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223. A Technique for Automated Registration of Cardiac
T, Images

Sandeep Gupta,' Daniel Herzka,? Garth Beache.? \GE Medical
Systems, 600 N. Wolfe Street, Baltimore, Maryland, United
States; *Johns Hopkins University, Medical Imaging
Laboratory, Baltimore, Maryland, United States; 3Universil‘y of
Maryland at Baltimore, 22 South Greene Street, Baltimore,
Maryland, United States

Introduction: Blood oxygenation level dependent (BOLD) MRI
has recently been applied to the human heart as a means of
assessing perfusion reserve, without the administration of
extrinsic contrast agents [1-3]. In this technique, the change in
the relaxation-time T5 under administration of a pharmacological
stress agent such as dipyridamole is measured and can be shown to
be proportional to changes in blood flow and O, delivery.

Purpose: In order to accurately measure T5 changes and
quantify physiological parameters, it is important that the T
parametric images under baseline and stress epochs be
corrected for motion by spatial registration prior to analysis.
Automatic registration of these images is hampered by the poor
signal-to-noise ratio (SNR) typically characteristic of those
images. In this work, we present a novel method for registering
the relaxation-time images by using higher SNR extrapolated
proton-density-weighted images. We compare this registration
scheme with direct registration of T, images.

Methods: Acquisition: A subset of the data reported in [3]
was used for this study. Briefly, five healthy subjects were
scanned on a Signa 1.5T GE system. A set of nine images
with TE values between 2 and 26 ms was acquired in one
breathhold using a gated, spoiled gradient-echo sequence. Key
imaging parameters were: TR =28ms, flip angle = 30°,
BW = =+ 62.5kHz, matrix 256 X 120, FOV =40cm by
40 cm, slice thickness = 10 mm. Baseline images were repeated
approximately seven times to establish reproducibility. Dipyr-
idamole was then administered peripherally (0.56 mg/kg total,
over 4 min). Stress images were repeatedly acquired approxi-
mately every minute for twenty minutes. This constituted a T
temporal dataset over baseline and stress epochs.

Analysis: The nine TE images were combined to derive T,
images using a pixel-wise linear fit to a logarithmic plot of the MRI

85

signal as a function of TE. Corresponding to each T5 image, we
also calculated an extrapolated TE = 0 ms image. We denote this
computed proton-density-weighted image as the Ay image. The
estimated Ay value for each pixel was determined by taking the
exponent of the y-intercept of a line fitted to the logarithm of the
individual pixel values at each TE. All pixels with correlation
coefficients (R) less than 0.95 were discarded to minimize artifacts.

Registration of the time-series was done using a fast, fully
automated algorithm based on cross-correlation of geometric
invariants [4]. The accuracy of the registration was quantified
by measuring the motion of the anterior right-ventricular (RV)
insertion point in each image of the registered T series. We
compare the accuracy of directly registering the T, images with
that of first registering the Post—processed Ag images and then
copying the result to the T, images. For comparison purposes,
we also report the results of registration using the acquired
shortest TE value (TE,) image. Finally, we measured the SNR
in a representative T5 image, Ao image, and TE, image for each
subject and report the results.

Results: The methods were validated on five healthy
subjects. Typical SNR of the underlying TE images used to
generate T, maps ranged from approximately 40, for the
shortest echo-time, to 10, for the longest echo-time. The mean
SNR (of the five subjects) of the estimated T images was 4, and
of the synthesized A, images was 139. A comparison of motion
reduction due to registration using T5 images, Ay images, and
TE, images is shown in Table 1 below.

For each subject, the mean motion of the RV insertion point,
characterizing the motion of a given image, in the T time-series is
reported in pixel units for the unregistered images and for each of
the three registration schemes. The numbers in parenthesis denote
the maximum (worst-case) motion in pixel units between image
pairs. It can be seen that for all subjects, registration using the
higher SNR A, images yields the best motion correction. In cases
where motion in the unregistered images is large, this technique
outperforms both the other methods of registration. TE,
registration yields acceptable results in cases of small motion.
T, image registration is the least accurate because of the poor SNR
and artifacts present in the maps.

Conclusion: In the present work, we have demonstrated that
automatic registration of the higher SNR A, images leads to
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Table |
Comparison of Registration Methods
Motion Motion Motion Motion
in Unreg. After After After
Images Ao reg. TE, reg. T reg.
Subj. 1 2 (6) 1(2) 2(2) 2 (3)
Sub;j. 2 1(2) 0 0(l) 1(2)
Subj. 3 2(3) 1(2) 1(2) 2(3)
Subj. 4 34 1(2) 2 (2) 2(3)
Subj. 5 1(1) 01 0 1(1)

greater motion reduction than that resulting from directly
registering the T5 images, or the TE, images. Thus, an approach
to improved registration of T5 images which we have employed
in our studies consists of first registering the synthesized Aq
dataset, and then using this as a template to register the
associated T, dataset. External standards will be required to
determine whether these differences in registration affect the
determination of derived physiological parameters.
Supported by KO1 HLL03837.
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224. Submillimeter Coronary MR Imaging Using
Prospective Variable-Density Adaptive Averaging

Marshall Sussman,’ Graham Wright." 'Sunnybrook and
Women’s College Health Science Centre, University of
Toronto, Research Building, S612, Toronto, Ontario, Canada

Introduction: High-resolution MR coronary imaging requires
accurate compensation for cardiac and respiratory motion and
distortion. Conventional compensation schemes can be
adversely affected by a reliance on indirect measures of
coronary motion (e.g. diaphragm position, ECG waveforms,
etc.) as well as a complete neglect of anatomical distortion. In
the variable-density (VD) adaptive averaging technique’*2,
high-resolution images are acquired with motion and distortion
information provided directly and continuously from non-
aliased, low-resolution real-time images of the coronary
anatomy. Previously, this technique has been used to acquire
medium-resolution (~1 mm) retrospectively-corrected coron-
ary images. In this study, submillimeter prospectively-guided
coronary images were acquired. Results were compared to
conventional breath-hold spiral images.

Purpose: In the VD adaptive averaging technique, high-
resolution images are generated from n, VD-spiral interleaves.
The inner high-density part of the VD-spiral, in addition to
contributing to the high-resolution image, can also used to
generate non-aliased, low-resolution images after every n;
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ni, no: 1,1 22 13 2.32

Figure 1. VD-spiral with n;=2 and n,=32. After 32
interleaves, a high resolution image is acquired. After every 2
interleaves, a low resolution image can be formed from the
high-density inner spiral.

interleaves (n; < n,) (Fig. 1). If n; is small, images can be
generated in real time. From these images, periods of coronary
motion and distortion quiescence can be identified directly.
This is accomplished using the correlation coefficient (CC)
template matching algorithm®. In this algorithm, CC values are
calculated between each inner spiral image and a template
obtained from a previously acquired image containing the
coronary artery of interest. The larger the CC value, the greater
the similarity between the image and template. This
information is used (in real-time) to prospectively reacquire
data with the most distortion (i.e. the lowest CC value). As the
scan progresses, overall data quality improves since the relative
distortion continually decreases. Data acquisition ceases when
the CC values reach a steady state. Images are reconstructed
after the removal of any displacement.

Methods: Tmages of coronary arteries were acquired
using VD-spirals with n; =4 (2.9 mm), n, =20 (0.78 mm)
and 4 NEX. TR was 40ms (— inner spiral temporal
resolution = 160 ms). Plethysmograph waveforms were mon-
itored, but not used for cardiac triggering. For comparison,
16-interleaf cardiac-triggered breath-hold spiral images
(0.78 mm) were also acquired.

Results: The motion compensation capabilities of the VD-
technique can be observed by comparing a real-time inner to a
full spiral image (Fig. 2). The full image, acquired over
multiple cardiac and respiratory cycles, has significantly
improved resolution without any obvious artifact relative to
the “instantaneously” acquired inner spiral image. Despite the
higher-resolution of the full spiral image, it’s longer acquisition
time provides a comparable SNR to the inner spiral image. A
further demonstration of the technique’s motion compensation
capabilities is provided by comparing a VD- to a breath-hold
spiral image (Figs. 3a, b). In the VD-image, a significant
improvement in edge sharpness and vessel conspicuity is

Figure 2.

(a) Inner and (b) full spiral images of the coronary.
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Figure 3. (2)VD- and (b) breath-hold spiral RCA images. (c)

Mean cardiac trigger time and (d) mean and standard deviation
of the CC values vs. scan time for the VD acquisition.

observed. In this case, the VD-technique is therefore better at
identifying periods of distortion quiescence than a combination
of cardiac triggering and breath-holding. The nature of the data
selected by the CC algorithm can be inferred by analyzing the
time between data acquisition and the cardiac trigger of each
interleaf in the full image (Fig. 3c). For the majority of time
towards steady state, the variability in trigger times among the
VD-interleaves is =50ms—roughly the temporal resolution of
the scan. This suggests that the approach to steady state
involves fine-tuning the exact data acquisition time within the
temporal limits of the scan. The acquisition time for the VD-
scan was longer than the breath-hold scan (1 min/NEX vs.
~20s). SNR efficiency was also lower due to the much shorter
TR of the VD-scan (40ms vs. 1 heartbeat). However, given the
very gradual approach to steady state (Fig. 3d), it may be
possible to decrease scan time significantly at the cost of only a
small decrease in data quality.

CAL5Smm

CAIL10mm
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Conclusion: The prospective VD adaptive averaging
technique is capable of providing submillimeter coronary
images. Due to the use of direct coronary visualization, it’s
motion compensation capabilities may be superior to
conventional triggering/breath-hold methods. The technique’s
SNR efficiency, which is presently somewhat low, may be
improved with only minor modifications to the algorithm.

Support by the Heart and Stroke Foundation of Canada,
Canadian Institutes of Health Research
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225. Combination of Breath-Holding and Free-Breathing
Navigator-Gated 3D Coronary MRA

Michael Huber,' Markus Oelhafen,' Sebastian Kozerke,'
Oliver Weber,' Peter Boesiger.! University and ETH Zurich,
Inst. of Biomedical Engineering, Zurich, Switzerland

Introduction: In coronary magnetic resonance angiography
(MRA) three-dimensional acquisition techniques offer superior
signal-to-noise-ratio (SNR), thin adjacent slices and the ability
to post-process the data. As a consequence of the increased
amount of data, the acquisition has to be split either into
multiple breath-holds™? or it can be measured with navigator
gating during free-breathing >4 The multiple breath-hold
approach however requires patient collaboration and has the
problem of reproducibility of the breath-hold level. On the
other hand the free-breathing navigator-gated scan is prolonged
due to the limited acceptance rate of the breathing positions. To
reduce scan time, the gating window has to be enlarged.
However, the ratio between profiles measured close to the ideal
end-expiratory position and profiles acquired during larger
diaphragmatic displacements decreases with increasing size of
the navigator window.

Purpose: In the present work a free-breathing navigator-gated
3D coronary MRA is extended with the application of an initial

Brhid 10mm

Figure 1. Reformatted RCA images, obtained in three scans in a healthy volunteer. A) conventional free-breathing navigator-gated,
Smm gating window B) conventional free-breathing navigator-gated, 10mm gating window C) single breath-hold extended free-

breathing navigator-gated, 10mm gating window.
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Table 1
Image Quality Parameters
CAILSmm CAI_10mm  Brhid_10mm
SNR 13230 132+26 16.7 £ 2.4
CNR 7.6 +23 6919 74 £12
Vessel sharpness (%) 54.6 49 475*46 46.1 £ 43

single breath-hold, prior to the free-breathing data acquisition
phase. This may enable the acquisition of the most central k-space
part during minimal diaphragmatic displacement.

Methods: In conventional coronary 3D scans the k-space data
for each (kxky)-plane is acquired separately, ie., kz is kept
constant until an entire (kx,ky)-plane is acquired. Concept of our
approach is the acquisition of the most relevant k-space
information during an initial single breath-hold at the beginning
of the scan. This necessitates that k-space is no longer filled plane
by plane but moreover includes simultaneous variation of both ky
and kz® according to a predefined central profile read order.

Eight healthy adult subjects were examined on a
commercial 1.5T Philips Gyroscan ACS-NT system equipped
with PowerTrak 6000 gradients (21mT/m, 200msec rise time)
and a five-element cardiac synergy coil. The central k-space
acquisition scheme was implemented for a navigator-gated and
prospectively corrected 3D TFE sequence with T2 preparation
and fat suppression®. The FOV was 360mm X 270mm and
512 x 268 data points were sampled using partial Fourier
sampling. 10 slices were acquired and interpolated to 20 slices
of 1.5mm thickness using zero filling in k-space. TE was
2.1 ms, TR 7.6ms and a = 30°. For each volunteer three high-
resolution free-breathing scans were performed with following
additional parameters: A) A 5mm navigator window using
conventional k-space acquisition (CAI_5Smm). B) A 10mm
navigator window using a conventional k-space acquisition
order (CAI_10mm). C) A 10mm navigator window using the
new proposed central k-space acquisition order combined with
an initial breath-hold of 15 cardiac cycles (Brhld_10mm).

For an objective comparison of the resulting images, SNR,
CNR and the vessel sharpness of the right coronary artery
(RCA) were measured.

Results: An increase of SNR by 26% could be achieved with
the single breath-hold extended free-breathing scan when
compared to the conventionally acquired scans (Tab. 1). No
difference however was found for the CNR values of the three
methods applied. As expected, the vessel sharpness of the Smm
navigator gated acquisition was approximately 15% higher
when compared with the 10mm navigator gated acquisitions.
No difference of the vessel sharpness was observed between the
scans with the increased 10mm navigator window.

Conclusion: The application of a single initial breath-hold at
the beginning of free-breathing navigator-gated and corrected
coronary MRA enables for the acquisition of relevant k-space
data during minimal respiratory motion. Combined with a
central 3D k-space filling order an increase of SNR could be
achieved. Since the signal from the myocardial muscle was
similarly enhanced as the signal from the arterial blood, no
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difference in CNR was found. As expected, the enlarged gating
window had a negative impact on the sharpness of the RCA.
However, the presented method may be a valuable technique
for contrast enhanced first-pass angiography. During the initial
breath-hold period most important k-space information could
be acquired at high T1-relaxation of the blood, while remaining
k-space data could be measured during the subsequent post-
bolus phase at free-breathing.

226. Identification of Patent Foramen Ovale Using MRI

David Bolon,1 Zoran Lasic,l Robert Sommer,l Martin Leon,l
Cindy Comeau,! Sylvain Milet,? Paul Licato,” Dusan
Knezevic,' Vladamir Ilic,' Steven Wolff." ' Lenox Hill
Hospital, 100 E 77 St, New York, NY, USA; *Advanced
Cardiovascular Imaging, 62 e 88 st, New York, NY, USA

Introduction: Blood clots traversing a patent foramen ovale (PFO)
are an important cardiac source of arterial emboli. Identifying a
PFOQ is potentially quite difficult because the amount of shunted
blood is small (typically less than 1 ml), the shunt is transient, and
the shunt must be evoked by physiologic maneuvers (e.g.
Valsalva). The diagnosis is typically made by transesophageal
echocardiography (TEE) by visualizing echo-contrast (agitated
saline) pass from the right atrium (RA) to the left atrium (LA)
through the PFO. Valsalva maneuver, timed to RA opacification,
increases he sensitivity of TEE by causing transient elevation of
RA pressure and increasing right-to-left shunting of contrast.

Purpose: To develop a less invasive protocol that uses MRI
to assess for a PFO.

Methods: All subjects were imaged in accordance with IRB
approval. Six subjects had known PFO documented by
echocardiography and no evidence of right heart enlargement
to suggest the presence of a significant left-to-right shunt. Each
subject received an intravenous bolus of gadolinium contrast
(Optimark: 10—-20 ml at 3 ml/s).

Two different pulse sequences were investigated. The first
sequence was an EPI sequence (FGRET) commonly used for
perfusion imaging. A 900 notched saturation pulse was used for
T1-weighting. Images were acquired without gating in order to
attain the highest temporal resolution. Imaging parameters
were: TR/TE = 6.9/1.3ms; FOV = 36 X 36cm; matrix
128 X 96, slice thickness = 10-20mm, and 1 NEX. With
these parameters, two slice locations were acquired in an
interleaved fashion at a rate of 4 frames/sec for each slice
location. Patients were instructed to release Valsalva 5-
7 seconds after the contrast injection started. This was the
anticipated timing of contrast arrival in the right atrium.

The second pulse sequence was an ungated gradient echo
sequence that used a nonselective inversion pulse for TI
weighting. Imaging parameters were: TR/TE/TI = 3.4/1.4/50
ms, FOV =48 X36cm; matrix 64-96X96, slice
thickness = 20 mm, and 0.5 NEX. Images from a single slice
location were reconstructed in real-time at a rate of 4
frames/sec. When the operator visualized contrast in the right
atrium, patients were instructed to release Valsalva.

To assess each sequence for its ability to detect signal from a
PFO shunt and suppress signal from flowing blood, the PFO
enhancement factor (PEF) was determined as follows:

PEF = (Peak LA Shunt Signal — Mean LA Signal pre-
contrast)/Std. Dev. of LA Signal pre-contrast
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Figure 1.
A similar parameter that was also assessed was the left atrial Clinicians performing TEE often attempt multiple injections
enhancement factor (LAEF), which was determined as follows: of contrast when seeking to identify a PFO, due to the necessity
LAEF = (Peak LA Signal post-contrast — Mean LA Signal of good patient cooperation with the timing of the Valsalva to
pre-contrast)/Std. Dev. of LA Signal pre-contrast. the arrival of contrast in the right atrium. Therefore, we also
An advantage of the LAEF is that it is not influenced by the assessed the effectiveness of the puise sequences with a second
size of the PFO. contrast injection, delivered 5—10 min. after the first.
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Figure 2.
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Results: The FGRET sequence was successful in identifying
a PFO in 2/4 patients. The real-time sequence identified PFO in
2/2 patients. Subjectively, the real-time sequence appears better
for detecting PFOs. Objectively, it had 4-5 fold higher LAEF
(1093 £ 528 vs. 256 * 157) and PEF 264 = 115 vs. 51 % 30).
The increased sensitivity of the real-time sequence persisted
when a second injection was used: LAEF 590 * 315 for real-
time vs. 150 * 47 for perfusion.

Figure 1 shows selected 4-chamber views using the real-
time sequence: Image #1 shows contrast in the right atrium and
right ventricle. Image #2 shows transient contrast in the left
atrium. Image #3 shows the shunted contrast in the left atrium
has dissipated. Image #4 shows contrast from the pulmonary
veins entering the left atrium and left ventricle. The graph to the
right shows atrial signal intensity as a function of time. The
graph clearly shows transient early enhancement of the left
atrium, which is not seen in a normal volunteer (Figure 2).

Conclusion: PFO can be detected with MRI. The real-time
sequence appears superior to the FGRET sequence for detecting
PFO. An added advantage of the real-time sequence is that
more precise timing of Valsalva release can be utilized because
the arrival of contrast in the right atrium can be directly
visualized during image acquisition.

227. Quantitative Coronary Analysis and Visualization
Based on Three Dimensional Coronary Magnetic
Resonance Angiography

Alex Etienne,1 Peter Boesiger,2 Warren Manning,3 Eike
Nagel,4 René Botnar,” Matthias Stuber.’ 'ETH Zurich, Chemin
de la Tour Ronde 5, Saint-Légier, Vaud, Switzerland;
2University and ETH Zurich, Gloriastrasse 35, Zurich,
Switzerland; *Harvard University, Division of Cardiology\ES-
406\330 Brookline Avenue, Boston, MA, United States;
*German Heart Institute Berlin, Augustenburger Platz 1,
Berlin, Germany; Beth Israel Deaconess Medical Center, 330
Brookline Ave, Boston, Massachusetts, United States

Introduction: Current state-of-the-art magnetic resonance
angiography (MRA) acquisition schemes enable the three-
dimensional (3D) assessment of the coronary arterial tree.
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Hereby, endogenous (T2Prep, MTC, dual-inversion) and
exogenous (extracellular contrast agents, blood-pool agents)
contrast enhancement mechanisms together with multiple
motion suppression strategies (breath-holding, prospective and
retrospective navigators, mid-diastolic and late-diastolic image
acquisition etc.) are currently under investigation in patient and
healthy subject studies. For an objective, quantitative
comparison between such coronary MRA techniques, and to
allow for visualization and quantitative definition of lumen
narrowing disease, the availability of a comprehensive coronary
MRA visualization and analysis package would be desirable.

Purpose: To develop a comprehensive coronary vessel
analysis package which facilitates visualization of the coronary
anatomy and which allows for an objective, quantitative
analysis of coronary MRA data.

Methods: For the visualization of 3D coronary MRA data,
the user manually identifies a series of points on the coronary
tree. Hereby, three orthogonal views (in three different
viewports) of the 3D data-set facilitate the identification of
the major coronary segments. The user can freely navigate in
the 3D data-set and specific points on the coronary anatomy are
identified per interactive mouse-click. The user-defined points
are subsequently considered as members of the coronary artery
tree, and prescribe a locally deformed surface which fits all the
user-defined coronary points. After triangulation of this locally
deformed surface, a parallel projection leads to the final, planar,
reformatted image. Hereby, a maximum intensity projection is
performed and a thickness of the volume in which maximum
intensity projection is performed can be defined by the user. For
an objective comparison between different acquisition
schemes, it is possible to store the user-selected data points
and re-load them for another MR data-set acquired in the same
subject. Upon completion of the definition of the coronary tree,
length measurements can be performed on the reformatted,
planar representation of the coronary anatomy. Hereby, the
user-specified 3D data points are utilized for true 3D length
assessment. To further facilitate objective quantitative image
analysis, a previously described vessel tracking algorithm
together with vessel diameter measurements and the determi-
nation of the vessel sharpness along the vessels are included (1).
For local vessel sharpness definition and to determine the local

Figure 1.

Reformatted 3D coronary MRA data of a right (A) and left (B) coronary arterial system.
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Figure 2.
technique (B).

vessel diameter, a Deriche image, based on a first order
derivative of the reformatted image (2) is calculated by the
software. Contrast-to-noise ratio (CNR) and signal-to-noise
ratio (SNR) are assessed based on user-specified regions of
interest (ROI) in the background of the image, in the
myocardium, and in the blood-pool. To enable objective
comparison between two scanning methods, these ROIs can be
stored and re-loaded if needed. For further processing of the
quantitative data including vessel diameter, vessel sharpness,
vessel length, SNR and CNR, numerical values are written into
an ASCII file. For visualization purposes, the reformatted
images can be stored as a TIFF, JPEG or GIF format. The
software was implemented on a commercial 1.4MHz Pentium 4
PC under Windows2000 and IDL 5.2 (Interactive Data
Language, Research Systems Incorporated, Boulder, CO).
Results: The presented tool facilitates visualization of the
coronary anatomy in a single image (Figures 1 & 2).
Reformatted images obtained using a previously described 3D
coronary MRA acquisition technique (3) are shown in Figure 1.
A 14cm segment of a right coronary artery (RCA) is displayed
together with the left coronary circumflex (LCX) (Figure 1A).
A simultaneous visualization of multiple coronary segments of
a left and right coronary arterial system is seen in Figure 1B,
where a proximal portion of the RCA is displayed along with
the left main (LM), the left anterior descending (LAD), the
LCX and multiple branching vessels. Example reformatted
coronary MRA obtained with a blood-pool agent (B-22956,
Bracco Imaging SpA, Milan, Italy) are displayed (Figure 2A)
together with a more conventional T2Prep acquisition (Figure
2B) acquired in the same subject. Numerical analysis
performed for the LAD showed an average 2.6mm vessel
diameter with T2Prep (vs. 2.7mm with contrast agent), a
11.5cm contiguous length of the LAD (vs. 11.7 with contrast
agent), a vessel sharpness of 0.5 (vs. 0.6 with contrast agent)
and a SNR/CNR of 32/19 (vs. 37/44 with contrast agent).
Conclusion: The present coronary analysis tool enables the
visualization and the documentation of coronary MRA data
while simultaneous display of multiple coronary vessels is
feasible. It further facilitates quantitative coronary analysis and
therefore appears to be well suited for objective, quantitative
comparisons between different scanning techniques. The utility
for quantitative coronary analysis and grading of stenosis

Reformatted left coronary system acquired with a blood-pool agent B-22956 (A) and a conventional T2Prep imaging

remains to be investigated in patients with x-ray defined
coronary artery disease.

228. Infarct Imaging Using Free-Breathing Navigated
Inversion Recovery

James Moon,' Jennifer Keegan,? Peter Gatehouse,' Christine
Lorenz,> Dudley Pennell.* 1Royal Brompton Hospital, Royal
Brompton Hospital, London, England, United Kingdom; Royal
Brompton Heart & Lung Hospital, Magnetic Resonance Unit,
London, England, UK; “Washington University in St. Louis,
CMR Unit, London, England, United Kingdom,; *Royal
Brompton and Harefield NHS Trust, Sydney Street, London,
England, United Kingdom

Introduction: Segmented inversion-recovery (IR) after gadoli-
nium results in high contrast images. The limits of image
quality during breath-hold are defined by a number of factors.
Sequence factors include the need to image as near as possible
to zero crossing (null point) of normal myocardium, but a long
read-out (typically 23 lines, TE 4 ms) puts the edges of k-space
significantly off null; the effect of the imaging RF pulses on the
contrast between infarct and normal myocardium and low SNR
with smaller voxels. Patient factors may include poor breath-
hold ability and arrhythmia.

Purpose: To develop a free-breathing, navigated IR
sequence to aid imaging patients where conventional IR is
unsatisfactory and potentially to improve on conventional
image quality.

Methods: A free-breathing, navigator-gated segmented IR
sequence was implemented on a Siemens Sonata system. The
navigator consisted of orthogonal 90 and 180 RF pulses on the
right hemi-diaphragm. The total time of the navigator was
90 ms, including a 30 ms gap before read-out. The segmented
IR sequence used allows adjustment of TE, the read-out flip
angle, segmentation and voxel size. 10 patients were studied; 4
with acute myocardial infarction, 2 post Hypertrophic
Cardiomyopathy (HCM) septal ablation, 4 with fibrosis
associated with HCM.

Results: Figure 1 shows breath-hold (a) and navigated (b)
sample images in a patient with an acute MI and microvascualr
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obstructionin with equivalent image quality; (c) breath-hold
and (d) navigated show improved image quality with the
navigator. The navigator pulse artefact is arrowed. Using the
same IR parameters, the navigated sequence image quality was
the same as the breath-hold in 6 patients, worse in 3 patients and
better in 1 patient. In this patient, poor breath-holds prevented
scan interpretation without the navigated images. Scan
efficiency (reflecting the number of accepted acquisitions) at
a 6mm acceptance window was 44% (range 19-75%) so scan
time was longer. Patients with poor quality navigated images
tended to have greater diaphragmatic excursion (20mm vs
14.5mm, p = 0.01). In patients with good quality navigated
images it was possible to change imaging parameters, reduce
the number of segments from 23 to 9, increase the read-out flip
angle from 20 to 23 and reduced pixel size. In 2 out of 7
patients, this resulted in improved image quality over the best
non-navigated images.

Conclusion: Post gadolinium free-breathing navigated IR is
practical for patients in whom breath-hold techniques are
unsatisfactory. It may provide a way of obtaining higher quality
images than conventional techniques in selected patients. Some
patients had poor quality navigated images possibly related to
large diaphragmatic excursions. This group may benefit from both
pre and post read-out navigators or slice following methods.

229. Breath-Hold Signal Loss Sequence for Qualitative
Assessment of Blood Flow Disturbances in Cardiovascular
MR

Jennifer Keegan,1 Peter Gatehouse,' Anna John,' Steven
Collins,' David Firmin.! 'Royal Brompton and Harefield NHS
Trust, Magnetic Resonance Unit, London, England, UK
Introduction: In cardiovascular MR, flow compensated gradient
echo sequences with echo times of around 15ms have been
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shown to exhibit signal loss in areas of complex blood flow (1).
Although not directly related to the severity of stenosis or to
other pathology, the level of signal loss has proved to be a
clinically useful indicator and can also aid in the positioning of
further imaging planes for quantitative analysis with phase
velocity mapping. Due to the requirement for a long echo time
however, such a sequence cannot be segmented to allow breath-
hold acquisition and studies typically take approximately
2 minutes to acquire with respiratory motion artefact being a
frequent problem.

Purpose: The purpose of this research is to develop a
segmented gradient echo sequence which results in a degree of
signal loss similar to that obtained with a conventional
sequence whilst allowing the entire acquisition to be performed
in the duration of a single breath-hold.

Methods: This work was carried out on a Siemens Sonata
scanner equipped with gradients having a peak gradient
strength of 40mT/m and a peak slew rate of 200mT/m/ms. Two
sequences were developed, based on a simple segmented
gradient echo sequence with increased flow sensitivity and
view-sharing, as