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Optical coherence tomography (OCT) for evaluation of pelvic wash cytology specimens 

 
Jeffrey L. Fine, MD, (finejl@upmc.edu), Muhammad A. Syed, MD, and Liron Pantanowitz, MD 

 
Department of Pathology, University of Pittsburgh Medical Center, Pittsburgh, PA USA 
 
Content: 
Optical coherence tomography (OCT) is an advanced microscopic imaging technique that has advantages over 
traditional microscopy. Most OCT work to date has dealt with tissues. We are not aware of any OCT studies involving 
cytopathology. The aim of this study was to determine the feasibility of OCT for imaging cytology samples. 
 
Technology: 
Archival pelvic wash specimens fixed in Cytolyt were imaged by OCT (LightCT, LLTech SAS, Paris France) at 1.6 
micron transverse (x,y) resolution by 1 micron axial (z) resolution. Image stacks comprised of 2D slices were 
acquired at increasing depth into the specimen. 
 
Design: 
Fixed cytology specimens were centrifuged. Drops of the specimen enriched with cells were placed on a coverslip and 
inserted within the OCT imaging chamber. OCT images were compared to ThinPrep glass slides to locate and 
characterize cells. 
 
Results: 
OCT image files of 2D slices were small (less than 500KB each) compared with tissue images. Imaging artifacts 
hampered good quality images. These were related to improvisations required to acquire cytology images, as the 
OCT system was designed for tissue imaging. Cells were clearly visible and size determinations were possible. While 
nuclear detail was lacking there were recognizable differences between benign and malignant specimens (Figure 1). 
 

                      
 
Figure 1. OCT images of a positive pelvic cell wash at low magnification (left) and high magnification (right). Large, 
pleomorphic cell clusters are present (arrows). 
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Conclusion: 
This feasibility study demonstrates that isolated cells in cytology samples can be imaged using OCT. Compared to 
traditional microscopy, OCT is quick, non-destructive and requires no slide preparation or scanning. It is plausible 
that in the near future portable OCT devices could be used to image body fluids (e.g. effusions, ascites) in vivo for 
immediate diagnostic purposes.  

 
 

Microimaging: Seeing the unseen in living patients 
                                                                                                           

Christopher Garcia, MD (cgarcia14@partners.org)1, Guillermo Tearney MD, PhD2 

 
1Massachusetts General Hospital, Boston, MA 
2Massachusetts General Hospital, Wellman Center for Photomedicine, Boston, MA 
 
Content:  
Today's gold standard for medical diagnosis is histology of excised biopsies or surgical specimens where tissue is 
taken out of the body, processed, sectioned, stained an looked at under a light microscope by a pathologist. There 
are many limitations of this technique, including the fact that it is inherently invasive, time consuming, costly, and 
dangerous for some organs. Furthermore, oftentimes the diseased tissue is not readily seen by visual inspection and 
as a result the tissue is sampled at a random location, which can be highly inaccurate. If we could      instead 
conduct microscopy inside the body, then we could provide tools for screening, targeting biopsies, making primary 
disease      diagnosis, and guiding intervention on the cellular basis. This promise has motivated the development of 
a new field, termed in vivo microscopy (IVM), the goal of which is to obtain microscopic images from living human 
patients. 
 
Technology:  
Two IVM technologies, confocal microscopy (CM) and optical coherence tomography (OCT), are currently available 
and in clinical use. Upcoming developments, including whole organ microscopy, swallowable microscopy capsules, 
molecular imaging, and very high resolution microscopic devices are under development.  
 
Design:  
This is an explanatory overview of IVM technologies as they currently exist in the market and some of the new 
technologies and imaging modalities that are under development.  
 
Results:  
The clinical application of IVM is relatively new, with little pathologist involvement at this time. The College of 
American Pathologists is involved in several initiatives to increase pathologist awareness of the technologies, increase 
competency in pathologist diagnosis of IVM images, and foster interest and involvement in IVM employment.  
 
Conclusion:  
Confocal microscopy and optical coherence tomography, in addition to the other In Vivo Microscopy technologies and 
modalities that are currently under development, will likely revolutionize how disease is diagnosed and how medicine 
is practiced in the future. 

 
 

Comparison of Companion Virtuoso and Stand-Alone Visiopharm Breast Marker Image 
Analysis Software 

 
Liron Pantanowitz, MD (pantanowitzl@upmc.edu)3, Marais Combrinck, MBChB FRCPA1, 2, Jeffrey L. Fine MD FCAP3,  

 
1Department of Anatomical Pathology, PathWest, QEII Medical Centre, Perth, Australia 
2School of Pathology and Laboratory Medicine, University of Western Australia 
3Department of Pathology, UPMC, Pittsburgh, PA 
 
Content: 
Image analysis to quantify immunohistochemical markers is recommended to improve accuracy, consistency and 
reproducibility. To date, several commercial image analysis algorithms have been developed to quantify the breast 
immunohistochemical markers ER, PR, Her2/neu and Ki-67. The aim of this study was to compare the performance 
of two image analysis software packages at quantifying these breast markers. 
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Technology: 
Whole slide scanners used to digitize slides were iScan Coreo Au (Ventana) and Aperio XT (Leica). Image analysis 
was performed using companion software with the iScan device (Virtuoso version 5.2.2, Ventana) and the stand-
alone software TissueMorphDP (Visiopharm Integrator System, version 4.6.2.811).  
 
Design: 
20 consecutive breast invasive carcinoma cases were selected. ER, PR, Her2/neu and Ki-67 immunohistochemical 
stains from these cases were scanned. Due to file format compatibility issues slides had to be scanned twice (Aperio 
and Ventana). Image analysis using Virtuoso software involved a pathologist manually selecting representative 
regions of interest to be scored. The Visiopharm unaltered basic nuclear and HER-2 algorithms (HER2-IHC, 
Connectivity) were used to score the entire digital slide. The results from both software platforms were compared. 
 
Results: 
All but one case could be analyzed (one ER case repeatedly failed with Virtuoso). For ER analysis four cases had 
discrepancies below 10%, five differed by 10-20%, and 10 cases had a score discrepancy over 20%. Virtuoso 
software gave higher ER scores. For PR analysis eight cases showed a discrepancy below 10%, five differed by 10-
20%, and seven had discrepancies over 20%. For Her2/neu analysis 15 cases showed concordant results. In three 
cases Visopharm scored Her2/neu as 3+ compared to Virtuoso where two of these cases were 1+ and the other was 
0. Over-scoring in these 3 cases was due to artifacts from scoring of air bubbles and inked tissue edges. For Ki-67 
analysis six cases showed a difference of less than 10%, two cases differed by 10-20%, and 12 cases differed by 
more than 20%.  
 
Conclusion: 
Image analysis of breast markers using different software platforms produced varying results that could impact 
patient care. Better optimization of algorithms instead of using default settings and human intervention to eliminate 
artifacts could improve performance. Image analysis results in this study could be skewed due to differences in 
image file format or from scoring regions of interest versus whole digital slides. Without a better balance of 
automation versus need for manual supervision, image analysis may not yet represent a prudent expenditure of 
limited laboratory resources. Practical guidelines are needed and standardization is recommended to improve the 
performance of digital image analysis in current pathology practice. 
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Applied Pathology Informatics 

Constellation: A Web 2.0 Adult Autopsy Reporting and Analytics Platform 
 

Matthew D. Cain, MD, (cainmd@uab.edu), Joseph Drwiega, MD, Zheng Ping, MD, MD, Seung Park, MD 
 
University of Alabama at Birmingham, Department of Pathology, Birmingham, AL 
 
Content:  
Autopsies are an integral part of patient care in the modern academic medical center, and the potential usefulness of 
the immense amounts of data that these autopsies generate is widely accepted.  However, due in large part to 
antiquated anatomic pathology laboratory information systems that are (a) not specifically designed around the 
autopsy pathology workflow and (b) extremely difficult to query for data analytics purposes, this data generally 
remains locked away.  In order to solve these problems at our institution, we have developed, tested, and deployed a 
modern, Web 2.0 adult autopsy reporting and analytics platform codenamed “Constellation”. 
 
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:  
Constellation consists of an autopsy report generator with a searchable database.  Its frontend is written in PHP-FPM, 
its relational database layer is MariaDB, and Twitter Bootstrap is used for the user interface and form validation. 
Constellation’s user interface is streamlined for our institution’s autopsy pathology workflow, and gives the user one-
click customization options for autopsy reports based on our institution’s standard template.  The backend database 
stores relevant report data – including demographics and diagnoses – as discrete data elements which can be 
arbitrarily searched and queried via SQL. 
 
Results:  
Constellation has been implemented, tested, and deployed for our autopsy pathology service.  In preliminary testing, 
Constellation reduces the amount of time an experienced resident takes to generate a full autopsy report by 17%; 
we expect the time savings for inexperienced residents to be even larger. 
 
Conclusion:  
Constellation provides meaningful speed increases in resident generation of autopsy reports, drives down error, and 
allows for seamless collection of data for analytics purposes. As Constellation continues to be used, its database will 
allow for increasingly sophisticated data analytics.  Efforts to use it to track interesting cases for morbidity and 
mortality interdepartmental conferences, teaching, and infection control tracking are being actively developed. 
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The Value of Confirming Critical Results Prior to Release in the Electronic Medical Record and 
REDCap Electronic Physician Survey of Reporting Process 

 
Waseem Q. Anani, MD, (ananiwq@upmc.edu)1, Q. Sun, MD2 , A. V. Parwani, MD, PhD1  L. C. Contis, MD3  , H. C. 

Blair, MD3 , R. M. Amin, MD3  , O. M. Peck Palmer, PhD3 

 

University of Pittsburgh Medical Center, Department of Pathology1, Department of Surgery2, Pittsburgh, PA, 
3University of Pittsburgh School of Medicine, Department of Pathology, Pittsburgh, PA,  
 
Content:  
Critical results alert healthcare providers of imminent danger that requires prompt intervention. Studies have 
examined the utility of confirming critical results but have not fully assessed the physicians’ perspective regarding this 
practice. Our objectives were to corroborate that repeated critical results are unnecessary and to examine our 
physicians’ opinions regarding the clinical laboratories’ critical value procedures. 

 
Technology:  
Blood specimens were analyzed on the following instruments: hematology, DxH800 (Beckman Coulter, CA, USA); 
chemistry, AU5822/AU680 (Beckman Coulter) or Dimension Vista 1500 (Siemens, DE, USA); and immunoassay, 
DXI800 (Beckman Coulter). EasyLink (Siemens) and Remisol (Beckman Coulter) are middleware designed to 
integrate with their respective instruments and control the escalation rules for critical value repeat testing. REDCap 
electronic data capture tools (hosted at the University of Pittsburgh) allow secure, web-based delivery of surveys and 
data analysis for research studies. 
 
Design:  
First, we prospectively evaluated 13 chemistry, 9 toxicology, 7 hematology, and 3 immunoassay critical results across 
five large hospitals (3 adult academic, 1 adult community, and 1 pediatric) during a 2-month period. Blood specimens 
routinely submitted to the clinical laboratory were analyzed, and all specimens with critical results were reanalyzed to 
confirm the initial result per our laboratory protocol. The percent change was then compared with total allowable 
error criteria using the CAP and CLIA guidelines except for ammonia and troponin I, for which proficiency testing 
guidelines were applied. Subsequently, the clinical significance of repeated specimens via patient chart review and 
calculated paired t-tests were evaluated. Secondly, we developed and electronically distributed a survey to assess 
physician opinions about critical value confirmation, the current critical value list, and current and potential new 
methods of critical result communication. 
 
Results:  
A total of 2,060 critical results were examined: 34 exceeded the total allowable error and 83% of repeated delta 
values were statistically significant (p value >0.05). One ammonia result was clinically significant when repeated but 
was attributed to a delay in re-analysis. There were 149 physicians with medical privileges across 11 hospitals 
representing anesthesia, emergency medicine, family medicine, internal medicine, surgery, and radiology that 
participated in the survey. Ninety-two percent of the physicians were satisfied with the current critical result list, and 
89% of physicians were in favor of the laboratory re-analyzing specimens before reporting the results. Physicians 
preferred phone calls (72%) to HIPAA-compliant text messaging and emails (44%) for communication when asked to 
select all that apply  
 
Conclusion:  
Our data suggest that confirming critical results may not be warranted, but physicians prefer that the laboratory 
confirm and verbally communicate critical results. Communication of our findings with physicians may impact their 
preference and collaborative efforts utilizing evidence-based laboratory medicine will be used as a model. 
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Applied Pathology Informatics/Advanced Pathology Informatics 

HCV Genie: A Web-Based HCV Interpretation Platform for the Versant HCV Genotype 2.0 Line 
Probe Assay.  

 
Abha Soni, DO (abhasoni@uabmc.edu), Seung L. Park, MD 

 

Department of Pathology and Informatics, University of Alabama at Birmingham, Birmingham, AL. 
 
Content: 
Hepatitis C virus (HCV) genotyping at our institution is performed using the Versant Hepatitis C virus genotype 2.0 
Line Probe Assay (LiPA). The last step of this procedure is a manual, time-consuming, and error prone process that 
involves the comparison of bands on a test strip to a physical reference table. The aim of this project was to develop 
a web-based HCV genotype interpretation platform that would (a) minimize interpretation time, (b) reduce error, and 
therefore (c) increase the quality of patient care delivered through this test methodology. 
 
Technology: 
Hepatitis C virus (HCV) genotyping at our institution is performed using the Versant Hepatitis C virus genotype 2.0 
Line Probe Assay (LiPA). The last step of this procedure is a manual, time-consuming, and error prone process that 
involves the comparison of bands on a test strip to a physical reference table. The aim of this project was to develop 
a web-based HCV genotype interpretation platform that would (a) minimize interpretation time, (b) reduce error, and 
therefore (c) increase the quality of patient care delivered through this test methodology. 
 
Design: 
Using the virtual machine, the resident (a) designed, built, and deployed and automated HCV genotype interpretation 
program called "HCV Genie," (b) populated the reference database of that program utilizing a comma-separated 
value (CSV) derived from Versant's physical reference table, (c) built a user interface for band pattern query, and (d) 
clinically validated the final program against the current manual interpretation methodology. 
 
Results: 
Our program was written, deployed, clinically validated, and proven to be identical to human expert interpretation (n 
= 200) over the course of 2 weeks. It decreases the time needed to interpret results by 53% in residents, but results 
among experienced lab technicians are more equivocal. 
 
Conclusion: 
Our program provides results that are identical to the manual workflow, but (a) with reduced manual steps and (b) in 
a timeframe similar to that of the most well-trained manual interpreter, regardless of the program user's experience 
level. Future iterations of this program will focus on minimizing user input even further, and as user experience with 
our program grows, we expect further decreases in interpretation time. 
 

 
Internal quality assessment for multicolor flow cytometry 

 
Daniel S. Herman M.D. (hermands@uw.edu), Ph.D.; David Wu M.D., Ph.D.; Brent L. Wood, M.D., Ph.D.; David Ng, 

M.D. 
 
Department of Laboratory Medicine, University of Washington, Seattle, WA  
 
Content:  
Multicolor flow cytometry is used in the evaluation for leukemia and lymphoma to identify cell populations with 
abnormal antigen distributions. This approach relies upon conscientious quality management. Our laboratory’s quality 
program includes external controls, but depends highly upon manual review of individual cases by experienced 
technologists and pathologists. We are developing approaches to internally assess flow cytometry data variability 
with the goal of improving quality and potentially enabling automation, auto-verification, and better computer-aided 
interpretation. 
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Technology:  
Specimens were assessed in clinical practice using 10-color BD LSRII flow cytometers and two distinct reagent 
cocktails, which included different antibody-fluorophore conjugates (PE-Cy7 and PE-CF594) for the B-lymphocyte 
antigen CD19. We analyzed the fluorescence intensity data using python, sqlite3, and R. 
 
Design:  
Retrospective analyses were performed on clinical samples processed in 2014. Fluorescent intensities were 
compensated, biexponential-transformed, rescaled (0 to 100), and gated roughly for lymphocytes (Forward-scatter 
area > 0.1 and side-scatter height < 0.7). Focusing on CD19, 1D population peaks were identified, aligned between 
samples (Munkres algorithm), and compared by orthogonal linear regression. Additionally, pairs of 25-bin, sample 1D 
distributions were compared using Earth Mover’s Distance and rescaled (0 to 100). 
 
Results:  
The peak fluorescence intensity of the CD19-positive population analyzed by a single instrument (N=1,602) had a 
mean of 75 and standard deviation of 3.3 in our myeloid blast assay and a mean of 73 and standard deviation of 3.0 
in our B-lymphocyte assay. Directly comparing tests of the same specimen revealed a fixed bias of 6.7 and a 
proportional bias of 0.88 between assays (R2

x = 0.3, R2
y=0.4). Pairwise comparisons of binned 1D distributions 

showed a mean distance of 1.2% between tests of the same specimen (N=1,677) and 2.4% between tests of 
different specimens (N=5,621,304; p=4×10-232). Linear regression suggests that assay- and sample-specific effects 
contributed to 0.05% and 0.02% of total between-test variation. 
 
Conclusions:  
Current quality control practices for clinical flow cytometry permit considerable analytic variability. The between-
assay bias identified for the CD19-positive population suggests data normalization could facilitate cross-assay 
analyses.  Ongoing studies will better characterize this variation, address its impact on clinical interpretation, and 
develop methods to improve quality. 
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Applied Pathology Informatics/Imaging Informatics 

 
Lessons Learned: Results after 1 year operation of enterprise-wide educational whole slide 

image resource 
 

Christopher Garcia, MD, (cgarcia14@mgh.harvard.edu)1, Mohamed Salama, MD2 

 
1Massachusetts General Hospital, Pathology, 2University of Utah, Pathology 
 
Content: 
Whole Slide Imaging has allowed for the creation of online educational materials that can both reach a wide 
audience, as well as address the educational needs of different audiences. The Department of Pathology at the 
University of Utah created a “Digital Pathology Project” that is open to the public, but is curated by faculty members 
and trainees of the school of medicine. After a year of going live, we have usage statistics to present, as well as 
lessons learned concerning governance and curation of information within a site that is fully open for public access. 
 
Technology: 
The Digital Pathology Project at the University of Utah is based on OpenDigital Pathology, an open-source, web-
based application created with MySQL, Django, Python, jQuery, HTML5, and CSS3. It is housed on a webserver 
running Ubuntu 13.04. The whole slide images (WSI) are converted by OpenSlide Python and the Google Maps API is 
used to display, navigate, and annotate the images. 
 
Design: 
At the start of the project (Feb 2014), there were 10 study sets and 718 slides in total. Each volunteer “curator” was 
in charge of collecting, organizing, and uploading slides to the site. Each was given basic instructions, and video 
instructions are available on YouTube.com.   The number of study sets, slides, and slide views were tracked over a 
period of 12 months. 
 
Results: 
At 12 months of operation (Feb 2015), there are 11 study sets consisting of 1,144 slides with a total of 12,756 views. 
2 study sets were deleted from the system, while 3 were added.  426 slides have been added. Surgical pathology 
showed the most frequent views; however head and neck specialty showed was highest views relative to the number 
of slides. The tally details of slides present, number of views of slides, and slides added over 12 months are available 
to be viewed in Figure 1. 
 
 
See next page for Figure 1. 
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Study Set 
Slides 
Present 

Slides 
added 
over 12 
months 

Views in 12 
months 

Autopsy 0 0 0 
Cytopathology 3 3 58 
Dermatopathology 186 186 514 
Ellis- Head and Neck 182 0 3367 
Med Tech Slides 9 9 135 
Neuropathology Frozen Section 
Cases 30 30 474 
Normal Histology 3 0 41 
Parasitology 7 4 511 
Rosai Diagnostic Clues and Pitfalls 2 2 69 
Surgical Pathology 660 132 7360 
Unknown Conferences 62 60 227 

    Total 1144 426 12756 
Figure 1. 
 
Conclusions: 
After 1 year of operations, the Digital Pathology Project at the University of Utah has grown and is gaining public 
attention and traffic. Due to the loose governance/curation model employed, different study sets have grown (and 
gained audiences) at different rates. Also, we recognize that a public repository for deidentified cases cannot meet all 
of the educational needs of the enterprise. However, it does create the flexibility to reach a wide range of trainees in 
many content areas. 

 
 

Imaging Informatics 

 
Segmenting salient objects in images of H&E stained tissues 

 
S Chakra Chennubhotla, PhD (chakracs@pitt.edu), Luong Nguyen; Jeffrey Fine; Bruce Campbell; Adrian Lee; Lans 

Taylor 
 

University of Pittsburgh, Computational and Systems Biology, Pittsburgh, PA 
 

Content:  
Pathologists examine hematoxylin and eosin (H&E) stained tumor slides to decide on the progression of disease and 
to inform oncologists on the appropriate course of cancer treatments. A key component of this analysis is to identify 
architectural elements of a tissue, such as glands/ducts, stroma, infiltrating lymphocytes, blood vessels and associate 
diagnostic features (spatial and morphological) to these salient structures.  
 
Technology:  
Despite the significance of segmenting a tissue into its architectural components, there are a limited number of 
available methods, most of which are supervised and/or utilize highly engineered features. Motivated by the recent 
work in computer vision on segmenting natural image boundaries, we propose to use internal image statistics in 
combination with a novel color presentation to segment H&E images of breast tissues into salient objects.  
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Design:  
First, we construct an opponent color representation, termed phi-psi space, to account for stain variability in H&E 
images. The signals in the opponent color space can be separated into pink, purple, and white (the three main colors 
of H&E images), by a mixture of univariate von Mises distributions. Second, to account for the spatial dependencies 
inside salient structures, we model the joint distributions between neighboring pixels with bivariate von Mises mixture 
models. Third, from the joint distribution we calculate the pointwise mutual information (phi-psi PMI) and further use 
it as an affinity measure between pixels in a graph-based spectral segmentation approach to finding the salient 
objects. Finally, salient object annotation data is being collected from highly experienced pathologists with a plan to 
validate our method against the ground truth dataset. Further, the annotation dataset will be released in public 
domain. 
 
Results:  
Fig. 1 shows salient tissue object detection results with various strategies proposed in this work. Overall, integrating 
color opponent information with internal statistics (last column) gives the most accurate segmentation results. 
 
 

 
Fig. 1. Segmentation results for H&E images with various strategies proposed in this work. Overall, integrating 
color opponent information with internal statistics (last column) gives the most accurate segmentation results. 

 
 
Conclusion:  
Our method is the first to make the assumption that the statistical association between pixels within a tissue object is 
higher than the association between pixels on different objects in histopathology images. We test this assumption 
and showed that it can improve segmentation of salient tissue objects in H&E images. 
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3D quantitative morphological characterization of pancreatic carcinoma nuclei 
 

Yi Gao, PhD1, Elizabeth Vanner, PhD1, Luisa Escobar Hoyos, MD2, Christopher Metter, MD2, Tahsin Kurc, PhD1, 
Kenneth Shroyer, MD PhD2, Joel Saltz, MD PhD1 

 
1Department of Biomedical Informatics, Stony Brook University 
2Department of Pathology, Stony Brook University 

Content: 
Pancreatic cancer is the fourth most common cause of deaths due to cancer in the United States[1]. The pathological 
evaluation of the fine-needle aspiration is currently adopted as the diagnosis references. However, up to 30% 
percent of the patients lack strong evidences in the traditional 2D Papanicolaou staining slides. This study proposes a 
quantitative analysis on the 3D nuclei morphological property extracted from 3D confocal/super resolution imaging of 
the immunofluorecence labeled tissue sample. 

Technology: 
Pancreatic cancer tissue is stained with the 4',6-diamidino-2-phenylindole and the Zeiss LSM 510 META NLO two-
photon laser scanning confocal microscope with Chameleon XR tunable 705 nm – 980 nm laser system. The 3D 
volume is acquired at 0.5um for each slice with a total 20um thickness. 

Design: 
Institutional guidelines regarding animal experimentation were followed. The nuclei surfaces are extracted using an 
adaptive geodesic path approach [2]. The 3D surfaces are constructed and the closest distance to the enclosing 
convex hull is computed to measure the concavity of the nuclei surface. 

Results: 
In Figure 1, the panels A,B, and C show the three orthogonal views of one nucleus from a healthy cell. The red 
contour depicts the automatically generated surface around the nucleus. D shows its three-dimensional surface view 
and E overlay the concavity color-map over the surface. A region with more red-oriented color indicates  
more significant concaveness. Same for F-J for a cancer cell nucleus. 

Figure 1: 3D confocal imaging and the computed concavity of the nucleus morphology. 

Conclusions: 
The volumetric analysis based on the 3D confocal imaging of the immunofluorecent tissue sample provides detailed 
and quantitative characterizations of the cell nuclei that are not available in the current 2D image based diagnosing 
approach. This would enable an objective and quantitative classification to facilitate pathologists' decision especially 
in the atypical cases.  

References 
1. American Cancer Society, Lifetime Risk of Developing or Dying From Cancer. 2014.  
2. L. Zhu, I. Kolesov, Y. Gao, R. Kikinis, and A. Tannenbaum, An effective interactive medical image 
segmentation method using fast growcut, in MICCAI Workshop on Interactive Medical Image Computing, 2014 
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An Artificially Intelligent Approach to Laboratory Test Selection: Proof-of Concept 

Joseph Rudolf MD (jrudolf1@partners.org) ; Jason Baron MD. 
 

Department of Pathology, Massachusetts General Hospital, Boston, MA and Harvard Medical School, Boston, MA. 
 
Content: 
Given high patient heterogeneity and an ever expanding test menu, the traditional method of laboratory test 
selection may fail to optimize test selection in some cases.  Here, we devise a statistical approach to personalized 
test selection. 
 
Technology: 
MATLAB, The MathWorks, Inc., Natick, Massachusetts, United States.   
 
Design: 
With IRB approval, results were obtained from clinical testing performed at the Massachusetts General Hospital for 
nine liver-related tests.  Test results and patient demographics for patient-day combinations in which all nine tests 
were performed comprised our final dataset (N=7083 patient-day combinations).  Test results were then masked at 
random to simulate tests not performed.  Using multiple imputation with chained equations (MICE), we imputed 200 
bootstrap replicates of each missing test result based upon the remaining data elements.  Likelihood of liver cirrhosis 
was calculated using the AST, ALT, INR and platelet count according to the model developed by Lok et al. 
[Hepatology. 2005 Aug;42(2):282-92.]  
 
Results: 
In 2030 patient-day combinations, exactly one of the four tests used to calculate cirrhosis likelihood had been 
randomly selected as missing.  In these cases, 84.1% of the actual cirrhosis risk estimates fell within the 80% 
confidence interval for imputed risk.  The median confidence interval width (39% absolute cirrhosis risk) was less 
than half the width of the central 80% of the risk estimates for the entire population, indicating the imputed risk 
scores contained significantly more diagnostic information than the population-based (“pretest”) estimate.  
 
Conclusion: 
We provide a proof-of-concept of an approach that could be applied to personalized laboratory test selection.  We 
found a small number of patients in whom cirrhosis could be excluded (according to a specified decision threshold) 
even with one of the four tests missing, and a larger number of patients who may have benefited from additional 
testing had one of the four tests simulated as not performed been actually not performed (as may occur in actual 
practice).  We envision that this technique could be implemented within a laboratory information system to identify 
patients who may benefit from tests not initially ordered or to serve as a foundation for a novel type of reflex testing 
protocol. 
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Interfaces between Digital Pathology Image Management Systems and Anatomic Pathology 

Laboratory Information Systems 
 

Nicholas C. Jones, (ncjones@partners.org)1, Christopher Garcia1, Luigi K. Rao2, James Floyd1, John Gilbertson1 
 
1Massachusetts General Hospital and Harvard Medical School, Boston, Massachusetts 
2Water Reed National Military Medical Center Department of Pathology and Laboratory Services, Bethesda, MD 

 
Content:  
Scalable clinical application of Whole Slide Images (WSI) will require system communications between Anatomic 
Pathology Laboratory Information Systems and Digital Pathology Image Management Systems for scan ordering, 
image use, and workflow purposes. Analysis of the implementation and management of a Health Level 7 interface 
has yielded insight into the benefits and current limitations of such an interface.   
 
Technology: 
Philips Digital Pathology Image Management System (up to version 2.3.1.1) and Philips Ultra Fast Scanner (Philips 
Digital Pathology, Best, Netherlands), CoPath Plus (up to version 6.1.1006, Tucson, Arizona).  
 
Design: 
A bidirectional Health Level 7 interface was implemented between the two systems. Orders on cases in the Anatomic 
Pathology Laboratory Information System would send select information about the case and slide to the Image 
Management System. Upon successful scanning, the Image Management System reads the barcode and attributes 
the case and slide information to the scan data set. It then passes a link for the WSI back to the Anatomic Pathology 
Laboratory Information System. The system was has been employed for use over the past 14 months in scanning for 
clinical conferences and education. 
 
Results: 
The interface was effective in passing basic information between both systems including the slide unique identifier, 
the stain, stain type, and a hyperlink for the WSI. This allowed for the two systems to achieve the fundamental 
requirements for clinical management; in 2014 over 2,000 slides were scanned through the interface. 
 
Conclusion: 
The interface implementation has been successful, but further development of the interface could be beneficial.  
Interfacing information such as the case structure (including specimen and block information) could allow for better 
and more automated organization within the Image Management System.  As content, features, and workflow tools 
are created and evolve in both types of systems to handle WSI workflow, the information shared by the interface will 
need to grow and evolve as well. 
 

One Year of Fried Brains: Informatics as a Driver of Cultural Change at an NIH Medical 
Scientists Training Program (MSTP) 

 
Seung Park, M.D. (seungp@uab.edu)2; Timothy Kennell Jr., B.S.1; Robin Lorenz, M.D., Ph.D.1 

 
1Division of Informatics, Department of Pathology, University of Alabama at Birmingham 
2NIH Medical Scientist Training Program, University of Alabama at Birmingham School of Medicine 

 
Content:   
One year ago, we instituted a unique one- to two-week long flipped-classroom, total-immersion data sciences 
experience that was proven to have a significant impact on participants’ abilities in both informatics and Big Data 
analytics.  This course has proven so popular that a majority of first- and second-year students at our institution’s 
NIH Medical Scientists Training Program (MSTP) have taken it.  This has provided us with the ability to measure the 
cultural effects of such a course on an entire training program.  
 
Technology:  
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Design:   
We maintained long-term contact with the students who had taken our course, allowing us to gauge impact of the 
course on the students.  We provided both specific assistance on projects and general informatics mentorship.  
Additionally, throughout this time, we assessed the impact of the course, projects, and mentorship on the attitude of 
the students toward the use of informatics and the decisions that they made in order to incorporate it into their 
careers. 
 
Results:  
Projects chosen by the MSTP students at the end of the class are considerably larger in scope and are far more likely 
(82% vs. 64%) to be pursued to completion than the M.D.-only or Ph.D.-only student projects.  Of the 17 MSTP 
projects, 14 have been completed and presented at national research conferences.  After the completion of their 
projects, over 70% of the students have chosen to make informatics a large component of their research.  
Furthermore, four students thus far have made informatics their primary professional focus, two of whom have 
indicated that they would not have made this choice without the course. 
 
Conclusion:  
MSTP students have a unique insight into the use of informatics due to their dual career focus.  With Pathology 
Informatics leading the way in our institution’s informatics education efforts, our Medical Scientists Training Program 
has experienced an unprecedented cultural shift towards Big Data analytics and Clinical Informatics.  These future 
M.D./Ph.D.’s are poised to become pillars of the critical bridge between clinical care, bench research, and informatics 
that will be all-important as we blaze a trail into the future of Personalized Medicine. 
 

 
LOCHI: a suite of R programs to automate chimerism analysis 

 
Huazhang Guo MD PhD1 (huazhang.guo@gmail.com) Shiquan Jiang1,  William Lam1, Junaid Ibrahim MD1, David 

Zhang MD,PhD1, Janina Longtine MD1 and Fei Ye PhD1 

 
1Mount Sinai Hospital, Pathology, New York, NY, United States 
 
Content: 
Quantitative chimerism is an indicator of the cellular dynamics involving engraftment of donor hematopoietic stem 
cells (HSCs) or relapse of recipient malignant cells in HSC transplant (HSCT) patients. Currently, the most common 
method for monitoring chimerism following HSCT is by PCR amplification of short tandem repeat (STR) loci followed 
by capillary gel electrophoresis. However, this method can be challenging and tedious, including selection of 
informative loci and the repetition of quantifying chimerism for multiple loci from multiple cell types and multiple 
patients. Manual computation is not only time consuming but also has the potential of human errors. Currently, there 
is no free software to fully automate the chimerism analysis. 
 
Technology: 
PCR amplification of short tandem repeat was done using Promega Power Plex 16 System. Capillary electrophoresis 
was done on ABI 3130x Genetic Analyzer. LOCHI, a suite of programs to automate chimerism analysis, were 
developed using statistical language R (version 3.1.1). R was chosen for programming because it is free and has 
strong matrix arithmetic capability. 
 
Design: 
The algorithm for single donor (SD) chimerism calculation is well established. LOCHI, a suite of R programs, were 
developed to automatically pick informative loci and calculate chimerism. In short, before transplantation, the donor 
and recipient alleles at each locus are compared to identify informative loci; after transplantation, chimerism is 
calculated from the peak areas of the informative loci. Alleles not shared between donor and recipient are used to 
calculate chimerism. In the case of informative locus with one shared and one unshared alleles, the value of 
unshared allele is used to estimate the shared allele assuming balanced amplification. The average chimerism value 
of all informative loci is reported. Similarly, we developed an algorithm to calculate chimerism in double cord blood 
transplantation and implemented it in LOCHI.  
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Results: 
LOCHI starts reading data from files generated by ABI GeneMapper. It filters the input data to get rid of stutter 
peaks and other noise. In addition to selecting informative loci and calculating chimerism, it also generates the 
checksum data to help verify the data integrity and pinpoint the outliers. The accuracy of the programs was 
compared with manual calculation on 20 patient samples. It is 90% concordant with manual calculation. As expected, 
the non-concordance was due to human errors from the manual calculation.  
 
Conclusion: 
By automating chimerism analysis, LOCHI significantly saves time and avoids human errors. Even though it was 
designed for our specific lab procedure, it can be easily adapted to other STR platforms with minor modification. The 
programs are freely available upon request. 
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