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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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This guide is a product of the CAP’s In Vivo Microscopy Committee.  
 
The CAP has four Pathology Resource Guides: 
Pathology Resource Guide: Precision Medicine 
Pathology Resource Guide: Digital Pathology 
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Pathology Resource Guide: Clinical Informatics 
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	This section includes the following in vivo microscopy (IVM) topics:
	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 ...
	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 on...
	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 imp...
	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 ...
	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 as the esophagus, stomach, colon, ...
	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 differ...
	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/gen...
	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...

	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 diagnos...
	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 thei...
	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 ...
	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:

	1.3  Hot Topics: IVM in the News
	The following are some of the recent press releases, media reports and industry publications on clinical applications of IVM and other advanced imaging technologies.

	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 ima...
	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 c...
	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 ...
	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 in...
	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 ...
	Additional information on getting started in IVM can be found in Section 3.0 Insights from Early Adopters.
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	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 vali...
	Dr. Tearney is the Vice-Chair of the CAP’s In Vivo Microscopy Committee.
	Dr. Tearney’s insights for the next wave of in vivo microscopy (and Diagnostic Spectroscopy) adopters (May 2016):
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	5.2.1  Diffuse Optical Mammography
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	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 abov...
	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 treatments. Ex vivo studies are included, because they are often used to study the feasibility of IVM...
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	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 & La...
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	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.
	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
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	E) Alexander Oraevsky: Optoacoustic Imaging Overcomes Challenge of Scattering in Tissue
	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/pw15-hottopic_bouma?ArticleID=x112691.
	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 di...
	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.
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