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Dear Fleischner Society Members: 

I am very pleased to welcome you to New York, NY, and the 47th annual meeting of the Society. The meeting this year 
is remarkable for the many excellent abstracts submitted for scientific presentation.   This year’s program will feature 
high level scientific presentations by Active members and Members‐Elect, as well as updates on white papers. The 
main topics on Saturday, June 11, are interstitial lung disease, pulmonary embolism and cardiothoracic imaging, and 
chronic obstructive pulmonary disease. On Sunday, June 12 the program will feature presentations with regard to lung 
cancer, lung nodules, airway disease, and a variety of miscellaneous topics. A highlight of the meeting will be the 
annual Fleischner lecture delivered by Dr. Talmadge King on “Idiopathic Pulmonary Fibrosis – Progress and Hope for a 
Deadly Disease”. 

We extend an especially warm welcome to our industry representatives, who will attend our many presentations and 
participate in discussions and networking opportunities.  For the first time, we are introducing roundtable sessions for 
the Platinum and Gold sponsors. We hope these in depth scientific discussions on topics of mutual interest can lead to 
improvements in diagnostic methods and therapies in thoracic disease. 

On Sunday evening, a White Dinner will be held at the Atlantic Grill, near Lincoln Center and we welcome our 
colleagues from industry to join us for this special event. On Monday, June 13, a post Meeting tour will take place for 
Fleischner members only.  This tour and the White Dinner are funded by dues paid by Fleischner members and not by 
industry support. 

I would like to extend my thanks to the members of the Executive Committee: Alex Bankier, Hans Ulrich Kauczor, 
David Lynch, Charles Powell and Giichi Inoue, for their advice and guidance during the year.  I would also like to thank 
the members of the Scientific Meeting Committee, especially the chair Jeff Galvin who did an enormous amount of 
work along with Jin Mo Goo, Ann NC Leung and Talissa Altes. In addition, many thanks to the Membership 
subcommittee with its chair, Mathias Ochs along with Cornelia Schaefer‐Prokop, Connie Hsia and Yoshiharu Ohno. I 
am also deeply indebted to Luca Richeldi for his valuable contributions this year as Chair of the ad‐hoc Development 
Committee. 

A special thanks to Michele Wittling, our new Executive Director and Barbara Hickman from ACR who have done an 
enormous amount of work, particularly in terms of updating the Website and the Strategic Plan. Michele has 
transitioned smoothly into many new responsibilities since Susan Roberts retired. Barbara has also worked hard on 
the many applications to apply for funding and to plan the annual meeting. 

Finally this has been a highly productive year in the development of our Strategic Plan for the Fleischner Society. It is 
also a very exciting time as we consider together our future direction. I look forward to working with all of you in the 
coming years to further develop and implement our collective vision. 

It has been my pleasure to work with this wonderful Fleischner team and to serve as the President of this 
distinguished society. 

Sincerely,  

 

William D. Travis, M.D.  
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Dear Members, 
 
Welcome to the 2016 Annual Meeting of the Fleischner Society. The response to this year’s request for 
scientific abstracts was the highest in recent memory and speaks to the vitality of our membership. 
Individual presentations are shorter than previous years, while discussion time has been maximized to take 
advantage of the diverse and multifaceted scientific expertise of our members. Sessions have been 
organized according to pathophysiology in order to encourage the multi-disciplinary interchange that is a 
cornerstone of new ideas and the basis for a better understanding of chest disease. 
 
 
 Sincerely, 
 

                             
Charles A. Powell, MD    Jeffrey D. Galvin, MD 
Chair, Academic Development Committee Chair, Scientific Program Committee 
 
 
Scientific Program Committee 
Jeffrey D. Galvin, MD, Chair 
Jin Mo Goo, MD 
Ann N. C. Leung, MD 
Talissa A. Altes, MD 
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The Fleischner Society expresses its sincere gratitude to the following sponsors for their generous 
support of the 2016 meeting.  
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Schedule at a Glance 
 

Rockefeller Research Laboratories (RRL) 
Memorial Sloan Kettering Cancer Center 

430 East 67th Street 
New York, NY 

 
FRIDAY, JUNE 10, 2016 
 
7:00 PM – 9:00 PM Welcome Reception RRL-104 
 
SATURDAY, JUNE 11, 2016 
 
6:30 AM - 8:00 AM Registration (lobby) and Breakfast (RRL-104) 
7:00 AM  Roundtable with Gold/Platinum Sponsors (Room RRL-116) 

Imaging of Lung Nodules and Lung Cancer 
8:00 AM  Fleischner Scientific Meeting (Main Auditorium) 
10:10 AM  Coffee Break (RRL-104) 
10:40 AM  Scientific meeting continues 
12:30 PM  Lunch (Room RRL-104) 
12:30 PM  Executive Committee lunch/meeting (Room RRL-102) 
2:00 PM  Scientific meeting continues  
3:50 PM  Coffee Break (RRL-104) 
4:10 PM  Scientific meeting continues 
6:00 PM   Scientific meeting adjourns 
 
SUNDAY, JUNE 12, 2016 
 
6:30 AM - 8:00 AM Breakfast (RRL-104) 
7:00 AM  Roundtable with Gold/Platinum Sponsors (Room RRL-116) 

Pulmonary Fibrosis and COPD 
8:00 AM  Fleischner Scientific Meeting (Main Auditorium) 
10:20 AM  Coffee Break (RRL-104) 
10:40 AM  Scientific meeting continues 
12:00 PM  Member’s Lunch and Business Meeting (Room RRL-104)  
   Group Photo on Front Steps of Rockefeller Research Laboratory 
2:30 PM    Scientific meeting continues 
3:20 PM  Coffee Break (RRL-104) 
3:50 PM   Scientific meeting continues  
5:00 PM   Scientific meeting adjourns  
7:00 PM   *White Dinner, Atlantic Grill, near Lincoln Center; 49 W. 64th St 
 
*All events unless otherwise noted will be held at Rockefeller Research Laboratories 
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SATURDAY, JUNE 11, 2016 
 
Session 1: New Insights into Pathophysiology of Diffuse Lung Injury and Fibrosis 
Moderators: Alexander Bankier, MD, PhD and David Naidich, MD 
8:00 AM – 8:10 AM  Presidential Welcome  

William D. Travis, MD 
8:10 AM – 8:20 AM         Microstructural Aspects of Alveolar Epithelial Injury and Early  

Lung Fibrosis 
Matthias Ochs, MD 
Professor and Chair, Institute of Applied and Functional Anatomy, Hannover 
Medical School, Hannover, Germany 

8:20 AM - 8:30AM  Development and Progression of IPF: A Micro-CT Study 
Johny A. Vershakelen, MD, PhD 
Professor of Radiology, University Hospitals Leuven, Leuven, Belgium 

8:30 AM - 8:40 AM          A Novel Integrated Micro-CT and Histological 3D Analysis 
 Reveals a Constellation of Fibrotic Activity in Idiopathic Pulmonary Fibrosis 
 Luca Richeldi, MD, PhD 
 Professor of Radiology, University Hospitals Leuven, Leuven, Belgium 
8:40 AM-8:50 AM   Potential Role of Microaspiration in Idiopathic Pulmonary Fibrosis  
 Jay H. Ryu, MD 
 Professor of Medicine, Mayo College of Medicine, Rochester, MN 
8:50 AM-9:20 AM   Discussion: Mechanisms of UIP 

 
Session 2: Imaging of Diffuse Lung Injury and Fibrosis 
Moderators: Alexander Bankier, MD, PhD and David Naidich, MD 
9:20 AM-9:30 AM  Heterogeneity of Acute Exacerbation in Idiopathic Interstitial Pneumonias 
 Yoshikazu Inoue, MD, PhD 

Executive Director, Clinical Research Center, National Hospital Organization Kinki-
Chuo Chest Medical Center, Osaka, Japan 

9:30 AM-9:40 AM  Serial CT in Cryptogenic Organizing Pneumonia: Evolutional Findings and 
 Prognostic Factors 

 Kyung Soo Lee, MD, PhD 
Professor and Chair, Department of Radiology, Samsung Medical Center, 
Sungkyunkwan University School of Medicine, Seoul, Korea 

9:40 AM-9:50 AM  Smoking-Related Fibrosis: Radiologic-Pathologic Correlation and Review of the 
Literature  

 Jeffrey R. Galvin, MD 
 Professor of Radiology and Internal Medicine, University of Maryland, Baltimore, 

MD 
9:50 AM-10:10 AM  Discussion: Pathways to Fibrosis other than UIP 
10:10 AM-10:40 AM  Coffee Break 
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SATURDAY, JUNE 11, 2016 (cont’d) 
 
Session 3: Assessment and Prognosis of Diffuse Lung Injury and Fibrosis 
Moderators: Kevin Brown, MD and William Travis, MD 
10:40 AM-10:50 AM  Computed Tomography in Patients with ARDS Treated with Extra-Corporeal 
 Membrane Oxygenation (ECMO): Is Airway Dilatation a Reliable Surrogate for Lung 

Fibrosis? 
 Sujal R. Desai, MD 
 Consultant Radiologist, King's College Hospital NHS Foundation Trust 
 London, United Kingdom 
10:50 AM-11:00 AM Prognostic Significance of Serial Change in IPF: A Comparison of CT (visual and 

CALIPER) Evaluation and Pulmonary Function 
 David M Hansell, MD 
 Professor of Thoracic Imaging, Royal Brompton Hospital, London, United Kingdom 
11:00 AM-11:15 AM  Discussion 
 
Session 4: The Fleischner Lecture 
Moderators Kevin Brown, MD and William Travis, MD 
11:15 AM-11:55 AM Idiopathic Pulmonary Fibrosis – Progress and Hope for a Deadly Disease 
 Talmadge E. King, Jr. MD 
 Dean, School of Medicine, University of California San Francisco, San Francisco, CA 
11:55 AM- 12:25 PM   General Discussion of Fibrosis and Lung Injury 
 
12:30 PM - 2:00 PM Lunch  
12:30-2:00PM Executive Committee lunch/meeting  

 
GUIDELINE SESSION 
Session 5:  Guidelines for the Assessment of Diffuse Lung Disease: Reconciling Data from Diverse 
Disciplines with Discussion of Multidisciplinary Diagnosis 
Moderators: Christian Herold, MD and Theresa McLoud, MD 
2:00 PM - 2:15 PM Diagnostic Criteria for Idiopathic Pulmonary Fibrosis: a Fleischner Society White 

Paper 
David Lynch, MB BCH 
Professor of Radiology, National Jewish Health, Denver, CO 

2:15 PM - 2:30 PM Discussion 
2:30 PM - 2:45 PM  Making Guideline Recommendations on Diagnostic and Prognostic Tests in IPF from 

a Limited Evidence Base: The use of a novel grading approach in an ERS consensus 
statement 
Athol U. Wells, MD Professor of Respiratory Medicine, Royal Brompton Hospital 
London, United Kingdom 

2:45 PM - 3:00 PM  Discussion: Guidelines 
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SATURDAY, JUNE 11, 2016 (cont’d) 
 
Session 6: Pulmonary Embolism and Integrated Cardiothoracic Imaging 
Moderators: Lawrence Goodman, MD  and Charles White, MD 
3:00 PM - 3:10 PM  New Member Presentation 

Prevalence of Direct and Indirect Findings of Pulmonary Embolism at Contrast-
Enhanced Pulmonary Magnetic Resonance Angiography (CE-MRA) 
Mark L. Schiebler, MD 
Professor of Radiology, University of Wisconsin School of Medicine and Public 
Health, Madison, WI 

3:10 PM - 3:20 PM  New Member Presentation 
Integrated Cardiothoracic Imaging – Interactions between Heart and Lung Disease 
Edwin J. R. van Beek, MD, PhD 
Chair of Clinical Radiology, Director of Clinical Research Imaging, University of 
Edinburgh, Edinburgh, Scotland 

3:20 PM - 3:30 PM  Novel Approach to Individualized Mechanical Ventilation of Critically Ill Patients 
through Computed Tomography-Enhanced Bedside Electrical Impedance 
Tomography Imaging 
Klaus Markstaller, MD 
Chair & Professor of Anesthesia & Critical Care Medicine, Medical University of 
Vienna, General Hospital Vienna, Vienna, Austria 

3:30 PM – 3:50 PM Discussion: Vascular Disease 
3:50 PM - 4:10 PM Coffee Break: 
 
Session 7: Quantitative Imaging in Airways Disease and COPD 
Moderators: Pierre Gevenois, MD, PhD and Philippe Grenier, MD 
4:10 PM - 4:20 PM  New Member Presentation 

CT Quantification of Emphysema Progression Mechanisms 
Raul San Jose Estepar, PhD 
Assistant Professor of Radiology, Harvard Medical School, Brigham & Women’s 
Hospital, Boston, MA 

4:20 PM - 4:30 PM  New Member Presentation 
Quantitative Imaging of Delayed and Collateral Ventilation in Emphysema with 
Hyperpolarized Gas MRI 
James M. Wild, PhD, MSc, MA 
Professor of Magnetic Resonance Physics 
University of Sheffield/Royal Hallamshire Hospital 
Sheffield, United Kingdom 

4:30 PM - 4:40 PM  Impact of Low-Dose Computed Tomography on the Clinical Management of Chronic 
Obstructive Pulmonary Disease Patients: an Evidence-Based Study 
Nicola Sverzellati, MD, PhD 
Department of Radiology, University of Parma, Parma, Italy 

 
4:40 PM - 4:50 PM MRI of CF Lung: Detection of Early Disease and Therapy Response 

Hans-Ulrich Kauczor, MD 
Chair and Medical Director, Department of Diagnostic and Interventional Radiology, 
University of Heidelberg, Heidelberg, Germany 

4:50 PM - 5:20 PM  Discussion: Quantitative Assessment of Airways Disease and COPD 
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SATURDAY, JUNE 11, 2016 (cont’d) 
 
Session 8: New Insights into the Pathophysiology of COPD 
Moderators: Edwin Silverman, MD, PhD and Connie Hsia, MD 
5:20 PM - 5:30 PM COPDGene: Progress in the Diagnosis and Assessment of COPD  

James D. Crapo, MD 
Professor of Medicine, National Jewish Health Denver, CO 

5:30 PM - 5:40 PM Multi-Spectral CT Evidence for a Vascular-Based Etiology of Smoking-Associated 
Emphysema 
Eric A. Hoffman, PhD 
Professor of Radiology and Biomedical Engineering, University of Iowa 
Iowa City, IA 

5:40 PM - 6:00 PM  Discussion: Pathophysiology of COPD 
6:00 PM  Adjourn 
 
SUNDAY, JUNE 12, 2016 

 
Session 9: New Genetic Insights into Lung Cancer 
Moderators: Gerold Bepler, MD, PhD and Larry Kaiser, MD 
8:00 AM - 8:10 AM  Plasma Cell-Free DNA for Early Detection of Lung Cancer 

Edward F. Patz, Jr., MD 
Professor of Radiology, Professor of Pharmacology and Cancer Biology 
Duke University Medical Center, Durham, NC 

8:10 AM - 8:20 AM Genetic Features of Pulmonary Adenocarcinoma Presenting with Ground-Glass 
Nodules: What Genetic Changes Lead to Growth? 
Yasushi Yatabe, MD, PhD 
Chief, Department of Pathology and Molecular Diagnostics, Aichi Cancer Hospital, 
Nagoya, Japan 

8:20 AM - 8:30 AM Predictive Radiomics Modeling of EGFR Mutation Status in Non-Small Cell Lung 
Cancer 
Ann N.C. Leung, MD 
Professor of Radiology, Stanford University Medical Center, Stanford, CA 

8:30 AM - 8:50 AM  Discussion: Lung Cancer and Genetics 
 
Session 10: Histology and Lung Cancer 
Moderators: Gerold Bepler, MD, PhD and Larry Kaiser, MD 
8:50 AM - 9:00 AM  Interobserver Variation Between Pathologists and Radiologists in Multiple 

Pulmonary Tumors 
Andrew G. Nicholson, MD 
Professor of Radiology, Royal Brompton Hospital and Harefield NHS Foundation 
Trust, London, United Kingdom 

9:00 AM - 9:10 AM    New Member Presentation 
Management of Stage I Lung Adenocarcinomas: Size Isn’t Everything 
Prasad S. Adusumilli, MD 
Associate Attending Thoracic Surgeon, Memorial Sloan Kettering Cancer Center, 
New York, NY 

9:10 AM - 9:30 AM   Discussion: Lung Cancer and Histology 
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SUNDAY, JUNE 12, 2016 (cont’d) 
 
Session 11:  Imaging Assessment of Lung Cancer – I 
Moderators: John Mayo, MD and Geoffrey Rubin, MD 
9:30 AM - 9:40 AM Lung Nodule Consistency and Relative Risk of Future Lung Cancer Diagnosis: Does 

Sex Matter? 
Phillip M. Boiselle, MD 
Associate Dean for Academic and Clinical Affairs, Beth Israel Deaconess Medical 
Center, Harvard Medical School, Boston, MA 

9:40 AM - 9:50 AM Chemical Exchange Saturation Transfer (CEST) Imaging: Comparison of Capability 
for Differentiation of Malignant from Benign Pulmonary Nodules and/or Masses 
with FDG-PET/CT 
Yoshiharu Ohno, MD, PhD 
Director of Functional and Diagnostic Imaging, Advanced Biomedical Imaging 
Research Center, Kobe University Graduate School of Medicine, Kobe, Japan 

9:50 AM - 10:00 AM Preliminary Assessment of the Utility of Temporal Subtraction via an Optical Flow 
Method for Evaluation of Lung Nodule Change on Serial MDCT 
Warren B. Gefter, MD 
Professor of Radiology, Hospital of the University of Pennsylvania, Philadelphia, PA 

10:00 AM - 10:20 AM  Discussion: Lung Cancer and Imaging Assessment  
10:20 AM - 10:40 AM  Coffee Break 
 
Session 12: Imaging Assessment of Lung Cancer – II 
Moderators: John Austin, MD and Yeun-Chung Chang, MD, PhD 
10:40 AM - 10:50 AM Semi-Automated Lung Nodule Volumetry 

Jin Mo Goo, MD, PhD 
Professor and Director of Thoracic Radiology, Seoul National University College of 
Medicine, Seoul, Korea 

10:50 AM - 11:00 AM Intrapulmonary Lymph Nodes on CT Scans: Characterization and Management 
Tomas Franquet, MD 
Associate Professor of Radiology, Hospital of Sant’ Pau, Barcelona, Spain 

11:00 AM - 11:15 AM  Discussion: Lung Cancer and Imaging Assessment 
  
Session 13: Guideline in the Assessment of Lung Cancer 
Moderator: John Austin, MD and Yeun-Chung Chang, MD, PhD 
11:15 AM - 11:35 AM Revised Fleischner Society Guidelines for Management of Incidental Pulmonary 

Nodules 
Heber MacMahon, MB, BCH 
Professor of Radiology and Director of Thoracic Imaging, University of Chicago  
Chicago, IL 

11:35 AM - 12:00 PM  Discussion: Fleischner Society Guidelines for nodule management  
 
12:00 - 2:30 PM   Member’s Lunch and Business Meeting (Room RRL-116)  

Group Photo on Front Steps of Rockefeller Research Laboratory 
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SUNDAY, JUNE 12, 2016 (cont’d) 
 
Session 14: Airway Disease 
Moderators: Talissa Altes, MD and Joon Beom Seo, MD, PhD 
2:30 PM - 2:40 PM  New Member Presentation 

Temporal Fluctuation of Lung Function and Inflammatory Biomarkers in Complex 
Chronic Airway Disease and Their Clinical Implications 
Urs P. Frey, MD, PhD 
Medical Director, University Children’s Hospital of Basel, Basel, Switzerland 

2:40 PM - 2:50 PM Progression of Lung Disease in Preschool Children with Cystic Fibrosis 
Alan S. Brody, MD 
Professor of Clinical Radiology and Pediatrics, Cincinnati Children’s Hospital Medical 
Center, Cincinnati, OH 

2:50 PM - 3:00 PM Tracheobronchial Smooth Muscle Atrophy and Separation 
Atul C. Mehta, MB BS 
Professor of Medicine, Cleveland Clinic, Cleveland, OH 

3:00 PM - 3:20 PM Discussion 
3:20 PM – 3:50 PM  Coffee Break 
 
Session 15: Miscellaneous Topics 
Moderators: Jeffrey Klein, MD and Neil Schluger, MD 
3:50 PM - 4:00PM  New Member Presentation 

Non-Tuberculous Mycobacterial Lung Disease: Diagnosis Base on Computed 
Tomography of the Chest 
Jae-Joon Yim, MD, PhD 
Professor and Chief, Division of Pulmonary and Critical Care Medicine, Department 
of Internal Medicine, Seoul National University College of Medicine 
Seoul, Republic of Korea 

4:00 PM - 4:10 PM Erdheim-Chester Disease: Review of the Diagnostic Criteria and Pathologic Findings 
with Special Attention to Pulmonary Involvement 
Thomas V. Colby, MD 
Professor of Pathology, Mayo Clinic Scottsdale, Scottsdale, AZ 

4:10 PM - 4:20 PM Algorithmic Approach to Cavitary Lung Disease 
Suhail Raoof, MD 
Chief, Pulmonary and Critical Care Medicine, Lenox Hill Hospital, New York, NY 

4:20 PM - 4:30 PM Thymic Epithelial Tumors: The New TMN Classification 
Paul E. Van Schil, MD, PhD 
Chair, Department of Thoracic and Vascular Surgery, Antwerp University 

 Hospital, Antwerp, Belgium 
4:30 PM - 5:00 PM  Discussion 
5:00 PM  Adjourn 
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Poster Presentation Session 

 
Occupational Endotoxin Exposure is Associated with Decreased Interstitial Lung Opacities on High 
Resolution CT Scans 
David C. Christiani, MD 
Professor of Medicine and Professor of Environmental Genetics 
Harvard Medical School, Boston, MA 
 
Usual Interstitial Pneumonia with Chronic Hypersensitivity Pneumonitis: Differentiation from Idiopathic 
Pulmonary Fibrosis 
Takeshi Johkoh, MD, PhD 
Director, Department of Radiology 
Kinki Central Hospital of Mutual Aid Association of Public School Teachers 
Hyogo, Japan 
 
Deep Learning-Based Classification of Regional Patterns of Diffuse Lung Disease at HRCT 
Joon Beom Seo, MD, PhD 
Department of Radiology, University of Ulsan College of Medicine 
Asan Medical Center 
 
Dynamic Contrast-Enhanced Integrated PET/MR of Non-small Cell Lung Cancer: Assessment of Response to 
Stereotactic body Radiation Therapy 
Yeun-Chung Chang, MD, PhD 
Department of Medical Imaging, National Taiwan University Hospital and National Taiwan University 
College of Medicine 
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Title: Microstructural aspects of alveolar epithelial injury and early lung fibrosis 
 
Authors: Lars Knudsen, Elena Lopez-Rodriguez, Matthias Ochs 
Affiliations: Institute of Functional and Applied Anatomy, Hannover Medical School, Hannover, 
Germany; Biomedical Research in Endstage and Obstructive Lung Disease Hannover (BREATH), Member of 
the German Center for Lung Research 
 
Idiopathic pulmonary fibrosis (IPF) is a progressive and often fatal interstitial lung disease with a poor 
prognosis. The histopathological pattern of IPF is known as usual interstitial pneumonia (UIP) which is 
characterized by a spatially and temporally heterogeneous appearance of areas of normal lung 
parenchyma, inflammation, fibroblastic foci and honeycombing, with the subpleural regions most severely 
affected. Careful ultrastructural studies of biopsy material from a patient with UIP revealed a phenomenon 
termed "collapse induration" as a potential mechanism in the pathogenesis of IPF (Myers JL, Katzenstein AL: 
Chest 1988;94:1309-1311). Collapse induration occurs after alveolar epithelial injury with subsequent 
denudation of the basal lamina. This is followed by alveolar collapse, apposition and invagination of the 
basal lamina and its incorporation into the alveolar septum. The surface is then sealed by proliferating type 
II alveolar epithelial cells. 
 
Over the last years, we have re-investigated the remodeling processes in small animal models of lung injury 
and early fibrosis by light and electron microscopy, design-based stereology, pulmonary function 
measurements and surfactant analysis. In this presentation, our findings in the bleomycin rat model, the 
amiodarone mouse model and the TGF-1 over-expression mouse model are presented. They emphasize 
the importance of surfactant alterations leading to alveolar instability, collapse and induration in the 
pathogenesis of fibrotic tissue remodeling. 
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Purpose 
Study the micro-CT features of IPF in the different stages of the disease in order to better understand its 
development and progression over time, with special emphasis on the relationship of these changes with 
the components of the secondary pulmonary lobule. Correlate these findings with histology. 
 
Materials and Methods 
Tissue cores from explant lungs of patients with IPF were studied with micro-CT. Cores were taken from 
different parts of the lung with different degrees of lung involvement as shown on immediate pre-
transplant HRCT. 
 
Results 
IPF starts at the periphery of the secondary pulmonary lobule and grows inwards. In the early stage small 
areas of increased density on HRCT develop, corresponding partly with abnormal tissue islands with inlying 
young collagen, probably fibroblastic foci and partly with orderly arranged strands of mature collagen 
suggesting collapse. As disease progresses there is an increase in the amount of these densities along the 
interlobular septa with formation of cystic air-containing structures, corresponding with the reticular 
pattern and the small cysts seen on HRCT. Honeycombing seems to be caused by progressive enlargement 
of these cystic tissue densities that gradually extend towards the centrilobular region and finally replace the 
entire lobule. 
 
Conclusions 
Our findings support the growing evidence that alveolar collapse is an important factor in lung remodeling 
and the development of fibrosis in IPF. 
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Purpose 
Diagnostic classification of fibrotic interstitial lung diseases is predominantly informed by 2-dimensional 
histopathologic analyses and high-resolution computed tomography (HRCT). Little is understood in three-
dimensions (3D) at the micrometre scale of the altered lung structure of fibrotic interstitial lung diseases. 
Further understanding of such changes may advance our understanding of pathophysiology and potentially 
inform stratification approaches in fibrotic lung diseases. 
Fibroblastic foci are a key diagnostic feature of a usual interstitial pneumonia pattern of fibrosis thought to 
represent areas of active fibrosis. They have been proposed to form the leading edge of a complex 
reticulum but their three dimensional (3D) distribution and relationships are poorly understood. 
We have developed a protocol that enables non-destructive 3D imaging of routinely prepared formalin-
fixed paraffin-embedded (FFPE) tissue samples by micro-computed tomography (micro-CT). Our objective 
was to investigate the potential application of this methodology to study fibrotic ILDs through the analysis 
of usual interstitial pneumonia (UIP) FFPE tissue with particular reference to characterisation of fibroblastic 
foci. 
 
Materials and Methods 
Paraffin-embedded diagnostic lung biopsies with a usual interstitial pneumonia pattern were scanned using 
a custom Nikon Metrology micro-CT scanner. Feature correspondence between histological sections and 
micro-CT was examined through image co-registration. Fibroblastic foci were segmented within the micro-
CT volumetric data set and fibroblast focus volume, 3D shape, and occurrence analysed. 
 
Results 
Micro-CT of paraffin-embedded diagnostic UIP tissue is feasible and produces high-resolution and high-
contrast images. It visualises lung 3D micro-architecture including diagnostic features of UIP. In 3D 
fibroblastic foci are locally complex structures with large variations in shape and volume with no evidence 
of interconnectivity at a tissue scale. 
Conclusions 
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Micro-CT of UIP tissue integrated with histological analysis identifies that fibroblastic foci are 
morphologically complex structures. Importantly, no evidence of interconnectivity at a tissue scale was 
identified, consistent with the concept of a constellation of fibroblastic activity formed by discrete sites of 
lung injury and repair. 
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Title: Potential Role of Microaspiration in Idiopathic Pulmonary fibrosis 
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Purpose:  
To assess the potential role of microaspiration in idiopathic pulmonary fibrosis (IPF), causation and clinical 
evolution.  
 
Materials and Methods: 
We reviewed 37 cases of surgical lung biopsies of patients diagnosed to have IPF 2006 through 2011 by 
multidisciplinary approach to assess for histopathologic evidence implicating chronic microaspiration in the 
pathogenesis of IPF.  Cases were scored semi-quantitatively for prominence of airway-centered fibroblastic 
foci (FF) as follows: rare to moderate vs. frequent.  The cases were also evaluated for the presence of 
superimposed acute inflammation, granulomas, foreign material, organizing pneumonia, and diffuse 
alveolar damage.  Clinical features of interest were extracted including demographic information such as 
the patients’ age at the time of diagnosis, sex, BMI, tobacco use, and coinciding disease including GERD, 
OSA or hiatal hernia along with imaging and pulmonary function data.  
 
Results: 
Factors predisposing patients to aspiration included a documented clinical diagnosis of GERD in 20 patients 
(54%), OSA in 7 patients (19%), and a history of dysphagia in 1 individual (3%).  Nineteen (51%) patients 
were on PPI or H2R antagonists.  
Frequent (high) airway-centered FF were identified in 13 of 37 patients (35%).  Small inconspicuous non-
necrotizing granulomas were present in 15 (41%) cases.  Three patients were documented to have a hiatal  
hernia (8%).  Hiatal hernia was significantly associated with high airway-centered FF-score.  Histologic 
findings including peribronchiolar granulomas and the presence of acute inflammation were more common 
among those with high airway-centered FF score. There were no differences between those with and 
without frequent airway-centered FF in pulmonary function measures or radiologic features.  One case 
demonstrated the presence of foreign material with focal organizing pneumonia. 
 
Conclusions: 
IPF patients with prominent airway-centered FF might have chronic microaspiration.  The role of 
microaspiration in the pathogenesis and evolution of IPF continues to be controversial with conflicting data. 
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Purpose 
Acute exacerbation (AE) occurring in idiopathic pulmonary fibrosis (IPF) and other idiopathic interstitial 
pneumonias (IIPs) is a poor prognostic episode. AE in IPF are heterogeneous in HRCT pattern and prognosis 
(Akira et al. AJRCCM. 2008, 178:372).  This study aims to clarify the incidence and prognosis of AE in IPF and 
the other IIPs. 
 
Materials and Methods 
Enrolled subjects were 229 patients: IPF (n=92) and “IIPs other than IPF” (n=137) based on IPF guideline 
(AJRCCM 2011).  “IIPs other than IPF” included 11 patients with surgical lung biopsy (SLB) and 126 patients 
without SLB (unclassifiable IIP).  “IIPs other than IPF” was further classified into IIPs with ‘possible usual 
interstitial pneumonia (UIP)’ patterns (n=75) and IIPs with ‘inconsistent with UIP’ pattern (n=62) by high-
resolution computed tomography (HRCT) based on HRCT classification of IPF guideline (AJRCCM 2011). 
Predictors of AE in the diagnosis of IIPs and the prognosis after AE were examined. 
 
Results 
The 1-year incidence of AE in IPF, IIPs with ‘possible UIP’ HRCT patterns and IIPs with ‘inconsistent with UIP’ 
HRCT patterns was 16.5%, 8.9% and 4.0%, respectively. AE occurred significantly more frequently in IPF 
than in IIPs with ‘possible UIP’ and ‘inconsistent with UIP’ HRCT patterns after adjustment for body mass 
index, modified Medical Research Council score, and %forced vital capacity. Prognosis of AE-IIPs with 
‘possible UIP’ HRCT pattern was significantly worse than that of AE-IPF. 
 
Conclusions 
Although AE occurred significantly less frequently in IIPs with ‘possible UIP’ and ‘inconsistent with UIP’ 
HRCT patterns than in IPF, the prognosis of AE-IIPs with ‘possible UIP’ HRCT patterns might be worse than 
that of AE-IPF. 
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Purpose 
Cryptogenic organizing pneumonia (COP) is a kind of interstitial lung disease (ILD) with a generally favorable 
prognosis. Nevertheless, most patients with COP have some remaining abnormalities, simulating a fibrotic 
nonspecific interstitial pneumonia (fNSIP) pattern. However, we do not know what clinical or imaging 
features are determinant for the remaining disease. Thus, the purpose of this study was to observe serial 
CT features of COP and to investigate prognostic determinants for the remaining disease. 
 
Materials and Methods 
Over the period of 19 years, 93 patients with histopathologically confirmed COP in the three tertiary 
hospitals were included. Clinical findings and pulmonary function test (PFT) results at the time of pathologic 
diagnosis were assessed. Serial CT scans were available for all patients (38 men and 55 women; mean age, 
57.2 years; median follow-up period, 25.5 months; range, 1-155 months). The presence, extent, and 
distribution of CT findings were reviewed and overall changes in disease extent were classified as cured, 
improved (i.e., ≥ 10% decrease in extent), not changed, or progressed (i.e., ≥ 10% increase in extent) by 
visual assessment. Uni- and multivariate analyses were performed to seek for prognosis determinants 
among clinical or imaging features. 
 
Results 
 The most common patterns of lung abnormality on initial CT scans were GGO (100.0%) and consolidation 
(76.3%), which showed distribution along the bronchovascular bundles (52.7%) or subpleural lungs (26.9%). 
In 22.6% of patients, the disease disappeared completely; in 60.2% of patients, the disease decreased in 
extent; and in 6.4%, the extent of disease did not change on follow-up CT. The extent of disease increased 
in 10.8% of the patients. When lesions remained, the most common patterns of final follow-up CT findings 
were GGO (97.2%) and reticulation (62.5%), which seemed to be like patterns of fNSIP. The prognostic 
factors related to residual lung lesions on final CT scans were the initial chest CT finding including 
consolidation and bronchial dilatation (p<.05) and the PFT finding including DLco (p<.05). No statistically 
significant difference in final PFT results was seen between groups of patients with complete resolution and 
residual disease. 
 
Conclusions 
In approximately 77.4% of COP patients, the lung abnormalities are remaining on follow-up CT scans with 
corticosteroid treatment. The most common patterns of residual disease are GGO and reticulation, thus 
simulated fNSIP pattern on the final follow-up CT. The findings of initial chest CT scan including the extent 
of consolidation and bronchial dilatation and the result of PFT including DLco are related to the presence of 
residual lung lesions. The smaller extent of consolidation and bronchial dilatation on initial CT scans and the 
higher initial DLco level may allow the prediction of complete resolution of lung parenchymal lesion on 
follow-up CT scans. 
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Purpose 
To review the association between alveolar wall fibrosis and exposure to cigarette smoke. 
 
Materials and Methods 
Over a period of 4 years the biopsy material and CT scans of 20 dyspneic smokers with a non-UIP pattern of 
fibrosis were referred to the Joint Pathology Center for secondary review. Histologic material and imaging 
were reviewed separately.  
 
Results 
The histologic appearance of lung injury secondary to cigarette smoke is a constellation of findings that 
includes smokers’ macrophages within airspaces which may be airway centered (respiratory bronchiolitis) 
or diffuse (desquamative interstitial pneumonia) in distribution, emphysema, small airway injury, bronchus 
associated lymphoid tissue, thickening of the walls of small arteries and arterioles; stellate cellular and/or 
fibrotic lesions of pulmonary Langerhans cell histiocytosis and alveolar wall fibrosis (1). Secondary lobules 
are normal in size without evidence of collapse. Correlative CT imaging demonstrates upper lobe areas of 
low attenuation with and without walls depending on the degree of surrounding fibrosis accompanied by 
variable patterns of ground glass opacity with and without traction bronchiectasis.  
 
Conclusions 
There is long-standing evidence that fibrosis of alveolar walls is related to cigarette smoke exposure. This 
has been documented in animal(2,3) and human studies(4-6). Collectively, these studies demonstrate not 
only that cigarette smoke causes alveolar wall fibrosis as evidenced by increased elastic and collagen 
content, but also that fibrosis increases with time and intensity of exposure(7). Collapse of the secondary 
lobule is conspicuously absent in this form of fibrosis.  
The importance of cigarette smoke associated fibrosis has recently been acknowledged and a number of 
descriptive titles including: combined fibrosis and emphysema, respiratory bronchiolitis-interstitial lung 
disease with fibrosis, airspace enlargement with fibrosis and clinically occult smoking-related fibrosis(8-13).  
 
The clinical significance of fibrosis in dyspneic cigarette smokers is controversial. However, there is 
consistent evidence that smokers who have emphysema and fibrosis can be disabled with severe dyspnea 
and may present with normal flow rates on spirometry, normal total lung capacity, and strikingly low 
diffusing capacity(14-17).  
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Purpose 
To evaluate the relationships between computed tomographic (CT) signs of lung fibrosis and 
clinical/biochemical parameters (including serum N-terminal pro-collagen peptide III [NT-PCP-III]), in 
patients with acute respiratory distress syndrome (ARDS) treated with extra-corporeal membrane 
oxygenation (ECMO). 
 
Materials and Methods 
Unselected patients admitted to the Severe Respiratory Failure Unit and placed on ECMO between August 
2012 and December 2013, for whom CT and clinical/biochemical data were available, were included. 
Volumetric CT was performed at low (5 cm H2O; CT5) and high pressure (45 cm H2O; CT45). CT features 
were quantified independently by two thoracic radiologists; morphologic features included the overall 
lobar extent of abnormal lung (to the nearest 5%) with the proportional extents of consolidation, ground-
glass opacification (GGO) and reticulation (totaling 100%), volume loss (graded as 0=none, 1=mild, 
2=moderate, 3=severe), interlobular septal thickening (ILST; graded as none, < 5 lobules, 5-10 lobules and 
generalised), severity of airway dilatation (0=absent, 1=mild, 2=moderate and 3=severe) and the 
presence/absence of airway varicosity. Differences in the ratio of GGO/consolidation and airway dilatation 
between CT45 and CT5 were scored semi-quantitatively. The change in aerated lung volume between CT45 
and CT5 was calculated using dedicated software. Clinical and ventilation variables (including PEEP, mean 
arterial pressure, number of days on ECMO, PCP-III levels and the Sequential Organ Failure Assessment 
[SOFA] score) were recorded. 
 
Results 
In 39 patients (M = 18; mean age 44.5 ± 15.5 years), NT-PCP-III (mean 22.2 ± 14.4 μg/L) significantly 
correlated with C-reactive protein, duration on ECMO, total CT extent of parenchymal abnormality and 
interlobular septal thickening (ILST) (Spearman’s rho 0.37-0.43, p<0.05). On multivariate analysis, total 
parenchymal abnormality (p=0.0008) and ILST (p=0.0001) were significantly associated with NT-PCP-III. 
Severity of airway dilatation and varicosity showed a trend towards association with NT-PCP-III on 
univariate (Spearman’s rho 0.29-0.30, p<0.01) but not multivariate analysis. NT-PCP-III did not correlate 
with GGO:consol or airway dilatation. 
 
Conclusions 
In severe ARDS patients, the extent of parenchymal abnormality and interlobular septal thickening on CT 
(but not the severity of airway dilatation or the extent of recruitable lung), are associated with 
fibroproliferation. 
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Purpose 
To evaluate ability of longitudinal change in CT variables (visual semi-quantitative scoring and computer-
based CALIPER quantitation) to predict mortality in IPF, and compare prognostication by these serial CT 
measures against relative change in forced vital capacity (FVC). 
 
Materials and Methods 
82 consecutive new IPF patients (2007-11) with serial volumetric non-contrast CTs (6-24 months interval). 
CTs scored by 2 thoracic radiologists and evaluated with CALIPER (standard parenchymal patterns and 
pulmonary vascular volume [PVV]). Median follow up 22.3 [±16.0] months. Serial CT changes and relative 
FVC change per year calculated. 
 
Results 
Mean total ILD extent change on visual scoring and CALIPER was 8.6% and 8.9% respectively and mean 
relative FVC change was 11.7%. On univariate analysis the following variables were predictive of mortality: 
Visual ILD extent and traction bronchiectasis, CALIPER ILD extent and PVV, relative FVC change.  On 
multivariate mortality analysis of change in combined CALIPER and visual CT variables, change in PVV was 
the strongest predictor of mortality [HR 1.61 p<0.0001] with CALIPER honeycombing also independently 
predictive [HR 1.30 p<0.006]. When FVC change was incorporated into the mortality model containing 
CALIPER PVV and honeycombing, FVC did not maintain significance. 
 
Conclusions 
The new feature PVV automatically quantified by CALIPER is superior to changes in visual scores of total ILD 
and individual features (e.g. honeycomb extent and traction bronchiectasis) for prognostication in IPF. 
Serial PVV change better predicts mortality than change in FVC. 
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Title:  “Idiopathic Pulmonary Fibrosis — Progress and hope for a deadly disease” 
 
Talmadge King Abstract – Fleischner Lecture 
 
Idiopathic pulmonary fibrosis (IPF) is characterized by progressive fibrosis and remodelling of the lung. IPF 
prognosis has a very poor survival. Many potential therapeutic options have been shown to be ineffective, 
however, several recent clinical trials have changed the management of IPF. Specifically, two new 
therapeutic agents - nintedanib and pirfenidone - have changed clinical practice. With increasing 
accessibility to these medications, clinicians will have to determine the suitability of their use in patients 
with different stages and/or phenotypes of IPF. This presentation will review current view about the 
accurate diagnosis, stages and/or phenotypes of IPF,  and the proposed management of in patients with 
IPF. 
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Authors: David Lynch, Kevin Brown, William Travis, Shandra Knight, for the White Paper writing 
group 
Affiliations: National Jewish Health, Denver, CO 
 
Purpose 
Current diagnostic criteria for IPF have led to substantial improvement in consistency of diagnosis, and have 
paved the way for successful clinical trials. The availability of treatments makes precise diagnosis of IPF 
more important than ever. Advances in our understanding, particularly in imaging, suggest that refinement 
of the diagnostic criteria is necessary. We propose a white paper which will address the currently 
appropriate clinical, imaging, and histologic criteria for making the diagnosis of idiopathic pulmonary 
fibrosis, based on a systematic review of recent literature, combined with expert opinion. The primary focus 
will be to provide a working clinical diagnosis for active clinicians, but we also anticipate that these criteria 
will be used for clinical trial enrolment and for research purposes.  
 
Materials and Methods 
A series of key clinical, imaging, and pathology questions was developed by the writing group. A systematic 
search strategy was devised with the assistance of a library science professional. The search was performed 
in Medline and Embase for dates between May 2010 and April 2016. Selected articles from systematic 
searches prior to 2010 were also included.  
 
Results 
The systematic search yielded 12860 articles. 3685 were excluded because they were conference 
proceedings or letters, and a further 962 were excluded because they were case reports. Screening of the 
remaining abstracts is ongoing, and a draft manuscript is in progress.  With regard to CT, there is evidence 
that a “probable” diagnosis of UIP (based on the typical findings, but without honeycombing) has a 
relatively high predictive value (>80%) for UIP. Additionally, some subjects with findings atypical for or 
“inconsistent with” UIP have histologic evidence of typical UIP. In pathology, the main advance since 2010 is 
the introduction of cryobiopsy, which can provide sufficient tissue allowing for a confident diagnosis of a 
UIP pattern, potentially obviating the need for surgical lung biopsy in these patients. 
 
Conclusions 
Advances in understanding of the diagnostic criteria for IPF suggest that an update will be important. 
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Purpose   
Guideline recommendations should, whenever possible, be based on high quality controlled data rather 
than expert opinion. However, there is limited funding available for the definitive evaluation of many 
widely available tests used in the diagnosis and staging of interstitial lung disease (ILD).  Pharmaceutical 
funding is seldom available for this purpose and such projects provoke little interest for other funding 
bodies.  As a result, many tests are advocated in ILD based on the personal algorithms of experienced 
clinicians without adequate validation.  This creates major difficulties in guideline recommendations.  The 
purpose of this study was to explore a novel grading system used by the ERS IPF consensus group to 
categorise the status of current tests used to diagnose or exclude idiopathic pulmonary fibrosis.    
 
Materials and Methods   
Tests relevant to the problem of suspected IPF, including BAL, transbronchial cryobiopsy, autoimmune 
serology and serum precipitins, were categorized as a) recommended; b) conditionally supported; or c) not 
recommended for three scenarios: 1) HRCT appearances typical of UIP; 2) HRCT appearances compatible 
with UIP (“possible UIP”); and c) GRCT appearances atypical for UIP.  Conditional support for a test 
indicated that: 
  
- The use of the test, based solely or predominantly on expert opinion, was unlikely to receive formal 
guideline endorsement 
 
- There was sufficient expert support for the test to justify ongoing use of the test in individual 
institutions but not to recommend its use in routine practice 
 
- There was an obligation for institutions continuing to use the test in routine clinical protocols to 
quantify the diagnostic value added by the test on prospective evaluation.        
 
Tests were graded by the members of diagnostic working group (n=16) in the ERS IPF consensus initiative.  
A 70% majority was required to achieve consensus agreement.     
 
Results 
Selected tests were graded in suspected IPF as follows: 
 
1) In patients with appearances typical of UIP on HRCT, BAL and broad autoimmune serology received 

only conditional support.  Transbronchial cryobiopsy and serum precipitins were not 
recommended.   

 
2) In patients with appearances compatible with UIP on HRCT (“possible UIP”), BAL and broad 

autoimmune serology were recommended.  Transbronchial cryobiopsy and serum precipitins 
received conditional support.   
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3) In patients with appearances atypical for UIP on HRCT, BAL and broad autoimmune serology were 
recommended.  Transbronchial cryobiopsy and serum precipitins received conditional support.   

 
There was moderate agreement on the grading of most diagnostic tests in IPF.  However, there was 
minimal agreement on the role of serum precipitins in patients with suspected IPF and no overt 
environmental exposure.  
 
Conclusions 
The use of a novel grading system with a category of “conditional support” allows consensus groups to a) 
make statements that selected tests widely used in clinical practice are unlikely to be endorsed in formal 
guidelines; and b) support decisions taken in individual institutions to continue to perform such tests in 
routine protocols, with the implied obligation to report prospective data quantifying their diagnostic added 
value. In this way, consensus groups can hope to promote the accumulation of prospective data for 
guideline purposes. 
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Title: Prevalence of Direct and Indirect findings of Pulmonary Embolism at contrast enhanced  
pulmonary magnetic resonance angiography (CE-MRA) 
 
Authors: Mark L. Schiebler, M.D. 
Affiliations: Department of Radiology, School of Medicine and Public Health, University of Wisconsin- 
Madison, Madison, WI 
 
Purpose: 
An IRB approved and HIPAA compliant retrospective review of 560 Pulmonary MRA cases performed for the 
primary diagnosis of pulmonary embolism (PE) was performed to determine the prevalence of direct and 
indirect findings of PE. 
 
Materials and Methods: 
After local IRB approval a retrospective review of 560 CE-MRA exams performed for the primary diagnosis 
of pulmonary embolism was performed with enumeration of the findings of PE. There were 30 patients 
with at least one PE reviewed. The direct findings tallied were: occlusive clot, non-occlusive clot, clot to 
vessel signal intensity (S.I.) ratio, vessel cutoff, high t1W signal intensity clot and the double bronchus sign. 
The indirect findings studied included the following: high T2W signal intensity pulmonary infarction, 
perfusion defects, pleural effusion, enhancing parietal pleura, enhancing pleural effusion, pulmonary 
venous stasis, vessel wall enhancement, and atelectasis. 
 
Results: 
We found a total of 60 PE in 30 patients. The direct findings of PE were: 20/60 occlusive clot, 40/60 non-
occlusive clot, 0.26 ± 0.23 average (± S.D.) clot to vessel signal intensity ratio, average clot S.I. 221.6 ±233 
S.D. vessel 1300 average S.I ± 2039 S.D ,  11/60 vessel cutoff, 5/60 high t1W signal intensity clot and 20/60 
cases of the double bronchus sign. The indirect findings: 15/60 high T2W signal intensity pulmonary 
infarction, 43/60 perfusion defects, 13/60 pleural effusion, 6/60 enhancing parietal pleura, 3/60 enhancing 
pleural effusion, 20/60  pulmonary venous stasis, 8/60 vessel wall enhancement, and 6/60 atelectasis. 
 
Conclusions: 
There are both direct and indirect finding of pulmonary embolism found at pulmonary MRA. We describe 
here both expected direct and indirect findings of PE that are also seen at CTA along with new observations 
that are unique to MRA. Knowledge of indirect findings can assist in helping to localize PE and determine its 
likely presence when the PE is small or in the process of dissolution from thrombolysis. 
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Title: Integrated cardiothoracic imaging – interactions between heart and lung diseases 
 
Authors: Edwin J.R. van Beek 
Affiliations: Clinical Research Imaging Centre, the Queen’s Medical Research Institute, University of 
Edinburgh, UK 
 
Purpose 
This presentation will review the evidence of cardiovascular disease being a major comorbidity in patients 
presenting with chronic lung diseases. It will give an overview of existing literature and provide a way 
forward for chest radiologists to incorporate integrated cardiothoracic imaging into their normal workflow. 
 
Materials and Methods 
A literature overview will demonstrate the interactions between chronic lung diseases and heart/coronary 
artery diseases. Proposed mechanisms for the interactions will be discussed. A workflow approach will be 
proposed. 
 
Results 
There are now large cohort studies that clearly demonstrate the comorbidity of coronary artery and heart 
disease as a significant cause of death in patients primarily presenting with chronic lung diseases. It is 
important to realise that many patients will be presenting with similar symptoms and that imaging requests 
often don’t take the comorbidity aspects into account. 
Many chest radiologists don’t routinely report on cardiac findings, and this practice is requiring a change 
given the improved visualization of the central mediastinal structures and the greater speed of CT (and 
other imaging modalities) allowing us to confidently diagnose outwith the lungs. 
 
Conclusions 
An integrated approach to reporting on advanced chest imaging, such as CT, is required in order to correctly 
identify patients with treatable comorbid diseases, such as coronary artery disease. It is up to the 
radiologist to ensure that the patient is stratified and receives appropriate medical care. 
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Title: Novel Approach to Individualized Mechanical Ventilation through Computed Tomography-
enhanced Electrical Impedance Tomography Imaging 
 
Authors: Klaus Markstaller, Stefan Boehme, Helmut Prosch, Eugenijus Kaniusas, Christian Herold 
Affiliations: Dept.s of Anesthesia, Gen. ICM and Pain Therapy & Department of Biomedical Imaging and 
Image-guided Therapy, Medical University of Vienna / Austria & Institute of Electrodynamics, Microwave 
and Circuit Engineering, Technical University of Vienna / Austria 
 
Purpose 
Mechanical ventilation of the acutely injured lung promotes secondary lung damage, and setting the 
ventilator to the patient’s individual needs at the bedside remains a major challenge. Although Electrical 
Impedance Tomography (EIT) in its current form has shown promising results therefore, we aim to improve 
EIT by morphing computed tomography (CT) scans of the respective thoracic levels with concomitant EIT 
images (“CT-enhanced EIT”) to gain novel and innovative parameters of lung function.  
 
Materials and Methods 
With animal committee approval, 8 anaesthetized piglets (25-35 kg) were studied in healthy conditions and 
after saline lavage injury during pressure-controlled ventilation (Elisa 800, Salvia Medical, Germany). Time 
synchronized measurements of EIT (PioneerSet, Swisstom, Switzerland) and dynamic CT (Emotion 16, 
Siemens AG, Germany) were recorded at different PEEP levels of 0, 5, 10 and 15 cmH2O. At first a finite 
element (FE) model based on CT thorax, lung and heart contours was computed for EIT reconstruction. 
Secondly, using the individual CT-enhanced EIT method, the following novel parameters were validated 
versus CT measures: (1) “EIT functional lung size” representing the proportion of lung available for tidal 
ventilation; (2) “EIT silent spaces” representing mute behaving EIT pixels within the lung contours 
(reflecting non-ventilated lung tissue); (3) “EIT lung filling characteristics” representing the time until 50% of 
the inspiratory peak was reached; (4) “EIT dynamic center of ventilation (dCOV)” representing the within-
breath changes by tidal recruitment. 
 
Results 
Overall, the FE models showed excellent agreement (R2 .86) to CT in assessing regional ventilation 
distribution and were superior to conventional EIT analysis (based on a circular reconstruction) (P<.01). The 
CT-enhanced EIT parameter of „functional lung size“ could be highly correlated (R2 .87) to the fraction of 
ventilated lung assessed by CT. „Silent spaces“ in dependent lung areas showed an acceptable correlation 
to the CT-derived atelectatic lung fraction (R2 .74), but CT-enhanced EIT underestimated the overall 
amount – indicating the need for further adjustment of the currently used thresholds for mute behaving 
pixels. Further, in correspondence to dCT, CT-enhanced EIT could demonstrate that regional time constants 
(“tidal inflation characteristics”) were altered in dependency of PEEP and the underlying injury to the lung. 
In presence of cyclical recruitment of atelectasis, a movement of the “dCoV” by CT-enhanced EIT towards 
the dependent lung occurred in analogy with the movement of the center of gravity by dCT (R2 .84).  
 
Conclusions 
Our results demonstrate that enhancing EIT with anatomical CT information, i.e. “CT-enhanced EIT”, 
enabled us to obtain absolute parameters of lung function - although the EIT method per se provides only 
relative measures. Four novel and clinically driven parameters to optimally adjust the ventilator at the 
bedside were introduced without the need for specific maneuvers, which all showed meaningful 
correlations to the gold-standard imaging technique of dCT. This project is funded by the Vienna Science and 
Technology Fund (WWTF, LS14-069) 
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Title: CT Quantification of Emphysema Progression Mechanisms 
 
Authors: Raul San Jose Estepar, George Washko 
Affiliations: Brigham and Women’s Hospital, Harvard Medical School 
 
Purpose:  
Emphysema is defined as abnormal, permanent dilation of the distal airspaces. Recent large observational 
studies have observed that decrease of emphysema on the follow-up CT scan. This is incongruous with the 
notion of disease progression. Additionally, prior histologic and CT based investigation suggests that 
emphysematous destruction of the lung parenchyma is accompanied by an excess deposition of connective 
tissue and a net increase in lung mass. Our goal is to define and quantify the mechanism of emphysema 
progression that we hypothesis is driven by two processed: 1) chemical injury based on the immunological 
response (consistent with tissue gain) and 2) the tissue stress properties in the damaged cellular matrix 
(consistent with tissue loss). 
 
Materials and Methods: 
 1,372 subjects with baseline and follow-up scans from the COPDGene cohort were selected. 40 of those 
subjects had measurements of C-reactive protein (CRP). Subjects were stratified in three groups: 
emphysema (%LAA-950INSP>5% at baseline), air-trapping (%LAA856EXP>20%) and undefined ((%LAA-
950INSP<5% and %LAA856EXP<20%). Quantitative emphysema subtype based on the Local Histogram was 
computed and emphysema subtype percentages were defined as ratios between each subtype volume and 
total lung volume. A diffeomorphic elastic registration between the inspiratory and expiratory scans at 
baseline was used to compute a tissue strain map defined as the determinant of the deformation field 
Jacobian. Changes in emphysema subtype were computed as difference in percentages. Difference in strain 
and subtype emphysema change between the defined groups across GOLD stage was assessed by ANOVA.  
 
Results:  
We found that subjects in GOLD 0 gain non-emphysema tissue in the emphysema group at a rate that was 
higher than that found in those categorized into either air trapping and undefined groups. The paradoxical 
gain of non-emphysema tissue is greater in GOLD 1-2 than GOLD 3-4. This is consistent with our hypothesis 
on the biphasic nature of emphysema progression. Additionally, we observed a net increase across GOLD 
stage for the emphysema COPD group in the change of severe Centrilobular subtype, concordant with the 
progressive nature of disease. When we dichotomize our cohort into “gainers” and “losers” based on the 
change in emphysema subtype, we observe that non-emphysema tissue gainers (those who lost 
emphysema on longitudinal CT scanning) have statistically significant increased levels of CRP at baseline 
compared to losers (p<0.01). Finally, we observed that severe, moderate and mild Centrilobular 
emphysema have a progressive higher strain values than non-emphysema tissue for GOLD 1 (p<0.05), GOLD 
2 (p<0.01) and GOLD 3 (p<0.05). 
 
Conclusions:  
Our quantitative results suggest that emphysema progression is not a pure tissue lose that can be simply 
measured as change in %LAA. Instead, disease progression is subtype-dependent and non-emphysema 
tissue gain (i.e. the loss of emphysema on serial CT imaging) might be mediated by an inflammatory state 
that is not responsible of moderate and severe CLE progression. On the other hand, progression of 
centrilobular emphysema, measured as a net change in percentages, might be mediated by an increased 
mechanical tissue strain that can be measured in CT and may be used as a prognostic measurement of 
disease progression. 
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Title: Quantitative imaging of delayed and collateral ventialtion in emphysema with hyperpolarised gas 
MRI  
 
Authors: Jim Wild, Helen Marshall, Andy Swift, Rod Lawson 
Affiliations: University of Sheffield and Sheffield Teaching Hospitals NHS Trust 
 
Purpose 
Multi-nuclear lung MRI with hyperpolarised gases (3He, 129Xe) opens up new aspects of imaging lung 
function related to gas exchange, airflow and diffusion. Despite the excellent functional sensitivity of 
hyperpolarised gas MRI to different pathophysiological processes in lung disease, clinical uptake of the 
technique has to date been hindered by patents, regulatory classification, availability of 3He and access to 
polariser technology.  However, many of these constraints have been alleviated in recent years, and 129Xe 
MRI is now providing high quality lung images at relatively low cost [1]. In January 2015 UK regulatory 
approval for the use of hyperpolarised gases for routine clinical lung imaging has been in place in Sheffield.  
 
This talk will focus on how time resolved imaging of hyperpolarised 3He and 129Xe can add valuable clinical 
information for the detection of delayed and collateral ventilation pathways in emphysema/COPD. The role 
of these techniques in the planning of intervention for LVRS and endobronchial valve placement will be 
highlighted with recent preliminary experience of use of the techniques in a clinical/diagostic setting in 
Sheffield. 
 
Materials and Methods 
Patients with emphysema and COPD were imaged with static breathold imaging [2], time resolved 
breathold imaging [3] apparent diffusion coefficient mapping [4] and time resolved multibreath washout 
imaging [5] using both 3He and 129Xe gases. Gases were polarised on site and all imaging was performed at 
1.5T. The different diffusuivities of 3He and 129Xe in air in the lungs allow us to explore different diffusive 
length scales in the image acquisition time in order to probe acinar, intra-lobar and inter-fissural gas flow 
and ventilation pathways. These gas pathways relate to the integrity of the lung tissues and may have a 
bearing on the nature of subsequent intervention administered. Images were registered to CT images 
where available to link function with underlying lung structure using multi-modal image registration 
algorithms [6]. Delayed and collateral ventilation were quantified from parametric maps of lung air-filling 
time constants [3]. 
 
Results 
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Example images from a patient with substantial delayed/colateral ventilation in the right upper lobe are 
shown above. Since taking the method in to diagnostic clinical setting in January 2015 we have assessed 3 
patients for LVRS/EBV placement and the findings have been useful in helping determine the suitability of 
patients for these interventions. 
 
Conclusions 
Time resolved imaging with 3He and 129Xe gases allow the regional investigation of delayed and collateral 
ventilation in the lungs of patients with emphysema who may be elligible for intervention. Current work lies 
in evaluating the methods alongside current gold standards for planning and assesment of these 
interventions that rely on catheters and CT fissure analysis. 
 
[1] Magn Reson Med doi:10.1002/mrm.25732(2015);  [2] J Magn Reson Imaging 21:365-9(2005);  [3] Thorax 
67(7):613-7(2012). [4] J Magn Reson 183(1):13-24(2006);  [5] J Appl Physiol (1985). 2014 Jan 15;116(2):129-
39.  [6] Phys Med Biol. 2014 Dec 7;59(23):7267-77. 
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Title: Impact of low-dose computed tomography on the clinical management of chronic obstructive 
pulmonary disease patients: an evidence-based study 
 
Authors: Nicola Sverzellati 
Affiliations: Department of Surgical Sciences, Radiology, University of Parma (Italy) 
 
Purpose 
There is consensus on the insufficiency of the sole clinical evaluation and spirometric data in describing  the 
complexity of chronic obstructive pulmonary disease (COPD). The use of computed tomography (CT) of the 
thorax in COPD has dramatically increased in recent years, notably beyond the research setting with 
paramount improvement in accuracy of clinical evaluation of these patients. Nevertheless,  the clinical 
utility of CT has yet to be defined by guidelines or proved by prospective studies. The primary purpose of 
this multicenter study was to evaluate the change in the diagnosis and management of COPD when 
multiple low-dose CT (LDCT) derived information is added to standard pre-test evaluation (clinical 
evaluation, spirometry, and chest radiography). Secondary endpoints were as follows: to assess the intra-
observer and inter-observer agreement of pulmonologists before and after assimilation of LDCT data; to 
evaluate additional costs for the regional health care system deemed by assimilation of LDCT data. 
 
Materials and Methods 
Six pulmonologists prospectively reviewed clinical data, pulmonary function test (PFT) results, and chest 
radiographs of 200 consecutive COPD patients recruited by three referral centers. After two months from 
the first evaluation, the same pulmonologists reviewed the clinical and PFTs records with comprehensive 
information about LDCT data. Both chest radiograph and LDCT were interpreted by one senior radiologist 
according to two preformatted scoresheets. LDCT scans were assessed through qualitative and quantitative 
analysis by means of 3D imaging dedicated software.  
Pulmonologists’ phenotype assessment and patient care decisions (e.g. therapeutic and follow-up 
strategies, need of additional tests etc.) were recorded before and after assimilation of LDCT data. 
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Title: MRI of CF lung disease: detection of early disease and therapy response 
 
Authors: M. O. Wielpütz1,2,3, M. Stahl2,5,6, M. Eichinger1,2,3, J. Biederer1,2,4, O. Sommerburg2,5, 
M. A. Mall2,5,6, M. Puderbach1,2,3,7, H.-U. Kauczor1,2,3 
Affiliations: 1 Department of Diagnostic and Interventional Radiology, University Hospital Heidelberg, 
Germany 
2 Translational Lung Research Center Heidelberg (TLRC), Member of the German Lung Research Center 
(DZL), Heidelberg, Germany 
3 Department of Diagnostic and Interventional Radiology with Nuclear Medicine, Thoraxklinik at the 
University Hospital Heidelberg, Germany 
4 Radiologie Darmstadt, Groß-Gerau Community Hospital, Groß-Gerau, Germany 
5 Division of Pediatric Pulmonology & Allergy and Cystic Fibrosis Center, Department of Pediatrics, 
University Heidelberg, Germany 
6 Department of Translational Pulmonology, University Hospital Heidelberg, Germany 
7 Department of Diagnostic and Interventional Radiology, Hufeland Hospital, Bad Langensalza, Germany 
 
Purpose 
Increasing implementation of CF newborn screening allows for early and even pre-symptomatic diagnosis. 
Early onset and continuous progression of lung disease requires sensitive noninvasive outcome measures 
for diagnostic surveillance and monitoring in early intervention clinical trials. We therefore implemented 
MRI as the first line imaging modality in our pediatric and adult CF program to detect abnormal lung 
structure and perfusion, prove exacerbation and to monitor therapy response.  
 
Materials and Methods 
Non-contrast MRI was performed in newborns identified at newborn screening during the first four weeks 
after birth. MR studies were also performed in more than 100 children with CF for annual follow-up and 
during exacerbation as well as before and after different therapies. MRI including contrast-enhanced T1-
weighted imaging was evaluated using a dedicated morphofunctional score. Novel non-contrast techniques 
were also performed and assessed. In 68 patients lung clearance index was available for correlation. 
 
Results 
MRI clearly demonstrate typical changes of CF lung in newborns. MRI was successfully implemented for 
annual follow-up demonstrating the natural progressive course of CF lung with a higher sensitivity than 
other tests, such pulmonary function, chest radiography or lung clearance index. MRI also showed 
improvement of lung changes after different therapies.  
 
Conclusions 
Comprehensive morphofunctional lung imaging MRI can depict morphological hallmarks of CF lung disease 
with high sensitivity at birth and continuously during life. It is well suited for surveillance, exacerbation and 
therapy response imaging. It should be complemented by clinical evaluation, lab results and lung clearance 
index, etc. 
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Title: COPDGene – Progress in the Diagnosis and Assessment of COPD 
 
Authors: James D. Crapo, David A. Lynch, Edwin K. Silverman for the COPDGene Investigators 
Affiliations: National Jewish Health and Brigham and Women’s Hospital 
 
Purpose: 
COPD is the most common lung disease and the third leading cause of death in many countries. COPDGene 
is conducting a five-year follow-up of a cohort of 10,300 subjects. The recent Fleischner Society White 
Paper on CT-Definable Subtypes of COPD describes structure-based patterns of COPD based on both 
different and overlapping expressions of emphysema and airway disease. This cohort is designed to 
integrate CT image-based findings with genetic analysis, biomarkers and clinical expression of disease to 
define which subjects are at greatest risk for disease progression and provide a basis for establishing 
precision medicine to treat each unique expression of this disease. 
 
Materials and Methods: 
Approximately 5,000 Phase 2 return visits have been completed and there have been over 1200 deaths, 
which are being adjudicated. GWAS and exome chip analysis have been done on the entire cohort and 
whole genome sequencing analysis is underway. Machine learning approaches are being used to determine 
relationships between clinical, imaging, genetic and biomarker data to define unique subtypes of COPD and 
those characteristics that predict progression of this disease. 
 
Results: 
Over 20 novel genetic relationships have been identified and more are anticipated as whole genome 
sequencing data are integrated with detailed phenotyping and subtype characterization. Multiple 
approaches have identified unique patterns of airway-predominant disease and emphysema-predominant 
disease that strongly influence both morbidity and mortality. Statistically significant changes in lung density 
that are progressive across increasing severity of disease (GOLD grade) are identified by chest CT. Principal 
components analysis identifies an important role for airway disease in characterizing subjects with 
enhanced morbidity and mortality. 
 
Conclusions: 
COPDGene findings continue to support the value of the Fleischner image-based subtypes of COPD and 
demonstrate that genetics, biomarkers and CT image analysis (both visual and quantitative) can identify 
smokers at high risk of disease progression. The next challenge is to develop precision medicine to treat 
these patients. 
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Title: Multi-spectral CT Evidence for a Vascular-based Etiology of Smoking Associated Emphysema 
 
Authors:   EA Hoffman, TM Dougherty, A Comellas, JD Newell Jr. 
Affiliations: University of Iowa Carver College of Medicine 
 
We have demonstrated that normal smokers (defined by PFTs) susceptible to emphysema (visually 
detected early upper lobe centriacinar emphysema) have an increased heterogeneity of regional 
parenchymal perfusion compared to normal smokers without visual or quantitative CT evidence of 
emphysema. [1] We subsequently demonstrated that DECT derived pulmonary perfused blood volume 
(PBV) is a surrogate for true perfusion in the lung [2] and used PBV measures to again demonstrate an 
increased heterogeneity (coefficient of variation or CV) in emphysema smokers.  To demonstrate that the 
increased PBV-CV is not a fixed characteristic of the lung (peripheral loss of parenchyma or specifically a 
pruning of the peripheral vascular bed) we demonstrated that increased PBV-CV in emphysema susceptible 
normal smokers was reversible with a single dose of 20mg of oral sildenafil. The increased PBV-CV in 
emphysema susceptible normal smokers was accompanied by increased pulmonary arterial cross sectional 
area assessed at the level of the segmental airways and normalized to airway cross sectional area. 
Additionally, the increased normalized arterial area in this group of subjects was converted, via sildenafil, to 
that of the normal smokers without signs of emphysema susceptibility. [3] 
 
To determine if the increased airway normalized arterial area found in emphysema susceptible normal 
smokers was predictive of the rate of emphysema progression, we studied a group of 2,000 subjects in the 
NIH sponsored SPIROMICS cohort.  This group of subjects received a baseline CT scan at both TLC and RV 
and another at a one year follow-up. Airway normalized airway measures were obtained from the TLC scans 
and limited to current non-smokers and to individuals whose 1 year scan was within 10% of the lung 
volume at baseline. Using this data set, we separated subjects into never smokers (NS: N=110), non 
progressors (NP: N=301) and rapid progressors (RP: N=188)  Rapid progressors were defined as having an 
emphysema index (% voxels below <-950) increase of greater than 1.  Non progressors were defined as 
having an emphysema index within 0.5 of the baseline value. We found that the normalized size of the 
pulmonary arterial segments associated with RB10 and LB10 were significantly higher (P<.05) in the RP 
compared with the NP group. Both the RP and NP groups had normalized arterial areas larger than the NS 
group. [4] 
 
Translating the above work, carried out on a Siemens Definition Flash Dual Energy CT scanner to the newer 
model SOMATOM Force we have shown that we can reduce the radiation dose as well as the contrast 
concentration in half. [5] Carrying the same measures out on a GE single source Dual Energy CT scanner, we 
have observed similar regional PBV values but with a nearly doubling of the PBV-CV which we believe to be 
due to the inability to adjust the mAs upwards on the lower kV x-ray source so as to match noise levels 
between the two energies. [6] 
 
1. Alford SK Heterogeneity of pulmonary perfusion as a mechanistic image-based phenotype in 
emphysema susceptible smokers. Proc Natl Acad Sci U S A. 2010 Apr 20;107(16):7485-90. 
2. Fuld MK Pulmonary perfused blood volume with dual-energy CT as surrogate for pulmonary 
perfusion assessed with dynamic multidetector CT. Radiology. 2013 Jun;267(3):747-56. 
3. Iyer KS et al.Quantitative Dual-Energy Computed Tomography Supports a Vascular Etiology of 
Smoking-induced Inflammatory Lung Disease. Am J Respir Crit Care Med. 2016 Mar 15;193(6):652-61.  
4. Dougherty et al. Total pulmonary vascular volume and one year pregression of CT-assessed 
emphysema in the SPIROMICS cohort. American Thoracic Society 2015, Denver  
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5. Dougherty et al. A multi-variable assessment of factors effecting dual energy computed 
tomography-derived pulmonary perfused blood volume. American Thoracic Society 2016, San Francisco 
6. Dougherty et al. Dual source/dual energy CT allows for reduction in radiation dose and iodine 
concentration used to assess pulmonary perfused blood volume heterogeneity. American Thoracic Society 
2016, San Francisco 
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Title: Plasma cell-free DNA for early detection of lung cancer 
 
Authors: Edward F. Patz, Jr,  Michael Campa, Simon Gregory, Xiayu Rao, Jing Wang,  
Affiliations: Duke University Health System (EFP,  MC,SG), and  MD Anderson Cancer Center (XR, JW) 
 
Purpose 
To determine if whole exome sequencing of plasma cell-free DNA (cfDNA) can be used to differentiate 
benign from malignant pulmonary nodules found on CT for the early detection of lung cancer.  
 
Materials and Methods 
Sequential patients with indeterminate pulmonary nodules detected on CT signed an informed consent 
approved by our institutional IRB and were prospectively enrolled in a biomarker trial. For this pilot training 
study we selected 17 patients with a new diagnosis of non-small cell lung cancer (NSCLC) and 16 age, 
gender, nodule size, and smoking history matched control subjects with benign nodules. Each patient had 
whole exome sequencing performed on their plasma DNA and germline DNA from their lymphocytes. The 
primary goal of the data analysis was to determine if there were differences in gene mutation profiles 
between the lung cancer patients and the patients with benign disease.   
 
Results 
Most mutations detected were non-synonymous SNV, and there were more total mutations in the cancer 
group as compared to the benign group (p=0.0046). Ten SNV were found to be common to at least 2 cancer 
patients and none of the benign group. These variants identified 14 of the 17 NSCLC patients (82%). Of 
note, there were no driver mutations from cfDNA detected in this training set.  
 
Conclusions 
cfDNA has the potential to be a sensitive and specific tool for distinguishing benign from malignant nodules. 
Additional studies with deeper and possibly targeted sequencing are currently on-going to evaluate its full 
potential. 
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Title: Genetic features of pulmonary adenocarcinoma presenting with ground-glass nodules; What 
genetic changes lead to grow up? 
 
Authors: Kobayashi Y, Mitsudomi T, Sakao Y, Yatabe Y (presented by the last author) 
Affiliations: Department of Pathology and Molecular Diagnostics, Aichi Cancer Center Hospital, Nagoya, 
Japan 
 
Purpose 
Pulmonary ground-glass nodules (GGNs) include both malignant and benign lesions. Some GGNs become 
larger, whereas others remain unchanged for years. We have previously reported that incidence of KRAS 
and EGFR mutations are disproportional to the proposed stepwise progression of lung adenocarcinoma. 
Therefore, we categorized GGNs into two groups, positive and negative growth during course, and 
compared the genetic changes.  
 
Materials and Methods 
GGNs with ground-glass component of ≥50% on a thin-section computed tomography scan that were 
resected between 2012 and 2014 were evaluated for clinicopathological features and the presence of 
EGFR/KRAS/ALK/HER2 mutations. 'Incidence of 2-mm growth' and 'Time to 2-mm growth' were analyzed 
according to the mutational status.  
 
Results 
Among 104 GGNs in 96 patients, this study included 3 atypical adenomatous hyperplasia (AAH), 19 
adenocarcinoma in situ (AIS), 27 minimally invasive adenocarcinoma (MIA), and 55 invasive 
adenocarcinoma (IA). Among the 71 lesions evaluable for growth, 30 GGNs exhibited positive growth and 5 
lesions remained unchanged for ≥2 years before surgery. We identified mutations or rearrangements in 
75% of GGNs (78/104). EGFR mutations were noted in 64% of samples, KRAS in 4%, ALK in 3%, and HER2 in 
4%. The remaining 26 quadruple-negative tumors were significantly associated with AAH/AIS (P < 0.01) and 
negative growth (P < 0.01), whereas EGFR mutated tumors were correlated with MIA/IA (P < 0.01) and 
positive growth (P < 0.01) compared with EGFR wild-type tumors. 
 
Conclusions 
Three fourths of resected GGNs were positive for either EGFR, KRAS, ALK, or HER2 mutations, and growth 
of GGNs might be predictable according the genetic changes. 
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Title: Predictive Radiomics Modelling of EGFR Mutation Status in Non-small Cell Lung Cancer 
 
Authors: Gevaert O, Echegaray S, Khuong A, Hoang CD, Shrager JB, Jensen KC, Beery GG, Plevritis SK, 
Rubin DL, Napel S, Leung AN. 
Affiliations: Stanford University Medical Center 
 
Purpose:  
To determine whether EGFR and KRAS mutation status of non-small cell lung cancer (NSCLC) can be 
predicted using only CT imaging data. 
 
Materials and Methods:  
We studies 186 cases of NSCLC which had preoperative thin-section CT scans (section thickness ≤ 3 mm) 
performed between 4/7/2008 and 9/15/2014 at two medical centers. A thoracic radiologist annotated 89 
distinct semantic features for each tumor. We used a decision tree to predict the presence of EGFR and 
KRAS mutations and used 100 stratified randomizations of our cohort to estimate the predictive 
performance.  
 
Results: 
We found a statistically significant model for predicting EGFR by not for KRAS mutations. The test set area 
under the receiving operating curve for EGFR was 0.89. The final decision tree used four variables, 
specifically: the presence of emphysema, the presence of an airway abnormality, the type of tumor margin, 
and the texture of the tumor. Emphysema and airway abnormalities predict a wild type status while the 
presence of ground glass component predicts EGFR mutation. 
 
Conclusions: 
 Semantic features of NSCLC on CT, modeled using a decision tree, can predict the presence of EGFR but not 
KRAS mutations. 
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Title: Interobserver variation between pathologists and radiologists in multiple pulmonary tumours  
 
Authors: Andrew G Nicholson, William D Travis, Yasushi Yatabe, on behalf of IASLC Pathology 
Committee and A Devaraj 
Affiliations: Royal Brompton & Harefield NHS Foundation Trust, London, UK  
 
Purpose 
In the upcoming 8th edition for TNM staging, proposals for patients presenting with multiple nodules 
remain essentially the same as for the 7th edition although, for “p” staging, criteria of Martini and Melamed 
have now been replaced by “comprehensive histologic assessment” (CHA) (Girard et al. Am J Surg Pathol 
2009;33:1752-64), with the 2015 WHO classification potentially allowing further refinement of criteria. This 
presentation reports on interobserver (IO) agreement (a) between pathologists and (b) between 
radiologists and pathologists in this setting. 
 
Materials and Methods 
48 surgically resected cases with multiple resected nodules were identified with our diagnostic archive and 
one representative slide from each nodule was scanned into an imaging database.. These were then 
reviewed by members of the International Association for the Study of Lung Cancer (IASLC) Pathology 
Committee and scored as separate primary tumours (SPT) or intrapulmonary metastases (IM), with 
individual parameters also scored. Imaging was then reviewed on 47 of the 48 cases, with indicators of SPT 
being  1) Lesions of equivalent size (one not more than 100% of the other)   2) Smaller lesion is spiculated,  
3) At least one lesion is subsolid, 4) Presence of field change. (For signs 1 and 2, if the lesions were in 
different lungs, an absence of mediastinal disease on imaging was required). Cases with at least one 
positive sign were classified as SPTs. The interobserver (IO) agreements between pathologists, and 
radiologist and pathologist were then generated. 
 
Results 
Of the 47 cases, additional nodules were not identifiable on CT in 7 cases. In the remaining 40 cases, there 
was agreement in 28 cases, of which 16 were SPTs and 12 were IM. Of 12 cases where there was 
disagreement, only 3 were SPTS and the majority was cases classified on pathology as IM. There was 70% 
agreement, greater than that expected by chance (p = 0.002) with a kappa value of 0.41. For IO pathology 
agreement, the kappa value was 0.6, with nuclear pleomorphism, cell size, gland formation, nucleolar size, 
mitotic rate, necrosis and intraaveolar clusters statistically significant in aiding pathologists in making 
distinction between SPT and IM. 
 
Conclusions 
Moderate agreement (0.41) can be achieved in terms of clinical and pathological staging of lung cancers 
presenting with multiple nodules using imaging and pathologic criteria. Using pathology as the gold 
standard, there was greater CT agreement in categorisation of SPTs (84% (16/19)) than IM (57% (12/21)). 
Agreement between pathologists was good (0.6). 
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Title: Management of Stage I Lung Adenocarcinomas: Size isn’t Everything 
 
Authors: Prasad S Adusumilli, Kyuichi Kadota, Takashi Eguchi, Kay See Tan, William D Travis 
Affiliations: Memorial Sloan Kettering Cancer Center, New York, NY, USA 
 
Purpose: 
 The number of early-stage small-sized lung adenocarcinomas (ADCs), considered curative with resection is 
expected to increase with screening CT scans. The goal of this study is to construct surgical procedure-
specific (Lobectomy, LO versus Limited Resection, LR) nomograms to predict recurrence following curative-
intent resection for small (≤2cm) lung ADC with competing risk analysis, utilizing all known prognostic 
clinicopathological variables. 
 
Materials and Methods:  
The 909 patients who underwent lung resection for stage I lung ADC with ≤2cm tumors (1995- 2011) were 
reviewed; 563 underwent LO and 346 LR. Clinicopathological variables included lymphovascular invasion, 
presence (≥5%) of micropapillary (MIP) and solid (SOL) components, tumor spread through alveolar spaces 
(STAS) and necrosis. Cumulative incidence of recurrence (CIR) was assessed, treating death without 
recurrence as a competing risk. A nomogram was developed based on significant prognostic factors in 
multivariable analysis for CIR with internal bootstrap validation. External validation was conducted using an 
international cohort (N=708) with data from Japan, Taiwan and Germany. The predictive accuracy of the 
nomogram was measured using a concordance index (C-index). 
 
Results:  
The postoperative 5-year CIR were 9% and 22% for LO and LR, respectively. Multivariable analysis identified 
six independent risk factors (does not include tumor size) with the highest predictive accuracy for CIR in 
both the LO and LR groups. These variables were used to develop two separate nomograms with a C-index 
of 0.743 for LO and 0.747 for LR. External validation had an estimated C-index of 0.709 for LO and 0.766 for 
LR. 
Conclusions: We developed internationally-validated surgical procedure-specific nomograms with high C-
indices. This tool uses a clinically feasible scoring system to better understand prognosis and stratify 
patients for further intervention. 
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Title: Lung Nodule Consistency and Relative Risk of Future Lung Cancer Diagnosis: Does Sex Matter? 
 
Authors: P M Boiselle, MD, Boston, MA; F Duan, PhD; S Chysanthopoulou; S DeMello; D R Aberle, 
MD; C Chiles, MD 
Affiliations: BIDMC/Harvard Medical School, Brown University, David Geffen School of Medicine/UCLA, 
Wake Forest University 
 
Purpose 
To compare differences in the relative risk (RR) of lung cancer (LC) by nodule consistency and sex in the CT 
arm of the National Lung Screening Trial (NLST). 
 
Materials and Methods 
By study design, all CT-detected nodules measuring 4-30 mm were characterized by consistency (solid=SN, 
nonsolid/ground glass=GGN, and part-solid=PSN).  For each nodule consistency, the following were 
calculated: sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) for LC 
for both men (M) and women (W). For each nodule consistency, RR was calculated as the ratio of the 
probability of LC given a reported nodule consistency to the probability of LC given no nodule of the same 
consistency. 
 
Results 
Of 26,455 participants in the CT arm of the NLST, 9994 (37.8%) had a positive screen at ≥ 1 time point.  
8062 (81%) had 1 nodule consistency and 1932 (19%) had >1 nodule consistency. The RR of LC was 
significantly higher for women than men for GGNs (2.68 W vs.1.68 M, p=0.0026), and a similar trend was 
observed for PSNs (4.45 W vs. 3.19 M, p=0.0556).  In contrast, SNs were associated with a comparable RR 
for both sexes (4.48 vs. 3.77, p =0.1970), along with nearly equivalent sensitivity and specificity for LC 
(sensitivity = 69.6% W, 68.5%M; specificity = 69.6% W, 68.5% M).  Women demonstrated a higher 
sensitivity than men for subsolid nodules, including GGNs (26.7% W, 12.6% M) and PSNs (16.2% W, 10.2% 
M).  PSNs had the highest PPV in both sexes (15.3% W, 12.3%, M), whereas SNs had the lowest PPV in 
women (7.9%) and GGNs had the lowest PPV in men (6.6%).  
 
Conclusions 
Rates of lung cancer are influenced by both nodule consistency and sex. Subsolid nodules are associated 
with a higher risk of lung cancer for women than men. 
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Title: Chemical Exchange Saturation Transfer (CEST) Imaging: Comparison of Capability for 
Differentiation of Malignant from Benign Pulmonary Nodules and/ or Masses with FDG-PET/CT 
 
Authors: Yoshiharu Ohno, MD, PhD 
Affiliations: Advanced Biomedical Imaging Research Center, Kobe University Graduate School of 
Medicine 
 
Purpose 
To directly and prospectively compare the capability of chemical exchange saturation transfer (CEST) 
imaging targeted to amide groups (-NH) for differentiation of malignant from benign pulmonary nodules 
and/ or masses with FDG-PET/CT.   
 
Materials and Methods 
Thirty-six consecutive patients (26 men and 10 women; mean age 67 years) with pulmonary nodules and/ 
or masses underwent CEST imaging, FDG-PET/CT and pathological and/or follow-up examinations.  
According to final diagnoses, all lesions were divided into malignant (n=26) and benign (n=10) groups.   
 
To obtain CEST imaging data in each subject, respiratory-synchronized fast advanced spin-echo images 
were conducted following a series of magnetization transfer (MT) pulses.  Then, magnetization transfer 
ratio asymmetry (MTRasym) was calculated from z-spectra at 3.5ppm in each pixel, and MTRasym map was 
computationally generated.   
 
To evaluate the capability for differentiation between two groups at each lesion, MTRasym and SUVmax 
were assessed by ROI measurements.  Then, MTRasym was statistically correlated with SUVmax.   
To compare each index between two groups, Student’s t-test was performed.  Then, ROC-based positive 
test was performed to determine each feasible threshold value for differentiation of two groups.  Finally, 
sensitivity, specificity and accuracy were compared each other by McNemar’s test.   
 
Results 
MTRasym had no significant correlation with SUVmax (p=0.10).  Mean MTRasym (0.1 5.5%) and SUVmax 
(3.0 0.8) of malignant group w          -4.2 4.4%, 
p=0.03; SUVmax: 2.5 0.5, p=0.04             
%), specificity (SP: 70.0 [7/10] %) and accuracy (77.8 [28/36] %) of MTRasym had no significant difference 
with those of SUVmax (SE: 69.2 [18/26] %, p=0.25; SP: 60.0 [6/10] %, p=1.0; AC: 66.7 [24/36] %, p=0.13). 
 
Conclusions 
CEST imaging is considered at least as valuable as FDG-PET/CT for differentiation of malignant from benign 
pulmonary nodules and/ or masses. 
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Title: “Preliminary assessment of the utility of temporal subtraction via an optical flow method for 
evaluation of lung nodule change on serial MDCT” 
 
Authors: Maya Galperin-Aizenberg, MD (1), Sharyn I. Katz, MD, MTR (1), Eduardo M. Barbosa, MD (1) 
E. Paul Wileyto, PhD (2), Varsha Shankla, MSE (1), Warren B. Gefter, MD (1), Lawrence Dougherty, PhD (1), 
Drew A Torigian, MD, MA (1) 
Lawrence Dougherty, Ph.D (1), Drew A Torigian, MD, MA (1) 
Drew A Torigian, MD, MA (1) 
Affiliations: (1) Department of Radiology, Hospital of the University of Pennsylvania, Philadelphia, PA 
(2) Department of Biostatistics and Epidemiology at the University of Pennsylvania, Philadelphia, PA 
 
Purpose 
Serial multidetector computed tomography (MDCT) examinations of the chest are frequently performed to 
examine pulmonary nodules in a variety of clinical scenarios, including low-dose lung cancer screening, 
oncologic surveillance, and clinical trials to evaluate the efficacy of novel therapeutic agents. Accurate 
assessment of interval size change of lung nodules is important; however, manual methods of 
measurement and comparison are time-consuming and prone to sampling error. An optical flow method 
(OFM) was previously reported by our group for non-rigid registration and accurate alignment of the lungs 
on serial CT studies, as well as to visualize changes between scans using temporal subtraction.[1,2] We 
therefore sought to test the hypothesis that an OFM with temporal subtraction can facilitate the detection 
and quantification of lung nodule changes on serial MDCT datasets compared with standard manual 
measurements. 
 
Materials and Methods 
MDCT examinations of the chest acquired during full inspiration were retrospectively selected from 12 
patients who had multiple pulmonary metastases at baseline and follow up (average interval of 79 days 
between scans). Lung nodules were assessed and categorized as increased, stable, or decreased in size 
using: (a) application of OFM with temporal subtraction to baseline and follow up CT datasets including 
visual assessment of the output result by two thoracic radiologists in consensus; and (b) reference standard 
visual assessment and manual measurement of nodule size change by a third independent thoracic 
radiologist. The magnitude and direction of change were mapped to grayscale values on the OFM temporal 
subtraction images. Nodules for which OFM registration was suboptimal were recorded. For each nodule, 
average amount of time required by the radiologists for assessment of interval change using both methods 
of assessment were recorded and compared using a two-tailed t-test. Concordance of agreement between 
the results of OFM with temporal subtraction and reference standard assessment for nodule change were 
examined using the kappa statistic. Locations of lung nodules within the five pulmonary lobes were also 
recorded. A p value of <0.05 was considered as statistically significant. 
 
Results 
A total of 285 nodules were evaluated, with an average of 25 nodules per patient (range 4-49, SD 15.4). The 
average time required by the radiologist to assess interval change in lung nodule size by OFM with temporal 
subtraction (mean 1.15+0.5 mins) was significantly less (p=0.02) compared to that using reference standard 
manual measurements (mean 1.56+0.5 mins). Agreement between OFM with temporal subtraction and the 
reference standard for nodule change assessment occurred in 63.2% of nodules overall (kappa=0.50, SE 
0.35, p<0.00001). Agreement between OFM with temporal subtraction and the reference standard 
significantly increased with larger nodule size (from kappa=0.48 for nodules less than <5 mm to kappa=0.94 
for nodules >20 mm, p<0.0001), but was not significantly affected by nodule location in the lung. 
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Conclusions 
This preliminary study demonstrates the feasibility of an OFM method with temporal subtraction to assess 
for interval change in pulmonary nodules on serial CTs with significantly improved speed and with 
moderate agreement with the reference standard of assessment. Agreement improved with larger nodule 
size, but did not change with nodule location in the lung.  
 
References 
1. Dougherty L, Asmuth JC, Gefter WB. Alignment of CT lung volumes with an optical flow method. 
Academic Radiology 2003; 10:249-254.  
 
2. Dougherty L, Torigian DA, Affusso JD, Asmuth JC, Gefter WB. Use of an optical flow method for the 
analysis of serial CT lung images. Academic Radiology 2006; 13:14-23. 
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Title: Semi-Automated Lung Nodule Volumetry 
 
Authors: Eui Jin Hwang, Jin Mo Goo, Sang Joon Park, Chang Min Park 
 
Affiliations: Seoul National University College of Medicine 
 
Purpose 
Semi-automated lung nodule volumetry is a promising tool for early detection of volume change, which 
might led to early diagnosis of malignancy and treatment failure. Measurement variability in volumetry is 
known to be affected by various factors. The purpose of our study was to model the range of variability in 
lung nodule volumetry, in patient with metastatic lung nodules by same day repeat computed tomography 
(CT) scans. 
 
Materials and Methods 
The present prospective study included 50 patients with known pulmonary metastatic nodules between 
November 2013 and April 2014, with written informed consents. Two consecutive noncontrast chest CT 
scans were performed within 10 minutes of time interval. Non-calcified nodules with diameter between 4 
mm and 15 mm were segmented using in-house software for each CT scans. After calculation of mean 
segmented nodule volume (Vm), surface voxel proportion (SVP) was defined as the proportion of surface 
voxels in total segmented voxels. Attachment proportion (AP) and clustered attachment proportion (CAP) 
was defined as the proportion of voxels with > -400 HU in total voxels just outside of surface of nodule and 
that of voxels with > -400 HU clustered in more than 10 voxels. Absolute percentage error (APE) and 
relative percentage error (RPE) were calculated from segmented nodule volume on each CT scans. 
Univariate and multivariate quantile regression analyses were performed for estimation of 95% upper limit 
of APE. 
 
Results 
The 95% limit of RPE was from -20.67% to 20.94%. In univariate quantile analyses, Vm, SVP, AP and CAP 
were significant variables for estimation of APE. In multivariate analysis, SVP and AP were proven to be 
independently significant variable. Final model for 95% limit of APE was as follows: APE = 37.82• SVP + 
48.60 • AP-10.87. 
 
Conclusions 
SVP and AP were independent factors for variability in lung nodule volumetry. With those two parameters, 
95% limit of APE in lung nodule volumetry could be estimated with linear model. 
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Title: Intrapulmonary Lymph Nodes (IPLNs) on CT Scans: Characterization and Management. 
 
Authors: Tomás Franquet MD, Rogelio Velazco MD, and Claudia MD 
 
Affiliations: Department of Radiology. Hospital de Sant Pau. Universidad Autonoma de Barcelona. 
Barcelona (Spain) 
 
Purpose 
The incidental finding of a pulmonary nodule on computed tomography (CT) is becoming an increasingly 
frequent event. The purpose of this study was to analyze the CT criteria permitting the diagnosis of 
intrapulmonary lymph nodes (IPLNs). 
 
Materials and Methods 
At retrospective review of 210 CT scans, 87 lung nodules were detected in 27 patients. Patients included 19 
men and 7 women, and their ages ranged from 28 to 72 years, with a mean of 52.3 years. Forty-nine 
nodules were found in 17 oncologic patients and 38 nodules in 10 non-oncologic patients. The size, 
position, and radiographic features of all intrapulmonary lymph nodes were independently assessed by two 
experienced radiologists. We considered IPLNs based on multiplanar reformations and according with the 
morphologic findings previously reported (solid attenuation, well-defined solid masses, less than 15 mm 
and within 20 mm of a visceral pleural surface, flat, triangular or lentiform and with septal connections) 
 
Results 
Retrospective review of images from 210 CT examinations revealed 87 IPLNs in 27 subjects. Multiple (range, 
2–14) IPLNs were seen in 47 subjects. The nodules in 32 (37%) of the 87 pulmonary nodules were 
pathologically proven to be intrapulmonary lymph nodes, and none were malignant. The maximum 
diameter of the nodules varied from < 5mm to 10 mm. All of the nodes were located within 20 mm of a 
visceral pleural surface. On thin-section CT images, 61 nodules were located within 10 mm of the visceral 
pleura, 19 nodules were between 10-20 mm from the visceral pleura and 7 nodules were more than 20mm 
from the visceral pleura. Nodules were distributed in the RUL (n=20), middle lobe (n=16), RLL (n=26), LUL 
(including lingula (n=5) and LLL (n=20).  
Sixty-five of the nodules (75%) were located in the subpleural region, frequently below the level of the 
carina. Most of the nodules were well circumscribed (n=86). On axial CT scans they were ovoid (n=18), 
round (n=17), triangular (n=51), or rectangular (n=1). Size in maximal diameter was less than 5 mm (n=57) 
and ranging between 5-10 mm (n=30). A single septal connection, corresponding to ectatic lymphoid 
channels extending from the nodule, was identified in 59 cases, 2 or more in 9 cases and no septal 
connection in 19 cases. The surrounding lung field was normal in all cases. During 3-year follow-up in 17 
subjects (63%), two of 87 IPLNs increased in size on one scan but were then stable. 
 
Conclusions 
Our study has shown that IPLNs are common and usually located in the lower lobes. Sagittal and coronal 
reconstructions are recommended to evaluate all non-calcified peripheral pulmonary nodules. Typically, 
IPLNs are triangular or oval on axial scans, having a flat, triangular or lentiform configuration in sagittal or 
coronal reconstructions. When small pulmonary nodules are morphologically consistent with IPLNs, can be 
diagnosed with a high level of certainty as intrapulmonary lymph nodes and follow-up is not recommended. 
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Title: Revised Fleischner Society Guidelines for Management of Incidental Pulmonary Nodules  
 
Authors: H MacMahon, et al. 
Affiliations: University of Chicago 
 
Purpose 
The Fleischner Society Guidelines for management of solid nodules were published in 2005, and separate 
guidelines for subsolid nodules were published in 2013. These recommendations have been widely adopted 
both nationally and internationally, and have been accepted as the standard of practice. However, new 
information has become available, mainly from lung cancer screening trials, and the society has agreed that 
a revision of the guidelines would be appropriate. 
 
Materials and Methods 
A group of society members was convened at the annual meeting in Sitges in 2015 and plans were made to 
develop a draft document no later than September. It was agreed that the revised guidelines should not 
appear to be in conflict with existing or anticipated guidelines, such as from the ACCP and ACR, and that the 
draft would be discussed with members of both organizations prior to publication in order to ensure 
widespread support.  
A draft of the revised table was circulated to the writing committee in August, and discussed with members 
of the ACR committee, which concurred with the content. The lead authors worked over the following 6 
months to produce a complete manuscript, based on a systematic review of the literature, and this was 
circulated to the committee at the end of March. Suggested amendments were incorporated and 
recirculated in April, resulting in a final draft in May. 
 
Results 
The revised guidelines incorporate several substantive changes that reflect current thinking on the 
management of small nodules. The minimum threshold size for routine follow up has been raised, and 
recommended follow up intervals are now given as a range, rather than a precise time period, to allow 
greater discretion to radiologists, clinicians and patients, depending on individual risk factors and 
preferences. The guidelines for solid and subsolid nodules have been combined in a single simplified table, 
and specific recommendations have been included for multiple nodules. An appendix has been added to 
allow for inclusion of additional material, including multiple examples of benign and malignant nodules with 
varying morphology.   
 
Conclusions 
Revised nodule management guidelines have been formulated, and will be shared with the members of the 
society with a view to achieving consensus, and subsequent submission for publication following the 2016 
annual meeting in New York. 
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Title:   Temporal fluctuation of lung function and inflammatory biomarkers in complex chronic airway 
disease and their clinical implications 
 
Urs Frey, MD PhD 
University Children’s Hospital Basel (UKBB), Basel, Switzerland 
 
In this presentation, we summarize results of recent research on the temporal variability of lung function, 
symptoms and inflammatory biomarkers. Specifically, we demonstrate how fluctuation analysis borrowed 
from statistical physics can be used to gain insight into complex chronic dynamic diseases, such as asthma, 
viewed as a system of interacting components (e.g. inflammatory, immunological and mechanical). 
Fluctuation analysis tools are based on quantifying the distribution, and the short- and long-term temporal 
correlation properties, of tidal breathing and lung function parameters to assess neuro-respiratory control 
and monitor chronic disease. The latter includes the assessment of severity and disease control, the impact 
of treatment and environmental triggers, the temporal characterization of disease phenotypes, and the 
individual risk of exacerbation.  Recent studies have demonstrated that temporal clustering can identify 
clinically relevant asthma and COPD phenotyptes. While, in many cases, specific, mechanistic insight into 
the fluctuations awaits further research, appropriate analyses of the fluctuations already have an impact on 
clinical science and practice. 
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Title: Progression of Lung Disease in Preschool Children with Cystic Fibrosis 
 
Authors: Alan Brody, Rhonda Szczesniak, Scott Powers 
Affiliations: Cincinnati Children’s Hospital and the University of Cincinnati College of Medicine 
 
Purpose 
To assess the rate of progression of CF lung disease in young children as measured by serial CT scans.  
Effective new drugs have recently been developed. These will likely have the greatest effect if they are 
begun before lung injury has become established. Studies in infants have suggested that bronchiectasis 
progresses rapidly and can be used as a marker for drug efficacy. 
 
Materials and Methods 
Two CT scans at an 18 month interval were obtained in 42 children 2-6 years old at enrollment. Each CT 
scan was scored using a previously validated scoring system that quantifies the severity and extent of 7 
morphologic features of CF lung disease. Two independent radiologists scored the CT scans without 
knowledge of subject information or when the CT scans were obtained.  
 
Results and Conclusions 
Mean age at baseline was 42 months. CT scores ranged from 0 to 31 (% maximum score) at baseline. With 
bronchiectasis in 36%. There was no relationship between age and score at baseline. On 18 month follow 
up scores were increased in 20, unchanged in 18, and decreased in 4.  
Previous studies found bronchiectasis in 20% at diagnosis, and increased in 1-3 year olds increased from 
44% to 62% over 1 year.  
Our findings suggest that the progression of bronchiectasis slows after the first few years and that a better 
understanding of the natural history of CF lung disease will be necessary before designing drug trials and 
clinical surveillance programs. 
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Title: TRACHEOBRONCHIAL SMOOTH MUSCLE ATROPHY AND SEPARATION 
 
Authors: ATUL C. MEHTA, M.D. 
Affiliations: CLEVELAND CLINIC, CLEVELAND, OHIO 
 
Purpose:  
To describe a new entity of Tracheobronchial smooth muscle or pars membranacea atrophy 
and its separation from the cartilaginous rings (TB-SMAS) 
 
Materials and Methods: 
Four cases of TB-SMAS will be presented with the bronchoscopic as well as radiographic findings to 
establish the entity. Review of the literature related to the pathophysiology of airway smooth muscle 
atrophy will be discussed.  
 
Results: 
Tracheobronchomalcia (TBM) and Excessive Dynamic Collapse (EDC) are being recognized with increased 
frequency in the recent years. This is likely as a result of increasing number of CT scans and bronchoscopy 
being performed. Atrophy of the airway smooth muscles and their separation from the tracheonronchial 
wall cartilages could be a likely extension of TBM and EDC. Reviewing the literature, it is found that 
bronchial smooth muscle atrophy is present in cases with Atrophic Bronchitis (Deformans), Mounier-Kuhn 
Syndrome and Bronchial Diverticuli. However none of our patients suffered with such conditions. Further 
review suggests that TB-SMAS could be related to increasing use of high dose inhaled corticosteroids. 
 
Conclusions:  
TB-SMAS patients demonstrate features of bronchial smooth muscle atrophy and separation due to 
unknown etiology. As evident on bronchoscopy and CT images, TB-SMAS causes airway collapse and may 
lead to airway obstruction in these patients. TB-SMAS also carries a risk of rupture of the trachea especially 
in patients undergoing rigid bronchoscopic interventions. Therefore, potential prevention and early 
diagnosis of TB-SMAS has a major clinical significance. Future studies aimed at evaluating the association of 
Inhaled Corticosteroids with TB-SMAS and elucidating the underlying mechanisms should be considered 
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Title: Non-tuberculous mycobacterial lung disease: diagnosis based on computed tomography of the 
chest 
 
Authors: Nakwon Kwak, Chang Hyun Lee, Hyun-Ju Lee, Young Ae Kang, Jae Ho Lee, Sung Koo Han, 
Jae-Joon Yim 
Affiliations: Division of Pulmonary and Critical Care Medicine, Department of Internal Medicine, Seoul 
National University College of Medicine, Seoul, Republic of Korea 
 
Purpose 
Differentiating non-tuberculous mycobacterial lung disease (NTM-LD), which is generally not infectious, 
from pulmonary TB is crucial, especially in South Korea where the annual incidence of TB was 86 per 
100,000 people in 2014. The aim of this study was to elucidate the accuracy and inter-observer agreement 
of NTM-LD diagnosis based on chest CT findings. 
 
Materials and Methods 
Two chest radiologists and two pulmonologists interpreted chest CTs of 66 patients with NTM-LD, 33 with 
pulmonary tuberculosis, and 33 with non-cystic fibrosis bronchiectasis. These observers selected one of 
these diagnoses for each case without knowing any clinical information except age and sex. Sensitivity and 
specificity were calculated according to degree of observer confidence. Inter-observer agreement was 
assessed using Fleiss’ κ values. Multiple logistic regression was performed to elucidate which radiological 
features led to the correct diagnosis. 
 
Results 
The sensitivity of NTM-LD diagnosis was 56.4 % (95 % CI 47.9–64.7) and specificity 80.3 % (73.1–86.0). The 
specificity of NTM-LD diagnosis increased with confidence: 44.4 % (20.5–71.3) for possible, 77.4 % (67.4–
85.0) for probable, 95.2 % (87.2–98.2) for definite (P<0.001) diagnoses. Inter-observer agreement for NTM-
LD diagnosis was moderate (κ = 0.453). Tree-in-bud pattern (adjusted odds ratio [aOR] 6.24, P < 0.001), 
consolidation (aOR 1.92, P= 0.036) and atelectasis (aOR 3.73, P<0.001) were associated with correct NTM-
LD diagnoses, whereas presence of pleural effusion (aOR 0.05, P<0.001) led to false diagnoses. 
 
Conclusions 
NTM-LD diagnosis based on chest CT findings is specific but not sensitive. 
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Title:  Erdheim-Chester Disease: Review of the Diagnostic Criteria and Pathologic Findings with Special 
Attention to Pulmonary Involvement 
 
Purpose 
Review the pathologic criteria for the diagnosis of Erdheim Chester Disease (ECD) and the pathologic 
findings at a variety of sites including the lungs. Address the applicability specificity of the histologic criteria 
for ECD in individual cases, especially in those with lung involvement. 
  
Materials and Methods 
Literature review and pathologic review of cases from of ECD from a variety of sites.  
  
Results 
The diagnostic criteria of ECD that have been used in the literature for many years and which still comprise 
current recommendations can be paraphrased as follows: 
 
1. Histologic: foamy histiocytic infiltrates with variable fibrosis often with the presence of Touton giant cells 
imparting a xanthogranulomatous appearance.  The cells should be CD68 positive and CD1a negative (ie, 
excluding Langerhans cell hsitiocytosis). These features derive primarily from studies of the bony lesions. 
2. Radiologic: skeletal abnormalities including bilateral symmetrical osteosclerotic lesions particularly in the 
long bones but also involving bones at a variety of sites including those in the skull.   
 
Some variation of these criterial appear in all the recent large reviews of ECD and standard texts including 
the WHO tumor classification series for Tumors of Bone and Soft Tissue and Tumors of Hematopoietic and 
Lymphoid organs, and in the AFIP fascicle on Non-neoplastic Disorders of the Bones and Joints.  ECD has 
been a orphan disorder, often difficult to diagnose, and of uncertain pathogenesis as reflected by its 
inclusion in the WHO tumor series publications as well as AFIP Non-neoplastic fascicle series.  Also, 
ironically, it is ofteb not the histiocytes themselves that cause morbidity but the fibrosis that is 
induced/associated with them.   
 
BRAFV600E mutations have been found in an appreciable number of cases of ECD as well as other 
mutations in a lesser percentage of cases. These findings will likely have a signifcant impact on potential 
therapies for ECD as well as diagnostic implications in cases in which the histologic and radiologic findings 
are at variance with the classic features. 
 
In addition to an infiltrate of foamy histiocytes (+/- Touton giant cells) histologic descriptions of ECD also 
include the presence of variable degrees of fibrosis, lymphocytes, plasma cells and sometimes other 
inflammatory cells including eosinophils.  From personal experience with several dozen cases at a variety of 
sites it is apparent that the histology of ECD is quite variable and that the classic features may not always be 
encountered and the proportions of all the findings vary enormously.  Thus there are cases dominated by 
fibrosis, lymphocytes or plasma cells with an absence of foamy histiocytes and Touton giant cells.  This is 
the case in the lung where fibrosis is the dominant feature and the histiocytes that are identified (which 
vary in numbers) have eosinophilic non-foamy cytoplasm.   
 
Given the variation in histology from site to site (and probably over time although serial biopsies are rarely 
obtained) the answer to the question does the absence of classic histology exclude a diagnosis of  
ECD has to be no, and the corollary to that is that requiring foamy histiocytes to be present for the 
diagnosis requires reassessment. 
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Among the approximately 20 cases of lung biopsies reviewed in cases with an established diagnosis of ECD 
none contained appreciable numbers of foamy histiocytes or Touton giant cells; ie the histologic criteria of 
ECD are not fulfilled.   
 
Touton giant cells are reasonably distinctive histologic findings but they are by no means restricted to 
Erdheim-Chester Disease and are encountered in a number of other xanthogranulomatous conditons 
including tumors and non-neoplastic conditons both infectious and noninfectious.  Similarly, foamy change 
in macrophages is nearly ubiquitous in many chronic inflammatory conditions and it has little specificity.   
 
This discussion begs the question: Are the histiocytes in ECD distinguishable from other inflammatory 
histiocytes?  That has not been studied but anecdotally they do appear to be larger and have more 
voluminous cytoplasm, typically foamy but sometimes eosinophilic  and thus somewhat different from 
“usual inflammatory histiocytes”.  Obviously, the finding of BRAFV600E mutations in the cells may be a 
feature that will ultimately allow their recognition and separation from usual type histiocytes. 
 
Conclusions 
The pathologic findings of ECD are diverse and the absence of classic histology does not exclude ECD.  This 
is best illustrated in lung tissue where the histology is virtually unique to ECD (despite the complete 
absence of foam cell change and Touton giant cells). Absence of classical histology may also be 
encountered at other sites, especially with limited samples; the specimens may show only non-specific 
fibrosis, lymphocytes and plasma cells.  With prompting and careful inspection one may identify the 
histiocytes (with or without foamy change) but they may not necessarily be the dominant finding. 
  
The classic histologic criteria of ECD are based primarily on the bony involvement and may not be 
universally applicable to extraosseous sites, especially the lung.  Interestingly the largest series of 
pulmonary involvement by ECD described in the literature (18 among 34 cases from the group in Paris that 
require the classic histologic criteria for ECD diagnosis) had histologic confirmation of the diagnosis of ECD 
at sites other than the lung in all cases, primarily bone and retro-perineum.  It is not mentioned in this 
report whether any lung biopsies were reviewed.   
  
In summary, recognition of ECD cases showing classic histology and radiologic findings is relatively easy if 
one is aware of the diagnosis.  The histologic findings in ECD are nearly unique and they are paralleled by 
distinctive radiologic findings although the radiologic findings are probably less specific.  The histologic 
findings in any given case are dependent on sampling and small biopsies may not have sufficient tissue to 
show all the classic histologic features. 
 
Concluding points: The absence of classic histology does not exclude ECD and further studies are needed to 
determine if there are features of the histiocytes of ECD (eg. BRAFV600E positivity by immunostains) that 
will aid in diagnosis and separating ECD histiocytes from benign inflammatory histiocytes.  
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Title: Algorithmic approach to cavitary lung disease 
 
Authors: Suhail Raoof(1), Jay Ryu(2), David Naidich(3), William Travis(4), Khalid Ghafoor (1), Shalin 
Patel(1), Atul Mehta (5) 
Affiliations: (1)Lenox Hill Hospital, NY; (2) Mayo Clinic, Rochester; (3) New York University, NY;  (4) 
Memorial Sloan Kettring, NY; (5)nCleveland Clinic, Ohio. 
 
Purpose:  
To develop a radiological-clinical algorithm to diagnose cavitary lung diseases 
 
Materials and Methods:  
We reviewed all articles published from 1970 onwards in the English literature with the words cavity, 
cavitary disease and individual diseases implicated in causing cavitary disease. The search was confined to 
adults. Standard definitions of the Fleischner Society were utilized. A cavity was defined as a gas-filled 
lucency or low-attenuation area, within an area of pulmonary consolidation,  mass, or nodule with a wall 
thickness > 4 mm). 
 
A separate clinical and radiological algorithm was developed. The radiologist and clinicians then integrated 
both algorithms to make it more practical to diagnose cavitary lung disease.  
 
Results:  
Step 1: It was intuitively obvious that the first step in the diagnosis of cavitary lung disease is to exclude 
mimics. The most important mimics include a) cystic lung disease b) emphysema and c) cystic 
bronchiectasis. Once a true cavity is encountered, a concerted effort must be made to review old Chest X-
rays or chest CT scans and enquire about the nature and duration of symptoms. Step 2: If the symptoms or 
cavities are chronic (>8 weeks in duration), the internal walls of the cavity should be carefully reviewed. If 
they are irregular and especially more than 1.5 cm in thickness, primary malignancy should be suspected. 
Step 3: If the internal walls are not irregular, the categories to consider are a)chronic infections and 
granulomatous diseases b) vasculitis and collagen vascular diseases c)metastatic diseases d) some parasitic 
diseases. Step 4: In patients with new cavities or recent symptoms solitary lesion may point towards lung 
abscess or cocciodidiomycosis, while multiple cavities may point in the direction of septic emboli (usually 
peripherally located) or fungal infections (Aspergillosis, mucormycosis, nocardia) 
 
Conclusions:  
It is difficult to develop a simple algorithm based on radiographic features alone to diagnose cavitary lung 
disease. Amalgamation of radiographic and clinical features may allow a more accurate diagnosis of these 
varied conditions 
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Title: Thymic epithelial tumors: the new TNM classification 
 
Authors: Paul E. Van Schil, MD, PhD 
Affiliations: Antwerp University, Belgium 
 
Purpose 
To present the new mediastinal compartments and new TNM classification of thymic epithelial tumors as 
proposed by International Thymic Malignancies Interest Group (ITMIG). 
 
Introduction 
At the 5th Annual Meeting of the International Thymic Malignancies Interest Group (ITMIG) in Antwerp, 
Belgium on September 5-6, 2014 several new proposals were made regarding the classification of thymic 
epithelial tumors including thymomas and thymic carcinomas.  The different papers were published in 
Journal of Thoracic oncology 2014; vol. 9 number 9, supplement 2.  
 
Mediastinal compartments 
A new definition of mediastinal compartments is introduced dividing the mediastinum into a prevascular, 
visceral and paravertebral compartment with precise anatomical boundaries [1].  
 
TNM classification of thymic epithelial tumors 
Regarding  pathology all thymomas are considered to be malignant and a new subdivision of type A has 
been defined, the so-called atypical variant with a more pronounced aggressive behavior [2]. 
Based on a large retrospective database created by ITMIG proposals are made for a TNM classification of 
thymic epithelial tumors including grouping into stages I-IV (tables 1 and 2), and a new lymph node map has 
been introduced subdividing the nodal stations into an anterior and deep region [3-6]. 
 
Prospective database 
To obtain more significant data ITMIG launched a prospective database project with collection of clinical, 
imaging, surgical and pathology data in order to identify significant factors related to outcome, recurrence 
and long-term survival. 
 
Table 1. TNM classification of thymic epithelial tumors 
 
T descriptor    
T1a Encapsulated or unencapsulated with or without extension into mediastinal fat  
T1b  Extension into mediastinal pleura  
T2  Invasion of pericardium (partial or full-thickness) 
T3  Invasion of lung, brachiocephalic vein, superior vena cava, chest wall, phrenic nerve, hilar  
      (extrapericardial) pulmonary vessels  
T4  Invasion of aorta, arch vessels, main pulmonary artery, myocardium, trachea, or esophagus  
 
N descriptor              
N0 No nodal involvement        
N1  Anterior (perithymic) nodes         
N2  Deep intrathoracic or cervical nodes       
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M descriptor    
M0 No metastatic pleural, pericardial, or distant sites 
M1a  Separate pleural or pericardial nodule(s)    
M1b  Pulmonary intraparenchymal nodule or  distant organ metastasis 
 
Table 2. Stage grouping 
 
Stage T N  M  
 
I T1 N0 M0 
II  T2 N0 M0 
IIIa  T3 N0 M0 
IIIb  T4 N0 M0  
IVa T any N1 M0 
 T any  N0,1 M1a 
IVb  T any  N2 M0,1a 
 T any  N any M1b  
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Title: Occupational endotoxin exposure is associated with decreased interstitial lung opacities on high 
resolution CT scans. 
 
Authors: P. Lai, T. Araki, JQ Hang, FY Zhang, J. Sun, L. Su, G. Washko, M. Nishino, H. Hatabu,  DC 
Christiani.  
 P.S. Lai,1-3T. Araki,4J.Q. Hang.,5F.Y. Zhang,5J. Sun,5L. Su,2G. Washko,4M. Nishino,3,6H. Hatabu,3,4D.C. 
Christiani 1-3 
Affiliations: Harvard Medical School,  Massachusetts General Hospital, Brigham and Women’s Hospital, 
Shanghai Putuo Peoples Hospital, Harvard School of Public Health. 
Purpose: To determine whether occupational exposure to endotoxin-containing cotton vs. non-endotoxin 
containing silk dust is associated with differences in the prevalence of interstitial lung abnormalities 
 
Materials and Methods:  
Study population: 
 -Subjects enrolled in the Shanghai Textile Worker Study, a closed cohort study initiated in 1981 
 -243 endotoxin-exposed cotton and 220 endotoxin-unexposed silk textile workers 
 -All workers are now retired. 
 -CT scans performed once between 2011-2012 
Imaging: 
 -Single Siemens Emotion-16 CT scanner 
 -Interstitial lung abnormalities (ILA) identified using a validated sequential reader and group ------

consensus interpretation scheme by 3 attending level radiologists (TA, MN, HH) 
 -Scoring system ranging from 0 to 3 (normal, indeterminate, highly suspicious, or consistent with -

interstitial lung disease) 
Primary outcome: 

 -Interstitial lung abnormality (ILA) score 
Exposure: 
 -Cotton vs silk worker status 
 -Cumulative occupational endotoxin exposure 
Statistical analysis: 
 -Count outcome modelled using poisson models accounting for overdispersion 
 -Adjusting for age, gender, body mass index, smoking status, pack-years, work cessation years,  

work duration years 
 
Results:  
Cotton textile work associated with lower risk of interstitial lung 
abnormalities compared to silk textile work 
 
There is a dose dependent decrease in risk of interstitial lung abnormalities with increasing occupational 
endotoxin exposure 
 
Conclusions:  
Occupational endotoxin exposure is associated with a dose dependent decrease in interstitial lung 
abnormalities 
 
• Unlike prior studies, in our cohort, smoking was not associated with increased interstitial lung 

abnormalities 
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• No effect modification was seen between smoking and the effect of occupational endotoxin 
exposure on interstitial lung abnormalities 

• It is unclear whether occupational endotoxin exposure is protective against the development of 
interstitial lung abnormalities, or whether silk dust exposure is associated with an increased risk of 
developing interstitial lung abnormalities. However, duration of work exposure (as a surrogate 
measure of silk dust exposure) was not associated with increased interstitial lung abnormalities 

• The possibility that endotoxin may be protective against the development of interstitial lung 
abnormalities should be further tested in animal models 
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Title: Usual Interstitial Pneumonia with Chronic Hypersensitivity Pneumonitis: Differentiation from 
Idiopathic Pulmonary Fibrosis 
 
Authors: Takeshi Johkoh, M.D., Ph.D., Thomas V Colby, M.D. 
Affiliations: Department of Radiology, Kinki Central Hospital of Mutual Aid association of Public School 
Teachers 
 
Purpose 
The purposes of this study were both to assess the clinical value of thin-section CT in helping discriminate 
chronic hypersensitivity pneumonia(CHP)-usual interstitial pneumonia(UIP) from idiopathic pulmonary 
fibrosis (IPF)/UIP, and to clarify thin-section CT findings that are useful to differentiate CHP-UIP from 
IPF/UIP. 
 
Materials and Methods 
This study included 49 patients with CHP-UIP and 49 patients with IPF/UIP. Two groups of observers 
independently assessed the thin-section CT findings, evaluated the extent of each abnormal CT finding, and 
then made a first-choice diagnosis.  When the diagnosis was CHP-UIP, they noted which CT findings were 
inconsistent with IPF. 
 
Results 
Correct diagnoses were made 78-80% in CHP-UIP, and 52-54% in IPF.  There was no difference in the extent 
of ground-glass opacities, consolidation, honeycombing, and emphysema among both groups.  The features 
that best differentiated CHP-UIP from IPF/UIP was excess of micronodules (hazard ratio 12.0 (95% CI;2.2-
65.4), p=0.004). 
 
Conclusions 
Although the excess of micronodules in thin-section CT is clue for the differentiation of CHP-UIP from IPF, 
CT findings of some cases with CHP-UIP are similar to those of IPF/UIP. 
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Title: Deep learning-based classification of regional patterns of diffuse lung disease at HRCT 
 
Authors: Joon Beom Seo, Guk Bae Kim, Namkug Kim, David A, Lynch 
Affiliations: Department of Radiology, University of Ulsan College of Medicine, Asan Medical Center 
 
Purpose:  
This study aimed to evaluate the classifier of a convolution neural network (CNN) with a deep architecture 
in categorizing image patterns of interstitial lung diseases (ILD). HRCT datasets from multiple CT vendors at 
multiple centers were used. 
 
Materials and Methods:  
Using HRCT images, two experienced radiologists marked a total of 1200 regions of interest (ROIs), 
including 600 ROIs that were each acquired using a GE or Siemens scanner and consisted of 100 ROIs for 
subregions that included normal and five regional pulmonary disease patterns (ground-glass opacity, 
consolidation, reticular opacity, emphysema, and honeycombing). We designed three experimental sets as 
follows: an intrascanner in which the training and test sets were from the same scanner, an integrated 
scanner set analyzing data from two scanners that was first merged and then split into training and test 
sets, and an interscanner set in which the training and test sets were acquired from the other scanner. We 
employed the CNN network with six learnable layers that consisted of four convolution layers and two fully-
connected layers. The classification results were compared with the data that were calculated using a 
support vector machine (SVM), which is a representative classifier with a shallow architecture. We repeated 
five-fold cross-validations with 20 replicates. 
 
Results:  
The CNN classifier showed significantly better performance for accuracy compared with that of the SVM 
classifier by 6–9% in all experiments for the intrascanner (96% vs. 90% for GE; 96% vs. 89% for Siemens), 
the integrated scanner (95% vs. 88%), and the interscanner tests (86% vs. 77% for GE training and Siemens 
testing; 85% vs. 77% for Siemens training and GE testing). From the clustered feature maps, which were 
based on increases in the number of convolution layers, the differentiation processes and final similarities 
among regional patterns of ILD were visualized. The degree of ambiguity in classification between 
honeycombing and reticular opacity, which was shown to be mostly mixed in the clustered feature map, 
could be quantitatively evaluated based on classification error rates from honeycombing to reticular 
opacity (2.12%) and from reticular opacity to honeycombing (4.91%). 
 
Conclusions:  
The CNN classifier shows significantly greater accuracy than the SVM classifier. The clustered feature maps 
indicate relative differentiation among the regional patterns, which may imply structural characteristics 
that are inherent to the specific patterns of ILD. 
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Title: Dynamic Contrast-Enhanced Integrated PET/MR of Non-Small Cell Lung Cancer: Assessment of 
Response to Stereotactic Body Radiation Therapy 
 
Authors: Yeun-Chung Chang1, Yu-Sen Huang1, Jenny Ling-Yu Chen2, Teh-Chen Wang3 
Affiliations:  
1. Department of Medical Imaging, National Taiwan University Hospital and National Taiwan 

University College of Medicine;  
2. Department of Radiation Oncology, National Taiwan University Hospital Hsin-Chu Branch 
3. Department of Radiology, Taipei City Hospital Yang-Ming branch, Taipei 
 
Purpose: 
Stereotactic body radiation therapy (SBRT) has shown efficacy as upfront local treatment for non-small cell 
lung cancer (NSCLC). Several data have suggested that the biological mechanism of SBRT is based on severe 
vascular damage resulting in reduced blood perfusion and indirect tumor cell death. In this study, we aimed 
to explore the clinical application of dynamic contrast-enhanced (DCE) integrated PET/MR in patients 
receiving SBRT, with respect to treatment outcome and prognosis prediction. 
 
Methods and Materials: 
Three patients with NSCLC receiving SBRT as primary or salvage treatment underwent DCE integrated 
PET/MR (Simultaneous hybrid 3T-MR-PET machine, Biograph mMR, Siemens Healthcare) before and two 
months after SBRT. Image parameters including tumor size, apparent diffusion coefficient (ADC), 
standardized uptake value (SUV), Ktrans, kep, ve, vp, and iAUC60 were analyzed.  
 
Results: 
Tumor size before and after SBRT was 28.3±27.5 mm and 23.3±23.2 mm, respectively, with 18% 
decrements. The SUVmax before and after SBRT was 12.2±9.9 and 5.7±4.5, respectively, with 45% 
decrements. Decreased values of all MR-derived parameters were demonstrated in Table 2. Among these 
parameters, there was a significant decrease of the kep mean values (before treatment, 2176.4±1461.5; 
after treatment, 1148.4±674.5; 36% reduction; P = 0.05).  
Conclusions:  
MR-PET with functional parameters has the potential to predict early treatment response of patients with 
NSCLC receiving SBRT. 
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