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Contrast enhanced cardiovascular magnetic
resonance imaging prior to prophylactic
implantation of a cardioverter/defibrillator
identifies patients with increased risk for
ventricular arrhythmias

Philipp Boyé, Hassan Abdel-Aty, Udo Zacharzowsky,
Alexander Schirdewan, Rainer Dietz and

Jeanette Schulz-Menger

Franz-Volhard Clinic, Charite Campus Buch, Berlin, Germany

Journal of Cardiovascular Magnetic Resonance 2009, 1 1(Suppl 1):01

Introduction: Prophylactic implantation of a cardioverter/
defibrillator (ICD) has been shown to reduce mortality in
patients with chronic myocardial infarction (CMI) and an
increased risk for life threatening ventricular arrhythmia (VA).
The use of ICDs in this large patient population is still limited by
high costs and possible adverse events including inappropriate
discharges and progression of heart failure. VA is related to
infarct size and seems to be related to infarct morphology.
Contrast enhanced cardiovascular magnetic resonance imaging
(ceCMR) can detect and quantify myocardial fibrosis in the
setting of CMI and might therefore be a valuable tool for a more
accurate risk stratification in this setting.

Hypothesis: ceCMR can identify the subgroup developing VA
in patients with prophylactic ICD implantation following MADIT
criteria.

Methods: We prospectively enrolled 52 patients (49 males, age
69 + 10 years) with CMI and clinical indication for ICD therapy
following MADIT criteria. Prior to implantation (36 + 78 days)
patients were investigated on a 1.5 T clinical scanner (Siemens
Avanto®, Germany) to assess left ventricular function (LVEF), LV
end-diastolic volume (LVEDV) and LV mass (sequence para-
meters: GRE SSFP, matrix 256 x 192, short axis stack; full LV
coverage, no gap; slice thickness 6 mm). For quantitative
assessment of infarct morphology late gadolinium enhancement
(LGE) was performed including measurement of total and
relative infarct mass (related to LV mass) and the degree of
transmurality (DT) as defined by the percentage of transmurality
in each scar. (sequence parameters: inversion recovery gradient
echo; matrix 256 x 148, imaging 10 min after 0.2 pg/kg
gadolinium DTPA; slice orientation equal to SSFP). MRI images
were analysed using dedicated software (MASS©, Medis,

Netherlands). LGE was defined as myocardial areas with signal
intensity above the average plus 5 SD of the remote myocardium.
After implantation, patients were followed up including ICD
readout after 3 and than every 6 months for a mean of 945 + 344
days. ICD data were evaluated by an experienced electrophysiol-
ogist. Primary endpoint was the occurrence of an appropriate
discharge (DC), antitachycard pacing (ATP) or death from cardiac
cause.

Results: The endpoint occurred in 10 patients (3 DC, 6 ATP, |
death). These patients had a higher relative infarct mass (28 + 7%
vs. 22 + 1%, p = 0.03) as well as high degree of transmurality
(64 + 22% vs. 44 + 25%, p = 0.05). Their LVEF (29 + 8% vs.
30 £ 4%, p=0.75), LV mass (148 £29 g vs. 154 +42 g,
p = 0.60), LVEDV (270 % 133 ml vs. 275 + 83 ml, p = 0.90) or
total infarct mass (43 £ 19 g vs. 37 £21 g p =0.43) were
however not significant from the group with no events. In a cox
proportional hazards regression model including LVEF, LVEDY, LV
mass, DT and age, only degree of transmurality and relative
infarct mass emerged as independent predictors of the primary
end point (p = 0.009).

Conclusion: In CMl-patients fulfilling MADIT criteria ceCMR
could show that the extent and transmurality of myocardial
scarring are independent predictors for life threatening ventri-
cular arrhythmia or death. This additional information could lead
to more precise risk stratification and might reduce adverse
events and cost of ICD therapy in this patient population. Larger
trials are needed to confirm this finding.
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Cardiac T2* magnetic resonance for prediction of
cardiac compllcatlons in thalassemla major
Paul Kirk', Mlchael Roughton', ]ohn B Porter?,
John M Walker Mark ATanner Junaid Patel',
Dianne Wu', Jane Taylor', Mark A Westwood
Llsaj Anderson and Dudley | Pennel'
Royal Brompton Hospital, London, UK
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Background: Myocardial siderosis is the main cause of
morbidity and mortality in thalassaemia major. In the United
Kingdom approximately 50% of patients die before reaching
35 years. The cardiomyopathy is reversible if chelation is
commenced early but diagnosis is often delayed due to the late
onset of symptoms. T2* CMR can now assess cardiac iron
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directly and this has profound implications for clinical manage-
ment of iron overload and the assessment of chelation regimes.
Left ventricular ejection fraction falls with increasing myocardial
iron (reduced myocardial T2* normal value >20 ms), and
accordingly iron overloaded patients with symptomatic heart
failure have a low T2*. Although data is available on the level of
T2* in patients developing heart failure there is no published data
on the incidence of heart failure and arrhythmia in patients
during follow-up according to baseline myocardial T2*. The aim
of this study therefore was to establish the risk of cardiac
complications in patients with cardiac siderosis as measured by
T2*.

Methods: A prospective database containing clinical data and
T2* values on 652 thalassaemia major patients (1442 scans) was
maintained over a 6 year period with |,285 patient years of
prospective follow-up. Of these patients, 319 were male and 333
female with a mean age at time of first scan of 27.1 + 9.6 years.
The mean number of blood units transfused per year per patient
was 32.6 = | 1.5.

Results: At | year of follow-up, there were 84 episodes of
heart failure and 100 episodes of arrhythmia. There were
4 deaths, with 3 patients dying from sepsis following bone
marrow transplant and | patient dying following an episode of
ventricular tachycardia.

Heart failure: For the 84 heart failure episodes, 64 presented
in New York Heart Association (NYHA) class two, 16 were
NYHA class three, and 4 were NYHA class four. The mean
ejection fraction of these patients was 43.1 + 7.2%. In these
heart failure patients, the preceding cardiac T2* was 6.7 + 1.8
ms, the liver T2* 3.9 + 3.7 ms and ferritin 2,713 + 1,686 pug/L. In
comparison with cardiac T2* values >20 ms, there was a
significantly increased risk of heart failure associated with cardiac
T2* values < 10 ms (Relative Risk 159, P < 0.001) and T2*<6
(RR 268, P <0.001). Serum ferritin using the conventional
threshold was a significant but weaker predictor of heart failure
(ferritin >2500 pg/L, RR 0.56, P = 0.021). Liver T2* < 0.96 ms
(equivalent to the conventional threshold of >15 mg/g/dw iron)
was not a significant predictor of heart failure (liver T2* < 0.96
ms, RR 1.25, P = 0.76). The Kaplan Meier curve of T2* vs heart
failure is shown in Figure I.

Arrhythmia: For the 100 episodes of arrhythmia, 79 episodes
were atrial fibrillation (AF), 14 episodes were supraventricular
tachycardia (SVT), 6 episodes were ventricular tachycardia (VT),

Figure | (abstract O2)
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Figure 2 (abstract O2)
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and | episode was ventricular fibrillation (VF). The mean cardiac
T2* was 13.5 £ 9 ms, mean liver T2* 6.0 £ 6.4 ms, mean serum
ferritin 2140 * 1540 ug/L, and the mean ejection fraction was
60.7 + 9.3%. In comparison with cardiac T2* values >20 ms,
there was a significantly increased risk of arrhythmia associated
with cardiac T2* values <6 ms (RR 8.65, P < 0.001) and T2*%<20
(RR 4.6, P <0.001). There was no significant predictive value
using the conventional thresholds of ferritin (ferritin >2500 pg/L,
RR 0.90, P =0.66) or liver T2* (T2* <0.96 ms, RR 0.78,
P = 0.68). (See Figure 2.).

Conclusion: These data provide strong evidence that a
myocardial T2* <I0 ms predicts a high risk of developing heart
failure. It is clear that these patients should be aggressively
chelated to reduce their high morbidity and mortality from
cardiac siderosis.
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Sub-clinical systolic dysfunction with persistent
myocardial edema and inflammation in elite
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Background: Basic research has demonstrated that myocardial
inflammation may be a feature of systemic viral inflammation,
resulting from agents such as influenza. Physical activity during
exposure to pathogens has been shown to exacerbate the
propensity to develop adverse cardiac events. As such, based
upon empirical findings, current guidelines on athletic training
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deter athletes from participating in sport during common colds.
Cardio-vascular Magnetic Resonance (CMR) allows for non-
invasive visualization of myocardial inflammation, where it has
emerged as the imaging modality of choice to assess the course
of myocarditis. Thus, using CMR-based tissue characterization,
we hypothesized that colds in elite high-endurance athletes
would lead to depressed cardiac function and myocardial
inflammation.

Methods: 62 (32 male, 31 + |3 years) elite high-endurance
athletes were prospectively recruited. CMR scans were
performed at baseline, with an acute common cold, and
4 weeks after. Pre-defined symptoms were used to rule in an
acute cold. LV function, edema, and myocardial inflammation
were assessed using standard SSFP, T2-, and T | -weighted imaging,
respectively, on a 1.5 T MRI system.

Standard, previously described approaches for the quantification
of LV function, edema and myocardial inflammation were utilized.
Statistical comparisons were performed with repeated measures
ANOVA, at 2 levels of measurement.

Results: During the |l-month period of recruitment,
21 athletes completed all 3 scans. During an acute cold, we
observed a significant increase in LVESVI, with reduced LVSVI and
LVEF (p < 0.05), while LVEDVI and LVMI did not differ (Table I).
Moreover, there were no statistical differences between LV
volumes at the 4-week follow-up to those at baseline or with an
acute cold.

In terms of tissue characterization, 19% of athletes had evidence
for myocardial edema with an acute cold, and 24% at follow-up

Figure | (abstract O3)
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Reduced contractile function in an elite professional swimmer with
a common cold (LVEF 14 47%, LVEF,.sciine 54%) (A, B). Visually apparent
increased early enhancement post-contrast in Tl-weighted images
(C, D) suggestive of myocardial inflammation, with an early enhancement
ratio of 5.7. Evidence of global myocardial edema (E, ratio 2.6).
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Table | (abstract O3) LV volume and CMR markers for edema
and inflammation at baseline, with a common cold and at a
4-week follow-up. Volumetric data are presented as mean
standard deviation

Baseline Visit with 4-week

visit common cold follow-up
LVEDVI (ml/m) 111.4 20 110.0 £ 22 109.9 + 21
LVESVI (ml/m) 394 £ 11 41.7 £ 11* 40.6 =9
LVSVI (ml/m) 720 £ 12 683 * |3* 693+ 15
LVEF (%) 65.0 + 4.8 62.5 + 4.9% 63.0 £538
LVMI (g/m) 588 £ I5 59.1 £ 15 60.1 £ 16
Edema (n) 4 of 21 4 of 21 5 of 21
Inflammation (n) 7 of 21 8 of 21 10 of 21

*p < 0.05 baseline compared to visit with common cold.

(Figure 1). 38% had myocardial inflammation during an acute
cold; and this proportion increased to 48% at follow-up.
Conclusion: We provide first evidence of sub-clinical myocar-
dial involvement with common colds in high-endurance athletes.
Colds were associated with a small yet significant decrease of
systolic function, and persisting myocardial inflammation visua-
lized with CMR-derived markers for edema and inflammation.
Further research is required to investigate the implications of
these findings on athletic performance.
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A T2-mapping method to quantitatively
differentiate edema from normal myocardium
Shivraman S Giri', Yiu-Cho Chung?, Ali Merchant',
Tam Tran', Subha Raman' and Orlando Simonetti'
'The Ohio State University, Columbus, OH, USA
2Siemens Medical Solutions, Columbus, OH, USA
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Introduction: T2-Weighted (T2W) imaging sequences can
detect myocardial edema associated with acute inflammation,
infarction, and the area at risk, but these techniques suffer from
several drawbacks [I]. In this work, we describe a rapid
technique for quantitative myocardial T2 mapping. This method
is expected to quantitatively differentiate edema from normal
tissue, to be insensitive to tissue motion, to easily distinguish
edema from stagnant blood, and to be immune to surface coil
sensitivity variations. The proposed T2-mapping method can be
performed with either a short breath-hold or respiratory
navigator gating.

Purpose: To develop a rapid, quantitative method of myocar-
dial T2-mapping to detect edema in patients with acute coronary
syndrome.

Methods: Sequence: A single-shot T2-prepared SSFP acqui-
sition was used to generate images with three T2-prep times: 0
(i.e., no T2 prep), 24, and 55 ms with parameters listed in
Table I. The technique is relatively motion insensitive due to the
SSFP readout and the non-selective T2-preparation pulse. T2
maps were produced by fitting pixel intensities to a two-
parameter mono-exponential model (Signal = MO0 * exp(-TE/
T2)), and setting any pixel with T2 > 120 ms to zero.
Phantom: A two-compartment phantom was created to approx-
imate the T1 and T2 values of normal (T1/T2 = 897/52.3 ms) and
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Table | (abstract O4) Imaging parameters

Parameter T2Prep SSFP DB-TSE
TE (ms) 0, 24, 55 62

TR 2 x RR 2 x RR
Avg. FOV 350 x 400 350 x 400
Image Matrix 128 x 160 144 x 192
Flip angle 40 90

edematous myocardium (T1/T2 = 1119/101.8 ms) [2]. Phantom T1
and T2 values were verified using a standard spin echo sequence.

In-vivo: T2 Maps were acquired in 9 healthy subjects to
determine the normal range of T2 values. Three short-axis and
two long-axis views were imaged during breath hold (duration ~5
HB) and in free breathing using navigator gating. In 5 subjects, four
averages were acquired with navigator gating to test the benefits of
increased SNR. Average T2 values were calculated in |6 myocardial
segments using both methods and compared. Measurements were
pooled to obtain global mean and standard deviation to investigate
inter-subject and inter-segment variability.

Signal intensity variability: In six healthy subjects, T2W
images using conventional dark-blood STIR turbo spin echo (DB-
STIR-TSE) were acquired and compared to the T2 maps
generated using the proposed method. Only anterior coil
elements were used to investigate signal variability due to surface
coil intensity variation, as well as motion induced signal loss.
Parameters are listed in Table |. In each subject, average signal
was computed and normalized to the maximum segment. The
standard deviation (SD) of this normalized mean was used as a
measure of variability.

Animal studies: Three pigs underwent 90 minute LAD
occlusion and were imaged with breath-hold within six hours
of reperfusion.

Results: Phantom: T2 values were slightly overestimated
(107.9 ms vs. 101.8 ms, and 60.7 ms vs. 52.3 ms) in the two
phantom compartments.

In-vivo: T2 values did not show significant variation among the
16 segments (p = 0.277, ANOVA) or between breathhold and
free breathing techniques (p = 0.76, paired t-test). The mean T2
and standard deviation were 51.54+3.5 ms (range: 49.6 to
53 ms). Figure | demonstrates the discrimination of static apical
blood from myocardium in the T2 map.

Signal intensity variability: Signal in T2W DB-STIR-TSE
showed high variability (36.7%) while T2 maps showed no such
variation (3%) as seen in Figure 2.

Figure | (abstract O4)

T2 Weighted image (DB-STIR-TSE) (I) showing high signal intensity due
to stagnant blood in the apical regions. The corresponding T2 Map clearly
distinguishes myocardium from stagnant blood.

http:/jcmr-online.com/supplements/11/S1

Figure 2 (abstract O4)

T2W image (left) shows a lot of signal variability due to surface coil
sensitivity variations and motion as compared to the corresponding
T2 Map (right). Similar color map used in both images for comparison.

Figure 3 (abstract O4)

T2 Maps from a pig showing enhanced T2 in anterior segment (arrow). In
this pig, T2 in anterior segment was 83.5 + || ms vs. 58.6 + 4.5 ms in
inferior segment.

Table 2 (abstract O4) Results from pig studies.

Animal # Infarcted segment Remote normal segment
| 83.511 58.6,4.5
2 80.4,6.8 51.1,5.6
3 83.6,10 58.4,7.2

The values are mean, SD of T2 (ms) in mid ventricular SAX slice.
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Animal study: Results from the pig study are shown in Figure 3
and Table 2. In each animal, edematous segment showed a T2 value
> 2 SD of remote segment.

Conclusion: We have demonstrated a rapid method of
T2-mapping for quantitative detection of myocardial edema.
Direct quantification of T2 eliminates many unwanted sources of
signal variation, and removes the subjectivity of observer
interpretation of bright regions. Further studies with patients
are required to assess sensitivity and specificity.

References

I. Arai AE: Circulation 2008, 118(8):795-6.

2. Aletras AH, et al: Magn Reson Med 2008, 59(2):229-35.
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Introduction: In recent years, improved gradient performance
and radiofrequency (RF) receiving coils and advanced data
acquisition techniques including navigator gating and parallel
imaging allowed non-invasive whole-heart coronary imaging.
Previous studies have shown that 3.0 T is a promising platform
for the detection of significant coronary artery stenoses with
contrast-enhanced data acquisition. However, the imaging time
(~10 minutes) and spatial resolution (1.3 x 1.3 x .3 mm?)
remain major limitations [I]. Newly developed 32-channel
cardiac coils allow greater acceleration factors and thus reduced
imaging time and higher spatial resolution [2].

Purpose: To evaluate the feasibility and diagnostic accuracy
of 3 T contrast-enhanced whole-heart coronary MRA using
32-channel cardiac coils. The imaging time, image quality score,
and diagnostic accuracy were evaluated in consecutive patients
with suspected coronary artery disease.

Methods: 20 patients with suspected coronary artery disease
who were scheduled for x-ray coronary angiography (mean age
68 + 14 years, || males) underwent MRA at 3 T (MAGNETOM
Tim Trio, Siemens) after informed consent was obtained.
Contrast-enhanced coronary MRA was also performed in 5
patients who were scheduled for 64-slice coronary CTA. The
imaging technique was an ECG-triggered, navigator-gated, inver-
sion-recovery, segmented gradient-echo sequence. A 32-channel
matrix coil was used for data acquisition. To reduce imaging time,
parallel acquisition (GRAPPA) was used in the phase-encoding
direction with an acceleration factor of three. Imagmg para-
meters included: voxel size 0. 55 x 0.55 x 0.65 mm?> (interpo-
lated from I.I x .1 x 1.3 mm) TR/TE = 3.3/1.5 msec, flip
angle = 20°, bandwidth = 700 Hz/pixel. Contrast agent (0.15
mmol/kg body weight, Multihance, Bracco Imaging SpA, Italy) was
intravenously administered at a rate of 0.3 ml/sec. The diagnostic
accuracy of MRA in detecting significant stenoses (2 50%) with
the intention to diagnose method was evaluated on a

http:/jcmr-online.com/supplements/11/S1

Figure | (abstract O5)

3 T Coronary MR image of a 50-year-old patient. Reformatted images (a, b)
and volume rendering image demonstrates normal RCA, LM, LAD. Better
visualization of the entire coronary artery tree after removing the
background of myocardium, long segments of all major coronary arteries
are well depicted and correlate well with X-ray angiography (d, e).

per-segment basis using x-ray angiography as the reference,
non-assessable segments were considered to be false-negative or
false-positive, respectively.
Results: Whole-heart coronary MRA was successfully com-
pleted in 19 of 20 (95%) patients who were scheduled for x-ray
coronary angiography and in 5 patients who were scheduled for
64-slice coronary CTA. The averaged imaging time with
32-channel cardiac coils was 6.2 £ 1.3 min. The sensitivity,
specificity, positive predictive value, and negative predictive value
of coronary MRA for detecting significant stenoses were 81%
(62-94%), 96% (92-98%), 71% (52-86%), 98% (94-99%),
respectively, on a per-segment basis. Figure |.
Conclusion: Combined with dedicated 32-channel cardiac coils,
parallel imaging with higher acceleration factors allows improve-
ments in imaging speed, study success rate, and reduced dose of the
contrast agent when compared with conventional 12-channel coils.
Higher study success rate achieved by 32-channel coils substantially
improved overall accuracy of coronary MRA in detecting coronary
artery disease when using the intention to diagnose method.
References
I. Qi Yang and Li DB, et al: #2917 Proceedings of |6th annual
ISMRM, Toronto 2008.
2. Niendorf T, et al: Magn Reson Med 2006, 56:167—176.

(o]

Mt Everest trek causes impaired cardiac high
energy phosphate metabolism and diastolic
impairment
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Background: Cardiac function in normal subjects is altered by
exposure to hypobaric hypoxia, yet the cellular mechanisms
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Figure | (abstract O6)
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leading to such changes are unknown. We have examined the
impact of sustained exposure to environmental hypobaric
hypoxia, on cardiac function and energetics.

Methods and results: Healthy normal volunteers (n = 7)
were studied immediately before, and within four days of return
from |7 days exposure to environmental hypobaric hypoxia
whilst trekking to Mount Everest Base Camp (17388 feet,
5300 m) and back. 31P magnetic resonance (MR) spectroscopy
was used to measure cardiac phosphocreatine (PCr)/ATP, and
MR imaging and echocardiography were used to assess cardiac
function. All measurements were repeated six months after
return from Everest. Inmediately after their return from Everest,
subjects showed a 24% decrease in cardiac PCr/ATP, from
2.19 £0.09 to .67 £ 0.13 (p <0.0l) (see Figure I). Peak left
ventricular filling rates had declined from 832 + 64 ml/sec to
691 £ 56 ml/sec (p < 0.05) and transmitral E/A was reduced
from 1.56 £ 0.11 to .16 +0.08 (p <0.05). Left and right
ventricular stroke volumes had fallen by 13%. No change on
cardiac mass was observed. Six months later, all measures had
returned to baseline values.

Conclusion: Exposure to prolonged hypobaric hypoxia is
associated with significant, but reversible, energetic and func-
tional abnormalities in the human heart.
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Background and objectives: Many patients with peripheral
arterial disease (PAD) cannot undergo conventional medical or
surgical therapy due to the extent or severity of atherosclerotic
disease. Stem cell therapy has shown promising results as an

http:/jcmr-online.com/supplements/11/S1

angiogenic therapy in PAD patients. However, the poor survival
of transplanted cells due to early immunodestruction and the
inability to noninvasively monitor and track the distribution and
proliferation of transplanted cells hinders stem cell therapeutic
efficacy. We present here a multifunctional mesenchymal stem
cell (MSC) microencapsulation and trafficking method utilizing
perfluorooctylbromide (PFOB) incorporated alginate-poly-L-
lysine-alginate microcapsules (PFOB Caps) for MSC delivery
and noninvasive engraftment tracking using clinical X-ray and MR
imaging equipment.

Methods: Microencapsulation of bone marrow-derived rabbit
or human MSCs (1.5 x 10%cells/ml) were performed by extrud-
ing a PFOB-impregnated 2% (w/v) alginate solution from a syringe
pump in conjunction with an electrostatic droplet generator,
followed by cross linking with poly-L-lysine to form X-ray- and
MRI-visible microcapsules. MSCs viability was examined and
compared between unlabeled capsules and PFOB Caps. Using
'F MRI and rotational angiograms reconstructed into CT-like
images, the minimum detectable concentration was determined
in phantoms using standard clinical imaging systems. X-ray
delivery and tracking of intramuscular injections of PFOB
Caps (~5000 capsules/injection) was assessed in a rabbit PAD
model.

Results: The viability of rabbit MSCs encapsulated with PFOB
was 90 * 3% immediately after encapsulation and remained high
(88 + 5% at 4 weeks post-encapsulation). PFOB Caps containing
human MSCs had enhanced cell viability relative to unlabeled
capsules (83 £ 3% for PFOB vs. 50 + % for control at 65 days
post-encapsulation, P < 0.001). Viability of human MSCs in PFOB
Caps was maintained up to 100 days, while it decreased sharply
to <10% in unlabeled capsules at 80 days post-encapsulation. In
vitro CT and '°F MRI imaging of PFOB Caps demonstrated the
ability to detect as few as 2 and 25 capsules (Figure 1),
respectively. In vivo, PFOB visibility on CT images was demon-
strated relative to unlabeled capsules with persistence of intact
microcapsules up to 5 weeks post delivery in PAD rabbits.
Conclusion: By adding PFOB, a dual contrast agent and oxygen
carrier, to alginate microcapsules, we have demonstrated the
enhanced viability of MSCs within PFOB Caps, and the ability to
deliver and track engraftment of stem cells using multiple
conventional clinical imaging systems in vivo.

Figure | (abstract O7)

In vito DynaCT and '°F MR images of PFOB Caps phantoms. (A, B)
DynaCT images of PFOM Caps phantoms demonstrated the ability to

detect as few as 2 capsules. (C) '°F MRI (3D-TrueFISP, BW = 1500 Hz/
px, TR/TE = 3.0/1.5 ms, 2.0 x 2.0 x 5.0 mm?, 24 partitions, 4 avgs, 62 s
acquisition) of the same phantom as B showed as few as 25 PFOB Caps
were identifiable.
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Background: Heart failure from myocardial infarction (Ml) or
doxorubicin (DOX), used in cancer therapy, is preceded by
significant cell apoptosis. Real-time, non-invasive detection of
early cardiac apoptosis might impact patient treatment and
outcomes. Early apoptosis is detected by Annexin V protein
(ANX) binding to externalized membrane phosphatidylserine. To
this end, we previously conjugated ANX to superparamagnetic
iron oxide (ANX-SPIO). This conjugate specifically binds to early
apoptotic cardiac cells in culture and is detectable by in vitro
magnetic resonance imaging (MRI).

Hypothesis: We tested whether ANX-SPIO could detect
cardiac apoptosis, in vivo, via MRI (3 Tesla, GE Excite, WI) after
ischemic or oxidative injury.

Methods: Mice underwent LAD ligation or intraperitoneal,
cardiotoxic DOX (25 mg/kg) injection. After 24-48 hours,
ANX-SPIO was given by tail vein, and mice were imaged by
T2-weighted cardiac MRI (3 Tesla, GE Excite).

Results: After Ml and DOX, myocardial T2 MRI signal was
detectable within 30 minutes of ANX-SPIO delivery, exhibiting
either a focal (M) or diffuse (DOX) signal distribution (see Figure |).
Peak signal was evident 24 hours after ANX-SPIO delivery, and
decreased over the next 2 weeks.

Conclusion: Cardiac MRI using ANX-SPIO can accurately
detect myocardial apoptosis in vivo. Distinct MRI signal
distributions were noted following ischemic (MI) versus oxidative
(DOX) injury. This molecular imaging strategy may help identify
‘at risk’ cardiac cell populations.

Figure | (abstract O8)

A) Post-MI B)

Post-DOX

ECG- and respiratory-gated T2-weighted cardiac MRI of mice post-Ml
(A, 2-chamber view) and post-DOX (B, short axis view), 30 minutes
after tail vein infection of 100 pul ANX-SPIO. Note focal T2 signal void
(white arrows) of ANX-SPIO in antero-apex of post-MI heart, and diffuse
septal, anterior and inferior T2 signal void in post-DOX heart (LA, left
atrium; LV, left ventricle; RV, right ventricle; AW, anterior wall; W,
inferior wall).
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Indroduction and purpose: An integrated approach for
assessing ventricular pump function, diastolic compliance
(EDPVR), myocontractility and pulmonary vascular resistance
would be of clinical interest. In addition to pump function, MRI
guided catheterization was demonstrated to accurately measure
myocontractility and vascular resistance. We now extended this
method for acquisition of the EDPVR. Subsequently, this
approach was applied in patients with Fontan hemodynamic in
which abnormalities in pulmonary vascular, myocontractile and
diastolic properties are debated.

Methods: The EDPVR was determined by synchronizing invasive
ventricular pressures with cine and real-time MRI derived ventricular
volumes and pulmonary/aortic blood flow measurements.
Validation part: In 7 pigs the MRI and conductance-catheter
method (gold standard) were compared for measuring the
EDPVR at rest and during dobutamine.

Clinical part: Parameters of global function, myocontractility
(ESPVR), vascular resistance and EDPVR were measured with MRI
at rest and under dobutamine in |4 patients with Fontan circulation.
Results: Bland-Altman test showed agreement between the
conductance-catheter and MRI method. In the pigs, there was in
both ventricles during dobutamine a right/bottom shift of the
EDPVR, the stiffness co efficient decreased slightly (p < 0.051). In
the patients during dobutamine we noted failure to increase
stroke volumes despite increased contractility and evidenced
diastolic dysfunction. Active relaxation was inconspicuous but
the EDPVR shifted towards the left/top, the stiffness constant
remained unchanged. Pulmonary resistance decreased slightly
(p = 0.058) and thus showed adequate response to augmented
cardiac outputs.

Conclusion: This novel MRI method provides differential
information about diastolic, systolic and vascular function. The
method evidenced that in Fontan patients diastolic dysfunction is
an important pathophysiologic cause of heart failure.
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Diffusion-prepared dark blood delayed
enhancement imaging for improved
detection of subendocardial infarcts
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Introduction: Delayed enhancement MRI enables detection of
non-viable myocardium with high spatial resolution and has
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Figure | (abstract O10)

become the gold standard for imaging myocardial infarction.
However, subendocardial infarcts are sometimes difficult to
detect as they may demonstrate similar image intensity as the
ventricular cavity. A double inversion dark-blood pulse sequence
to create black blood delayed enhancement images of myocardial
infarction has been previously described [, 2, 3]. The sequence
relies on precise timing of non-selective and selective inversion
pulses, and it is sensitive to incomplete exchange of blood and
changes in Tl relaxation of the blood and myocardium. The
technique significantly improves blood-infarct contrast at the

http:/jcmr-online.com/supplements/11/S1

expense of some reduction in SNR and infarct-myocardial
contrast. Diffusion preparation-gradients have been used to
create dark-blood vessel wall images [4], but have never been
applied post-contrast for infarct imaging.

Purpose: To develop a dark-blood delayed enhancement pulse
sequence based on diffusion preparation which would not rely on
complete blood exchange and would be relatively insensitive to
changes in relaxation times.

Methods: A diffusion-prepared inversion recovery (IR) pulse
sequence was developed by adding a driven equilibrium module
using a BIR-4 0 degree radiofrequency pulse with motion
sensitization gradients between its components prior to a
segmented FLASH readout. The timing of this preparation was
optimized to minimize the effects of strain-induced signal loss.
The technique was tested in a canine model of chronic infarction
using a 1.5 T MR scanner (Magnetom Avanto, Siemens Medical
Solutions). Images were obtained 5—10 minutes after injection of
0.15 mg/kg of Magnevist. Sequence parameters included field of
view 300 mm, matrix 192 x |14, TE 2.7 ms, spatial resolution
1.6 x 2.3 x 10 mm, lines per segment |2, bandwidth 400 Hz/
pixel, acquisition duration |16 heartbeats, effective b-value 0.25 s/
mm~.

Results: Figure |(a) shows a standard bright-blood IR-FLASH
delayed enhancement image. There is an infarct in the inferior
wall which is difficult to distinguish from the blood pool. Figure |
(b) displays an image of the same slice that demonstrates the
utility of the diffusion-prepared IR sequence. Here, the diffusion
preparation causes suppression of the blood pool, improving the
ability to detect the subendocardial region of infarction.
Conclusion: We have developed a new dark-blood delayed
enhancement pulse sequence which attenuates the blood pool
based on motion sensitization. In preliminary studies, this
technique improves delineation of subendocardial infarcts.
References
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Introduction: Black-blood coronary vessel wall imaging is a
powerful non-invasive tool for the quantitative assessment of
positive arterial remodeling [1]. Although dual-inversion-recov-
ery [2] (DIR) is the gold standard for vessel wall imaging, optimal
lumen-vessel wall contrast is sometimes difficult to obtain and
the time-window available for imaging is limited due to the
competing requirements between TI* (blood signal nulling time)
and TD (period of minimal myocardial motion). In addition,
atherosclerosis is a spatially heterogeneous disease and therefore
imaging at multiple anatomical levels of the coronary circulation
is mandatory. However, this requirement of enhanced volu-
metric coverage typically comes at the expense of increased
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scanning time. Phase-sensitive IR [3, 4, 5] (PS-IR) has shown to
be valuable for enhancing tissue-tissue contrast and for
making IR imaging less sensitive to TI*. This work extends
PS-IR to PS-DIR and combined with spiral-imaging, multi-slice
black-blood coronary vessel wall imaging is enabled in a single
breath-hold.

Purpose: To develop, and test a phase-sensitive DIR (PS-DIR)
single-breath-hold multi-slice spiral black-blood coronary vessel
wall imaging method.

Methods: Concept: After DIR (Fig. 1), the inversion time TI*
allows for signal-nulling of the in-flowing blood-pool at the
anatomical level of interest. Blood-tissue contrast therefore
depends on the accurate determination of TI*. Although the MR
signal is complex (magnitude and phase), DIR images only show
the magnitude of the signal with a suboptimal blood-tissue
contrast if Tl does not equal TI*. However, by additionally using
the MR signal phase, a signed (positive/negative) black-blood
image can be acquired at Tl less than TI* and reconstructed with
a blood-tissue contrast higher than that obtained at TI*.
Simultaneously, competing constraints related to TI*¥ and TD
are avoided (Fig. I). Consequently, single-breath-hold multi-
slice black-blood coronary vessel wall imaging is enabled using
PS-DIR.

Reconstruction: A local region-growing reconstruction algo-
rithm was developed and is summarized in Fig. 2. Pixels with high

Figure 2 (abstract Ol1)
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Figure | (abstract Ol1)
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Fig.1.: DIR pulse sequence. TI* is the time when
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DIR pulse sequence. TI* is the time when blood magnetization is nulled.
In PS-DIR, imaging starts at Tl < TI*. Multiple PS-DIR black-blood slices
can be acquired with CNR = CNR of DIR.

signal near the cross-sectional coronary artery are selected as
seed points. The phase values of these points are used to
estimate the local signal phase inhomogeneity which is needed
for local signed-magnitude image reconstruction [4].

Magnitude Image Region-Growing

M Seed Pool

Final Image
M cos| P-P )

Acquired Complex Image

Phase Region-
Growing

P of points with SNR

in the top 90%ile

Phase Map Image

Phase Bi-linear
Interpolation

Cropping: Vessel- p-P
wall Local Phase
Inhomogeineity P

Summary of the PS-DIR Coronary wall signed-image reconstruction algorithm. A ring-shaped region-of-interest is selected around the coronary wall (a).
Phase points with high magnitude SNR are selected for region-growing (b). Map of local phase inhomogeneity is created using bi-linear interpolation (c).
Inhomogeneity is removed from the phase image (d) and a final signed image is calculated (e).
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Figure 3 (abstract Ol1)
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PS-DIR Coronary vessel wall imaging at different Tl < TI* in two separate
subjects.

Implementation: A single breathhold DIR sequence was
implemented (Fig. ) on a clinical 3 T Philips-Achieva MRI-
system. Data were acquired using a segmented k-space spiral
acquisition with spectral spatial excitation [6]. Image processing
was performed off-line on a personal computer.

Experiments: Anatomical slices perpendicular to the proximal
part of the right coronary artery (RCA) at end-systole were
planned similar to a previously published methodology [7]. First,
serial single-slice multi-phase PS-DIR images were acquired with
incremental Tl ranging from 50 ms—500 ms in |5 healthy adult

Figure 4 (abstract Ol 1)

http:/jcmr-online.com/supplements/11/S1

subjects (slice-thickness =8 mm, FOV =190 x 190 mm,
matrix = 320 x 320, interleaves = 20, acq.window = 18 ms/
interleaf). CNR was calculated on the signed-magnitude images
reconstructed with the above algorithm. Mean vessel wall
thickness was measured manually on the images obtained with
incremental Tl and was compared to that from TI*. Finally, a dual-
slice rather than a multi-phase version of the sequence (Fig. I)
was tested in four subjects.

Results: Using Tl less than TI¥, Fig. 3 shows that PS-DIR
enables delineation of the coronary artery vessel wall and
supports an increased wall-lumen contrast when compared with

Figure 5 (abstract Ol1)
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Left: CNR (mean * stdev) at different Tl values in PS-DIR signed images (red) and in DIR magnitude images at TI* (green). Right: Wall thickness at
different Tl using PS-DIR images (red) and using DIR images at TI*. Note the agreement with the measurements using TI*.
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the conventional DIR in which Tl was too short for adequate
blood signal-nulling. Consistent with the visual findings, Fig. 4
shows that the CNR significantly increased in PS-DIR over a
broad range of Tl (150 ms—300 ms). Wall thickness measure-
ments using PS-DIR at different Tl values were consistent with
those from DIR at TI*. Since the PS-DIR method permits image
data collection over a broad range of Tl (Fig. 4), multiple slices
rather than multiple phases can be obtained at no extra cost in
scanning time (Fig 5).

Discussion: PS-DIR provides a Tl-insensitive higher CNR
alternative to conventional DIR for coronary vessel wall imaging.
Tl-insensitivity can be traded for enhanced volumetric coverage
at no extra-cost in imaging time.
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Introduction: Magnetic resonance imaging (MRI) has been
used for many years to study atherosclerosis [I]. Black blood
techniques are the most ubiquitous and are used to suppress the
signal from flowing blood, making the vessel wall more
conspicuous. The purpose of this study was to demonstrate a
novel approach to imaging the vessel wall and vessel wall
calcification using susceptibility weighted imaging [2] (SWI) with
no need to suppress the signal from the blood.

Methods: Optimizing the imaging parameters: The SWI
sequence parameters were optimized to allow for the best
visualization of the femoral artery lumen in the magnitude images
and the arterial wall in the phase images. Parameters such as
resolution (for time considerations), flip angle (for contrast in the
magnitude images) and echo time (for phase contrast) were
considered.

Vessel wall magnitude and phase measurements: ROls
from the top to the bottom of the visible portions of the femoral
artery were taken. The lumen SNR and muscle SNR were
calculated on both magnitude and phase images. The contrast-to-
noise ratio of vessel wall/lumen and vessel wall/muscle was also
calculated.

Patients study: A series of |8 subjects were imaged with
multi-detector computed tomography (MDCT) and high resolu-
tion susceptibility weighted imaging (SWI) at 3 T.

http:/jcmr-online.com/supplements/11/S1

Figure | (abstract O12)

(a) CT scan showing calcification at the edge of the popliteal artery just
behind the knee. (b) Magniture gradient echo image showing the signal
loss from the calcification of the same area. (c) Phase image showing the
diamagnetic effect from the calcification. Note the simliar shape and
extent of the calcification in both the CT and MR results. Inserts are
zoomed images of the cross-section of the vessels in reformatted
transverse images.

Calcification Measurements: The area of calcification was
manually measured on CT images and MR images (both
magnitude and phase images) by an experienced radiologist.
SPIN software (Detroit, Ml) was used to interpolate the images
by a factor of 4 and measure the calcifications. The correlation of
calcification area (CA) between CT and MR images was
performed and a Pearson correlation coefficient calculated. The
agreement of CA measurements by MR and CT was assessed by
using the Bland and Altman plot.
Results: The optimal choice of imaging parameters was found
to be: TE = 15.6 ms (in-phase for fat); TR = 25 ms, FA = [0°,
BW = 80 Hz/pixel, resolution = 0.5 mm x 0.5 mm in-plane and
1.0 mm through-plane, with an acquisition matrix of
512 x 384 x 64 (for read, phase and slice-select direction) and
a total scan time of 8 minutes. The magnitude contrast-to-noise
ratio (CNR) between artery and vessel wall was 12:1. The phase
CNR between the arterial wall and the lumen was 7:1. A total of
19 calcifications in the femoral vessel wall were identified with
SWI in 8 subjects. The mean area of calcification measured on
CT, magnitude and phase images was 0.37 + 0.17 cm?,
0.29 + 0.13 cm? 0.38 + 0.18 cm” respectively. The Pearson
correlation coefficient of the measured lesion area between CT
and magnitude image is 0.85 (p < 0.001); between CT and phase
image is 0.92 (p < 0.001). A typical case having popliteal artery
calcification is shown in Figure |. Both magnitude and phase
images show the calcifications clearly in the popliteal artery wall
and correlate well with the CT image.
Conclusion: SWI offers a means to image a large field-of-view
over which the arterial wall can be clearly seen in both
magnitude and SWVI filtered phase images. These lesions were
seen in CTand SWI and correlated well in both size and position
with both methods. We anticipate that SWI will play a
complementary role to the current multi-contrast approach in
studying atherosclerosis.
References
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Background: Cardiovascular magnetic resonance (CMR) has a
broad range of clinical applications and is increasingly used in
daily clinical practice in many European countries.

During its German pilot phase the EUROCMR Registry sought to
evaluate indications, image quality, safety and impact on patient
management of CMR imaging in clinical routine in a large number
of cases.

Methods: Multicenter registry with consecutive enrolment of
patients scanned in 29 German CMR centers using web based
online case record forms.

Results: 6530 consecutive patients were enrolled from April
2007 to September 2008 (66% male, median age 6| years
[quartiles 49-70]). Ninety-three percent of patients received a
gadolinium based contrast agent. Twenty percent of patients
underwent adenosine perfusion, and 13% high-dose dobutamine
stress CMR. The indications for CMR can be viewed in Figure |.
Case reading and reporting was mostly done by cardiologists
(70%), or a team of cardiologists and radiologists (26%). Image
quality was found to be good or excellent in 91%, moderate in
8%, and inadequate in 1% of cases.

Severe complications occurred in a minority of patients (0.07%) and
were all associated with stress testing. VWWe reported NSVT (n = 1),
VF (n = 1) during dobutamine infusion, as well as overt heart failure
(n = 2) and unstable angina (n = |) related to adenosine stress
CMR. No patient died during or due to the CMR procedure.

In nearly half the patients included (48%), CMR findings resulted
in a change of patient management. Importantly, in 16% of cases
the final diagnosis based on CMR was different to the diagnosis
before CMR, leading to a complete change in patient manage-
ment. In more than 70% of cases CMR was capable of satisfying
all imaging needs so that no further imaging procedure was
required after completion of CMR.

http:/jcmr-online.com/supplements/11/S1

Figure | (abstract O13)
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Initial indications for CMR (n = 6530).

Conclusion: CMR is a frequently performed in German clinical
practice. The most important indications are risk stratification in
suspected CAD/Ischemia, workup of heart failure, and assess-
ment of myocardial viability. CMR imaging is a safe procedure, has
diagnostic image quality in 99% of cases, and its results have
strong impact on patient management.
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Introduction: Sudden cardiac death (SCD) is most commonly
caused by acute myocardial infarction as a correlate of coronary
artery disease. Therefore, survivors of SCD undergo cardiac
catheter to treat or rule out CAD. However, in cases with
normal coronary arteries SCD often remains unexplained.
Diagnostic work-up in this collective is important to adjust and
optimize therapy.

Purpose: Aim of this study was to evaluate the use of contrast-
enhanced cardiac MRl (CMR) in defining the underlying
pathology of survived SCD in patients without coronary artery
occlusion.

Methods: More than 6.000 contrast-enhanced CMR studies
from 3 different hospitals were reviewed for cases of survived
SCD with angiographic rule out of obstructive coronary artery
disease. The CMR protocol (1.5 T) consisted of a functional left
ventricular study using a segmented SSFP sequence (TrueFISP,
balancedFFE) in long and short axes. Data sets for late gadolinium
enhancement detection were acquired 8—15 min after 0.2 mmol/
kg BW of Gd-based contrast material using a segmented
inversion-recovery TurboFLASH/FGRE sequence (Tl, 200-260 ms;
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slice thickness, 8 mm, 2D or 3D). All cases of non-coronary
SCD were reviewed and the different underlying pathologies as
defined by MRI were collected.

Results: In total, 18 cases of unclear SCD were identified. In
14 patients thereof, MRI could state the diagnosis based on the
typical imaging features of myocardial disease: Primary cardio-
myopathy was found in 7 patients (arrhythmogenic right
ventricular cardiomyopathy, 2; dilated cardiomyopathy, 3; hyper-
trophic cardiomyopathy, I; isolated left ventricular non-compac-
tion, |). Acute myocarditis and acute cardiac sarcoidosis were
found in 3 patients each. Chronic aneurysm of the anterior wall
most probably due to cardiac contusion was found in | patient. In
4 patients, CMR could clarify the etiology of SCD.
Conclusion: Contrast-enhanced CMR has unique features in
detecting and differentiating myocardial disease with possibly
fatal outcome. It has proven to be an utmost valuable tool for
the diagnostic work-up of survivors of unclear SCD. This
underlines the role of CMR as the first-line technique in
myocardial disease.
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Introduction: Diastolic dysfunction, often preclinical with no
recognized CHF diagnosis, is associated with marked increases in
all-cause mortality. Current data on diastolic dysfunction have
limitations due to retrospective study designs and/or exclusive
reliance on echocardiography.

http:/jcmr-online.com/supplements/11/S1

Figure | (abstract O15)
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Purpose: The purpose of this study was to analyze the
predictors of diastolic dysfunction in the MESA population
using cardiac MRI.

Methods: We studied peak filling rate (PFR ml/s) and time to
peak filling (TPFR msec) in a subclinical population (n = 4465,
males 47%, mean age 62 + |0 years). Mean (SD), correlation
coefficients and multivariable regression coefficients were
determined.

Results: Table | illustrates associations between risk factors
with diastolic LV function. End diastolic volume (EDV) modified
the relationship of gender and PFR. Mean PFR was therefore
analyzed across quintiles of EDV and was found to be higher in
females 386.35, [95%Cl 382.53 to 390.17] compared to males
359.11 ml/s [95%Cl 355.05 to 363.17] (Fig |). Comapred to non-
smokers smokers had lower peak filling rates. Compared to
Whites, Hispanics were at a higher risk for diastolic dysfunction,
Chinese ethnicity showed a relative protective effect after
adjusting for all other risk factors.

Table | (abstract O15) Multivariable regressions analysis of predictors of diastolic LV dysfunction

Independent Predictors

Peak Filling Rate (ml/s)

Time to Peak Filling (msec)

Regression 95% CI P-Value Regression 95% ClI P-Value

Coefficient Coefficient
Age (years) -1.70 —1.20 to —1.40 <0.001 1.94 1.53 t0 2.36 <0.001
DBP (mmHg) —0.42 —0.78 to —0.05 0.02 0.48 0.14 to 0.82 0.005
HTN meds -5.92 —11.18 to —-0.62 0.03 8.86 3.0l to 14.71 0.003
BMI (kg/m?) —-0.67 —1.32 to —-0.05 0.04 1.37 0.62 to 2.11 <0.001
Former Smokers —6.52 —12.30 to 0.65 0.03 1.00 —4.56 60 6.58 NS
Impaired Fasting Glucose 2,63 —2.74 to 8.01 NS 9.06 3.21 to 17.38 0.03
Chinese 8.14 —0.25 to 16.53 NS -8.19 —14.27 to —1.87 0.01
Hispanics 8.33 1.88 to 14.88 0.006 4.67 -1.76 to 11.1 NS
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Conclusion: Impaired LV relaxation is associated with increas-
ing age, male gender, obesity, diastolic hypertension, smoking,
and varied by ethnicity.
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and John F Heitner'
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Background: Obesity and abdominal fat have been shown to
correlate with coronary artery disease (CAD) and may play a
role in development of metabolic syndrome (MS). The signifi-
cance of pericardial adipose tissue (PAT) and mediastinal adipose
tissue (MAT) is less clearly defined.

Objective: To study the association between PAT and MAT
measured by cardiac magnetic resonance with: |) severity of
CAD, 2) MS and 3) cardiac risk factors (CRF) for CAD.
Methods: We enrolled 100 consecutive patients, 63 male, who
underwent CMR for cardiac evaluation and had coronary
angiogram performed within 12 months. The baseline character-
istics of these patients were as follows: Eighty had hypertension
(HTN), 42 had diabetes mellitus (DM), 37 had hyperlipidemia and
4 were smoker. We measured PAT and MAT on 4-chamber cine
view. The surface area of fat was measured by computer analysis
from free-hand region of interest (ROI) curves. The presence and
the extent of CAD were measured using Duke Jeopardy Score.
MS was considered positive if the patient had 3 or more of the
5 criteria. The CRF included HTN, DM, hyperlipidemia, smoking,
peripheral vascular disease (PVD) and a family history of
premature CAD (FH).

Results: PAT had significant correlation with MS and HTN, but
not with CAD. MAT did not have a significant correlation with
either CAD or MS, but did correlate with DM, hyperlipidemia,
smoking and FH. The combination of PAT and MAT correlated
with MS and all the risk factors, except PVD, but did not
correlate with CAD. (Data in Table I.).

Table | (abstract O16)

http:/jcmr-online.com/supplements/11/S1

Conclusion: The combination of MAT and PAT correlates
with MS and a number of CRFs but does not correlate with
CAD.
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Prognostic significance of magnetic resonance
imaging parameters in patients with idiopathic
dilated cardiomyopathy
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Background: Patients with idiopathic dilated cardiomyopathy
(IDC) have a limited prognosis. Aim of this study was to evaluate
the prognostic significance of novel magnetic resonance imaging
(CMR) parameters in IDC patients.

Methods and results: 161 patients with IDC were studied by
CMR for hemodynamic and late enhancement (LE) analysis and
followed for a mean of 933,8 £ 529,2 days. QRS and QTc
intervals were measured from |2-lead ECGs. LV and RV
enddiastolic and endsystolic volume indexes were increased
and ejection fractions (EF) decreased (LV-EF 33 * 14%, RV-EF
50 £ 16%). LE was seen in 43 patients (27%). Interventricular
dyssynchrony (50.9 + 67.2 ms) was present in 68 patients (42%).
Primary endpoint was cardiac death, sudden death (SCD) and
rehospitalization for pump failure, secondary endpoint cardiac
death and SCD. 3 patients died from non-cardiac, |0 patients from
cardiac death, 2 patients from SCD and additional 3 patients had
ICD shock for ventricular flutter/fibrillation, and 35 patients were
rehospitalized. Multivariate analysis revealed depressed left
ventricular EF(<25%) right ventricular EF (<30%), as well as the
presence of LE as independent prognostic parameters. Kaplan-
Meier survival analysis displayed low LV (<25%) and RV (<30%)
ejection fraction and the presence of LE as significant parameters
for a worse outcome.

Conclusion: In addition to impaired left ventricular ejection
fraction (<25-30%) a depressed right ventricular function
(EF <30%) and the presence of late enhancement derived from
CMR are novel prognostic parameters in patients with IDCM.

Pericardial Fat (cm?)

Mediastinal Fat (cm?) Total Fat (cm?)

CAD

Metabolic Syndrome
Cardica Risk Factors
HTN

DM

Hyperlipidemia
Smoking

PVD

FH

8.3 {p-value = 0.317}
9.3 {p-value = 0.0005}

9.5 {p. value = 0.008}
9.9 {p-value = 0.08}
9.0 {p-value = 0.56}
9.2 {p-value = 0.86}
11.9 {p-value = 0.008}
9.0 {p-value = 0.74}

19.5 {p-value = 0.16}
18.9 {p-value = 0.19}

19.6 {p-value = 0.08}
21.2 {p-value = 0.05}
20.4 {p-value = 0.01}
13.1 {p-value = 0.05}
19.5 {p-value = 0.79}
23.2 {p-value = 0.02}

27.7 {p-value = 0.03}
26.8 {p-value = 0.02}

29.1 {p-value = 0.03}
31.2 {p-value = 0.03}
29.4 {p-value = 0.02
22.2 {p-value = 0.27}
32.3 {p-value = 0.05}
31.2 {p-value = 0.58}
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resonance in patients with suspected
myocardlal ischemia
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Background: Recent studies have demonstrated the prognos-
tic implication of CMR myocardial perfusion imaging (CMRMPI)
in a clinical setting. Apart from detecting reversible perfusion
defect from flow-limiting coronary stenosis, CMR late enhance-
ment imaging (LGE) is currently the most sensitive method in
detecting clinically unrecognized subendocardial infarction (UMI)
from prior ischemic injury. We therefore tested the hypothesis
that, characterization of these 2 processes from coronary artery
disease (CAD) by CMR can provide complementary patient
prognostic values.

Methods and Results: We performed CMR on 254 patients
referred with symptoms suspicious of myocardial ischemia. Rest

Figure | (abstract O18)

http:/jcmr-online.com/supplements/11/S1

Figure 2 (abstract O18)
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and vasodilator (adenosine or dipyridamole) stress first-pass
CMRMPI images were obtained and followed by LGE imaging. All
CMRMPI images were interpreted for reversible perfusion
defects (RevPD) using the |6-segment nomenclature and graded
segmental LGE in a separate session. The readers were blinded
to any clinical outcome in either session. At a median follow up
of 15 months, |3 cardiac deaths and 26 nonfatal events occurred.
RevPD was the strongest multivariable predictor to MACE,
demonstrating a > 8-fold hazard increase to MACE (P < 0.0001)
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Kaplan-Meier curves illustrating. A) the prognostic implications of UMI alone and B) the complementary prediction of MACE by RevPD and UMI,

in patients without any history of MI.
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and a > 4-fold increase to cardiac death (P = 0.02). Adjusted to
the effects of RevPD, LGE maintained a > 2-fold adjusted hazards
with MACE (adjusted HR 2.38, P = 0.03). In 198 patients without
any history of MI, presence of RevPD and UMI by LGE provided
complementary prognostic information after adjusting to each
other’s effects. Figures | and 2.

Conclusion: Reversible myocardial perfusion and evidence of
MI, assessed by CMRMPI and LGE, respectively, provide
incremental long-term patient prognostic information.

ol9

Initiation of statin therapy halts progression of
atherosclerotic plaque burden in peripheral
arterial disease
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Joseph M DiMaria, Jennifer R Hunter,

John M Christopher, Gabriel B Winberry

and Christopher M Kramer
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Introduction: Studies suggest lipid lowering therapy improves
symptoms and exercise performance in patients with peripheral
arterial disease (PAD); however, the mechanism of action is
unclear.

Purpose: We sought to use CMR to study the relationship
between LDL reduction and superficial femoral artery (SFA)
plaque burden in patients with PAD treated with lipid lowering
therapy over the course of | year.

Methods: 63 patients with mild-to-moderate symptomatic
PAD (mean age 63 % 10 years, mean ankle brachial index (ABI)
0.69 * 0.15) had their most symptomatic leg studied with MRI to
assess atherosclerotic plaque burden before and | year after
being started on lipid lowering therapy. At study entry, statin-
naive patients were randomized to either simvastatin 40 mg or
simvastatin 40 mg plus ezetimibe 10 mg (R group, n = 31) while
patients already on a statin were given open-label ezetimibe
10 mg (Z group, n = 32). Lipid measurements were obtained as
part of the VAP test. CMR was performed using fat-suppressed
multi-slice turbo-spin-echo pulse sequence on a Siemens Avanto
1.5 T scanner. A custom-built flexible, linear four-element
(10 cm % 10 cm square element) surface coil array was placed
over the SFA to image [5-20 cm along the vessel beginning

Table | (abstract O19) Changes in plaque and vessel wall volume
over time

Baseline One Year % Change
Plaque volume (cm3) — R 8.64 = 4.72 850 + 4.70 -2 + 8%*
Plaque volume (cm3) —Z 9.16 + 4.94 9.53 £ 482 +3 £ 1%
TVV (ecm3) - R 1361 £799 1334+793 -2+8%
TV (ecm3) - Z 1427 + 688 1464 +683 +| £8%

*p < 0.04 vs. Z group.

http:/jcmr-online.com/supplements/11/S1

Figure | (abstract O19)

Left — Representative black blood image of SFA from R group patient at
baseline. Right — same location imaged one year later. Notice plaque
regression in the SFA.

below the bifurcation of the common femoral. Blood was
suppressed through the multislice data set using spatial
presaturation, with periodic excitation of upstream slices.
Imaging parameters included: repetition time 1100 ms, echo
time 7.6 ms, echo spacing 7.5 ms, turbo factor (9), voxel size
0.5 x 0.5 x 3 mm, 4 signal averages, with interleaved image sets.
Plaque volume (PV) defined as total vessel volume (TVV) minus
lumen volume (LV) was measured with VesselMass software.
Changes in all parameters between groups from baseline to
year one were compared by unpaired t-test. Changes in LDL
were compared with changes in plaque parameters by linear
regression.

Results: LDL at baseline was higher in the R group (120 * 37)
than the Z group (100 + 27) mg/dl, p = 0.02. The decrease in
LDL at one year was significantly greater in R (-41 % 37) than Z
(-21 £ 30) mg/dl, p <0.03, such that final LDL was similar
between groups (79 % 36 in the R group and 79 % 33 in the
Z group, mg/dl). The total cholesterol at baseline was higher in
the R group (195 + 42) than the Z group (I71 % 39) mg/dl,
p < 0.03. There was a trend towards a greater fall in total
cholesterol in R (48 + 42) compared to Z (27 + 42) mg/d|,
p = 0.07. The final total cholesterol was similar between
groups. No between group changes in HDL or triglycerides
were seen. See Table | for changes in vessel wall parameters in
the 2 groups. Plaque volume regressed in R while it
progressed in Z and total vessel volume followed the same
trend (p =0.11). No between group differences in lumen
volume or change in lumen volume over time was noted. No
correlation was found between change in LDL and plaque
volume in the SFA. Figure |.

Conclusion: Statin-naive patients with PAD who were
begun on either simvastatin or simvastatin plus ezetimibe for
one year had a halting of progression of atherosclerotic plaque
volume in the superficial femoral artery when compared to
those already treated with statin given ezetimibe. Reverse vessel
wall remodeling was noted among PAD patients newly treated
with statins compared to those with ezetimibe added to pre-
existing statin therapy. Thus the degree and/or mechanism of
LDL lowering rather than the final LDL achieved may be
important in halting atherosclerotic plaque progression. In

Page 16 of 316

(page number not for citation purposes)



Journal of Cardiovascular Magnetic Resonance 2009, 11(Suppl 1)

addition, this study demonstrates that CMR can show differences
in plaque progression in PAD with small numbers per patient

group.
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magnetic resonance imaging is a powerful
predictor of ventricular tachyarrhythmias on
ambulatory holter ECG in hypertrophic
cardlomyopathy
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Background: Cardiovascular magnetic resonance with late
gadolinium enhancement (LGE-CMR) identifies areas of myocar-
dial scarring in patients with hypertrophic cardiomypathy (HCM).
The presence of LGE identifies HCM patients at risk for
ventricular tachyarrhythmias, which is an independent predictor
of sudden death in this disease. In this study, we sought to
determine whether regions of abnormal tissue at the confluence
of both viable myocardium and fibrosis (“border zone”) (BZ) are
more predictive of ventricular tachyarrhythmias than areas of
myocardial scarring alone.

Methods: Cine CMR and LGE-CMR were performed in 145
HCM patients (42 * |5 years; 74% male) from two HCM referral
centers using standard techniques (0.2 mmol/kg gadolinium-
DTPA). LGE was determined by a blinded, independent reader
using grayscale thresholds of both 4 and 6 standard deviations
(SD) above the mean of normal, remote myocardium. BZ was
determined as the difference between the 4 SD and 6 SD
thresholds. All subjects underwent 24-h ambulatory Holter
electrocardiogram (ECG) within 7.8 + 8.3 weeks of the CMR
Results: The amount of myocardial scarring (6 SD) alone was
5.5 £ 7.2% of the LV myocardium, while the amount of BZ was
6.5 + 4.6% of the LV myocardium. Runs of non-sustained
ventricular tachycardias (NSVT) were present in 23 patients
(16%), ventricular couplets were present 39 patients (27%), while
premature ventricular couplets (PVCs) were present in |19
patients (82%). There was no significant association with the
extent of myocardial scarring and the occurrence of NSVTs,
couplets, and PVCs (overall p = 0.05). However the extent of BZ
was significantly associated with the occurrence of NSVTs,
couplets and PVCs (overall p < 0.001).

Conclusion: These data demonstrate that in HCM patients, the
extent of BZ may be a superior predictor of ventricular
tachyarrhythmias than myocardial scarring alone (using a
grayscale thresholding technique of 6 SD above normal
myocardium). This study indicates the need for follow-up studies
evaluating the independent prognostic value of BZ in risk
stratification strategies in HCM patients.

http:/jcmr-online.com/supplements/11/S1

o2l

Late enhancement in 39 cardiac transplant
patients: prevalence, pattern, and extent

Craig RL Butler', Andreas Kumar?, Mustafa Toma',
Richard Thompson Matthias Friedrich®

and David lan PatersonI

UnlverSIty of Alberta, Edmonton, AB, Canada

Unlversoty of Calgary, Calgary, AB, Canada

3Stephenson Cardiovascular MR Center, Calgary, AB, Canada

Journal of Cardiovascular Magnetic Resonance 2009, | 1(Suppl 1):021

Aim: To better characterize delayed enhancement patterns in
the cardiac transplant population.

Background: Cardiac transplant patients experience significant
morbidity related to transplant vasculopathy and acute transplant
rejection, both of which can cause scarring of the myocardium.
Contrast enhanced cardiovascular magnetic resonance (CMR)
has the unique ability to visualize and quantify myocardial
scarring. It is well understood that myocardial infarctions
resulting from transplant vasculopathy adversely affect prognosis
and modify therapy. There is a growing body of evidence from
non-transplant disease states, that the presence of non-infarct
myocardial scar is also correlated to poor prognosis. Currently
there is very little data on the scarring patterns present in the
cardiac transplant population and it is our goal to better describe
this pathology.

Methods: Thirty-nine transplant patients underwent contrast
enhancement imaging at the time of routine myocardial biopsy at
two hospital centers in Alberta, Canada. Standard phase sensitive
inversion recovery sequences were used on commercially
available scanners (Siemens Avanto and Sonata, Siemens,
Erlangen, Germany). Delayed enhancement (DE) was evaluated
visually using CMR** (Circle Canada Inc, Calgary, Canada)
software analysis package by two independent readers. DE had
to be cross-referenced in two orthogonal views. Disagreements
were settled by consensus. The extent of DE was assessed semi-
quantitatively by scoring each of the |7 myocardial segments
according to the proportion of DE in each segment (I = 75%).
The scores of the 17 individual myocardial segments were added
together to give an aggregate DE burden.

Results: Three (8%) out of 39 patients scanned had to be
excluded due to poor image quality. There were seven women
(18%) and thirty two men (82%). Fifteen (45%) patients had grade
IR cellular rejection rejection, and two (6%) had grade 2R

Figure | (abstract O21)

Transmural lateral wall infarction (a) and Inferoapical infarction (b).
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Figure 2 (abstract O21)

Example of non-ischemic fibrosis. Subepicardial delayed enhance-
ment of the anteroseptal and anterior walls (a) and inferior wall (b).

rejection. Mean time since transplant was 37 months (standard
deviation = 55 months). Eighteen (50%) of 36 patients had DE.
Among patients with DE, four patients (22%) had a subendo-
cardial or transmural pattern consistent with myocardial
infarction (Figure 1), and 14 (78%) had a midwall or subepicardial
pattern (Figure 2) consistent with non-ischemic injury. Overall,
patients with DE had scores ranging from | to 19, with a mean of
5.4 (standard deviation = 4.8). Non-ischemic DE was most
commonly seen in the anterolateral and inferior walls (Figure 3).
There was no significant association between the presence of DE
and time since transplant or current biopsy result.

Conclusion: DE is a common feature in the transplant
population. Most DE observed is in a non-ischemic pattern;

Figure 3 (abstract O21)

Frequency of any delayed enhancement by myocardial segment.

http:/jcmr-online.com/supplements/11/S1

however a significant proportion had DE patterns consistent with
infarction. The relationship between DE and cumulative episodes
of rejection, hospitalization, and long term prognosis needs to be
explored in more detail.
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Comparison of a rapid visual algorithm for
quantification of infarct size with direct planimetry
of infarct size by delayed enhancement-CMR
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Introduction: Direct planimetry of myocardial infarct size by
delayed enhancement CMR (DE-CMR) has been well validated as
a technique for quantification of infarct size with both a high
degree of accuracy and reproducibility. Direct planimetry
however requires extensive post processing and is time
consuming and therefore not ideal for performance in a routine
clinical service. We propose a visual algorithm to quantify total
infarct size that would be rapid and easily incorporated into
routine clinical practice. In this study we sought to: |) compare
the level of agreement between our visual scoring algorithm and
direct planimetry of infarct size; 2) compare the time required
for each method of quantifying infarct size.

Methods: We enrolled 101 consecutive patients with known
chronic myocardial infarction (Ml) who underwent CMR viability
assessment. Direct planimetry was performed by segmentation
of hyperenhanced (HE) regions (signal intensity > 2 standard
deviations above remote myocardium) in all short axis DE-CMR
slices. The total volume of the HE zone was then divided by the
total volume of myocardium within the left ventricle (calculated
by planimetry of endocardial and epicardial borders on all DE-
CMR images so as to include both HE and non-HE myocardium).
Visual scoring of all studies was performed using a 17 segment
model with scores assigned based on the visual extent of HE
myocardium in each segment (i.e. 0 = no HE, | = 1-25% HE,
2 = 26-50% HE, 3 = 51-75% HE, and 4 = 76—100% HE). Visual
infarct size was then calculated by averaging the midpoint of the
% HE within each of the 17 segments (i.e. score of 0 = 0%,
I =13%, 2 = 38%, 3 = 63%, 4 = 88%). Agreement between the
visual algorithm and planimetry was compared using Bland-
Altman analysis.

Results: The study population consisted of 101 patients with
chronic Ml (infarct age 5.3 * 6.5 years) of which 70 (69%) were
men, age 63.7 * 2.3 years, left ventricular (LV) ejection fraction
52.4 £ 15.5%, and LV mass 154.7 £ 51.3 g. Of the 10l patients,
30 (30%) had a history of congestive heart failure, 29 (29%) had
diabetes mellitus, 86 (85%) had hypertension, and 94 (93%) had
hyperlipidemia. The total infarct size was not statistically different
between the visual algorithm (l11.4 = 10.4%) and directly
planimetry (9.3 + 8.5%, p = NS). The range of infarct sizes was
0-40% by direct planimetry. Bland Altman analysis revealed a
nonsignificant bias of 2.1% of LV (p = NS) with 95% confidence
interval between the visual algorithm and planimetry of +11.3%
to -7.1%, see figure. The visual algorithm required less time than
direct planimetry (5.5 £ 1.6 minutes vs. 22.4 + 45 minutes
respectively; p < 0.001).
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Conclusion: The visual algorithm provides a rapid method to
quantify total infarct size with good agreement to direct
planimetry. This is a useful time-efficient alternative for
quantifying chronic infarct size in a routine clinical setting.

023

The utility of cardiovascular magnetic resonance
imaging in Takotsubo Cardiomyopathy (apical
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Introduction: Takotsubo cardiomyopathy (TTC) is an increas-
ingly recognized acute cardiac syndrome (ACS), which underlying
pathophysiological mechanisms are still controversially discussed.
Cardiovascular magnetic resonance imaging (CMR) contributes
to an understanding and differential diagnosis of this new entity
by demonstrating the absence of irreversible injury (delayed
enhancement) but oedema formation on T2-weighted images.
However, clinical experience with CMR in this entity is still
limited and is based mainly on relatively small case series.
Purpose: The aim of this study was therefore to evaluate CMR
criteria for the diagnosis/differential diagnosis of TTC and the
assessment of potential pathophysiological mechanisms as well as
additional findings by using a comprehensive CMR approach.
Methods: Between January 2005 and October 2008 8l
consecutive patients, showing a left ventricular dysfunction
with apical ballooning not explainable by the coronary artery
status and initially admitted with ACS underwent CMR using a
1.5 T MRI scanner. Left ventricular function, T2-weighted spin
echo sequence for oedema and delayed enhancement (DE)
images after administration of Gadobutrol were assessed.
Additionally, in the last 20 patients T2-weighted triple-inver-
sion-recovery imaging to calculate the edema ratio (ER) and TI-
weighted imaging before and after contrast agent administration
to calculate the myocardial global relative enhancement (gRE)
were performed for detection of inflammation.

Results: CMR revealed diagnosis of myocardial infarction in 18
(22.2%) patients and diagnosis of myocarditis in 9 (10.8%)
patients with typical patterns of DE. In all other 54 (67.0%)
patients (51 female, age 71 + |10 years) no DE was detected,
consistent with the diagnosis of TTC. Of these 20 patients (37%)
showed focal oedema, 17 (31%) initial right ventricular involve-
ment and |9 patients a pericardial effusion (PE) (35%). Of the last
20 TTC patients 9 showed elevation of both inflammatory
markers (ER and gRE) with concomitant PE indicating acute
inflammation. Follow-up CMR after three months showed
complete normalization of left ventricular function and inflam-
matory parameters in the absence of DE, oedema and PE.
Conclusion: CMR has incremental value for differential
diagnosis, pathophysiological insights and detection of additional
findings in TTC. Therefore CMR should be performed in all
patients with suspected TTC for further differential diagnosis and
guidance of medical therapy. Moreover, our results support the
probable underlying cause of inflammation in TTC. If inflamma-
tion is the primary cause or secondary phenomena due to
sympathetic overdrive needs further research.

http:/jcmr-online.com/supplements/11/S1
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Introduction: Microinfarction is common following coronary
interventions (PCl and CABG) and acute coronary syndromes.
Magnetic resonance imaging (MRI) has become the reference
method for non-invasive quantification of: |) left ventricular (LV)
function using cine imaging and 2) myocardial perfusion deficits
using first pass perfusion and 3) acute and chronic myocardial
contiguous infarction using delayed contrast enhancement (DE)
technique. Modern multidetector computed tomography
(MDCT) has also been recently used in assessing the above
parameters in contiguous infarction. To our knowledge both
modalities have not been tested in the assessment of micro-
infarction caused by microembolic agents.

Purpose: This study aimed to examine the potential of 64-slice
MDCT and MRI in assessing LV function, regional perfusion and
viability in microinfarction.

Methods: An XMR-suite was used to catheterize the LAD
coronary artery under X-ray and to define the LAD-territory
using first-pass MRI during intracoronary injection of 10% Gd-
DOTA. The perfusion territory was selectively microembolized
in six pigs using a microembolic agent (40-120 um, 250,000

Figure | (abstract O24)

Multi-slice MDCT (top), MR delayed enhancement images (middle) and
TTC slices (bottom) from a representative animal show good
correspondence between modalities in defining patchy microinfarction
embedded in viable myocardium (indicated by arrows).
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count). LV function (cine imaging), perfusion (first-pass imaging)
and viability (DE imaging) were determined 7-8 weeks after
microembolization using MRI followed by MDCT (5 days later).
Histochemical staining (TTC) was used as golden standard for
quantification of microinfarction. Figure I.

Results: The LAD-territory was 32.4 + 3.8% of the LV mass.
There was no significant difference between MR and MDCT
measurements of systolic wall thickening. Global LV function did
not differ between MRI (end diastolic volume: 92 + 8 ml, end-
systolic volume 48 + 5 ml and ejection fraction: 47 * 3%) and
MDCT (96 = 8 ml, 49 = 3 ml, 49 % 2%, respectively). Both MRI
and MDCT showed a decrease in function in the microembolized
territory and an increased contractility in remote myocardium.
There was no difference in the quantification of systolic wall
thickening (radial strain) between the methods (P = ns for all
segments, bias 0.3 £ 21.9%). MRI, but not MDCT, detected a
perfusion deficit in the microembolized territory (significant
decrease in max upslope and maximum signal intensity).
Microinfarction size did not differ between MDCT (6.3 * 0.8%
LV), MRI (6.6 £ 0.5%LV) or TTC (7.0 + 0.6%LV). Bias (Bland-
Altman test) for quantifying microinfarction on MDCT was -
0.6 = 1.9%LV compared to TTC and for MRI -0.4 £ |.3%LV
compared to TTC.

Conclusion: Modern MDCT and MRI techniques have the
sensitivity to: |) visualize and quantify chronic microinfarction
and 2) demonstrate regional LV dysfunction. MRI, but not MDCT,
has the sensitivity for detecting small changes in regional
perfusion of chronic microinfarction. Close agreements were
found between MDCT and MRI in measuring regional and global
LV function. The results of this study suggest that MDCT and MRI
can be used for detecting the consequences of microinfarction
following coronary interventions and evaluating the efficacy of
new therapies and devices designed to prevent microemboliza-
tion.
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Objective: To determine the overlap between the regions of
delayed mechanical activation and regions of myocardial scar
tissue.

Introduction: The greatest benefit from Cardiac Resynchro-
nization Therapy (CRT) is likely achieved when the LV pacing lead
is placed in the area with the greatest mechanical activation delay
[1]. However, in patients with ischemic heart failure, the region
with the greatest mechanical activation delay may correspond to
an area of myocardial scar. Placing the pacing leads in areas of
scar tissue will result in nonresponse to CRT[2]. The co-
localization of areas of delayed mechanical activation and
myocardial scar in patients with previous Ml is not known.

http:/jcmr-online.com/supplements/11/S1

Methods: 16 patients with a prior history of myocardial
infarction (Ml) were studied six-months post infarct. Cine SSFP
images were obtained in the 2-chamber, 4-chamber, and short
axis orientations. Following a double-dose injection (0.2 mmol/
kg) of Gd-DPTA, delayed contrast enhancement (DCE) images
were obtained at the same locations as the cine SSFP images.
Mechanical activation delays were calculated from the cine SSFP
images. Radial displacement curves showing movement of the
endocardial border toward the LV center of mass were
calculated for 360 chords around each short axis slice.
Displacement curves were averaged throughout the entire
myocardium to generate a global displacement curve. Cross
correlation analysis between the global curve and the curve for
each chord was done to determine the mechanical activation
delay. A cross correlation delay of 31 msec was used as the
threshold to determine mechanical activation delay[3]. Mechan-
ical activation delay information for the entire myocardium was
mapped onto the standardized AHA Bullseye model.
Endocardial and epicardial borders were traced on the short axis
DCE images. A separate region of interest was drawn around the
area of infarct. Each slice of the myocardium was resampled at
360 chords around the heart, and each chord was assigned a
value between 0 and | depending on the scar burden at that

Figure | (abstract O25)

B >50% scar tissue
B mechanical activation delay
B area of overlap

An example patient showing regions of >50% scar tissue, regional
mechanical activation delay, and regions of overlap. In this example, 32%
of the region of delayed mechanical activation was also a region of >50%
scar tissue.
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location (I = transmural infarct, 0 = no infarct). The analysis was
repeated for each short axis slice. DCE information for the
entire myocardium was displayed on the standardized AHA
Bullseye model of the myocardium.

Areas of overlap between mechanical activation greater than 31
msec and scar burden >50% transmurality were examined.
Results: A scar burden of >50% was seen in 8.6 +/— 6.7% of the
LV; mechanical activation delay greater than 3| msec was seen in
8.0 +/— 4.0% of the LV. On average, only 14.6 +/— 14.7% of the
region of greatest mechanical activation delay was also an area of
>50% scar tissue. However, this value varied greatly between
patients and ranged from 0 to 40%. In the two patients where
there was no overlap, scar burden was <5% of the myocardium.
See Figure |.

Conclusion: The region of greatest mechanical activation delay
does not necessarily correspond to the region of myocardial scar
tissue.
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Introduction: The papillary muscle (PM) is an integral
component of the mitral valve apparatus. Acute or chronic
myocardial infarction (Ml) with PM ischemia is a primary factor
leading to the occurrence of mitral regurgitation, with associated
substantial morbidity and mortality [I, 2]. PM-Ml is also a source
of ventricular arrhythmia in these patients [3]. Although DE-MRI
using IR-FGRE can detect PM-MI, its accuracy is primarily limited
by poor contrast between left ventricular (LV) blood pool and
infarcted myocardium.

Hypothesis: We hypothesize that multi-contrast delayed
enhancement (MCDE) imaging will improve the identification of

Figure | (abstract 026)

http:/jcmr-online.com/supplements/11/S1

PM-MI in patients with acute and chronic MI, compared to
conventional IR-FGRE imaging.

Methods: Cardiac DE-MRI studies using both MCDE and IR-
FGRE in patients with MI were reviewed. Twenty-three patients
(21 males, 2 females, average age of 62 + 10 years old; 5 acute Ml
within 7 days, 18 chronic Ml > 4 weeks) met the diagnostic
criteria of PM-MI, as outlined below. All studies were performed
on a I.5 T GE Signa HDx system (GE Healthcare, Milwaukee,
WI), which included a short-axis oblique (SAO) and two or four
chamber SSFP studies. Both IR-FGRE and MCDE covering the
whole LV in SAO were performed 10-20 minutes after double-
dose bolus injection of Gd-DTPA. For IR-FGRE, the TI varied
from 200 to 300 ms, depending on the null point of healthy
myocardium. For MCDE, a segmented SSFP readout is used
following an inversion pulse, providing 20 cardiac-phase-resolved
images at varying effective Tls [4]. The in-plane resolution was
1.5 x .5 mm for both techniques.

PM-MI was considered if the following criteria were satisfied in
the IR-FGRE or MCDE images: (1) the increased signal intensity
of PM was similar to that of adjacent hyper-enhanced infarct
segments; (2) the hyper-enhanced PM region was limited to the
PM area defined by pre-contrast SSFP. The contrast between
blood pool and hyper-enhanced LV infarct was rated as excellent
(3), good (2) or fair (1) based on their differentiation.

Results: Based on the standard AHA |7-segment model [5], all
patients with PM-MI demonstrated wall motion abnormalities
and DHE involving multiple coronary artery territories. Of these
23 patients, |3 studies demonstrated primarily involvement of
the territories of the RCA (8 patients) and/or LCX (5 patients)
and 10 involved the territories of LAD with some LCX
involvement. Although IR-FGRE and MCDE determined the
presence and extent of LV Ml equally well, better contrast scores
were achieved in MCDE (2.9 £ 0.3) compared to IR-FGRE
(1.6 £ 0.8, P <0.001). MCDE clearly demonstrated PM-Ml in all
cases (100%, 23/23). However, only 39% (9/23) could be
visualized in the corresponding IR-FGRE images (Figure I),
which displayed poor contrast between blood pool and infarcted
myocardium. The multi-contrast capability of MCDE facilitates an
improved differentiation between blood pool and infarct. This is
especially important for the detection of PM-MI since a large of
portion of PM extends within the LV blood pool and does not
attach to the solid LV wall [6]. Moreover, the MCDE sequence
provided cine images that also facilitated the simultaneous

PM involvement in a subject with RCA territorial infarction. Pre-contrast SSFP image (A) depicted the morphology of PM. IR-FGRE image (B) did not
show the PM-MI, while MCDE (C and D) clearly demonstrated the infarcted PM (arrows).
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appreciation of wall motion abnormalities in the region of MI.
Mitral valve regurgitation with mild or moderate degree was
noted on four- and/or two-chamber SSFP scans in 52% (12/23) of
patients.

Conclusion: MCDE imaging provides better contrast between
blood pool and infarcted myocardium, thus improving the
determination of PM-MI that may help identify patients in
whom the significant mitral regurgitation may affect morbidity
and mortality.
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Introduction: Myocardial salvage can be assessed retrospec-
tively by T2-weighted and delayed enhancement images as shown
in animal studies [I]. Currently there are only limited data in
humans with acquisition of T2-weighted images not covering the
full ventricle [2]. Animal trials showed that the antioxidant effects
of N-Acetylcystein (N-ACC) reduce reperfusion injury and
N-ACC might prevent the occurrence of contrast-induced
nephropathy (CIN) in patients undergoing primary PCI.
Purpose: Aim of this trial was to establish myocardial salvage
imaging by MR as a surrogate endpoint in a randomized single-
blinded trial and to show that high-dose N-ACC reduces
reperfusion injury by its antioxidative properties. Furthermore,
N-ACC might reduce the incidence of contrast-induced
nephropathy (CIN).

Methods: Two hundred-fifty-one patients undergoing primary
PCI were randomized to either high-dose N-ACC (2 x 1200 mg/
d for 48 hours) or placebo plus optimal hydratation. The two
primary endpoints were: |) occurrence of CIN defined as an
increase in the serum creatinine concentration of >25% from the
baseline value within 72 h; 2) Myocardial salvage measured by
T2-weighted STIR-images (covering the left ventricle from base
to apex) and delayed enhancement MRI at day 2—4 after primary
PCl. Myocardial salvage index was calculated as area at risk-
infarct size/area at risk.

Secondary endpoints were infarct size and microvascular
obstruction, ST-resolution at 90 minutes and occurrence of
MACE at 30 day follow-up.

Results: Due to contraindications MRI could not be performed
in 3| patients. All images were assessable for the calculation of
the myocardial salvage index. The area at risk was 47.3% of the
left ventricular mass (IQR 33.9; 58.8) in the N-ACC group versus

http:/jcmr-online.com/supplements/11/S1

42.7% (IQR 33.7; 53.0; p = 0.39) in the placebo group. The
primary endpoint reperfusion injury measured by myocardial
salvage index was not different between both treatment groups
(57.7; IQR 39.2; 78.0 versus 61.1; IQR 40.6; 77.7; p = 0.32). In

addition, no differences in infarct size (18.3%; IQR 9.3; 26.4

versus 14.9%; IQR 8.0; 26.4; p = 0.48) and microvascular

obstruction (0.7%; IQR 0.2; 1.5 versus 0.6%; IQR 0.0; 1.2;

p = 0.25) as well as in ST-segment resolution were observed. The

median volume of an iso-osmolar contrast agent during PCI was

190 ml (IQR 130, 250 ml) in the N-ACC and 180 (IQR 143; 228

ml) in the placebo group (p = 0.67). The primary endpoint CIN

occurred in 14% in the N-ACC group and in 22% in the placebo

group (p = 0.12).

Conclusion: MRI can reliably measure the area at risk and

infarct size retrospectively and served as a surrogate endpoint in

this randomized clinical trial which showed that high-dose N-

ACC does not provide an additional clinical benefit to placebo

with respect to prevention of myocardial reperfusion injury and

CIN and in patients undergoing primary PCI.
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Introduction: Infarct size (IS) and presence of microvascular
obstruction (MO) assessed by delayed enhancement MRI are
associated with major adverse events in ST-elevation myocardial
infarction (STEMI). The time-to-reperfusion, electrocardio-
graphic and angiographic parameters are also of prognostic
relevance in STEMI patients. Predictors of IS and MO occurrence
have not been assessed so far.

Purpose: To assess predictors of IS and MO in a large
consecutive series of patients with STEML.

Methods: This study analyzed 358 consecutive STEMI patients
reperfused by primary percutaneous coronary intervention
within 12 hours after symptom onset. IS and MO were assessed
by delayed enhancement MRI as percentage of left ventricular
mass (%LV) 3.1 + 4.1 days after the index event. Reperfusion
times, 90 min ST-segment resolution, TIMI-flow grades pre and
post PCI, TIMI risk score and multiple clinical parameters such as
cardiovascular risk factors, Killip-class, and infarct location were
assessed.
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Results: In patients with pre PCl TIMI flow 0-1 IS was
significantly higher with 24 £ 14% versus |5 = 14% in TIMI-
flow 2-3 (p < 0.001). Similarly, the extent of MO occurrence
was affected by the pre PCl TIMI flow. The post PCI TIMI flow
had no significant effect on final IS and MO occurrence. In
patients with TIMI flow <3 IS was 28 + | 1% versus 20 + 2% in
TIMI-flow = 3 (p = 0.05). The ST-segment resolution correlated
inversely with final IS and presence of MO (IS r =-0.34,
p = 0.003; MO r =-0.31, p =0.004). Anterior Ml IS was
25 £ 16% (MO 7.8 + 9.8%) versus 17 = 12% (MO 3.8 + 4.7%)
in inferior Ml (p = 0.002 IS; p = 0.003 MO). According to sixtiles
of time-to-reperfusion, there was no interaction between time-
to-reperfusion and IS and extent of MO even when restricted to
patients with pre PCI TIMI flow 0—I. In a multivariable model the
strongest predictors of IS and MO were pre-PCl TIMI-flow,
infarct location, Killip class, and 90 minute ST-segment resolution
(p < 0.05 for all).

Conclusion: The pre-PCl TIMI flow, infarct location, Killip
class and ST-segment resolution are the strongest predictors of IS
and extent of MO. This may explain why these clinical,
angiographic and electrocardiographic measures are associated
with survival. In contrast to other studies the time-to-reperfu-
sion did not affect IS and MO, which might be a selection bias, as
patients with larger infarctions will be treated earlier.
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Introduction: To assess reperfusion therapy, it is necessary to
determine how much myocardium is salvaged by measuring the
final infarct size in relation to the initial myocardium at risk (MaR)
of the left ventricle (LV). T2 weighted MRI has recently been
shown to be able to identify MaR but has not been validated
against an independent method in humans.

Purpose: To validate myocardium at risk by T2 weighted MRI
(T2-STIR) over time, compared to perfusion SPECT in patients
with ST-elevation myocardial infarction (STEMI), and, to assess
the amount of salvaged myocardium after | week.

Methods: Sixteen patients with first-time STEMI received
9™Te tetrofosmin prior to primary percutaneous coronary
intervention and SPECT was performed within 4 hours to identify
MaR. MRI was performed on a |.5 T Siemens Vision (5 patients)
or Philips Intera. T2-STIR was at | day, | week, 6 weeks and
6 months. Image parameters for T2-STIR were: TE, 43 ms
(Siemens), or 100 ms (Philips); TR, 2 heart beats; NEX, 2; image
resolution, 1.5 X |.5 mm; slice thickness, 10 mm (Siemens) or 8
mm with a slice gap of 2 mm (Philips). At | week, patients were
injected with a gadolinium-based contrast agent for quantification
of infarct size on delayed contrast enhanced (DE) MRI. T2-STIR
and DE MR images were acquired in the short-axis view, covering
the left ventricle from the base to apex.

Results: MaR at occlusion on SPECT was 33 + 10% of the LV.
MaR on T2-STIR did not differ from SPECT, at day | (29 + 7%,
p = 0.74), or week | (31 £ 6%, p = 0.23) but declined at week 6

http:/jcmr-online.com/supplements/11/S1

Figure | (abstract 029)

SPECT

T2-STIR,MRI DE MRI

(10 £ 12%, p = 0.03 vs. | week) and month 6 (4 £ |1%, p = 0.02
vs. | week). The difference between SPECT and T2-STIR at
| week was —2.3 * 5.7%. Both modalities identified MaR in the
same perfusion territory and in concordance with coronary
angiography. Final infarct size was 8 + 7% and salvage was
75 = 19% of MaR. Figure I.

Conclusion: This is the first study to validate T2-STIR for
quantification of MaR against an independent method (SPECT) in
patients with acute ST-elevation myocardial infarction after
reperfusion therapy. The results demonstrate that T2-STIR
performed up to one week after reperfusion can accurately
determine myocardium at risk as it was before opening of the
occluded artery. The result of reperfusion therapy can therefore
be assessed clinically by calculating myocardial salvage as the
difference between myocardium at risk and final infarct size using
MR imaging.
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Background: Myocardial hemorrhage is a common complica-
tion following reperfusion of ST-segment-elevation acute myo-
cardial infarction (MI). Although its presence is clearly related to
infarct size, at present it is unknown whether post-reperfusion
hemorrhage affects left ventricular (LV) remodeling. Magnetic
resonance imaging (MRI) can be used to identify myocardial
infarction, myocardial hemorrhage and microvascular obstruc-
tion (MVO), as well as measure LV volumes, function and mass.
Methods and results: Ninety-eight patients (14 females,
84 males, mean age: 57.7 years) with M| reperfused with
percutaneous coronary intervention (PCl) were studied in the
first week and at 4 months after the event. T2-weighted MRI was
used to differentiate between hemorrhagic (i.e., hypo-intense
core) and non-hemorrhagic infarcts (i.e., hyper-intense core).
MVO and infarct size were determined on contrast-enhanced
MRI, while cine MRI was used to quantify LV volumes, mass and
function. Twenty-four patients (25%) presented with a hemor-
rhagic MI. In the acute phase, presence of myocardial hemor-
rhage was related to larger LV end-diastolic and end-systolic
volumes and infarct transmurality, lower LV ejection fraction as
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Table | (abstract O30) Results of multiple linear regression of
left ventricular remodeling

95% CI R?

Predictors of end point F value p value
Hemorrhagic Ml 0.15-0.31 0.17 20.19 <0.001
Infarct size at baseline 20.8-27.7 0.16 18.11 0.001
Microvascular obstruction  5.0-9.3 0.12 13.13 0.001
Maximum troponin | 91.9-142.6  0.10 10.75 0.001
Size of area at risk 37.0-46.5 0.09 9.12 0.003
LV mass at baseline 118.6-131.4 0.02 2.31 0.132
Percent MI transmurality 78.6-87.2 0.03 3.39 0.068
Infarct location 0.37-0.58 <0.01 0.41 0.892
Time to PCI 241.1-305.6 <0.01 0.02 0.874

well as lower systolic wall thickening in the infarcted myocardium
(all p-values < 0.001). Infarct size, size of area at risk and size of
MVO were significantly larger in patients with hermorrhagic MI.
At 4 months, a significant improvement in LV ejection fraction
in patients with non-hemorrhagic M|l was seen (baseline:
49.3 £7.9% vs. 4 months: 52.9 + 8.1%; p < 0.01). LV ejection
fraction did, however, not improve in patients with hemorrhagic
MI (baseline: 42.8 + 6.5% vs. 4 months: 41.9 + 8.5%; p = 0.68).
Multivariate analysis showed myocardial hemorrhage to be an
independent predictor of adverse LV remodeling at 4 months
(defined as an increase in LV end-systolic volume). This pattern
was independent of initial infarct size (See Table I).
Conclusion: Myocardial hemorrhage, the presence of which
can easily be detected with T2-weighted MRI, is a frequent
complication after successful myocardial reperfusion, and an
independent predictor of adverse LV remodeling regardless of
initial infarct size.
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Introduction: Evaluation of reversible dysfunction after acute
myocardial infarction (AMI) has important therapeutic and
prognostic implications. The role of impaired systolic function
for evaluation of functional recovery has been extensively
investigated. However, whether impaired regional diastolic
function after AMI also has predictive implications has not
been investigated so far in humans using magnetic resonance
imaging (MRI). Recently, Strain-Encoded (SENC) Imaging was
introduced as a new MR-technique to evaluate myocardial strain
and strain rate. SENC, compared to MR tagging, is a method that
does not suffer that much from diastolic fading. Therefore, SENC
is an ideal MR-method to determine not only regional systolic but
also regional diastolic function.

http:/jcmr-online.com/supplements/11/S1

Figure | (abstract O31)
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1208CC/s ¥

Colour coded SENC-image of a patient with transmural myocardial
infarction with corresponding strain-curve.

Purpose: To evaluate the predictive value of regional systolic
and diastolic function for improvement of regional myocardial
function in patients after AMI.

Methods: MRI (1.5 T, Achieva, Philips, the Netherlands) was
performed to 23 consecutive patients (mean age 57 + 10) 3 +
days after successfully reperfused ST-elevation-myocardial infarc-
tion and at a follow-up of 6 £2 month. 10 age-matched
volunteers served as controls. True cine sequences of 3 long-
axis views (2-,3- and 4-chamber) and a short-axis (SA) view
covering the ventricle from apex to basis were acquired using a
Steady State Free Precession (SSFP) sequence. After that, SENC
cine images were acquired on the same long-axis planes to
measure circumferential strains. Finally, using the same plane

Figure 2 (abstract O31)
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Receiver-operating characteristic (ROC) curve demonstrates that
diastolic strain rate assessed with Strain-Encoded Imaging is more
sensitive than peak systolic strain for prediction of functional recovery
(diastolic strain rate AUC 0.77 (0.67-0.86); peak systolic strain AUC 0.64
(0.53-0.74); p < 0.05).
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orientations, multislice contrast enhanced MRI (CE-MRI) with an
inversion-recovery (IR) sequence covering the whole ventricle
was conducted after injection of 0.2 mmol Magnevist® (Bayer,
Germany) and waiting for 10 minutes.

SENC-Data were analysed using a dedicated software (Diagno-
soft, Paolo Alto, CA, USA). Peak systolic circumferential strain
and early diastolic strain rate were measured at each segment in
a modified 17 segment model. Early-diastolic strain rate (ECC/s)
was defined as the slope over the duration from peak-systole to
mid-diastole.

Regional wall motion was evaluated at baseline and at follow-up
semi-quantitatively from the SSFP cine sequences by consensus
reading of two blinded observers as normokinetic, hypokinetic
or akinetic to evaluate functional recovery. CE-MR images were
analyzed to quantify the size and transmurality of the scared
myocardium using a regular workstation (EWS, Philips, the
Netherlands).

Results: 276 segments were analyzed. In 6 segments (2,2%)
image quality did not allow adequate data analysis of SENC-
images. 157 segments showed normal resting function and
119 segments showed wall motion abnormalities at baseline.
44 segments showed functional recovery at follow, 75 segments
did not recover.

Peak systolic circumferential strain in healthy volunteers was
—22 + 3%, early diastolic strain rate was calculated with
122.3 + 36 E/s.

Peak systolic strain values and early diastolic strain rate (figure I)
were significantly different in segments showing functional
recovery and in segments without functional recovery (peak
systolic strain — 10 = 1% versus 6 £ 1%, p < 0.01; early diastolic
strain rate 75 + 6 E../s versus 38 + 5 E. /s, p < 0.01).

Diastolic strain rate was more sensitive for prediction of
functional recovery than peak systolic strain (figure 2).
Interestingly, peak systolic strain and diastolic strain rate were
even more impaired in segments showing microvascular
obstruction compared to transmural infarcted segments without
microvascular obstruction (p < 0.05 for both).

Conclusion: SENC allows mechanical characterization of
regional myocardial injury. Diastolic function assessed with
SENC is more precise in predicting functional recovery after
AMI than peak systolic strain.
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Introduction: Occlusion of a coronary artery leads to
myocardial tissue edema in the vascular bed downstream of
the vessel. The extent of hyperintense edema on T2-weighted
images allows the area at risk (AAR) from ischemic injury to be
retrospectively determined. However, reperfusion of severely

http:/jcmr-online.com/supplements/11/S1

Figure | (abstract O32)

(A) T2* map acquired 2 days post-PCl. Pixels with a T2* < 20 ms are
shown in red and demonstrate the region of post-reperfusion
hemorrhage (arrow). Susceptibility artifact (arrowhead). (B) The
hemorrhage corresponds to the area of MVO (red contour) shown on
the early enhancement image. (C) Myocardial necrosis (red contour), and
residual MVO (black core), is shown on the late enhancement image.

ischemic myocardium also leads to interstitial hemorrhage and
this may be an important marker for irreversible microvascular
damage.

Purpose: We assessed the feasibility of using T2* mapping to
quantify regions of myocardial hemorrhage following percuta-
neous primary coronary intervention (PPCI) for acute myocar-
dial infarction. We also hypothesized that myocardial
hemorrhage would lead to an underestimate of the AAR on
T2-weighted imaging using conventional signal threshold criteria.
Methods: Fifteen patients who had recently undergone PPCI
within the previous 7 days were imaged. Left ventricular function
was assessed with conventional cine sequences. Myocardial
edema was imaged with a T2-weighted STIR sequence.
Myocardial haemorrhage was imaged with a black-blood
multiecho T2* sequence using navigator respiratory-gating.
Microvascular obstruction (MVO) and late enhancement were
imaged at | minute and |5 minute delays respectively using a
3 dimensional inversion-recovery sequence.

The area of myocardial edema on the T2 STIR images was
measured with a boundary detection tool. This was compared to
a conventional signal intensity threshold method using 2, 3 and
5 standard deviations (sd) above the mean of remote normal
myocardium. A salvage index was calculated as the proportion of
the AAR that did not show late enhancement. T2*-mapping of

Figure 2 (abstract O32)

Edge detection

T2-STIR images in the same patient as in Figure |. Boundary detection
identifies the myocardial edema (green line) which represents the AAR.
The AAR determined at each signal threshold is shown in red. At low
thresholds non-specific signal noise results in bright pixels in non-
ischemic territories causing an overestimation of the AAR. At higher
thresholds the signal from the myocardial edema is masked by the
presence of hemorrhage in the core of the infarct (arrow) and leads to an
underestimation of the AAR.
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the left ventricle was performed using a threshold of 20 ms to
define the presence of hemorrhage.

Results: The mean area of hemorrhage was 5.0% at the level of
the infarct. There was a close correlation between hemorrhage
and the MVO (r* = 0.75, p < 0.01) and infarct volumes (r* = 0.76,
p < 0.01) (Figure I). When = 5% hemorrhage is present the AAR
was underestimated by 50% at a 5 standard deviation threshold
compared to a boundary detection tool (21.8% vs 44.0%,
p < 0.05) (Figure 2). Estimation of myocardial salvage at 3 sd
and 5 sd signal thresholds becomes unreliable in hemorrhagic
infarcts as the apparent AAR becomes smaller than the actual
infarct size.

Discussion: Our findings demonstrate the feasibility of using
T2* mapping to quantify myocardial hemorrhage following infarct
reperfusion. Hemorrhage is frequently observed and is asso-
ciated with large infarcts where MVO is present and is an
indicator of poor myocardial salvage. Hemorrhage in the core of
the infarct causes signal loss on T2-weighted imaging and
boundary-detection is required to reliably assess the AAR.
Conclusion: Studies using CMR to determine the AAR and
myocardial salvage should use boundary detection methods for
quantification as arbitrary signal thresholds are unreliable when
hemorrhage is present. Post-reperfusion hemorrhage can be
assessed with T2*-mapping and may provide an imaging marker
of poor myocardial salvage.
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Introduction: An ongoing diagnostic challenge exists in reliably
differentiating non-salvageable, acutely infarcted myocardium
from surrounding stunned, yet viable, myocardium that defines
the area at risk. T2w cardiac magnetic resonance (CMR) imaging
has previously been used to image the edema characterizing the
area-at-risk region in post myocardial infarcted (MI) canine,
porcine and human hearts. Similar techniques would be valuable
in basic research studies of Ml in mice, where they might be used
jointly with gadolinium delayed enhancement (DE) imaging to
non-invasively define infarct size as “% area-at-risk” in transgenic/
knock-out mice. However, the rapid murine heart rate presents
challenges to T2w CMR application in mice. The typical T2w
echo time of 40-60 ms needed for the detection of edema
occupies a significant portion of the murine cardiac cycle (100—
120 ms) with significant periods of blood flow and cardiac
motion.

Purpose: Develop an effective T2w CMR sequence for mice
that exhibits high immunity to flow and tissue motion artifacts
while maintaining sufficient and consistent signal-to-noise (SNR)
and contrast-to-noise (CNR) performance.

Methods: We developed two T2w sequences for murine CMR:
a flow and motion desensitized spin-echo (SE) sequence and a T2
preparation (T2prep) sequence. The SE sequence employed a
slice-selective excitation RF pulse and a thicker slice-selective
refocusing RF pulse, and applied readout and phase encoding

http:/jcmr-online.com/supplements/11/S1

Figure | (abstract O33)
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Gd-enhanced mid-ventricular image of the mouse heart | day after MI,
showing enhanced infarct region (A) with corresponding thresholded
infarct region (D). Same slice T2w spin echo image (B) with
corresponding thresholded edema (E). Same slice T2w T2prep image
(C) with corresponding thresholded edema (F). Comparison of detected
infarct and edema region areas over Days | through 4 post-Ml for each
imaging method.

gradients after the refocusing pulse. The T2prep sequence
employed non-selective MLEV-weighted composite RF pulses
followed by a standard slice-selective gradient-echo readout.
Each sequence was applied on an isoflurane-anesthetized mouse
on Days | through 4 after reperfused Ml induced by 60 min
coronary occlusion, as described previously. Parameters for both
sequences included TR = I500 ms, TE = 40-60 ms, FOV =
25 x 25 mm, slice thickness = | mm, matrix = 128 % 128 and
BW = 520 Hz/pixel. In addition, gadolinium-DTPA DE CMR was
performed each day to define infarct location. All scans of each
sequence were performed consecutively at four identical
contiguous slice positions from mid-ventricular toward the
apex. All scans were performed on a 7 T Bruker/Siemens
ClinScan.

Results: Panels A through C (Fig. |) show example sets of
Gd-DTPA DE, T2w SE and T2w T2prep images (respectively)
from the same LV slice position at Day | post-MIl. Panels D
through F show the respective hyperintense regions identified by
threshold analysis performed after manual segmentation of the
left ventricular (LV) myocardium. Threshold analysis for all
images selected any pixels within the segmented myocardium
with >2 standard deviation magnitude than a myocardial image
sample chosen remote from the infarct area. Panel G tracks and
compares the detected infarct and edema region areas over
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Days | through 4 post-MI for each imaging method. Both T2w
sequences detected regions of edema that corresponded to or
surrounded the infarct as determined by DE CMR. The T2w SE
sequence gave a consistently higher SNR of 104 £ 6 (mean *
SEM) and CNR of 52 + 3 over the T2prep SNR of 68 + 4 and
CNR of 34 * 2, where CNR was measured between remote and
threshold-selected myocardium. However, the SE sequence had a
higher occurrence of flow and motion artifacts that degraded the
consistency and accuracy of threshold selection.

Conclusion: As shown (panel G), the T2prep yielded a
consistently higher edema area percentage of 48.2 + 2.5
compared to the infarct area percentage of 41.6 + 1.8, which
correlates well with previous canine and human studies. Mean-
while, the SE gave a slightly lower mean with higher variance
edema area percentage of 47.0 + 4.2 that was attributed to flow
and motion artifacts. To our knowledge, this is the first study to
demonstrate the feasibility of performing T2w CMR edema
imaging in mice, which opens a variety of potential basic research
applications investigating the role of individual genes in acute and
chronic settings post-MI.
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Background: First-pass myocardial perfusion assessment using
dynamic contrast enhanced MRI (DCE-MRI) is still one of the

Figure | (abstract O34)
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Table | (abstract O34) DCE-MRI sequence parameters

Saturation recovery pre-pulse delay 150 ms

TFE readout TR/TE/¢ = 3.6/1.7/15°
k-t acceleration factor 8

Image matrix 192 x 187

most challenging CMR applications. Image quality, spatial and
temporal resolution are limited by the need to acquire multiple
slices as single shot acquisitions within a single heart beat, as
the process of interest is transient and very rapid, especially
under pharmacologically induced stress hyperaemia. This is
why accelerated acquisition methods, such as k-t BLAST [I],
could provide a significant improvement in the assessment of
myocardial perfusion by CMR.

An optimised DCE-MRI sequence with eight-fold k-t BLAST
acceleration was shown to provide a significant improvement in
spatial resolution without loss of image quality[2], making these
datasets very suitable for parametric mapping.

Objective: To investigate the ability of eight-fold k-t BLAST
accelerated stress perfusion DCE-MRI combined with a rapid
parametric mapping algorithm to detect regions of ischaemia in a
pilot cohort of patients with suspected coronary heart disease
(CHD).

Methods: The regional ethics review board’s permission was
obtained and ten patients (9 male) were recruited into this study
(age range 46-69, mean 59). First-pass stress myocardial
perfusion DCE-MRI was performed on a whole body .5 T MR
scanner (Gyroscan Intera CV, Philips Medical Systems) with
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