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VISION ENHANCEMENT SYSTEM FOR 
IMPROVED DETECTION OF EPTHELIAL 
NEOPLASA AND OTHER CONDITIONS 

This application claims priority to and incorporates by 
reference, U.S. Provisional Patent Application Ser. No. 
60/432,122, which was filed on Dec. 10, 2002. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates generally to optics and 

spectroscopy. More particularly, the present invention 
relates to diagnosing epithelial neoplasia and other condi 
tions using optimized spectroscopy observable by the human 
eye. 

2. Background 
Approximately 1,200,000 people were diagnosed with 

cancer in 1999 resulting in approximately 563,000 deaths. 
The majority of these cancers were of epithelial origin. Early 
detection of pre-invasive epithelial neoplasia has the poten 
tial to increase patient Survival and improve quality of life. 
However, many of the currently available screening and 
detection techniques for epithelial pre-cancers do not pro 
vide adequate sensitivity and specificity; furthermore, many 
screening and detection methods require extensive training 
to yield adequate clinical results. For example, to discern 
between premalignant and early malignant lesions from 
common benign inflammatory in Suspected oral cancer 
cases, practitioners commonly perform visual examinations. 
However, visual screenings have been reported to have a 
sensitivity of only 74%, a specificity of 99%, and a negative 
predicative value of 0.67 and 0.99, respectively. Conse 
quently, practitioners oftlen resort to the invasive and painful 
option of biopsies to confirm the presence of precancer or 
even early cancer. Thus, despite the easy accessibility of the 
oral cavity for examination, current methods do not 
adequately screen and detect precancers in a non-invasive 
a. 

There is a need for a non-invasive tool to diagnose 
epithelial neoplasia, Such as oral cancer, skin cancer, and 
cervical cancer that yields accurate results. 

SUMMARY OF THE INVENTION 

Shortcomings of the prior art are reduced or eliminated by 
the techniques discussed in this disclosure. In one embodi 
ment, the invention includes a system. The system may 
include a filter that filters radiation from an illumination 
Source for one or more wavelengths between the ranges of 
about 300 and 625 nanometers, where the illumination 
source may be a white light source. The filter may also filter 
radiation from the illumination source to one or more 
wavelengths between about 400 and 590 nanometers. A ratio 
between two or more filtered wavelengths from the source 
may be optimized to increase observable contrast between a 
diseased sample and a normal sample to a human eye. 
The system may further include a light guide that delivers 

the one or more wavelengths to a sample. The radiation that 
may be emitted from the sample may be filter by a viewing 
device of the system. The viewing device may include at 
least one long bandpass filter that filters the radiation from 
the sample to one or more wavelengths between about 320 
and 625 nanometers to allow a human eye to differentiate 
between a diseased sample and a normal sample. The 
viewing device may be glasses that include observation 
filters to review the sample. The viewing device may also be 
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2 
a camera, where the camera may be attached to a colpo 
scope. An attenuation ratio between two or more filtered 
wavelengths from the sample may be optimized to increase 
observable contrast between a diseased sample and a normal 
sample to a human eye. 
The long bandpass filter may also filter radiation from the 

sample to one or more wavelengths between about 330 and 
470 nanometers. For a sample that may include cervical 
cancer, the long bandpass filter may filter radiation from the 
sample to one or more wavelengths between about 330 to 
360 and 440 to 470 nanometers to allow a human eye to 
discern if the sample is normal or not. In addition, for a 
sample that may contain oral cancer, the long bandpass filter 
may filter radiation from the sample to one or more wave 
lengths between 420 to 470 nanometers to allow a human 
eye to determine if the sample does include oral cancer. 

In one embodiment of the invention, a system may 
include a filter that filters radiation from an illumination 
Source to one ore more wavelengths ranging from about 250 
and 700 nanometers. The one or more wavelengths are 
directed to a sample via a light guide. The radiation from the 
sample may be filter by at least one long bandpass filter that 
filters one or more wavelengths between about 320 and 700 
nanometers. The one or more filtered radiation from the 
sample may be observed by a human eye to discern if the 
sample is diseased or not. 

In one respect, the invention involves a method for 
viewing a sample. One or more wavelengths between about 
300 and 625 nanometers are filtered from a illumination 
Source and may be directed towards a sample. The radiation 
from the sample is filtered to one or more wavelengths 
between about 320 and 700 nanometers to form a filtered 
image. The filtered image is viewed by a human eye to 
discriminate between a diseased sample and a normal 
sample. Viewing may include glasses with observation fil 
ters that allow the human eye to see the fluorescence 
reflected from the sample, and thus discriminate between a 
normal sample and a diseased sample. Further, viewing may 
include a camera that captures the radiation from the sample 
and where the images produce from the camera may allow 
a human eye to discern between a normal sample and a 
diseased sample. 
A ratio between two or more filtered wavelengths from 

the illumination source is optimized to increase observable 
contrast between a diseased and a normal sample to a human 
eye. Further, an attenuation ratio between two or more 
filtered wavelengths from the illumination source is opti 
mized to increase observable contrast between a diseased 
and a normal sample to a human eye. 
The diseased sample may be epithelial neoplasia includ 

ing, but is not limited to skin cancer, cervical cancer, and 
oral cancer. Oral cancer may be defined as pharaynx neo 
plasia, throat neoplasia, paranasal sinus neoplasia, nasal 
cavity neoplasia, larynx neoplasia, thyroid neoplasia, par 
athyroid neoplasia and/or salivary gland neoplasia. 
The method may also include filtering the radiation from 

the illumination Source to one or more wavelengths between 
about 400 and 590 nanometers using a bandpass filter. The 
one or more wavelengths may be directed to the sample 
using a light guide. Radiation emitted from the sample may 
be filtered using a long bandpass filter that may filter for one 
or more wavelengths between about 330 and 470 nanom 
eters. To discern if the sample is a diseased sample or a 
normal sample, the long bandpass filter may filter radiation 
from the sample to one or more wavelengths between about 
330 to 360 nanometers and about 440 and 470 nanometers 
to differentiate if the sample includes cervical cancer or is a 
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normal sample. Further, the long bandpass filter may filter 
radiation from a sample to one or more wavelengths 
between 420 and 470 nanometers to differentiate if the 
sample includes oral cancer or is a normal sample. 

Other features and associated advantages will become 
apparent with reference to the following detailed description 
of specific embodiments in connection with the accompa 
nying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The techniques of this disclosure may be better under 
stood by reference to one or more of these drawings in 
combination with the detailed description of illustrative 
embodiments presented herein. Identical reference numbers 
signify identical or similar elements. 

FIG. 1 is a block diagram of a system for diagnosing 
epithelial neoplasia. 

FIG. 2 are excitation emission matrices (EEM) of a 
normal sample and a diseased sample. 

FIG. 3A is an excitation emission matrix of a sample 
through a bandpass filter with 20 nm bandwidth. 

FIG. 3B is an excitation emission matrix of a sample 
through a bandpass filter with 50 nm bandwidth. 

FIG. 3C is an excitation emission matrix of a sample 
through a bandpass filter with 70 nm bandwidth. 

FIG. 4 is a chart comparing excitation bandwidth and 
wavelength combinations for differentiating squamous neo 
plasia and high-grade squamous intraepithelial lesions. 

DESCRIPTION OF ILLUSTRATIVE 
EMEBODIMENTS 

Noninvasive and accurate techniques that facilitate the 
early detection of neoplastic changes improve Survival rates 
and lower treatment costs by reducing or eliminating other 
diagnostic procedures. Optical tools using knowledge of 
light and tissue interaction can provide fast, noninvasive 
methods of cancer diagnosis. Normally, reflected white light 
on objects is observable because of a dominant light-tissue 
interaction. However, it is also possible to observe tissue 
autofluorescence, in which optical contrast between normal 
and neoplastic tissue might be significantly greater. When 
molecules within tissue absorb incident light, they can 
release energy in the form of fluorescent light. The intensity 
and color of the fluorescence gives information about the 
local biochemical composition of tissue. Molecules capable 
of emitting light caused by optical excitation are called 
fluorophores. Autofluorescence originates from many 
endogenous fluorophores present in the tissue Such as the 
crosslinks in the structural proteins collagen and elastin, the 
metabolic co-factors nicotinamide adenine dinucleotide 
(NADH) and flavin adenine dinucleotide (FAD+), aromatic 
amino acids, such as tryptophan, tyrosine, and phenylala 
nine, and porphyrins. Tissue fluorescence signatures are of 
particular interest, because spectral changes might reflect 
changes in metabolic activity and communication between 
the epithelium and the stroma. 

Although visual examination remains the mainstay for 
diagnosis of many cancers such as skin, cervical, and oral, 
the human eyes are not optimized for the visual detection of 
neoplastic diseases. Ordinarily, tissue fluorescence is not 
visible by eye, because it is masked by much more intense 
reflected light. The human eye can only extract a fraction of 
the existing chromatic information because of the physi 
ologic properties of the color detection mechanisms. The 
three types of cone photoreceptors have broadly overlapping 
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4 
spectral sensitivities, which might reduce the potential diag 
nostic contrast available when viewing tissue fluorescence. 
AS Such, embodiments of the present invention provide an 

autofluorescence imaging system and method in which the 
illumination and observation conditions have been opti 
mized to take into account the limitations of the human 
visual system. Representative embodiments relate to pro 
viding a viewing device. Such as filter glasses or cameras 
that capture the images from a sample to observe tissue 
fluorescence with a human eye. 
A diagram of a system used to excite and view tissue 

fluorescence is illustrated in FIG. 1. The system includes 
light source 100. In one embodiment, light source 100 is a 
white light Source Such as a Xenon, Tungsten, or Mercury 
lamp. Cold mirror 102 rejects radiation from light source 
100. In one embodiment, it rejects radiation below 300 nm 
and above 625 nm, preventing UV and infrared radiation 
from light source 100 from reaching the filter wheel 104. 
The cold mirror 102 directs an illumination beam (which can 
be collimated) into a filter wheel 104 which houses at least 
one bandpass filter. The filter wheel selects emission wave 
length regions. In one embodiment, one of the filter wheel 
slots is left empty to provide white light illumination. 
The wavelengths may pass through the filter and may be 

focused onto a light guide 106, such as a flexible fiberoptic 
bundle, which can be used as an illuminator onto a sample. 
In one embodiment, the bundle may be 5 mm in diameter 
and filled with 200-Am core diameter quartz fibers. The light 
guide 106 may be used to illuminate sample 108, such as an 
entire oral cavity or a tissue sample. In one embodiment, the 
optimal operating distance can be about 20 to 30 cm, 
illuminating a surface from about 4 to 8 cm in diameter. 
The radiation, or fluorescence, from the sample 108 may 

be observed with a viewing device 110, such as glasses 
containing observation filters, such as long bandpass filter 
112. In one embodiment, long bandpass filter 112 can have 
a maximum transmittance at 590 nm (60-nm bandwidth). 
Long bandpass filters may be used to Suppress reflected 
illumination light. In another embodiment, the viewing 
device 110 may be a camera containing long bandpass filter 
112 used to document autofluorescence. 

In one embodiment, the system measures emission spec 
tra at a plurality of different excitation wavelengths, ranging 
from 330 to 480 nm. The radiation range from the illumi 
nation source may be limited between 400 nm to 590 nm. At 
400 nm spectra can be truncated because of the human eye's 
lower wavelength limit, and above 590 nm spectral data can 
be truncated because the ratio of fluorescence to background 
light may below. Example fluorescence EEMs are presented 
in FIG. 2. The fluorescence emission of normal site 200 
shown is stronger than the cancerous site 202. The cancerous 
site 202, however exhibits stronger hemoglobin absorption 
of the fluorescence light at 420 nm excitation and emission 
wavelength, resulting in horizontal and vertical valleys in 
the fluorescence emission plot in FIG. 2. 

FIGS. 3A to 3C show the result of optimized observation 
conditions for viewing a sample of oral cavity neoplasia 
through a bandpass filter; the center wavelength of the 
observation filter is plotted on the abscissa and the excitation 
wavelength on the ordinate, and contour lines connect points 
of equal contrast. In FIG. 3A, the illumination source filter 
bandpass was set to 20 nm bandwidth, in FIG. 3B to 50 nm, 
and in FIG. 3C to 70 run. In this embodiment, exciting 
fluorescence at 430 or 440 nm and observing the emitted 
light in a band at 510 nm produces the highest contrast in all 
configurations. Highest contrast is achieved with an illumi 
nation source bandpass of 50 nm bandwidth at 430 nm 
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excitation and 51 nm emission. With a 20 nm emission 
bandpass the maximal contrast is 8% lower than with a 5 nm. 
bandpass and with a 70 nm emission bandpass the contrast 
is 3% lower. The green range of the visible spectrum is at 
about 510 nm. At 430/510 nm (excitation/emission wave 
length), 410/510 nm, 460/520 nm, 330/.430 nm and 380/440 
nm areas with a local contrast increase and are observable. 
When the observation bandpass filter is wider than 50 nm the 
contrast starts to decrease. The contrast increase through a 
50 nm bandpass filter compared to the observation of the full 
spectral range is approximately 15%. 
The system of FIG. 1 may be modified to accommodate 

other diagnostic tools used in cancer Screening. For 
example, the system may be incorporated into a commer 
cially available tilt-stand colposcope. In one embodiment, 
the system may include a viewing device which includes a 
camera mounted on a colposcope. The light source is based 
on a Xenon arc lamp with an integrated parabolic reflector. 
The parabolic reflector collects the light from the light bulb 
and produces a collimated output beam. The fluorescence 
excitation light is produced using bandpass filters enclosed 
in a motorized filterwheel which also contains a filter, a cold 
mirror, that blocks UV light and near infrared light when the 
device is used in reflectance mode. In one embodiment, a 25 
mm focal length UV lens focuses the light onto a 0.25 inch 
core diameter quartz fiber light guide. The original halogen 
lamp of the colposcope can be removed to accommodate the 
fiber optic light guide. A combination of lenses can be 
attached to the distal end of the probe (illumination optics). 
This lens combination produces a 3.5 cm diameter illumi 
nation spot at a working distance of 30 cm. The measured 
illumination intensity at this working distance is approxi 
mately 0.25 mW/cm2 at 345 nm excitation and 2.4 m W/cm2 
at 440 nm excitation. 
The colposcope modified as described above may be used 

to measure white light and fluorescence images of an intact 
cervix during colposcopy. In one embodiment, the modified 
colposcope may be used to determine which excitation 
wavelengths is best for discrimination of the different diag 
nostic wavelengths and yields the highest diagnostic perfor 
mance for the full spectrum analysis. Emission spectra with 
10 nm and 20 nm bandwidth excitation wavelengths may be 
used. Data may be measured with 10 nm excitation band 
width: emission spectra with 20 nm excitation bandwidth 
and both may be simulated by adding two adjacent emission 
spectra measured at 10 nm bandwidth excitation. 

In order to identify the abnormal areas in the modified 
colposcope systems fluorescence images, each pixel of a 
cervical image can be classified to be either squamous 
neoplasia (SN) or high grade squamous intraepithelial lia 
Sons (HGSIL) according to a classification algorithm. The 
values may be used in a classification algorithm to images 
from both a 345 nm and a 440 nm excitation. Three ratios 
can be calculated by dividing each color channel by the Sum 
of the three channels (i.e. R/(R+G+B), G/(R+G+B), B/(R+ 
G+B)) from every pixel of the fluorescence image. As a 
result, each pixel of the cervical image may be calculated 
into six corresponding ratios. The simulated data set corre 
sponding to 345 nm and 445 nm excitation used in the 
diagnostic performance algorithm can be used as a training 
set for the classification algorithm. Although the training set 
may be simulated by filtering the full spectral data by the 
color camera CMY curves, the RGB values outputted by the 
camera may be used to calculate the ratios for the classifi 
cation algorithm. 

FIG. 4 compares the sensitivity and specificity of what the 
inventors currently consider four best performing excitation 
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6 
wavelength and bandwidth combinations for discrimination 
between SN and HGSIL, although other combination can be 
used to and may be found to be even better. The excitation 
wavelengths are listed in descending order of the sum of the 
cross-validated sensitivity and specificity. Performance was 
best with the combination of 335-340 nm and 440-445 nm. 
excitation with a 10 nm bandwidth. However, the autofluo 
rescence of the optical system may be too high at 335 nm. 
excitation wavelength. Excitation at 345 nm gave similar 
simulated diagnostic performance, while minimizing device 
autofluorescence. In general, increasing the excitation band 
width from 10 nm to 20 nm did not significantly change the 
simulated diagnostic performance. The additional excitation 
power available with 20 nm bandwidth increased image 
SNR. Based on these results, the selected excitation wave 
lengths of 345 nm and 440 nm with 20 nm bandwidth. The 
expected performance of the MDC under these conditions is 
also shown in FIG. 4. 

With the benefit of the present disclosure, those having 
skill in the art will comprehend that techniques claimed here 
and described above may be modified and applied to a 
number of additional, different applications, achieving the 
same or a similar result. The claims cover all such modifi 
cations that fall within the scope and spirit of this disclosure. 
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The invention claimed is: 
1. A system comprising: 
an illumination source; 
a filter coupled to the illumination source that filters 

radiation from the illumination source to one or more 
wavelengths between the ranges of about 300 and 625 
nanometers; 

a light guide coupled to the filter that directs the one or 
more wavelengths to a sample; and 

a viewing device in operative relation with the sample that 
comprises at least one long bandpass filter that filters 
radiation from the sample to one or more wavelengths 
between about 320 and 625 nanometers to allow a 
human eye to directly see the fluorescence reflected 
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from the sample for differentiating between a diseased 
sample and a normal sample by using the viewing 
device comprising glasses including observation filters. 

2. The system of claim 1, the diseased sample comprising 
epithelial neoplasia. 

3. The system of claim 2, the epithelial neoplasia being 
selected from the group consisting of skin cancer, cervical 
cancer, and oral cancer. 

4. The system of claim 1, the illumination Source com 
prising a white light source. 

5. The system of claim 1, the viewing device comprising 
a camera coupled to the light guide. 

6. The system of claim 5, the camera being attached to a 
colposcope. 

7. The system of claim 1, the filter limiting the radiation 
from the illumination Source to one or more wavelengths 
between about 400 to 590 nanometers. 

8. The system of claim 1, the long bandpass filter filtering 
radiation from the sample to one or more wavelengths 
between about 330 and 470 nanometers. 

9. The system of claim 8, the long bandpass filter filtering 
radiation from the sample to one or more wavelengths 
between about 330 to 360 and about 440 to 470 nanometers 
to allow a human eye to differentiate between a sample with 
cervical cancer and a normal sample. 

10. The system of claim 8, the long bandpass filter 
filtering radiation from the sample to one or more wave 
lengths between about 420 to 470 nanometers to allow a 
human eye to differentiate between a sample with oral 
cancer and a normal sample. 

11. The system of claim 1, the long bandpass filter having 
a bandwidth between about 10 to 70 nanometers. 

12. The system of claim 1, further comprising a cold 
mirror coupled to the illumination Source that rejects radia 
tion below about 300 nanometers and above about 625 
nanometers from the illumination Source. 

13. The system of claim 1, where a ratio between two or 
more filtered wavelengths from the illumination source is 
optimized to increase observable contrast between a dis 
eased sample and a normal sample to a human eye. 

14. The system of claim 1, where an attenuation ratio 
between two or more filtered wavelengths from the sample 
is optimized to increase observable contrast between a 
diseased sample and a normal sample to a human eye. 

15. A method comprising: 
providing a bandpass filter that filters radiation from an 

illumination source to one or more wavelengths 
between about 300 to 625 nanometers to illuminate a 
sample: 

filtering radiation from the sample to one or more wave 
lengths between about 320 to 700 nanometers; and 

directly viewing the filtered radiation reflected from the 
sample with a human eye to differentiate between a 
diseased sample and a normal sample by using obser 
Vation filters incorporated into glasses to directly view. 

16. The method of claim 15, where providing a bandpass 
filter further comprises using a cold mirror to reject UV and 
infrared radiation below about 300 nanometers and above 
about 625 nanometers. 
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17. The method of claim 15, the step of providing further 

comprising coupling the illumination source to a band pass 
filter that filters radiation from the white light source to one 
or more wavelengths between about 400 and 590 nanom 
eters. 

18. The method of claim 15, the step of providing further 
comprising using a light guide to direct radiation from the 
light source to the sample. 

19. The method of claim 15, the step of filtering com 
prising using a long bandpass filter. 

20. The method of claim 15, the step of filtering further 
comprising filtering radiation from the sample to one or 
more wavelengths between about 330 and 470 nanometers. 

21. The method of claim 20, the step of filtering further 
comprising filtering the radiation from the sample to one or 
more wavelengths between about 330 to 360 and 440 to 470 
nanometers to allow a human eye to differentiate between a 
sample with cervical cancer and a normal sample. 

22. The method of claim 20, the step of filtering further 
comprising filtering the radiation from the sample to one or 
more wavelengths between about 420 to 470 nanometers to 
allow a human eye to differentiate between a sample with 
oral cancer and a normal sample. 

23. The method of claim 15, the step of viewing com 
prises using a camera for capturing the filtered image. 

24. The system of claim 15, where a ratio between two or 
more filtered wavelengths from the illumination source is 
optimized to increase observable contrast between a dis 
eased sample and a normal sample to a human eye. 

25. The system of claim 15, where an attenuation ratio 
between two or more filtered wavelengths from the sample 
is optimized to increase observable contrast between a 
diseased sample and a normal sample to a human eye. 

26. The method of claim 15, the diseased sample com 
prising epithelial neoplasia selected from the group consist 
ing of oral cancer, skin cancer and cervical cancer. 

27. The method of claim 26, the oral cancer being selected 
from the group consisting of pharynx neoplasia, throat 
neoplasia, paranasal sinus neoplasia, nasal cavity neoplasia, 
larynx neoplasia, thyroid neoplasia, parathyroid neoplasia 
and salivary gland neoplasia. 

28. A system comprising: 
an illumination source; 
a filter coupled to the illumination source that filters 

radiation from the illumination source to one or more 
wavelengths between the ranges of about 250 and 700 
nanometers; 

a light guide coupled to the filter that directs the one or 
more wavelengths to a sample; and 

a viewing device in operative relation with the sample that 
comprises at least one long bandpass filter that filters 
radiation from the sample to one or more wavelengths 
between about 320 and 700 nanometers to allow a 
human eye to directly see the fluorescence reflected 
from the sample for differentiating between a diseased 
sample and a normal sample by using the viewing 
device comprising glasses including observation filters. 
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