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The annual Scientific Sessions of
the Society for Cardiovascular
Magnetic Resonance (SCMR) is

now in its 13th year and has grown
significantly both in numbers of
attendees, as well as in substantive
scientific presentations. This year 439
abstracts were presented in the
sessions, along with lectures targeted
at general cardiovascular magnetic
resonance (CMR), congenital/
pediatric applications, and basic
CMR science. The meeting was
attended by 1170 physicians,
technologists, and basic scientists.

Highlights of the meeting this year
included advances in CMR for both
research and clinical applications.
The present report is focused on 5
main topics: 1) new imaging meth-
ods, 2) myocardial perfusion imag-
ing, 3) late gadolinium enhance-
ment, 4) coronary artery and plaque
imaging, and 5) applications to me-
tabolism and spectroscopy. The ab-
stracts discussed can be read online
in a recent edition of the Journal of
Cardiovascular Magnetic Resonance.1

New Imaging Methods
The use of higher magnetic fields,
with parallel imaging and high-
density coils, has been considered
among the greatest advances in
hardware in recent years.2 Many pre-
sentations at this year’s SCMR meet-
ing described new applications of 3T
CMR coupled with 32-channel coils
to achieve improved spatial resolu-
tion, shorter breath-hold durations,

or more spatial coverage. These ap-
proaches provided substantial im-
provement in perfusion and coro-
nary artery imaging, but were also
applied to increase the speed of the
cine MR imaging, as was described
by Sandner and colleagues,3 who de-
scribed an approach using 5 imaging
slices per breath-hold and a 4-fold
accelerated cine steady-state free pre-
cession (SSFP) technique that com-
pared favorably with unaccelerated
sequences. A similar approach was
described by Wintersperger and asso-
ciates,4 where the total acquisition
time in 30 patients was 273 � 124
seconds versus 34 � 5 seconds for ac-
celerated SSFP.

Although 3T is gradually replacing
lower fields in clinical CMR, this
year’s SCMR meeting described the
application of 7T. The ability to gate
using electrocardiography is consid-
erably more difficult at 7T than at
lower field strengths (ie, 1.5T and

Reviewed by Juliano Lara Fernandes,
MD, Universidade Estadual de
Campinas, São Paulo, Brazil; Gerald M.
Pohost, MD, FACC, FAHA, Keck School
of Medicine, Viterbi School of Engineer-
ing, University of Southern California,
and Westside Medical Imaging, Los
Angeles, CA.

6. RICM0559_10-12.qxd  10/12/10  2:56 PM  Page e164



SCMR: Advances in Research and Clinical Applications

VOL. 11 NO. 3  2010    REVIEWS IN CARDIOVASCULAR MEDICINE    e165

3T). Frauenrath and coworkers5 de-
scribed 7T for the assessment of left
ventricular (LV) function using ultra-
sound tracking of cardiac motion or
phonocardiography to allow trigger-
ing, obviating the problem of the
distorted electrocardiograph at 7T.
Van Elderen and coworkers6 and
Agarwal and associates7 presented re-
sults on the use of a 7T commercially
built system for 3-dimensional (3D)
MR angiography (MRA) to visualize
the right coronary artery. Both stud-
ies showed that arterial intimal edge
sharpness was increased substan-
tially at 7T compared with 3T. Track-
ing of respiratory motion as a means
of reducing chest motion was techni-
cally more difficult at 7T.

Another area that appears to be
drawing increased attention is the
mapping of T1 and T2 relaxation
parameters. Previous studies have
shown that quantitative assessment
methods over conventional CMR
techniques may allow improvement
in specific diagnosis of various dis-
eases affecting the myocardium.8,9 It
is interesting that such parametric
mapping is not new. Substantial
work was performed in the mid
1980s.10,11 Piechnik and colleagues12

showed a new, modified “look
locker” inversion recovery sequence
that can produce T1 maps while
nearly reducing acquisition time by a
factor of 2 compared with the stan-
dard T1 imaging techniques. The
clinical application of T1 mapping
was described by Bauner and co-
authors,13 who showed that this ap-
proach can differentiate between
chronically infarcted and normal
myocardium using the LV blood
pool as a reference and by
Dall’Armellina and associates,14 who
claimed to be able to distinguish
between acutely infarcted versus
normal myocardium without the use
of contrast agents at 3T. Peters and
coworkers15 showed in phantoms

that the use of T1 mapping can be
exploited to further refine gray zone
characterization using a rather
difficult and nonstandardized ap-
proach for T1 mapping by applying
conventional threshold qualitative
approaches.16 

Finally, given the concerns regard-
ing nephrogenic systemic fibrosis,17

more emphasis has been given to

CMR approaches without the use of
contrast agents, not only for angiog-
raphy but also for perfusion imaging.
The arterial spin labeling (ASL) ap-
proach has been shown previously to
be capable of detecting differences in
myocardial blood flow with limited
success.18,19 Zun and coworkers20 de-
termined myocardial blood flow in
11 normal subjects with ASL at 3T
showing that the technique was 
able to detect blood flow and that
the blood flow and increase of 4.97
� 4.6 times the resting flow with
adenosine infusion could be demon-
strated. French and colleagues21

developed a gated ASL method in
mice that could overcome cardiac
and respiratory irregularities. This ap-
proach demonstrated an increase in
myocardial perfusion after cardiopro-
tective gene therapy that generated
extracellular superoxide dismutase.

Myocardial Perfusion Imaging
The annual audience questionnaire
at the SCMR meeting this year indi-
cated that myocardial perfusion
imaging was thought to be the most
important strategy in CMR, ranking
at the top of the list for the ap-
proach in most need of further de-
velopment. Recently, in multicenter
trials and outcomes studies, CMR
perfusion imaging has been shown

to be more successful for assessing
myocardial perfusion than single-
photon emission computed tomog-
raphy (CT) imaging.22,23 Despite
this, the acceptance and utilization
of the CMR perfusion imaging
methods have not increased. Never-
theless, this year great attention was
given to perfusion imaging, and
among the most significant ad-

vances in CMR was the development
of a highly accelerated method to
improve resultant CMR myocardial
perfusion imaging studies. One such
study, reported by Otazo and
coworkers,24 used a compressed
sensing parallel imaging technique
at 3T where the authors obtained
high spatial resolution (� 2 mm)
and temporal resolution (60
ms/image) with whole heart cover-
age (10 slices/heartbeat) using an 
acceleration factor of 8 and a 
12-element coil. Similarly, Manka
and colleagues25 studied 20 patients
at 3T with suspected coronary artery
disease (CAD) and demonstrated the
same degree of acceleration using
the approach known as k-space and
time sensitivity encoding (k-t
SENSE) with remarkable (in-plane)
resolution of 1.13 � 1.13 mm2 and
temporal resolution of 90 ms. The
area under the curve for the detec-
tion of stenosis � 50% was 0.94 in
images classified as good to excel-
lent during stress. Lockie and coau-
thors26 demonstrated that a similar
technique with a slightly reduced
acceleration factor of 5 led to sub-
stantial reduction in problematic
dark rim artifacts. Their study
demonstrated good interobserver
agreement and remarkable reduc-
tion of the dark rim artifact, which

Recently, in multicenter trials and outcomes studies, CMR perfusion imag-
ing has been shown to be more successful for assessing myocardial perfu-
sion than single-photon emission computed tomography imaging.
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had previously been a confounding
artifact in perfusion imaging. In ad-
dition, Maredia and associates27 sug-
gested that maximizing spatial reso-
lution using k-t SENSE acceleration
in place of improving spatial resolu-
tion promoted the most reliable
imaging of ischemic rim thickness,
extent, and duration.

As described previously, there is
increasing interest in the use of
CMR imaging approaches without
the use of contrast agents. Two
approaches that are evolving 
include ASL and blood oxygen
level-dependent (BOLD) imag-
ing.28,29 Arnold and associates30

used BOLD perfusion imaging to
assess myocardial perfusion in 45 pa-
tients. Using catheter-based coro-
nary angiography as the standard,
sensitivity was 94% and specificity
was 61% with a predictive accuracy
of 81%. Many studies evaluated the
new applications of diagnostic and
prognostic clinical CMR data. Pilz
and colleagues31 followed 158 pa-
tients with an intermediate to high
pretest risk and a normal adenosine
stress CMR myocardial perfusion
imaging study. The authors showed
that the negative predictive value of
a normal study was 96.2% in the
group without previously docu-
mented CAD and 90.7% in patients
with previous percutaneous coro-
nary interventions, demonstrating
that CMR could be used to exclude
unnecessary invasive coronary an-
giography in the diagnostic evalua-
tion for CAD. Because both CMR
perfusion and late gadolinium en-
hancement (LGE) are generally per-
formed in combination in clinical
practice to optimize diagnostic ac-
curacy,32 Coelho-Filho and cowork-
ers33 examined the prognostic abil-
ity of this combined study. The
authors evaluated 473 patients with
an intermediate pretest likelihood
of CAD followed for 26.4 months

and showed that reversible myocar-
dial perfusion as demonstrated by
CMR provided a hazard ratio (HR)
of 4.2 for major adverse cardiovas-
cular events in age and ejection
fraction-adjusted patients. The neg-
ative predictive value for death was
99% in the presence of LGE and sig-
nificant perfusion deficits.

Late Gadolinium Enhancement
The information provided by LGE
has increased significantly since the
technique was introduced for detec-
tion of myocardial infarction (MI) in
2001.34 Since then, LGE has proven
to be a powerful tool for diagnosis,
and for risk stratification in many
other diseases that affect the my-
ocardium.35 For diagnosis, new data
were presented by Jeanneteau and
coworkers36 in 33 patients with a
clinical diagnosis of acute myocardi-
tis. There was a significant inverse
correlation between the mass of my-
ocardium that demonstrated LGE
and the ejection fraction. Also,
Morelos37 showed that LGE can be
useful for detection of myocardial in-
volvement in patients with progres-
sive systemic sclerosis even in the
presence of preserved systolic func-
tion. In peripartum cardiomyopathy
Cannan and associates38 demon-

strated LGE in 50% of a small retro-
spective series of 14 patients who
developed heart failure within 5
months postpartum. They also
observed that edema as defined by
T2 weighted imaging was more
prevalent than LGE with an inci-
dence of 79%.

In a representative study in which
LGE played a significant role in risk
assessment, Deac and associates39

found that 22% of patients with LGE
in the left ventricle and suspected ar-
rhythmogenic right ventricular dys-
plasia had major cardiovascular
events; this number increased to
26% in patients with LGE in the
right ventricle. In hypertrophic car-
diomyopathy (HCM), O’Hanlon and
colleagues40 demonstrated that pa-
tients with LGE had a worse progno-
sis. Follow-up after 3.1 � 1.7 years in
217 patients with HCM showed that
63% of the group with LGE present
had an HR for combined cardiovas-
cular outcomes of 3.4 compared with
patients with no LGE. In patients
with ischemic cardiomyopathy,
Larose and coworkers41 followed 103
patients after acute ST-elevation MI
and showed that the volume of my-
ocardium with LGE was the best pre-
dictor of late LV dysfunction at 2
years (with an adjusted odds ratio
[OR] of 1.36), with an LGE volume �
30% or 18 mL/m2 with an OR of 10.1
for adverse events.

Although the specificity of LGE
was high, its sensitivity for the diag-
nosis of extensive CAD has not been
demonstrated as presented. Wass-
muth and coworkers42 retrospec-
tively studied 554 patients with total
coronary occlusion using CMR. The
authors found that 8.8% of these

patients showed no evidence of LGE
and all patients had evidence of
coronary collaterals.

Coronary Artery Lumen 
and Plaque
Coronary artery imaging is considered
one of the most important goals for
the future of CMR. New whole-heart
3D coronary artery imaging se-
quences have become commercially

Coronary artery imaging is considered one of the most important goals for
the future of CMR.
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available on most new scanners, but
have not achieved the level available
with current radiographic CT tech-
nology.43 Nevertheless, Li and collab-
orators44 compared 32 patients with
suspected CAD who underwent both
whole-heart 3D coronary MRA
(3DMRA) at 3T using a 32-channel
coil to radiographic CT angiography.
These investigators found that, in
the 88% (n � 28/32) of technically
assessable coronary segments that
could be evaluated by CMR, the
overall accuracy was superior to that
of coronary CT angiography. With
similar CMR hardware, Wiethoff and
colleagues45 demonstrated that high-
quality, whole-heart, coronary artery
imaging could be performed in less
than 2 minutes with isotropic resolu-
tion of 1.5 mm3 and an acceleration
factor of 4. Bhat and associates46 re-
ported a newly developed radial
echo planar imaging sequence that
allowed whole-heart coronary MRA,
with 1 � 1 � 2 mm3 spatial resolu-
tion on a 3T scanner. The average
acquisition time was 4.9 minutes
and image quality was good. Finally,
Hauser and coworkers47 demon-
strated that, in patients with reduced
ejection fraction of unknown etiol-
ogy, coronary MRA had a higher ac-
curacy compared with LGE for the
correct classification of ischemic ver-
sus nonischemic cardiomyopathy.

The previous CMR coronary angio-
graphic approaches used luminogra-
phy alone. CMR can also character-
ize plaques reported by Jansen and
coauthors.48 These investigators
studied 16 patients following an
acute coronary syndrome (ACS)
event using T1-weighted 3D inver-
sion recovery of the coronary artery
walls. They used contrast CMR to
identify the culprit lesion and found
a sensitivity of 85% compared with
catheter-based coronary angiogra-
phy and intravascular ultrasound.
Compared with other coronary le-

sions, culprit lesions demonstrated a
4-fold increase in contrast uptake. In
laboratory animals (the apolipopro-
tein E knockout mouse fed a high-fat
diet), Using a fibrin-targeted contrast
agent, Makowski and associates49

demonstrated, that plaque CMR
image characteristics (contrast to
noise ratio [CNR] and T1 signal) de-
creased with statin treatment. The
authors concluded that vulnerable
plaque could be identified using
such contrast agents and allow ear-
lier diagnosis of active CAD. Without
the use of contrast agent, Jansen and
colleagues50 used a T1-weighted 3D
inversion recovery black-blood gra-
dient echo pulse sequence and
demonstrated intracoronary arterial
thrombus in 19 patients with ACS.
These authors demonstrated a 9-fold
increase in CNR of coronary arterial
segments with thrombus compared
with segments without thrombus.

Sensitivity was 91% and specificity
was 100% for correct classification of
thrombus-laden segments compared
with catheter-based angiography.

Metabolism and Spectroscopy
The application of CMR spec-
troscopy (CMRS) and imaging for the
evaluation of metabolism continues
to improve. Some of the most re-
markable advances in CMR have
been shown in this area. CMRS re-
quires no contrast agent and stress 
is frequently induced using non-
magnetic handgrip stress. CMRS
uniquely allows assessment of in-
tramyocardial metabolism.51 Pohost
and colleagues52 studied 45 patients
of Latin origin with type 1 diabetes
mellitus using 3T 31P spectroscopy
with handgrip stress and at rest. The

authors found that 13 of the 45 sub-
jects demonstrated significant reduc-
tion in phosphocreatine/adenosine
triphosphate ratio during stress that
was significantly more common in
patients with retinopathy, suggesting
more advanced microvascular dis-
ease. 31P spectroscopy was also used
by Suttie and coworkers53 to identify
early myocardial involvement in pa-
tients with Becke and Duchenne
muscular dystrophy showing that
these patients had abnormal cardiac
energy metabolism despite normal
systolic ventricular function. To
allow more widespread clinical use of
31P spectroscopy, Dass and
associates54 used a shorter acquisi-
tion protocol using a larger voxel size
of 93 mL versus the previous stan-
dard of 39 mL in 22 healthy
volunteers with a 3T scanner. De-
rived phosphocreatine/adenosine
triphosphate ratios were similar in

both groups with a significant reduc-
tion in acquisition time (8 min vs
20 min).

A relatively new area of research in
CMR, 19F MRI, was a frequently pre-
sented topic during the meeting.
These presentations spanned appli-
cations that allow cell tracking and
regional delivery of nanotechnology.
Fu and coworkers55 described the use
of 19F MRI to track mesenchymal
stem cell delivery in rabbits, whereas
Myerson and colleagues56 showed
that perfluorocarbon nanoparticles
attached to a specific thrombin in-
hibitor could be identified and
localized using 19F MR spectroscopy.
A similar approach by the same
group was used to deliver exogenous
small interfering RNA to mice
endothelial cells and by Zhang and

The application of CMR spectroscopy (CMRS) and imaging for the evalua-
tion of metabolism continues to improve. Some of the most remarkable
advances in CMR have been shown in this area.
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collaborators57 to study endothelial
dysfunction in rabbits.

Conclusions
This year’s SCMR Annual Scientific
Sessions demonstrated a growing
number of significant developments
in CMR, continuing the tradition for
this meeting since the establishment
of the Society. Despite these ad-
vances, there is still a gap between
where these applications are today
and their use by the practicing
physician. When the clinical users
realize and apply the underused
potential of this remarkable nonin-
vasive technology, a technology
method without the need to use ion-
izing radiation, can be performed re-
peatedly to follow patients with little
risk, and with high spatial and con-
trast resolution, CMR will displace or
replace some of the existing imaging
technologies, enhance the informa-
tion available to the clinician, and re-
duce the cost of diagnosis in the prac-
tice of cardiology, cardiovascular
radiology, cardiothoracic surgery, and
other related disciplines.

References
1. Abstracts of the 13th Annual SCMR Scientific

Sessions–2010. J Cardiovasc Magn Reson.
2010;12(suppl 1):1-328.

2. Nael K, Fenchel M, Saleh R, Finn JP. Cardiac MR
imaging: new advances and role of 3T. Magn
Reson Imaging Clin N Am. 2007;15:291-300, v.

3. Sandner TA, Theisen D, Bauner KU, et al. A
single breath-hold for analysis of systolic and

diastolic cardiac function: TGRAPPA acceler-
ated multiplanar cine MR imaging at 3 Tesla. 
J Cardiovasc Magn Reson. 2010;12(suppl 1):P85.

4. Wintersperger BJ, Theisen D, Sandner TA, et al.
Cardiac cine MR imaging: fast high-resolution
ventricular coverage using TGRAPPA cine SSFP
for assessment of systolic and diastolic LV func-
tion at 3 Tesla. J Cardiovasc Magn Reson. 2010;
12(suppl 1):P90.

5. Frauenrath T, Renz W, Patel N, et al. Cardiac
imaging at 7.0 T: comparison of pulse oximetry,
electrocardiogram and phonocardiogram trig-
gered 2D-CINE for LV-function assessment. J
Cardiovasc Magn Reson. 2010;12(suppl 1):O15.

6. van Elderen SGC, Versluis MJ, Westenberg JJM,
et al. Coronary magnetic resonance angiogra-
phy at 7 Tesla: a quantitative comparison with
results at 3 Tesla. J Cardiovasc Magn Reson. 2010;
12(suppl 1):O88.

7. Agarwal HK, van Elderen S, Versluis M, et al.
Navigator techniques for coronary MRA at 7 T.
J Cardiovasc Magn Reson. 2010;12(suppl 1):P49. 

8. Messroghli DR, Walters K, Plein S, et al. My-
ocardial T1 mapping: application to patients
with acute and chronic myocardial infarction.
Magn Reson Med. 2007;58:34-40.

9. Iles L, Pfluger H, Phrommintikul A, et al. Eval-
uation of diffuse myocardial fibrosis in heart
failure with cardiac magnetic resonance
contrast-enhanced T1 mapping. J Am Coll
Cardiol. 2008;52:1574-1580.

10. Wesbey G, Higgins CB, Lanzer P, et al. Imaging
and characterization of acute myocardial in-
farction in vivo by gated nuclear magnetic res-
onance. Circulation. 1984;69:125-130.

11. Johnston DL, Homma S, Liu P, et al. Serial
changes in nuclear magnetic resonance relax-
ation times after myocardial infarction in the
rabbit: relationship to water content, severity
of ischemia, and histopathology over a six-
month period. Magn Reson Med. 1988;8:
363-379.

12. Piechnik SK, Ferreira VM, Dall’Armellina E, 
et al. Validation of the shortened modified look
locker inversion recovery (Sh-MOLLI) sequence
for cardiac gated T1 mapping. J Cardiovasc Magn
Reson. 2010;12(suppl 1):O70.

13. Bauner KU, Biffar A, Theisen D, et al. T1-
mapping in chronic myocardial infarction: pre-
liminary results of unenhanced and contrast
enhanced MR imaging using gadobutrol. J Car-
diovasc Magn Reson. 2010;12(suppl 1):P154.

14. Dall’Armellina E, Piechnik SK, Ferreira VM, 
et al. Differentiation of acutely infarcted my-
ocardium by quantitative differences in T1 re-
laxation times using Shortened Modified Look-
Locker Inversion Recovery (ShMOLLI) in 3T. J
Cardiovasc Magn Reson. 2010;12(suppl 1):P172.

15. Peters DC, Han Y, Appelbaum EA, et al. Towards
refining the definition of grey zone for late
gadolinium enhancement. J Cardiovasc Magn
Reson. 2010;12(suppl 1):P159. 

16. Schmidt A, Azevedo CF, Cheng A, et al. Infarct tis-
sueheterogeneitybymagneticresonanceimaging
identifies enhanced cardiac arrhythmia suscepti-
bility inpatientswithleftventriculardysfunction.
Circulation. 2007;115:2006-2014.

17. Kribben A, Witzke O, Hillen U, et al. Nephro-
genic systemic fibrosis: pathogenesis, diagno-
sis, and therapy. J Am Coll Cardiol. 2009;
53:1621-1628.

18. Northrup BE, McCommis KS, Zhang H, et al.
Resting myocardial perfusion quantification
with CMR arterial spin labeling at 1.5 T and 
3.0 T. J Cardiovasc Magn Reson. 2008;10:53.

19. McCommis KS, Zhang H, Herrero P, et al. Feasi-
bility study of myocardial perfusion and
oxygenation by noncontrast MRI: comparison
with PET study in a canine model. Magn Reson
Imaging. 2008;26:11-19.

20. Zun Z, Varadarajan P, Pai RG, et al. Arterial spin
labeled MRI detects increase in myocardial
blood flow with adenosine. J Cardiovasc Magn
Reson. 2010;12(suppl 1):P209.

21. French BA, Prasad K-MR, Vandsburger MH, 
et al. Arterial spin labeling CMR quantifies in-
creased perfusion in hearts of mice treated with
cardioprotective, AAV9-mediated EcSOD gene
therapy prior to myocardial infarction. J Car-
diovasc Magn Reson. 2010;12(suppl 1):P212.

22. Schwitter J, Wacker CM, van Rossum AC, et al.
MR-IMPACT: comparison of perfusion-cardiac
magnetic resonance with single-photon
emission computed tomography for the detec-
tion of coronary artery disease in a multicentre,
multivendor, randomized trial. Eur Heart J.
2008;29:480-489.

23. Gerber BL, Raman SV, Nayak K, et al. Myocar-
dial first-pass perfusion cardiovascular mag-
netic resonance: history, theory, and current
state of the art. J Cardiovasc Magn Reson.
2008;10:18.

24. Otazo R, Feng L, Lim R, et al. Accelerated 3D
carotid MRI using compressed sensing and

Main Points
• High-field cardiac magnetic resonance (CMR) has become more regularly applied in clinical practice and, along with

parallel imaging and high-density coils, has helped the development of new imaging methods.

• Perfusion imaging has improved both in terms of resolution and coverage; new methods, such as blood oxygen level-
dependent (BOLD) and arterial spin labeling have allowed for assessment of ischemia without contrast agents.

• Late gadolinium enhancement abstracts were presented with a focus on the significant prognostic information pro-
vided in many different cardiomyopathies.

• CMR coronary angiography continues to improve thanks to 3T and 32-channel coils; characterization of plaques with
different targeted contrast agents is a future possibility under development.

• Metabolic evaluation by CMR with the use of spectroscopy was highlighted in abstracts that showed its use in hand-
grip stress as well as in muscular dystrophies, with new 19F MR on the horizon.

6. RICM0559_10-12.qxd  10/12/10  2:56 PM  Page e168



SCMR: Advances in Research and Clinical Applications

VOL. 11 NO. 3  2010    REVIEWS IN CARDIOVASCULAR MEDICINE    e169

parallel imaging. J Cardiovasc Magn Reson. 2010;
12(suppl 1):P147.

25. Manka R, Vitanis V, Boesiger P, et al. Highly
accelerated high spatial resolution myocardial
perfusion imaging. J Cardiovasc Magn Reson.
2010;12(suppl 1):O74.

26. Lockie T, Ishida M, de Silva K, et al. The use of
a cycle ergometer to calculate myocardial per-
fusion reserve with k-t sense-accelerated my-
ocardial perfusion MR imaging at 3.0 Tesla. J
Cardiovasc Magn Reson. 2010;12(suppl 1):P87.

27. Maredia N, Radjenovic A, Larghat AM, et al.
Effect of improving spatial or temporal resolu-
tion with k-t SENSE acceleration in first pass
CMR myocardial perfusion imaging. J Cardio-
vasc Magn Reson. 2010;12(suppl 1):O40.

28. Friedrich MG, Niendorf T, Schulz-Menger J, et al.
Blood oxygen level-dependent magnetic reso-
nance imaging in patients with stress-induced
angina. Circulation. 2003;108:2219-2223.

29. Dharmakumar R, Arumana JM, Tang R, et al.
Assessment of regional myocardial oxygena-
tion changes in the presence of coronary artery
stenosis with balanced SSFP imaging at 3.0 T:
theory and experimental evaluation in canines.
J Magn Reson Imaging. 2008;27:1037-1045.

30. Arnold JR, Karamitsos TD, Bhamra-Ariza P, 
et al. Blood oxygen level-dependent magnetic
resonance imaging at 3 Tesla in coronary artery
disease: validation using quantitative coronary
angiography and cardiovascular magnetic reso-
nance perfusion imaging. J Cardiovasc Magn
Reson. 2010;12(suppl 1):O34. 

31. Pilz G, Heer T, Eierle S, et al. Negative predictive
value of normal adenosine stress cardiac mag-
netic resonance imaging in the assessment of
coronary artery disease. J Cardiovasc Magn
Reson. 2010;12(suppl 1):O36.

32. Klem I, Heitner JF, Shah DJ, et al. Improved
detection of coronary artery disease by stress
perfusion cardiovascular magnetic resonance
with the use of delayed enhancement infarction
imaging. J Am Coll Cardiol. 2006;47:1630-1638.

33. Coelho-Filho OR, Seabra LF, Gupta S, et al.
Combined stress myocardial perfusion and late
gadolinium enhancement imaging by cardiac
magnetic resonance provides robust prognostic
data to cardiac events. J Cardiovasc Magn Reson.
2010;12(suppl 1):O12. 

34. Simonetti OP, Kim RJ, Fieno DS, et al. An im-
proved MR imaging technique for the visual-
ization of myocardial infarction. Radiology.
2001;218:215-223.

35. Mahrholdt H, Wagner A, Judd RM, et al. Delayed
enhancement cardiovascular magnetic reso-

nance assessment of non-ischaemic cardiomy-
opathies. Eur Heart J. 2005;26:1461-1474.

36. Jeanneteau J, Biere L, Prunier F, et al. Quantita-
tive assessment of late gadolinium enhance-
ment in cardiac magnetic resonance predicts left
ventricular remodeling in acute myocarditis. J
Cardiovasc Magn Reson. 2010;12(suppl 1):O53.

37. Morelos M. Cardiac fibrosis and microvascular
damage detected by cardiac MR are a hallmark
of systemic sclerosis heart involvement. J Car-
diovasc Magn Reson. 2010;12(suppl 1):O54. 

38. Cannan C, Weeks S, Friedrich M. CMR features
of peri-partum cardiomyopathy. J Cardiovasc
Magn Reson. 2010;12(suppl 1):P185.

39. Deac M, Fanaie F, Vimal R, et al. Prognostic
CMR predictors of adverse outcomes in pa-
tients with suspected ARVC. J Cardiovasc Magn
Reson. 2010;12(suppl 1):O6. 

40. O’Hanlon R, Grasso A, Roughton M, et al.
Prognostic significance of myocardial fibrosis
in hypertrophic cardiomyopathy using cardio-
vascular magnetic resonance. J Cardiovasc Magn
Reson. 2010;12(suppl 1):O50.

41. Larose E, Rodés-Cabau J, Pibarot P, et al. Pre-
dicting late myocardial recovery and outcomes
in the early hours of ST-elevation myocardial
infarction: traditional measures compared to
microvascular perfusion, salvaged my-
ocardium, and necrosis by cardiovascular mag-
netic resonance. J Cardiovasc Magn Reson. 2010;
12(suppl 1):O77. 

42. Wassmuth R, Prothmann M, Schulz-Menger J.
Absence of late gadolinium enhancement does
not exclude total coronary occlusion. J Cardio-
vasc Magn Reson. 2010;12(suppl 1):P158.

43. Pouleur AC, le Polain de Waroux JB, Kefer J, et al.
Direct comparison of whole-heart navigator-
gated magnetic resonance coronary angiogra-
phy and 40- and 64-slice multidetector row
computed tomography to detect the coronary
artery stenosis in patients scheduled for
conventional coronary angiography. Circ Car-
diovasc Imaging. 2008;1:114-121.

44. Li K, Yang Q, Ma H, et al. Contrast enhanced
coronary MRA at 3.0 T using a 32 channel coil
to detect coronary artery stenosis: how does it
measure up against 64-slice coronary CTA and
X-ray angiography? J Cardiovasc Magn Reson.
2010;12(suppl 1):P52.

45. Wiethoff AJ, Totman JJ, Makowski MR, et al. Ac-
celeration of whole heart and targeted coronary
artery imaging at 3 T with a 32-channel coil. J
Cardiovasc Magn Reson. 2010;12(suppl 1):P54.

46. Bhat H, Yang Q, Zuehlsdorff S, Li D. Contrast-
enhanced whole-heart coronary magnetic reso-

nance angiography (MRA) in less than 5 min-
utes using radial EPI. J Cardiovasc Magn Reson.
2010;12(suppl 1):P32.

47. Hauser TH, Yeon SB, Appelbaum E, et al. Multi-
modality CMR detection of coronary artery
disease in patients with heart failure and de-
pressed systolic function: superiority of coronary
MRI compared to late gadolinium enhancement.
J Cardiovasc Magn Reson. 2010;12(suppl 1):O83.

48. Jansen CH, Perera D, Makowski M et al. Contrast
enhanced magnetic resonance imaging of culprit
lesions in patients with acute coronary syndrome.
J Cardiovasc Magn Reson. 2010;12(suppl 1):P39.

49. Makowski MR, Forbes S, Blume U, et al. Detec-
tion of in vivo atherosclerotic plaque progres-
sion with a fibrin-targeted MR contrast agent. J
Cardiovasc Magn Reson. 2010;12(suppl 1):O55.

50. Jansen CH, Perera DD, Makowski MR, et al. De-
tection of intracoronary thrombus by magnetic
resonance imaging in patients with acute coro-
nary syndrome. J Cardiovasc Magn Reson. 2010;
12(suppl 1):O87.

51. Pohost GM. Is 31P-NMR spectroscopic imaging
a viable approach to assess myocardial viabil-
ity? Circulation. 1995;92:9-10.

52. Pohost G, Kim H-W, Azen C, et al. Stress P-31
MR spectroscopy for detection of myocardial
microvascular disease in Latino type-1 diabetes
mellitus patients. J Cardiovasc Magn Reson.
2010;12(suppl 1):O96.

53. Suttie JJ, Yilmaz A, Dass S, et al.  Two center
study to assess the functional relevance of my-
ocardial fibrosis in muscular dystrophy patients
with and without left ventricular systolic
dysfunction. J Cardiovasc Magn Reson. 2010;
12(suppl 1):P260.

54. Dass S, Cochlin LE, Holloway CJ, et al. Devel-
opment and validation of a short 31P cardiac
magnetic resonance spectroscopy protocol. J
Cardiovasc Magn Reson. 2010;12(suppl 1):P123.

55. Fu Y, Xie Y, Kedziorek DA, et al. MRI and CT
tracking of mesenchymal stem cells with novel
perfluorinated alginate microcapsules. J Cardio-
vasc Magn Reson. 2010;12(suppl 1):O14.

56. Myerson JW, He L, Tollefsen DM,  Wickline SA.
Thrombin inhibitor perfluorocarbon nanopar-
ticles for treatment and 19F tracking of acute
thrombosis. J Cardiovasc Magn Reson. 2010;
12(suppl 1):O60.

57. Zhang L, Zhang H, Bibee K, et al. Quantitative
molecular imaging of atherosclerotic endothe-
lial dysfunction with perfluorocarbon (19F)
nanoparticle magnetic resonance imaging and
spectroscopy. J Cardiovasc Magn Reson. 2010;
12(suppl 1):P120. 

6. RICM0559_10-12.qxd  10/12/10  2:56 PM  Page e169




