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ENDOSCOPIC BIOPSY APPARATUS, SYSTEM AND METHOD

CROSS-REFERENCE TO RELATED APPLICATION(S)

[0001] This application is based upon and claims the benefit of priority from U S

Patent Application Serial No 61/145,914, filed on January 20, 2009, and from U S Patent

Application Serial No 61/184,180, filed on June 4, 2009, the entire disclosures of which are

incorporated herein by reference

FIELD OF THE DISCLOSURE

[0002] The present disclosure relates to exemplary embodiments of endoscopic

biopsy systems that are guided by microscopic image information, and an associated method

therefor

BACKGROUND INFORMATION

[0003] The standard of care for the diagnosis of many epithelial precancerous and

early cancer conditions is visual inspection of the patient directly or through an

endoscope/laparoscope to identify abnormal tissue, Biopsies can then be obtained from these

locations, processed, cut and stained with Hematoxylin and Eosin (H&E), and then observed

under a microscope by a pathologist A pathologist can view the slide at progressively

increasing resolutions and renders a diagnosis by comparing its architectural and cellular

patterns with his/her knowledge of patterns associated with different disease states

[0004] For a number of cases, however, metaplasia, dysplasia, and early cancer may

not be visually identified In these situations, the only available option may be to obtain

biopsies at random locations which are routinely conducted in the colon, esophagus, prostate,

and bladder, among others When the disease is focal or heterogeneously distributed within a

much larger suspect area, a random biopsy procedure may be analogous to "finding a needle

in a haystack," resulting in poor diagnostic yields and uncertain patient management

[0005] Since random biopsies may only facilitate the assessment of less than 0 1% of

the potentially involved tissue, these procedures are usually fraught with significant sampling

error and diagnostic uncertainty Other tasks, such as the delineation of surgical tumor

margins, can also be affected by this difficulty, resulting in all too frequent re-excisions or

time-consuming frozen section analysis Thus, there may be a need for providing an



apparatus and a method for guiding biopsy that is superior to visual inspection and that can

direct the physician to a location that is more likely to harbor the most severe disease

[0006] Barrett's esophagus is a condition of the tubular esophagus, where the

squamous epithelium changes to intestinal epithelium, termed specialized intestinal

metaplasia (SIM) Thought to be precipitated by severe or longstanding gastroesophageal

reflux disease (GERD), BE can undergo dysplastic progression, leading to esophageal

adenocarcinoma Current management of Barrett's esophagus can include endoscopic

surveillance at regular time intervals, consisting of upper endoscopy with 4-quadrant random

biopsy, to identify dysplasia or adenocarcinoma at an early stage This method suffers from a

low sensitivity, as it is compromised by the poor ability of endoscopists to identify

SIM/dysplasia and the low fractional area of tissue sampled by biopsy

[0007] In the past, m the field of biomedical optics, imaging methods have been

developed to provide improved tissue diagnosis in vivo These imaging methods can be

generally categorized as macroscopic or microscopic techniques

[0008] Macroscopic, e g , wide field imaging methods including autofluorescence,

fluorescence lifetime imaging, ALA-fluorescence, reflectance and absorption spectroscopic

imaging, narrow-band imaging, and chromoendoscopy These macroscopic methods can be

used to quickly evaluate large regions of tissue While many of these techniques are

promising, the information provided is often quite different from that conventionally used in

medicine for diagnosis

[0009] Microscopic imaging, at times referred to as "optical biopsy," is another

approach that enables the visualization of tissues at a resolution scale that is more familiar to

physicians and pathologists In the past, the minimally-invasive endoscopic microscopy

techniques that have been developed to visualize the architectural and cellular morphology

required for histopathologic diagnosis in vivo facilitate a very small field of view, however,

and the probes are usually manually manipulated to obtain images from discrete sites ("pomt-

samphng") As a result, such techniques suffer from substantially the same sampling

limitations as excisional biopsy, and may not be well suited for guiding biopsy

[0010] One such microscopic imaging technique, reflectance confocal microscopy

(RCM), can be suited for non-invasive microscopy in patients as it offers imaging of cellular



structures at ~ 1 µm resolution, can measure microstructure without tissue contact, and does

not require the administration of unapproved exogenous contrast agents.

[0011] RCM can reject or ignore multiply scattered light from tissue, and detects the

singly backscattered photons that contain structural information by employing confocal

selection of light reflected from a tightly focused beam. Most commonly, RCM can be

implemented by rapidly scanning a focused beam in a plane parallel to the tissue surface,

resulting in transverse or enface images of tissue. A large numerical aperture (NA) of RCM

can yield a very high spatial resolution. Sensitive to the aberrations that arise as light

propagates through inhomogeneous tissue; high-resolution imaging with RCM can typically

be limited to a depth of 100-200 µm, which is sufficient for most epithelial disorders that

manifest near a luminal surface.

[0012] While RCM has been demonstrated in the skin, the development of

endoscopic confocal microscopy systems has taken longer due to technical challenges

associated with miniaturizing a scanning microscope. One difficulty with such technique is

providing a mechanism for rapidly raster-scanning the focused beam at the distal end of a

small-diameter, flexible probe. A variety of approaches have been attempted to address this

problem, including the use of distal micro electro mechanical systems (MEMS) beam

scanning devices, and proximal scanning of single-mode fiber bundles.

[0013] Another challenge can be the miniaturization of high NA objectives used for

optical sectioning. Possible solutions employing a gradient-index lens system, dual-axis

objectives or custom designs of miniature objectives have been described. First,

demonstrations of these technologies in patients are beginning to appear; detailed images of

the morphology of cervical epithelium have been obtained in vivo using a fiber optic bundle

coupled to a miniature objective lens and fluorescence based images of colorectal and

esophageal lesions were shown using commercial instruments.

[0014] Even though endoscopic RCM has been demonstrated in patients, this

technique is likely not currently optimized for biopsy guidance. One reason can be that such

technique provides microscopic images only at discrete locations, the so-called "point

sampling" approach problem mentioned above. Point sampling is inherent to RCM since it

has an extremely limited field of view (e.g., 200-500 µm), which is less than that of an



excisional biopsy. As a result, endoscopic RCM may likely have the same sampling errors

and diagnostic yield limitations as excisional biopsy.

[0015] In order to use endoscopic RCM for biopsy guidance, the imaging paradigm

may be shifted away from point sampling to microscopy with extremely large fields of view

where every possible location within the tissue of interest is sampled. The output of this

paradigm, which can be termed "Comprehensive Volumetric Microscopy (CVM)," can

include microscopic images of entire organ or luminal surfaces in three-dimensions.

[0016] For CVM, imaging speeds of current techniques may need to be increased by

at least an order of magnitude above video rate, due to the very high bandwidth of the

microscopic information and the constraint of obtaining such data in a realistic procedural

time (e.g., <20 min). In addition, catheter/endoscope technology can be developed to

automatically scan the microscope over these large tissue surface areas rapidly and with a

high degree of precision.

[0017] Recently, CVM has been implemented using a second-generation form of

optical coherence tomography (OCT), called optical frequency domain imaging (OFDI), and

rapid helically scanning catheters. This research has facilitated the acquisition of three-

dimensional microscopic images of the entire distal esophagus in a few minutes and long

segments of coronary arteries in patients in less than 5 seconds. (See Suter MJ. et al.,

"Comprehensive microscopy of the esophagus in human patients with optical frequency

domain imaging", Gastrointestinal endoscopy, 2008, Vol. 68(4), pp. 745-53; and Tearney

G.J. et al., "Three-dimensional coronary artery microscopy by intracoronary optical

frequency domain imaging: First- in-human experience", Journal of the American College of

Cardiology, Imaging, 2008, pp. 1:752-61

[0018] While OFDI shows significant potential for certain clinical applications, its

-10 µm resolution may not necessarily be sufficient for dysplasia and early cancer diagnosis,

which can require knowledge of tissue morphology at both architectural and cellular levels.

Thus, there may be a need to provide a new exemplary variant of RCM that is capable of

rapidly obtaining high-resolution comprehensive volumetric images through an endoscopic

probe.

[0019] One approach is to use spectrally encoded microscopy ("SECM")

technique(s). SECM's rapid imaging rate and its fiber-optic design can enable



comprehensive volumetric RCM through an endoscopic probe. An SECM probe has been

described which can scan an area equivalent to that of the distal esophagus (about 5.0 cm

length, and about 2.5 cm diameter), at a single depth location, in approximately 1minute.

(See, e.g., Yelin D. et al., "Large area confocal microscopy", Optics Letters, 2007;

32(9): 1102-4).

[0020] Spectrally encoded confocal microscopy ("SECM") is a single fiber-optic

confocal microscopy imaging procedure, which uses a broad bandwidth light source and

encodes one dimension of spatial information in the optical spectrum (as illustrated in the

example of Figure 1). As shown in Figure 1, at the distal end of the probe, the output from the

core of a single-mode or dual-clad fiber 110 is collimated by a collimation lens 115 and

illuminates a transmission diffraction grating 120. An objective lens 130 focuses each

diffracted wavelength to a distinct spatial location 141, 142, or 143 within the specimen,

producing a transverse line focus 150 where each point on the line has a different wavelength

or color. After reflection from the tissue, the light passes back through the lens 130, is

recombined by the grating 120, and collected by the fiber 110. The aperture of the fiber 110

provides the spatial filtering mechanism to reject out-of-focus light. Outside the probe (within

the system console) the spectrum of the returned light is measured and converted into

confocal reflectance as a function of transverse displacement within the sample. Spectral

decoding of this line in the image can be performed very rapidly, e.g., at rates of about 70

kHz, which can be approximately 10 times that of video rate confocal microscopy systems

and up to about 100 times faster than some endoscopic RCM systems. The other transverse

axes of the image can be obtained by relatively slow and straightforward mechanical

actuation that may regularly employ for a wide variety of endoscopic probes. Images

obtained by SECM demonstrate its capability to image subcellular-level microstructure

relevant to the diagnosis of dysplasia and cancer (see Figure 2). Figures 2A and 2B show

exemplary SECM images of swine duodenum, obtained ex vivo, after compression of the

bowel wall, showing the architecture of the duodenal villi and nuclear detail. Illustrated

imaging depths are 50 µm and 100 µm shown in Figure 2A and 2B, respectively.

[0021] Accordingly, there may be a need to overcome at least some of the above-

described issues and/or deficiencies.

SUMMARY QF EXEMPLARY EMBODIM ENTS



[0022] Thus, at least some of these issues and/or deficiencies can be addressed with

the exemplary embodiments of the apparatus, system and method according to the present

disclosure

[0023] Exemplary embodiments of the present disclosure provides mechanism and a

methodology for automatically maintaining the foci at a desired tissue depth while scanning

the spectrally encoded line across the sample This exemplary advancement can compensate

for patient motion and enables imaging at multiple depth locations Further, in one exemplary

embodiment, it is possible to conduct a large area confocal microscopy in patients by

incorporating these technologies in an endoscopic probe suitable for human use

[0024] According to another exemplary embodiment of the present disclosure, an

apparatus can be provided The apparatus can comprise at least one dispersive first

arrangement which is configured to provide data associated with a signal received from at

least one region of the sample(s) The exemplary apparatus can also comprise at least one

focusing second arrangement which is configured to control a focal length and/or a focal

position associated with first arrangement based on the data According to an exemplary

variant, at least one third arrangement can also be availed which is configured to provide

further data associated with a further signal received from at least one further region of at

least one sample The region and the further region can at least partially overlap and/or be

located at near one another The focusing second arrangement(s) can be configured to

control the focal length and/or the focal position associated with the first arrangement(s)

based on the data and/or the further data The dispersive and focusing arrangements can be

provided in a balloon

[0025] According to a further exemplary embodiment of the present disclosure,

apparatus, method and system can be provided for imaging at least one portion of an

anatomical tissue can also be provided For example, with a dispersive arrangement, it is

possible to provide at least one first electromagnetic radiation to the at least one portion to

form a sample plane at an angle that is greater than 0 degrees and less than 90 degrees with

respect to a plane of a surface of the portion(s) Further, at least one second electromagnetic

radiation can be received from the sample plane which is associated with the first

electromagnetic radiation(s) to generate information as a function the second electromagnetic

radiation(s) A control signal can be generated based on the information so as to further

control a location of a focal plane of the first electromagnetic radiation(s), or at least one



three-dimensional image of the at least one portion can be generated as a function of the

information.

[0026] In one exemplary variant, it is possible to generate the control signal based on

a location of a surface of the sample using at least one portion of the at least one first

electromagnetic radiation. It is also possible to separate the second electromagnetic

radiation(s) into at least one first signal and at least one second signal. Further, the control

signal can be generated based on the first signal(s), and at least one image associated with the

sample can be generated as a function of the second signal(s).

[0027] In a further exemplary embodiment of the present disclosure, the SECM probe

components can be incorporated into a transparent tube, e.g., having about 1.0 cm in

diameter, with an approximately 2.5 cm diameter centering balloon and a rapid-exchange

guide wire provision. Helical scanning can be accomplished by the use of a rotary junction

and a pullback motor connected to the SECM optics via a wound cable through the tube. An

exemplary arrangement in which an objective lens is angled relative to the surface of the

sample can be used. This angled arrangement can be used to generate a feedback signal for

controlling the focal plane of the objective lens and also provide three-dimensional image

information through a single helical scan. The transverse resolution of the SECM optics can

be, e.g., nominally about 1.6 µm and the autofocus mechanism can function, e.g., over a

range of about ±500 µm. The SECM imaging system, operating at a center wavelength of 725

nm and capable of configured to obtain image data at about 7 O x 106 pixels per second, can

be enclosed in a portable arrangement, e.g., a cart.

[0028] The exemplary system and probe can be configured to comprehensively image

the entire human distal esophagus (about 2.5 cm diameter and about 5.0 cm length) at about

10 different focal locations, in approximately 10 minutes. Exemplary software can be

provided and stored on a tangible computer-accessible medium (and executed by a processor

or other computing arrangement(s)) a for convenient image data acquisition, display, and

selection of sites to be marked for biopsy.

[0029] In yet another exemplary embodiments of the present disclosure, a laser

marking apparatus, method and system can be provided according to the present disclosure.

An approximately 400 mW, 1450 nm laser can be incorporated into the system and coupled

into an endoscopic probe to create minute, visible superficial marks on tissue at selected



image locations so that they may be subsequently biopsied by the endoscopist. For example,

target sites, identified by SECM or OCT, can be marked so that the endoscopist can review

and biopsy these locations. An exemplary embodiment of a laser marking apparatus, method

and system can be provided for accomplishing this exemplary task. The exemplary laser

marking technique can be incorporated into the exemplary embodiment of the apparatus,

system and device according to the present disclosure.

[0030] According to one exemplary embodiment of the present disclosure, apparatus,

method and system can be provided for determining a position on or in a biological tissue can

be provided. For example, using such exemplary embodiment, it is possible (using one or

more arrangements) to receive information associated with at least one image of at least one

portion of the biological tissue obtained using an optical imaging technique. Further, it is

possible to, based on the information, cause a visible change on or in at least location of the

portion(s) using at least one electro-magnetic radiation.

[0031] For example, the image(s) can include a volumetric image of the portion(s).

The volumetric image can be a cylindrical image having a diameter of between about 10 mm

to 100 mm and/or an extension of at most about 1 m. It is also possible (e.g., using a

particular arrangement) to receive data associated with the visible change, and guide a

visualization to the at least one portion based on the data. Further, it is possible to cause the

visible change by ablating the portion(s). The ablation can be performed by irradiating the

portion(s) with the electro-magnetic radiation(s).

[0032] In one exemplary embodiment of the present disclosure, the arrangement can

be situated in a probe, and an ablation arrangement can be provided in the probe which is

controlled by the arrangement to cause the visible change on or in one or more the portions.

It is also possible to obtain the information via at least one wave-guiding arrangement, and

the ablation arrangement can provides the electro-magnetic radiation(s) via the wave-guiding

arrangement(s) to cause the visible change. In addition, the optical imaging technique can

include a confocal microscopy technique, and the confocal microscopy technique can be a

spectrally-encoded confocal microscopy technique. Further, the optical imaging technique

can include an optical coherence tomography.

[0033] These advancements can achieve performance specifications that can be used

for endoscopic use in patients. It is also possible to incorporate exemplary embodiments



described herein in an endoscope and utilize the targeted biopsy technique, e.g., in clinical

studies and in other scenarios.

[0034] The exemplary embodiment of the system and probe according to the present

disclosure described herein can be used in patients undergoing upper endoscopy. While the

application of the exemplary embodiments can be to a wide variety of epithelial cancers and

other clinical applications such as tumor margin detection, one exemplary application can be

for Barrett's esophagus (BE), as it is an area where these exemplary embodiments may have a

high impact. Because the exemplary comprehensive SECM can sample the entire distal

esophagus on a microscopic scale, the exemplary SECM-guided biopsy can yield a

significantly higher sensitivity for the detection of dysplasia and early adenocarcinoma.

[0035] According to the exemplary embodiments of the present disclosure, it is

possible to screening patients for Barrett's esophagus and improving the diagnostic

capabilities of surveillance endoscopy. These advances can decrease the mortality associated

with esophageal adenocarcinoma.

[0036] The image-guided biopsy according to the exemplary embodiments of the

present disclosure is expected to be safe and well-tolerable, detect previously unattainable

subcellular and architectural information over large epithelial surfaces of the esophagus, and

provide an effective method for endoscopic biopsy targeting. The impact of these exemplary

embodiments can be high, as it can provide clinicians with a powerful tool for improving the

management of BE patients. While the broad goal of this invention is focused on reducing the

mortality of esophageal adenocarcinoma, the exemplary SECM system and probe represent a

new diagnostic platform that can be applied to dysplasia and cancer screening in other

internal organ systems. The long term impact of the exemplary embodiments of the present

disclosure can also affect treatment as it can enable less invasive surgical techniques such as

RF ablation, photodynamic therapy, or endoscopic mucosal resection to be used at an earlier

stage of disease progression.

[0037] According to the exemplary embodiments of the present disclosure, it is

possible to screening patients for Barrett's esophagus and improving the diagnostic

capabilities of surveillance endoscopy. These advances can decrease the mortality associated

with esophageal adenocarcinoma.



[0038] To utilize comprehensive SECM to guide biopsy, additional exemplary

procedures and/or steps can be taken. As an initial matter, the images are interpreted during

the procedure. A comparison of SECM images of biopsy samples to corresponding histology

can be performed that can describe an exemplary criteria for SECM diagnosis. Another

exemplary embodiment of the system, device and method according to the present invention

can be provided for obtaining information that is compatible with current morphologic

methods for disease diagnosis. Advantages of this exemplary embodiment can include near-

term clinical application and the potential for leveraging a large, existing database of clinic

pathologic correlations. Further, it is likely that molecular imaging provide an impact in

changing this paradigm in the future.

[0039] These and other objects, features and advantages of the exemplary

embodiment of the present disclosure will become apparent upon reading the following

detailed description of the exemplary embodiments of the present disclosure, when taken in

conjunction with the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040] Further objects, features and advantages of the present invention will become

apparent from the following detailed description taken in conjunction with the accompanying

figures showing illustrative embodiments of the present invention, in which:

[0041] Figure 1 is a schematic diagram of an exemplary arrangement which utilizes

spectrally-encoded confocal microscopy (SECM) techniques;

[0042] Figure 2A is a SECM image of swine duodenum, obtained ex vivo, after

compression of the bowel wall using the exemplary arrangement illustrated in Figure 1

showing the architecture of the duodenal villi and nuclear detail at an imaging depth of about

50 µm;

[0043] Figure 2A is another SECM image of swine duodenum, obtained ex vivo, after

compression of the bowel wall using the exemplary arrangement illustrated in Figure 1

showing the architecture of the duodenal villi and nuclear detail at an imaging depth of about

100 µm;

[0044] Figure 3 is a schematic diagram and a photograph inset of an exemplary

SECM arrangement/probe according to an exemplary embodiment of the present disclosure;



[0045] Figure 4 is a schematic diagram of an exemplary spectrally encoded

illumination on tissue using the exemplary embodiment of the arrangement/probe shown in

Figure 3 ;

[0046] Figure 5A is an exemplary SECM image which can be utilized for focusing by

the exemplary embodiment of the arrangement according to the present disclosure;

[0047] Figure 5B is an exemplary graph of intensity versus pixel coordinate

associated with the exemplary SECM image shown in Figure 5A;

[0048] Figure 6A is a cylindrical presentation of an exemplary image of a lens paper

phantom obtained by an exemplary SECM bench-top probe without adaptive focusing;

[0049] Figure 6B is a magnified view of the exemplary image shown in Figure 6A;

[0050] Figure 6C is a cylindrical presentation of an exemplary image of the lens

paper phantom obtained by the exemplary SECM bench-top probe with adaptive focusing;

[0051] Figure 6D is a magnified view of the exemplary image shown in Figure 6C;

[0052] Figure 6E is an illustration of an exemplary stack of SECM images of the lens

paper phantom at a region of the sample over the imaging depth of 56 µm;

[0053] Figure 7 is an exemplary SECM image of a human esophageal biopsy sample

showing the gastroesophageal junction , squamous epithelium, and gastric cardia;

[0054] Figure 8A is an exemplary SECM image of esophageal squamous epithelium

showing intraepithelial eosinophils from a patient with presumed eosinophilic esophagitis;

[0055] Figure 8B is an exemplary SECM image of a gastric body fundic type mucosa

from the patient with presumed eosinophilic esophagitis imaged following 0.6% acetic acid;

[0056] Figure 8C is an exemplary SECM image of Fundic gland polyp with columnar

epithelium lining the cyst wall from the patient imaged following 0.6% acetic acid;

[0057] Figure 9A is an exemplary SECM image of a specialized intestinal metaplasia

obtained using the exemplary embodiment of the system and method according to the present

disclosure was acquired following application of 0.6% acetic acid;



[0058] Figure 9B is a magnification view of the image of Figure 9A showing goblet

cells;

[0059] Figure 9C is an exemplary SECM image of a high grade dysplasiaobtained

using the exemplary embodiment of the system and method according to the present

disclosure;

[0060] Figure 9D is an exemplary SECM image according to the exemplary

embodiments of the present disclosure demonstrating architectural and nuclear atypia;

[0061] Figure 10 is an exemplary image flow diagram of the comprehensive

microscopy guided biopsy platform with laser marking according to an exemplary

embodiment of the method of the present disclosure;

[0062] Figure 11 is an exemplary flow diagram of the SECM-guided biopsy process

according to an exemplary embodiment of the present disclosure;

[0063] Figure 12 is a schematic diagram of a side view of an exemplary SECM

arrangement/probe according to an exemplary embodiment of the present disclosure;

[0064] Figure 13 is a schematic diagram of an exemplary rotary junction of the

exemplary embodiment of a system according to the present disclosure;

[0065] Figure 14 is a schematic diagram of an exemplary SECM system of the

exemplary embodiment according to the present disclosure;

[0066] Figure 15 is a schematic diagram of an exemplary embodiment of an

optoelectronic apparatus for generating the auto-focusing feedback signal according to the

present disclosure

[0067] Throughout the figures, the same reference numerals and characters, unless

otherwise stated, are used to denote like features, elements, components or portions of the

illustrated embodiments. Moreover, while the subject disclosure will now be described in

detail with reference to the figures, it is done so in connection with the illustrative

embodiments. It is intended that changes and modifications can be made to the described

exemplary embodiments without departing from the true scope and spirit of the subject

disclosure as defined by the appended claims.



DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0068] Exemplary embodiments of the systems, processes and arrangements

according to the present disclosure includes, but not limited to (a) a SECM endoscopic probe,

(b) diagnosis based on histopathologic features observed in SECM images, and/or (c) an

image-guided laser marking system, etc. A description of each of these three exemplary

embodiments is described in detail below, along with an exemplary embodiment of a

clinically-viable SECM-guided biopsy system/probe according to the present disclosure.

Exemplary SECMprobe

[0069] Exemplary embodiments of the present disclosure which include certain

arrangement/probe components facilitate comprehensive endoscopic SECM imaging of large

luminal surfaces can be provided. As shown in the exemplary embodiment illustrated in

Figure 3, light from a broadband light source 310 (e.g., spectral bandwidth = about 30 nm;

central wavelength = about 877 nm) can be coupled into a 50/50 fiber-optic beam splitter 320.

Light from the fiber output port 110 of the beam splitter can be collimated by a collimation

lens 115 (e.g., f = about 20mm), and dispersed by a transmission holographic grating 120

(e.g., about 1700 lines/mm) into e.g., ~ 350 resolvable points. The dispersed light can be

focused onto the specimen 330 by an objective lens 130 (e.g., aspheric lens: f = about 4.5

mm; effective NA = about 0.53) through a thin-walled balloon 328 (e.g., diameter = about 20

mm; thickness = about 50 µm). The objective lens 130 can be angled so that the axial

positions of the focused spots vary by e.g., about 50 µm across the imaging bandwidth.

Helical scanning can be accomplished by rotating and translating the probe housing 320 by a

motor 326 and a translation stage 327. A photo of the exemplary embodiment of the SECM

probe is shown in the inset of Figure 3. The size of the exemplary probe can be about 10 mm

(W) X 39 mm (L) X 13 mm (H). The reflected light can be coupled back into the beam

splitter and directed to a spectrometer comprising a collimation lens 341 (f = about 44 mm), a

grating 342 (about 1800 lines/mm), a focusing lens 343 (f = about 200 mm), and a line scan

camera 344 (e.g., Basler Sprint; pixel size = about 10 µm; 2048 pixels). The exemplary

spectral resolution of the spectrometer can be about 0.04 nm.

[0070] To generate depth-resolved optical sections, each digitized spectrally-encoded

line can be divided into, e.g., 8 segments where each segment corresponds to image

information obtained at a different depth level. Exemplary image segments from the same



depth level can be connected together to create a large-area optical section at each depth. In

order to keep the focus of the high NA objective lens 130 within the sample 330, the

objective lens 130 can also be scanned along the axial direction by a focusing mechanism 325,

which can include a miniature linear guide and a piezoelectric transducer (PZT) actuator.

[0071] Figure 4 shows a schematic diagram of the illumination beam from the

objective lens 130 on the sample 330 through the balloon 328. Since the objective lens 130 is

angled, each wavelength can image at a different depth of the sample 330. A spectral band

450 that images the balloon region 328 at a line scan can be used to locate the balloon surface

in the field of view, which can be used to generate a feedback signal to control the focusing

mechanism 325. for example, the remaining spectral band 440, together with the spectral

band 450, can be used to generate line image of the sample 330. Figure 5A shows an

exemplary image that can be generated by the exemplary embodiment of the SECM

arrangement/probe according to the present disclosure as shown in Figures 3 and 4. For

example, the portion that visualizes the balloon 328 has higher signal level than that for the

sample 330. The line profile along a line 530 (shown in Figure 5B) illustrates a high intensity

peak 540 at the balloon location, and such peak location can be used as a reference point to

control the focusing mechanism (e.g., using a processing or computing device or

arrangement).

Exemplary Experimental Results

[0072] The transverse resolution of the exemplary embodiment of the SECM

arrangement/probe according to the present disclosure, measured by imaging the edge

response function from bars on a 1951 USAF resolution chart, ranged from 1.25±0.13 µm to

1.45±0.33 µm, from the center to the edges of the spectral field of view, respectively. The

axial resolution of the exemplary embodiment of the SECM arrangement/probe, obtained by

z-scanning a mirror through the focus, was measured to be 10 µm and 4.4 µm for the edge

and the center of the spectral FOVs, respectively. The adaptive focusing mechanism in the

exemplary embodiment of the SECM arrangement/probe accurately tracked the sinusoidal

motion of a moving mirror at rate of 1 Hz with displacement amplitude of about 250 µm. The

exemplary mechanical design of the probe head and the software procedure used in this

exemplary embodiment of the arrangement/probe was somewhat limited the speed and range

of the adaptive focusing mechanism. It is possible to generate the feedback signal using a



separate opto-electronic apparatus and it is possible to modify the probe housing, which can

increase the response speed of the feedback loop and the focal range, respectively.

[0073] Figures 6A-6E show exemplary SECM images and data for a substantially

complete exemplary pullback image of, e.g., a 2.0 cm phantom without adaptive focusing

(see Figures 6A and 6B) and with adaptive focusing (see Figures 6C and 6D). The

exemplary phantom consists of lens paper affixed to the outer surface of the balloon

(diameter = about 20 mm). The exemplary embodiment of the SECM arrangement/probe

according to the present disclosure was scanned using a rotation rate of about 20 rpm; a total

of about 400 circumferential scans were acquired in 20 minutes, limited primarily by the

speed of the method used to generate the control signal. Since the length of a single

spectrally-encoded line was 400 µm, the longitudinal step size of 50 µm provided 8 different

depth levels. At low magnification (shown in Figures 6A and 6C), the macroscopic structure

of the paper, including folds and voids, can be visualized. When regions of this data set are

shown at higher magnifications, individual fibers and fiber microstructure can be clearly

resolved (as shown in Figures 6B and 6D - see inset).

[0074] By utilizing the automatic focusing mechanism (the image produced by which

is shown in Figures 6C and 6D), the entire dataset remained in focus and information can be

acquired from all optical sections within the approximately 50 µm range, even when the

exemplary arrangement/probe was not centered. In contrast, when the focusing mechanism

was off, only small portions of the phantom were in focus and visible (as shown in Figures

6A and 6B). A stack of exemplary SECM images at a region of the sample through different

imaging depths is shown in Figure 6E. This exemplary image stack provides three-

dimensional information over the depth of about 56 µm at 8 different focal planes. Feature

changes are well noticed between the images from the different imaging planes including the

white dotted circular region. These exemplary results demonstrate the technical feasibility of

comprehensive exemplary SECM for luminal organs.

Histopathologic Features Visualized by Exemplary SECM Techniques

[0075] An exemplary SECM system with similar optical specifications as that

described herein above for the exemplary embodiment of the endoscopic SECM probe can be

utilized, e.g., to image entire human biopsy samples (as described in, e.g., Kang D. et al,

"Comprehensive imaging of gastroesophageal biopsy samples by spectrally encoded confocal



microscopy", Gastrointest Endosc. 2009). This exemplary SECM system can utilize a

wavelength-swept source (e.g., central wavelength = 1320 nm; bandwidth = 70 nm; repetition

rate = 5 kHz) and a 0.7 NA objective lens. A single-mode illumination and multi-mode

detection imaging configuration can be used to reduce laser speckle noise, a method that can

also be employed in the exemplary arrangement/probe described herein above. The

resolutions of such exemplary SECM system can be, e.g., 2.3 µm and 9.7 µm along the

transverse and axial directions, respectively. Figure 7 shows an exemplary image of one of

the first data sets that have been acquired from an exemplary biopsy study, demonstrating the

architectural morphology of, e.g., a normal gastroesophageal junction.

[0076] Exemplary SECM images of other esophageal tissue types can also be

obtained, including squamous mucosa with scattered eosinophils gastric fundic body type

mucosa and a fundic gland polyp (see Figures 8A, 8B and 8C). Images of Barrett's

esophagus (see Figures 9A and 9B) appear to be distinct from gastric cardia (as shown in

Figure 7) and high-grade dysplasia (as shown in Figure 9C). For example, an application

of 0.6% acetic acid (vinegar) for enhancing nuclear contrast can be performed on, e.g., the

majority of the biopsy samples. Further clinical study of SECM imaging on a larger set of

biopsy samples can deliver diagnostic criteria of SECM imaging and evaluate its accuracy.

The diagnostic criteria can be used in the SECM-guided biopsy to identify and locate

diseased regions automatically or manually by clinicians or image readers.

Exemplary Laser markingfor guiding biopsy

[0077| To utilize endoscopic microscopy techniques to guide biopsy, regions of

dysplasia and early carcinoma identified by the imaging system can be marked so that they

can be visible by traditional endoscopy.

[0078] Figure 10 shows an image progress diagram of an exemplary embodiment

of a method of image-guided biopsy that uses laser marking of the superficial esophageal

mucosa according to the present disclosure. To demonstrate the feasibility of laser marking

targeted biopsy, this exemplary technique has been tested in swine in vivo (n=4) through a

balloon catheter with OFDI imaging modality. For each animal, the balloon catheter and

inner optical imaging probe were positioned within the esophagus. A 400 mW, 1450 nm

laser was used to mark the esophagus through a fiber-optic probe, focused to a spot

diameter of approximately 30 µm. A total of 68 randomly located 8-second targets 1021



were created in the swine esophagus. A comprehensive microscopy dataset 1010 of the

distal 5.0 cm of the esophagus was then obtained and used 1020 to locate the targets 1021.

After locating a target on the endoscopic microscopy image, smaller 2-second laser marks

1041 were made on either side of the target to serve as a guide for biopsy 1030 (see Figure

10). Following laser marking, the balloon catheter was removed and the esophagus was

visualized by conventional endoscopy 1040. An inspection of the esophagus 1040 revealed

that both marks surrounding 1041 each target 1021 were visible by endoscopy for about

97% of the targets. Histopathological analysis 1050 of the marks showed that both the 8-

and 2-second marks caused only minor injury to the mucosa, extending to the superficial

submucosa, which healed after two days. These exemplary results demonstrate that laser

marking is a viable approach for facilitating biopsy guided by endoscopic microscopy.

Although OFDI imaging modality was used for this experiment, SECM can also be

utilized through a balloon catheter to guide biopsy.

[0079] For various internal organ systems, random biopsy can be the standard of care

for the diagnosis of epithelial metaplasia, dysplasia, and early cancer. SECM-guided biopsy

can change this paradigm and improve outcomes for patients who undergo regular

surveillance for these conditions. SECM may be capable of identifying architectural and

cellular microstructure relevant to esophageal diagnosis. Certain exemplary technical

components can be preferred for implementing SECM-guided biopsy in an endoscopic probe.

It is possible to provide an exemplary embodiment of a clinically viable SECM system and

endoscopic probe. The exemplary system/device can obtain RCM data at multiple depths

over the entire distal esophagus, and can facilitate the physician to identify and mark suspect

locations in the tissue so that they can be subsequently biopsied.

Exemplary SECM-Guided Biopsy

[0080] Figure 1 1 illustrates a flow diagram of exemplary embodiment of the

procedures according to the present disclosure for conducting the exemplary SECM-guided

biopsy. For example, a centering balloon probe can be inserted over a guide wire (block

1120) that has been previously placed endoscopically (block 1110). When the balloon probe

is in place, the balloon can be inflated in block 1130, and comprehensive SECM can be

performed using a helical scan pattern in block 1140. In the endoscopic suite, the exemplary

SECM dataset can be analyzed, and biopsy targets may be selected on the image in block

1150. The SECM probe can then automatically return to those locations in the patient and can



place laser marks on either side of the targets in block 1160. Following such exemplary laser

marking, the balloon can be deflated and removed in block 1170. The endoscopist can then

obtain biopsies from the marked sites in block 1180. Although SECM is used in the

exemplary procedures shown in Figure 11, other microscopic imaging technologies including

OCT can be also used to guide the biopsy.

Exemplary Endoscopic Probe

[0081] A clinical exemplary SECM-guided biopsy device can comprise, e.g., three

components: a) the probe, b) the probe-console interface, and c) the console. An exemplary

schematic diagram of an exemplary embodiment of the SECM arrangement/probe is shown

in Figure 12. The exemplary SECM arrangement/probe can comprise a double-clad fiber

(DCF) 121 1 which can transceive the imaging light, and also transmit the laser marking beam.

To reduce speckle noise, imaging can be accomplished by illuminating the sample through

the core of the DCF, and by receiving the light remitted from the sample through both the

core and inner cladding. The fiber can be contained within a wound cable 1212 that rotates,

and can translate within a transparent 1.0 cm diameter sheath 1232.

[0082] Rotating and translating the wound cable at its proximal end can facilitate an

exemplary helical imaging to take place over the entire extent of the balloon 328. During

imaging, a control signal, derived from the reflection from the balloon surface (see Figures 4

and 5), can be used to generate an input to the focusing mechanism 325 to adaptively change

the focal location. The wound cable 1212 and DCF 121 1 can be attached to the housing 320

of the exemplary SECM arrangement/probe, which can contain a collimation lens 115, a

grating 120, an objective lens 130, and the focusing mechanism 325. A 6.0 cm long, 2.5 cm

diameter transparent centering balloon 328, can be affixed to the transparent sheath 1232.

The distal end of the exemplary arrangement/probe can be terminated by a guide wire

provision 1231.

[0083] Exemplary Probe Optics. It is possible to reduce the size of the exemplary

arrangement/probe further by developing customized optical and mechanical components. In

order to minimize or reduce the rigid length, the collimation lens 115 can be fabricated to

decrease the distance between the DCF 1211 and the lens 115. The grating 120 (e.g.,

Holographix, Hudson, MA) can be provided to have, e.g., maximum diffraction efficiency for

the 2nd order at 725 nm and for the 1st order at about 1450 nm. The exemplary objective lens



130 (e.g., NA = 0.4) can be provided (e.g., ZEMAX, Bellevue, WA) and produced (e.g.,

Optimax Systems Inc., Ontario) to have diffraction-limited performance throughout the

optical sectioning depth range of about 100 µm in tissue. The objective lens 130 can be

achromatic at 725 nm and 1450 nm, and can have a cylindrical surface to compensate for the

astigmatism induced by the transparent catheter's sheath 1232.

[0084] Exemplary Wound Cable. It is possible to utilize exemplary multi-layer wound

drive shafts to scan distal optics within the patient for other imaging modalities. A custom

wound cable 1212 can be fabricated (e.g., Asahi Intec, USA) and tested for the motion

transduction accuracy and repeatability through the catheter.

[0085] Exemplary Balloon-Centering Catheter. An exemplary balloon-centering

catheter utilizing a transparent polycarbonate sheath 1232 (e.g., diameter = about 10 mm) and

a transparent plastic balloon 328 (e.g., Advanced Polymers, Salem, NH; inflated diameter =

about 25 mm) can be provided to house the probe optics and wound cable (e.g., Device

company; Innovative Medical Design, Tyngsboro, MA). The exemplary catheter can be

tested for transparency, flexibility, and trackability to ensure that it is suitable for

intraesophageal imaging.

Exemplary Probe-Console Interface

[0086] An exemplary rotary junction (shown in an exemplary embodiment of the

arrangement of Figure 13) can be provided to couple light from the console to/from the probe

and rotate the exemplary SECM arrangement/probe within the transparent sheath. In contrast

to the exemplary OCT rotary junctions, the exemplary SECM optical rotary junction can

transmit the imaging light from the light source 310 into the core 1351 of a double clad fiber

("DCF"). The inner cladding 1352 of the DCF can transmit laser marking light 1380, and can

deliver imaging light returned from the sample to a spectrometer 1370.

[0087] To accomplish a separation of single- from multi-mode light, the exemplary

rotary junction can contain two focusing lenses 1320, 1360 and a single-mode/multi-mode

splitter, e.g., comprise a mirror 1330 with a central transparent aperture and a relay lens 1340

(see Figure 13). The exemplary rotary junction can rotate the wound cable 1212 at 70 rpm. In

addition to coupling light from a static system to rotating catheter optics, the exemplary

rotary junction can also transmit low electrical current to control the focusing mechanism.

Further, the entire exemplary rotary junction can be affixed to a linearly scanning pullback



stage, translating at a rate of about 0.1 mm/s, to enable helical scanning of the SECM probe

optics. Motor encoder output from both rotational and linear motors can be digitized

synchronously with the image signal to facilitate the exemplary SECM probe to return to any

given image location in the patient for laser marking.

[0088] The exemplary optical rotary junction can be provided in Solid Works and

simulated in ZEMAX. Exemplary design(s) can be optimized for maximum throughput and

ease of manufacturing and tolerancing. The exemplary design(s) can be custom-machined,

assembled and tested for single and double-passed throughput and rotational uniformity. The

exemplary rotary junction can additionally be designed to fit within the standard motorized

pull back trays.

Exemplary Console

[0089] An exemplary console (an example of a schematic diagram of which is shown

in Figure 14) can comprise the light sources and detectors used to image, mark, and can also

be used to generate a feedback signal to control the focal location of the probe's objective

lens. For imaging, light from a broadband light source 310 (e.g., Fianium SC450-6) can be

filtered by a filter 141 1 to have a broadband NIR spectrum 1421 of 725±30 nm. This

exemplary wavelength range can be chosen so as to provide an appropriate compromise

between resolution, penetration depth, and detector sensitivity. In addition, the center

wavelength can be half that of the wavelength of the laser marking beam 1448 (e.g., about

1450 nm) from the high power laser 1380. By diffracting the imaging beam through the

grating of the probe's second order and the marking laser through the first order, both can

illuminate the same location on the sample.

[0090] Optical components, including the dichroic mirror 1441 and the mirror 1442 in

the console, can route the single-mode imaging laser and multi-mode marking laser to the

exemplary SECM probe 1430 through the rotary junction 1420. Remitted confocal light from

the rotary junction 1420 can be divided by a dichroic mirror 1443 into two beams; the

imaging beam 1446 that is directed to a spectrometer 1370 and the focusing beam 1447 that

can be coupled to an optoelectronic apparatus 1460 for generating the auto-focusing feedback

signal. The imaging beam 1446 and the focusing beam 1447 can cover different spectral

regions. Each line in the image can be detected using a line-scan camera (e.g., SPL2048-140k,

Basler) in the spectrometer 1380; exemplary digital image data can be transferred to the



computer 1480 at a line rate of about 70 kHz and saved to a data recording system (e.g.,

Signatec DR-400) in real-time. The computer generates the control signal for the focusing

mechanism in the SECM probe 1430.

[0091] Exemplary Adaptive Focusing Optoelectronics. An exemplary optoelectronic

apparatus for generating the adaptive focus feedback signal according to the present

disclosure can be provided (an exemplary diagram of which is shown in Figure 15). As

shown in Figure 15, the focusing beam 1447 from the exemplary SECM probe (shown in

Figure 5) can be optically separated from the imaging beam 1446 (as shown in the diagram of

Figure 14), and a grating 1520 can be used to disperse its spectrum onto a position-sensitive

detector 1530 (PSD; e.g., quadrant photodetector). The electrical signals from the individual

cells in the PSD 1530 can be algebraically or mathematically processed (e.g., using a

computing or processing arrangement) to provide the peak wavelength, which can correspond

to the position of the inner surface of the balloon.

[0092] The balloon surface position can then be converted into a control signal that

can drive the focusing mechanism and move the objective lens in the SECM probe. The

output signal 1540 from the PSD 1530 can be fed to an analogue electric feedback circuit that

controls the focusing mechanism directly or can be routed to the computer 1540 to be used

for control purpose. By making this feedback/control independent of the imaging data

acquisition, its response time can be much faster than that of the exemplary SECM

arrangement/probe described herein above with reference to Figure 3, resulting in an increase

in imaging speed by more than a factor of, e.g., 4.

[0093] Exemplary Laser Marking for Guided Biopsy. For example, two exemplary

diode lasers (e.g., wavelength = about 1450 nm, power = about 200 mW each) can be

polarization-multiplexed and integrated into the SECM system to create marks for guiding

biopsy. Light from the diode lasers can be transmitted through a shutter and coupled into the

inner cladding of the SECM probe through the rotary junction. A computer or other

processing device(s) can control the intensities and exposure durations of the diode lasers.

For safety reasons, e.g., the laser shutter can be configured to only allow a maximum of, e.g.,

about 10 seconds per exposure at any given site.

[0094] Exemplary System Integration. Exemplary imaging and marking lasers can be

tested for power and spatial coherence. Some or all optics can be tested for throughput and



efficiency. The optical layout can be assembled on a small breadboard for incorporation into

the cart. The imaging spectrometer can be fabricated and its spectral resolution and light

throughput can be tested using standard techniques. Following assembly of the exemplary

individual components, the exemplary system can be integrated into a portable, medical-

grade cart. Software can be provided to control the rotary junction, the adaptive focusing

mechanism, and the marking lasers using one or more computers. Existing software to

facilitate the navigation of the image in a manner similar to that done with Google™ Earth,

where pan and zoom quickly enable the viewer to focus on a precisely located area of

interest, can be adapted for SECM datasets. Additional software user-interface inputs can be

provided to allow the observer to quickly switch between different optical sections, delineate

the target sites, and initiate laser marking.

Exemplary Specifications and Performance Expectations

[0095] Table 1 depicts the exemplary specifications and objective performance

targets (OPT) for the exemplary SECM arrangement/probe and system according to the

present disclosure. The exemplary OPTs can be based on the preferences of comprehensive

endoscopic confocal microscopy and prior experience with centering-balloon imaging of the

esophagus. Meeting such exemplary OPTs can furthermore provide beneficial imaging

performance. The exemplary arrangement/probe can have a deflated diameter of about 1.0 cm

and a rigid length of about 4.5 cm - specifications that match that of commercially available,

over-the-wire endoscopic ultrasound devices. Transverse and axial resolutions, governed by

the number of modes transmitted through the inner cladding of the DCF can be better than

critically sampled in the circumferential direction and Nyquist sampled along the longitudinal

dimension. The longitudinal interval of about 72µm between neighboring circumferential

scans can provide optical sections at about 10 discrete depth locations and up to about 100

µm beyond the surface of the balloon. The exemplary marking beam can have a spot size of

about 30 µm on the sample, which is sufficient for producing endoscopically visible marks on

the esophageal surface in, e.g., about 2 seconds.

[0056] The image-guided biopsy according to the exemplary embodiments of the

present disclosure is expected to be safe and well-tolerable, detect previously unattainable

subcellular and architectural information over large epithelial surfaces of the esophagus, and

provide an effective method for endoscopic biopsy targeting. The long term impact of the

exemplary embodiments of the present disclosure can also affect treatment as it can enable



less invasive surgical techniques such as RP ablation, photodynamic therapy, or endoscopic

mucosal resection to be used at an earlier stage of disease progression.

[0060] The foregoing merely illustrates the principles of the invention. Various

modifications and alterations to the described embodiments will be apparent to those skilled

in the art in view of the teachings herein. Indeed, the arrangements, systems and methods

according to the exemplary embodiments of the present invention can be used with imaging

systems, and for example with those described in International Patent Publication WO

2005/0478 13published May 26, 2005, U.S. Patent Publication No. 2006/0093276, published

May 4, 2006, U.S. Patent Publication No. 2005/0018201, published January 27, 2005 and

U.S. Patent Publication No. 2002/0122246, published May 9, 2002, the disclosures of which

are incorporated by reference herein in their entireties. It will thus be appreciated that those

skilled in the art will be able to devise numerous systems, arrangements and methods which,

although not explicitly shown or described herein, embody the principles of the invention and

are thus within the spirit and scope of the present invention. In addition, to the extent that the

prior art knowledge has not been explicitly incorporated by reference herein above, it is

explicitly being incorporated herein in its entirety. All publications referenced herein above

are incorporated herein by reference in their entireties..



WHAT IS CLAIMED IS:

1. An apparatus for determining a position on or in a biological tissue, comprising:

at least one arrangement which is configured to:

receive information associated with at least one image of at least one portion

of the biological tissue obtained using an optical imaging technique, and

based on the information, cause a visible change on or in at least location of

the at least one portion using at least one electro-magnetic radiation.

2. The apparatus according to claim 1, wherein the at least one image includes a

volumetric image of the at least one portion.

3. The apparatus according to claim 2, wherein the volumetric image is a cylindrical

image having a diameter of between about 10 mm to 100 mm.

4 . The apparatus according to claim 2, wherein the volumetric image is a cylindrical

image having an extension of at most about 1 m.

5. The apparatus according to claim 2, further comprising at least one further

arrangement which is configured to receive data associated with the visible change, and guide

a visualization to the at least one portion based on the data.

6. The apparatus according to claim 1, wherein the at least one arrangement causes the

visible change by ablating the at least one portion.

7. The apparatus according to claim 6, wherein the ablation of the at least one portion is

performed by irradiating the at least one portion with the at least one electro-magnetic

radiation.

8. The apparatus according to claim 1, wherein the at least one arrangement is situated in

a probe, and further comprising an ablation arrangement provided in the probe which is

controlled by the at least one arrangement to cause the visible change on or in the at least one

portion.



9. The apparatus according to claim 8, wherein the at least one arrangement is

configured to obtain the information via at least one wave-guiding arrangement, and the

ablation arrangement provides the at least one electro-magnetic radiation via the at least one

wave-guiding arrangement to cause the visible change.

10. The apparatus according to claim 1, wherein the optical imaging technique includes a

confocal microscopy technique.

11. The apparatus according to claim 10, wherein the confocal microscopy technique is a

spectrally-encoded confocal microscopy technique.

12. The apparatus according to claim 1, wherein the optical imaging technique includes

an optical coherence tomography.

13. An apparatus comprising:

at least one dispersive first arrangement configured to provide data associated

with a signal received from at least one region of the at least one sample; and

at least one focusing second arrangement configured to control at least one of

a focal length or a focal position associated with the at least one first arrangement based on

the data.

14. The apparatus according to claim 13, further comprising:

at least one third arrangement configured to provide further data associated

with a further signal received from at least one further region of the at least one sample,

wherein the region and the further region are at least one of (i) at least partially

overlap, or (ii) located at near one another, and

wherein the at least one focusing second arrangement configured to control the at

least one of the focal length or the focal position associated with the at least one first

arrangement based on at least one of the data or the further data.

15. The apparatus according to claim 13, wherein the dispersive and focusing

arrangements are provided in a balloon

16. An apparatus for imaging at least one portion of an anatomical tissue, comprising:



at least one arrangement which includes a dispersive arrangement that is

configured to provide at least one first electromagnetic radiation to the at least one portion to

form a sample plane at an angle that is greater than 0 degrees and less than 90 degrees with

respect to a plane of a surface of the at least one portion;

at least one second arrangement which is configured to receive at least one

second electromagnetic radiation from the sample plane which is associated with the at least

one first electromagnetic radiation to generate information as a function the at least one

second electromagnetic radiation; and

at least one third arrangement which generates a control signal based on the

information so as to further control a location of a focal plane of the at least one first

electromagnetic radiation.

17. The apparatus according claim 16, wherein the at least one third arrangement is

configured to generate the control signal based on a location of a surface of the sample using

at least one portion of the at least one first electromagnetic radiation.

18. The apparatus according claim 16, wherein the at least one second arrangement is

further configured to separate the at least one second electromagnetic radiation into at least

one first signal and at least one second signal.

19. The apparatus according to claim 18, wherein the at least one third arrangement

generates the control signal based on the at least one first signal, and further configured to

generate at least one image associated with the sample as a function of the at least one second

signal.

20. The apparatus according to claim 16, further comprising at least one fourth

arrangement which is configured to generate at least one three-dimensional image of the at

least one portion as a function of the information.

2 1. An apparatus for imaging at least one portion of an anatomical tissue, comprising:

at least one arrangement which includes a dispersive arrangement that is

configured to provide at least one first electromagnetic radiation to the at least one portion to

form a sample plane at an angle that is greater than 0 degrees and less than 90 degrees with

respect to a plane of a surface of the at least one portion;



at least one second arrangement which is configured to receive at least one

second electromagnetic radiation from the sample plane which is associated with the at least

one first electromagnetic radiation to generate information as a function the at least one

second electromagnetic radiation; and

at least one third arrangement which is configured to generate at least one

three-dimensional image of the at least one portion as a function of the information.

22. The apparatus according to claim 2 1, further comprising at least one fourth

arrangement which generates a control signal based on the information so as to further

control a location of a focal plane of the at least one first electromagnetic radiation.

23. A method for determining a position on or in a biological tissue, comprising:

receiving information associated with at least one image of at least one portion of the

biological tissue obtained using an optical imaging technique; and

based on the information, causing a visible change on or in at least location of the at

least one portion using at least one electro-magnetic radiation.

24. A method for imaging at least one portion of an anatomical tissue, comprising:

with a dispersive arrangement, providing at least one first electromagnetic

radiation to the at least one portion to form a sample plane at an angle that is greater than 0

degrees and less than 90 degrees with respect to a plane of a surface of the at least one

portion;

receiving at least one second electromagnetic radiation from the sample plane

which is associated with the at least one first electromagnetic radiation to generate

information as a function the at least one second electromagnetic radiation; and

generating a control signal based on the information so as to further control a

location of a focal plane of the at least one first electromagnetic radiation.






























	front-page
	description
	claims
	drawings

