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From the Directorodos De

2010 was the 20" anniversary of the establishment of RAI Labs. What
started from a few poignant questions from Carl Ravin led to a small
research group originally called the Thoracic Imaging Research Division
(TIRD). The group, under the leadership of Carey Floyd, expanded to other
2= i magi ng modal ities soon after, thus
"\ of DIRD (Digital Imaging Research Division). In 2004, | was privileged to
become the director of the group, which went through two additional

| name changes to Duke Advanced Imaging Laboratories (20042009), and
finally in 2009 to Carl E. Ravin Advanced Imaging Laboratories, reflecting
its historical legacy and the ever -expanding scope of research pursued by
the group. We have come a long way, and it is important to take stock of
what we have accomplished. Over these 20 years, the group has
contributed to major medical imaging advances (tomosynthesis, NSECT,
CAD, display metrology, and the XCAT phantom, to name a few), the medical imaging profession
(through leadership in major radiological societies), and medical physics scholarship (with over 500
major publications and hundreds of conference presentations). It has also contributed significantly to
each of the three missions of Duke University: research (being awarded over 30 extramural grants),
education (training hundreds of graduate students and residents, in addition to spearheading the Medical
Physics Graduate Program), and clinical work (initiating the Clinical Imaging Physics Group). These are
no minor feats. And the contributions continue as reflected in the pages of this newsletter. Over its 20
years of history, RAI Labs has accomplished much, and as such it has become one of the most respected
research groups in our field worldwide.

While it is appropriate to pause and reflect on these notable accomplishments, what are they to us now?
A plaque on the wall? | believe the real value of historical reflection is to let it shape our orientation
towards the future . We have a strong background, a solid legacy, but instead of making this legacy the
basis for self-congratulation, we should strive to let it prime us for action, with the maturity and
effectiveness that can only come from experience. It is in that spirit that the RAI Labs leadership has
decided to conduct a series of seminars in March 2011 to commemorate the 20 " anniversary of RAI Labs
(see next page). Based on each of the four major research trajectories of RAI Labs, the seminars aim to
summarize the current state of knowledge with a focus on the next phase of medical imaging research.
This celebration week also coincides with the birthday of Carey Floyd, our dear friend and colleague who
passed away five years ago to cancer, the very focus of his research. Let this be a reminder to us not to
overlook the human side of our collective enterprise, and not to let our institutions be void of memory.

Ehsan Samei, PhD, Director

Geoff Rubin: New Chair of Radiology

Dr. Rubin was named the chair of the Radiology Department in August 2010.
Previously at Stanford, Dr. Rubin brings with him a strong commitment to
nurturing and enhancing the research in the department. A pioneer of CT
angiography for the diagnosis of cardiovascular diseases, his personal research
interests currently focus on coupling cardiovascular and pulmonary computed
tomography with novel image processing technigues to detect, characterize,
quantify, and visualize structures as aids in diagnosis and treatment planning.
Dr. Rubin is renowned for his effective leadership and his vision for clinical,
teaching and research missions. RAI Labs extends a warm welcome to Dr. Rubin "
and his family.




RAI LABS 20th ANNIVERSARY

March 14-18, 2011

Duke North Conference Room

IMAGING RESEARCH SEMINARS

Monday, March 14, 2011, 7:30-8:30 AM DN, Rm 2001

Welcome and introduction by Geoff Rubin MD and Ehsan Samei PhD
Image Analysis: From CAD to Quantitative Image Analysis to Informatics
Gina Tourassi PhD, Joseph Lo PhD, Qiang Li PhD, Jay Baker MD, Geoff Rubin MD

Tuesday, March 15, 2011, 12-1 PM DN, Rm 2001

Image Models: From Cylinders to Anatomical and Functional Processes
Paul Segars PhD, Ehsan Samei PhD

Wednesday, March 16, 2011, 12-1:30 PM DN, Rm 2003

Image Formation: From Dual Energy to Tomosynthesis, NSECT, and beyond
Jim Dobbins PhD, Joseph Lo PhD, Jay Baker MD, Anuj Kapadia PhD, Page McAdams MD

Thursday, March 17, 2011, 7:30-8:30 AM DN, Rm 2002

Image Optimization: From Aesthetics to Performance and Dose Justification
(Radiology Grand Rounds)
Ehsan Samei PhD, Don Frush MD, Xiang Li PhD, Sam Richard PhD

Friday, March 18, 2011, 12-1:30 PM

Carey E. Floyd, Jr. Memorial Lecture

Welcome and historical perspective by Carl Ravin MD

Updating Image Quality and Dosimetric Metrics for CT

John Boone PhD, Professor and Vice Chair of Radiology, UC Davis
Closing remarks by Geoff Rubin MD

DN, Rm 2001

Refreshments are served 15 minutes prior to each seminar
RAI LABS 20th ANNIVERSARY IMAGING RESEARCH SEMINARS

March 14-18, 2011

RAI Labs 20" Anniversary Lecturer
John M. Boone, PhD

John M. Boone is currently Professor and
Vice Chairman of Radiology and Professor
of Biomedical Engineering at University of
California, Davis, California. He is board
certified in diagnostic radiologic physics
by the American Board of Radiology, and
is a fellow of the AAPM, the Society of
Breast Imaging, and the American College
of Radiology. Dr. Boone is the co-author
of a widely used textbook in medical
imaging (Essential Physics of Medical Imaging), and has over
120 peer reviewed publications and 12 US Patents. His
research interests include the development of a dedicated
computed tomography system for breast imaging, radiation
dosimetry including Monte Carlo evaluation of radiation dose
in  mammography and computed tomography, and the
development of quantitative metrics for image quality
assessment.

Carey E. Floyd, Jr. Memorial Lecture:
March 18th, 12 pm, Duke North 2001

Updating Image Quality and
Dosimetric Metrics for CT

John M. Boone, PhD
Professor and Vice Chair or Radiology,
University of California, Davis

Abstract

Computed Tomography (CT) is entering its fifth decade as a
clinical modality, however the methods by which medical
physicists assess image quality on CT images remain identi-
cal to those established in the first decade of CT. Prior to
the Digital Imaging Communication in Medicine (DICOM)
standard and the widespread use of Picture Archiving and
Communication Systems (PACS), subjective visual evaluation
was necessary for image quality assessment because the only
output of the CT system was a film image. Current access to
digital CT images suggests that more quantitative metrics
can be used. CT dosimetry methods have been static over
several decades as well. The increased clinical utilization of
CT, combined with improvements in modern dosimetry hard-
ware and increased sophistication in scanner acquisition
modes provides motivation for a renewed approach to CT
dosimetry, as well. A number of AAPM Task Groups (TG)
have focused on the development of new methods for CT
dosimetry (e.g. TG111, TG200, TG204). In addition, the In-
ternational Commission on Radiological Units and Measure-
ment (ICRU) will be publishing new recommendations for
both dosimetry and quantitative assessment of image quality
in CT next year. In this presentation, a number of new tech-
nigues for both image quality assessment and estimation of
radiation dose in CT will be discussed.

Carey Everett Floyd, Jr., PhD
1954 62006



Focus on Research:
Adaptive Computer -Aided Education

Providing the highest quality of
training in interpretation of mam-
mograms is crucial in ensuring the
optimal benefit of mammography in
breast cancer care. Due to persist-
ing and severe shortage of special-
ists in the USA, the overwhelming
majority of screening mammograms
are read by general radiologists.
Therefore, it is important that the
mammography education during the
residency years of radiology training is efficient in terms of
resulting diagnostic performance and time required for train-

ing.

To address this need, Drs. Mazurowski and Tourassi in col-
laboration with Drs. Baker and Barnhart are developing a per-
sonalized computer-aided education system for mammogra-
phy. Unlike the one -fits -all approaches, the proposed system
adapts itself to each trainee (or user) by identifying his/her
individual strengths and weaknesses and then adapting the
training plan accordingly. The underlying assumption of this
line of research is that there are patterns in error making of
radiologists interpreting mammograms that can be captured in
machine learning-based user models.

In a recently published paper (Mazurowski et al., Med. Phys.
56, 473-489, 2010), the investigative group proposed a frame-
work for the adaptive training system and performed prelimi-
nary experiments evaluating the feasibility of constructing user
models. Specifically, the focus was on capturing the relation-
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ship between the error made for a case and two features of the case: parenchyma density and mass margin as described in the B reast
Imaging Reporting and Data System (BtRADS) lexicon. Three machine learning and statistical methods were applied to construct th e
user models: artificial neural networks, k -nearest neighbor, and multiple regression. The algorithms were evaluated using readin gs of
30 mammographic cases by 10 radiology residents and 7 attendings for the task of determining malignancy status of mammographi c¢
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masses. Leaveone-out crossvalidation scheme
was used for the evaluation. The experimental
evaluation of the system showed that the ac-
tual errors made for the cases identified as high
-predicted -difficulty were on average higher
than for the cases identified as low -predicted -
difficulty. The statistical analysis using general-
ized estimating equations showed that the dif-
ference was statistically significant for all three
model ing methods (pOO0. 0O
constructed models were able to accurately
distinguish cases that will pose a challenge to a
resident from those tha
The study findings strongly support the hy-
pothesis about existence of identifiable pat-
terns in error making. The investigative group is
currently working on extending the proposed
approach to modeling erroneous assessment of
BI-RADS features (preliminary results will be
presented at SPIE MI 2011) as well as imple-
menting advanced techniques from recom-
mender systems research domain to derive more
accurate user models.



Focus on Research:
Computer -Aided Diagnosis fi Chest Imaging

Computer -Aided Diagnosis i Chest Imaging: Qiang Li and Wei Guo developed a new CAD system to
significantly improve the performance of nodule detection in chest CT images. The biggest issue with current
~~ CAD systems in CT is that they report too many false positives (6 positives for R2 system and 8 for Siemens
~@ system). To address this issue, Qiang Li and Wei Guo try to employ local 2D information, in addition to global

| 3D information, to characterize nodules and false positives. Their strategy is to decompose a 3D nodule
candidate into a set of 2D reformatted images from multiple viewpoints and use only the effective 2D images
for removing false positives. This is an excellent technique for nodule detection in CT, because a blood vessel
% (main source of false positives) appears as an elongated object in many 2D reformatted images, whereas a
nodule appears as a circular object in nearly all 2D images. Therefore, nodules and blood vessels can be
readily distinguished, as shown in the figure below. At 80% sensitivity, their existing CAD using 3D information
alone reported 7.4 false positives per scan. When 2D information was integrated with 3D information, their
new CAD system reported 1.6 false positives per scan, which was a substantial improvement over their existing CAD system.




Focus on Research:
CT Dose and Risk

Computed tomography (CT) is the single largest

source of medical radiation to the US population,

constituting half of the total medical exposure in

2006. The last few years have witnessed growing

efforts to manage radiation dose in CT. At the

forefront of these efforts are (1) CT dose tracking
¢ and (2) adaptation of CT technique to patient
size. These efforts can greatly benefit from a dose -reporting system
that provides estimates of radiation dose and potential cancer risk
specific to each patient and each CT exam.

In collaboration with pediatric radiologists, Donald Frush, Ehsan
Samei, Paul Segars, Xiang Li, and Gregory Sturgeon studied patient -
specific dose and risk in pediatric chest CT. They applied a validated

12 ; . . ; : . . .
)

11 . .
é S developed from clinical CT data
(=)
S 10
~
A 9 s
g .
By 8 r = r=-0.96 T
g 7 | -'\-\ ; .
) So O total cancer risk (termed
=] S
o 6t RS . b
E I |
Q 5 | ~ i
& : !
(]

4

average chest diameter “d, "~ (cm) exams. The team

Monte Carlo program to a series of highly realistic pediatric phantoms
. They estimated organ dose
Lt i for 30 pediatric patients and for 8 clinical chest CT protocols. They
S used the organ dose values to calculate effective dose, a population
i S T dose quantity, and to estimate individual risk of cancer incidence,

S g taking into account patient age and gender. From these results, the
research determined the relationships between organ dose and patient
size, between effective dose and patient size , and between
risk index), patient size, age, and gender
. They further showed that, when normalized by reference

~ . dose quantities (e.g. CT dose index and dose-length product), the

S patient dose quantities are independent of CT scan parameters. The

. . . . s \ . . findings of the study enabled dose and risk to be conveniently

10 12 14 16 18 20 22 24 estimated for individual pediatric patients, who undergo chest CT

is expanding its efforts to other body regions, to
various clinical CT protocols, and to the adult population.




