has tremendous potential to detect important
early cancer molecular biomarkers such as NADH, FAD, oxy- and
deoxy- hemoglobin based on their unique spectral signatures. Several
drawbacks have limited their use for in vivo screening applications most
notably their poor temporal and spatial resolution, high expense, and
low optical throughput. We present the development of a new real-time
hyperspectral endoscope capable of addressing these challenges. We
call this device the image slicing endoscope or ISE as its principle is
adapted from the image slicing technique used in astronomy. The ISE

is the first real-time hyperspectral endoscope capable of collecting a

3D (x,y,l) datacube of 200x200x24 without scanning. The parallel, high
optical throughput nature of this technique enables the device to operate
at frame rates of 5-10 frames per second. The key component of the ISE
is the imaging slicing element which is responsible for remapping the
initial imaging onto the CCD detector to provide space for the spectral
spread. For portability the ISE is designed to be compact using tiny
mirrors (< 75 microns in width) for the slicing unit and a miniature array of
amici prisms for spectral separation of the remapped image zones. Initial
imaging results obtained with our first generation prototype system will
be presented.

7555-11, Session 2

Molecular nanoprobes for breast cancer gene
diagnostics
H. Wang, T. Vo-Dinh, Duke Univ. (United States)

No abstract available.

7555-12, Session 3

Extracting information from optical
coherence tomography images of tissues:
signal attenuation and fractal analysis of
speckle pattern

D. P. Popescu, C. Flueraru, Y. Mao, S. Chang, M. G. Sowa,
National Research Council Canada (Canada)

Although technological advances from the last decade have transformed
intravascular optical coherence tomography (OCT) into a strong
candidate to be used for guiding intravascular procedures and for
assessing vascular conditions, there is still the need to develop reliable
procedures for interpreting and extracting the maximum amount of
information from OCT images of vascular structures.

In this project, images of rabbit and porcine arterial tissues are acquired
using a swept-source Fourier-domain OCT that offers a high imaging
speed. The system uses a commercially available fast swept laser with
a scanning frequency of 20 kHz, a spectral range of 110 nm centered at
1320 nm and a source power of 10 mW. The setup has a resolution of 7
um in the axial direction and a measured sensitivity of 107 dB.

The specificity of the OCT measurements is generally based on the
variation of gray levels and the images obtained here could be used to
identify various arterial anatomical features. Further differentiation of
tissue types and structures is desirable and can be done by employing
specific scattering properties of various tissue regions. A parameter used
to differentiate among tissue types is the attenuation coefficient of the
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OCT signal measured between different depth levels. Another parameter

introduced in this analysis is the fractal roughness that characterises the

texture of the OCT signal generated from various regions of interest. The

correlation between the OCT signal attenuation and the texture of probed
sample is further studied.

7555-13, Session 3
Full-field OCT and pathology diagnostics

C. Brossollet, Ecole Supérieure de Physique et de Chimie
Industrielles (France); B. De Poly, LLTech (France); B. Slgal-
Zafrani, Hopital Institut Curie (France); S. Gigan, Ecole Supérieure
de Physique et de Chimie Industrielles (France); O. De Witte,
LLTech (France); C. Boccara, Ecole Supérieure de Physique et de
Chimie Industrielles (France)

We have achieved a large number of significant experiments on various
normal and cancerous tissues. Our images allow an easy comparison
with histological sections because we are able to explore the same field
of view (0.1 to 1 cm2) with the same ultimate resolution (1 pm). Indeed
the pathologist being used to explore a large number of scales from

cm down to pm in order to achieve realistic comparisons we stitched
images to display a significant field of view associated to a large zooming
capability.

“Virtual sectioning” of normal and cancerous tissues as well as the
histological sections of the same samples have been performed on
colons, breast tumors, lymph nodes etc. it appears that the same
structures are easily identified in both kinds of images down to the
cellular level.

We thus started to explore the FFOCT ability to become a useful
complementary tool for pathologists working on breast cancer
diagnostics.

Current per surgery tumor margins are usually performed in two steps:
a rapid “macroscopic” observation in the operating room leading to a
first diagnosis. Then, in case of negative answer, the rest of the tumor
is preserved for serial sectioning and specific colorations for a careful
search of cancer cells. In case of positive diagnosis (from 10 to 40 % of
the cases) a re-operation is scheduled.

Our research program intends to reduce the re-operation rate by allowing
the pathologist to get within a time interval of 15 minutes a cellular
resolution view of the suspected areas. This FFOCT does not aim to
replace the scheduled examinations but hopefully will complement
efficiently the per-operatory diagnostic.

We will show a number of demonstrative examples and describe our
strategy that intends to make FFOCT a useful complementary tool to
pathologists’ diagnostic.

7555-14, Session 3

3D-OCT imaging of ex vivo human tissue
using a novel rotating needle probe

B. C. Quirk, R. A. McLaughlin, L. Scolaro, The Univ. of Western
Australia (Australia); P. Robbins, PathWest Lab. Medicine WA
(Australia); C. Saunders, Sir Charles Gairdner Hospital (Australia)
and The Univ. of Western Australia (Australia); D. D. Sampson,
The Univ. of Western Australia (Australia)

Assessment of lymph node metastasis is the single most important
prognostic marker in early breast cancer. Previous work has
demonstrated the ability of optical coherence tomography (OCT) to image
the micro-architectural structures present in lymph nodes. However, OCT
is unable to image deep tissues because of a limited penetration depth of
2-3mm. We have developed a novel rotating OCT needle probe, and used
this to acquire 3D images from deep within tissue. Optics for the probe
consisted of a single mode fiber terminated with a section of no-core
fiber to expand the beam, and multimode fiber to focus the beam. This

spie.org/pw Return to Contents



Conference 7555: Advanced Biomedical and

BiOS -

SPIE Photonics West

Clinical Diagnostic Systems VIl

was encased in a 22-gauge hypodermic needle (outer diameter 0.71mm).
The beam was deflected at 45 degrees by a highly polished copper
mirror positioned within the needle, and passed through a small window
etched into the needle wall. The probe was mounted on a stepper

motor rotating at 2Hz, and a linear translation stage enabling insertion
and retraction. The probe was attached to an OCT system with central
wavelength of 1320nm and source bandwidth of 154nm. The system
was used to image 5 ex vivo samples of human axillary lymph nodes.
Fresh tissue was obtained from patients undergoing axillary clearance for
breast cancer. Results demonstrated clear distinction between adipose
and the lymphocyte-dense cortical tissue. Variations in backscatter within
the lymph node body indicated the presence of stromal tissue. Individual
fat cells could also be distinguished.

7555-15, Session 3

Quantitative tool for rapid disease mapping
in OCT images of a mouse colorectal cancer
model

A. M. Winkler, P. F. S. Rice, The Univ. of Arizona (United States);
R. A. Drezek, Rice Univ. (United States); J. K. Barton, The Univ. of
Arizona (United States)

Optical coherence tomography (OCT) may provide new insight into
disease progression and therapy by enabling non-destructive, serial
imaging in vivo of mouse cancer models. In previous studies, we

have shown the utility of endoscopic OCT for identifying neoplasia

in the AOM-treated mouse model of colorectal cancer and tracking
disease progression over time. Due to improved imaging speed made
possible through Fourier domain imaging, three-dimensional imaging
of the entire mouse colon is possible. Increased data enable more
accurate classification of tissue but require more time on the part of
the researcher to perform manual grading. Here we present a tool
based on Fourier domain endoscopic OCT imaging with quantitative
software for automatically identifying diseased areas and creating

a two-dimensional disease map from a three-dimensional dataset.
Furthermore, this algorithm is sensitive to the presence of highly
attenuating gold nanoshells and may facilitate functional imaging and
therapeutic monitoring. Initial studies have shown the software to have
84% sensitivity and 69% specificity to adenoma, with histology as the
gold standard.

7555-16, Session 4

Clinical multiphoton intravital tomography
with submicron spatial resolution and
spectral fluorescence lifetime imaging for
the investigation of skin aging and atopic
dermatitis

K. Kénig, J. Mller, R. Blickle, M. Hofer, M. Weinigel, JenLab
GmbH (Germany); V. Huck, Westfalische Wilhelms-Univ. Minster
(Germany); C. Gorzelanny, Ruprecht-Karls-Univ. Heidelberg
(Germany); K. Thomas, T. A. Luger, Westfélische Wilhelms-

Univ. MiUnster (Germany); F. Fischer, Beiersdorf AG (Germany);

|. Riemann, F. Stracke, M. Schwarz, Fraunhofer-Institut fr
Biomedizinische Technik (Germany); M. Kaatz, Friedrich-Schiller-
Univ. Jena (Germany); S. W. Schneider, Ruprecht-Karls-Univ.
Heidelberg (Germany)

5D intravital multiphoton tomographs with submicron spatial resolution,
picosecond temporal resolution, and 10 nm spectral resolution have been
developed and employed to investigate human in vivo skin affected with
Atopic Dermatitis (AD). Atopic Dermatitis (AD) is an inflammatory disease
of human skin. Its pathogenesis is still unknown; however, dysfunctions
of the epidermal barrier and the immune response are regarded as key
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factors for the development of AD.

Application of the 5D-IVT allowed to distinguish skin affected with AD in
an early stage from healthy skin areas by morphological criteria based
on two-photon autofluorescence/SHG signals and fluorescence lifetime
imaging (FLIM). A characteristic FLIM pattern of AD in dependence on
the disease activity measured by SCORAD was found.

Furthermore, young and aged ex vivo and in vivo skin has been studied.
Criteria to characterize in vivo skin aging such as the spatially resolved
ratio of elastin to collagen have been developed.

Further studies will evaluate the potential of 5D multiphoton tomographs
as a diagnostic tool and to monitor the therapeutic efficacy.

7555-17, Session 4

Detection of rheumatoid arthritis in humans
by fluorescence imaging

B. Ebert, T. Dziekan, C. Weissbach, J. Voigt, R. Macdonald,
Physikalisch-Technische Bundesanstalt (Germany); M. L. Bahner,
M. Mahler, M. Schirner, mivenion GmbH (Germany); M. Berliner,
HELIOS Klinikum Berlin-Buch (Germany); B. Berliner, HELIOS
Research Center (Germany); D. Bauer, HELIOS Klinikum Berlin-
Buch (Germany)

Besides clinical parameters there are no imaging modalities with high
spatial resolution except contrast enhanced MRI and US which support
early diagnosis of rheumatoid arthritis (RA). The major disadvantage of
conventional radiography, the most accepted method for the diagnosis of
this disease, is its lack of sensitivity in detecting early changes. Typically,
RA affects small joints first, and symptoms often appear bilaterally.
Precise validation is crucial for treatment efficacy and prediction of
therapy success.

In the present study we discuss first results of a prospective study
including patients with rheumatoid arthritis and osteoarthritis as well

as healthy volunteers. To increase the efficacy of the investigation an
optical setup was applied which allowed the imaging of two hands
simultaneously after intravenous administration of a bolus of indo-
cyanine green (ICG). Subsequently, the imaging results obtained were
compared with the disease activity score (DAS28) and partially with
contrast enhanced MRI. Arthritis of the finger joints was classified semi-
quantitatively on a 4-point scale comparing joint and background signals.
In addition, quantitative measurements were performed.

In conclusion, results of the study revealed that sensitive dynamic
fluorescence imaging of the non-specific NIR contrast medium (ICG)
may be used to differentiate rheumatoid arthritis from osteoarthritis and
healthy joints. The temporal behavior as well as spatial distribution of
fluorescence intensity are suited to differentiate healthy and inflamed
finger joints.

This work was supported by the European Regional Development Fund
(EFRE) and by the Investitionsbank Berlin (IBB).

7555-18, Session 4

High-speed time- and wavelength-resolved
fluorescence measurement for dynamic point
spectroscopy and lifetime imaging

Y. H. Sun, Y. Sun, D. N. Stephens, H. Xie, J. Phipps, Univ. of
California, Davis (United States); D. S. Elson, Imperial College
London (United Kingdom); L. Marcu, Univ. of California, Davis
(United States)

This work reports the development of simultaneous time- and
wavelength-resolved fluorescence spectroscopy (STWRFS) with real-time
data acquisition for dynamic tissue characterization ex vivo and in vivo.
Different lengths of optical fibers acting as optical delays were combined
with multiple dichroics and bandpass filters to produce a STWRFS
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system that allows the near real-time acquisition of time-resolved
fluorescence spectra using a single detector (sampling rate 20 GHz/s)
and excitation laser (337nm/700ps/50Hz, or 355nm/30ps/1MHz). The
recording of fluorescence decay profiles at three specified wavelength
bands can be completed within microseconds. Using this technique,
large human artery specimens (centimeters) were dynamically scanned
for discriminating plaque from normal tissue. A dynamic tissue analysis
in vivo with a pig artery model was approached using a hand-hold probe
including a single optical fiber to deliver laser excitation and collect

the fluorescence emission. These results demonstrate the capability of
STWREFS as a clinical guiding tool for atherosclerosis diagnosis. Based
on the high-speed simultaneous data acquisition, STWRFS also opens
the potential for fast multi-color fluorescence lifetime imaging by coupling
to a microscope scanning device.

7555-19, Session 4

Cancer diagnostics using spatially resolved
fluorescence-based optical imaging

D. Strat, W. S. L. Strauss, R. Hibst, A. Kienle, Univ. Ulm
(Germany)

3D reconstruction of position and concentration of fluorophores can

be used in diagnostics made over investigation areas within a distance
of up to several cm from the tissue surface. Fluorophores emitting
between 700 nm and 1100 nm are ideal labels that may preferentially
locate and become activated in the target areas. The fluorophores are
excited according to the distribution of the incident photons fluence
rate in the tissue. The tissue absorbs little and scatters most of the light
in this wavelength range, exhibiting a high signal-to-noise ratio of the
fluorescence signal. Optical imaging is impaired by the penetration depth
of the excitation light and the geometrical restrictions of the detectors.
Different wavelengths are dissimilarly scattered and absorbed, therefore
offering higher depth resolved resolution than a single wavelength. The
higher depth resolution from multiple wavelengths is achieved when at
least one of the used wavelengths can penetrate deep enough in the
tissue to extract information specific to the required depth.

Forward model: The steady state light propagation through tissue is
determined analytically using the diffusion model approximation and the
optical properties known a-priori [1].

Analytical solutions of the diffusion model approximation are available for
parallelepiped geometry [2].

Inverse problem: Derives the locations of interest, i.e. the fluorophores,
within the tissue. The reconstruction method uses the fluence rate
distribution calculated with the model of a turbid parallelepiped

medium [2]. The luminescent light source can be expressed as a linear
combination of unit light sources positioned at each of the nodes in

the 3D volume. The numerical 3D reconstruction algorithm extracts the
exact locations of the fluorescing light sources by a single step linear
calculation [3, 4]. For the simulations that produced the enclosed results,
instead of fluorophores, embedded luminescent sources were assumed,
with no external illumination. From the mathematical reconstruction point
of view, this is no different than reconstructing fluorophores locations.
The software program will be extended to use fluorescent light sources
instead of luminescent light sources. The calculations will include in the
future the reconstruction from a layered media and will be generalised
using a Finite Element Model for more complex geometries found in the
real environment.

7555-20, Session 4

Wide-field catadioptric system design for
endoscopic autofluorescence imaging

R. Wang, Q. Fang, McMaster Univ. (Canada)

Fluorescence endoscopy of the Gl system has been identified as a
good potential diagnostic tool for dysplasia tissue due to the different
fluorescence emission of the malignant areas compared with normal
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areas that could indicate a structural change of the tissue. White light
imaging based endoscopy is widely available on the market today, but
only a handful has fluorescence imaging capabilities. Fluorescence en-
doscopy is a useful supplement to white light endoscopy since it could
act as markers for automated screening of lengthy endoscopic video
especially in the case of capsule endoscopy. The auto-fluorescence
emission signals resulting from endogenous tissue such as collagen and
NADH in the Gl tract are very weak. We are currently investigating the
feasibility of a wide field approach using catadioptric optics for auto-
fluorescence endoscopy. Catadioptric wide field imaging may be able to
provide wide coverage of the Gl tract, decent light collection, as well as
possible digitally reconstructed low distortion images using unwrapping
algorithms specific to the mirror geometries. Our system would have a
simultaneous forward looking view that would generate images similar to
traditional endoscopy.

7555-21, Session 5

Forward focused scanning magneto-motive
optical Doppler tomography

J. Kim, U. Jung, M. Jeon, Kyungpook National Univ. (Korea,
Republic of); J. Oh, Pukyong National Univ. (Korea, Republic of);
W. Jung, R. John, V. Crecea, S. A. Boppart, Univ. of lllinois at
Urbana-Champaign (United States)

We report an upgraded magnetomotive optical Doppler tomography
system which allows the application of an external focused magnetic
field in the same direction as ODT light. The magnetic generator consists
of a solenoid with a hollow cone-shaped ferrite core to increase the
magnetic field strength (Bmax=1.5T, |B|2=220 T2/m) at the tip of the
core and focus the magnetic force on targeted samples. The hollow core,
containing focusing optics, allows the ODT light to be delivered directly to
the imaged sample exposed to the magnetic field. This upgraded system
enables thick-tissue imaging, whereas a previous system was limited to
only thin samples. We demonstrate novel contrast using magnetic iron
oxide nanoparticles (average diameter ~ 100 nm) with magnetomotive
optical Doppler tomography (MM-ODT), which combines an externally-
applied temporally-oscillating high-strength magnetic field with ODT to
detect magnetic bio-conjugated nanoparticles targeted to cancer cells.
Results suggest that MM-ODT may be a promising technique to enhance
magnetic nanoparticle contrast for imaging bio-conjugated nanoparticles,
particularly in biological fluids.

7555-22, Session 5

Step-FMCW signaling and target detection for
ultrasound imaging systems with conformal
transducer arrays

S. Natarajan, Univ. of California, Los Angeles (United States);

R. S. Singh, Univ. of California, Santa Barbara (United States)
and Univ. of California, Los Angeles (United States); M. Lee, B.
P. Cox, Univ. of California, Los Angeles (United States); M. O.
Culjat, Univ. of California, Los Angeles (United States) and Univ.
of California, Santa Barbara (United States); H. Lee, Univ. of
California, Santa Barbara (United States); W. S. Grundfest, Univ.
of California, Los Angeles (United States)

This paper presents the use and evaluation of stepped frequency
modulated continuous waves (FMCW) in a conformal ultrasound array-
based medical imaging system currently in development. Conventional
medical ultrasound systems featuring rigid transducer arrays are highly
user-dependent and require manual rotation and translation to identify
and image landmarks. Conformal ultrasound arrays have a larger aperture
that can follow the surface curvature of the body, thereby enabling
increased data capture without mechanical scanning. The complexity

of image reconstruction in conformal ultrasound necessitates the use
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of step-FMCW, since it directly captures the frequency space thereby
enabling image reconstruction techniques to operate directly on the

data, greatly simplifying and allowing for real-time performance. Further,
FMCW is advantageous in general since it requires lower peak power and
produces better receiver noise characteristics than conventional pulse-
echo signaling.

In the proposed stepped FMCW signaling, packets of acoustic waves at
stepped frequencies are emitted from transducers sequentially. Phase
and magnitude information from each transmitter-receiver pair of the
array are captured producing the frequency space representation of the
conventional A-scan data.

The experimental results comprise of bistatic data produced by both
pulse-echo and step-FMCW signaling methods, and obtained using the
conformal ultrasound transducer on soft-tissue phantoms with stationary
metal targets. Data from both sets of experiments were compared for
target detection and signal-to-noise ratio (SNR). Due to the previously
described advantages, step-FMCW exhibited higher SNR and gave
accurate target detection, thereby demonstrating its viability in a
conformal ultrasound array and imaging system. This signaling mode is
also being investigated for volumetric imaging using conformal arrays.

7555-23, Session 5

Imaging fine vascular details with no contrast
agent injection by the Retinal Function
Imager

A. Grinvald, Weizmann Institute of Science (Israel); D. A. Nelson,
D. Izhaky, Z. Burgansky-Eliash, A. Ruf, H. Barash, Optical
Imaging Ltd. (Israel)

Purpose: Fluorescein Angiography (FA), is widely used to image the
ocular vasculature after contrast agent injection. The goal here was to
develop a Retinal Function Imager (RFI) that will be using the hemoglobin
as an intrinsic contrast agent. We tested if this novel method can display
detailed maps of the retinal vasculature, particularly capillaries, equivalent
to the FA results, noninvasively.

Methods: Multiple retinal image series (8 images, 55 Hz) were acquired
from all participants, after registration, pixel value distribution parameters
in high spatial frequencies were analyzed to locate RBC motion, thus
tracing microvasculature in fine detail.

Results: The RFI perfusion maps reveals microvascular detail, in as much
and often greater detail than FA images. Areas of capillary non-perfusion
and the foveal avascular zone are sharply delineated in the RFI map
shown..

Conclusions: The capillaries perfusion maps thus obtained offer a good
anatomic capillary map that is at least equivalent to the FA images.

The production of perfusion maps is noninvasive, comfortable and

safe and therefore can be repeated as often as required for follow up

of desease progression and treatment . This novel technique might

serve as a non-invasive alternative to FA images for assessing perfusion
abnormalities in patients with ischemic retinopathies in a large retinal
area, simultaneously.

7555-24, Session 5

Hemodynamic analysis of patients in
intensive care unit based on diffuse optical
spectroscopic imaging system

Y. Hsieh, C. Wang, Y. Lin, National Chiao Tung Univ. (Taiwan); M.
Chuang, China Medical Univ. Hospital (Taiwan); C. Chuang, J.
Tsai, National Taiwan Univ. (Taiwan); C. Lu, Industrial Technology

Research Institute (Taiwan); C. Sun, National Yang-Ming Univ.
(Taiwan)

Diffuse optical spectroscopic imaging (DOSI) is a technique to assess the
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spatial variation in absorption and scattering properties of the biological
tissues and provides the measurement of changes in concentrations

of oxy-hemoglobin and deoxy-hemoglobin. In this study, a continuous-
wave DOSI system was built with double-wavelength laser diodes (LD)
as near-infrared light sources. We hypothesized that monitoring the
dynamic response to non-invasive measurement of tissue oxygenation
during a venous occlusion test could characterize local metabolic rate
and local tissue perfusion adequacy because O2 saturation recovery
behavior would reflect pre-existing cardiovascular reserve. The muscle
oxygenation in the human extremity was measured during vessel
occlusion test in normal subjects and ICU patients with septic shock and
heart failure as our preliminary results.

7555-25, Session 5

Fast coregistered breast imaging in vivo using
a hand-held optical imager

S. J. Erickson, S. Martinez, J. DeCerce, L. Caldera, A. Godavarty,
Florida International Univ. (United States)

Hand-held based optical imaging devices are currently developed
towards the clinical breast cancer diagnostics. A hand-held optical
device has been developed in our laboratory towards fast 2D imaging
and 3D tomography for breast cancer detection and diagnosis. The
device has the unique ability to contour to different tissue curvatures
using a flexible probe face and is capable of performing fast 2D imaging
by employing simultaneous over sequential source illumination, and
augmented with self co-registration facilities towards (future) 3-D
tomography. The objective of the current work is to demonstrate fast
coregistered 2D imaging on breast tissue of healthy female subjects.
Fluorescence imaging experiments are performed in-vitro and in-vivo to
demonstrate coregistered imaging as well as the ability to detect deep
targets from multiple surface scans. A 0.23-0.45 cc spherical target(s)
filled with 1 pM indocyanine green is embedded at various depths of a
cubical phantom filled with chicken breast (in-vitro models). For in-vivo
studies, the fluorescent target is placed under the flap of the breast
tissue to represent a tumor for fluorescence imaging. Multiple scans
(fast continous-wave images of fluorescence intensity) are collected
and coregistered at different locations on the breast tissue. The surface
contour plots of fluorescence signal obtained from multiple scans are
used to demonstrate the feasibility of fast 2D coregistered imaging as
well as ability to detect deep targets (from in-vitro studies). This study
demonstrates the potential of the hand-held optical device towards future
in vivo surface imaging of breast cancer and tomographic imaging for 3D
tumor localization.

7555-26, Session 6

Image guided intervention system for cancer
diagnosis and therapy guidance

N. V. Iftimia, M. Mujat, D. Hammer, D. Ferguson, Physical
Sciences Inc. (United States)

An advanced imaging system for cancer diagnosis and therapy guidance
will be discussed. Optical Coherence Tomography (OCT) imaging and
laser therapy were combined within the same instrument to provide

the clinician with and advanced tool that could help to better manage
patients with cancer lesions. Using backreflected light to visualize tissue
microstructure, OCT can provide information on nuclear size and shape,
nuclear-to-cytoplasmic ratio, and the organization and structure of
glands. It can also provide functional information, like blood flow, tissue
birefringence, etc. These capabilities could potentially be employed in
three ways: as a primary diagnostic test to replace biopsy, as a screening
tool to direct biopsy, and as a diagnostic tool to guide therapy and
monitor therapy response. If a therapeutic tool, like laser hyperthermia

is added to the same probe, the clinician has also the option to perform
therapy on some lesions that might be treated in this way. OCT could

be used to real-time monitor this therapeutic process and estimate its
efficacy. However, since OCT has a relatively small field of view, it usually
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has to be combined with other large field/lower resolution imaging
modalities, like endoscopy, ultrasound imaging, fluorescence endoscopy,
etc., to guide the OCT probe to a region of interest and collect
complementary structural and functional information. All these aspects
will be discussed in our paper.

7555-27, Session 6

A microfluidic-photonic-integrated device
with enhanced excitation power density

B. R. Watts, McMaster Univ. (Canada); T. Kowpak, C. Xu,
McMaster University (Canada)

Optical excitation power density of a microfluidic-photonic-integrated
flow cytometer has been enhanced. The device integrates both optical
and fluidic components into the same layer of an SU-8 photoresist

on a glass wafer sealed by bonding a PDMS layer on the top. Device
structures were optimized through simulation and its performance was
tested.

Multi-modal waveguides, integrated with a complex 2-D lens system,
focused all light within the large NA waveguide into the centre of a
microfluidic channel. This lens system enhances the optical power
density in the center of the microfluidic channel, improving the sign-to-
noise ratio. Without it, light from the waveguide will spread across the
channel resulting in low power density in the channel. Efforts were made
to design an effective lens system and integrate it efficiently with the
waveguides and microfluidic channel. The beam width in the channel
center can be reduced from 86 m to ~10 m without introducing any
processing complexity.

Beam shape was imaged by filling the channel with fluorescent dye
excited by a HeNe laser coupled to the waveguide through a high NA
objective. An obviously focused beam in the centre of the channel was
obtained in agreement with simulation results. This achieved focusing
of multi-modal light beams has practical meaning since high powered
sources can be efficiently coupled into a channel, boosting signal-to-
noise ratio. Furthermore, off-chip lasers can be replaced by an LED
source integrated directly next to the waveguide on the same chip to
further increase the portability of the device and reduce system costs.

7555-28, Session 6

Rapid optical heating of blood for clinical
point of care diagnositics

B. E. Catanzaro, CFE Services (United States); M. Kotob-
Yahfoufi, C. Johnson, K. Gandola, Accumetrics (United States)

Clinical testing of human blood requires adherence to a number of
regulatory standards, including maintaining a temperature that is
representative of the human body (e.g. 37 C). The economics of private
and public healthcare drives blood assays to be conducted using low
cost, disposable assay devices that also eliminate the possibility of cross
contamination. Unfortunately, the materials that meet the economic and
disposable constraints of the marketplace are thermal insulators, not
ideal for rapid heating. We present a novel means of optically heating
blood samples in plastic assay devices within a time period suitable for
point of care use. The novel approach uses LED’s in the red portion of the
visible spectrum. The lower absorption of optical radiation in the visible
spectrum enables the absorption of energy deep into the assay device.
This produces even heating, avoiding the gradients that can occur by
surface heating (conduction) or surface absorption (highly absorbing
wavelengths). Analytical and computational models will be discussed.

A specific application to a point of care blood assay instrument will be
reviewed. In this application, optical heating was achieved using a small
array of high brightness LED’s. Experimental results will be discussed.
The experimental results with this instrument validated the predictions.
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7555-29, Session 6

Detection of endometriotic lesions by a
polarization-based imaging system
J. Kim, J. T. Walsh, M. Milad, Northwestern Univ. (United States)

Endometriosis is one of the most common causes of chronic pelvic pain
and infertility and is characterized by the presence of endometrial glands
and stroma outside of the uterine cavity.

A novel laparoscopic polarization imaging system was designed to detect
endometriosis by imaging endometrial lesions. Linearly polarized light
with varying incident polarization angles illuminated endometrial lesions.
Degree of linear polarization image maps of endometrial lesions were
constructed by using remitted polarized light. The image maps were
compared with regular laparoscopy image.

The degree of linear polarization map contributed to the detection of
endometriosis by revealing structures inside the lesion. The utilization
of rotating incident polarization angle (IPA) for the linearly polarized light
provides extended understanding of endometrial lesions.

The developed polarization system with varying IPA and the collected
image maps could provide improved characterization of endometrial
lesions via higher visibility of the structure of the lesions and thereby
improve diagnosis of endometriosis.

7555-30, Session 6

A near-infrared vessel imaging system, the
VasculLuminator, to facilitate arterial puncture
in young children

N. Cuper, J. C. de Graaff, C. J. Kalkman, R. M. Verdaasdonk,
Univ. Medical Ctr. Utrecht (Netherlands)

A practical near-IR blood vessel imaging system, the ‘VascuLuminator’
(VL), was proven successful in decreasing puncture attempts and
procedural time during blood withdrawal in young children.

In this study, the effectiveness of the VL was tested as an aid in arterial
line placement (ALP) in children being prepared for surgery, which can
be difficult and might require up to an hour of precious OR time and
prolonged time of anesthesia.

In a group of 48 children up to 3 years of age, time to place an arterial
line, number of punctures and puncture site were recorded. In the first
36 patients, ALP was performed without the VL. Consequently, the VL
was used as an aid by pediatric anesthesiologists with approval from the
Medical Ethics Committee.

Data is presented by median and interquantile range (IQR). The total
number of punctures dropped from 6 (IQR 2-13) to 3 (IQR 1-4, P .11). In
the non-VL group, 12/36 procedures exceeded 20 minutes, as compared
to 2/12 procedures in the VL group. Total failure of ALP was 2 in the non-
VL compared to 0 in the VL group. The number of punctures in the groin,
which is often a last resort, was 15/36 for non-VL as opposed to 1/12 VL
(P .04).

Already, in this small patient group, the ‘Vasculuminator’ has shown
promising results on its effectiveness for arterial line placement and is
well received by the pediatric anesthesiologists as a useful tool.

7555-31, Session 6

development of imaging system for use in
real-time visualization of parathyroid glands
in endocrine surgery

I. J. Pence, C. Paras, A. Mahadevan-Jansen, Vanderbilt Univ.
(United States)

Complications from incomplete or accidental removal of the parathyroid
glands are a major concern associated with endocrine surgery. Current
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localization techniques are primarily preoperative and only applicable

in select surgeries. The proximity of the various tissues encountered

in the neck during surgery and the tendency of these tissues to blend
together serve as confounding factors for surgeons. There is a need

for a sensitive, real-time, intra-operative diagnostic tool to assist with
anatomical guidance. Previous studies have shown the ability of near-
infrared (NIR) autofluorescence to differentiate between the parathyroid
and the surrounding tissue based on the intrinsic optical properties. The
parathyroid exhibits stronger fluorescence than all other tissues in the
neck. Near-infrared imaging would provide spatial context as a more
intuitive approach for the surgeon. Here we present the first application of
an autofluorescence-based imaging system for real-time intra-operative
use in endocrine surgery. A 785nm diode laser is used to excite the tissue
and a converter tube is employed to detect the NIR fluorescence and
render it in the visible wavelengths. The image is then captured by CCD
and processed to apply a false color gradient for distinction between
tissue types. We demonstrate the utility of the NIR fluorescence imaging
system in vivo and in vitro. Preliminary results indicate that imaging is
able to capture the higher level of autofluorescence exhibited by the
parathyroid differentiating it from the surrounding tissue.

7555-32, Session 6

Development of an imaging fluorescence
system applied on HPV condyloma treatment
by photodynamic therapy

M. M. Costa, N. Inada, C. Kurachi, V. S. Bagnato, L. Ventura,
Univ. de Sao Paulo (Brazil)

Photodynamic Therapy (PDT) is a useful technique for treatment of
condyloma induced by human papillomavirus (HPV). However, it is
necessary to improve instrumentation and clinical protocols to develop
this technique. This study presents the development of an imaging
fluorescence system designed to assess 5-aminolevulinic acid-induced
protoporphyrin IX (PpIX) presence/photodegradation during PDT
applications. Monitoring PplIX can improve applications by allowing one
to know the approximate amount of the photosensitizer present in the
tissue during treatment. This could help to avoid longer/shorter irradiation
times than actually needed for the treatment, or to better establish the
optimum time to start irradiation. To achieve this improvement, a portable
system for visual PplIX fluorescence monitoring during HPV condyloma
treatment by PDT was developed. The system is composed of a high
intensity LED light source, with emission band between 400-460nm that
allows for PplX excitation, and filters that allow one to observe PplIX red
fluorescence emission. For PDT application, 5-aminolevulinic acid cream
(20%; wt/wt) was used. It was incorporated in an emollient cream and
topically placed over the lesions, and PDT irradiation was performed 4-6
hours after application. Irradiation was performed using “PDT Flex Use”,
a Brazilian device anatomically designed specially for HPV condyloma
treatments. Using the visual fluorescence monitoring system here
presented, it was possible to monitor PplX generation and degradation.
This made possible to make the irradiation time shorter, and to verify the
actual production of PpIX in the treated tissue. Such observations helped
to make a more effective and comfortable PDT treatment.

7555-53, Poster Session

Percutaneous sensor platform for chronic
biomarker monitoring in vivo

K. Liao, National Chung Hsing University (Taiwan); J. O’Kelly,
Cedars-Sinai Medical Center (United States); L. Marcu, University
of California Davis (United States); T. Hogen-Esch, F. Richmond,
University of Southern California (United States); Y. Chou,
National Chung Hsing University (Taiwan); P. Koeffler, Cedars-
Sinai Medical Center (United States); G. Loeb, University of
Southern California (United States)
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In order to manage certain disease and conditions, it is important to
make frequent measurements of specific biomarker over an extended
period of time. These include diabetes, cancer chemotherapy treatment,
and hormonal monitoring for fertility and pregnancy.

We are developing a sensor platform, which are disposable, minimally
invasive, and can provide in vivo monitoring of various biomarkers for
several weeks. The key element is a percutaneous optical fiber that
permits reliable spectroscopic measurement to interrogate the analytes
in situ. Chronic animal implantation studies have demonstrated good
compatibility and durability for clinical applications.

The first application of the device senses interstitial glucose based on
fluorescence resonance energy transfer (FRET) between fluorophores
bound to betacyclodextrin and Concanavalin A in a polyethylene glycol
(PEG) matrix, which is attached to one end of the fiber-optic sensor.
Preliminary results indicate the potential of the glucose sensor to build
an “artificial pancreas / beta cell”, consisting of a chronic implantable
sensor, an insulin pump and a close-loop algorithm for adjusting dosage
continuously.

The second application of the platform technology is in the identification
of effective chemotherapy treatment for solid tumors in individual
patients. The sensor delivered the fluorescent agent locally, and detects
apoptotic activity initiated by the anticancer treatment. Asymmetric
scrambling of phosphatidylserine on cell membrane is one of the
indications. The presence of phosphatidylserine on the external surface
of apoptotic cells can be detected by increased fluorescence of the
infused dye FM 1-43. Preliminary results indicate the capability of the
apoptosis sensor to detect the drug-induced apoptotic activities both in
vitro and in vivo.

7555-54, Poster Session

5D-intravital tomography as a novel tool for
non-invasive in-vivo analysis of human skin
affected with Atopic Dermatitis

K. Konig, JenLab GmbH (Germany); V. Huck, Westfalische
Wilhelms-Univ. Minster (Germany); C. Gorzelanny, Medizinischen
Fakultdt Mannheim (Germany); K. Thomas, T. A. Luger,
Westfélische Wilhelms-Univ Minster (Germany); S. W. Schneider,
Medizinischen Fakultdt Mannheim (Germany); H. Studier, JenLab
GmbH (Germany)

For analysis of human skin affected with Atopic Dermatitis (AD) we
applied intravital multiphoton tomography (5D-IVT).

We evaluated a characteristic 5D-IVT skin pattern of AD correlated with
the disease intensity. We measured a shift of the mean fluorescence
lifetime (taum) indicating an altered metabolic activity. Moreover, we
investigated human skin with or without barrier defects.

Application of the 5D-IVT allows to distinguish skin affected with AD from
healthy skin by morphological criteria and fluorescence lifetime. Further
studies will evaluate its capacity as a diagnostic tool and to monitor the
therapeutic efficacy.

7555-55, Poster Session

Signal-to-noise analysis for 3D luminescence
imaging of hypoxia in deep tissues

R. S. Gurjar, M. Seetamraju, Radiation Monitoring Devices, Inc.
(United States)

Non-invasive 3-D imaging of hypoxia in deep-tissue tumors is important
in order to understand the progression of cancer to malignant forms.

In our previous study [1] we have identified a biomarker, which targets
endothelial cells specific to cancer angiogenesis, for measuring

the oxygen tension in tumor tissue. The biomarker is an F3 peptide
covalently bound to a polyacrylamide nanoparticle, which also
encapsulates an oxygen sensitive NIR phosphor. The excited state

customerservice@spie.org 127



Conference 7555: Advanced Biomedical and

BiOS -

SPIE Photonics West

Clinical Diagnostic Systems VIl

lifetime of the phosphor is related to oxygen concentration through the
Stern-Volmer relation. We have developed a time-domain lifetime imaging
diffuse optical tomography setup to optically excite and detect the
phosphorescence from the oxygen-sensitive biomarker. Previous work
demonstrated proof-of-principle by reconstructing images of a cylindrical
tissue phantom with two embedded heterogeneities comprising of the
nanoparticle biomarker at two different oxygen concentrations. In this
work, we will present a detailed signal-to-noise analysis for molecular
imaging of this contrast agent in deep tissues. A phantom tissue

having homogeneous scattering and absorption coefficient of mu_s’
~15-20 cm-1 and mu_a ~ 2 cm-1 respectively, will be used and the
phosphorescence signal strength and fitted lifetime to the decay signal
will be studied as a function of luminophore’s concentration, oxygen
tension, inclusion size and its depth. Details on limits of spatial resolution,
emitter concentration, oxygen tension and sources of systemic errors will
be discussed.

1. Gurjar. R. et al, “Diffused Optical Tomography Using Oxygen-Sensitive
Luminescent Contrast Agent,” IEEE Proceedings of International
Symposium on Biomedical Imaging: From Nano to Macro, ISBI 2009.

7555-56, Poster Session

The design and implementation of
a windowing interface pinch force
measurement system

T. Ho, Feng Chia University (Taiwan); Y. Chen, Ling Tung
University (Taiwan)

This paper presents a novel windowing interface pinch force
measurement system that is basically based on an USB (Universal Series
Bus) microcontroller. The system includes a force sensor, instrumentation
amplifier, voltage regulator, analog to digital converter, monitoring device,
and a microcontroller. A small analog signal is generated from the force
sensor resistor to which a force is applied. It is then amplified through
the instrumentation amplifier and regulated for the input of analog/digital
converter. This analog signal is converted to digital signal and processed
by the USB controller. Finally, it is transmitted to the PC via a cable.

The PC screen displays the data and curve trace of the corresponding
applied force in the designed windowing human interface.

There are several functions designed in the windowing human interface
for the pinch force measurement system, such as the selection of pinch
force type, the value of the applied force and its corresponding curve
trace, the transition of pinch force variations, zoom in and out of the
curve trace, frequencies of the finger pinch. Because the value and curve
trace of the applied force by a hand injured patient is displayed in real
time on a monitoring screen, not only the physician can easily evaluate
the effect of hand injury rehabilit