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Goal of this Resource Guide and How to
Use It
What is the Resource Guide?
The In Vivo Microscopy (IVM) Resource Guide is one of four CAP Resource
Guides that bring a collected set of resources together in one place that are
focused on a specific hot-topic technology important to pathologists. Each
comprehensive guide highlights current resources, such as a curated set of
journal articles, and a collected set of CAP resources that includes learning
opportunities, proficiency testing, and accreditation that are related to this
technology. Also, each Resource Guide includes an “Insights From Adopters”
section to gain perspective from pathology leaders in the field. In sum, each
Resource Guide provides a one-stop resource that will assist busy pathologists
to find valuable information about a dynamic and important emerging technology.

How to Use This Resource Guide
This Resource Guide is designed in a modular manner to facilitate its use in
several different ways. For example, the guide may be used in its entirety as a
comprehensive guide to the rapidly evolving field of IVM. Conversely, it may be
used by a pathologist to focus on and gain a current understanding of the
application of IVM to a very specific organ system or disease process. Images
comparing traditional H&E to IVM images are included in several sections. The
Adopters sections will undoubtedly prove to be of great value to those
contemplating taking the plunge into IVM.

Special Features of the IVM Resource Guide
The IVM Resource Guide includes an introduction to the basic principles behind
and instrumentation used for several IVM technologies, including multiphoton
microscopy, optical spectroscopy and spectroscopic imaging and photoacoustic
imaging. The curated journal articles cover both in vivo clinical applications of
IVM and the potential use of IVM by pathologists in their practice. There is a
section suggesting how pathologists can get started in IVM. The Resource Guide
also highlights a number of IVM related activities that pathologists can take
advantage of, including: a CAP IVM webinar series, with both upcoming live and
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archived webinars (details in Section 9.2); and the only IVM interpretation course
designed for pathologists “Introduction to Interpretation of In Vivo Microscopy
(IVM)” (details in Section 9.5).
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Abbreviations
Abbreviation

Definition

5-ALA

5-Aminolevulinic Acid

ACO

Accountable Care Organization

CLE

Confocal Laser Endomicroscopy

DOSI

Diffuse Optical Spectroscopic Imaging

DOT

Diffuse Optical Tomography

eCLE

Endoscope-Based Confocal Laser Endomicroscopy

EVM

Ex Vivo Microscopy

FNA

Fine Needle Aspiration

ff-OCT

Full Field Optical Coherence Tomography

HRME

High Resolution Microendoscopy

ICG

Indocyanine Green

IVM

In Vivo Microscopy

IVOCT

Intravascular Optical Coherence Tomography

LCI

Low Coherence Interferometry

LSM

Light Sheet Microscopy

MPM

Multiphoton Microscopy

nCLE

Needle-Based Confocal Laser Endomicroscopy

NIRS-IVUS

Near Infrared Spectroscopy-Intravascular Ultrasound

OCE

Optical Coherence Elastography

OCT

Optical Coherence Tomography

OFDI

Optical Frequency Domain Imaging

PACT

Photoacoustic Computed Tomography

PAE

Photoacoustic Endoscopy

PAM

Photoacoustic Microscopy

PAT

Photoacoustic Tomography

pCLE

Probe-Based Confocal Laser Endomicroscopy

PIVI

Preservation and Incorporation of Valuable Endoscopic
Innovations

ROSE

Rapid On-Site Evaluation

SECM

Spectrally Encoded Confocal Microscopy

SPEC

Short Presentation in Emerging Concepts

VLE

Volumetric Laser Endomicroscopy

µOCT

Micro-Optical Coherence Tomography
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Section 1 In Vivo Microscopy (IVM):
The Basics

Colonic crypts. Optical coherence tomography (left), multiphoton microscopy (center) and confocal
microscopy (right).
Left: Reprinted from Qi et al, J Biomed Opt. 2008;13(5):054055, with permission from Journal of
Biomedical Optics. Center: Image courtesy of Jain M, Mukherjee S and Shevchuk MM with permission
from Weil Cornell Medical Center, New York, NY. Right: Reprinted from Neumann et al, Inflamm Bowel
Dis. 2011;12(1):8-13, with permission of Remedica Medical Education and Publishing.

This section includes the following in vivo microscopy (IVM) topics:
•

Background (Section 1.1);

•

IVM and Pathology (Section 1.2);

•

Hot Topics: IVM in the News (Section 1.3); and

•

How to Get Started in IVM (Section 1.4).

1.1 Background
What IVM has to offer Several advanced optical imaging technologies have
recently been developed that allow microscopic visualization of tissues in living
patients, including optical coherence tomography (OCT), confocal laser
endomicroscopy (CLE) and others (such as multiphoton (MPM), photoacoustic
microscopy (PAM) and spectroscopic imaging). These new in vivo microscopy
(IVM) technologies have in common the fact that they take advantage of changes
in light (absorption, scattering, fluorescence emission, etc.) as it interacts with
tissue to provide cellular (or near cellular) resolution images in real time, without
the need for tissue removal, fixation or staining. These IVM technologies are all
tomographic, and thus can provide either 2D images (like the en face images of
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colonic crypts above (left-OCT; center MPM; right CLE) or 3D tomographic
images, with microscopic resolution.
The data embedded in these images provide information regarding not only
tissue architecture and cellular morphology, but also tissue and cellular
physiology and function as they are obtained from living tissue. Thus, they have
the potential to not only localize a lesion but also render a specific disease
diagnosis and predict patient prognosis and response to therapy. In some cases,
the images can be interpreted using deep learning or artificial intelligence to
render a computer-assisted diagnosis, as is now being done for mammograms in
radiology. Details that should help in understanding each of these technologies
are provided in Section 2.0 Understanding the Technology.
Why this is important to pathologists These early IVM imaging systems are
the first steps toward higher resolution imaging systems of the
future. Pathologists today have the opportunity to be key players in the
development, validation and clinical implementation of this technology as it
matures, bringing their histopathologic expertise to the proper interpretation of
IVM images and establishing a future role for pathologists in both clinical image
analysis and potentially as the interventional microscopist. Pathologists can also
adopt these technologies as tools for ex vivo use in their own pathology practice,
for intraoperative margin and sentinel lymph node assessment, directed sampling
of surgical specimens in the grossing room, triaging tissue for molecular and
genomic studies, etc. Further discussion of the impact of IVM on pathology is
provided below in Section 1.2 IVM and Pathology. Insights from pathologists who
are developers or early adopters of IVM technology are provided in Section 3.0
Insights from Early Adopters. And details of potential IVM applications in
pathology practice can be found in Section 4.0 Ex Vivo Pathology Applications of
IVM.
How IVM is used by our clinical colleagues These new IVM technologies are
also of great import to pathologists as IVM systems are now commercially
available and have received FDA approval for clinical use. CPT billing codes
have also been approved to bill for clinical IVM procedures and IVM image
analysis. Thus IVM is or will soon be used by our clinical colleagues in their dayto-day practice. In fact, OCT is currently the clinical gold standard in
ophthalmology practice for imaging of the retina and anterior segment of the eye
and is also being used clinically in cardiology, gastroenterology and
dermatology. Confocal microscopy is also currently in clinical use in dermatology.
One reason IVM is now coming into more widespread clinical use is the
integration of both OCT and confocal microscopy imaging systems into
endoscopes for in vivo microscopic imaging of the GI, GU and GYN tracts, such
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as the esophagus, stomach, colon, pancreas, biliary tract, urinary bladder and
cervix. IVM technology also can be applied in vivo using smaller fiberoptic
probes, which can be used in conjunction with biopsy needles, in solid organs
such as the lung, breast, prostate or brain. And IVM can be performed directly on
the skin without the use of an endoscope or fiberoptic probe. Adoption of IVM in
these clinical disciplines and organ systems will soon have a much greater
impact on pathology practice.
While cellular details in most IVM images are not yet equivalent to light
microscopy images, the architectural and cellular patterns seen in IVM images
are interpretable by pathologists and, in some cases, our clinical colleagues to
either make differential diagnoses or target diseased tissues for biopsy and
assess the adequacy of biopsies once they are obtained to improve diagnostic
yield. In addition to adoption of IVM for biopsy guidance, there is also a future
goal of diagnosis without the need for a biopsy – so-called “optical biopsy”. This
may soon be realized in the IVM-enabled “diagnose, treat and discard” strategies
advocated by some in the gastroenterology community for diminutive colon
polyps. While the proposed “diagnose, treat and discard” strategies are
controversial. IVM-enabled “optical biopsy” may prove valuable: in locations such
as the brain, eye and cardiovascular system, where biopsy can cause
catastrophic tissue damage and dysfunction; in fragile patients such as patients
with coagulopathies, where biopsy complications may be life-threatening; and in
select cancers, where biopsy tissue disruption can cause unwanted cancer cell
dissemination. IVM technology can also be configured to image entire mucosal
surfaces or organs to screen for occult microscopic disease, which cannot be
done with current clinical imaging modalities. And IVM imaging can be repeated
over time to follow up areas that underwent endoscopic removal of precancerous
lesions or to monitor pharmacological and other therapies. These and other
organ-specific in vivo clinical applications of IVM are presented in detail in
Section 5.0 In Vivo Clinical Applications of IVM.
IVM and personalized (precision) medicine IVM technologies are also
positioned to leverage recent advances in genomics and tumor molecular biology
through the use of molecularly-targeted contrast agents. The confluence of IVM
and molecular biology/genomics is presented in Section 6.0 Molecular Imaging.
What’s in this section The following CAP document provides a general
introduction to the field of IVM and its impact on the practice of pathology. Links
to IVM-related educational resources at CAP and in industry/academia are
provided in Section 9 CAP's IVM Resources and Section 10 Other IVM Education
Resources, respectively.
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A) IVM Brief developed by In Vivo Microscopy Committee
Shevchuk MM, Tearney GJ, Glassy EF, Myles JL, Hariri LP. IVM Brief.
Northfield, IL: College of American Pathologists; 2017.
Summary: This CAP informational brief provides “10 minute education” on
aspects of in vivo microscopy. Print them out and share them with others.
Access the brief

1.2 IVM and Pathology
The advent of new advanced in vivo microscopy (IVM) imaging technologies
provides a unique opportunity for pathologists who are, after all, THE experts in
interpretation of diagnostic microscopic images. We are also THE experts at
establishing diagnostic criteria and analyzing diagnostic data sets, skills critical to
bringing IVM and other advanced imaging technologies to widespread clinical
Pathologist Gary Tearney, MD,
PhD, FCAP holding a tethered
capsule developed in his
research laboratory to perform
IVM of the GI tract. Contributed
by Tearney G, Massachusetts
General Hospital, Boston, MA

use. Pathologists represent a large pool of trained microscopists and image
interpreters who can play a key role in shaping the adoption of these new
technologies for disease diagnosis. While IVM technologies are still evolving,
progress is rapid and pathologists must be ready when the technology matures
IVM impact on pathology practice However, whether or not pathologists play a
role in development, validation and implementation of this technology, IVM will
impact pathology practice. Our clinical colleagues have already begun using IVM
to target their endoscopic and needle biopsies. We will be seeing these images
clipped to our surgical pathology and cytology requisitions and projected at tumor
boards and other clinical conferences, and will be asked to comment on them
and to explain/resolve any discrepancies between the IVM images and pathology
findings. And pathologists who sit on institutional Tissue Committees may soon
be asked to consider clinician requests to discard diseased tissues diagnosed by
IVM, such as diminutive colon polyps, rather than submit them to pathology. It is
also conceivable that clinical use of IVM for “optical biopsy” might one day be
considered as “point-of-care” diagnostics. And, as such, come under the
regulatory oversight of pathologists. At some institutions, pathologists have
already been asked by their clinical colleagues to consult on IVM image
interpretation during clinical procedures. Pathologists will also soon be using IVM
technologies in their practice, for example: during intraoperative consultations on
margins of resection and sentinel lymph nodes; during biopsy procedures to
assess sample adequacy and viability and to triage tissue utilization for
molecular/genomic studies; and in the grossing room to direct sampling of
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surgical specimens. We refer to this ex vivo use of IVM technologies by
pathologists as ex vivo microscopy (EVM).
Pathologist leadership in IVM It is critically important that pathologists step up
and play a lead role in shaping the adoption of these new technologies for
disease diagnosis. A good starting point is for pathologists to take the lead in
correlating IVM images with the corresponding pathology findings. To do this
they must be well versed in IVM and knowledgeable in the current state-of-the-art
in interpretation of IVM images. Pathologist input is also a critical need in
development of IVM image analysis criteria and classification schemes. This may
require pathologists to go beyond traditional diagnostic criteria and integrate new
diagnostic features captured by IVM. However, IVM images need not appear
unfamiliar, as they can often be colorized to closely resemble light microscopy
images of H&E stained tissue sections. Ultimately, pathologists may also have to
adapt to new diagnostic work flows, as they may need to go to the endoscopy
suite or other clinical locale where IVM images are being acquired or to view IVM
images sent to them remotely from these locales. Finally, today’s pathologists will
need to update the training of the next generation of pathologists to incorporate
IVM, which will likely be a part of their everyday practice.
Overall, widespread clinical use of IVM should improve patient care, reducing
biopsy numbers, leading to fewer invasive procedures, limiting patient
complications, providing faster answers and minimizing costs. More importantly,
it should improve patient outcomes. However, to achieve these goals,
pathologists must take a leadership role in clinical implementation of IVM.
What’s in this section The following are a few selected resources on IVM
viewed from the pathologist’s perspective, all written by pathologists for
pathologists:

A) In Vivo Microscopy: Will the Microscope Move From Our Desk Into
the Patient?
Hariri LP. In vivo microscopy: will the microscope move from our desk into
the patient? Arch Pathol Lab Med. 2015; 139(6): 719-720.
No summary available.
Free full text article available from the CAP’s Archives
PMID: 26030239

© 2018 College of American Pathologists. All rights reserved.

Return to Table of Contents

5

Section 1
B) Ex Vivo (Fluorescence) Confocal Microscopy in Surgical Pathology:
State of the Art
Ragazzi M, Longo C, Piana S. Ex Vivo (Fluorescence) Confocal Microscopy
in Surgical Pathology: State of the Art. Adv Anat Pathol. 2016;23(3):159-69.
doi: 10.1097/PAP.0000000000000114.
Summary: First developed in 1957, confocal microscopy is a powerful
imaging tool that can be used to obtain near real-time reflected light images
of untreated human tissue with nearly histologic resolution. Besides its
research applications, in the last decades, confocal microscopy technology
has been proposed as a useful device to improve clinical diagnosis,
especially in ophthalmology, dermatology, and endomicroscopy settings,
thanks to advances in instrument development. Compared with the wider use
of the in vivo tissue assessment, ex vivo applications of confocal microscopy
are not fully explored. A comprehensive review of the current literature was
performed here, focusing on the reliable applications of ex vivo confocal
microscopy in surgical pathology and on some potential evolutions of this
new technique from pathologists' viewpoint.
Full text available from Advances in Anatomic Pathology (subscription
required)
PMID: 27058244
Note: Also cited in Sections 2.2, 3.2 and 4
C) Advanced Imaging Techniques for the Pathologist
Fine JL. Advanced Imaging Techniques for the Pathologist. Clin Lab Med.
2016; 36(1): 89-99.
Full text available from Clinics in Laboratory Medicine (USD 31.50)
PMID: 26851667
Note: Also cited in Section 4
D) In Vivo Optical Coherence Tomography: The Role of the Pathologist
Hariri LP, Mino-Kenudson M, Mark EJ, Suter MJ. In vivo optical coherence
tomography: the role of the pathologist. Arch Pathol Lab Med. 2012;
136(12):1492-1501.
Summary: Optical coherence tomography (OCT) is a nondestructive, highresolution imaging modality, providing cross-sectional, architectural images
at near histologic resolutions, with penetration depths up to a few millimeters.
Optical frequency domain imaging is a second-generation OCT technology
that has equally high resolution with significantly increased image acquisition
speeds and allows for large area, high-resolution tissue assessments. These
features make OCT and optical frequency domain imaging ideal imaging
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techniques for surface and endoscopic imaging, specifically when tissue is
unsafe to obtain and/or suffers from biopsy sampling error. This review
focuses on the clinical impact of OCT in coronary, esophageal, and
pulmonary imaging and the role of the pathologist in interpreting highresolution OCT images as a complement to standard tissue pathology.
Free full text article available from the CAP’s Archives
PMID: 23194041
NOTE: Also cited in Section 3.6
E) Confocal Laser Endomicroscopy: A Primer for Pathologists
Paull PE, Hyatt BJ, Wassef W, Fischer AH. Confocal laser endomicroscopy:
a primer for pathologists. Arch Pathol Lab Med. 2011; 135(10):1343-8.
Summary: The advent of new endoscopic optical techniques is likely to
change pathologists' role in diagnosis. OBJECTIVE: To describe how
confocal laser endomicroscopy (CLE) works, show its advantages and
limitations compared to cytohistologic biopsy, and explore how it may affect
the practice of pathology. DATA SOURCES: Literature review.
CONCLUSIONS: Confocal laser endomicroscopy is proving its ability to
provide histology-like images of tissues in vivo to help avoid risks and costs
of conventional biopsies. Confocal imaging restricts light to 1 plane,
emulating a paraffin section, and topical or systemic optical contrast agents
allow subcellular resolution. New contrast agents could theoretically permit
molecular characterization. In vivo imaging has begun to demonstrate novel,
dynamic types of diagnostic features. Decreased histologic biopsies can be
anticipated for a few scenarios. Significant limitations of CLE include the
inability to create a tissue archive for broad molecular classification,
suboptimal contrast agents, small fields of view and shallow penetration,
paucity of clinical validation studies, and problems with reimbursement.
Confocal laser endomicroscopy exposes new opportunities for pathologists:
CLE technologies can be exploited in pathology, and diagnostic criteria
expanded based on endoscopists' discoveries. Potential synergy exists
between CLE and cytology, allowing the low-magnification diagnostic
architectural changes by CLE and cytomorphology to emulate the full
diagnostic information in a histologic biopsy while providing an archive of
material for molecular or immunohistochemical studies. Confocal laser
endomicroscopy will decrease some types of biopsies, but offers an
opportunity for pathologists to find new ways to provide value and improve
patient care.
Free full text article available from the CAP’s Archives
PMID: 21970490
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NOTE: Also cited in Section 3.6
F) Validation of Novel Optical Imaging Technologies: The
Pathologists' View
Wells WA, Barker PE, MacAulay C, Novelli M, Levenson RM, Crawford JM.
Validation of novel optical imaging technologies: the pathologists' view. J
Biomed Opt. 2007; 12(5):051801.
Summary: Noninvasive optical imaging technology has the potential to
improve the accuracy of disease detection and predict treatment response.
Pathology provides the critical link between the biological basis of an image
or spectral signature and clinical outcomes obtained through optical imaging.
The validation of optical images and spectra requires both morphologic
diagnosis from histopathology and parametric analysis of tissue features
above and beyond the declared pathologic "diagnosis." Enhancement of
optical imaging modalities with exogenously applied biomarkers also requires
validation of the biological basis for molecular contrast. For an optical
diagnostic or prognostic technology to be useful, it must be clinically
important, independently informative, and of demonstrated beneficial value to
patient care. Its usage must be standardized with regard to methods,
interpretation, reproducibility, and reporting, in which the pathologist plays a
key role. By providing insight into disease pathobiology, interpretive or
quantitative analysis of tissue material, and expertise in molecular diagnosis,
the pathologist should be an integral part of any team that is validating novel
optical imaging modalities. This review will consider (1) the selection of
validation biomarkers; (2) standardization in tissue processing, diagnosis,
reporting, and quantitative analysis; (3) the role of the pathologist in study
design; and (4) reference standards, controls, and interobserver variability.
Full text article available from Journal of Biomedical Optics (USD 25.00)
PMID: 17994879
Note: Also cited in Sections 3.4 and 7

1.3 Hot Topics: IVM in the News
As a rapidly evolving, transformative technology, in vivo microscopy (IVM) is in
the news!
Cancer Moonshot The Cancer Moonshot is a new national effort “to end cancer
as we know it” by accelerating progress in cancer research “to make a
decade’s worth of advances in cancer prevention, diagnosis, and treatment in
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five years". And IVM technologies are in the thick of it. In fact, the National
Photonics Initiative Cancer Moonshot Task Force recently issued a white paper
detailing the key role of imaging technology innovations such as IVM in the
Cancer Moonshot.
Artificial Intelligence Another hot topic in today’s news is machine learning and
artificial intelligence (AI), and IVM is in the thick of it here too, as machine
learning and AI techniques are being applied to IVM image interpretation.
th

th

25 Anniversary 2017 is the 25 anniversary of optical coherence tomography
(OCT), the most mature IVM technology that is already the gold standard for
clinical imaging in ophthalmology and cardiology.
The following are some of the recent press releases, media reports and industry
publications on clinical applications of IVM and other advanced imaging
technologies.

A) In Vivo Microscopy Checklist Ready When Labs Are
Ford A. In Vivo Microscopy Checklist Ready When Labs Are. CAP TODAY.
2015; Sept:46.
Summary: Why issue accreditation requirements for a technology before it’s
seen widespread adoption? For the same reason you close the barn door
before the horse has wandered out. At least that’s the view of Maria M.
Shevchuk, MD, who, as chair of the CAP’s In Vivo Microscopy Committee,
helped develop the new in vivo microscopy section of the Laboratory
Accreditation Program’s 2015 anatomic pathology checklist
Free full text available from CAP TODAY
NOTE: Also cited in Section 7.1
B) A Brighter Future: Eliminating Cancer through Adoption of New and
Enhanced Technologies and a Transformed It Health System
The National Photonics Initiative Cancer Moonshot Task Force. A Brighter
Future: Eliminating Cancer through Adoption of New and Enhanced
Technologies and a Transformed It Health System. National Photonics
Initiative. June 16, 2016; Available at
http://www.lightourfuture.org/getattachment/54279e5c-9390-4109-a14866080881c903/NPI-Cancer-Moonshot-Task-Force-Tech-Road-Map062716.pdf. Accessed August 22, 2017.
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Summary: (first paragraph) Over the last several decades, the “war on
cancer” has been characterized as a series of lengthy, hard-fought and costly
campaigns resulting in a limited number of significant but narrow victories
against a complex and ever-mutable foe. Progress in the treatment of cancer
has resulted primarily from combining new drugs with diagnostic
technologies that identify patient populations who will respond favorably to
these new treatments. At the same time, improvements in early detection,
predominantly using quantitative imaging technologies, have had a
substantial impact on early intervention (Stage 0 – Stage I) when cancer is
easier to treat or, in many cases, stratifying patients to active surveillance,
thereby avoiding the costs and risks of unnecessary treatment.
Free full text available from website
C) Google Deepmind Will Use Machine Learning to Spot Eye
Diseases Early
Vincent J. Google Deepmind Will Use Machine Learning to Spot Eye
Diseases Early. The Verge. July 5, 2016.
Summary: Google's DeepMind is embarking on a new research project to
help doctors spot the early signs of sight-threatening eye diseases. The
company's British-based artificial intelligence division will use machine
learning to analyze more than one million anonymous eye scans, creating
algorithms that can detect early warning signs that humans might miss. The
project is DeepMind's second collaboration with the UK's National Health
Service (NHS), but the first to use artificial intelligence.
Free full text available from the Verge
D) Intelligent Hyperspectral Imaging Holds Promise for Pathology
Finkelstein H, Nissim RR, Hsu MJ. Intelligent Hyperspectral Imaging Holds
Promise for Pathology. Photonics. 2017; July/August: 24-27.
Summary: Technological advancements enable fast and high-resolution
hyperspectral imaging for the research and clinical markets.
Free full text available from Photonics.com
Courtesy of Trutag Technologies.
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E) Introduction to the Feature Issue on the 25 Year Anniversary of Optical
Coherence Tomography
Izatt JA, Boppart S, Bouma B, et al. Introduction to the Feature Issue on the
25 Year Anniversary of Optical Coherence Tomography. Biomedical Optics
Express. 2017; 8(7): 3289-3291.
Summary: The guest editors introduce a feature issue commemorating the
25th anniversary of optical coherence tomography.
Free full text available from Biomedical Optics Express
F) Peering inside Dangerous Blood Clots with Optical Clearing Technique
The Optical Society. Peering inside Dangerous Blood Clots with Optical
Clearing Technique. ScienceDaily. July 17, 2017. Available at
https://www.sciencedaily.com/releases/2017/07/170717100542.htm. Access
on August 22, 2017.
Reprinted with permission of
Jeremiah J. Zartman,
University of Notre Dame

Summary: A new technique that makes blood clots optically clear is allowing
researchers to use powerful optical microscopy techniques to study the 3D
structure of dangerous clots for the first time. Although blood clots stop
bleeding after injury, clots that block blood flow can cause strokes and heart
attacks.
Free full text available to ScienceDaily
G) New Photoacoustic Imaging System Future Boon to Surgery
Harrison P. New Photoacoustic Imaging System Future Boon to Surgery.
Medscape. May 17, 2017. Available at
http://www.medscape.com/viewarticle/880129. Accessed on August 22,
2017.
Summary: (first paragraph) A new intraoperative margin assessment tool,

Harrison P. New Photoacoustic
Imaging System Future Boon to
Surgery. Medscape. May 17, 2017.
Available at
http://www.medscape.com/viewartic
le/880129. Accessed on August 22,
2017. Reused under license CC
BY-NC 4.0.
https://creativecommons.org/license
s/by-nc/4.0/

based on photoacoustic microscopy (PAM), should allow surgeons and
pathologists to distinguish cancer cells from normal cells at the time of
surgery, thereby sparing many women the need for a second surgery to
excise remaining positive margins, new research indicates.
Free full text available from Medscape
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H) Nonlinear Microscopy Moves into the Operating Room
Hellerer T, Polzer C, Mohseni M. Nonlinear Microscopy Moves into the
Operating Room. Photonics. 2016; October: 30-33. Available at
https://www.photonics.com/Article.aspx?AID=61074. Accessed on August
22, 2017.
Summary: Nonlinear optical microscopy is becoming a powerful tool in
clinical research. Second-harmonic generation, for example, is capable of
extracting fiber orientation and discriminating muscle and cartilage tissue
Free full text available from Photonics
I)

OCT Angiography Opens Eyes
Schlett J. OCT Angiography Opens Eyes. Photonics. Aug 2016. Available at
https://www.photonics.com/Article.aspx?AID=60787. Accessed on August
22, 2017.
Summary: The U.S. ophthalmology market over the past year has seen the
first wave of commercial optical coherence tomography angiography
systems, but this technology must overcome certain limitations before
reaching ‘gold standard’ status.
Free full text available from Photonics

1.4 How to Get Started in IVM
Pathologists today have the opportunity to be key players in the development,
validation and clinical implementation of in vivo microscopy (IVM) technology. It
is critical that pathologists bring their expertise in the interpretation of diagnostic
images to the table, establishing a role for pathologists in IVM clinical practice.
Pathologists can also adopt these technologies as tools for use in their own
pathology practice. But how do you get started in IVM?
Educate yourself The first step is to educate yourself as to the state-of-the art in
IVM. You have already taken that first step by accessing and reading the CAP
IVM Resource Guide, which provides not only introductory information on IVM,
but also a collection of pathologist vetted IVM articles published in the peerreviewed medical literature and advice from pathologist early adopters (see
Section 3). There is also a section in the Archives of Pathology & Laboratory
Medicine devoted to articles on Advanced Imaging in Pathology, including IVM.

© 2018 College of American Pathologists. All rights reserved.

Return to Table of Contents

12

Section 1
And there are other CAP resources that you can take advantage of to educate
yourself about IVM, including:
•

CAP Briefs on IVM (see Section 9.8);

•

Upcoming live and archived CAP IVM Webinars (see Section 9.2);

•

Upcoming and archived CAP IVM Podcasts (see Section 9.1);

•

Pathologist presentations on IVM at the CAP annual meeting and other
conferences (see Section 10.1); and

•

CAP sponsored courses on IVM image interpretation (see Section 9.5).

Connect with other pathologists You can also connect with other pathologists
with an interest in IVM through CAPConnect, where there is an IVM Community
Forum. Or, follow IVM developments on Twitter at #IVM_EVM.
Get your feet wet You can find out if your institution is using IVM. It would be
useful to know who is using IVM, for what clinical application(s), using which
technology, from what vendor(s). With this information, it might be possible to
arrange to sit in on some IVM procedures at your institution and get a firsthand
introduction to IVM. Access to the IVM images created during these procedures
might help you to gain experience in the analysis and interpretation of IVM
images in the organ systems in which IVM is used in your institution. This might,
in turn, lead to the incorporation of IVM images in Tumor Boards or other clinical
conferences at your institution in which you and other pathologists participate.
And an opportunity may develop to collaborate with your clinical colleagues on
studies of IVM at your institution, providing expertise: in microscopic image
analysis and interpretation; development of criteria for IVM image analysis;
proper design of IVM validation studies, etc.; and helping to establish a role for
pathologists in IVM workflow at your institution. For more information, see the
archived CAP webinar on creating IVM collaboration.
Reach out to IVM technology vendors It might also be possible to sign up for
training in IVM image analysis by the vendor(s) supplying the IVM technology to
your institution. If you establish a relationship with the IVM technology vendor(s)
at your institution, it might also be possible to obtain IVM instrumentation on loan
for testing for use in your pathology practice.
Share what you’ve learned Finally share what you have learned with your
pathologist colleagues, especially residents and fellows, who will likely use these
new technologies in their future practice. It is also important to share what you
have learned with practice and hospital administrators, and make the case that
IVM provides an opportunity for a value-added promising practice pathway in the
new era of accountable care organizations (ACOs). To further this end, CAP has
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created several IVM SPECs (Short Presentations in Emerging Concepts) to
assist pathologists in establishing themselves as leaders in IVM in their local
community. These short PowerPoint presentations focus on IVM as a disruptive
technology with the potential to play a key role in patient management, and can
be used to facilitate discussion of IVM with tumor boards, physician colleagues
and hospital administration (see Section 9.7). If this effort is successful, you
could also volunteer for (or create) an IVM work group in your institution. There is
also an archived CAP webinar on justifying the introduction of IVM into a
pathology department (“IVM Business Plan") – that may be of interest to you or
your IVM work group.
Additional information on getting started in IVM can be found in Section 3.0
Insights from Early Adopters.
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Section 2 Understanding IVM Technology
This section is intended to provide a basic understanding of the in vivo
microscopy (IVM) technologies themselves. Information on the application of
these IVM technologies in the pathology laboratory and in the clinic can be found
in Section 4 Ex Vivo Pathology Applications of IVM and Section 5 In Vivo Clinical
Applications of IVM, respectively.
This section includes the following topics:
•

In Vivo Microscopy Technologies (Section 2.1);

•

Confocal Microscopy (Section 2.2);

•

Optical Coherence Tomography (Section 2.3);

•

Multiphoton Microscopy (Section 2.4);

•

Optical Spectroscopy and Spectroscopic Imaging (Section 2.5);

•

Photoacoustic Imaging and Microscopy (Section 2.6); and

•

Contrast Agents (Section 2.7).

2.1 In Vivo Microscopy Technologies
In vivo microscopy (IVM) includes a number of light-based (optical) technologies
that are being developed for in vivo medical imaging on a microscopic scale.
Conventional light microscopy requires a thin section of fixed or frozen tissue and
thus cannot be performed in vivo. In contrast, IVM technologies can create
multiple “optical” sections at various depths through fresh (unfixed, unfrozen)
tissue, and so can be performed in vivo.
IVM technologies currently approved by the FDA for clinical use in the United
States are confocal microscopy and optical coherence tomography (OCT).
Newer technologies in the pipeline include: multiphoton microscopy (MPM),
photoacoustic microscopy (PAM) and optical spectroscopy (fluorescence,
reflectance, infrared and Raman) and spectroscopic imaging. In addition, there
are a multitude of optical imaging technologies, among them quantitative phase
microscopy, low coherence interferometry imaging, molecular and functional
microscopic imaging (e.g. autofluorescence and Doppler imaging respectively) in
earlier stages of development.
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Article A below (Yun and Kwok) is an introductory review of the use of lightbased technologies – including IVM – for diagnosis, therapy and surgery,
published in Nature Biomedical Engineering in 2017.
The subsections that follow contain selected review articles that explain the basic
principles behind, instrumentation used for and potential clinical applications of
each of these IVM technologies.
To see videos of how IVM procedures are performed go to these articles on
confocal microscopy and OCT in JoVE (the Journal of Visualized Experiments),
which publishes articles teaching laboratory fundamentals using video
demonstrations.

A) Light in Diagnosis, Therapy and Surgery
Yun S, Kwok S. Light in Diagnosis, Therapy and Surgery. Nat Biomed Eng.
2017; 1. pii: 0008.
Summary: Light and optical techniques have made profound impacts on
modern medicine, with numerous lasers and optical devices currently being
used in clinical practice to assess health and treat disease. Recent advances
in biomedical optics have enabled increasingly sophisticated technologies —
in particular, those that integrate photonics with nanotechnology, biomaterials
and genetic engineering. In this Review, we revisit the fundamentals of light–
matter interactions, describe the applications of light in imaging, diagnosis,
therapy and surgery, overview their clinical use, and discuss the promise of
emerging light-based technologies.
Free full text available from PubMed
PMID: 28649464
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2.2 Confocal Microscopy
Confocal microscopy is a non-invasive, high resolution optical imaging technique
that uses point illumination and a spatial pinhole to eliminate out-of-focus light,
enabling optical sectioning and tomographic imaging of specimens that are
thicker than the focal plane. As such it has come into widespread use in cell
biology and other biomedical research studies for 2D and 3D imaging of single
Colonic crypts. Confocal
microscopy.
Reprinted from Neumann et al,
Inflamm Bowel Dis.
2011;12(1):8-13, with
permission from Remedica
Medical Education and
Publishing.

cells.
Recent advances in instrumentation, including miniaturization to allow confocal
microscopy to be performed through an endoscope, now allow 2D and 3D
images (such as the en face confocal microscopy image of colonic crypts above)
to be obtained in vivo, in real time, with cellular resolution, without the need for
tissue removal, processing or staining. This has led to clinical application of
confocal microscopy for in vivo imaging for disease diagnosis.
Diagnostic confocal microscopy can be based on either tissue reflectance or
fluorescence. Reflectance-based confocal microscopy takes advantage of the
inherent differences in the refractive indices of cellular and extracellular
structures within the tissue. Fluorescence-based confocal microscopy may take
advantage of inherently fluorescent cellular and extracellular structures within the
tissue (endogenous fluorephores), but more often makes use of exogenous
(topical or intravenous) fluorescent contrast agents. Reflectance-based confocal
microscopy does not require any contrast agents.
Whether obtained using fluorescence or reflectance, confocal microscopy images
are generally black-and-white images. However, data analysis algorithms can be
used to convert them to color images closely resembling H&E images. These
colorized images are often referred to as virtual histology.
Confocal laser endomicroscopy (CLE) – confocal microscopy performed through
an endoscope – has many potential clinical applications from guidance of
surveillance biopsies for dysplasia in the esophagus or colon to “optical biopsy”
in privileged sites in the brain, coronary arteries, etc. or in high risk patients such
as those with coagulopathies where conventional biopsy may be contraindicated.
CLE may be either endoscope-based (eCLE device built into the endoscope) or
probe-based (pCLE device in a probe with fiber-optic cable that can be inserted
into the accessory port of a standard endoscope). Diagnostic confocal
microscopy can also be performed through a needle (needle-based CLE; nCLE),
where endoscopic approaches have failed such as in pancreatic cysts. Or it can
be done directly – without the need for an endoscope or needle – on the skin,
where it can be used for such clinical applications as assessment of pigmented
lesions and of margins at Mohs surgery for basal cell carcinoma.
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A new imaging technology related to confocal microscopy is light sheet
microscopy (LSM), which uses a thin sheet of excitation light to create an “optical
section”, rather than a single point of excitation light as in confocal microscopy.
Since LSM can acquire an in-focus image over the entire length of the light
sheet, imaging time is orders of magnitude faster than point-scanning methods.
Like fluorescence confocal microscopy, LSM is usually performed using
fluorescent contrast agents, as well as chemical clarification techniques (which
render tissue transparent) to allow greater imaging depth.
The following are selected review articles and archived CAP Webinars that
explain the basic principles behind, instrumentation used for and potential clinical
applications of confocal microscopy, CLE and light sheet microscopy.
To see a video of how a pCLE procedure is performed go to this article in JOVE
(the Journal of Visualized Experiments), which publishes articles teaching
laboratory fundamentals using video demonstrations.

A) Ex Vivo (Fluorescence) Confocal Microscopy in Surgical Pathology:
State of the Art
Ragazzi M, Longo C, Piana S. Ex Vivo (Fluorescence) Confocal Microscopy
in Surgical Pathology: State of the Art. Adv Anat Pathol. 2016;23(3):159-169.
doi: 10.1097/PAP.0000000000000114.
Full text available from Advances in Anatomic Pathology (subscription
required)
PMID: 27058244
Note: Summarized in Section 1.2; also cited in Sections 3.2 and 4
B) Introduction to Confocal Microscopy
Nwaneshiudu A, Kuschal C, Sakamoto FH, Anderson RR, Schwarzenberger
K, Young RC. Introduction to confocal microscopy. J Invest Dermatol. 2012;
132(12): e3.
Summary: Conventional microscopy requires viewing a thin-cut “section” of
fixed or frozen tissue, and therefore cannot be used to view thick tissue
samples or for in vivo investigations. In vivo microscopy requires a virtual,
rather than a physical, section of the specimen. Confocal microscopy,
developed and patented by Marvin Minsky in 1955, uses optical imaging to
create a virtual slice or plane, many micrometers deep, within the tissue. It
provides very-high-quality images with fine detail and more contrast than
conventional microscopy. In addition, the imaging technique allows for
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reconstruction of virtual 3-dimensional (3D) images of the tissue when
multiple sections are combined.
Free full text article available from Journal of Investigative Dermatology
PMID: 23187113
C) Confocal Laser Endomicroscopy
ASGE Technology Committee. Confocal laser endomicroscopy. Gastrointest
Endosc. 2014; 80(6): 928-938.
Summary: Confocal laser endomicroscopy (CLE) is an endoscopic modality
developed to obtain very high magnification and resolution images of the
mucosal layer of the GI tract. CLE is based on tissue illumination with a lowpower laser with subsequent detection of the fluorescence of light reflected
1
from the tissue through a pinhole (Fig. 1). The term confocal refers to the
alignment of both illumination and collection systems in the same focal
2, 3
plane. The laser light is focused at a selected depth in the tissue of
interest and reflected light is then refocused onto the detection system by the
same lens. Only returning light refocused through the pinhole is detected.
The light reflected and scattered at other geometric angles from the
illuminated object or refocused out of plane with the pinhole is excluded from
detection. This dramatically increases the spatial resolution of CLE allowing
cellular imaging and evaluation of tissue architecture at the focal plane during
endoscopy.
Free full text available from Gastrointestinal Endoscopy
PMID: 25442092
NOTE: Also cited in Section 5.1.1
D) Light-Sheet Microscopy for Slide-Free Non-Destructive Pathology of
Large Clinical Specimens
Glaser AK, Reder NP, Chen Y, et al. Light-Sheet Microscopy for Slide-Free
Non-Destructive Pathology of Large Clinical Specimens. Nature Biomedical
Engineering. 2017; 1:0084.
Summary: For the 1.7 million patients per year in the US who receive a new
cancer diagnosis, treatment decisions are largely based on histopathological
specimen examinations. Unfortunately, the gold standard of slide-based
microscopic pathology suffers from high inter-observer variability and limited
prognostic value due to sampling limitations and the inability to visualize
tissue structures and molecular targets in their native 3D context. Here, we
show that an open-top light-sheet microscope optimized for non-destructive
slide-free pathology of clinical specimens enables the rapid imaging of intact
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tissues at high resolution over large 2D and 3D fields of view, with the same
level of detail as traditional pathology. We demonstrate the utility of this
technology for various applications: wide-area surface microscopy to triage
surgical specimens (with ~200 μm surface irregularities), rapid intraoperative
assessment of tumour-margin surfaces (12.5 s cm−2), and volumetric
assessment of optically cleared core-needle biopsies (1 mm in diameter, 2
cm in length). Light-sheet microscopy can be a versatile tool for both rapid
surface microscopy and deep volumetric microscopy of human specimens.
Full text available from Nature Biomedical Engineering (USD 4.99 to rent and
20.00 to purchase)
Note: Also cited in Sections 3.1, 4.1.1.1, 4.1.1.4, 4.3, 5.2.2, and 5.6.2
E) Light-Sheet Microscopy for 3D Pathology
Reder NP, True L. IVM Webinar Series. Light-Sheet Microscopy for 3D
Pathology [Webinar]. Oct 3, 2017. Available at https://tinyurl.com/yc4kzeel.
Accessed August 22, 2017.
Summary: Light-sheet microscopy offers unparalleled ability to efficiently
visualize large structures in 3D with cellular detail. The ability to rapidly
analyze 3D structures at high resolution has led to major advances in the
basics sciences, most notably in neuroscience and developmental biology.
However, research laboratory microscopes are often impractical for realworld clinical pathology practices. Drs. Reder and True describe the first
light-sheet microscope designed for human specimens of arbitrarily large
sizes. They discuss initial findings using 3D pathology including refinement of
Gleason grading of prostate biopsies, challenges in implementing the
technology, and potential for future applications. This webinar emphasizes
real-world use cases for the practicing pathologist.
Archived recording available
NOTE: Also cited in Section 9.2
F) Rapid Examination Of Fresh Tissue Using Light-Sheet Microscopy
Reder NP. IVM Webinar Series. Rapid Examination Of Fresh Tissue Using
Light-Sheet Microscopy [Webinar]. Nov 7, 2017. Available at
https://tinyurl.com/ybre44nk. Accessed August 22, 2017.
Summary: The ability to perform slide-free, non-destructive examination of
fresh tissue has many potential applications including rapid adequacy
assessments and intraoperative assessment of surgical specimens. In this
webinar, Dr. Reder discusses one approach, light-sheet microscopy. Lightsheet microscopy can rapidly image a thin 3D volume over a large lateral
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extent at a tissue surface, a useful feature for imaging the irregular cut
surfaces of fresh clinical specimens. He will provide a brief discussion of the
imaging and staining technology, describe the actual imaging process for the
practicing pathologist, present the results, and give an overview of possible
future directions for this promising technology.
Archived recording available
NOTE: Also cited in Section 9.2

2.3 Optical Coherence Tomography
Optical coherence tomography (OCT) is a noninvasive, high resolution optical
imaging technique that provides real-time 2D and 3D images of tissue
architecture in vivo (like the OCT image of colonic crypts above). OCT images
map reflectivity (or bounce back) of light waves focused onto the tissue. Thus,
OCT is an optical counterpoint to ultrasound imaging. However, conventional
Colonic crypts. Optical
coherence tomography.
Reprinted from Qi et al,
Journal of Biomedical Optics,
2008;13(5):054055, with
permission from the Journal
of Biomedical Optics.

OCT has near cellular resolution, which gives it a significant advantage over
ultrasound and other medical imaging techniques such as white light endoscopy,
MRI and CT.
A new development in OCT imaging is so-called micro-OCT (or µOCT), which
has 1 micron resolution (compared to 10 micron resolution in conventional OCT),
providing cellular resolution comparable to a light microscope. Other variants of
OCT technology include: Fourier domain OCT; functional OCT; full-field OCT (ffOCT); optical frequency domain imaging (OFDI); polarization-sensitive OFDI;
and optical coherence elastography (OCE), which images mechanical tissue
properties that currently can be assessed only by manual palpation. Contrast
agents are usually not required.
As with confocal microscopy, recent advances in instrument miniaturization allow
OCT to be performed through an endoscope. Further, like confocal microscopy,
OCT can provide a specific disease diagnosis, such as a diagnosis of dysplasia
in Barrett esophagus, that cannot be obtained with conventional imaging
techniques.
OCT does have its limitations. Unlike ultrasound, OCT cannot image deep into
tissue. So OCT is most often used to image superficial tissues like the skin, the
intima of blood vessels and the mucosa of hollow viscera that can be accessed
via endoscopes, or deep tissues such as the retina that can be imaged through a
transparent window like that provided by the lens.
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One advantage of OCT over other IVM technologies is the potential to produce
fly-through volumetric images of blood vessels and hollow viscera. This is
accomplished by slowly pulling a rotating OCT probe through the target organ,
while obtaining spiral images of the complete circumference of the organ along
its entire length. This allows precise topographic mapping of the distribution and
severity of such lesions as dysplasia in Barrett esophagus and vulnerable plaque
in the coronary arteries (as seen in a volumetric OCT image of a coronary artery
in Section 5.4 Cardiovascular System).
The following are selected review articles that explain the basic principles behind,
instrumentation used for and potential clinical applications of OCT.
To see a video of how an OCT procedure is performed go to this article in JOVE
(the Journal of Visualized Experiments), which publishes articles teaching
laboratory fundamentals using video demonstrations.

A) Endoscopic Optical Coherence Tomography: Technologies and Clinical
Applications [Invited]
Gora MJ, Suter MJ, Tearney GJ, Li X. Endoscopic Optical Coherence
Tomography: Technologies and Clinical Applications [Invited]. Biomed Opt
Express. 2017; 8(5):2405-2444.
Summary: In this paper, we review the current state of technology
development and clinical applications of endoscopic optical coherence
tomography (OCT). Key design and engineering considerations are
discussed for most OCT endoscopes, including side-viewing and forward
viewing probes, along with different scanning mechanisms (proximalscanning versus distalscanning). Multi-modal endoscopes that integrate OCT
with other imaging modalities are also discussed. The review of clinical
applications of endoscopic OCT focuses heavily on diagnosis of diseases
and guidance of interventions. Representative applications in several organ
systems are presented, such as in the cardiovascular, digestive, respiratory,
and reproductive systems. A brief outlook of the field of endoscopic OCT is
also discussed.
Free full text available from PubMed
PMID: 28663882
B) Optical Coherence Elastography
Kennedy BF, Kennedy KM, Sampson DD. Optical Coherence Elastography.
Optics and Photonics News. 2015; 26(4): 32-39.
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Summary: OCE provides 3-D maps of tissue stiffness on the micrometer to
millimeter scale, bridging a crucial gap in probing the mechanical properties
of diseased tissues.
Full text available from Optics and Photonics News (USD 15.00-35.00)
C) Functional Optical Coherence Tomography: Principles and Progress
Kim J, Brown W, Maher JR, Levinson H, Wax A. Functional Optical
Coherence Tomography: Principles and Progress. Phys Med Biol. 2015;
60(10): R211-237.
Summary: In the past decade, several functional extensions of optical
coherence tomography (OCT) have emerged, and this review highlights key
advances in instrumentation, theoretical analysis, signal processing and
clinical application of these extensions. We review five principal extensions:
Doppler OCT (DOCT), polarization-sensitive OCT (PS-OCT), optical
coherence elastography (OCE), spectroscopic OCT (SOCT), and molecular
imaging OCT. The former three have been further developed with studies in
both ex vivo and in vivo human tissues. This review emphasizes the newer
techniques of SOCT and molecular imaging OCT, which show excellent
potential for clinical application but have yet to be well reviewed in the
literature. SOCT elucidates tissue characteristics, such as oxygenation and
carcinogenesis, by detecting wavelength-dependent absorption and
scattering of light in tissues. While SOCT measures endogenous biochemical
distributions, molecular imaging OCT detects exogenous molecular contrast
agents. These newer advances in functional OCT broaden the potential
clinical application of OCT by providing novel ways to understand tissue
activity that cannot be accomplished by other current imaging methodologies.
Free full text available from PubMed
PMID: 25951836
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2.4 Multiphoton Microscopy
Multiphoton microscopy (MPM), also known as 2-photon, 3-photon or nonlinear
microscopy, is a high resolution fluorescence imaging technique somewhat

Colonic crypts. Multiphoton
microscopy.
Image courtesy of Jain M,
Mukherjee S, Shevchuk MM;
Weill Cornell Medical
College, New York, NY.

analogous to confocal microscopy. Both MPM and confocal microscopy can
perform optical sectioning and, thus, produce 2D images (like the MPM image of
colonic crypts above) or 3D tomographic images. However, unlike confocal
microscopes, multiphoton microscopes do not contain pinhole apertures. Rather,
in MPM, optical sectioning is the result of the point spread function formed where
2 or more laser beams coincide – the multiphoton effect. Like the pinhole effect in
confocal microscopy, the multiphoton effect in MPM improves spatial resolution
by eliminating out-of-focus light emitted by the tissue. Unlike a pinhole, the
multiphoton effect also limits absorption of the excitation (illuminating) light by
tissue outside of the plane of focus, increasing imaging depth and reducing
photobleaching and phototoxicity. Thus, MPM microscopy produces higher
resolution (subcellular), higher contrast images at greater depth within the tissue
than confocal fluorescence microscopy. Contrast agents are usually not required.
MPM is more instrument intensive than confocal microscopy, so work is only
beginning now to adopt MPM microscopy for use during endoscopy. So, as of
now, MPM is not as far down the path toward clinical use as confocal microscopy
or OCT.
The following are selected review articles that explain the basic principles behind,
instrumentation used for and potential clinical applications of MPM.

A) A Simple Introduction to Multiphoton Microscopy
Ustione A, Piston DW. A simple introduction to multiphoton microscopy. J
Microsc. 2011; 243(3): 221-226.
Summary: Multiphoton microscopy is a powerful technique based on
complex quantum mechanical effects. Thanks to the development of turnkey
mode-locked laser systems, multiphoton microscopy is now available for
everyone to use without extreme complexity. In this short introduction, we
describe qualitatively the important concepts underlying the most commonly
used type of multiphoton microscopy (two-photon excitation). We elucidate
how those properties lead to the powerful results that have been achieved
using this technique. As with any technique, two-photon excitation
microscopy has limitations that we describe, and we provide examples of
particular classes of experiments where two-photon excitation microscopy is
advantageous over other approaches. Finally, we briefly describe other
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useful multiphoton microscopy approaches, such as three-photon excitation
and second harmonic generation imaging.
Free full text available from Journal of Microscopy
PMID: 21777244
B) Nonlinear Magic: Multiphoton Microscopy in the Biosciences
Zipfel WR, Williams RM, Webb WW. Nonlinear magic: multiphoton
microscopy in the biosciences. Nat Biotechnol. 2003; 21(11):1369-77.
Summary: Multiphoton microscopy (MPM) has found a niche in the world of
biological imaging as the best noninvasive means of fluorescence
microscopy in tissue explants and living animals. Coupled with transgenic
mouse models of disease and 'smart' genetically encoded fluorescent
indicators, its use is now increasing exponentially. Properly applied, it is
capable of measuring calcium transients 500 micron deep in a mouse brain,
or quantifying blood flow by imaging shadows of blood cells as they race
through capillaries. With the multitude of possibilities afforded by variations of
nonlinear optics and localized photochemistry, it is possible to image
collagen fibrils directly within tissue e through nonlinear scattering, or release
caged compounds in sub-femtoliter volumes.
Full text article available from Nature Biotechnology (USD 32.00)
PMID: 14595365

2.5 Optical Spectroscopy and Spectroscopic Imaging
The term “optical spectroscopy” refers to a number of optical techniques that
assess the way in which the spectrum of light is changed by interaction with
tissue. In addition to tissue architecture, optical spectroscopy techniques can
provide quantitative measures of physically or physiologically meaningful tissue
Cross section of bone and
soft tissue of forearm. Diffuse
reflectance imaging.
Reprinted from Lue et al,
PLoS One, 2012,
7(1):e30887. Reused under
license CC BY4.0.
https://creativecommons.org/li
censes/by/4.0/

properties, such as chemical composition, tissue density, metabolism (NADH
concentration), angiogenesis (hemoglobin concentration and oxygenation),
nuclear/cytoplasmic ratio and fibrosis (collagen), some of which cannot be
obtained by histology. These measures can then be translated into disease
diagnoses or predictions of prognosis or response to therapy. Optical
spectroscopy can be performed as a stand-alone technique, often through the
use of hand-held fiber optic probes, or piggy-backed onto in vivo microscopy
(IVM) or other advanced imaging systems.
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Optical spectroscopy techniques currently in development for disease diagnosis
include diffuse reflectance, fluorescence, infrared and Raman spectroscopy.
Diffuse reflectance spectroscopy measures the absorption or scattering of light
by chemicals (such as hemoglobin) or particles (such as cell nuclei or collagen
fibers) in the tissue. Fluorescence spectroscopy measures the fluorescence
emitted by tissue fluorophores, fluorescent cellular and extracellular structures
naturally occurring in tissue, such as collagen fibers, elastin, NADH and
calcifications. Raman spectroscopy provides a detailed chemical fingerprint of
the tissue, by measuring spectral changes that occur when specific chemical
bonds in tissue begin to vibrate when exposed to light.
Optical spectroscopy techniques can also be used to generate spectroscopic
images. This is sometimes referred to as hyperspectral imaging. In the earliest
studies, point-by-point measurements were often made by scanning a fiberoptic
spectral probe across the tissue and translated into false color spectroscopic
images (such as the diffuse reflectance image of a cross section of bone and soft
tissues of the forearm above). Until recently spectroscopic images so obtained
rarely had microscopic resolution. The trade-off was the spectroscopic
information that cannot be obtained using other IVM techniques. In fact, multiple
spectroscopic modalities were often combined (multimodal spectroscopy) to
further increase the information content. However, imaging instruments
developed over the past several years now combine optical spectroscopy with
other IVM imaging techniques, for example in spectrally-encoded confocal
microscopy, to produce spectral images with microscopic resolution.
Contrast agents are not usually required for optical spectroscopy and
hyperspectral imaging. One exception to this rule is high resolution
microendoscopy (HRME), a low-cost fluorescence microendoscopy technique
developed for use in low resource settings, which is usually performed using
fluorescent contrast agents.
Optical spectroscopy imaging is particularly promising for the assessment of
surgical margins, both in vivo in the operating room and ex vivo in the pathology
suite. However, like MPM, optical spectroscopy and spectroscopic imaging are
not as far down the path toward clinical use as confocal microscopy or OCT.
The following are selected review articles that explain the basic principles behind,
instrumentation used for and potential clinical applications of these optical
spectroscopy and imaging techniques.
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A) Medical Hyperspectral Imaging: A Review
Lu G, Fei B. Medical Hyperspectral Imaging: A Review. J Biomed Opt. 2014;
19(1): 10901.
Summary: Hyperspectral imaging (HSI) is an emerging imaging modality for
medical applications, especially in disease diagnosis and image-guided
surgery. HSI acquires a three-dimensional dataset called hypercube, with
two spatial dimensions and one spectral dimension. Spatially resolved
spectral imaging obtained by HSI provides diagnostic information about the
tissue physiology, morphology, and composition. This review paper presents
an overview of the literature on medical hyperspectral imaging technology
and its applications. The aim of the survey is threefold: an introduction for
those new to the field, an overview for those working in the field, and a
reference for those searching for literature on a specific application.
Free full text available from PubMed
PMID: 24441941
B) A Review of Raman Spectroscopy Advances with an Emphasis on
Clinical Translation Challenges in Oncology
Jermyn M, Desroches J, Aubertin K, et al. A Review of Raman Spectroscopy
Advances with an Emphasis on Clinical Translation Challenges in Oncology.
Phys Med Biol. 2016; 61(23): R370-R400.
Summary: There is an urgent need for improved techniques for disease
detection. Optical spectroscopy and imaging technologies have potential for
non- or minimally-invasive use in a wide range of clinical applications. The
focus here, in vivo Raman spectroscopy (RS), measures inelastic light
scattering based on interaction with the vibrational and rotational modes of
common molecular bonds in cells and tissue. The Raman 'signature' can be
used to assess physiological status and can also be altered by disease. This
information can supplement existing diagnostic (e.g. radiological imaging)
techniques for disease screening and diagnosis, in interventional guidance
for identifying disease margins, and in monitoring treatment responses.
Using fiberoptic-based light delivery and collection, RS is most easily
performed on accessible tissue surfaces, either on the skin, in hollow organs
or intra-operatively. The strength of RS lies in the high biochemical
information content of the spectra, that characteristically show an array of
very narrow peaks associated with specific chemical bonds. This results in
high sensitivity and specificity, for example to distinguish malignant or
premalignant from normal tissues. A critical issue is that the Raman signal is
often very weak, limiting clinical use to point-by-point measurements.
However, non-linear techniques using pulsed-laser sources have been
developed to enable in vivo Raman imaging. Changes in Raman spectra with
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disease are often subtle and spectrally distributed, requiring full spectral
scanning, together with the use of tissue classification algorithms that must
be trained on large numbers of independent measurements. Recent
advances in instrumentation and spectral analysis have substantially
improved the clinical feasibility of RS, so that it is now being investigated with
increased success in a wide range of cancer types and locations, as well as
for non-oncological conditions. This review covers recent advances and
continuing challenges, with emphasis on clinical translation.
Free full text available from Physics in Medicine and Biology
PMID: 27804917
C) Chromophore Based Analyses of Steady-State Diffuse Reflectance
Spectroscopy: Current Status and Perspectives for Clinical Adoption
Bydlon TM, Nachabe R, Ramanujam N, Sterenborg HJ, Hendriks BH.
Chromophore Based Analyses of Steady-State Diffuse Reflectance
Spectroscopy: Current Status and Perspectives for Clinical Adoption. J
Biophotonics. 2015; 8(1-2): 9-24.
Summary: Diffuse reflectance spectroscopy is a rapidly growing technology
in the biophotonics community where it has shown promise in its ability to
classify different tissues. In the steady-state domain a wide spectrum of
clinical applications is supported with this technology ranging from diagnostic
to guided interventions. Diffuse reflectance spectra provide a wealth of
information about tissue composition; however, extracting biologically
relevant information from the spectra in terms of chromophores may be more
useful to gain acceptance into the clinical community. The chromophores that
absorb light in the visible and near infrared wavelengths can provide
information about tissue composition. The key characteristics of these
chromophores and their relevance in different organs and clinical
applications is the focus of this review, along with translating their use to the
clinic.
Full text available from Journal of Biophotonics (USD 6.00-38.00)
PMID: 24760790
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2.6 Photoacoustic Imaging and Microscopy
Photoacoustic imaging is another optical imaging technology that is now on the
verge of clinical translation. Like confocal microscopy and OCT, photoacoustic
(or optoacoustic) tomography (PAT) is a noninvasive, high resolution, optical
imaging technique that provides real-time 2D and 3D images of tissue
architecture in vivo (like the PAT image of tumor microvasculature above). Like
Melanoma tumor vasculature.
Photoacoustic tomography.
From Wang LV, Hu S. Science.
2012; 335(6075): 1458-1462,
reprinted with permission from
AAAS.

OCT, PAT is also an optical counterpoint to ultrasound imaging. However, in
PAT, light waves are focused on the tissue and the energy absorbed by the
tissue converted into heat, which in turn is converted into ultrasound pressure
waves due to thermoelastic expansion. Detection of the ultrasound pressure
waves yields a tomographic image. So – light in, sound out.
Since both the optical excitation and acoustic detection are performed confocally,
PAT provides higher resolution (cellular-scale) imaging that can be obtained
using conventional ultrasound imaging. There is less acoustic than optical
scattering as you move deeper into tissue, so PAT can potentially provide high
resolution images at greater tissue depth than confocal microscopy or OCT. And,
since absorption of light is determined by the physical and physiological
properties of tissue (such as chemical composition, tissue density, metabolism,
angiogenesis, fibrosis, etc.), PAT not only provides higher resolution images than
conventional ultrasound imaging, but also provides the same kind of molecular
information provided by spectroscopic imaging modalities. Variants of PAT
technology include: focused-scanning photoacoustic microscopy (PAM),
photoacoustic computed tomography (PACT) and photoacoustic endoscopy
(PAE). Contrast agents are usually not required. However, molecularly-targeted,
nanoparticle-based PAT contrast agents are under investigation.
The following are selected review articles that explain the basic principles behind,
instrumentation used for and potential clinical applications of PAT.

A) Photoacoustic Tomography: In Vivo Imaging from Organelles to Organs
Wang LV, Hu S. Photoacoustic Tomography: In Vivo Imaging from
Organelles to Organs. Science. 2012; 335(6075): 1458-1462.
Summary: Photoacoustic tomography (PAT) can create multiscale
multicontrast images of living biological structures ranging from organelles to
organs. This emerging technology overcomes the high degree of scattering
of optical photons in biological tissue by making use of the photoacoustic
effect. Light absorption by molecules creates a thermally induced pressure
jump that launches ultrasonic waves, which are received by acoustic
detectors to form images. Different implementations of PAT allow the spatial
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resolution to be scaled with the desired imaging depth in tissue while a high
depth-to-resolution ratio is maintained. As a rule of thumb, the achievable
spatial resolution is on the order of 1/200 of the desired imaging depth, which
can reach up to 7 centimeters. PAT provides anatomical, functional,
metabolic, molecular, and genetic contrasts of vasculature, hemodynamics,
oxygen metabolism, biomarkers, and gene expression. We review the state
of the art of PAT for both biological and clinical studies and discuss future
prospects.
Free full text available from PubMed
PMID: 22442475
B) Advances in Real-Time Multispectral Optoacoustic Imaging and
Its Applications
Taruttis A, Vasilis N. Advances in Real-Time Multispectral Optoacoustic
Imaging and Its Applications. Nature Photonics. 2015; 9:219-227.
Summary: Optoacoustic imaging, or photoacoustic imaging, is insensitive to
photon scattering within biological tissue and, unlike conventional optical
imaging methods, makes high-resolution optical visualization deep within
tissue possible. Recent advances in laser technology, detection strategies
and inversion techniques have led to significant improvements in the
capabilities of optoacoustic systems. A key empowering feature is the
development of video-rate multispectral imaging in two and three
dimensions, which offers fast, spectral differentiation of distinct
photoabsorbing moieties. We review recent advances and capabilities in the
technology and its corresponding emerging biological and clinical
applications.
Full text available from Nature Photonics (USD 32.00)
C) Light in and Sound Out: Emerging Translational Strategies for
Photoacoustic Imaging
Zackrisson S, van de Ven SM,Gambhir SS. Light in and Sound Out:
Emerging Translational Strategies for Photoacoustic Imaging. Cancer Res.
2014; 74(4): 979-1004.
Summary: Photoacoustic imaging (PAI) has the potential for real-time
molecular imaging at high resolution and deep inside the tissue, using
nonionizing radiation and not necessarily depending on exogenous imaging
agents, making this technique very promising for a range of clinical
applications. The fact that PAI systems can be made portable and
compatible with existing imaging technologies favors clinical translation even
more. The breadth of clinical applications in which photoacoustics could play
a valuable role include: noninvasive imaging of the breast, sentinel lymph

© 2018 College of American Pathologists. All rights reserved.

Return to Table of Contents

30

Section 2
nodes, skin, thyroid, eye, prostate (transrectal), and ovaries (transvaginal);
minimally invasive endoscopic imaging of gastrointestinal tract, bladder, and
circulating tumor cells (in vivo flow cytometry); and intraoperative imaging for
assessment of tumor margins and (lymph node) metastases. In this review,
we describe the basics of PAI and its recent advances in biomedical
research, followed by a discussion of strategies for clinical translation of the
technique.
Free full text available from PubMed
PMID: 24514041

2.7 Contrast Agents
A number of in vivo microscopy (IVM) technologies can be used in conjunction
with exogenous contrast agents. This is particularly true for confocal microscopy
and confocal laser endomicroscopy (CLE).
Fluorescence-based confocal microscopy and CLE can be performed without
Glioblastoma. Indocyanine
green. Fluorescence confocal
endomicroscopy.
Zehri. Neurosurgical confocal
endomicroscopy: A review of
contrast agents, confocal
systems, and future imaging
modalities. Surg Neurol Int.
2014; 5:60. Reused under
license CC BY2.0.
https://creativecommons.org/li
censes/by/2.0/

exogenous contrast agents. In this case, contrast is provided by endogenous
tissue fluorophores (NADH, collagen, elastin, melanin and lipofuscin, etc.).
However, these endogenous fluorophores are weak fluorescence emitters. More
strongly emitting exogenous fluorescence contrast agents can greatly enhance
fluorescence imaging contrast and improve morphologic image interpretation.
One major class of contrast agents in clinical use for IVM imaging are fluorescent
contrast agents that distinguish tumor from surrounding normal tissue. This
includes both: fluorescent dyes that are FDA approved for in vivo use, such as
fluorescein, tetracycline and indocyanine green (ICG); and fluorescent
phototherapy agents, such as 5-aminolevulinic acid (5-ALA). Fluorescein and
ICG are so-called “blood pool” contrast agents, and are believed to achieve
selective tumor targeting by concentrating at the tumor site due to enhanced
vascular permeability and compromised lymphatic drainage/venous return.
Unlike ICG, given sufficient time in vivo, fluorescein distributes in both normal
and tumor tissue, at which time it functions as a non-tumor selective agent, as
discussed below. The mechanism of selective tumor targeting is less clear for 5ALA. These contrast agents are most often used for CLE and are administered
intravenously.
A second major class of fluorescent contrast agents in clinical use for IVM
imaging is non-tumor-selective agents that enhance the visualization of specific
sub-cellular structures in both normal and tumor tissue and function simply to
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improve histologic detail. These contrast agents are often conventional
fluorescent histochemical dyes, such as acridine orange and acriflavine (which
stain cell nuclei) and cresyl violet (which, like fluorescein, stains cell cytoplasm
and endoplasmic reticulum). These contrast agents are most often used for
confocal microscopy and administered topically. These fluorescent contrast
agents can also be used for ex vivo microscopy (EVM) of pathology specimens.
Reflectance-based confocal microscopy and CLE can also be performed without
the use of exogenous contrast agents. In this case, contrast is provided by
differences in the refractive index of such tissue components as cell membranes,
cell nuclei and subcellular organelles. However, the use of exogenous contrast
agents can also enhance reflectance imaging contrast in selected cases. The
exogenous contrast agents used for reflectance-based IVM are chemical agents
that change the physical properties of the tissue, such acetic and salicylic acid,
which induce a small change in the index of refraction of cell nuclei. These
agents are currently in use for clinical imaging, for example during colposcopy,
and can also be used for IVM imaging. They are also most often administered
topically.
“Blood pool” contrast agents, such as fluorescein and ICG, can also be
conjugated to tumor-targeted ligands to improve tumor localization. Such
molecularly-targeted IVM contrast agents are currently in development, but not
yet FDA approved for clinical use. For more information on molecular IVM
imaging, see Section 6 Molecular Imaging. More exotic IVM contrast agents in
development include such things as microbubbles (for optical coherence
tomography (OCT) imaging) and noble metal nanoparticles and quantum dots
(for fluorescence confocal microscopy or CLE imaging).
The following are selected articles that review some of the contrast agents
currently in use for IVM. Both present the contrast agents in the context of
neurosurgical IVM imaging. But the information they present regarding contrast
agents is applicable to other clinical IVM imaging applications.

A) Intraoperative Fluorescence Imaging for Personalized Brain Tumor
Resection: Current State and Future Directions
Belykh E, Martirosyan NL, Yagmurlu K, et al. Intraoperative Fluorescence
Imaging for Personalized Brain Tumor Resection: Current State and Future
Directions. Front Surg. 2016; 3:55.
Summary: INTRODUCTION: Fluorescence-guided surgery is one of the
rapidly emerging methods of surgical "theranostics." In this review, we
summarize current fluorescence techniques used in neurosurgical practice
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for brain tumor patients as well as future applications of recent laboratory and
translational studies. METHODS: Review of the literature. RESULTS: A wide
spectrum of fluorophores that have been tested for brain surgery is reviewed.
Beginning with a fluorescein sodium application in 1948 by Moore,
fluorescence-guided brain tumor surgery is either routinely applied in some
centers or is under active study in clinical trials. Besides the trinity of
commonly used drugs (fluorescein sodium, 5-aminolevulinic acid, and
indocyanine green), less studied fluorescent stains, such as tetracyclines,
cancer-selective alkylphosphocholine analogs, cresyl violet, acridine orange,
and acriflavine, can be used for rapid tumor detection and pathological tissue
examination. Other emerging agents, such as activity-based probes and
targeted molecular probes that can provide biomolecular specificity for
surgical visualization and treatment, are reviewed. Furthermore, we review
available engineering and optical solutions for fluorescent surgical
visualization. Instruments for fluorescent-guided surgery are divided into
wide-field imaging systems and hand-held probes. Recent advancements in
quantitative fluorescence-guided surgery are discussed. CONCLUSION: We
are standing on the threshold of the era of marker-assisted tumor
management. Innovations in the fields of surgical optics, computer image
analysis, and molecular bioengineering are advancing fluorescence-guided
tumor resection paradigms, leading to cell-level approaches to visualization
and resection of brain tumors.
Free full text available from PubMed
PMID: 27800481
NOTE: Also cited in Section 5.8.1
B) Neurosurgical Confocal Endomicroscopy: A Review of Contrast
Agents, Confocal Systems, and Future Imaging Modalities
Zehri AH, Ramey W, Georges JF, et al. Neurosurgical Confocal
Endomicroscopy: A Review of Contrast Agents, Confocal Systems, and
Future Imaging Modalities. Surg Neurol Int. 2014; 5:60.
Summary: BACKGROUND: The clinical application of fluorescent contrast
agents (fluorescein, indocyanine green, and aminolevulinic acid) with
intraoperative microscopy has led to advances in intraoperative brain tumor
imaging. Their properties, mechanism of action, history of use, and safety are
analyzed in this report along with a review of current laser scanning confocal
endomicroscopy systems. Additional imaging modalities with potential
neurosurgical utility are also analyzed. METHODS: A COMPREHENSIVE
LITERATURE SEARCH WAS PERFORMED UTILIZING PUBMED AND
KEY WORDS: In vivo confocal microscopy, confocal endomicroscopy,
fluorescence imaging, in vivo diagnostics/neoplasm, in vivo molecular
imaging, and optical imaging. Articles were reviewed that discussed clinically
available fluorophores in neurosurgery, confocal endomicroscopy
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instrumentation, confocal microscopy systems, and intraoperative cancer
diagnostics. RESULTS: Current clinically available fluorescent contrast
agents have specific properties that provide microscopic delineation of
tumors when imaged with laser scanning confocal endomicroscopes. Other
imaging modalities such as coherent anti-Stokes Raman scattering (CARS)
microscopy, confocal reflectance microscopy, fluorescent lifetime imaging
(FLIM), two-photon microscopy, and second harmonic generation may also
have potential in neurosurgical applications. CONCLUSION: In addition to
guiding tumor resection, intraoperative fluorescence and microscopy have
the potential to facilitate tumor identification and complement frozen section
analysis during surgery by providing real-time histological assessment.
Further research, including clinical trials, is necessary to test the efficacy of
fluorescent contrast agents and optical imaging instrumentation in order to
establish their role in neurosurgery.
Free full text available from PubMed
PMID: 24872922
NOTE: Also cited in Section 5.8.1
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Section 3 Insights from Early Adopters
Opinions expressed in this section are the authors’ own and do not
necessarily reflect an endorsement by CAP of any organizations,
equipment, reagents, materials or services used by participating
laboratories.

This section features insights from the below adopters:
•

Nicholas P. Reder, MD, MPH (Section 3.1);

•

Savitri Krishnamurthy, MD, FCAP (Section 3.2);

•

Babar K. Rao, MD, FAAD, FCAP (Section 3.3);

•

Wendy A. Wells, MBBS, MSc, FCAP (Section 3.4);

•

Jeffrey L. Fine, MD, FCAP (Section 3.5);

•

Lida P. Hariri, MD, PhD, FCAP (Section 3.6); and

•

Guillermo (Gary) J. Tearney, MD, PhD, FCAP (Section 3.7).

3.1 Insights from Nicholas P. Reder, MD, MPH
Nicholas Reder, MD, MPH is a genitourinary pathology fellow at the
University of Washington, Seattle, WA. He was a clinical research fellow
in 2016-2017, working with Dr. Jonathan Liu’s biophotonics laboratory to
create an open-top light-sheet microscope for imaging fresh specimens
in 3D with sub-cellular resolution. His research interests include 3D
microscopy, data science, and machine learning. Dr. Reder is a junior
Nicholas P. Reder, MD, MPH

member of the CAP’s In Vivo Microscopy Committee.
Dr. Reder’s research focuses on clinical applications of the open-top
light-sheet microscope developed by Dr. Liu’s laboratory. He is exploring
the following opportunities to improve clinical care with this light-sheet
microscope: 1) enabling rapid examination of fresh specimens for biopsy
adequacy, intraoperative consultation, and bio-banking; 2) visualizing 3D
structures with microscopic resolution, especially in prostate cancer; 3)
multiplexing fluorescent biomarkers; and 4) using machine learning
techniques to derive added value from 3D microscopy datasets.
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Dr. Reder’s insights focus on how to get started in this exciting field. Dr.
Reder had minimal background in IVM/EVM before initiating what has
become a fruitful research collaboration with a biomedical engineering
group. These tips focus on how to get informed, initiate a successful
collaboration and ensure that pathologists sit in the driver’s seat for
implementing these potentially transformative technologies.
Dr. Reders’s insights for the next wave of adopters
(September 2017):
1

Get excited and
informed

This CAP In Vivo Microscopy Resource
Guide is a great place to start. It is
comprehensive and has something of
interest for everyone.

2

Reach out to

IVM / EVM researchers need pathologist

researchers in the

input to get the most out of their

IMV / EVM
community, within

technologies. They welcome pathologists
as collaborators.

or outside of your
institution.
3

Interpret images

The best way to get started is via handson experience interpreting images. Not
only is image interpretation the biggest
need for many IVM / EVM research
groups, it is also what we do every day as
pathologists! A perk of this field is that IVM
/ EVM images are digital, so off-site
collaborations are easy.

4

After getting your

Potential areas for gaining expertise

feet wet, take a
deep dive

include optics, tissue chemistry, image
processing, and color theory. I have found
that learning more about these fields has
both enhanced my IVM / EVM research
and deepened my understanding of
pathology.
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5

Think outside the

IVM / EVM is a radical departure from our

box

current methods of microscopic
examination. These technologies do not
require formalin fixation, paraffin
embedding, or sectioning onto a glass
slide. With these constraints lifted, it is
possible to achieve transformative
breakthroughs to clinical practice rather
than incremental improvements. Identify
major pain points in pathology, and
imagine how IVM / EVM can improve our
processes.

6

IVM / EVM will take
off, with or without

There are major benefits to slide-free
imaging of tissue, and some of these

pathologists

technologies have already been clinically
adopted without pathologist involvement.
Because we are the experts in microscopic
diagnosis, we have an incredible
opportunity to position ourselves as the
leaders in IVM / EVM technologies.
However, this can only happen if
pathologists get involved, gain expertise in
IVM / EVM and take the lead on clinical
implementation of these technologies.

In vivo microscopy articles recommended by Dr. Reder:
A) Light-Sheet Microscopy for Slide-Free Non-Destructive
Pathology of Large Clinical Specimens
Glaser AK, Reder NP, Chen Y, et al. Light-Sheet Microscopy for
Slide-Free Non-Destructive Pathology of Large Clinical Specimens.
Nature Biomedical Engineering. 2017; 1:0084.
Full text available from Nature Biomedical Engineering (USD 4.99 to
rent and 20.00 to purchase)
Note: Summarized in Section 2.2; also cited in Sections 4.1.1.1,
4.1.1.4, 4.3, 5.2.2, and 5.6.2
B) Gigapixel Surface Imaging of Radical Prostatectomy Specimens
for Comprehensive Detection of Cancer-Positive Surgical
Margins Using Structured Illumination Microscopy
Wang M, Tulman DB, Sholl AB, et al. Gigapixel Surface Imaging of
Radical Prostatectomy Specimens for Comprehensive Detection of
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Cancer-Positive Surgical Margins Using Structured Illumination
Microscopy. Sci Rep. 2016; 6:27419.
Summary: Achieving cancer-free surgical margins in oncologic
surgery is critical to reduce the need for additional adjuvant
treatments and minimize tumor recurrence; however, there is a
delicate balance between completeness of tumor removal and
preservation of adjacent tissues critical for normal post-operative
function. We sought to establish the feasibility of video-rate
structured illumination microscopy (VR-SIM) of the intact removed
tumor surface as a practical and non-destructive alternative to intraoperative frozen section pathology, using prostate cancer as an
initial target. We present the first images of the intact human prostate
surface obtained with pathologically-relevant contrast and subcellular
detail, obtained in 24 radical prostatectomy specimens immediately
after excision. We demonstrate that it is feasible to routinely image
the full prostate circumference, generating gigapixel panorama
images of the surface that are readily interpreted by pathologists.
VR-SIM confirmed detection of positive surgical margins in 3 out of 4
prostates with pathology-confirmed adenocarcinoma at the
circumferential surgical margin, and furthermore detected extensive
residual cancer at the circumferential margin in a case postoperatively classified by histopathology as having negative surgical
margins. Our results suggest that the increased surface coverage of
VR-SIM could also provide added value for detection and
characterization of positive surgical margins over traditional
histopathology.
Free full text available from PubMed
PMID: 27257084
Note: Also cited in Sections 4.1 and 5.6.2
C) Multiphoton Microscopy with Clearing for Three Dimensional
Histology of Kidney Biopsies
Olson E, Levene MJ,Torres R. Multiphoton Microscopy with Clearing
for Three Dimensional Histology of Kidney Biopsies. Biomed Opt
Express. 2016; 7(8): 3089-3096.
Summary: We present a multiphoton microscopy approach with
clearing optimized for pathology evaluation producing image quality
comparable to traditional histology. Use of benzyl alcohol/benzyl
benzoate with 4',6-diamidino-2-phenylindole and eosin in an
optimized imaging setup results in optical sections nearly
indistinguishable from traditionally-cut sections. Application to human
renal tissue demonstrates diagnostic-level image quality can be
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maintained through 1 millimeter of tissue. Three dimensional
perspectives reveal changes of glomerular capsule cells not evident
on single sections. Collagen-derived second harmonic generation
can be visualized through entire biopsies. Multiphoton microscopy
with clearing has potential for increasing the yield of histologic
evaluation of biopsy specimens.
Free full text available from PubMed
PMID: 27570700
D) Assessment of Breast Pathologies Using Nonlinear Microscopy
Tao YK, Shen D, Sheikine Y, et al. Assessment of Breast
Pathologies Using Nonlinear Microscopy. Proc Natl Acad Sci U S A.
2014; 111(43): 15304-15309.
Summary: Rapid intraoperative assessment of breast excision
specimens is clinically important because up to 40% of patients
undergoing breast-conserving cancer surgery require reexcision for
positive or close margins. We demonstrate nonlinear microscopy
(NLM) for the assessment of benign and malignant breast
pathologies in fresh surgical specimens. A total of 179 specimens
from 50 patients was imaged with NLM using rapid extrinsic nuclear
staining with acridine orange and intrinsic second harmonic contrast
generation from collagen. Imaging was performed on fresh, intact
specimens without the need for fixation, embedding, and sectioning
required for conventional histopathology. A visualization method to
aid pathological interpretation is presented that maps NLM contrast
from two-photon fluorescence and second harmonic signals to
features closely resembling histopathology using hematoxylin and
eosin staining. Mosaicking is used to overcome trade-offs between
resolution and field of view, enabling imaging of subcellular features
over square-centimeter specimens. After NLM examination,
specimens were processed for standard paraffin-embedded
histology using a protocol that coregistered histological sections to
NLM images for paired assessment. Blinded NLM reading by three
pathologists achieved 95.4% sensitivity and 93.3% specificity,
compared with paraffin-embedded histology, for identifying invasive
cancer and ductal carcinoma in situ versus benign breast tissue.
Interobserver agreement was kappa = 0.88 for NLM and kappa =
0.89 for histology. These results show that NLM achieves high
diagnostic accuracy, can be rapidly performed on unfixed
specimens, and is a promising method for intraoperative margin
assessment.
Free full text available from PubMed
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PMID: 25313045

3.2 Insights from Savitri Krishnamurthy, MD,
FCAP
Savitri Krishnamurthy, MD, FCAP is a Professor of Pathology at The
University of Texas MD Anderson Cancer Center (UTMDACC). She is
the Deputy Division Head and Director of Clinical Trials Research and
Development of the Division of Pathology and Laboratory Medicine at
UTMDACC. Dr. Krishnamurthy completed her Pathology residency
training in New England Medical Center, Tuft’s University in Boston
followed by fellowship training in Oncologic Pathology at Memorial Sloan
Savitri Krishnamurthy,
MD, FCAP

Kettering Cancer Center in New York and Cytopathology at the
University of Texas MD Anderson Cancer Center. Her subspecialty
expertise includes Breast Pathology and Cytopathology. She is an avid
clinical translational researcher of breast cancer. Dr. Krishnamurthy is
actively involved in several breast cancer related clinical trials and
clinical translational research at MDACC. She is also an active
investigator of emerging technologies in Pathology. She is committed to
advancing our understanding of the biology and management of
inflammatory breast cancer. Dr. Krishnamurthy is the Pathology Core
Leader of The Morgan Welch Inflammatory Breast Cancer Clinic and
Research program at UTMDACC. She contributes significantly towards
patient care, education and research.
Dr. Krishnamurthy is an active investigator of ex vivo microscopy (EVM)
techniques. She is currently conducting prospective clinical trials to test
the feasibility of using EVM for several applications and for incorporation
of EVM into anatomic pathology practice.
Dr. Krishnamurthy’s insights for the next wave of adopters
(November 2018). The focus of her tips is the utilization of EVM /
IVM in the practice of anatomic pathology.
1

IVM / EVM opens up

The images that are acquired by EVM

a new opportunity
for pathologists

techniques are similar to conventional
hematoxylin and eosin stains. These
images can be interpreted by pathologists
with minimal training and with a high level
of confidence.
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2

Familiarize yourself

There are several ways to educate

with IVM / EVM
techniques and IVM

oneself:
•

/ EVM images that
are acquired using
these techniques

3

4

Reading published literature on
the subject

•

Attending courses and listening to
webinars

•

Reading the CAP EVM/IVM
Resource Guide

Participate in

The field of IVM / EVM is just beginning.

studies that need
pathologists to

To achieve our goal of developing EVM as
a billable test, participation of pathologists

interpret images

is extremely important.

Understand the
potential

It is important to follow the advances in the
emerging field of IVM / EVM that will

application of IVM /
EVM and your role

enable you to incorporate these
techniques in your practice when it

to add your value to

becomes available for clinical practice.

the emerging field.
5

Engage as many

Involvement of pathology trainers and

colleagues and

practicing pathologists is important for us

trainees as possible
and encourage

to exploit the benefit of IVM / EVM
techniques in routine anatomic pathology

them to come on
board into the world

practice.

of IVM / EVM
In vivo microscopy articles recommended by Dr. Krishnamurthy:
A) Confocal Fluorescence Microscopy to Evaluate Changes in
Adipocytes in the Tumor Microenvironment Associated with
Invasive Ductal Carcinoma and Ductal Carcinoma In Situ
Dobbs JL, Shin D, Krishnamurthy S, et al. Confocal fluorescence
microscopy to evaluate changes in adipocytes in the tumor
microenvironment associated with invasive ductal carcinoma and
ductal carcinoma in situ. Int J Cancer. 2016;139(5):1140-9. doi:
10.1002/ijc.30160.
Summary: Adipose tissue is a dynamic organ that provides
endocrine, inflammatory and angiogenic factors, which can assist
breast carcinoma cells with invasion and metastasis. Previous
studies have shown that adipocytes adjacent to carcinoma, known
as cancer-associated adipocytes, undergo extensive changes that
correspond to an "activated phenotype," such as reduced size
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relative to adipocytes in non-neoplastic breast tissue. Optical
imaging provides a tool that can be used to characterize adipocyte
morphology and other features of the tumor microenvironment. In
this study, we used confocal fluorescence microscopy to acquire
images of freshly excised breast tissue stained topically with
proflavine. We developed a computerized algorithm to identify and
quantitatively measure phenotypic properties of adipocytes located
adjacent to and far from normal collagen, ductal carcinoma in situ
and invasive ductal carcinoma. Adipocytes were measured in
confocal fluorescence images of fresh breast tissue collected from
22 patients. Results show that adipocytes adjacent to neoplastic
tissue margins have significantly smaller area compared to
adipocytes far from the margins of neoplastic lesions and compared
to adipocytes adjacent to non-neoplastic collagenous stroma. These
findings suggest that confocal microscopic images can be utilized to
evaluate phenotypic properties of adipocytes in breast stroma which
may be useful in defining alterations in microenvironment that may
aid in the development and progression of neoplastic lesions.
Free full text available from International Journal of Cancer
PMID: 27116366
Note: Also cited in Section 4.2.1
B) Ex Vivo (Fluorescence) Confocal Microscopy in Surgical
Pathology: State of the Art
Ragazzi M, Longo C, Piana S. Ex Vivo (Fluorescence) Confocal
Microscopy in Surgical Pathology: State of the Art. Adv Anat Pathol.
2016;23(3):159-69. doi: 10.1097/PAP.0000000000000114.
Full text available from Advances In Anatomic Pathology
(subscription required)
PMID: 27058244
Note: Summarized in Section 1.2; also cited in Sections 2.2 and 4
C) Confocal Fluorescence Microscopy for Rapid Evaluation of
Invasive Tumor Cellularity of Inflammatory Breast Carcinoma
Core Needle Biopsies
Dobbs J, Krishnamurthy S, Kyrish M, et al. Confocal fluorescence
microscopy for rapid evaluation of invasive tumor cellularity of
inflammatory breast carcinoma core needle biopsies. Breast Cancer
Res Treat. 2015;149(1):303-10. doi: 10.1007/s10549-014-3182-5.
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Summary: Tissue sampling is a problematic issue for inflammatory
breast carcinoma, and immediate evaluation following core needle
biopsy is needed to evaluate specimen adequacy. We sought to
determine if confocal fluorescence microscopy provides sufficient
resolution to evaluate specimen adequacy by comparing invasive
tumor cellularity estimated from standard histologic images to
invasive tumor cellularity estimated from confocal images of breast
core needle biopsy specimens. Grayscale confocal fluorescence
images of breast core needle biopsy specimens were acquired
following proflavine application. A breast-dedicated pathologist
evaluated invasive tumor cellularity in histologic images with
hematoxylin and eosin staining and in grayscale and false-colored
confocal images of cores. Agreement between cellularity estimates
was quantified using a kappa coefficient. 23 cores from 23 patients
with suspected inflammatory breast carcinoma were imaged.
Confocal images were acquired in an average of less than 2 min per
core. Invasive tumor cellularity estimated from histologic and
grayscale confocal images showed moderate agreement by kappa
coefficient: κ = 0.48 ± 0.09 (p < 0.001). Grayscale confocal images
require less than 2 min for acquisition and allow for evaluation of
invasive tumor cellularity in breast core needle biopsy specimens
with moderate agreement to histologic images. We show that
confocal fluorescence microscopy can be performed immediately
following specimen acquisition and could indicate the need for
additional biopsies at the initial visit.
Free full text available from PubMed
PMID: 25417171
Note: Also cited in Sections 4.2.1 and 4.3
D) Micro-Anatomical Quantitative Optical Imaging: Toward
Automated Assessment of Breast Tissues
Dobbs JL, Mueller JL, Krishnamurthy S, et al. Micro-anatomical
quantitative optical imaging: toward automated assessment of breast
tissues. Breast Cancer Res. 2015;17:105. doi: 10.1186/s13058-0150617-9.
Summary: INTRODUCTION: Pathologists currently diagnose breast
lesions through histologic assessment, which requires fixation and
tissue preparation. The diagnostic criteria used to classify breast
lesions are qualitative and subjective, and inter-observer
discordance has been shown to be a significant challenge in the
diagnosis of selected breast lesions, particularly for borderline
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proliferative lesions. Thus, there is an opportunity to develop tools to
rapidly visualize and quantitatively interpret breast tissue morphology
for a variety of clinical applications. METHODS: Toward this end, we
acquired images of freshly excised breast tissue specimens from a
total of 34 patients using confocal fluorescence microscopy and
proflavine as a topical stain. We developed computerized algorithms
to segment and quantify nuclear and ductal parameters that
characterize breast architectural features. A total of 33 parameters
were evaluated and used as input to develop a decision tree model
to classify benign and malignant breast tissue. Benign features were
classified in tissue specimens acquired from 30 patients and
malignant features were classified in specimens from 22 patients.
RESULTS: The decision tree model that achieved the highest
accuracy for distinguishing between benign and malignant breast
features used the following parameters: standard deviation of internuclear distance and number of duct lumens. The model achieved
81 % sensitivity and 93 % specificity, corresponding to an area under
the curve of 0.93 and an overall accuracy of 90 %. The model
classified IDC and DCIS with 92 % and 96 % accuracy, respectively.
The cross-validated model achieved 75 % sensitivity and 93 %
specificity and an overall accuracy of 88 %. CONCLUSIONS: These
results suggest that proflavine staining and confocal fluorescence
microscopy combined with image analysis strategies to segment
morphological features could potentially be used to quantitatively
diagnose freshly obtained breast tissue at the point of care without
the need for tissue preparation.
Free full text available from PubMed
PMID: 26290094
E) Fluorescence Confocal Microscopy For Pathologists
Ragazzi M, Piana S, Longo C, et al. Fluorescence confocal
microscopy for pathologists. Mod Pathol. 2014;27(3):460-71. doi:
10.1038/modpathol.2013.158.
Summary: Confocal microscopy is a non-invasive method of optical
imaging that may provide microscopic images of untreated tissue
that correspond almost perfectly to hematoxylin- and eosin-stained
slides. Nowadays, following two confocal imaging systems are
available: (1) reflectance confocal microscopy, based on the natural
differences in refractive indices of subcellular structures within the
tissues; (2) fluorescence confocal microscopy, based on the use of
fluorochromes, such as acridine orange, to increase the contrast
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epithelium-stroma. In clinical practice to date, confocal microscopy
has been used with the goal of obviating the need for excision
biopsies, thereby reducing the need for pathological examination.
The aim of our study was to test fluorescence confocal microscopy
on different types of surgical specimens, specifically breast, lymph
node, thyroid, and colon. The confocal images were correlated to the
corresponding histological sections in order to provide a morphologic
parallel and to highlight current limitations and possible applications
of this technology for surgical pathology practice. As a result,
neoplastic tissues were easily distinguishable from normal structures
and reactive processes such as fibrosis; the use of fluorescence
enhanced contrast and image quality in confocal microscopy without
compromising final histologic evaluation. Finally, the fluorescence
confocal microscopy images of the adipose tissue were as accurate
as those of conventional histology and were devoid of the frozensection-related artefacts that can compromise intraoperative
evaluation. Despite some limitations mainly related to black/white
images, which require training in imaging interpretation, this study
confirms that fluorescence confocal microscopy may represent an
alternative to frozen sections in the assessment of margin status in
selected settings or when the conservation of the specimen is
crucial. This is the first study to employ fluorescent confocal
microscopy on surgical specimens other than the skin and to
evaluate the diagnostic capability of this technology from
pathologists' viewpoint.
Free full text available from Modern Pathology
PMID: 24030744
F) Feasibility of Confocal Fluorescence Microscopy for Real-Time
Evaluation of Neoplasia in Fresh Human Breast Tissue
Dobbs JL, Ding H, Benveniste AP, et al. Feasibility of confocal
fluorescence microscopy for real-time evaluation of neoplasia in
fresh human breast tissue. J Biomed Opt. 2013;18(10):106016. doi:
10.1117/1.JBO.18.10.106016.
Summary: Breast cancer management could be improved by
developing real-time imaging tools to assess tissue architecture
without extensive processing. We sought to determine whether
confocal fluorescence microscopy (CFM) provides sufficient
information to identify neoplasia in breast tissue. Breast tissue
specimens were imaged following proflavine application. Regions of
interest (ROIs) were selected in histologic slides and in the
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corresponding region on confocal images, and then divided into sets
for training and validation. Readers reviewed images in the training
set and evaluated images in the validation set for the presence of
neoplasia. Accuracy was assessed using histologic diagnosis as the
gold standard. Seventy tissue specimens from 31 patients were
imaged; 235 ROIs were identified and diagnosed as neoplastic or
non-neoplastic. A training set was assembled using 23 matched
ROIs; 49 matched ROIs were assembled into a validation set.
Neoplasia was identified in histologic images: 93% sensitivity, 97%
specificity [area under the curve (AUC=0.987)] and in confocal
images: 93% sensitivity 93% specificity (AUC=0.957). CFM produced
images of architectural features in breast tissue comparable with
conventional histology, while requiring little processing. Potential
applications include assessment of excised tissue margins and
evaluation of tissue adequacy for bio-banking and genomic studies.
Free full text available from Journal of Biomedical Optics
PMID: 24165742
Note: Also cited in Section 4.5

3.3 Insights from Babar K. Rao, MD, FAAD,
FCAP
Babar K. Rao, MD, FAAD, FCAP, is a board certified Dermatologist,
Dermatopathologist, and Mohs Surgeon. He is a leading authority on
pigmented lesions, as well as a pioneer in dermoscopy and confocal
microscopy. Dr. Rao has completed residency training and fellowships at
the University of London, UT Southwestern, New York University, and
Cornell University, and currently serves as the Acting Chairman and
Associate Clinical Professor of Dermatology and Dermatopathology of
Babar K. Rao, MD,
FAAD, FCAP

the Department of Dermatology at the Rutgers – Robert Wood Johnson
Medical School. He also serves as an Associate Clinical Professor of
Dermatology at Weill Cornell Medical College at Cornell University.
Why do in vivo microscopy (IVM)? It is common for people to have moles
or spots on the skin. Most of these lesions are benign. Biopsy is the
current gold standard procedure for diagnosing benign versus malignant
skin lesions. Although a benign diagnosis on biopsy is the best news for
a patient and a clinician, the consequence of biopsy is a scar as well as
a painful and unpleasant procedure. A malignant diagnosis on biopsy
obviously can be managed accordingly. The dilemma is that the ratio of
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benign to malignant diagnosis is usually very high for most clinicians. Dr.
Rao is interested in learning and performing objective non-invasive
diagnostic imaging techniques like reflectance confocal microscopy to
bring the ratio down, help patients in early diagnosis of suspicious
lesions and avoid unnecessary biopsies.
Currently, Dr. Rao is working on application of reflectance confocal
microscopy in inflammatory lesions like psoriasis, eczema, drug
eruptions and monitoring various treatments.
Dr. Rao’s insights for the next wave of adopters (May 2016):
1

Find how IVM
techniques are

Don't follow what is known; try to know
what is not known.

useful in your field
2

Generate interest in

Be cool, be different, and be new.

your field
3

Spread the

Talk about IVM in conferences, lectures

knowledge

and meetings. Discuss the benefits, ask
what they know or don’t know about IVM.

4

Start doing it

Attend IVM courses, go to websites, and
find books on confocal microscopy.

5

Be current

If you don't know, you will be left behind.

In vivo microscopy articles recommended by Dr. Rao:
A) The Diagnostic Accuracy of In Vivo Confocal Microscopy in
Clinical Practice
Giambrone D, Alamgir M, Masud A, Bronsnick T, Rao B. The
Diagnostic Accuracy of in Vivo Confocal Microscopy in Clinical
Practice. J Am Acad Dermatol. 2015; 73(2): 317-319.
No summary available
Free full text available from Journal of American Academy of
Dermatology
PMID: 26183976
B) Uses of Non-Invasive Imaging in the Diagnosis of Skin Cancer:
An Overview of the Currently Available Modalities
Wassef C, Rao BK. Uses of Non-Invasive Imaging in the Diagnosis
of Skin Cancer: An Overview of the Currently Available Modalities.
Int J Dermatol. 2013; 52(12): 1481-1489.
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Summary: BACKGROUND: Emerging tools for the diagnosis of skin
cancer are non-invasive imaging devices that allow for skin
visualization without biopsy. While the capabilities of non-invasive
imaging tools are far-reaching, each varies in its resolution depth,
image clarity, clinical applicability, accuracy, sensitivity, and
specificity. OBJECTIVE: The objective of this review is to evaluate
non-invasive imaging modalities, and examine their capabilities,
conditions for use, clinical applications, and limitations. MATERIALS
AND METHODS: A literature review was conducted on Pubmed
using the search term "non-invasive diagnostic imaging tools and
skin". Relevant citations suggested by Pubmed were included. Each
non-invasive imaging tool evaluated was also used as a search term
along with the word "skin". RESULTS: While some tools are meant
to be aids to histology like dermoscopy and optical coherence
tomography, other tools, like confocal microscopy and tape stripping
mRNA, show the potential to surpass histology and become the new
"gold standard". Experience with use of these instruments plays a
large role in their utility value. While digital multispectral dermoscopy
is able to generate a diagnosis, other tools like dermoscopy and
confocal microscopy require learning and clinical experience.
LIMITATIONS: A search was conducted using only one search
engine. Only English language articles were considered.
CONCLUSIONS: How useful these tools are to dermatologists is
dependent on their understanding of how the tools can aid them in
diagnosis and their confidence in the results. Further research in this
field will solidify non-invasive imaging tools as reliable tools in skin
cancer diagnosis.
Full text available from International Journal of Dermatology (USD
6.00-38.00)
PMID: 24261723
C) In Vivo Confocal Microscopy in Clinical Practice: Comparison of
Bedside Diagnostic Accuracy of a Trained Physician and
Distant Diagnosis of an Expert Reader
Rao BK, Mateus R, Wassef C, Pellacani G. In Vivo Confocal
Microscopy in Clinical Practice: Comparison of Bedside Diagnostic
Accuracy of a Trained Physician and Distant Diagnosis of an Expert
Reader. J Am Acad Dermatol. 2013; 69(6): e295-300.
Summary: BACKGROUND: Reflectance confocal microscopy
(RCM) is an imaging tool that allows the visualization of cellular
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details without biopsy. To our knowledge, RCM sensitivity and
specificity has not been studied in a telemedicine setting.
OBJECTIVE: We sought to assess RCM diagnostic accuracy in a
support teleconsultation setting. METHODS: Between June 2010
and September 2011, 340 lesions were imaged using a confocal
scanning microscope. The images were evaluated by 2 readers, one
on site, and the other at a distance. RESULTS: A total of 334 cases
were included. For each reader the sensitivity was greater than 90%
and specificity for each reader was greater than 60%. Both readers
had a combined sensitivity of 98.6% and 44% specificity.
LIMITATIONS: RCM may be limited in the correct classification of
epithelial tumors. CONCLUSIONS: RCM is a tool in the clinical
diagnosis of skin lesions, providing a high diagnostic accuracy in
teleconsultation use.
Full text available from Journal of the American Academy of
Dermatology (USD 31.50)
PMID: 24035553
Note: Also cited in Section 7.4
D) NonInvasive Imaging Techniques: Dermatoscopy and Confocal
Microscopy Before a Biopsy
Ahn C, Rao BK, “NonInvasive Imaging Techniques: Dermatoscopy
and Confocal Microscopy before a biopsy” Practical Dermatology.
2012: 40-45.
Summary: Relatively new tools can provide helpful information to
support diagnosis and guide management strategies
Free full text available from Practical Dermatology
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3.4 Insights from Wendy A. Wells, MBBS, MSc,
FCAP
Wendy A. Wells MBBS, MSc, FCAP is a Professor of Pathology at
Dartmouth-Hitchcock Medical Center, NH and the Geisel School of
Medicine at Dartmouth. She is Chair of the Department of Pathology and
Laboratory Medicine and board certified in Anatomic Pathology and
Cytopathology, with subspecialty expertise in Breast Pathology. Her
research interests include: (1) validation of new optical spectroscopy
Wendy A. Wells, MBBS, MSc,
FCAP

imaging in breast using morphologic, proteomic and genetic correlates;
(2) histomorphology quantification by image processing and analysis;
and (3) prognostic indicators and diagnostic reproducibility in breast
carcinoma.
Dr. Wells is a member of the CAP’s In Vivo Microscopy Committee.
As part of comprehensive, translational team of surgeons, pathologists,
radiologists, epidemiologists and biomedical engineers for more than 15
years, I am currently involved in several NIH-funded research programs
that address biomedical imaging validation of breast surgical margins,
population breast screening, and molecular epidemiology and biomedical
imaging validation. I provide biological interpretations for the imaging
signatures identified in alternative electromagnetic imaging modalities
and I mentor engineering graduate students, post-doctoral fellows and
faculty on quantitative, image-based histopathological analyses.
Pathologists today must actively embrace, learn about and validate new
technologies that can provide more cost-effective, standardized and
clinically relevant diagnoses for our patients.
Dr. Well’s insights for the next wave of adopters (June 2016):
1

Embrace new

Be open to learning about new

technology

technologies that could improve clinical
outcomes, add quality measures and
increase productivity.

2

Get involved in the
validation of new

Pathologists must continue to provide
reproducible, clinically relevant and

technology

standardized diagnoses. To do this, they
must participate in the rigorous validation
of new technologies against their current
diagnostic gold standards.
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3

Get out of your

Taking the lead to introduce and interpret

comfort zones

new technologies may require different
workflows, adapted pathologist schedules
and coordination with other clinical groups.
Be open to these changes to demonstrate
your expertise and clinical value.

4

Involve pathology

As well as other faculty, residents and

trainees

fellows should be part of the validation
teams so that the information can be
disseminated throughout the pathology
community.

In vivo microscopy articles recommended by Dr. Wells:
A) Wide-Field Quantitative Imaging of Tissue Microstructure Using
High-Frequency Structured Light
McClatchy DM, Rizzo EJ, Wells WA, et al. Wide-Field Quantitative
Imaging of Tissue Microstructure Using High-Frequency Structured
Light. Optica. 2016;3(6):613-621.
Summary: Sub-diffusive structured light imaging has been shown to
accurately and quantitatively map the reduced scattering coefficient
(μ′s) and the phase function backscatter parameter (γ) in a widefield geometry. This study shows the first the experimental imaging
of phase function based contrast in a wide field of view using optical
phantoms constructed with user-tuned fractal dimensions of scatterer
sizes. Maps of scattering parameters recovered from calibrated
reflectance maps were in close agreement with theoretical
predictions obtained with Mie theory. Measurements of fresh ex vivo
breast tissue samples revealed unique clustering of μ′s vs. γ for
different tissue types. This multi-scale scatter imaging approach
provides maps of microscopic structural biomarkers that cannot be
obtained with standard diffuse imaging and characterizes spatial
variations not resolved by point-based fiber optic sampling.
Free full text available from Optica
PMID: 27547790
B) System Analysis of Spatial Frequency Domain Imaging for
Quantitative Mapping of Surgically Resected Breast Tissues
Laughney AM, Krishnaswamy V, Rice TB, et al. System Analysis of
Spatial Frequency Domain Imaging for Quantitative Mapping of
Surgically Resected Breast Tissues. J Biomed Opt. 2013; 18(3):
036012.
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Summary: The feasibility of spatial frequency domain imaging
(SFDI) for breast surgical margin assessment was evaluated in
tissue-simulating phantoms and in fully intact lumpectomy specimens
at the time of surgery. Phantom data was evaluated according to
contrast-detail resolution, quantitative accuracy and model-data
goodness of fit, where optical parameters were estimated by
minimizing the residual sum of squares between the measured
modulation amplitude and its solutions, modeled according to
diffusion and scaled-Monte Carlo simulations. In contrast-detail
phantoms, a 1.25-mm-diameter surface inclusion was detectable for
scattering contrast >28%; a fraction of this scattering contrast (7%)
was detectable for a 10 mm surface inclusion and at least 33%
scattering contrast was detected up to 1.5 mm below the phantom
surface, a probing depth relevant to breast surgical margin
assessment. Recovered hemoglobin concentrations were insensitive
to changes in scattering, except for overestimation at visible
wavelengths for total hemoglobin concentrations <15 muM. The
scattering amplitude increased linearly with scattering concentration,
but the scattering slope depended on both the particle size and
number density. Goodness of fit was comparable for the diffusion
and scaled-Monte Carlo models of transport in spatially modulated,
near-infrared reflectance acquired from 47 lumpectomy tissues, but
recovered absorption parameters varied more linearly with expected
hemoglobin concentration in liquid phantoms for the scaled-Monte
Carlo forward model. SFDI could potentially reduce the high
secondary excision rate associated with breast conserving surgery;
its clinical translation further requires reduced image reconstruction
time and smart inking strategies.
Free full text available from PubMed
PMID: 23525360
C) Spectral Discrimination of Breast Pathologies In Situ Using
Spatial Frequency Domain Imaging
Laughney AM, Krishnaswamy V, Rizzo EJ, et al. Spectral
Discrimination of Breast Pathologies in Situ Using Spatial Frequency
Domain Imaging. Breast Cancer Res. 2013; 15(4): R61.
Summary: INTRODUCTION: Nationally, 25% to 50% of patients
undergoing lumpectomy for local management of breast cancer
require a secondary excision because of the persistence of residual
tumor. Intraoperative assessment of specimen margins by frozensection analysis is not widely adopted in breast-conserving surgery.
Here, a new approach to wide-field optical imaging of breast
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pathology in situ was tested to determine whether the system could
accurately discriminate cancer from benign tissues before routine
pathological processing. METHODS: Spatial frequency domain
imaging (SFDI) was used to quantify near-infrared (NIR) optical
parameters at the surface of 47 lumpectomy tissue specimens.
Spatial frequency and wavelength-dependent reflectance spectra
were parameterized with matched simulations of light transport.
Spectral images were co-registered to histopathology in adjacent,
stained sections of the tissue, cut in the geometry imaged in situ. A
supervised classifier and feature-selection algorithm were
implemented to automate discrimination of breast pathologies and to
rank the contribution of each parameter to a diagnosis. RESULTS:
Spectral parameters distinguished all pathology subtypes with 82%
accuracy and benign (fibrocystic disease, fibroadenoma) from
malignant (DCIS, invasive cancer, and partially treated invasive
cancer after neoadjuvant chemotherapy) pathologies with 88%
accuracy, high specificity (93%), and reasonable sensitivity (79%).
Although spectral absorption and scattering features were essential
components of the discriminant classifier, scattering exhibited lower
variance and contributed most to tissue-type separation. The
scattering slope was sensitive to stromal and epithelial distributions
measured with quantitative immunohistochemistry. CONCLUSIONS:
SFDI is a new quantitative imaging technique that renders a specific
tissue-type diagnosis. Its combination of planar sampling and
frequency-dependent depth sensing is clinically pragmatic and
appropriate for breast surgical-margin assessment. This study is the
first to apply SFDI to pathology discrimination in surgical breast
tissues. It represents an important step toward imaging surgical
specimens immediately ex vivo to reduce the high rate of secondary
excisions associated with breast lumpectomy procedures.
Free full text available from PubMed
PMID: 23915805
D) Validation of Novel Optical Imaging Technologies: The
Pathologists' View
Wells WA, Barker PE, MacAulay C, Novelli M, Levenson RM,
Crawford JM. Validation of Novel Optical Imaging Technologies: The
Pathologists' View. J Biomed Opt. 2007; 12(5): 051801.
Full text available from Journal of Biomedical Optics (USD 20.00)
PMID: 17994879
Note: Summarized in Section 1.2; also cited in Section 7
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E) Electromagnetic Breast Imaging: Results of a Pilot Study in
Women with Abnormal Mammograms
Poplack SP, Tosteson TD, Wells WA, et al. Electromagnetic Breast
Imaging: Results of a Pilot Study in Women with Abnormal
Mammograms. Radiology. 2007; 243(2): 350-359.
Summary: PURPOSE: To prospectively assess quantitatively the
inherent contrast of electromagnetic (EM) properties that can be
imaged by using available technology in women with abnormal
findings at conventional breast imaging who underwent subsequent
biopsy. MATERIALS AND METHODS: The protocol was HIPAA
compliant and approved by the institutional review board. All
participants provided informed consent. Fifty-three women with
normal (Breast Imaging Reporting and Data System [BI-RADS]
category 1) and ninety-seven women with abnormal (BI-RADS
category 4 or 5) screening mammograms were imaged with three
EM imaging methods: electrical impedance spectroscopy (EIS),
microwave imaging spectroscopy (MIS), and near-infrared spectral
tomography (NIR). A region-of-interest (ROI) analysis was used to
assess the EM image properties for comparison of findings with
conventional image findings and correlation with specific pathologic
parameters for women with abnormal findings. Statistical analyses
were conducted. RESULTS: One hundred fifty participants (age
range, 35-81 years) were included. EM image property contrast
ratios of 150%-200% were found in breast abnormality ROIs relative
to the ipsilateral breast background. Analysis of variance
demonstrated significant differences in ROI image summaries of
mammographically normal versus abnormal breasts for EIS, across
diagnostic groups for NIR, and for MIS (analysis restricted to lesions
larger than 1 cm(3)). Receiver operating curve (ROC) analysis of the
EM properties for cancers among subjects with BI-RADS category 4
or 5, compared with the EM properties for the subjects with normal
breasts (BI-RADS category 1), yielded areas under the ROC curve
ranging from 0.67 to 0.81. Pathologic correlations with mean vessel
density, mean vessel area, and epithelium-to-stroma ratio suggest a
biological origin of the EM image properties associated with disease.
CONCLUSION: Results from EM breast examinations provide
statistical evidence of a mean increase in image contrast of 150%200% between abnormal (benign and malignant) and normal breast
tissue.
Free full text available from Radiology
PMID: 17400760
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F) Analysis of the Microvasculature and Tissue Type Ratios in
Normal vs. Benign and Malignant Breast Tissue
Wells WA, Daghlian CP, Tosteson TD, et al. Analysis of the
Microvasculature and Tissue Type Ratios in Normal vs. Benign and
Malignant Breast Tissue. Anal Quant Cytol Histol. 2004; 26(3): 166174.
Summary: OBJECTIVE: To analyze the microvasculature and tissue
type ratios in normal vs. benign and malignant breast tissue to
establish a baseline for expected values against which future
imaging studies can be benchmarked. STUDY DESIGN: Using
computer-assisted techniques on immunostained breast tissue
(normal [n = 28], fibrocystic [n = 37], fibroadenomas [n = 19],
invasive carcinomas [n = 19]), values were obtained for microvessel
density (MVD), mean vessel area (MVA), vessel orientation (shape)
and epithelial:stromal ratio (E:S). Measurement reproducibility and
the effects of fibroadenoma stromal hyalinization and fibrocystic
disease severity were also tested. RESULTS: Value ranges for the 4
diagnostic groups were significantly different (P < .001). For invasive
breast carcinomas, E:S and MVD were significantly higher (P < .001)
but MVA was smaller as compared to that in fibroadenomas.
Peripherally vs. centrally there was no significant difference in MVD,
MVA or vessel shape in the neoplasms. Decreases in E:S and MVD
correlated with fibroadenoma stromal hyalinization. Increases in E:S
and MVA correlated with more severe fibrocystic disease.
Correlation coefficients for measurement reproducibility were high
across the diagnostic categories. CONCLUSION: This study
established a specific, reproducible, computer-assisted technique
and baseline of expected values for morphologic criteria in normal,
benign and malignant breast tissue that may be used in the future to
correlate new breast imaging responses with these underlying
biologic properties.
PMID: 15218693
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3.5 Insights from Jeffrey L. Fine, MD, FCAP
Jeffrey L. Fine MD, FCAP is a breast and gynecologic pathologist at the
University of Pittsburgh Medical Center(UPMC), with a special focus on
Pathology Informatics.
Dr. Fine’s research interests largely revolve around digital imaging,
including pathologists’ Computer-Assisted Diagnosis (pCAD) and
“Advanced Imaging” such as in vivo microscopy (IVM) and ex vivo
Jeffrey L. Fine, MD, FCAP

microscopy (EVM). Although all of his current work could be
characterized as EVM, his ultimate goal is to use that work to enable
new, IVM type clinical applications. For example, EVM for intraoperative
assessment of endometrial cancer hysterectomies could lead to
pathologist assessment of in vivo endometrial images acquired by a
gynecologist. Dr. Fine recommends that pathologists proactively engage
their clinical colleagues in order to be included in these new diagnostic
approaches, for it will happen with pathologists or without them. He also
notes that since numerous people are willing to collaborate, pathologists
are able to start from scratch.
Dr. Fine’s EVM work is still experimental, but is geared toward
intraoperative assessment of pathology specimens. Typically alternative
techniques are in use (e.g. gross assessment or frozen section), which
means that EVM can be studied in parallel and can be adopted in a
modular fashion without greatly disrupting the current practice. He
suggests the goal as onsite image acquisition, and then images can be
transmitted for remote review if needed.
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Dr. Fine’s insights for the next wave of ex vivo microscopy adopters
(May 2015):
1

Take the initiative

I became interested into OCT after reading
about it. I had no one in my department
who was working on OCT and had not
heard any discussion about it in my
informatics circles. I eventually reached
out to my institution’s ophthalmology
department, and started collaboration with
them. This gave me access to OCT
technology and was my starting point. I
discovered that there were others at my
institution with similar imaging interests,
and they were very willing to collaborate
because they were enthusiastic about
applying their technology to a new area!

2

Stay current

I think that CAP is actively working to
facilitate and support these novel imaging
technologies; this IVM Resource Guide is
a manifestation of that work. If one looks,
one can see IVM and EVM related topics
beginning to appear at national meetings,
such as CAP and USCAP. Pathology
Informatics meetings also include these
topics, and there are a number of articles
appearing in pathology journals, especially
the Journal of Pathology Informatics.

3

Consider how the
application will be

These are neat techniques and you can
get very nice looking images but it is

useful in your
practice

always good to have the bottom line in
mind when approaching new technologies.
To me, this leads to evaluating EVM for
intraoperative specimen assessment.
Further, given my subspecialty expertise,
this meant that breast and endometrial
specimens were two early areas for my
focus. I would encourage anybody reading
this to imagine novel IVM or EVM
applications that would make sense to
their own pathology practice.
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4

Look at practice

For example, my breast surgeon

and find gaps that
IVM and EVM can

colleagues often ask me to grossly
evaluate lumpectomies for margins.

fill

Frozen section would normally be a useful
tool for this, but breast tissue does not
freeze well due to its fat content. EVM may
represent a substantially better method for
evaluating breast margins, and therefore it
is one of my focus areas.

5

The sky is the limit

It is a fantastic time to create or imagine
novel applications because everything is
wide open and there aren’t any rules yet.
It’s a good opportunity time, and the limits
of traditional glass slide microscopy need
not apply!

In vivo microscopy articles recommended by Dr. Fine:
A) Imaging of Mohs Micrographic Surgery Sections Using FullField Optical Coherence Tomography: A Pilot Study
Durkin JR, Fine JL, Sam H, Pugliano-Mauro M, Ho J. Imaging of
Mohs Micrographic Surgery Sections Using Full-Field Optical
Coherence Tomography: A Pilot Study. Dermatol Surg.
2014;40(3):266-74.
Summary: BACKGROUND: Full-field optical coherence tomography
(FF-OCT) is a new noninvasive imaging technique that can see
down to the cellular level without tissue preparation or contrast
agents. OBJECTIVE: To use FF-OCT to image Mohs micrographic
surgery specimens and verify the ability of a dermatopathologist to
identify or exclude malignancy. MATERIALS AND METHODS:
Two Mohs surgeons supplied 18 Mohs sections from 11 patients.
Each section was scanned using the FF-OCT, and a
dermatopathologist blinded to the diagnosis examined the images for
malignancy. The FF-OCT images were then compared with the
intraoperative hematoxylin and eosin (H&E)-stained frozen sections
for concordance. RESULTS: All 9 FF-OCT images interpreted as
negative for malignancy were in agreement with the H&E frozen
sections. Six of the remaining FF-OCT images were correctly
interpreted as positive for malignancy, and three were deferred
because malignancy could not be confirmed or excluded.
CONCLUSION: Malignancy in Mohs sections can correctly be
identified or excluded using FF-OCT. Although not ready for clinical
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use in its current state, FF-OCT has the potential to be incorporated
into the Mohs workflow in the future.
Full text available from Dermatologic Surgery (subscription required)
PMID: 24433402
Note: Also cited in Sections 4.1.1.2 and 5.3.2
B) Review of Advanced Imaging Techniques
Chen Y, Liang CP, Liu Y, Fischer AH, Parwani AV, Pantanowitz L.
Review of advanced imaging techniques. J Pathol Inform. 2012;3:22.
Summary: Pathology informatics encompasses digital imaging and
related applications. Several specialized microscopy techniques
have emerged which permit the acquisition of digital images ("optical
biopsies") at high resolution. Coupled with fiber-optic and micro-optic
components, some of these imaging techniques (e.g., optical
coherence tomography) are now integrated with a wide range of
imaging devices such as endoscopes, laparoscopes, catheters, and
needles that enable imaging inside the body. These advanced
imaging modalities have exciting diagnostic potential and introduce
new opportunities in pathology. Therefore, it is important that
pathology informaticists understand these advanced imaging
techniques and the impact they have on pathology. This paper
reviews several recently developed microscopic techniques,
including diffraction-limited methods (e.g., confocal microscopy, 2photon microscopy, 4Pi microscopy, and spatially modulated
illumination microscopy) and subdiffraction techniques (e.g.,
photoactivated localization microscopy, stochastic optical
reconstruction microscopy, and stimulated emission depletion
microscopy). This article serves as a primer for pathology
informaticists, highlighting the fundamentals and applications of
advanced optical imaging techniques.
Free full text available from PubMed
PMID: 22754737
C) Full-Field Optical Coherence Tomography for the Analysis of
Fresh Unstained Human Lobectomy Specimens
Jain M, Narula N, Salamoon B, et al. Full-field optical coherence
tomography for the analysis of fresh unstained human lobectomy
specimens. J Pathol Inform. 2013;4:26.
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Summary: BACKGROUND: Full-field optical coherence tomography
(FFOCT) is a real-time imaging technique that generates highresolution three-dimensional tomographic images from unprocessed
and unstained tissues. Lack of tissue processing and associated
artifacts, along with the ability to generate large-field images quickly,
warrants its exploration as an alternative diagnostic tool.
MATERIALS AND METHODS: One section each from the tumor and
from adjacent non-neoplastic tissue was collected from 13 human
lobectomy specimens. They were imaged fresh with FFOCT and
then submitted for routine histopathology. Two blinded pathologists
independently rendered diagnoses based on FFOCT images.
RESULTS: Normal lung architecture (alveoli, bronchi, pleura and
blood vessels) was readily identified with FFOCT. Using FFOCT
images alone, the study pathologists were able to correctly identify
all tumor specimens and in many cases, the histological subtype of
tumor (e.g., adenocarcinomas with various patterns). However,
benign diagnosis was provided with high confidence in roughly half
the tumor-free specimens (others were diagnosed as equivocal or
false positive). Further analysis of these images revealed two major
confounding features: (a) Extensive lung collapse and (b) presence
of smoker's macrophages. On a closer inspection, however, the
smoker's macrophages could often be identified as distinct from
tumor cells based on their relative location in the alveoli, size and
presence of anthracosis. We posit that greater pathologist
experience, complemented with morphometric analysis and colorcoding of image components, may help minimize the contribution of
these confounders in the future. CONCLUSION: Our study provides
evidence for the potential utility of FFOCT in identifying and
differentiating lung tumors from non-neoplastic lung tissue. We
foresee its potential as an adjunct to intra-surgical frozen section
analysis for margin assessment, especially in limited lung resections.
Free full text available from PubMed
PMID: 24244883
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3.6 Insights from Lida P. Hariri, MD, PhD, FCAP
Lida P. Hariri, MD, PhD, FCAP is a board certified pathologist at
Massachusetts General Hospital in Boston with a sub-specialty area of
interest in pulmonary pathology. She obtained her MD/PhD from the
University of Arizona in 2009, with her PhD in biomedical engineering.
Her research interests are focused on in vivo microscopy (IVM) and its
Lida P. Hariri, MD, PhD,
FCAP

clinical applications. One of her particular interests is to help define the
role of IVM in our future practice as pathologists.
Dr. Hariri is a member of the CAP’s In Vivo Microscopy Committee.
Dr. Hariri’s insights for the next wave of in vivo microscopy
adopters (May 2014):
1

IVM provides a

Many IVM techniques generate high-

huge opportunity
for pathology

resolution images that are similar to
traditional microscopy. Pathologists
inherently have the essential skills needed
to interpret IVM imaging, such as pattern
recognition and the ability to identify subtle
microscopic features. This means the IVM
learning curve for pathologists is
considerably less steep than for other
clinicians, which provides us with a huge
opportunity.

2

Learn as much as
you can about IVM

Pathologists and residents can make
concerted efforts to learn about IVM.
•

Read the IVM Resource Guide
and relevant literature.

•

Listen to webinars and attend
lectures on IVM.

•

Discuss IVM with your colleagues
in the field.

3

Get experience with

Pathologists can take a more active role in

imaging

the developmental phase of IVM. Get
involved in studies developing/validating
IVM for disease detection and lend your
pathology expertise. This will not only
advance the IVM field, but will also teach
pathologists how to interpret images and
further define our role in IVM.
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4

Think about

How might you envision integrating IVM

potential
applications for

into your practice as a pathologist? In what
scenarios do you see IVM making a big

IVM

impact in pathology or clinical medicine? If
you think you have a good idea, discuss it
with your colleagues, find some
collaborators, and get the ball rolling.

5

IVM will require a
multi-disciplinary

IVM will require an amalgamation of
pathology and clinical expertise to make

approach for
clinical adoption

the transition from research to clinical
practice. It is essential that we work
together with our clinical colleagues and
take a multi-disciplinary approach to IVM.

In vivo microscopy articles authored by Dr. Hariri:
A) Endobronchial Optical Coherence Tomography for Low-risk
Microscopic Assessment and Diagnosis of Idiopathic
Pulmonary Fibrosis In Vivo
Hariri LP, Adams DC, Wain JC, et al. Endobronchial Optical
Coherence Tomography for Low-risk Microscopic Assessment and
Diagnosis of Idiopathic Pulmonary Fibrosis In Vivo. Am J Respir Crit
Care Med. 2017 Sep 21. doi: 10.1164/rccm.201707-1446LE. [Epub
ahead of print]
No summary available.
Full text available from American Journal of Respiratory and Critical
Care Medicine (USD 25.00 for 24 hour access)
PMID: 28934552
Note: Also cited in Section 5.5.2
B) Diagnosing Lung Carcinomas with Optical
Coherence Tomography
Hariri LP, Mino-Kenudson M, Lanuti M, Miller AJ, Mark EJ, Suter MJ.
Diagnosing lung carcinomas with optical coherence tomography.
Ann Am Thorac Soc. 2015; 12(2): 193-201.
Summary: RATIONALE: Lung carcinoma diagnosis on tissue biopsy
can be challenging because of insufficient tumor and lack of
architectural information. Optical coherence tomography (OCT) is a
high-resolution imaging modality that visualizes tissue
microarchitecture in volumes orders of magnitude larger than biopsy.
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It has been proposed that OCT could potentially replace tissue
biopsy. OBJECTIVES: We aim to determine whether OCT could
replace histology in diagnosing lung carcinomas. We develop and
validate OCT interpretation criteria for common primary lung
carcinomas: adenocarcinoma, squamous cell carcinoma (SCC), and
poorly differentiated carcinoma. METHODS: A total of 82 ex vivo
tumor samples were included in a blinded assessment with 3
independent readers. Readers were trained on the OCT criteria, and
applied these criteria to diagnose adenocarcinoma, SCC, or poorly
differentiated carcinoma in an OCT validation dataset. After a 7month period, the readers repeated the training and validation
dataset interpretation. An independent pathologist reviewed
corresponding histology. MEASUREMENTS AND MAIN RESULTS:
The average accuracy achieved by the readers was 82.6% (range,
73.7-94.7%). The sensitivity and specificity for adenocarcinoma were
80.3% (65.7-91.4%) and 88.6% (80.5-97.6%), respectively. The
sensitivity and specificity for SCC were 83.3% (70.0-100.0%) and
87.0% (75.0-96.5%), respectively. The sensitivity and specificity for
poorly differentiated carcinoma were 85.7% (81.0-95.2%) and 97.6%
(92.9-100.0%), respectively. CONCLUSIONS: Although these results
are encouraging, they indicate that OCT cannot replace histology in
the diagnosis of lung carcinomas. However, OCT has potential to aid
in diagnosing lung carcinomas as a complement to tissue biopsy,
particularly when insufficient tissue is available for pathology
assessment.
Full text available from Annals of the American Thoracic Society
(USD 20.00 for 24 hours)
PMID: 25562183
Note: Also cited in Section 5.5.1
C) Volumetric Optical Frequency Domain Imaging of Pulmonary
Pathology with Precise Correlation to Histopathology
Hariri LP, Applegate MB, Mino-Kenudson M, et al. Volumetric optical
frequency domain imaging of pulmonary pathology with precise
correlation to histopathology. Chest. 2013; 143(1): 64-74.
Summary: BACKGROUND: Lung cancer is the leading cause of
cancer-related mortality. Radiology and bronchoscopy techniques do
not have the necessary resolution to evaluate lung lesions on the
microscopic scale, which is critical for diagnosis. Bronchial biopsy
specimens can be limited by sampling error and small size. Optical
frequency domain imaging (OFDI) provides volumetric views of
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tissue microstructure at near-histologic resolution and may be useful
for evaluating pulmonary lesions to increase diagnostic accuracy.
Bronchoscopic OFDI has been evaluated in vivo, but a lack of
correlated histopathology has limited the ability to develop accurate
image interpretation criteria. METHODS: We performed OFDI
through two approaches (airway-centered and parenchymal imaging)
in 22 ex vivo lung specimens, using tissue dye to precisely correlate
imaging and histology. RESULTS: OFDI of normal airway allowed
visualization of epithelium, lamina propria, cartilage, and alveolar
attachments. Carcinomas exhibited architectural disarray, loss of
normal airway and alveolar structure, and rapid light attenuation.
Squamous cell carcinomas showed nested architecture. Atypical
glandular formation was appreciated in adenocarcinomas, and
uniform trabecular gland formation was seen in salivary gland
carcinomas. Mucinous adenocarcinomas showed alveolar wall
thickening with intraalveolar mucin. Interstitial fibrosis was visualized
as signal-dense tissue, with an interstitial distribution in mild
interstitial fibrotic disease and a diffuse subpleural pattern with cystic
space formation in usual interstitial pneumonitis. CONCLUSIONS:
To our knowledge, this study is the first demonstration of volumetric
OFDI with precise correlation to histopathology in lung pathology.
We anticipate that OFDI may play a role in assessing airway and
parenchymal pathology, providing fresh insights into the volumetric
features of pulmonary disease.
Free full text article available from Chest Journal
PMID: 22459781
D) In Vivo Optical Coherence Tomography: The Role of
the Pathologist
Hariri LP, Mino-Kenudson M, Mark EJ, Suter MJ. In vivo optical
coherence tomography: the role of the pathologist. Arch Pathol Lab
Med. 2012; 136(12): 1492-1501.
Free full text article available from the CAP’s Archives
PMID: 23194041
Note: Summarized in Section 1.2
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In vivo microscopy articles recommended by Dr. Hariri:
A) Optical Coherence Tomography for Rapid Tissue Screening and
Directed Histological Sectioning
Jung W, Boppart SA. Optical coherence tomography for rapid tissue
screening and directed histological sectioning. Anal Cell Pathol
(Amst). 2012 35(3): 129-143.
Summary: In pathology, histological examination of the "gold
standard" to diagnose various diseases. It has contributed
significantly toward identifying the abnormalities in tissues and cells,
but has inherent drawbacks when used for fast and accurate
diagnosis. These limitations include the lack of in vivo observation in
real time and sampling errors due to limited number and area
coverage of tissue sections. Its diagnostic yield also varies
depending on the ability of the physician and the effectiveness of any
image guidance technique that may be used for tissue screening
during excisional biopsy. In order to overcome these current
limitations of histology-based diagnostics, there are significant needs
for either complementary or alternative imaging techniques which
perform non-destructive, high resolution, and rapid tissue screening.
Optical coherence tomography (OCT) is an emerging imaging
modality which allows real-time cross-sectional imaging with high
resolutions that approach those of histology. OCT could be a very
promising technique which has the potential to be used as an adjunct
to histological tissue observation when it is not practical to take
specimens for histological processing, when large areas of tissue
need investigating, or when rapid microscopic imaging is needed.
This review will describe the use of OCT as an image guidance tool
for fast tissue screening and directed histological tissue sectioning in
pathology.
Book available from IOS Press
PMID: 23542933
Note: Also cited in Section 4.3
B) Optical Endomicroscopy and the Road to Real-Time, In Vivo
Pathology: Present and Future
Carignan CS, Yagi Y. Optical endomicroscopy and the road to realtime, in vivo pathology: present and future. Diagn Pathol. 2012; 7:
98.
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Summary: Epithelial cancers account for substantial mortality and
are an important public health concern. With the need for earlier
detection and treatment of these malignancies, the ability to
accurately detect precancerous lesions has an increasingly important
role in controlling cancer incidence and mortality. New optical
technologies are capable of identifying early pathology in tissues or
organs in which cancer is known to develop through stages of
dysplasia, including the esophagus, colon, pancreas, liver, bladder,
and cervix. These diagnostic imaging advances, together as a field
known as optical endomicroscopy, are based on confocal
microscopy, spectroscopy-based imaging, and optical coherence
tomography (OCT), and function as "optical biopsies," enabling
tissue pathology to be imaged in situ and in real time without the
need to excise and process specimens as in conventional biopsy
and histopathology. Optical biopsy techniques can acquire highresolution, cross-sectional images of tissue structure on the micron
scale through the use of endoscopes, catheters, laparoscopes, and
needles. Since the inception of these technologies, dramatic
technological advances in accuracy, speed, and functionality have
been realized. The current paradigm of optical biopsy, or single-area,
point-based images, is slowly shifting to more comprehensive
microscopy of larger tracts of mucosa. With the development of
Fourier-domain OCT, also known as optical frequency domain
imaging or, more recently, volumetric laser endomicroscopy,
comprehensive surveillance of the entire distal esophagus is now
achievable at speeds that were not possible with conventional OCT
technologies. Optical diagnostic technologies are emerging as
clinically useful tools with the potential to set a new standard for realtime diagnosis. New imaging techniques enable visualization of highresolution, cross-sectional images and offer the opportunity to guide
biopsy, allowing maximal diagnostic yields and appropriate staging
without the limitations and risks inherent with current random biopsy
protocols. However, the ability of these techniques to achieve
widespread adoption in clinical practice depends on future research
designed to improve accuracy and allow real-time data transmission
and storage, thereby linking pathology to the treating physician.
These imaging advances are expected to eventually offer a see-andtreat paradigm, leading to improved patient care and potential cost
reduction. VIRTUAL SLIDES: The virtual slide(s) for this article can
be found here:
http://www.diagnosticpathology.diagnomx.eu/vs/5372548637202968.
Free full text available from PubMed
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PMID: 22889003
C) Confocal Laser Endomicroscopy: A Primer for Pathologists
Paull PE, Hyatt BJ, Wassef W, Fischer AH. Confocal laser
endomicroscopy: a primer for pathologists. Arch Pathol Lab Med.
2011; 135(10): 1343-1348.
Free full text article available from the CAP’s Archives
PMID: 21970490
Note: Summarized in Section 1.2

3.7 Insights from Guillermo (Gary) J. Tearney,
MD, PhD, FCAP
Guillermo (Gary) J. Tearney, MD, PhD, FCAP is a Professor of
Pathology at Massachusetts General Hospital and Harvard Medical
School. Dr. Tearney is board certified in Anatomic Pathology. His
research interests include the development and clinical validation of in
vivo microscopy (IVM) technologies.
Dr. Tearney is the Vice-Chair of the CAP’s In Vivo Microscopy
Gary J. Tearney, MD,
PhD, FCAP

Committee.
Dr. Tearney’s insights for the next wave of in vivo microscopy (and
Diagnostic Spectroscopy) adopters (May 2016):
1
2

IVM is an emerging

IVM is an emerging clinical field that is on

field

an exponential growth curve

Huge opportunity

The images are similar to light microscopy

for pathologists

images and therefore represent a
substantial opportunity for pathologists

3

Keep learning

Pathologists should become educated on
IVM technology and learn how to interpret
IVM images

4

Get involved

Pathologists can get involved by joining
ongoing IVM and standardization working
groups

5

Try it
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6

Define your role

Pathologists should participate in studies
to establish the role of pathologists in the
IVM workflow

In vivo microscopy articles recommended by Dr. Tearney:
A) Safety and Feasibility of Volumetric Laser Endomicroscopy in
Patients with Barrett's Esophagus (with videos)
Wolfsen HC, Sharma P, Wallace MB, Leggett C, Tearney G, Wang
KK. Safety and Feasibility of Volumetric Laser Endomicroscopy in
Patients with Barrett's Esophagus (with videos). Gastrointest
Endosc. 2015;82(4):631-40.
Summary: BACKGROUND: Volumetric laser endomicroscopy (VLE)
produces high-resolution, cross-sectional surface, and subsurface
images for detecting neoplasia, targeting biopsies, and guiding realtime treatment. OBJECTIVE: To evaluate the safety and feasibility of
the Nvision VLE system. DESIGN: Prospective, multicenter study.
SETTING: Tertiary-care medical centers. PATIENTS: One hundred
patients with suspected Barrett's esophagus, including 52 patients
with prior endotherapy. INTERVENTIONS: The first-generation
Nvision VLE Imaging System, a balloon-centered, rotating optical
probe provided images of the mucosa and submucosa through a 6cm segment length and 360° scan of the distal esophagus. MAIN
OUTCOME MEASUREMENTS: Acquisition of a complete, 6-cm
scan from the distal esophagus, demographic and procedural data,
and final histologic diagnosis. RESULTS: VLE imaging was
successfully performed in 87 cases. After VLE imaging, biopsy
specimens were obtained in 77 patients and mucosal resection was
performed in 20 patients. The final pathologic diagnoses of the
patients studied were adenocarcinoma (4 patients), high-grade
dysplasia (10 patients), low-grade dysplasia (11 patients), indefinite
(5 patients), intestinal metaplasia (29 patients), and normal
squamous cells (18 patients). VLE was not completed in 13 of 100
(13%) because of optical probe and console issues. There were 2
minor adverse events (mucosal lacerations not requiring therapy).
LIMITATIONS: This was a feasibility study with a first-generation
device. There was no direct histopathologic correlation with the VLE
images or any comparative analysis with white-light endoscopy or
narrow-band imaging findings. CONCLUSION: VLE is a safe
procedure for patients with suspected or confirmed Barrett's
esophagus. Real-time VLE images enabled visualization of the
mucosa and submucosa in 87% of cases. Further studies are
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needed to evaluate the in vivo diagnostic accuracy and clinical utility
of VLE.
Full text article available from Gastrointestinal Endoscopy (USD
35.95 for 24 hours)
PMID: 25956472
Note: Also cited in Section 10.4.1
B) Esophageal-guided Biopsy with Volumetric Laser
Endomicroscopy and Laser Cautery Marking: A Pilot
Clinical Study
Suter MJ, Gora MJ, Lauwers GY, et al. Esophageal-guided Biopsy
with Volumetric Laser Endomicroscopy and Laser Cautery Marking:
A Pilot Clinical Study. Gastrointest Endosc. 2014;79(6):886-96.
Summary: BACKGROUND: Biopsy surveillance protocols for the
assessment of Barrett's esophagus can be subject to sampling
errors, resulting in diagnostic uncertainty. Optical coherence
tomography is a cross-sectional imaging technique that can be used
to conduct volumetric laser endomicroscopy (VLE) of the entire distal
esophagus. We have developed a biopsy guidance platform that
places endoscopically visible marks at VLE-determined biopsy sites.
OBJECTIVE: The objective of this study was to demonstrate in
human participants the safety and feasibility of VLE-guided biopsy in
vivo. DESIGN: A pilot feasibility study. SETTING: Massachusetts
General Hospital. PATIENTS: A total of 22 participants were enrolled
from January 2011 to June 2012 with a prior diagnosis of Barrett's
esophagus. Twelve participants were used to optimize the laser
marking parameters and the system platform. A total of 30 target
sites were selected and marked in real-time by using the VLE-guided
biopsy platform in the remaining 10 participants. INTERVENTION:
Volumetric laser endomicroscopy. MAIN OUTCOME
MEASUREMENTS: Endoscopic and VLE visibility, and accuracy of
VLE diagnosis of the tissue between the laser cautery marks.
RESULTS: There were no adverse events of VLE and laser marking.
The optimal laser marking parameters were determined to be 2
seconds at 410 mW, with a mark separation of 6 mm. All marks
made with these parameters were visible on endoscopy and VLE.
The accuracies for diagnosing tissue in between the laser cautery
marks by independent blinded readers for endoscopy were 67%
(95% confidence interval [CI], 47%-83%), for VLE intent-to-biopsy
images 93% (95% CI, 78%-99%), and for corrected VLE postmarking images 100% when compared with histopathology
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interpretations. LIMITATIONS: This is a single-center feasibility study
with a limited number of patients. CONCLUSION: Our results
demonstrate that VLE-guided biopsy of the esophagus is safe and
can be used to guide biopsy site selection based on the acquired
volumetric optical coherence tomography imaging data.

Full text article available from Gastrointestinal Endoscopy (USD
35.95 for 24 hour access)
PMID: 24462171
C) Consensus Standards for Acquisition, Measurement, and
Reporting of Intravascular Optical Coherence Tomography
Studies: A Report from the International Working Group for
Intravascular Optical Coherence Tomography Standardization
and Validation
Tearney GJ, Regar E, Akasaka T, et al. Consensus standards for
acquisition, measurement, and reporting of intravascular optical
coherence tomography studies: a report from the international
working group for intravascular optical coherence tomography
standardization and validation. J Am Coll Cardiol. 2012; 59(12):105872.
Summary: OBJECTIVES: The purpose of this document is to make
the output of the International Working Group for Intravascular
Optical Coherence Tomography (IWG-IVOCT) Standardization and
Validation available to medical and scientific communities, through a
peer-reviewed publication, in the interest of improving the diagnosis
and treatment of patients with atherosclerosis, including coronary
artery disease. BACKGROUND: Intravascular optical coherence
tomography (IVOCT) is a catheter-based modality that acquires
images at a resolution of ~10 μm, enabling visualization of blood
vessel wall microstructure in vivo at an unprecedented level of detail.
IVOCT devices are now commercially available worldwide, there is
an active user base, and the interest in using this technology is
growing. Incorporation of IVOCT in research and daily clinical
practice can be facilitated by the development of uniform terminology
and consensus-based standards on use of the technology,
interpretation of the images, and reporting of IVOCT results.
METHODS: The IWG-IVOCT, comprising more than 260 academic
and industry members from Asia, Europe, and the United States,
formed in 2008 and convened on the topic of IVOCT standardization
through a series of 9 national and international meetings. RESULTS:
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Knowledge and recommendations from this group on key areas
within the IVOCT field were assembled to generate this consensus
document, authored by the Writing Committee, composed of
academicians who have participated in meetings and/or writing of the
text. CONCLUSIONS: This document may be broadly used as a
standard reference regarding the current state of the IVOCT imaging
modality, intended for researchers and clinicians who use IVOCT
and analyze IVOCT data.
Free full text article available from Journal of the American College of
Cardiology
PMID: 22421299
Note: Also cited in Sections 7.2 and 7.3.1
D) Miami Classification for Probe-Based Confocal
Laser Endomicroscopy
Wallace M, Lauwers GY, Chen Y, et al. Miami classification for
probe-based confocal laser endomicroscopy. Endoscopy. 2011;
43(10):882-91.
Summary: An essential element for any new advanced imaging
technology is standardization of indications, terminology,
categorization of images, and research priorities. In this review, we
propose a state-of-the-art classification system for normal and
pathological states in gastrointestinal disease using probe-based
confocal laser endomicroscopy (pCLE). The Miami classification
system is based on a consensus of pCLE users reached during a
meeting held in Miami, Florida, in February 2009.
Full text article available from Endoscopy (USD 36.00)
PMID: 21818734
Note: Also cited in Sections 5.1.1 and 7.3.2
E) Confocal Laser Endomicroscopy: Technical Advances and
Clinical Applications
Neumann H, Kiesslich R, Wallace MB, Neurath MF. Confocal laser
endomicroscopy: technical advances and clinical applications.
Gastroenterology. 2010; 139(2):388-92, 92 e1-2.
Summary: Since its introduction in 2004, confocal laser
endomicroscopy(CLE) has emerged as a valuable tool for
gastrointestinal endoscopic imaging. Endomicroscopy enables the
endoscopist to obtain real time in vivo histology during ongoing
endoscopy thereby creating “optical biopsies.” To date, numerous
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studies have shown potential applications of endomicroscopy in the
clinical setting, including in vivo diagnosis of esophageal squamous
cell carcinoma, Barrett’s esophagus, celiac disease, and colonic
polyps. Moreover, recent data suggest the potential application of
endomicroscopy in the field of molecular imaging. Additionally, in
recent months new applications and developments in the field of
confocal imaging were introduced including endomicroscopy of the
liver, pancreatic, and bile ducts. Furthermore, by introducing a new
needle-based confocal imaging system, which is small enough to be
introduced through a 22-gauge puncture needle, a wide field for new
applications of endomicroscopic imaging has been opened.
Currently, 2 CE- and US Food and Drug Administration (FDA)approved devices for endomicroscopy are available (Figures 1 and
2; Supplementary Table 1). In this review, we introduce both systems
and discuss new technical advances and clinical applications of CLE.
Free full text article available from Gastroenterology
PMID: 20561523

© 2018 College of American Pathologists. All rights reserved.

Return to Table of Contents

72

Section 4 Ex Vivo Pathology Applications
of IVM
W

Pathology
Application

Examples of How Pathologist Could Use
EVM

Margin
assessment

Identify tumor margins in breast resections

Sentinel LN
assessment

Identify metastases for
frozen section or touch preparation

Needle biopsies
& aspirates

Assess adequacy of needle biopsies and
aspirates

Transplant
assessment

Assess suitability of donor tissue for
transplant–without the need for frozen or
permanent section

Gross
oExamination

Block selection

Identify highest grade lesions
in resection for Barrett Esophagus

Genomicm Molecular
i Studies
c

Tissue triagingselection

Select tumor and conserve tissue–without
the need for frozen or permanent sections

Tissue triagingselection

Select tumor and conserve tissue–without
the need for frozen or permanent section

Tissue
documentation

Document histology of biobanked tissue

Tissue quality
assessment

Assess quality of biobanked tissue over time

h
i

Setting

l
Intra
e Operative
i
n
v

Intra
Procedural

i
v

r
o
s Biobanking
c
o

Source: College of American Pathologists’ In Vivo Microscopy Committee

While in vivo microscopy (IVM) is coming into clinical use, ex vivo microscopy
(EVM) applications of IVM technologies in the pathology laboratory are also of
critical importance for several reasons. First, EVM applications are much easier
to develop and study than go-all-the-way IVM clinical applications. In other
words, EVM applications can be extremely useful testbeds for new/experimental
IVM imaging techniques, which means that new pathology EVM applications
might be expected to result in new clinical IVM applications as well. Secondly,
EVM applications are closer to traditional pathology than IVM applications. But
most importantly, EVM can be a practical, useful tool for everyday pathology
practice.
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While pathologists may strive to contribute wherever and however they can
clinically, the fact is that existing pathology diagnosis is essentially a form of
EVM, just using more traditional microscopy techniques. This means that EVM
may represent “turf” already dominated by pathologists, which is a powerful
advantage that should not be overlooked as we begin to investigate IVM and
EVM for clinical and pathology application.
EVM applications As shown in the table above there are myriad potential
pathology applications of EVM. Since EVM systems are small and portable, EVM
can be used in virtually every pathology setting: in the surgical suite, the
procedure room, the grossing room, the histology laboratory and even the
biobank. EVM enables tissue imaging without delays for histology preparation or
for slide scanning, which can potentially reduce manpower and turnaround time
for pathology diagnosis. Since EVM creates digital images that can be viewed
and interpreted remotely, the pathologist need not be present in these locations
for EVM to be useful. And digital EVM images can be sent electronically to
distant pathologists for consultation, without the need to mail glass slides that
can be lost or broken. There would also be a permanent digital record of the
tissue histology.
This can be an advantage for such tasks as: assessing margins of resection or
selecting diagnostic tissue for frozen section or touch preparation during
intraoperative consultations; assessing the adequacy of needle biopsies and
aspirates and triaging tissue to submit for molecular-genomic studies or
biobanking, while preserving tissue for histology; assessing the suitability of
donor tissue for transplant during organ transplant surgery; guiding block
selection during gross examination; and selecting, documenting and assessing
the quality of tissues in the archive or biobank.
It might also, for example, be useful to view small biopsies in the context of an
IVM or EVM image of a larger tissue area (or volume). So, EVM might make
histologic diagnosis easier or even more rewarding. And, while initially
envisioned as an adjunct to histology, EVM could potentially replace histology
(for at least some pathology applications) in the future.
EVM instruments Only a few instruments have as yet been developed
specifically for pathology applications of EVM. But that need not be an
insurmountable obstacle, as most of the technology platforms developed for
clinical application of IVM can and will be modified or adapted to be suitable for
EVM, if there is sufficient pathologist interest. As such, it is an area of
investigation where pathologist involvement could help accelerate progress
toward clinical implementation and result in devices ideally suited for pathologist
use.

© 2018 College of American Pathologists. All rights reserved.

Return to Table of Contents

74

Section 4

Articles A (Krishnamurthy et al), B (Ragazzi et al) and C (Fine) below are great
introductions to EVM, published in pathology journals (Advances in Anatomic
Pathology, Archives of Pathology and Laboratory Medicine and Clinical
Laboratory Medicine), written by pathologists and intended for a pathologist
audience. Krishnamurthy and Ragazzi et al. focus on fluorescence confocal
microscopy and Fine on optical coherence tomography (OCT). Following that are
listed several CAP EVM Resources
There is also a brief EVM Checklist in the Instrument and Equipment section of
the Anatomic Pathology Checklist available for purchase from CAP’s Laboratory
Accreditation Program.
The remainder of this section is organized into subsections that reflect the state
of the art in EVM for:
•

Intraoperative Setting (Section 4.1);

•

Intraprocedural Setting (Section 4.2);

•

Gross Examination (Section 4.3);

•

Molecular-Genomic Studies (Section 4.4);

•

Biobanking (Section 4.5); and

•

Hematopathology (Section 4.6).

A) Ex Vivo Confocal Fluorescence Microscopy for Rapid Evaluation of
Tissues in Surgical Pathology Practice
Krishnamurthy S, Cortes A, Lopez M, et al. Ex Vivo Confocal Fluorescence
Microscopy for Rapid Evaluation of Tissues in Surgical Pathology Practice.
Arch Pathol Lab Med. 2017 Dec 21. doi: 10.5858/arpa.2017-0164-OA. [Epub
ahead of print]
Summary: CONTEXT: - Optical imaging techniques are currently available
for imaging tissues without the need for any type of extensive tissue
preparation. There are several applications for their potential use in surgical
pathology practice. OBJECTIVE: To evaluate the feasibility of using a
confocal fluorescence microscopy (CFM) platform for ex vivo examination of
tissues obtained from surgical resections of breast, lung, kidney, and liver.
DESIGN: Tissue fragments (0.5-1.0 cm) were immersed in 0.6 mM acridine
orange for 6 seconds and imaged using a CFM platform at a 488-nm
wavelength. The imaged tissues were subsequently fixed in formalin and
processed routinely to generate hematoxylin-eosin-stained tissue sections.
Mosaics of the grayscale CFM images were studied at different agnifications
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for recognition of the tissue and were compared with conventional
histopathologic examination of hematoxylin-eosin tissue sections.
RESULTS: We imaged 55 tissue fragments obtained from 16 breast (29%),
18 lung (33%), 14 kidney (25%), and 7 liver (13%) surgical excision
specimens. Acridine orange labeled the nuclei, creating the contrast between
nucleus and cytoplasm and thereby recapitulating the tissue architecture. We
could obtain CFM images of good quality within 5 to 10 minutes that allowed
recognition of the cytomorphologic details for categorization of the imaged
tissue and were similar to histologic examination of hematoxylin-eosin tissue
sections. CONCLUSIONS: The ease and speed of acquisition of CFM
images together with the resolution and resemblance of the CFM images to
hematoxylin-eosin sections suggest that the CFM platform has excellent
potential for use in surgical pathology practice.
Free full text available from the CAP’s Archives
PMID: 29266968
B) Ex Vivo (Fluorescence) Confocal Microscopy in Surgical Pathology:
State of the Art
Ragazzi M, Longo C, Piana S. Ex Vivo (Fluorescence) Confocal Microscopy
in Surgical Pathology: State of the Art. Adv Anat Pathol. 2016; 23(3): 159169.
Full text available from Advances in Anatomic Pathology
PMID: 27058244
Note: Summarized in Section 1.2; also cited in Sections 2.2 and 3.2
C) Advanced Imaging Techniques for the Pathologist
Fine JL. Advanced Imaging Techniques for the Pathologist. Clin Lab Med.
2016; 36(1): 89-99.
Full text available from Clinics in Laboratory Medicine (USD 31.50)
PMID: 26851667
Note: Summarized in Section 1.2
D) Ex Vivo Microscopy (EVM) Brief
Shevchuk MM, Krishnamurthy S, Fine JL. EVM Brief. Northfield, IL: College
of American Pathologists; 2017.
Summary: This CAP informational brief provides “10 minute education” on
aspects of ex vivo microscopy. Print them out and share them with others.
Access the brief
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E) Emerging Concepts on Ex Vivo Microscopy (EVM): A New Tool
for Pathologists
Thrall MJ, Krishnamurthy S, Hariri LP, Shevchuk MM. CAP Short
Presentations on Emerging Concepts (SPECS): Emerging Concepts on Ex
Vivo Microscopy (EVM): A New Tool for Pathologists (v 1.0e rev
9/15/16)[PowerPoint slides]. Northfield, IL: College of American Pathologists;
2016.
Summary: The Short Presentations on Emerging Concepts (SPECs) assist
pathologists to establish themselves as leaders in in vivo microscopy (IVM) in
their local communities. Designed for pathologists, these short PowerPoint
presentations focus on educating pathologists colleagues and GI specialist
on the role and value of pathologists in IVM. Pathologists will find the SPECs
an especially valuable resource as they facilitate discussion with tumor
boards or other physician colleagues.
Access the SPEC

4.1 Intraoperative Setting
“Frozen Section Procedure.” Wikipedia
Web site.
https://en.wikipedia.org/wiki/Frozen_sect
ion_procedure. Updated 26 May 2016.
Accessed on Aug 16, 2016. Reused
under license CC BY 3.0.
http://creativecommons.org/licenses/by/
3.0/

Intraoperative consultation is a common and vital aspect of modern surgical
pathology. Its art, however, constantly evolves as new indications appear and old
practices are challenged by validation studies as well as novel approaches.
Among the latter, ex vivo microscopy (EVM) represents a promising tool to
improve intraoperative diagnosis, and therefore, optimize patient care. An
effective intraoperative consultation diagnosis requires being accurate and
timely. Examination of excised tissue using EVM technologies can better achieve
such goals compared to standard tissue processing:
1.

Multicolor inking of resection margins to maintain specimen orientation is
laborious and time consuming.
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2.

Some resection specimens are too large to examine the entire margin by
frozen section, and it can be difficult to identify suspect margins for
sampling by visual inspection or palpation on gross examination.
Traditionally, the entire margin of resection (or even the entire specimen)
is often submitted for permanent section, something that could be

3.

avoided by using EVM.
Frozen section or touch preparations have challenges inherent to tissue
type (e.g. fatty breast tissue and sentinel lymph node specimens), which
can be avoided and/or minimized with EVM.

EVM has the potential to enter the realm of routine pathology practice in the
intraoperative setting, as it can be performed by the pathologist in the surgical
suite or frozen section room using small, portable EVM systems. Further, it can
be performed rapidly (in minutes) on fresh, intact specimens (preserving
specimen orientation without the need for inking or dissection). It can scan or
take a one-shot cellular (or near cellular) resolution morphologic image of the
entire surgical margin or a 3D tomographic image of the entire lymph node
(rather than sampling it, as is done in the traditional surgical pathology
approach). The use of EVM in such cases could substantially reduce the total
number of blocks that need to be submitted for frozen section or touch
preparation or obviate the need for total submission of selected large surgical
specimens for permanent section as is currently done in many pathology
laboratories. Consequently, the use of EVM during intraoperative consultation
could substantially reduce manpower usage and costs in the pathology
laboratory.
Following are selected articles on the use of EVM in the intraoperative setting for:
•

Margin Assessment (Section 4.1.1); and

•

Sentinel Lymph Node Assessment (Section 4.1.2).
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4.1.1 Margin Assessments

Invasive breast cancer. Reflectance imaging.
Reprinted from Laughney AM, et al. Automated classification of breast pathology using local
measures of broadband reflectance. J Biomed Opt. 2010 Nov-Dec; 15(6): 066019.

One of the most active areas of investigation of ex vivo microscopy (EVM) is its
role in assessing margins of resection. EVM has potential advantages for
intraoperative margin assessment, as it can be performed rapidly (in minutes), on
fresh, intact specimens and can assess the entire surgical margin due its
capability to scan or take one-shot images of large surface areas.
EVM will most likely be first implemented to identify suspect positive margins for
confirmatory intraoperative frozen sections or touch preparations. However, the
ultimate goal is for EVM to be a stand-alone technique for intraoperative margin
assessment. Therefore, EVM for intraoperative margin assessment has real
potential to impact the everyday practice of surgical pathology in the future.
Some studies have used confocal microscopy and optical coherence tomography
(OCT) to provide cellular (or near cellular) resolution morphologic images of the
surgical margin. However, much of the work done in this area is now based on
multiphoton microscopy (MPM) or spectroscopic imaging. These EVM modalities
can aid in the distinction of cancer from non-cancerous lesions at the margin by
assessing tissue properties (such as chemical composition, density, metabolism,
angiogenesis and fibrosis), in addition to morphology (as seen in the reflectance
image of a breast margin above).
The following sub-sections contain selected articles on the intraoperative
assessment of:
•

Breast Margins (Section 4.1.1.1);

•

Skin Margins (Section 4.1.1.2);

•
•

GI Margins (Section 4.1.1.3); and
Other Margins (Section 4.1.1.4).
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4.1.1.1 Breast Margin Assessments

Breast cancer. Spectrally encoded confocal microscopy (a,c, e and g). Histology (b,d,f
and h).
Reprinted by permission from Macmillan Publishers Ltd: Lab Invest. Brachtel EF,
Johnson NB, Huck AE, et al. Lab Invest. 2016; 96(4): 459-467. copyright 2016.

Margin assessment in breast resections is particularly challenging. Most
specimens have a significantly large margin surface area; in addition, breast
tissue is frequently fatty. These characteristics preclude the use of frozen section
and touch preparations for intraoperative margin assessment. EVM, on the other
hand, represents a promising approach for this purpose. Most EVM technologies
can cover large surface areas while providing accurate information of the margin
surface, making them excellent candidates for intraoperative use by pathologists
and/or surgeons. Accurate margin status diagnosis will improve the success of
cancer surgery, eventually leading to complete tumor removal and a decrease in
re-excision rates.
EVM can be performed rapidly (in minutes), on fresh, intact breast specimens
(preserving specimen orientation without the need for inking or dissection), and
can image the entire surgical margin rather than sampling it, as is done in the
traditional surgical pathology approach. Thus, EVM could eliminate or
substantially reduce the use of margin tissue for intraoperative frozen section or
touch preparation. Moreover, EVM can guide the pathologist in identification of
abnormalities in the sectioned specimen that may be of interest intraoperatively.
Lastly, EVM can assist the pathologist in specimen processing beyond the
intraoperative setting, for instance: selection of tissue areas for sampling,
estimation of tumor size, multifocality, etc (see Section 5.2 Breast).
EVM will most likely first be implemented to identify suspect positive margins for
confirmatory intraoperative frozen sections or touch preparations or permanent
section. However, the ultimate goal is for EVM to be a stand-alone technique for
intraoperative margin assessment, eliminating the technical difficulty of
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performing frozen sections or touch preparations on fatty breast tissue.
Therefore, EVM for intraoperative breast margin assessment has real potential to
impact the everyday practice of surgical pathology in the future. As such, it is an
area of investigation where pathologist involvement could help accelerate
progress toward clinical implementation.
A number of EVM imaging systems have been designed specifically for breast
margin assessment. Some studies of EVM for intraoperative breast margin
assessment have been done using confocal microscopy and optical coherence
tomography (OCT) to scan or take one-shot, cellular (or near cellular) resolution
morphologic images of the breast margin. However, much of the work done in
this area is now based on elastography, photoacoustics, multiphoton microscopy
(MPM) or spectroscopic (hyperspectral) imaging (alone or in combination with
confocal microscopy), as seen in the spectrally encoded confocal microscopy
(SECM) images of breast cancer above. These EVM techniques can assess
such tissue properties as chemical composition, density, elasticity, metabolism,
angiogenesis, fibrosis and calcification, in addition to morphology. The results to
date for spectroscopy and spectroscopic imaging are more promising than for
morphologic imaging alone. In fact, the FDA has recently approved a hand held
device for intraoperative margin assessment based on radio frequency, rather
than optical, spectroscopy.
It is important that pathologists get involved and help design and validate EVM
modalities for intraoperative margin assessment suited for pathologist use.
Following there are selected articles on EVM for intraoperative assessment of
breast margins of resection.

A) Fast Label-Free Multilayered Histology-Like Imaging of Human Breast
Cancer by Photoacoustic Microscopy
Wong TTW, Zhang R, Hai P, et al. Fast Label-Free Multilayered HistologyLike Imaging of Human Breast Cancer by Photoacoustic Microscopy. Sci
Adv. 2017; 3(5): e1602168.
Summary: The goal of breast-conserving surgery is to completely remove all
of the cancer. Currently, no intraoperative tools can microscopically analyze
the entire lumpectomy specimen, which results in 20 to 60% of patients
undergoing second surgeries to achieve clear margins. To address this
critical need, we have laid the foundation for the development of a device
that could allow accurate intraoperative margin assessment. We demonstrate
that by taking advantage of the intrinsic optical contrast of breast tissue,
photoacoustic microscopy (PAM) can achieve multilayered histology-like
imaging of the tissue surface. The high correlation of the PAM images to the
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conventional histologic images allows rapid computations of diagnostic
features such as nuclear size and packing density, potentially identifying
small clusters of cancer cells. Because PAM does not require tissue
processing or staining, it can be performed promptly and intraoperatively,
enabling immediate directed re-excision and reducing the number of second
surgeries.
Free full text available from PubMed
PMID: 28560329
B) Light-Sheet Microscopy for Slide-Free Non-Destructive Pathology of
Large Clinical Specimens
Glaser AK, Reder NP, Chen Y, McCarty E, Yin C, Wei L. Light-Sheet
Microscopy for Slide-Free Non-Destructive Pathology of Large Clinical
Specimens. Nature Biomedical Engineering. 2017; 1:0084.
Free full text available from Nature Biomedical Engineering
Note: Summarized in Section 2.2; also cited in Sections 3.1, 4.1.1.4, 4.3,
5.2.2 and 5.6.2
C) Methylene-Blue Aided Rapid Confocal Laser Endomicroscopy of
Breast Cancer
Vyas K, Hughes M, Leff DR,Yang G-Z. Methylene-Blue Aided Rapid
Confocal Laser Endomicroscopy of Breast Cancer. J. Biomed. Opt. 2017;
22(2): 020501. doi:10.1117/1.JBO.22.2.020501
Summary: Breast conserving surgery allows complete tumor resection while
maintaining acceptable cosmesis for patients. Safe and rapid intraoperative
margin assessment during the procedure is important to establish the
completeness of tumor excision and minimizes the need for reoperation.
Confocal laser endomicroscopy has demonstrated promise for real-time
intraoperative margin assessment using acriflavine staining, but it is not
approved for routine in-human use. We describe a custom high-speed linescan confocal laser endomicroscopy (LS-CLE) system at 660 nm that
enables high-resolution histomorphological imaging of breast tissue stained
with methylene-blue, an alternative fluorescent stain for localizing sentinel
nodes during breast surgery. Preliminary imaging results on freshly excised
human breast tissue specimens are presented, demonstrating the potential
of methylene-blue aided rapid LS-CLE to determine the oncological status of
surgical margins in-vivo.
Free full text available from Journal of Biomedical Optics
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D) Simplifying the Assessment of Human Breast Cancer by Mapping a
Micro-Scale Heterogeneity Index in Optical Coherence Elastography
Chin L, Latham B, Saunders CM, Sampson DD, Kennedy BF. Simplifying the
Assessment of Human Breast Cancer by Mapping a Micro-Scale
Heterogeneity Index in Optical Coherence Elastography. J Biophotonics.
2017; 10(5): 690-700.
Summary: Surgical treatment of breast cancer aims to identify and remove
all malignant tissue. Intraoperative assessment of tumor margins is, however,
not exact; thus, re-excision is frequently needed, or excess normal tissue is
removed. Imaging methods applicable intraoperatively could help to reduce
re-excision rates whilst minimizing removal of excess healthy tissue. Optical
coherence elastography (OCE) has been proposed for use in breastconserving surgery; however, intraoperative interpretation of complex OCE
images may prove challenging. Observations of breast cancer on multiple
length scales, by OCE, ultrasound elastography, and atomic force
microscopy, have shown an increase in the mechanical heterogeneity of
malignant breast tumors compared to normal breast tissue. In this study, a
micro-scale mechanical heterogeneity index is introduced and used to form
heterogeneity maps from OCE scans of 10 ex vivo human breast tissue
samples. Through comparison of OCE, optical coherence tomography
images, and corresponding histology, malignant tissue is shown to possess a
higher heterogeneity index than benign tissue. The heterogeneity map
simplifies the contrast between tumor and normal stroma in breast tissue,
facilitating the rapid identification of possible areas of malignancy, which is
an important step towards intraoperative margin assessment using OCE.
Free full text available from Journal of Biophotonics
PMID: 27618159
NOTE: Also cited in Section 5.2.2
E) Raman-Encoded Molecular Imaging with Topically Applied SERS
Nanoparticles for Intraoperative Guidance of Lumpectomy
Wang Y, Reder NP, Kang S, et al. Raman-Encoded Molecular Imaging with
Topically Applied SERS Nanoparticles for Intraoperative Guidance of
Lumpectomy. Cancer Res. 2017. doi: 10.1158/0008-5472.CAN-17-0709.
Summary: Intraoperative identification of carcinoma at lumpectomy margins
would enable reduced re-excision rates, which are currently as high as 20%
to 50%. Although imaging of disease-associated biomarkers can identify
malignancies with high specificity, multiplexed imaging of such biomarkers is
necessary to detect molecularly heterogeneous carcinomas with high
sensitivity. We have developed a Raman-encoded molecular imaging (REMI)
technique in which targeted nanoparticles are topically applied on excised
tissues to enable rapid visualization of a multiplexed panel of cell surface
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biomarkers at surgical margin surfaces. A first-ever clinical study was
performed in which 57 fresh specimens were imaged with REMI to
simultaneously quantify the expression of four biomarkers HER2, ER, EGFR,
and CD44. Combined detection of these biomarkers enabled REMI to
achieve 89.3% sensitivity and 92.1% specificity for the detection of breast
carcinoma. These results highlight the sensitivity and specificity of REMI to
detect biomarkers in freshly resected tissue, which has the potential to
reduce the rate of re-excision procedures in cancer patients.
Full text available from Cancer Research (USD 35.00 for 24 hour access)
PMID: 28615226
NOTE: Also cited in Sections 5.2.3 and 6
F) Spectrally Encoded Confocal Microscopy (SECM) for Diagnosing
Breast Cancer in Excision and Margin Specimens
Brachtel EF, Johnson NB, Huck AE, et al. Spectrally Encoded Confocal
Microscopy (SECM) for Diagnosing Breast Cancer in Excision and Margin
Specimens. Lab Invest. 2016; 96(4): 459-467.
Summary: A large percentage of breast cancer patients treated with breast
conserving surgery need to undergo multiple surgeries due to positive
margins found during post-operative margin assessment. Carcinomas could
be removed completely during the initial surgery and additional surgery
avoided if positive margins can be determined intraoperatively. Spectrally
encoded confocal microscopy (SECM) is a high-speed reflectance confocal
microscopy technology that has a potential to rapidly image the entire
surgical margin at subcellular resolution and accurately determine margin
status intraoperatively. In this study, in order to test the feasibility of using
SECM for intraoperative margin assessment, we have evaluated the
diagnostic accuracy of SECM for detecting various types of breast cancers.
Forty-six surgically removed breast specimens were imaged with an SECM
system. Side-by-side comparison between SECM and histologic images
showed that SECM images can visualize key histomorphologic patterns of
normal/benign and malignant breast tissues. Small (500 μm × 500 μm)
spatially registered SECM and histologic images (n=124 for each) were
diagnosed independently by three pathologists with expertise in breast
pathology. Diagnostic accuracy of SECM for determining malignant tissues
was high, average sensitivity of 0.91, specificity of 0.93, positive predictive
value of 0.95, and negative predictive value of 0.87. Intra-observer
agreement and inter-observer agreement for SECM were also high, 0.87 and
0.84, respectively. Results from this study suggest that SECM may be
developed into an intraoperative margin assessment tool for guiding breast
cancer excisions.
Free full text available from PubMed
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PMID: 26779830
NOTE: Also cited in Sections 4.3 and 5.2.3
G) Wide-Field Optical Coherence Micro-Elastography for Intraoperative
Assessment of Human Breast Cancer Margins
Allen WM, Chin L, Wijesinghe P, et al. Wide-Field Optical Coherence MicroElastography for Intraoperative Assessment of Human Breast Cancer
Margins. Biomed Opt Express. 2016; 7(10): 4139-4153.
Summary: Incomplete excision of malignant tissue is a major issue in
breast-conserving surgery, with typically 20 - 30% of cases requiring a
second surgical procedure arising from postoperative detection of an
involved margin. We report advances in the development of a new
intraoperative tool, optical coherence micro-elastography, for the assessment
of tumor margins on the micro-scale. We demonstrate an important step by
conducting whole specimen imaging in intraoperative time frames with a
wide-field scanning system acquiring mosaicked elastograms with overall
dimensions of ~50 x 50 mm, large enough to image an entire face of most
lumpectomy specimens. This capability is enabled by a wide-aperture
annular actuator with an internal diameter of 65 mm. We demonstrate
feasibility by presenting elastograms recorded from freshly excised human
breast tissue, including from a mastectomy, lumpectomies and a cavity
shaving.
Free full text available from PubMed
PMID: 27867721
H) A Quantitative Diffuse Reflectance Imaging (QDRI) System for
Comprehensive Surveillance of the Morphological Landscape in Breast
Tumor Margins
Nichols BS, Schindler CE, Brown JQ, et al. A Quantitative Diffuse
Reflectance Imaging (QDRI) System for Comprehensive Surveillance of the
Morphological Landscape in Breast Tumor Margins. PLoS One. 2015; 10(6):
e0127525.
Summary: In an ongoing effort to address the clear clinical unmet needs
surrounding breast conserving surgery (BCS), our group has developed a
next-generation multiplexed optical-fiber-based tool to assess breast tumor
margin status during initial surgeries. Specifically detailed in this work is the
performance and clinical validation of a research-grade intra-operative tool
for margin assessment based on diffuse optical spectroscopy. Previous work
published by our group has illustrated the proof-of-concept generations of
this device; here we incorporate a highly optimized quantitative diffuse
reflectance imaging (QDRI) system utilizing a wide-field (imaging area = 17
cm(2)) 49-channel multiplexed fiber optic probe, a custom raster-scanning
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imaging platform, a custom dual-channel white LED source, and an
astronomy grade imaging CCD and spectrograph. The system signal to noise
ratio (SNR) was found to be greater than 40 dB for all channels. Optical
property estimation error was found to be less than 10%, on average, over a
wide range of absorption (μa = 0-8.9 cm(-1)) and scattering (μs' = 7.0-9.7
cm(-1)) coefficients. Very low inter-channel and CCD crosstalk was observed
(2% max) when used on turbid media (including breast tissue). A rasterscanning mechanism was developed to achieve sub-pixel resolution and was
found to be optimally performed at an upsample factor of 8, affording 0.75
mm spatially resolved diffuse reflectance images (λ = 450-600 nm) of an
entire margin (area = 17 cm(2)) in 13.8 minutes (1.23 cm(2)/min). Moreover,
controlled pressure application at the probe-tissue interface afforded by the
imaging platform reduces repeated scan variability, providing <1% variation
across repeated scans of clinical specimens. We demonstrate the clinical
utility of this device through a pilot 20-patient study of high-resolution optical
parameter maps of the ratio of the β-carotene concentration to the reduced
scattering coefficient. An empirical cumulative distribution function (eCDF)
analysis is used to reduce optical property maps to quantitative distributions
representing the morphological landscape of breast tumor margins. The
optimizations presented in this work provide an avenue to rapidly survey
large tissue areas on intra-operative time scales with improved sensitivity to
regions of focal disease that may otherwise be overlooked.
Free full text available from PubMed
PMID: 26076123
NOTE: Also cited in Section 5.2.3
I)

Imaging Breast Cancer Morphology Using Probe-Based Confocal Laser
Endomicroscopy: Towards a Real-Time Intraoperative Imaging Tool for
Cavity Scanning
Chang TP, Leff DR, Shousha S, et al. Imaging Breast Cancer Morphology
Using Probe-Based Confocal Laser Endomicroscopy: Towards a Real-Time
Intraoperative Imaging Tool for Cavity Scanning. Breast Cancer Res Treat.
2015; 153(2): 299-310.
Summary: Current techniques for assessing the adequacy of tumour
excision during breast conserving surgery do not provide real-time direct
cytopathological assessment of the internal cavity walls within the breast.
This study investigates the ability of probe-based confocal laser
endomicroscopy (pCLE), an emerging imaging tool, to image the morphology
of neoplastic and non-neoplastic breast tissues, and determines the ability of
histopathologists and surgeons to differentiate these images. Freshly excised
tumour samples and adjacent non-diseased sections from 50 consenting
patients were stained with 0.01 % acriflavine hydrochloride and imaged using
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pCLE. All discernible pCLE features were cross-examined with conventional
histopathology. Following pattern recognition training, 17 histopathologists
and surgeons with no pCLE experience interpreted 50 pCLE images
independently whilst blinded to histopathology results. Three-hundred and
fifty pCLE image mosaics were analysed. Consistent with histopathology
findings, the glandular structures, adipocytes and collagen fibres of normal
breast were readily visible on pCLE images. These were distinguishable from
the morphological architecture exhibited by invasive and non-invasive
carcinoma. The mean accuracy of pCLE image interpretation for
histopathologists and surgeons was 94 and 92 %, respectively. Overall, interobserver agreement for histopathologists was 'almost perfect', κ = 0.82; and
'substantial' for surgeons, κ = 0.74. pCLE morphological features of
neoplastic and non-neoplastic breast tissues are readily visualized and
distinguishable with high accuracy by both histopathologists and surgeons.
Further research is required to investigate a potential role for the use of
pCLE intraoperatively for in situ detection of residual cancerous foci, thereby
guiding operating decision-making based on real-time breast cavity scanning.
Full text available from Breast Cancer Research and Treatment (USD 39.95)
PMID: 26283299
NOTE: Also cited in Section 5.2.3
J) Intraoperative Assessment of Final Margins with a Handheld Optical
Imaging Probe During Breast-Conserving Surgery May Reduce the
Reoperation Rate: Results of a Multicenter Study
Zysk AM, Chen K, Gabrielson E, et al. Intraoperative Assessment of Final
Margins with a Handheld Optical Imaging Probe During Breast-Conserving
Surgery May Reduce the Reoperation Rate: Results of a Multicenter Study.
Ann Surg Oncol. 2015; 22(10): 3356-3362.
Summary: BACKGROUND: A multicenter, prospective, blinded study was
performed to test the feasibility of using a handheld optical imaging probe for
the intraoperative assessment of final surgical margins during breastconserving surgery (BCS) and to determine the potential impact on patient
outcomes. METHODS: Forty-six patients with early-stage breast cancer (one
with bilateral disease) undergoing BCS at two study sites, the Johns Hopkins
Hospital and Anne Arundel Medical Center, were enrolled in this study.
During BCS, cavity-shaved margins were obtained and the final margins
were examined ex vivo in the operating room with a probe incorporating
optical coherence tomography (OCT) hardware and interferometric synthetic
aperture microscopy (ISAM) image processing. Images were interpreted after
BCS by three physicians blinded to final pathology-reported margin status.
Individual and combined interpretations were assessed. Results were
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compared to conventional postoperative histopathology. RESULTS: A total of
2,191 images were collected and interpreted from 229 shave margin
specimens. Of the eight patients (17 %) with positive margins (0 mm), which
included invasive and in situ diseases, the device identified all positive
margins in five (63%) of them; reoperation could potentially have been
avoided in these patients. Among patients with pathologically negative
margins (>0 mm), an estimated mean additional tissue volume of 10.7 ml
(approximately 1% of overall breast volume) would have been unnecessarily
removed due to false positives. CONCLUSIONS: Intraoperative optical
imaging of specimen margins with a handheld probe potentially eliminates
the majority of reoperations.
Free full text available from PubMed
PMID: 26202553
NOTE: Also cited in Section 5.2.3
K) Assessment of Breast Pathologies Using Nonlinear Microscopy
Tao YK, Shen D, Sheikine Y, et al. Assessment of breast pathologies using
nonlinear microscopy. Proc Natl Acad Sci U S A. 2014;111(43): 15304-9.
Free full text available from PubMed
PMID: 25313045
NOTE: Summarized in Section 3.1; also cited in Section 5.2.3
L) Optical Segmentation of Unprocessed Breast Tissue for
Margin Assessment
Wilson RA, Zavislan JM, Schiffhauer LM. Optical segmentation of
unprocessed breast tissue for margin assessment. Breast. 2014; 23(4): 413422.
Summary: Visual and tactual examination of unprocessed breast specimens
is the standard for intraoperative surgical margin assessment in the United
States. However, this procedure does not provide surgeons or pathologists
with microscopic views of the tissue, which makes it difficult to accurately
assess margin status or the extent of the disease, especially in non-palpable
cases. We use a combination of spectral and polarization macroscopic
imaging to optically segment the adipose and collagen tissues thus
highlighting regions suspected of containing epithelium in order to facilitate
optical microscopy techniques. A small study on five lumpectomy and
mastectomy samples showed a sensitivity of 70% +/- 20% and specificity of
50% +/- 10% for adipose segmentation and a sensitivity of 50% +/- 20% and
specificity of 50% +/- 20% for collagen segmentation. This sensitivity and
specificity are sufficient for providing morphological information to the
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pathologist in order to guide microscopic examination of regions likely to be
of clinical significance.
Free full text available from The Breast
PMID: 24857382
M) A Randomized Prospective Study of Lumpectomy Margin Assessment
with Use of MarginProbe in Patients with Nonpalpable
Breast Malignancies
Schnabel F, Boolbol SK, Gittleman M, et al. A randomized prospective study
of lumpectomy margin assessment with use of MarginProbe in patients with
nonpalpable breast malignancies. Ann Surg Oncol. 2014; 21(5): 1589-1595.
Summary: BACKGROUND: The presence of tumor cells at the margins of
breast lumpectomy specimens is associated with an increased risk of
ipsilateral tumor recurrence. Twenty to 30 % of patients undergoing breastconserving surgery require second procedures to achieve negative margins.
This study evaluated the adjunctive use of the MarginProbe device (Dune
Medical Devices Ltd, Caesarea, Israel) in providing real-time intraoperative
assessment of lumpectomy margins. METHODS: This multicenter
randomized trial enrolled patients with nonpalpable breast malignancies. The
study evaluated MarginProbe use in addition to standard intraoperative
methods for margin assessment. After specimen removal and inspection,
patients were randomized to device or control arms. In the device arm,
MarginProbe was used to examine the main lumpectomy specimens and
direct additional excision of positive margins. Intraoperative imaging was
used in both arms; no intraoperative pathology assessment was permitted.
RESULTS: In total, 596 patients were enrolled. False-negative rates were
24.8 and 66.1 % and false-positive rates were 53.6 and 16.6 % in the device
and control arms, respectively. All positive margins on positive main
specimens were resected in 62 % (101 of 163) of cases in the device arm,
versus 22 % (33 of 147) in the control arm (p < 0.001). A total of 19.8 % (59
of 298) of patients in the device arm underwent a reexcision procedure
compared with 25.8 % (77 of 298) in the control arm (6 % absolute, 23 %
relative reduction). The difference in tissue volume removed was not
significant. CONCLUSIONS: Adjunctive use of the MarginProbe device
during breast-conserving surgery improved surgeons' ability to identify and
resect positive lumpectomy margins in the absence of intraoperative
pathology assessment, reducing the number of patients requiring reexcision.
MarginProbe may aid performance of breast-conserving surgery by reducing
the burden of reexcision procedures for patients and the health care system.
Free full text available from PubMed
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PMID: 24595800
NOTE: Also cited in Section 5.2.3
N) Delineating Breast Ductal Carcinoma Using Combined Dye-Enhanced
Wide-Field Polarization Imaging and Optical Coherence Tomography
Patel R, Khan A, Kamionek M, Kandil D, Quinlan R,Yaroslavsky AN.
Delineating Breast Ductal Carcinoma Using Combined Dye-Enhanced WideField Polarization Imaging and Optical Coherence Tomography. J
Biophotonics. 2013; 6(9): 679-686.
Summary: Intra-operative delineation of breast cancer is a challenging
problem. We used dye-enhanced wide-field polarization imaging for rapid
demarcation of en face cancer margins and optical coherence tomography
(OCT) for cross-sectional evaluation. Ductal carcinoma specimens were
stained with methylene blue. Wide-field reflectance images were acquired at
440 and 640 nm. Wide-field fluorescence images were excited at 640 nm
and registered between 660 nm and 750 nm. OCT images were acquired
using a 1310 nm swept-source system. The results were validated against
histopathology. Both imaging modalities provided diagnostic information on
cancer margins. Combined OCT and wide-field polarization imaging shows
promise for intra-operative detection of ductal breast carcinoma.
Full text available from Journal of Biophotonics (USD 6.00-38.00)
PMID: 23008236
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4.1.1.2 Skin Margins
Reprinted from Durkin JR, Fine JL, Sam
H, Pugliano-Mauro M, Ho J. Imaging of
Mohs micrographic surgery sections
using full-field optical coherence
tomography: a pilot study. Dermatol
Surg. 2014; 40(3): 266-274 with
permission of John Wiley & Sons, Ltd.

Intraoperative assessment of skin margins is one application where ex vivo
microscopy (EVM) is already in clinical use, albeit in a relatively small number of
institutions. One of the earliest applications of EVM – specifically confocal
microscopy – was for assessment of skin margins at Mohs micrographic surgery
for basal cell carcinoma. Mohs surgery is performed in stages, with frozen
sections being performed on the excised tissue after each stage, to assess both
peripheral epidermal and deep dermal margins. If margins are positive after the
initial excision, additional excisions are performed until negative margins are
achieved. Patients must wait after each excision, under local anesthesia, while
the frozen sections are prepared and surgical margins are evaluated
histologically. This process is stressful for the patient and time- and laborintensive for the laboratory, typically requiring 30-60 minutes per excision, with
the complete Mohs procedure frequently lasting 2 or more hours. Confocal
microscopic imaging of the surgical bed or excised tissue, by contrast, takes only
a few minutes and so can significantly shorten procedure time. It may also
improve the accuracy of intraoperative margin assessment, as it is not subject to
the limitations of frozen sectioning, and so reduce the number of repeat surgeries
for residual tumor.
Following are selected articles on EVM for intraoperative assessment of skin
margins. These articles are all on EVM of excised tissue margins. For articles on
IVM of the margins of the surgical bed in vivo, see Section 5.3.2 Basal Cell
Carcinoma.
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A) Implementation of Fluorescence Confocal Mosaicking Microscopy by
"Early Adopter" Mohs Surgeons and Dermatologists: Recent Progress
Jain M, Rajadhyaksha M, Nehal K. Implementation of Fluorescence Confocal
Mosaicking Microscopy by "Early Adopter" Mohs Surgeons and
Dermatologists: Recent Progress. J Biomed Opt. 2017; 22(2): 24002.
Summary: Confocal mosaicking microscopy (CMM) enables rapid imaging
of large areas of fresh tissue ex vivo without the processing that is necessary
for conventional histology. When performed in fluorescence mode using
acridine orange (nuclear specific dye), it enhances nuclei-to-dermis contrast
that enables detection of all types of basal cell carcinomas (BCCs), including
micronodular and thin strands of infiltrative types. So far, this technique has
been mostly validated in research settings for the detection of residual BCC
tumor margins with high sensitivity of 89% to 96% and specificity of 99% to
89%. Recently, CMM has advanced to implementation and testing in clinical
settings by “early adopter” Mohs surgeons, as an adjunct to frozen section
during Mohs surgery. We summarize the development of CMM guided
imaging of ex vivo skin tissues from bench to bedside. We also present its
current state of application in routine clinical workflow not only for the
assessment of residual BCC margins in the Mohs surgical setting but also for
some melanocytic lesions and other skin conditions in clinical dermatology
settings. Last, we also discuss the potential limitations of this technology as
well as future developments. As this technology advances further, it may
serve as an adjunct to standard histology and enable rapid surgical
pathology of skin cancers at the bedside.
Free full text available from Journal of Biomedical Optics
PMID: 28199474
NOTE: Also cited in Section 5.3.2
B) Evaluating Ex Vivo Fluorescence Confocal Microscopy Images of Basal
Cell Carcinomas in Mohs Excised Tissue
Longo C, Rajadhyaksha M, Ragazzi M, et al. Evaluating ex vivo fluorescence
confocal microscopy images of basal cell carcinomas in Mohs excised tissue.
Br J Dermatol. 2014; 171(3): 561-570.
Summary: BACKGROUND: Fluorescence confocal microscopy (FCM) is an
emerging technology for rapid imaging of excised tissue, without the need for
frozen- or fixed-section processing. Basal cell carcinomas (BCCs) can be
detected in Mohs excisions although few studies have described the major
BCC findings as seen on FCM. OBJECTIVES: To describe the major BCC
findings of excised tissue during Mohs surgery and to correlate them with
histopathology. METHODS: Freshly excised tumours and frozen-thawed
discarded tissue of BCC during Mohs surgery were analysed by means of
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FCM. A side-by-side correlation between FCM images and histological
sections was performed. The FCM features of overlying skin and adnexal
structures were also described. RESULTS: Sixty-four BCC cases were
analysed. Distinct BCC types appeared unique in terms of shape and size of
tumour islands [bigger in nodular (18/25), smaller and rounded in
micronodular (7/7) and tiny cords for infiltrative ones (24/30)] and for the
presence of clefting, palisading and increased nucleus/cytoplasm ratio. An
excellent correlation was found between FCM and histological findings
(Cohen's kappa statistics = 0.9). In six cases, the presence of sebaceous
glands and intense stroma reaction represented possible confounders.
CONCLUSIONS: Fluorescence confocal microscopy is a fast and new
imaging technique that allows an excellent visualization of skin structures
and BCC findings during Mohs surgery.
Full text available from British Journal of Dermatology (USD 6.00-38.00)
PMID: 24749970
C) In Vivo Reflectance Confocal Microscopy to Optimize the Spaghetti
Technique for Defining Surgical Margins of Lentigo Maligna
Champin J, Perrot JL, Cinotti E, et al. In vivo reflectance confocal microscopy
to optimize the spaghetti technique for defining surgical margins of lentigo
maligna. Dermatol Surg. 2014; 40(3): 247-256.
Summary: BACKGROUND: Lentigo maligna (LM) is a therapeutic challenge
for surgeons because of its location in aesthetic areas and the difficulty in
determining margins. OBJECTIVE: To investigate a new procedure
combining the "spaghetti" technique described by Gaudy-Marqueste and
colleagues in 2011 with in vivo reflectance confocal microscopy (RCM) to
define the margins of LM more accurately and allow strict histologic control.
METHODS AND MATERIALS: Thirty-three consecutive patients with LM of
the head underwent a RCM-guided delineation of the margins followed by
the "spaghetti" technique. RESULTS: The excision of the first "spaghetti" in a
tumor-free area was obtained in 28 of 33 patients. In the other five cases,
persistence of LM foci was found in <5% of the length of spaghetti. The
average number of pieces of "spaghetti" was 1.2 (range 1-3). Definitive
histologic examination of the lesion showed a minimum average margin of
2.7 mm. Follow-up in 27 patients after an average of 10 months (range 4-25
months) did not show any recurrence. CONCLUSION: This procedure allows
accurate definition of the surgical margins of LM, with a low rate of multiple
excisions, sparing tissue in functional and aesthetic areas. These results
should be confirmed on the basis of a larger series with longer follow-up.
Full text available from Dermatologic Surgery (subscription required)
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PMID: 24447286
NOTE: Also cited in Section 5.3.3
D) Imaging of Mohs Micrographic Surgery Sections Using Full-Field
Optical Coherence Tomography: A Pilot Study
Durkin JR, Fine JL, Sam H, Pugliano-Mauro M,Ho J. Imaging of Mohs
micrographic surgery sections using full-field optical coherence tomography:
a pilot study. Dermatol Surg. 2014; 40(3): 266-274.
Full text available from Dermatologic Surgery (subscription required)
PMID: 24433402
NOTE: Summarized in Section 3.5; also cited in Section 5.3.2

4.1.1.3 GI Margins
Perhaps the first type of GI margin assessment to be explored using in vivo
microscopy (IVM) is endoscopic mucosal resection (EMR) for
dysplasia/neoplasia arising in Barrett esophagus. EMR is an alternative to more
radical surgery (partial or complete esophajectomy) for removal of superficial
esophageal neoplastic lesions. Residual neoplastic tissue at the mucosal
resection margin is difficult to detect intraoperatively or postoperatively by
conventional endoscopy. So IVM imaging – specifically confocal laser endoscopy
(CLE) – is being explored for its potential to more readily identify positive
margins. Only a few studies (cited below) have been reported to date using CLE
to assess esophageal mucosal margins of resection, and these have been in
vivo, postoperative assessments of the EMR surgical bed.
However, intraoperative GI margin assessment is an area rife with potential for
ex vivo microscopy (EVM). There are any number of scenarios in which
pathologists could potentially use EVM for intraoperative GI margin assessment.
As above, margins of EMRs for dysplasia or cancer arising in Barrett esophagus
could be assessed intraoperatively by the pathologist in the frozen section room
using EVM, as it can be performed on fresh, intact, surgical specimens and can
scan or take a one-shot cellular (or near cellular) resolution morphologic image of
the entire surgical margin (or entire surgical specimen) in just a few minutes.
Similarly, EVM could be used to assess margins of colon resections for dysplasia
or cancer arising in ulcerative colitis or Crohn’s, where marginal involvement is
difficult if not impossible to detect by visual inspection on gross examination.
What is needed is for pathologists to get involved in studies of EVM for such
purposes.
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Following are two articles on IVM for intraoperative assessment of margins of
resection at EMR.

A) Confocal Endomicroscopy for In Vivo Prediction of Completeness After
Endoscopic Mucosal Resection
Ji R, Zuo XL, Li CQ, Zhou CJ, Li YQ. Confocal endomicroscopy for in vivo
prediction of completeness after endoscopic mucosal resection. Surg
Endosc. 2011; 25(6): 1933-1938.
Summary: Endoscopic mucosal resection (EMR) is an alternative to surgery
for removal of superficial gastric neoplastic lesions. Residual neoplastic
tissue of the resection interface is difficult to detect by conventional
endoscopy. The aim of this study is to assess the efficacy of confocal laser
endomicroscopy (CLE) in predicting complete resection margins after EMR.
METHODS: EMR was performed by using cap-assisted or "inject and cut"
resection technique. Two weeks after EMR, the circumferential margins of
the defect were inspected by using CLE, and completeness of excision was
predicted from the CLE image. Additional EMR was performed if necessary.
In vivo CLE diagnosis was validated against final histopathology. RESULTS:
Twenty-seven lesions were removed by EMR in 27 patients. After excluding
3 patients for gastrectomy, a total of 24 patients underwent CLE assessment,
of whom 9 with indefinite lateral margins underwent at least two consecutive
CLE follow-ups. A total of 19 lesions were regarded as complete remission,
and 5 lesions (21.7%) were incompletely excised according to final
pathologic diagnosis. Accuracy of CLE in predicting incomplete resection for
original lesions was 91.7%, with sensitivity and specificity of 100.0 and
89.5%, respectively. The residual lesions were treated by additional EMR
guided by CLE. There was no recurrence on endoscopic biopsies at mean
(range) follow-up of 8.3 (4-15) months. CONCLUSIONS: Confocal laser
endomicroscopy has high accuracy for prediction of remnant tissue after
EMR, and may lead to significant improvements in clinical surveillance after
endoscopic resection.
Full text article available from Surgical Endoscopy (USD 39.95)
PMID: 21136097
NOTE: Also cited in Section 5.1.1.1.1
B) Multicenter, Randomized, Controlled Trial of Confocal Laser
Endomicroscopy Assessment of Residual Metaplasia After Mucosal
Ablation or Resection of GI Neoplasia in Barrett's Esophagus
Wallace MB, Crook JE, Saunders M, et al. Multicenter, randomized,
controlled trial of confocal laser endomicroscopy assessment of residual
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metaplasia after mucosal ablation or resection of GI neoplasia in Barrett's
esophagus. Gastrointest Endosc. 2012; 76(3): 539-547 e531.
Summary: BACKGROUND: Endoscopic ablation is an accepted standard for
neoplasia in Barrett's esophagus (BE). Eradication of all glandular mucosa in
the distal esophagus cannot be reliably determined at endoscopy.
OBJECTIVE: To assess if use of probe-based confocal laser
endomicroscopy (pCLE) in addition to high-definition white light (HDWL)
could aid in determination of residual BE. DESIGN: Prospective, multicenter,
randomized, clinical trial. SETTING: Academic medical centers. PATIENTS:
Patients with Barrett's esophagus undergoing ablation. INTERVENTION:
After an initial attempt at ablation, patients were followed-up either with
HDWL endoscopy or HDWL plus pCLE, with treatment of residual metaplasia
or neoplasia based on endoscopic findings and pCLE used to avoid
overtreatment. MAIN OUTCOME MEASUREMENTS: The proportion of
optimally treated patients, defined as those with residual BE who were
treated and had complete ablation plus those without BE who were not
treated and had no evidence of disease at follow-up. RESULTS: The study
was halted at the planned interim analysis based on a priori criteria. After
enrollment was halted, all patients who had been randomized were followed
to study completion. Among the 119 patients with follow-up, there was no
difference in the proportion of patients achieving optimal outcomes in the two
groups (15/57, 26% for HDWL; 17/62, 27% with HDWL + pCLE). Other
outcomes were similar in the two groups. LIMITATIONS: The study was
closed after the interim analysis due to low conditional power resulting from
lack of difference between groups as well as higher-than-expected residual
Barrett's esophagus in both arms. CONCLUSION: This study yields no
evidence that the addition of pCLE to HDWL imaging for detection of residual
Barrett's esophagus or neoplasia can provide improved treatment.
Full text available from Gastrointestinal Endoscopy (USD 31.50)
PMID: 22749368
NOTE: Also cited in Section 5.1.1.1.1
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4.1.1.4 Other Margins
Ex vivo microscopy (EVM) is also being explored for intraoperative margin
assessment in many other organ systems. But the work is not as far down the
development pathway as in the breast, skin and gastrointestinal tract. As in the

Nerve at apical margin of prostate
resection. Multiphoton
microscopy.
Reprinted from Tewari AK et al.
BJU Int. 2011; 108(9):1421-9 with
permission of John Wiley & Sons,

skin, there is considerable interest in EVM for intraoperative assessment of
margins of squamous cell carcinoma in the oral cavity and vulva, where the
sheer number of frozen sections needed for full intraoperative margin
assessment is an impediment using the tradition pathology approach. There is
also considerable interest in EVM for intraoperative assessment of margins of
resection for prostate cancer, in the setting of nerve-sparing prostatectomy.

Ltd.

Following are selected articles on EVM for intraoperative assessment of oral,
vulvar and prostate margins of resection.

A) Rapid Intraoperative Histology of Unprocessed Surgical Specimens Via
Fibre-Laser-Based Stimulated Raman Scattering Microscopy
Orringer D, Pandlan B, Niknafs Y, et al. Rapid Intraoperative Histology of
Unprocessed Surgical Specimens Via Fibre-Laser-Based Stimulated Raman
Scattering Microscopy. Nature Biomedical Engineering. 2017; 1:0027.
Summary: Conventional methods for intraoperative histopathologic
diagnosis are labour- and time-intensive, and may delay decision-making
during brain-tumour surgery. Stimulated Raman scattering (SRS)
microscopy, a label-free optical process, has been shown to rapidly detect
brain-tumour infiltration in fresh, unprocessed human tissues. Here, we
demonstrate the first appli-cation of SRS microscopy in the operating room
using a portable fibre-laser-based microscope and unprocessed specimens
from 101 neurosurgical patients. We also introduce an image-processing
method—stimulated Raman histology (SRH)—that leverages SRS images to
create virtual haematoxylin-and-eosin-stained slides, revealing essential
diagnostic features. In a simulation of intraoperative pathologic consultation
in 30 patients, we found a remarkable concordance of SRH and conventional histology for predicting diagnosis (Cohen’s kappa, κ> 0.89), with
accuracy exceeding 92%. We also built and validated a multilayer perceptron
based on quantified SRH image attributes that predicts brain-tumour subtype
with 90% accuracy. Our findings provide insight into how SRH can now be
used to improve the surgical care of brain-tumour patients.
Free full text available from Nature Biomedical Engineering
NOTE: Also cited in Section 4.2.1
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B) Light-Sheet Microscopy for Slide-Free Non-Destructive Pathology of
Large Clinical Specimens
Glaser AK, Reder NP, Chen Y, McCarty E, Yin C, Wei L. Light-Sheet
Microscopy for Slide-Free Non-Destructive Pathology of Large Clinical
Specimens. Nature Biomedical Engineering. 2017; 1:0084.
Free full text available from Nature Biomedical Engineering
Note: Summarized in Section 2.2; also cited in Sections 3.1, 4.1.1.1, 4.3,
5.2.2 and 5.6.2
C) Gigapixel Surface Imaging of Radical Prostatectomy Specimens for
Comprehensive Detection of Cancer-Positive Surgical Margins Using
Structured Illumination Microscopy
Wang M, Tulman DB, Sholl AB, et al. Gigapixel Surface Imaging of Radical
Prostatectomy Specimens for Comprehensive Detection of Cancer-Positive
Surgical Margins Using Structured Illumination Microscopy. Sci Rep. 2016;
6:27419.
Free full text available from PubMed
PMID: 27257084
Note: Summarized in Section 3.1; also cited in Section 5.6.2
D) Investigation of the Potential of Raman Spectroscopy for Oral Cancer
Detection in Surgical Margins
Cals F, Bakker Schut TC, Hardillo JA, Baatenburg de Jong RJ, Koljenovic S,
Puppels GJ. Investigation of the Potential of Raman Spectroscopy for Oral
Cancer Detection in Surgical Margins. Lab Invest. 2015; 95(10): 1186-1196.
Summary: The poor prognosis of oral cavity squamous cell carcinoma
(OCSCC) patients is associated with residual tumor after surgery. Raman
spectroscopy has the potential to provide an objective intra-operative
evaluation of the surgical margins. Our aim was to understand the
discriminatory basis of Raman spectroscopy at a histological level. In total,
127 pseudo-color Raman images were generated from unstained thin tissue
sections of 25 samples (11 OCSCC and 14 healthy) of 10 patients. These
images were clearly linked to the histopathological evaluation of the same
sections after hematoxylin and eosin-staining. In this way, Raman spectra
were annotated as OCSCC or as a surrounding healthy tissue structure (i.e.,
squamous epithelium, connective tissue (CT), adipose tissue, muscle, gland,
or nerve). These annotated spectra were used as input for linear discriminant
analysis (LDA) models to discriminate between OCSCC spectra and healthy
tissue spectra. A database was acquired with 88 spectra of OCSCC and 632
spectra of healthy tissue. The LDA models could distinguish OCSCC spectra
from the spectra of adipose tissue, nerve, muscle, gland, CT, and squamous
epithelium in 100%, 100%, 97%, 94%, 93%, and 75% of the cases,
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respectively. More specifically, the structures that were most often confused
with OCSCC were dysplastic epithelium, basal layers of epithelium,
inflammation- and capillary-rich CT, and connective and glandular tissue
close to OCSCC. Our study shows how well Raman spectroscopy enables
discrimination between OCSCC and surrounding healthy tissue structures.
This knowledge supports the development of robust and reliable
classification algorithms for future implementation of Raman spectroscopy in
clinical practice.
Full text available from Laboratory Investigation (USD 32.00)
PMID: 26237270
NOTE: Also cited in Section 5.11
E) The Value of Optical Coherence Tomography in Determining Surgical
Margins in Squamous Cell Carcinoma of the Vulva: A Single-Center
Prospective Study
Wessels R, van Beurden M, de Bruin DM, et al. The value of optical
coherence tomography in determining surgical margins in squamous cell
carcinoma of the vulva: a single-center prospective study. Int J Gynecol
Cancer. 2015; 25(1): 112-118.
Summary: BACKGROUND: Vulvar squamous cell carcinoma (VSCC) is
treated with wide local excision. The challenge is to remove as much skin as
necessary to prevent recurrence, but meanwhile preserve genital skin to
diminish morbidity. Optical coherence tomography (OCT) is a noninvasive
imaging tool that produces cross-sectional images. Optical coherence
tomography could be helpful in determining appropriate surgical margins
during excision of VSCC. OBJECTIVE: This study aimed to assess the value
of OCT in determining appropriate surgical margins in patients operated for
VSCC. We hypothesize that benign tissue will differ qualitatively (presence of
clear epidermal layers) and quantitatively (epidermal layer thickness and
attenuation coefficient) from (pre)malignant tissue. MATERIALS AND
METHODS: In 18 patients with a pretreatment biopsy of VSCC, before
excision, areas within the center (tumor), at the margin (skin next to the
center), and in normal vulvar skin outside the area of resection were imaged
by OCT. Optical coherence tomography data were assessed on the
presence of a clear epidermal layer, thickness of the epidermal layer, and
values of muOCT. Results were grouped according to histopathological
report in a benign group and a (pre)malignant group. RESULTS: A clear
epidermal layer was observed in all OCT images of benign tissue and only in
6 of 23 premalignant lesions (P < 0.001). The epidermal layer thickness as
well as the muOCT was significantly smaller for benign vulvar tissue than for
(pre)malignant tissue (0.29 vs 1.03 mm, and 2.4 vs 4.1 mm, respectively; P <
0.001). The diagnostic accuracy of OCT, as calculated by receiver operating
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characteristic curve analysis, showed at defined thresholds a sensitivity of
100% and specificity of 80% when considering layer thickness, and a
sensitivity of 100% and specificity of 70% when considering the attenuation
coefficient. CONCLUSIONS: We show that qualitative and quantitative OCT
imaging can distinguish between benign and (pre)malignant vulvar tissue,
enabling appropriate surgical margin detection with noninvasive in vivo OCT
imaging.
Full text available from International Journal of Gynecological Cancer
(subscription required)
PMID: 25365591
NOTE: Also cited in Sections 5.3.1 and 5.7.1
F) Multiphoton Microscopy for Structure Identification in Human Prostate
and Periprostatic Tissue: Implications in Prostate Cancer Surgery
Tewari AK, Shevchuk MM, Sterling J, et al. Multiphoton microscopy for
structure identification in human prostate and periprostatic tissue:
implications in prostate cancer surgery. BJU Int. 2011; 108(9):1421-1429.
Summary: Study Type - Diagnostic (exploratory cohort) Level of Evidence
2b What's known on the subject? and What does the study add? Prostate
cancer surgery outcomes depend on an optimal balance of three aspects:
complete removal of cancerous glands, preservation of nerves for sexual
function and of sphincteric structures for urinary control. Current surgical
techniques, even with the magnification provided by the robotic stereoscope,
are insufficient to identify these structures in the surgical field. Multiphoton
microscopy has been shown to produce high contrast images with
subcellular resolution in fresh (unprocessed and unstained tissue) utilizing
intrinsic tissue emission signals. We provide evidence that Multiphoton
microscopy of freshly excised tissue from human radical prostatectomy
specimens, without any processing or use of exogenous contrast, can
identify all relevant prostatic and periprostatic structures. These include the
prostatic acini, the stroma and the capsule, as well as periprostatic fascial
structures such as loose connective tissue, nerves, blood vessels and fat, as
well as areas of local inflammation. We also show that multiphoton
microscopy is able to distinguish between normal prostate gland, those with
benign hyperplasia, and those harboring cancer. OBJECTIVE: To test
whether multiphoton microscopy (MPM) might allow identification of prostatic
and periprostatic structures with magnification and resolution similar to gold
standard histopathology. MATERIAL AND METHODS: The present study
included 95 robotic radical prostatectomy patients who consented to
participate in an Institutional Review Board-approved study starting in 2007.
The types of specimens used for imaging were excised surgical margins and
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biopsies, and sections obtained from the excised prostate. The specimens
were imaged with a custom-built MPM system. All images were compared
with haematoxylin/eosin histopathology of the same specimen. RESULTS:
MPM of freshly excised, unprocessed and unstained tissue can identify all
relevant prostatic and periprostatic structures, such as nerves, blood vessels,
capsule, underlying acini and also pathological changes, including prostate
cancer. Histological confirmation and correlation of these structures and
pathologies have validated the findings of MPM. CONCLUSIONS: MPM
shows great promise as a tool for real-time intra-surgical histopathology
without needing excision or administration of contrast agents. The results
will, however, need to be confirmed in true surgical settings using a
miniaturized MPM microendoscope.
Free full text article available from BJU International
PMID: 21443651

4.1.2 Sentinel Lymph Node Assessment

Breast cancer metastasis in sentinel lymph node. Full field optical coherence tomography.
Grieve K, Mouslim K, Assayag O, et al. Assessment of Sentinel Node Biopsies With Full-Field
Optical Coherence Tomography. Technol Cancer Res Treat. 2016;15(2):266-74. doi:
10.1177/1533034615575817. Published by Sage Journals.
http://journals.sagepub.com/doi/full/10.1177/1533034615575817

As with margins of resection, intraoperative assessment of sentinel lymph nodes
is an active area of investigation of ex vivo microscopy (EVM). EVM has potential
advantages for intraoperative sentinel lymph node assessment: it can be
performed rapidly (in minutes) on fresh, intact lymph nodes without the need for
sectioning, and thus avoiding potential tissue loss for permanent and ancillary
studies. In addition, EVM allows for evaluation of the entire lymph node given its
3D imaging capability, which may be beneficial in large lymph nodes that are only
representatively sampled in routine intraoperative settings.
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Initially, as with margins, EVM will most likely first be implemented to screen
lymphoid nodal tissue and identify suspect lymph nodes for confirmatory
intraoperative frozen sections or touch preparations. This will eventually
eliminate the technical difficulty of performing frozen sections or touch
preparations on fat replaced lymph nodes. EVM will potentially evolve to be a
stand-alone technique performed by 3D tomographic imaging of intact lymph
nodes and replacing traditional frozen section and touch preparation steps.
Recent studies have focused on optical techniques such as confocal microscopy
and optical coherence tomography (OCT) to provide cellular (or near cellular)
resolution morphologic images of the lymph node (as seen in the full field OCT
(ff-OCT) image of a sentinel lympho node metastasis above). In addition,
spectroscopy-based technologies have shown value in lymph node evaluation.
These EVM modalities can aid in detecting lymph node metastases by assessing
tumor cell metabolism, DNA and proteins, and extracellular fibrosis. Thus, they
represent a valuable alternative and/or complement to the pathologist's visual
diagnostic approach.
Following are selected articles on EVM for intraoperative assessment of sentinel
lymph nodes:

A) Assessment of Sentinel Node Biopsies with Full-Field Optical
Coherence Tomography
Grieve K, Mouslim K, Assayag O, et al. Assessment of Sentinel Node
Biopsies with Full-Field Optical Coherence Tomography. Technol Cancer
Res Treat. 2016; 15(2): 266-274.
Summary: Current techniques for the intraoperative analysis of sentinel
lymph nodes during breast cancer surgery present drawbacks such as time
and tissue consumption. Full-field optical coherence tomography is a novel
noninvasive, high-resolution, fast imaging technique. This study investigated
the use of full-field optical coherence tomography as an alternative technique
for the intraoperative analysis of sentinel lymph nodes. Seventy-one axillary
lymph nodes from 38 patients at Tenon Hospital were imaged minutes after
excision with full-field optical coherence tomography in the pathology
laboratory, before being handled for histological analysis. A pathologist
performed a blind diagnosis (benign/malignant), based on the full-field optical
coherence tomography images alone, which resulted in a sensitivity of 92%
and a specificity of 83% (n = 65 samples). Regular feedback was given
during the blind diagnosis, with thorough analysis of the images, such that
features of normal and suspect nodes were identified in the images and
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compared with histology. A nonmedically trained imaging expert also
performed a blind diagnosis aided by the reading criteria defined by the
pathologist, which resulted in 85% sensitivity and 90% specificity (n = 71
samples). The number of false positives of the pathologist was reduced by 3
in a second blind reading a few months later. These results indicate that
following adequate training, full-field optical coherence tomography can be
an effective noninvasive diagnostic tool for extemporaneous sentinel node
biopsy qualification.
Free full text available from Technology in Cancer Research & Treatment
PMID: 25804544
NOTE: Also cited in Section 4.2.1
B) Intraoperative Optical Coherence Tomography for Assessing Human
Lymph Nodes for Metastatic Cancer
Nolan RM, Adie SG, Marjanovic M, et al. Intraoperative Optical Coherence
Tomography for Assessing Human Lymph Nodes for Metastatic Cancer.
BMC Cancer. 2016; 16:144.
Summary: BACKGROUND: Evaluation of lymph node (LN) status is an
important factor for detecting metastasis and thereby staging breast cancer.
Currently utilized clinical techniques involve the surgical disruption and
resection of lymphatic structure, whether nodes or axillary contents, for
histological examination. While reasonably effective at detection of
macrometastasis, the majority of the resected lymph nodes are histologically
negative. Improvements need to be made to better detect micrometastasis,
minimize or eliminate lymphatic disruption complications, and provide
immediate and accurate intraoperative feedback for in vivo cancer staging to
better guide surgery. METHODS: We evaluated the use of optical coherence
tomography (OCT), a high-resolution, real-time, label-free imaging modality
for the intraoperative assessment of human LNs for metastatic disease in
patients with breast cancer. We assessed the sensitivity and specificity of
double-blinded trained readers who analyzed intraoperative OCT LN images
for presence of metastatic disease, using co-registered post-operative
histopathology as the gold standard. RESULTS: Our results suggest that
intraoperative OCT examination of LNs is an appropriate real-time, label-free,
non-destructive alternative to frozen-section analysis, potentially offering
faster interpretation and results to empower superior intraoperative decisionmaking. CONCLUSIONS: Intraoperative OCT has strong potential to
supplement current post-operative histopathology with real-time in situ
assessment of LNs to preserve both non-cancerous nodes and their
lymphatic vessels, and thus reduce the associated risks and complications
from surgical disruption of lymphoid structures following biopsy.
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Free full text available from PubMed
PMID: 26907742
C) Investigation of Optical Coherence Micro-Elastography as a Method to
Visualize Micro-Architecture in Human Axillary Lymph Nodes
Kennedy KM, Chin L, Wijesinghe P, et al. Investigation of Optical Coherence
Micro-Elastography as a Method to Visualize Micro-Architecture in Human
Axillary Lymph Nodes. BMC Cancer. 2016; 16(1): 874.
Summary: BACKGROUND: Evaluation of lymph node involvement is an
important factor in detecting metastasis and deciding whether to perform
axillary lymph node dissection (ALND) in breast cancer surgery. As ALND is
associated with potentially severe long term morbidity, the accuracy of lymph
node assessment is imperative in avoiding unnecessary ALND. The
mechanical properties of malignant lymph nodes are often distinct from those
of normal nodes. A method to image the micro-scale mechanical properties
of lymph nodes could, thus, provide diagnostic information to aid in the
assessment of lymph node involvement in metastatic cancer. In this study,
we scan axillary lymph nodes, freshly excised from breast cancer patients,
with optical coherence micro-elastography (OCME), a method of imaging
micro-scale mechanical strain, to assess its potential for the intraoperative
assessment of lymph node involvement. METHODS: Twenty-six fresh,
unstained lymph nodes were imaged from 15 patients undergoing
mastectomy or breast-conserving surgery with axillary clearance. Lymph
node specimens were bisected to allow imaging of the internal face of each
node. Co-located OCME and optical coherence tomography (OCT) scans
were taken of each sample, and the results compared to standard postoperative hematoxylin-and-eosin-stained histology. RESULTS: The optical
backscattering signal provided by OCT alone may not provide reliable
differentiation by inspection between benign and malignant lymphoid tissue.
Alternatively, OCME highlights local changes in tissue strain that correspond
to malignancy and are distinct from strain patterns in benign lymphoid tissue.
The mechanical contrast provided by OCME complements the optical
contrast provided by OCT and aids in the differentiation of malignant tumor
from uninvolved lymphoid tissue. CONCLUSION: The combination of OCME
and OCT images represents a promising method for the identification of
malignant lymphoid tissue. This method shows potential to provide
intraoperative assessment of lymph node involvement, thus, preventing
unnecessary removal of uninvolved tissues and improving patient outcomes.
Free full text available from PubMed
PMID: 27829404
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D) Raman Spectroscopy—A Potential New Method for the Intra-Operative
Assessment of Axillary Lymph Nodes
Horsnell JD, Smith JA, Sattlecker M, et al. Raman spectroscopy--a
potentialnew method for the intra-operative assessment of axillary lymph
nodes. Surgeon. 2012; 10(3): 123-127.
Summary: Sentinel Lymph Node Biopsy has become the standard surgical
procedure for the sampling of axillary lymph nodes in breast cancer. Intraoperative node assessment of these nodes would allow definitive axillary
surgery to take place immediately with associated benefits for patient
management. Our experimental study aims to demonstrate that a Raman
spectroscopy probe system could overcome many of the disadvantages of
current intra-operative methods. 59 axillary lymph nodes, 43 negative and 16
positive from 58 patients undergoing breast surgery at our district general
hospital were mapped using Raman micro-spectroscopy. These maps were
then used to model the effect of using a Raman spectroscopic probe by
selecting 5 and 10 probe points across the mapped images and evaluating
the impact on disease detection. Results demonstrated sensitivities of up to
81% and specificities of up to 97% when differentiating between positive and
negative lymph nodes, dependent on the number of probe points included.
The results would have concurred with histopathology assessment in 89%
and 91% of cases in the 5 and 10 point models respectively. Using Raman
spectroscopy in this way could allow lymph node assessment within a timeframe suitable for intra-operative use.
Full text article available from The Surgeon (USD 31.50)
PMID: 22525413
E) Optical Scanning for Rapid Intraoperative Diagnosis of Sentinel Node
Metastases in Breast Cancer
Keshtgar MR, Chicken DW, Austwick MR, et al. Optical scanning for rapid
intraoperative diagnosis of sentinel node metastases in breast cancer. Br J
Surg. 2010; 97(8): 1232-1239.
Summary: Intraoperative diagnosis of sentinel node metastases enables an
immediate decision to proceed to axillary lymph node dissection, avoiding a
second operation in node-positive women with breast cancer. METHODS: An
optical scanner was developed that interrogated the cut surface of bivalved,
but otherwise unprocessed, sentinel lymph nodes with pulses of white light
by elastic scattering spectroscopy (ESS). The scattered light underwent
spectral analysis, and individual spectra were initially correlated with
conventional histology to develop a diagnostic algorithm. This algorithm was
used to create false colour-coded maps of scans from an independent set of
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nodes, and the optimal criteria for discriminating between normal and cancer
spectra were defined statistically. RESULTS: The discriminant algorithm was
developed from a training set of 2989 spectra obtained from 30 metastatic
and 331 normal nodes. Subsequent scans from 129 independent nodes were
analysed. The scanner detected macrometastases (larger than 2 mm) with a
sensitivity of 76 per cent (69 per cent including micrometastases) and
specificity of 96 per cent. CONCLUSION: In this proof-of-principle study, the
ESS results were comparable with current intraoperative diagnostic
techniques of lymph node assessment.
Full text article available from British Journal of Surgery (USD 6.00-38.00)
PMID: 20593429

4.2 Intraprocedural Setting
“Needle Biopsy.” NIH
National Cancer
Institute Visuals Online.
https://visualsonline.ca
ncer.gov/details.cfm?im
ageid=1973. Updated 1
Jan 2001. Accessed
Jan 10, 2018.

The intraprocedural setting is another place in which EVM can flourish and make
a dramatic impact in how pathologists practice on a daily basis. Two
intraprocedural applications of EVM are receiving the most interest at present:
assessment of adequacy and initial interpretation of needle biopsies and
aspirates; and organ transplant assessment.
For use in needle biopsies and aspirates, EVM imaging technologies offer a
rapid, portable, stain-free, nondestructive alternate to current procedures. With
the necessity for specimen conservation for molecular pathology and other
ancillary diagnostic techniques, this can have an extreme impact in patient care.
For use in organ transplant, EVM can potentially be used for intraprocedural
consults for both pre-transplant assessment of donor organ biopsies (for
suitability for transplant) and post-transplant assessment of biopsies of the
transplanted allografts (for allograft rejection).
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Following are selected articles on intraprocedural EVM for:
•

Needle Biopsy and Aspirate Adequacy (Section 4.2.1): and

•

Organ Transplant Assessment (Section 4.2.2).

4.2.1 Needle Biopsy and Aspirate Adequacy
Inflammatory breast carcinoma.
Fluorescence confocal microscopy.
Dobbs J, Krishnamurthy S, Kyrish M,
Benveniste AP, Yang W, RichardsKortum R. Confocal fluorescence
microscopy for rapid evaluation of
invasive tumor cellularity of
inflammatory breast carcinoma core
needle biopsies. Breast Cancer Res
Treat. 2015; 149(1): 303-310.
Reused under license CC BY-NC-SA
3.0.
https://creativecommons.org/licenses
/by-nc-sa/3.0/

Ex vivo microscopy (EVM) technologies are just now beginning to be explored in
the intraoperative setting for assessment of adequacy of needle biopsies and
aspirates. In the current state-of-the-art, rapid on-site evaluation by a pathologist,
cytopathologist or cytology technician is often needed to determine the adequacy
of needle biopsy and aspirate specimens. EVM imaging technologies offer a
rapid, portable, stain-free, nondestructive alternate to current procedures for
determining specimen adequacy, as shown in the fluorescence confocal images
of breast core needle biopsies of above. It can be performed on fresh biopsy
tissue cores or unfixed, unstained cytology preparations. And, as it is nondestructive and does not consume any of the specimen, it preserves the entire
specimen for diagnosis. Further, as EVM is a digital technology whose images
can be viewed remotely, it could obviate the need for the pathologist or cytologist
to be present for on-site evaluation. It also provides a permanent digital record of
the specimen histology.
During adequacy assessment, EVM images may help to not only identify tumor,
but also assess tumor cellularity and avoid central scar and tumor necrosis. It
should also be noted that EVM images could be used to triage biopsy tissue for
molecular and genomic studies or biobanking, while preserving tissue for
diagnosis. For further discussion of these topics, see Section 4.4 MolecularGenomic Studies and Section 4.5 Biobanking.
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Following are selected articles on IVM for needle biopsy and aspirate
assessment.

A) Immediate Ex-Vivo Diagnosis of Pituitary Adenomas Using Confocal
Reflectance Microscopy: A Proof-of-Principle Study
Mooney MA, Georges J, Yazdanabadi MI, et al. Immediate Ex-Vivo
Diagnosis of Pituitary Adenomas Using Confocal Reflectance Microscopy: A
Proof-of-Principle Study. J Neurosurg. 2017; 1-4.
Summary: OBJECTIVE The objective of this study was to evaluate the
feasibility of using confocal reflectance microscopy (CRM) ex vivo to
differentiate adenoma from normal pituitary gland in surgical biopsy
specimens. CRM allows for rapid, label-free evaluation of biopsy specimens
with cellular resolution while avoiding some limitations of frozen section
analysis. METHODS Biopsy specimens from 11 patients with suspected
pituitary adenomas were transported directly to the pathology department.
Samples were immediately positioned and visualized with CRM using a
confocal microscope located in the same area of the pathology department
where frozen sections are prepared. An H & E-stained slide was
subsequently prepared from imaged tissue. A neuropathologist compared the
histopathological characteristics of the H & E-stained slide and the matched
CRM images. A second neuropathologist reviewed images in a blinded
fashion and assigned diagnoses of adenoma or normal gland. RESULTS For
all specimens, CRM contrasted cellularity, tissue architecture, nuclear
pleomorphism, vascularity, and stroma. Pituitary adenomas demonstrated
sheets and large lobules of cells, similar to the matched H & E-stained slides.
CRM images of normal tissue showed scattered small lobules of pituitary
epithelial cells, consistent with matched H & E-stained images of normal
gland. Blinded review by a neuropathologist confirmed the diagnosis in 15
(94%) of 16 images of adenoma versus normal gland. CONCLUSIONS CRM
is a simple, reliable approach for rapidly evaluating pituitary adenoma
specimens ex vivo. This technique can be used to accurately differentiate
between pituitary adenoma and normal gland while preserving biopsy tissue
for future permanent analysis, immunohistochemical studies, and molecular
studies.
Full text available from Journal of Neurosurgery (USD 25.00 for 24 hour
access)
PMID: 28548594
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B) Rapid Intraoperative Histology of Unprocessed Surgical Specimens Via
Fibre-Laser-Based Stimulated Raman Scattering Microscopy
Orringer D, Pandian B, Niknafs Y, et al. Rapid Intraoperative Histology of
Unprocessed Surgical Specimens Via Fibre-Laser-Based Stimulated Raman
Scattering Microscopy. Nature Biomedical Engineering. 2017; 1:0027.
Free full text available from Nature Biomedical Engineering
Note: Summarized in Section 4.1.1.4
C) DRAQ5 and Eosin ('D&E') as an Analog to Hematoxylin and Eosin for
Rapid Fluorescence Histology of Fresh Tissues
Elfer KN, Sholl AB, Wang M, et al. DRAQ5 and Eosin ('D&E') as an Analog to
Hematoxylin and Eosin for Rapid Fluorescence Histology of Fresh Tissues.
PLoS One. 2016; 11(10): e0165530.
Summary: Real-time on-site histopathology review of biopsy tissues at the
point-of-procedure has great potential for significant clinical value and
improved patient care. For instance, on-site review can aid in rapid screening
of diagnostic biopsies to reduce false-negative results, or in quantitative
assessment of biospecimen quality to increase the efficacy of downstream
laboratory and histopathology analysis. However, the only currently available
rapid pathology method, frozen section analysis (FSA), is too time- and
labor-intensive for use in screening large quantities of biopsy tissues and is
too destructive for maximum tissue conservation in multiple small needle
core biopsies. In this work we demonstrate the spectrally-compatible
combination of the nuclear stain DRAQ5 and the anionic counterstain eosin
as a dual-component fluorescent staining analog to hematoxylin and eosin
intended for use on fresh, unsectioned tissues. Combined with optical
sectioning fluorescence microscopy and pseudo-coloring algorithms, DRAQ5
and eosin ("D&E") enables very fast, non-destructive psuedohistological
imaging of tissues at the point-of-acquisition with minimal tissue handling and
processing. D&E was validated against H&E on a one-to-one basis on
formalin-fixed paraffin-embedded and frozen section tissues of various
human organs using standard epi-fluorescence microscopy, demonstrating
high fidelity of the staining mechanism as an H&E analog. The method was
then applied to fresh, whole 18G renal needle core biopsies and large needle
core prostate biospecimen biopsies using fluorescence structured
illumination optical sectioning microscopy. We demonstrate the ability to
obtain high-resolution histology-like images of unsectioned, fresh tissues
similar to subsequent H&E staining of the tissue. The application of D&E
does not interfere with subsequent standard-of-care H&E staining and
imaging, preserving the integrity of the tissue for thorough downstream
analysis. These results indicate that this dual-stain pseudocoloring method
could provide a real-time histology-like image at the time of acquisition and
valuable objective tissue analysis for the clinician at the time of service.
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Free full text available from PubMed
PMID: 27788264
D) Fiber-Optic Confocal Laser Endomicroscopy of Small Renal Masses:
Toward Real-Time Optical Diagnostic Biopsy
Su LM, Kuo J, Allan RW, et al. Fiber-Optic Confocal Laser Endomicroscopy
of Small Renal Masses: Toward Real-Time Optical Diagnostic Biopsy. J Urol.
2016; 195(2): 486-492.
Summary: PURPOSE: The incidental detection of small renal masses is
increasing. However, not all require aggressive treatments as up to 20% are
benign and the majority of malignant tumors harbor indolent features.
Improved preoperative diagnostics are needed to differentiate tumors
requiring aggressive treatment from those more suitable for surveillance. We
evaluated and compared confocal laser endomicroscopy with standard
histopathology in ex vivo human kidney tumors as proof of principle towards
diagnostic optical biopsy. MATERIALS AND METHODS: Patients with a
solitary small renal mass scheduled for partial or radical nephrectomy were
enrolled in study. Two kidneys were infused with fluorescein via
intraoperative intravenous injection and 18 tumors were bathed ex vivo in
dilute fluorescein prior to confocal imaging. A 2.6 mm confocal laser
endomicroscopy probe was used to image tumors and surrounding
parenchyma from external and en face surfaces after specimen bisection.
Confocal laser endomicroscopy images were compared to standard
hematoxylin and eosin analysis of corresponding areas. RESULTS: Ex vivo
confocal laser endomicroscopy imaging revealed normal renal structures that
correlated well with histology findings. Tumor tissue was readily
distinguishable from normal parenchyma, demonstrating features unique to
benign and malignant tumor subtypes. Topical fluorescein administration
provided more consistent confocal laser endomicroscopy imaging than the
intravenous route. Additionally, en face tumor imaging was superior to
external imaging. CONCLUSIONS: We report what is to our knowledge the
first feasibility study using confocal laser endomicroscopy to evaluate small
renal masses ex vivo and provide a preliminary atlas of images from various
renal neoplasms with corresponding histology. These findings serve as an
initial and promising step toward real-time diagnostic optical biopsy of small
renal masses.
Full text available from Journal of Urology (USD 35.95 for 24 hour access)
PMID: 26321408
Note: Also cited in Sections 5.6.3
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E) Assessment of Sentinel Node Biopsies with Full-Field Optical
Coherence Tomography
Grieve K, Mouslim K, Assayag O, et al. Assessment of Sentinel Node
Biopsies with Full-Field Optical Coherence Tomography. Technol Cancer
Res Treat. 2016; 15(2): 266-274.
Free full text available from Technology in Cancer Research & Treatment
PMID: 25804544
Note: Summarized in Section 4.1.2
F) High-Resolution Rapid Diagnostic Imaging of Whole Prostate Biopsies
Using Video-Rate Fluorescence Structured Illumination Microscopy
Wang M, Kimbrell HZ, Sholl AB, et al. High-Resolution Rapid Diagnostic
Imaging of Whole Prostate Biopsies Using Video-Rate Fluorescence
Structured Illumination Microscopy. Cancer Res. 2015; 75(19): 4032-4041.
Summary: Rapid assessment of prostate core biopsy pathology at the pointof-procedure could provide benefit in a variety of clinical situations. Even with
advanced transrectal ultrasound guidance and saturation biopsy protocols,
prostate cancer can be missed in up to half of all initial biopsy procedures. In
addition, collection of tumor specimens for downstream histologic, molecular,
and genetic analysis is hindered by low tumor yield due to inability to identify
prostate cancer grossly. However, current point-of-procedure pathology
protocols, such as frozen section analysis (FSA), are destructive and too
time- and labor-intensive to be practical or economical. Ex vivo microscopy of
the excised specimens, stained with fast-acting fluorescent histology dyes,
could be an attractive nondestructive alternative to FSA. In this work, we
report the first demonstration of video-rate structured illumination microscopy
(VR-SIM) for rapid high-resolution diagnostic imaging of prostate biopsies in
realistic point-of-procedure timeframes. Large mosaic images of prostate
biopsies stained with acridine orange are rendered in seconds and contain
excellent contrast and detail, exhibiting close correlation with corresponding
hematoxylin and eosin histology. A clinically relevant review of VR-SIM
images of 34 unfixed and uncut prostate core biopsies by two independent
pathologists resulted in an area under the receiver operative curve (AUC) of
0.82-0.88, with a sensitivity ranging from 63% to 88% and a specificity
ranging from 78% to 89%. When biopsies contained more than 5% tumor
content, the sensitivity improved to 75% to 92%. The image quality, speed,
minimal complexity, and ease of use of VR-SIM could prove to be features in
favor of adoption as an alternative to destructive pathology at the point-ofprocedure.
Full text available from Cancer Research (USD 35.00)
PMID: 26282168
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Note: Also cited in Sections 4.5 and 5.6.2
G) A Feasibility Study of Full-Field Optical Coherence Tomography for
Rapid Evaluation of EUS-Guided Microbiopsy Specimens
Grieve K, Palazzo L, Dalimier E, Vielh P, Fabre M. A feasibility study of fullfield optical coherence tomography for rapid evaluation of EUS-guided
microbiopsy specimens. Gastrointest Endosc. 2015;81(2):342-50. doi:
10.1016/j.gie.2014.06.037.
Summary: BACKGROUND: Rapid on-site evaluation of cytologic specimens
is a way of determining the adequacy of fine-needle aspiration (FNA).
However, alternatives may be useful when the presence of a
cytotechnologist and/or pathologist is not possible. OBJECTIVE: To evaluate
the feasibility of using full-field optical coherence tomography (FFOCT) for
FNA specimen quality assessment. DESIGN: FFOCT images were acquired
on gastric, pancreatic, pelvic, and lymph-node formalin-fixed FNA specimens
and were compared with histology of the same samples. SETTING:
Pathology suite in a hospital. PATIENTS: Fourteen patients undergoing
gastric, pancreatic, pelvic, or lymph-node EUS-guided FNA biopsy.
INTERVENTIONS: FFOCT imaging on formalin-fixed samples before
histologic procedures. MAIN OUTCOME MEASUREMENTS: FFOCT
imaging feasibility and visibility of normal and abnormal features on images.
RESULTS: FFOCT imaging was possible. Blood, mucus, muscle, collagen,
and digestive mucosa could be identified as well as abnormal architectural
features including infiltrative pancreatic ductal carcinoma and a
neuroendocrine neoplasm. Lesions at the individual cell level could not be
detected. LIMITATIONS: The study was performed on a limited number of
cases. CONCLUSION: FFOCT offers rapid, noninvasive, nondestructive
imaging of FNA biopsy specimens. In the future, it could be performed in the
endoscopy suite to improve detection of satisfactory specimens and obviate
the need for rapid on-site evaluation.
Full text available from Gastrointestinal Endoscopy (USD 31.50)
PMID: 25262102
Note: Also cited in Section 5.12
H) Confocal Fluorescence Microscopy for Rapid of Invasive Tumor
Cellularity of Inflammatory Breast Carcinoma Core Needle Biopsies
Dobbs J, Krishnamurthy S, Kyrish M, Benveniste AP, Yang W, RichardsKortum R. Confocal Fluorescence Microscopy for Rapid Evaluation of
Invasive Tumor Cellularity of Inflammatory Breast Carcinoma Core Needle
Biopsies. Breast Cancer Res Treat. 2015; 149(1): 303-310.
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Free full text available from PubMed
PMID: 25417171
Note: Summarized in Section 3.2; also cited in Section 4.3
I)

Confocal Fluorescence Microscopy to Evaluate Changes in Adipocytes
in the Tumor Microenvironment Associated with Invasive Ductal
Carcinoma and Ductal Carcinoma in Situ
Dobbs JL, Shin D, Krishnamurthy S, Kuerer H, Yang W, Richards-Kortum R.
Confocal Fluorescence Microscopy to Evaluate Changes in Adipocytes in the
Tumor Microenvironment Associated with Invasive Ductal Carcinoma and
Ductal Carcinoma in Situ. Int J Cancer. 2016; 139(5): 1140-1149.
Full text available from International Journal of Cancer (USD 6.00-38.00)
PMID: 27116366
Note: Summarized in Section 3.2

J) Real-Time Cancer Diagnosis During Prostate Biopsy: Ex Vivo
Evaluation of Full-Field Optical Coherence Tomography (FFOCT)
Imaging on Biopsy Cores
Lopater J, Colin P, Beuvon F, et al. Real-Time Cancer Diagnosis During
Prostate Biopsy: Ex Vivo Evaluation of Full-Field Optical Coherence
Tomography (FFOCT) Imaging on Biopsy Cores. World J Urol. 2016; 34(2):
237-243.
Summary: OBJECTIVES: To evaluate the diagnostic accuracy (Acc) of fullfield optical coherence tomography (ffOCT) for cancer detection on prostate
biopsy. MATERIALS AND METHODS: Thirty-eight consecutive patients with
elevated PSA and/or suspicious digital rectal examination were prospectively
included. For each patient, 1-10 cores were randomly selected and imaged
with FFOCT immediately after sampling. The images obtained were deidentified and analyzed by three pathologists blinded to the results of
pathological evaluation. The overall average Acc was measured, as well as
sensitivity (Se), specificity (Sp), positive and negative predictive values (PPV
and NPV). The Acc learning curve was assessed by multivariate logistic
regression, and inter-reader concordance was assessed by Kappa index.
RESULTS: One hundred and nineteen cores were imaged. Of them, 40 (33.6
%) were involved with cancer. The overall average Acc of ffOCT for cancer
detection was of 70.6 %. Se, Sp, PPV, and NPV were of 63, 74, 55.5, and 80
%, respectively. A substantial agreement was observed among pathologists
(kappa = 0.6, p < 0.001). On multivariate analysis, Acc was associated with
the number of previously interpreted cases, with a predicted Acc of 82 % at
the end of learning curve. The overall average accuracy for high Gleason
score (>3 + 3) determination was of 72 %, although results were limited by
the small amount of cases. CONCLUSIONS: FFOCT of prostate biopsy
cores may provide a diagnostic accuracy greater than 80 %, with a good
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reliability and a high NPV. TAKE HOME MESSAGE: "Full-field optical
coherence tomography is a novel imaging modality that could have a
potential value in real-time diagnosis of prostate cancer during prostate
biopsy procedures."
Full text available from World Journal of Urology (USD 39.95)
PMID: 26100944
Note: Also cited in Section 5.6.2

4.2.2 Organ Transplant Assessment
Donor Kidney. Optical
coherence tomography.
Andrew P, Wang H, Weirwille,
Gong W, et al. Optical
coherence tomography of the
living human kidney. J Innov
Opt Health Sci. 2014;
7(2):1350004. Reused under
license CC BY4.0.
https://creativecommons.org/lic
enses/by/4.0/

Ex vivo microscopy (EVM) technologies are just now beginning to be explored in
the intraprocedural setting for transplanted organs. EVM can potentially be used
for both pre-transplant assessment of donor organs for suitability for transplant
(as shown in the optical coherence tomography(OCT) image of a donor kidney
above) and post-transplant assessment of the transplanted allografts for allograft
rejection.
EVM is currently being explored as a screening tool to assess the suitability of
explanted donor corneas for use in eye banks and to assess the suitability of
explanted donor kidneys for transplant, which is often laborious, time-consuming
and ineffective. Assessment of the suitability of explanted donor corneas is
currently done by trypan blue staining or phase contrast microscopy of corneas
preserved by organ culture. Assessment of the suitability of explanted donor
kidneys for transplant may be done by renal biopsy assessed by frozen section
at the time of surgery, but the target lesion of acute tubular necrosis may be
difficult to identify with certainty on frozen section. It may also be done on
permanent section with same-day or next-day turnaround, but the answer may
come too late to be clinically useful. EVM is well suited as an alternate means to
perform these tasks as it is non-invasive, non-destructive and can be performed
on fresh tissue in real time in the surgical suite, biopsy suite, tissue banking
facility or pathology laboratory. As such EVM could prove to be a valuable tool
for transplant surgeons and pathologists alike.
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In vivo microscopy (IVM) imaging technologies are also being developed as a
form of “optical biopsy” for post-transplant assessment of allografts for cellular
rejection. IVM imaging can also be performed in vivo (or in a perfused explanted
donor organ) to assess the microvasculature and perfusion of donor organs. And
for assessment of heart transplants for cardiac allograft vasculopathy. More
information on IVM in cardiac allograft rejection can be found in Section 5.4.3.
The following are selected articles on EVM in organ transplants.

A) Computational Chemical Imaging for Cardiovascular Pathology:
Chemical Microscopic Imaging Accurately Determines Cardiac
Transplant Rejection
Tiwari S, Reddy VB, Bhargava R, Raman J. Computational Chemical
Imaging for Cardiovascular Pathology: Chemical Microscopic Imaging
Accurately Determines Cardiac Transplant Rejection. PLoS One. 2015;
10(5): e0125183.
Summary: Rejection is a common problem after cardiac transplants leading
to significant number of adverse events and deaths, particularly in the first
year of transplantation. The gold standard to identify rejection is
endomyocardial biopsy. This technique is complex, cumbersome and
requires a lot of expertise in the correct interpretation of stained biopsy
sections. Traditional histopathology cannot be used actively or quickly during
cardiac interventions or surgery. Our objective was to develop a stain-less
approach using an emerging technology, Fourier transform infrared (FT-IR)
spectroscopic imaging to identify different components of cardiac tissue by
their chemical and molecular basis aided by computer recognition, rather
than by visual examination using optical microscopy. We studied this
technique in assessment of cardiac transplant rejection to evaluate efficacy
in an example of complex cardiovascular pathology. We recorded data from
human cardiac transplant patients' biopsies, used a Bayesian classification
protocol and developed a visualization scheme to observe chemical
differences without the need of stains or human supervision. Using receiver
operating characteristic curves, we observed probabilities of detection
greater than 95% for four out of five histological classes at 10% probability of
false alarm at the cellular level while correctly identifying samples with the
hallmarks of the immune response in all cases. The efficacy of manual
examination can be significantly increased by observing the inherent
biochemical changes in tissues, which enables us to achieve greater
diagnostic confidence in an automated, label-free manner. We developed a
computational pathology system that gives high contrast images and seems
superior to traditional staining procedures. This study is a prelude to the
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development of real time in situ imaging systems, which can assist
interventionists and surgeons actively during procedures.
Free full text available from PubMed
PMID: 25932912
B) Full-Field Optical Coherence Tomography of Human Donor and
Pathological Corneas
Ghouali W, Grieve K, Bellefqih S, et al. Full-Field Optical Coherence
Tomography of Human Donor and Pathological Corneas. Curr Eye Res.
2014; 1-9.
Summary: Abstract Purpose: To evaluate the performance of a full-field
optical coherence tomography (FF-OCT) system in the study of human donor
and pathological corneas and assess its suitability for use in eye banks.
Methods: Our study was carried out using an FF-OCT system developed for
non-invasive imaging of tissue structures in depth with ultrahigh resolution (1
microm in all directions). Images were acquired from eight stored human
donor corneas (either edematous or after deswelling) and five surgical
specimens of corneas with various diseases (bullous keratopathy, lattice
corneal dystrophy, stromal scar after keratitis, keratoconus and Fuchs
dystrophy). They were compared with standard histology and pre-operative
spectral domain OCT. Results: The FF-OCT device enabled a precise
visualization of the cells and the different structures (epithelium, basement
membrane, Bowman's layer, stroma, Descemet's membrane and
endothelium) in normal corneas. Specific lesions in various corneal diseases
could also be easily identified, such as corneal edema, epithelium and
Bowman's layer irregularities, breaks, or scars (keratoconus), stromal
opacities, deposits, fibrosis (stromal corneal scar, bullous keratopathy, lattice
corneal dystrophy) and Descemet's membrane thickening and guttae (Fuchs
dystrophy). FF-OCT image features were comparable to the details provided
by conventional histology. Higher resolution could be demonstrated with FFOCT when compared with spectral domain OCT. Conclusion: FF-OCT is a
powerful non-invasive imaging tool that allows detailed study of corneal
structures. Images correlate well with conventional histology. Further studies
should evaluate the benefit of this technique as a complement to current
assessment methods of human donor corneas.
Full text available from Current Eye Research (USD 52.00)
PMID: 25251769
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C) Using Optical Coherence Tomography (OCT) to Evaluate Human Donor
Kidneys Prior to and Following Transplantation
Andrews P, Chen,Y. Using Optical Coherence Tomography (OCT) to
Evaluate Human Donor Kidneys Prior to and Following Transplantation. J.
Nephrology and Therapeutics. 2014; 4(1)151.
Summary: The most common insult to donor kidneys destined for
transplantation is Acute Tubular Necrosis (ATN). The extent of ATN will
affect post-transplant function and is a significant risk factor for long-term
graft function and survival. Optical Coherence Tomography (OCT) is a
rapidly emerging imaging modality that can function as a type of “optical
biopsy”, providing non-invasive images of tissue morphology in situ and in
real-time. In this paper, we review studies that support the use of OCT and
Doppler based OCT (i.e., DOCT) to image the renal microstructure and blood
flow of human donor kidneys. We conclude that OCT/DOCT imaging of
donor kidneys prior to and following transplantation can provide transplant
surgeons with a means for predicting ATN and post-transplant renal function.
Free full text available from Nephrology & Therapeutics
Note: Also cited in Section 5.6.3
D) Acute Lung Allograft Rejection: Diagnostic Role of Probe-Based
Confocal Laser Endomicroscopy of the Respiratory Tract
Yserbyt J, Dooms C, Decramer M,Verleden GM. Acute Lung Allograft
Rejection: Diagnostic Role of Probe-Based Confocal Laser Endomicroscopy
of the Respiratory Tract. J Heart Lung Transplant. 2014; 33(5): 492-498.
Summary: BACKGROUND: Acute cellular rejection (AR) after lung
transplantation may result in significant morbidity and mortality both on the
short and long term. Transbronchial biopsy through flexible bronchoscopy is
highly sensitive for the diagnosis of AR, but reproducibility of histopathologic
interpretation is less convincing. Probe-based confocal laser endomicroscopy
(pCLE), a novel imaging tool in the field of respiratory medicine, enables realtime imaging of the pulmonary acini. METHODS: We performed 105
bronchoscopies in lung transplant recipients, combining both transbronchial
biopsies and pCLE. We conducted an observational survey for pCLE findings
in AR. RESULTS: Calculations for cellularity showed a median cell count
(ACA) of 50 (IQR 18 to 120) cells per microscopic field for AR and 10 (IQR 0
to 15) cells per microscopic field for matched controls (p = 0.0004). Cellular
autofluorescence in the AR group was 1,163 (+/- 157) units and 489 (+/- 101)
units for the matched controls (p = 0.0009). Autofluorescent cells were
present in 73% (+/- 10) of the recorded frames in the AR group and in only
42% (+/- 9) of the recorded frames in the control group (p = 0.03).
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Contingency analysis for the presence/absence of ACA in the AR group
versus the control group showed a sensitivity of 0.93 and a specificity of 0.46
(relative risk = 6.5 [95% CI 0.94 to 44.8], p = 0.01). The consecutive
application of 3 pCLE criteria resulted in a sensitivity of 0.93 and a specificity
of 0.83 for detection of AR. CONCLUSION: Our observational survey
suggests the existence of specific pCLE characteristics in patients with AR.
Further efforts are necessary to validate these findings prospectively.
Free full text available from Journal of Heart and Lung Transplantation
PMID: 24656287
Note: Also cited in Section 5.5.2

4.3 Gross Examination
Urinary bladder. Optical coherence
tomography.
Jain M, Shukla N, Manzoor M,
Nadolny S, Mukherjee S. Modified
full-field optical coherence
tomography: A novel tool for rapid
histology of tissues. J Pathol Inform.
2011; 2:28. Reused under license
CC BY4.0.
https://creativecommons.org/license
s/by/4.0/

Ex vivo microscopy (EVM) can also be used in the pathology laboratory at gross
examination. For example, EVM imaging can potentially be used to guide
selection of tissue blocks for submission for histology during gross examination
(as shown in the optical coherence tomography images of the urinary bladder
above). This is especially true for lesions that are not readily identified on visual
inspection or by palpation. There are many examples of where this might be the
case, such as in identification of: non-palpable foci of ductal carcinoma in situ or
filtrating lobular carcinoma in excisional breast biopsies; positive margins in
excisional breast biopsies and breast resections for breast cancer; residual tumor
in a background of fibrosis in breast resections S/P neoadjuvant chemotherapy;
residual tumor in the pancreas S/P Whipple resection for pancreatic cancer; high
grade dysplasia or adenocarcinoma arising in Barrett Esophagus or inflammatory
bowel disease (IBD) in mucosal excisions, esophajectomies or bowel resections;
cervical dysplasia in cone biopsies and hysterectomies; carcinoma in situ at
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margins of head and neck resections; and radial spread of melanoma in situ in
wide resections for malignant melanoma.
As for other pathology applications, EVM has potential advantages as a tool for
enhanced gross examination, as it can be performed rapidly (in minutes), on
fresh, intact specimens (preserving specimen orientation without the need for
inking or dissection) and can scan or take one-shot images of entire mucosal
surfaces or surgical margins or take 3D tomographic images of solid tumor
specimens. Thus the use of EVM for directed histologic sectioning at gross
examination could substantially reduce the total number of blocks submitted for
histology, by obviating the need for tissue submission by rote (as in the “one
block per centimeter rule” in bowel resections for IBD used in some pathology
laboratories) and total submission of surgical specimens like excisional breast
biopsies for permanent section (as is currently done in many pathology
laboratories). The use of EVM for directed histologic sectioning at gross
examination could also save manpower, save cost and shorten turnaround time
as there might be no need to “go back to the bucket”. Little work has been done
to date in this arena, so it is ripe for pathologists to take the lead.
Articles A (Jung and Boppart) and B (Glazer et al) below are two of the few
published articles on the use of EVM on gross specimens for directed histologic
sectioning.
However, there are many studies showing the utility of EVM to detect such
lesions as mentioned above for other ex vivo applications, indicating that EVM
likely can be adapted for use on these lesions in the grossing room too. A few
such articles follow.
For articles on relevant in vivo microscopy (IVM) studies, see Section 5.1
Gastrointestinal Tract and Pancreaticobiliary System, Section 5.2 Breast and
Section 5.3 Skin.

A) Optical Coherence Tomography for Rapid Tissue Screening and
Directed Histological Sectioning
Jung W, Boppart SA. Optical coherence tomography for rapid tissue
screening and directed histological sectioning. Stud Health Technol Inform.
2013; 185: 109-128.
Book available from IOS Press
PMID: 23542933
Note: Summarized in Section 3.6
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B) Light-Sheet Microscopy for Slide-Free Non-Destructive Pathology of
Large Clinical Specimens
Glaser AK, Reder NP, Chen Y, McCarty E, Yin C, Wei L. Light-Sheet
Microscopy for Slide-Free Non-Destructive Pathology of Large Clinical
Specimens. Nature Biomedical Engineering. 2017; 1:0084.
Free full text available from Nature Biomedical Engineering
Note: Summarized in Section 2.2; also cited in Sections 3.1, 4.1.1.1, 4.1.1.4,
5.2.2 and 5.6.2
C) Diagnostic Accuracy of Confocal Laser Endomicroscopy for the Ex
Vivo Characterization of Peritoneal Nodules During
Laparoscopic Surgery
Pierangelo A, Fuks D, Benali A, Validire P, Gayet B. Diagnostic Accuracy of
Confocal Laser Endomicroscopy for the Ex Vivo Characterization of
Peritoneal Nodules During Laparoscopic Surgery. Surg Endosc. 2017; 31(4):
1974-1981.
Summary: BACKGROUND: Intraoperative characterization of peritoneal
nodules can be challenging. Probe-based confocal laser endomicroscopy
(pCLE) is an innovative technique enabling real-time microscopic analysis.
This study aimed to assess the role of pCLE in the discrimination of benign
versus malignant peritoneal nodules during laparoscopic staging.
MATERIALS AND METHODS: During this prospective trial, pCLE was
performed ex vivo on fresh samples of peritoneal nodules in 30 consecutive
patients, after topical application of indocyanine green. The final diagnosis
was obtained histologically, as per standard of care. pCLE image criteria for
normal versus inflammatory versus malignant nodules were established
(phase I); these criteria were tested retrospectively on selected videos by two
examiners (phase II). The primary endpoints were values of accuracy in
diagnosing malignant nodules. RESULTS: pCLE criteria for malignant
nodules defined in phase I were: strongly fluorescent irregular clusters of
cancerous cells, nonfluorescent nuclei of cancerous cells, and substantially
lower fluorescence of the extracellular matrix fluorescence compared with
cancerous clusters. In phase II, the detection rate of these criteria was
significantly higher in malignant compared with benign nodules. Overall
sensitivity, specificity, positive and negative predictive values to detect
malignant nodules were 75, 100, 100 and 89 %, respectively. Interobserver
agreement was substantial (kappa 0.69). CONCLUSION: These preliminary
results suggest that pCLE is a valuable tool to discriminate between benign
and malignant peritoneal nodules, with a high positive predictive value.
Full text available from Surgical Endoscopy (USD 39.95)
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PMID: 27534660
Note: Also cited in Section 5.7.2
D) Usefulness of Confocal Laser Endomicroscopy to Diagnose Ulcerative
Colitis-Associated Neoplasia
Ohmiya N, Horiguchi N, Tahara T, et al. Usefulness of Confocal Laser
Endomicroscopy to Diagnose Ulcerative Colitis-Associated Neoplasia. Dig
Endosc. 2017; 29(5): 626-633.
Summary: Chromoendoscopy, narrow-band imaging (NBI), and confocal
laser endomicroscopy (CLE) have been introduced in ulcerative colitis (UC)associated neoplasia surveillance. We aimed to determine the ability of CLE
to differentiate among UC-associated neoplasia (differentiated type or
undifferentiated type), sporadic adenoma, and circumscribed regenerative
lesions. Of 665 patients with UC, we carried out probe-based CLE (pCLE) on
12 patients with suspected UC-associated neoplasia in addition to
magnifying chromoendoscopy with crystal violet and NBI. We compared
pCLE findings with pathological diagnoses. pCLE could differentiate UCassociated differentiated cancer from other pathologies such as solitary
adenoma and non-neoplastic circumscribed regenerative lesions on the
basis of back-to-back orientation of crypts (P = 0.048), and UC-associated
undifferentiated cancer from other pathologies on the basis of dark trabecular
architecture (P = 0.015). Sensitivity, specificity, and accuracy of combination
of back-to-back orientation of crypts and dark trabecular architecture for
carcinoma or dysplasia were 100%, 83%, and 92%, respectively. In vivo
microscopic observation with pCLE was helpful to evaluate the suspected
UC-associated neoplasia.
Full text available from Digestive Endoscopy (USD 6.00-38.00)
PMID: 28244237
Note: Also cited in Section 5.1.1.2
E) Fluorescence Confocal Microscopy for Ex Vivo Diagnosis of
Conjunctival Tumors: A Pilot Study
Iovieno A, Longo C, De Luca M, Piana S, Fontana L, Ragazzi M.
Fluorescence Confocal Microscopy for Ex Vivo Diagnosis of Conjunctival
Tumors: A Pilot Study. Am J Ophthalmol. 2016; 168:207-216.
Summary: PURPOSE: To evaluate the potential use of fluorescence
confocal microscopy (FCM) for ex vivo diagnosis and excision margin
assessment of conjunctival neoplasms. DESIGN: Validity study. METHODS:
setting: Single institution. PARTICIPANTS: Consecutive patients with
clinically suspicious conjunctival lesions. INTERVENTION: Conjunctival
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lesions were excised in toto using a standard "no-touch technique" by a
single surgeon (A.I.). Collected specimens were examined with a
commercially available laser scanning fluorescence confocal microscope
after immersion in a 0.6 mM solution of acridine orange dye for 10-20
seconds. Specimens were subsequently processed with standard histologic
analysis. MAIN OUTCOME MEASURES: FCM diagnosis of the nature and
extension of conjunctival lesions. RESULTS: Sixteen consecutive patients
were included in the study (11 male, 5 female; mean age 58.1 +/- 26.1 years,
range 10-90 years). The median time needed to process and analyze a
sample with FCM was 15 minutes. Eleven of 16 lesions were identified by
FCM as squamous (2 benign papillomas, 2 grade 2 conjunctival
intraepithelial neoplasias, 7 in situ squamous carcinomas) and 5 as
nonsquamous (1 pingueculum, 1 dermolipoma, 2 melanocytic nevi, 1
melanoma). In all cases FCM was able to detect horizontal and vertical
extension of the lesion. All FCM findings were confirmed by corresponding
subsequent histologic examination. CONCLUSIONS: FCM provides a fast ex
vivo preliminary diagnosis of suspicious conjunctival lesions with good
histologic details and margin assessment, and may represent a novel tool for
intraoperative and postsurgical management of conjunctival tumors. This is
the first study to investigate ex vivo FCM application in ophthalmology.
Full text available from American Journal of Ophthalmology (USD 35.95 for
24 hour access)
PMID: 27296488
F) Appraisal of Needle-Based Confocal Laser Endomicroscopy in the
Diagnosis of Pancreatic Cysts
Krishna SG, Lee JH. Appraisal of Needle-Based Confocal Laser
Endomicroscopy in the Diagnosis of Pancreatic Cysts. World J
Gastroenterol. 2016; 22(4): 1701-1710.
Summary: Nearly 2.5% of cross-sectional imaging studies will report a
finding of a cystic pancreatic lesion. Even though most of these are incidental
findings, it remains very concerning for both patients and treating clinicians.
Differentiating and predicting malignant transformation in pancreatic cystic
lesions is clinically challenging. Current evaluation of suspicious cystic
lesions includes a combination of radiologic imaging, endoscopic ultrasound
(EUS) and cyst fluid analyses. Despite these attempts, precise diagnostic
stratification among non-mucinous, mucinous, and malignant cystic lesions is
often not possible until surgical resection. EUS-guided needle based
confocal laser endomicroscopy (nCLE) for evaluation of pancreatic cysts is
emerging as a powerful technique with remarkable potential. Though limited
imaging data from 3 large clinical trials (INSPECT, DETECT and CONTACT)
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are currently the reference standard for nCLE imaging, nonetheless these
have not been validated in large studies. The aim of this review article is to
review the evolving role of EUS-guided nCLE in management of pancreatic
cystic lesions in terms of its significance, adverse events, limitations, and
implications.
Free full text available from PubMed
PMID: 26819534
Note: Also cited in Sections 5.1.2 and 5.12
G) Confocal Fluorescence Microscopy for Rapid Evaluation of Invasive
Tumor Cellularity of Inflammatory Breast Carcinoma Core
Needle Biopsies
Dobbs J, Krishnamurthy S, Kyrish M, Benveniste AP, Yang W, RichardsKortum R. Confocal Fluorescence Microscopy for Rapid Evaluation of
Invasive Tumor Cellularity of Inflammatory Breast Carcinoma Core Needle
Biopsies. Breast Cancer Res Treat. 2015; 149(1): 303-310.
Free full text available from PubMed
PMID: 25417171
Note: Summarized in Section 4.2.1; also cited in Section 4.3
H) Detection of Cervical Intraepithelial Neoplasia by Using Optical
Coherence Tomography in Combination with Microscopy
Gallwas J, Jalilova A, Ladurner R, et al. Detection of Cervical Intraepithelial
Neoplasia by Using Optical Coherence Tomography in Combination with
Microscopy. J Biomed Opt. 2017; 22(1): 16013.
Summary: Optical coherence tomography (OCT) is a noninvasive highresolution imaging technique that permits the detection of cancerous and
precancerous lesions of the uterine cervix. The purpose of this study was to
evaluate a new system that integrates an OCT device into a microscope.
OCT images were taken from loop electrosurgical excision procedure (LEEP)
specimens under microscopic guidance. The images were blinded with
respect to their origin within the microscopic image and analyzed
independently by two investigators using initially defined criteria and later
compared to the corresponding histology. Sensitivity and specificity were
calculated with respect to the correct identification of high-grade squamous
intraepithelial lesions (HSIL). The interinvestigator agreement was assessed
by using Cohen’s kappa statistics. About 160 OCT images were obtained
from 20 LEEP specimens. Sixty randomly chosen images were used to
define reproducible criteria for evaluation. The assessment of the remaining
100 images showed a sensitivity of 88% (second investigator 84%) and a
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specificity of 69% (65%) in detecting HSIL. Surgical microscopy-guided OCT
appears to be a promising technique for immediate assessment of
microanatomical changes. In the gynecological setting, the combination of
OCT with a colposcope may improve the detection of high-grade squamous
intraepithelial lesions.
Full text available from Journal of Biomedical Optics (USD 20.00-25.00)
PMID: 28118427
Note: Also cited in Section 5.7.1
I)

Detection of Head and Neck Cancer in Surgical Specimens Using
Quantitative Hyperspectral Imaging
Lu G, Little JV, Wang X, et al. Detection of Head and Neck Cancer in
Surgical Specimens Using Quantitative Hyperspectral Imaging. Clin Cancer
Res. 2017. pii: clincanres.0906.2017
Summary: PURPOSE: This study intends to investigate the feasibility of
using hyperspectral imaging (HSI) to detect and delineate cancers in fresh,
surgical specimens of patients with head and neck cancers.<br /><br
/>Experimental Design: A clinical study was conducted in order to collect and
image fresh, surgical specimens from patients (N = 36) with head and neck
cancers undergoing surgical resection. A set of machine-learning tools were
developed to quantify hyperspectral images of the resected tissue in order to
detect and delineate cancerous regions which were validated by
histopathological diagnosis. More than two million reflectance spectral
signatures were obtained by HSI and analyzed using machine-learning
methods. The detection results of HSI were compared with autofluorescence
imaging and fluorescence imaging of two vital-dyes of the same
specimens.<br /><br />Results: Quantitative HSI differentiated cancerous
tissue from normal tissue in ex vivo surgical specimens with a sensitivity and
specificity of 91% and 91%, respectively, and which was more accurate than
autofluorescence imaging (p<0.05) or fluorescence imaging of 2-NBDG
(p<0.05) and proflavine (p<0.05). The proposed quantification tools also
generated cancer probability maps with the tumor border demarcated and
which could provide real-time guidance for surgeons regarding optimal tumor
resection.<br /><br />Conclusions: <p>This study highlights the feasibility of
using quantitative HSI as a diagnostic tool to delineate the cancer boundaries
in surgical specimens, and which could be translated into the clinic
application with the hope of improving clinical outcomes in the future.
Full text available for Clinical Cancer Research (USD 35.00 for 24 hour
access)
PMID: 28611203
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J) Laparoscopic Confocal Laser Microscopy without Fluorescent
Injection: A Pilot Ex Vivo Study in Colon Cancer
Ellebrecht DB, Gebhard MP, Horn M, Keck T, Kleemann M. Laparoscopic
Confocal Laser Microscopy without Fluorescent Injection: A Pilot Ex Vivo
Study in Colon Cancer. Surg Innov. 2016; 23(4): 341-346.
Summary: Introduction Histological analysis of surgical specimen is the gold
standard for cancer classification. In particular, frozen histological diagnosis
of vague peritoneal spots or uncertain excision of tumors plays a crucial role
for proceeding with or without change of the operation procedure. Confocal
laser microscopy (CLM) enables in vivo and real-time high-resolution tissue
analysis. To evaluate a novel technique of CLM without any fluorescent dye,
this pilot ex vivo study demonstrates a CLM camera device for minimal
invasive surgical approach. Methods In 5 cases, a laparoscopic CLM camera
was used for examining colon and rectum specimen. Images of
nonmalignant and malignant intestinal mucosa were characterized in terms
of specific signal-patterns. No fluorescent dye was used. Correlations to
findings in conventional histology were systematically recorded and
described. Results Using this CLM camera device, it is possible to analyze
colon specimen mucosa. Nonmalignant and malignant intestinal mucosa
show specific signal patterns. Nonmalignant mucosa is defined by
honeycomb structure. There is deregulated structure in colon and rectum
carcinoma mucosa. The inside lumen is irregular. The radial border appears
swollen with reduced contrast. Discussion This pilot study shows that the
assessment of colon mucosa with a prototype of CLM camera for minimally
invasive surgical approach without any fluorescent dye is feasible. It is
possible to differentiate between benign and malignant mucosa in colon
specimen by easy to evaluate and reproducible parameters. These first steps
of this pioneering achievement to establish CLM in minimal invasive surgical
procedures show a great potential for a more reliable intraoperative
evaluation of suspect foci.
Full text available from Surgical Innovation (subscription required)
PMID: 26976830
Note: Also cited in Section 5.1.1.2
K) Multispectral Fluorescence Imaging of Human Ovarian and Fallopian
Tube Tissue for Early-Stage Cancer Detection
Tate TH, Baggett B, Rice PF, et al. Multispectral Fluorescence Imaging of
Human Ovarian and Fallopian Tube Tissue for Early-Stage Cancer
Detection. J Biomed Opt. 2016; 21(5): 56005.
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Summary: With early detection, 5-year survival rates for ovarian cancer
exceed 90%, yet no effective early screening method exists. Emerging
consensus suggests over 50% of the most lethal form of the disease
originates in the fallopian tube. Twenty-eight women undergoing
oophorectomy or debulking surgery provided informed consent for the use of
surgical discard tissue samples for multispectral fluorescence imaging. Using
multiple ultraviolet and visible excitation wavelengths and emissions bands,
12 fluorescence and 6 reflectance images of 47 ovarian and 31 fallopian tube
tissue samples were recorded. After imaging, each sample was fixed,
sectioned, and stained for pathological evaluation. Univariate logistic
regression showed cancerous tissue samples had significantly lower intensity
than noncancerous tissue for 17 image types. The predictive power of
multiple image types was evaluated using multivariate logistic regression
(MLR) and quadratic discriminant analysis (QDA). Two MLR models each
using two image types had receiver operating characteristic curves with area
under the curve exceeding 0.9. QDA determined 56 image type combinations
with perfect resubstituting using as few as five image types. Adaption of the
system for future in vivo fallopian tube and ovary endoscopic imaging is
possible, which may enable sensitive detection of ovarian cancer with no
exogenous contrast agents.
Full text available from Journal of Biomedical Optics (USD 20.00-25.00)
PMID: 27220626
Note: Also cited in Section 5.7.2
L) Spectrally Encoded Confocal Microscopy (SECM) for Diagnosing
Breast Cancer in Excision and Margin Specimens
Brachtel EF, Johnson NB, Huck AE, Rice-Stitt TL, Vangel MG, Smith BL.
Spectrally Encoded Confocal Microscopy for Diagnosing Breast Cancer in
Excision and Margin Specimens. Lab Invest. 2016; 96(4): 459-467.
Free full text available from PubMed
PMID: 26779830
Note: Summarized in Section 4.1.1.1; also cited in Section 5.2.3
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4.4 Molecular-Genomic Studies
“DNA Sequencing.” Wikipedia Web site.
https://en.wikipedia.org/wiki/DNA_sequ
encing. Updated 16 Aug 2016. Access
Aug 16, 2016.

Ex vivo microscopy (EVM) can also be used to triage tissue for ancillary
molecular, genomic and genetics studies, while preserving tissue for diagnosis.
EVM imaging offers a rapid, portable, stain-free, nondestructive means to
visualize lesional tissue in fresh needle biopsies or surgical specimens, in order
to select tissue to submit for ancillary studies while preserving sufficient tissue for
diagnosis. EVM can also be used to distinguish viable from necrotic tissue, not
only by morphology, but also by its spectroscopic signature in the case of optical
spectroscopy and spectroscopic (hyperspectral) imaging. Similarly, optical
spectroscopy and spectroscopic imaging can be used to identify calcified tissue
or bone that should be avoided. Further, using optical spectroscopy and
spectroscopic imaging, it may one day be possible to detect the presence or
absence of specific molecular or genomic targets in fresh biopsy or surgical
tissue.
It should also be noted that EVM is a potential tool for use in the pathology
laboratory in the performance of molecular and genomic studies. EVM imaging
can potentially be used to screen frozen tissues or paraffin blocks to find the best
tissues for ancillary studies performed by immunohistochemistry (IHC) or
fluorescence (FISH) or chromogenic in situ hybridization (CHISH), without
consuming this valuable tissue to make scout sections. It can likewise be used to
select the best frozen tissues or paraffin blocks to use as controls or in tissue
microarrays in IHC, FISH AND CHISH assays. And to perform quality control on
tissue blocks and microarrays over time. Once again, this is especially true for
optical spectroscopy and spectroscopic imaging, particularly using Raman
spectroscopy, which can potentially assess the degree and uniformity of fixation
and to detect the adverse effects of fixation, paraffin-embedding or storage.
There are few, if any, published studies to date specifically addressing the use of
EVM for tissue triaging for ancillary studies. But there is ample literature showing
that EVM imaging can “see” tumor necrosis. And that Raman and other
spectroscopies are sensitive to formalin and paraffin in cellular or tissue samples,
which could be exploited to screen formalin-fixed paraffin blocks and tissue
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arrays for use in IHC, FISH or CHISH assays. Obviously, this is a potential EVM
application where pathologist involevement is urgently needed.
Following are selected articles are on EVM of tissue arrays and on the detection
of necrosis, calcification and formalin and other fixatives by EVM.
For articles on EVM of needle biopsies and aspirates, see Section 4.3 Needle
Biopsy and Aspirate Adequacy.

A) Classification of Malignant and Benign Tumors of the Lung by Infrared
Spectral Histopathology (SHP)
Akalin A, Mu X, Kon MA, et al. Classification of malignant and benign tumors
of the lung by infrared spectral histopathology (SHP). Lab Invest.
2015;95(4):406-21. doi: 10.1038/labinvest.2015.1.
Summary: We report results of a study utilizing a novel tissue classification
method, based on label-free spectral techniques, for the classification of lung
cancer histopathological samples on a tissue microarray. The spectral
diagnostic method allows reproducible and objective classification of
unstained tissue sections. This is accomplished by acquiring infrared data
sets containing thousands of spectra, each collected from tissue pixels
approximately 6 mum on edge; these pixel spectra contain an encoded
snapshot of the entire biochemical composition of the pixel area. The
hyperspectral data sets are subsequently decoded by methods of
multivariate analysis that reveal changes in the biochemical composition
between tissue types, and between various stages and states of disease. In
this study, a detailed comparison between classical and spectral
histopathology is presented, suggesting that spectral histopathology can
achieve levels of diagnostic accuracy that is comparable to that of multipanel
immunohistochemistry.
Free full text available from Laboratory Investigation
PMID: 25664390
Note: Also cited in Section 5.5.1
B) Large Scale Infrared Imaging of Tissue Micro Arrays (TMAs) Using a
Tunable Quantum Cascade Laser (QCL) Based Microscope
Bassan P, Weida MJ, Rowlette J, Gardner P. Large Scale Infrared Imaging
of Tissue Micro Arrays (TMAs) Using a Tunable Quantum Cascade Laser
(QCL) Based Microscope. Analyst. 2014; 139(16): 3856-3859.
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Summary: Chemical imaging in the field of vibrational spectroscopy is
developing into a promising tool to complement digital histopathology.
Applications include screening of biopsy tissue via automated recognition of
tissue/cell type and disease state based on the chemical information from the
spectrum. For integration into clinical practice, data acquisition needs to be
speeded up to implement a rack based system where specimens are rapidly
imaged to compete with current visible scanners where 100's of slides can
be scanned overnight. Current Fourier transform infrared (FTIR) imaging with
focal plane array (FPA) detectors are currently the state-of-the-art
instrumentation for infrared absorption chemical imaging, however recent
development in broadly tunable lasers in the mid-IR range is considered the
most promising potential candidate for next generation microscopes. In this
paper we test a prototype quantum cascade laser (QCL) based spectral
imaging microscope with a focus on discrete frequency chemical imaging.
We demonstrate how a protein chemical image of the amide I band (1655
cm(-1)) of a 2 x 2.4 cm(2) breast tissue microarray (TMA) containing over
200 cores can be measured in 9 min. This result indicates that applications
requiring chemical images from a few key wavelengths would be ideally
served by laser-based microscopes.
Free full text available from Analyst
PMID: 24965124
C) Raman Spectroscopy to Distinguish Grey Matter, Necrosis, and
Glioblastoma Multiforme in Frozen Tissue Sections
Kalkanis SN, Kast RE, Rosenblum ML, et al. Raman spectroscopy to
distinguish grey matter, necrosis, and glioblastoma multiforme in frozen
tissue sections. Journal of Neurooncology. 2014; 116(3): 477-485.
Summary: The need exists for a highly accurate, efficient and inexpensive
tool to distinguish normal brain tissue from glioblastoma multiforme (GBM)
and necrosis boundaries rapidly, in realtime, in the operating room. Raman
spectroscopy provides a unique biochemical signature of a tissue type, with
the potential to provide intraoperative identification of tumor and necrosis
boundaries. We aimed to develop a database of Raman spectra from normal
brain, GBM, and necrosis, and a methodology for distinguishing these
pathologies. Raman spectroscopy was used to measure 95 regions from 40
5/23/2016 Raman spectroscopy to distinguish grey matter, necrosis, and
glioblastoma multiforme in frozen tissue sections frozen tissue sections using
785 nm excitation wavelength. Review of adjacent hematoxylin and eosin
sections confirmed histology of each region. Three regions each of normal
grey matter, necrosis, and GBM were selected as a training set. Ten regions
were selected as a validation set, with a secondary validation set of tissue
regions containing freeze artifact. Grey matter contained higher lipid (1061,
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1081 cm−1) content, whereas necrosis revealed increased protein and
nucleic acid content (1003, 1206, 1239, 1255–1266, 1552 cm−1). GBM fell
between these two extremes. Discriminant function analysis showed 99.6,
97.8, and 77.5 % accuracy in distinguishing tissue types in the training,
validation, and validation with freeze artifact datasets, respectively.
Decreased classification in the freeze artifact group was due to tissue
preparation damage. This study shows the potential of Raman spectroscopy
to accurately identify normal brain, necrosis, and GBM as a tool to augment
pathologic diagnosis. Future work will develop mapped images of diffuse
glioma and neoplastic margins toward development of an intraoperative
surgical tool.
Full text available from Laboratory Investigation (USD 39.95)
PMID: 24390405
Note: Also cited in Section 5.8.3
D) Application of Raman Spectroscopy to Identify Microcalcifications and
Underlying Breast Lesions at Stereotactic Core Needle Biopsy
Barman I, Dingari NC, Saha A, et al. Application of Raman Spectroscopy to
Identify Microcalcifications and Underlying Breast Lesions at Stereotactic
Core Needle Biopsy. Cancer Research. 2013; 73:3206-3215.
Summary: Microcalcifications are a feature of diagnostic significance on a
mammogram and a target for stereotactic breast needle biopsy. Here, we
report development of a Raman spectroscopy technique to simultaneously
identify microcalcification status and diagnose the underlying breast lesion, in
real-time, during stereotactic core needle biopsy procedures. Raman spectra
were obtained ex vivo from 146 tissue sites from fresh stereotactic breast
needle biopsy tissue cores from 33 patients, including 50 normal tissue sites,
77 lesions with microcalcifications, and 19 lesions without microcalcifications,
using a compact clinical system. The Raman spectra were modeled on the
basis of the breast tissue components, and a support vector machine
framework was used to develop a single-step diagnostic algorithm to
distinguish normal tissue, fibrocystic change (FCC), fibroadenoma, and
breast cancer, in the absence and presence of microcalcifications. This
algorithm was subjected to leave-one-site-out cross-validation, yielding a
positive predictive value, negative predictive value, sensitivity, and specificity
of 100%, 95.6%, 62.5%, and 100% for diagnosis of breast cancer (with or
without microcalcifications) and an overall accuracy of 82.2% for
classification into specific categories of normal tissue, FCC, fibroadenoma, or
breast cancer (with and without microcalcifications). Notably, the majority of
breast cancers diagnosed are ductal carcinoma in situ (DCIS), the most
common lesion associated with microcalcifications, which could not be
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diagnosed using previous Raman algorithm(s). Our study shows the potential
of Raman spectroscopy to concomitantly detect microcalcifications and
diagnose associated lesions, including DCIS, and thus provide real-time
feedback to radiologists during such biopsy procedures, reducing
nondiagnostic and false-negative biopsies.
Free full text article available from Cancer Research
PMID: 23729641

4.5 Biobanking
A biobank is a biorepository that stores biological patient samples for the
purposes of collection, preservation, storage and dissemination of tissue
specimens and other biological materials for future use. Biobanking, which was
once the exclusive preserve of biomedical research, has now expanded to
provide tissue specimens to establish eligibility for clinical trials and for clinical
use in regenerative medicine, tissue engineering and stem cell therapy. As such,
this rapidly expanding field of biobanking has since come under intense scrutiny
due to the increasing demands of genomic, proteomics and
Liquid nitrogen tank at
Indivumed facility.
Credit: Indivumed.

personalized/precision medicine.
Pathologists play a central role in the procurement of tissues for biobanking and
in the administration of the biobank. To aid in this effort, the CAP has instituted a
checklist based program for biobank accreditation to ensure best practices and
that the tissue collection is adequately regulated. Often the lesion being
biobanked is not apparent macroscopically and this leads to non-representative
tissue being biobanked causing an unnecessary waste of resources. This has
highlighted the need for a technique such as ex vivo microscopy (EVM) to assist
in accurate collection of lesional tissue.
EVM can potentially be used to screen/triage tissue from biopsies, surgical
specimens and autopsies to improve the quality of tissue provided for
biobanking. EVM imaging offers a rapid, portable, stain-free, nondestructive
means to visualize both lesional and adjacent normal tissue to submit for
biobanking, while preserving sufficient tissue for diagnosis. EVM can be used to
judge tumor cellularity in order to select optimal tissue for biobanking. It can also
be used to distinguish viable from necrotic tissue, not only by morphology, but by
its spectroscopic signature in the case of optical spectroscopy and spectroscopic
(hyperspectral) imaging. Similarly, optical spectroscopy and spectroscopic
imaging can be used to identifycentral scarring, calcified tissue or bone that
should be avoided. Further, EVM is a nondestructive process that does not alter
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or otherwise adversely impact DNA, RNA or protein expression in tissue destined
for genomic or proteomic studies.
EVM can also potentially be used to document the tissue biobanking process,
providing a permanent, digital record of both the fresh tissue selected for
biobanking and the frozen or fixed tissue blocks biobanked. Digital EVM images
could be used by biobank personnel, investigators and clinicians to select the
best, most representative tissue specimens for study or clinical use.
Further, EVM can potentially be used to assess the overall quality and state of
preservation of the biobanked tissue. Oxidation, dehydration, enzymatic
degradation, freeze-thaw and fixation effects are only a few of the factors that
can adversely affect the quality of biobanked tissue over time, and can potentially
be assessed using EVM, particularly optical spectroscopy and spectroscopic
imaging, which can assess tissue properties other than morphology, such as
tissue chemistry and metabolism. In fact, using optical spectroscopy and
spectroscopic imaging it may one day be possible to not only assess the state of
preservation of DNA, RNA and protein, but also detect the presence or absence
of specific genomic or proteomic targets in biobanked tissue.
Below are selected articles related to EVM and biobanking. The first is a review
article in Nature on the issues currently of concern in biobanking, many of which
could potentially be addressed or monitored using EVM. The others are articles
that touch on the potential use of EVM, in this case optical coherence
tomography (OCT), fluorescence structured illumination microscopy and confocal
microscopy, in biobanking.
For articles on the use of EVM in molecular and genomic studies themselves,
see Section 4.4 Molecular-Genomic Studies

A) Biorepositories: Building Better Biobanks
Baker M. Biorepositories: Building Better Biobanks. Nature. 2012; 486(7401):
141-146.
st

Summary: (1 paragraph) Across the world, freezers and cabinet shelves
are full of human samples. Biobanks — collections of biological material set
aside for research — vary tremendously in size, scope and focus. Samples
can be collected from the general population, from patients who have had
surgery or a biopsy and from people who have recently died. Some
collections date back decades. The Aboriginal genome, for instance, was
sequenced from a lock of hair originally given to British ethnologist Alfred
Cort Haddon in the 1920s; he crisscrossed the world gathering samples that
are now housed at the University of Cambridge, UK. Most collections contain

© 2018 College of American Pathologists. All rights reserved.

Return to Table of Contents

132

Section 4
dried or frozen blood, but tissues such as eye, brain and nail are also held.
Some biobanks address different questions from others: a population-based
biobank that collects dried blood and health data may be used to determine
the genetic risk factors for breast cancer, whereas a disease biobank that
collects tumour samples might be used to reveal different molecular forms of
breast cancer.
Free full text available from Nature
PMID: 22678297
B) Optical Coherence Tomography in the UK Biobank Study - Rapid
Automated Analysis of Retinal Thickness for Large
Population-Based Studies
Keane PA, Grossi CM, Foster PJ, et al. Optical Coherence Tomography in
the Uk Biobank Study - Rapid Automated Analysis of Retinal Thickness for
Large Population-Based Studies. PLoS One. 2016; 11(10): e0164095.
Summary: PURPOSE: To describe an approach to the use of optical
coherence tomography (OCT) imaging in large, population-based studies,
including methods for OCT image acquisition, storage, and the remote, rapid,
automated analysis of retinal thickness. METHODS: In UK Biobank, OCT
images were acquired between 2009 and 2010 using a commercially
available "spectral domain" OCT device (3D OCT-1000, Topcon). Images
were obtained using a raster scan protocol, 6 mm x 6 mm in area, and
consisting of 128 B-scans. OCT image sets were stored on UK Biobank
servers in a central repository, adjacent to high performance computers.
Rapid, automated analysis of retinal thickness was performed using custom
image segmentation software developed by the Topcon Advanced
Biomedical Imaging Laboratory (TABIL). This software employs dual-scale
gradient information to allow for automated segmentation of nine intraretinal
boundaries in a rapid fashion. RESULTS: 67,321 participants (134,642 eyes)
in UK Biobank underwent OCT imaging of both eyes as part of the ocular
module. 134,611 images were successfully processed with 31 images failing
segmentation analysis due to corrupted OCT files or withdrawal of subject
consent for UKBB study participation. Average time taken to call up an image
from the database and complete segmentation analysis was approximately
120 seconds per data set per login, and analysis of the entire dataset was
completed in approximately 28 days. CONCLUSIONS: We report an
approach to the rapid, automated measurement of retinal thickness from
nearly 140,000 OCT image sets from the UK Biobank. In the near future,
these measurements will be publically available for utilization by researchers
around the world, and thus for correlation with the wealth of other data
collected in UK Biobank. The automated analysis approaches we describe
may be of utility for future large population-based epidemiological studies,
clinical trials, and screening programs that employ OCT imaging.
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Free full text available from PubMed
PMID: 27716837
C) High-Resolution Rapid Diagnostic Imaging of Whole Prostate Biopsies
Using Video-Rate Fluorescence Structured Illumination Microscopy
Wang M, Kimbrell HZ, Sholl AB, et al. High-Resolution Rapid Diagnostic
Imaging of Whole Prostate Biopsies Using Video-Rate Fluorescence
Structured Illumination Microscopy. Cancer Res. 2015; 75(19): 4032-4041.
Free full text available from PubMed
PMID: 26282168
Note: Summarized in Section 4.2.1; also cited in Section 5.6.2
D) Ex Vivo Confocal Microscopy Imaging to Identify Tumor Tissue on
Freshly Removed Brain Sample
Forest F, Cinotti E, Yvorel V, et al. Ex Vivo Confocal Microscopy Imaging to
Identify Tumor Tissue on Freshly Removed Brain Sample. J Neurooncol.
2015; 124(2): 157-164.
Summary: Confocal microscopy is a technique able to realize "optic
sections" of a tissue with increasing applications. We wondered if we could
apply an ex vivo confocal microscope designed for dermatological purpose in
a routine use for the most frequent brain tumors. The aim of this work was to
identify tumor tissue and its histopathological hallmarks, and to assess
grading criteria used in neuropathological practice without tissue loss on
freshly removed brain tissue. Seven infiltrating gliomas, nine meningiomas
and three metastases of carcinomas were included. We compared imaging
results obtained with the confocal microscope to frozen sections, smears and
tissue sections of formalin-fixed tissue. Our results show that ex vivo
confocal microscopy imaging can be applied to brain tumors in order to
quickly identify tumor tissue without tissue loss. It can differentiate tumors
and can assess most of grading criteria. Confocal microscopy could
represent a new tool to identify tumor tissue on freshly removed sample and
could help in selecting areas for biobanking of tumor tissue.
Full text available from Journal of Neuro-Oncology (USD 39.95)
PMID: 26033548
E) Label-Free Microscopic Assessment of Glioblastoma Biopsy
Specimens Prior to Biobanking [Corrected]
Georges J, Zehri A, Carlson E, et al. Label-Free Microscopic Assessment of
Glioblastoma Biopsy Specimens Prior to Biobanking [Corrected]. Neurosurg
Focus. 2014; 36(2): E8.
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Summary: Glioblastoma is the most common primary brain tumor with a
median 12- to 15-month patient survival. Improving patient survival involves
better understanding the biological mechanisms of glioblastoma
tumorigenesis and seeking targeted molecular therapies. Central to
furthering these advances is the collection and storage of surgical biopsies
(biobanking) for research. This paper addresses an imaging modality,
confocal reflectance microscopy (CRM), for safely screening glioblastoma
biopsy samples prior to biobanking to increase the quality of tissue provided
for research and clinical trials. These data indicate that CRM can
immediately identify cellularity of tissue biopsies from animal models of
glioblastoma. When screening fresh human biopsy samples, CRM can
differentiate a cellular glioblastoma biopsy from a necrotic biopsy without
altering DNA, RNA, or protein expression of sampled tissue. These data
illustrate CRM's potential for rapidly and safely screening clinical biopsy
samples prior to biobanking, which demonstrates its potential as an effective
screening technique that can improve the quality of tissue biobanked for
patients with glioblastoma.
Free full text available from Journal of Neurosurgery
PMID: 24484261
F) Feasibility of Confocal Fluorescence Microscopy for Real-Time
Evaluation of Neoplasia in Fresh Human Breast Tissue
Dobbs JL, Ding H, Benveniste AP, et al. Feasibility of confocal fluorescence
microscopy for real-time evaluation of neoplasia in fresh human breast
tissue. J Biomed Opt. 2013;18(10):106016. doi:
10.1117/1.JBO.18.10.106016.
Free full text available from Journal of Biomedical Optics
PMID: 24165742
NOTE: Summarized in Section 3.2
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4.6 Hematopathology

Lymphoblast in acute lymphoblastic leukemia. Hyperspectral imaging.
Wang Q, Wang J, Zhou M, Li Q,Wang Y. Spectral-Spatial Feature-Based Neural Network
Method for Acute Lymphoblastic Leukemia Cell Identification Via Microscopic Hyperspectral
Imaging Technology. Biomed Opt Express. 2017; 8(6): 3017-3028.

Ex vivo microscopy (EVM) techniques can be applied to cell identification in
hematopathology. One method under investigation (Raman spectroscopy) uses
light-induced molecular bond vibrations to visualize and measure the properties
of individual circulating cells, such as red blood cells, white blood cells and
leukemic cells. Another method (quantitative phase microscopy) uses the
principle of light interference to visualize and measure the properties of individual
circulating cells. Several different techniques have been applied, sometimes in
combination with more traditional hematopathology tools such as flow cytometry,
that allow enhanced analysis of single cells. Such applications may include more
powerful automated hematology analysis of un-stained blood smears as well as
in vivo imaging of circulating tumor cells. And while the use of EVM technology in
this type of hematopathology application is still at an investigational stage in most
cases, clinical applications are anticipated in the near future.
Following are selected articles on EVM applications in hematopathology.

A) Spectral-Spatial Feature-Based Neural Network Method for Acute
Lymphoblastic Leukemia Cell Identification Via Microscopic
Hyperspectral Imaging Technology
Wang Q, Wang J, Zhou M, Li Q,Wang Y. Spectral-Spatial Feature-Based
Neural Network Method for Acute Lymphoblastic Leukemia Cell Identification
Via Microscopic Hyperspectral Imaging Technology. Biomed Opt Express.
2017; 8(6): 3017-3028.
Summary: Microscopic examination is one of the most common methods for
acute lymphoblastic leukemia (ALL) diagnosis. Most traditional methods of
automized blood cell identification are based on RGB color or gray images
captured by light microscopes. This paper presents an identification method
combining both spectral and spatial features to identify lymphoblasts from
lymphocytes in hyperspectral images. Normalization and encoding method is
applied for spectral feature extraction and the support vector machine-
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recursive feature elimination (SVM-RFE) algorithm is presented for spatial
feature determination. A marker-based learning vector quantization (MLVQ)
neural network is proposed to perform identification with the integrated
features. Experimental results show that this algorithm yields identification
accuracy, sensitivity, and specificity of 92.9%, 93.3%, and 92.5%,
respectively. Hyperspectral microscopic blood imaging combined with neural
network identification technique has the potential to provide a feasible tool for
ALL pre-diagnosis.
Free full text available from PubMed
PMID: 28663923
B) Microfluidic Device for Continuous Single Cells Analysis Via Raman
Spectroscopy Enhanced by Integrated Plasmonic Nanodimers
Perozziello G, Candeloro P, De Grazia A, et al. Microfluidic Device for
Continuous Single Cells Analysis Via Raman Spectroscopy Enhanced by
Integrated Plasmonic Nanodimers. Opt Express. 2016; 24(2): A180-190.
Summary: In this work a Raman flow cytometer is presented. It consists of a
microfluidic device that takes advantages of the basic principles of Raman
spectroscopy and flow cytometry. The microfluidic device integrates
calibrated microfluidic channels- where the cells can flow one-by-one -,
allowing single cell Raman analysis. The microfluidic channel integrates
plasmonic nanodimers in a fluidic trapping region. In this way it is possible to
perform Enhanced Raman Spectroscopy on single cell. These allow a labelfree analysis, providing information about the biochemical content of
membrane and cytoplasm of the each cell. Experiments are performed on
red blood cells (RBCs), peripheral blood lymphocytes (PBLs) and
myelogenous leukemia tumor cells (K562).
Free full text available from Optics Express
PMID: 26832572
C) Diagnosis Approach of Chronic Lymphocytic Leukemia on Unstained
Blood Smears Using Raman Microspectroscopy and
Supervised Classification
Happillon T, Untereiner V, Beljebbar A, et al. Diagnosis Approach of Chronic
Lymphocytic Leukemia on Unstained Blood Smears Using Raman
Microspectroscopy and Supervised Classification. Analyst. 2015; 140(13):
4465-4472.
Summary: We have investigated the potential of Raman microspectroscopy
combined with supervised classification algorithms to diagnose a blood
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lymphoproliferative disease, namely chronic lymphocytic leukemia (CLL).
This study was conducted directly on human blood smears (27 volunteers
and 49 CLL patients) spread on standard glass slides according to a
cytological protocol before the staining step. Visible excitation at 532 nm was
chosen, instead of near infrared, in order to minimize the glass contribution in
the Raman spectra. After Raman measurements, blood smears were stained
using the May-Grunwald Giemsa procedure to correlate spectroscopic data
classifications with cytological analysis. A first prediction model was built
using support vector machines to discriminate between the two main
leukocyte subpopulations (lymphocytes and polymorphonuclears) with
sensitivity and specificity over 98.5%. The spectral differences between
these two classes were associated to higher nucleic acid content in
lymphocytes compared to polymorphonuclears. Then, we developed a
classification model to discriminate between neoplastic and healthy
lymphocyte spectra, with a mean sensitivity and specificity of 88% and 91%
respectively. The main molecular differences between healthy and CLL cells
were associated with DNA and protein changes. These spectroscopic
markers could lead, in the future, to the development of a helpful medical tool
for CLL diagnosis.
Full text available from Analyst (USD 58.50)
PMID: 26017101
D) Hollow Core Photonic Crystal Fiber for Monitoring Leukemia Cells
Using Surface Enhanced Raman Scattering (SERS)
Khetani A, Momenpour A, Alarcon EI, Anis H. Hollow Core Photonic Crystal
Fiber for Monitoring Leukemia Cells Using Surface Enhanced Raman
Scattering (SERS). Biomed Opt Express. 2015; 6(11): 4599-4609.
Summary: The present paper demonstrates an antibody-free, robust, fast,
and portable platform for detection of leukemia cells using Raman
spectroscopy with a 785-nm laser diode coupled to a hollow core photonic
crystal (HC-PCF) containing silver nanoparticles. Acute myeloid leukemia is
one of the most common bone marrow cancers in children and youths.
Clinical studies suggest that early diagnosis and remission evaluation of
myoblasts in the bone marrow are pivotal for improving patient survival.
However, the current protocols for leukemic cells detection involve the use of
expensive antibodies and flow cytometers. Thus, we have developed a new
technology for detection of leukemia cells up to 300 cells/ml using a compact
fiber HC-PCF, which offers a novel alternative to existing clinical standards.
Furthermore, we were also able to accurately distinguish live, apoptotic and
necrotic leukemic cells.
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Free full text available from PubMed
PMID: 26601021
E) Label-Free Imaging and Identification of Typical Cells of Acute Myeloid
Leukaemia and Myelodysplastic Syndrome by
Raman Microspectroscopy
Vanna R, Ronchi P, Lenferink AT, et al. Label-Free Imaging and
Identification of Typical Cells of Acute Myeloid Leukaemia and
Myelodysplastic Syndrome by Raman Microspectroscopy. Analyst. 2015;
140(4): 1054-1064.
Summary: In clinical practice, the diagnosis and classification of acute
myeloid leukaemia (AML) and myelodysplastic syndrome (MDS) start from
the manual examination of stained smears of bone marrow (BM) and
peripheral blood (PB) by using an optical microscope. This step is subjective
and scarcely reproducible. Therefore, the development of subjective and
potentially automatable methods for the recognition of typical AML/MDS cells
is necessary. Here we have used Raman spectroscopy for distinguishing
myeloblasts, promyelocytes, abnormal promyelocytes and erhytroblasts,
which have to be counted for a correct diagnosis and morphological
classification of AML and MDS. BM samples from patients affected by four
different AML subtypes, mostly characterized by the presence of the four
subpopulations selected for this study, were analyzed. First, each cell was
scanned by acquiring 4096 spectra, thus obtaining Raman images which
demonstrate an accurate description of morphological features characteristic
of each subpopulation. Raman imaging coupled with hierarchical cluster
analysis permitted the automatic discrimination and localization of the
nucleus, the cytoplasm, myeloperoxidase containing granules and
haemoglobin. Second, the averaged Raman fingerprint of each cell was
analysed by multivariate analysis (principal component analysis and linear
discriminant analysis) in order to study the typical vibrational features of each
subpopulation and also for the automatic recognition of cells. The leave-oneout cross validation of a Raman-based classification model demonstrated the
correct classification of myeloblasts, promyelocytes (normal/abnormal) and
erhytroblasts with an accuracy of 100%. Normal and abnormal
promyelocytes were distinguished with 95% accuracy. The overall
classification accuracy considering the four subpopulations was 98%. This
proof-of-concept study shows that Raman micro-spectroscopy could be a
valid approach for developing label-free, objective and automatic methods for
the morphological classification and counting of cells from AML/MDS
patients, in substitution of the manual examination of BM and PB stained
smears.
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Full text available from Analyst (USD 58.50)
PMID: 25568900
F) Real Time Blood Testing Using Quantitative Phase Imaging
Pham HV, Bhaduri B, Tangella K, Best-Popescu C, Popescu G. Real time
blood testing using quantitative phase imaging. PLoS One. 2013; 8(2):
e55676.
Summary: We demonstrate a real-time blood testing system that can
provide remote diagnosis with minimal human intervention in economically
challenged areas. Our instrument combines novel advances in label-free
optical imaging with parallel computing. Specifically, we use quantitative
phase imaging for extracting red blood cell morphology with nanoscale
sensitivity and NVIDIA's CUDA programming language to perform real time
cellular-level analysis. While the blood smear is translated through focus, our
system is able to segment and analyze all the cells in the one megapixel field
of view, at a rate of 40 frames/s. The variety of diagnostic parameters
measured from each cell (e.g., surface area, sphericity, and minimum
cylindrical diameter) are currently not available with current state of the art
clinical instruments. In addition, we show that our instrument correctly
recovers the red blood cell volume distribution, as evidenced by the excellent
agreement with the cell counter results obtained on normal patients and
those with microcytic and macrocytic anemia. The final data outputted by our
instrument represent arrays of numbers associated with these morphological
parameters and not images. Thus, the memory necessary to store these data
is of the order of kilobytes, which allows for their remote transmission via, for
example, the cellular network. We envision that such a system will
dramatically increase access for blood testing and furthermore, may pave the
way to digital hematology.
Free full text available from PubMed
PMID: 23405194
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Section 5 In Vivo Clinical Applications
of IVM
In vivo microscopy (IVM) technologies are being developed to address
clinical diagnostic problems in a number of organ systems where more
conventional imaging technologies, such as white light endoscopy,
cardiac catheterization, x-ray mammography, CT and MRI, have
diagnostic limitations. The primary advantage of IVM over these
conventional imaging modalities is its capability to rapidly image large 3D
volumes of tissue with cellular-scale microscopic resolution.
IVM technologies are being developed as clinical tools for our colleagues
to use in vivo to: better target biopsies to diseased tissue; minimize the
need for blind biopsies such as those obtained during surveillance
procedures; screen entire organs for occult microscopic disease; obtain
microscopic diagnoses when tissues cannot be easily or safely excised;
and assess prognosis and response to therapy. No matter who uses the
new IVM tools, pathologist input is needed both to develop and validate
these new technologies and to interpret the diagnostic IVM images
obtained clinically.
Below is a table illustrating the anticipated time line to full clinical
adoption of IVM for a number of organ systems.
In Vivo Microscopy
Organ
Now

3-5 Years

7-10 Years

Eye

Standard of Care

Standard of Care

Standard of Care

Cardiovascular

Standard of Care

Standard of Care

Standard of Care

GI

Clinical Procedures

Standard of Care

Standard of Care

Skin

Clinical Procedures

Clinical Procedures

Standard of Care

Lung

Clinical Trials

Clinical Procedures

Standard of Care

Head and Neck

Clinical Trials

Clinical Procedures

Standard of Care

Breast

Clinical Trials

Clinical Trials

Clinical Procedures

Source: CAP’s In Vivo Microscopy Committee

The following articles illustrate the current state-of-the-art for IVM for in
vivo use in various organ systems, including:
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•

the gastrointestinal tract (Section 5.1), breast (Section 5.2) and
skin (Section 5.3), where IVM will have the greatest impact on
the practice of pathology;

•

the cardiovascular system (Section 5.4), where IVM is now
standard of care, but with little impact on pathology practice;

•

the lung (Section 5.5), genitourinary (Section 5.6) and
gynecologic tracts (Section 5.7), brain (Section 5.8) and head
and neck (Section 5.11), where IVM is in earlier stages of
development;

•

the eye (Section 5.9), where IVM is currently the gold standard
for the diagnosis of retinal diseases; and

•

cytopathology (Section 5.12) and hematopathology (Section
5.10), where IVM is still experimental.

5.1 Gastrointestinal Tract and
Pancreaticobiliary System
The essential elements of surgical pathology have remained constant
over the course of the last century with the histopathological evaluation
of hematoxylin & eosin stained tissue and examination using the
microscope being the gold standard. The emergence of high-resolution
imaging technologies, however, such as optical coherence tomography
(OCT), has allowed visualization of tissue in vivo, and in real time,
without tissue excision. These technologies provide means to conduct in
vivo microscopy (IVM). The advent of this exciting technique has
diversified and revolutionized the already evolving field of endoscopic
evaluation of the gastrointestinal tract and pancreaticobiliary system.
The following articles illustrate the current state-of-the-art for in vivo
microscopy (IVM) for the:
•

Gastrointestinal Tract (Section 5.1.1); and

•

Pancreaticobiliary System (Section 5.1.2).
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5.1.1 Gastrointestinal Tract

Esophagus. Multiphoton microscopy.
Chen J, et al. Evaluation of Barrett esophagus by multiphoton microscopy. Arch Pathol
Lab Med. 2014;138(2):204-212 with permission from Archives of Pathology &
Laboratory Medicine. Copyright 2014. College of American Pathologists.

Possibly the most advanced clinical application area for in vivo
microscopy (IVM) is in the gastrointestinal tract. Two technologies,
confocal microscopy and optical coherence tomography (OCT), are
commercially available and FDA approved. Confocal microscopy, also
known as confocal laser endomicroscopy (CLE) obtains en face images
(in the transverse plane) with a resolution of about 1-2 µm. Most clinical
forms of CLE detect exogenous fluorescence; typically fluorescein is
injected IV and after a period of time, the confocal microscope is
advanced to the luminal GI organ of interest where images are acquired.
There are two main forms of CLE, probe-based CLE (pCLE) and
endoscope-based CLE (eCLE). The pCLE device comprises a fiber
bundle that transmits the confocal image. One advantage of pCLE is that
the device can be inserted in the accessory port of any endoscope. With
eCLE, the confocal microscope scanner is built into the endoscope, so
this form of IVM requires the acquisition of an eCLE endoscope. Images
from both pCLE and eCLE have been used to diagnose Barrett
esophagus, stomach cancer, small intestinal diseases, and colon polyps
as well as non-neoplastic disorders such as inflammatory bowel disease
and esophagitis. A key feature of fluorescein is that it does not penetrate
into nuclei and therefore conditions such as dysplasia arising in Barrett
esophagus and inflammatory bowel disease show columnar cells that
appear darker than in non-dysplastic tissues.
As opposed to CLE, OCT provides cross-sectional images of tissue at a
resolution of approximately 10 µm. OCT measures reflected light and
therefore the contrast is based on differences in tissue properties that
alter the reflectance of light. For instance, nuclei scatter more light than
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cytoplasm and therefore dysplastic tissues appear darker than nondysplastic tissues. OCT has been found to be capable of distinguishing
Barrett esophagus from other upper GI tract tissues and diagnosing
dysplasia based on architectural morphologic features. Two newer forms
of OCT, termed optical frequency domain imaging (OFDI) and volumetric
laser endomicroscopy (VLE), use a balloon catheter which centers
helically scanning optics to acquire 3D volumetric, microscopic views of
the luminal GI tract. This is up to two orders of magnitude faster than
standard OCT with comparable image quality, allowing rapid imaging of
the entire distal esophagus, for example. Recently, OCT has been
implemented using a swallowable capsule. Capsule endomicroscopy
opens up the possibility of screening for GI tract diseases based on
comprehensive microscopic information obtained in vivo.
In the detection and classification of colorectal polyps, IVM techniques
are supplementing other advanced optical imaging modalities such as
high-definition white light endoscopy, conventional and virtual
chromoendoscopy, and autofluorescence imaging. Endoscopic
examination using these techniques provides an “optical biopsy” of
colorectal polyps. Endoscopists may use this information to alter their
management of diminutive (≤5 mm) polyps, either by forgoing
endoscopic removal of the polyp (“diagnose-and-leave” strategy) or by
forgoing pathologic examination of resected polyps (“resect-and-discard”
strategy).
Articles on applications of IVM in the GI tract are included in the following
subsections:
•

Esophagus and Stomach (Section 5.1.1.1); and

•

Small Intestine, Colon, and Rectum (Section 5.1.1.2).

The following are selected CAP resources and review articles on the
application of IVM in the GI tract.

A) Emerging Concepts on Ex Vivo Microscopy (EVM): A New Tool
for Pathologists
Tearney GJ, Quinn A, Glassy EF, Levenson RM, Shevchuk MM,
Badizadegan K. CAP Short Presentations on Emerging Concepts
(SPECS): Collaboration between Pathologists and Endoscopists: In
Vivo Microscopy (IVM) of the GI Tract (v 1.0e rev
10/01/15)[PowerPoint slides]. Northfield, IL: College of American
Pathologists; 2015.
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Summary: The Short Presentations on Emerging Concepts (SPECs)
assist pathologists to establish themselves as leaders in in vivo
microscopy (IVM) in their local communities. Designed for
pathologists, these short PowerPoint presentations focus on
educating pathologists colleagues and GI specialist on the role and
value of pathologists in IVM. Pathologists will find the SPECs an
especially valuable resource as they facilitate discussion with tumor
boards or other physician colleagues.
Access the SPEC
B) The Impact of New Technologic and Molecular Advances in the
Daily Practice of Gastrointestinal and Hepatobiliary Pathology
Xue Y, Farris AB, Quigley B, Krasinskas A. The Impact of New
Technologic and Molecular Advances in the Daily Practice of
Gastrointestinal and Hepatobiliary Pathology. Arch Pathol Lab Med.
2017; 141(4): 517-527.
Summary: The practice of anatomic pathology, and of
gastrointestinal pathology in particular, has been dramatically
transformed in the past decade. In addition to the multitude of
diseases, syndromes, and clinical entities encountered in daily
clinical practice, the increasing integration of new technologic and
molecular advances into the field of gastroenterology is occurring at
a fast pace. Application of these advances has challenged
pathologists to correlate newer methodologies with existing
morphologic criteria, which in many instances still provide the gold
standard for diagnosis. This review describes the impact of new
technologic and molecular advances on the daily practice of
gastrointestinal and hepatobiliary pathology. We discuss new drugs
that can affect the gastrointestinal tract and liver, new endoluminal
techniques, new molecular tests that are often performed reflexively,
new imaging techniques for evaluating hepatocellular carcinoma,
and modified approaches to the gross and histologic assessment of
tissues that have been exposed to neoadjuvant therapies.
Free full text available from the CAP’s Archives
PMID: 28157407
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C) Confocal Laser Endomicroscopy in Gastrointestinal and
Pancreatobiliary Diseases: A Systematic Review and
Meta-Analysis
Fugazza A, Gaiani F, Carra MC, et al. Confocal Laser
Endomicroscopy in Gastrointestinal and Pancreatobiliary Diseases:
A Systematic Review and Meta-Analysis. Biomed Res Int. 2016;
2016:4638683.
Summary: Confocal laser endomicroscopy (CLE) is an endoscopicassisted technique developed to obtain histopathological diagnoses
of gastrointestinal and pancreatobiliary diseases in real time. The
objective of this systematic review is to analyze the current literature
on CLE and to evaluate the applicability and diagnostic yield of CLE
in patients with gastrointestinal and pancreatobiliary diseases. A
literature search was performed on MEDLINE, EMBASE, Scopus,
and Cochrane Oral Health Group Specialized Register, using
pertinent keywords without time limitations. Both prospective and
retrospective clinical studies that evaluated the sensitivity, specificity,
or accuracy of CLE were eligible for inclusion. Of 662 articles
identified, 102 studies were included in the systematic review. The
studies were conducted between 2004 and 2015 in 16 different
countries. CLE demonstrated high sensitivity and specificity in the
detection of dysplasia in Barrett's esophagus, gastric neoplasms and
polyps, colorectal cancers in inflammatory bowel disease, malignant
pancreatobiliary strictures, and pancreatic cysts. Although CLE has
several promising applications, its use has been limited by its low
availability, high cost, and need of specific operator training. Further
clinical trials with a particular focus on cost-effectiveness and
medicoeconomic analyses, as well as standardized institutional
training, are advocated to implement CLE in routine clinical practice.
Free full text available from PubMed
PMID: 26989684
Note: Also cited in Section 7.5
D) EUS-Guided Needle-Based Confocal Laser Endomicroscopy: A
Novel Technique with Emerging Applications
Bhutani MS, Koduru P, Joshi V, et al. EUS-Guided Needle-Based
Confocal Laser Endomicroscopy: A Novel Technique with Emerging
Applications. Gastroenterol Hepatol (N Y). 2015; 11(4): 235-240.
Summary: Endoscopic ultrasound (EUS) has emerged as an
excellent tool for imaging the gastrointestinal tract, as well as
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surrounding structures. EUS-guided fine-needle aspiration (EUSFNA) has become the standard of care for the tissue sampling of a
variety of masses and lymph nodes within and around the gut,
providing further diagnostic and staging information. Confocal laser
endomicroscopy (CLE) is a novel endoscopic method that enables
imaging at a subcellular level of resolution during endoscopy,
allowing up to 1000-fold magnification of tissue and providing an
optical biopsy. A new procedure that has been developed in the past
few years is needle-based confocal laser endomicroscopy (nCLE),
which involves a mini-CLE probe that can be passed through a 1 9gauge needle during EUS-FNA. This enables the real-time
visualization of tissue at a microscopic level, with the potential to
further improve the diagnostic accuracy of EUS-FNA. The device has
been studied in animals as well as in humans, and the results so far
have been promising. Recently, this method has also been used for
the visualization of regulatory proteins and receptors in the pancreas,
setting a cornerstone for nCLE in molecular imaging. The aim of this
article is to review the role of EUS-guided nCLE in modern
endoscopy and its implications in molecular imaging.
Free full text available from PubMed
PMID: 27099595
E) In-Vivo Microscopy in the Diagnosis of Intestinal Neoplasia and
Inflammatory Conditions
Buchner AM, Wallace MB. In-Vivo Microscopy in the Diagnosis of
Intestinal Neoplasia and Inflammatory Conditions. Histopathology.
2015; 66(1): 137-146.
Summary: Confocal laser endomicroscopy (CLE) is a rapidly
emerging tool in endoscopic imaging allowing in-vivo microscopy of
examined gastrointestinal mucosa. This review will discuss the most
recent advances of confocal laser endomicroscopy in the diagnosis
of intestinal neoplasia and inflammatory conditions.
Full text available from Histopathology (USD 6.00-38.00)
PMID: 25639481
F) Use of Probe-Based Confocal Laser Endomicroscopy (pCLE) in
Gastrointestinal Applications. A Consensus Report Based on
Clinical Evidence
Wang KK, Carr-Locke DL, Singh SK, et al. Use of probe-based
confocal laser endomicroscopy (pCLE) in gastrointestinal
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applications. A consensus report based on clinical evidence. United
European Gastroenterol J. 2015; 3(3):230-54
Summary: Background: Probe-based confocal laser
endomicroscopy (pCLE) provides microscopic imaging during an
endoscopic procedure. Its introduction as a standard modality in
gastroenterology has brought significant progress in management
strategies, affecting many aspects of clinical care and requiring
standardisation of practice and training. Objective: This study aimed
to provide guidance on the standardisation of its practice and training
in Barrett’s oesophagus, biliary strictures, colorectal lesions and
inflammatory bowel diseases. Methods: Initial statements were
developed by five group leaders, based on the available clinical
evidence. These statements were then voted and edited by the 26
participants, using a modified Delphi approach. After two rounds of
votes, statements were validated if the threshold of agreement was
higher than 75%. Results: Twenty-six experts participated and,
among a total of 77 statements, 61 were adopted (79%) and 16 were
rejected (21%). The adoption of each statement was justified by the
grade of evidence. Conclusion: pCLE should be used to enhance the
diagnostic arsenal in the evaluation of these indications, by providing
microscopic information which improves the diagnostic performance
of the physician. In order actually to implement this technology in the
clinical routine, and to ensure good practice, standardised initial and
continuing institutional training programmes should be established.
Free full text available from UEG Journal
PMID: 26137298
Note: Also cited in Section 7.6
G) Confocal Laser Endomicroscopy
ASGE Technology Committee. Confocal laser endomicroscopy.
Gastrointest Endosc. 2014; 80(6): 928-938.
Free full text available from Gastrointestinal Endoscopy
PMID: 25442092
Note: Summarized in Section 2.2
H) Endoscopic Optical Coherence Tomography (OCT): Advances
in Gastrointestinal Imaging
Kirtane TS, Wagh MS. Endoscopic Optical Coherence Tomography
(OCT): Advances in Gastrointestinal Imaging. Gastroenterol Res
Pract. 2014;2014: 376-367. doi: 10.1155/2014/376367.
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Summary: In the rapidly evolving field of endoscopic gastrointestinal
imaging, Optical Coherence Tomography (OCT) has found many
diverse applications. We present the current status of OCT and its
practical applications in imaging normal and abnormal mucosa in the
esophagus, stomach, small and large intestines, and biliary and
pancreatic ducts. We highlight technical aspects and principles of
imaging, assess published data, and suggest future directions for
OCT-guided evaluation and therapy.
Free full text available from PubMed
PMID: 24719611
I)

Miami Classification for Probe-Based Confocal
Laser Endomicroscopy
Wallace M, Lauwers GY, Chen Y, et al. Miami classification for
probe-based confocal laser endomicroscopy. Endoscopy. 2011;
43(10): 882-91.
Full text article available from Endoscopy (USD 36.00)
PMID: 21818734
Note: Summarized in Section 3.7; also cited in 7.3.2
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5.1.1.1 Esophagus and Stomach
Barrett esophagus. High
resolution microendoscopy.
Thekkek N, Lee MH,
Polydorides AD, Rosen
DG, Anandasabapathy S,
Richards-Kortum R.
Quantitative Evaluation of
in Vivo Vital-Dye
Fluorescence Endoscopic
Imaging for the Detection of
Barrett's-Associated
Neoplasia. J Biomed Opt.
2015; 20(5): 56002.
Reused under license CC
BY 3.0.
http://creativecommons.org
/licenses/by/3.0/

The greatest advantage of in vivo microscopy (IVM) in the esophagus
has been the early detection of Barrett esophagus (shown in the
fluorescence endoscopy image above), dysplasia and early invasive
adenocarcinoma. This has facilitated patients being triaged for
appropriate treatment options, i.e. endoscopic mucosal resection vs
esophagectomy, in a timely manner. IVM has also been shown to be
effective in differentiating gastrointestinal stromal tumors from gastric
adenocarcinoma.
Below are selected CAP resources and review articles on in vivo
microscopy (IVM) of the esophagus and stomach. The following sections
contain additional selected articles on IVM of the esophagus and
stomach using:
•

Confocal Microscopy (Section 5.1.1.1.1)

•

Optical Coherence Tomography and Optical Frequency Domain
Imaging and Volumetric Laser Endomicroscopy (Section
5.1.1.1.2)

•

Multiphoton Microscopy and Optical Spectroscopy (Section
5.1.1.1.3)

A) In Vivo Microscopy for the Evaluation of Barrett Esophagus
Shevchuk MM, Tearney GJ, Glassy EF. Barrett Esophagus Brief.
Northfield, IL: College of American Pathologists; 2017.
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Summary: This CAP informational briefs provide “10 minute
education” on aspects of IVM. Print them out and share them with
others.
Access the brief
B) ASGE Technology Committee Systematic Review and MetaAnalysis Assessing the ASGE Preservation and Incorporation
of Valuable Endoscopic Innovations Thresholds for Adopting
Real-Time Imaging-Assisted Endoscopic Targeted Biopsy
During Endoscopic Surveillance of Barrett's Esophagus
ASGE Technology Committee, Thosani N, Abu Dayyeh BK, et al.
ASGE Technology Committee Systematic Review and Meta-Analysis
Assessing the ASGE Preservation and Incorporation of Valuable
Endoscopic Innovations Thresholds for Adopting Real-Time ImagingAssisted Endoscopic Targeted Biopsy During Endoscopic
Surveillance of Barrett's Esophagus. Gastrointest Endosc. 2016;
83(4): 684-698 e687.
Summary: BACKGROUND AND AIMS: Endoscopic real-time
imaging of Barrett's esophagus (BE) with advanced imaging
technologies enables targeted biopsies and may eliminate the need
for random biopsies to detect dysplasia during endoscopic
surveillance of BE. This systematic review and meta-analysis was
performed by the American Society for Gastrointestinal Endoscopy
(ASGE) Technology Committee to specifically assess whether
acceptable performance thresholds outlined by the ASGE
Preservation and Incorporation of Valuable Endoscopic Innovations
(PIVI) document for clinical adoption of these technologies have
been met. METHODS: We conducted meta-analyses calculating the
pooled sensitivity, negative predictive value (NPV), and specificity for
chromoendoscopy by using acetic acid and methylene blue,
electronic chromoendoscopy by using narrow-band imaging, and
confocal laser endomicroscopy (CLE) for the detection of dysplasia.
Random effects meta-analysis models were used. Statistical
heterogeneity was evaluated by means of I(2) statistics. RESULTS:
The pooled sensitivity, NPV, and specificity for acetic acid
chromoendoscopy were 96.6% (95% confidence interval [CI], 95-98),
98.3% (95% CI, 94.8-99.4), and 84.6% (95% CI, 68.5-93.2),
respectively. The pooled sensitivity, NPV, and specificity for
electronic chromoendoscopy by using narrow-band imaging were
94.2% (95% CI, 82.6-98.2), 97.5% (95% CI, 95.1-98.7), and 94.4%
(95% CI, 80.5-98.6), respectively. The pooled sensitivity, NPV, and
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specificity for endoscope-based CLE were 90.4% (95% CI, 71.997.2), 98.3% (95% CI, 94.2-99.5), and 92.7% (95% CI, 87-96),
respectively. CONCLUSIONS: Our meta-analysis indicates that
targeted biopsies with acetic acid chromoendoscopy, electronic
chromoendoscopy by using narrow-band imaging, and endoscopebased CLE meet the thresholds set by the ASGE PIVI, at least when
performed by endoscopists with expertise in advanced imaging
techniques. The ASGE Technology Committee therefore endorses
using these advanced imaging modalities to guide targeted biopsies
for the detection of dysplasia during surveillance of patients with
previously nondysplastic BE, thereby replacing the currently used
random biopsy protocols.
Free full text available from Gastrointestinal Endoscopy
PMID: 26874597
Note: Also cited in Sections 7.5 and 7.6
C) The New Kid on the Block for Advanced Imaging in Barrett's
Esophagus: A Review of Volumetric Laser Endomicroscopy
Trindade AJ, Smith MS, Pleskow DK. The New Kid on the Block for
Advanced Imaging in Barrett's Esophagus: A Review of Volumetric
Laser Endomicroscopy. Therap Adv Gastroenterol. 2016; 9(3): 408416.
Summary: Advanced imaging techniques used in the management
of Barrett's esophagus include electronic imaging enhancement (e.g.
narrow band imaging, flexible spectral imaging color enhancement,
and i-Scan), chromoendoscopy, and confocal laser endomicroscopy.
Electronic imaging enhancement is used frequently in daily practice,
but use of the other advanced technologies is not routine. Highdefinition white light endoscopy and random four quadrant biopsy
remain the standard of care for evaluation of Barrett's esophagus;
this is largely due to the value of advanced imaging technologies not
having been validated in large studies or in everyday practice. A new
advanced imaging technology called volumetric laser
endomicroscopy is commercially available in the United States. Its
ease of use and rapid acquisition of high-resolution images make
this technology very promising for widespread application. In this
article we review the technology and its potential for advanced
imaging in Barrett's esophagus.
Free full text available from PubMed
PMID: 27134668
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D) Emerging Enhanced Imaging Technologies of the Esophagus:
Spectroscopy, Confocal Laser Endomicroscopy, and Optical
Coherence Tomography
Robles LY, Singh S, Fisichella PM. Emerging Enhanced Imaging
Technologies of the Esophagus: Spectroscopy, Confocal Laser
Endomicroscopy, and Optical Coherence Tomography. J Surg Res.
2015; 195(2): 502-514.
Summary: BACKGROUND: Despite advances in diagnoses and
therapy, esophageal adenocarcinoma remains a highly lethal
neoplasm. Hence, a great interest has been placed in detecting early
lesions and in the detection of Barrett esophagus (BE). Advanced
imaging technologies of the esophagus have then been developed
with the aim of improving biopsy sensitivity and detection of
preplastic and neoplastic cells. The purpose of this article was to
review emerging imaging technologies for esophageal pathology,
spectroscopy, confocal laser endomicroscopy (CLE), and optical
coherence tomography (OCT). METHODS: We conducted a
PubMed search using the search string "esophagus or esophageal
or oesophageal or oesophagus" and "Barrett or esophageal
neoplasm" and "spectroscopy or optical spectroscopy" and "confocal
laser endomicroscopy" and "confocal microscopy" and "optical
coherence tomography." The first and senior author separately
reviewed all articles. Our search identified: 19 in vivo studies with
spectroscopy that accounted for 1021 patients and 4 ex vivo studies;
14 clinical CLE in vivo studies that accounted for 941 patients and 1
ex vivo study with 13 patients; and 17 clinical OCT in vivo studies
that accounted for 773 patients and 2 ex vivo studies. RESULTS:
Human studies using spectroscopy had a very high sensitivity and
specificity for the detection of BE. CLE showed a high interobserver
agreement in diagnosing esophageal pathology and an accuracy of
predicting neoplasia. We also found several clinical studies that
reported excellent diagnostic sensitivity and specificity for the
detection of BE using OCT. CONCLUSIONS: Advanced imaging
technology for the detection of esophageal lesions is a promising
field that aims to improve the detection of early esophageal lesions.
Although advancing imaging techniques improve diagnostic
sensitivities and specificities, their integration into diagnostic
protocols has yet to be perfected.
Full text available from Journal of Surgical Research (USD 31.50)
PMID: 25819772
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5.1.1.1.1 Confocal Microscopy
Confocal microscopy and confocal laser endomicroscopy have enabled
in vivo visualization of the mucosa of the esophagus and stomach. This
has an important use not only in the assessment of Barrett esophagus,
but also providing targets for biopsies in the detection of Barrett
associated dysplasia. Pathologies in the gastric mucosa can also be
evaluated by this technique in assessing metaplastic changes and early
gastric cancer and its precursors.
Following are selected articles on confocal microscopy and confocal
laser endomicroscopy (CLE) of the esophagus and stomach.
Gastric dysplasia. Confocal
laser endomicroscopy.
Reprinted from
Gastrointest Endosc,
77(6), Bok GH, Jeon SR,
Cho JY, et al. The
accuracy of probe-based
confocal endomicroscopy
versus conventional
endoscopic biopsies for the
diagnosis of superficial
gastric neoplasia (with
videos), 899-908,
Copyright 2013, with
permission from Elsevier.

A) Confocal Microscopy in the Esophagus and Stomach
Templeton A, Hwang JH. Confocal Microscopy in the Esophagus
and Stomach. Clin Endosc. 2013; 46(5): 445-449.
Summary: Probe-based confocal microscopy (pCLE) is actively
being investigated for applications in the esophagus and stomach.
The use of pCLE allows real-time in vivo microscopy to evaluate the
microarchitecture of the mucosal epithelium. pCLE appears to be
particularly useful in identifying mucosal dysplasia and early
malignancies that cannot be clearly distinguished using highdefinition white light endoscopy, chromoendoscopy, or magnification
endoscopy. In addition, the ability to detect dysplastic tissue in realtime may shift the current screening practice from random biopsy to
targeted biopsy of esophageal and gastric cancers and their
precursor lesions. We will review the use of pCLE for detection and
surveillance of upper gastrointestinal early luminal malignancy.
Free full text available from PubMed
PMID: 24143300
B) Endomicroscopy in Barrett's Esophagus
Dunbar KB. Endomicroscopy in Barrett's esophagus. Gastrointest
Endosc Clin N Am. 2013; 23(3): 565-579.
Summary: Barrett's esophagus has been a focus of confocal laser
endomicroscopy (CLE) research. There are two CLE systems
available, one probe-based and the other with a microscope
embedded in the tip of an endoscope. Several CLE image
classification systems are available. Studies suggest that CLE has
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good sensitivity, negative predictive value, and accuracy for
detecting neoplasia, with good interobserver agreement using the
CLE image classification systems. Larger, multicenter studies have
been completed evaluating the impact of CLE on treatment of
patients with BE. Future developments may include more specific
contrast agents and new types of endomicroscopes.
Full text available from Gastrointestinal Endoscopy Clinics of North
America (USD 31.50)
PMID: 23735103
C) Meta-Analysis of Confocal Laser Endomicroscopy for the
Diagnosis of Gastric Neoplasia and Adenocarcinoma
Qian W, Bai T, Wang H, Zhang L, Song J, Hou XH. Meta-Analysis of
Confocal Laser Endomicroscopy for the Diagnosis of Gastric
Neoplasia and Adenocarcinoma. J Dig Dis. 2016; 17(6): 366-376.
Summary: OBJECTIVE: Confocal laser endomicroscopy (CLE) is a
recently developed technique used to diagnose gastrointestinal
diseases. The current meta-analysis aimed to systematically assess
the ability of CLE to diagnose neoplasia and gastric
adenocarcinoma. METHODS: A comprehensive literature search
was performed using PubMed, Embase and the Cochrane Library for
endomicroscopy, gastric neoplasia and gastric adenocarcinoma.
Sensitivity and specificity data on the diagnosis of neoplasia and
gastric adenocarcinoma were pooled. A summary receiver operating
characteristic (sROC) curve was performed and the area under the
curve was calculated. RESULTS: In all, 13 studies were included in
the current study. The pooled sensitivity and specificity assessing
CLE as a method to diagnose gastric neoplasia were 0.81 and 0.98,
respectively. For the diagnosis of gastric adenocarcinoma, the
pooled sensitivity and specificity were 0.89 and 0.99, respectively.
The pooled sensitivity and specificity were 0.82 and 0.95 when
differentiating high-grade intraepithelial neoplasia from low-grade
intraepithelial neoplasia. Additionally, the pooled sensitivity and
specificity were 0.87 and 0.96, respectively, when distinguishing
undifferentiated gastric adenocarcinoma from differentiated gastric
adenocarcinoma. CONCLUSION: CLE has a high sensitivity and
specificity for diagnosing gastric intraepithelial neoplasia and gastric
adenocarcinoma; therefore, it could be considered an alternative to
the endoscopic method used to diagnose gastric intraepithelial
neoplasia and gastric adenocarcinoma.
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Full text available from Journal of Digestive Diseases (USD 6.0038.00)
PMID: 27129127
Note: Also cited in Section 7.5
D) Differentiating Gastrointestinal Stromal Tumors from Gastric
Adenocarcinomas and Normal Mucosae Using Confocal
Raman Microspectroscopy
Hsu CW, Huang CC, Sheu JH, et al. Differentiating Gastrointestinal
Stromal Tumors from Gastric Adenocarcinomas and Normal
Mucosae Using Confocal Raman Microspectroscopy. J Biomed Opt.
2016; 21(7): 75006.
Summary: Gastrointestinal stromal tumors (GISTs) are the most
common mesenchymal neoplasms of the gastrointestinal tract, and
gastric adenocarcinomas are a common cancer worldwide. To
differentiate GISTs from adenocarcinomas is important because the
surgical processes for both are different; the former excises the
tumor with negative margins, while the latter requires radical
gastrectomy with lymph node dissection. Endoscopy with biopsy is
used to distinguish GISTs from adenocarcinomas; however, it may
cause tumor bleeding in GISTs. We reported here the confocal
Raman microspectroscopy as an effective tool to differentiate GISTs,
adenocarcinomas, and normal mucosae. Of 119 patients enrolled in
this study, 102 patients underwent gastrectomy (40 GISTs and 62
adenocarcinomas), and 17 patients with benign lesions were
obtained as normal mucosae. Raman signals were integrated for 100
s for each spot on the specimen, and 5 to 10 spots, depending on
the sample size, were chosen for each specimen. There were
significant differences among those tissues as evidenced by different
Raman signal responding to phospholipids and protein structures.
The spectral data were further processed and analyzed by using
principal component analysis. A two-dimensional plot demonstrated
that GISTs, adenocarcinomas, and normal gastric mucosae could be
effectively differentiated from each other.
Full text available from Journal of Biomedical Optics (USD 20.0025.00)
PMID: 27401934

© 2018 College of American Pathologists. All rights reserved.

Return to Table of Contents

156

Section 5
E) Volumetric Laser Endomicroscopy Can Target Neoplasia Not
Detected by Conventional Endoscopic Measures in Long
Segment Barrett's Esophagus
Trindade AJ, George BJ, Berkowitz J, Sejpal DV, McKinley MJ.
Volumetric Laser Endomicroscopy Can Target Neoplasia Not
Detected by Conventional Endoscopic Measures in Long Segment
Barrett's Esophagus. Endosc Int Open. 2016; 4(3): E318-322.
Summary: Methods and study aims: The incidence of esophageal
cancer is rising despite increased surveillance efforts. Volumetric
laser endomicroscopy (VLE) is a new endoscopic imaging tool that
can allow for targeted biopsy of neoplasia in Barrett's esophagus.
We report a series of 6 patients with long-segment Barrett's
esophagus ( > 3 cm), who underwent a session of endoscopy with
volumetric laser endomicroscopy, after a separate prior session of
standard high-definition endoscopy with narrow band imaging (NBI)
and random biopsies that did not reveal neoplasia. In all six patients,
the first endoscopy was the index endoscopy diagnosing the
Barrett's esophagus. All VLE exams were performed within 6 months
of the previous endoscopy. In five patients, VLE-targeted biopsy
resulted in upstaged disease/diagnosed dysplasia that then qualified
the patient for endoscopic ablation therapy. In one patient, VLE
localized a focus of intramucosal cancer that allowed for curative
endoscopic mucosal resection. This case series shows that
endoscopy with VLE can target neoplasia that cannot be localized by
high-definition endoscopy with NBI and random biopsies.
Free full text available from PubMed
PMID: 27004250
F) In-Class Didactic Versus Self-Directed Teaching of the ProbeBased Confocal Laser Endomicroscopy (pCLE) Criteria for
Barrett's Esophagus
Rzouq F, Vennalaganti P, Pakseresht K, et al. In-Class Didactic
Versus Self-Directed Teaching of the Probe-Based Confocal Laser
Endomicroscopy (pCLE) Criteria for Barrett's Esophagus.
Endoscopy. 2016; 48(2): 123-127.
Summary: BACKGROUND AND AIMS: Optimal teaching methods
for disease recognition using probe-based confocal laser
endomicroscopy (pCLE) have not been developed. Our aim was to
compare in-class didactic teaching vs. self-directed teaching of
Barrett's neoplasia diagnosis using pCLE. METHODS: This
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randomized controlled trial was conducted at a tertiary academic
center. Study participants with no prior pCLE experience were
randomized to in-class didactic (group 1) or self-directed teaching
groups (group 2). For group 1, an expert conducted a classroom
teaching session using standardized educational material.
Participants in group 2 were provided with the same material on an
audio PowerPoint. After initial training, all participants graded an
initial set of 20 pCLE videos and reviewed correct responses with the
expert (group 1) or on audio PowerPoint (group 2). Finally, all
participants completed interpretations of a further 40 videos.
RESULTS: Eighteen trainees (8 medical students, 10
gastroenterology trainees) participated in the study. Overall
diagnostic accuracy for neoplasia prediction by pCLE was 77 % (95
% confidence interval [CI] 74.0 % - 79.2 %); of predictions made with
high confidence (53 %), the accuracy was 85 % (95 %CI 81.8 % 87.8 %). The overall accuracy and interobserver agreement was
significantly higher in group 1 than in group 2 for all predictions (80.4
% vs. 73 %; P = 0.005) and for high confidence predictions (90 % vs.
80 %; P < 0.001). Following feedback (after the initial 20 videos), the
overall accuracy improved from 73 % to 79 % (P = 0.04), mainly
driven by a significant improvement in group 1 (74 % to 84 %; P <
0.01). Accuracy of prediction significantly improved with time in
endoscopy training (72 % students, 77 % FY1, 82 % FY2, and 85 %
FY3; P = 0.003). CONCLUSION: For novice trainees, in-class
didactic teaching enables significantly better recognition of the pCLE
features of Barrett's esophagus than self-directed teaching. The inclass didactic group had a shorter learning curve and were able to
achieve 90 % accuracy for their high confidence predictions.
Full text available from Endoscopy (USD 41.00)
PMID: 26427002
Note: Also cited in Section 7.4
G) Quantitative Evaluation of In Vivo Vital-Dye Fluorescence
Endoscopic Imaging for the Detection of
Barrett's-Associated Neoplasia
Thekkek N, Lee MH, Polydorides AD, Rosen DG, Anandasabapathy
S, Richards-Kortum R. Quantitative Evaluation of in Vivo Vital-Dye
Fluorescence Endoscopic Imaging for the Detection of Barrett'sAssociated Neoplasia. J Biomed Opt. 2015; 20(5): 56002.
Summary: Current imaging tools are associated with inconsistent
sensitivity and specificity for detection of Barrett's-associated
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neoplasia. Optical imaging has shown promise in improving the
classification of neoplasia in vivo. The goal of this pilot study was to
evaluate whether in vivo vital dye fluorescence imaging (VFI) has the
potential to improve the accuracy of early-detection of Barrett'sassociated neoplasia. In vivo endoscopic VFI images were collected
from 65 sites in 14 patients with confirmed Barrett's esophagus (BE),
dysplasia, oresophageal adenocarcinoma using a modular video
endoscope and a high-resolution microendoscope(HRME).
Qualitative image features were compared to histology; VFI and
HRME images show changes in glandular structure associated with
neoplastic progression. Quantitative image features in VFI images
were identified for objective image classification of metaplasia and
neoplasia, and a diagnostic algorithm was developed using leaveone-out cross validation. Three image features extracted from VFI
images were used to classify tissue as neoplastic or not with a
sensitivity of 87.8% and a specificity of 77.6% (AUC = 0.878). A
multimodal approach incorporating VFI and HRME imaging can
delineate epithelial changes present in Barrett's-associated
neoplasia. Quantitative analysis of VFI images may provide a means
for objective interpretation of BE during surveillance.
Free full text available from PubMed
PMID: 25950645
H) Utility of Confocal Laser Endomicroscopy in Identifying HighGrade Dysplasia and Adenocarcinoma in Barrett's Esophagus:
A Systematic Review and Meta-Analysis
Gupta A, Attar BM, Koduru P, Murali AR, Go BT, Agarwal R. Utility of
confocal laser endomicroscopy in identifying high-grade dysplasia
and adenocarcinoma in Barrett's esophagus: a systematic review
and meta-analysis. Eur J Gastroenterol Hepatol. 2014; 26(4): 369377.
Summary: Confocal laser endomicroscopy (CLE) is a novel
endoscopic technique that has emerged as an important tool in the
in-vivo visualization and detailed assessment of the mucosal layer
and subcellular structures in Barrett's esophagus. Current guidelines
recommend four-quadrant random biopsies for identification of highgrade dysplasia (HGD) in Barrett's esophagus. However, random
biopsies are associated with sampling error and inconsistent
histopathologic interpretation. CLE, by providing targeted biopsies,
could decrease the sampling error and increase the yield of detection
of HGD/adenocarcinoma [esophageal adenocarcinoma (EAC)]. We
carried out a meta-analysis to evaluate the diagnostic accuracy of
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the CLE-based targeted biopsies in detecting HGD/adenocarcinoma
compared with four-quadrant random biopsies. A search using
medical subject headings (MeSH) terms and keywords was
performed in the MEDLINE and Cochrane review databases and
relevant studies were identified. All the studies that compared the
diagnostic yield from CLE-based targeted biopsies to detect
HGD/adenocarcinoma with a gold standard of histopathology were
included and a meta-analysis was carried out to estimate the pooled
sensitivity, specificity, and positive and negative likelihood ratios
using Meta-Disc software. There were a total of seven studies with
345 patients and 3080 lesions that were finally included in the metaanalysis. All the studies had reported per-lesion analyses; however,
only four of the seven studies had data reported on per-patient
analyses. 'Per-lesion' analysis for the diagnosis of
HGD/adenocarcinoma yielded a pooled sensitivity and specificity of
68% [95% confidence interval (CI) of 64-73%] and 88% (95% CI of
87-89%), respectively. The pooled positive and negative likelihood
ratios were 6.56 (95% CI of 3.61-11.90) and 0.24 (95% CI of 0.090.63), respectively. Similar numbers were calculated on the basis of
'per-patient' basis, which showed a pooled sensitivity and specificity
of 86% (95% CI of 74-96%) and 83% (95% CI of 77-88%),
respectively. The pooled positive and negative likelihood ratios were
5.61 (95% CI of 2.00-15.69) and 0.21 (95% CI of 0.08-0.59),
respectively. CLE, by providing targeted biopsies, has a good
diagnostic accuracy in identifying HGD/EAC; however, the overall
prevalence of HGD/EAC in the studies included was much higher
than what would be seen in clinical practice and these results should
be interpreted with caution. Because of its relatively low sensitivity
and negative predictive value, CLE may currently not replace
standard biopsy techniques for the diagnosis of HGD/EAC in
Barrett's esophagus.
Full text available from European Journal of Gastroenterology and
Hepatology (subscription required)
PMID: 24535597
Note: Also cited in Section 7.5
I)

Confocal Laser Endomicroscopy for Detection of Neoplasia in
Barrett's Esophagus: A Meta-Analysis
Wu J, Pan YM, Wang TT, Hu B. Confocal laser endomicroscopy for
detection of neoplasia in Barrett's esophagus: a meta-analysis. Dis
Esophagus. 2014; 27(3): 248-254.
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Summary: Barrett's esophagus (BE) is associated with an increased
risk of esophageal adenocarcinoma, and the recommended
guideline for detection of neoplasia is surveillance endoscopy with
random four-quadrant biopsies. Recently, a novel technique,
confocal laser endomicroscopy (CLE), has emerged and enabled the
endoscopist to perform a real-time histologic assessment of the
gastrointestinal tract. We aimed to assess the accuracy of CLE in
diagnosing BE-associated neoplasia by pooling data of existing
trials. Databases including PubMed, EMBASE, the Cochrane Library,
the Science Citation Index and momentous meeting abstracts were
searched and evaluated by two reviewers independently. Metaanalysis was performed. Pooling data were conducted in a fixed
effect model or a random effects model. Eight studies involving 709
patients and 4008 specimens were analyzed. In a per-patient
analysis, the pooled sensitivity of CLE for detection of neoplasia was
89% (95% confidence interval [CI], 0.80-0.95), and the specificity
was 75% (95% CI, 0.69-0.81). The area under the curve under the
summary receiver operating characteristic was 0.9472. In a perlocation analysis, the pooled sensitivity of CLE for detection of
neoplasia was 70% (95% CI, 0.65-0.74), and the specificity was 91%
(95% CI, 0.90-0.92). The area under the curve under the summary
receiver operating characteristic was 0.9509. CLE is a reasonable,
promising modality for management of patients with BE; more
prospective trials need doing to determine whether it is superior to
traditional method in diagnosing BE-associated neoplasia.
Full text available from Diseases of the Esophagus (USD 6.00-38.00)
PMID: 23672425
Note: Also cited in Section 7.5
J) Confocal Laser Endomicroscopy for In Vivo Detection of Gastric
Intestinal Metaplasia: A Randomized Controlled Trial
Li Z, Zuo XL, Yu T, et al. Confocal Laser Endomicroscopy for in Vivo
Detection of Gastric Intestinal Metaplasia: A Randomized Controlled
Trial. Endoscopy. 2014; 46(4): 282-290.
Summary: BACKGROUND AND STUDY AIMS: Gastric intestinal
metaplasia (GIM) is associated with a risk for development of
intestinal-type gastric cancer. This study aimed to compare the
diagnostic yield of GIM from confocal laser endomicroscopy (CLE)
and white light endoscopy (WLE). PATIENTS AND METHODS: In a
prospective, double-blind, randomized study, patients were randomly
assigned to receive either CLE with targeted biopsies (group A) or
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WLE with a standard biopsy protocol (group B). RESULTS: A total of
168 patients were finally analyzed (group A 85, group B 83). On a
per-patient analysis, the diagnostic yields of GIM (including GIM with
gastric intraepithelial neoplasia [GIN]) for groups A and B were 44.71
% and 31.33 %, respectively (P = 0.074). On a per-biopsy analysis,
CLE-targeted biopsy gave a significantly higher diagnostic yield of
GIM compared with WLE and standard biopsy, at 65.70 % (113 /172
biopsies) versus 15.73 % (81 /515 biopsies) (P < 0.001). Moreover,
the diagnostic yield of the operative link on gastric intestinal
metaplasia (OLGIM) assessment stages III and IV was higher at
20.93 % (36 /172 biopsies) in group A versus 4.08 % (21 /515
biopsies) in group B (P < 0.001). In addition, use of CLE-guided
biopsy significantly decreased by 68 % (P < 0.001) the mean number
of biopsies required per patient. CONCLUSIONS: CLE with targeted
biopsies is superior to WLE with standard biopsies for the detection
and surveillance of GIM. The number of biopsies needed to confirm
GIM is about one third of that needed with WLE with standard
biopsies.
Full text available from Endoscopy (subscription required)
PMID: 24473908
K) In Vivo Endomicroscopy Improves Detection of Barrett's
Esophagus-Related Neoplasia: A Multicenter International
Randomized Controlled Trial (With Video)
Canto MI, Anandasabapathy S, Brugge W, et al. In vivo
endomicroscopy improves detection of Barrett's esophagus-related
neoplasia: a multicenter international randomized controlled trial
(with video). Gastrointest Endosc. 2014; 79(2): 211-221.
Summary: BACKGROUND: Confocal laser endomicroscopy (CLE)
enables in vivo microscopic imaging of the GI tract mucosa.
However, there are limited data on endoscope-based CLE (eCLE)
for imaging Barrett's esophagus (BE). OBJECTIVE: To compare
high-definition white-light endoscopy (HDWLE) alone with random
biopsy (RB) and HDWLE + eCLE and targeted biopsy (TB) for
diagnosis of BE neoplasia. DESIGN: Multicenter, randomized,
controlled trial. SETTING: Academic medical centers. PATIENTS:
Adult patients with BE undergoing routine surveillance or referred for
early neoplasia. INTERVENTION: Patients were randomized to
HDWLE + RB (group 1) or HDWLE + eCLE + TB (group 2). Realtime diagnoses and management plans were recorded after HDWLE
in both groups and after eCLE in group 2. Blinded expert pathology
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diagnosis was the reference standard. MAIN OUTCOME
MEASUREMENTS: Diagnostic yield, performance characteristics,
clinical impact. RESULTS: A total of 192 patients with BE were
studied. HDWLE + eCLE + TB led to a lower number of mucosal
biopsies and higher diagnostic yield for neoplasia (34% vs 7%; P <
.0001), compared with HDWLE + RB but with comparable accuracy.
HDWLE + eCLE + TB tripled the diagnostic yield for neoplasia (22%
vs 6%; P = .002) and would have obviated the need for any biopsy in
65% of patients. The addition of eCLE to HDWLE increased the
sensitivity for neoplasia detection to 96% from 40% (P < .0001)
without significant reduction in specificity. In vivo CLE changed the
treatment plan in 36% of patients. LIMITATIONS: Tertiary-care
referral centers and expert endoscopists limit generalizability.
CONCLUSION: Real-time eCLE and TB after HDWLE can improve
the diagnostic yield and accuracy for neoplasia and significantly
impact in vivo decision making by altering the diagnosis and guiding
therapy.
Full text available from Gastrointestinal Endoscopy (USD 31.50)
PMID: 24219822
Note: Also cited in Sections 7.5 and 10.3.1
L) Evaluation of the Updated Confocal Laser Endomicroscopy
Criteria for Barrett's Esophagus Among
Gastrointestinal Pathologists
Tofteland N, Singh M, Gaddam S, et al. Evaluation of the updated
confocal laser endomicroscopy criteria for Barrett's esophagus
among gastrointestinal pathologists. Diseases of the Esophagus.
2014; 27(7): 623-9.
Summary: Previously developed novel probe-based confocal laser
endomicroscopy (pCLE) criteria have been found to have high
accuracy and substantial interobserver agreement (IOA) for
diagnosing dysplasia in Barrett's esophagus (BE) when used by
endoscopists. These updated criteria are: (i) epithelial surface: saw
toothed, (ii) cells: enlarged, (iii) cells: pleomorphic, (iv) glands: not
equidistant, (v) glands: unequal in size and shape, and (vi) goblet
cells: not easily identified. The accuracy and IOA among pathologists
in the diagnosis of dysplasia using the novel pCLE criteria is not
known. The primary objective of the study was to evaluate the
accuracy, overall IOA and learning curve among three
gastrointestinal (GI) pathologists in diagnosing dysplasia in BE using
the updated pCLE criteria. The secondary aim was to compare the
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accuracy and IOA between GI pathologists and gastroenterology
endoscopists. Ninety pCLE videos and respective histology were
retrieved from a previously conducted multicenter, prospective,
randomized, controlled trial evaluating the utility of pCLE in BE
patients. Videos were obtained from 101 BE patients previously
enrolled for surveillance or endoscopic treatment of high-grade
dysplasia or early esophageal adenocarcinoma. Three GI
pathologists reviewed 90 pCLE video clips for dysplasia versus no
dysplasia, confidence in their diagnosis, and image quality. The
overall accuracy for the diagnosis of dysplasia (low-grade
dysplasia/high-grade dysplasia/esophageal adenocarcinoma) was
77.8% (95% confidence interval [CI]: 72.4-82.3). The accuracy was
higher when pathologists had 'high confidence' in their assessment
of the videos (93.8% vs. 69.3%, P < 0.001). There was no significant
difference in accuracy between the first set of 30 and second set of
60 videos (84% vs. 74%, P = 0.065). IOA among GI pathologists was
substantial, k = 0.65 (95% CI: 0.53-0.73). The sensitivity for detecting
dysplasia was 85% (95% CI: 78.1-90.7) and the specificity was 70%
(95% CI: 61.91-77.92). These results were comparable with the
evaluation of the same set of videos by endoscopists. GI
pathologists have high accuracy and substantial IOA for diagnosing
BE dysplasia with pCLE. Pathologists appear to have similar
accuracy and IOA as endoscopists. These results provide further
support of endoscopists accurately interpreting the in vivo optical
histology provided by pCLE.
Full text available from Diseases of the Esophagus (USD 6.00-38.00)
PMID: 24006939
Note: Also cited in Section 7.3.2
M) Tethered Confocal Endomicroscopy Capsule for Diagnosis and
Monitoring of Eosinophilic Esophagitis
Tabatabaei N, Kang DK, Wu T, et al. Tethered confocal
endomicroscopy capsule for diagnosis and monitoring of eosinophilic
esophagitis. Biomed Opt Express. 2014; 5(1): 197-207.
Summary: Eosinophilic esophagitis (EoE) is an allergic condition
that is characterized by eosinophils infiltrating the esophageal wall.
The treatment of the disease may require multiple follow up sedated
endoscopies and biopsies to confirm elimination of eosinophils.
These procedures are expensive, time consuming, and may be
difficult for patients to tolerate. Here we report on the development of
a confocal microscopy capsule for diagnosis and monitoring of EoE.
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The swallowable capsule implements a high-speed fiber-based
reflectance confocal microscopy technique termed Spectrally
Encoded Confocal Microscopy (SECM). SECM scans the sample in
one dimension without moving parts by using wavelength swept
source illumination and a diffraction grating at the back plane of the
objective lens. As the wavelength of the source is tuned, the SECM
optics within the 7 × 30 mm capsule are rotated using a driveshaft
enclosed in a 0.8 mm flexible tether. A single rotation of the optics
covered a field of view of 22 mm × 223 μm. The lateral and axial
resolutions of the device were measured to be 2.1 and 14 μm,
respectively. Images of Acetic Acid stained swine esophagus
obtained with the capsule ex vivo and in vivo clearly showed
squamous epithelial nuclei, which are smaller and less reflective than
eosinophils. Imaging of esophageal biopsies from EoE patients ex
vivo demonstrated the capability of this technology to visualize
individual eosinophils. Based on the results of this study, we believe
that this capsule will be a simpler and more effective device for
diagnosing EoE and monitoring the therapeutic response of this
disease.
Free full text available from PubMed
PMID: 24466487
N) Targeted Imaging of Esophageal Neoplasia with a Fluorescently
Labeled Peptide: First-in-Human Results
Sturm MB, Joshi BP, Lu S, et al. Targeted Imaging of Esophageal
Neoplasia with a Fluorescently Labeled Peptide: First-in-Human
Results. Sci Transl Med. 2013; 5(184): 184ra161.
Summary: Esophageal adenocarcinoma is rising rapidly in incidence
and usually develops from Barrett's esophagus, a precursor
condition commonly found in patients with chronic acid reflux.
Premalignant lesions are challenging to detect on conventional
screening endoscopy because of their flat appearance. Molecular
changes can be used to improve detection of early neoplasia. We
have developed a peptide that binds specifically to high-grade
dysplasia and adenocarcinoma. We first applied the peptide ex vivo
to esophageal specimens from 17 patients to validate specific
binding. Next, we performed confocal endomicroscopy in vivo in 25
human subjects after topical peptide administration and found 3.8fold greater fluorescence intensity for esophageal neoplasia
compared with Barrett's esophagus and squamous epithelium with
75% sensitivity and 97% specificity. No toxicity was attributed to the
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peptide in either animal or patient studies. Therefore, our first-inhuman results show that this targeted imaging agent is safe and may
be useful for guiding tissue biopsy and for early detection of
esophageal neoplasia and potentially other cancers of epithelial
origin, such as bladder, colon, lung, pancreas, and stomach.
Free full text available from PubMed
PMID: 23658246
Note: Also cited in Section 6
O) The Accuracy of Probe-Based Confocal Endomicroscopy
Versus Conventional Endoscopic Biopsies for the Diagnosis of
Superficial Gastric Neoplasia (with Videos)
Bok GH, Jeon SR, Cho JY, et al. The Accuracy of Probe-Based
Confocal Endomicroscopy Versus Conventional Endoscopic
Biopsies for the Diagnosis of Superficial Gastric Neoplasia (with
Videos). Gastrointest Endosc. 2013; 77(6): 899-908.
Summary: BACKGROUND: Probe-based confocal laser
endomicroscopy (pCLE) allows real-time in vivo histologic evaluation
of GI mucosal lesions. Although pCLE has been used for various GI
disorders, the significance of pCLE for gastric lesions is largely
unknown. OBJECTIVE: We compared the accuracy of conventional
endoscopic forceps biopsy and pCLE for the diagnosis of superficial
gastric neoplasia before endoscopic resection. DESIGN: Prospective
comparative study. SETTING: Single tertiary referral center.
PATIENTS: This study involved 54 superficial gastric neoplasias in
46 patients. MAIN OUTCOME MEASUREMENT: Accuracy of in vivo
and offline pCLE diagnosis and interobserver agreement.
METHODS: pCLE was performed before endoscopic resection of
superficial gastric neoplasias previously diagnosed by endoscopic
biopsy. The overall accuracy of endoscopic, in vivo pCLE, and offline
pCLE diagnosis was compared with postendoscopic resection
histopathology. RESULTS: Endoscopic resection was performed on
54 lesions. On final histopathology, there were 3 non-neoplastic
lesions, 19 gastric dysplasias, 22 differentiated adenocarcinomas,
and 10 undifferentiated adenocarcinomas. The overall agreement
with the final histopathology was substantial for conventional
biopsies (kappa = 0.617) and excellent for in vivo pCLE (kappa =
0.824) (P < .001). The overall accuracy for the diagnosis of
adenocarcinoma was 91.7% for pCLE and 85.2% for conventional
biopsies (P = .065). The combined accuracy of conventional
endoscopic biopsies and pCLE was 98.1%. The interobserver
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agreement for offline pCLE diagnosis was excellent (kappa = 0.931).
LIMITATIONS: Single-center study, small sample size.
CONCLUSION: Our study showed that pCLE can provide an
accurate diagnosis for superficial gastric neoplasia. pCLE has the
potential to compensate for the inherent limitations of a conventional
endoscopic biopsy.
Full text available from Gastrointestinal endoscopy (USD 35.95 for
24 hours access)
PMID: 23473002
Note: Also cited in Section 10.3.1
P) Multicenter, Randomized, Controlled Trial of Confocal Laser
Endomicroscopy Assessment of Residual Metaplasia After
Mucosal Ablation or Resection of GI Neoplasia in
Barrett's Esophagus
Wallace MB, Crook JE, Saunders M, et al. Multicenter, randomized,
controlled trial of confocal laser endomicroscopy assessment of
residual metaplasia after mucosal ablation or resection of GI
neoplasia in Barrett's esophagus. Gastrointest Endosc. 2012; 76(3):
539-547 e531.
Full text available from Gastrointestinal Endoscopy (USD 31.50)
PMID: 22749368
Note: Also cited in Section 4.1.1.3
Q) Confocal Endomicroscopy for In Vivo Prediction of
Completeness After Endoscopic Mucosal Resection
Ji R, Zuo XL, Li CQ, Zhou CJ, Li YQ. Confocal endomicroscopy for in
vivo prediction of completeness after endoscopic mucosal resection.
Surg Endosc. 2011; 25(6): 1933-1938.
Full text article available from Surgical Endoscopy (USD 39.95)
PMID: 21136097
Note: Summarized in Section 4.1.1.3
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5.1.1.1.2 Optical Coherence Tomography, Optical Frequency
Domain Imaging and Volumetric Laser Endomicroscopy

High grade dysplasia in Barrett Esophagus. Optical coherence tomography.
Reprinted from Clin Gastroenterol Hepatol, 4(1), Evans JA, Poneros JM,
Bouma BE, et al. Optical Coherence Tomography to Identify Intramucosal
Carcinoma and High-Grade Dysplasia in Barrett's Esophagus, 38-43, Copyright
2006, with permission from Elsevier.

Optical coherence tomography (OCT) and two second generation OCT
variants, optical frequency domain imaging (OFDI) and volumetric laser
endomicroscopy (VLE), are advanced imaging techniques that – like
confocal microscopy and confocal laser endomicroscopy – enable
visualization of the layers of the esophageal and gastric wall and are
used in the assessment of dysplasia in Barrett’s esophagus, and the
detection of gastric neoplasia. One advantage of OCT – particularly
OFDI and VLE – is the capability to do real time imaging of the entire
length of the esophagus and/or stomach for surveillance.
Following are selected articles on OCT and OFDI of the esophagus and
stomach.

A) Identification of Volumetric Laser Endomicroscopy Features
Predictive for Early Neoplasia in Barrett's Esophagus Using
High-Quality Histological Correlation
Swager AF, Tearney GJ, Leggett CL, et al. Identification of
Volumetric Laser Endomicroscopy Features Predictive for Early
Neoplasia in Barrett's Esophagus Using High-Quality Histological
Correlation. Gastrointest Endosc. 2017; 85(5): 918-926 e917.
Summary: BACKGROUND AND AIMS: Volumetric laser
endomicroscopy (VLE) provides a circumferential scan that enables
visualization of the subsurface layers of the esophageal wall at 7
mum resolution. The aims of this study were to identify VLE features

© 2018 College of American Pathologists. All rights reserved.

Return to Table of Contents

168

Section 5
of Barrett's esophagus (BE) neoplasia and to develop a VLE
prediction score. METHODS: A database of VLE images from
endoscopic resection specimens, precisely correlated with histology,
from patients with BE with and without neoplasia was used. Features
potentially predictive for early BE neoplasia were identified by
unblinded evaluation of 25 VLE-histology images. In a learning
phase, 20 VLE images with or without BE neoplasia were scored by
2 VLE experts, blinded to histology. A prediction score was created
by using multivariable logistic regression analyses and validated by
scoring 40 VLE images (50% neoplastic) by using area under
receiver operating characteristic (ROC) curve (AUC) analysis.
RESULTS: Three VLE features independently predictive for BE
neoplasia were identified: (1) lack of layering; (2) higher surface than
subsurface signal; (3) presence of irregular, dilated glands/ducts. A
VLE neoplasia prediction score was developed with the following: (1)
6 points; (2) 6 or 8 points for equal or higher surface signal; and (3) 5
points. The ROC curve of this prediction score showed an AUC of
0.81 (95% confidence interval, 0.71-0.90). A cut-off value of >/=8
was associated with sensitivity and specificity of 83% and 71%,
respectively. CONCLUSIONS: When high-quality ex vivo VLEhistology correlation was used, the VLE features of layering, surface
signal, and irregular glands/ducts were independently and
significantly associated with BE neoplasia. A VLE prediction score
for BE neoplasia was developed and validated, with promising
accuracy. (Clinical trial registration number: NCT01862666.).
Full text available from Gastrointestinal Endoscopy (USD 35.95 for
24 hour access)
PMID: 27658906
B) Volumetric Laser Endomicroscopy in the Management of
Barrett's Esophagus
Trindade AJ, Leggett CL,Chang KJ. Volumetric Laser
Endomicroscopy in the Management of Barrett's Esophagus. Curr
Opin Gastroenterol. 2017; 33(4):254-260.
Summary: PURPOSE OF REVIEW: The incidence of esophageal
adenocarcinoma is on the rise despite widespread appreciation that
the precursor lesion is Barrett's esophagus. Studies have shown that
some patients known to have Barrett's esophagus develop cancer
despite their enrollment in conventional endoscopic surveillance
programs. This highlights the need for advanced endoscopic imaging
to help identify early neoplasia and prevent its progression to
esophageal cancer. Recently, a wide-field, second-generation optical
coherence tomography endoscopic platform called volumetric laser
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endomicroscopy (VLE) was cleared by the Food and Drug
Administration and made commercially available for advanced
imaging in Barrett's esophagus. RECENT FINDINGS: The current
review discusses current literature on VLE imaging in Barrett's
esophagus. Based on ex-vivo studies, criteria have been established
for identifying Barrett's esophagus-associated neoplasia. In addition,
recent studies, case series, and case reports have demonstrated
that VLE is well tolerated, efficacious, and can target neoplasia.
SUMMARY: VLE is a new advanced imaging platform for Barrett's
esophagus with considerable promise to target Barrett's esophagusassociated neoplasia. The following are needed to establish VLE's
clinical role: studies showing incremental yield of dysplasia detection
using VLE, studies to determine VLE's in-vivo diagnostic accuracy
for identifying and classifying Barrett's esophagus-associated
neoplasia, and studies on the cost-efficacy of VLE.
Full text available from Current Opinion in Gastroenterology
(subscription required)
PMID: 28402993
C) Volumetric Laser Endomicroscopy in Barrett's Esophagus:
Interobserver Agreement for Interpretation of Barrett's
Esophagus and Associated Neoplasia Among
High-Frequency Users
Trindade AJ, Inamdar S, Smith MS, et al. Volumetric Laser
Endomicroscopy in Barrett's Esophagus: Interobserver Agreement
for Interpretation of Barrett's Esophagus and Associated Neoplasia
among High-Frequency Users. Gastrointest Endosc. 2017;86(1):133139.
Summary: BACKGROUND AND AIMS: Targeting neoplasia in
Barrett's esophagus (BE) is challenging. Volumetric laser
endomicroscopy (VLE) is a new imaging technique that allows for
real time cross-sectional microstructure imaging that can detect BE
neoplasia. The interobserver agreement among users in practice is
unknown. METHODS: Eight high-volume users of VLE from different
academic centers in the United States evaluated 120 stored VLE
images blinded to the endoscopic and clinical findings. There were
30 images for each tissue type: gastric cardia, esophageal
squamous mucosa, nonneoplastic BE, and neoplastic BE. Each
image with BE had corresponding histology confirming the tissue
diagnosis. Each normal esophagus and gastric cardia had matching
endoscopic images confirming normal mucosa. These were
considered the criterion standard. Respondents were asked to
classify the images into 1 of each category. Agreement among the
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users was measured. RESULTS: The overall agreement among
users was almost perfect (kappa = 0.81; 95% confidence interval
[CI], 0.79-0.83). For esophageal squamous and gastric cardia, the
agreement was almost perfect (kappa 0.95 and 0.86, respectively
[95% CI, 0.92-0.98 and 0.83-0.89]). For nonneoplastic BE and
neoplastic BE, the agreement was strong (kappa 0.66 [95% CI, 0.630.69] and 0.79 [95% CI, 0.75-0.82], respectively). When compared
with the criterion standard, the median accuracy for identifying
normal squamous mucosa, normal gastric mucosa, nonneoplastic
BE, neoplastic BE, and all tissue types was 99% (95% CI, 98%100%), 97% (95% CI, 95%-99%), 93% (95% CI, 88%-98%), 95%
(95% CI, 91%-99%), and 96% (95% CI, 94%-99%), respectively.
CONCLUSIONS: VLE has a high level of agreement and accuracy
among high-volume users.
Full text available from Gastrointestinal Endoscopy (USD 35.95 for
24 hour access)
PMID: 27899321
Note: Also cited in Section 7.4
D) Detection of Buried Barrett's Glands after Radiofrequency
Ablation with Volumetric Laser Endomicroscopy
Swager AF, Boerwinkel DF, de Bruin DM, et al. Detection of Buried
Barrett's Glands after Radiofrequency Ablation with Volumetric Laser
Endomicroscopy. Gastrointest Endosc. 2016; 83(1): 80-88.
Summary: BACKGROUND AND AIMS: The prevalence and clinical
relevance of buried Barrett's glands (BB) after radiofrequency
ablation (RFA) in Barrett's esophagus (BE) are debated. Recent
optical coherence tomography studies demonstrated a high
prevalence of BBs. Direct histological correlation, however, has been
lacking. Volumetric laser endomicroscopy (VLE) is a secondgeneration optical coherence tomography system capable of
scanning a large surface of the esophageal wall layers with lowpower microscopy resolution. The aim was to evaluate whether postRFA subsquamous glandular structures (SGSs), detected with VLE,
actually correspond to BBs by pursuing direct histological correlation
with VLE images. METHODS: In vivo VLE was performed to detect
SGSs in patients with endoscopic regression of BE post-RFA. A
second in vivo VLE scan was performed to confirm correct
delineation of the SGSs. After endoscopic resection, the specimens
were imaged ex vivo with VLE. Extensive histological sectioning of
SGS areas was performed, and all histology slides were evaluated
by an expert BE pathologist. RESULTS: Seventeen patients
underwent successful in vivo VLE (histological diagnosis before
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endoscopic treatment: early adenocarcinoma in 8 patients and highgrade dysplasia in 9). In 4 of 17 patients, no SGSs were identified
during VLE, and a random resection was performed. In the
remaining 13 patients (76%), VLE detected SGS areas, which were
all confirmed on a second in vivo VLE scan and subsequently
resected. Most SGSs identified by VLE corresponded to normal
histological structures (eg, dilated glands and blood vessels).
However, 1 area containing BBs was found on histology. No specific
VLE features to distinguish between BBs and normal SGSs were
identified. CONCLUSIONS: VLE is able to detect subsquamous
esophageal structures. One area showed BBs beneath
endoscopically normal-appearing neosquamous epithelium;
however, most post-RFA SGSs identified by VLE correspond to
normal histological structures.
Free full text available from Gastrointestinal Endoscopy
PMID: 26124075
E) Interobserver Agreement for the Detection of Barrett's
Esophagus with Optical Frequency Domain Imaging
Sauk J, Coron E, Kava L, et al. Interobserver agreement for the
detection of Barrett's esophagus with optical frequency domain
imaging. Dig Dis Sci. 2013; 58(8): 2261-2265.
Summary: BACKGROUND: Optical frequency domain imaging
(OFDI) is a second-generation form of optical coherence tomography
(OCT) providing comprehensive cross-sectional views of the distal
esophagus at a resolution of ~7 mum. AIM: Using validated OCT
criteria for squamous mucosa, gastric cardia mucosa, and Barrett's
esophagus (BE), the objective of this study was to determine the
inter- and intra-observer agreements by a large number of OFDI
readers for differentiating these tissues. METHODS: OFDI images
were obtained from nine subjects undergoing screening and
surveillance for BE. Sixty-four OFDI image regions of interest were
randomly selected for review. A training set of 19 images was
compiled distinguishing squamous mucosa from gastric cardia and
BE using previously validated OCT criteria. The ten readers then
interpreted images in a test set of 45 different images of squamous
mucosa (n = 15), gastric cardia (n = 15), or BE (n = 15).
Interobserver agreement differentiating the three tissue types and BE
versus non-BE mucosa was determined using multi-rater Fleiss's
kappa value. The images were later randomized again and four
readers repeated the test 3 weeks later to assess intraobserver
reliability. RESULTS: All ten readers showed excellent agreement for
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the differentiation of BE versus non-BE mucosa (kappa = 0.811 p <
0.0001) and for differentiating BE versus gastric cardia versus
squamous mucosa (kappa = 0.866, p < 0.0001). For the four readers
who repeated the test, the median intraobserver agreement (BE vs.
non-BE) was high (kappa = 0.975, IQR: 0.94, 1.0). CONCLUSIONS:
Trained readers have a high interobserver agreement for
differentiating BE, squamous, and gastric cardia mucosa using
OFDI.
Full text available from Digestive Diseases and Sciences (USD
39.95)
PMID: 23508980
Note: Also cited in Section 7.4
F) Imaging of Subsquamous Barrett's Epithelium with UltrahighResolution Optical Coherence Tomography: A Histologic
Correlation Study
Cobb MJ, Hwang JH, Upton MP, et al. Imaging of subsquamous
Barrett's epithelium with ultrahigh-resolution optical coherence
tomography: a histologic correlation study. Gastrointest Endosc.
2010; 71(2): 223-230.
Summary: BACKGROUND: Optical coherence tomography (OCT) is
being developed as a potentially valuable method for high-resolution
cross-sectional imaging of the esophageal mucosal and submucosal
layers. One potential application of OCT imaging is to identify
subsquamous Barrett's epithelium in patients who have undergone
ablative therapy, which is not visible on standard endoscopic
examination. However, histologic correlation confirming the ability of
OCT to image subsquamous Barrett's epithelium has yet to be
performed. DESIGN: Histologic correlation study. OBJECTIVE: To
perform histologic correlation of ultrahigh-resolution optical
coherence tomography (UHR-OCT) imaging for identification of
subsquamous Barrett's epithelium. SETTING: Academic Medical
Center (University of Washington, Seattle, WA). PATIENTS:
Fourteen patients with pathologic biopsy specimens, proven to be
high-grade dysplasia or adenocarcinoma underwent
esophagectomy. INTERVENTIONS: UHR-OCT imaging was
performed on ex vivo esophagectomy specimens immediately after
resection. MAIN OUTCOME MEASUREMENTS: Correlation of UHROCT images with histologic images. RESULTS: Subsquamous
Barrett's epithelium was clearly identified by using UHR-OCT images
and was confirmed by corresponding histology. LIMITATIONS:
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Difficulty distinguishing some subsquamous Barrett's glands from
blood vessels in ex vivo tissue (because of the lack of blood flow) in
some cases. Imaging was performed with a bench-top system.
CONCLUSIONS: Results from this study demonstrate that UHROCT imaging is capable of identifying subsquamous Barrett's
epithelium.
Full text available from Gastrointestinal Endoscopy (USD 31.50)
PMID: 19846077
G) Comprehensive Microscopy of the Esophagus in Human
Patients with Optical Frequency Domain Imaging
Suter MJ, Vakoc BJ, Yachimski PS, et al. Comprehensive
microscopy of the esophagus in human patients with optical
frequency domain imaging. Gastrointest Endosc. 2008; 68(4): 74553.
Summary: Optical coherence tomography (OCT) is a crosssectional, high-resolution imaging modality that has been shown to
accurately differentiate esophageal specialized intestinal metaplasia
(SIM) from gastric cardia at the squamocolumnar junction (SCJ) and
diagnose high-grade dysplasia and intramucosal carcinoma in
patients with SIM. The clinical utility of OCT has been limited,
however, by its inability to acquire images over large areas.
OBJECTIVE: The aim of this study was to use recently developed
high-speed OCT technology, termed optical frequency domain
imaging (OFDI), and a new balloon-centering catheter (2.5 cm
diameter) to demonstrate the feasibility of large area, comprehensive
optical microscopy of the entire distal esophagus (approximately 6.0
cm) in patients. DESIGN: A pilot feasibility study. SETTING:
Massachusetts General Hospital. PATIENTS: Twelve patients
undergoing routine EGD. RESULTS: Comprehensive microscopy of
the distal esophagus was successfully performed in 10 patients with
the OFDI system and balloon catheter. There were no complications
resulting from the imaging procedure. Volumetric data sets were
acquired in less than 2 minutes. OFDI images at the SCJ showed a
variety of microscopic features that were consistent with
histopathologic findings, including squamous mucosa, cardia, SIM
with and without dysplasia, and esophageal erosion. LIMITATIONS:
Inability to obtain direct correlation of OFDI data and histopathologic
diagnoses. CONCLUSIONS: Comprehensive volumetric microscopy
of the human distal esophagus was successfully demonstrated with
OFDI and a balloon-centering catheter, providing a wealth of detailed
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information about the structure of the esophageal wall. This
technique will support future studies to compare OFDI image
information with histopathologic diagnoses.
Free full text article available from PubMed
PMID: 18926183
H) Optical Coherence Tomography to Identify Intramucosal
Carcinoma and High-Grade Dysplasia in Barrett's Esophagus
Evans JA, Poneros JM, Bouma BE, et al. Optical Coherence
Tomography to Identify Intramucosal Carcinoma and High-Grade
Dysplasia in Barrett's Esophagus. Clin Gastroenterol Hepatol. 2006;
4(1): 38-43.
Summary: BACKGROUND & AIMS: Optical coherence tomography
(OCT) is an optical technique that produces high-resolution images
of the esophagus during endoscopy. OCT can distinguish
specialized intestinal metaplasia (SIM) from squamous mucosa, but
image criteria for differentiating intramucosal carcinoma (IMC) and
high-grade dysplasia (HGD) from low-grade dysplasia (LGD),
indeterminate-grade dysplasia (IGD), and SIM without dysplasia
have not been validated. The purpose of this study was to establish
OCT image characteristics of IMC and HGD in Barrett's esophagus.
METHODS: Biopsy-correlated OCT images were acquired from
patients with Barrett's esophagus undergoing endoscopic
surveillance. Two pathologists rendered consensus diagnoses of the
biopsy specimens. A blinded investigator reviewed the biopsycorrelated OCT images and scored each for surface maturation and
gland architecture. For each image the scores were summed to
determine an OCT "dysplasia index." RESULTS: A total of 177
biopsy-correlated images were analyzed. The corresponding
histopathology diagnosis was IMC/HGD in 49 cases, LGD in 15, IGD
in 8, SIM in 100, and gastric mucosa in 5. A significant relationship
was found between a histopathologic diagnosis of IMC/HGD and
scores for each image feature (dysplasia index [Spearman
correlation coefficient, r = 0.50, P < .0001], surface maturation [r =
0.48, P < .0001], and gland architecture [r = 0.41, P < .0001]). When
a dysplasia index threshold of >or=2 was used, the sensitivity and
specificity for diagnosing IMC/HGD were 83% and 75%, respectively.
CONCLUSIONS: An OCT image scoring system based on
histopathologic characteristics has the potential to identify IMC and
HGD in Barrett's esophagus.
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Free full text available from PubMed
PMID: 16431303
Note: Also cited in Section 7.3.2

5.1.1.1.3 Multiphoton Microscopy and Optical Spectroscopy

Barrett esophagus. Multiphoton microscopy.
Reprinted from Chen J, et al. Evaluation of barrett esophagus by multiphoton
microscopy. Arch Pathol Lab Med. 2014 Feb; 138(2): 204-212 with permission from
Archives of Pathology & Laboratory Medicine. Copyright 2014. College of American
Pathologists.

Multiphoton microscopy (MPM) provides clear and high resolution
images of mucosal structures using fresh tissue. This can be utilized in
the endoscopy clinic to define cellular characteristics and distinguish
types of epithelium, identifying Barrett esophagus and dysplasia.
Following are selected articles on MPM and optical spectroscopy of the
esophagus and stomach.

A) Label-Free Multi-Photon Imaging of Dysplasia in
Barrett's Esophagus
Mehravar S, Banerjee B, Chatrath H, et al. Label-Free Multi-Photon
Imaging of Dysplasia in Barrett's Esophagus. Biomed Opt Express.
2016; 7(1): 148-157.
Summary: Barrett's esophagus (BE) is a metaplastic disorder where
dysplastic and early cancerous changes are invisible to the naked
eye and where the practice of blind biopsy is hampered by large
sampling errors. Multi-photon microscopy (MPM) has emerged as an
alternative solution for fast and label-free diagnostic capability for
identifying the histological features with sub-micron accuracy. We
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developed a compact, inexpensive MPM system by using a
handheld mode-locked fiber laser operating at 1560nm to study
mucosal biopsies of BE. The combination of back-scattered THG,
back-reflected forward THG and SHG signals generate images of
cell nuclei and collagen, leading to label-free diagnosis in Barrett's.
Free full text available from PubMed
PMID: 26819824
B) Simultaneous Fingerprint and High-Wavenumber Fiber-Optic
Raman Spectroscopy Improves In Vivo Diagnosis of
Esophageal Squamous Cell Carcinoma at Endoscopy
Wang J, Lin K, Zheng W, et al. Simultaneous Fingerprint and HighWavenumber Fiber-Optic Raman Spectroscopy Improves in Vivo
Diagnosis of Esophageal Squamous Cell Carcinoma at Endoscopy.
Sci Rep. 2015; 5:12957.
Summary: This work aims to evaluate clinical value of a fiber-optic
Raman spectroscopy technique developed for in vivo diagnosis of
esophageal squamous cell carcinoma (ESCC) during clinical
endoscopy. We have developed a rapid fiber-optic Raman
endoscopic system capable of simultaneously acquiring both
fingerprint (FP)(800-1800 cm(-1)) and high-wavenumber (HW)(28003600 cm(-1)) Raman spectra from esophageal tissue in vivo. A total
of 1172 in vivo FP/HW Raman spectra were acquired from 48
esophageal patients undergoing endoscopic examination. The total
Raman dataset was split into two parts: 80% for training; while 20%
for testing. Partial least squares-discriminant analysis (PLS-DA) and
leave-one patient-out, cross validation (LOPCV) were implemented
on training dataset to develop diagnostic algorithms for tissue
classification. PLS-DA-LOPCV shows that simultaneous FP/HW
Raman spectroscopy on training dataset provides a diagnostic
sensitivity of 97.0% and specificity of 97.4% for ESCC classification.
Further, the diagnostic algorithm applied to the independent testing
dataset based on simultaneous FP/HW Raman technique gives a
predictive diagnostic sensitivity of 92.7% and specificity of 93.6% for
ESCC identification, which is superior to either FP or HW Raman
technique alone. This work demonstrates that the simultaneous
FP/HW fiber-optic Raman spectroscopy technique improves realtime in vivo diagnosis of esophageal neoplasia at endoscopy.
Free full text available from PubMed
PMID: 26243571
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C) Evaluation of Barrett Esophagus by Multiphoton Microscopy
Chen J, Wong S, Nathanson MH, Jain D. Evaluation of Barrett
esophagus by multiphoton microscopy. Arch Pathol Lab Med. 2014;
138(2): 204-212.
Summary: CONTEXT: Multiphoton microscopy (MPM) based on 2photon excitation fluorescence and second-harmonic generation
allows simultaneous visualization of cellular details and extracellular
matrix components of fresh, unfixed, and unstained tissue. Portable
multiphoton microscopes, which could be placed in endoscopy
suites, and multiphoton endomicroscopes are in development, but
their clinical utility is unknown. OBJECTIVE: To examine fresh,
unfixed endoscopic biopsies obtained from the distal esophagus and
gastroesophageal junction to (1) define the MPM characteristics of
normal esophageal squamous mucosa and gastric columnar
mucosa, and (2) evaluate whether diagnosis of intestinal
metaplasia/Barrett esophagus (BE) could be made reliably with
MPM. DESIGN: The study examined 35 untreated, fresh biopsy
specimens from 25 patients who underwent routine upper
endoscopy. A Zeiss LSM 710 Duo microscope (Carl Zeiss,
Thornwood, New York) coupled to a Spectra-Physics (Mountain
View, California) Tsunami Ti:sapphire laser was used to obtain a
MPM image within 4 hours of fresh specimen collection. After
obtaining MPM images, the biopsy specimens were placed in 10%
buffered formalin and submitted for routine histopathologic
examination. Then, the MPM images were compared with the
findings in the hematoxylin-eosin-stained, formalin-fixed, paraffinembedded sections. The MPM characteristics of the squamous,
gastric-type columnar and intestinal-type columnar epithelium were
analyzed. In biopsies with discrepancy between MPM imaging and
hematoxylin-eosin-stained sections, the entire tissue block was
serially sectioned and reevaluated. A diagnosis of BE was made
when endoscopic and histologic criteria were satisfied. RESULTS:
Based on effective 2-photon excitation fluorescence of cellular
reduced pyridine nucleotides and flavin adenine dinucleotide and
lack of 2-photon excitation fluorescence of mucin and cellular nuclei,
MPM could readily identify and distinguish among squamous
epithelial cells, goblet cells, gastric foveolar-type mucous cells, and
parietal cells in the area of gastroesophageal junction. Based on the
cell types identified, the mucosa was defined as squamous,
columnar gastric type (cardia/fundic-type), and metaplastic columnar
intestinal-type/BE. Various types of mucosa seen in the study of 35
biopsies included normal squamous mucosa only (n = 14; 40%),
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gastric cardia-type mucosa only (n = 2; 6%), gastric fundic mucosa
(n = 6; 17%), and both squamous and gastric mucosa (n = 13; 37%).
Intestinal metaplasia was identified by the presence of goblet cells in
10 of 25 cases (40%) leading to a diagnosis of BE on MPM imaging
and only in 7 cases (28%) by histopathology. In 3 of 35 biopsies
(9%), clear-cut goblet cells were seen by MPM imaging but not by
histopathology, even after the entire tissue block was sectioned.
Based on effective 2-photon excitation fluorescence of elastin and
second-harmonic generation of collagen, connective tissue in the
lamina propria and the basement membrane was also visualized with
MPM. CONCLUSIONS: Multiphoton microscopy has the ability to
accurately distinguish squamous epithelium and different cellular
elements of the columnar mucosa obtained from biopsies around the
gastroesophageal junction, including goblet cells that are important
for the diagnosis of BE. Thus, use of MPM in the endoscopy suite
might provide immediate microscopic images during endoscopy,
improving screening and surveillance of patients with BE.
Free full text available from PubMed
PMID: 24476518
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5.1.1.2 Small Intestine, Colon and Rectum
Normal colonic
mucosa, adenoma and
carcinoma. Confocal
laser endomicroscopy.
Ellebrecht DB,
Gebhard MP, Horn M,
Keck T, Kleemann M.
Laparoscopic Confocal
Laser Microscopy
Without Fluorescent
Injection: A Pilot Ex
Vivo Study in Colon
Cancer. Surg Innov.
23(4):341-346,
copyright © 2016 by
Surgical Innovation.
Reprinted with
permission of SAGE
Publications, Inc.

In vivo microscopy (IVM) technologies – particularly confocal laser (CLE)
and high resolution (HREM) endomicroscopy – are also being explored
for diseases of the small intestine, colon and rectum, including colon
polyps and colorectal cancer, as well as non-neoplastic disorders such
as inflammatory bowel disease.
The following are selected articles on IVM of the small intestine, colon
and rectum.

A) Usefulness of Confocal Laser Endomicroscopy to Diagnose
Ulcerative Colitis-Associated Neoplasia
Ohmiya N, Horiguchi N, Tahara T, et al. Usefulness of Confocal
Laser Endomicroscopy to Diagnose Ulcerative Colitis-Associated
Neoplasia. Dig Endosc. 2017; 29(5): 626-633.
Full text available from Digestive Endoscopy (USD 6.00-38.00)
PMID: 28244237
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NOTE: Summarized in Section 4.4
B) Endomicroscopy and Molecular Tools to Evaluate Inflammatory
Bowel Disease
Buchner AM, Wallace MB. Endomicroscopy and Molecular Tools to
Evaluate Inflammatory Bowel Disease. Gastrointest Endosc Clin N
Am. 2016; 26(4): 657-668.
Summary: Endoscopy is an essential tool for effective care of
patients with inflammatory bowel disease (IBD), including Crohn
disease and ulcerative colitis. The newest endoscopic small-field
imaging technologies with confocal endomicroscopy have allowed
real-time imaging of gastrointestinal mucosal during ongoing
endoscopic evaluation and in vivo histology. Thus, endomicroscopy
has a potential to further enhance the endoscopic evaluation of IBD.
Advances in molecular in vivo imaging in IBD may be used not only
to better understand the pathophysiology of IBD but also to guide
optimized therapy and thus to allow a personalized, new approach to
the IBD management.
Full text available from Gastrointestinal Endoscopy Clinics of North
America (USD 31.50)
PMID: 27633594
C) Laparoscopic Confocal Laser Microscopy without Fluorescent
Injection: A Pilot Ex Vivo Study in Colon Cancer
Ellebrecht DB, Gebhard MP, Horn M, Keck T, Kleemann M.
Laparoscopic Confocal Laser Microscopy without Fluorescent
Injection: A Pilot Ex Vivo Study in Colon Cancer. Surg Innov. 2016;
23(4): 341-346.
Full text available from Surgical Innovation (USD 40.00 for 24 hour
access)
PMID: 26976830
Note: Summarized in Section 4.3
D) High-Resolution Microendoscopy in Differentiating Neoplastic
from Non-Neoplastic Colorectal Polyps
Louie JS, Shukla R, Richards-Kortum R, Anandasabapathy S. HighResolution Microendoscopy in Differentiating Neoplastic from NonNeoplastic Colorectal Polyps. Clinical Gastroenterology. 2015; 29(4):
663-673.
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Summary: Colorectal cancer is one of the leading causes of death
worldwide. The progression from adenoma to cancer is a well known
phenomenon. Current clinical practice favors colonoscopy as the
preferred modality for colorectal cancer screening. Many novel
endoscopic technologies are emerging for the purposes of
performing "optical biopsy" to allow real-time histologic diagnosis of
polyps. High resolution microendoscopy is a low-cost endoscopic
technology that has demonstrated high sensitivity and specificity in
differentiating neoplastic and non-neoplastic polyps. With the ability
to make real-time conclusions based on the endoscopic appearance
of polyps, it is becoming increasingly possible to decrease the rate of
unnecessary polypectomies and utilize a "resect and discard"
strategy to decrease costs of pathology evaluation. Future directions
for this technology include surveillance of premalignant conditions
such as inflammatory bowel disease. Moreover, the low cost and
relative ease of use of this technology lends itself to widespread
applicability.
Full text available from Clinical Gastroenterology (USD 31.50)
PMID: 26381310
E) ASGE Technology Committee Systematic Review and MetaAnalysis Assessing the ASGE PIVI Thresholds for Adopting
Real-Time Endoscopic Assessment of the Histology of
Diminutive Colorectal Polyps
ASGE Technology Committee, Abu Dayyeh BK, Thosani N, et al.
ASGE Technology Committee systematic review and meta-analysis
assessing the ASGE PIVI thresholds for adopting real-time
endoscopic assessment of the histology of diminutive colorectal
polyps. Gastrointest Endosc. 2015; 81(3):502.e1-502.e16. doi:
10.1016/j.gie.2014.12.022.
Summary: In vivo real-time assessment of the histology of
diminutive (</=5 mm) colorectal polyps detected at colonoscopy can
be achieved by means of an "optical biopsy" by using currently
available endoscopic technologies. This systematic review and metaanalysis was performed by the American Society for Gastrointestinal
Endoscopy (ASGE) Technology Committee to specifically assess
whether acceptable performance thresholds outlined by an ASGE
Preservation and Incorporation of Valuable endoscopic Innovations
(PIVI) document for clinical adoption of these technologies have
been met. We conducted direct meta-analyses calculating the pooled
negative predictive value (NPV) for narrow-band imaging (NBI), i-
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SCAN, and Fujinon Intelligent Color Enhancement (FICE)-assisted
optical biopsy for predicting adenomatous polyp histology of
small/diminutive colorectal polyps. We also calculated the pooled
percentage agreement with histopathology when assigning
postpolypectomy surveillance intervals based on combining real-time
optical biopsy of colorectal polyps 5 mm or smaller with
histopathologic assessment of polyps larger than 5 mm. Randomeffects meta-analysis models were used. Statistical heterogeneity
was evaluated by means of I2 statistics. Our meta-analyses indicate
that optical biopsy with NBI, exceeds the NPV threshold for
adenomatous polyp histology, supporting a "diagnose-and-leave"
strategy for diminutive predicted nonneoplastic polyps in the
rectosigmoid colon. The pooled NPV of NBI for adenomatous polyp
histology by using the random-effects model was 91% (95%
confidence interval [CI], 88-94). This finding was associated with a
high degree of heterogeneity (I2 = 89%). Subgroup analysis
indicated that the pooled NPV was greater than 90% for academic
medical centers (91.8%; 95% CI, 89-94), for experts (93%; 95% CI,
91-96), and when the optical biopsy assessment was made with high
confidence (93%; 95% CI, 90-96). Our meta-analyses also indicate
that the agreement in assignment of postpolypectomy surveillance
intervals based on optical biopsy with NBI of diminutive colorectal
polyps is 90% or greater in academic settings (91%; 95% CI, 86-95),
with experienced endoscopists (92%; 95% CI, 88-96) and when
optical biopsy assessments are made with high confidence (91%;
95% CI, 88-95). Our systematic review and meta-analysis confirms
that the thresholds established by the ASGE PIVI for real-time
endoscopic assessment of the histology of diminutive polyps have
been met, at least with NBI optical biopsy, with endoscopists who are
expert in using this advanced imaging technology and when
assessments are made with high confidence.
Free full text available from Gastrointestinal Endoscopy
PMID: 25597420
Note: Also cited in Sections 7.5 and 7.6
F) In Vivo Diagnostic Accuracy of High-Resolution
Microendoscopy in Differentiating Neoplastic from Nonneoplastic Colorectal Polyps: A Prospective Study
Parikh ND, Perl D, Lee MH, et al. In Vivo Diagnostic Accuracy of
High-Resolution Microendoscopy in Differentiating Neoplastic from
Non-Neoplastic Colorectal Polyps: A Prospective Study. American
Journal of Gastroenterology. 2014; 109(1): 68-75.
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Summary: OBJECTIVES: High-resolution microendoscopy (HRME)
is a low-cost, "optical biopsy" technology that allows for subcellular
imaging. The purpose of this study was to determine the in vivo
diagnostic accuracy of the HRME for the differentiation of neoplastic
from non-neoplastic colorectal polyps and compare it to that of highdefinition white-light endoscopy (WLE) with histopathology as the
gold standard. METHODS:Three endoscopists prospectively
detected a total of 171 polyps from 94 patients that were then
imaged by HRME and classified in real-time as neoplastic
(adenomatous, cancer) or non-neoplastic (normal, hyperplastic,
inflammatory).RESULTS: HRME had a significantly higher accuracy
(94%), specificity (95%), and positive predictive value (PPV, 87%) for
the determination of neoplastic colorectal polyps compared with WLE
(65%, 39%, and 55%, respectively). When looking at small colorectal
polyps (less than 10 mm), HRME continued to significantly
outperform WLE in terms of accuracy (95% vs. 64%), specificity
(98% vs. 40%) and PPV (92% vs. 55%). These trends continued
when evaluating diminutive polyps (less than 5 mm) as HRME's
accuracy (95%), specificity (98%), and PPV (93%) were all
significantly greater than their WLE counterparts (62%, 41%, and
53%, respectively).CONCLUSIONS: In conclusion, this in vivo study
demonstrates that HRME can be a very effective modality in the
differentiation of neoplastic and non-neoplastic colorectal polyps. A
combination of standard white-light colonoscopy for polyp detection
and HRME for polyp classification has the potential to truly allow the
endoscopist to selectively determine which lesions can be left in situ,
which lesions can simply be discarded, and which lesions need
formal histopathologic analysis.
Free full text available from PubMed
PMID: 24296752
G) Identification and Characterization of Colorectal Cancer Using
Raman Spectroscopy and Feature Selection Techniques
Li S, Chen G, Zhang Y, et al. Identification and characterization of
colorectal cancer using Raman spectroscopy and feature selection
techniques. Opt Express. 2014; 22(21): 25895-25908.
Summary: This study aims to detect colorectal cancer with nearinfrared Raman spectroscopy and feature selection techniques. A
total of 306 Raman spectra of colorectal cancer tissues and normal
tissues are acquired from 44 colorectal cancer patients. Five
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diagnostically important Raman bands in the regions of 815-830,
935-945, 1131-1141, 1447-1457 and 1665-1675cm<sup>-1</sup>
related to proteins, nucleic acids and lipids of tissues are identified
with the ant colony optimization (ACO) and support vector machine
(SVM). The diagnostic models built with the identified Raman bands
provide a diagnostic accuracy of 93.2% for identifying colorectal
cancer from normal Raman spectroscopy. The study demonstrates
that the Raman spectroscopy associated with ACO-SVM diagnostic
algorithms has great potential to characterize and diagnose
colorectal cancer.
Free full text available from Optics Express
PMID: 25401621
H) Advanced Imaging for Detection and Differentiation of
Colorectal Neoplasia: European Society of Gastrointestinal
Endoscopy (ESGE) Guideline
Kaminski MF, Hassan C, Bisschops R, et al. Advanced imaging for
detection and differentiation of colorectal neoplasia: European
Society of Gastrointestinal Endoscopy (ESGE) Guideline.
Endoscopy. 2014; 46(5): 435-449.
Summary: MAIN RECOMMENDATIONS: 1 ESGE suggests the
routine use of high definition white-light endoscopy systems for
detecting colorectal neoplasia in average risk populations (weak
recommendation, moderate quality evidence). 2 ESGE recommends
the routine use of high definition systems and pancolonic
conventional or virtual (narrow band imaging [NBI], i-SCAN)
chromoendoscopy in patients with known or suspected Lynch
syndrome (strong recommendation, low quality evidence). 2b ESGE
recommends the routine use of high definition systems and
pancolonic conventional or virtual (NBI) chromoendoscopy in
patients with known or suspected serrated polyposis syndrome
(strong recommendation, low quality evidence). 3 ESGE
recommends the routine use of 0.1 % methylene blue or 0.1 % - 0.5
% indigo carmine pancolonic chromoendoscopy with targeted
biopsies for neoplasia surveillance in patients with long-standing
colitis. In appropriately trained hands, in the situation of quiescent
disease activity and adequate bowel preparation, nontargeted, fourquadrant biopsies can be abandoned (strong recommendation, high
quality evidence). 4 ESGE suggests that virtual chromoendoscopy
(NBI, FICE, i-SCAN) and conventional chromoendoscopy can be
used, under strictly controlled conditions, for real-time optical
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diagnosis of diminutive (</= 5 mm) colorectal polyps to replace
histopathological diagnosis. The optical diagnosis has to be reported
using validated scales, must be adequately photodocumented, and
can be performed only by experienced endoscopists who are
adequately trained and audited (weak recommendation, high quality
evidence). 5 ESGE suggests the use of conventional or virtual (NBI)
magnified chromoendoscopy to predict the risk of invasive cancer
and deep submucosal invasion in lesions such as those with a
depressed component (0-IIc according to the Paris classification) or
nongranular or mixed-type laterally spreading tumors (weak
recommendation, moderate quality evidence). CONCLUSION:
Advanced imaging techniques will need to be applied in specific
patient groups in routine clinical practice and to be taught in
endoscopic training programs.
Free full text available from Endoscopy
PMID: 24639382
Note: Also cited in Section 7.6
I)

Assessment of Crohn's Disease Activity by Confocal
Laser Endomicroscopy
Neumann H, Vieth M, Atreya R, et al. Assessment of Crohn's
Disease Activity by Confocal Laser Endomicroscopy. Inflamm Bowel
Dis. 2012; 18(12): 2261-2269.
Summary: BACKGROUND: Confocal laser endomicroscopy (CLE)
allows microscopic imaging within the mucosal layer of the gut during
ongoing endoscopy. Different studies have addressed the potential
of CLE for in vivo diagnosis of ulcerative colitis and microscopic
colitis. However, there are no data on the utility of CLE for in vivo
diagnosis of Crohn's disease (CD). The aim was to assess the
clinical utility of CLE in patients with CD and to determine whether
disease activity can be graded using CLE. METHODS: Consecutive
patients with and without CD were enrolled. The colonic mucosa was
examined by standard white-light endoscopy followed by CLE. The
features seen on CLE were compared between CD patients and
controls. RESULTS: In all, 76 patients with CD were screened, of
whom 54 patients were included in the present study. Eighteen
patients without inflammatory bowel disease (IBD) served as
controls. A significantly higher proportion of patients with active CD
had increased colonic crypt tortuosity, enlarged crypt lumen,
microerosions, augmented vascularization, and increased cellular
infiltrates within the lamina propria. In quiescent CD, a significant
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increase in crypt and goblet cell number was detected compared
with controls. Based on our findings, we propose a Crohn's Disease
Endomicroscopic Activity Score (CDEAS) for assessing CD activity
in vivo. CONCLUSIONS: CLE has the potential to significantly
improve diagnosis of CD compared with standard endoscopy. These
findings should be evaluated in future prospective trials to assess the
value of this newly developed CLE score for prediction of disease
course and therapeutic responses.
Full text available from Inflammatory Bowel Diseases (subscription
required)
PMID: 22344873
J) Surveillance Colonoscopy in Patients with Inflammatory Bowel
Disease: Comparison of Random Biopsy vs. Targeted
Biopsy Protocols
Gunther U, Kusch D, Heller F, et al. Surveillance Colonoscopy in
Patients with Inflammatory Bowel Disease: Comparison of Random
Biopsy Vs. Targeted Biopsy Protocols. Int J Colorectal Dis. 2011;
26(5): 667-672.
Summary: BACKGROUND: Endoscopic surveillance in patients with
long-standing inflammatory bowel disease (IBD) improves early
detection of intraepithelial neoplasia (IEN). We aimed to compare
three different endoscopic surveillance strategies in the detection of
IEN. METHODS: One hundred fifty surveillance colonoscopies
(ulcerative colitis, UC n = 141; Crohn's disease, CD n = 9) were
carried out. Random quadrant biopsies were taken (group I, n = 50).
Chromoendoscopy with indigo carmine was performed and
subsequently quadrant biopsies were collected (group II, n = 50).
Patients in group III (n = 50) underwent confocal endomicroscopy
(CEM), and CEM-guided as well as random quadrant biopsies were
taken (group III, n = 50). The findings of CEM were correlated to
conventional histology. Patients with high-grade IEN underwent
surgery or strict follow-up by patients' request. RESULTS: In group I
(1531 biopsies), no IEN was detected by histology. In group II (1,811
biopsies), chromoendoscopy-guided biopsies revealed high-grade
IEN in two patients (4% detection rate). In four patients of group III
(1477 biopsies), areas with high-grade IEN were clearly visible by
CEM and confirmed by histology (8% detection rate, p < 0.05). Of six
patients with high-grade IEN, five patients underwent
proctocolectomy. Colorectal cancer was detected in one out of five
patients. CONCLUSION: Targeted biopsy protocols guided by either
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chromoendoscopy or CEM led to higher detection rates of IEN and
are thus mandatory for surveillance colonoscopies in patients with
long-standing UC. Random biopsy protocols should be replaced by
chromoendoscopy-guided protocols.
Full text available from International Journal of Colorectal Disease
(USD 39.95)
PMID: 21279369
K) Classification of Inflammation Activity in Ulcerative Colitis by
Confocal Laser Endomicroscopy
Li CQ, Xie XJ, Yu T, et al. Classification of Inflammation Activity in
Ulcerative Colitis by Confocal Laser Endomicroscopy. Am J
Gastroenterol. 2010; 105(6): 1391-1396.
Summary: OBJECTIVES: The assessment of inflammation activity
in ulcerative colitis (UC) includes endoscopy and histology. Confocal
laser endomicroscopy (CLE) combines real-time endoscopy and
histology. This study was aimed at evaluating the application of CLE
in the assessment of inflammation activity in UC. METHODS: In
total, 73 consecutive patients with UC who visited Qilu Hospital for
colonoscopy surveillance underwent CLE. Inflammation activity was
first assessed by the colonoscopy Baron score, then by CLE with a
4-grade classification of crypt architecture, as well as by analysis of
microvascular alterations and fluorescein leakage. Targeted biopsy
samples were taken for histological analysis. Stored CLE images
were subjected to post-CLE objective assessment. RESULTS: Both
assessment of crypt architecture and fluorescein leakage with CLE
showed good correlations with histological results (Spearman's rho,
both P<0.001). CLE seemed to be more accurate than conventional
white-light endoscopy for evaluating macroscopical normal mucosa.
More than half of the patients with normal mucosa seen on
conventional white-light endoscopy showed acute inflammation on
histology, whereas no patients with normal mucosa or with chronic
inflammation seen on CLE showed acute inflammation on histology.
Assessment of microvascular alterations by CLE showed good
correlation with histological findings (P<0.001). On post-CLE
objective assessment, subjective architectural classifications were
supported by the number of crypts per image (P<0.001) but not
fluorescein leakage results by gray scale (P=0.194).
CONCLUSIONS: CLE is reliable for real-time assessment of
inflammation activity in UC. Crypt architecture, microvascular
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alterations, and fluorescein leakage are promising markers in CLE
evaluation.
Full text available from American Journal of Gastroenterology (USD
9.99)
PMID: 19935787

5.1.2 Pancreaticobiliary System

Various in vivo microscopy (IVM) technologies are being developed as
diagnostic tools in the pancreaticobiliary system, such as confocal
microscopy, optical coherence tomography (OCT), and optical
spectroscopy, with confocal microscopy being the most widely utilized.
With the creation and commercialization of confocal microscopy systems
small enough to be used with flexible endoscopic probes, the
engineering challenges required for the application of IVM to the
pancreaticobiliary system have now largely been overcome.
These devices have enabled the burgeoning field of probe-based
confocal laser endomicroscopy (pCLE), with numerous potential
applications in the biliary system and other endoscopically accessible
sites. Much interest lies in the potential of pCLE to assist in the
evaluation of biliary strictures, which remain a diagnostic challenge with
conventional endoscopic methods. As in other sites, confocal microscopy
enables non-invasive in vivo visualization of biliary mucosa at cellular
resolution, with the ability to obtain “optical sections” at varying depths.
This allows for targeting areas of interest for further diagnostic workup,
thereby greatly increasing the sensitivity of the endoscopic procedure. As
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in other organ systems, experience is limited with regard to interpretation
of pCLE images, but diagnostic criteria are actively being proposed and
validated against traditional histology.
Another very active area of investigation is needle-based confocal laser
endomicroscopy (nCLE) of pancreatic cysts, which can obtain images
from the cyst wall during endoscopic ultrasound guided fine needle
aspiration (EUS-FNA).
The following are selected articles on the application of IVM in the
pancreaticobiliary system.

A) Cancer Diagnostics: Light Scattering by Pancreatic Cysts
Pogue BW, Wang KK. Cancer Diagnostics: Light Scattering by
Pancreatic Cysts. Nature Biomedical Engineering. 2017; 1:0060.
Summary: Pancreatic cysts can be detected via the optical-scatter
patterns of these submicroscopic sack-like pockets of tissue.
Full text available from Nature Biomedical Engineering (USD 99.00)
B) Needle-Based Confocal Laser Endomicroscopy for Evaluation
of Cystic Neoplasms of the Pancreas
Kadayifci A, Atar M, Basar O, Forcione DG, Brugge WR. NeedleBased Confocal Laser Endomicroscopy for Evaluation of Cystic
Neoplasms of the Pancreas. Dig Dis Sc. 2017; 62(5): 1346-1353.
Summary: BACKGROUND: The accurate diagnosis of cystic
neoplasms of the pancreas (CNP) with current diagnostic methods is
limited. Endoscopic ultrasound (EUS)-guided needle-based confocal
laser endomicroscopy (nCLE) is a new technique which can obtain
images from the cyst wall during EUS-fine needle aspiration (EUSFNA). The aim of this study was to assess the safety, feasibility, and
diagnostic value of nCLE for CNP. METHODS: Patients who
underwent EUS-FNA to evaluate a CNP larger than 2 cm were
enrolled. The cyst was punctured with 19-G FNA needle preloaded
with an nCLE probe. The images from different areas of the cyst wall
were recorded. Using the final diagnosis defined by surgery or EUSFNA cyst fluid analysis, the accuracy of the confocal images was
defined. RESULTS: The procedure and image acquisition was
successful in 18 of the 20 patients. Predefined typical structures for
mucinous cysts were visualized in 8 of 12 (66%) cysts but none of
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the non-mucinous cysts. The superficial vascular network which is a
typical finding of serous cysts was observed in 2 of 3 patients. The
sensitivity, specificity, and diagnostic accuracy of the findings of
epithelial structures by nCLE were 66, 100, and 80%, respectively,
for a mucinous cyst diagnosis. All patients tolerated the procedure
well, and no adverse effects were determined. CONCLUSION: nCLE
was found to be safe and feasible with high technical success, in this
pilot study. With an overall accuracy of 80%, it has the potential to
contribute to the diagnosis of CNP with specific imaging.
Full text available from Digestive Diseases and Sciences (USD
39.95)
PMID: 28281172
C) Imaging of Pancreatic Cystic Lesions with Confocal Laser
Endomicroscopy: An Ex Vivo Pilot Study
Kadayifci A, Atar M, Yang M, Fernandez-Del Castillo C, MinoKenudson M, Brugge WR. Imaging of Pancreatic Cystic Lesions with
Confocal Laser Endomicroscopy: An Ex Vivo Pilot Study. Surg
Endosc. 2017. doi: 10.1007/s00464-017-5577-y
Summary: BACKGROUND: The differential diagnosis of pancreatic
cystic lesions (PCLs) is an increasingly common clinical challenge.
Confocal laser endomicroscopy (CLE) may differentiate PCLs by
imaging of the cyst wall. However, clinical experience is still limited,
and better image definition and characterization of the cyst wall in a
spectrum of cysts are needed. This experimental study aimed to
expose detailed imaging characteristics of PCLs by CLE.
METHODS: Patients who underwent surgery of a PCL were enrolled.
During surgery, intravenous fluorescein (2.5 ml of 10%) was injected
just prior to the ligation of blood vessels supplying the pancreas. The
freshly excised specimens were transected along the long axis to
fully expose the luminal surface. A Gastroflex-UHD CLE probe
(pCLE) was used manually to acquire images directly from the
surface of cyst wall. The specimen subsequently underwent crosssectional histology. All recorded data were analyzed by two
investigators for predefined and original image findings of PCLs.
RESULTS: Ten cases were recruited into the study. All patients
underwent surgery because of a mucinous cyst with worrisome
features or a symptomatic PCL. Imaging was successful in all
patients and differently shaped papillary projections (PP) were
visualized in eight patients. Pathological examination of those
patients confirmed 6 cases with Intraductal Papillary Mucinous
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Neoplasm (IPMN) and 2 cases with Mucinous Cystic Neoplasm
(MCN). In two patients with serous cystadenoma, typical vascular
network was visualized in one patient, and microcystic structures in
the other. Three of the IPMNs were malignant. The loss of papillary
margin integrity and significant fragmentation together with
irregularity was detected in malignant IPMNs by CLE.
CONCLUSIONS: Pancreatic cyst epithelial wall can be visualized
successfully by pCLE in ex vivo surgical specimens. Different
papillary projections have been seen in all cases of IPMNs and
MCNs. CLE has potential for identifying IPMN subtypes and for
grading dysplasia.
Full text available from Surgical Endoscopy (USD 39.95)
PMID: 28444494
D) Needle-Based Confocal Laser Endomicroscopy for the
Diagnosis of Pancreatic Cystic Lesions: An International
External Interobserver and Intraobserver Study (with Videos)
Krishna SG, Brugge WR, Dewitt JM, et al. Needle-Based Confocal
Laser Endomicroscopy for the Diagnosis of Pancreatic Cystic
Lesions: An International External Interobserver and Intraobserver
Study (with Videos). Gastrointest Endosc. 2017. pii: S00165107(17)30179-7.
Summary: BACKGROUND AND AIMS: EUS-guided needle-based
confocal laser endomicroscopy (nCLE) characteristics of common
types of pancreatic cystic lesions (PCLs) have been identified;
however, surgical histopathology was available in a minority of
cases. We sought to assess the performance characteristics of EUS
nCLE for differentiating mucinous from non-mucinous PCLs in a
larger series of patients with a definitive diagnosis. METHODS: Six
endosonographers (nCLE experience >30 cases each) blinded to all
clinical data, reviewed nCLE images of PCLs from 29 patients with
surgical (n = 23) or clinical (n = 6) correlation. After 2 weeks, the
assessors reviewed the same images in a different sequence. A
tutorial on available and novel nCLE image patterns was provided
before each review. The performance characteristics of nCLE and
the κ statistic for interobserver agreement (IOA, 95% confidence
interval [CI]), and intraobserver reliability (IOR, mean ± standard
deviation [SD]) for identification of nCLE image patterns were
calculated. Landis and Koch interpretation of κ values was used.
RESULTS: A total of 29 (16 mucinous PCLs, 13 non-mucinous
PCLs) nCLE patient videos were reviewed. The overall sensitivity,
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specificity, and accuracy for the diagnosis of mucinous PCLs were
95%, 94%, and 95%, respectively. The IOA and IOR (mean ± SD)
were κ = 0.81 (almost perfect); 95% CI, 0.71-0.90; and κ = 0.86 ±
0.11 (almost perfect), respectively. The overall specificity, sensitivity,
and accuracy for the diagnosis of serous cystadenomas (SCAs)
were 99%, 98%, and 98%, respectively. The IOA and IOR (mean ±
SD) for recognizing the characteristic image pattern of SCA were κ =
0.83 (almost perfect); 95% CI, 0.73-0.92; and κ = 0.85 ± 0.11 (almost
perfect), respectively. CONCLUSIONS: EUS-guided nCLE can
provide virtual histology of PCLs with a high degree of accuracy and
inter- and intraobserver agreement in differentiating mucinous versus
non-mucinous PCLs. These preliminary results support larger
multicenter studies to evaluate EUS nCLE.
Full text available from Gastrointestinal Endoscopy (USD 35.95 for
24 hour access)
PMID: 28286093
Note: Also cited in Sections 5.12, 7.4 and 10.3.1
E) Toward Optical Guidance During Endoscopic UltrasoundGuided Fine Needle Aspirations of Pancreatic Masses Using
Single Fiber Reflectance Spectroscopy: A Feasibility Study
Stegehuis PL, Boogerd LS, Inderson A, et al. Toward Optical
Guidance During Endoscopic Ultrasound-Guided Fine Needle
Aspirations of Pancreatic Masses Using Single Fiber Reflectance
Spectroscopy: A Feasibility Study. J Biomed Opt. 2017; 22(2):
24001.
Summary: Endoscopic ultrasound-guided fine needle aspirations
(EUS-FNA) of pancreatic masses suffer from sample errors and lownegative predictive values. Fiber-optic spectroscopy in the visible to
near-infrared wavelength spectrum can noninvasively extract
physiological parameters from tissue and has the potential to guide
the sampling process and reduce sample errors. We assessed the
feasibility of single fiber (SF) reflectance spectroscopy
measurements during EUS-FNA of pancreatic masses and its ability
to distinguish benign from malignant pancreatic tissue. A single
optical fiber was placed inside a 19-gauge biopsy needle during
EUS-FNA and at least three reflectance measurements were taken
prior to FNA. Spectroscopy measurements did not cause any related
adverse events and prolonged procedure time with ∼5 min∼5 min.
An accurate correlation between spectroscopy measurements and
cytology could be made in nine patients (three benign and six
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malignant). The oxygen saturation and bilirubin concentration were
significantly higher in benign tissue compared with malignant tissue
(55% versus 21%, p=0.038p=0.038; 166 μmol/L166 μmol/L versus
17 μmol/L17 μmol/L, p=0.039p=0.039, respectively). To conclude,
incorporation of SF spectroscopy during EUS-FNA was feasible,
safe, and relatively quick to perform. The optical properties of benign
and malignant pancreatic tissue are different, implying that SF
spectroscopy can potentially guide the FNA sampling.
Full text available from Journal of Biomedical Optics (USD 20.0025.00)
PMID: 28170030
F) Improved Classification of Indeterminate Biliary Strictures by
Probe-Based Confocal Laser Endomicroscopy Using the Paris
Criteria Following Biliary Stenting
Taunk P, Singh S, Lichtenstein D, Joshi V, Gold J, Sharma A.
Improved Classification of Indeterminate Biliary Strictures by ProbeBased Confocal Laser Endomicroscopy Using the Paris Criteria
Following Biliary Stenting. J Gastroenterol Hepatol. 2017. doi:
10.1111/jgh.13782.
Summary: BACKGROUND AND AIMS: Probe-based confocal laser
endomicroscopy (pCLE) using the Miami Criteria has improved
classification of indeterminate biliary strictures. However, previous
biliary stenting may result in their misclassification as malignant
strictures. Inflammatory criteria were added to form the Paris
Classification to prevent this misclassification and reduce false
positives. The aim of this study was to assess if the Paris
Classification was more accurate than the Miami Classification in
classifying indeterminate biliary strictures after biliary stenting.
METHODS: This was a retrospective observational study involving
21 patients with indeterminate biliary strictures from whom 27 pCLE
video sequences were obtained (20 benign and 7 malignant).
Patients with and without prior biliary stenting underwent pCLE. Two
investigators classified the strictures as malignant or benign using
the Miami and Paris Classifications. Diagnostic accuracy, sensitivity
(Se), and specificity (Sp) of ERCP-guided pCLE were compared with
final histopathology. RESULTS: In those without biliary stenting, the
Miami Criteria resulted in Se 88%, Sp 75%, PPV 64%, NPV 92%,
accuracy 79%, while the Paris classification resulted in Se 63%, Sp
88%, PPV 71%, NPV 82% and accuracy 79%. In those with prior
biliary stenting, the Miami Criteria resulted in Se 88%, Sp 36%, PPV
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23%, NPV 93%, accuracy 45%, while the Paris classification resulted
in Se 63%, Sp 73%, PPV 31%, NPV 91% and accuracy 71%. The
kappa statistic was 0.56. CONCLUSION: The Paris Classification
improved specificity and accuracy of biliary stricture classification in
those who had been previously stented and decreased the rate of
misclassification of benign strictures as malignant.
Full text available from Biliary and Pancreatic (USD 6.00-38.00)
PMID: 28294404
Note: Also cited in Section 7.3.2
G) Appraisal of Needle-Based Confocal Laser Endomicroscopy in
the Diagnosis of Pancreatic Cysts
Krishna SG, Lee JH. Appraisal of Needle-Based Confocal Laser
Endomicroscopy in the Diagnosis of Pancreatic Cysts. World J
Gastroenterol. 2016; 22(4): 1701-1710.
Free full text available from PubMed
PMID: 26819534
Note: Summarized in Section 4.3; also cited in Section 5.12
H) Validation of the Diagnostic Accuracy of Probe-Based Confocal
Laser Endomicroscopy for the Characterization of
Indeterminate Biliary Strictures: Results of a Prospective
Multicenter International Study
Slivka A, Gan I, Jamidar P, et al. Validation of the Diagnostic
Accuracy of Probe-Based Confocal Laser Endomicroscopy for the
Characterization of Indeterminate Biliary Strictures: Results of a
Prospective Multicenter International Study. Gastrointest Endosc.
2015; 81(2): 282-290.
Summary: BACKGROUND: Characterization of indeterminate biliary
strictures remains problematic. Tissue sampling is the criterion
standard for confirming malignancy but has low sensitivity. Probebased confocal laser endomicroscopy (pCLE) showed excellent
sensitivity in a registry; however, it has not been validated in a
prospective study. OBJECTIVE: To prospectively validate pCLE in
real time during ERCP for indeterminate biliary strictures. DESIGN:
Prospective, international, multicenter study. SETTING: Six
academic centers. PATIENTS: A total of 136 patients with
indeterminate biliary strictures. INTERVENTIONS: Investigators
provided a presumptive diagnosis based on the patient history,
ERCP impression, and pCLE during the procedure before and after
tissue sampling results were available. A presumptive diagnosis also
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was made separately by a blinded investigator during ERCP and
after tissue sampling to estimate care without pCLE. Follow-up was
at least 6 months. MAIN OUTCOME MEASUREMENTS: Accuracy,
sensitivity, and specificity during ERCP alone, ERCP with pCLE, and
ERCP with pCLE and tissue sampling. RESULTS: A total of 112
patients were evaluated (71 with malignant lesions). Tissue sampling
alone was 56% sensitive, 100% specific, and 72% (95% confidence
interval [CI], 63%-80%) accurate. pCLE with ERCP was 89%
sensitive, 71% specific, and 82% (95% CI, 74%-89%) accurate. After
tissue sampling returned, strictures could be characterized with 88%
(95% CI, 81%-94%) accuracy. LIMITATIONS: No randomization of
care maps. pCLE not blinded. CONCLUSION: pCLE provided a
more accurate and sensitive diagnosis of cholangiocarcinoma
compared with tissue sampling alone. Incorporation of pCLE into the
diagnostic armamentarium of patients with indeterminate biliary
strictures may allow for a more accurate assessment, potentially
reducing delays in diagnosis and costly repeat testing. ( CLINICAL
TRIAL REGISTRATION NUMBER: NCT01392274.).
Full text available from Gastrointestinal Endoscopy (USD 35.95 for
24 hour access)
PMID: 25616752
Note: Also cited in Section 7.5
I)

Probe-Based Confocal Laser Endomicroscopy for Indeterminate
Biliary Strictures: Refinement of the Image
Interpretation Classification
Kahaleh M, Giovannini M, Jamidar P, et al. Probe-Based Confocal
Laser Endomicroscopy for Indeterminate Biliary Strictures:
Refinement of the Image Interpretation Classification. Gastroenterol
Res Pract. 2015;2015:675210.
Summary: Background. Accurate diagnosis and clinical
management of indeterminate biliary strictures are often a challenge.
Tissue confirmation modalities during Endoscopic Retrograde
Cholangiopancreatography (ERCP) suffer from low sensitivity and
poor diagnostic accuracy. Probe-based confocal laser
endomicroscopy (pCLE) has been shown to be sensitive for
malignant strictures characterization (98%) but lacks specificity
(67%) due to inflammatory conditions inducing false positives.
Methods. Six pCLE experts validated the Paris Classification,
designed for diagnosing inflammatory biliary strictures, using a set of
40 pCLE sequences obtained during the prospective registry (19
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inflammatory, 6 benign, and 15 malignant). The 4 criteria used
included (1) multiple thin white bands, (2) dark granular pattern with
scales, (3) increased space between scales, and (4) thickened
reticular structures. Interobserver agreement was further calculated
on a separate set of 18 pCLE sequences. Results. Overall accuracy
was 82.5% (n = 40 retrospectively diagnosed) versus 81% (n = 89
prospectively collected) for the registry, resulting in a sensitivity of
81.2% (versus 98% for the prospective study) and a specificity of
83.3% (versus 67% for the prospective study). The corresponding
interobserver agreement for 18 pCLE clips was fair (k = 0.37).
Conclusion. Specificity of pCLE using the Paris Classification for the
characterization of indeterminate bile duct stricture was increased,
without impacting the overall accuracy.
Free full text available from PubMed
PMID: 25866506
Note: Also cited in Section 7.4
J) A Novel Approach to the Diagnosis of Pancreatic Serous
Cystadenoma: Needle-Based Confocal Laser Endomicroscopy
Napoleon B, Lemaistre AI, Pujol B, et al. A novel approach to the
diagnosis of pancreatic serous cystadenoma: needle-based confocal
laser endomicroscopy. Endoscopy. 2015; 47(1): 26-32.
Summary: BACKGROUND AND STUDY AIMS: The differential
diagnosis of solitary pancreatic cystic lesions is frequently difficult.
Needle-based confocal laser endomicroscopy (nCLE) performed
during endoscopic ultrasound-guided fine-needle aspiration (EUSFNA) is a new technology enabling real-time imaging of the internal
structure of such cysts. The aim of this pilot study was to identify and
validate new diagnostic criteria on nCLE for pancreatic cystic lesions.
PATIENTS AND METHODS: A total of 31 patients with a solitary
pancreatic cystic lesion of unknown diagnosis were prospectively
included at three centers. EUS-FNA was combined with nCLE. The
final diagnosis was based on either a stringent gold standard
(surgical specimen and/or positive cytopathology) or a committee
consensus. Six nonblinded investigators reviewed nCLE sequences
from patients with the most stringent final diagnosis, and identified a
single feature that was only present in serous cystadenoma (SCA).
The findings were correlated with the pathology of archived
specimens. After a training session, four blinded independent
observers reviewed a separate independent video set, and the yield
and interobserver agreement for the criterion were assessed.
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RESULTS: A superficial vascular network pattern visualized on
nCLE was identified as the criterion. It corresponded on pathological
specimen to a dense and subepithelial capillary vascularization only
seen in SCA. The accuracy, sensitivity, specificity, positive predictive
value, and negative predictive value of this sign for the diagnosis of
SCA were 87 %, 69 %, 100 %, 100 %, and 82 %, respectively.
Interobserver agreement was substantial (κ = 0.77). CONCLUSION:
This new nCLE criterion seems highly specific for the diagnosis of
SCA. The visualization of this criterion could have a direct impact on
the management of patients by avoiding unnecessary surgery or
follow-up.
Full text available from Endoscopy (USD 36.00)
PMID: 25325684
Note: Also cited in Sections 5.12, 7.3.2, and 7.4

5.2 Breast

Invasive and in situ breast cancer. Multimodal spectroscopic imaging.
Reprinted from Lue et al, PLoS One, 2012;7(1):e30887. Reused under license CC
BY4.0. https://creativecommons.org/licenses/by/4.0/

Breast cancer diagnosis in its many forms is currently one of the most
active areas for development of in vivo microscopy (IVM) technologies
for clinical use. Early work in IVM of the breast was aimed at developing
a radiation-free optical imaging alternative to x-ray mammography for
whole breast imaging (so-called optical mammography). More recent
work focuses on development of IVM as tools for oncologists,
radiologists, surgeons and pathologists to perform such tasks as primary
breast cancer diagnosis, guidance of stereotactic breast biopsies for
microcalcifications and intraoperative assessment of both margins of
resection and sentinel lymph nodes (as in the multimodal spectroscopic
images of invasive and in situ breast cancer above). All of these clinical

© 2018 College of American Pathologists. All rights reserved.

Return to Table of Contents

198

Section 5
applications of IVM will impact the everyday practice of surgical
pathology in one way or another. For example, in the near future,
pathologists may receive IVM images, along with or instead of specimen
radiographs, for intraoperative consultation during excisional breast
biopsies. Furthermore, pathologists may use IVM in lieu of frozen
sections or touch preparations to assess breast resection margins or
sentinel lymph nodes at intraoperative consultation during breastconserving surgery. As a result, IVM of the breast is an area of
investigation where pathologist involvement is critical in accelerating
progress toward clinical implementation and improved patient care.
The following are selected articles on the application of IVM in the breast
for:
•

Diffuse Optical Mammography (Section 5.2.1);

•

Primary Breast Diagnosis (Section 5.2.2);

•

Margin Assessment (Section 5.2.3); and

•

Sentinel Lymph Node Assessment (Section 5.2.4).

For articles on ex vivo microscopy (EVM) applications for intraoperative
breast margins and sentinel lymph nodes, see Sections 4.1.1.1 Breast
Margins and 4.1.1.2 Skin Margins, respectively.

5.2.1 Diffuse Optical Mammography

Breast cancer. Mammography (left) and diffuse optical imaging (right).
Leproux A, Durkin A, Compton M, Cerussi AE, Gratton E, Tromberg BJ. Assessing tumor
contrast in radiographically dense breast tissue using Diffuse Optical Spectroscopic Imaging
(DOSI). Breast Cancer Res. 2013;15(5):R89. Reused under license CC BY2.0.
https://creativecommons.org/licenses/by/2.0/

Early interest in optical imaging in the breast was aimed at developing a
radiation-free alternative to x-ray mammography for whole breast
imaging. In vivo microscopy (IVM) techniques such as optical coherence
tomography and confocal microscopy, which have shallow tissue
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penetration, are ill-suited to this task. Much of the work in this area has
focused on an alternate advanced optical imaging technology with
deeper tissue penetration such as diffuse reflectance spectroscopy
imaging. Diffuse reflectance imaging, also known as diffuse optical
tomography (DOT) or diffuse optical mammography (DOM), can provide
a 3D image of the full thickness of the breast (similar to a conventional
mammogram) using light rather than x-ray radiation, as shown in the
DOT image of breast cancer above. DOT does not yet have sufficient
spatial resolution to challenge mammography for cancer screening/early
diagnosis of breast cancer. However, it has recently undergone a large
scale, multicenter clinical trial for monitoring and predicting clinical
response to neoadjuvant chemotherapy in breast cancer patients

(NCT01257932; study closed with results pending sufficient clinical
endpoint events). And shows considerable promise in breast cancer
imaging in women with densely fibrotic breasts.
The following are selected articles on the application of DOT in the
breast.

A) Review of Optical Breast Imaging and Spectroscopy
Grosenick D, Rinneberg H, Cubeddu R, Taroni P. Review of Optical
Breast Imaging and Spectroscopy. J Biomed Opt. 2016; 21(9):
091311.
Summary: Diffuse optical imaging and spectroscopy of the female
breast is an area of active research. We review the present status of
this field and discuss the broad range of methodologies and
applications. Starting with a brief overview on breast physiology, the
remodeling of vasculature and extracellular matrix caused by solid
tumors is highlighted that is relevant for contrast in optical imaging.
Then, the various instrumental techniques and the related methods
of data analysis and image generation are described and compared
including multimodality instrumentation, fluorescence
mammography, broadband spectroscopy, and diffuse correlation
spectroscopy. We review the clinical results on functional properties
of malignant and benign breast lesions compared to host tissue and
discuss the various methods to improve contrast between healthy
and diseased tissue, such as enhanced spectroscopic information,
dynamic variations of functional properties, pharmacokinetics of
extrinsic contrast agents, including the enhanced permeability and
retention effect. We discuss research on monitoring neoadjuvant
chemotherapy and on breast cancer risk assessment as potential
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clinical applications of optical breast imaging and spectroscopy.
Moreover, we consider new experimental approaches, such as
photoacoustic imaging and long-wavelength tissue spectroscopy.
Free full text available from Journal of Biomedical Optics
PMID: 27403837
B) Optical Imaging of the Breast: Basic Principles and
Clinical Applications
Di Leo G, Trimboli RM, Sella T, Sardanelli F. Optical Imaging of the
Breast: Basic Principles and Clinical Applications. AJR Am J
Roentgenol. 2017; 209(1):230-238.
Summary: OBJECTIVE: The objective of this article is to summarize
the physical principles, technology features, and first clinical
applications of optical imaging techniques to the breast.
CONCLUSION: Light-breast tissue interaction is expressed as
absorption and scattering coefficients, allowing image reconstruction
based on endogenous or exogenous contrast. Diffuse optical
spectroscopy and imaging, fluorescence molecular tomography,
photoacoustic imaging, and multiparametric infrared imaging show
potential for clinical application, especially for lesion characterization,
estimation of cancer probability, and monitoring the effect of
neoadjuvant therapy.
Full text available from American Journal of Roentgenology (USD
20.00 for 24 hours access)
PMID: 28379746
C) Diffuse Optical Tomography Changes Correlate with Residual
Cancer Burden after Neoadjuvant Chemotherapy in Breast
Cancer Patients
Lim EA, Gunther JE, Kim HK, et al. Diffuse Optical Tomography
Changes Correlate with Residual Cancer Burden after Neoadjuvant
Chemotherapy in Breast Cancer Patients. Breast Cancer Res Treat.
2017; 162(3): 533-540.
Summary: PURPOSE: Breast cancer (BC) patients who achieve a
favorable residual cancer burden (RCB) after neoadjuvant
chemotherapy (NACT) have an improved recurrence-free survival.
Those who have an unfavorable RCB will have gone through months
of ineffective chemotherapy. No ideal method exists to predict a
favorable RCB early during NACT. Diffuse optical tomography (DOT)
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is a novel imaging modality that uses near-infrared light to assess
hemoglobin concentrations within breast tumors. We hypothesized
that the 2-week percent change in DOT-measured hemoglobin
concentrations would associate with RCB. METHODS: We
conducted an observational study of 40 women with stage II-IIIC BC
who received standard NACT. DOT imaging was performed at
baseline and 2 weeks after treatment initiation. We evaluated the
associations between the RCB index (continuous measure), class
(categorical 0, I, II, III), and response (RCB class 0/I = favorable,
RCB class II/III = unfavorable) with changes in DOT-measured
hemoglobin concentrations. RESULTS: The RCB index correlated
significantly with the 2-week percent change in oxyhemoglobin
[HbO2] (r = 0.5, p = 0.003), deoxyhemoglobin [Hb] (r = 0.37, p =
0.03), and total hemoglobin concentrations [HbT] (r = 0.5, p = 0.003).
The RCB class and response significantly associated with the 2week percent change in [HbO2] (p </= 0.01) and [HbT] (p </= 0.02).
[HbT] 2-week percent change had sensitivity, specificity, positive,
and negative predictive values for a favorable RCB response of 86.7,
68.4, 68.4, and 86.7%, respectively. CONCLUSION: The 2-week
percent change in DOT-measured hemoglobin concentrations was
associated with the RCB index, class, and response. DOT may help
guide NACT for women with BC.
Full text available from Breast Cancer Research and Treatment
(USD 39.95)
PMID: 28190249
D) Differential Diagnosis of Breast Masses in South Korean
Premenopausal Women Using Diffuse Optical
Spectroscopic Imaging
Leproux A, Kim YM, Min JW, et al. Differential Diagnosis of Breast
Masses in South Korean Premenopausal Women Using Diffuse
Optical Spectroscopic Imaging. J Biomed Opt. 2016; 21(7): 74001.
Summary: Young patients with dense breasts have a relatively lowpositive biopsy rate for breast cancer (∼1∼1 in 7). South Korean
women have higher breast density than Westerners. We investigated
the benefit of using a functional and metabolic imaging technique,
diffuse optical spectroscopic imaging (DOSI), to help the standard of
care imaging tools to distinguish benign from malignant lesions in
premenopausal Korean women. DOSI uses near-infrared light to
measure breast tissue composition by quantifying tissue
concentrations of water (ctH2OctH2O), bulk lipid (ctLipid),
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deoxygenated (ctHHb), and oxygenated (ctHbO2ctHbO2)
hemoglobin. DOSI spectral signatures specific to abnormal tissue
and absent in healthy tissue were also used to form a malignancy
index. This study included 19 premenopausal subjects (average age
41±941±9), corresponding to 11 benign and 10 malignant lesions.
Elevated lesion to normal ratio of ctH2OctH2O, ctHHb,
ctHbO2ctHbO2, total hemoglobin
(THb=ctHHb+ctHbO2THb=ctHHb+ctHbO2), and tissue optical index
(ctHHb×ctH2O/ctLipidctHHb×ctH2O/ctLipid) were observed in the
malignant lesions compared to the benign lesions (p<0.02p<0.02).
THb and malignancy index were the two best single predictors of
malignancy, with >90%>90% sensitivity and specificity. Malignant
lesions showed significantly higher metabolism and perfusion than
benign lesions. DOSI spectral features showed high discriminatory
power for distinguishing malignant and benign lesions in dense
breasts of the Korean population.
Free full text available from PubMed
PMID: 27436049

5.2.2 Primary Breast Diagnosis
Ductal carcinoma in situ.
Confocal laser
endomicroscopy.
Reprinted by permission
from Springer: Breast
Cancer Res Treat.
Imaging breast cancer
morphology using probebased confocal laser
endomicroscopy: towards
a real-time intraoperative
imaging tool for cavity
scanning. Chang TP, Leff
DR, Shousha S, et al.,
COPYRIGHT 2015.

To date, application of most in vivo microscopy (IVM) imaging
technologies for diagnosis of breast pathology (apart from diffuse optical
imaging (DOI)) has been done ex vivo, in the context of margin status
assessment in breast resection specimens. Through this avenue, a wide
range of IVM modalities have proven valuable in the distinction between

© 2018 College of American Pathologists. All rights reserved.

Return to Table of Contents

203

Section 5
normal breast, benign lesions and malignant lesions, not only at the
breast margin but also in cross-sections of breast specimens. Based on
these ex vivo advances, IVM is thought to have potential value in primary
diagnosis of breast lesions in vivo, either as part of a non-invasive
procedure or trans-cutaneously through a probe.
Some of these studies on IVM for primary breast diagnosis have been
done using leading IVM technologies, such as confocal microscopy (as
shown in the image above) and confocal laser endomicroscopy (CLE).
But recent studies have also been done using more investigational IVM
technologies, including: light sheet microscopy; optical coherence
elastography, which images mechanical tissue properties that currently
can be assessed only by manual palpation; and photoacoustic imaging
(PAI), which is capable of whole breast imaging akin to diffuse optical
mammography (DOM).
The following are selected articles on IVM for primary breast cancer
diagnosis. The first two articles are in vivo studies of IVM for primary
breast cancer diagnosis using confocal microscopy (Oliveira et al.) and
PAI (Heijblom). The rest of the articles in this section are ex vivo studies
of IVM in breast resection specimens, in this case focused on primary
breast cancer diagnosis. A comprehensive list of articles on IVM for
margin assessment in breast resection specimens can be found in
Section 4.1.1.1 Breast Margins.

A) Reflectance Confocal Microscopy for Diagnosis of Mammary
Paget's Disease
Oliveira A, Zalaudek I, Arzberger E, Massone C, Hofmann-Wellenhof
R. Reflectance Confocal Microscopy for Diagnosis of Mammary
Paget's Disease. Acta Derm Venereol. 2016; 96(7): 980-982.
No summary available.
Free full text available from Acta Derm Venereol
PMID: 26976808
B) Photoacoustic Image Patterns of Breast Carcinoma and
Comparisons with Magnetic Resonance Imaging and Vascular
Stained Histopathology
Heijblom M, Piras D, Brinkhuis M, et al. Photoacoustic Image
Patterns of Breast Carcinoma and Comparisons with Magnetic
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Resonance Imaging and Vascular Stained Histopathology. Sci Rep.
2015; 5:11778.
Summary: Photoacoustic (optoacoustic) imaging can visualize
vasculature deep in tissue using the high contrast of hemoglobin to
light, with the high-resolution possible with ultrasound detection.
Since angiogenesis, one of the hallmarks of cancer, leads to
increased vascularity, photoacoustics holds promise in imaging
breast cancer as shown in proof-of-principle studies. Here for the first
time, we investigate if there are specific photoacoustic appearances
of breast malignancies which can be related to the tumor vascularity,
using an upgraded research imaging system, the Twente
Photoacoustic Mammoscope. In addition to comparisons with x-ray
and ultrasound images, in subsets of cases the photoacoustic
images were compared with MR images, and with vascular staining
in histopathology. We were able to identify lesions in suspect breasts
at the expected locations in 28 of 29 cases. We discovered generally
three types of photoacoustic appearances reminiscent of contrast
enhancement types reported in MR imaging of breast malignancies,
and first insights were gained into the relationship with tumor
vascularity.
Free full text available from PubMed
PMID: 26159440
C) Light-Sheet Microscopy for Slide-Free Non-Destructive
Pathology of Large Clinical Specimens
Glaser AK, Reder NP, Chen Y, et al. Light-Sheet Microscopy for
Slide-Free Non-Destructive Pathology of Large Clinical Specimens.
Nature Biomedical Engineering. 2017; 1:0084.
Free full text available from Nature Biomedical Engineering
Note: Summarized in Section 2.2; also cited in Sections 3.1, 4.1.1.1,
4.1.1.4, 4.3 and 5.6.2
D) Evaluation of Breast Tissue with Confocal Strip-Mosaicking
Microscopy: A Test Approach Emulating
Pathology-Like Examination
Abeytunge S, Larson B, Peterson G, Morrow M, Rajadhyaksha M,
Murray MP. Evaluation of Breast Tissue with Confocal StripMosaicking Microscopy: A Test Approach Emulating Pathology-Like
Examination. J Biomed Opt. 2017; 22(3): 34002.
Summary: Confocal microscopy is an emerging technology for rapid
imaging of freshly excised tissue without the need for frozen- or
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fixed-section processing. Initial studies have described imaging of
breast tissue using fluorescence confocal microscopy with small
regions of interest, typically 750×750 μm2750×750 μm2. We present
exploration with a microscope, termed confocal strip-mosaicking
microscope (CSM microscope), which images an area of
2×2 cm22×2 cm2 of tissue with cellular-level resolution in 10 min of
excision. Using the CSM microscope, we imaged 34 fresh, human,
large breast tissue specimens from 18 patients, blindly analyzed by a
board-certified pathologist and subsequently correlated with the
corresponding standard fixed histopathology. Invasive tumors and
benign tissue were clearly identified in CSM strip-mosaic images.
Thirty specimens were concordant for image-to-histopathology
correlation while four were discordant.
Free full text available from Journal of Biomedical Optics
PMID: 28327961
E) Confocal Laser Endomicroscopy in Breast Surgery:
A Pilot Study
De Palma GD, Esposito D, Luglio G, et al. Confocal Laser
Endomicroscopy in Breast Surgery: A Pilot Study. BMC Cancer.
2015; 15:252.
Summary: BACKGROUND: Breast neoplasms include different
histopathological entities, varying from benign tumors to highly
aggressive cancers. Despite the key role of imaging, traditional
histology is still required for a definitive diagnosis. Confocal Laser
Endomicroscopy (CLE) is a new technique, which enables to obtain
histopathological images in vivo, currently used in the diagnosis of
gastrointestinal diseases. This is a single-center pilot feasibility
study; the main aim is to describe the basic morphological patterns
of Confocal Laser Endomicroscopy in normal breast tissue besides
benign and malignant lesions. METHODS: Thirteen female patients
(mean age 52.7, range from 22 to 86) who underwent surgical
resection for a palpable breast nodule were enrolled. CLE was
performed soon after resection with the Cellvizio(R) Endomicroscopy
System (Mauna Kea Technologies, Paris, France), by using a
Coloflex UHD-type probe; intravenous fluorescein was used as
contrast-enhancing agent. The surgical specimen was cut along the
main axis; dynamic images were obtained and recorded using a
hand-held probe directly applied both to the internal part of the lesion
and to several areas of surrounding normal tissue. Each specimen
was then sent for definitive histologic examination. RESULTS:
Histopathology revealed a benign lesion in six patients (46%), while
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a breast cancer was diagnosed in seven women (54%). Confocal
laser endomicroscopy showed some peculiar morphological
patterns. Normal breast tissue was characterized by a honeycomb
appearance with regular, dark, round or hexagonal glandular lobules
on a bright stroma background; tubular structures, representing
ducts or blood vessels, were also visible in some frames. Benign
lesions were characterized by a well-demarcated "slit-like" structure
or by lobular structures in abundant bright stroma. Finally, breast
cancer was characterized by a complete architectural subversion:
ductal carcinoma was characterized by ill-defined structures, with
dark borders and irregular ductal shape, formingribbons, tubules or
nests; mucinous carcinoma showed smaller cells organized in
clusters, floating in an amorphous extracellular matrix.
CONCLUSIONS: This is the first pilot study to investigate the
potential role of confocal laser imaging as a diagnostic tool in breast
diseases. Further studies are required to validate these results and
establish the clinical impact of this technique.
Free full text available from PubMed
PMID: 25885686
F) Investigation of Optical Coherence Microelastography as a
Method to Visualize Cancers in Human Breast Tissue
Kennedy BF, McLaughlin RA, Kennedy KM, et al. Investigation of
Optical Coherence Microelastography as a Method to Visualize
Cancers in Human Breast Tissue. Cancer Res. 2015; 75(16): 32363245.
Free full text available from Cancer Research
PMID: 26122840
Note: Summarized in Section 4.1.2
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5.2.3 Margin Assessment

Ductal carcinoma in situ. Non-linear microscopy (left) and H&E (right).
Tao YK, Shen D, Sheikine Y, Ahsen OO, Wang HH, Schmolze DB.
Assessment of breast pathologies using nonlinear microscopy. Proc Natl Acad
Sci U S A. 2014 Oct 13. Copyright 2014 National Academy of Sciences.

A wide range of in vivo microscopy (IVM) technologies have been
applied to determine the margin status of breast resection specimens in
the intraoperative setting (as shown in the above colorized non-linear
microscopy image of ductal carcinoma in situ). For this purpose, most
studies to date have used IVM modalities in the excised breast tissue (ex
vivo microscopy (EVM) approach); this research is exemplified in Section
4.1.1.1. Breast Margins. True in vivo application of IVM techniques for
margin assessment would involve intraoperative examination of the
excision cavity, looking for residual microscopic disease. The study
below is a step in this direction, which could potentially complement EVM
approaches for margin assessment.

A) Novel Balloon Surface Scanning Device for Intraoperative
Breast Endomicroscopy
Zuo S, Hughes M, Yang GZ. Novel Balloon Surface Scanning Device
for Intraoperative Breast Endomicroscopy. Ann Biomed Eng. 2016;
44(7): 2313-2326.
Summary: Recent advances in fluorescence confocal
endomicroscopy have allowed real-time identification of residual
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tumour cells on the walls of the cavity left by breast conserving
surgery. However, it is difficult to systematically survey the surgical
site because of the small imaging field-of-view of these probes,
compounded by tissue deformation and inconsistent probe-tissue
contact when operated manually. Therefore, a new robotized
scanning device is required for controlled, large area scanning and
mosaicing. This paper presents a robotic scanning probe with an
inflatable balloon, providing stable cavity scanning over undulating
surfaces. It has a compact design, with an outer diameter of 4 mm
and a working channel of 2.2 mm, suitable for a leached flexible fibre
bundle endomicroscope probe. With the probe inserted, the tip
positioning accuracy measured to be 0.26 mm for bending and 0.17
mm for rotational motions. Large area scanning was achieved (25-35
mm(2)) and the experimental results demonstrate the potential
clinical value of the device for intraoperative cavity tumour margin
evaluation.
Full text available from Annals of Biomedical Engineering (USD
39.95)
PMID: 26508330
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5.2.4 Sentinel Lymph Node Assessment

Breast cancer metastasis in sentinel lymph node. Full field optical coherence
tomography.
Grieve K, Mouslim K, Assayag O, et al. Assessment of Sentinel Node Biopsies With
Full-Field Optical Coherence Tomography. Technol Cancer Res Treat.
2016;15(2):266-74. doi: 10.1177/1533034615575817. Reprinted from Sage Journal.
http://journals.sagepub.com/doi/pdf/10.1177/1533034615575817

Similar to margin status assessment, the main goal of in vivo microscopy
(IVM) in sentinel node evaluation is the accurate detection of cancer
within a lymph node before its removal, thus avoiding unnecessary tissue
resection. One potential advantage of IVM for sentinel lymph node
assessment is that, due to its deep tissue penetration and tomographic
(3D) imaging capability, it can assess the entire lymph node rather than
sampling it. IVM may serve first to screen lymph node regions to identify
suspect positive areas, which then will be resected for confirmation by
intraoperative frozen sections or touch preparations. However, the
ultimate goal is for IVM to be a stand-alone technique for intraoperative
assessment of intact sentinel lymph nodes. IVM is not yet as far
advanced for sentinel lymph node as it is for margin assessment. In
addition, studies to date have focused on the evaluation of the lymph
node after its removal (ex vivo microscopy (EVM) approach);
representative examples can be found in Section 4.1.2 Sentinel Lymph
Node Assessment. Clearly, true in vivo IVM studies on un-removed
lymph nodes are needed.
The following study is a first step toward IVM of sentinel lymph nodes.
Clearly, additional true in vivo IVM studies on un-removed lymph nodes
are needed.
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A) Toward Nodal Staging of Axillary Lymph Node Basins Through
Intradermal Administration of Fluorescent Imaging Agents
Meric-Bernstam F, Rasmussen JC, Krishnamurthy S, et al. Toward
nodal staging of axillary lymph node basins through intradermal
administration of fluorescent imaging agents. Biomed Opt Express.
2013;5(1):183-96. doi: 10.1364/BOE.5.000183.
Summary: As part of a proof-of-concept study for future delivery of
targeted near-infrared fluorescent (NIRF) tracers, we sought to
assess the delivery of micrograms of indocyanine green to all the
axillary lymph nodes following intraparenchymal breast injections
and intradermal arm injections in 20 subjects with advanced breast
carcinoma and undergoing complete axillary lymph node dissection.
Lymphatic vessels and nodes were assessed in vivo. Ex vivo images
demonstrated that 87% of excised lymph nodes, including 81% of
tumor-positive lymph nodes, were fluorescent. Future clinical studies
using microdose amounts of tumor-targeting NIRF contrast agents
may demonstrate improved surgical intervention with reduced
morbidity.
Free full text available from PubMed
PMID: 24466486
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5.3 Skin

Superficial spreading melanoma in situ. Dermoscopy (left) and reflectance
confocal microscopy (middle and right).
Braga JC, Macedo MP, Pinto C, et al. Learning reflectance confocal
microscopy of melanocytic skin lesions through histopathologic transversal
sections. PLoS ONE. 2013;8(12):e81205. Reused under license CC BY4.0.
https://creativecommons.org/licenses/by/4.0/

Skin is readily accessible for non-invasive assessment, which makes it
an attractive target for novel imaging techniques like in vivo microscopy
(IVM). In fact, the skin is one of the few organ systems where IVM is
already in clinical use, using commercially available instrumentation
specifically designed for this use. There are also published CPT codes
for billing and reimbursement of IVM (specifically confocal microscopy)
performed in the skin and interpretation of IVM images so obtained (see
Section 8 IVM Billing/Reimbursement).
Currently confocal microscopy is being used clinically in the
dermatologists office, for in vivo assessment of skin lesions where biopsy
would be difficult or disfiguring or the sheer number of lesions is
prohibitive (as seen in the dermascopy and confocal reflectance
microscopy images of a pigmented lesion above). It is also in use in the
surgical suite or procedure room for the assessment of skin margins
during Mohs surgery for basal cell carcinoma. Therefore, work is being
done to establish criteria for interpretation of confocal microscopy images
of the entire gamut of skin lesions, including pigmented lesions, nonpigmented lesions (squamous and basal cell carcinoma) and even
inflammatory lesions. And a few studies have even been done assessing
interobserver agreement in rendering confocal microscopy-based
diagnoses in the skin. Research is also being done on the potential use
of other IVM technologies, such as multiphoton microscopy, Raman
spectroscopy imaging and photoacoustic microscopy in the skin.
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Even though IVM of the skin is currently being done by dermatologists, it
is still of interest to pathologists. While some clinical procedures (Mohs
surgery) eschew direct pathology input, most dermatologic diagnosis
does not. In fact, there is often close clinical cooperation between
dermatologists and pathologists – within dermatopathology. Thus
dermatopathology is a unique hybrid subspecialty that represents a very
good opportunity for pathologists to become involved in IVM.
The following are selected review articles and CAP Resources on the
application of IVM in the skin. This section contains additional articles on
specific IVM applications for the diagnosis of:
•

Squamous Cell Carcinoma (Section 5.3.1);

•

Basal Cell Carcinoma (Section 5.3.2);

•

Melanoma and Other Pigmented Lesions (Section 5.3.3);

•

Other Skin Lesions (Section 5.3.4).

For sentinel articles from the older literature on the development of IVM
image interpretation criteria for the in vivo diagnosis of pigmented and
non-pigmented skin lesions, see Section 7.3.3 Skin.

A) Confocal Microscopy For Pigmented Lesions
Rao BK. IVM Webinar Series. Confocal Microscopy for Pigmented
Lesions. [Webinar]. April 25, 2017. Available at
https://tinyurl.com/ybnrduvx. Accessed August 22, 2017.
Summary: This webinar will comprehensively discuss a systematic
approach to the non-invasive diagnosis of pigmented skin lesions.
The lecture will begin with the definitions of commonly used terms,
followed by an overview of the diagnostic criteria for confocal image
analysis, and as always, we will conclude with the presentation and
discussion of relevant clinical and confocal cases.
Archived recording available
Note: Also cited in Section 9.2
B) Confocal Microscopy of Non Melanocytic Lesions
Rao BK. IVM Webinar Series. Confocal Microscopy Of Non
Melanocytic Lesions. [Webinar]. Sept 20, 2017. Available at
https://tinyurl.com/y8nux424. Accessed August 22, 2017.
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Summary: This webinar will comprehensively discuss a systematic
approach to the non-invasive diagnosis of non-melanocytic skin
lesions. The lecture will begin with the definitions of commonly used
terms, followed by an overview of the diagnostic criteria for confocal
image analysis, and as always, we will conclude with the
presentation and discussion of relevant clinical and confocal cases.
Archived recording available
Note: Also cited in Section 9.2
C) Role of Reflectance Confocal Microscopy in Skin Inflammations
Rao BK. IVM Webinar Series. Role of Reflectance Confocal
Microscopy in Skin Inflammations. [Webinar]. Dec 5, 2017. Available
at https://tinyurl.com/y7zjkb2q. Accessed November 2, 2017.
Summary: This webinar will comprehensively discuss a systematic
approach to the non-invasive management of inflammatory skin
lesions such as psoriasiform, spongiotic and lichenoid. Topics
include definitions of commonly used terms, an overview of the
diagnostic criteria for confocal image analysis, and a discussion of
relevant clinical and confocal cases.
Archived recording available
Note: Also cited in Section 9.2
D) Peri-Operative Imaging of Cancer Margins with Reflectance
Confocal Microscopy During Mohs Micrographic Surgery:
Feasibility of a Video-Mosaicing Algorithm
Flores E, Yelamos O, Cordova M, et al. Peri-Operative Imaging of
Cancer Margins with Reflectance Confocal Microscopy During Mohs
Micrographic Surgery: Feasibility of a Video-Mosaicing Algorithm.
Proc. SPIE. 2017; 10037 (Photonics in Dermatology and Plastic
Surgery): 100370B.
Summary: Reflectance confocal microscopy (RCM) imaging shows
promise for guiding surgical treatment of skin cancers. Recent
technological advancements such as the introduction of the
handheld version of the reflectance confocal microscope, video
acquisition and video-mosaicing have improved RCM as an
emerging tool to evaluate cancer margins during routine surgical skin
procedures such as Mohs micrographic surgery (MMS). Detection of
residual non-melanoma skin cancer (NMSC) tumor during MMS is
feasible, as demonstrated by the introduction of real-time
perioperative imaging on patients in the surgical setting. Our study is
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currently testing the feasibility of a new mosaicing algorithm for
perioperative RCM imaging of NMSC cancer margins on patients
during MMS. We report progress toward imaging and image analysis
on forty-five patients, who presented for MMS at the MSKCC
Dermatology service. The first 10 patients were used as a training
set to establish an RCM imaging algorithm, which was implemented
on the remaining test set of 35 patients. RCM imaging, using 35%
AlCl3 for nuclear contrast, was performed pre- and intra-operatively
with the Vivascope 3000 (Caliber ID). Imaging was performed in
quadrants in the wound, to simulate the Mohs surgeon’s examination
of pathology. Videos were taken at the epidermal and deep dermal
margins. Our Mohs surgeons assessed all videos and video-mosaics
for quality and correlation to histology. Overall, our RCM videomosaicing algorithm is feasible. RCM videos and video-mosaics of
the epidermal and dermal margins were found to be of clinically
acceptable quality. Assessment of cancer margins was affected by
type of NMSC, size and location. Among the test set of 35 patients,
83% showed acceptable imaging quality, resolution and contrast.
Visualization of nuclear and cellular morphology of residual
BCC/SCC tumor and normal skin features could be detected in the
peripheral and deep dermal margins. We observed correlation
between the RCM videos/video-mosaics and the corresponding
histology in 32 lesions. Peri-operative RCM imaging shows promise
for improved and faster detection of cancer margins and guiding
MMS in the surgical setting.
Full text available from SPIE Proceedings (USD 20.00-25.00)
E) Raman Active Components of Skin Cancer
Feng X, Moy AJ, Nguyen HT, et al. Raman Active Components of
Skin Cancer. Biomed Opt Express. 2017; 8(6):2835-2850.
Summary: Raman spectroscopy (RS) has shown great potential in
noninvasive cancer screening. Statistically based algorithms, such
as principal component analysis, are commonly employed to provide
tissue classification; however, they are difficult to relate to the
chemical and morphological basis of the spectroscopic features and
underlying disease. As a result, we propose the first Raman
biophysical model applied to in vivo skin cancer screening data. We
expand upon previous models by utilizing in situ skin constituents as
the building blocks, and validate the model using previous clinical
screening data collected from a Raman optical fiber probe. We built
an 830nm confocal Raman microscope integrated with a confocal
laser-scanning microscope. Raman imaging was performed on skin
sections spanning various disease states, and multivariate curve
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resolution (MCR) analysis was used to resolve the Raman spectra of
individual in situ skin constituents. The basis spectra of the most
relevant skin constituents were combined linearly to fit in vivo human
skin spectra. Our results suggest collagen, elastin, keratin, cell
nucleus, triolein, ceramide, melanin and water are the most
important model components. We make available for download (see
supplemental information) a database of Raman spectra for these
eight components for others to use as a reference. Our model
reveals the biochemical and structural makeup of normal,
nonmelanoma and melanoma skin cancers, and precancers and
paves the way for future development of this approach to
noninvasive skin cancer diagnosis.
Free full text available from PubMed
PMID: 28663910
F) Advances in the In Vivo Raman Spectroscopy of Malignant Skin
Tumors Using Portable Instrumentation
Kourkoumelis N, Balatsoukas I, Moulia V, Elka A, Gaitanis G,
Bassukas ID. Advances in the in Vivo Raman Spectroscopy of
Malignant Skin Tumors Using Portable Instrumentation. Int J Mol Sci.
2015; 16(7): 14554-14570.
Summary: Raman spectroscopy has emerged as a promising tool
for real-time clinical diagnosis of malignant skin tumors offering a
number of potential advantages: it is non-intrusive, it requires no
sample preparation, and it features high chemical specificity with
minimal water interference. However, in vivo tissue evaluation and
accurate histopathological classification remain a challenging task for
the successful transition from laboratory prototypes to clinical
devices. In the literature, there are numerous reports on the
applications of Raman spectroscopy to biomedical research and
cancer diagnostics. Nevertheless, cases where real-time, portable
instrumentations have been employed for the in vivo evaluation of
skin lesions are scarce, despite their advantages in use as medical
devices in the clinical setting. This paper reviews the advances in
real-time Raman spectroscopy for the in vivo characterization of
common skin lesions. The translational momentum of Raman
spectroscopy towards the clinical practice is revealed by (i)
assembling the technical specifications of portable systems and (ii)
analyzing the spectral characteristics of in vivo measurements.
Free full text available from PubMed
PMID: 26132563
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5.3.1 Squamous Cell Carcinoma
Squamous cell carcinoma. Confocal
microscopy.
Image courtesy of Babar K. Rao,
MD, FCAP, FAAD

Following are selected articles on in vivo microscopy (IVM) of squamous
cell carcinoma of the skin, as seen in the confocal microscopy image
above.
For a sentinel article from the older literature on the development of the
IVM image interpretation criteria for squamous cell carcinoma using
confocal microscopy that are currently used clinically, see Article D
below (Rishpon).

A) The Value of Optical Coherence Tomography in Determining
Surgical Margins in Squamous Cell Carcinoma of the Vulva: A
Single-Center Prospective Study
Wessels R, van Beurden M, de Bruin DM, et al. The value of optical
coherence tomography in determining surgical margins in squamous
cell carcinoma of the vulva: a single-center prospective study. Int J
Gynecol Cancer. 2015; 25(1): 112-118.
Full text available from International Journal of Gynecological Cancer
(subscription required)
PMID: 25365591
Note: Summarized in Section 4.1.1.4; also cited in Section 5.7.1
B) Discrimination of Non-Melanoma Skin Lesions from Non-Tumor
Human Skin Tissues In Vivo Using Raman Spectroscopy and
Multivariate Statistics
Silveira FL, Pacheco MT, Bodanese B, Pasqualucci CA, Zangaro
RA,Silveira L, Jr. Discrimination of Non-Melanoma Skin Lesions from
Non-Tumor Human Skin Tissues in Vivo Using Raman Spectroscopy
and Multivariate Statistics. Lasers Surg Med. 2015; 47(1): 6-16.
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Summary: BACKGROUND AND OBJECTIVE: Raman spectroscopy
was used to discriminate human non-melanoma skin lesions from
non-tumor tissues in vivo. This work proposed the discrimination
between non-melanoma (basal cell carcinoma, BCC; squamous cell
carcinoma, SCC) and pre-cancerous lesions (actinic keratosis, AK)
from benign lesions and normal (non-tumor group, NT) tissues, using
near-infrared Raman spectroscopy with a Raman probe.
MATERIALS AND METHODS: Prior to surgery, the spectra of
suspicious lesions were obtained in situ. The spectra of adjacent,
clinically normal skin were also obtained. Lesions were resectioned
and submitted for histopathology. The Raman spectra were
measured using a Raman spectrometer (830 nm). Two types of
discrimination models were developed to distinguish the different
histopathological groups. The principal components analysis
discriminant analysis (PCA/DA) and the partial least squares
discriminant analysis (PLS/DA) were based on Euclidean, quadratic
and Mahalanobis distances. RESULTS: PCA and PLS spectral
vectors showed spectral features of skin constituents, such as lipids
(between 1,250 cm(-1) and 1,300 cm(-1) and at 1,450 cm(-1)) and
proteins (between 870 cm(-1) and 940 cm(-1), 1,240 cm(-1) and
1,271 cm(-1), and at 1,000 cm(-1) and 1,450 cm(-1)). Despite the
small spectral differences between malignant lesions and benign
tissues, the algorithms discriminated the spectra of non-melanoma
skin and pre-cancerous lesions from benign and normal tissues, with
an overall accuracy of 82.8% and 91.9%, respectively.
CONCLUSION: PCA and PLS could discriminate Raman spectra of
skin tissues, opening the way for an in vivo optical diagnosis.
Full text available from Lasers in Surgery and Medicine (USD 6.0038.00)
PMID: 25583686
C) Multimodal Confocal Mosaics Enable High Sensitivity and
Specificity in Screening of in Situ Squamous Cell Carcinoma
del Carmen Grados Luyando M, Bar A, Snavely N, Jacques S,
Gareau DS. Multimodal confocal mosaics enable high sensitivity and
specificity in screening of in situ squamous cell carcinoma. Proc.
SPIE 8937, Multimodal Biomedical Imaging IX, 893704 (February
17, 2014); doi: 10.1117/12.2040542.
Summary: Screening cancer in excision margins with confocal
microscopy may potentially save time and cost over the gold
standard histopathology (H and E). However, diagnostic accuracy
requires sufficient contrast and resolution to reveal pathological traits
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in a growing set of tumor types. Reflectance mode images structural
details due to microscopic refractive index variation. Nuclear contrast
with acridine orange fluorescence provides enhanced diagnostic
value, but fails for in situ squamous cell carcinoma (SCC), where the
cytoplasm is important to visualize. Combination of three modes
[eosin (Eo) fluorescence, reflectance (R) and acridine orange (AO)
fluorescence] enable imaging of cytoplasm, collagen and nuclei
respectively. Toward rapid intra-operative pathological margin
assessment to guide staged cancer excisions, multimodal confocal
mosaics can image wide surgical margins (~1cm) with sub-cellular
resolution and mimic the appearance of conventional H and E.
Absorption contrast is achieved by alternating the excitation
wavelength: 488nm (AO fluorescence) and 532nm (Eo
fluorescence). Superposition and false-coloring of these modes
mimics H and E, enabling detection of the carcinoma in situ in the
epidermal layer The sum mosaic Eo+R is false-colored pink to mimic
eosins’ appearance in H and E, while the AO mosaic is false-colored
purple to mimic hematoxylins’ appearance in H and E. In this study,
mosaics of 10 Mohs surgical excisions containing SCC in situ and 5
containing only normal tissue were subdivided for digital presentation
equivalent to 4X histology. Of the total 16 SCC in situ multimodal
mosaics and 16 normal cases presented, two reviewers made 1 and
2 (respectively) type-2 errors (false positives) but otherwise scored
perfectly when using the confocal images to screen for the presence
of SCC in situ as compared to the gold standard histopathology.
Limitations to precisely mimic H and E included occasional elastin
staining by AO. These results suggest that confocal mosaics may
effectively guide staged SCC excisions in skin and other tissues. ©
(2014) COPYRIGHT Society of Photo-Optical Instrumentation
Engineers (SPIE).
Full text available from Proceedings of SPIE (USD 18.00)
D) Reflectance Confocal Microscopy Criteria for Squamous Cell
Carcinomas and Actinic Keratoses
Rishpon A, Kim N, Scope A, et al. Reflectance confocal microscopy
criteria for squamous cell carcinomas and actinic keratoses. Arch
Dermatol. 2009; 145(7): 766-772.
Summary: OBJECTIVE: To identify criteria for the diagnosis of
squamous cell carcinoma (SCC) and actinic keratosis (AK) by in vivo
reflectance confocal microscopy (RCM). DESIGN: Prospective RCM
imaging of lesions suspected clinically and/or dermoscopically to be
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SCC or AK, followed by RCM assessment of the biopsy-proven
SCCs and AKs. SETTING: Private skin cancer clinic, Plantation,
Florida. Patients A total of 38 lesions in 24 patients were assessed,
including 7 AKs, 25 SCCs in situ, 3 invasive SCCs, and 3
keratoacanthomas. Interventions Prior to undergoing biopsy, all
lesions were assessed by RCM. RESULTS: Mosaic RCM images at
the stratum corneum level revealed scale in 29 SCCs (95%) and in
all 7 AKs. Polygonal nucleated cells at the stratum corneum were
seen in 3 SCCs (10%) and 1 AK (14%). All 38 cases displayed an
atypical honeycomb and/or a disarranged pattern of the spinousgranular layer of the epidermis; round nucleated cells were seen in
the spinous-granular layer in 20 SCCs (65%) and 1 AK (14%).
Round blood vessels in the superficial dermis were seen in 28 SCCs
(90%) and 5 AKs (72%). CONCLUSIONS: An increasing frequency
of abnormal RCM features can be observed across the spectrum of
keratinocytic neoplasias. The presence of an atypical honeycomb or
a disarranged pattern of the spinous-granular layer, round nucleated
cells at the spinous-granular layer, and round blood vessels
traversing through the dermal papilla are the key RCM features of
SCC.
Free full text available from JAMA Dermatology
PMID: 19620557
Note: Also cited in Section 7.3.3
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5.3.2 Basal Cell Carcinoma
Basal cell carcinoma in of frozen
Mohs skin margin Acridine
orange stained fluorescence
confocal microscopy (a) and H&E
(b).
Jain M, Rajadhyaksha M, Nehal
K. Implementation of
Fluorescence Confocal
Mosaicking Microscopy by "Early
Adopter" Mohs Surgeons and
Dermatologists: Recent Progress.
J Biomed Opt. 2017; 22(2):
24002.

The most significant application to date for in vivo microscopy (IVM) of
basal cell carcinoma is the assessment of skin margins during Mohs
surgery. This is currently being performed clinically, using fluorescence
confocal microscopy on the excised tissue margins, ex vivo (as shown in
the image of a Mohs skin margin above). However, pilot studies have
been performed for assessment of the margin of the tumor bed in vivo.
IVM studies are also ongoing to: develop scoring systems for
interpretation of IVM images of basal cell carcinoma; develop machine
learning for automated IVM classification of basal cell carcinoma; map
non-pigmented skin lesions for photodynamic therapy and to monitor the
effects of treatment using IVM; and even develop a smart-phone based
IVM technology for basal cell carcinoma detection.
Following are selected articles on these ex vivo and in vivo applications
of IVM of basal cell carcinoma of the skin.
For sentinel articles from the older literature on the development of the
IVM image interpretation criteria for basal cell carcinoma, see Section
7.3.3 Skin.

© 2018 College of American Pathologists. All rights reserved.

Return to Table of Contents

221

Section 5
A) Implementation of Fluorescence Confocal Mosaicking
Microscopy by "Early Adopter" Mohs Surgeons and
Dermatologists: Recent Progress
Jain M, Rajadhyaksha M, Nehal K. Implementation of Fluorescence
Confocal Mosaicking Microscopy by "Early Adopter" Mohs Surgeons
and Dermatologists: Recent Progress. J Biomed Opt. 2017; 22(2):
24002.
Free full text available from Journal of Biomedical Optics
PMID: 28199474
Note: Summarized in Section 4.1.1.2
B) Classification of Basal Cell Carcinoma in Human Skin Using
Machine Learning and Quantitative Features Captured by
Polarization Sensitive Optical Coherence Tomography
Marvdashti T, Duan L, Aasi SZ, Tang JY, Ellerbee Bowden AK.
Classification of Basal Cell Carcinoma in Human Skin Using Machine
Learning and Quantitative Features Captured by Polarization
Sensitive Optical Coherence Tomography. Biomed Opt Express.
2016; 7(9): 3721-3735.
Summary: We report the first fully automated detection of basal cell
carcinoma (BCC), the most commonly occurring type of skin cancer,
in human skin using polarization-sensitive optical coherence
tomography (PS-OCT). Our proposed automated procedure entails
building a machine-learning based classifier by extracting image
features from the two complementary image contrasts offered by PSOCT, intensity and phase retardation (PR), and selecting a subset of
features that yields a classifier with the highest accuracy. Our
classifier achieved 95.4% sensitivity and specificity, validated by
leave-one-patient-out cross validation (LOPOCV), in detecting BCC
in human skin samples collected from 42 patients. Moreover, we
show the superiority of our classifier over the best possible classifier
based on features extracted from intensity-only data, which
demonstrates the significance of PR data in detecting BCC.
Free full text available from PubMed
PMID: 27699133
C) Combined Reflectance Confocal Microscopy-Optical Coherence
Tomography for Delineation of Basal Cell Carcinoma Margins:
An Ex Vivo Study
Iftimia N, Peterson G, Chang EW, Maguluri G, Fox W, Rajadhyaksha
M. Combined Reflectance Confocal Microscopy-Optical Coherence
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Tomography for Delineation of Basal Cell Carcinoma Margins: An Ex
Vivo Study. J Biomed Opt. 2016; 21(1): 16006.
Summary: We present a combined reflectance confocal microscopy
(RCM) and optical coherence tomography (OCT) approach,
integrated within a single optical layout, for diagnosis of basal cell
carcinomas (BCCs) and delineation of margins. While RCM imaging
detects BCC presence (diagnoses) and its lateral spreading
(margins) with measured resolution of ∼1 μm, OCT imaging
delineates BCC depth spreading (margins) with resolution of ∼7 μm.
When delineating margins in 20 specimens of superficial and nodular
BCCs, depth could be reliably determined down to ∼600 μm, and
agreement with histology was within about ±50 μm.
Full text available from Journal of Biomedical Optics (USD 20.00)
PMID: 26780224
D) Assessment of a Scoring System for Basal Cell Carcinoma with
Multi-Beam Optical Coherence Tomography
Wahrlich C, Alawi SA, Batz S, Fluhr JW, Lademann J, Ulrich M.
Assessment of a scoring system for Basal Cell Carcinoma with multibeam optical coherence tomography. J Eur Acad Dermatol Venereol.
2015; 29(8):1562-9. doi: 10.1111/jdv.12935.
Summary: BACKGROUND: Multi-beam optical coherence
tomography (OCT) is a novel method of non-invasive skin imaging
allowing the evaluation of tissue at high level of lateral and axial
resolution. It permits the horizontal and vertical evaluation of the
extent of diseases. OBJECTIVE: Herein, we aimed to validate
diagnosing basal cell carcinoma (BCC) by OCT using a newly
developed scoring system ('Berlin Score'-BS). This was based on the
predetermined criteria such as dark border underneath the tumour
and ovoid structures. Their frequency and distribution in subtypes of
BCC were evaluated. METHODS: The study was conducted in two
phases, in which the experience of examiner differed. A total of 127
BCC and 50 other skin diseases were examined. In phase one,
students performed the evaluation of skin lesions using the BS, while
in phase two an expert performed the scoring in a different subset of
patients. RESULTS: Application of BS by students revealed
sensitivity and specificity of 92.8% (95% CI 85.4-96.8) and 24.1%
(95% CI 11.0-43.4) when reaching the lower threshold BS>/=8. The
most common BCC subtypes were superficial (28.7%) and nodular
(22.6%) BCC. Second phase was carried out to verify collected data
by a dermatological specialist and expert in using OCT. Increased
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sensitivity and specificity for OCT amounted to 96.6% (95% CI 80.499.8) and 75.2% (95% CI 52.5-90.9). Thereby 88% of all diagnoses
were correctly classified confirmed by histopathology.
CONCLUSION: Multi-beam optical coherence tomography revealed
to be a fast and promising device for assessing lesions by means of
BS. Both students, who benefit from practice in handling OCT, and
experts are able to perform this procedure. However, experience and
training in the interpretation markedly increased sensitivity and
specificity of the BS in our study. Moreover, redefinition and refining
of the criteria seems necessary and may further increase the
diagnostic value of OCT for NMSC.
Full text available from Journal of the European Academy of
Dermatology and Venereology (USD 6.00-38.00)
PMID: 25640145
Note: Also cited in Section 7.3.3
E) Intraoperative Imaging During Mohs Surgery with Reflectance
Confocal Microscopy: Initial Clinical Experience
Flores ES, Cordova M, Kose K, et al. Intraoperative Imaging During
Mohs Surgery with Reflectance Confocal Microscopy: Initial Clinical
Experience. J Biomed Opt. 2015; 20(6): 61103.
Summary: Mohs surgery for the removal of nonmelanoma skin
cancers (NMSCs) is performed in stages, while being guided by the
examination for residual tumor with frozen pathology. However,
preparation of frozen pathology at each stage is time consuming and
labor intensive. Real-time intraoperative reflectance confocal
microscopy(RCM), combined with video mosaicking, may enable
rapid detection of residual tumor directly in the surgical wounds on
patients. We report our initial experience on 25 patients, using
aluminum chloride for nuclear contrast. Imaging was performed in
quadrants in the wound to simulate the Mohs surgeon's examination
of pathology. Images and videos of the epidermal and dermal
margins were found to be of clinically acceptable quality. Bright
nuclear morphology was identified at the epidermal margin and
detectable in residual NMSC tumors. The presence of residual tumor
and normal skin features could be detected in the peripheral and
deep dermal margins. Intraoperative RCM imaging may enable
detection of residual tumor directly on patients during Mohs surgery,
and may serve as an adjunct for frozen pathology. Ultimately, for
routine clinical utility, a stronger tumor-to-dermis contrast may be
necessary, and also a smaller microscope with an automated
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approach for imaging in the entire wound in a rapid and controlled
manner.
Free full text available from PubMed
PMID: 25706821
F) Imaging of Mohs Micrographic Surgery Sections Using FullField Optical Coherence Tomography: A Pilot Study
Durkin JR, Fine JL, Sam H, Pugliano-Mauro M, Ho J. Imaging of
Mohs micrographic surgery sections using full-field optical coherence
tomography: a pilot study. Dermatol Surg. 2014; 40(3): 266-274.
Full text available from Dermatologic Surgery (subscription required)
PMID: 24433402
Note: Summarized in Section 3.5; also cited in Section 4.1.1.2
G) Preoperative Mapping of Nonmelanoma Skin Cancer Using
Spatial Frequency Domain and Ultrasound Imaging
Rohrbach DJ, Muffoletto D, Huihui J, et al. Preoperative mapping of
nonmelanoma skin cancer using spatial frequency domain and
ultrasound imaging. Acad Radiol. 2014; 21(2): 263-270.
Summary: RATIONALE AND OBJECTIVES: The treatment of
nonmelanoma skin cancer (NMSC) is usually by surgical excision or
Mohs micrographic surgery and alternatively may include
photodynamic therapy (PDT). To guide surgery and to optimize PDT,
information about the tumor structure, optical parameters, and
vasculature is desired. MATERIALS AND METHODS: Spatial
frequency domain imaging (SFDI) can map optical absorption,
scattering, and fluorescence parameters that can enhance tumor
contrast and quantify light and photosensitizer dose. High frequency
ultrasound (HFUS) imaging can provide high-resolution tumor
structure and depth, which is useful for both surgery and PDT
planning. RESULTS: Here, we present preliminary results from our
recently developed clinical instrument for patients with NMSC. We
quantified optical absorption and scattering, blood oxygen saturation
(StO2), and total hemoglobin concentration (THC) with SFDI and
lesion thickness with ultrasound. These results were compared to
histological thickness of excised tumor sections. CONCLUSIONS:
SFDI quantified optical parameters with high precision, and
multiwavelength analysis enabled 2D mappings of tissue StO2 and
THC. HFUS quantified tumor thickness that correlated well with
histology. The results demonstrate the feasibility of the instrument for
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noninvasive mapping of optical, physiological, and ultrasound
contrasts in human skin tumors for surgery guidance and therapy
planning.
Free full text available from PubMed
PMID: 24439339
H) Noninvasive Monitoring of Basal Cell Carcinomas Treated with
Systemic Hedgehog Inhibitors: Pseudocysts as a Sign of
Tumor Regression
Maier T, Kulichova D, Ruzicka T, Berking C. Noninvasive monitoring
of basal cell carcinomas treated with systemic hedgehog inhibitors:
pseudocysts as a sign of tumor regression. J Am Acad Dermatol.
2014; 71(4): 725-730.
Summary: BACKGROUND: Oral hedgehog inhibitors (HHIs) have
shown significant efficacy in the treatment of basal cell carcinoma
(BCC). The evaluation of tumor regression has been performed
using clinical photography and radiographic scans. Noninvasive
imaging techniques, such as reflectance confocal microscopy (RCM)
and high-definition optical coherence tomography (HD-OCT), have
been shown to be valuable in detecting BCC in the skin.
OBJECTIVE: We monitored HHI-treated BCC using RCM and HDOCT in vivo and correlated morphologic changes seen on imaging to
changes in traditional histopathology. METHODS: Six BCCs in 5
patients receiving HHIs (vismodegib or sonidegib) were examined by
RCM and HD-OCT before and during treatment. Characteristic
features were compared to histopathologic findings, including
immunohistochemical analysis. RESULTS: Characteristic features of
BCC in RCM and HD-OCT decreased or disappeared completely
during HHI treatment. Half of the clinically complete responding
tumors still featured tumor residue. Pseudocystic structures ("empty"
tumor nests in imaging) and widespread fibrosis (coarse bright
fibers) were new findings and could be confirmed by histopathology.
LIMITATIONS: Our study was limited by the number of tumor
samples and imaging timepoints. CONCLUSION: Using RCM and
HD-OCT, HHI-induced regression of BCC can be visualized
noninvasively in the skin. The formation of pseudocysts and fibrosis
were characteristic signs of BCC response to HHIs.
Full text available from JAAD (USD 31.50)
PMID: 24928708
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I)

Optical Coherence Tomography Imaging of Non-melanoma Skin
Cancer Undergoing Photodynamic Therapy Reveals Subclinical
Residual Lesions
Themstrup L, Banzhaf CA, Mogensen M, Jemec GB. Optical
coherence tomography imaging of non-melanoma skin cancer
undergoing photodynamic therapy reveals subclinical residual
lesions. Photodiagnosis Photodyn Ther. 2014; 11(1): 7-12.
Summary: BACKGROUND: Photodynamic therapy with methyl
aminolaevulinate (MAL-PDT) is a widely used non-invasive treatment
modality for non-melanoma skin cancer (NMSC). The outcome of
MAL-PDT is usually primarily evaluated clinically. Optical coherence
tomography (OCT) is a non-invasive imaging technology based on
interferiometry. OCT has been proven to provide high accuracy in
identifying NMSC lesions and performing thickness measurements of
thin tumours. OBJECTIVES: To describe the OCT morphology in invivo NMSC lesions during MAL-PDT treatment and to investigate the
use of OCT in evaluating the response of MAL-PDT treated NMSC
lesions. METHODS: A total of 18 biopsy-proven basal cell
carcinomas and actinic keratoses were monitored by OCT during 2
sessions of MAL-PDT treatment. At 3-months follow-up the patients
were assessed both by OCT and clinically. If the clinical and OCT
evaluation came to different conclusions on recurrence of the lesion,
patients were followed more closely at clinical appointments for up to
one year after the PDT treatment. RESULTS: All lesions displayed at
least one OCT characteristic before MAL-PDT treatment. At 3
months follow-up, recurrence was suspected clinically in 5/18 cases,
with OCT in 7/18 cases. OCT correctly identified all of the partial
responses also found by the clinical examinations. In both cases
where recurrence was only found in OCT, this was subsequently
confirmed by histology. CONCLUSIONS: Our study suggests that
OCT identified 29% more recurrences than clinical examination
alone. OCT can detect subclinical residual NMSC lesions after MALPDT treatment and may therefore be an accurate tool for early
detection of residual lesional tissue.
Free full text available from Photodiagnosis and Photodynamic
Therapy
PMID: 24280439
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J) Autofluorescence Imaging of Basal Cell Carcinoma by
Smartphone RGB Camera
Lihachev A, Derjabo A, Ferulova I, Lange M, Lihacova I,Spigulis J.
Autofluorescence Imaging of Basal Cell Carcinoma by Smartphone
RGB Camera. J Biomed Opt. 2015; 20(12): 120502.
Summary: The feasibility of smartphones for in vivo skin
autofluorescence imaging has been investigated. Filtered
autofluorescence images from the same tissue area were
periodically captured by a smartphone RGB camera with subsequent
detection of fluorescence intensity decreasing at each image pixel for
further imaging the planar distribution of those values. The proposed
methodology was tested clinically with 13 basal cell carcinoma and 1
atypical nevus. Several clinical cases and potential future
applications of the smartphone-based technique are discussed.
Full text available from Journal of Biomedical Optics (USD 20.00)
PMID: 26662298

5.3.3 Melanoma and Other Pigmented Lesions
Junctional and intradermal
nevi. Nonlinear microscopy.
Tsai MR, Cheng YH, Chen
JS, Sheen YS, Liao YH,
Sun CK. Differential
diagnosis of nonmelanoma
pigmented skin lesions
based on harmonic
generation microscopy. J
Biomed Opt. 2014 Mar;
19(3): 36001. Reused under
license CC BY 3.0.
http://creativecommons.org/l
icenses/by/3.0/

Currently in vivo microscopy (IVM), specifically confocal microscopy, is
being used clinically in the dermatologists office for in vivo assessment of
pigmented skin lesions, where biopsy would be difficult or disfiguring or
the sheer number of lesions is prohibitive.
Following are selected articles on confocal microscopy of melanoma and
other pigmented lesions in the skin, as well as imaging of these
challenging lesions using more experimental IVM technologies (such as

© 2018 College of American Pathologists. All rights reserved.

Return to Table of Contents

228

Section 5
multiphoton microscopy (MPM), as seen in the image junctional and
intradermal nevi above).
For a sentinel article on the IVM image interpretation criteria for
melanoma and other pigmented lesions using confocal microscopy that
are currently used clinically, see Article J (Scope).

A) Comparing in Vivo Pump-Probe and Multiphoton Fluorescence
Microscopy of Melanoma and Pigmented Lesions
Wilson JW, Degan S, Gainey CS, et al. Comparing in Vivo PumpProbe and Multiphoton Fluorescence Microscopy of Melanoma and
Pigmented Lesions. J Biomed Opt. 2015; 20(5): 051012.
Summary: We demonstrate a multimodal approach that combines a
pump-probe with confocal reflectance and multiphoton
autofluorescence microscopy. Pump-probe microscopy has been
proven to be of great value in analyzing thin tissue sections of
pigmented lesions, as it produces molecular contrast which is
inaccessible by other means. However, the higher optical intensity
required to overcome scattering in thick tissue leads to higher-order
nonlinearities in the optical response of melanin (e.g., two-photon
pump and one-photon probe) that present additional challenges for
interpreting the data. We show that analysis of pigment composition
in vivo must carefully account for signal terms that are nonlinear with
respect to the pump and probe intensities. We find that pump-probe
imaging gives useful contrast for pigmented structures over a large
range of spatial scales (100 mum to 1 cm), making it a potentially
useful tool for tracking the progression of pigmented lesions without
the need to introduce exogenous contrast agents.
Free full text available from PubMed
PMID: 25415567
B) Clinical Study of Noninvasive In Vivo Melanoma and
Nonmelanoma Skin Cancers Using Multimodal
Spectral Diagnosis
Lim L, Nichols B, Migden MR, et al. Clinical Study of Noninvasive in
Vivo Melanoma and Nonmelanoma Skin Cancers Using Multimodal
Spectral Diagnosis. J Biomed Opt. 2014; 19(11): 117003.
Summary: The goal of this study was to determine the diagnostic
capability of a multimodal spectral diagnosis (SD) for in vivo
noninvasive disease diagnosis of melanoma and nonmelanoma skin
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cancers. We acquired reflectance, fluorescence, and Raman spectra
from 137 lesions in 76 patients using custom-built optical fiber-based
clinical systems. Biopsies of lesions were classified using standard
histopathology as malignant melanoma (MM), nonmelanoma
pigmented lesion (PL), basal cell carcinoma (BCC), actinic keratosis
(AK), and squamous cell carcinoma (SCC). Spectral data were
analyzed using principal component analysis. Using multiple
diagnostically relevant principal components, we built leave-one-out
logistic regression classifiers. Classification results were compared
with histopathology of the lesion. Sensitivity/specificity for classifying
MM versus PL (12 versus 17 lesions) was 100%/100%, for SCC and
BCC versus AK (57 versus 14 lesions) was 95%/71%, and for AK
and SCC and BCC versus normal skin (71 versus 71 lesions) was
90%/85%. The best classification for nonmelanoma skin cancers
required multiple modalities; however, the best melanoma
classification occurred with Raman spectroscopy alone. The high
diagnostic accuracy for classifying both melanoma and
nonmelanoma skin cancer lesions demonstrates the potential for SD
as a clinical diagnostic device.
Free full text available from PubMed
PMID: 25375350
C) Distinguishing Between Benign and Malignant Melanocytic Nevi
by In Vivo Multiphoton Microscopy
Balu M, Kelly KM, Zachary CB, et al. Distinguishing between benign
and malignant melanocytic nevi by in vivo multiphoton microscopy.
Cancer Res. 2014; 74(10): 2688-2697.
Summary: Monitoring of atypical nevi is an important step in early
detection of melanoma, a clinical imperative in preventing the
disease progression. Current standard diagnosis is based on biopsy
and histopathologic examination, a method that is invasive and
highly dependent upon physician experience. In this work, we used a
clinical multiphoton microscope to image in vivo and noninvasively
melanocytic nevi at three different stages: common nevi without
dysplastic changes, dysplastic nevi with structural and architectural
atypia, and melanoma. We analyzed multiphoton microscopy (MPM)
images corresponding to 15 lesions (five in each group) both
qualitatively and quantitatively. For the qualitative analysis, we
identified the morphologic features characteristic of each group.
MPM images corresponding to dysplastic nevi and melanoma were
compared with standard histopathology to determine correlations
between tissue constituents and morphology and to evaluate
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whether standard histopathology criteria can be identified in the
MPM images. Prominent qualitative correlations included the
morphology of epidermal keratinocytes, the appearance of nests of
nevus cells surrounded by collagen fibers, and the structure of the
epidermal-dermal junction. For the quantitative analysis, we defined
a numerical multiphoton melanoma index (MMI) based on threedimensional in vivo image analysis that scores signals derived from
two-photon excited fluorescence, second harmonic generation, and
melanocyte morphology features on a continuous 9-point scale.
Indices corresponding to common nevi (0-1), dysplastic nevi (1-4),
and melanoma (5-8) were significantly different (P < 0.05),
suggesting the potential of the method to distinguish between
melanocytic nevi in vivo.
Free full text available from Cancer Research
PMID: 24686168
Note: Also cited in Section 7.3.3
D) Peering Under the Skin: Measuring Melanoma Depth with
Ultrasound and Optical Coherence Tomography
Evans CL. Peering under the skin: measuring melanoma depth with
ultrasound and optical coherence tomography. Br J Dermatol. 2014;
171(4): 690-691.
Summary: Background: Early diagnosis and rapid surgical excision
are essential for improving the prognosis of patients with melanoma.
Reflectance confocal microscopy has been validated as a feasible
procedure for in vivo diagnosis of melanoma but cannot be used to
measure tumour thickness. However, ultrasonography and optical
coherence tomography may allow melanoma thickness to be
measured in vivo. Objectives: To validate the accuracy and reliability
of high-frequency ultrasonography (HFUS) and optical coherence
tomography for assessing melanoma thickness in vivo. Methods: We
conducted a prospective study on 131 patients with at least one
equivocal melanocytic lesion. Each lesion underwent optical
coherence tomography and HFUS assessment, followed by excision
and pathological examination. Histopathology was considered to be
the gold standard for assessing melanoma thickness. Repeatability,
inter- and intrarater reproducibility and reliability were evaluated for
each imaging procedure. Results: Ultrasonography showed a good
level of agreement with histology [intraclass correlation coefficient
(ICC) 0·807; 95% confidence interval (CI) 0·703–0·877] and
excellent inter-rater reproducibility (G = 0·97), resulting in reliable in
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vivo assessment of melanoma thickness. The 930-nm optical
coherence tomography showed a poor level of agreement with
histopathology (ICC 0·0; 95% CI −0·2–0·2) and the inter-rater
reproducibility was null (G = 0·00). Conclusions: HFUS is a reliable
and reproducible noninvasive method for assessing melanoma
thickness. Routine use of HFUS may allow single-step excision of
equivocal melanocytic lesions, with surgical margins determined by
in vivo assessment of tumour thickness.
Full text available from British Journal of Dermatology (USD 6.0038.00)
PMID: 25319422
E) Discrimination Among Melanoma, Nevi, and Normal Skin by
Using Synchronous Luminescence Spectroscopy
Zekovic I, Dramicanin T, Lenhardt L, Bandic J, Dramicanin MD.
Discrimination among melanoma, nevi, and normal skin by using
synchronous luminescence spectroscopy. Appl Spectrosc. 2014;
68(8): 823-830.
Summary: Novel optical spectroscopy and imaging methods may be
valuable in the early detection of cancer. This paper reports
differences in the luminescence responses of pigmented skin lesions
(melanomas and nevi) and apparently normal non-pigmented human
skin, based on analyses of synchronous luminescence spectroscopy
measurements. Measurements were performed in the excitation
range of 330-545 nm, with synchronous intervals varying from 30120 nm. Normal skin, nevi, and melanomas differ in the way they
fluoresce, and these differences are more distinct in the synchronous
fluorescence spectra than in the conventional emission and
excitation spectra. The differences in the fluorescence characteristics
of pigmented and normal skin samples were ascribed to differences
in concentrations of endogenous fluorophores and chromophores.
Principal component and linear discriminant analysis of the
synchronous spectra measured at different synchronous intervals
showed that the greatest variance among the sample groups was at
the 70 nm interval spectra. These spectra were then used to create
partial least squares discriminant analysis-based classification
models. Evaluation of the quality of these models from the receiver
operating characteristic curves showed they performed well, with a
maximum value of 1 for the area under the curve for melanoma
detection. Hence, synchronous luminescence spectroscopy coupled
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with statistical methods may be advantageous in the early detection
of skin cancer.
Full text available from Applied Spectroscopy (USD 29.00)
PMID: 25061783
F) Impact of In Vivo Reflectance Confocal Microscopy on the
Number Needed to Treat Melanoma in Doubtful Lesions
Alarcon I, Carrera C, Palou J, Alos L, Malvehy J, Puig S. Impact of in
vivo reflectance confocal microscopy on the number needed to treat
melanoma in doubtful lesions. Br J Dermatol. 2014; 170(4): 802-808.
Summary: BACKGROUND: The number needed to treat (NNT) ratio
is an effective method for measuring accuracy in melanoma
detection. Dermoscopy reduces the number of false positives and
subsequently unnecessary excisions. In vivo reflectance confocal
microscopy (RCM) is a noninvasive technique that allows
examination of the skin with cellular resolution. OBJECTIVES: To
assess the impact of RCM analysis on the number of equivocal
lesions, assumed to be melanocytic, excised for every melanoma.
METHODS: Consecutive patients (n = 343) presenting with doubtful
lesions were considered for enrolment. The lesions were analysed
by dermoscopy and RCM, with histopathological assessment
considered the reference standard. The main outcome was the NNT,
calculated as the proportion of equivocal lesions excised for every
melanoma. RESULTS: Dermoscopy alone obtained a hypothetical
NNT of 3.73; the combination of dermoscopy and RCM identified 264
equivocal lesions that qualified for excision, 92 of which were
confirmed to be a melanoma, resulting in an NNT of 2.87, whereas
the analysis of RCM images classified 103 lesions as melanoma,
with a consequent NNT of 1.12. The difference in the reduction of
this ratio was statistically significant between the three groups (P <
0.0001). There was no significant improvement in sensitivity when
comparing the combination of dermoscopy and RCM with RCM
alone (94.6% vs. 97.8%; P = 0.043). However, the differences
between specificities were statistically significant (P < 1 x 10(-6) ),
favouring RCM alone. CONCLUSION: The addition of RCM analysis
to dermoscopy reduces unnecessary excisions with a high diagnostic
accuracy and could be a means for reducing the economic impact
associated with the management of skin cancer.
Free full text available from PubMed
PMID: 24124911
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G) Differential Diagnosis of Nonmelanoma Pigmented Skin Lesions
Based on Harmonic Generation Microscopy
Tsai MR, Cheng YH, Chen JS, Sheen YS, Liao YH, Sun CK.
Differential diagnosis of nonmelanoma pigmented skin lesions based
on harmonic generation microscopy. J Biomed Opt. 2014; 19(3):
36001.
Summary: In vivo harmonic generation microscopy (HGM) has been
applied successfully in healthy human skin and can achieve a
submicron resolution, similar to histopathologic examination, even at
a penetration depth up to 270 mum. This study aims to investigate
the clinical applicability of HGM imaging for differential diagnosis of
nonmelanoma pigmented skin lesions. A total of 42 pigmented skin
tumors, including pigmented basal cell carcinoma, melanocytic
nevus, and seborrheic keratosis were evaluated by HGM ex vivo or
in vivo. Based on the standard histopathologic characteristics, we
established the corresponding HGM imaging criteria for each
pigmented tumor. Diagnostic performance of HGM for differentiating
nonmelanoma pigmented skin tumors was evaluated through the
observers' direct general assessment (overall evaluation) or the
presence of two imaging criteria with the highest sensitivity and
specificity (major criteria evaluation). Our results show that, based on
the direct general assessment, the sensitivity is 92% [95%
confidence interval (CI): 67 to 97%] and the specificity is 96% (95%
CI: 83 to 99%); by major criteria evaluation, 94% sensitivity (95% CI:
70 to 99%) and 100% specificity (95% CI: 87 to 100%) are achieved.
Our study indicates that HGM serves as a promising
histopathological examination tool for noninvasive differential
diagnostics of nonmelanoma pigmented skin tumors.
Free full text available from Journal of Biomedical Optics
PMID: 24589985
Note: Also cited in Section 7.3.3
H) In Vivo Reflectance Confocal Microscopy to Optimize the
Spaghetti Technique for Defining Surgical Margins of
Lentigo Maligna
Champin J, Perrot JL, Cinotti E, et al. In vivo reflectance confocal
microscopy to optimize the spaghetti technique for defining surgical
margins of lentigo maligna. Dermatol Surg. 2014; 40(3): 247-256.
Full text available from Dermatologic Surgery (subscription required)
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PMID: 24447286
Note: Summarized in Section 4.1.1.2
I)

High-Definition Optical Coherence Tomography Imaging of
Melanocytic Lesions: A Pilot Study
Boone MA, Norrenberg S, Jemec GB, Del Marmol V. High-definition
optical coherence tomography imaging of melanocytic lesions: a pilot
study. Arch Dermatol Res. 2014; 306(1): 11-26.
Summary: High-definition optical coherence tomography (HD-OCT)
is a non-invasive in vivo imaging technique with cellular resolution
based on the principle of conventional optical coherence
tomography. The objective of this study was to evaluate HD-OCT for
its ability to identify architectural patterns and cytologic features of
melanocytic lesions. All lesions were examined by one observer
clinically and using dermoscopy. Cross-sectional HD-OCT images
were compared with histopathology. En face HD-OCT images were
compared with reflectance confocal microscopy (RCM). Twenty-six
melanocytic lesions of 26 patients were imaged. Identification of
architectural patterns in cross-sectional mode and cytologic features
of pigmented cells in the epidermis, dermo-epidermal junction,
papillary dermis, and superficial reticular dermis in the en face mode
was possible by HD-OCT. HD-OCT provides morphological imaging
with sufficient resolution and penetration depth to discriminate
architectural patterns and cytologic features of pigmented cells in
epidermis and dermis. The method appears to offer the possibility of
additional three-dimensional structural information complementary to
that of RCM, albeit at a slightly lower lateral resolution. The
diagnostic potential of HD-OCT regarding malignant melanoma is not
high enough for ruling out a diagnosis of malignant melanoma.
Free full text available from PubMed
PMID: 23832144

J) In Vivo Reflectance Confocal Microscopy Imaging of
Melanocytic Skin Lesions: Consensus Terminology Glossary
and Illustrative Images
Scope A, Benvenuto-Andrade C, Agero AL, et al. In vivo reflectance
confocal microscopy imaging of melanocytic skin lesions: consensus
terminology glossary and illustrative images. J Am Acad Dermatol.
2007; 57(4): 644-658.
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Summary: BACKGROUND: Reflectance confocal microscopy
(RCM) has been used for over 10 years for in vivo skin imaging.
However, to date no standard RCM terminology has been published.
OBJECTIVE: To establish a glossary of terms for RCM evaluation of
melanocytic lesions. METHODS: Prominent RCM researchers were
presented with RCM images of melanocytic lesions. Reviewers
evaluated RCM images for image quality, lesion architecture, and
cellular details. Reviewers could utilize published descriptors or
contribute unpublished terminology to describe lesion attributes. An
online meeting was conducted to reach consensus that integrates
and defines existing and new RCM descriptive terms. RESULTS: We
present a glossary with descriptors of image quality, normal skin
morphology, lesion architecture, and cellular details for RCM
evaluation of melanocytic lesions. LIMITATIONS: Usefulness of the
glossary in RCM diagnosis of melanocytic lesions needs to be
assessed. CONCLUSION: Standardization of terminology is
important toward implementation of RCM in the clinical setting.
Full text available from JAAD (USD 31.50)
PMID: 17630045
Note: Also cited in Section 7.3.3
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5.3.4 Other Skin Lesions
Chronic hyperkeratotic
eczema. Photoacoustic
and combined
photoacoustic/optical
coherence tomography.
Zabihian B, Weingast J,
Liu M, et al. In vivo
dual-modality
photoacoustic and
optical coherence
tomography imaging of
human dermatological
pathologies. Biomed
Opt Express.
2015;6(9):3163-78.

Following are selected articles on in vivo microscopy (IVM) of other
miscellaneous skin lesions, including inflammatory conditions (such as
chronic hyperkeratotic eczema seen in the multi-modal photoacousticoptical coherence tomography image above), vascular lesions and
adnexal tumors.

A) Precision Assessment of Label-Free Psoriasis Biomarkers with
Ultra-Broadband Optoacoustic Mesoscopy
Aguirre J, Schwarz M, Garzorz N, et al. Precision Assessment of
Label-Free Psoriasis Biomarkers with Ultra-Broadband Optoacoustic
Mesoscopy. Nature Biomedical Engineering. 2017; 1:0068.
Summary: Imaging plays a critical role in the diagnosis and
assessment of dermatological conditions. However, optical or
optoacoustic microscopy techniques are limited to visualizing
superficial skin features owing to strong photon scattering, whereas
ultrasound methods, which can probe deeper-seated tissue, lack the
contrast to image pathophysiological mechanisms in detail. Here, we
demonstrate that raster-scan optoacoustic mesoscopy (RSOM)
implemented in ultra-broadband (10–180 MHz) detection mode
bridges the depth capabilities of ultrasound and the resolution range
and high contrast of optical methods in clinical dermatology. Using
tomographic reconstruction and frequency equalization to represent
low and high spatial-frequency components, we visualize skin
morphology and vascular patterns in the dermis and sub-dermis of
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psoriasis patients, enabling quantification of inflammation and other
biomarkers of psoriasis without the need for contrast agents.
Implemented in a handheld device, we showcase how label-free
biomarkers detected by RSOM correlate with clinical score. The
method can also be extended to assess a larger spectrum of
dermatological conditions.
Full text available from Nature Biomedical Engineering (USD 99.00)
B) Smartphone-Based Multispectral Imaging: System Development
and Potential for Mobile Skin Diagnosis
Kim S, Cho D, Kim J, et al. Smartphone-Based Multispectral
Imaging: System Development and Potential for Mobile Skin
Diagnosis. Biomed Opt Express. 2016; 7(12): 5294-5307.
Summary: We investigate the potential of mobile smartphone-based
multispectral imaging for the quantitative diagnosis and management
of skin lesions. Recently, various mobile devices such as a
smartphone have emerged as healthcare tools. They have been
applied for the early diagnosis of nonmalignant and malignant skin
diseases. Particularly, when they are combined with an advanced
optical imaging technique such as multispectral imaging and
analysis, it would be beneficial for the early diagnosis of such skin
diseases and for further quantitative prognosis monitoring after
treatment at home. Thus, we demonstrate here the development of a
smartphone-based multispectral imaging system with high portability
and its potential for mobile skin diagnosis. The results suggest that
smartphone-based multispectral imaging and analysis has great
potential as a healthcare tool for quantitative mobile skin diagnosis.
Free full text available from PubMed
PMID: 28018743
C) Microcystic Adnexal Carcinoma Detected by Reflectance
Confocal Microscopy
Giambrone D, Salvaggio C, Victor FC, Rao BK. Microcystic Adnexal
Carcinoma Detected by Reflectance Confocal Microscopy. Dermatol
Surg. 2016; 42(1): 126-127.
No summary available.
Full text available from Dermatologic Surgery (subscription required)
PMID: 26713597
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D) In Vivo Dual-Modality Photoacoustic and Optical Coherence
Tomography Imaging of Human Dermatological Pathologies
Zabihian B, Weingast J, Liu M, et al. In Vivo Dual-Modality
Photoacoustic and Optical Coherence Tomography Imaging of
Human Dermatological Pathologies. Biomed Opt Express. 2015;
6(9): 3163-3178.
Summary: Vascular abnormalities serve as a key indicator for many
skin diseases. Currently available methods in dermatology such as
histopathology and dermatoscopy analyze underlying vasculature in
human skin but are either invasive, time-consuming, and laborious or
incapable of providing 3D images. In this work, we applied for the
first time dual-modality photoacoustic and optical coherence
tomography that provides complementary information about tissue
morphology and vasculature of patients with different types of
dermatitis. Its noninvasiveness and relatively short imaging time and
the wide range of diseases that it can detect prove the merits of the
dual-modality imaging system and show the great potential of its
clinical use in the future.
Free full text available from PubMed
PMID: 26417489

5.4 Cardiovascular System
Coronary artery atherosclerosis.
Volumetric optical coherence
tomography.
Reprinted from Galon MZ,
Wang Z, Bezerra HG, et al.
Differences determined by
optical coherence tomography
volumetric analysis in nonculprit lesion morphology and
inflammation in ST-segment
elevation myocardial infarction
and stable angina pectoris
patients. Catheter Cardiovasc
Interv. 2015;85(4):E108-15 with
permission of John Wiley &
Sons, Ltd.

The cardiovascular system is one of four organ systems (the other three
being the eye, skin and gastrointestinal tract) where in vivo microscopy
(IVM) technologies are already being used clinically. In the
cardiovascular system, IVM is revolutionizing coronary imaging and
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interventional coronary therapy. Intracoronary imaging is currently being
done in 10-15% of all per cutaneous coronary intervention procedures in
the US, and intravascular optical coherence tomography (IVOCT) – an
IVM technology – is now the standard of care for such procedures, on a
par with intravascular ultrasound (IVUS).
Using IVM, 3D longitudinal “fly through” maps of the coronaries (such as
the volumetric OCT images shown above) can be created to not only
identify unstable (vulnerable) coronary atherosclerotic plaque, but also to
guide interventional therapy and assess coronary stent complications.
Other clinical applications of IVM are also being explored, for example, in
the arena of cardiac transplantation. Here IVM technologies are being
studied as tools for post-transplant monitoring of cardiac allograft
vasculopathy, which has features in common with vulnerable plaque.
It is clear that IVM has arrived, with exponential growth in research, the
clinical community and cardiovascular applications. Multiple companies
are producing and selling commercial IVM systems, and the technology
has worldwide regulatory approval for clinical use. The first clinical
IVOCT coronary procedure was performed in 2008, and today there are
IVOCT systems in 50% of cardiology practices in the US, with one million
plus IVOCT coronary procedures performed annually. This widespread
use of IVM in cardiology has led to the publication of a consensus
statement on its clinical implementation (see Section 7.6 IVM Consensus
Statements and Practice Guidelines).
Pathologists have taken an active role in initiating a now mature
standardization effort (see Section 7.2 IVM Standardization) and
developing criteria for IVM image interpretation in the cardiovascular
system (see Section 7.3.1 Cardiovascular System). However, as yet,
pathologists do not routinely play a role in cardiac IVM procedures in
most institutions. So, opportunities still exist for pathologists to get
involved in clinical adoption of IVM in the cardiovascular arena.
Below are selected review articles on the application of IVM in the
cardiovascular system. The following sections contain additional articles
on specific IVM applications for:
•

Vulnerable Plaque (Section 5.4.1);

•

Coronary Stents (Section 5.4.2); and

•

Cardiac Allograft Vasculopathy (Section 5.4.3).
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A) Intravascular Optical Coherence Tomography [Invited]
Bouma BE, Villiger M, Otsuka K,Oh W-Y. Intravascular Optical
Coherence Tomography [Invited]. Biomed Opt Express. 2017; 8(5):
2660-2686.
Summary: Shortly after the first demonstration of optical coherence
tomography for imaging the microstructure of the human eye, work
began on developing systems and catheters suitable for
intravascular imaging in order to diagnose and investigate
atherosclerosis and potentially to monitor therapy. This review
covers the driving considerations of the clinical application and its
constraints, the major engineering milestones that enabled the
current, high-performance commercial imaging systems, the key
studies that laid the groundwork for image interpretation, and the
clinical research that traces intravascular optical coherence
tomography (OCT) from early human pilot studies to current clinical
trials.
Free full text available from PubMed
PMID: 28663897
B) Hybrid Intravascular Imaging: Recent Advances, Technical
Considerations, and Current Applications in the Study of
Plaque Pathophysiology
Bourantas CV, Jaffer FA, Gijsen FJ, et al. Hybrid Intravascular
Imaging: Recent Advances, Technical Considerations, and Current
Applications in the Study of Plaque Pathophysiology. Eur Heart J.
2017; 38(6): 400-412.
Summary: Cumulative evidence from histology-based studies
demonstrate that the currently available intravascular imaging
techniques have fundamental limitations that do not allow complete
and detailed evaluation of plaque morphology and pathobiology,
limiting the ability to accurately identify high-risk plaques. To
overcome these drawbacks, new efforts are developing for data
fusion methodologies and the design of hybrid, dual-probe catheters
to enable accurate assessment of plaque characteristics, and
reliable identification of high-risk lesions. Today several dual-probe
catheters have been introduced including combined near infrared
spectroscopy-intravascular ultrasound (NIRS-IVUS), that is already
commercially available, IVUS-optical coherence tomography (OCT),
the OCT-NIRS, the OCT-near infrared fluorescence (NIRF)
molecular imaging, IVUS-NIRF, IVUS intravascular photoacoustic
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imaging and combined fluorescence lifetime-IVUS imaging. These
multimodal approaches appear able to overcome limitations of
standalone imaging and provide comprehensive visualization of
plaque composition and plaque biology. The aim of this review article
is to summarize the advances in hybrid intravascular imaging,
discuss the technical challenges that should be addressed in order to
have a use in the clinical arena, and present the evidence from their
first applications aiming to highlight their potential value in the study
of atherosclerosis.
Free full text available from European Heart Journal
PMID: 27118197
C) Coronary Plaques with Near-infrared Spectroscopy
Danek BA, Karatasakis A, Karacsonyi J, et al. Coronary Plaques with
Near-infrared Spectroscopy. Continuing Cardiology Education. 2016;
2(2): 89-98.
Summary: Coronary near-infrared spectroscopy (NIRS) is an
intravascular imaging modality with high sensitivity and specificity for
lipid core plaque detection. A combined modality catheter that
coregisters NIRS measurements with intravascular ultrasound
(IVUS) is available, providing the operator with both structural and
compositional data. NIRS/IVUS can identify plaques at risk for
periprocedural myocardial infarction during stenting, allowing
implementation of preventive strategies. NIRS/IVUS is currently
being studied for identification of vulnerable plaques and vulnerable
patients at risk of future cardiovascular events.
Free full text available from Continuing Cardiology Education
D) Detection and Structural Characterization of Lipid-Core Plaques
with Intravascular NIRS-IVUS Imaging
Su JL, Grainger SJ, Greiner CA, et al. Detection and Structural
Characterization of Lipid-Core Plaques with Intravascular NIRS-IVUS
Imaging. Interventional Cardiology. 2015;7(6):519-535.
Summary: Intracoronary near-infrared spectroscopy (NIRS)
combined with intravascular ultrasound is a novel diagnostic tool for
the characterization of coronary plaque structure and composition.
The principle advantage of NIRS is its ability to directly and reliably
identify chemical composition rather than infer composition from
signals that fundamentally have little inherent chemical specificity.
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NIRS has been prospectively validated in autopsy studies and
approved by the US FDA to detect lipid-core plaque in the coronary
arteries. The accurate detection of lipid-core plaques is likely to be of
clinical importance because of the close association of lipid-core
plaques and coronary events. Prospective studies are in progress to
test the hypothesis that combined NIRS and intravascular ultrasound
imaging can detect vulnerable coronary plaques and guide
preventive therapy.
Free full text available from Interventional Cardiology
E) Photonics in Cardiovascular Medicine
van Soest G, Regar E, van der Steen AF. Photonics in
Cardiovascular Medicine. Nature Photonics. 2015; 2015(9): 626-629.
Summary: The use of photonics technology is bringing new
capabilities and insights to cardiovascular medicine. Intracoronary
imaging and sensing, laser ablation and optical pacing are just some
of the functions being explored to help diagnose and treat conditions
of the heart and arteries.
Full text available from Nature Photonics (USD 18.00)

5.4.1 Vulnerable Atherosclerotic Plaque

Coronary artery atherosclerosis. Intravascular photoacoustic imaging.
Wu M, Jansen K, Van der steen AF, Van soest G. Specific imaging of
atherosclerotic plaque lipids with two-wavelength intravascular
photoacoustics. Biomed Opt Express. 2015;6(9):3276-86.

Until recently, coronary angiography has been the gold-standard imaging
modality for determining the severity of coronary artery disease, by
assessing the location and extent of intraluminal stenosis. However, over
the past decade, landmark pathology studies have shown that the vast
majority of acute cardiac ischemic events result from rupture of unstable
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(vulnerable) atherosclerotic plaque with resultant thrombotic occlusion,
even in the absence of a “critical” stenosis. This has led to a gradual shift
in the clinical imaging paradigm away from assessment of intraluminal
stenosis toward assessment of plaque instability/vulnerability.
Conventional vascular imaging modalities, such as angiography,
angioscopy and intravascular ultrasound (IVUS), have insufficient
resolution to assess key features of vulnerable plaque, such as fibrous
cap thickness and the presence of lipid-laden macrophages. As a result,
there is an ever-increasing demand for new imaging modalities that can
recognize and stratify high-risk plaques. Currently in vivo microscopy
(IVM) technologies – specifically intravascular optical coherence
tomography (IVOCT), optical frequency domain imaging (OFDI) and
photoacoustic imaging (PAI) – are the only imaging modalities with
sufficient resolution and imaging depth to meet this demand. In fact,
IVOCT AND OFDI can not only identify vulnerable plaque and guide
interventional therapy, but can also assess the effects of noninterventional treatments like statins on plaque progression over time
(through the use of 3-D longitudinal “fly through” IVM maps such as
those shown at the top of Section 5.4). PAI of the coronaries (shown in
the PAI image of a coronary plaque above), by comparison, is not as far
down the pathway to clinical implementation.
Since underlying lesion pathology is now being used to guide
interventional cardiology, pathologists must be aware of these new IVM
imaging technologies and get involved in their clinical adoption. IVM
imaging also provides a unique opportunity for pathologists to learn
about vulnerable plaque as it exists in the living state. And perhaps
develop new diagnostic criteria for vulnerable plaque, based on tissue
metabolism and function (such as blood flow, tissue oxygenation and
loss of the endothelial barrier) that can be seen in the living state.
The following are selected articles on the application of IVM for the
diagnosis of vulnerable plaque.

A) Intravascular Photoacoustic Imaging of Vulnerable
Atherosclerotic Plaque
Wu M, van der Steen AF, Regar E, van Soest G. Intravascular
Photoacoustic Imaging of Vulnerable Atherosclerotic Plaque.
Interventional Cardiology Review. 2016; 11(2): 120-123.
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Summary: The identification of vulnerable atherosclerotic plaques in
the coronary arteries is emerging as an important tool for guiding
atherosclerosis diagnosis and interventions. Assessment of plaque
vulnerability requires knowledge of both the structure and
composition of the plaque. Intravascular photoacoustic (IVPA)
imaging is able to show the morphology and composition of
atherosclerotic plaque. With imminent improvements in IVPA
imaging, it is becoming possible to assess human coronary artery
disease in vivo. Although some challenges remain, IVPA imaging is
on its way to being a powerful tool for visualising coronary
atherosclerotic features that have been specifically associated with
plaque vulnerability and clinical syndromes, and thus such imaging
might become valuable for clinical risk assessment in the
catheterisation laboratory.
Free full text available from Interventional Cardiology Review
B) Intracoronary Near-infrared Spectroscopy: An Overview of the
Technology, Histologic Validation, and Clinical Applications
O'Brien A, LaCombe A, Stickland A, Madder RD. Intracoronary nearInfrared Spectroscopy: An Overview of the Technology, Histologic
Validation, and Clinical Applications. Global Cardiology Science &
Practice. 2016:18.
Summary: Intracoronary near-infrared spectroscopy (NIRS)
imaging, which is now clinically available in a combined NIRS and
intravascular ultrasound catheter, is a novel catheter-based imaging
modality capable of identifying lipid core plaque within the coronary
arteries of living patients. The present manuscript provides an
overview of intracoronary NIRS imaging with a focus on several
concepts essential to individuals seeking to better understand this
novel imaging modality. One of the major assets of NIRS is that it
has been rigorously validated against the gold standard of
histopathology and has been shown to accurately identify
histologically-proven fibroatheroma. Clinical studies of NIRS have
demonstrated its ability to accurately identify large lipid core plaques
at culprit lesions across the spectrum of acute coronary syndromes.
NIRS has also been shown to detect lesions at increased risk of
causing peri-procedural myocardial infarction during PCI. With
regards to predicting future risk, NIRS is seemingly capable of
identifying vulnerable patients at increased risk of experiencing
subsequent patient-level cardiovascular events. In addition to these
clinical applications of NIRS, there are several large prospective
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observational studies underway to determine if NIRS imaging will be
able to identify vulnerable plaques at increased risk of triggering sitespecific future coronary events. These studies, once completed, are
anticipated to provide valuable data regarding the ability of NIRS
imaging to identify plaque vulnerability.
Free full text available from Global Cardiology Science & Practice
C) Clinical Classification of Plaque Morphology in
Coronary Disease
Otsuka F, Joner M, Prati F, Virmani R, Narula J. Clinical
classification of plaque morphology in coronary disease. Nat Rev
Cardiol. 2014; 11(7): 379-389.
Summary: In published post-mortem pathological studies, more than
two-thirds of acute coronary events are associated with the rupture
of lipid-rich, voluminous, and outwardly remodelled plaques covered
by attenuated and inflamed fibrous caps in the proximal part of
coronary arteries. Superficial erosion of the plaques is responsible
for most of the remaining events; the eroded plaques usually do not
demonstrate much lipid burden, do not have thin fibrous caps, are
not positively remodelled, and are not critically occlusive. Both
noninvasive and invasive imaging studies have been performed to
clinically define the plaque characteristics in acute coronary
syndromes in an attempt to identify the high-risk plaque substrate
susceptible to development of an acute coronary event. Optical
coherence tomography (OCT)--an intravascular imaging modality
with high resolution--can be used to define various stages of plaque
morphology, which might allow its use for the identification of highrisk plaques vulnerable to rupture, and their amenability to preemptive interventional treatment. OCT might also be employed to
characterize plaque pathology at the time of intervention, to provide
a priori knowledge of the mechanism of the acute coronary
syndrome and, therefore, to enable improved management of the
condition.
Full text available from Nature Reviews Cardiology (USD 32.00)
PMID: 24776706

© 2018 College of American Pathologists. All rights reserved.

Return to Table of Contents

246

Section 5
D) Multimodal Laser-Based Angioscopy for Structural, Chemical
and Biological Imaging of Atherosclerosis
Savastano L, Zhou Q, Smith A, et al. Multimodal Laser-Based
Angioscopy for Structural, Chemical and Biological Imaging of
Atherosclerosis. Nat Biomed Eng. 2017;1. pii: 0023.
Summary: The complex nature of atherosclerosis demands highresolution approaches to identify subtle thrombogenic lesions and
define the risk of plaque rupture. Here, we report the proof-ofconcept use of a multimodal scanning fibre endoscope (SFE)
consisting of a single optical fibre scanned by a piezoelectric drive
that illuminates tissue with red, blue and green laser beams, and that
digitally reconstructs images at 30 Hz with high resolution and large
fields of view. By combining laser-induced reflectance and
fluorescence emission of intrinsic fluorescent constituents in arterial
tissues, the SFE allowed us to co-generate endoscopic videos with a
label-free biochemical map to derive a morphological and spectral
classifier capable of discriminating early, intermediate, advanced and
complicated atherosclerotic plaques. We demonstrate the capability
of scanning fibre angioscopy for the molecular imaging of vulnerable
atherosclerosis by targeting proteolytic activity with a fluorescent
probe activated by matrix metalloproteinases. We also show that the
SFE generates high-quality spectral images in vivo in an animal
model with medium-sized arteries. Multimodal laser-based
angioscopy could become a platform for the diagnosis, prognosis,
and image-guided therapy of atherosclerosis.
Full text available from Nature Biomedical Engineering (USD 99.00)
PMID: 28555172
E) Targeted Near-infrared Fluorescence Imaging of
Atherosclerosis: Clinical and Intracoronary Evaluation of
Indocyanine Green
Verjans JW, Osborn EA, Ughi GJ, et al. Targeted near-Infrared
Fluorescence Imaging of Atherosclerosis: Clinical and Intracoronary
Evaluation of Indocyanine Green. JACC Cardiovasc Imaging. 2016;
9(9): 1087-1095.
Summary: OBJECTIVES: This study sought to determine whether
indocyanine green (ICG)-enhanced near-infrared fluorescence
(NIRF) imaging can illuminate high-risk histologic plaque features of
human carotid atherosclerosis, and in coronary atheroma of living
swine, using intravascular NIRF-optical coherence tomography
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(OCT) imaging. BACKGROUND: New translatable imaging
approaches are needed to identify high-risk biological signatures of
atheroma. ICG is a U.S. Food and Drug Administration-approved
NIRF imaging agent that experimentally targets plaque macrophages
and lipid in areas of enhanced endothelial permeability. However, it
is unknown whether ICG can target atheroma in patients.
METHODS: Eight patients were enrolled in the BRIGHT-CEA
(Indocyanine Green Fluorescence Uptake in Human Carotid Artery
Plaque) trial. Five patients were injected intravenously with ICG 99
+/- 25 min before clinically indicated carotid endarterectomy. Three
saline-injected endarterectomy patients served as control subjects.
Excised plaques underwent analysis by intravascular NIRF-OCT,
reflectance imaging, microscopy, and histopathology. Next, following
ICG intravenous injection, in vivo intracoronary NIRF-OCT and
intravascular ultrasound imaged 3 atheroma-bearing coronary
arteries of a diabetic, cholesterol-fed swine. RESULTS: ICG was well
tolerated; no adverse clinical events occurred up to 30 days postinjection. Multimodal NIRF imaging including intravascular NIRFOCT revealed that ICG accumulated in all endarterectomy
specimens. Plaques from saline-injected control patients exhibited
minimal NIRF signal. In the swine experiment, intracoronary NIRFOCT identified ICG uptake in all intravascular ultrasound-identified
plaques in vivo. On detailed microscopic evaluation, ICG localized to
plaque areas exhibiting impaired endothelial integrity, including
disrupted fibrous caps, and within areas of neovascularization.
Within human plaque areas of endothelial abnormality, ICG was
spatially related to localized zones of plaque macrophages and lipid,
and, notably, intraplaque hemorrhage. CONCLUSIONS: This study
demonstrates that ICG targets human plaques exhibiting endothelial
abnormalities and provides new insights into its targeting
mechanisms in clinical and experimental atheroma. Intracoronary
NIRF-OCT of ICG may offer a novel, clinically translatable approach
to image pathobiological aspects of coronary atherosclerosis.
(Indocyanine Green Fluorescence Uptake in Human Carotid Artery
Plaque [BRIGHT-CEA]; NCT01873716).
Full text available from JACC: Cardiovascular Imaging (USD 31.50)
PMID: 27544892
Note: Also cited in Section 6
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F) Vulnerable Atherosclerotic Plaque Detection by Resonance
Raman Spectroscopy
Liu CH, Boydston-White S, Weisberg A, et al. Vulnerable
Atherosclerotic Plaque Detection by Resonance Raman
Spectroscopy. J Biomed Opt. 2016; 21(12): 127006.
Summary: A clear correlation has been observed between the
resonance Raman (RR) spectra of plaques in the aortic tunica intimal
wall of a human corpse and three states of plaque evolution:
fibrolipid plaques, calcified and ossified plaques, and vulnerable
atherosclerotic plaques (VPs). These three states of atherosclerotic
plaque lesions demonstrated unique RR molecular fingerprints from
key molecules, rendering their spectra unique with respect to one
another. The vibrational modes of lipids, cholesterol, carotenoids,
tryptophan and heme proteins, the amide I, II, III bands, and
methyl/methylene groups from the intrinsic atherosclerotic VPs in
tissues were studied. The salient outcome of the investigation was
demonstrating the correlation between RR measurements of VPs
and the thickness measurements of fibrous caps on VPs using
standard histopathology methods, an important metric in evaluating
the stability of a VP. The RR results show that VPs undergo a
structural change when their caps thin to 66 μm66 μm, very close to
the 65-μm65-μm empirical medical definition of a thin cap
fibroatheroma plaque, the most unstable type of VP.
Free full text available from Journal of Biomedical Optics
PMID: 27999865
G) Ex Vivo Catheter-Based Imaging of Coronary Atherosclerosis
Using Multimodality OCT and NIRAF Excited at 633 nm
Wang H, Gardecki JA, Ughi GJ, Jacques PV, Hamidi E,Tearney GJ.
Ex Vivo Catheter-Based Imaging of Coronary Atherosclerosis Using
Multimodality OCT and NIRAF Excited at 633 nm. Biomed Opt
Express. 2015; 6(4): 1363-1375.
Summary: While optical coherence tomography (OCT) has been
shown to be capable of imaging coronary plaque microstructure,
additional chemical/molecular information may be needed in order to
determine which lesions are at risk of causing an acute coronary
event. In this study, we used a recently developed imaging system
and double-clad fiber (DCF) catheter capable of simultaneously
acquiring both OCT and red excited near-infrared autofluorescence
(NIRAF) images (excitation: 633 nm, emission: 680nm to 900nm).
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We found that NIRAF is elevated in lesions that contain necrotic core
- a feature that is critical for vulnerable plaque diagnosis and that is
not readily discriminated by OCT alone. We first utilized a DCF ball
lens probe and a bench top setup to acquire en face NIRAF images
of aortic plaques ex vivo (n = 20). In addition, we used the OCTNIRAF system and fully assembled catheters to acquire
multimodality images from human coronary arteries (n = 15)
prosected from human cadaver hearts (n = 5). Comparison of these
images with corresponding histology demonstrated that necrotic core
plaques exhibited significantly higher NIRAF intensity than other
plaque types. These results suggest that multimodality intracoronary
OCT-NIRAF imaging technology may be used in the future to provide
improved characterization of coronary artery disease in human
patients.
Free full text available from PubMed
PMID: 25909020
H) Macrophages and Intravascular OCT Bright Spots: A
Quantitative Study
Phipps JE, Vela D, Hoyt T, et al. Macrophages and Intravascular
OCT Bright Spots: A Quantitative Study. JACC Cardiovasc Imaging.
2015; 8(1): 63-72.
Summary: OBJECTIVES: This study hypothesized that bright spots
in intravascular optical coherence tomography (IVOCT) images may
originate by colocalization of plaque materials of differing indexes of
refraction. To quantitatively identify bright spots, we developed an
algorithm that accounts for factors including tissue depth, distance
from light source, and signal-to-noise ratio. We used this algorithm to
perform a bright spot analysis of IVOCT images and compared these
results with histological examination of matching tissue sections.
BACKGROUND: Bright spots are thought to represent macrophages
in IVOCT images, and studies of alternative etiologies have not been
reported. METHODS: Fresh human coronary arteries (n = 14 from 10
hearts) were imaged with IVOCT in a mock catheterization laboratory
and then processed for histological analysis. The quantitative bright
spot algorithm was applied to all images. RESULTS: Results are
reported for 1,599 IVOCT images co-registered with histology.
Macrophages alone were responsible for only 23% of the bright spotpositive regions, although they were present in 57% of bright spotpositive regions (as determined by histology). Additional etiologies
for bright spots included cellular fibrous tissue (8%), interfaces
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between calcium and fibrous tissue (10%), calcium and lipids (5%),
and fibrous cap and lipid pool (3%). Additionally, we showed that
large pools of macrophages in CD68(+) histology sections
corresponded to dark regions in comparative IVOCT images; this is
due to the fact that a pool of lipid-rich macrophages will have the
same index of refraction as a pool of lipid and thus will not cause
bright spots. CONCLUSIONS: Bright spots in IVOCT images were
correlated with a variety of plaque components that cause sharp
changes in the index of refraction. Algorithms that incorporate these
correlations may be developed to improve the identification of some
types of vulnerable plaque and allow standardization of IVOCT
image interpretation.
Free full text available from PubMed
PMID: 25499133
I)

Differences Determined by Optical Coherence Tomography
Volumetric Analysis in Non-Culprit Lesion Morphology and
Inflammation in ST-Segment Elevation Myocardial Infarction
and Stable Angina Pectoris Patients
Galon MZ, Wang Z, Bezerra HG, et al. Differences determined by
optical coherence tomography volumetric analysis in non-culprit
lesion morphology and inflammation in ST-segment elevation
myocardial infarction and stable angina pectoris patients. Catheter
Cardiovasc Interv. 2015; 85(4): E108-15. doi: 10.1002/ccd.25660.
Summary: BACKGROUND: While the current methodology for
determining fibrous cap (FC) thickness of lipid plaques is based on
manual measurements of arbitrary points, which could lead to high
variability and decreased accuracy, it ignores the three-dimensional
(3-D) morphology of coronary artery disease. OBJECTIVE: To
compare, utilizing optical coherence tomography (OCT)
assessments, volumetric quantification of FC, and macrophage
detection using both visual assessment and automated image
processing algorithms in non-culprit lesions of STEMI and stable
angina pectoris (SAP) patients. METHODS: Lipid plaques were
selected from 67 consecutive patients (1 artery/patient). FC was
manually delineated by a computer-aided method and automatically
classified into three thickness categories: FC < 65 mum (i.e., thin-cap
fibroatheroma [TCFA]), 65-150 mum, and >150 mum. Minimum
thickness, absolute categorical surface area, and fractional luminal
area of FC were analyzed. Automated detection and quantification of
macrophage was performed within the segmented FC. RESULTS: A
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total of 5,503 cross-sections were analyzed. STEMI patients when
compared with SAP patients had more absolute categorical surface
area for TCFA (0.43 +/- 0.45 mm2 vs. 0.15 +/- 0.25 mm2 ; P =
0.011), thinner minimum FC thickness (31.63 +/- 17.09 microm vs.
47.27 +/- 26.56 microm, P = 0.012), greater fractional luminal area
for TCFA (1.65 +/- 1.56% vs. 0.74 +/- 1.2%, P = 0.046), and greater
macrophage index (0.0217 +/- 0.0081% vs. 0.0153 +/- 0.0045%,
respectively, P < 0.01). CONCLUSION: The novel OCT-based 3-D
quantification of the FC and macrophage demonstrated thinner FC
thickness and larger areas of TCFA coupled with more inflammation
in non-culprit sites of STEMI compared with SAP. (c) 2014 Wiley
Periodicals, Inc.
Full text available from Catheterization and Cardiovascular
Interventions (USD 6.00-38.00)
PMID: 25178981

5.4.2 Coronary Stents

Coronary artery stent. Volumetric intravascular optical coherence
tomography.
Reprinted by permission from Macmillan Publishers Ltd: Nat Med. Yun SH,
Tearney GJ, Vakoc BJ, et al. Comprehensive volumetric optical microscopy
in vivo. 12(12):1429-33, copyright 2006.

Over the past decade, there has been a gradual shift in the clinical
cardiovascular imaging paradigm away from assessment of luminal
stenosis and toward identification of vulnerable plaque. This has led to a
a shift away from conventional coronary imaging modalities such as
angiography and angioscopy, and toward imaging modalities with
sufficient resolution to assess key features of vulnerable plaque like in
vivo microscopy (IVM). Interventional cardiology has also evolved over
the last decade with percutaneous coronary artery procedures becoming
the first line of treatment for symptomatic coronary artery disease. And
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IVM is playing a role there too. In fact, intracoronary imaging is currently
being done in 10-15% of all percutaneous coronary intervention
procedures in the US, and intravascular optical coherence tomography
(IVOCT) – an IVM technology – is now the standard of care for such
procedures (on a par with intravascular ultrasound (IVUS).
Today drug-eluting stents are the preferred treatment for symptomatic
coronary atherosclerosis. As a result, there is an ever-increasing
demand for new imaging modalities that can not only recognize and
stratify high-risk plaques, but also guide interventional therapy and detect
complications of stenting (as shown in the volumetric IVOCT image of a
coronary stent above). IVM technologies such as IVOCT and optical
frequency domain imaging (OFDI) have the capability to guide stent
placement and detect stent complications, such as thrombus, stent
prolapse and malopposition, excessive plaque at the stent edges, edge
dissections, uncovered struts and neointimal proliferation. So, today
interventional cardiologists are also performing clinical OCT and OFDI
procedures on patients with coronary stents.
Here again, since underlying lesion pathology is now being used in
interventional cardiology imaging, pathologists must be aware of these
new IVM imaging technologies and get involved in their clinical adoption.
And, again, IVM provides an opportunity for pathologists to learn about
stent function (blood flow, tissue oxygenation, etc.) and the host
response to the stent (intimal fibroplasia, foreign body reaction, etc.) in
the living state.
The following are selected articles on the application of IVM for coronary
stenting.

A) Optical Coherence Tomography to Evaluate Coronary Stent
Implantation and Complications
Hayat U, Thondapu V, Ul Haq MA, Foin N, Jang IK, Barlis P. Optical
Coherence Tomography to Evaluate Coronary Stent Implantation
and Complications. Coron Artery Dis. 2015; 26 Suppl 1:e55-68.
Summary: Coronary optical coherence tomography (OCT) is now an
established imaging technique in many catheterization laboratories
worldwide. With its near-histological view of the vessel wall and
lumen interface, it offers unprecedented imaging quality to improve
our understanding of the pathophysiology of atherosclerosis, plaque
vulnerability, and vascular biology. Not only is OCT used to
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accurately detect atherosclerotic plaque and optimize stent position,
but it can further characterize plaque composition, quantify stent
apposition, and assess stent tissue coverage. Given that its
resolution of 15 mum is well above that of angiography and
intravascular ultrasound, OCT has become the invasive imaging
method of choice to examine the interaction between stents and the
vessel wall. This review focuses on the application of OCT to
examine coronary stents, the mechanisms of stent complications,
and future directions of OCT-guided intervention.
Full text available from Coronary Artery Disease (subscription
required)
PMID: 26247272
B) Causes, Assessment, and Treatment of Stent Thrombosis—
Intravascular Imaging Insights
Ong DS, Jang IK. Causes, Assessment, and Treatment of Stent
Thrombosis--Intravascular Imaging Insights. Nat Rev Cardiol. 2015;
12(6): 325-336.
Summary: Stent thrombosis is a rare, but serious, complication of
percutaneous coronary intervention and is associated with severe
morbidity and mortality. In addition to clinical and pathological
studies, intravascular imaging has advanced our understanding of
the mechanisms underlying stent thrombosis. In particular,
intravascular imaging has been used to study stent underexpansion,
malapposition, uncovered struts, and neoatherosclerosis as risk
factors for stent thrombosis. Intravascular ultrasonography and
optical coherence tomography can be used to guide stent
implantation and minimize the risk of stent thrombosis. Additionally,
optical coherence tomography offers the unique potential to tailor
treatment of stent thrombosis to address the specific mechanism
underlying the thrombotic event. Bioresorbable stent technologies
have been introduced with the goal of further reducing the incidence
of stent thrombosis, and intravascular imaging has had an integral
role in the development and assessment of these new devices. In
this Review, we present insights gained through intravascular
imaging into the causes of stent thrombosis, and the potential utility
of intravascular imaging in the optimization of stent deployment and
treatment of stent thrombosis events.
Full text available from Nature Reviews Cardiology (USD 32.00)
PMID: 25781415
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C) OCT Imaging of Aorto-Coronary Vein Graft Pathology Modified
by External Stenting: 1-Year Post-Surgery
Webb CM, Orion E, Taggart DP, Channon KM, Di Mario C. OCT
Imaging of Aorto-Coronary Vein Graft Pathology Modified by
External Stenting: 1-Year Post-Surgery. Eur Heart J Cardiovasc
Imaging. 2016; 17(11): 1290-1295.
Summary: AIMS: The Venous External Support Trial (VEST)
evaluated whether a novel external stent attenuated saphenous vein
graft (SVG) disease assessed with intravascular ultrasound 1 year
following coronary artery bypass graft (CABG) surgery. This substudy assessed SVGs with and without external stenting using
optical coherence tomography (OCT). The aim of this study was to
accurately compare quantitative and qualitative features of SVGs
with and without a novel external stent using OCT. METHODS AND
RESULTS: Twenty-four of 30 patients (65 +/- 8 years) enrolled in
VEST underwent coronary angiography with OCT imaging using a
non-occlusive technique. Quantitative analysis of lumen area was
performed in one frame every 10 mm along the length of the graft,
from distal to proximal anastomosis, and pathological features within
the lumen were noted. Mean cross-sectional area was greater in
unstented vs. stented grafts (8.4 +/- 3 vs. 7.6 +/- 2.7 mm; P = 0.005).
The lumen of the stented grafts was more homogeneous (difference
between maximum and minimum lumen diameter was significantly
smaller in stented compared with unstented grafts, 0.28 +/- 0.19 vs.
0.33 +/- 0.23 mm, respectively, P = 0.006), and more circular (mean
eccentricity index 0.08 +/- 0.06 vs. 0.10 +/- 0.06, stented vs.
unstented; P = 0.019). Adherent thrombus was identified in three
grafts (all unstented). CONCLUSION: Our findings highlight the early
changes occurring in SVGs after implantation of aorto-coronary
bypass conduits, changes that may accelerate vein graft failure.
External stenting resulted in a more homogeneous and less
eccentric lumen with no thrombus formation.
Free full text available from European Heart Journal Cardiovascular
Imaging
PMID: 26628615
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D) Optical Coherence Tomography Versus Intravascular
Ultrasound to Evaluate Stent Implantation in Patients with
Calcific Coronary Artery Disease
Gudmundsdottir I, Adamson P, Gray C, et al. Optical Coherence
Tomography Versus Intravascular Ultrasound to Evaluate Stent
Implantation in Patients with Calcific Coronary Artery Disease. Open
Heart. 2015; 2(1): e000225.
Summary: AIMS: Stent underexpansion and malapposition are
associated with adverse outcomes following percutaneous coronary
intervention, but detection and treatment can be challenging in the
presence of extensive coronary artery calcification. Frequency
domain optical coherence tomography (FD-OCT) is a novel
intravascular imaging technique with greater spatial resolution than
intravascular ultrasound (IVUS) but its role in the presence of
extensive coronary calcification remains unclear. We sought to
determine the utility of FD-OCT compared to IVUS imaging to guide
percutaneous coronary intervention in patients with severe calcific
coronary artery disease. METHODS: 18 matched IVUS and FD-OCT
examinations were evaluated following coronary stent implantation in
12 patients (10 male; mean age 70+/-7 years) undergoing rotational
atherectomy for symptomatic calcific coronary artery disease.
RESULTS: In-stent luminal areas were smaller (minimum in-stent
area 6.77+/-2.18 vs 7.19+/-2.62 mm(2), p<0.05), while reference
lumen dimensions were similar with FD-OCT compared with IVUS.
Stent malapposition was detected in all patients by FD-OCT and in
10 patients by IVUS. The extent of stent malapposition detected was
greater (20% vs 6%, p<0.001) with FD-OCT compared to IVUS.
Postdilation increased the in-stent luminal area (minimum in-stent
area: 8.15+/-1.90 vs 7.30+/-1.62 mm(2), p<0.05) and reduced the
extent of stent malapposition (19% vs 34%, p<0.005) when
assessed by FD-OCT, but not IVUS. CONCLUSIONS: Acute stent
malapposition occurs frequently in patients with calcific coronary
disease undergoing rotational atherectomy and stent implantation. In
the presence of extensive coronary artery calcification, FD-OCT
affords enhanced stent visualisation and detection of malapposition,
facilitating improved postdilation stent apposition and minimal luminal
areas.
Free full text available from PubMed
PMID: 26719807
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5.4.3 Cardiac Allograft Vasculopathy
Cardiac allograft vasculopathy.
Optical coherence tomography.
Cassar A, Matsuo Y, Herrmann
J, et al. Coronary
atherosclerosis with vulnerable
plaque and complicated lesions
in transplant recipients: new
insight into cardiac allograft
vasculopathy by optical
coherence tomography. Eur
Heart J. 2013;34(33):2610-2617
by permission of Oxford
University Press.

Cardiac transplantation is now a mainstay therapy for end-stage heart
disease. In the short term, the main post-transplant clinical concern is
acute humoral and chronic cellular rejection, which largely impact the
myocardium. However, long term, the greatest clinical concern is socalled “cardiac allograft vasculopathy”, which causes significant
intraluminal coronary stenosis and may ultimately result in graft loss and
re-transplantation.
Currently in vivo microscopy (IVM) technologies, such as intravascular
optical coherence tomography (IVOCT), are being explored (along with
other invasive vascular imaging technologies) for post-transplant
monitoring of cardiac allograft vasculopathy. IVOCT has an advantage
over more conventional invasive vascular imaging modalities, such as
angiography, angioscopy and intravascular ultrasound (IVUS), in that it
has sufficient resolution to assess allograft vasculopathy, which has
pathologic features in common with vulnerable atherosclerotic plaque.
The following are selected articles on the application of IVM for cardiac
allograft vasculopathy.

A) How to Approach the Assessment of Cardiac Allograft
Vasculopathy in the Modern Era: Review of Invasive
Imaging Modalities
Javaheri A, Saha N, Lilly SM. How to Approach the Assessment of
Cardiac Allograft Vasculopathy in the Modern Era: Review of
Invasive Imaging Modalities. Curr Heart Fail Rep. 2016; 13(2): 86-91.
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Summary: Heart transplantation is one of the most definitive
therapies for end-stage heart failure. The therapy is unfortunately
marred by the devastating complications of cardiac allograft
vasculopathy (CAV). Non-invasive screening and assessment for
CAV has been greatly limited by both low sensitivity and poor
correlation with adverse outcomes. As such, invasive imaging with
coronary angiography has emerged as the gold standard for
detection of CAV. Although conventional coronary angiography
serves well for larger lesions, the modality has been significantly
enhanced with adjunct imaging to visualize the intimal hyperplasia
that is a hallmark of the disease process. These modalities include
intravascular ultrasound (IVUS) and optical coherence tomography
(OCT). In the following review, we summarize both the invasive and
non-invasive assessments of CAV. We further conclude that the
current evidence poorly supports the use of non-invasive testing for
early CAV and that a transition should be considered to routine early
angiography with adjunctive intravascular imaging.
Full text available from Current Heart Failure Reports (USD 39.95)
PMID: 26879390
B) Optical Coherence Tomography and Intravascular Ultrasound
Evaluation of Cardiac Allograft Vasculopathy with and without
Intimal Neovascularization
Ichibori Y, Ohtani T, Nakatani D, et al. Optical Coherence
Tomography and Intravascular Ultrasound Evaluation of Cardiac
Allograft Vasculopathy with and without Intimal Neovascularization.
Eur Heart J Cardiovasc Imaging. 2016; 17(1): 51-58.
Summary: AIMS: Neovascularization is closely associated with
plaque progression in non-heart transplantation subjects; on the
other hand, cardiac allograft vasculopathy causes unfavourable
outcomes. Intravascular ultrasound (IVUS) and optical coherence
tomography (OCT) can provide microscopic assessment in vivo. The
aim of this study was to investigate the impact of neovascularization
on intimal proliferation. METHODS AND RESULTS: Both IVUS and
OCT were attempted in 45 consecutive patients during annual
catheterization after heart transplantation. There were 115 vessels
[28 vessels were catheterized within 8 weeks of heart transplantation
(baseline)]. IVUS analysis assessed vessel, luminal, and intimal
(vessel-lumen) volume using Simpson's method. Qualitative
parameters including microchannel were assessed by OCT. A
microchannel was defined as a no-signal tubuloluminal structure with
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a sharply delineated border considered to represent
neovascularization. Microchannel was observed more often in
patient who had their heart transplant more than a year prior to the
imaging, compared with shorter periods (39.1 vs. 10.7%, P = 0.023).
All microchannels were seen in thickness >0.5 mm, and intimal
volume index (mm(3)/mm) correlated with frequency of microchannel
(r = 0.54, P = 0.04). The risks for microchannels were donor age
[odds ratio (OR) 1.11; 95% confidence interval (CI) 1.03-1.22; P =
0.007], cytomegalovirus infection (OR 16.21; 95% CI 1.79-220.09; P
= 0.012), diabetes (OR 9.5; 95% CI 1.21-116.10; P = 0.032), LDLcholesterol (OR 1.07; 95% CI 1.01-1.13; P = 0.010), and intimal
volume (OR 2.47; 95% CI 1.13-6.36; P = 0.023). CONCLUSION:
OCT-identified microchannels increased sharply within the first year
and were correlated with intimal volume and coronary risks. This
suggests that neovascularization may play an important role in the
progression of cardiac allograft vasculopathy.
Free full text available from European Heart Journal Cardiovascular
Imaging
PMID: 25976347
C) Optical Coherence Tomography for Characterization of Cardiac
Allograft Vasculopathy in Late Survivors of Pediatric
Heart Transplantation
Tomai F, De Luca L, Petrolini A, et al. Optical Coherence
Tomography for Characterization of Cardiac Allograft Vasculopathy
in Late Survivors of Pediatric Heart Transplantation. J Heart Lung
Transplant. 2016; 35(1): 74-79.
Summary: BACKGROUND: Optical coherence tomography (OCT)
has been shown to reliably detect cardiac allograft vasculopathy
(CAV). In recent studies performed in adult heart transplant (HTx)
recipients, OCT revealed the presence of vulnerable plaques and
complicated coronary artery lesions, thus challenging the current
concept that CAV disease is a diffuse concentric and fibrosing
vasculopathy. The aim of our study was to characterize CAV by OCT
in a young population of HTx recipients. METHODS: We
prospectively enrolled 21 young HTx recipients (mean age 27 years,
range 22 to 38 years) to undergo OCT of the left anterior descending
coronary artery (LAD) in addition to annual CAV screening by
coronary angiography and virtual histology intravascular ultrasound
(VH-IVUS). Quantitative OCT analysis was performed at the site of
maximal intimal thickness (MIT) for each LAD segment. RESULTS:
Patients were 27 years old with a mean time from cardiac
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transplantation of 14.7 +/- 6.8 years. All patients exhibited intimal
hyperplasia with an abnormal (>1) intima-to-media ratio. The median
(interquartile range) MIT values by OCT were 0.37 (0.22 to 0.54)
mm, 0.46 (0.29 to 0.54) mm and 0.34 (0.25 to 0.49) mm in the distal,
middle and proximal LAD segments, respectively. Qualitative OCT
analysis rarely showed features of vulnerable plaque or complicated
lesions. Consistently, at VH-IVUS, the prevalent component at the
site of MIT per vessel assessed by OCT was fibrous tissue.
CONCLUSIONS: Unlike recent evidence in adult HTx recipients,
OCT findings of vulnerable plaque and complicated coronary lesions
were found to be rare among late survivors of pediatric HTx.
Free full text available from Journal of Heart and Lung
Transplantation
PMID: 26452998
D) Coronary Atherosclerosis with Vulnerable Plaque and
Complicated Lesions in Transplant Recipients: New Insight into
Cardiac Allograft Vasculopathy by Optical
Coherence Tomography
Cassar A, Matsuo Y, Herrmann J, et al. Coronary Atherosclerosis
with Vulnerable Plaque and Complicated Lesions in Transplant
Recipients: New Insight into Cardiac Allograft Vasculopathy by
Optical Coherence Tomography. Eur Heart J. 2013; 34(33): 26102617.
Summary: AIMS: Cardiac allograft vasculopathy (CAV) is a major
limitation to long-term survival following cardiac transplantation.
Conventional imaging modalities such as angiography and
intravascular ultrasound fail to characterize CAV plaque morphology.
Our aim was to characterize CAV in vivo using the high spatial
resolution of intracoronary optical coherence tomography (OCT).
METHODS AND RESULTS: We prospectively enrolled 53 cardiac
transplant patients to undergo OCT of the left anterior descending
coronary artery (LAD) in addition to annual CAV screening by
coronary angiography and intravascular ultrasound (IVUS). The
proximal 30 mm of the LAD was divided into three segments of 10
mm each (n = 156). Segments with CAV plaque on IVUS were
analysed by OCT for specific CAV morphological characteristics
within the framework of three groups according to follow-up time
after heart transplantation: (i) 0-3 months (n = 18), (ii) 12-36 months
(n = 55), and (iii) >/=48 months (n = 83). The prevalence of
atherosclerotic characteristics such as eccentric plaques,
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calcification, and lipid pools increased from 6, 0, and 6% in group 1
to 78, 42, and 61% in group 3, respectively (all P < 0.001). The
prevalence of vulnerable plaque features such as thin-cap
fibroatheroma, macrophages, and microchannels increased from 0%
in group 1 to 12, 29, and 33% in group 3, respectively (P = 0.19, P =
0.006, and P = 0.003). Complicated coronary lesions such as intimal
laceration, intraluminal thrombus, and layered complex plaque
increased from 0% in group 1 to 18, 19, and 57% in group 3 (P =
0.009, P < 0.001, and P < 0.001). Plaque rupture was identified in
4% of group 3 segments. CONCLUSION: The current study gives
new insight into CAV that extends far beyond the current concept of
concentric and fibrosing vasculopathy, that is, the development of
atherosclerosis with vulnerable plaque and complicated coronary
lesions.
Free full text available from PubMed
PMID: 23801824
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5.5 Lung

Invasive squamous and adenocarcinoma of lung. Multiphoton
microscopy.
Reprinted from Jain M. et al, Multilphoton microscopy: a potential
“optical biopsy” tool for real-time evaluation of lung tumors without the
need for exogenous contrast agent. Arch Pathol Lab Med.
2014;138(8):1037-47. Copyright 2014. College of American
Pathologists.

In vivo microscopy (IVM) technology, primarily optical coherence
tomography (OCT) and confocal microscopy, is currently being used
primarily in research protocols during bronchoscopy, thoracic
laparoscopic evaluations and needle biopsies. Ex vivo applications
include margin determinations and biopsy adequacy evaluations.
IVM technologies are most commonly employed in the evaluation of
pulmonary nodules/masses for the purpose of diagnosis or exclusion of
neoplasia. Evaluation for Pulmonary Neoplasia (Section 5.5.1) has
articles relating to IVM use for diagnosis of neoplasia.
An exciting new application of IVM in pulmonary pathology is the
evaluation of pulmonary parenchymal and vascular diseases. Non-
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neoplastic Pulmonary Disease (Section 5.5.2) has articles dealing with
primary pulmonary pathologies.
Articles on applications of IVM in the lung are included in the following
subsections:
•

Evaluation for Pulmonary Neoplasia (Section 5.5.1); and

•

Non-neoplastic Pulmonary Disease (Section 5.5.2).

Both ex vivo and in vivo studies are included here.

5.5.1

Evaluation for Pulmonary Neoplasia

In vivo microscopy (IVM) of lung poses challenges due to the extensive
branching and narrow diameter of the bronchial tree at risk for
development of neoplastic diseases. Optical coherence tomography
(OCT), the most widely used technology currently used for pulmonary in
vivo evaluations, has the potential to address these problems, because
the diameter of the probes has been decreased to about 600 microns
(within the diameter of a 23 gauge needle), potentially allowing access to
very small airways beyond the reach of standard bronchoscopes. OCT
imaging is also sufficiently rapid to be able to scan an extensive surface
of the airways within minutes. IVM technologies are also used for
transthoracic needle-based and laparoscopic evaluations of peripheral
lung nodules.
Additional technologies are currently being investigated, such as optical
spectroscopy and multiphoton microscopy (MPM), which show great
promise in identifying neoplasms and mapping their extent (as shown in
the MPM images of Invasive squamous and adenocarcinoma of lung
above).
The following are selected articles on the application of IVM in the
evaluation of lung masses, starting with two in vivo studies (Spliethoff et
al and Pahlevaninezhad et al) featuring the newest technologies.
To see a video of how an IVM procedure is performed in the lung, go to
this article in JOVE (the Journal of Visualized Experiments), which
publishes articles teaching laboratory fundamentals using video
demonstrations.
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A) Real-Time in Vivo Tissue Characterization with Diffuse
Reflectance Spectroscopy During Transthoracic Lung Biopsy: A
Clinical Feasibility Study
Spliethoff JW, Prevoo W, Meier MA, et al. Real-Time in Vivo Tissue
Characterization with Diffuse Reflectance Spectroscopy During
Transthoracic Lung Biopsy: A Clinical Feasibility Study. Clin Cancer
Res. 2016; 22(2): 357-365.
Summary: PURPOSE: This study presents the first in vivo real-time
tissue characterization during image-guided percutaneous lung
biopsies using diffuse reflectance spectroscopy (DRS) sensing at the
tip of a biopsy needle with integrated optical fibers. EXPERIMENTAL
DESIGN: Tissues from 21 consented patients undergoing lung
cancer surgery were measured intraoperatively using the fiber-optic
platform capable of assessing various physical tissue properties
highly correlated to tissue architecture and composition. In addition,
the method was tested for clinical use by performing DRS tissue
sensing during 11 routine biopsy procedures in patients with
suspected lung cancer. RESULTS: We found that water content and
scattering amplitude are the primary discriminators for the transition
from healthy lung tissue to tumor tissue and that the reliability of
these parameters is not affected by the amount of blood at the
needle tip. In the 21 patients measured intraoperatively, the water-toscattering ratio yielded a 56% to 81% contrast difference between
tumor and surrounding tissue. Analysis of the 11 image-guided lung
biopsy procedures showed that the tissue diagnosis derived from
DRS was diagnostically discriminant in each clinical case.
CONCLUSIONS: DRS tissue sensing integrated into a biopsy needle
may be a powerful new tool for biopsy guidance that can be readily
used in routine diagnostic lung biopsy procedures. This approach
may not only help to increase the successful biopsy yield for
histopathologic analysis, but may also allow specific sampling of vital
tumor tissue for genetic profiling.
Free full text available from Clinical Cancer Research
PMID: 26324737
B) Endoscopic Doppler Optical Coherence Tomography and
Autofluorescence Imaging of Peripheral Pulmonary Nodules
and Vasculature
Pahlevaninezhad H, Lee AM, Ritchie A, et al. Endoscopic Doppler
Optical Coherence Tomography and Autofluorescence Imaging of
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Peripheral Pulmonary Nodules and Vasculature. Biomed Opt
Express. 2015; 6(10): 4191-4199.
Summary: We present the first endoscopic Doppler optical
coherence tomography and co-registered autofluorescence imaging
(DOCT-AFI) of peripheral pulmonary nodules and vascular networks
in vivo using a small 0.9 mm diameter catheter. Using exemplary
images from volumetric data sets collected from 31 patients during
flexible bronchoscopy, we demonstrate how DOCT and AFI offer
complementary information that may increase the ability to locate
and characterize pulmonary nodules. AFI offers a sensitive visual
presentation for the rapid identification of suspicious airway sites,
while co-registered OCT provides detailed structural information to
assess the airway morphology. We demonstrate the ability of AFI to
visualize vascular networks in vivo and validate this finding using
Doppler and structural OCT. Given the advantages of higher
resolution, smaller probe size, and ability to visualize vasculature,
DOCT-AFI has the potential to increase diagnostic accuracy and
minimize bleeding to guide biopsy of pulmonary nodules compared
to radial endobronchial ultrasound, the current standard of care.
Free full text available from PubMed
PMID: 26504665
C) Classification of Malignant and Benign Tumors of the Lung by
Infrared Spectral Histopathology (SHP)
Akalin A, Mu X, Kon MA, et al. Classification of malignant and benign
tumors of the lung by infrared spectral histopathology (SHP). Lab
Invest. 2015; 95(4):406-21. doi: 10.1038/labinvest.2015.1.
Free full text available from Laboratory Investigation
PMID: 25664390
Note: Summarized in Section 4.4
D) Diagnosing Lung Carcinomas with Optical
Coherence Tomography
Hariri LP, Mino-Kenudson M, Lanuti M, Miller AJ, Mark EJ, Suter MJ.
Diagnosing lung carcinomas with optical coherence tomography.
Ann Am Thorac Soc. 2015; 12(2): 193-201.
Full text available from Annals of the American Thoracic Society
(USD 20.00 for 24 hours)
PMID: 25562183
NOTE: Summarized in Section 3.6
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E) Multiphoton Microscopy: A Potential "Optical Biopsy" Tool for
Real-Time Evaluation of Lung Tumors Without the Need for
Exogenous Contrast Agents
Jain M, Narula N, Aggarwal A, et al. Multiphoton Microscopy: A
Potential "Optical Biopsy" Tool for Real-Time Evaluation of Lung
Tumors Without the Need for Exogenous Contrast Agents. Arch
Pathol Lab Med. 2014; 138(8): 1037-47.
Summary: Context .- Multiphoton microscopy (MPM) is an
emerging, nonlinear, optical-biopsy technique, which can generate
subcellular-resolution images from unprocessed and unstained
tissue in real time. Objective .- To assess the potential of MPM for
lung tumor diagnosis. Design .- Fresh sections from tumor and
adjacent nonneoplastic lung were imaged with MPM and then
compared with corresponding hematoxylin-eosin slides. Results .Alveoli, bronchi, blood vessels, pleura, smokers' macrophages, and
lymphocytes were readily identified with MPM in nonneoplastic
tissue. Atypical adenomatous hyperplasia (a preinvasive lesion) was
identified in tissue adjacent to the tumor in one case. Of the 25 tumor
specimens used for blinded pathologic diagnosis, 23 were
diagnosable with MPM. Of these 23 cases, all but one
adenocarcinomas (15 of 16; 94%) were correctly diagnosed on
MPM, along with their histologic patterns. For squamous cell
carcinoma, 4 of 7 specimens (57%) were correctly diagnosed. For
the remaining 3 squamous cell carcinoma specimens, the solid
pattern was correctly diagnosed in 2 additional cases (29%), but it
was not possible to distinguish the squamous cell carcinoma from
adenocarcinoma. The other squamous cell carcinoma specimen (1
of 7; 14%) was misdiagnosed as adenocarcinoma because of
pseudogland formation. Invasive adenocarcinomas with acinar and
solid pattern showed statistically significant increases in collagen.
Interobserver agreement for collagen quantification (among 3
observers) was 80%. Conclusions .- Our pilot study provides a proof
of principle that MPM can differentiate neoplastic from nonneoplastic
lung tissue and identify tumor subtypes. If confirmed in a future,
larger study, we foresee real-time intraoperative applications of
MPM, using miniaturized instruments for directing lung biopsies,
assessing their adequacy for subsequent histopathologic analysis or
banking, and evaluating surgical margins in limited lung resections.
Free full text available from the CAP’s Archives
PMID: 24199831
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5.5.2

Non-neoplastic Pulmonary Disease

Pulmonary artery with organized thrombus. 3D optical coherence
tomograpy.
Sugimura K, Fukumoto Y, Miura Y, et al. Three-dimensional-optical
coherence tomography imaging of chronic thromboembolic pulmonary
hypertension. Eur Heart J. 2013;34(28):2121 by permission of Oxford
University Press.

This section hosts articles relating to new applications of in vivo
microscopy (IVM) technology involving evaluations of pulmonary
pathology, including changes due to asthma, primary lung disease and
lung transplantation rejection. Additionally, recent studies have evaluated
pulmonary vasculature of pulmonary arterial hypertension and
thromboembolic disease (as shown in the optical coherence tomography
(OCT) image of an organizing pulmonary artery thrombus above).

A) Endobronchial Optical Coherence Tomography for Low-risk
Microscopic Assessment and Diagnosis of Idiopathic
Pulmonary Fibrosis In Vivo
Hariri LP, Adams DC, Wain JC, et al. Endobronchial Optical
Coherence Tomography for Low-risk Microscopic Assessment and
Diagnosis of Idiopathic Pulmonary Fibrosis In Vivo. Am J Respir Crit
Care Med. 2017 Sep 21. doi: 10.1164/rccm.201707-1446LE. [Epub
ahead of print]
Full text available from American Journal of Respiratory and Critical
Care Medicine (USD 25.00 for 24 hour access)
PMID: 28934552
NOTE: Summarized in Section 3.6
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B) Birefringence Microscopy Platform for Assessing Airway
Smooth Muscle Structure and Function in Vivo
Adams DC, Hariri LP, Miller AJ, et al. Birefringence Microscopy
Platform for Assessing Airway Smooth Muscle Structure and
Function in Vivo. Sci Transl Med. 2016; 8(359): 359ra131.
Summary: The inability to visualize airway smooth muscle (ASM)
cells in vivo is a major obstacle in understanding their role in normal
physiology and diseases. At present, there is no imaging modality
available to assess ASM in vivo. Confocal endomicroscopy lacks the
penetration depth and field of view, and conventional optical
coherence tomography (OCT) does not have sufficient contrast to
differentiate ASM from surrounding tissues. We have developed a
birefringence microscopy platform that leverages the microorganization of tissue to add further dimension to traditional OCT.
We have used this technology to validate ASM measurements in ex
vivo swine and canine studies, visualize and characterize volumetric
representations of ASM in vivo, and quantify and predict ASM
contractile force as a function of optical retardation. We provide in
vivo images and volumetric assessments of ASM in living humans
and document structural disease variations in subjects with mild
asthma. The opportunity to link inflammatory responses to ASM
responses and to link ASM responses to clinical responses and
outcomes could lead to an increased understanding of diseases of
the airway and, ultimately, to improved patient outcomes.
Free full text available from PubMed
PMID: 27708064
C) Optical Coherence Tomography of the Pulmonary Arteries: A
Systematic Review
Jorge E, Baptista R, Calisto J, et al. Optical Coherence Tomography
of the Pulmonary Arteries: A Systematic Review. J Cardiol. 2016;
67(1): 6-14.
Summary: Optical coherence tomography (OCT) is an imaging
technique extensively used for visualizing the coronary circulation,
where it assists clinical decision-making. Along with the new
interventional procedures being introduced for pulmonary vascular
disease, there is an increasing need for intravascular imaging of the
pulmonary arteries. Additionally, measurements of the wall thickness
of the pulmonary arteries of patients with various types of pulmonary
hypertension (PH) may provide relevant diagnostic and prognostic
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information. The aim of this review is to summarize all the available
evidence on the use of OCT for imaging the pulmonary bed and to
describe a simple protocol for OCT image acquisition. We conducted
a systematic review of the literature using electronic reference
databases through February 2015 (MEDLINE, Cochrane Library,
Web of Knowledge, and references cited in other studies) and the
search terms "optical coherence tomography," "pulmonary
hypertension," and "pulmonary arteries." Studies in which OCT was
used to image the pulmonary vessels were considered for inclusion.
We identified 14 studies reporting OCT imaging data from the
pulmonary arteries. OCT was able to identify intravascular thrombi in
patients with chronic thromboembolic PH (CTEPH), and an increase
in vessel wall thickness was found in most patients with PH,
compared with the controls. OCT has also been reported to be useful
for the selection of balloon size in the setting of balloon pulmonary
angioplasty for CTEPH. The main limitations include lack of
standardization, little data on outcomes, cost, and the technical
limitations involved in visualizing small-diameter (<1mm) pulmonary
vessels. OCT has become a potential tool for the in vivo study of
vascular changes in the pulmonary arteries, and may provide
additional information in the assessment of patients with PH.
Prospective high-quality studies assessing the safety, validity, and
clinical impact of OCT imaging for pulmonary vessels are warranted.
Free full text available from Journal of Cardiology
PMID: 26572955
D) Validation of Human Small Airway Measurements Using
Endobronchial Optical Coherence Tomography
Chen Y, Ding M, Guan WJ, Wang W, Luo WZ, Zhong CH. Validation
of Human Small Airway Measurements Using Endobronchial Optical
Coherence Tomography. Respir Med. 2015; 109(11): 1446-1453.
Summary: BACKGROUND: Small airway remodeling is the cardinal
feature underlying chronic airway diseases. There is no modality
which identifies small airway pathological changes, which is crucial
for early diagnosis, efficacy and prognostic assessment.
OBJECTIVE: To evaluate the usefulness of endobronchial optical
coherence tomography (EB-OCT) in assessing small airways
morphology in vivo. METHODS: Twelve patients with pulmonary
nodules scheduled for lung resection underwent spirometry, multidetector computed tomography (MDCT) and EB-OCT. We measured
D(mean) (mean luminal diameter), Ai (inner luminal area), Aw
(airway wall area) and Aw% [Aw/(Ai + Aw) x 100%] from the 3rd to
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5th generation bronchi of RB9 segment by MDCT. D(mean), Ai, Aw
and Aw% from the 3rd to 9th generation bronchi of RB9 segment
were measured by EB-OCT and histology. Correlations of these
parameters, measured by three different methods, were evaluated.
We recruited 4 COPD patients to determine if EB-OCT could identify
peripheral airway remodeling. RESULTS: The 4 parameters,
measured by CT and EB-OCT, correlated significantly [D(mean) (r =
0.991), Ai (r = 0.997), Aw (r = 0.997), Aw% (r = 0.991), all P < 0.01].
Significant correlation were found for these parameters, measured
by histology and EB-OCT, from the 3rd to 5th generation bronchi
[D(mean) (r = 0.989), Ai (r = 0.997), Aw (r = 0.999), Aw% (r = 0.988),
all P < 0.01], and from the 6th to 9th generation bronchi [D(mean) (r
= 0.979), Ai (r = 0.997), Aw (r = 0.994) and Aw% (r = 0.988), all P <
0.01]. Significant small airways morphological abnormalities were
observed in COPD patients. CONCLUSIONS: EB-OCT, a minimally
invasive imaging modality with high-resolution, is useful and clinically
practical for assessing proximal and distal airways of human
compared with CT and histology.
Full text available from Respiratory Medicine (USD 31.50 for 24 hour
access)
PMID: 26427628
E) Confocal Laser Endomicroscopy for Diagnosis and Monitoring
of Pulmonary Alveolar Proteinosis
Danilevskaya O, Averyanov A, Lesnyak V, Chernyaev A,Sorokina A.
Confocal Laser Endomicroscopy for Diagnosis and Monitoring of
Pulmonary Alveolar Proteinosis. J Bronchology Interv Pulmonol.
2015; 22(1): 33-40.
Summary: BACKGROUND: The diagnosis of pulmonary alveolar
proteinosis (PAP) is based on computed tomography, histology, and
antibodies to granulocyte-macrophage colony-stimulating factor. The
role of a novel technique for imaging cells and elastin during
endoscopy, probe-based confocal laser endomicroscopy (pCLE),
has not yet been investigated in PAP patients. The aim of the
present study was to estimate the value of pCLE in the PAP
diagnosis and treatment in comparison with the findings of highresolution computed tomography (HRCT) before and after wholelung lavage. METHODS: In vivo pCLE was performed during
bronchoscopy in 6 male patients with PAP before and after wholelung lavage. In certain lung segments, pCLE was followed by HRCT.
RESULTS: During the in vivo pCLE, we found characteristic signs of
PAP: a fluorescent floating amorphous substance in the alveoli
lumen sticking to conglomerates along with alveolar macrophages.
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These features were present to a lesser extent after a whole-lung
lavage. pCLE revealed specific PAP features not only in segments
with crazy-paving and ground-glass opacity, but also in segments
without HRCT findings. CONCLUSIONS: The alveolar imaging in
PAP patients is able to reveal characteristic changes, both in the
presence and in the absence of HRCT findings. Therefore, pCLE
may be a helpful tool for the diagnosis and whole-lung lavage
therapy. Our data prove that accumulation of lipoproteinaceous
substances within the alveoli at PAP is a diffuse but not a patchy
process.
Free full text available from PubMed
PMID: 25590481
F) Acute Lung Allograft Rejection: Diagnostic Role of Probe-Based
Confocal Laser Endomicroscopy of the Respiratory Tract
Yserbyt J, Dooms C, Decramer M, Verleden GM. Acute Lung
Allograft Rejection: Diagnostic Role of Probe-Based Confocal Laser
Endomicroscopy of the Respiratory Tract. J Heart Lung Transplant.
2014; 33(5): 492-498.
Free full text available from Journal of Heart and Lung
Transplantation
PMID: 24656287
NOTE: Summarized in Section 4.2.2
G) Coregistered Autofluorescence-Optical Coherence Tomography
Imaging of Human Lung Sections
Pahlevaninezhad H, Lee AM, Lam S, MacAulay C, Lane PM.
Coregistered Autofluorescence-Optical Coherence Tomography
Imaging of Human Lung Sections. J Biomed Opt. 2014; 19(3):
36022.
Summary: Autofluorescence (AF) imaging can provide valuable
information about the structural and metabolic state of tissue that can
be useful for elucidating physiological and pathological processes.
Optical coherence tomography (OCT) provides high resolution
detailed information about tissue morphology. We present
coregistered AF-OCT imaging of human lung sections. Adjacent
hematoxylin and eosin stained histological sections are used to
identify tissue structures observed in the OCT images. Segmentation
of these structures in the OCT images allowed determination of
relative AF intensities of human lung components. Since the AF
imaging was performed on tissue sections perpendicular to the
airway axis, the results show the AF signal originating from the
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airway wall components free from the effects of scattering and
absorption by overlying layers as is the case during endoscopic
imaging. Cartilage and dense connective tissue (DCT) are found to
be the dominant fluorescing components with the average cartilage
AF intensity about four times greater than that of DCT. The
epithelium, lamina propria, and loose connective tissue near
basement membrane generate an order of magnitude smaller AF
signal than the cartilage fluorescence.
Free full text available from Journal of Biomedical Optics
PMID: 24687614

5.6 Genitourinary System and Kidney

High grade papillary urothelial carcinoma. Multiphoton microscopy.
Reprinted from Jain et al, Multiphoton microscopy in the evaluation of human bladder
biopsies. Arch Pathol Lab Med. 2012;136(5):517-526, with permission from Archives of
pathology & Laboratory Medicine. Copyright 2012. College of American Pathologists.

Although in vivo microscopy (IVM) is not yet widely adopted in the
practice of urology as it has been in gastroenterology, the genitrourinary
(GU) system also has multiple luminal surfaces highly amenable to IVM
diagnosis. These include the urethra, bladder, the ureters and the renal
pelvis. These organs are the main focus of many research/early clinical
applications of IVM.
Other applications of IVM, that are being actively developed, include the
diagnosis of renal masses, the evaluation of donor kidney viability in
renal transplantation, and the enhanced diagnosis of significant prostatic
carcinoma. Margin assessment and preservation of periprostatic
potency-associated nerves during radical prostatectomy are other
applications anticipated shortly. Also, IVM can aid in sperm retrieval for
fertility treatments. These applications of IVM in urology are currently
confined to research studies, but are expected to become clinical
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practice soon.
The following selected articles highlight the applications of IVM in the
genitourinary system. Most of these papers also contain ex vivo
microscopy (EVM) studies, performed to validate these technologies for
their potential uses in in vivo diagnoses (for IVM uses).
To see a video of how an IVM procedure is performed in the urinary
tract, go to this article in JoVE (the Journal of Visualized Experiments),
which publishes articles teaching laboratory fundamentals using video
demonstrations.
The following sections contain additional articles on specific IVM
applications in the:
•

Urinary Tract (Section 5.6.1);

•

Prostate and Testis (Section 5.6.2); and

•

Kidney (Section 5.6.3).

5.6.1 Urinary Tract
Invasive urothelial carcinoma
of ureter. Volumetric optical
coherence tomography.
Reprinted from J Urol, 190(6),
Bus MT, Muller BG, de Bruin
DM, et al., Volumetric in vivo
visualization of upper urinary
tract tumors using optical
coherence tomography: a pilot
study, 2236-2242, Copyright
2013, with permission from
Elsevier.

In vivo microscopy (IVM) can be very helpful in examining the urinary
tract for in situ urothelial carcinoma, and for minute or recurrent lesions.
IVM can also guide the acquisition of biopsies from the most clinically
significant foci, such as areas of invasive urothelial carcinoma in a larger
non-invasive lesion. IVM is expected to be particularly advantageous in
diagnosing upper tract lesions, which can be hard to visualize and pose
difficulties in obtaining diagnostic tissue (seen in the volumetric optical
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coherence tomography (OCT) images of Invasive urothelial carcinoma of
the ureter above).
Therefore, it is anticipated, that IVM will be utilized for these purposes
during cystoscopy/ureteroscopy/pyeloscopy in the near future.
This section contains selected articles relating to IVM evaluations of the
urinary tract, specifically of the bladder, ureter and renal pelvis.

A) Multimodal Fiber-Probe Spectroscopy for the Diagnostics and
Classification of Bladder Tumors
Anand S, Cicchi R, Fantechi R, et al. Multimodal Fiber-Probe
Spectroscopy for the Diagnostics and Classification of Bladder
Tumors. Proc. SPIE. 2017; Therapeutics and Diagnostics in Urology:
Lasers, Robotics, Minimally Invasive, and Advanced Biomedical
Devices: 100380J.
Summary: The gold standard for the detection of bladder cancer is
white light cystoscopy, followed by an invasive biopsy and
pathological examination. Tissue pathology is time consuming and
often prone to sampling errors. Recently, optical spectroscopy
techniques have evolved as promising techniques for the detection
of neoplasia. The specific goal of this study is to evaluate the
application of combined auto-fluorescence (excited using 378 nm
and 445 nm wavelengths) and diffuse reflectance spectroscopy to
discriminate normal bladder tissue from tumor at different grades.
The fluorescence spectrum at both excitation wavelengths showed
an increased spectral intensity in tumors with respect to normal
tissues. Reflectance data indicated an increased reflectance in the
wavelength range 610 nm - 700 nm for different grades of tumors,
compared to normal tissues. The spectral data were further analyzed
using principal component analysis for evaluating the sensitivity and
specificity for diagnosing tumor. The spectral differences observed
between various grades of tumors provides a strong genesis for the
future evaluation on a larger patient population to achieve statistical
significance. This study indicates that a combined spectroscopic
strategy, incorporating fluorescence and reflectance spectroscopy,
could improve the capability for diagnosing bladder tumor as well as
for differentiating tumors in different grades.
Full text available for SPIE Proceedings (USD 15.00-18.00)
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B) Technical Solutions to Improve the Management of Non-MuscleInvasive Transitional Cell Carcinoma: Summary of a European
Association of Urology Section for Uro-Technology (ESUT) and
Section for Uro-Oncology (ESOU) Expert Meeting and Current
and Future Perspectives
Bach T, Muschter R, Herrmann TR, et al. Technical Solutions to
Improve the Management of Non-Muscle-Invasive Transitional Cell
Carcinoma: Summary of a European Association of Urology Section
for Uro-Technology (ESUT) and Section for Uro-Oncology (ESOU)
Expert Meeting and Current and Future Perspectives. BJU Int. 2015;
115(1): 14-23.
Summary: The aim of the present review was to compare state-ofthe-art care and future perspectives for the detection and treatment
of non-muscle-invasive transitional cell carcinoma (TCC) of the
bladder. We provide a summary of the third expert meeting on
'Optimising the management of non-muscle-invasive bladder cancer,
organized by the European Association of Urology Section for UroTechnology (ESUT) in collaboration with the Section for UroOncology (ESOU), including a systematic literature review. The
article includes a detailed discussion on the current and future
perspectives for TCC, including photodynamic diagnosis, optical
coherence tomography, narrow band imaging, the Storz Professional
Image Enhancement system, magnification and high definition
techniques. We also provide a detailed discussion of future surgical
treatment options, including en bloc resection and tumour
enucleation. Intensive research has been conducted to improve
tumour detection and there are promising future perspectives, that
require proven clinical efficacy. En bloc resection of bladder tumours
may be advantageous, but is currently considered to be
experimental.
Free full text available from BJU International
PMID: 25646531
NOTE: Also cited in Section 7.6
C) Advances in Imaging Technologies in the Evaluation of HighGrade Bladder Cancer
Zlatev DV, Altobelli E, Liao JC. Advances in Imaging Technologies in
the Evaluation of High-Grade Bladder Cancer. Urol Clin North Am.
2015; 42(2): 147-157, vii.
Summary: Bladder cancer ranges from a low-grade variant to highgrade disease. Assessment for treatment depends on white light
cystoscopy, however because of its limitations there is a need for
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improved visualization of flat, multifocal, high-grade, and muscleinvasive lesions. Photodynamic diagnosis and narrow-band imaging
provide additional contrast enhancement of bladder tumors and have
been shown to improve detection rates. Confocal laser
endomicroscopy and optical coherence tomography enable realtime, high-resolution, subsurface tissue characterization with spatial
resolutions similar to histology. Molecular imaging offers the potential
for the combination of optical imaging technologies with cancerspecific molecular agents to improve the specificity of disease
detection.
Free full text available from PubMed
PMID: 25882557
D) A Pilot Study of in Vivo Confocal Laser Endomicroscopy of
Upper Tract Urothelial Carcinoma
Bui D, Mach KE, Zlatev DV, Rouse RV, Leppert JT,Liao JC. A Pilot
Study of in Vivo Confocal Laser Endomicroscopy of Upper Tract
Urothelial Carcinoma. J Endourol. 2015; 29(12): 1418-1423.
Summary: PURPOSE: Tissue diagnosis of upper tract urothelial
carcinoma (UTUC) is limited by variance in tumor sampling by
standard ureteroscopic biopsy. Optical imaging technologies can
potentially improve UTUC diagnosis, surveillance, and endoscopic
treatment. We previously demonstrated in vivo optical biopsy of
urothelial carcinoma of the bladder using confocal laser
endomicroscopy (CLE). In this study, we evaluated a new 0.85-mm
imaging probe in the upper urinary tract and demonstrated feasibility
and compatibility with standard ureteroscopes to achieve in vivo
optical biopsy of UTUC. MATERIALS AND METHODS: Fourteen
patients scheduled for ureteroscopy of suspected upper tract lesions
or surveillance of UTUC were recruited. After intravenous (IV)
administration of fluorescein, CLE was performed using a 0.85-mmdiameter imaging probe inserted through the working channel of
standard ureteroscopes. Acquired confocal video sequences were
reviewed and analyzed. A mosaicing algorithm was used to compile
a series of images into a single larger composite image. Processed
CLE images were compared with standard histopathologic analysis.
RESULTS: Optical biopsy of the UTUC using CLE was effectively
achieved during standard ureteroscopy. There were no adverse
events related to IV fluorescein administration or image acquisition.
Confocal imaging of UTUC showed characteristic features similar to
urothelial carcinoma of the bladder, including papillary structure,
fibrovascular stalks, and pleomorphism. Lamina propria in normal
areas of the renal pelvis and ureter was also identified.
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CONCLUSIONS: We report an initial feasibility of CLE of UTUC.
Pending further clinical investigation, CLE may become a useful
adjunct to ureteroscopic biopsy, endoscopic ablation, and
surveillance of UTUC.
Full text available from Journal of Endourology (USD 59.00)
PMID: 26413927
E) Multiphoton Microscopy: A Potential Intraoperative Tool for the
Detection of Carcinoma in Situ in Human Bladder
Jain M, Robinson BD, Shevchuk MM, et al. Multiphoton microscopy:
a potential intraoperative tool for the detection of carcinoma in situ in
human bladder. Arch Pathol Lab Med. 2015; 139(6): 796-804.
Summary: Context .- Urothelial carcinoma in situ (CIS) is a precursor
of invasive bladder cancer, which if left untreated, will likely progress
to more aggressive disease. Approximately 50% of CIS lesions are
missed on routine cystoscopy owing to their flat architecture.
Furthermore, many benign but abnormal-appearing areas may be
biopsied owing to lack of cellular resolution of cystoscopes.
Multiphoton microscopy (MPM) is an optical imaging technique that
generates subcellular-resolution three-dimensional images from
unfixed tissue without using exogenous dyes. Objective .- To assess
the diagnostic potential of MPM in identifying and differentiating
benign from malignant flat bladder lesions, especially CIS. Design .Seventy-eight specimens (benign = 46, CIS = 23, invasive = 9, as
diagnosed on histopathology) were obtained from flat bladder
mucosa via transurethral resection of bladder, cold cup biopsy, or
cystectomy, imaged fresh with a commercial benchtop MPM, and
submitted for routine histopathology. Multiphoton microscopy and
hematoxylin-eosin diagnoses were compared. Results .- In 77 of 78
specimens (99%), accurate MPM diagnoses (benign/malignant) were
given on the basis of their architectural and cytologic features
(nuclear to cytoplasmic ratio, pleomorphism, polarity/organization of
urothelial layers, etc). The sensitivity and specificity were 97% and
100%, respectively, with positive (malignant) and negative (benign)
predictive values of 100% and 98%, respectively. The interobserver
agreement, kappa, was 0.93. Conclusions .- Our study demonstrates
the capability of MPM to identify and differentiate benign from
malignant flat bladder lesions, especially CIS. With the advent of
MPM endoscopes, we foresee their potential as a biopsy guidance
tool for early detection and treatment of CIS, thus reducing the rate
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of biopsies with benign diagnoses and their associated
complications.
Free full text available from the CAP’s Archives
PMID: 26030249
F) Probe-based Confocal Laser Endomicroscopy of the Urinary
Tract: The Technique
Chang TC, Liu JJ, Liao JC. Probe-based Confocal Laser
Endomicroscopy of the Urinary Tract: The Technique. J Vis Exp
(JoVE). 2013; (71): e4490.
Summary: Probe-based confocal laser endomicroscopy (CLE) is an
emerging optical imaging technology that enables real-time in vivo
microscopy of mucosal surfaces during standard endoscopy. With
applications currently in the respiratory and gastrointestinal tracts,
CLE has also been explored in the urinary tract for bladder cancer
diagnosis. Cellular morphology and tissue microarchitecture can be
resolved with micron scale resolution in real time, in addition to
dynamic imaging of the normal and pathological vasculature. The
probe-based CLE system (Cellvizio, Mauna Kea Technologies,
France) consists of a reusable fiberoptic imaging probe coupled to a
488 nm laser scanning unit. The imaging probe is inserted in the
working channels of standard flexible and rigid endoscopes. An
endoscope-based CLE system (Optiscan, Australia), in which the
confocal endomicroscopy functionality is integrated onto the
endoscope, is also used in the gastrointestinal tract. Given the larger
scope diameter, however, application in the urinary tract is currently
limited to ex vivo use. Confocal image acquisition is done through
direct contact of the imaging probe with the target tissue and
recorded as video sequences. As in the gastrointestinal tract,
endomicroscopy of the urinary tract requires an exogenenous
contrast agent-most commonly fluorescein, which can be
administered intravenously or intravesically. Intravesical
administration is a well-established method to introduce
pharmacological agents locally with minimal systemic toxicity that is
unique to the urinary tract. Fluorescein rapidly stains the extracellular
matrix and has an established safety profile. Imaging probes of
various diameters enable compatibility with different caliber
endoscopes. To date, 1.4 and 2.6 mm probes have been evaluated
with flexible and rigid cystoscopy. Recent availability of a < 1 mm
imaging probe opens up the possibility of CLE in the upper urinary
tract during ureteroscopy. Fluorescence cystoscopy (i.e.
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photodynamic diagnosis) and narrow band imaging are additional
endoscope-based optical imaging modalities that can be combined
with CLE to achieve multimodal imaging of the urinary tract. In the
future, CLE may be coupled with molecular contrast agents such as
fluorescently labeled peptides and antibodies for endoscopic imaging
of disease processes with molecular specificity.
To see a video of how an IVM procedure using CLE is performed go
to this article in JoVE (the Journal of Visualized Experiments), which
publishes articles teaching laboratory fundamentals using video
demonstrations.
Archived recording available
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5.6.2 Prostate and Testis

Prostate. Optical coherence tomography.
Muller BG, de Bruin DM, van den Bos W, et al. Prostate Cancer Diagnosis:
The Feasibility of Needle-Based Optical Coherence Tomography. J Med
Imaging (Bellingham). 2015; 2(3): 037501. Reused under license CC BY 3.0.

There are several applications of in vivo microscopy (IVM) technology in
the in vivo (IVM) and in the ex vivo (EVM) settings for the diagnosis and
treatment of prostatic carcinoma (as seen in the optical coherence
tomography (OCT) of the prostate above). IVM can be used to identify
areas of carcinoma in the prostate at the time of needle biopsy, or to
identify the foci of highest grade of carcinoma. It may also be used to
evaluate needle biopsies of prostate ex vivo at the time of the procedure
for the presence of significant (high grade) carcinoma or to quantitate the
extent of tumor in the biopsy. Among the papers, cited below, there is an
article presenting machine learning used for the purpose of identifying
and quantitating areas of Gleason grades 3 and 4 prostatic carcinoma in
needle biopsies. During radical prostatectomy, IVM technology can help
the urologist to completely resect the cancer and to avoid a positive
surgical margin. It can also help to avoid injury to the perprostatic nerves
responsible for potency.
IVM has also been studied as a means of identifying
sperm/spermatogonia in testes, especially in procedures for in vitro
fertilization.
The following are selected articles about the use of IVM technology in
diagnosis of prostatic carcinoma and in its treatment, as well as in fertility
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treatments. Ex vivo studies are included, because they are often used to
study the feasibility of IVM technology in these clinical settings.

A) Light-sheet Microscopy for Slide-free Non-destructive
Pathology of Large Clinical Specimens
Glaser AK, Reder NP, Chen Y, et al. Light-sheet microscopy for
slide-free non-destructive pathology of large clinical specimens.
Nature Biomedical Engineering 1:84, 2017; DOI.10.1038/541551017-0084.
Free full text available from Nature Biomedical Engineering
Note: Summarized in Section 2.2; also cited in Sections 3.1, 4.1.1.1,
4.1.1.4, 4.3 and 5.2.2
B) Automatic Gleason Grading of Prostate Cancer Using
Quantitative Phase Imaging and Machine Learning
Nguyen TH, Sridharan S, Macias V, et al. Automatic Gleason
Grading of Prostate Cancer Using Quantitative Phase Imaging and
Machine Learning. J Biomed Opt. 2017; 22(3): 36015.
Summary: We present an approach for automatic diagnosis of
tissue biopsies. Our methodology consists of a quantitative phase
imaging tissue scanner and machine learning algorithms to process
these data. We illustrate the performance by automatic Gleason
grading of prostate specimens. The imaging system operates on the
principle of interferometry and, as a result, reports on the nanoscale
architecture of the unlabeled specimen. We use these data to train a
random forest classifier to learn textural behaviors of prostate
samples and classify each pixel in the image into different classes.
Automatic diagnosis results were computed from the segmented
regions. By combining morphological features with quantitative
information from the glands and stroma, logistic regression was used
to discriminate regions with Gleason grade 3 versus grade 4 cancer
in prostatectomy tissue. The overall accuracy of this classification
derived from a receiver operating curve was 82%, which is in the
range of human error when interobserver variability is considered.
We anticipate that our approach will provide a clinically objective and
quantitative metric for Gleason grading, allowing us to corroborate
results across instruments and laboratories and feed the computer
algorithms for improved accuracy.
Full text available from Journal of Biomedical Optics (USD 20.0025.00)
PMID: 28358941
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C) Gigapixel Surface Imaging of Radical Prostatectomy Specimens
for Comprehensive Detection of Cancer-Positive Surgical
Margins Using Structured Illumination Microscopy
Wang M, Tulman DB, Sholl AB, et al. Gigapixel Surface Imaging of
Radical Prostatectomy Specimens for Comprehensive Detection of
Cancer-Positive Surgical Margins Using Structured Illumination
Microscopy. Sci Rep. 2016; 6:27419.
Free full text available from PubMed
PMID: 27257084
Note: Summarized in Section 3.1; also cited in Section 4.1
D) Intraoperative Optical Biopsy During Robotic Assisted Radical
Prostatectomy Using Confocal Endomicroscopy
Lopez A, Zlatev DV, Mach KE, et al. Intraoperative Optical Biopsy
During Robotic Assisted Radical Prostatectomy Using Confocal
Endomicroscopy. J Urol. 2016; 195(4 Pt 1): 1110-1117.
Summary: PURPOSE: Intraoperative optical biopsy technologies
may aid in the identification of important anatomical landmarks and
improve surgical outcomes of robotic assisted radical prostatectomy.
We evaluate the feasibility of confocal laser endomicroscopy during
robotic assisted radical prostatectomy. MATERIALS AND
METHODS: A total of 21 patients with biopsy proven prostate cancer
scheduled for robotic assisted radical prostatectomy were recruited.
After intravenous administration of fluorescein 15 patients underwent
in vivo intraoperative confocal laser endomicroscopy of prostatic and
periprostatic structures using a 2.6 or 0.85 mm imaging probe.
Standard robotic instruments were used to grasp and maneuver the
confocal laser endomicroscopy probes for image acquisition.
Confocal laser endomicroscopy imaging was performed ex vivo on
fresh prostate specimens from 20 patients. Confocal video
sequences acquired in vivo and ex vivo were reviewed and
analyzed, with additional image processing using a mosaicing
algorithm. Processed confocal images were compared with standard
hematoxylin and eosin analysis of imaged regions. RESULTS:
Confocal laser endomicroscopy was successfully integrated with
robotic surgery, including co-registration of confocal video
sequences with white light and probe handling with standard robotic
instrumentation. Intraoperative confocal laser endomicroscopy
imaging of the neurovascular bundle before and after nerve sparing
dissection revealed characteristic features including dynamic
vascular flow and intact axon fibers. Ex vivo confocal imaging of the
prostatic parenchyma demonstrated normal prostate glands, stroma
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and prostatic carcinoma. CONCLUSIONS: We report the initial
feasibility of optical biopsy of prostatic and periprostatic tissue during
robotic assisted radical prostatectomy. Image guidance and tissue
interrogation using confocal laser endomicroscopy offer a new
intraoperative imaging method that has the potential to improve the
functional and oncologic outcomes of prostate cancer surgery.
Free full text available from PubMed
PMID: 26626214
E) Real-Time Cancer Diagnosis During Prostate Biopsy: Ex Vivo
Evaluation of Full-Field Optical Coherence Tomography
(FFOCT) Imaging on Biopsy Cores
Lopater J, Colin P, Beuvon F, et al. Real-Time Cancer Diagnosis
During Prostate Biopsy: Ex Vivo Evaluation of Full-Field Optical
Coherence Tomography (FFOCT) Imaging on Biopsy Cores. World J
Urol. 2016; 34(2): 237-243.
Full text available from World Journal of Urology (USD 39.95)
PMID: 26100944
Note: Summarized in Section 4.2.1
F) High-Resolution Rapid Diagnostic Imaging of Whole Prostate
Biopsies Using Video-Rate Fluorescence Structured
Illumination Microscopy
Wang M, Kimbrell HZ, Sholl AB, Tulman DB, Elfer KN,
Schlichenmeyer TC. High-Resolution Rapid Diagnostic Imaging of
Whole Prostate Biopsies Using Video-Rate Fluorescence Structured
Illumination Microscopy. Cancer Res. 2015; 75(19): 4032-4041.
Free full text available from PubMed
PMID: 26282168
Note: Summarized in Section 4.2.1; also cited in Section 4.5
G) Prostate Cancer Diagnosis: The Feasibility of Needle-Based
Optical Coherence Tomography
Muller BG, de Bruin DM, van den Bos W, et al. Prostate Cancer
Diagnosis: The Feasibility of Needle-Based Optical Coherence
Tomography. J Med Imaging (Bellingham). 2015; 2(3): 037501.
Summary: The objective of this study is to demonstrate the
feasibility of needle-based optical coherence tomography (OCT) and
functional analysis of OCT data along the full pullback trajectory of
the OCT measurement in the prostate, correlated with pathology.
OCT images were recorded using a commercially available C7-XR
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OCT Intravascular Imaging System interfaced to a C7 Dragonfly
intravascular 0.9-mm-diameter imaging probe. A computer program
was constructed for automated image attenuation analysis. First,
calibration of the OCT system for both the point spread function and
the system roll-off was achieved by measurement of the OCT signal
attenuation from an extremely weakly scattering medium
(Intralipid(R) 0.0005 volume%). Second, the data were arranged in
31 radial wedges (pie slices) per circular segments consisting of 16
A-scans per wedge and 5 axial B-scans, resulting in an average Ascan per wedge. Third, the decay of the OCT signal is analyzed over
50 pixels ([Formula: see text]) in depth, starting from the first found
maximum data point. Fourth, for visualization, the data were grouped
with a corresponding color representing a specific [Formula: see text]
range according to their attenuation coefficient. Finally, the analyses
were compared to histopathology. To ensure that each single use
sterile imaging probe is comparable to the measurements of the
other imaging probes, the probe-to-probe variations were analyzed
by measuring attenuation coefficients of 0.03, 6.5, 11.4, 17, and 22.7
volume% Intralipid(R). Experiments were repeated five times per
probe for four probes. Inter- and intraprobe variation in the measured
attenuation of Intralipid samples with scattering properties similar to
that of the prostate was [Formula: see text] of the mean values.
Mean attenuation coefficients in the prostate were [Formula: see
text] for parts of the tissue that were classified as benign (SD:
[Formula: see text], minimum: [Formula: see text], maximum:
[Formula: see text]) and [Formula: see text] for parts of tissue that
were classified as malignant (SD: [Formula: see text], minimum:
[Formula: see text], maximum: [Formula: see text]). In benign areas,
the tissue looked homogeneous, whereas in malignant areas, small
glandular structures were seen. However, not all areas in which a
high attenuation coefficient became apparent corresponded to areas
of prostate cancer. This paper describes the first in-tissue needlebased OCT imaging and three-dimensional optical attenuation
analysis of prostate tissue that indicates a correlation with pathology.
Fully automated attenuation coefficient analysis was performed at
1300 nm over the full pullback. Correlation with pathology was
achieved by coregistration of three-dimensional (3-D) OCT
attenuation maps with 3-D pathology of the prostate. This may
contribute to the current challenge of prostate imaging and the rising
interest in focal therapy for reduction of side effects occurring with
current therapies.
Free full text available from PubMed
PMID: 26171414
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H) Prostate Cancer Detection Using Combined Auto-Fluorescence
and Light Reflectance Spectroscopy: Ex Vivo Study of
Human Prostates
Sharma V, Olweny EO, Kapur P, Cadeddu JA, Roehrborn CG, Liu H.
Prostate cancer detection using combined auto-fluorescence and
light reflectance spectroscopy: ex vivo study of human prostates.
Biomed Opt Express. 2014; 5(5): 1512-1529.
Summary: This study was conducted to evaluate the capability of
detecting prostate cancer (PCa) using auto-fluorescence lifetime
spectroscopy (AFLS) and light reflectance spectroscopy (LRS).
AFLS used excitation at 447 nm with four emission wavelengths
(532, 562, 632, and 684 nm), where their lifetimes and weights were
analyzed using a double exponent model. LRS was measured
between 500 and 840 nm and analyzed by a quantitative model to
determine hemoglobin concentrations and light scattering. Both
AFLS and LRS were taken on n = 724 distinct locations from both
prostate capsular (nc = 185) and parenchymal (np = 539) tissues,
including PCa tissue, benign peripheral zone tissue and benign
prostatic hyperplasia (BPH), of fresh ex vivo radical prostatectomy
specimens from 37 patients with high volume, intermediate-to-highgrade PCa (Gleason score, GS >/=7). AFLS and LRS parameters
from parenchymal tissues were analyzed for statistical testing and
classification. A feature selection algorithm based on multinomial
logistic regression was implemented to identify critical parameters in
order to classify high-grade PCa tissue. The regression model was in
turn used to classify PCa tissue at the individual aggressive level of
GS = 7,8,9. Receiver operating characteristic curves were generated
and used to determine classification accuracy for each tissue type.
We show that our dual-modal technique resulted in accuracies of
87.9%, 90.1%, and 85.1% for PCa classification at GS = 7, 8, 9
within parenchymal tissues, and up to 91.1%, 91.9%, and 94.3% if
capsular tissues were included for detection. Possible biochemical
and physiological mechanisms causing signal differences in AFLS
and LRS between PCa and benign tissues were also discussed.
Free full text available from PubMed
PMID: 24877012
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I)

Emerging Technology: Applications of Raman Spectroscopy for
Prostate Cancer
Kast RE, Tucker SC, Killian K, Trexler M, Honn KV, Auner GW.
Emerging Technology: Applications of Raman Spectroscopy for
Prostate Cancer. Cancer Metastasis Rev. 2014; 33(2-3): 673-693.
Summary: There is a need in prostate cancer diagnostics and
research for a label-free imaging methodology that is nondestructive,
rapid, objective, and uninfluenced by water. Raman spectroscopy
provides a molecular signature, which can be scaled from micronlevel regions of interest in cells to macroscopic areas of tissue. It can
be used for applications ranging from in vivo or in vitro diagnostics to
basic science laboratory testing. This work has also been studied as
a means of identifying sperm/spermatogonia in testes, especially for
the purpose of in vitro fertilization.
Full text available from Cancer and Metastasis Reviews (USD 39.95)
PMID: 24510129

J) Probe-Based Confocal Laser Endomicroscopy (pCLE): A
Preclinical Investigation of the Male Genital Tract
Trottmann M, Sroka R, Stepp H, et al. Probe-Based Confocal Laser
Endomicroscopy (Pcle): A Preclinical Investigation of the Male
Genital Tract. Lasers Med Sci. 2016; 31(1): 57-65.
Summary: The aim of this study was to assess the potential of
probe-based confocal laser endomicroscopy (pCLE) as a new
diagnostic imaging technique for the male genital tract. For this
purpose, testes, epididymides, and vasa deferentia were obtained
during transsexual surgery of healthy patients (n = 10, 26-52 years).
Prior to this, testes of rats (n = 10, Sprague-Dawley) and mice (n = 8,
wild-type) were examined. Ex vivo tissues were investigated by
pCLE after topical fluorescence staining. Images and pCLE real-time
video sequences were compared to images acquired by confocal
laser scanning microscopy (CLSM); this allowed the identifying of
corresponding microstructures. Interestingly, the seminiferous
tubules of transsexual humans contained mainly spermatogonia due
to long-term estrogen treatment, whereas the seminiferous tubules of
the murine and rat spermatogenesis-related cell types were
differentiated. Mosaicking improved the inspection potential by wideangle views. Similarly, the microarchitecture of the epididymis and
the vas deferens was successfully visualized in situ and on a cellular
level by pCLE. In summary, pCLE allows for real-time identification
of relevant microstructures responsible for spermatogenesis under
ex vivo conditions. Additionally, pCLE enabled to localize vital
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spermatozoa in the testis thus opening up new ways to improve
sperm retrieval rates during assisted reproduction. Both clinically
relevant experiences hold promise to introduce this diagnostic
method into a clinical study, and to investigate its potential as a
clinical diagnostic procedure to expedite and improve the medical
situation.
Full text available from Lasers in Medical Science (USD 39.95)
PMID: 26519156

5.6.3 Kidney

Kidney. Confocal Laser Endomicroscopy.
Reprinted from J Urol, 195(2), Su LM, Kuo J, Allan RW, et al., Fiber-Optic Confocal
Laser Endomicroscopy of Small Renal Masses: Toward Real-Time Optical Diagnostic
Biopsy, 486-492, Copyright 2016, with permission from Elsevier

Various in vivo microscopy (IVM) technologies, such as optical
coherence tomography (OCT) (shown in the OCT image of the kidney
above), confocal microscopy, multiphoton microscopy (MPM) and optical
spectroscopy are being investigated to aid in distinguishing renal tumors
from benign renal parenchyma during surgery or tumor ablation. In
addition, studies attempt to diagnose the specific type of renal
carcinoma, and to distinguish benign from malignant neoplasms. One
interesting study analyzes the spectroscopic emissions during
electrosurgery to distinguish between tumor and a negative renal margin.
IVM technology is also being studied for the evaluation of viability of
renal transplants.
Below are selected articles about various uses of IVM in diagnosis and
treatments of renal lesions. Ex vivo studies are also included, since they
are used to validate the various IVM technologies for clinical in vivo uses.
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A) Multiphoton Microscopy for Rapid Histopathological Evaluation
of Kidney Tumours
Jain M, Robinson BD, Aggarwal A, Shevchuk MM, Scherr DS,
Mukherjee S. Multiphoton Microscopy for Rapid Histopathological
Evaluation of Kidney Tumours. BJU Int. 2016; 118(1): 118-126.
Summary: OBJECTIVE: To explore the potential of multiphoton
microscopy (MPM) for rapid evaluation and triaging of ex vivo kidney
tissue. MATERIALS AND METHODS: Fresh neoplastic and nonneoplastic tissues from nephrectomy specimens (n = 40) were
imaged with MPM and later submitted for routine histopathology.
RESULTS: On MPM, normal kidney architecture was evident and
clearly distinguishable from tumour. Forty malignant tumours (20
clear-cell renal cell carcinomas [RCCs], 10 papillary RCCs, five
chromophobe RCCs and five papillary urothelial carcinomas [UCs],
as diagnosed by haematoxylin and eosin staining) were imaged and
subtyped as non-papillary and papillary, based on their architecture.
Non-papillary tumours were further classified based on their unique
cytoplasmic signatures. Clear-cell RCCs had a predominant
population of cells with fat droplets in cytoplasm. Chromophobe
RCCs had cells with non-fatty/homogeneous cytoplasm and distinct
intra-cytoplasmic granules. Papillary RCCs had single-cell-lined
papillae with often abundant histiocytes in their core, whereas PUC
had multi-layered urothelium-lined papillae. The diagnostic accuracy
of tumour subtyping by two independent uropathologists was 95%.
CONCLUSIONS: We showed that MPM can reliably differentiate
neoplastic from non-neoplastic kidney tissue and subtype kidney
tumours in fresh, unprocessed tissue, MPM might therefore be useful
as a rapid real-time diagnostic tool for the evaluation of kidney
biopsies, and surgical margins in partial nephrectomies, to improve
overall patient management.
Free full text available from Urological Oncology
PMID: 26575175
B) Nondestructive Diagnosis of Kidney Cancer on 18-Gauge Core
Needle Renal Biopsy Using Dual-Color Fluorescence Structured
Illumination Microscopy
Liu J, Wang M, Tulman D, et al. Nondestructive Diagnosis of Kidney
Cancer on 18-Gauge Core Needle Renal Biopsy Using Dual-Color
Fluorescence Structured Illumination Microscopy. Urology. 2016;
98:195-199.
Summary: OBJECTIVE: To present a novel imaging technique used
for rapid, nondestructive histological assessment of renal neoplasias
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using a dual-component fluorescence stain and structured
illumination microscopy (SIM). MATERIALS AND METHODS: After
Institutional Review Board approval, 65 total biopsies were obtained
from 19 patients undergoing partial or radical nephrectomy. Biopsies
were stained with a dual-component fluorescent, and optically
sectioned SIM images were obtained from the surface of the intact
biopsies. Specimens were subsequently fixed and analyzed using
hematoxylin and eosin (H&E) histopathologic methods and
compared with SIM images. A single, board-certified pathologist
blinded to specimens reviewed all SIM images and H&E slides, and
determined the presence or absence of neoplasias. Results of
blinded diagnosis of SIM were validated against traditional
pathology. RESULTS: Of the 19 patients, 15 underwent robotic
partial nephrectomies and 4 underwent laparoscopic nephrectomies.
Indications included clinical suspicion of renal cell carcinoma. In
total, 65 biopsy specimens were available for review. Twenty-one
specimens were determined to be neoplastic on H&E, whereas 41
represented benign renal tissue. The final sensitivity and specificity
of our study were 79.2% and 95.1%, respectively. CONCLUSION:
SIM is a promising technology for rapid, near-patient, ex vivo renal
biopsy assessment. By improving the ability to rapidly assess
sufficiency of biopsy specimens and enabling immediate diagnostic
capability, SIM aids in more effective biopsy performance, tissue
triage, and patient counseling regarding management options.
Additionally, because tissue is preserved, effective utilization of
downstream diagnostic tests and molecular assessments are
possible.
Full text available from Urology (USD 35.95 for 24 hour access)
PMID: 27597632
C) Fiber-Optic Confocal Laser Endomicroscopy of Small Renal
Masses: Toward Real-Time Optical Diagnostic Biopsy
Su LM, Kuo J, Allan RW, et al. Fiber-Optic Confocal Laser
Endomicroscopy of Small Renal Masses: Toward Real-Time Optical
Diagnostic Biopsy. J Urol. 2016; 195(2): 486-492.
Full text available from Journal of Urology (USD 30.00)
PMID: 26321408
Note: Summarized in Section 4.2.1
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D) Rapid Evaluation of Fresh Ex Vivo Kidney Tissue with Full-Field
Optical Coherence Tomography
Jain M, Robinson BD, Salamoon B, Thouvenin O, Boccara C,
Mukherjee S. Rapid Evaluation of Fresh Ex Vivo Kidney Tissue with
Full-Field Optical Coherence Tomography. J Pathol Inform. 2015;
6:53.
Summary: BACKGROUND: Full-field optical coherence tomography
(FFOCT) is a real-time imaging technique that rapidly generates
images reminiscent of histology without any tissue processing,
warranting its exploration for evaluation of ex vivo kidney tissue.
METHODS: Fresh tissue sections from tumor and adjacent
nonneoplastic kidney (n = 25 nephrectomy specimens; clear cell
renal cell carcinoma (CCRCC) = 12, papillary RCC (PRCC) = 4,
chromophobe RCC (ChRCC) = 4, papillary urothelial carcinoma
(PUC) = 1, angiomyolipoma (AML) = 2 and cystic nephroma = 2)
were imaged with a commercial FFOCT device. Sections were
submitted for routine histopathological diagnosis. RESULTS:
Glomeruli, tubules, interstitium, and blood vessels were identified in
nonneoplastic tissue. In tumor sections, the normal architecture was
completely replaced by either sheets of cells/trabeculae or papillary
structures. The former pattern was seen predominantly in
CCRCC/ChRCC and the latter in PRCC/PUC (as confirmed on
H&E). Although the cellular details were not very prominent at this
resolution, we could identify unique cytoplasmic signatures in some
kidney tumors. For example, the hyper-intense punctate signal in the
cytoplasm of CRCC represents glycogen/lipid, large cells with
abundant hyper-intense cytoplasm representing histiocytes in PRCC,
and signal-void large polygonal cell representing adipocytes in AML.
According to a blinded analysis was performed by an uropathologist,
all nonneoplastic tissues were differentiated from neoplastic tissues.
Further, all benign tumors were called benign and malignant were
called malignant. A diagnostic accuracy of 80% was obtained in
subtyping the tumors. CONCLUSION: The ability of FFOCT to
reliably differentiate nonneoplastic from neoplastic tissue and identify
some tumor types makes it a valuable tool for rapid evaluation of ex
vivo kidney tissue e.g. for intraoperative margin assessment and
kidney biopsy adequacy. Recently, higher resolution images were
achieved using an experimental FFOCT setup. This setup has the
potential to further increase the diagnostic accuracy of FFOCT.
Free full text available from PubMed
PMID: 26605118
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E) Real-Time Tissue Differentiation Based on Optical Emission
Spectroscopy for Guided Electrosurgical Tumor Resection
Spether D, Scharpf M, Hennenlotter J, et al. Real-Time Tissue
Differentiation Based on Optical Emission Spectroscopy for Guided
Electrosurgical Tumor Resection. Biomed Opt Express. 2015; 6(4):
1419-1428.
Summary: Complete surgical removal of cancer tissue with effective
preservation of healthy tissue is one of the most important
challenges in modern oncology. We present a method for real-time,
in situ differentiation of tissue based on optical emission
spectroscopy (OES) performed during electrosurgery not requiring
any biomarkers, additional light sources or other excitation
processes. The analysis of the optical emission spectra, enables the
differentiation of healthy and tumorous tissue. By using multi-class
support vector machine (SVM) algorithms, distinguishing between
tumor types also seems to be possible. Due to its fast reaction time
(0.05s) the method can be used for real-time navigation helping the
surgeon achieve complete resection. The system's easy realization
has been proven by successful integration in a commercial electro
surgical unit (ESU). In a first step the method was verified by using
ex vivo tissue samples. The histological analysis confirmed, 95% of
correctly classified tissue types.
Free full text available from PubMed
PMID: 25909025
F) Using Optical Coherence Tomography (OCT) to Evaluate Human
Donor Kidneys Prior to and Following Transplantation
Andrews P, Chen,Y. Using Optical Coherence Tomography (OCT) to
Evaluate Human Donor Kidneys Prior to and Following
Transplantation. J. Nephrology and Therapeutics. 2014; 4(1)151.
Free full text available from Nephrology & Therapeutics
Note: Summarized in Section 4.2.2
G) Non-linear Optical Microscopy of Kidney Tumours
Galli R, Sablinskas V, Dasevicius D, et al. Non-linear optical
microscopy of kidney tumours. J Biophotonics. 2014; 7(1-2): 23-27.
Summary: The unregulated cancer cell growth leads to strong
alterations in morphology and composition of the tissue. The
combination of coherent anti-Stokes Raman scattering, two-photon
excited fluorescence and second harmonic generation enables a
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high resolution imaging with strong information on tissue composition
and can then provide useful information for tumour diagnosis. Here
we present the potential of multimodal non-linear microscopy for
imaging of renal tumours. Using cryosections of human oncocytoma
and carcinoma, the method gave a detailed insight in cancer
morphology and composition, enabling to discern between normal
kidney tissue, tumour and necrosis. Several features significant for
the diagnosis were clearly visualised without use of any staining.
Translation of this method in clinical pathology will greatly improve
speed and quality of the analyses.
Full text available from Journal of Biophotonics (USD 6.00-38.00)
PMID: 23365006

5.7 Gynecological System

Cervical squamous epithelium with hyperkeratosis. Fluorescence confocal
endomicroscopy.
Schlosser C, Bodenschatz N, Lam S, et al. Fluorescence confocal endomicroscopy of
the cervix: pilot study on the potential and limitations for clinical implementation. J
Biomed Opt. 2016;21(12):126011. Reused under license CC BY 3.0.

The effectiveness of in vivo microscopy (IVM) for non-invasive in vivo
diagnosis of gynecologic tract malignancies and their precursor lesions,
has been extensively evaluated. IVM techniques which are based on
light-tissue interactions, have been developed to provide diagnostic
information non-invasively, in real-time, and in an objective and
quantitative manner.
Several studies explore the potential of IVM techniques, such as optical
spectroscopy, confocal microscopy and optical coherence tomography
(OCT) to image the morphologic and biochemical changes associated
with cancer and precancer (as shown in the fluorescence confocal laser
endomicroscopy (CLE) image of a high grade squamous intraepithelial
lesion above) in the uterine cervix and vulva. Promising advances have
also been made in the detection of gynecologic pathology with electric
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impedance spectroscopy, volume holographic imaging, etc.
Studies are also underway on IVM applications to diagnose disease in
the fallopian tube, ovary and peritoneum, which are in a relatively early
phase of development.
Following is a review article on the application of IVM in the
gynecological system. The following sections contain additional articles
on specific IVM applications in the:
•

Uterine Cervix and Vulva (Section 5.7.1); and

•

Fallopian Tube and Ovary (Section 5.7.2).

A) Recent Advances in Optical Imaging for Cervical
Cancer Detection
Orfanoudaki IM, Kappou D, Sifakis S. Recent advances in optical
imaging for cervical cancer detection. Arch Gynecol Obstet. 2011;
284(5): 1197-1208.
Summary: Cervical cancer is one of the most common and lethal
gynecological malignancies in both developing and developed
countries, and therefore, there is a considerable interest in early
diagnosis and treatment of precancerous lesions. Although the
current standard care mainly based on cytology and colposcopy has
reduced rates of cervical cancer morbidity and mortality, many
lesions are still missed or overcalled and referred for unnecessary
biopsies. Optical imaging technologies, spectroscopy approaches
and high-resolution imaging methods are anticipated to improve the
conventional cervical cancer screening providing in vivo diagnosis
with high sensitivity and specificity. Their concept is that morphologic
and biochemical properties of the cervical tissue are altered in
response to its malignant transformation. In addition, contrast agents
that target against specific neoplastic biomarkers can enhance the
effectiveness of this new technology. Due to the unprecedented
growth of these optical techniques accompanied probably by
favorable cost-effectiveness, the primary detection of premalignant
lesions may become more accessible in both the developing and the
developed countries and can offer see-to-treat workflows and early
therapeutic interventions.
Full text available from Archives of Gynecology and Obstetrics (USD
39.95)
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5.7.1 Uterine Cervix and Vulva

HSIL of uterine cervix. Fluorescence confocal microscopy.
Schlosser C, Bodenschatz N, Lam S, et al. Fluorescence Confocal
Endomicroscopy of the Cervix: Pilot Study on the Potential and Limitations
for Clinical Implementation. J Biomed Opt. 2016; 21(12): 126011. Reused
under license CC BY 3.0.

The effectiveness of in vivo microscopy (IVM) for non-invasive in vivo
diagnosis of squamous intraepithelial lesions (SIL), particularly cervical
neoplasia, has been extensively evaluated. Although the current
standard of care for detection of cervical neoplasia, mainly based on
cytology and colposcopy, has reduced rates of cervical cancer morbidity
and mortality, many lesions are still missed or overcalled and referred for
unnecessary biopsies. As an objective real-time diagnostic tool, IVM can
potentially reduce the interobserver disagreement in colposcopy and the
number of unnecessary biopsies during colposcopy.
As in other organ systems, there are IVM studies of cervical neoplasia
using optical coherence tomography (OCT) and confocal microscopy, as
seen in the confocal fluorescence microscopy images of high grade SIL
above. However, more studies of spectroscopic IVM have been done in
the cervix than any other organ systems.
Spectroscopic contact probes, as well as spectroscopic imaging systems
with wide-area surveillance capabilities, have been tested in various
stages of clinical studies of cervical neoplasia, from pilot to phase III
clinical studies. Previous efforts have been made to combine optical
spectroscopy with imaging to enable wide-area diagnosis as is done in
colposcopy. Study results show the potential of reflectance, fluorescence
and Raman spectroscopy, individually or in combination, to guide biopsy
during colposcopic examination to improve the accuracy of disease
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detection. Some spectroscopic IVM studies show that it is of great
importance to realize that, besides disease, normal variations in tissue
histology (such as ectocervix vs. transformation zone) are major sources
of spectroscopic contrast, and that it is crucial to disentangle the effects
of the two in order to develop reliable diagnostic algorithms.
In developing countries without resources to support Pap smear cytology
and colposcopy, cost-effective spectroscopic IVM approaches which
enable single-visit “see-and-treat” protocols offer the potential to reduce
morbidity and mortality due to this preventable disease. Pilot clinical
studies suggest that evaluation of suspicious lesions by IVM may assist
in ruling out immediate cryotherapy, thus increasing the efficiency of
current “see-and-treat” programs.
Barriers exist to the dissemination of IVM into physician practice. These
will need to be addressed before cervical screening and diagnosis
programs can take advantage of IVM based instruments for cancer
control.
Following are selected articles on IVM of the uterine cervix and vulva.

A) Detection of Cervical Intraepithelial Neoplasia by Using Optical
Coherence Tomography in Combination with Microscopy
Gallwas J, Jalilova A, Ladurner R, Kolben TM, Kolben T, Ditsch N.
Detection of Cervical Intraepithelial Neoplasia by Using Optical
Coherence Tomography in Combination with Microscopy. J Biomed
Opt. 2017; 22(1): 16013.
Full text available from Journal of Biomedical Optics (USD 20.0025.00)
PMID: 28118427
Note: Summarized in Section 4.3
B) High-Resolution Microendoscopy: A Point-of-Care Diagnostic
for Cervical Dysplasia in Low-Resource Settings
Grant BD, Fregnani JH, Possati Resende JC, et al. High-Resolution
Microendoscopy: A Point-of-Care Diagnostics for Cervical Dysplasia
in Low-Resource Settings. Eur J Cancer Prev. 2017;26(1):63-70.
Summary: BACKGROUND: Alternatives to Pap smear
testing/histology for the diagnosis of cervical precancer in low-tomiddle income countries are needed to reduce the burden of the
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disease. OBJECTIVE: The objective of this study was to evaluate the
diagnostic accuracy of a low-cost, high-resolution microendoscope
imaging system in identifying precancerous lesions of the cervix in
vivo. METHODS: A retrospective study of 59 patients
undergoingcolposcopy for an abnormal Pap test was performed at
Hospital de Câncer de Barretos in Brazil. All patients
underwent colposcopy as per standard of care, and acetowhite
lesions were recorded. High-resolution microendoscopy (HRME)
images were obtained from one colposcopically normal region and
from all lesions observed on colposcopy. Biopsies of abnormal areas
were obtained and reviewed by three independent, blinded
pathologists and compared with HRME findings. The mean nuclear
area and the median nuclear eccentricity were calculated
from HRME images acquired from each site. A diagnostic algorithm
to distinguish histopathologically diagnosed cervical intraepithelial
neoplasias of grade 2 or more severe lesions (high grade) from less
severe lesions (low grade) was developed using these parameters. A
test of trend was used to analyze the relationship
between HRME positivity and severity of histopathogical diagnosis.
Fisher's exact test was used to analyze differences in HRME
positivity between high-grade and low-grade lesions. RESULTS:
Evaluable images were obtained from 108 of 143 discrete sites. Of
these, 71 sites were colposcopically normal or low grade according
to histopathology and 37 were diagnosed as high grade on the basis
of histopathology. Using the mean nuclear area and the median
nuclear eccentricity, HRME images from 59 colposcopically
abnormal sites were classified as high grade or low grade with 92%
sensitivity and 77% specificity compared with histopathological
findings. Increasing HRME positivity showed a significant trend with
increasing severity of diagnosis (Ptrend<0.001). A strong association
(P<0.001) between HRME positivity and a histopathological
diagnosis of cervical intraepithelial neoplasia of grade 2 or higher
was found. CONCLUSIONS: HRME demonstrated an accurate insitu diagnosis of high-grade dysplasia. In low-resource settings in
which colposcopy and histopathology services are severely limited or
unavailable, HRME may provide a low-cost, accurate method for
diagnosis of cervical precancer without the need for biopsy, allowing
for a single 'screen-and-treat' approach.
Full text available from European Journal of Cancer Prevention
(subscription required)
PMID: 26637074
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C) Fluorescence Confocal Endomicroscopy of the Cervix: Pilot
Study on the Potential and Limitations for
Clinical Implementation
Schlosser C, Bodenschatz N, Lam S, et al. Fluorescence Confocal
Endomicroscopy of the Cervix: Pilot Study on the Potential and
Limitations for Clinical Implementation. J Biomed Opt. 2016; 21(12):
126011.
Summary: Current diagnostic capabilities and limitations of
fluorescence endomicroscopy in the cervix are assessed by
qualitative and quantitative image analysis. Four cervical tissue types
are investigated: normal columnar epithelium, normal and
precancerous squamous epithelium, and stromal tissue. This study
focuses on the perceived variability within and the subtle differences
between the four tissue groups in the context of endomicroscopic in
vivo pathology. Conclusions are drawn on the general ability to
distinguish and diagnose tissue types, on the need for imaging depth
control to enhance differentiation, and on the possible risks for
diagnostic misinterpretations.
Free full text available from Journal of Biomedical Optics
PMID: 27999860
D) The Value of Optical Coherence Tomography in Determining
Surgical Margins in Squamous Cell Carcinoma of the Vulva: A
Single-Center Prospective Study
Wessels R, van Beurden M, de Bruin DM, et al. The value of optical
coherence tomography in determining surgical margins in squamous
cell carcinoma of the vulva: a single-center prospective study. Int J
Gynecol Cancer. 2015; 25(1): 112-118.
Full text available from International Journal of Gynecological Cancer
(subscription required)
PMID: 25365591
Note: Summarized in Section 4.1.1.4; also cited in Section 5.3.1
E) Evaluation of Raman Spectroscopic Macro Raster Scans of
Native Cervical Cone Biopsies Using Histopathological Mapping
Reble C, Gersonde I, Dressler C, Helfmann J, Kuhn W, Eichler HJ.
Evaluation of Raman spectroscopic macro raster scans of native
cervical cone biopsies using histopathological mapping. J Biomed
Opt. 2014; 19(2): 027007.
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Summary: Raman spectroscopy based discrimination of cervical
precancer and normal tissue has been shown previously in vivo with
fiber probe based measurements of colposcopically selected sites.
With a view to developing in vivo large area imaging, macro raster
scans of native cervical cone biopsies with an average of 200
spectra per sample are implemented (n=16). The diagnostic
performance is evaluated using histopathological mapping of the
cervix surface. Different data reduction and classification methods
(principal component analysis, wavelets, k-nearest neighbors,
logistic regression, partial least squares discriminant analysis) are
compared. Using bootstrapping to estimate confidence intervals for
sensitivity and specificity, it is concluded that differences among
different spectra classification procedures are not significant. The
classification performance is evaluated depending on the tissue
pathologies included in the analysis using the average performance
of different classification procedures. The highest sensitivity (91%)
and specificity (81%) is obtained for the discrimination of normal
squamous epithelium and high-grade precancer. When other nonhigh-grade tissue sites, such as columnar epithelium, metaplasia,
and inflammation, are included, the diagnostic performance
decreases.
Full text available from Journal of Biomedical Optics (USD 25.00)
PMID: 24549487
F) Early Detection of High-Grade Squamous Intraepithelial Lesions
in the Cervix with Quantitative Spectroscopic Imaging
Lau C, Mirkovic J, Yu CC, et al. Early detection of high-grade
squamous intraepithelial lesions in the cervix with quantitative
spectroscopic imaging. J Biomed Opt. 2013: 18(7):76013.
Summary: Quantitative spectroscopy has recently been extended
from a contact-probe to wide-area spectroscopic imaging to enable
mapping of optical properties across a wide area of tissue. We train
quantitative spectroscopic imaging (QSI) to identify cervical highgrade squamous intraepithelial lesions (HSILs) in 34 subjects
undergoing the loop electrosurgical excision procedure (LEEP
subjects). QSI's performance is then prospectively evaluated on the
clinically suspicious biopsy sites from 47 subjects undergoing
colposcopic-directed biopsy. The results show the per-subject
normalized reduced scattering coefficient at 700 nm (An) and the
total hemoglobin concentration are significantly different (p&lt;0.05)
between HSIL and non-HSIL sites in LEEP subjects. An alone
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retrospectively distinguishes HSIL from non-HSIL with 89%
sensitivity and 83% specificity. It alone applied prospectively on the
biopsy sites distinguishes HSIL from non-HSIL with 81% sensitivity
and 78% specificity. The findings of this study agree with those of an
earlier contact-probe study, validating the robustness of QSI, and
specifically An, for identifying HSIL. The performance of An suggests
an easy to use and an inexpensive to manufacture monochromatic
instrument is capable of early cervical cancer detection, which could
be used as a screening and diagnostic tool for detecting cervical
cancer in low resource countries.
Full text article available from Journal of Biomedical Optics (USD
25.00)
PMID: 23843090
G) Multimodal Hyperspectroscopy as a Triage Test for Cervical
Neoplasia: Pivotal Clinical Trial Results
Twiggs LB, Chakhtoura NA, Ferris DG, et al. Multimodal
hyperspectroscopy as a triage test for cervical neoplasia: Pivotal
clinical trial results. Gynecol Oncol. 2013; 13:147-51.
Summary: To prospectively evaluate a new non invasive device that
combines fluorescence and reflectance spectroscopy in a population
in women at risk for cervical dysplasia. METHODS: A total of 1607
women were evaluated with multimodal hyperspectroscopy (MHS), a
painless test with extremely high spectral resolution. Subjects who
were referred to colposcopy based on abnormal screening tests or
other referral criteria underwent the MHS test and also had a sample
taken for additional cytology and presence of high risk human
papilloma virus (HPV) prior to undergoing biopsy. RESULTS:
Sensitivity of MHS for cervical intraepithelial neoplasia (CIN) 2+ was
91.3% (252/276). Specificity, or the potential reduction in referrals to
colposcopy and biopsy, was 38.9% (222/570) for women with normal
or benign histology and 30.3% (182/601) for women with CIN1
histology. Two year follow-up data, collected for a subgroup of 804
women, revealed 67 interval CIN2+ that originally were diagnosed at
enrollment as normal or CIN1. MHS identified 60 of these (89.6%) as
positive for CIN2+ prior to their discovery during the two year followup period. CONCLUSIONS: MHS provides an immediate result at
the point of care. Recently, the limitations of cytology have become
more obvious and as a consequence greater emphasis is being
placed on HPV testing for cervical cancer screening, creating a need
for an inexpensive, convenient and accurate test to reduce false
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positive referrals to colposcopy and increase the yield of CIN2+ at
biopsy. MHS appears to have many of the attributes necessary for
such an application.
Full text article available from Gynecological Oncology (USD 39.95)
PMID: 23591399
Note: Also cited in Section 7.5
H) Accuracy of Detection of High-Grade Cervical Intraepithelial
Neoplasia Using Electrical Impedance Spectroscopy
with Colposcopy
Tidy JA, Brown BH, Healey TJ, et al. Accuracy of detection of highgrade cervical intraepithelial neoplasia using electrical impedance
spectroscopy with colposcopy. BJOG. 2013; 120(4): 400-410;
discussion 410-1.
Summary: OBJECTIVE: To determine if electrical impedance
spectroscopy (EIS) improves the diagnostic accuracy of colposcopy
when used as an adjunct. DESIGN: Prospective, comparative, multicentre clinical study. SETTING: Three colposcopy clinics: two in
England and one in Ireland. POPULATION: Women referred with
abnormal cytology. METHODS: In phase 1, EIS was assessed
against colposcopic impression and histopathology of the biopsies
taken. In phase 2, a probability index and cut-off value for the
detection of high-grade cervical intraepithelial neoplasia (HG-CIN,
i.e. grade CIN2+) was derived to indicate sites for biopsy. EIS data
collection and analyses were performed in real time and blinded to
the clinician. The phase-2 data were analysed using different cut-off
values to assess performance of EIS as an adjunct. MAIN
OUTCOME MEASURE: Histologically confirmed HG-CIN (CIN2+).
RESULTS: A total of 474 women were recruited: 214 were eligible
for analysis in phase 1, and 215 were eligible in phase 2. The
average age was 33.2 years (median age 30.3 years, range 20-64
years) and 48.5% (208/429) had high-grade cytology. Using the cutoff from phase 1 the accuracy of colposcopic impression to detect
HG-CIN when using EIS as an adjunct at the time of examination
improved the positive predictive value (PPV) from 78.1% (95% CI
67.5-86.4) to 91.5%. Specificity was also increased from 83.5%
(95% CI 75.2-89.9) to 95.4%, but sensitivity was significantly
reduced from 73.6% (95% CI 63.0-82.5) to 62.1%, and the negative
predictive value (NPV) was unchanged. The positive likelihood ratio
for colposcopic impression alone was 4.46. This increased to 13.5
when EIS was used as an adjunct. The overall accuracy of
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colposcopy when used with EIS as an adjunct was assessed by
varying the cut-off applied to a combined test index. Using a cut-off
set to give the same sensitivity as colposcopy in phase 2, EIS
increased the PPV to detect HG-CIN from 53.5% (95% CI 45.0-61.8)
to 67%, and specificity increased from 38.5% (95% CI 29.4-48.3) to
65.1%. NPV was not significantly increased. Alternatively, applying a
cut-off to give the same specificity as colposcopy alone increased
EIS sensitivity from 88.5% (95% CI 79.9-94.4) to 96.6%, and NPV
from 80.8% (95% CI 67.5-90.4) to 93.3%. PPV was not significantly
increased. The receiver operator characteristic (ROC) to detect HGCIN had an area under the curve (AUC) of 0.887 (95% CI 0.8400.934). CONCLUSIONS: EIS used as an adjunct to colposcopy
improves colposcopic performance. The addition of EIS could lead to
more appropriate patient management with lower intervention rates.
Free full text available from PubMed
PMID: 23289897
I)

Physician Attitudes Toward Dissemination of Optical
Spectroscopy Devices for Cervical Cancer Control: An
Industrial-Academic Collaborative Study
Shinn E, Qazi U, Gera S, et al. Physician attitudes toward
dissemination of optical spectroscopy devices for cervical cancer
control: an industrial-academic collaborative study. Gend Med. 2012;
9(1 Suppl): S67-77; quiz 77 e61-66.
Summary: BACKGROUND: Optical spectroscopy has been studied
for biologic plausibility, technical efficacy, clinical effectiveness,
patient satisfaction, and cost-effectiveness. OBJECTIVE: We sought
to identify health care provider attitudes or practices that might act as
barriers or to the dissemination of this new technology. METHODS:
Through an academic-industrial partnership, we conducted a series
of focus groups to examine physician barriers to optical diagnosis.
The study was conducted in 2 stages. First, a pilot group of 10
physicians (8 obstetrician gynecologists and 2 family practitioners)
was randomly selected from 8 regions of the United States and each
physician was interviewed individually. Physicians were presented
with the results of a large trial (N = 980) testing the accuracy of a
spectroscopy-based device in the detection of cervical neoplasia.
They were also shown a prototype of the device and were given a
period of time to ask questions and receive answers regarding the
device. They were also asked to provide feedback on a
questionnaire that was then revised and presented to 3 larger focus
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groups (n = 13, 15, and 17 for a total N = 45). The larger focus
groups were conducted during national scientific meetings with 20
obstetrician gynecologists and 25 primary care physicians (family
practitioners and internists). RESULTS: When asked about the
dissemination potential of the new cervical screening technology, all
study groups tended to rely on established clinical guidelines from
their respective professional societies with regard to the screening
and diagnosis of cervical cancer. In addition, study participants
consistently agreed that real-time spectroscopy would be viewed
positively by their patients. Participants were positive about the new
technology's potential as an adjunct to colposcopy and agreed that
the improved accuracy would result in reduced health care costs
(due to decreased biopsies and decreased visits). Although all
participants saw the potential of real-time diagnosis, there were
many perceived barriers. These barriers included changes in
scheduling and work-flow, liability, documentation, ease of use,
length of training, device cost, and reimbursement by third-party
payers. CONCLUSIONS: Barriers exist to the dissemination of
optical technologies into physician practice. These will need to be
addressed before cervical screening and diagnosis programs can
take advantage of spectroscopy-based instruments for cancer
control.
Free full text available from PubMed
PMID: 22340642
Note: Also cited in Section 7.7
J) Effect of Anatomy on Spectroscopic Detection of
Cervical Dysplasia
Mirkovic J, Lau C, McGee S, et al. Effect of anatomy on
spectroscopic detection of cervical dysplasia. J Biomed Opt. 2009;
14(4): 044021.
Summary: It has long been speculated that underlying variations in
tissue anatomy affect in vivo spectroscopic measurements. We
investigate the effects of cervical anatomy on reflectance and
fluorescence spectroscopy to guide the development of a diagnostic
algorithm for identifying high-grade squamous intraepithelial lesions
(HSILs) free of the confounding effects of anatomy. We use
spectroscopy in both contact probe and imaging modes to study
patients undergoing either colposcopy or treatment for HSIL.
Physical models of light propagation in tissue are used to extract
parameters related to tissue morphology and biochemistry. Our
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results show that the transformation zone, the area in which the vast
majority of HSILs are found, is spectroscopically distinct from the
adjacent squamous mucosa, and that these anatomical differences
can directly influence spectroscopic diagnostic parameters.
Specifically, we demonstrate that performance of diagnostic
algorithms for identifying HSILs is artificially enhanced when clinically
normal squamous sites are included in the statistical analysis of the
spectroscopic data. We conclude that underlying differences in
tissue anatomy can have a confounding effect on diagnostic
spectroscopic parameters and that the common practice of including
clinically normal squamous sites in cervical spectroscopy results in
artificially improved performance in distinguishing HSILs from
clinically suspicious non-HSILs.
Free full text available from PubMed
PMID: 19725732

5.7.2 Fallopian Tube and Ovary
In vivo microscopy (IVM) applications to diagnose disease in the
fallopian tube and ovary are in the relatively early phase of development.
Recently optical coherence tomography (OCT) (seen in the OCT images
of the fallopian tube above), confocal microscopy, fluorescence
spectroscopy/imaging, and other optical techniques have been used to
evaluate fallopian tube and ovary pathology including, pelvic
inflammatory disease, fallopian tube carcinoma, and ovarian cancer.
There are also recent studies of peritoneal nodules seen on laparoscopy
for gynecologic disease.
Following are selected articles on IVM of the fallopian tube, ovary and
peritoneum.
Fallopian tube. Optical
coherence tomography.
Kirillin M, Panteleeva O,
Yunusova E, Donchenko
E, Shakhova N. Criteria
for pathology recognition
in optical coherence
tomography of fallopian
tubes. J Biomed Opt.
2012; 17(8): 081413081411.

A) Diagnostic Accuracy of Confocal Laser Endomicroscopy for the
Ex Vivo Characterization of Peritoneal Nodules During
Laparoscopic Surgery
Pierangelo A, Fuks D, Benali A, Validire P, Gayet B. Diagnostic
Accuracy of Confocal Laser Endomicroscopy for the Ex Vivo
Characterization of Peritoneal Nodules During Laparoscopic
Surgery. Surg Endosc. 2017; 31(4): 1974-1981.
Full text available from Surgical Endoscopy (USD 39.95)
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PMID: 27534660
Note: Summarized in Section 4.3
B) Multispectral Fluorescence Imaging of Human Ovarian and
Fallopian Tube Tissue for Early-Stage Cancer Detection
Tate TH, Baggett B, Rice PF, Koevary JW, Orsinger GV, Nymeyer
AC. Multispectral Fluorescence Imaging of Human Ovarian and
Fallopian Tube Tissue for Early-Stage Cancer Detection. J Biomed
Opt. 2016; 21(5): 56005.
Full text available from Journal of Biomedical Optics (USD 20.0025.00)
PMID: 27220626
C) Characterizing Optical Properties and Spatial Heterogeneity of
Human Ovarian Tissue Using Spatial Frequency
Domain Imaging
Nandy S, Mostafa A, Kumavor PD, Sanders M, Brewer M, Zhu Q.
Characterizing Optical Properties and Spatial Heterogeneity of
Human Ovarian Tissue Using Spatial Frequency Domain Imaging. J
Biomed Opt. 2016; 21(10): 101402.
Summary: A spatial frequency domain imaging (SFDI) system was
developed for characterizing ex vivo human ovarian tissue using
wide-field absorption and scattering properties and their spatial
heterogeneities. Based on the observed differences between
absorption and scattering images of different ovarian tissue groups,
six parameters were quantitatively extracted. These are the mean
absorption and scattering, spatial heterogeneities of both absorption
and scattering maps measured by a standard deviation, and a fitting
error of a Gaussian model fitted to normalized mean Radon
transform of the absorption and scattering maps. A logistic
regression model was used for classification of malignant and normal
ovarian tissues. A sensitivity of 95%, specificity of 100%, and area
under the curve of 0.98 were obtained using six parameters
extracted from the SFDI images. The preliminary results
demonstrate the diagnostic potential of the SFDI method for
quantitative characterization of wide-field optical properties and the
spatial distribution heterogeneity of human ovarian tissue. SFDI
could be an extremely robust and valuable tool for evaluation of the
ovary and detection of neoplastic changes of ovarian cancer.
Full text available from Journal of Biomedical Optics (USD 20.00)
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D) An Overview of Optical Coherence Tomography for Ovarian
Tissue Imaging and Characterization
Wang T, Brewer M, Zhu Q. An Overview of Optical Coherence
Tomography for Ovarian Tissue Imaging and Characterization. Wiley
Interdiscip Rev Nanomed Nanobiotechnol. 2015; 7(1): 1-16.
Summary: Ovarian cancer has the lowest survival rate among all the
gynecologic cancers because it is predominantly diagnosed at late
stages due to the lack of reliable symptoms and efficacious
screening techniques. Optical coherence tomography (OCT) is an
emerging technique that provides high-resolution images of
biological tissue in real time, and demonstrates great potential for
imaging of ovarian tissue. In this article, we review OCT studies for
visualization and diagnosis of human ovaries as well as quantitative
extraction of ovarian tissue optical properties for classifying normal
and malignant ovaries. OCT combined with other imaging modalities
to further improve ovarian tissue diagnosis is also reviewed.
Free full text available from PubMed
PMID: 25329515
E) Confocal Microlaparoscope for Imaging the Fallopian Tube
Wu TY, Rouse AR, Chambers SK, Hatch KD, Gmitro AF. Confocal
microlaparoscope for imaging the fallopian tube. J Biomed Opt.
2014; 19(11): 116010.
Summary: Recent evidence suggests that ovarian cancer can
originate in the fallopian tube. Unlike many other cancers, poor
access to the ovary and fallopian tubes has limited the ability to
study the progression of this deadly disease and to diagnosis it
during the early stage when it is most amenable to therapy. A rigid
confocal microlaparoscope system designed to image the epithelial
surface of the ovary in vi vo was previously reported. A new confocal
microlaparoscope with an articulating distal tip has been developed
to enable in vivo access to human fallopian tubes. The new
microlaparoscope is compatible with 5-mm trocars and includes a
2.2-mm-diameter articulating distal tip consisting of a bare fiber
bundle and an automated dye delivery system for fluorescence
confocal imaging. This small articulating device should enable the
confocal microlaparoscope to image early stage ovarian cancer
arising inside the fallopian tube. Ex vivo images of animal tissue and
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human fallopian tube using the new articulating device are presented
along with in vivo imaging results using the rigid confocal
microlaparoscope system.
Free full text available from Journal of Biomedical Optics
PMID: 25411899
F) Simultaneous Multiplane Imaging of Human Ovarian Cancer by
Volume Holographic Imaging
Orsinger GV, Watson JM, Gordon M, et al. Simultaneous multiplane
imaging of human ovarian cancer by volume holographic imaging. J
Biomed Opt. 2014; 19(3): 36020.
Free full text available from PubMed
PMID: 24676382
G) Criteria for Pathology Recognition in Optical Coherence
Tomography of Fallopian Tubes
Kirillin M, Panteleeva O, Yunusova E, Donchenko E, Shakhova N.
Criteria for pathology recognition in optical coherence tomography of
fallopian tubes. J Biomed Opt. 2012; 17(8): 081413-081411.
Summary: An increase of infertility and chronic pelvic pains
syndrome, a growing level of latent diseases of this group, as well as
a stably high percentage (up to 25% for infertility and up to 60% for
the chronic pelvic pains syndrome) of undetermined origin raises the
requirement for novel introscopic diagnostic techniques. We
demonstrate abilities of optical coherence tomography (OCT) as a
complementary technique to laparoscopy in diagnostics of fallopian
tubes pathologies. We have acquired OCT images of different parts
of fallopian tubes in norm and with morphologically proven
pathology. Based on comparative analysis of the OCT data and the
results of histological studies, we have worked out the subjective
OCT criteria for distinguishing between unaltered and pathologic
tissues. The developed criteria are verified in blind recognition tests.
Diagnostic efficacy of OCT diagnostics in the case ofpelvic
inflammatory diseases has been statistically evaluated, and high
diagnostic accuracy (88%) is shown. Basing of the subjective criteria,
an attempt to develop independent criteria aimed for automated
recognition of pathological states in fallopian tubes is undertaken.
Enhanced diagnostic accuracy (96%) of the developed independent
criteria is demonstrated.
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Full text available from Journal of Biomedical Optics (USD 25.00)
PMID: 23224174
Note: Also cited in Section 7.3.4

5.8 Brain

Low grade oligodendroglioma. Stimulated Raman scattering microscopy.
Reprinted by permission from Macmillan Publishers Ltd: Nat Biomed Eng. Orringer
DA, Pandian B, Niknafs YS, et al. Rapid intraoperative histology of unprocessed
surgical specimens via fibre-laser-based stimulated Raman scattering microscopy,
1, 0027, copyright 2017.

Currently, intraoperative diagnosis of brain tumors and other CNS tissue
abnormalities relies on frozen section analysis. However, frozen section
diagnosis presents with inherent challenges, including sampling error
and frozen section artifact. An alternative intraoperative method for realtime CNS tissue diagnosis could serve as a useful adjunct to both the
neuropathologist and neurosurgeon. In vivo microscopy (IVM)
technologies, including confocal laser endomicroscopy (CLE), optical
coherence tomography (OCT), multiphoton microscopy (MPM), optical
spectroscopy and spectroscopic imaging (shown in the stimulated
Raman scattering microscopy of low grade oligodendroglioma above),
are emerging as new technologies with promising clinical and diagnostic
potential in visualizing and identifying both neoplastic and non-neoplastic
CNS tissues. These novel imaging modalities allow for visualization of
CNS tissues at cellular and subcellular resolution, in real time, often
through the use of handheld IVM probes or miniaturized IVM devices
passed through or integrated into endoscopes or biopsy needles. Digital
IVM images can be transmitted to distant pathologists for real time
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diagnosis or consultation, and stored for future retrieval. IVM can also
enhance the selection of cellular tissue for both molecular/genomic
studies and biobanking.
IVM also shows promise for guidance of brain tumor surgery. In fact, a
number of tumor enhancing IVM contrast agents and molecularlytargeted IVM probes have been developed for use in neurosurgical
guidance.
The incorporation of these novel modes of imaging into the neurosurgical
OR suite and the pathology laboratory have the potential to shape the
future of intraoperative diagnosis of brain tumors, thereby improving
tumor resection and prolonging patient survival.
The following sections contain selected articles on the application of IVM
in the brain, using:
•

Confocal Laser Microendoscopy (Section 5.8.1);

•

Optical Coherence Tomography (Section 5.8.2); and

•

Multiphoton Microscopy and Optical Spectroscopy
Imaging (Section 5.8.3).

For articles on ex vivo microscopy (EVM) of the brain, specifically ex vivo
use of IVM technologies for intraoperative assessment of fresh brain
biopsies, see Section 4.1.1.4 Other Margins.
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5.8.1 Confocal Laser Microendoscopy

Brain tumors. Confocal laser endomicroscopy.
Foersch S, Heimann A, Ayyad A, et al. (2012) Confocal Laser Endomicroscopy
for Diagnosis and Histomorphologic Imaging of Brain Tumors In Vivo. PLoS ONE
7(7): e41760. doi:10.1371/journal.pone.0041760. Reused under license CC
BY4.0. https://creativecommons.org/licenses/by/4.0/

Following are three articles on confocal laser endomicroscopy (CLE) of
the brain, focusing on intraoperative imaging of brain tumors, particularly
fluorescent contrast agents and molecularly-targeted IVM probes for use
in neurosurgical guidance.

A) Intraoperative Fluorescence Imaging for Personalized Brain
Tumor Resection: Current State and Future Directions
Belykh E, Martirosyan NL, Yagmurlu K, Miller EJ, Eschbacher JM,
Izadyyazdanabadi M. Intraoperative Fluorescence Imaging for
Personalized Brain Tumor Resection: Current State and Future
Directions. Front Surg. 2016; 3:55.
Free full text available from PubMed
PMID: 27800481
Note: Summarized in Section 2.7
B) Prospective Evaluation of the Utility of Intraoperative Confocal
Laser Endomicroscopy in Patients with Brain Neoplasms Using
Fluorescein Sodium: Experience with 74 Cases
Martirosyan NL, Eschbacher JM, Kalani MY, et al. Prospective
Evaluation of the Utility of Intraoperative Confocal Laser
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Endomicroscopy in Patients with Brain Neoplasms Using Fluorescein
Sodium: Experience with 74 Cases. Neurosurg Focus. 2016; 40(3):
E11.
Summary: OBJECTIVE: This study evaluated the utility, specificity,
and sensitivity of intraoperative confocal laser endomicroscopy
(CLE) to provide diagnostic information during resection of human
brain tumors. METHODS: CLE imaging was used in the resection of
intracranial neoplasms in 74 consecutive patients (31 male; mean
age 47.5 years; sequential 10-month study period). Intraoperative in
vivo and ex vivo CLE was performed after intravenous injection of
fluorescein sodium (FNa). Tissue samples from CLE imagingmatched areas were acquired for comparison with routine
histological analysis (frozen and permanent sections). CLE images
were classified as diagnostic or nondiagnostic. The specificities and
sensitivities of CLE and frozen sections for gliomas and
meningiomas were calculated using permanent histological sections
as the standard. RESULTS: CLE images were obtained for each
patient. The mean duration of intraoperative CLE system use was
15.7 minutes (range 3-73 minutes). A total of 20,734 CLE images
were correlated with 267 biopsy specimens (mean number of
images/biopsy location, in vivo 84, ex vivo 70). CLE images were
diagnostic for 45.98% in vivo and 52.97% ex vivo specimens. After
initiation of CLE, an average of 14 in vivo images and 7 ex vivo
images were acquired before identification of a first diagnostic
image. CLE specificity and sensitivity were, respectively, 94% and
91% for gliomas and 93% and 97% for meningiomas.
CONCLUSIONS: CLE with FNa provided intraoperative histological
information during brain tumor removal. Specificities and sensitivities
of CLE for gliomas and meningiomas were comparable to those for
frozen sections. These data suggest that CLE could allow the
interactive identification of tumor areas, substantially improving
intraoperative decisions during the resection of brain tumors.
Free full text available from Journal of Neurosurgery
PMID: 26926051
C) Neurosurgical Confocal Endomicroscopy: A Review of Contrast
Agents, Confocal Systems, and Future Imaging Modalities
Zehri AH, Ramey W, Georges JF, Mooney MA, Martirosyan NL,
Preul MC. Neurosurgical Confocal Endomicroscopy: A Review of
Contrast Agents, Confocal Systems, and Future Imaging Modalities.
Surg Neurol Int. 2014; 5:60.
Free full text available from PubMed
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PMID: 24872922
Note: Summarized in Section 2.7

5.8.2 Optical Coherence Tomography

Choroid plexus papilloma. Optical coherence tomography.
Assayag O, Grieve K, Devaux B, et al. Imaging of non-tumorous and tumorous
human brain tissues with full-field optical coherence tomography. Neuroimage
Clinical. 2013;2: 549-557. Reused under license CC BY-NC-SA 3.0.
https://creativecommons.org/licenses/by-nc-sa/3.0/

Following is an article on optical coherence tomography (OCT) of brain
cancer, focused on detecting tumor infiltration in the transition zone.

A) Detection of Human Brain Cancer Infiltration Ex Vivo and In
Vivo Using Quantitative Optical Coherence Tomography
Kut C, Chaichana KL, Xi J, et al. Detection of Human Brain Cancer
Infiltration Ex Vivo and in Vivo Using Quantitative Optical Coherence
Tomography. Sci Transl Med. 2015; 7(292): 292ra100.
Summary: More complete brain cancer resection can prolong
survival and delay recurrence. However, it is challenging to
distinguish cancer from noncancer tissues intraoperatively,
especially at the transitional, infiltrative zones. This is especially
critical in eloquent regions (for example, speech and motor areas).
This study tested the feasibility of label-free, quantitative optical
coherence tomography (OCT) for differentiating cancer from
noncancer in human brain tissues. Fresh ex vivo human brain
tissues were obtained from 32 patients with grade II to IV brain
cancer and 5 patients with noncancer brain pathologies. On the
basis of volumetric OCT imaging data, pathologically confirmed brain
cancer tissues (both high- and low-grade) had significantly lower
optical attenuation values at both cancer core and infiltrated zones
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when compared with noncancer white matter, and OCT achieved
high sensitivity and specificity at an attenuation threshold of 5.5 mm(1) for brain cancer patients. We also used this attenuation threshold
to confirm the intraoperative feasibility of performing in vivo OCTguided surgery using a murine model harboring human brain cancer.
Our OCT system was capable of processing and displaying a colorcoded optical property map in real time at a rate of 110 to 215
frames per second, or 1.2 to 2.4 s for an 8- to 16-mm(3) tissue
volume, thus providing direct visual cues for cancer versus
noncancer areas. Our study demonstrates the translational and
practical potential of OCT in differentiating cancer from noncancer
tissue. Its intraoperative use may facilitate safe and extensive
resection of infiltrative brain cancers and consequently lead to
improved outcomes when compared with current clinical standards.
Full text available from Science Translational Medicine (subscription
required)
PMID: 26084803

5.8.3 Multiphoton Microscopy and Optical
Spectroscopy Imaging

Low and high grade glioma. Multiphoton microscopy.
Kuzmin NV, Wesseling P, Hamer PC, et al. Biomedical Optics Express. 2016; 7(5):
1889.

Following are selected articles on multiphoton microscopy (MPM) and
optical spectroscopy imaging of the brain for intraoperative brain tumor
diagnosis.
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A) Shining Light on Neurosurgery Diagnostics Using
Raman Spectroscopy
Broadbent B, Tseng J, Kast R, et al. Shining Light on Neurosurgery
Diagnostics Using Raman Spectroscopy. J Neurooncol. 2016;
130(1): 1-9.
Summary: Surgical excision of brain tumors provides a means of
cytoreduction and diagnosis while minimizing neurologic deficit and
improving overall survival. Despite advances in functional and threedimensional stereotactic navigation and intraoperative magnetic
resonance imaging, delineating tissue in real time with physiological
confirmation is challenging. Raman spectroscopy is a promising
investigative and diagnostic tool for neurosurgery, which provides
rapid, non-destructive molecular characterization in vivo or in vitro for
biopsy, margin assessment, or laboratory uses. The Raman Effect
occurs when light temporarily changes a bond's polarizability,
causing change in the vibrational frequency, with a corresponding
change in energy/wavelength of the scattered photon. The recorded
inelastic scattering results in a "fingerprint" or Raman spectrum of
the constituent under investigation. The amount, location, and
intensity of peaks in the fingerprint vary based on the amount of
vibrational bonds in a molecule and their ensemble interactions with
each other. Distinct differences between various pathologic
conditions are shown as different intensities of the same peak, or
shifting of a peak based on the binding conformation. Raman
spectroscopy has potential for integration into clinical practice,
particularly in distinguishing normal and diseased tissue as an
adjunct to standard pathologic diagnosis. Further, development of
fiber-optic Raman probes that fit through the instrument port of a
standard endoscope now allows researchers and clinicians to utilize
spectroscopic information for evaluation of in vivo tissue. This review
highlights the need for such an instrument, summarizes
neurosurgical Raman work performed to date, and discusses the
future applications of neurosurgical Raman spectroscopy.
Full text available from Journal of Neuro-Oncology (USD 39.95)
PMID: 27522510
B) Third Harmonic Generation Imaging for Fast, Label-free
Pathology of Human Brain Tumors
Kuzmin NV, Wesseling P, de Witt Hamer PC, et al. Third harmonic
generation imaging for fast, label-free pathology of human brain
tumors. Biomedical Optics Express. 2016; 7(5): 1889.
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Summary: In brain tumor surgery, recognition of tumor boundaries is
key. However, intraoperative assessment of tumor boundaries by the
neurosurgeon is difficult. Therefore, there is an urgent need for tools
that provide the neurosurgeon with pathological information during
the operation. We show that third harmonic generation (THG)
microscopy provides label-free, real-time images of histopathological
quality; increased cellularity, nuclear pleomorphism, and rarefaction
of neuropil in fresh, unstained human brain tissue could be clearly
recognized. We further demonstrate THG images taken with a GRIN
objective, as a step toward in situ THG microendoscopy of tumor
boundaries. THG imaging is thus a promising tool for optical
biopsies.
Free full text available from Biomedical Optics Express
PMID: 27231629
C) Intraoperative Brain Cancer Detection with Raman
Spectroscopy in Humans
Jermyn M, Mok K, Mercier J, et al. Intraoperative Brain Cancer
Detection with Raman Spectroscopy in Humans. Sci Transl Med.
2015; 7(274): 274ra219.
Summary: Cancers are often impossible to visually distinguish from
normal tissue. This is critical for brain cancer where residual invasive
cancer cells frequently remain after surgery, leading to disease
recurrence and a negative impact on overall survival. No
preoperative or intraoperative technology exists to identify all cancer
cells that have invaded normal brain. To address this problem, we
developed a handheld contact Raman spectroscopy probe technique
for live, local detection of cancer cells in the human brain. Using this
probe intraoperatively, we were able to accurately differentiate
normal brain from dense cancer and normal brain invaded by cancer
cells, with a sensitivity of 93% and a specificity of 91%. This Ramanbased probe enabled detection of the previously undetectable
diffusely invasive brain cancer cells at cellular resolution in patients
with grade 2 to 4 gliomas. This intraoperative technology may
therefore be able to classify cell populations in real time, making it an
ideal guide for surgical resection and decision-making.
Full text available from Science Translational Medicine (subscription
required)
PMID: 25673764
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5.9 Eye
Retina. Speckle variance
Fourier domain optical
coherence tomography.
Hendargo HC, Estrada R,
Chiu SJ, Tomasi C, Farsiu
S, Izatt JA. Automated nonrigid registration and
mosaicing for robust
imaging of distinct retinal
capillary beds using
speckle variance optical
coherence tomography.
Biomed Opt Express.
2013;4(6):803-821.

Eye biopsy is not routinely possible, so it should be no surprise that
ophthalmologists were among the first to explore in vivo microscopy
(IVM) for diagnostic work, particularly optical coherence tomography
(OCT). Indeed, OCT appears to be maturing in ophthalmology in ways
not seen yet in other areas, leading to more advanced clinical
applications. In fact, OCT is now the gold standard for retinal imaging,
with an estimated 30+ million clinical ophthalmic OCT procedures
performed annually worldwide. While some work has been done on OCT
imaging of ocular tumors, much of the work is being done now on
medical diseases that are the leading causes of blindness in the US and
developed world, such as age-related macular degeneration, diabetic
retinopathy and glaucoma. Work is also being done for guidance of nononcologic ophthalmic surgeries, such as radial keratotomy and corneal
transplant.
Given the traditionally limited interaction of pathologists with
ophthalmology, outside of ophthalmic oncology, this section may seem
daunting. Therefore, we present mainly review articles, many taken from
the 2016 special issue of Investigative Ophthalmology and Visual
th

Science celebrating the 25 anniversary of the development of OCT.
Each of these articles reviews instrumentation advancements as well as
clinical use of the technology.

A) Optical Coherence Tomography for Retinal Surgery:
Perioperative Analysis to Real-Time Four-Dimensional ImageGuided Surgery
Carrasco-Zevallos OM, Keller B, Viehland C, et al. Optical
Coherence Tomography for Retinal Surgery: Perioperative Analysis
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to Real-Time Four-Dimensional Image-Guided Surgery. Invest
Ophthalmol Vis Sci. 2016; 57(9): OCT37-50.
Summary: Magnification of the surgical field using the operating
microscope facilitated profound innovations in retinal surgery in the
1970s, such as pars plana vitrectomy. Although surgical
instrumentation and illumination techniques are continually
developing, the operating microscope for vitreoretinal procedures
has remained essentially unchanged and currently limits the
surgeon's depth perception and assessment of subtle microanatomy.
Optical coherence tomography (OCT) has revolutionized clinical
management of retinal pathology, and its introduction into the
operating suite may have a similar impact on surgical visualization
and treatment. In this article, we review the evolution of OCT for
retinal surgery, from perioperative analysis to live volumetric (fourdimensional, 4D) image-guided surgery. We begin by briefly
addressing the benefits and limitations of the operating microscope,
the progression of OCT technology, and OCT applications in
clinical/perioperative retinal imaging. Next, we review intraoperative
OCT (iOCT) applications using handheld probes during surgical
pauses, two-dimensional (2D) microscope-integrated OCT (MIOCT)
of live surgery, and volumetric MIOCT of live surgery. The iOCT
discussion focuses on technological advancements, applications
during human retinal surgery, translational difficulties and limitations,
and future directions.
Free full text available from PubMed
PMID: 27409495
B) Clinical Utility of Optical Coherence Tomography in Glaucoma
Dong ZM, Wollstein G, Schuman JS. Clinical Utility of Optical
Coherence Tomography in Glaucoma. Invest Ophthalmol Vis Sci.
2016; 57(9): OCT556-567.
Summary: Optical coherence tomography (OCT) has established
itself as the dominant imaging modality in the management of
glaucoma and retinal diseases, providing high-resolution
visualization of ocular microstructures and objective quantification of
tissue thickness and change. This article reviews the history of OCT
imaging with a specific focus on glaucoma. We examine the clinical
utility of OCT with respect to diagnosis and progression monitoring,
with additional emphasis on advances in OCT technology that
continue to facilitate glaucoma research and inform clinical
management strategies.
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Free full text available from PubMed
PMID: 27537415
C) Optical Coherence Tomography and the Development of
Antiangiogenic Therapies in Neovascular Age-Related
Macular Degeneration
Rosenfeld PJ. Optical Coherence Tomography and the Development
of Antiangiogenic Therapies in Neovascular Age-Related Macular
Degeneration. Invest Ophthalmol Vis Sci. 2016; 57(9): OCT14-26.
Summary: PURPOSE: To explain the pivotal role optical coherence
tomography (OCT) imaging had in the development of
antiangiogenic therapies for the treatment of neovascular age-related
macular degeneration (nvAMD). METHODS: A historical literature
review was combined with personal perspectives from the
introduction of OCT imaging and the early clinical use of vascular
endothelial growth factor (VEGF) inhibitors. RESULTS: At the time
that OCT emerged, the gold standard for imaging of nvAMD was
fluorescein angiography (FA), a time-consuming, dye-based,
invasive technique that provided en face images of the retina and
was used to characterize leakage, perfusion status, and the types of
macular neovascularization (MNV). In comparison, OCT imaging
was a fast, safe, noninvasive technique that complemented FA
imaging by providing cross-sectional images of the macula. OCT
was able to visualize and quantify the macular fluid that was
associated with the presence of excess VEGF, which was identified
by intraretinal fluid, subretinal fluid, and fluid under the retinal
pigment epithelium (RPE). Clinicians quickly appreciated the benefits
of OCT imaging for following macular fluid after anti-VEGF therapy.
By observing the qualitative and quantitative changes in macular
fluid depicted by OCT imaging, clinicians were empowered to
compare anti-VEGF drugs and move from fixed-dosing regimens to
patient-specific dosing strategies requiring fewer injections.
CONCLUSIONS: Optical coherence tomography imaging was
adopted as a VEGF-meter, a method to detect excess VEGF, and
evolved to become the gold standard imaging strategy for diagnosing
nvAMD, assessing treatment responses to anti-VEGF drugs,
deciding when to re-treat, and evaluating disease progression.
Free full text available from PubMed
PMID: 27409464
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D) Optical Coherence Tomography Angiography in
Retinal Diseases
Chalam KV, Sambhav K. Optical Coherence Tomography
Angiography in Retinal Diseases. J Ophthalmic Vis Res. 2016; 11(1):
84-92.
Summary: Optical coherence tomography angiography (OCTA) is a
new, non-invasive imaging system that generates volumetric data of
retinal and choroidal layers. It has the ability to show both structural
and blood flow information. Split-spectrum amplitude-decorrelation
angiography (SSADA) algorithm (a vital component of OCTA
software) helps to decrease the signal to noise ratio of flow detection
thus enhancing visualization of retinal vasculature using motion
contrast. Published studies describe potential efficacy for OCTA in
the evaluation of common ophthalmologic diseases such as diabetic
retinopathy, age related macular degeneration (AMD), retinal
vascular occlusions and sickle cell disease. OCTA provides a
detailed view of the retinal vasculature, which allows accurate
delineation of microvascular abnormalities in diabetic eyes and
vascular occlusions. It helps quantify vascular compromise
depending upon the severity of diabetic retinopathy. OCTA can also
elucidate the presence of choroidal neovascularization (CNV) in wet
AMD. In this paper, we review the knowledge, available in English
language publications regarding OCTA, and compare it with the
conventional angiographic standard, fluorescein angiography (FA).
Finally, we summarize its potential applications to retinal vascular
diseases. Its current limitations include a relatively small field of view,
inability to show leakage, and tendency for image artifacts. Further
larger studies will define OCTA's utility in clinical settings and
establish if the technology may offer a non-invasive option of
visualizing the retinal vasculature, enabling us to decrease morbidity
through early detection and intervention in retinal diseases.
Free full text available from PubMed
PMID: 27195091
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5.10 Hematopathology

Malaria-infested erythrocytes. Quantitative phase imaging.
Reprinted from Acta Biomater, 8(11), Byun H, Hillman TR, Higgins JM, et al.,
Optical measurement of biomechanical properties of individual erythrocytes from
a sickle cell patient, 4130-4138, Copyright 2012, with permission from Elsevier.

In vivo microscopy (IVM) techniques have been developed and applied
in the realm of hematopathology. Confocal microscopy and other IVM
techniques are utilized in the clinical evaluation of cutaneous lymphoma
and lymph nodes. In vivo peripheral blood analysis of single cells is
enhanced by combining imaging technology with flow cytometry. Such
applications may include more powerful automated hematology analysis
as well as in vivo imaging of circulating neoplastic cells and improved
detection of parasitic blood infections like malaria. One potential in vivo
method, quantitative phase microscopy, uses the principle of light
interference to visualize and measure the properties of individual
circulating cells, as shown in the quantitative phase microscopy images
of malaria-infected erythrocytes above. While the technology is still at an
investigational stage in most cases and utilized mainly for ex vivo
applications, in vivo clinical applications are anticipated in the near
future.
Articles on in vivo microscopic evaluation of peripheral blood and
lymphoid tissues are presented below. Articles related to ex vivo cell
identification in hematopathology, such as more accurate automated
differential counts for leukemia, are found in Section 4.6
Hematopathology.
Following are selected articles on the use of IVM in hematopathology.

A) Reflectance Confocal Microscopy Features of Mycosis
Fungoides and Sezary Syndrome: Correlation with
Histopathologic and T-Cell Receptor Rearrangement Studies
Mancebo SE, Cordova M, Myskowski PL, et al. Reflectance Confocal
Microscopy Features of Mycosis Fungoides and Sezary Syndrome:
Correlation with Histopathologic and T-Cell Receptor Rearrangement
Studies. J Cutan Pathol. 2016; 43(6): 505-515.
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Summary: BACKGROUND: Mycosis fungoides/Sezary syndrome
(MF/SS) often requires multiple skin biopsies for definitive diagnosis.
In vivo reflectance confocal microscopy (RCM) visualizes highresolution cellular detail of the skin. The objective of this study is to
evaluate the morphologic features of MF/SS using RCM and to
correlate RCM features with histopathology and T-cell receptor
(TCR) gene rearrangement studies. METHODS: A cohort of patients
with active/recurrent or suspicious MF/SS disease was prospectively
recruited for RCM imaging and histopathologic/RCM images were
evaluated. Statistical analyses were performed to identify unique
RCM features and to correlate RCM features with histopathologic
findings and TCR rearrangement studies. RESULTS: Eighty-three
lesions were evaluated. Correlation between RCM and
histopathology was moderate for all relatable features (kappa = 0.41,
p<0.001), almost perfect for intraepidermal atypical lymphocytes
[prevalence and bias-adjusted kappa (PABAK) = 0.90], and fair for
Pautrier collections (kappa = 0.32, p = 0.03). Lesions with Pautrier
collections identified by RCM were significantly more likely to show
TCR clonality (p = 0.04) and diagnostic features of MF/SS on
histopathology (p = 0.03). CONCLUSIONS: Our study captures
morphologic RCM criteria for a variety of skin lesions. Pautrier
collections visualized by RCM are associated with improved
histopathologic diagnosis and detection of TCR gene clonality.
Although further studies are needed to validate the diagnostic
implications of RCM for MF/SS, our study highlights the potential
utility of RCM.
Free full text available from PubMed
PMID: 26969149
B) In Vivo Microscopy of Hemozoin: Towards a Needle Free
Diagnostic for Malaria
Burnett JL, Carns JL, Richards-Kortum R. In Vivo Microscopy of
Hemozoin: Towards a Needle Free Diagnostic for Malaria. Biomed
Opt Express. 2015; 6(9): 3462-74.
Summary: Clinical diagnosis of malaria suffers from poor specificity
leading to overtreatment with antimalarial medications. Alternatives,
like blood smear microscopy or antigen-based tests, require a blood
sample. We investigate in vivo microscopy as a needle-free malaria
diagnostic. Two optical signatures, birefringence and absorbance, of
the endogenous malaria by-product hemozoin were evaluated as in
vivo optical biomarkers. Hemozoin birefringence was difficult to
detect in highly scattering tissue; however, hemozoin absorbance
was observed in increasingly complex biological environments and
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detectable over a clinically-relevant range of parasitemia in vivo in a
P. yoelii-infected mouse model of malaria.
Free full text available from PubMed
PMID: 26417515
C) Concordance Between In Vivo Reflectance Confocal
Microscopy and Optical Histology of Lymphomatoid Papulosis
Ardigo M, Donadio C, Vega H, Cota C, Moscarella E, Agozzino M.
Concordance between in vivo reflectance confocal microscopy and
optical histology of lymphomatoid papulosis. Skin Res Technol.
2013; 19(3): 308-313.
Summary: BACKGROUND: Lymphomatoid papulosis is a primary
cutaneous CD30+ T-cell lymphoma clinically characterized by a
benign, chronic, recurrent course with self-limited papulo-nodular
skin lesion eruption. In vivo Reflectance Confocal Microscopy is a
non-invasive technique for real-time imaging of the superficial layers
of the skin down to the superficial dermis with cellular-level resolution
close to conventional histopathology. RCM has been previously
reported to be useful in the in vivo evaluation of inflammatory
diseases, skin tumours and also cutaneous lymphomas. Only two
articles have been published on cutaneous lymphomas and none
detailing confocal features of LyP. The aim of this manuscript was to
describe the confocal features of LyP and their histological
correlation to evaluate the possible application of this non-invasive
tool in this T-cell lymphoma subtype clinical management.
METHODS: Five patients with histological diagnosis of LyP were
imaged with RCM, followed by a skin biopsy on a clinically selected
lesion. RESULTS: High grade of correspondence between RCM and
histopathology of LyP was observed, disclosing the potential rule of
RCM at least for biopsy site selection. CONCLUSION: Future studies
on RCM for LyP vs. other cutaneous T-cells lymphomas and
inflammatory skin diseases are needed to assess specificity and
sensibility of our preliminary data.
Full text available from Skin Research and Technology (USD 6.0038.00)
PMID: 23441678
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D) Reflectance Confocal Microscopy for the Characterization of
Mycosis Fungoides and Correlation with Histology: A
Pilot Study
Li W, Dai H, Li Z, Xu AE. Reflectance confocal microscopy for the
characterization of mycosis fungoides and correlation with histology:
a pilot study. Skin Res Technol. 2013; 19(3): 352-355.
Summary: BACKGROUND: Mycosis fungoides (MF) is cutaneous
lymphoma of the T-cell lineage. MF is a diagnostic challenge. In vivo
reflectance confocal microscopy (RCM) reproducible imaging
technique already reported to be useful in the diagnosis of skin
diseases. The aims of our study were to define RCM features of MF
and to evaluate its feasibility in biopsy site selection. METHODS:
Each lesion was selected for RCM evaluation from 10 patients with
an established diagnosis of MF. Subsequently, a biopsy of the same
areas evaluated with RCM was rendered for histopathological
examination. RESULTS: A series of RCM features of MF was
identified and shown to correlate well with histopathological
evaluation. We could find hyperkeratosis in five patients (10 : 50%);
disarray of honeycomb of stratum spinosum in three patients (10 :
30%). In 10 patients (10 : 100%) of the MF, we could find that dermal
papillary rings were weak reflected light; round to oval cells diffusely
widespread throughout the epidermis and in the papillary dermis,
infiltration of inflammatory cells in superficial dermis. Two (10 : 20%)
of them can find vesicle area opaca in plaque stage MF, filled with
monomorphous weakly refractile oval to round cells. CONCLUSION:
The utility of RCM as a diagnostic tool for MF awaits further
evaluation, although it appears to be promising for biopsy site
selection.
Full text available from Skin Research and Technology (USD 6.0038.00)
PMID: 23594100
E) Discrimination Between Benign, Primary and Secondary
Malignancies in Lymph Nodes from the Head and Neck Utilising
Raman Spectroscopy and Multivariate Analysis
Lloyd GR, Orr LE, Christie-Brown J, et al. Discrimination between
benign, primary and secondary malignancies in lymph nodes from
the head and neck utilising Raman spectroscopy and multivariate
analysis. Analyst. 2013; 138(14): 3900-3908.
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Summary: BACKGROUND: The potential use of Raman
spectroscopy (RS) for the detection of malignancy within lymph
nodes of the head and neck was evaluated. RS measures the
presence of biomolecules by the inelastic scattering of light within
cells and tissues. This can be performed in vivo in real-time.
METHODS: 103 lymph nodes were collected from 23 patients
undergoing surgery for suspicious lymph nodes. Five pathologies,
defined by consensus histopathology, were collected including
reactive nodes (benign), Hodgkin's and non-Hodgkin's lymphomas,
metastases from both squamous cell carcinomas and
adenocarcinomas. Raman spectra were measured with 830 nm
excitation from numerous positions on each biopsy. Spectral
diagnostic models were constructed using principal component
analysis followed by linear discriminant analysis (PCA-LDA), and by
partial least squares discriminant analysis (PLS-DA) for comparison.
Two-group models were constructed to distinguish between reactive
and malignant nodes, and three-group models to distinguish
between the benign, primary and secondary conditions. RESULTS:
Results were validated using a repeated subsampling procedure.
Sensitivities and specificities of 90% and 86% were obtained using
PCA-LDA, and 89% and 88% using PLS-DA, for the two-group
models. Both PCA-LDA and PLS-DA models were also found to be
very successful at discriminating between pathologies in the threegroup models achieving sensitivities and specificities of over 78%
and 89% for PCA-LDA, and over 81% and 89% for PLS-DA for all
three pathology groups. CONCLUSION: Raman spectroscopy and
chemometric techniques can be successfully utilised in combination
for discriminating between different cancerous conditions of lymph
nodes from the head and neck.
Full text available from Analyst (USD 57.00)
PMID: 23295372
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5.11 Head and Neck

Tongue lesion. Wide-field optical coherence tomography.
Lee AM, Cahill L, Liu K, MacAulay C, Poh C, Lane P. Wide-Field In Vivo Oral OCT Imaging.
Biomed Opt Express. 2015; 6(7): 2664-2674.

Invasive head and neck squamous cell carcinomas and their precursor
dysplastic changes are difficult to detect based on clinical examination
alone. These cancers are highly curable with surgery if detected early
and completely excised, but the majority of head and neck carcinomas
present at a late stage, with more than 60% of patients having T3 or T4
tumors at diagnosis. Establishing clear margins at the time of surgery
has historically relied on frozen sections. However, the frozen section
technique is time consuming, can compromise the orientation of the rest
of the specimen, and inspects only relative small areas of the total
potential margins. In vivo microscopy (IVM) is being assessed for its
ability to improve early detection, and help determine the extent of
surgery needed to achieve clear margins of resection. Examination of the
margins of resection by IVM has been restricted to the mucosal margins
so far; deep margin assessment in vivo has not yet been reported.
IVM techniques IVM techniques for head and neck cancers can be
divided into three groups: 1) IVM techniques that provide cellular-level
morphology that emulates classical H&E morphology. Fluorescence
confocal microscopy is the prominent technique in this group (see
Section 2.2 Confocal Microscopy). 2) IVM techniques that show tissue
architecture, emulating low magnification classical histology. Optical
coherence tomography (OCT; see Section 2.3 Optical Coherence
Tomography) and potentially photoacoustic imaging (see Section 2.6
Photoacoustic Imaging and Microscopy) are examples of this group.
These two techniques are able to visualize relatively deeply into tissues.
3) IVM techniques based on biochemical properties of the tissue that
may not have any direct correlation with histology. Raman and
fluorescence spectroscopy, fluorescent life-time imaging microscopy
(FLIM), hyperspectral and autofluorescence imaging (see Section 2.5
Optical Spectroscopy and Spectroscopic Imaging) are techniques in this
group. These techniques have the least ability to visualize deeply into
tissue.
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Fluorescence confocal microscopy Fluorescence confocal microscopy
has benefited from the addition of a nuclear stain for detecting cancers in
the head and neck. A nuclear stain has especially improved the
specificity of diagnosis. Proflavine has been used as a nuclear stain in
fluorescence endomicroscopy, with or without optical sectioning using
confocal or multiphoton (also known as two-photon) microscopy (MPM;
see Section 2.4). The addition of a nuclear stain creates an image with
the closest resemblance to a standard H&E image (appearing like a
negative image of a hematoxylin stained section). Nuclear staining
allows familiar cancer-associated nuclear changes (increased nuclear
size, increased amount of nuclear chromatin, disordered nuclear
distribution, and increased nuclear-to-cytoplasmic ratio) to be discerned.
However, proflavine is not entirely specific for nuclei; it also stains
keratins. Proflavine is one of the principal components of a
heterogeneous mixture of compounds in the antibacterial dye acriflavine.
Acriflavine had been widely used as an antibiotic in the past, with a good
record of safety. It is currently available for animal use, but theoretical
concerns over possible mutagenicity led to its withdrawal for use in
humans in the United States. Acriflavine remains a good choice as a
contrast agent for fluorescence confocal microscopy performed ex vivo.
Methylene blue and other dyes that are FDA approved for use in humans
are being investigated as a means to show diagnostic nuclear features in
vivo.
High resolution microendoscopy One elegantly simple and relatively
inexpensive (about $2,500) IVM endoscopic fluorescence microscopy
technique, high resolution microendoscopy (HRME), uses a millimeterthick bundle of 30,000 micro-optical fibers, each fiber measuring 4
microns in diameter. One end of the bundle makes physical contact with
the mucosa. Each fiber of the bundle conveys excitation light to the
probe tip at the mucosa, and conveys fluorescence back to a camera, for
example fluorescence from the nuclear stain proflavine. The relative
positions of each micro-optical fiber are maintained from the probe end
to the instrument end of the bundle. Each fiber, therefore, conveys a
single “pixel” of information about 4 microns in diameter. The overall field
of view is about 720 microns. The resulting image is not an “optical
section” the way MPM or confocal microscopy acquires fluorescence
from only one plane. Instead, light can enter a fiber and be conveyed to
the camera from multiple planes, much like a “conventional”
epifluorescent microscope. The small size of the fiber bundle was found
to be advantageous to provide a view of the mucosa during head and
neck surgery, and Patsias et al. (see Article B), showed that together
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with topical proflavine this IVM technique appeared to facilitate robotic
surgery to help achieve margins free of dysplasia.
Optical coherence tomography A limitation of fluorescent endoscopy
techniques (fluorescence confocal laser endomicroscopy (CLE) and
HRME) are the narrow field of view (< 1 mm). In contrast, wide field
autofluorescence and OCT imaging techniques have a wide field of view
and rapid image acquisition that can broadly scan the head and neck
squamous mucosa for early cancerous changes in high risk populations
(as shown in the wide-field optical coherence tomography image of a
tongue lesion above), or assess mucosal margins of resection over
broad areas (see Articles C Moore et al. and F Patsias et al.). Due to the
low resolution, OCT has only limited specificity for diagnosing dysplasia.
Raman spectroscopy imaging Raman spectroscopic imaging gives
information about the chemical composition of tissue in moderately high
resolution, and is particularly sensitive for detecting lipids. Different cell
types can be distinguished by Raman spectroscopy when their chemical
composition varies. Some researchers have reported that Raman
spectroscopy has difficulty distinguishing normal basal cells of the
epithelium from squamous cell carcinoma, but others have suggested
that cancers can have unique spectroscopic signatures.
Diagnosis of dysplasia The specificity of various IVM techniques for
detecting dysplastic squamous mucosa is an area that needs
improvement. It needs to be noted that the distinction between normal
and dysplastic squamous mucosa also remains far from perfect by
standard H&E histology. In general, pathologists are clearly needed to
work with clinicians to help develop criteria for diagnosing dysplasia and
cancers with any of the new IVM techniques.
The following are selected articles on the applications of IVM in the head
and neck.

A) Recent Advances in Optical Diagnosis of Oral Cancers: Review
and Future Perspectives
Singh SP, Ibrahim O, Byrne HJ, et al. Recent Advances in Optical
Diagnosis of Oral Cancers: Review and Future Perspectives. Head
Neck. 2016; 38 Suppl 1:E2403-2411.
Summary: Optical diagnosis techniques offer several advantages
over traditional approaches, including objectivity, speed, and cost,
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and these label-free, noninvasive methods have the potential to
change the future workflow of cancer management. The oral cavity is
particularly accessible and, thus, such methods may serve as
alternate/adjunct tools to traditional methods. Recently, in vivo
human clinical studies have been initiated with a view to clinical
translation of such technologies. A comprehensive review of optical
methods in oral cancer diagnosis is presented. After an introduction
to the epidemiology and etiological factors associated with oral
cancers currently used, diagnostic methods and their limitations are
presented. A thorough review of fluorescence, infrared absorption,
and Raman spectroscopic methods in oral cancer diagnosis is
presented. The applicability of minimally invasive methods based on
serum/saliva is also discussed. The review concludes with a
discussion on future demands and scope of developments from a
clinical point of view.
Full text available from Head and Neck (USD 6.00-38.00)
PMID: 26613806
B) Detection of Head and Neck Cancer in Surgical Specimens
Using Quantitative Hyperspectral Imaging
Lu G, Little JV, Wang X, et al. Detection of Head and Neck Cancer in
Surgical Specimens Using Quantitative Hyperspectral Imaging. Clin
Cancer Res. 2017. pii: clincanres.0906.2017
Full text available for Clinical Cancer Research (USD 35.00 for 24
hour access)
PMID: 28611203
NOTE: Summarized in Section 4.3
C) Interobserver Agreement of Confocal Laser Endomicroscopy
for Detection of Head and Neck Neoplasia
Moore C, Mehta V, Ma X, et al. Interobserver Agreement of Confocal
Laser Endomicroscopy for Detection of Head and Neck Neoplasia.
Laryngoscope. 2016; 126(3): 632-637.
Summary: OBJECTIVES/HYPOTHESIS: We have described the
feasibility of using the probe-based confocal laser endomicroscopy
(pCLE) in differentiating benign from malignant lesions of the head
and neck. Therefore, we wanted to determine the interobserver
agreement of pCLE offline images of noncancerous, precancerous,
and cancerous lesions of the head and neck. STUDY DESIGN:
Single tertiary referral center. METHODS: In the feasibility study,
image criteria for nondysplasia, dysplasia, and cancer were defined.
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The pCLE was performed before lesions were biopsied. Fifty offline
images and 10 videos of good quality were selected. Seven
surgeons and one pathologist were asked to review and categorize
the images into the three categories above. The overall accuracy of
29 offline pCLE images and six videos were compared with
histopathology. Interobserver agreement and accuracy kappa
(kappa) scores were measured with 95% confidence intervals (CI).
RESULTS: There were six nondysplasia, seven dysplasia, and 11
squamous cell carcinoma (SCCA) cases, each with multiple images.
There was substantial agreement between the eight reviewers on the
pCLE images and videos (kappa = 0.66; 95% CI 0.51-0.82 and
kappa = 0.71; 95% CI 0.42-0.97, respectively). The overall
agreement with the final histopathology was also substantial for both
the images and video sequences (kappa = 0.70; 95% CI 0.50-0.88
and kappa = 0.73; 95% CI 0.39-1.00, respectively). CONCLUSION:
The ability to differentiate normal mucosa, dysplasia, and invasive
SCCA using pCLE with high accuracy and reliability was
demonstrated. This technology has the potential to decrease
sampling error of lesions in the head and neck. This is the first study
to test the reliability of this technology in mucosal lesions of the head
and neck. LEVEL OF EVIDENCE: NA. Laryngoscope, 126:632-637,
2016.
Full text available from Laryngoscope (USD 6.00-38.00)
PMID: 26372409
Note: Also cited in Section 7.4
D) Evaluation of Confocal Laser Endomicroscopy as an Aid to
Differentiate Primary Flat Lesions of the Larynx: A Prospective
Clinical Study
Volgger V, Girschick S, Ihrler S, Englhard AS, Stepp H, Betz CS.
Evaluation of Confocal Laser Endomicroscopy as an Aid to
Differentiate Primary Flat Lesions of the Larynx: A Prospective
Clinical Study. Head Neck. 2016; 38 Suppl 1:E1695-1704.
Summary: BACKGROUND: In this trial, the ability of confocal laser
endomicroscopy (CLE), a new imaging modality with a cellular
resolution, to further differentiate primary flat lesions of the larynx
was evaluated. METHODS: First, an optical coherence tomography
was used to filter out normal tissue and carcinoma. All other lesions
(30 lesions in 19 patients) were investigated with CLE. The
suspected diagnosis was compared to histopathology. RESULTS:
Optical coherence tomography identified all noninvasive lesions.
CLE provided further information with cellular resolution. In 2 of 30
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cases, low image quality prevented classification. In laryngeal
lesions (27 of 30), moderate to high-grade dysplasia was correctly
suspected in 10 of 10 cases (100%). Hyperplasia was overrated as
dysplasia in 7 of 15 cases (46.7%). Sensitivity was 100% and
specificity was 40%. CONCLUSION: When used in conjunction with
optical coherence tomography, CLE seems helpful for discrimination
of noninvasive lesions, although it tends to overrate the severity of
the changes. (c) 2015 Wiley Periodicals, Inc. Head Neck 38: E1695E1704, 2016.
Full text available by Head and Neck (USD 6.00-38.00)
PMID: 26614354
E) Noninvasive Histological Imaging of Head and Neck Squamous
Cell Carcinomas Using Confocal Laser Endomicroscopy
Linxweiler M, Kadah BA, Bozzato A, et al. Noninvasive Histological
Imaging of Head and Neck Squamous Cell Carcinomas Using
Confocal Laser Endomicroscopy. Eur Arch Otorhinolaryngol. 2016;
273(12): 4473-4483.
Summary: Confocal laser endomicroscopy (CLE) is an imaging
technique that uses miniaturized fiberoptic probes to allow real-time
histological imaging of human tissue. An application of CLE in
otorhinolaryngology has hardly been investigated so far. In our study,
we analyzed the applicability of CLE to visualize cancerous and
healthy tissue of the head and neck region. Formalin-fixed tissue
specimens from 135 head and neck squamous cell carcinoma
(HNSCC) patients and 50 healthy controls were investigated using
CLE with and without topical application of acriflavine. Four head and
neck surgeons, four pathologists, and four laymen evaluated the
CLE images of the HNSCC cases regarding the tumor localization
and its border to healthy tissue. The tumor localization and the tumor
border were correctly identified in 97 % by the pathologists, 85 % by
the head and neck surgeons, and 70 % by the laymen. The main
difference in evaluation results was seen in the correct identification
of the tumor site (p < 0.05), while there was no significant difference
in the identification of the tumor border. CLE is a valuable tool for
real-time histological imaging of HNSCCs. It can help to visualize the
tumor border and, thereby, facilitate a more precise tumor surgery.
Full text available from European Archives of Oto-Rhino-Laryngology
(USD 39.95)
PMID: 27307282
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F) Feasibility of Transoral Robotic-Assisted High Resolution
Microendoscopic Imaging of Oropharyngeal Squamous
Cell Carcinoma
Patsias A, Giraldez-Rodriguez L, Polydorides A, et al. Feasibility of
Transoral Robotic-Assisted High Resolution Microendoscopic
Imaging of Oropharyngeal Squamous Cell Carcinoma. Head Neck.
2015; 37(8):E99-102. doi: 10.1002/hed.23892.
Summary: Background: Transoral robotic-assisted oncologic
surgery of the head and neck offers promising functional results.
Nonetheless, the efficacy of oncologic surgery remains critically
dependent on obtaining negative margins. We aimed to integrate a
miniaturized high resolution fiberoptic microendoscope (HRME),
which provides real time histological assessment, with the da Vinci
robotic system (Intuitive Surgical Inc., Sunnyvale, CA). Methods:
Three patients undergoing transoral robotic surgery were
prospectively enrolled. Optical imaging of the oropharynx was
performed intraoperatively with the robotic-assisted HRME. Results:
All patients underwent the procedure successfully with no
complications. The HRME was successfully integrated with the Da
Vinci Robotic system. Several sites of the oropharynx and
associated malignancy were imaged, which correlated with the
standard histopathological analysis. Conclusions: Transoral roboticassisted high resolution microendoscopic imaging of the oropharynx
is a safe and technically feasible approach, providing a real time
histological assessment and may serve as a valuable aid in
oncologic surgery.
Full text available from Head and Neck (USD 6.00-38.00)
PMID: 25327825
G) Wide-Field In Vivo Oral OCT Imaging
Lee AM, Cahill L, Liu K, MacAulay C, Poh C,Lane P. Wide-Field In
Vivo Oral OCT Imaging. Biomed Opt Express. 2015; 6(7): 26642674.
Summary: We have built a polarization-sensitive swept source
Optical Coherence Tomography (OCT) instrument capable of widefield in vivo imaging in the oral cavity. This instrument uses a handheld side-looking fiber-optic rotary pullback catheter that can cover
two dimensional tissue imaging fields approximately 2.5 mm wide by
up to 90 mm length in a single image acquisition. The catheter spins
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at 100 Hz with pullback speeds up to 15 mm/s allowing imaging of
areas up to 225 mm(2) field-of-view in seconds. A catheter sheath
and two optional catheter sheath holders have been designed to
allow imaging at all locations within the oral cavity. Image quality of
2-dimensional image slices through the data can be greatly
enhanced by averaging over the orthogonal dimension to reduce
speckle. Initial in vivo imaging results reveal a wide-field view of
features such as epithelial thickness and continuity of the basement
membrane that may be useful in clinic for chair-side management of
oral lesions.
Free full text available from PubMed
PMID: 26203389
H) Investigation of the Potential of Raman Spectroscopy for Oral
Cancer Detection in Surgical Margins
Cals F, Bakker Schut TC, Hardillo JA, Baatenburg de Jong RJ,
Koljenovic S, Puppels GJ. Investigation of the Potential of Raman
Spectroscopy for Oral Cancer Detection in Surgical Margins. Lab
Invest. 2015; 95(10): 1186-1196.
Full text available from Laboratory Investigation (USD 32.00)
PMID: 26237270
Note: Summarized in Section 4.1.1.4
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5.12 Cytology
The principle application of ex vivo microscopy (EVM) to cytology is the
potential to facilitate on-site evaluation of FNA or other small cytology
samples. A diagnostic conventional cytology sample can be invisible to
the naked eye. Assuring that a diagnostic sample is actually present in a
cytology sample is a technically cumbersome process called “Rapid onsite evaluation” (ROSE), in which part of the sample is smeared onto a
slide for conventional microscopy. The on-site assessment can be
counterproductive if ancillary studies are needed, because the part of the
Ex vivo imaging of a
living papillary thyroid
carcinoma sample,
following acriflavine
labeling, using two
photon microscopy.
Image courtesy of
Michael Sanderson
and Andrew Fischer.

sample used for the assessment may not be available for any other
studies. ROSE also demands a considerable amount of cytologists’ time.
Optical coherence tomography Optical coherence tomography (OCT)
has shown potential to facilitate ROSE. For example, in an ex vivo study
on unstained upper GI tract endoscopic ultrasound-guided FNA samples,
OCT provided some assessment of the types of tissue obtained by FNA
(see Article F Grieve et al). A limitation of OCT is the inability to provide
cellular-level resolution.
Multiphoton microscopy Other advanced imaging technique are poised
to facilitate ROSE, though to date, there are no published studies.
Multiphoton microscopy (MPM) allows diagnostic optical sections to be
cut within tissue fragments obtained by FNA (see image above of a living
papillary thyroid carcinoma FNA sample visualized ex vivo). Since the
tissue is ex-vivo, fluorescent dyes can be used that are not available for
in vivo applications (e.g., DRAQ5, a DNA binding dye). Combinations of
DRAQ5 and unconjugated fluorescein or other protein binding
fluorochromes such as Sypro® Ruby very closely emulate conventional
hematoxylin and eosin staining if the fluorescent image is digitally
recolorized. Fluorescein is closely related chemically to eosin, and as an
unconjugated molecule, it stains proteins in the same manner as eosin.
Cells can be visualized when the fluorescent dyes are simply included in
a cytologic fixative.
The dyes are also permeable to live cells, allowing assessment of living
cells in tissue culture media for potential dynamic measurements, or
making a “living H&E” pseudocolored movie (Andrew Fischer,
unpublished observations). The dyes are concentrated in the nucleic
acids or proteins, and no washing is needed to show cellular contrast.
Tissue fragments can be temporarily immobilized against a filter surface,
allowing the sample to be visualized at high resolution in 3D. Unlike
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paraffin sectioning or ROSE, the entire sample can then theoretically be
recovered and triaged as needed based on the IVM findings.
In the future, dynamic types of cellular changes (changes that are
already characterized by cell biologists or yet to be discovered by
pathologists), may be found to have diagnostic value. Ex vivo live cell
imaging is poised to synergize with cytology because the small size of
FNA fragments (e.g., the 400 micron diameter fragments that can be
obtained with a 22 gauge fine needle) enable sufficient gas and nutrient
exchange to allow prolonged survival ex vivo. IVM based on MPM will
likely be an ideal platform for discerning diagnostic dynamic changes
because MPM can cut optical sections relatively more deeply into tissue
compared to confocal microscopy, and MPM has relatively little
phototoxicity while providing high resolution. Many probes are available
for ex-vivo live cell imaging of cytologic microbiopsies, including specific
fluorescent probes to label cell membranes, mitochondria, and
intracellular redox potential (see Section 6.0 Molecular Imaging and
Article H Ettinger & Wittman).
Needle-based confocal laser endoscopy In addition to EVM, there are
in vivo applications using IVM probes the diameter of fine needle
aspiration (FNA) cytology needles. The probes are capable of obtaining
optical images in situ in living patients. One such form of “needle-based”
imaging uses confocal laser endoscopy (nCLE). One commercially
available nCLE device undergoing clinical trials measures about 850
microns in diameter (about the diameter of a 22 gauge needle). It is
composed of 10,000 microfibers, providing 3.5 microns of lateral
resolution, and a field of view of about 320 microns in diameter. In
comparison, the lateral resolution of conventional light microscopy is
about 0.5 microns, and the field of view of a 40X objective (providing
400X magnification) is usually about 500 microns. This nCLE device
removes out of focus light, allowing an optical section to be captured at
one plane, either at the probe end, or about 100 microns beyond the
probe end. By collecting light at one optical plane, the images are akin to
the physical sections from a paraffin-embedded cell block. Existing nCLE
devices fit within a 19 gauge introducer needle, compatible with
conventional endoscopic ultrasound-guided procedures. nCLE appeals
to the advantages of FNA and overcomes some of its limitations.
FNA is clinically useful because it provides relatively safe access to sites
that are difficult or impossible to biopsy with larger devices. FNA is
sometimes limited in its ability to assure that cancer is not present. This
lack of negative predictive value can mostly be attributed to failure of
FNA needles to retrieve tissue, a problem especially for fibrous lesions
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and some cystic lesions. nCLE may help to overcome these limitations of
conventional FNA diagnosis, and could ultimately eliminate the need for
procuring an actual FNA sample. nCLE has been applied to the
diagnosis of pancreatic cystic and solid masses. Imaging for nCLE has
used intravenous fluorescein as a contrast agent. Fluorescein is closely
related to eosin and it binds cellular components in the same manner.
Images therefore are analogous to a cell block that is stained only with
eosin. Nuclei are not stained, but the staining of cytoplasm and
extracellular matrix allows a rough assessment of nuclear diameter and
nuclear cytoplasmic ratio. At an early time point after injecting
fluorescein, blood vessels are highlighted. An unexpected diagnostic
pattern of the vasculature is displayed by the fluorescein in pancreatic
serous cystadenomas (see Article E Napoleon). Fluorescein distributes
relatively rapidly throughout tissues, limiting the window of time available
for imaging to under an hour. In addition to displaying diagnostic vascular
patterns, nCLE displays some new dynamic features that appear
diagnostic. For example, blood vessel leakiness (extravasation of
intravenously administered fluorescein) can be identified, a feature
potentially supportive of a diagnosis of cancer. In the future, it is possible
that the apparently safe chromatin-binding dye proflavine will be used in
humans (it had been used for years as an antibiotic but it not currently
allowed due to concerns about potential mutagenicity). Proflavine would
allow a more familiar image to be obtained in which nuclei appear light in
a dark background—the inverse of a hematoxylin stain.
Low coherence interferometry A variation of needle-based imaging is
low coherence interferometry (LCI), currently being tested in animal
models (see Article G Chang). LCI fits within a 23 gauge needle, allowing
the LCI probe to be introduced like a stylet for FNA. LCI provides a
relatively non-morphologic physical characterization of tissue that is
based on similar principles to those of OCT, with a resolution of about 10
microns.
The following are selected articles on these applications of EVM and IVM
in Cytology.

A) Needle-Based Confocal Laser Endomicroscopy for the
Diagnosis of Pancreatic Cystic Lesions: An International
External Interobserver and Intraobserver Study (with Videos)
Krishna SG, Brugge WR, Dewitt JM, et al. Needle-Based Confocal
Laser Endomicroscopy for the Diagnosis of Pancreatic Cystic
Lesions: An International External Interobserver and Intraobserver
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Study (with Videos). Gastrointest Endosc. 2017. pii: S00165107(17)30179-7.
Full text available from Gastrointestinal Endoscopy (USD 35.95 for
24 hour access)
PMID: 28286093
Note: Summarized in Section 5.1.2; also cited in Sections 7.4
and 10.3.1
B) Automated Cervical Precancerous Cells Screening System
Based on Fourier Transform Infrared Spectroscopy Features
Jusman Y, Mat Isa NA, Ng SC, Hasikin K, Abu Osman NA.
Automated Cervical Precancerous Cells Screening System Based on
Fourier Transform Infrared Spectroscopy Features. J Biomed Opt.
2016; 21(7): 75005.
No summary available
Full text available from Journal of Biomedical Optics (USD 20.0025.00)
PMID: 27403606
C) Appraisal of Needle-Based Confocal Laser Endomicroscopy in
the Diagnosis of Pancreatic Cysts
Krishna SG, Lee JH. Appraisal of Needle-Based Confocal Laser
Endomicroscopy in the Diagnosis of Pancreatic Cysts. World J
Gastroenterol. 2016; 22(4): 1701-1710.
Free full text available from PubMed
PMID: 26819534
Note: Summarized in Section 4.3; also cited in Section 5.1.2
D) A Novel Ex Vivo Method for Visualizing Live-Cell Calcium
Response Behavior in Intact Human Tumors
Koh J, Hogue JA,Sosa JA. A Novel Ex Vivo Method for Visualizing
Live-Cell Calcium Response Behavior in Intact Human Tumors.
PLoS One. 2016; 11(8): e0161134.
Summary: The functional impact of intratumoral heterogeneity has
been difficult to assess in the absence of a means to interrogate
dynamic, live-cell biochemical events in the native tissue context of a
human tumor. Conventional histological methods can reveal
morphology and static biomarker expression patterns but do not
provide a means to probe and evaluate tumor functional behavior

© 2018 College of American Pathologists. All rights reserved.

Return to Table of Contents

335

Section 5
and live-cell responsiveness to experimentally controlled stimuli.
Here, we describe an approach that couples vibratome-mediated
viable tissue sectioning with live-cell confocal microscopy imaging to
visualize human parathyroid adenoma tumor cell responsiveness to
extracellular calcium challenge. Tumor sections prepared as 300
micron-thick tissue slices retain viability throughout a >24 hour
observation period and retain the native architecture of the parental
tumor. Live-cell observation of biochemical signaling in response to
extracellular calcium challenge in the intact tissue slices reveals
discrete, heterogeneous kinetic waveform categories of calcium
agonist reactivity within each tumor. Plotting the proportion of
maximally responsive tumor cells as a function of calcium
concentration yields a sigmoid dose-response curve with a
calculated calcium EC50 value significantly elevated above
published reference values for wild-type calcium-sensing receptor
(CASR) sensitivity. Subsequent fixation and immunofluorescence
analysis of the functionally evaluated tissue specimens allows
alignment and mapping of the physical characteristics of individual
cells within the tumor to specific calcium response behaviors.
Evaluation of the relative abundance of intracellular PTH in tissue
slices challenged with variable calcium concentrations demonstrates
that production of the hormone can be dynamically manipulated ex
vivo. The capability of visualizing live human tumor tissue behavior in
response to experimentally controlled conditions opens a wide range
of possibilities for personalized ex vivo therapeutic testing. This
highly adaptable system provides a unique platform for live-cell ex
vivo provocative testing of human tumor responsiveness to a range
of physiological agonists or candidate therapeutic compounds.
Free full text available from PubMed
PMID: 27537691
E) A Novel Approach to the Diagnosis of Pancreatic Serous
Cystadenoma: Needle-Based Confocal Laser Endomicroscopy
Napoleon B, Lemaistre AI, Pujol B, et al. A novel approach to the
diagnosis of pancreatic serous cystadenoma: needle-based confocal
laser endomicroscopy. Endoscopy. 2015; 47(1): 26-32.
Full text available from Endoscopy (USD 36.00)
PMID: 25325684
Note: Summarized in Section 5.1.2; also cited in Sections 7.3.2
and 7.4
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F) A Feasibility Study of Full-Field Optical Coherence Tomography
for Rapid Evaluation of EUS-Guided Microbiopsy Specimens
Grieve K, Palazzo L, Dalimier E, Vielh P, Fabre M. A feasibility study
of full-field optical coherence tomography for rapid evaluation of
EUS-guided microbiopsy specimens. Gastrointest Endosc. 2015;
81(2):342-50. doi: 10.1016/j.gie.2014.06.037.
Full text available from Gastrointestinal Endoscopy (USD 31.50)
PMID: 25262102
Note: Summarized in Section 4.2.1
G) Low Coherence Interferometry Approach for Aiding Fine Needle
Aspiration Biopsies
Chang EW, Gardecki J, Pitman M, et al. Low coherence
interferometry approach for aiding fine needle aspiration biopsies. J
Biomed Opt. 2014; 19(11): 116005.
Summary: We present portable preclinical low-coherence
interference (LCI) instrumentation for aiding fine needle aspiration
biopsies featuring the second-generation LCI-based biopsy probe
and an improved scoring algorithm for tissue differentiation. Our
instrument and algorithm were tested on 38 mice with cultured tumor
mass and we show the specificity, sensitivity, and positive predictive
value of tumor detection of over 0.89, 0.88, and 0.96, respectively.
Free full text available from Journal of Biomedical Optics
PMID: 25375634
H) Fluorescence Live Cell Imaging
Ettinger A, Wittman T. Fluorescence Live Cell Imaging. Methods Cell
Biol. 2014;123:77-94.
Summary: Fluorescence microscopy of live cells has become an
integral part of modern cell biology. Fluorescent protein tags, live cell
dyes, and other methods to fluorescently label proteins of interest
provide a range of tools to investigate virtually any cellular process
under the microscope. The two main experimental challenges in
collecting meaningful live cell microscopy data are to minimize
photodamage while retaining a useful signal-to-noise ratio, and to
provide a suitable environment for cells or tissues to replicate
physiological cell dynamics. This chapter aims to give a general
overview on microscope design choices critical for fluorescence live
cell imaging that apply to most fluorescence microscopy modalities,

© 2018 College of American Pathologists. All rights reserved.

Return to Table of Contents

337

Section 5
and on environmental control with a focus on mammalian tissue
culture cells. In addition, we provide guidance on how to design and
evaluate fluorescent protein constructs by spinning disk confocal
microscopy.
Free full text available from PubMed
PMID: 24974023
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Section 6 Molecular IVM Imaging
Multiplexed detection of HER2 (but not EGFR) in HER2positive breast cancer
specimen. Raman-encoded
molecular imaging (REMI).
Contributed by Yu “Winston”
Wang, Molecular
Biophotonics Laboratory,
University of Washington

In vivo microscopy (IVM) technologies are positioned to leverage recent
advances in genomics and tumor molecular biology in the era of personalized or
precision medicine. From the previous chapters, it is clear that in vivo microscopy
(IVM) can produce a “diagnostic image” without physically having to remove a
biopsy sample from the patient. Bringing IVM to the next level – characterizing
tissue proteins and nucleic acids on a microscopic scale – is much more
challenging.
There is now an active strategy to visualize molecular aspects of diseased
tissues using IVM, generating images that are specific for the molecular target.
This can potentially be done by either: optical spectroscopic (hyperspectral)
imaging of intrinsic tissue molecular markers; or imaging of exogenous contrast
agents that target these molecular markers (as in the images above in which
Raman-encoded molecular imaging (REMI) was used to detect HER2 (but not
EGFR) in a HER2-positive breast cancer). This molecular approach has the
potential to provide information that has diagnostic, predictive and prognostic
importance – both ex vivo and in vivo. This section summarizes some of the
progress toward this goal.
Role of molecular EVM Pathologists often need more than just a microscopic
image of hematoxylin and eosin stained tissue to make a full diagnosis.
Increasingly, pathologists must also use immunohistochemical, in situ
hybridization and other molecular studies to make a complete diagnosis that will
guide appropriate therapy. Ex vivo microscopy (EVM) may soon be able to
provide some of the molecular characterization that pathologists need for a full
diagnostic work-up – in fresh thin tissue sections or whole tissue specimens –
more rapidly than the existing molecular assays, without concerns about the
effects of tissue fixation and processing
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Molecular EVM of pathology specimens could be used to more accurately
identify and delineate high-risk tumors and assess margins in resection
specimens. EVM of fresh biopsies or fine needle aspirates could also be used to
detect molecular targets to triage biopsy tissue for molecular analysis by more
conventional means (see Section 4.4 Molecular-Genomic Studies). Further, in
the era of personalized medicine, molecular EVM of fresh biopsies or fine needle
aspirates could be used to select the optimal molecular probes and imaging
methods for surgical guidance and other patient-specific therapies. Obviously,
pathologists must be the prime movers if molecular EVM is to reach its full
potential in pathology practice.
Role of molecular IVM Radiology can already visualize molecular aspects of
diseased tissues in vivo. For example, PET scanning displays tissues that take
up glucose most avidly, and radio iodide scanning can display cells that have an
active iodine transporter. This information can be diagnostically and
prognostically valuable. But these molecular radiology images are on a macro,
not a microscopic scale as with IVM.
At this time, the clinical use of molecular IVM is still largely at the proof-ofprinciple stage, but this area is rapidly moving forward. Pathologists will also
have a key role in helping develop and validate criteria for in vivo diagnosis using
molecular IVM.
Molecular EVM and IVM probes A number of fluorescent dyes and
photosensitizers (such as fluorescein, indocyanine green, methylene blue and
hematoporphyrin), as well as photoacoustic- and Raman-active materials, are
being used as exogenous contrast agents for molecular EVM and IVM. These
are typically conjugated to molecular targeting agents, including monoclonal
antibodies and short peptide ligands selected for specific binding to a target
protein. Molecular-specific IVM can also be achieved by targeting diseaseupregulated enzymes with substrates that produce fluorescent emissions. Some
probes have been identified through broad screens (phage libraries) for their
ability to bind specifically to tumor tissues, but the actual molecular targets of
these probes are sometimes uncertain.
The challenges Several significant challenges remain for developing and
validating molecular probes for EVM or IVM. A major problem is that many
probes (for example antibodies or peptides) can only detect cell surface
biomarkers. Cell surface biomarkers can be detected, for example, by simply
“painting” the probe on the surface of a surgical specimen, the skin or the
mucosal surface of the GI tract, posing probably a low, but still uncertain risk of
toxicity. Visualizing intracellular targets is more complex. The regulatory hurdle
will be much higher for intravenous injections, injection into a tumor, probes that
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penetrate living cells and probes that could interact with cancer signaling
pathways. These regulatory hurdles disappear if the probes are used ex vivo,
providing a huge advantage to pathologists for enabling advances in this field.
Live cell imaging Cell biologists have already developed an enormous range of
probes for visualizing molecular targets and physiologies in living cells. For
example, there are live cell permeable probes specifically for visualizing
mitochondria, the Golgi zone, lysosomes, endoplasmic reticulum membranes,
and even labeling and following specific chromosome regions in living cells.
There are also probes for calcium or oxygen that can be visualized in living cells
with high resolution. Many of these probes could conceivably be applied to small
biopsies maintained in a viable state (in tissue culture), visualized by pathologists
using EVM (see Section 5.10 Hematopathology). This ex vivo approach can
allow pathologists to help focus attention on the worthiest targets for further
validation in vivo. In addition, by studying living cells in a biopsy ex vivo,
molecular EVM tools may provide pathologists with an opportunity to extend our
morphologic skill from static images to dynamic, time-lapse movies.
Pathologists’ role As experts in both molecular diagnostics and microscopic
imaging, pathologists are poised to lead the way in the development of molecular
EVM and IVM.
Following are selected articles on molecular imaging using IVM/EVM.

A) Methylene-Blue Aided Rapid Confocal Laser Endomicroscopy of
Breast Cancer
Vyas K, Hughes M, Leff DR,Yang G-Z. Methylene-Blue Aided Rapid
Confocal Laser Endomicroscopy of Breast Cancer. J. Biomed. Opt. 2017;
22(2): 020501-020501.
Free full text available from Journal of Biomedical Optics
Note: Summarized in Section 4.1.1.1; also cited in Section 5.2.2
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B) Near-Infrared Fluorophores for Biomedical Imaging
Hong G, Antaris AL, Dai H. Near-Infrared Fluorophores for Biomedical
Imaging. Nature Biomedical Engineering. 2017; 1:0010.
Summary: In vivo near-infrared (NIR) fluorescence imaging is an emerging
biomedical imaging modality for use in both fundamental scientific research
and clinical practice. Owing to advances in reducing photon scattering, light
absorption and autofluorescence through innovations in the broad 700–1,700
nm NIR window, NIR fluorescence affords high imaging resolution with
increasing tissue penetration depths. In this Review, we cover recent
progress made on NIR fluorescence imaging in both the 700–900 nm NIR-I
and the 1,000–1,700 nm NIR-II windows by highlighting an increasingly
developing palette of biocompatible NIR fluorophores that span the entire
NIR window and include inorganic nanoparticles, organic macromolecules
and small molecules with tunable emission wavelengths. Together with
advances in imaging instrumentation allowing for the efficient detection of
long-wavelength NIR photons, recently developed NIR fluorophores have
fuelled biomedical imaging from contrast-enhanced imaging of anatomical
structures and molecular imaging of specific biomarkers to functional imaging
of physiological activities, both for preclinical animal studies and clinical
diagnostics and interventions.
Free full text available from Nature Biomedical Engineering
C) Raman-Encoded Molecular Imaging (REMI) with Topically Applied
SERS Nanoparticles for Intraoperative Guidance of Lumpectomy
Wang Y, Reder NP, Kang S, Glaser AK, Yang Q, Wall MA. Raman-Encoded
Molecular Imaging (REMI) with Topically Applied Sers Nanoparticles for
Intraoperative Guidance of Lumpectomy. Cancer Res. 2017. pii:
canres.0709.2017.
Full text available from Cancer Research (USD 35.00 for 24 hour access)
PMID: 28615226
Note: Summarized in Section 4.1.1.1; also cited in Section 5.2.3
D) Vision 20/20: Molecular-Guided Surgical Oncology Based Upon Tumor
Metabolism or Immunologic Phenotype: Technological Pathways for
Point of Care Imaging and Intervention
Pogue BW, Paulsen KD, Samkoe KS, et al. Vision 20/20: Molecular-Guided
Surgical Oncology Based Upon Tumor Metabolism or Immunologic
Phenotype: Technological Pathways for Point of Care Imaging and
Intervention. Med Phys. 2016; 43(6): 3143.
Summary: Surgical guidance with fluorescence has been demonstrated in
individual clinical trials for decades, but the scientific and commercial
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conditions exist today for a dramatic increase in clinical value. In the past
decade, increased use of indocyanine green based visualization of vascular
flow, biliary function, and tissue perfusion has spawned a robust growth in
commercial systems that have near-infrared emission imaging and video
display capabilities. This recent history combined with major preclinical
innovations in fluorescent-labeled molecular probes, has the potential for a
shift in surgical practice toward resection guidance based upon molecular
information in addition to conventional visual and palpable cues. Most
surgical subspecialties already have treatment management decisions
partially based upon the immunohistochemical phenotype of the cancer, as
assessed from molecular pathology of the biopsy tissue. This phenotyping
can inform the surgical resection process by spatial mapping of these
features. Further integration of the diagnostic and therapeutic value of tumor
metabolism sensing molecules or immune binding agents directly into the
surgical process can help this field mature. Maximal value to the patient
would come from identifying the spatial patterns of molecular expression in
vivo that are well known to exist. However, as each molecular agent is
advanced into trials, the performance of the imaging system can have a
critical impact on the success. For example, use of pre-existing commercial
imaging systems are not well suited to image receptor targeted fluorophores
because of the lower concentrations expected, requiring orders of magnitude
more sensitivity. Additionally the imaging system needs the appropriate
dynamic range and image processing features to view molecular probes or
therapeutics that may have nonspecific uptake or pharmacokinetic issues
which lead to limitations in contrast. Imaging systems need to be chosen
based upon objective performance criteria, and issues around calibration,
validation, and interpretation need to be established before a clinical trial
starts. Finally, as early phase trials become more established, the costs
associated with failures can be crippling to the field, and so judicious use of
phase 0 trials with microdose levels of agents is one viable paradigm to help
the field advance, but this places high sensitivity requirements on the
imaging systems used. Molecular-guided surgery has truly transformative
potential, and several key challenges are outlined here with the goal of
seeing efficient advancement with ideal choices. The focus of this vision
20/20 paper is on the technological aspects that are needed to be paired with
these agents.
Free full text available from PubMed
PMID: 27277060
E) Targeted Near-infrared Fluorescence Imaging of Atherosclerosis:
Clinical and Intracoronary Evaluation of Indocyanine Green
Verjans JW, Osborn EA, Ughi GJ, Calfon Press MA, Hamidi E, Antoniadis
AP. Targeted near-Infrared Fluorescence Imaging of Atherosclerosis: Clinical
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and Intracoronary Evaluation of Indocyanine Green. JACC Cardiovasc
Imaging. 2016; 9(9): 1087-1095.
Full text available from JACC: Cardiovascular Imaging (USD 31.50)
PMID: 27544892
Note: Summarized in Section 5.4.1
F) Raman Microspectroscopy of Hematoporphyrins. Imaging of the
Noncancerous and the Cancerous Human Breast Tissues
with Photosensitizers
Brozek-Pluska B, Kopec M. Raman Microspectroscopy of Hematoporphyrins.
Imaging of the Noncancerous and the Cancerous Human Breast Tissues
with Photosensitizers. Spectrochim Acta A Mol Biomol Spectrosc. 2016;
169:182-191.
Summary: Raman microspectroscopy combined with fluorescence were
used to study the distribution of Hematoporphyrin (Hp) in noncancerous and
cancerous breast tissues. The results demonstrate the ability of Raman
spectroscopy to distinguish between noncancerous and cancerous human
breast tissue and to identify differences in the distribution and
photodegradation of Hematoporphyrin, which is a photosensitizer in
photodynamic therapy (PDT), photodynamic diagnosis (PDD) and
photoimmunotherapy (PIT) of cancer. Presented results show that
Hematoporphyrin level in the noncancerous breast tissue is lower compared
to the cancerous one. We have proved also that the Raman intensity of lipids
and proteins doesn't change dramatically after laser light irradiation, which
indicates that the PDT treatment destroys preferably cancer cells, in which
the photosensitizer is accumulated. The specific subcellular localization of
photosensitizer for breast tissues samples soaked with Hematoporphyrin was
not observed.
Full text available from Spectrochimica Acta Park A: Molecular and
Biomolecular Spectroscopy (USD 35.95)
PMID: 27376758
G) Review of Fluorescence Guided Surgery Systems: Identification of Key
Performance Capabilities Beyond Indocyanine Green Imaging
Dsouza AV, Lin H, Henderson ER, Samkoe KS, Pogue BW. Review of
Fluorescence Guided Surgery Systems: Identification of Key Performance
Capabilities Beyond Indocyanine Green Imaging. J. Biomed. Opt. 2016;
21(8): 80901.
Summary: There is growing interest in using fluorescence imaging
instruments to guide surgery, and the leading options for open-field imaging
are reviewed here. While the clinical fluorescence-guided surgery (FGS) field
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has been focused predominantly on indocyanine green (ICG) imaging, there
is accelerated development of more specific molecular tracers. These agents
should help advance new indications for which FGS presents a paradigm
shift in how molecular information is provided for resection decisions. There
has been a steady growth in commercially marketed FGS systems, each with
their own differentiated performance characteristics and specifications. A set
of desirable criteria is presented to guide the evaluation of instruments,
including: (i) real-time overlay of white-light and fluorescence images, (ii)
operation within ambient room lighting, (iii) nanomolar-level sensitivity, (iv)
quantitative capabilities, (v) simultaneous multiple fluorophore imaging, and
(vi) ergonomic utility for open surgery. In this review, United States Food and
Drug Administration 510(k) cleared commercial systems and some leading
premarket FGS research systems were evaluated to illustrate the continual
increase in this performance feature base. Generally, the systems designed
for ICG-only imaging have sufficient sensitivity to ICG, but a fraction of the
other desired features listed above, with both lower sensitivity and dynamic
range. In comparison, the emerging research systems targeted for use with
molecular agents have unique capabilities that will be essential for successful
clinical imaging studies with low-concentration agents or where superior
rejection of ambient light is needed. There is no perfect imaging system, but
the feature differences among them are important differentiators in their
utility, as outlined in the data and tables here.
Free full text available from Journal of Biomedical Optics
PMID: 27533438
H) Stain-Less Staining for Computed Histopathology
Mayerich D, Walsh MJ, Kadjacsy-Balla A, Ray PS, Hewitt SM, Bhargava R.
Stain-Less Staining for Computed Histopathology. Technology (Singap World
Sci). 2015; 3(1): 27-31.
Summary: Dyes such as hematoxylin and eosin (H&E) and
immunohistochemical stains have been increasingly used to visualize tissue
composition in research and clinical practice. We present an alternative
approach to obtain the same information using stain-free chemical imaging.
Relying on Fourier transform infrared (FT-IR) spectroscopic imaging and
computation, stainless computed histopathology can enable a rapid, digital,
quantitative and non-perturbing visualization of morphology and multiple
molecular epitopes simultaneously in a variety of research and clinical
pathology applications.
Free full text available from PubMed
PMID: 26029735
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I)

Detection of Colorectal Polyps in Humans Using an Intravenously
Administered Fluorescent Peptide Targeted against C-Met
Burggraaf J, Kamerling IM, Gordon PB, et al. Detection of Colorectal Polyps
in Humans Using an Intravenously Administered Fluorescent Peptide
Targeted against C-Met. Nat Med. 2015; 21(8): 955-961.
Summary: Colon cancer prevention currently relies on colonoscopy using
white light to detect and remove polyps, but small and flat polyps are difficult
to detect and frequently missed when using this technique. Fluorescence
colonoscopy combined with a fluorescent probe specific for a polyp
biomarker may improve polyp detection. Here we describe GE-137, a watersoluble probe consisting of a 26-amino acid cyclic peptide that binds the
human tyrosine kinase c-Met conjugated to a fluorescent cyanine dye.
Intravenous administration of GE-137 leads to its accumulation specifically in
c-Met-expressing tumors in mice, and it is safe and well tolerated in humans.
Fluorescence colonoscopy in patients receiving intravenous GE-137 enabled
visualization of all neoplastic polyps that were visible with white light (38), as
well as an additional nine polyps that were not visible with white light. This
first-in-human pilot study shows that molecular imaging using an intravenous
fluorescent agent specific for c-Met is feasible and safe, and that it may
enable the detection of polyps missed by other techniques.
Full text available from Nature Medicine (USD 32.00)
PMID: 26168295

J) Molecular Confocal Laser Endomicroscopy: A Novel Technique for In
Vivo Cellular Characterization of Gastrointestinal Lesions
Karstensen JG, Klausen PH, Saftoiu A,Vilmann P. Molecular confocal laser
endomicroscopy: a novel technique for in vivo cellular characterization of
gastrointestinal lesions. World J Gastroenterol. 2014; 20(24): 7794-7800.
Summary: While flexible endoscopy is essential for macroscopic evaluation,
confocal laser endomicroscopy (CLE) has recently emerged as an
endoscopic method enabling visualization at a cellular level. Two systems
are currently available, one based on miniprobes that can be inserted via a
conventional endoscope or via a needle guided by endoscopic ultrasound.
The second system has a confocal microscope integrated into the distal part
of an endoscope. By adding molecular probes like fluorescein conjugated
antibodies or fluorescent peptides to this procedure (either topically or
systemically administered during on-going endoscopy), a novel world of
molecular evaluation opens up. The method of molecular CLE could
potentially be used for estimating the expression of important receptors in
carcinomas, subsequently resulting in immediate individualization of
treatment regimens, but also for improving the diagnostic accuracy of
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endoscopic procedures by identifying otherwise invisible mucosal lesions.
Furthermore, studies have shown that fluorescein labelled drugs can be used
to estimate the affinity of the drug to a target organ, which probably can be
correlated to the efficacy of the drug. However, several of the studies in this
research field have been conducted in animal facilities or in vitro, while only a
limited number of trials have actually been carried out in vivo. Therefore,
safety issues still needs further evaluations. This review will present an
overview of the implications and pitfalls, as well as future challenges of
molecular CLE in gastrointestinal diseases.
Free full text available from PubMed
PMID: 24976717
K) Targeted Imaging of Esophageal Neoplasia with a Fluorescently
Labeled Peptide: First-in-Human Results
Sturm MB, Joshi BP, Lu S, et al. Targeted imaging of esophageal neoplasia
with a fluorescently labeled peptide: first-in-human results. Sci Transl Med.
2013; 5(184): 184ra161.
Free full text available from PubMed
PMID: 23658246
Note: Summarized in Section 5.1
L) Fluorescence-Guided Surgery with Live Molecular Navigation--A New
Cutting Edge
Nguyen QT, Tsien RY. Fluorescence-Guided Surgery with Live Molecular
Navigation--a New Cutting Edge. Nat Rev Cancer. 2013; 13(9): 653-662.
Summary: A glowing new era in cancer surgery may be dawning. Using
fluorescently labelled markers, surgical molecular navigation means that
tumours and nerves can be displayed in real time intra-operatively in
contrasting pseudocolours, which allows more complete tumour resection
while preserving important structures. These advances can potentially cause
a paradigm shift in cancer surgery, improving patient outcome and
decreasing overall health-care costs.
Free full text available from PubMed
PMID: 23924645
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Section 7 IVM Quality Management
In vivo microscopy (IVM) is a new, disruptive and transformative technology. For
there to be widespread clinical adoption of IVM, it must be clinically important,
independently informative and of demonstrated beneficial value to patient care –
by improving the accuracy of disease detection and diagnosis, as well as
prediction of prognosis and response to treatment. Its usage must be
standardized with regard to clinical indications, technology of choice, procedure
protocols, methods of image acquisition, nomenclature, image interpretation
criteria, reproducibility (interobserver and interstudy variability), documentation,
archiving and reporting of results, much as has been done for histology-based
pathology diagnosis. And its diagnostic accuracy must be validated in large scale
clinical trials. Wide acceptance of IVM technology also requires training of
pathologist and non-pathologist physicians performing IVM prior to application in
everyday clinical practice. These are all aspects of quality management, an area
of expertise of pathologists.
Even though IVM technologies are commercially available, are FDA approved
and, for some procedures, have AMA CPT codes (see Section 8 IVM
Billing/Reimbursement), quality management of IVM technologies is still a work in
progress. Work has accelerated in this area in the past couple of years.
However, much more remains to be done. Pathologists have much to contribute
given our experience, not only with microscopic image analysis, but also with the
many aspects of quality management, including test standardization and
validation, development of diagnostic criteria, quality control and quality
assurance. Thus, pathologists are poised to assume a leadership position in IVM
quality management efforts. It is not only necessary for maintaining and
enhancing our position in the medical care community, but also for protecting our
patients’ best interests by insuring that best practices are implemented as IVM is
clinically adopted.
To this end, an IVM Checklist was developed covering in vivo clinical use of IVM
and its intersection with the pathology laboratory. The IVM Checklist debuted as
part of the 2015 Anatomic Pathology (AP) Checklist. An Ex Vivo Microscopy
(EVM) Checklist covering ex vivo use of IVM technologies as tools for pathologist
use in the pathology laboratory has also been developed, and debuted in the
Instrument and Equipment section of the 2016 AP Checklist. The IVM and EVM
checklists will both be reviewed and updated (as needed) annually, as required
by this fast-changing transformative technology.
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The articles below provide two perspectives – one from pathologists and the
other from our clinical colleagues (gastroenterologists) – on quality management
(standardization and validation) of IVM.
Most of the articles cited in this section have been cited previously in other
sections. To read the abstracts of these articles, please see the section where
the article was first cited (noted at the end of each article citation).
The following sections have additional selected articles on:
•

CAP IVM and EVM Checklist (Section 7.1)

•

IVM Standardization (Section 7.2);

•

IVM Image Interpretation Criteria (Section 7.3);

•

Interobserver and Interstudy Variability in IVM (Section 7.4);

•

IVM Validation: Meta-analyses and Multi-institutional Trials (Section 7.5)

•

IVM Consensus Statements and Practice Guidelines (Section 7.6); and

•

Physician Attitudes Towards IVM (Section 7.7).

A) Validation of Novel Optical Imaging Technologies: The
Pathologists' View
Wells WA, Barker PE, MacAulay C, Novelli M, Levenson RM, Crawford JM.
Validation of novel optical imaging technologies: the pathologists' view. J
Biomed Opt. 2007; 12(5): 051801.
Full text article available from Journal of Biomedical Optics (USD 25.00)
PMID: 17994879
Note: Summarized in Section 1.2; also cited in Section 3.4
B) Implementation of Optical Diagnosis for Colorectal Polyps:
Standardization of Studies is Needed
Kaltenbach T, Rex DK, Wilson A, et al. Implementation of optical diagnosis
for colorectal polyps: standardization of studies is needed. Clin Gastroenterol
Hepatol. 2015; 13(1): 6-10 e11.
No summary available.
Full text available from Clinical Gastroenterology and Hepatology (USD
30.00)
PMID: 25511846
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7.1 CAP IVM and EVM Checklist
The College of American Pathologists (CAP) Laboratory Accreditation Program
provides resources to laboratories and diagnostic services to maintain
exceptional standards of patient care and safety and to meet and exceed
standards set by the Centers for Medicare and Medicaid Services and the Joint
Commission. Over 80% of large academic and private laboratories in the US are
accredited by the CAP. Accreditation by the CAP is a peer-review process, in
which inspections are carried out by peer laboratories.
The CAP develops checklists for various diagnostic services as part of this
program to address patient safety and regulatory requirements. These checklists:
•

Define essential requirements that must be met to ensure the highest
quality of patient care.

•

Are developed through a peer-review process utilizing evidence-based
guidelines.

•

Are updated annually.

•

Contain explanatory notes that assist users in understanding the intent of
the items.

•

Provide evidence of compliance sections that highlight best-practice
recommendations.

•

Contain updated references for further information.

Members of the CAP have extensive experience in all types of microscopy and
image analysis and are familiar with challenges in interpretation and other
potential pitfalls. The CAP has taken the lead in developing checklists for
emerging digital technologies such as Telepathology and Whole Slide Imaging.
The checklists developed by the CAP for in vivo microscopy (IVM) and ex vivo
microscopy (EVM) continue this trend and will help establish standards for
performance of IVM and EVM in the clinic and the pathology laboratory.
The IVM checklist is a section of the Anatomic Pathology Checklist. It covers in
vivo clinical use of IVM and its intersection with the pathology laboratory, is
intended to assist medical facilities and laboratories in setting up IVM programs
and serves an important educational role in defining program requirements. The
IVM checklist addresses items such as:
•

Appropriate use of IVM in vivo.

•

Validation of IVM systems based on intended use in vivo.

•

IVM dataset and patient identification.

•

IVM dataset quality criteria; criteria for IVM dataset rejection.

•

IVM reports and IVM dataset retention.

•

End-user training to ensure accuracy and reproducibility in interpretation.
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•

Quality management activities.

For the purposes of the EVM checklist, EVM is considered a tool for pathologist
use in the pathology laboratory. Therefore, the more limited EVM checklist is a
sub-section of the Instruments and Equipment Section of the Anatomic Pathology
Checklist. It covers ex vivo use of IVM technologies and is intended to assist
pathology laboratories in integrating EVM into their pathology practice. The EVM
checklist addresses items such as:
•

Validation of EVM systems based on intended use ex vivo.

•

EVM system function checks.

•

EVM method performance specifications availability.

As the field progresses, these checklists will evolve with input from IVM and EVM
practitioners.
The IVM and EVM checklists are part of the Anatomic Pathology Checklist
available for purchase from CAP’s Laboratory Accreditation Program.
Following is an article in CAP Today on the IVM Checklist.

A) In Vivo Microscopy Checklist Ready When Labs Are
Ford A. In vivo microscopy checklist ready when labs are. CAP TODAY.
2015.
Summary: Why issue accreditation requirements for a technology before it’s
seen widespread adoption? For the same reason you close the barn door
before the horse has wandered out.
Free full text available from CAP TODAY
Note: Also cited in Section 1.3

7.2 IVM Standardization
Intravascular optical coherence tomography (IVOCT) of the coronary arteries is
the clinical application of in vivo microscopy (IVM) with the most mature
standardization process. An International Working Group for Intravascular Optical
Coherence Tomography Standardization and Validation, comprised of
pathologists, cardiologists, biomedical engineers and other researchers involved
in developing IVOCT, has published a consensus report to aid in standardization
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of acquisition, measurement, and reporting of IVOCT studies. A two-part expert
review has also been published on methodology, terminology and clinical
application of IVOCT in the coronary arteries. Similarly, a consensus report was
also published on standardization of terminology for reflectance confocal
microscopy of melanocytic skin lesions. These documents can serve as a
platform for discussion and, perhaps, a road path for standardization of other IVM
technologies for other clinical applications
The following are selected articles on standardization of IVM.

A) Consensus Standards for Acquisition, Measurement, and Reporting of
Intravascular Optical Coherence Tomography Studies: A Report from
the International Working Group for Intravascular Optical Coherence
Tomography Standardization and Validation
Tearney GJ, Regar E, Akasaka T, et al. Consensus standards for acquisition,
measurement, and reporting of intravascular optical coherence tomography
studies: a report from the international working group for intravascular optical
coherence tomography standardization and validation. J Am Coll Cardiol.
2012; 59(12): 1058-1072.
Free full text article available from Journal of the American College of
Cardiology
PMID: 22421299
Note: Summarized in Section 3.7; also cited in Section 7.3.1
B) Expert Review Document on Methodology, Terminology, and Clinical
Applications of Optical Coherence Tomography: Physical Principles,
Methodology of Image Acquisition, and Clinical Application for
Assessment of Coronary Arteries and Atherosclerosis
Prati F, Regar E, Mintz GS, et al. Expert review document on methodology,
terminology, and clinical applications of optical coherence tomography:
physical principles, methodology of image acquisition, and clinical application
for assessment of coronary arteries and atherosclerosis Eur Heart J. 2010;
31(4): 401-415.
Summary: Optical coherence tomography (OCT) is a novel intravascular
imaging modality, based on infrared light emission, that enables a high
resolution arterial wall imaging, in the range of 10-20 microns. This feature of
OCT allows the visualization of specific components of the atherosclerotic
plaques. The aim of the present Expert Review Document is to address the
methodology, terminology and clinical applications of OCT for qualitative and
quantitative assessment of coronary arteries and atherosclerosis.
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Free full text article available from European Heart Journal
PMID: 19892716
Note: Also cited in Section 7.3.1
C) Expert Review Document Part 2: Methodology, Terminology and
Clinical Applications of Optical Coherence Tomography for the
Assessment of Interventional Procedures
Prati F, Guagliumi G, Mintz GS, et al. Expert review document part 2:
methodology, terminology and clinical applications of optical coherence
tomography for the assessment of interventional procedures. Eur Heart J.
2012; 33(20): 2513-2520.
No summary available
Free full text article available from PubMed
PMID: 22653335
Note: Also cited in Section 7.3.1
D) In Vivo Reflectance Confocal Microscopy Imaging of Melanocytic Skin
Lesions: Consensus Terminology Glossary and Illustrative Images
Scope A, Benvenuto-Andrade C, Agero AL, et al. In vivo reflectance confocal
microscopy imaging of melanocytic skin lesions: consensus terminology
glossary and illustrative images. J Am Acad Dermatol. 2007; 57(4): 644-658.
Full text available from JAAD (USD 31.50)
PMID: 17630045
Note: Summarized in Section 5.3.3; also cited in Section 7.3.3
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7.3 IVM Image Interpretation Criteria

Paris criteria. Biliary tract. Confocal laser endomicroscopy.
Slivka A, Gan I, Jamidar P, et al. Validation of the diagnostic accuracy of probe-based confocal
laser endomicroscopy for the characterization of indeterminate biliary strictures: results of a
prospective multicenter international study. Gastrointest Endosc. 2015; 81(2)282

In addition to standardization of in vivo microscopy (IVM) with respect to
clinical indications, technology of choice, methods of image acquisition,
etc., IVM must also be standardized with respect to image interpretation
criteria and classification schemes, as has been done for histology based
diagnosis. IVM image interpretation is currently performed manually, by
visual inspection of the digital images by a pathologist or other physician.
Many of the IVM image interpretation criteria are familiar to pathologists,
such as glandular architecture and the presence or absence of goblet
cells in probed-based confocal laser endoscopy (pCLE) images of Barrett
esophagus. However others, such as decreased scatter on OCT images
of dysplasia arising in Barrett esophagus, are less familiar. The effort to
standardize IVM with respect to image interpretation criteria and
classification schemes began in earnest in three of the first areas of
clinical use, the cardiovascular system (vulnerable atherosclerotic plaque
in the coronary arteries), gastrointestinal tract (dysplasia in Barrett
esophagus and the diagnosis of biliary strictures and pancreatic cysts)
and skin (basal cell carcinoma and melanocytic lesions), and has now
expanded to other areas including the diagnosis of colon polyps and
pulmonary nodules.
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The following are selected articles on IVM image interpretation criteria and
classification schemes in the:
•

Cardiovascular System (Section 7.3.1);

•

Gastrointestinal Tract (Section 7.3.2); and

•

Skin (Section 7.3.3).

Articles on the learning curve involved in and interobserver agreement on IVM
image interpretation are in Section 7.4.

7.3.1 Cardiovascular System
The process of standardization of image interpretation criteria and classification
schemes is most mature for clinical use of in vivo microscopy (IVM) in the
cardiovascular system, specifically for the diagnosis of vulnerable atherosclerotic
plaque in the coronary arteries.
The following are three sentinel articles on the standardization of IVM image
interpretation criteria and classification schemes in the coronary arteries.

A) Consensus Standards for Acquisition, Measurement, and Reporting of
Intravascular Optical Coherence Tomography Studies: A Report from
the International Working Group for Intravascular Optical Coherence
Tomography Standardization and Validation
Tearney GJ, Regar E, Akasaka T, et al. Consensus standards for acquisition,
measurement, and reporting of intravascular optical coherence tomography
studies: a report from the international working group for intravascular optical
coherence tomography standardization and validation. J Am Coll Cardiol.
2012; 59(12): 1058-72.
Free full text article available from Journal of the American College of
Cardiology
PMID: 22421299
Note: Summarized in Section 3.7; also cited in Section 7.2
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B) Expert Review Document on Methodology, Terminology, and Clinical
Applications of Optical Coherence Tomography: Physical Principles,
Methodology of Image Acquisition, and Clinical Application for
Assessment of Coronary Arteries and Atherosclerosis
Prati F, Regar E, Mintz GS, et al. Expert review document on methodology,
terminology, and clinical applications of optical coherence tomography:
physical principles, methodology of image acquisition, and clinical application
for assessment of coronary arteries and atherosclerosis Eur Heart J. 2010;
31(4): 401-15.
Free full text article available from European Heart Journal
PMID: 19892716
Note: Summarized in Section 7.2
C) Expert Review Document Part 2: Methodology, Terminology and
Clinical Applications of Optical Coherence Tomography for the
Assessment of Interventional Procedures
Prati F, Guagliumi G, Mintz GS, et al. Expert review document part 2:
methodology, terminology and clinical applications of optical coherence
tomography for the assessment of interventional procedures. Eur Heart J.
2012; 33(20): 2513-2520.
Free full text article available from PubMed
PMID: 22653335
Note: Summarized in Section 7.2

7.3.2 Gastrointestinal Tract
The process of standardization of image interpretation criteria and classification
schemes is beginning to mature for clinical use of in vivo microscopy (IVM) in the
gastrointestinal tract. This is particularly true for probe-based confocal laser
endomicroscopy (pCLE) and OCT for the diagnosis of dysplasia arising in Barrett
esophagus and of pancreaticobiliary strictures. It is less mature for the diagnosis
of other GI disorders, such as colon polyps and pancreatic cysts.
The first two articles below describe the Miami (Article A) and Paris (Article B)
classification schemes currently in clinical use for the diagnosis of dysplasia
arising in Barrett esophagus and pancreaticobiliary strictures, respectively, using
pCLE. The third article describes the Evans (Article C) classification scheme
currently in clinical use for the diagnosis of dysplasia arising in Barrett esophagus
using OCT.
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The remainder are additional selected articles on IVM image interpretation
criteria and classification schemes in the gastrointestinal tract.

A) Miami Classification for Probe-Based Confocal Laser Endomicroscopy
Wallace M, Lauwers GY, Chen Y, et al. Miami classification for probe-based
confocal laser endomicroscopy. Endoscopy. 2011; 43(10): 882-91.
Full text article available from Endoscopy (USD 36.00)
PMID: 21818734
Note: Summarized in Section 3.7; also cited in Section 5.1.1
B) Refined Probe-Based Confocal Laser Endomicroscopy Classification
for Biliary Strictures: The Paris Classification
Caillol F, Filoche B, Gaidhane M, Kahaleh M. Refined probe-based confocal
laser endomicroscopy classification for biliary strictures: the Paris
Classification. Dig Dis Sci. 2013; 58(6): 1784-1789.
Summary: BACKGROUND: Most modalities for tissue confirmation during
endoscopic retrograde cholangiopancreatography (ERCP) suffer from low
sensitivity and poor diagnostic accuracy. Probe-based confocal laser
endomicroscopy (pCLE) was prospectively evaluated in a multicenter registry
including 102 patients with indeterminate strictures and demonstrated
excellent sensitivity (98 %). Yet, several false-positive cases were induced by
benign inflammatory conditions resulting in a specificity of 67 %. AIMS: To
evaluate the diagnostic performance of pCLE for the diagnosis of
indeterminate biliary stricture; and to propose interpretation criteria for benign
inflammatory conditions to reduce the number of false positives.METHODS:
Sixty cases from the prospective registry were reviewed retrospectively (27
malignant, 33 benign) by a panel of three biliary endoscopists. Each case's
clinical history, ERCP impression, and corresponding pCLE sequences was
used to score image quality, propose presumptive diagnoses, and rate level
of diagnostic confidence. RESULTS: Using the Miami Classification (MC),
the overall accuracy in retrospectively diagnosing malignancy in those 60
cases was 85 versus 78 % for the prospective analysis, reducing the number
of false positives from 12 to 8. A second review of the false-positive cases'
pCLE sequences (benign inflammatory) helped refine the existing
classification by identifying four descriptive criteria specific to benign
inflammatory conditions (Paris Classification): Vascular congestion, dark
granular patterns with scales, increased inter-glandular space, and thickened
reticular structure. CONCLUSIONS: The Paris Classification is a refinement
of the existing Miami Classification to improve the accuracy of pCLE for

© 2018 College of American Pathologists. All rights reserved.

Return to Table of Contents

358

Section 7
diagnosing benign inflammatory strictures. Prospective multicenter studies
are needed to further validate this refined classification criteria.
Full text available from Digestive Diseases and Sciences (USD 39.95)
PMID: 23314855
C) Optical Coherence Tomography to Identify Intramucosal Carcinoma
and High-Grade Dysplasia in Barrett's Esophagus
Evans JA, Poneros JM, Bouma BE, et al. Optical Coherence Tomography to
Identify Intramucosal Carcinoma and High-Grade Dysplasia in Barrett's
Esophagus. Clin Gastroenterol Hepatol. 2006 ; 4(1): 38–43.
Free full text available from PubMed
PMID: 16431303
Note: Summarized in Section 5.1.1.1.2
D) Improved Classification of Indeterminate Biliary Strictures by ProbeBased Confocal Laser Endomicroscopy Using the Paris Criteria
Following Biliary Stenting
Taunk P, Singh S, Lichtenstein D, Joshi V, Gold J, Sharma A. Improved
Classification of Indeterminate Biliary Strictures by Probe-Based Confocal
Laser Endomicroscopy Using the Paris Criteria Following Biliary Stenting. J
Gastroenterol Hepatol. 2017. doi: 10.1111/jgh.13782.
Full text available from Journal of Gastroenterology and Hepatology (USD
6.00-38.00)
PMID: 28294404
Note: Summarized in Section 5.1.2
E) Comparative Diagnostic Performance of Volumetric Laser
Endomicroscopy and Confocal Laser Endomicroscopy in the Detection
of Dysplasia Associated with Barrett's Esophagus
Leggett CL, Gorospe EC, Chan DK, et al. Comparative Diagnostic
Performance of Volumetric Laser Endomicroscopy and Confocal Laser
Endomicroscopy in the Detection of Dysplasia Associated with Barrett's
Esophagus. Gastrointest Endosc. 2016; 83(5): 880-888 e882.
Summary: BACKGROUND AND AIMS: Probe-based confocal laser
endomicroscopy (pCLE) and volumetric laser endomicroscopy (VLE) (also
known as frequency domain optical coherence tomography) are advanced
endoscopic imaging modalities that may be useful in the diagnosis of
dysplasia associated with Barrett's esophagus (BE). We performed pCLE
examination in ex-vivo EMR specimens and compared the diagnostic
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performance of using the current VLE scoring index (previously established
as OCT-SI) and a novel VLE diagnostic algorithm (VLE-DA) for the detection
of dysplasia. METHODS: A total of 27 patients with BE enrolled in a
surveillance program at a tertiary-care center underwent 50 clinically
indicated EMRs that were imaged with VLE and pCLE and classified into
neoplastic (N = 34; high-grade dysplasia, intramucosal adenocarcinoma) and
nonneoplastic (N = 16; low-grade dysplasia, nondysplastic BE), based on
histology. Image datasets (VLE, N = 50; pCLE, N = 50) were rated by 3
gastroenterologists trained in the established diagnostic criteria for each
imaging modality as well as a new diagnostic algorithm for VLE derived from
a training set that demonstrated association of specific VLE features with
neoplasia. Sensitivity, specificity, and diagnostic accuracy were assessed for
each imaging modality and diagnostic criteria. RESULTS: The sensitivity,
specificity, and diagnostic accuracy of pCLE for detection of BE dysplasia
was 76% (95% confidence interval [CI], 59-88), 79% (95% CI, 53-92), and
77% (95% CI, 72-82), respectively. The optimal diagnostic performance of
OCT-SI showed a sensitivity of 70% (95% CI, 52-84), specificity of 60% (95%
CI, 36-79), and diagnostic accuracy of 67%; (95% CI, 58-78). The use of the
novel VLE-DA showed a sensitivity of 86% (95% CI, 69-96), specificity of
88% (95% CI, 60-99), and diagnostic accuracy of 87% (95% CI, 86-88). The
diagnostic accuracy of using the new VLE-DA criteria was significantly
superior to the current OCT-SI (P < .01). CONCLUSION: The use of a new
VLE-DA showed enhanced diagnostic performance for detecting BE
dysplasia ex vivo compared with the current OCT-SI. Further validation of
this algorithm in vivo is warranted.
Full text available from Gastrointestinal Endoscopy (USD 35.95 for 24 hour
access)
PMID: 26344884
F) A Novel Approach to the Diagnosis of Pancreatic Serous Cystadenoma:
Needle-Based Confocal Laser Endomicroscopy
Napoleon B, Lemaistre AI, Pujol B, et al. A novel approach to the diagnosis
of pancreatic serous cystadenoma: needle-based confocal laser
endomicroscopy. Endoscopy. 2015; 47(1): 26-32.
Full text available from Endoscopy (USD 36.00)
PMID: 25325684
Note: Summarized in Section 5.1.2; also cited in Sections 5.12 and 7.4
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G) Evaluation of the Updated Confocal Laser Endomicroscopy Criteria for
Barrett's Esophagus Among Gastrointestinal Pathologists
Tofteland N, Singh M, Gaddam S, et al. Evaluation of the updated confocal
laser endomicroscopy criteria for Barrett's esophagus among gastrointestinal
pathologists. Diseases of the Esophagus. 2014; 27(7): 623-9.
Full text available from Diseases of the Esophagus (USD 6.00-38.00)
PMID: 24006939
Note: Summarized in Section 5.1.1.1.1
H) Accuracy and Interrater Reliability for the Diagnosis of Barrett's
Neoplasia Among Users of a Novel, Portable
High-Resolution Microendoscope
Vila PM, Kingsley MJ, Polydorides AD, et al. Accuracy and interrater
reliability for the diagnosis of Barrett's neoplasia among users of a novel,
portable high-resolution microendoscope. Diseases of the Esophagus. 2014;
27(1): 55-62.
Summary: The high-resolution microendoscope (HRME) is a novel imaging
modality that may be useful in the surveillance of Barrett's esophagus in lowresource or community-based settings. In order to assess accuracy and
interrater reliability of microendoscopists in identifying Barrett's-associated
neoplasia using HRME images, we recruited 20 gastroenterologists with no
microendoscopic experience and three expert microendoscopists in a large
academic hospital in New York City to interpret HRME images. They
prospectively reviewed 40 HRME images from 28 consecutive patients
undergoing surveillance for metaplasia and low-grade dysplasia and/or
evaluation for high-grade dysplasia or cancer. Images were reviewed in a
blinded fashion, after a 4-minute training with 11 representative images. All
imaged sites were biopsied and interpreted by an expert pathologist.
Sensitivity of all endoscopists for identification of high-grade dysplasia or
cancer was 0.90 (95% confidence interval [CI]: 0.88-0.92) and specificity was
0.82 (95% CI: 0.79-0.85). Positive and negative predictive values were 0.72
(95% CI: 0.68-0.77) and 0.94 (95% CI: 0.92-0.96), respectively. No
significant differences in accuracy were observed between experts and
novices (0.90 vs. 0.84). The kappa statistic for all raters was 0.56 (95% CI:
0.54-0.58), and the difference between groups was not significant (0.64 vs.
0.55). These data suggest that gastroenterologists can diagnose Barrett'srelated neoplasia on HRME images with high sensitivity and specificity,
without the aid of prior microendoscopy experience.
Full text available from Diseases of the Esophagus (USD 6.00-38.00)
PMID: 23442220
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I)

High Resolution Microendoscopy for Classification of
Colorectal Polyps
Chang SS, Shukla R, Polydorides AD, et al. High resolution microendoscopy
for classification of colorectal polyps. Endoscopy. 2013; 45(7): 553-559.
Summary: BACKGROUND AND STUDY AIMS: It can be difficult to
distinguish adenomas from benign polyps during routine colonoscopy. High
resolution microendoscopy (HRME) is a novel method for imaging colorectal
mucosa with subcellular detail. HRME criteria for the classification of
colorectal neoplasia have not been previously described. Study goals were to
develop criteria to characterize HRME images of colorectal mucosa (normal,
hyperplastic polyps, adenomas, cancer) and to determine the accuracy and
interobserver variability for the discrimination of neoplastic from nonneoplastic polyps when these criteria were applied by novice and expert
microendoscopists. METHODS: Two expert pathologists created consensus
HRME image criteria using images from 68 patients with polyps who had
undergone colonoscopy plus HRME. Using these criteria, HRME expert and
novice microendoscopists were shown a set of training images and then
tested to determine accuracy and interobserver variability. RESULTS: Expert
microendoscopists identified neoplasia with sensitivity, specificity, and
accuracy of 67 % (95 % confidence interval [CI] 58 % - 75 %), 97 % (94 % 100 %), and 87 %, respectively. Nonexperts achieved sensitivity, specificity,
and accuracy of 73 % (66 % - 80 %), 91 % (80 % - 100 %), and 85 %,
respectively. Overall, neoplasia were identified with sensitivity 70 % (65 % 76 %), specificity 94 % (87 % - 100 %), and accuracy 85 %. Kappa values
were: experts 0.86; nonexperts 0.72; and overall 0.78. CONCLUSIONS:
Using the new criteria, observers achieved high specificity and substantial
interobserver agreement for distinguishing benign polyps from neoplasia.
Increased expertise in HRME imaging improves accuracy. This low-cost
microendoscopic platform may be an alternative to confocal microendoscopy
in lower-resource or community-based settings.
Full text available from Endoscopy (USD 36.00)
PMID: 23780842

7.3.3 Skin
The process of standardization of in vivo microscopy (IVM) image interpretation
criteria and classification schemes is also beginning to mature for clinical use of
in vivo microscopy (IVM) in the skin, specifically for the diagnosis of basal cell
carcinoma, squamous cell carcinoma and melanocytic lesions.
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The first three articles (A, B and C) describe the image interpretation criteria
currently in clinical use for the diagnosis of skin lesions using confocal
microscopy, the dominant IVM technology in use in dermatology.
Following are selected articles on IVM image interpretation criteria and
classification schemes in the skin, using less well established IVM technologies.

A) Reflectance Confocal Microscopy Criteria for Squamous Cell
Carcinomas and Actinic Keratoses
Rishpon A, Kim N, Scope A, et al. Reflectance confocal microscopy criteria
for squamous cell carcinomas and actinic keratoses. Arch Dermatol. 2009;
145(7): 766-772.
Free full text available from JAMA Dermatology
PMID: 19620557
Note: Summarized in Section 5.3.1
B) In Vivo Reflectance Confocal Microscopy Imaging of Melanocytic Skin
Lesions: Consensus Terminology Glossary and Illustrative Images
Scope A, Benvenuto-Andrade C, Agero AL, et al. In vivo reflectance confocal
microscopy imaging of melanocytic skin lesions: consensus terminology
glossary and illustrative images. J Am Acad Dermatol. 2007; 57(4): 644-658.
Full text available from JAAD (USD 31.50)
PMID: 17630045
Note: Summarized in Section 5.3.3; also cited in Section 7.2
C) Reflectance-mode Confocal Microscopy of Pigmented Skin Lesions –
Improvement in Melanoma Diagnostic Specificity
Pellacani G, Cesinaro AM and Seidenari S. Reflectance-mode confocal
microscopy of pigmented skin lesions – improvement in melanoma
diagnostic specificity. J Am Acad Dermatol. 2005; 53:979-85.
Summary: BACKGROUND: In vivo confocal microscopy enables skin
visualization with a quasihistopathologic resolution. OBJECTIVE: We sought
to describe confocal features in melanocytic lesions and to evaluate their
diagnostic significance for melanoma (MM) identification. METHODS: Thirty
seven MMs, 49 acquired nevi, and 16 Spitz/Reed nevi, presenting equivocal
clinicodermoscopic aspects were investigated by confocal microscopy.
RESULTS: MMs and nevi significantly differed for some aspects. In
multivariate analysis, the presence of nonedged dermal papillae, atypical
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cells, and isolated nucleated cells within dermal papilla, pagetoid cells,
widespread pagetoid infiltration, and cerebriform clusters were strongly
correlated with MM diagnosis. A receiver operating characteristic curve value
of 0.952 was obtained. LIMITATIONS: Spitz/Reed nevi represented a pitfall
in confocal diagnosis, owing to the frequent observation of pagetoid
infiltration, architectural disarray, and cytologic atypia, and to the impossibility
of evaluating cell maturation with depth. CONCLUSION: Characterization of
confocal microscopy features of MMs and nevi seems to improve diagnostic
accuracy for melanocytic lesions that are difficult to diagnose.
Full text available from Journal of the American Academy of Dermatology
(USD 35.95)
PMID: 16310058
D) Assessment of a Scoring System for Basal Cell Carcinoma with MultiBeam Optical Coherence Tomography
Wahrlich C, Alawi SA, Batz S, Fluhr JW, Lademann J, Ulrich M. Assessment
of a scoring system for Basal Cell Carcinoma with multi-beam optical
coherence tomography. J Eur Acad Dermatol Venereol. 2015;29(8):1562-9.
Full text available from Journal of the European Academy of Dermatology
and Venereology (USD 6.00-38.00)
PMID: 25640145
Note: Summarized in Section 5.3.2
E) Distinguishing Between Benign and Malignant Melanocytic Nevi by In
Vivo Multiphoton Microscopy
Balu M, Kelly KM, Zachary CB, et al. Distinguishing between benign and
malignant melanocytic nevi by in vivo multiphoton microscopy. Cancer Res.
2014; 74(10): 2688-2697.
Free full text available from Cancer Research
PMID: 24686168
Note: Summarized in Section 5.3.3
F) Differential Diagnosis of Nonmelanoma Pigmented Skin Lesions Based
on Harmonic Generation Microscopy
Tsai MR, Cheng YH, Chen JS, Sheen YS, Liao YH, Sun CK. Differential
diagnosis of nonmelanoma pigmented skin lesions based on harmonic
generation microscopy. J Biomed Opt. 2014; 19(3): 36001.
Free full text available from Journal of Biomedical Optics
PMID: 24589985
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Note: Summarized in Section 5.3.3

7.4 Interobserver and Interstudy Variability in IVM
As for histology-based pathology diagnosis, there is a learning curve for
application of in vivo microscopy (IVM) image interpretation criteria and
classification schemes in manual interpretation (visual inspection) of digital IVM
images. So it is important to establish interobserver variability in applying IVM
image interpretation criteria. A number of studies of interobserver agreement
have been reported, the greatest number for IVM of the gastrointestinal tract and
pancreaticobiliary system, fewer for IVM of the cardiovascular system and skin.
Some studies have looked at training techniques and the effect of training in IVM
image interpretation on interobserver agreement. Some looked at interobserver
agreement among trained physician peers, others at interobserver agreement
between trained physicians and a remote expert. Some have shown
interobserver agreement in interpreting IVM images comparable to that in
histology-based diagnosis of the same type of lesions; others have not. Poor
interobserver agreement in manual application of visual image interpretation
criteria in some organ systems for certain disease entities has led to research
into automated, computerized IVM image interpretation based on parameters
extracted from the images. This work is limited to date and is not included in the
IVM Resource Guide at this time, but may be included in a future edition.
Another potential source of variability in IVM is interstudy reproducibility.
The two IVM modalities most in clinical use, confocal laser endomicroscopy
(CLE) and optical coherence tomography (OCT), are both high resolution
imaging modalities with very fast data acquisition as required for real time
imaging. The reproducibility of such fast data acquisition under clinical
conditions, which may include confounding factors like motion artifact, is poorly
understood. There is at least one report addressing interstudy reproducibility of
IVM results in the coronary arteries. However, much work remains to be done in
this area.
The following are selected articles on interobserver and interstudy variability in
IVM. A number of articles in Section 7.4 Interobserver and Interstudy Variability
in IVM describing new criteria for IVM diagnosis also report results for
interobserver variability.
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A) Volumetric Laser Endomicroscopy in Barrett's Esophagus:
Interobserver Agreement for Interpretation of Barrett's Esophagus and
Associated Neoplasia among High-Frequency Users
Trindade AJ, Inamdar S, Smith MS, Chang KJ, Leggett CL, Lightdale CJ.
Volumetric Laser Endomicroscopy in Barrett's Esophagus: Interobserver
Agreement for Interpretation of Barrett's Esophagus and Associated
Neoplasia Among High-Frequency Users. Gastrointest Endosc. 2017;
86(1):133-139.
Full text available from Gastrointestinal Endoscopy (USD 35.95 for 24 hour
access)
PMID: 27899321
Note: Summarized in Section 5.1.1.1.2
B) Needle-Based Confocal Laser Endomicroscopy for the Diagnosis of
Pancreatic Cystic Lesions: An International External Interobserver and
Intraobserver Study (with Videos)
Krishna SG, Brugge WR, Dewitt JM, Kongkam P, Napoleon B, RoblesMedranda C. Needle-Based Confocal Laser Endomicroscopy for the
Diagnosis of Pancreatic Cystic Lesions: An International External
Interobserver and Intraobserver Study (with Videos). Gastrointest Endosc.
2017. pii: S0016-5107(17)30179-7.
Full text available from Gastrointestinal Endoscopy (USD 35.95 for 24 hour
access)
PMID: 28286093
Note: Summarized in Section 5.1.2; also cited in Sections 5.12 and 10.3.1
C) Interobserver Agreement of Confocal Laser Endomicroscopy for
Detection of Head and Neck Neoplasia
Moore C, Mehta V, Ma X, et al. Interobserver Agreement of Confocal Laser
Endomicroscopy for Detection of Head and Neck Neoplasia. Laryngoscope.
2016; 126(3): 632-637.
Full text available from the Laryngoscope (USD 6.00-38.00)
PMID: 26372409
Note: Summarized in Section 5.11
D) In-Class Didactic Versus Self-Directed Teaching of the Probe-Based
Confocal Laser Endomicroscopy (pCLE) Criteria for
Barrett's Esophagus
Rzouq F, Vennalaganti P, Pakseresht K, Kanakadandi V, Parasa S, Mathur
SC. In-Class Didactic Versus Self-Directed Teaching of the Probe-Based

© 2018 College of American Pathologists. All rights reserved.

Return to Table of Contents

366

Section 7
Confocal Laser Endomicroscopy (pCLE) Criteria for Barrett's Esophagus.
Endoscopy. 2016; 48(2): 123-127.
Full text available from Endoscopy (USD 41.00)
PMID: 26427002
Note: Summarized in Section 5.1.1.1.1
E) Probe-Based Confocal Laser Endomicroscopy for Indeterminate Biliary
Strictures: Refinement of the Image Interpretation Classification
Kahaleh M, Giovannini M, Jamidar P, Gan SI, Cesaro P, Caillol F. ProbeBased Confocal Laser Endomicroscopy for Indeterminate Biliary Strictures:
Refinement of the Image Interpretation Classification. Gastroenterol Res
Pract. 2015; 2015:675210.
Free full text available from PubMed
PMID: 25866506
Note: Summarized in Section 5.1.2
F) In Vivo Confocal Microscopy in Clinical Practice: Comparison of
Bedside Diagnostic Accuracy of a Trained Physician and Distant
Diagnosis of An Expert Reader
Rao BK, Mateus R, Wassef C, Pellacan G. In vivo confocal microscopy in
clinical practice: Comparison of bedside diagnostic accuracy of a trained
physician and distant diagnosis of an expert reader. J Am Acad Dermatol.
2013;69:e295-300.
Full text available from Journal of the American Academy of Dermatology
(USD 31.50)
PMID: 24035553
Note: Summarized in Section 3.3
G) Interobserver Agreement for the Detection of Barrett's Esophagus with
Optical Frequency Domain Imaging
Sauk J, Coron E, Kava L, et al. Interobserver agreement for the detection of
Barrett's esophagus with optical frequency domain imaging. Dig Dis Sci.
2013; 58(8): 2261-2265.
Full text available from Digestive Diseases and Sciences (USD 39.95)
PMID: 23508980
Note: Summarized in Section 5.1.1.1.2
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H) Interstudy Reproducibility of the Second Generation, Fourier Domain
Optical Coherence Tomography in Patients with Coronary Artery
Disease and Comparison with Intravascular Ultrasound: A Study
Applying Automated Contour Detection
Jamil Z, Tearney G, Bruining N, et al. Interstudy reproducibility of the second
generation, Fourier domain optical coherence tomography in patients with
coronary artery disease and comparison with intravascular ultrasound: a
study applying automated contour detection. Int J Cardiovasc Imaging. 2013;
29(1): 39-51.
Summary: Recently, Fourier domain OCT (FD-OCT) has been introduced
for clinical use. This approach allows in vivo, high resolution (15 micron)
imaging with very fast data acquisition, however, it requires brief flushing of
the lumen during imaging. The reproducibility of such fast data acquisition
under intracoronary flush application is poorly understood. To assess the
inter-study variability of FD-OCT and to compare lumen morphometry to the
established invasive imaging method, IVUS. 18 consecutive patients with
coronary artery disease scheduled for PCI were included. In each target
vessel a FD-OCT pullback (MGH system, light source 1,310 nm, 105 fps,
pullback speed 20 mm/s) was acquired during brief (3 s) injection of X-ray
contrast (flow 3 ml/s) through the guiding catheter. A second pullback was
repeated under the same conditions after re-introduction of the FD OCT
catheter into the coronary artery. IVUS and OCT imaging was performed in
random order. FD-OCT and IVUS pullback data were analyzed using a
recently developed software employing semi automated lumen contour and
stent strut detection algorithms. Corresponding ROI were matched based on
anatomical landmarks such as side branches and/or stent edges. Inter-study
variability is presented as the absolute difference between the two pullbacks.
FD-OCT showed remarkably good reproducibility. Inter-study variability in
native vessels (cohort A) was very low for mean and minimal luminal area
(0.10 ± 0.38, 0.19 ± 0.57 mm(2), respectively). Likewise inter-study variability
was very low in stented coronary segments (cohort B) for mean lumen, mean
stent, minimal luminal and minimal stent area (0.06 ± 0.08, 0.07 ± 0.10,
0.04 ± 0.09, 0.04 ± 0.10 mm(2), respectively). Comparison to IVUS
morphometry revealed no significant differences. The differences between
both imaging methods, OCT and IVUS, were very low for mean lumen, mean
stent, minimal luminal and minimal stent area (0.10 ± 0.45, 0.10 ± 0.36,
0.26 ± 0.54, 0.05 ± 0.47 mm(2), respectively). FD-OCT shows excellent
reproducibility and very low inter-study variability in both, native and stented
coronary segments. No significant differences in quantitative lumen
morphometry were observed between FD-OCT and IVUS. Evaluating these
results suggest that FD-OCT is a reliable imaging tool to apply in longitudinal
coronary artery disease studies.
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Free full text available from PubMed
PMID: 22639296

7.5 IVM Validation: Meta-Analyses and MultiInstitutional Trials
Our clinical colleagues are still in the process of reaching consensus as to the
clinical indications and diagnostic thresholds for in vivo microscopy (IVM), as well
as the requirements for clinical trials (clinical endpoints, sample sizes required for
adequately powered studies, etc.) that will be used to make judgments as to
which IVM technologies to adopt and when. Consensus on these issues is
important in order to avoid widespread use of IVM technologies before clinical
studies documenting their effectiveness have been performed and – at the same
time – prevent these potentially valuable innovations from being prematurely
abandoned if they fail to perform as expected in poorly constructed trials.
Recently, the type of large case series and large scale, randomized, prospective
clinical trials needed for IVM validation have begun to be performed and results
reported for various clinical applications. Data from these studies is undergoing
robust meta-analysis to reach consensus and make evidence based decisions on
the adoption of IVM.
To date, these studies have largely compared IVM to histology as the gold
standard. But recently, large scale, multi-institutional, clinical trials have begun
using clinical outcome endpoints (rather than the histology gold standard). For
example, the recently completed Lipid-Rich Plaque Trial (NCT02033694), that
used near infrared spectroscopy piggy-backed on intravascular ultrasound
(NIRS-IVUS) to detect vulnerable coronary artery plaques and so identify
patients vulnerable to acute coronary events (results pending accumulation of
sufficient cardiac events). Also, there is recently completed clinical trial
(NCT01257932) for monitoring and predicting clinical response to neoadjuvant
chemotherapy in breast cancer patients using diffuse optical spectroscopy
imaging (DOSI) (results also pending sufficient clinical endpoint events).
The following are multi-institutional clinical trials and meta-analyses of IVM for
clinical use.
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A) The Lipid-Rich Plaque Study of Vulnerable Plaques and Vulnerable
Patients: Study Design and Rationale
Waksman R, Torguson R, Spad MA, et al. The Lipid-Rich Plaque Study of
Vulnerable Plaques and Vulnerable Patients: Study Design and Rationale.
Am Heart J. 2017; 192:98-104.
Summary: BACKGROUND: It has been hypothesized that the outcome
post-PCI could be improved by the detection and subsequent treatment of
vulnerable patients and lipid-rich vulnerable coronary plaques (LRP). A nearinfrared spectroscopy (NIRS) catheter capable of detecting LRP is being
evaluated in The Lipid-Rich Plaque Study. STUDY DESIGN: The LRP Study
is an international, multicenter, prospective cohort study conducted in
patients with suspected coronary artery disease (CAD) who underwent
cardiac catheterization with possible ad hoc PCI for an index event. Patient
level and plaque level events were detected by follow-up in the subsequent 2
years. Enrollment began in February 2014 and was completed in March
2016; a total of 1,562 patients were enrolled. Adjudication of new coronary
event occurrence and de novo culprit lesion location during the 2-year followup is performed by an independent clinical end-points committee (CEC)
blinded to NIRS-IVUS findings. The first analysis of the results will be
performed when at least 20 de novo events have occurred for which followup angiographic data and baseline NIRS-IVUS measurements are available.
It is expected that results of the study will be announced in 2018.
SUMMARY: The LRP Study will test the hypotheses that NIRS-IVUS imaging
to detect LRP in patients can identify vulnerable patients and vulnerable
plaques. Identification of vulnerable patients will assist future studies of novel
systemic therapies; identification of localized vulnerable plaques would
enhance future studies of possible preventive measures.
Full text available from American Heart Journal (USD 35.95)
PMID: 28938968
B) ASGE Technology Committee Systematic Review and Meta-Analysis
Assessing the ASGE Preservation and Incorporation of Valuable
Endoscopic Innovations Thresholds for Adopting Real-Time ImagingAssisted Endoscopic Targeted Biopsy During Endoscopic Surveillance
of Barrett's Esophagus
ASGE Technology Committee, Thosani N, Abu Dayyeh BK, et al. ASGE
Technology Committee Systematic Review and Meta-Analysis Assessing the
Asge Preservation and Incorporation of Valuable Endoscopic Innovations
Thresholds for Adopting Real-Time Imaging-Assisted Endoscopic Targeted
Biopsy During Endoscopic Surveillance of Barrett's Esophagus. Gastrointest
Endosc. 2016; 83(4): 684-98.e7.
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Free full text available from Gastrointestinal Endoscopy
PMID: 26874597
Note: Summarized in Section 5.1.1.1; also cited in Section 5.1.1.2
C) ASGE Technology Committee Systematic Review and Meta-Analysis
Assessing the ASGE PIVI Thresholds for Adopting Real-Time
Endoscopic Assessment of the Histology of Diminutive
Colorectal Polyps
ASGE Technology Committee, Abu Dayyeh BK, Thosani N, et al. ASGE
Technology Committee systematic review and meta-analysis assessing the
ASGE PIVI thresholds for adopting real-time endoscopic assessment of the
histology of diminutive colorectal polyps. Gastrointest Endosc. 2015; 81(3):
502.e1-502.e16.
Free full text available from Gastrointestinal Endoscopy
PMID: 25597420
Note: Summarized in Section 5.1.1.2
D) Meta-Analysis of Confocal Laser Endomicroscopy for the Diagnosis of
Gastric Neoplasia and Adenocarcinoma
Qian W, Bai T, Wang H, Zhang L, Song J, Hou XH. Meta-Analysis of
Confocal Laser Endomicroscopy for the Diagnosis of Gastric Neoplasia and
Adenocarcinoma. J Dig Dis. 2016; 17(6): 366-376.
Full text available from Journal of Digestive Diseases (USD 6.00-38.00)
PMID: 27129127
Note: Summarized in Section 5.1.1.1.1
E) Confocal Laser Endomicroscopy in Gastrointestinal and
Pancreatobiliary Diseases: A Systematic Review and Meta-Analysis
Fugazza A, Gaiani F, Carra MC, et al. Confocal Laser Endomicroscopy in
Gastrointestinal and Pancreatobiliary Diseases: A Systematic Review and
Meta-Analysis. Biomed Res Int. 2016; 2016:4638683.
Free full text available from PubMed
PMID: 26989684
Note: Summarized in Section 5.1.1
F) Validation of the Diagnostic Accuracy of Probe-Based Confocal Laser
Endomicroscopy for the Characterization of Indeterminate Biliary
Strictures: Results of a Prospective Multicenter International Study
Slivka A, Gan I, Jamidar P, Costamagna G, Cesaro P, Giovannini M.
Validation of the Diagnostic Accuracy of Probe-Based Confocal Laser
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Endomicroscopy for the Characterization of Indeterminate Biliary Strictures:
Results of a Prospective Multicenter International Study. Gastrointest
Endosc. 2015; 81(2): 282-290.
Full text available from Gastrointestinal Endoscopy (USD 35.95 for 24 hour
access)
PMID: 25616752
Note: Summarized in Section 5.1.2
G) Utility of Confocal Laser Endomicroscopy in Identifying High-Grade
Dysplasia and Adenocarcinoma in Barrett's Esophagus: A Systematic
Review and Meta-Analysis
Gupta A, Attar BM, Koduru P, Murali AR, Go BT, Agarwal R. Utility of
confocal laser endomicroscopy in identifying high-grade dysplasia and
adenocarcinoma in Barrett's esophagus: a systematic review and metaanalysis. Eur J Gastroenterol Hepatol. 2014; 26(4): 369-377.
Full text available from European Journal of Gastroenterology and
Hepatology (subscription required)
PMID: 24535597
Note: Summarized in Section 5.1.1.1.1
H) Confocal Laser Endomicroscopy for Detection of Neoplasia in Barrett's
Esophagus: A Meta-Analysis
Wu J, Pan YM, Wang TT, Hu B. Confocal laser endomicroscopy for detection
of neoplasia in Barrett's esophagus: a meta-analysis. Dis Esophagus. 2014;
27(3): 248-254.
Full text available from Diseases of the Esophagus (USD 6.00-38.00)
PMID: 23672425
Note: Summarized in Section 5.1.1.1.1
I)

In Vivo Endomicroscopy Improves Detection of Barrett's EsophagusRelated Neoplasia: A Multicenter International Randomized Controlled
Trial (With Video)
Canto MI, Anandasabapathy S, Brugge W, et al. In vivo endomicroscopy
improves detection of Barrett's esophagus-related neoplasia: a multicenter
international randomized controlled trial (with video). Gastrointest Endosc.
2014; 79(2): 211-221.
Full text available from Gastrointestinal Endoscopy (USD 31.50)
PMID: 24219822
Note: Summarized in Section 5.1.1.1.1; also cited in Section 10.3.1
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J) Multimodal Hyperspectroscopy as a Triage Test for Cervical Neoplasia:
Pivotal Clinical Trial Results
Twiggs LB, Chakhtoura NA, Ferris DG, et al. Multimodal hyperspectroscopy
as a triage test for cervical neoplasia: Pivotal clinical trial results. Gynecol
Oncol. 2013; 130(1):147-151.
Full text article available from Gynecological Oncology (USD 39.95)
PMID: 23591399
Note: Summarized in Section 5.7.1

7.6 IVM Consensus Statements and
Practice Guidelines
Recently, the type of large scale, randomized, prospective clinical trials needed
for robust meta-analysis for in vivo microscopy (IVM) validation have begun to be
performed and results reported (see Section 7.5 IVM Validation: Meta-Analyses
and Multi-Institutional Trials). And data from these studies are being used to
make evidence based decisions on the clinical adoption of IVM.
As with most quality assurance issues, the consensus process is most mature for
gastrointestinal applications of IVM. As a result, the gastroenterology community
has issued meta-analysis based preliminary practice guidelines for clinical
adoption of IVM. For example, in 2015 and early 2016, expert consensus
statements and preliminary practice guidelines were published by both the
American and European Societies for Gastrointestinal Endoscopy (ASGE and
ESGE) endorsing the use of advanced imaging technologies including IVM
(specifically probe-based confocal laser endomicroscopy (pCLE)), in patients
with Barrett Esophagus and colon polyps.
Several of these documents specifically address the issue of optical diagnosis
without the need for biopsy – so-called “optical biopsy” – as part of the “diagnose
and leave” and “diagnose, treat and discard” strategies advocated by some in the
gastroenterology community for diminutive colon polyps. This is a topic of special
interest to pathologists who sit on institutional Tissue Committees, as they may
soon be asked to consider clinician requests to discard diminutive colon polyps
diagnosed using IVM rather than submit them to pathology.
The following are American and European consensus statements and practice
guidelines on the clinical adoption of IVM in the gastrointestinal tract, as well as
the cardiovascular system and genitourinary tract. For the ASGE practice
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guidelines, please see Section 7.5 IVM Validation: Meta-Analyses and MultiInstitutional Trials.

A) Use of Probe-Based Confocal Laser Endomicroscopy (pCLE) in
Gastrointestinal Applications. A Consensus Report Based on
Clinical Evidence
Wang KK, Carr-Locke DL, Singh SK, et al. Use of probe-based confocal
laser endomicroscopy (pCLE) in gastrointestinal applications. A consensus
report based on clinical evidence. United European Gastroenterol J. 2015;
3(3):230-54.
Free full text available from UEG Journal
Note: Summarized in Section 5.1.1
B) Technical Solutions to Improve the Management of Non-MuscleInvasive Transitional Cell Carcinoma: Summary of a European
Association of Urology Section for Uro-Technology (ESUT) and Section
for Uro-Oncology (ESOU) Expert Meeting and Current and
Future Perspectives
Bach T, Muschter R, Herrmann TR, et al. Technical Solutions to Improve the
Management of Non-Muscle-Invasive Transitional Cell Carcinoma: Summary
of a European Association of Urology Section for Uro-Technology (Esut) and
Section for Uro-Oncology (Esou) Expert Meeting and Current and Future
Perspectives. BJU Int. 2015; 115(1): 14-23.
Free full text available from BJU International
PMID: 25646531
Note: Summarized in Section 5.6.1
C) Advanced Imaging for Detection and Differentiation of Colorectal
Neoplasia: European Society of Gastrointestinal Endoscopy
(ESGE) Guideline
Kaminski MF, Hassan C, Bisschops R, et al. Advanced imaging for detection
and differentiation of colorectal neoplasia: European Society of
Gastrointestinal Endoscopy (ESGE) Guideline. Endoscopy. 2014; 46(5): 435449.
Free full text available from Endoscopy
PMID: 24639382
Note: Summarized in Section 5.1.1.2
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D) Expert Consensus Statement on the Use of Fractional Flow Reserve,
Intravascular Ultrasound, and Optical Coherence Tomography: A
Consensus Statement of the Society of Cardiovascular Angiography
and Interventions
Lotfi A, Jeremias A, Fearon WF, et al. Expert consensus statement on the
use of fractional flow reserve, intravascular ultrasound, and optical
coherence tomography: a consensus statement of the Society of
Cardiovascular Angiography and Interventions. Catheter Cardiovasc Interv.
2014; 83(4): 509-518.
No summary available.
Full text available from Catheterization and Cardiovascular Interventions
(USD 6.00-38.00)
PMID: 24227282

7.7 Physician Attitudes Towards IVM
Interestingly, few studies have been published on physicians’ attitudes towards
and perceived barriers to clinical implementation of in vivo microscopy (IVM). In
addition to potential barriers to implementation of IVM such as device cost and
workflow issues, there appears to be push-back by some clinicians who are
reluctant to assume responsibility for rendering a definitive diagnosis using IVM
particularly, but not exclusively, in the case of “optical biopsy”, “diagnose-andleave” or “diagnose, treat and discard” scenarios. Thus, even in specialties where
IVM is already in clinical use, such as gastroenterology, there is still an
opportunity for pathologists to assume a role in IVM image interpretation. Since
IVM images (data sets) are digital, they can be reviewed in real time either at the
clinical locale where they are being acquired or remotely – for example, in the
pathology laboratory. This provides some flexibility in incorporating IVM image
interpretation into the pathologist’s workflow.
The following is an article on physician attitudes towards clinical implementation
of IVM.

A) Physician Attitudes Toward Dissemination of Optical Spectroscopy
Devices for Cervical Cancer Control: An Industrial-Academic
Collaborative Study
Shinn E, Qazi U, Gera S, et al. Physician attitudes toward dissemination of
optical spectroscopy devices for cervical cancer control: an industrial-
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academic collaborative study. Gend Med. 2012; 9(1 Suppl): S67-77; quiz 77
e61-66.
Free full text available from PubMed
PMID: 22340642
Note: Summarized in Section 5.7.1
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Section 8 IVM Billing/Reimbursement
The CAP has been closely involved in ensuring that pathologists are fairly
compensated for pathologists’ work in the new area of in vivo microscopy (IVM).
Over the last several years, AMA CPT® has established several CPT codes to
report in vivo microscopy-related services which may be provided by
pathologists. In addition, the Centers for Medicare and Medicaid Services (CMS)
subsequently established payments for some of these new CPT codes under the
Medicare Physician Fee Schedule.
Optical Endomicroscopy
For CPT 2013, AMA established one new pathology CPT code to capture the
work of optical endomicroscopic images interpretation and report: 88375 Optical
endomicroscopic image(s), interpretation and report, real-time or referred, each
endoscopic session. In 2014, the CMS reversed its 2014 decision not to pay
separately on the Physician Fee Schedule for 88375 and implemented Medicare
payments based on the CAP’s request.
Optical Coherence Tomography
Also in 2014, AMA CPT established four new Category III codes and instructional
parenthetical notes to capture optical coherence tomography (OCT) of breast:
0351T Optical coherence tomography of breast or axillary lymph node,
excised tissue, each specimen; real-time intraoperative
0352T Optical coherence tomography of breast or axillary lymph node,
excised tissue, each specimen; interpretation and report, real-time or
referred
(Do not report 0352T in conjunction with 0351T, when performed by the
same physician)
0353T Optical coherence tomography of breast, surgical cavity; real-time
intraoperative
0354T Optical coherence tomography of breast, surgical cavity;
interpretation and report, real-time or referred
(Do not report 0354T in conjunction with 0353T, when performed by the
same physician)
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Reflectance Confocal Microscopy
AMA CPT established six new codes for CPT 2016 that can be used for
reflectance confocal microscopy of skin and are listed in the Special
Dermatological Procedures subsection of CPT:
96931 Reflectance confocal microscopy (RCM) for cellular and subcellular imaging of skin; image acquisition and interpretation and report,
first lesion
96932 Reflectance confocal microscopy (RCM) for cellular and subcellular imaging of skin; image acquisition only, first lesion
96933 Reflectance confocal microscopy (RCM) for cellular and subcellular imaging of skin; interpretation and report only, first lesion
+96934 Reflectance confocal microscopy (RCM) for cellular and subcellular imaging of skin; image acquisition and interpretation and report,
each additional lesion (List separately in addition to code for primary
procedure)
(Use 96934 in conjunction with 96931)
96935 Reflectance confocal microscopy (RCM) for cellular and subcellular imaging of skin; image acquisition only, each additional lesion
(List separately in addition to code for primary procedure)
(Use 96935 in conjunction with 96932)
96936 Reflectance confocal microscopy (RCM) for cellular and subcellular imaging of skin; interpretation and report only, each additional
lesion (List separately in addition to code for primary procedure)
(Use 96936 in conjunction with 96933).
The Centers for Medicare and Medicaid Services established payment relative
value units (RVUs) for RCM CPT codes 96931-96936 in the CMS 2017
Physician Fee Schedule Final Rule.
To learn more about CPT, go to the AMA CPT website: https://www.amaassn.org/practice-management/cpt-current-procedural-terminology.
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Section 9 The CAP In Vivo Microscopy
Resources
This section includes information on the following CAP In Vivo Microscopy (IVM)
resources:
•

CAP’s In Vivo Microscopy Web Pages (Section 9.1);

•

CAP IVM Webinar Series (Section 9.2);

•

CAP Annual Meetings (Section 9.3);

•

CAP IVM and EVM Laboratory Accreditation Program Checklists
(Section 9.4);

•

CAP Sponsored IVM Course (Section 9.5);

•

IVM and Social Media (Section 9.6);

•

Short Presentations on Emerging Concepts (SPECs) (Section 9.7);

•

IVM Briefs (Section 9.8); and

•

IVM Mini-Fellowships (Section 9.9).

9.1 The CAP In Vivo Microscopy Web Pages
9.1.1 In Vivo Microscopy Committee Page
The In Vivo Microscopy Committee Page has information regarding the
committee’s charge, requirements and activities of the committee and a list of
current committee members. Additionally, visitors can apply to join the committee
from a link on this page.
Visit the page

9.1.2 IVM Topic Center Page
The IVM Topic Center page is a single source of all the CAP’s IVM activities and
resources.
Visit the page
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9.2 The CAP IVM Webinar Series
Visit the IVM Topic Center page to view the archived and upcoming webinars
related to IVM and EVM.
Below are the 2017 IVM webinars that are available for viewing.

A) Confocal Microscopy For Pigmented Lesions
Rao BK. IVM Webinar Series. Confocal Microscopy for Pigmented Lesions.
[Webinar]. April 25, 2017. Available at https://tinyurl.com/ybnrduvx. Accessed
August 22, 2017.
Summary: This webinar will comprehensively discuss a systematic approach
to the non-invasive diagnosis of pigmented skin lesions. The lecture will
begin with the definitions of commonly used terms, followed by an overview
of the diagnostic criteria for confocal image analysis, and as always, we will
conclude with the presentation and discussion of relevant clinical and
confocal cases.
Archived recording available
Note: Also cited in Section 5.3
B) Creating A Successful Pathology-Engineering Collaboration
Reder NP, Glaser A, True LD, Liu JT. IVM Webinar Series. Creating A
Successful Pathology-Engineering Collaboration. [Webinar]. May 30, 2017.
Available at https://tinyurl.com/y7h8de39. Accessed August 22, 2017.
Summary: Recent advances in optics have vast potential for enhancing the
practice of pathology. However, the gap between engineering innovations
and translation to the clinic remains a challenge. In this webinar, the
presenters will describe the highly successful establishment of a pathologyengineering collaboration at the University of Washington. The Departments
of Mechanical Engineering and Pathology have formed a tightknit
relationship through a combination of journal clubs, face-to-face meetings,
and hands-on experience. The team describes how academic pathologists,
trainees, and community pathologists can cultivate their own effective
collaborations to bring these engineering innovations to the clinic.
Archived recording available
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C) Confocal Microscopy of Non Melanocytic Lesions
Rao BK. IVM Webinar Series. Confocal Microscopy Of Non Melanocytic
Lesions. [Webinar]. Sept 20, 2017. Available at https://tinyurl.com/y8nux424.
Accessed August 22, 2017.
Summary: This webinar will comprehensively discuss a systematic approach
to the non-invasive diagnosis of non-melanocytic skin lesions. The lecture
will begin with the definitions of commonly used terms, followed by an
overview of the diagnostic criteria for confocal image analysis, and as
always, we will conclude with the presentation and discussion of relevant
clinical and confocal cases.
Archived recording available
Note: Also cited in Section 5.3
D) Light-Sheet Microscopy For 3D Pathology
Reder NP, True L. IVM Webinar Series. Light-Sheet Microscopy For 3D
Pathology [Webinar]. Oct 3, 2017. Available at https://tinyurl.com/yc4kzeel.
Accessed August 22, 2017.
Summary: Light-sheet microscopy offers unparalleled ability to efficiently
visualize large structures in 3D with cellular detail. The ability to rapidly
analyze 3D structures at high resolution has led to major advances in the
basics sciences, most notably in neuroscience and developmental biology.
However, research laboratory microscopes are often impractical for realworld clinical pathology practices. Drs. Reder and True describe the first
light-sheet microscope designed for human specimens of arbitrarily large
sizes. They discuss initial findings using 3D pathology including refinement of
Gleason grading of prostate biopsies, challenges in implementing the
technology, and potential for future applications. This webinar emphasizes
real-world use cases for the practicing pathologist.
Archived recording available
Note: Also cited in Section 2.2
E) Rapid Examination Of Fresh Tissue Using Light-Sheet Microscopy
Reder NP. IVM Webinar Series. Rapid Examination of Fresh Tissue Using
Light-Sheet Microscopy [Webinar]. Nov 7, 2017. Available at
https://tinyurl.com/ybre44nk. Accessed August 22, 2017.
Summary: In this webinar, you will explore an emerging technology that is
useful for imaging the irregular-cut surfaces of fresh clinical specimens. Dr.
Reder will introduce you to light-sheet microscopy, which can rapidly image
the surface of large, irregular tissues. The ability to perform slide-free,
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nondestructive examination of fresh tissue has many potential applications,
including rapid adequacy assessments and intraoperative assessment of
surgical specimens.
Archived recording available
Note: Also cited in Section 2.2
F) Role of Reflectance Confocal Microscopy in Skin Inflammations
Rao BK. IVM Webinar Series. Role of Reflectance Confocal Microscopy in
Skin Inflammations. [Webinar]. Dec 5, 2017. Available at
https://tinyurl.com/y7zjkb2q. Accessed November 2, 2017.
Summary: This webinar will comprehensively discuss a systematic approach
to the non-invasive management of inflammatory skin lesions such as
psoriasiform, spongiotic and lichenoid. Topics include definitions of
commonly used terms, an overview of the diagnostic criteria for confocal
image analysis, and a discussion of relevant clinical and confocal cases.
Archived recording available
Note: Also cited in Section 5.3

9.3 The CAP Annual Meetings
A number of in vivo microscopy (IVM) related activities are scheduled at the CAP
annual meetings. Please check the meeting schedule for details.
CAP18 – THE Pathologists’ Meeting™
October 21-24, 2018
Hyatt Regency Chicago
Chicago, Illinois
CAP19 – THE Pathologists’ Meeting™
September 22-25, 2019
Gaylord Palms
Orlando, Florida
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9.4 The CAP IVM and EVM Laboratory Accreditation
Program Checklists
The CAP Laboratory Accreditation Program (LAP) provides resources to
laboratories and diagnostic services to maintain exceptional standards of patient
care and safety and to meet and exceed standards set by the Centers for
Medicare and Medicaid Services and the Joint Commission. Over 80% of large
academic and private laboratories in the US are accredited by the CAP.
Accreditation by the CAP is a peer-review process, in which inspections are
carried out by peer laboratories.
The CAP develops checklists for various diagnostic services as part of this
program to address patient safety and regulatory requirements. These checklists:
•

Define essential requirements that must be met to ensure the highest
quality of patient care.

•

Are developed through a peer-review process utilizing evidence-based
guidelines.

•

Are updated annually.

•

Contain explanatory notes that assist users in understanding the intent of
the items.

•

Provide evidence of compliance sections that highlight best-practice
recommendations.

•

Contain updated references for further information.

Members of the CAP have extensive experience in all types of microscopy and
image analysis and are familiar with challenges in interpretation and other
potential pitfalls. Therefore, the CAP has taken the lead in developing checklists
for emerging technologies such as Telepathology, Whole Slide Imaging, and
Circulating Tumor Cell Analysis. The checklists for In Vivo Microscopy (IVM) and
Ex Vivo Microscopy (EVM) will help establish standards for their performance.
The IVM checklist addresses items such as:
•

IVM dataset and patient identification.

•

IVM dataset quality criteria; criteria for IVM dataset rejection.

•

Validation of IVM system based on intended use.

•

End-user training to ensure accuracy and reproducibility in interpretation.

•

Appropriate use of IVM.

•

Quality management activities.

•

IVM reports and IVM dataset retention.
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The EVM checklist covers ex vivo use of IVM technologies as tools for
pathologist use in the pathology laboratory, and is intended to assist pathology
laboratories in integrating EVM into their pathology practice.
The EVM checklist addresses items such as:
•

Validation of IVM systems based on intended use ex vivo.

•

IVM system function checks.

•

EVM method performance specifications availability.

As the field progresses, these checklists will evolve with input from IVM and EVM
practitioners.
The checklist is part of the Anatomic Pathology Checklist available for purchase
from the CAP’s Laboratory Accreditation Program.

9.5 The CAP Sponsored IVM Course
The CAP’s In Vivo Microscopy Committee organizes and sponsors annual one
day introductory courses on in vivo microscopy (IVM) Interpretation targeted for
practicing pathologists and residents. This may also be of interest to other
clinicians. The CAP’s IVM Topic Center has the most updated course schedule
and information on how to register.
Course topics include:
•

IVM of Gastrointestinal Tract

•

IVM of Skin

•

IVM of Cardiovascular System

•

IVM of Lung

•

EVM

•

Creating a Business Case for Emerging Technologies

•

Reimbursement Considerations

What pathologists are saying about the course:
“I have no doubt that IVM is the direction we pathologists need to go, it’s just a
matter of how soon. This IVM course is to the point, well-organized, and wellexecuted.”
Patricia A. Gregg, MD, FCAP
Fort Myers, Florida
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“This course has been extremely valuable. As medicine changes, it is imperative
that pathologist understanding integrate those changes into daily practice. This
course will give you the background to lead change in an exciting new diagnostic
arena.”
Dayan Sandler, MD
Jacksonville Pathologist Consultants
"The 'Introduction to IVM Interpretation for the Practicing Pathologist' course
gave me a solid foundation in IVM and provided me with the motivation to start
an IVM research project. I would highly recommend this course to any trainee
with an interest in applying IVM to the practice of pathology."
Nicholas P Reder, MD, MPH
University of Washington Medical Center

9.6 IVM and Social Media
9.6.1 CAPConnect
CAPConnect is your source for learning and sharing knowledge with peers. This
community offers unique opportunities for:
•

discussion and collaboration diagnostics

•

practice management

•

emerging technologies

•

health care trends

•

professional development.

There is an in vivo microscopy (IVM) discussion group on CAPConnect in which
you can participate. Post your questions to the IVM experts and join in the
discussion!
Access CAPConnect

9.6.2 Twitter
The CAP and the In Vivo Microscopy Committee promotes the use of Twitter by
using the #IVM_EVM tag.
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9.6.3 CAPCast
The CAP’s podcasts – called CAPCasts – feature interviews with leading
pathologists on current issues impacting pathology and laboratory medicine.
These podcasts are hosted on SoundCloud and iTunes.
The following CAPcasts feature interviews with IVM experts.
•

Why (and How) Pathologists Can Lead in In Vivo Microscopy

•

New Frontiers in Pathology: Why IVM Matters to Young Pathologists

•

Want to Bring an Emerging Technology into Your Lab? Write a Business
Plan

9.7 Short Presentations on Emerging Concepts
(SPEC)
The CAP has created a number of Short Presentations on Emerging Concepts
(SPECs) to assist pathologists in establishing themselves as leaders in their local
medical community. These SPEC PowerPoint presentations are member
benefits and can be downloaded from the CAP website.
•

These IVM SPECs can be used to help educate pathologist colleagues,
trainees, and hospital administration on the added value of IVM in both
clinical and pathology practice.

•

Additionally, the GI IVM SPEC can be a tool to facilitate discussions with
GI specialists about the potential role of pathologists in GI IVM image
interpretation.

There are four in vivo microscopy (IVM)-related SPECs:
•

In Vivo Microscopy (IVM): A New Role for Pathologists

•

Collaboration Between Pathologists and Endoscopists: In Vivo
Microscopy (IVM) of the GI Tract

•

Ex Vivo Microscopy (EVM): A New Tool for Pathologists

•

Emerging Concepts on In Vivo Microscopy (IVM): Skin

Access the SPECs
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9.8 IVM Briefs
These informational briefs provide “10 minute education” on aspects of IVM and
EVM. Print them out and share them with others!
•

IVM Brief

•

EVM Brief

•

Barrett Esophagus Brief

•

Pancreas Brief

Access the briefs

9.9 IVM Mini-Fellowships
Members of the In Vivo Microscopy Committee offer “mini-fellowships”
that are an opportunity for a more hands on experience using IVM and
EVM. Please contact a member directly for more information. These are
not CAP-sponsored.
Member

Email

Specialty

Babar Rao, MD

babarrao@gmail.com

EVM for skin

Lida Hariri, MD, PhD

lhariri@partners.org

IVM for lung

Gary J. Tearney,
MD, PhD

gtearney@partners.org

IVM for GI

Jonathan T.C. Liu,
PhD and Nicholas P.
Reder, MD, MPH

jonliu@uw.edu
nreder@uw.edu

IVM/EVM for oral cancer,
breast lumpectomy
specimens, prostate, brain
cancers, and other tissue
types
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Section 10 Other IVM Resources
This section includes information on the following non-CAP in vivo microscopy
(IVM) education resources:
•

Conferences with IVM Topics (Section 10.1);

•

National Optical Societies with IVM Focus Area (Section 10.2); and

•

IVM Videos (Section 10.3).

10.1 Conferences with IVM Topics
These conferences have been suggested by pathologists who are in vivo
microscopy (IVM) early adopters:
•

Conferences in 2018 (Section 10.1.1); and

•

Conferences in 2019 (Section 10.1.2).

10.1.1 Conferences in 2018
These conferences have in vivo microscopy (IVM) pathologist speakers
confirmed on their programs in 2018:
A) OSA Biophotonics Congress: Biomedical Optics
Optical Society of America
April 3-6, 2018 in Hollywood, FL
Visit the organizer’s webpage
B) Pathology Informatics Conference 2018
Association for Pathology Informatics
May 21-24, 2018 in Pittsburgh, PA
Visit the organizer's webpage
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C) CAP18
College of American Pathologists
October 21-24, 2018 in Chicago, IL
Visit the conference page
D) Pathology Visions 2018
Digital Pathology Association
November 4-6, 2018 in San Diego, CA
Visit the conference page

10.1.2 Conferences in 2019
These conferences have included IVM Pathologist speakers previously and could
do so again in 2019:
A) Molecular Med Tri-Con
Cambridge Healthtech Institute
February 2019 in San Francisco, CA
Visit the organizer's webpage
B) USCAP Annual Meeting
United States & Canadian Academy of Pathology
March 16-22, 2019 in National Harbor, MD
Visit the organizer's webpage
C) Pathology Informatics Summit 2019
Association for Pathology Informatics
May 6-9, 2019 in Pittsburgh, PA
Visit the organizer's webpage
D) CAP19
College of American Pathologists
September 22-25, 2019 in Orlando, FL
Visit the organizer's webpage
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E) Pathology Visions 2019
Digital Pathology Association
October 6-8, 2019 in Orlando, FL
Visit the organizer's webpage

10.2 National Optical Societies with IVM Focus Areas
These optical societies have in vivo microscopy (IVM) focus areas and sponsor
biomedical research conferences with sessions devoted to IVM technologies and
applications.
A) International Society for Optics and Photonics (SPIE)
Biomedical Optics & Medical Imaging
http://spie.org/
B) The Optical Society of America (OSA)
Bio-Medical Optics Technical Group
http://www.osa.org/en-us/communities/technical_communities/bmo/

10.3 IVM Videos
This section contains the following types of educational videos on in vivo
microscopy (IVM):
•

Resource Guide Articles with IVM Videos (Section 10.3.1); and

•

IVM Online Video Presentations (Section 10.3.2).
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10.3.1 Resource Guide Articles with IVM Videos
The following resource guide articles have associated in vivo microscopy (IVM)
videos that can be viewed online.

A) Needle-Based Confocal Laser Endomicroscopy for the Diagnosis of
Pancreatic Cystic Lesions: An International External Interobserver and
Intraobserver Study (with Videos)
Krishna SG, Brugge WR, Dewitt JM, et al. Needle-Based Confocal Laser
Endomicroscopy for the Diagnosis of Pancreatic Cystic Lesions: An
International External Interobserver and Intraobserver Study (with Videos).
Gastrointest Endosc. 2017. pii: S0016-5107(17)30179-7.
This article has video as supplementary material.
Full text available from Gastrointestinal Endoscopy (USD 35.95 for 24 hour
access)
PMID: 28286093
Note: Summarized in Section 5.1.2; also cited in Sections 5.12 and 7.4
B) Safety and Feasibility of Volumetric Laser Endomicroscopy in Patients
with Barrett's Esophagus (with videos)
Wolfsen HC, Sharma P, Wallace MB, Leggett C, Tearney G, Wang KK.
Safety and Feasibility of Volumetric Laser Endomicroscopy in Patients with
Barrett's Esophagus (with videos). Gastrointest Endosc. 2015;82(4):631-40.
This article has video as supplementary material.
Full text article available from Gastrointestinal Endoscopy (USD 35.95 for 24
hours)
PMID: 25956472
Note: Summarized in Section 3.7
C) In Vivo Endomicroscopy Improves Detection of Barrett's Esophagusrelated Neoplasia: A Multicenter International Randomized Controlled
Trial (With Video)
Canto MI, Anandasabapathy S, Brugge W, et al. In vivo endomicroscopy
improves detection of Barrett's esophagus-related neoplasia: a multicenter
international randomized controlled trial (with video). Gastrointest Endosc.
2014; 79(2): 211-221.
This article has video as supplementary material.
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Full text available from Gastrointestinal Endoscopy (USD 31.50)
PMID: 24219822
Note: Summarized in Section 5.1.1.1.1; also cited in Section 7.5
D) The Accuracy of Probe-Based Confocal Endomicroscopy Versus
Conventional Endoscopic Biopsies for the Diagnosis of Superficial
Gastric Neoplasia (with Videos)
Bok GH, Jeon SR, Cho JY, et al. The Accuracy of Probe-Based Confocal
Endomicroscopy Versus Conventional Endoscopic Biopsies for the Diagnosis
of Superficial Gastric Neoplasia (with Videos). Gastrointest Endosc. 2013;
77(6): 899-908.
This article has video as supplementary material.
Full text available from Gastrointestinal endoscopy (USD 35.95 for 24 hours
access)
PMID: 23473002
Note: Summarized in Section 5.1.1.1.1

10.3.2 IVM Online Video Presentations
The following are on-line webcasts or video presentations at various venues
related to clinical application of in vivo microscopy (IVM).

A) The MUSE Microscope for Advanced Light Microscopy
Levensen, R. The MUSE Microscope for Advanced Light Microscopy.
Photonics Media webinars. January 16, 2018. Available at
https://www.photonics.com/Webinar.aspx?WID=130.
Summary: This webinar will introduce the MUSE (Microscopy with Ultraviolet
Sectioning Excitation) Microscope, a novel form of light microscopy that can
generate high-quality histology and histopathology images directly from cut
surfaces of fresh or fixed tissue samples of any thickness, with less than one
minute of preparation. Presenter Richard Levenson, M.D., FCAP, will discuss
the development of the MUSE microscope and demonstrate its use. He will
provide a brief overview of light microscopy, including its history, use, value
as a microscopy medium, and potential drawbacks.
Developed jointly by Lawrence Livermore National Laboratory and University
of California, Davis (UC Davis), the MUSE microscope uses short-
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wavelength UV light which penetrates only microns-deep into tissue,
eliminating the need for precision-cut, thin specimens. The UV light excites
many fluorescent dyes simultaneously to provide detailed, high-resolution
colored images.
Archived presentation available
B) Optics-Based Tools for Cancer Care
Ramanujam N. Optics-Based Tools for Cancer Care. Photonics Media
webinars. June 27, 2017. Available at
https://www.photonics.com/Webinar.aspx?WID=110.
Summary: Nirmala (Nimmi) Ramanujam, Ph.D., is Robert W. Carr Jr.
professor of Biomedical Engineering, professor in Pharmacology & Cancer
Biology and Global Health, and founding director of the Global Women’s
Health Technologies at Duke University. She will speak on optical tools and
techniques she is developing for cancer screening in resource-limited
settings.
Professor Ramanujam is leading a multi-disciplinary effort to translate these
technologies to clinical applications in the breast and cervix. In addition to her
academic efforts, professor Ramanujam has spun out a company, Zenalux,
to commercialize several of the technologies developed in her lab and is
developing and creating the processes to move technologies further down
the commercialization pipeline within Duke. She is bringing together key
opinion leaders as close partners during the technology conceptualization
and development phases, working with industry partners to transform
prototypes into products and navigating regulatory clearance in-house. This
gives technologies that are designed to address health disparities the
greatest chance of having impact.
Archived presentation available
C) Intracoronary NIFR Molecular Imaging – Translatable Approaches
Jaffer F. Intracoronary NIFR Molecular Imaging – Translatable Approaches.
Photonics Media webinars. October 24, 2016. Available at
https://www.photonics.com/Webinar.aspx?WID=101.
Summary: Dr. Farouc Jaffer of Harvard Medical School and Massachusetts
General Hospital will present on his lab’s use of cutting-edge fluorescence
molecular imaging technology to develop intravital microscopy, for the
purpose of understanding in vivo the molecular mechanisms of
atherosclerosis, thrombosis and vascular injury. He will discuss his lab’s
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partnerships with world-renowned engineering groups to develop translatable
intravascular fluorescence molecular imaging approaches, and the recent
clinical translation of this technology. Dr. Jaffer performed the first
intracoronary human studies at MGH using a novel OCT-fluorescence
imaging catheter. He will speak on these studies and include specific
examples based on preclinical trials.
Archived presentation available
D) Fluorescence “Lifetime” Advances In Vivo Applications
Marcu L. Fluorescence “lifetime” advances in vivo applications. BioOptics
WORLD Biomedical & Biophotonics Webcasts. 2016. Available at
https://event.on24.com/eventRegistration/EventLobbyServlet?target=reg20.js
p&partnerref=ws&eventid=1157088&sessionid=1&key=6E70A9B1267B2654
43100C03903745EB&regTag=&sourcepage=register.
Summary: Time-resolved ("lifetime") fluorescence spectroscopy and imaging
provide label-free optical molecular contrast of diseased tissues and
outperform steady-state fluorescence. Now proven for in vivo applications,
including noninvasive diagnostics and endoscopy, fluorescence lifetime is
promising for clinical work—but depends on advancement of new, more
affordable optics and photonics components.
Archived presentation available
E) Alexander Oraevsky: Optoacoustic Imaging Overcomes Challenge of
Scattering in Tissue
Oraevsky A. Alexander Oraevsky: Optoacoustic imaging overcomes
challenge of scattering in tissue. 2015, SPIE. Available at
http://spie.org/newsroom/oraevsky-video.
Summary: The combination of light and sound enables imaging deep
inside biological tissues.
Archived presentation available
F) Brett Bouma Hot Topics presentation: Endoscopic OCT
Bouma B. Brett Bouma Hot Topics presentation: Endoscopic OCT.
Biomedical Optics & Medical Imaging. March 5, 2015. Available at
http://spie.org/newsroom/pw15_plenary_landing/pw15hottopic_bouma?ArticleID=x112691.
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Summary: In this Hot Topics presentation, Brett Bouma notes how
diagnostic procedures using optical coherence tomography (OCT)
technology have become the gold standard for detecting diseases of the
eye, heart and gastrointestinal tract, looking for disease in the body -without incisions.
Advances in endoscopic OCT have included a 20-fold increase in image
speed, now producing 3,000 frames per second. Other advances include
new probes such as tethered capsules, polarization sensitive imaging, and
uses in biopsy guidance.
The technique has been in use since the 1990s in animals and in humans
since 2002. But the clinical community was skeptical until studies in 2003
showed ways to obtain dramatically higher speed imaging of tissues over a
wider field of view.
Archived recording available
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