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SYSTEMS, DEVICES AND METHODS FOR 
IMAGING AND SURGERY 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application claims the bene?t of US. Provisional 
Application No. 61/022,544, ?led Jan. 22, 2008, Which is 
incorporated by reference in its entirety as part of this appli 
cation. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH 

This invention was made With government support under 
Grant No. BES-0548673 awarded by the National Science 
Foundation. The government has certain rights in the inven 
tion. 

BACKGROUND 

Precision imaging and surgical manipulation of biological 
tissue can be used to improve medical treatment outcomes. 

SUMMARY 

Provided herein are devices, systems and methods for 
imaging and/ or for surgical manipulation of biological tissue. 
An example system for surgical manipulation of biological 
tissue in a subject comprises an ultra-fast pulsed surgical laser 
light source con?gured to produce laser light for surgical 
manipulation of biological tissue, an optical delivery ?ber 
and an objective lens. The optical delivery ?ber can be con 
?gured to direct light from the surgical laser light source for 
transmission to the objective lens and the objective lens can 
be con?gured to transmit light to a region of interest in the 
subject for surgical manipulation of biological tissue. 
The example system can further comprise an imaging light 

source con?gured to produce light for imaging of biological 
tissue and a pair of relay lenses. Light from the imaging light 
source can be con?gured to be directed through the pair of 
relay lenses for transmission to the objective lens and the 
objective lens can be con?gured to transmit light from the 
imaging light source to a region of interest in the subject and 
to receive light from the region of interest in the subject for 
imaging of biological tissue. 
An example system for imaging biological tissue in a sub 

ject comprises an imaging light source con?gured to produce 
light for imaging of biological tissue, an optical delivery ?ber, 
a pair of relay lenses, and an objective lens. The optical 
delivery ?ber can be con?gured to direct light from the imag 
ing light source through the pair of relay lenses for transmis 
sion onto the objective lens, and the objective lens can be 
con?gured to direct light transmitted onto it from the imaging 
light source to a region of interest in the subject. The objective 
lens is also con?gured to receive light from the region of 
interest. The system can further comprise a photodetector 
con?gured to detect at least a portion of the light received 
from the region of interest. Moreover, the system can also 
comprise an ultra-fast pulsed surgical laser light source con 
?gured to produce laser light for surgical manipulation of 
biological tissue. Produced laser light can be con?gured to be 
directed from the ultra-fast pulsed surgical laser light source 
to the objective lens and the objective lens can be con?gured 
to transmit light from the ultra-fast surgical laser light source 
to a region of interest in the subject for surgical manipulation 
of biological tissue. 
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2 
An example device for surgical manipulation of biological 

tissue in a subject comprises an optical delivery ?ber and an 
objective lens. The optical delivery ?ber can be con?gured to 
direct light from an ultra-fast pulsed surgical laser light 
source for transmission to the objective lens and the objective 
lens can be con?gured to transmit light from the ultra-fast 
pulsed surgical laser light source directed to it to a region of 
interest in the subject for surgical manipulation of biological 
tissue in the subject. The device can further comprise a pair of 
relay lenses. Light from an imaging light source can be con 
?gured to be directed through the pair of relay lenses for 
transmission to the objective lens and the objective lens can 
be con?gured to transmit light from the imaging light source 
directed to it to a region of interest in the subject and to receive 
light from the region of interest in the subject for imaging of 
biological tissue in the subject. 
An example device for imaging biological tissue in a sub 

ject comprises an optical delivery ?ber, a pair of relay lenses 
and an objective lens. The optical delivery ?ber can be con 
?gured to direct light from an imaging light source through 
the pair of relay lenses for transmission onto the objective 
lens and the objective lens can be con?gured to direct light 
transmitted onto it from the imaging light source to a region of 
interest in the subject. The objective lens is also con?gured to 
receive light from the region of interest for imaging biological 
tissue. The optical delivery ?ber can be further con?gured to 
direct light from an ultra-fast pulsed surgical laser light 
source to the objective lens and the objective lens can be 
con?gured to transmit light from the surgical laser light 
source to a region of interest in the subject for surgical 
manipulation of biological tissue in the subject. 

DESCRIPTION OF DRAWINGS 

FIG. 1 is a schematic diagram illustrating an example mul 
tiphoton imaging and surgical system. 

FIG. 2 is a schematic diagram illustrating an example con 
focal re?ectance imaging and surgical system. 

FIG. 3 is a schematic diagram illustrating an example con 
focal ?uorescence imaging and surgical system. 

FIG. 4 is a schematic diagram illustrating an example opti 
cal coherence tomography (OCT) imaging and surgical sys 
tem. 

FIG. 5 is schematic diagram illustrating an exemplary 
operating environment for use With the disclosed systems, 
devices and methods. 

FIG. 6a is a perspective illustration of an exemplary two 
photon microscopy and femtolaser microsurgery (TPM/ 
FLMS) probe. 

FIG. 6b is a photograph of an exemplary TPM/FLMS 
probe, including relevant dimensions, but not displaying ?ber 
for laser delivery or lid for sealing out stray light. 

FIG. 60 is a scanning electron microscope (SEM) micro 
graph of an exemplary photonic crystal ?ber used for delivery 
of ultrashort laser pulses in the system; scale bar is 15 pm (3 
pm inset). 

FIG. 6d is a scanning electron microscope (SEM) micro 
graph of an exemplary micro-scanning device used for scan 
ning and positioning of ultrashort laser pulses in the system; 
scale bar is 600 pm (120 um inset). 

FIG. 7a is an exemplary multiphoton microscopy image of 
?uorescent beads taken using an example TPM/FMLS probe 
and demonstrating a ?eld of vieW (FOV) of this device, 
namely 310 um; scale bar is 50 um. 

FIG. 7b is a plot of the lateral ?uorescence intensity pro?le 
measured during imaging of 100 nm ?uorescent beads taken 
using an example TPM/FMLS probe. Measured values and 
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the Gaussian curve ?t is provided, with a full-width at half 
maximum of 1.64 pm; inset shows original bead multiphoton 
image with scale bar of 5 pm. 

FIG. 70 is an exemplary multiphoton microscopy image of 
?uorescent pollen grains taken using an example TPM/FMLS 
probe; scale bar is 20 um. 

FIG. 8a is an exemplary series of x-y plane images of 
?uorescently labeled cancer cells in a 3D tissue-like media 
taken using an example TPM/FMLS probe, with images 
taken at different depths inside the 3D cell volume; scale bar 
is 20 um. 

FIG. 8b is an exemplary image of the x-z plane of the 
sample used in FIG. 8a, reconstructed from images such as 
those shown in FIG. 8a; scale bar is 20 um. 

FIG. 80 is an exemplary image of the y-z plane of the 
sample used in FIG. 8a, reconstructed from images such as 
those shown in FIG. 8a; scale bar is 20 um. 

FIG. 9a is an exemplary image of a single layer of labeled 
cancer cells taken using an example TPM/FMLS probe 
before irradiation of the indicated cell by a single ultrashort 
laser pulse of 280 nJ pulse energy (~14 TW/cm2 peak inten 
sity); scale bar is 20 um. 

FIG. 9b is an exemplary image of a single layer of labeled 
cancer cells taken using an example TPM/FMLS probe after 
irradiation of the indicated cell by a single ultrashort laser 
pulse of 280 n] pulse energy (~14 TW/cm2 peak intensity); 
scale bar is 20 um. 

FIG. 10a is an exemplary series of x-y plane images taken 
using an example TPM/FMLS probe of ?uorescently labeled 
cancer cells in a 3D tissue-like media, with images taken at 
different depths inside the 3D cell volume, before irradiation 
of the indicated cell by 5000 ultrashort laser pulses of 213 n] 
pulse energy; scale bar is 20 um. 

FIG. 10b is an exemplary series of x-y plane images taken 
using an example TPM/FMLS probe of ?uorescently labeled 
cancer cells in a 3D tissue-like media, with images taken at 
different depths inside the 3D cell volume, after irradiation of 
the indicated cell by 5000 ultrashort laser pulses of 213 n] 
pulse energy; scale bar is 20 um. 

FIG. 100 is an exemplary image of the sample used in FIG. 
10a, reconstructed from images such as those shown in FIG. 
10a to give a vertical representation of the sample; scale bar is 
20 um. 

FIG. 10d is an exemplary image of the sample used in FIG. 
10b, reconstructed from images such as those shown in FIG. 
10b to give a vertical representation of the sample; scale bar is 
20 um. 

DETAILED DESCRIPTION 

Provided herein are devices, systems and methods for 
imaging and/ or for surgical manipulation of biological tissue. 
Biological tissue can be located in a subject. For example, the 
biological tissue can be located in, or can be derived from, a 
human or non-human animal. Biological tissue can comprise 
any tissue, or portion thereof, of, or derived from, an organ 
ism, such as a mammal. Biological tissue can comprise a cell, 
a collection of cells, or portions ofa cell or cells. Biological 
tissue also includes organized tissues such as, for example, 
organs or portions thereof. Biological tissue can be normal or 
diseased. For example, biological tissue can comprise a can 
cerous or precancerous cell or collections of cancerous or 

precancerous cells. 
FIG. 1 is a schematic diagram illustrating an example sys 

tem 10 for surgical manipulation of biological tissue and/or 
for multi-photon imaging. The imaging and surgical manipu 
lation canbe performed in a subject. The system comprises an 
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4 
ultrafast pulsed laser surgical light source 12. The terms 
ultrafast and ultrashort are used interchangeably herein. The 
light source 12 is con?gured to produce laser light for surgical 
manipulation of biological tissue in the subject. For example, 
the light source 12 can be con?gured to produce one or more 
pulses of laser light having a duration of less than one nano 
second. Optionally, the light source 12 is a picosecond or a 
femtosecond laser light source comprising a laser that can 
generate one or more laser pulses having durations in the 
picosecond or femtosecond time regime. The light source 12 
can also be con?gured to produce laser pulses that are near 
infrared. 

Femtosecond lasers can be used as an ultrashort laser pulse 
source for multiphoton imaging and femtosecond laser 
microsurgery techniques described herein. Femtosecond 
lasers are any laser which emits laser pulses with pulse dura 
tion between and including 1 ps and 1 fs. The femtosecond 
lasers can be solid state lasers which utilize a broadband gain 
medium, such as titanium-doped sapphire or chromium 
doped forsterite crystals. In such lasers, femtosecond laser 
pulses can be created when mode-locking is achieved, either 
passively or actively, and the constructive interference 
between intracavity modes results in a powerful ultrashort 
pulse of laser light. A picosecond laser can produce pulses 
between and including 1 ns and 1 ps. 

Femtosecond laser pulses of higher intensity can be created 
using an optical ampli?er, most commonly a chirped-pulse 
ampli?er or an optical parametric ampli?er. In both an oscil 
lator and ampli?er systems, femtosecond laser pulses are 
most commonly in the near-infrared wavelength range, 
approximately 600 nm to 1000 nm, where biological tissue is 
largely transparent. 
As used herein, surgical manipulation includes photodam 

age of biological tissue located in a subject. Thus, in vivo or 
ex vivo biological tissue can be targeted for surgical manipu 
lation using the described systems. The photodamage can be 
located in a focal volume where light from the light source 12 
is focused. The focal volume can be located in a target tissue. 
Application of light from the light source 12 using the 
described systems can cause ablation of tissue in the subject. 
Such ablation can also be con?ned to a focal volume located 
in the tissue. 
The ultra-fast surgical laser light source 12 is located in 

communication with an optical delivery ?ber 22. The optical 
delivery ?ber transmits surgical light 14 from the light source 
12 into a housing 11. An objective lens 18 is also located in 
conjunction with the housing 11. The objective lens 18 is 
con?gured to receive light generated by the light source 12 
that is transmitted into the housing 11 by the optical delivery 
?ber 22. The objective lens 18 can optionally be a gradient 
index (GRIN) lens, an aspheric lens, a spherical lens, a chro 
matic doublet, and the like. Z-scanning can be used, which is 
the scanning of focused laser light towards or away from the 
target tissue. This can be accomplished by moving the system 
10 or portions thereof towards or away from the target tissue. 
For example, the objective lens 18 can be actuated to move 
towards or away from the target tissue using a MEMS actua 
tor or a PZT actuator. Similarly the housing, including the 
objective lens 18 can be actuated to move towards or away 
from the target tissue using a MEMS actuator or a PZT 
actuator. The objective lens 18 can be moved, for example, by 
MEMS devices or piezoelectric devices. 

Optionally, the optical delivery ?ber 22 is an air-core pho 
tonic crystal ?ber (PCF). Light transmitted along the ?ber 22 
can be directed through a collimating lens 23 and onto a 
scanning device 16. In other examples, instead of a scanning 
device 16, the optical delivery ?ber 22 can be moved to 
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provide scanning of light from the light source 12. For 
example, the ?ber 22 can be moved using a piezoelectric 
scanning device that is con?gured to move the ?ber to scan 
light from the light source 12. 

The scanning device 16 can optionally be a microelectro 
mechanical (MEMS) scanner. Example scanning devices 16 
also include an electro-optic crystal, a rotating wedge prism, 
and piezoelectric devices. If a MEMS scanner is used, it can 
be a two-axis gimbaled scanner with a re?ective surface. The 
re?ective surface can comprise a re?ective coating that com 
prises metal. For example, the metal coating can comprise 
silver or aluminum. The scanning device 16 can be actuated to 
scan light from the optical delivery ?ber 22 for transmission 
to the objective lens 18. For example, at least one processing 
unit 17 can be in communication with the scanning device 16. 
The processing unit 17 can be used to control the actuated 
movement of the scanning device 16 for direction of light 
from the optical delivery ?ber 22 to the objective lens 18. The 
scanning device 16 is also located in the housing 11 and the 
housing can be sized for endoscopic in vivo surgical proce 
dures in the subject. Portions of the system 10 can be referred 
to as a probe. For example, when the housing 11, or other 
portions of the system are con?gured for surgical manipula 
tion and/or imaging in a human or non-human subject, por 
tions of the system can be referred to as a probe. 

Light from the ultra-fast pulsed surgical laser light source 
12, surgical light 14, directed onto the scanning device 16 can 
be further directed through a pair of relay lenses 26 and 28 
prior to contacting the back aperture 21 of the objective lens 
18. Each relay lens of the pair 26 and 28 can be an aspherical 
lens. Optionally, the numerical aperture of each relay lens is 
0.9 or less. Also, optionally, the surgical light 14 from the 
light source 12 can contact a mirror 36 subsequent to passing 
through the relay lens 28. The surgical light 14 from the light 
source 12 can also be directed to the objective lens 18 using a 
hot mirror 38. At least a portion of the surgical light 14 from 
the light source 12 that contacts the back aperture 21 of the 
objective lens 18 is transmitted onto a region of interest or 
target tissue 20 of the subject. Thus, target tissue can be a 
region if interest in a subject. 

The objective lens 18 can focus surgical light 14 from the 
light source 12 into a focal volume where surgical manipula 
tion can occur by the focused surgical light 14. The objective 
lens 18 can have a numerical aperture of 0.4 or higher. As 
described above, the surgical light 14 can cause photodamage 
or ablation of tissue in the subject. An actuator device 40, such 
as an electric motor, can be used to move the housing 11 
towards or away from the target tissue 20. In some aspects, the 
system 10, or portions thereof, such as the housing 11, can be 
moved in a ferrule using a piezoelectric device or micro 
motor. 

The system 10 can further comprise a light source 24 for 
multi-photon imaging. The imaging light source 24 can be a 
pulsed laser light source used for multi-photon imaging. 
Although the light source for surgery 12 and the light source 
for imaging 24 are separately depicted in this example, in 
other examples, the same light source can be used for both 
surgery and imaging. In these other examples, the light source 
can be adjustable such that it can produce surgical light 14 and 
imaging light 15. Optionally, the light having the same char 
acteristics can be used for imaging and surgery. Thus, a sys 
tem comprising an ultra-fast pulsed surgical laser light source 
and further comprising an imaging light source can include 
one light emitting component that can produce light con?g 
ured for imaging and light con?gured for surgery. In some 
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6 
examples, the light for imaging and for surgery will have the 
same or similar characteristics such as, for example, wave 
length and pulse duration. 
The imaging light source 24 can therefore be con?gured to 

produce light for imaging of biological tissue, referred to 
herein as imaging light 15. Similar to the surgical light 14, the 
imaging light 15 can be transmitted along the optical delivery 
?ber 22, through the collimating lens 23 and onto a scanning 
device 16. The imaging light 15 can be further directed 
through the pair of relay lenses 26 and 28 and through the 
objective lens 18. Before being transmitted through the objec 
tive lens 18, the imaging light 15 can contact the mirror 36 and 
mirror 38, which guide the imaging light 15 on to the back 
aperture 21 of the objective lens 18. The objective lens 18 is 
con?gured to transmit imaging light 15 to a region of interest 
or target tissue 20. 
The objective lens 18 is further con?gured to receive light 

19 from the target tissue 20. Light received 19 from the target 
tissue 20 can comprise light resulting from excitation of ?uo 
rophores in the target tissue. The excitation of the ?uoro 
phores can be caused by interaction of the imaging light 15 
and the target tissue. Light received from the target tissue can 
also result from luminescence from nanoparticles located in 
the target tissue 20. For example, gold luminescence from 
nanoparticles can be received. Further, the light received from 
the target tissue can result from the generation of a second 
harmonic of light incident on a region of interest of the target 
tissue. The second harmonic can be produced from the inter 
action of the target tissue and the imaging light 15. 

Thus, multiphoton imaging refers to methods of imaging or 
visualization which utilizes the ?uorescent or luminescent 
emission light stemming from a multiphoton process event. 
For multiphoton imaging using the described system, a train 
of ultrashort laser pulses can optionally be focused into the 
sample or target tissue 20 to be imaged. At the focal volume, 
the light intensities are suf?ciently high to induce nonlinear 
processes involving the simultaneous absorption of multiple 
photons. Examples of these processes are two- and three 
photon absorption, second harmonic generation, and two 
photon luminescence. The light emitted from the multiphoton 
process is collected and detected by the photodetector 32, 
such that an electrical signal is generated which is propor 
tional to the amount of emitted photons collected. By scan 
ning the focused laser beam collecting emitted light at suc 
cessive positions in the target tissue, an image can be 
reconstructed by mapping the detected light signals to corre 
sponding locations in an image. 

In addition to imaging based on the intensity of the col 
lected emission light (e. g received light 19), extra information 
about the sample can be gained by additional analysis of the 
collected light. In one method, the collected light can be sent 
to a spectrometer and spectral information can be assigned to 
each location in the reconstructed image. In another method, 
the collected light can be sent to a single-photon counting 
detector and can be used to assign ?uorescent lifetime infor 
mation to each location in the reconstructed image. 
At least a portion of the light received by the objective lens 

18 from the target tissue can be transmitted to an optical 
transmitter 30. In the system 10, the hot mirror 38 allows for 
passage of light from the objective lens 18 and into commu 
nication with the optical transmitter 30. The optical transmit 
ter 30 can transmit light received from the target tissue to the 
photodetector 32. The photodetector 32 is con?gured to 
detect at least a portion of the light transmitted along the 
optical transmitter 30. The photodetector can be in commu 
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nication with at least one processing device 34 which can 
produce an image from light detected by the photodetector 
32. 

Portions of the system 10 can be located in the housing 11. 
Some portions of the system can also be located outside of the 
housing 11. As described above, the housing 11 can be moved 
towards or away form the target tissue 20 using an actuating 
device. The system 10 can be used for surgical manipulation 
of biological tissue using light from the light source 12. 
Optionally, the system 10 can be used for multi-photon imag 
ing in addition to its use for surgical manipulation of biologi 
cal tissue. The system 10 can also be used for multi-photon 
imaging alone. Optionally, the system 10 can be used for 
surgical manipulation of biological tissue in addition to its use 
for multi-photon imaging. 

Whether the system 10 is used for surgical manipulation of 
biological tissue alone, multi-photon imaging alone, or both 
surgical manipulation of biological tissue and multi-photon 
imaging can be determined by an operator of the system. For 
example, if only surgical manipulation of biological tissue is 
desired, the system 10 can be used to transmit surgical light 14 
to the target tissue. If only multi-photon imaging is desired, 
the system 10 can be used to transmit imaging light 15 to the 
target tissue. If both multi-photon imaging and surgical 
manipulation of biological tissue is desired, the system can be 
used to transmit imaging light 15 and surgical light 14 to the 
target tissue. 

Thus, provided herein are methods, systems, and devices 
for multiphoton microscopy and ultrashort pulsed laser sur 
gery. In one aspect, provided is a miniaturized sized probe 
con?gured for multiphoton microscopy and ultrashort pulse 
laser surgery. 

The system 10 can be used to enhance ?eld of view (FOV), 
resolution, and collection ef?ciency without the trade-offs 
normally encountered in miniaturized multiphoton ?uores 
cent microscope designs. This can be achieved with a minia 
ture optical system between the scanning device 16 and the 
imaging objective lens 18. The example system 10 can be 
used for targeted delivery of higher-energy ultrashort pulses 
for combined ultrashort-pulse laser micro-/nanosurgery and 
multiphoton imaging. The result is a system 10 that can be 
used for combined medical diagnosis and treatment of dis 
eased tissues and for investigation of various biological tis 
sues. In one aspect, the system 10 can provide for real-time 
diagnosis and removal of small cancerous lesions in skin, in 
body cavities or intraoperatively. 

The imaging system 10 can be used to image the scanning 
device 16 to the objective lens 18, such that the surgical 14 
and/ or imaging light 15 do not move along the plane of back 
aperture 21 of the objective lens 18 during scanning. This 
allows for the whole scanning angle of the scanning device 16 
to be used without being limited by the distance to the obj ec 
tive lens 18 or the size of the obj ective lens 18. This way the 
FOV can be enlarged without degrading resolution. 

The system 10 also provides a method of expansion of the 
surgical light 14 and or the imaging light 15, wherein either 
light beam size can be small at the scanner 16 so as to reduce 
diffraction and can be large at the objective 18 to increase 
resolution. 
By imaging the scanner 16 to the objective lens 18, the 

scanning device 16 can be moved away from the objective 
lens 18 which allows collection optics, such as the optical 
transmitter 30, to be placed close to the objective 18 to 
enhance collection ef?ciency. By integrating higher-energy 
ultrashort pulses, ultrashort-pulse laser micro-/nanosurgery 
can be achieved which provides precision ablation of speci? 
cally targeted nanoscale structures, such as organelles or 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
axons with less collateral damage when compared to conven 
tional continuous wave and long pulse (>1 ns) lasers. In 
addition, the system 10 allows for scanning of the surgical 
light 14 for ablation of larger tissue regions. 

In one aspect, provided are methods, systems, and devices 
for combined multiphoton microscopy and ultrashort pulse 
laser surgery of biological tissues through a selectively sized 
probe. The probe can comprise the housing 11. Laser surgery 
can comprise micro-surgery, nano-surgery, and the like. The 
system 10 can comprise a scanning device 16, which can be 
miniaturized, and can optionally scan a pulse train of near 
infrared laser pulses lasting between 100 and l/1ooth of a 
picosecond in duration about two axes, a pair relay lenses (26 
and 28), which can optionally be miniaturized positive lenses 
that can be used to image the location of the scanning device 
to the back aperture of an objective lens 18. The objective lens 
18 can optionally focus laser light into the sample (e.g. the 
target tissue 20). 

For microscopy, laser light can excite intrinsic ?uoro 
phores (auto?uorescence), exogenous ?uorophores, and/or 
metallic nanoparticles. The light emitted from these (?uores 
cence or luminescence) canbe collected through the objective 
lens 18. In addition to use of metallic nanoparticles for imag 
ing of luminescence, those same nanoparticles can be used 
during the surgical uses of the disclosed apparatus by using 
the ultrashort pulse laser source to excite the plasmon reso 
nance of the nanoparticles and ablating at the particles 
through the near-?eld enhancement effect. 

Light received by the objective lens 18 (collected light 
from the sample 20) can pass through a dichroic mirror or hot 
mirror 38 and be collected by a optical transmitter 30, such as 
an optical ?ber. The system 10 can be used in conjunction 
with hi gher-energy ultrashort laser pulses for micro surgery of 
biological tissues. Optionally, the only foci inside the system 
are located in air and the light propagation through glass or 
plastic is reduced by optionally eliminating long relay gradi 
ent index (GRIN) lenses of the type sometimes found in 
multiphoton endoscope designs. For micro/nanosurgery, the 
surgical light 14 focused into the target tissue 20 can be of 
suf?cient intensity to cause intentional photodamage either 
through ablation or indirect bond breaking due to free elec 
tron formation. 
As described above, the scanning device 16 can optionally 

be a MEMS scanner. The scanning device 16 can optionally 
comprise a MEMS mirror with a diameter slightly larger 
diameter of the light projected onto it. The relay lens pair 26 
and 28 can optionally comprise miniature molded aspherical 
lenses, wherein the numerical apertures of each lens is less 
than 0.9. The relay lens pair (26 and 28) also provides a 
method of light beam expansion, wherein the beam size of the 
imaging light 15 and/or surgical light 14 can be small at the 
scanning device 16 so as to reduce diffraction and can be large 
at the objective lens 18 to increase resolution. 
The system 10 can be optionally used for the combination 

of ultrashort-pulse laser micro -/nano surgery and multiphoton 
microscopy in a miniaturized device. Ultrashort-pulse laser 
micro-/nanosurgery provides a high-precision tool for mak 
ing subcellular incisions, ablating nanoscale structures, and 
modifying organelles and axons. The surgical manipulations 
of biological tissue such as incisions can be directed to a 
speci?c point of interest or scanned to modify a large collec 
tion of cells. The system 10 can be used to destroy diseased 
cells, such as small neoplastic lesions, in real-time during a 
diagnostic imaging process. For example, the system 10 can 
be used for the targeting of neoplastic lesions and precancer 
ous cells, for which there are currently no imaging modalities 
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capable of diagnosing small (<2 mm) lesions in the epithe 
lium without a lengthy and invasive biopsy process. 

The system 10, or portions thereof, such as the housing 11, 
can be used as surface probe device, able to access large body 
cavities (i.e. mouth) and can be used intraoperatively. The 
system 10, or portions thereof, such as the housing 11, can 
also be manufactured through nanolithography of silicon for 
a microscope-on-a-chip, which can ?t into commercial endo 

scope housings for colorectal, tracheal, GI, and esophageal 
(and other) applications. The system 10, or portions thereof, 
such as the housing 11, can be coupled with a means of 
aspiration in an endoscopic probe so that a laser microsurgery 
technique can be used to excise tissue sections for analysis. 
For example, surgical light 14, such as laser, can be used to cut 
away the region of interest, which can be aspirated and ana 
lyzed in a ?ow cytometry assay for detection of various 
pathologies. The system 10, or portions thereof, such as the 
housing 11, can be adapted for a disposable endoscope sys 
tem. The system 10, or portions thereof, such as the housing 
11, can be sized to be positioned inside a body cavity, sized to 
be used endoscopically within the accessory channel of com 
mercially available endoscope devices or as a stand-alone 
device, sized to be used as a handheld device, both externally 
and intraoperatively in surgically created body cavities and 
openings. 
As described above, metallic nanoparticles for imaging of 

luminescence can be used, and metallic nanoparticles can 
also be used during the surgical operation of the system 10 by 
using an ultrashort pulsed laser source to excite the plasmon 
resonance of the nanoparticles and ablating at the particles 
through the near-?eld enhancement effect. 
A focusing lens, such as an objective lens, can be used to 

focus surgical light 14 and imaging light 15, such as femto 
second laser pulses, into the core of the optical ?ber 22. The 
optical ?ber 22 can be hollow-core ?ber, which can be created 
by utilizing a photonic bandgap to con?ne light in a defect 
region making up the core of the ?ber. The focusing lens can 
be chosen such that the numerical aperture of the lens is less 
than that of the optical ?ber 22 and that the resulting focused 
laser spot size is smaller than the core size of the optical ?ber 
22, which will result in e?icient coupling of the free-space 
light into the optical ?ber 22. If used, the hollow-core photo 
nic crystal ?ber then transmits the laser light by guiding it in 
a single transverse mode (TEMOO) to the housing 11, where 
the collimating lens 23 collimates the transmitted laser light. 

Pre-chirping of the surgical light 14 or imaging light 15, 
such as a femtosecond laser pulse, can be performed to com 
pensate for dispersion in the optical ?ber 22. Additionally, 
wavelengths can be chosen at or near the zero dispersion 
wavelength of the optical ?ber 22 to reduce dispersion. Pre 
chirping is a technique for causing chirping in light pulses that 
compensates for chirping caused in a transmitter. For 
example, two types of chirping that can be used include blue 
chirping that causes the wavelength to shift to the longer 
wavelength side at the rising of an output pulse and to the 
shorter wavelength side at the falling thereof, and red chirping 
that causes the wavelength to shift to the shorter wavelength 
side at the rising of an output pulse and to the longer wave 
length side at the falling thereof, and the type of chirping is 
selected depending on the ?ber mainly used in the transmis 
sion channel. 
The system 10 can further comprise a beamsplitter such as 

the hot mirror 38 to separate excitation and emission light. A 
beamsplitter can separate light by wavelength and can be an 
element with a dichroic coating which is re?ective to a certain 
wavelength range, such as that of the excitation laser light, 
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10 
and is transmissive to another wavelength range, such as that 
of the emitted ?uorescent light. 

Optionally, the system 10 can be used for femtosecond 
laser microsurgery, which is a technique for precise manipu 
lation of biological tissues with reduced damage to surround 
ing tissues. The combination of this technique with two 
photon imaging provides a non-invasive means of 
visualization to guide such surgery in situ. This method can be 
used for imaging and microsurgery with a small probe for 
diagnosing, treating, and monitoring progression of diseased 
tissue in vivo, in real time, and with cellular precision. 

Femtosecond laser microsurgery (FLMS) offers the higher 
precision for microsurgery inside three-dimensional (3D) tis 
sue. Because of high peak intensities and short pulse dura 
tions, near infrared (NIR) femtosecond laser pulses are 
absorbed through nonlinear processes inside biological mate 
rials that are otherwise transparent to NIR wavelengths. The 
nonlinear absorption process occurs in the focal volume 
where the photon ?ux is su?iciently high and thus con?nes 
the ablation to a small volume in the focal plane. The highly 
localized and e?icient absorption of femtosecond laser pulses 
requires very little energy for ablation. This microsurgery 
method thus provides the ability to operate with micron-scale 
precision and reduces collateral damage to surrounding non 
target tissues. 
The in vivo application of this surgical technique can be 

guided and monitored by an equally precise and penetrating 
3D imaging technique, such as two-photon microscopy 
(TPM). In TPM, simultaneous absorption of two photons of 
NIR wavelengths excites ?uorophores that usually absorb in 
the ultraviolet or visible wavelength ranges. Two-photon 
excitation provides intrinsic optical sectioning and large pen 
etration depths down to 1.0 mm. By combining FLMS with 
TPM, surgical light can be guided with microscopic imaging 
capabilities deep inside a scattering tissue. The system 10 can 
therefore be used for treatment and diagnosis of various dis 
eases as well as for in vivo monitoring of disease progression. 
The system 10, or portions thereof, such as the housing 11, for 
FLMS and TPM can be positioned in a small and ?exible 
device. 

FIG. 2 is a schematic diagram illustrating an example sys 
tem 100 for surgical manipulation of biological tissue in a 
subject and/or for confocal re?ectance imaging in the subject. 
The system 100 comprises an ultra-fast pulsed laser surgical 
light source 12. The light source 12 is con?gured to produce 
laser light for surgical manipulation of biological tissue in the 
subject. For example, the light source 12 can be con?gured to 
produce one or more pulses of laser light having a duration of 
one nano-second or less. Optionally, the light source 12 is a 
picosecond or a femtosecond laser light source comprising a 
laser that can generate one or more laser pulses having a 
picosecond or femtosecond duration. The light source 12 can 
also be con?gured to produce laser pulses that are near 
infrared. 
The ultra-fast surgical laser light source 12 is located in 

communication with an optical delivery ?ber 22. The optical 
delivery ?ber 22 transmits light, surgical light 14, from the 
light source 12 into a housing 11. A polarizing beam splitter 
102 can be located between the light source 10 and the deliv 
ery ?ber 22. The polarizing beam splitter 102 allows passage 
of light from the light source 12 to the delivery ?ber 22. 
An objective lens 18 is also located in conjunction with the 

housing 11. The objective lens 18 is con?gured to receive 
light generated by the light source 12 that is transmitted into 
the housing 11 by the optical delivery ?ber 22. Optionally, the 
optical delivery ?ber 22 is an air-core photonic crystal ?ber 
(PCF). Light transmitted along the ?ber 22 can be directed 
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through a collimating lens 23 and onto a scanning device 16. 
In other examples, instead of a scanning device 16, the optical 
delivery ?ber 22 can be moved to provide scanning of light 
from the light source 12. For example, the ?ber 22 can be 
moved using a piezoelectric scanning device that is con?g 
ured to move the ?ber to scan light from the light source 12. 

The scanning device 16 can be a microelectromechanical 
(MEMS) scanner. If a MEMS scanner is used, it can be a 
two-axis gimbaled scanner with a re?ective surface. The 
re?ective surface can comprise a re?ective coating that com 
prises metal. For example, the metal coating can comprise 
silver or aluminum. The scanning device 16 can be actuated to 
scan light from the optical delivery ?ber 22 for transmission 
to the objective lens 18. For example, at least one processing 
unit 17 can be in communication with the scanning device 16. 
The processing unit 17 can be used to control the actuated 
movement of the scanning device for direction of light from 
the optical delivery ?ber 22 to the objective lens 18. The 
scanning device 16 is also located in the housing 11 and the 
housing can be sized for endoscopic in vivo surgical proce 
dures in the subject. 

Light from the ultra-fast pulsed surgical laser light source 
12, surgical light 14, directed onto the scanning device 16 can 
be further directed through a quarter wave plate 104 and 
through a pair of relay lenses 26 and 28 prior to contacting the 
back aperture 21 of the objective lens 18. Each relay lens of 
the pair 26 and 28 can be an aspherical lens. Optionally, the 
numerical aperture of each relay lens is 0.9 or less. At least a 
portion of the surgical light 14 from the light source 12 that 
contacts the back aperture 21 of the objective lens 18 is 
transmitted onto target tissue 20 of the subject. The objective 
lens 18 can focus surgical light 14 from the light source 12 
into a focal volume where surgical manipulation can occur by 
the focused surgical light 14. The objective lens can have a 
numerical aperture of 0.4 or higher. As described above, the 
surgical light can cause photodamage or ablation of tissue in 
the subject. An actuator device 40, such as an electric motor, 
can be used to move the housing 11 towards or away from the 
target tissue 20. 

The system 100 can further comprise a light source 106 for 
confocal re?ectance imaging. The imaging light source 106 
can be a pulsed or continuous wave light source used for 
confocal re?ectance imaging. The light source 106 can also 
produce light that is infrared or near-infrared. For example, 
the light source 106 can optionally produce pulsed laser light 
that is infrared or near-infrared. Although the light source for 
surgery 12 and the light source for imaging 106 are separately 
depicted in this example, in other examples, the same light 
source can be used for both surgery and imaging. In these 
other examples, the light source can be adjustable such that it 
can produce light for surgical application and light for imag 
ing application. Thus, a system comprising an ultra-fast 
pulsed surgical laser light source and further comprising an 
imaging light source can include only one actual light emit 
ting component that can produce light con?gured for imaging 
and light con?gured for surgery. 

The imaging light source 106 can therefore be con?gured 
to produce light for confocal re?ectance imaging of biologi 
cal tissue, referred to herein as imaging light 108. Similar to 
the surgical light 14, the imaging light 108 can be transmitted 
along the optical delivery ?ber 22, through the collimating 
lens 23 and onto a scanning device 16. The imaging light 108 
can be further directed through the pair of relay lenses 26 and 
28 and through the objective lens 18. The objective lens is 
con?gured to transmit imaging light 108 to a region of interest 
of the target tissue 20. 
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The objective lens 18 is further con?gured to receive light 

from the target tissue 20. Light received from the target tissue 
can comprise light resulting from the backward scattering of 
light incident on the target tissue. For example, backward 
scattering of imaging light 108 can be received by the objec 
tive lens 18. 
At least a portion of the light received by the objective lens 

18 from the target tissue can be transmitted to a photodetector 
32. The photodetector 32 is con?gured to detect at least a 
portion of the light transmitted to it. The photodetector can be 
in communication with at least one processing device 34 
which can produce an image from light detected by the pho 
todetector 32. 

Portions of the system 100 can be located in the housing 11. 
Some portions of the system 100 can also be located outside 
of the housing 11. As described above, the housing 11 can be 
moved towards or away form the target tissue 20 using an 
actuating device. The system 100 can be used for surgical 
manipulation of biological tissue using light from the light 
source 12. Optionally, the system 100 can be used for confo 
cal re?ectance imaging in addition to its use for surgical 
manipulation of biological tissue. The system 100 can also be 
used for confocal re?ectance imaging alone. Optionally, the 
system 100 can be used for surgical manipulation of biologi 
cal tissue in addition to its use for confocal re?ectance imag 
ing. 

Whether the system 100 is used for surgical manipulation 
of biological tissue alone, confocal re?ectance imaging 
alone, or both surgical manipulation of biological tissue and 
confocal re?ectance imaging, can be determined by an opera 
tor of the system. For example, if only surgical manipulation 
of biological tissue is desired, the system 100 can be used to 
transmit surgical light 14 to the target tissue. If only confocal 
re?ectance imaging is desired, the system 100 can be used to 
transmit imaging light 108 to the target tissue. If both confo 
cal re?ectance imaging and surgical manipulation of biologi 
cal tissue is desired, the system can be used to transmit imag 
ing light 108 and surgical light 14 to the target tissue. 

FIG. 3 is a schematic diagram illustrating an example sys 
tem 200 for surgical manipulation of biological tissue in a 
subject and/ or for confocal ?uorescence imaging in the sub 
ject. The system comprises an ultra-fast pulsed laser surgical 
light source 12. The light source 12 is con?gured to produce 
laser light for surgical manipulation of biological tissue in the 
subject. For example, the light source 12, can be con?gured to 
produce one or more pulses of laser light having a duration of 
one nano-second or less. Optionally, the light source 12 is a 
picosecond or a femtosecond laser light source comprising a 
laser that can generate one or more laser pulses having a 
picosecond or femtosecond duration. The light source 12 can 
also be con?gured to produce laser pulses that are near 
infrared. 
The ultra-fast surgical laser light source 12 is located in 

communication with an optical delivery ?ber 22. The optical 
delivery ?ber 22 transmits light, surgical light 14, from the 
light source 12 into a housing 11. An objective lens 18 is also 
located in conjunction with the housing 1 1. The objective lens 
18 is con?gured to receive light generated by the light source 
12 that is transmitted into the housing 11 by the optical 
delivery ?ber 22. Optionally, the optical delivery ?ber 22 is an 
air-core photonic crystal ?ber (PCP). Light transmitted along 
the ?ber 22 can be directed through a collimating lens 23 and 
onto a mirror 202 for direction onto a scanning device 16. In 
other examples, instead of a scanning device 16, the optical 
delivery ?ber 22 can be moved to provide scanning of light 
from the light source 12. For example, the ?ber 22 can be 
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moved using a piezoelectric scanning device that is con?g 
ured to move the ?ber to scan light from the light source 12. 

The scanning device 16 can be a microelectromechanical 
(MEMS) scanner. If a MEMS scanner is used, it can be a 
two-axis gimbaled scanner with a re?ective surface. The 
re?ective surface can comprise a re?ective coating that com 
prises metal. For example, the metal coating can comprise 
silver or aluminum. The scanning device 16 can be actuated to 
scan light from the optical delivery ?ber 22 for transmission 
to the objective lens 18. For example, at least one processing 
unit 17 can be in communication with the scanning device 16, 
which can be used to control the actuated movement of the 
scanning device 16 for direction of light from the optical 
delivery ?ber 22 to the objective lens 18. The scanning device 
16 is also located in the housing 11 and the housing can be 
sized for endoscopic in vivo surgical procedures in the sub 
ject. 

Light from the ultra-fast pulsed surgical laser light source 
12, surgical light 14, directed onto the scanning device 16 can 
be further directed through a pair of relay lenses 26 and 28 
prior to contacting the back aperture 21 of the objective lens 
18. Each relay lens of the pair 26 and 28 can be an aspherical 
lens. Optionally, the numerical aperture of each relay lens is 
0.9 or less. At least a portion of the light from the light source 
12 that contacts the back aperture 21 of the objective lens 18 
is transmitted onto target tissue 20 of the subject. The obj ec 
tive lens 18 can focus light from the light source 12 into a 
focal volume where surgical manipulation can occur by the 
focused surgical light 14. The objective lens 18 can have a 
numerical aperture of 0.4 or higher. As described above, the 
surgical light can cause photodamage or ablation of tissue in 
the subj ect. An actuator device 40, such as an electric motor, 
can be used to move the housing 11 towards or away from the 
target tissue 20. 

The system 200 can further comprise a light source 208 for 
confocal ?uorescence imaging. The imaging light source 208 
can be a continuous wave or pulsed light source used for 
confocal ?uorescence imaging. Optionally, light source 208 
can produce light that is visible, near-infrared, pulsed, or 
continuous wave. Although the light source for surgery 12 
and the light source for imaging 208 are separately depicted in 
this example, in other examples the same light source can be 
used for both surgery and imaging. In these other examples, 
the light source can be adjustable such that it can produce 
light for surgical and light for imaging. Thus, a system 200 
comprising an ultra-fast pulsed surgical laser light source and 
further comprising an imaging light source can include only 
one actual light emitting component that can produce light 
con?gured for imaging and light con?gured for surgery. 

The imaging light source 208 can therefore be con?gured 
to produce light for confocal ?uorescence imaging of biologi 
cal tissue, referred to herein as imaging light 210. Similar to 
the surgical light 14, the imaging light 208 can be transmitted 
along the optical delivery ?ber 204, through a collimating 
lens 203 and onto the scanning device 16. The imaging light 
210 can also pass through a dichroic mirror 206 before being 
transmitted by the optical ?ber 204. The imaging light 210 
can be further directed through the pair of relay lenses 26 and 
28 and through the objective lens 18. The objective lens is 
con?gured to transmit imaging light 21 0 to a region of interest 
of the target tissue 20. 

The objective lens 18 is further con?gured to receive light 
from the target tissue. Light received from the target tissue 
can comprise light resulting from excitation of ?uorophores 
in the target tissue. The excitation of the ?uorophores can be 
caused by interaction of the imaging light 210 and the target 
tissue. 
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At least a portion of the light received by the objective lens 

18 from the target tissue 20 can be transmitted to a photode 
tector 32. The photodetector 32 is con?gured to detect at least 
a portion of the light transmitted to it. The photodetector can 
be in communication with at least one processing device 34 
which can produce an image from light detected by the pho 
todetector 32. 

Portions of the system 200 can be located in the housing 11. 
Some portions of the system 200 can also be located outside 
of the housing 11. As described above, the housing 11 can be 
moved towards or away form the target tissue 20 using an 
actuating device 40. The system 200 can be used for surgical 
manipulation of biological tissue using light from the light 
source 12. Optionally, the system 200 can be used for confo 
cal ?uorescence imaging in addition to its use for surgical 
manipulation of biological tissue. The system 200 can also be 
used for confocal ?uorescence imaging alone. Optionally, the 
system 200 can be used for surgical manipulation of biologi 
cal tissue in addition to is use for confocal ?uorescence imag 
ing. 

Whether the system 200 is used for surgical manipulation 
of biological tissue alone, confocal ?uorescence imaging 
alone, or both surgical manipulation of biological tissue and 
confocal ?uorescence imaging can be determined by an 
operator of the system. For example, if only surgical manipu 
lation of biological tissue is desired, the system 200 can be 
used to transmit surgical light 14 to the target tissue. If only 
confocal ?uorescence imaging is desired, the system 200 can 
be used to transmit imaging light 210 to the target tissue. If 
both confocal ?uorescence imaging and surgical manipula 
tion of biological tissue is desired, the system can be used to 
transmit imaging light 210 and surgical light 14 to the target 
tissue. 

FIG. 4 is a schematic diagram illustrating an example sys 
tem 300 for surgical manipulation of biological tissue in a 
subject and/ or for optical coherence or optical coherence 
tomographic (OCT) imaging in the subject. The system com 
prises an ultra-fast pulsed laser surgical light source 12. The 
light source 12 is con?gured to produce laser light for surgical 
manipulation of biological tissue in the subject. For example, 
the light source 12, can be con?gured to produce one or more 
pulse of laser light having a duration of one nano-second or 
less. Optionally, the light source 12 is a picosecond or a 
femtosecond laser light source comprising a laser that can 
generate one or more laser pulses having a picosecond or 
femtosecond duration. The light source 12 can also be con 
?gured to produce laser pulses that are near-infrared. 
The ultra-fast surgical laser light source 12 is located in 

communication with an optical delivery ?ber 22. The optical 
delivery ?ber 22 transmits light, surgical light 14, from the 
light source 12 into a housing 11. An objective lens 18 is also 
located in conjunction with the housing 1 1. The objective lens 
18 is con?gured to receive light generated by the light source 
12 that is transmitted into the housing 11 by the optical 
delivery ?ber 22. Optionally, the optical delivery ?ber 22 is an 
air-core photonic crystal ?ber (PCP). Light transmitted along 
the ?ber 22 can be directed through a collimating lens 23, 
onto a dichroic beamsplitter 302 that allows the OCT wave 
lengths to pass while transmitting the surgery light 14. The 
dichroic beamsplitter 302 can optionally be a hot or cold 
mirror for direction onto a scanning device 16. In other 
examples, instead of a scanning device 16, the optical deliv 
ery ?ber 22 can be moved to provide scanning of light from 
the light source 12. For example, the ?ber 22 can be moved 
using a piezoelectric scanning device that is con?gured to 
move the ?ber to scan light from the light source 12. 
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The scanning device 16 can be a microelectromechanical 
(MEMS) scanner. If a MEMS scanner is used, it can be a 
two-axis gimbaled scanner with a re?ective surface. The 
re?ective surface can comprise a re?ective coating that com 
prises metal. For example, the metal coating can comprise 
silver or aluminum. The scanning device 16 can be actuated to 
scan light from the optical delivery ?ber 22 for transmission 
to the objective lens 18. For example, at least one processing 
unit 17 can be in communication with the scanning device 16 
which can be used to control the actuated movement of the 
scanning device 16 for direction of light from the optical 
delivery ?ber 22 to the objective lens 18. The scanning device 
16 is also located in the housing 11 and the housing can be 
sized for endoscopic in vivo surgical procedures in the sub 
ject. 

Light from the ultra-fast pulsed surgical laser light source 
12, surgical light 14, directed onto the scanning device 16 can 
be further directed through a pair of relay lenses 26 and 28 
prior to contacting the back aperture 21 of the objective lens 
18. Each relay lens of the pair 26 and 28 can be an aspherical 
lens. Optionally, the numerical aperture of each relay lens is 
0.9 or less. At least a portion of the light from the light source 
12 that contacts the back aperture 21 of the objective lens 18 
is transmitted onto target tissue 20 of the subject. The obj ec 
tive lens 18 can focus light from the light source 12 into a 
focal volume where surgical manipulation can occur by the 
focused surgical light 14. The objective lens can have a 
numerical aperture of 0.4 or higher. As described above, the 
surgical light can cause photodamage or ablation of tissue in 
the subj ect. An actuator device 40, such as an electric motor, 
can be used to move the housing 11 towards or away from the 
target tissue 20. 

The system 300 can further comprise a light source 306 for 
OCT imaging. The imaging light source 306 can be a con 
tinuous wave or pulsed light source used for OCT imaging. 
Optionally, light source 306 can produce light that is broad 
band, visible, near-infrared, pulsed or continuous wave. 
Although the light source for surgery 12 and the light source 
for imaging 306 are separately depicted in this example, in 
other examples the same light source can be used for both 
surgery and imaging. In these other examples, the light source 
can be adjustable such that it can produce light for surgical 
application and light for imaging application. Thus, a system 
comprising an ultra-fast pulsed surgical laser light source and 
further comprising an imaging light source can include only 
one actual light emitting component that can produce light 
con?gured for imaging and light con?gured for surgery. 

The imaging light source 306 can therefore be con?gured 
to produce light for OCT imaging of biological tissue, 
referred to herein as imaging light 308. Similar to the surgical 
light 14, the imaging light 308 can be transmitted along an 
optical delivery ?ber 304, through a collimating lens 303 and 
onto the scanning device 16. The imaging light 308 can be 
further directed through the pair of relay lenses 26 and 28 and 
through the objective lens 18. The objective lens is con?gured 
to transmit imaging light 308 to a region of interest of the 
target tissue 20. 

The objective lens 18 is further con?gured to receive light 
from the target tissue. Light received from the target tissue 
can comprise light resulting from the backward scattering of 
light incident on the target tissue. For example, backward 
scattering of imaging light 308 can be received by the obj ec 
tive lens 18. 

At least a portion of the light received by the objective lens 
from the target tissue can be transmitted to an OCT imaging 
system 310. The OCT imaging system 310 is con?gured to 
produce an OCT image from light received 19 from the target 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

16 
tissue 20. An example OCT imaging system can optionally 
comprise a broadband light source, a delay line, an interfer 
ometer, and a photodetector. The OCT imaging system 310 
can further comprise or be in communication with at least one 
processing device for producing an OCT image. 

Portions of the system 300 can be located in the housing 11. 
Some portions of the system 300 can also be located outside 
of the housing 11. As described above, the housing 11 can be 
moved towards or away form the target tissue 20 using an 
actuating device 40. The system 300 can be used for surgical 
manipulation of biological tissue using light from the light 
source 12. Optionally, the system 300 can be used for OCT 
imaging in addition to its use for surgical manipulation of 
biological tissue. The system 300 can also be used for OCT 
imaging. Optionally, the system 300 can be used for surgical 
manipulation of biological tissue in addition to its use for 
OCT imaging. 

Whether the system 300 is used for surgical manipulation 
of biological tissue alone, OCT imaging alone, or both sur 
gical manipulation of biological tissue and OCT imaging can 
be determined by an operator of the system. For example, if 
only surgical manipulation of biological tissue is desired, the 
system 300 can be used to transmit surgical light 14 to the 
target tissue. If only OCT imaging is desired, the system 300 
can be used to transmit imaging light 308 to the target tissue. 
If both OCT imaging and surgical manipulation of biological 
tissue is desired, the system can be used to transmit imaging 
light 308 and surgical light 14 to the target tissue. 
The disclosed methods, systems, and devices can be used 

to image biological tissues in real-time, detect abnormalities, 
and treat the affected cells/tissues as necessary without the 
time or expense of conventional biopsy and with greater 
resolution than conventional diagnostics (MRI, PET, CT, 
ultrasound, white-light endoscopy). 

Applications include medical endoscopy (for example, 
multiphoton ?uorescence imaging of epithelial tissues for 
detection of neoplasia), dermal pathologies, pathologies of 
the larynx, oral cavity, and esophagus (including but not 
limited to, cancer), in vivo biological research, and the like. 
The described systems can comprise one or more process 

ing devices (e.g. 34 and 17). FIG. 5 is a block diagram illus 
trating an exemplary operating environment for performing 
operations of the described systems, devices and methods. 
One skilled in the art will appreciate that this is a functional 
description and that the respective functions can be per 
formed by software, hardware, or a combination of software 
and hardware. This exemplary operating environment is only 
an example of an operating environment and is not intended to 
suggest any limitation as to the scope of use or functionality 
of operating environment architecture. Neither should the 
operating environment be interpreted as having any depen 
dency or requirement relating to any one or combination of 
components illustrated in the exemplary operating environ 
ment. 

The present methods, devices and systems can be opera 
tional with numerous other general purpose or special pur 
pose computing system environments or con?gurations. 
Examples of well known computing systems, environments, 
and/or con?gurations that can be suitable for use with the 
system and method comprise, but are not limited to, personal 
computers, server computers, laptop devices, and multipro 
cessor systems. Additional examples comprise set top boxes, 
programmable consumer electronics, network PCs, mini 
computers, mainframe computers, distributed computing 
environments that comprise any of the above systems or 
devices, and the like. 
















