information (e.g., of proteins, lipids, DNA and water) and can therefore improve
tissue characterization and diagnosis.

0] Different bonds vibrate in different spectral ranges, so using the two different
spectral ranges (FP and HW) increases the bio-molecular information obtained in

a single scan.

In accordance with an embodiment of the present disclosure, a combined FP and HW fiber-
optic confocal Raman spectroscopy technique (e.g., involving the simultaneous acquisition
of FP and HW spectra) can improve the real-time diagnosis of cancer, pre-cancer, and/or
other abnormal growths in vivo during examinations of the body. The combined FP and HW
technique can also be used ex vivo on tissue samples, to more accurately identify the types
of abnormal growth present in the samples from any part of the body.

In accordance with an aspect of the present disclosure, a Raman spectroscopy apparatus
includes: a first illumination source configured for directing illumination into a tissue; an
additional illumination source configured for outputting additional illumination into the tissue;
a hot mirror filter configured for compensating for illumination interference between the
illumination output by the first illumination source and the additional illumination output by the
additional illumination source; a Raman spectrograph configured for simultaneously
detecting FP and HW Raman spectra from illumination scattered by the tissue; and a
computerized control and analysis module comprising at least one processing unit and a
memory storing program instructions executable by the at least one processing unit for
analyzing discrete spectral sub-intervals of the detected Raman spectra in FP and HW
Raman spectra ranges to determine peaks and to identify a match of the peaks with one or
more reference markers in one or both spectra ranges.

In multiple embodiments, the Raman spectrograph has a single broadband diffraction
grating.  The first illumination source includes a source of collimated illumination for
generating an excitation energy to apply to the tissue, and the apparatus further includes a
probe for transmitting the collimated illumination to the tissue and returning the detected
Raman spectra from the tissue to the Raman spectrograph.

The one or more reference markers can include or be specific peaks in the detected Raman

spectra. The computerized control and analysis module can



include program instructions executable by the at least one processing unit for diagnosing an

abnormal growth based upon the match.

The probe can include or be a confocal fiber-optic probe. The apparatus can further include
an endoscope having an elongate shaft having an instrument channel within which the probe

is carried.

The computerized control and analysis module can include program instructions executable
by the at least one processing unit for dynamically adjusting a power of the collimated
illumination, and/or dynamically adjusting a time to which the tissue is exposed to the

collimated illumination.

The apparatus can include a calibration apparatus configured for standardizing the probe or
the entire Raman apparatus with respect to at least one calibration reference.

In accordance with an aspect of the present disclosure, a method performed by a Raman
spectroscopy apparatus includes: directing illumination output by a first illumination source
into a tissue; directing additional illumination into the tissue using an additional illumination
source while directing the illumination output by first illumination source into the tissue;
compensating for illumination interference between the illumination output by the first
illumination source and the additional illumination output by the additional illumination source
using a hot mirror filter; simultaneously detecting by way of a probe FP and HW Raman
spectra from illumination scattered by the tissue; analyzing discrete spectral sub-intervals in
the detected Raman spectra in both FP and HW spectra ranges to determine peaks; and
identifying a match of the peaks with one or more reference markers in one or both spectra

ranges.

Simultaneously detecting FP and HW Raman spectra can include diffracting illumination in

both FP and HW wavelength ranges using a single broadband diffraction grating.



CLAIMS

1. A Raman spectroscopy apparatus comprising:
a first illumination source configured for directing illumination into a tissue;
an additional illumination source configured for outputting additional illumination into the

tissue; and

a hot mirror filter configured for compensating for illumination interference between the
illumination output by the first illumination source and the additional illumination
output by the additional illumination source;

a Raman spectrograph configured for simultaneously detecting fingerprint (FP) and high
wavenumber (HW) Raman spectra from illumination scattered by the tissue; and

a computerized control and analysis module comprising at least one processing unit and
a memory storing program instructions executable by the at least one processing unit
for analyzing discrete spectral sub-intervals of the detected Raman spectra in FP and
HW Raman spectra ranges to determine peaks and to identify a match of the peaks

with one or more reference markers in one or both spectra ranges.

2. The apparatus of claim 1, wherein the Raman spectrograph has a single broadband

diffraction grating.

3. The apparatus of claim 2, wherein the first illumination source comprises a source of
collimated illumination for generating an excitation energy to apply to the tissue, and wherein
the apparatus further comprises a probe optically coupled to both the first illumination source
and the Raman spectrograph for transmitting the collimated illumination to the tissue and

returning the detected Raman spectra from the tissue to the Raman spectrograph.

4. The apparatus of claim 3, wherein the one or more reference markers comprise specific

peaks in the Raman spectra indicative of abnormal cell growth.

5. The apparatus of claim 3, wherein the computerized control and analysis module includes
program instructions executable by the at least one processing unit for diagnosing an

abnormal growth based upon the match.

6. The apparatus of claim 3, wherein the probe comprises a confocal fiber-optic probe.
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7. The apparatus of claim 6, further comprising an endoscope having an elongate shaft

having an instrument channel within which the probe is carried.

8. The apparatus of claim 3, wherein the computerized control and analysis module includes
program instructions executable by the at least one processing unit for dynamically adjusting

a power of the collimated illumination.

9. The apparatus of claim 3, wherein the computerized control and analysis module includes
program instructions executable by the at least one processing unit for dynamically adjusting
a time to which the tissue is exposed to the collimated illumination.

10. The apparatus of claim 3, further comprising a calibration apparatus configured to
receive a signal from the probe for standardizing the probe or the Raman spectroscopy
apparatus with respect to at least one calibration reference.

11. A Raman spectroscopy method performed by a Raman spectroscopy apparatus, the

method comprising:
directing illumination output by a first illumination source into a tissue;

directing additional illumination into the tissue using an additional illumination source

while directing the illumination output by first illumination source into the tissue; and

compensating for illumination interference between the illumination output by the first
illumination source and the additional illumination output by the additional illumination

source using a hot mirror filter;

simultaneously detecting by way of a probe fingerprint (FP) and high wavenumber (HW)

Raman spectra from illumination scattered by the tissue; and

analyzing discrete spectral sub-intervals in the detected Raman spectra in both FP and

HW spectra ranges to determine peaks; and

identifying a match of the peaks with one or more reference markers in one or both

spectra ranges.
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12. The method of claim 11, wherein simultaneously detecting FP and HW Raman spectra
comprises diffracting illumination in both FP and HW wavelength ranges using a single

broadband diffraction grating.

13. The method of claim 11, wherein the one or more reference markers are specific peaks

in the Raman spectra indicative of abnormal cell growth.

14. The method of claim 11, further comprising dynamically adjusting the power of the

illumination.

15. The method of claim 11, further comprising dynamically adjusting a time to which the

tissue is exposed to the illumination.

16. The method of claim 11, further comprising performing a calibration or standardization
procedure to standardize the probe or the Raman spectroscopy apparatus with respect to at

least one calibration reference prior to illuminating the tissue.
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