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Novel Computational Image Features For Prostate Cancer Grading 
 

Keluo Yao MD, BS (keluo.yao@osumc.edu)1, M Khalid Khan Niazi2, Debra L Zynger1, James Chen2, Steven 

Clinton3, Mehmet Koyutürk4, Tom LaFramboise5, Metin Gurcan2 
 

1Department of Pathology, The Ohio State University 
2Department of Biomedical Informatics, The Ohio State University  
3Comprehensive Cancer Center, The Ohio State University 
4Department of Electrical Engineering and Computer Science, Case Western Reserve University  
5Department of Genetics and Genome Sciences, Case Western Reserve University 
 
Content: 
The Gleason score is a histopathologic system for manually grading prostate cancer which is utilized for clinical 
management. Attempts to automate grading have failed to gain acceptance due to lack of visually meaningful and 
clinically interpretable features. The aim of this study was to develop, calibrate, and validate novel and 
histopathologically meaningful features to grade prostate cancer. 
 
Technology: 
Digitalized slides from The Cancer Genome Atlas (TCGA) and The Ohio State University (OSU) were obtained. Digital 
slides were annotated and tumor regions were selected by an expert pathologist and extracted with an Aperio 

Imagescope. Image analysis software was developed at The Clinical Image Analysis Laboratory at OSU. 
 
Design: 
14 Gleason ≤6 and 29 Gleason ≥8 images were extracted from TCGA slides and 49 Gleason ≤6 and 39 Gleason ≥8 
images were extracted from OSU slides. Computer image analysis consisted of: segmentation, feature extraction, and 
classification. In segmentation, the software divided the tumor region into stroma and luminal spaces. Glandular cells 
were extracted by computing the shortest path from the nuclei to their closest luminal spaces. From these data, we 
further extracted: ratio of glandular nuclei to the total number of nuclei and average shortest distance of all nuclei to 
their closest luminal spaces. Architectural changes were quantized using directional filter banks.   TCGA images were 
used as a training set to build the classifier using the subspace learning method and OSU images were used to test 
the classifier. 
 
Results: 
The classifier achieved 93.0% and 97.6% accuracy in differentiating Gleason ≤6 from Gleason ≥8 in the TCGA 
training and OSU test set, respectively. In both TCGA and OSU image sets, the ratio of glandular nuclei to the total 
number of nuclei was the most significant contributor to the classification. 
 
Conclusions: 
We have developed a novel set of image features that can distinguish high and low risk Gleason scores using 
objective criteria. In the future, our investigation will focus on elucidating image features to differentiate the Gleason 
score of 7 as well as automated cancer region detection. 
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Optical Coherence Tomography (OCT) Visualization of Breast Tissue 

 
Matthew G. Hanna, MD (matthew.hanna@mountsinai.org)1; Alexis Bruhat2; Jeffrey L. Fine, MD2 

 
1Icahn School of Medicine at Mount Sinai, The Mount Sinai Hospital, New York, NY 
2 University of Pittsburgh School of Medicine, Pittsburgh, PA 
 
Content: 
Optical coherence tomography (OCT) permits rapid, non-destructive tissue microscopy without the need for 
microscope slides. OCT images can strongly resemble medium-magnification whole slide images (WSIs), thereby 
making it an attractive alternative or adjunct to traditional microscopy in selected clinical applications such as intra-
operative consultation. This study presents OCT breast histopathology, correlated with traditional H&E 
histopathology. 
 

Technology: 
45 formalin-fixed tissue specimens from nine patients were imaged by OCT (LightCT, LLTech SAS, Paris France), at 
1.6 micron transverse (x,y) resolution by 1 micron axial (z) resolution.  Wide-field 2D slices were acquired, at multiple 
tissue depths. OCT image data high-resolution JPEG and 16-bit grayscale images.  Following OCT, tissue was 
submitted for H&E histology, then WSIs were made at 0.5 microns per pixel (Aperio ScanScope XT, Leica, Vista 
California). 
 
Design: 
Signed-out cases were examined with an emphasis on finding interesting pathological findings; tissue block sized 
pieces were collected. After imaging OCT and WSIs were compared in order to find correlating, recognizable 
landmarks that were then used to identify subtle structures. Tissue findings were retrospectively categorized. 
Specimen inking was also assessed. 
 
Results: 
OCT acquisition required 10-20 minutes per 2D slice, each about 200 megapixels in size. OCT images were 

immediately viewable prior to export. Large landmarks included fat/vessel patterns and tissue shape. Invasive 
carcinoma showed low signal, versus benign stroma, which was bright and shiny with organized collagen bundles. 
Benign ducts appear as low signal areas. These features were visible with practice but lacked contrast. Ink was bright 
and was easily seen (Figure 1 on next page). 
 
Conclusions: 
OCT is microscopy and pathologists can recognize many histopathologic features in these images. Tissue contrast is 
lacking and needs to improve; presence of subtle, shadow-like features may be amenable to image processing or 
image analysis to facilitate diagnosis. While OCT may not replace WSIs as-is, it may be useful in selected applications 
where rapid, non-destructive imaging is required. Further work is required, but these results are promising. 

 
See Figure 1. on next page 
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Figure 1. Benign breast tissue, low magnification (a,b); medium magnification view of large lactiferous duct and 
terminal duct lobule (c,d). Invasive lobular carcinoma (e,f). Invasive ductal carcinoma (g,h). Margin ink (i,j). Lymph 
node with metastatic tumor (k,l). Gross (“scout”) image tissue prior to OCT imaging (m). 

 
 

 

Concordance of Digital Imaging in Neuropathology Intraoperative Consultation 
 

Matthew Hanna, MD1 (matthew.hanna@mountsinai.org), ; Cheng-Hsuan Chiang, MD, PhD2; Clayton Wiley, MD, 
PhD2; Laura Drogowski BS3; Simran Parwani3; Liron Pantanowitz MD2; Anil V Parwani, MD, PhD2 

 
1Icahn School of Medicine at Mount Sinai, Department of Pathology, The Mount Sinai Hospital, New York, NY  
2University of Pittsburgh Medical Center, Department of Pathology, Pittsburgh, PA 
3 Omnyx™, Pittsburgh, PA 
 

Content: 
Neuropathology intraoperative consultation (IOC) is being performed by telepathology in several medical centers. 
These  cases are unique, because submitted tissue is generally scant and involves a combination of cytology 
preparations (smears, touch preparations) and frozen sections. The aim of this study was to evaluate the 
performance of the Omnyx digital imaging system for neuropathology intraoperative consultation. 
 
Technology: 
Glass slides were scanned using Omnyx™ VL4 at 20x, . Cases were created and viewed using a dual monitor 
Omnyx™ Integrated Digital Pathology solution (version 1.2). (Omnyx, Pittsburgh, USA).  
 
Design: 
Retrospective analysis of 104 slides collected from 76 parts of 65 sequentially accessioned cases were selected from 
IOC between 2013 and 2014. Cases included inflammatory and neoplastic lesions (Figure 1a). Slides included 43 
touch preparations, 40 smears, and 21 frozen sections. Each case was presented to the pathologist with the clinical 
history and radiology available at the time of the original IOC, to simulate real life diagnostic conditions.  Two 
neuropathologists reviewed all digitized slides and identified the assessability of the image, categorical and 
descriptive diagnosis (Figure 1b), and quality of the image. Slide quality was rated from 1 (unacceptable) to 7 
(excellent). Time to diagnosis and rescan rates were also noted. 
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Results: 

Concordance rates between glass and digital slides for the categorical and descriptive diagnoses were 93%, 83% and 
92%, 72% for both pathologists, respectively. Interobserver concordance for all 76 parts was 91% and 89% for  
 
 
categorical and descriptive diagnoses. Accuracy was 89.5% and 84%. Both pathologists had a mean time to 
diagnosis of 96 and 97 seconds (range 25 seconds – 4 minutes 41 seconds). The quality assessment of the scanned 
slides had a mean score of 6 (out of 7) for the digitized slides by both pathologists. Four slides (3.8%) needed 
rescans because of air bubbles. Touch preparations had the highest deferral rate and most discordant cases. Frozen 
sections had the least deferrals and did not show an association with concordance.  
 
Conclusions: 
The Omnyx system performed well with neuropathology IOC. Using this imaging system, the data show high 
concordance rates with glass slide interpretation. Scanned touch preparations are more challenging than frozen 
sections because they were associated with higher deferral rates and discordant cases.  
 
Figure 1. (a) Distribution of Intraoperative Consultations, (b) Overview of Concordance and Accuracy 
   
 
 
 
 

 

 

 

 
 

 
 

 

 
 

 
 

 

 
 

 
 

 
 

 

 
Primary diagnosis of lung biopsies in uncut specimens visualized using Stackstreamer 

 
Richard Torres, MD, MS (richard.torres@yale.edu)1, Michael Levene2, Eben Olson1 

 

1 Department of Laboratory Medicine, Yale School of Medicine, New Haven, CT 
2 Applikate Technologies, LLC, East Haven, CT 
 
Content: 
Small lung biopsy samples present a significant challenge for pathologists in balancing the need for sufficient sections 
for visual diagnosis against tissue preservation for ancillary studies. We have been developing new methods for ex-
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vivo tissue imaging of uncut, un-embedded samples using multiphoton microscopy (MPM). In this study we sought to 

evaluate our method as applied to rendering primary lung biopsy diagnoses. As histology z-stacks are not easily 
reviewable from a remote server using readily available software, we employed a web-based interface that we have 
developed for remote navigation of three-dimensional histology image sets of arbitrary size (Stackstreamer™). 
 
Technology: 
Tissue processing was performed as previously described, consisting of sample dehydration in methanol prior to 
clearing with benzyl alcohol/benzyl benzoate (BABB). Staining was done with fluorescent dyes and images were 
pseudo-colored using inversion of H&E color convolution matrices. Imaging was performed on a custom multiphoton 
microscope controlled with Scanimage software and specialized Matlab functions. Post-processing was done in FIJI 
and with Python scripts. Stacks were subdivided into layers, each composed of ‘pyramidal’ structures of variable 
resolution tiles, analogous to DeepZoom, but with addition of z-levels. The Stackstreamer viewer was written in 
JavaScript using WebSockets. 
 
Design: 
Paired core biopsies of fresh and formalin-fixed human lung nodule tissue samples were obtained from discarded 
pathologic tissue at resection. Image stacks were evaluated by two anatomic pathologists who independently 
assessed primary diagnostic quality and compared them subsequently to traditionally processed specimens. 
Visualization was done both with locally loaded images using Windows PhotoViewer and remotely using 
Stackstreamer. 
 
Results: 
All cleared samples analyzed with MPM yielded images comparable to traditional H&E sections (figure 1) at depths up 
to several hundred microns, and were available within same day of tissue receipt. Primary diagnosis from image 
stacks was possible with remote viewing using Stackstreamer with only small lag-effects. 

 

      
 
Fig 1. High and low power images of biopsy of lung adenocarcinoma acquired with clearing/MPM and visualized 
using Stackstreamer. 

 
Conclusions: 
On the basis of this qualitative analysis, clearing/MPM appears to be a practical method for lung biopsy primary 
diagnosis that does not consume tissue, increases reviewable volume, requires less manual skilled labor, avoids 
cutting artifacts, and can be adequately visualized remotely using Stackstreamer.  
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Perceptions of pathology informatics by non-informatician pathologists and trainees 

 
Addie Walker MD1(walkera5@ccf.org), Christopher Garcia  MD2; Jason Baron MD2; Thomas Gudewicz MD2; John 

Gilbertson MD2; Walter Henricks MD1; Roy Lee MD1 

 

1Robert J. Tomsich Pathology and Laboratory Medicine Institute, Cleveland Clinic, Cleveland OH 
2Department of Pathology, Massachusetts General Hospital, Boston MA 
 
Content: 
Although pathology informatics (PI) is essential to modern pathology practice, it remains misunderstood by non-
informatics pathologists.  To understand their current perceptions of PI better, we surveyed pathology trainees and 
staff at Cleveland Clinic (CC) and Massachusetts General Hospital (MGH): two, large academic centers with different 
PI cultures.  CC has an IT help desk group embedded within pathology informatics, separate from central IT.  MGH 
has a ubiquitous, continuous informatics presence and a fellowship program. 
 
Technology: 
A Likert survey was created using surveymonkey.com.  An anonymous URL was generated and emailed to survey 
participants. 
 
Design: 
Our 17 question survey assessed three general areas regarding PI:  definition, interest, and utility.  One question 
asked if the participant understood what PI encompasses, followed by a checklist of possible informatics activities, 
with some being pure IT or help desk activities.  Practicing informaticians and informatics fellows were excluded. 
 
Results: 
107 individuals took the survey, of which 59 individuals agreed they understood what PI encompasses.   Although 
more MGH (vs. CC) respondents felt their institution placed a higher value on informatics training, this did not 
correlate with correct understanding of PI.  Over 50% of these 59 participants (except for MGH trainees - 25%) 
associated help desk activities with informatics (see table).  Most agreed that pathologists need to be familiar with 
and knowledgeable in PI (n = 86), but “agree” responses decreased with “I plan to use pathology informatics in my 
career” (n = 71).   Most respondents (n = 79) disagreed with “I am not interested in using informatics”, while a small 
number (n = 13) agreed. 
 
 
 
 
 

 
 
 
Conclusions: 
Correct understanding of PI is needed for non-informatics trained pathologists to effectively utilize informatics 
methodologies.  PI is viewed positively by the majority of them, and there is strong interest in learning it.  However, 
the definition of informatics varies greatly - incorrect beliefs exist and confuse PI with IT and help desk services, 
even to those who believe they understand PI. The findings also illustrate how differences in departmental culture 
can have on individual perception of PI.  Further efforts by the PI subspecialty should continue to correct these 
misperceptions. 

 

 

Respondent Category # agreed # who chose incorrect informatics 
activities 

CC attendings 26 15 (58%) 

MGH attendings 15 8 (53%) 

CC trainees 10 5 (50%) 

MGH trainees 8 2 (25%) 

Applied Pathology Informatics 
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Location and Proximity Sensing using Mobile Devices in the Hospital Environment: A 

Technical Survey to Establish Performance 
 

Christopher Metts, MD (cmetts@path.wustl.edu), Jeff Szymanski, MD, PhD, Ronald Jackups, MD, PhD 
 

Washington University School of Medicine, Department of Pathology and Immunology 
 
Content: 
Mobile devices contain sensors that provide data to add context to the user’s interaction with an application. In 
particular, their location and proximity to other users, events, or structures can be used to predict information 
needs.  
Location sensing indoors without the benefit of GPS is challenging. Triangulation of radio signals is used, but with 
diminished accuracy. Methods to improve accuracy include audits of radio signals and installation of strategically 
placed Bluetooth radios. The purpose of this study is to survey the accuracy of indoor location sensing on our 
campus. By determining baseline performance, results of efforts to improve accuracy can be quantified.  
 

Technology:   
Map overlay production: MapTiler (Klokan Technologies, Unterager, Switzerland) 
Web application:  Python on Google App Engine 
iPhone application: Objective-C 
 
Methods: 
A list of forty-three points-of-interest (POI) on campus was compiled in a web application, with coordinates 
determined using Google Maps. A map of the campus was georeferenced and tiled for overlay. The list and tiles were 
served to an iPhone app, in which POI were presented in tabular format sorted by distance from the user. Apple’s 
Maps SDK was used to render the tiles as image overlays, POI as push-pins, and the predicted location.  
A survey of one hundred locations distributed throughout main corridors was conducted. At each location, the 
surveyor indicated their location on the map in the iPhone application. The coordinates for the predicted and actual 
locations were uploaded to the web application for analysis. 
 
Results: 
The mean discrepancy between actual and predicted coordinates for all survey locations is 7.8 meters (SD 5.3 
meters), the median is 7.3 meters, and the range is 0 to 25.6 meters.  Accuracy is highest in the windowed walkways 
connecting the main buildings, and lowest in internal hallways. 
 
Conclusions: 
Mobile applications using location and proximity sensing can be used for orientation of new staff with the 
performance available on our campus. Efforts to improve accuracy would likely increase the usefulness of 
applications for patients and visitors. Installation of Bluetooth radios is required to elevate accuracy to a level 
appropriate for clinical and operations support, including patient, provider, and specimen location.  

            

mailto:cmetts@path.wustl.edu


Wednesday, May 6, 2015 
 

9 
 

 
Leveraging Clearinghouse to plan and monitor ICD10 transition 

 
Mehrvash Haghighi, MD (mh3373@cucm.columbia.edu)1, John Skinta2, Edward Kritchevski, MBA, HT(ASCP)2, Alain 

Borczuk, M.D.2 

 
1Columbia University Medical Center, New York Presbyterian Hospital 
2Columbia University Medical Center 

 
Content:   
To successfully formulate the strategy and action plans for ICD 10 transition, evaluating the current status and 
developing performance indicators for coding processes is essential. Our aim is to report the measures by which our 
department could identify and correct shortfalls of the current process. We also plan to use these indicators to 
monitor and control the changes in coding performance after transition to ICD10.  
 
Technology:   
Laboratory Information System (CoPath 2013.1.3.136, Cerner Corporation); Spreadsheet Application (Microsoft Excel 
version 2010); GE Healthcare GE Centricity EDI Clearinghouse (V 5.4, New York).   
 
Design:  
Performance indicators are regularly evaluated, including (1) Percentage of Unspecified codes (2) Unspecified codes 
submitted per attending (3) Unspecified codes per specimen class (4) Rejected claims per attending (5) Rejected 
claims due to ICD9 mismatches (6) Rejected claims due to ICD9 mismatch per attending (7) list of rejected cases 
due to ICD9 mismatches (8) list of rejected cases due to ICD9 mismatches per attending (9) Percentage of Claims 
Sent Back (CSB) (10) Number of Cycles a claim makes to get approved (11) TAT for rejected claims due to ICD9 
mismatch. The data extracted by clearinghouse is downloaded into spreadsheets and manipulated for concise data 
presentation (e.g. pivot tables, charts).   
 
Results:   
For evaluating the current status of coding and monitoring purposes (indicator 1, 2 and 3), the result of LIS canned 
reports is analyzed using the excel spreadsheet. For indicators 4 to 9, we requested our clearinghouse to perform 
further analysis on claims and submit the result monthly to the pathology department.  For indicators 10 and 11, 
billing staff collects data manually and provides a monthly report. 
 
 
Conclusions:   
Clearinghouse databases in conjunction with LIS data can be utilized to continuously monitor coding and 
performance indicators of claim processing. This permits potential risk factors to be identified and assessed for 
individual feedback, continuing education, and monitoring of overall pathologist performance. 

 

 
 

Asterism: A Web 2.0 Molecular Diagnostics Templating, Reporting and Analytics System 

 
Rance C. Siniard, MD (chad.siniard@gmail.com)1; Shuko Harada, MD2; Seung Park, MD1 

 

1Division of Informatics, Department of Pathology, University of Alabama at Birmingham 
2Section of Molecular Diagnostics, Division of Anatomic Pathology, Department of Pathology, University of Alabama at 
Birmingham 
 
Content:   
Molecular diagnostics is an integral part of patient care in the modern academic medical center, and the usefulness 
of the immense amount of data that these tests generate is undisputed.  However, this data is not easily integrated 
into sign-out reports, resulting in manual entry of data.  This (a) presents a persistent source of human error and (b) 
impedes efforts in data analytics, often forcing the use of natural language processing. In order to solve these 
problems at our institution, we have developed, tested, and deployed a modern, Web 2.0 molecular genetics 
templating, reporting, and analytics system codenamed “Asterism.” 
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Technology:  
Server Hardware: Dell Precision T3600; Host Virtualization Hypervisor: VMWare ESXi 4.1.0; Guest Operating System: 
Ubuntu Linux Server 14.04 LTS 64-bit; Web Server: nginx 1.7; Database Management System: MariaDB 10.0; 
Programming Language: PHP-FPM 5.5; User Interface Framework: Twitter Bootstrap 3.3 
 
 
Design:  
Asterism distills narrative molecular diagnostics reports into discrete data elements before the report ever hits the 
LIS.  We do this by offering a report templating and generation system that intelligently offers its users limited 
numbers of choices based on the information being provided.  This system generates a complete report to be 
inserted into the upstream LIS, while storing all relevant information as discrete data elements in its own database. 
 
Results:  
Asterism has been implemented, tested, and deployed for our molecular genetics pathology service. In preliminary 
testing, Asterism has been found to (a) reduce the paperwork phase time of signout by up to 50% and (b) 
significantly reduce human error in transcription (e.g. from elements in a Microsoft Word template that were left in 
the final report by accident).  Since all clinically relevant information is stored in Asterism’s databases (Figure 1), it 
will become a powerful data warehouse for molecular diagnostics as usage increases. 
 
 

            
 

 
 
Conclusions: 
Asterism provides increased efficiency in the generation of complete sign-out reports for the molecular genetics 
service. In addition, the data is now efficiently stored for future research, patient care, or educational use. In future 
releases, search capabilities will be added, as well as a user-management system to more easily assign cases to 
pathologists on the service.  
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Advanced Pathology Informatics 

 

VarBase: A Platform for the Storage and Clinical Interpretation of Next Generation 
Sequencing Data 

    

Wade L Schulz, MD, PhD, (wade.schulz@yale.edu), John G. Howe, PhD, Karl Hager, PhD, Henry M. Rinder, MD 
 
Yale University, New Haven, CT 
 
Content:  
Next generation sequencing (NGS) has rapidly expanded in the clinical laboratory. However, efficient clinical 
interpretation of NGS data is difficult due to the lack of support for genetic information within laboratory information 
systems. We present a framework developed within our institution, named VarBase, that provides access to NGS data 
for clinical interpretation and research studies. 
      
Technology:  
The VarBase platform is based on two database technologies: a relational database (SQL Server, Microsoft, 
Redmond, WA, USA) and a document-oriented search platform (elasticsearch, elasticsearch, Los Altos, CA, USA). 
These are hosted on Windows- and Linux-based virtual machines, respectively. Information parsed from publically 
accessible databases such as ClinVar, COSMIC, and the 1000 Genomes project      are housed within a publically-
accessible server to provide variant-specific annotations for clinical interpretation. 
      
Design:  
Identifiable patient information is stored within the SQL database, since it is easily encrypted and provides all 
traditional security models. Deidentified variant information is also submitted to the VarBase research engine based 
on elasticsearch, which can be used to create dynamic, real-time queries against the entire dataset. A graphical user 
interface provides access for variant interpretation by pathologists and     review by oncology teams. Finally, a set of 
technology-agnostic web services allow authorized users to access sequencing data for research projects and clinical 
trials. 
      
Results:  
The VarBase system has been in use since October 2014 for the clinical interpretation of a custom NGS panel for 
acute myeloid leukemia and myelodysplastic syndrome. The use of this system has decreased the turnaround time 
for clinical interpretation from approximately one month to one week from the date of sample collection. In addition, 
the web service interface has been integrated into multiple clinical research projects in different departments. 
      

Conclusion:  
The flexibility and scalability of the VarBase platform has allowed our institution to provide a rapid turnaround time 
for NGS interpretation. Unlike many commercial applications, the open platform with a common set of web service 
interfaces has allowed several investigators access to sequencing data for ongoing clinical studies. This approach to 
NGS data management will significantly increase the availability of relevant information on patient outcomes to 
pathologists and primary clinical teams. 
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Evaluation of Panoramic Digital Images using Panoptiq for Frozen Section Diagnosis 
 

Dinesh Pradhan MD (pradhand@upmc.edu), Sara E. Monaco MD, Anil V. Parwani MD PhD MBA, Ishtiaque Ahmed BS, 
Liron Pantanowitz MD 

University of Pittsburgh Medical Center, Pittsburgh, PA 
 
Content: 
Whole slide imaging (WSI) permits intraoperative consultations (frozen sections) to be performed remotely. However, 
WSI files are large and can be problematic if there are tissue artifacts (e.g. folds) or when slides are scanned without 
multiplanes (z-stacks) to permit focusing. The Panoptiq imaging system allows users to create their own digital files 
that combine low power panoramic images with regions of interest that are imaged using high power z-stacks. The 
aim of this study was to determine the utility of Panoptiq for frozen section telepathology. 
 
Technology: 
Glass slides were digitized using a Prosilica GT camera (model GT1920C, Allied Vision Technologies) attached to an 
Olympus BX45 microscope and Dell Precision Tower 810 computer (Dell). Panotiq 3 version 3.1.2 software was used 
for image acquisition and Panoptiq View version 3.1.2 to view images (ViewsIQ, Canada). These digital slides were 
viewed using ImageScope software (Aperio ePathology, Leica, US) on HP ZR24w (1920x1200) monitors.  
 
Design: 
20 randomly selected genitourinary pathology frozen section cases were evaluated using conventional light 
microscopy and digital slides created using Panoptiq and Aperio. Image acquisition using Panoptiq software involved 
a pathology resident manually creating digital maps (4x objective) and then selecting representative regions of 
interest to generate z-stacks at higher magnification (40x objective). Three pathologists were asked to render 
diagnoses and rate the image quality (1-10) and their diagnostic confidence (1-10) for each modality. 
 
Results: 
The table compares glass slide, Panoptiq images and Aperio WSI evaluations. Complaints regarding WSI included 

poor focus near tissue folds and air bubbles. Panoptiq permitted fine focusing on tissue folds (figure) and bubbles. 
Issues with Panoptiq images included low resolution of 4x image maps and tiling artifacts. In some cases, the z-
stacked areas scanned were considered by pathologists to be limited or non-representative regions of the sample.  

 

Modality Glass slide Panoptiq image Aperio digital 

slide 

Diagnostic discrepancy with 

glass slide 

Not applicable 0.02% (1/60 slides) 0% (0/60 slides) 

Image quality (score over 5 

is satisfactory) 

Satisfactory (87%) Satisfactory (93%) Satisfactory (85%) 

Diagnostic confidence (score 

over 6 is high) 

High (87%) High (93%) High (93%) 

Image file size (KB) Average 
(range) 

Not applicable 25,029 (3,262 – 
80,942) 

177,600 (20,888 – 
648,203) 
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Conclusions: 
The Panoptiq imaging system is a novel tool that can be used for frozen section telepathology. Panoptiq digital 
images are easy to generate and navigate, of relatively small file size, and offer a mechanism to overcome focusing 
problems commonly encountered with whole slide images of frozen sections. However, the acquisition of 
representative Panoptiq images is dependent upon a trained individual creating these files.  

 

 
Convolutional neural networks for segmentation of multiphoton microscopy images 

 
Eben Olsen, PhD, (eben.olson@yale.edu), Richard Torres, MD 

 
Yale University, Department of Laboratory Medicine, New Haven, CT 
 
Content: 
The combination of optical tissue clearing with multiphoton microscopy allows imaging of tissue sections greater than 
1mm in thickness, while maintaining subcellular resolution. Three-dimensional imaging increases observation 
coverage and can enable novel methods of quantitative morphometric analysis. Tools for automated processing 
provide vital aid in handling the greatly increased data volume. Convolutional neural networks (CNNs) are powerful 
tools for image analysis. They consist of multiple layers of convolutional filters followed by nonlinear transformations, 
and are capable of learning hierarchical feature representations directly from pixel data. Due to increasing 
computational power and numerous practical innovations, in recent years CNNs have been established as a 
preeminent technique for image classification, object detection and image segmentation. We sought to apply these 
techniques to segmentation of glomeruli in image stacks of human kidney. 
 
Technology: 
Images were acquired using previously described methods of optical tissue clearing and a custom multiphoton 
microscope. Networks were implemented in Python using the Theano symbolic computation framework, which 
enables seamless GPU acceleration. A fully-convolutional architecture was used to allow efficient training and 
prediction on large images. 
 
Design: 
Portions of formalin-fixed human kidney were obtained from discarded tissue at autopsy or resection. Blocks 
approximately 5x5x1 mm in size were processed and imaged to a depth of 500 microns with a step size of 5 microns. 
For training and evaluation, segmentation maps highlighting glomeruli were manually drawn using an ImageJ plugin. 
Trained networks were applied to classify the full data sets, producing three dimensional segmentation volumes. 
Results were compared to manual segmentation. 
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Results: 

We find that CNNs can be trained to effectively segment glomeruli in multiphoton images, enabling automated 
counting and estimation of glomerular volume and shape with minimal human effort. We also find that semi-
supervised learning can leverage the large amounts of unlabeled image data made available by volumetric 
microscopy to aid in training. 
 
Conclusions: 
Convolutional neural networks are an effective tool for segmentation of tissue images, reducing the human labor 
required to analyze large volumetric data sets. Use of these techniques may enable novel methods of analysis which 
would otherwise be infeasible due to time and effort required. 

 
 

Utility of the Lytro light-field camera as a microscope image capture platform and ancillary 
tool for pathology specimen interpretation that benefits from examination of multiple focal 

stacks 

 
Grzegorz T Gurda (gurdag@upmc.edu), Sara E Monaco, Somak Roy, Jeffrey L Fine 

 
Department of Pathology, University of Pittsburgh Medical Center, Pittsburgh, PA 

 
Content:  
Photography of microscopic specimens in anatomic and clinical pathology is a requisite to sharing an image obtained 
from a glass slide for diagnostic consultation, documentation of clinical reports, education and publication.    
Traditional top-mounted microscope cameras are expensive, difficult to upgrade and often require proprietary/non-
standardized image processing; alternatively, eyepiece-mounted smart phone cameras are intuitive and inexpensive, 
but may be difficult to operate due to unstable adapters or pose risk to patient privacy with loss/theft of the device. 
Here, we developed a stable and inexpensive platform using a Lytro camera to obtain static photographs with image 
quality on par with smart phone cameras.  In addition, the light-field technology creates multiple focal stacks, a 
potential diagnostic benefit. 
 
Technology:  
LytroTM camera and mount adapter were purchased from Lytro, Inc (Mountain View, CA).  MicroMount 38mm MMT1 
anodized aluminum microscope ocular adapter was purchased from CNC Parts Supply, Inc (Cape Coral, FL).  Optional 
37mm magnetic lens adaptor is available from Viewpoint Labs, LLC (New Haven, CT).  For comparison, additional 
images were obtained via Nikon Digital Sight DS-Fi2 top-mount camera (Toyko, Japan) and LG G3 smart phone with 
a Skylight adapter.  
 
Design:  
Ocular mounted Lytro camera was used to obtain images, which were retrieved as static image files (JPEG), z-stacks 
(TIFF) and focal stack movie files (MP4).  Setup, image acquisition time, image processing, image size and image 
quality were assessed and compared to top-mounted professional camera and a smart phone camera.  Utility of 
multiple focal stacks was also evaluated.   
 
Results:  
Lytro camera setup is fast (30sec or less) and easily adaptable to any personal microscope.  Images can be acquired 
rapidly.  Image quality is on par with a smart phone camera and only somewhat inferior to a professional top-
mounted camera.  Post-image processing requires a free proprietary Lytro software suite, but creates standard and 
relatively small (500KB-2MB static, 1-20MB movie) files amendable to easy sharing, storage and further processing or 
analysis.  Image capture of multiple focal stacks is useful to evaluate specimens that benefit from a review of 
multiple focal planes.  For surgical pathology, we evaluated:  breast microcalcifications, mitosis vs debris artifact and 
intracellular inclusions (ie hyaline bodies).  For cytopathology, we evaluated:  urine crystals, degeneration vs viral 
effect, viral effect vs high grade dysplasia and mucin-containing adenocarcinoma vs mesothelioma.   
 
Conclusion:  
Lytro camera platform is inexpensive and easy to use.  Capture of multi-focal stacks (particularly as movies) may be 
useful for pathology specimens whose interpretation benefits from examination of multiple focal planes.  Lytro 
camera platform is a reasonable, dedicated alternative to smart phones and a potentially useful ancillary image 
acquisition tool to traditional, static images, including whose slide image (WSI) technology.   
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High Normal Potassium is Dangerous for All Patients, not just AMI 

 

Alan B. Solinger, BS, MS, PhD (ALAN.SOLINGER@FARINSTITUTE.ORG), Steven I. Rothman, BSEE, G. Duncan Finlay, 
MD 

 
F.A.R. Institute, Research, Sarasota, FL 

 

Content:   

Recent studies show increased mortality in acute myocardial infarction (AMI) patients with serum potassium levels of 
4.5-5.0 mEq/L, which is within the reference interval used by most laboratories. These findings have created an 
unresolved controversy challenging established potassium repletion therapeutic targets. We hypothesize this higher 
risk is applicable generally, not just to AMI patients. 
 
Technology:    
Data extracted from AllScripts SCM version 5.0 (Sunrise Clinical Manager); statistical analysis performed with JMP 
version 11.2.1 (SAS Corporation, Cary, NC). 
 
Design:   
Retrospective study of 375,747 admissions at Sarasota Memorial Hospital (Florida); 54,916 at an academic medical 
center (Northeast); 37,419 a regional hospital (Southwest).  Outcomes were in-hospital and one-year mortality.  
Mortality models were fit by logistic regression. 
 
Results:   
Utilizing logistic regression with adjustment for possible confounding factors, our analysis for all patients, 
independent of diagnosis, yields lowest odds of mortality at potassium values from 3.5 to 4.5 mEq/L, with 
significantly higher risks beyond 4.5 mEq/L.  For both the AMI cohort and the non-AMI cohort, in-hospital all-cause 
mortality odds ratios were above 1.8 (p<0.001) for potassium between 4.5 and 5.0 mEq/L (within usual reference 
interval); and were above 3 (p<0.001) for potassium between 5.0 and 5.5 mEq/L. Adjusting for serum Creatinine 
levels > 2.0 mg/dL produced the same high “normal” mortality risks.  Our findings hold for one-year post-discharge, 
as well as in-hospital mortality odds ratios.  While the risk functions differ in detail between AMI and other patients, 
we find that both show minimum risk within the same cut-points, with substantial increased risk above 4.5 mEq/L. 
 
Conclusions:   
Our analysis extends the AMI finding:  all patients have an increased mortality risk for serum potassium levels above 
4.5 mEq/L.  The etiology of death associated with mild hyperkalemia remains unclear.  Presence of renal insufficiency 
appears not to account for this increased mortality.  Without prospective studies, our findings cannot establish safety 
or danger of potassium repletion therapeutic targets.  Finally, we point out that standard reference intervals are not 
based on patient risk, but are defined as the central 95% of test results for a “healthy” cohort.  Reference interval 

cut-points would be more meaningful with a risk-based methodology. 

 

Toward accurate reporting of Next-Generation Sequencing results - Deriving 

Measurement Precision in Limited Clinical Specimens  
 

Thomas Blomquist, MD, PhD, (thomas.blomquist@utoledo.edu), Erin Crawford, James C. Willey, MD 
 
University of Toledo Medical Center, Departments of Pathology and Medicine 
 
Content: 
Small or degraded clinical specimens pose unique challenges to accurate reporting in Next-Generation 
Sequencing (NGS)-based diagnostics.  These challenges, in part, stem from stochastic sampling during both  
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specimen preparation and sequencing steps.  For these specimens, appropriate design of NGS assay 

standards and how their analysis is integrated in the informatics pipeline may enable more accurate 
reporting of measurement precision.  For small or degraded specimens, we hypothesized that NGS-based 
assay coefficient of variation (CV) would be predicted by: A) sequencing coverage (i.e. read counts) and B) 
input molarity (i.e. number of intact molecules).   
 
Technology: 
Monte Carlo simulations of Poisson sampling distributions were used to derive three equations to predict 
expected NGS assay CV from: 1) sequencing coverage, 2) input molarity, or 3) both sequencing coverage 
and input molarity.  Recently described targeted amplicon specimen preparation for NGS with competitive 
internal standards, and its accompanying informatics pipeline, was used to provide measurement of input 
molarity, sequencing counts and observed CV across replicates. 
 
Design: 
Cell lines with known allelic composition and ratio were mixed and prepared for NGS such that a broad 
range of limiting allelic molar proportion and/or sequence read counts were observed (46 sets of 
quadruplicate measurements).  Observed CV was then compared to expected CV based on derived 
equations. 
 
Results: 
For the equation derived from both sequencing coverage and input molarity (#3), expected CV was very 
close to observed (average [observed CV/expected CV] = 1.01) and explained 74% of observed assay 
variance (Figure 1).  In contrast, observed CV was on average 13-fold, or 1.5-fold, higher than expected CV 
based on sequencing coverage (#1), or input molarity (#2), prediction models alone. 
 

 

 
 

 
Conclusions: 
For limited or degraded specimens, knowledge of both input molarity as well as sequencing coverage 
provides accurate reporting of precision for single replicate measurements in targeted NGS-based assays.  
Reliance on sequencing coverage information alone may grossly underestimate NGS precision for single  
measurements.  Demonstration of the basic math and various molecular standardization approaches 
required to create accurate reporting of NGS measurement precision will be provided during this 
presentation, and afterwards via e-mail. 
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Computing Ancestry from Targeted Next-Generation Sequencing Data for Quality Control 

 
Patrick C. Mathias (pcm10@uw.edu), Emily H. Turner, Sheena H. Scroggins, Stephen J. Salipante, Noah G. Hoffman, 

Colin C. Pritchard, Brian H. Shirts 
 
Department of Laboratory Medicine, University of Washington, Seattle, WA 
 
Content: 
Detection of sample processing errors for molecular diagnostic assays requires splitting samples and running parallel 
testing, a costly and time-consuming process. We propose a computational quality control method that combines 
population genetics and machine learning techniques to take advantage of incidentally captured sequencing data on 
a targeted next-generation sequencing assay. 
 
Technology: 
Sequencing data (bam files) from clinical samples tested in our laboratory for hereditary cancer predisposition 
syndromes was processed using Samtools (available at htslib.org) to generate pileup files. Using Locating Ancestry 
from Sequence Reads (LASER, available at csg.sph.umich.edu/chaolong/LASER/), pileup files were processed to 
generate coordinates for the top 10 principal components for each sample. A custom script written in R (r-
project.org) applied k nearest neighbors to classify each sample relative to reference individuals and plotted the top 4 
principal components relative to the references. 
  
Design: 
Computed ancestry text output was compared with self-report for 859 patients. Any discrepancies between computed 
ancestry and self-report as well as any patients reporting mixed ancestry were reflexed to manual review of principal 
component plots.  Concordance between computed output, manual review, and self-report was calculated for each 
ancestry group. In addition, a simple model was formulated to represent the probability a sample swap could be 
detected given different mixes of patient ancestries. 

 
Results: 
In patients reporting a single ancestry, computed ancestries using k nearest neighbors on principal components 
showed 98.7% concordance with self-report. Manual review of principal component plots revealed only 3 
discrepancies of 859 samples (0.3%), which were attributable to lack of resolution of self-report or lack of knowledge 
about ancestral background. With the distribution of ancestries observed in our laboratory, approximately two-thirds 
of potential sample swaps could be detected using this method. 
 
Conclusions: 
Incidentally sequenced data from a targeted next generation sequencing assay can be used to accurately compute 
patient ancestry using freely available software. Computed ancestry can be compared with self-report to detect a 
significant proportion of sample processing errors given a sufficiently diverse patient population. 

 

 
 

 
Fair Use' of Copyrighted Material in Medical Education: Opportunities and Risks 

 
Philip J. Boyer, MD, PhD (BoyerP14@ecu.edu)1, Patrick R. Mann, MD2 

 
1East  Carolina University, Brody School of Medicine, Department of Pathology, Greenville, NC 
2University of Colorado Denver, Department of Pathology, Aurora, CO 
 
Content:  
Given the ever-expanding breadth and depth of the medical knowledge base and the ever-increasing expectations of 
medical students and residents, it is challenging to construct comprehensive and high-quality medical education 
teaching materials and interactions based on one’s own collection of images, diagrams, and tables.  Increasingly easy 
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electronic access to a wealth of outstanding material from journal articles, textbooks, and Internet content allows for 

the gathering of content to illustrate a specific concept.  All of these potential resources are copyrighted, either 
explicitly or implicitly. There is virtually no peer-reviewed, published guidance regarding the use of such material in 
the medical education setting.   
 
Technology:  
This study incorporated electronic Internet searches for peer-reviewed publications (PubMed) about and copyrighted 
resources available for use in medical and graduate medical education. 
 
Design:  
In collaboration with a University of Texas Austin Library lawyer who specializes in copyright law, this study sought to 
(1) evaluate existing United States copyright law, including the four "fair use" criteria and the “TEACH” (Technology, 
Education, and Copyright Harmonization) Act, with respect medical education and (2) define the opportunities and 
limitations in the use of copyrighted material by evaluating a wide variety of use-cases.  
 
Results: 
 “Fair use” criteria are incorporated into the United States copyright law and should both guide and facilitate 
decisions about the utilization of copyrighted materials in the medical education setting. Fair use strictures explicitly 
allow for the use of copyrighted content (e.g. a diagram or image from a textbook, a medical journal, or an on-line 
resource) to which students and trainees often already have "fair use" access rights. Appropriate attribution of the 
work must be undertaken to acknowledge the source of such material. While the TEACH Act primarily addressed 
“distance education,” it also introduced limitations, requirements, and nuances  (e.g. regarding the storage and 
serving of files from within learning management systems) that are relevant to traditional “face-to-face” courses.   
 
Conclusions: 
Educators need to be aware of the legal implications and limitations of both (1) the primary use and (2) the 
electronic storage and distribution of such content.   

 

 
 

 


