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Cardiac MRI images show that energy drinks increase systolic left-ventricular
contractility
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Healthy adults who consumed energy drinks high in caffeine and taurine had significantly increased
left-ventricular contractility one hour later, according to a study presented at the 2013 annual meeting
of the Radiological Society of North America (RSNA).

"Until now, we haven't known exactly what effect these energy drinks have on the function of the heart,"
said radiology resident Jonas Dérner, M.D., of the cardiovascular imaging section at the University of
Bonn, Germany, which is led by the study's principal investigator, Daniel K. Thomas, M.D. "There are
concerns about the products' potential adverse side effects on heart function, especially in
adolescents and young adults, but there is little or no regulation of energy drink sales."

Energy drinks represent a multibillion-dollar industry that is growing every day. While teenagers and
young adults have traditionally been the largest consumers, in recent years more people of all
demographics have begun consuming energy drinks.

A 2013 report from the Substance Abuse and Mental Health Services Administration stated that in the
U.S. from 2007 to 2011, the number of emergency department visits related to energy drink
consumption nearly doubled, increasing from 10,068 to 20,783. Most of the cases were identified
among patients aged 18 to 25, followed by those aged 26 to 39.

"Usually energy drinks contain taurine and caffeine as their main pharmacological ingredients," Dr.
Dérner said. "The amount of caffeine is up to three times higher than in other caffeinated beverages
like coffee or cola. There are many side effects known to be associated with a high intake of caffeine,
including rapid heart rate, palpitations, rise in blood pressure and, in the most severe cases, seizures
or sudden death."

For the study, which is ongoing, Dr. Dérner and colleagues used cardiac magnetic resonance imaging
(MRI) to measure the effect of energy drink consumption on heart function in 18 healthy volunteers,
including 15 men and three women with a mean age of 27.5 years. Each of the volunteers underwent
cardiac MRI before and one hour after consuming an energy drink containing taurine (400 mg/100
mL) and caffeine (32 mg/100 mL).

Compared to the baseline images, results of cardiac MRI performed one hour after the study
participants consumed the energy drink revealed significantly increased peak strain and peak systolic
strain rates (measurements for contractility) in the left ventricle of the heart.

"We don't know exactly how or if this greater contractility of the heart impacts daily activities or athletic
performance," Dr. Dérner said. "We need additional studies to understand this mechanism and to
determine how long the effect of the energy drink lasts."

The researchers found no significant differences in heart rate, blood pressure or the amount of blood
ejected from the left ventricle of the heart between the volunteers' baseline and second MRI exams.

"We've shown that energy drink consumption has a short-term impact on cardiac contractility," Dr.
Dérner said. "Further studies are needed to evaluate the impact of long-term energy drink
consumption and the effect of such drinks on individuals with heart disease."

Dr. Dérner said that while long-term risks to the heart from drinking energy drinks remain unknown,
he advises that children, as well as people with known cardiac arrhythmias, should avoid energy
drinks, because changes in contractility could trigger arrhythmias. He also cautions that additional
study is needed to address risks posed by the consumption of energy drinks in combination with
alcohol.

Other co-authors are Daniel Kuetting, M.D., Claas P. Naehle, M.D., and Hans H. Schild, M.D.
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Stroke patients benefit from novel rehabilitation device that converts their
thoughts to electrical impulses to move their upper extremities
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Using a novel stroke rehabilitation device that converts an individual's thoughts to electrical impulses to
move upper extremities, stroke patients reported improvements in their motor function and ability to
perform activities of daily living. Results of the study were presented at the 2013 annual meeting of the
Radiological Society of North America (RSNA).

"Each year, nearly 800,000 people suffer a new or recurrent stroke in the United States, and 50 percent of
those have some degree of upper extremity disability," said Vivek Prabhakaran, M.D., Ph.D., director of
functional neuroimaging in radiology at the University of Wisconsin-Madison. "Rehabilitation sessions
with our device allow patients to achieve an additional level of recovery and a higher quality of life."

Dr. Prabhakaran, along with co-principal investigator Justin Williams, Ph.D., and a multidisciplinary team,
built the new rehabilitation device by pairing a functional electrical stimulation (FES) system, which is
currently used to help stroke patients recover limb function, and a brain control interface (BCI), which
provides a direct communication pathway between the brain and this peripheral stimulation device.

In an FES system, electrical currents are used to activate nerves in paralyzed extremities. Using a
computer and an electrode cap placed on the head, the new BCI-FES device (called the Closed-Loop
Neural Activity-Triggered Stroke Rehabilitation Device) interprets electrical impulses from the brain and
transmits the information to the FES.

"FES is a passive technique in that the electrical impulses move the patients' extremities for them," Dr.
Prabhakaran said. "When a patient using our device is asked to imagine or attempt to move his or her
hand, the BClI translates that brain activity to a signal that triggers the FES. Our system adds an active
component to the rehabilitation by linking brain activity to the peripheral stimulation device, which gives
the patients direct control over their movement."

The Wisconsin team conducted a small clinical trial of their rehabilitation device, enlisting eight patients
with one hand affected by stroke. The patients were also able to serve as a control group by using their
normal, unaffected hand. Patients in the study represented a wide range of stroke severity and amount of
time elapsed since the stroke occurred. Despite having received standard rehabilitative care, the patients
had varying degrees of residual motor deficits in their upper extremities. Each underwent nine to 15
rehabilitation sessions of two to three hours with the new device over a period of three to six weeks.

The patients also underwent functional magnetic resonance imaging (fMRI) and diffusion tensor imaging
(DTI) before, at the mid-point of, at the end of, and one month following the rehabilitation period. fMRI is
able to show which areas of the brain are activated while the patient performs a task, and DTl reveals the
integrity of fibers within the white matter that connects the brain's functional areas.

Patients who suffered a stroke of moderate severity realized the greatest improvements to motor function
following the rehabilitation sessions. Patients diagnosed with mild and severe strokes reported improved
ability to complete activities of daily living following rehabilitation.

Dr. Prabhakaran said the results captured throughout the rehabilitation process—specifically the ratio of
hemispheric involvement of motor areas—related well to the behavioral changes observed in patients. A
comparison of pre-rehabilitation and post-rehabilitation fMRI results revealed reorganization in the
regions of the brain responsible for motor function. DTI results over the course of the rehabilitation period
revealed a gradual strengthening of the integrity of the fiber tracts.

"Our hope is that this device not only shortens rehabilitation time for stroke patients, but also that it brings
a higher level of recovery than is achievable with the current standard of care," Dr. Prabhakaran said.

"We believe brain imaging will be helpful in both planning and tracking a stroke patient's therapy, as well
as learning more about neuroplastic changes during recovery.”

Other co-authors are Dorothy Farrar-Edwards, Ph.D., Justin Sattin, M.D., Mitch Tyler, Ph.D., Veena A.
Nair, Ph.D., Svyatoslav Vergun, B.S., Leo Walton, B.S., Jie Song, M.S., and Brittany Young, B.A., B.S.
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Ratio of callback to cancer detection rate improved significantly when using digital
breast tomosynthesis
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Researchers have found that digital breast tomosynthesis (DBT) led to reduced recall rates and an
increase in cancer detection in a large breast cancer screening program. The results of this study were
presented at the 2013 annual meeting of the Radiological Society of North America (RSNA).

Digital mammaography is the gold standard for breast cancer screening, but may yield suspicious findings
that turn out not to be cancer. These false-positive findings are associated with a higher recall rate.

Digital breast tomosynthesis has shown promise at reducing recall rates in all groups of patients,
including younger women and women with dense breast tissue. Tomosynthesis is similar to
mammography in that it relies on ionizing radiation to generate images of the breast. However, unlike
conventional mammography, tomosynthesis allows for three-dimensional (3-D) reconstruction of the
breast tissue, which can then be viewed as sequential slices through the breast.

Because DBT technology is relatively new, it is typically used only as a supplemental screening tool, but
since October 2011, every patient screened for breast cancer at Hospital of the University of
Pennsylvania (HUP) in Philadelphia has been screened using DBT, according to Emily F. Conant, M.D.,
chief of breast imaging at HUP and the study's lead author.

"We have used DBT on all of our breast screening patients," Dr. Conant said. "Every patient has had

it—we have not selected patients because of their risk or breast density or if they were willing to pay extra.

We did not charge extra and were able to provide all of our women with this new technology.”

For the study, Dr. Conant and colleagues compared imaging results from 15,633 women who underwent
DBT at HUP beginning in 2011 to those of 10,753 patients imaged with digital mammography the prior
year. Six radiologists trained in DBT interpretation reviewed the images.

The researchers found that, compared to digital mammography, the average recall rate using DBT
decreased from 10.40 percent to 8.78 percent, and the cancer detection rate increased from 4.28 to 5.25
(per 1,000 patients). The overall positive predictive value increased from 4.1 percent to 6.0 percent with
DBT.

"Our study showed that we reduced our callback rate and increased our cancer detection rate," Dr.
Conant said. "The degree to which these rates were affected varied by radiologist. But importantly, the
ratio of callback to cancer detection rate improved significantly for our radiologists."

Dr. Conant notes that tomosynthesis is an evolving platform, and researchers are already seeing a
significant improvement in important screening outcomes.

"It's the most exciting improvement to mammography that | have seen in my career, even more important
than the conversion from film-screen mammography to digital mammography," she said. "The coming
years will be very exciting, as we see further improvements in this technology."

Co-authors are Nandita Mitra, Ph.D., Anne Marie McCarthy, Ph.D., Despina Konto, Ph.D., Susan G. Roth,

M.D., Susan P. Weinstein, M.D., Marie Synnestvedt, Ph.D., Mathew Thomas, B.S., and Fei Wan, Ph.D.
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The rate at which breast density changes in some women as they age may affect
their breast cancer risk
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Automated breast density measurement is predictive of breast cancer risk in younger women, and that
risk may be related to the rate at which breast density changes in some women as they age, according to
research presented at the 2013 annual meeting of the Radiological Society of North America (RSNA).

Breast density, as determined by mammography, is already known to be a strong and independent risk
factor for breast cancer. The American Cancer Society (ACS) considers women with extremely dense
breasts to be at moderately increased risk of cancer and recommends they talk with their doctors about
adding magnetic resonance imaging (MRI) screening to their yearly mammograms.

"Women under age 50 are most at risk from density-associated breast cancer, and breast cancer in
younger women is frequently of a more aggressive type, with larger tumors and a higher risk of
recurrence," said the study's senior author, Nicholas Perry, M.B.B.S., FRCS, FRCR, director at the
London Breast Institute in London, U.K.

For the new study, Dr. Perry and colleagues compared breast density and cancer risk between younger
and older women and analyzed how the risk relates to changes in breast density over time. The study
group included 282 breast cancer cases and 317 healthy control participants who underwent full-field
digital mammography, with breast density measured separately using an automated volumetric system.

"In general, we refer to breast density as being determined by mammographic appearance, and that has,
by and large, in the past been done by visual estimation by the radiologist—in other words, subjective
and qualitative," Dr. Perry said. "The automated system we used in the study is an algorithm that can be
automatically and easily applied to a digital mammogram, which allows an objective and, therefore,
quantitative density measurement that is reproducible."

Breast cancer patients showed higher mammaographic density than healthy participants up to the age of
50. The healthy controls demonstrated a significant decline in density with age following a linear pattern,
while there was considerably more variability in density regression among the breast cancer patients.

"The results are interesting, because there would appear to be some form of different biological density
mechanism for normal breasts compared to breasts with cancer, and this appears to be most obvious for
younger women," Dr. Perry said. "This is not likely to diminish the current ACS guidelines in any way, but
it might add a new facet regarding the possibility of an early mammogram to establish an obvious risk
factor, which may then lead to enhanced screening for those women with the densest breasts."

For instance, some women might undergo a modified exposure exam at age 35 to establish breast
density levels, Dr. Perry noted. Those with denser breast tissue could then be followed more closely with
mammography and additional imaging like MRI or ultrasound for earlier cancer detection and treatment.

"It has been estimated that about 40 percent of life years lost to breast cancer are from women under 50
diagnosed outside of screening programs," Dr. Perry said. "In my practice, which is largely composed of
urban professional women, 40 percent of cancers year to year are diagnosed in women under 50, and 10
percent in women younger than 40."

Co-authors are Katja Pinker-Domenig, M.D., Kefah Mokbel, M.B.B.S., FRCS, Sue E. Milner, B.Sc., and
Stephen W. Duffy, M.Sc.
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MR-guided high intensity focused ultrasound offers reliable ablation of invasive
breast cancer
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Atechnique that uses focused ultrasound under magnetic resonance (MR) guidance to heat and destroy
tumors may offer a safe and effective treatment for breast cancer, according to research being presented
at the annual meeting of the Radiological Society of North America (RSNA).

MR-guided focused ultrasound (MRgFUS) ablation is a noninvasive technique that requires no incision or
puncture to perform. Instead, it uses the acoustic energy from high-intensity focused ultrasound to
remove, or ablate, diseased tissue. Continuous MR is used to locate the lesions and monitor the
temperature change during the ablation process.

Primary advantages of MRgFUS over other breast cancer treatments are that it is a noninvasive,
outpatient procedure offering a quick recovery time, and that it provides precise measurement of
temperature changes during the procedure.

"In the treatment stage, we are able to precisely visualize where the energy is having an effect and to
measure exactly the rise in temperature," said Alessandro Napoli, M.D., Ph.D., assistant professor of
radiology at Sapienza University in Rome. "Temperature monitoring is particularly important, since too
low a temperature is ineffective and too high a temperature may be dangerous.”

Dr. Napoli and colleagues assessed the safety and efficacy of MRgFUS in 12 patients with invasive
ductal breast cancer before surgical removal of the cancer and biopsy of the lymph nodes. They used 3T
MRI to confirm the presence and treatable location of cancerous lesions. The patients then underwent
single-session MRgFUS treatment. Researchers evaluated treatment efficacy through post-surgery
pathology.

None of the patients experienced significant complications during or immediately after the procedure. In
10 of the 12 patients, MRI showed no enhancement in the treatment area after the procedure.
Post-surgery histological evaluation confirmed the absence of residual disease in the treatment area in
those 10 patients.

"This procedure allows for safe ablation of breast cancer," Dr. Napoli said. "At pathology, no significant
viable tumor was found in the specimens from these 10 patients."

In the other two cases, treatment failed due to transducer malfunction, and the pathologist observed
residual tumor in the samples.

According to Dr. Napoli, MRI guidance is crucial for correct identification of lesions, treatment planning
and real-time control during the procedure. Specifically, monitoring with MRI allows for efficient deposit of
energy into the region of treatment at the correct range of between 60 degrees and 70 degrees Celsius
(approximately 140 to 158 degrees Fahrenheit).

"This is carried out by a special sequence that is called MR thermometry," Dr. Napoli said. "Only MRI
presently has the ability to determine, in real time, fine temperature quantification.”

While the initial results are promising, Dr. Napoli said more research will be needed before the approach
can be adopted as a stand-alone treatment for breast cancer.

Co-authors are Luisa Di Mare, M.D., Federica Pediconi, M.D., Michele Anzidei, M.D., Vincenzo Noce,
M.D., and Carlo Catalano, M.D.
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Patients who had screening mammograms more often had a significantly lower
rate of lymph node positivity
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In a study of screening mammography-detected breast cancers, patients who had more frequent
screening mammography had a significantly lower rate of lymph node positivity as compared to women
who went longer intervals between screening mammography exams. Results of the study were
presented at the 2013 annual meeting of the Radiological Society of North America (RSNA).

"On its pathway to other places in the body, the first place breast cancer typically drains into before
metastasizing is the lymph nodes," said Lilian Wang, M.D., assistant professor of radiology at
Northwestern University/Feinberg School of Medicine in Chicago, lll. "When breast cancer has spread
into the lymph nodes, the patient is often treated both locally and systemically, with either hormone
therapy, chemotherapy, trastuzumab or some combination of these therapies."

Historically, healthcare organizations, such as RSNA and the American Cancer Society (ACS), have
recommended annual screening with mammography for women beginning at age 40. However, in 2009,
the United States Preventive Services Task Force (USPSTF) announced a controversial new
recommendation for biennial screening for women between the ages of 50 and 74.

"Our study looks at what would happen if the revised guidelines issued by USPSTF were followed by
women," Dr. Wang said.

The retrospective study, conducted at Northwestern Memorial Hospital, included 332 women with breast
cancer identified by screening mammography between 2007 and 2010. The women were divided into
one of three groups, based on the length of time between their screening mammography exams: less
than 1.5 years, 1.5 to three years and more than three years. There were 207, 73 and 52 patients in each
category, respectively.

Controlling for age, breast density, high-risk status and a family history of breast cancer, the researchers
determined that women in the less than 1.5-year interval group had the lowest lymph node positivity rate
at 8.7 percent. The rate of lymph node involvement was significantly higher in the 1.5- to three-year and

over three-year interval groups at 20.5 percent and 15.4 percent, respectively.

"Our study shows that screening mammaography performed at an interval of less than 1.5 years reduces
the rate of lymph node positivity, thereby improving patient prognosis," Dr. Wang said. "We should be
following the guidelines of the American Cancer Society and other organizations, recommending that
women undergo annual screening mammography beginning at age 40."

Co-authors are Ellen B. Mendelson, M.D., Paula M. Grabler, M.D., Riti Mahadevia, B.A., and Laura
Billadello, M.D.
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MRI technique called magnetic field correlation may help improve ADHD
diagnosis and guide optimal treatment
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Magnetic resonance imaging (MRI) provides a noninvasive way to measure iron levels in the brains of
people with attention deficit hyperactivity disorder (ADHD), according to a study presented at the 2013
annual meeting of the Radiological Society of North America (RSNA). Researchers said the method
could help physicians and parents make better-informed decisions about medication.

ADHD is a common disorder in children and adolescents that can continue into adulthood. The American
Psychiatric Association reports that ADHD affects 3 to 7 percent of school-age children.

Psychostimulant medications such as Ritalin are among the drugs commonly used to reduce ADHD
symptoms. Psychostimulants affect levels of dopamine, a neurotransmitter in the brain associated with
addiction.

"Studies show that psychostimulant drugs increase dopamine levels and help the kids that we suspect
have lower dopamine levels," said Vitria Adisetiyo, Ph.D., postdoctoral research fellow at the Medical
University of South Carolina in Charleston, S.C. "As brain iron is required for dopamine synthesis,
assessment of iron levels with MRI may provide a noninvasive, indirect measure of dopamine.”

Dr. Adisetiyo and colleagues explored this possibility by measuring brain iron in 22 children and
adolescents with ADHD and 27 healthy control children and adolescents using an MRI technique called
magnetic field correlation (MFC) imaging. The technique is relatively new, having been introduced in
2006 by study co-authors and faculty members Joseph A. Helpern, Ph.D., and Jens H. Jensen, Ph.D.

"MRI relaxation rates are the more conventional way to measure brain iron, but they are not very specific,"

Dr. Adisetiyo said. "We added MFC because it offers more refined specificity.”

The results showed that the 12 ADHD patients who had never been on medication had significantly lower
MFC than the 10 ADHD patients who had been on psychostimulant medication or the 27 typically
developing children and adolescents in the control group. In contrast, no significant group differences
were detected using relaxation rates or serum measures. The lower brain iron levels in the
non-medicated group appeared to normalize with psychostimulant medication.

MFC imaging's ability to noninvasively detect the low iron levels may help improve ADHD diagnosis and
guide optimal treatment. Noninvasive methods are particularly important in a pediatric population, Dr.
Adisetiyo noted.

"This method enables us to exploit inherent biomarkers in the body and indirectly measure dopamine
levels without needing any contrast agent," she said.

If the results can be replicated in larger studies, then MFC might have a future role in determining which
patients would benefit from psychostimulants—an important consideration because the drugs can
become addictive in some patients and lead to abuse of other psychostimulant drugs like cocaine.

"It would be beneficial, when the psychiatrist is less confident of a diagnosis, if you could put a patient in a
scanner for 15 minutes and confirm that brain iron is low," she said. "And we could possibly identify kids
with normal iron levels who could potentially become addicts.”

Along with replicating the results in a larger population of patients, the researchers hope to expand their
studies to look at the relationship between cocaine addiction and brain iron.

Other co-authors are F. Xavier Castellanos, M.D., Adriana Di Martino, M.D., Kevin M. Gray, M.D., Els
Fieremans, Ph.D., Ali Tabesh, Ph.D., and Rachael L. Deardorff, M.S.
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Magnetic resonance spectroscopy on premature infants reveals white matter
development is 'out of sync' with gray matter development
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Premature birth appears to trigger developmental processes in the white matter of the brain that could
put children at higher risk of problems later in life, according to a study presented at the 2013 annual
meeting of the Radiological Society of North America (RSNA).

Preterm infants—generally those born 23 to 36 weeks after conception, as opposed to the normal 37- to
42-week gestation—face an increased risk of behavioral problems, ranging from impulsiveness and
distractibility to more serious conditions like autism and attention deficit hyperactivity disorder (ADHD).

"In the United States, we have approximately 500,000 preterm births a year," said Stefan Bluml, Ph.D.,
director of the New Imaging Technology Lab at Children's Hospital Los Angeles and associate professor
of research radiology at the University of Southern California in Los Angeles. "About 60,000 of these
babies are at high risk for significant long-term problems, which means that this is a significant problem
with enormous costs."

Dr. Bliml and colleagues have been studying preterm infants to learn more about how premature birth
might cause changes in brain structure that may be associated with clinical problems observed later in
life. Much of the focus has been on the brain's white matter, which transmits signals and enables
communication between different parts of the brain. While some white matter damage is readily apparent
on structural magnetic resonance imaging (MRI), Dr. Bliiml's group has been using magnetic resonance
spectroscopy (MRS) to look at differences on a microscopic level.

In this study, the researchers compared the concentrations of certain chemicals associated with mature
white matter and gray matter in 51 full-term and 30 preterm infants. The study group had normal
structural MRI findings, but MRS results showed significant differences in the biochemical maturation of
white matter between the term and preterm infants, suggesting a disruption in the timing and
synchronization of white and gray matter maturation.

"The road map of brain development is disturbed in these premature kids," Dr. Bliiml said. "White matter
development had an early start and was 'out of sync' with gray matter development.”

This false start in white matter development is triggered by events after birth, according to Dr. Bluml.

"This timeline of events might be disturbed in premature kids because there are significant physiological
switches at birth, as well as stimulatory events, that happen irrespective of gestational maturity of the
newborn," he said. "The most apparent change is the amount of oxygen that is carried by the blood."

Dr. Bliiml said that the amount of oxygen delivered to the fetus's developing brain in utero is quite low,
and our brains have evolved to optimize development in that low oxygen environment. However, when
infants are born, they are quickly exposed to a much more oxygen-rich environment.

"This change may be something premature brains are not ready for," he said.
While this change may cause irregularities in white matter development, Dr. Bliiml noted that the

Plasticity not only allows the brain to govern new skills over the course of development, like learning to
walk and read, but could also make the brains of preterm infants and young children more responsive to
therapeutic interventions, particularly if any abnormalities are identified early.

"Our research points to the need to better understand the impact of prematurity on the timing of critical
maturational processes and to develop therapies aimed at regulating brain development,” Dr. Bliml said.

Co-authors are Ashok Panigrahy, M.D., Marvin D. Nelson, M.D., Lisa Paquette, M.D., and Jessica L.
Wisnowski, Ph.D.

newborn brain has a remarkable capacity to adapt or even "re-wire" itself—a concept known as plasticity.
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