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Feasibility Study of a Single Breath-hold, 3D mDI XON Pulse Sequence for L ate

Gadolinium Enhancement | maging of | schaemic Scar

BACKGROUND

Late gadolinium enhancement (LGE) imaging is well validated the diagnosis and
guantification of myocardial infarction (Ml). 2D LGE imiag involves multiple breath-holds
for acquisition of short axis slices to cover the lefhtvicle. 3D LGE methods cover the left
ventricle in a single breath-hold; however, breatldtduration is typically long with images

susceptible to motion artifacts.

PURPOSE/HYPOTHESISTo assess a rapid single breath-hold 3D mDIXON LGE pulse

sequence for image quality and quantitation of MI.
STUDY TYPE

Prospective.

POPULATION

92 patients with prior MI.

FIELD STRENGTH/SEQUENCE

Patients underwent identical 1.5T CardidRI protocol using conventional 2D PSIR and 3D
mDIXON LGE imaging 10 minutes following contrast administratiorairandom order to

avoid bias.
ASSESSMENT

Data were analysed qualitatively for image quality by 3 oleser@Quantitative assessment of
myocardial scar mass (full-width half-maximum), scar granrality and contragt-noise

ratio measurements were performed. Time taken for 2D and&EDilnaging was recorded.



STATISTICAL TESTS

Paired student t-test, Wilcoxon rank test, Coherstatistic, Pearson correlation, linear

regression and Bland-Altman analysis
RESULTS

Image quality scores were comparable between 3D and 2D LGE (1.4+x0563%$.5;
P=0.162). 3D LGE was associated with greater scar tissue (82ass18.9+17.5g vs 2D:
17.8+16.2g P=0.03), although this difference was less pronounbed wcar tissue was
expressed as %LV mass (3D: 13.4+9.9% vs 2D: 12.7+9.5% P=0.07). For 3D ssar mass
there wasa strong and significant positive correlatiddland-Altman analysis showed mean
mass bias of 1.1g (95%CI. -5.7 to 7.9). Segmental level agrgeaf scar transmurality
between 3D and 2D LGE at the clinical viability threshold of S5@&fmsmural extent was
excellent (k=0.870). Time taken for 3D image acquisition (15.6+1.4 seconds) was just 5% of

time required for 2D images (311.6+43.2 seconds) P<0.0001.

DATA CONCLUSION
Single breath-hold 3D mDIXON LGE imaging allows quantitativeeasment of Ml mass and
transmurality, with comparable image quality, in vastlprsdr overall acquisition time

compared to standard 2D LGE imaging.
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Introduction

Late gadolinium enhancement imaging (LGE) is the referestandard for myocardial scar
assessment by caadiMagnetic Resonance Imaging (MRI).(1) LGE imaging ismbagnostic
for myocardial infarction, and confers prognostic infotiorain patients with ischaemic heart
disease.(2, 3) The transmural extent of myocardialatitar delineated by LGE imaging has
been shown to accurately identify the likelihood of mydizd functional recovery following
revascularisation therapy and is the cornerstoneatility assessment by cardistiRl.(3)

LGE imaging relies on the altered washout kinetics of gadatircontrast agents caused by
expansion of the interstitial space of damaged myocardiutin,axconsequent higher signal
intensity compared to healthy myocardium demarcating estdarritories. Typically, LGE
imaging is performed 10-20 minutes following gadolinium contrdstimistration by a two-
dimensional (2D) inversion recovery (IR) or phase samesinversion recovery (PSIR) spoiled
gradient echo sequence. 2D IR and PSIR imaging involveses sdmepetitive breath holds
for the acquisition of each short axis slice to cokierdntire left ventricle. Three-dimensional
(3D) acquisition methods have been developed in recentthaaiver the entire left ventricle
in a single breath hol(¥-8) or via navigator based free breathing sequefgd) Studies
evaluating 3D techniques have suggested the potential use of 3DMagag in a variety of
different patient groups.(6, 11, -446) Thus far, single breath hold 3D LGE techniques have
typically reported a compromise in image quality, mainly tiusovement artefacts resulting
from the very long breath hold durations requiféeB) Additionally, typical 3D breath hold
durations (>20s) are not possible for some patient popudatitavigator gated methods, where
the scan is triggered to synchronise with the patient’s breathing pattern, require scan times in
the order of minutes and yield no observed improvementagenguality(9-13) Cardiac MRI
scans are typically of long duration and require multpksath holds, this is both challenging

for patients and impacts clinical workflowaster scans with less breath holds are sought as



they are more tolerable for patients, and enable moienggatto be scanned per list; the
challenge though is to retain the excellent image qu#itlyis the strength of cardiac MRI.

A shorter breath-hold 3D LGE acquisition can be enabled dnjitianal acceleration
(undersampling) of data acquisition, such as the use ofasedeparallel imaging factors.
However, this naturally yields a loss of sighalroise ratio (SNR) which can negatively affect
image quality. Therefore, a data acquisition method is nestedh provides more SNR so
that additional acceleration may be applied whilst maimtgisufficient image quality. In this
work, we propose use of the modified Dixon (mDIXON) metifmdthe specific purpose of

enabling a 3D acquisition via the additional SNR mDIXON provid&3.(

The Dixon method is an MRI imaging technique that acquin@énanum of two echoes per
repetition time (TR) in which fat and water signals iarphase and opposed-phase. From the
two corresponding images, water-only and fat-only imagesbaaalculated.(18) The original
Dixon method is limited by Bfleld heterogeneity and long scan times. Subsequent (bree
more) echo methods were developed that are more robigtt;mhomogeneity, and are used
in many applications, such as musculoskeletal imaging martédssue characterisation.(19)
However, such Dixon techniques are not routinely used inazanshiaging (20) because they
do not accommodate reasonable breath hold durations.(17D2XON (17) was used which
has only two echoes per TR allowing shorter scan tinmelsfl@xible echo times, both of which
make it suitable for cardiac MRI acquisitions with ressae breath hold durations. In addition
to the increase in SNR by moving from 2D to 3D, mDIXON acquoisitillows an additional
SNR boost- stated as an equivalent number of signal averages)(BSdescribed by Reeder
et al (22)- which can be traded for higher sensitivity encoding (SEN®Egleration factors

to reduce the breath hold duration. In this work only the watage is used, and additional



clinical utility derived from the presence of the othentcast types (water image, fat image,

in-phase image, owfphase image) is not assessed.

The aim of this study was to prospectively evaluate a no2IXON 3D-LGE imaging
sequence (in terms of image quality and acquisition dujadiott compare it to a standard 2D
sequence for the detection and quantification of myodasda in the setting of ischaemic

heart disease.

M aterial and M ethods

Study population

Patients with prior myocardial infarction were recrditeetween June 2016 and June 2017.
Myocardial infarction was diagnosed by cardiac biomarkelectrocardiography and acute
coronary angiography at the time of primary PCI. Inolusriteria were >18 years of age, no
contra-indication to contrast-enhanced CardisdRI, glomerular filtration rate >
60mL/min/1.73M. Patients with atrial fibrillation, non-MR compatitifaplants, renal failure
or claustrophobia were excluded. Acute myocardial infanotias defined as occurring within
7 days of the acute coronary syndrome. Chronic myocardgttion was at least 3 months
following the initial presentation of the acute coronaymdrome. The study had appropriate
ethical approval and was performed in accordance with thi&aiagon of Helsinki, and all

patients provided informed written consent.

Cardiac MRI data acquisition
CardiacMRI was performed on a 1.5 Tesla Philips Ingenia system (Bhilgalthcare, Best,

The Netherlands) equipped with a 24 channel digital recewitrand patient-adaptive RF



shimming. Imaging acquisition included survey images, assessshemyocardial function
using standard SSFP cine imaging (spatial resolution 1.09x1.09%880ntardiac phases
TR/TE 3.0/1.48ms, flip angle 40field of view 360-360mm, SENSE acceleration) and 2D-
LGE and 3D-LGE imaging. For LGE imaging, an intravenous $adéi 0.15mmol/kg
gadobutrol (Gadovist®, Bayer Inc.) was administered. Thenaptinversion time to null the
myocardium was determined by a Look-Locker sequence. 2D andGID ilnaging were
performed 10 minutes following contrast administration. 2D ande{iences were performed
separately in random order to avoid bias and systematic eaused by contrast washout.
Times taken for the 2D and 3D acquisition sequences wenglsgtdmaging parameters were:
(i) 2D breath-hold phase sensitive inversion recoveSIRP sequences with 12 short-axis
slices covering the full LV, thickness 10mm, no gap, repetitime 6.1ms, echo time 3.0ms,
flip angle 25°, field of view 300 x 300mm, matrix 127/256, acquire@lame resolution
1.59x2.20mrA reconstructed to 0.91x0.91Mneffective SENSE factor 2.2. The turbo factor
was 20 (7 shots) with an acquisition duration of 123.3ms. Tdever bandwidth was 250.2
Hz/px;

(i) 3D mDIXON sequences with 24 short-axis slices, slicektiess 5mm, repetition time 4.0
ms/echo times 1.21ms and 2.5ms, flip angle 15°, field of viewx38@0 x 120mm, matrix
169/384, acquired in-plane resolution 1.83x2.06Gmeconstructed to 1.17x1.17x5rym
SENSE factors in phase and slice directions were 3 and Ztieshewith effective overall
factor 6.86 after oversampling taken into account. The elgumivBlSA provided by mDIXON
compared to an identical single-echo protocol was 1.52.(22)ufibe factor was 30 (16 shots)
with a shot acquisition duration of 148 ms, one shot perlestrover 18 beats. The receiver
bandwidth was 866 Hz/px. Saturation bands were not used.

Additional 4 Chamber and 2 Chamber 2D LGE images were acghireahot used for

analysis/interpretation.



Cardiac MRI data analysis

CardiacMRI data were analysed quantitatively using commercially avaikditware (CV142,
Circle Cardiovascular Imaging Inc. Calgary, Canada). d&iRa analysis of 2D and 3D LGE
images was performed blinded in random order by a cardiol@isvith 6 years in cardiac
imaging). For 15 patients, quantitative analysis was peribragain 4 weeks later to assess
intra-observer variability, and to assess interobseragability by a second@F with 6 years

in cardiac imaging) and third cardiologi&B with 8 years in cardiac imaging). For volumetric
analysis, endocardial borders were traced on the LV ciok st end-diastole and end-systole
to calculate end diastolic volume, end systolic vol§Ef®V), stroke volume (SV) and ejection

fraction (EF). Contours were traced to exclude papillary feasand trabeculations.

Qualitative L GE assessment

Image quality was defined on a scale of 1-4 (4=non-diagno3tiacceptable diagnostic
guality, 2=good quality, 1=excellent quality). For scoregothan 1, the reason for impaired
guality was categorized as a) motion or blurring artefdmtéow contrast or high noise, c)
inadequate myocardial nulling, or d) wrap around/folding artefa@aditionally, both 2D and

3D LGE images were evaluated for the presence of ventricaléty thrombi.

Quantitative L GE assessment

Quantitative assessment of the myocardial scar burdenpedermed using the semi-
automated full-width half-maximum method (threshold of 50%hef maximum intensity

within the scar) which has been proposed as the mostdegble method (23, 24). On both
the 2D and 3D LGE short-axis images endocardial and epitaahtours were manually

outlined (excluding papillary muscles); manual delineationtvad separate user-defined



regions of interest (ROIs) were then made on an LGEt sias slice where infarcted
myocardium was present. One ROl was drawn in remote myaoar@vhere no scar was
present); a second ROI was drawn around hyperenhanced myocandiere infarcted
myocardium was present. Automated calculations for tmaireng LV short axis LGE stack
based on these two ROIs were then performed. Scar tissgewas calculated (grams). Scar
tissue percentage and transmurality were calculated autathatior each segment of 16
segments of the 17 segment model proposed by the Americah Association (excluding
the apex).(25) Infarct transmurality was automatically cateal by the analysis software and
then graded using a 5-point scale from the derived quawveitegsult (O=no scar, 1=1-25%
transmural extent, 2=26-50% transmural extent, 3=51-7586rtraral extent and 4=76-100%
transmural extent). Time taken for image acquisitiorthef entire LV for 2D and 3D was

recorded (this included time taken for pauses between brelath for each LV slice).

CNR measurements

In 25 consecutive patients CNR measurement was perfornsialgla slice containing both
hyperenhanced and healthy myocardium was selected and $ocahiesponding slice a
dedicated noise scan (identical pulse sequence withoithtéxe pulses) was performed
immediately afterwards in order to assess the noisesl¢28) Regions of interest (ROI) were
drawn on the normal 3D and 2D LGE images in areas of hypemeament, a remote area of
normal appearing myocardium, and in blood pool. ROIs containledst 30 pixels, aside from
the areas of hyper-enhancement where size of the ROlovasngd by the size of the scar. A
further ROI covering the entire LV myocardium was drawrte corresponding noise image,
the standard deviation of this measurement was then usaltttate contrasta-noise (CNR)
measurements. CNR was calculated as the ratio of tfezedice in mean signal intensity

between ROIs on the LGE images to the standard deviatgigradl intensity in the whole LV
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ROI from the separate noise image. (The MR system rleigsd is measured and not

organ/image level).

Statistical analysis

Continuous variables are expressed as mean+SD. Catégariedles are expressed as N (%)
or proportions. Normality of data was tested using a $vafilk test. Paired two-tailed
student t-test and the Wilcoxon signed rank test were usedppropriate to compare
continuous variables. P<0.05 was considered statisticalhifisgnt. Pearson correlation,
linear regression and Bland-Altman analysis were used to afjeeement between the 2D and
3D acquisition sequences for scar tissue mass and soa@ pEscentage of LV mass.
Coefficient of variation was used to assess interobsemd intraobserver variability for scar
tissue mass. Coherstatistic was used for interobserver agreement fanthge quality score.

Cohenxk statistic was also used to measure agreement between pbent5grading of

transmurality and the agreement for the binary deteationiable/non-viable segments.
Statistical analysis was performed using IBM SPSS® Stati®?.0 (IBM Corp., Armonk,

NY).

Results

Demographics

A total of 92 patients (80/92 male, mean age 60.9+11.0 years2BM#i4.2kg/m; LVEDV
175.3+60.8ml; LVEDVi 90.5+31.2ml/Ay LVESV 97.1+55.2ml; ejection fraction
47.2+12.3%) were prospectively examined. Of these, 53 patientshhawlicc (46/53 male,
mean age 59.9+10.9 years; BMI 26.7+4.2kg/ejection fraction 47.9+13.9%) and 39 patients

had acute (male 34/39, mean age 62.3+11.2 years; BMI 26.8+4.Z5lgjéttion fraction
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46.31£9.9%;) myocardial infarction. All 92 patients were scamwmigd both 2D PSIR and3
mDIXON LGE acquisitions without complication resulting irncdal of 1,472 segments per

technique.

Image quality

Image quality was graded as excellent for 65/92 (70.6%) of 8iR Fmages, and 63/92
(68.5%) of the 3D images. No dataset was deemed non-diagimostiber 3D mDIXON or
2D PSIR images (score of 4). There was no statisticgliiyfeant difference in image quality
between 3D and 2D LGE (1.4+0.6 vs. 1.3+0.5, P=0.162) (Figure 1). Tahlews the reasons
why image quality was scored other than excellent for LGfuesgce. Image quality
impairment was predominantly attributed to blurring/motion (15/27Yhe 3D datasets.

Interobserver agreement for image quality was good for ddmghrvers (between 1 anck2

0.615 and between 1 and 3: 0.Y.06

CNR

The CNR of scar to blood was not significantly differentdgetn 3D and 2D LGE techniques
respectively (16.1+£10.5 vs. 18.8+12.4, P=0.337). The CNR of scar tmteemyocardium
(36.4£19.8 vs. 56.6+20.8, P=0.001) and CNR of remote myocardiumad (#d.3+12.9 vs.

41.0t17.0, P<0.001) were significantly lower by 3D mDIXON compared to 2D PSIR

Quantitative LGE Analysis

3D mDIXON compared to 2D PSIR identified statistically significamtiore absolute scar
tissue mass (18.9+17.5g vs. 17.8+16.2g, P=0.03) but no significanmeddéin scar tissue
when expressed as a percentage of LV mass (13.4+9.9% vs. 12.7#3:8%7). Bland-

Altman analysis of absolute 3D scar tissue mass compar&d scar mass showed a small
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positive bias of 1.1g (95%CI58 to 8.0); likewise for percentage scar tissue mass of 0.7%
(95%CI: -4.0 to 5.5) (Figure 2a and 2b).

3D mDIXON identified significantly greater scar tissue masspared to 2D PSIR in acute
myocardial infarction (23.3+£19.5g vs. 21.5+17.3g, P=0.012) andasimdar tissue mass in
chronic myocardial infarction (15.6£15.3g vs. 15.0+14.9g, P=0.125).

There was strong and significant correlation in scaug mass (r=0.981 P<0.001) and scar
tissue percentage between 3D and 2D acquisitions (r=0.970 P<(F@fie(4a and b).

A total of 5 patients were identified to have interventacitthrombi in both 2D and 3D

acquisitions, no thrombi were visible in only 2D or 3D imadagure. 3).

Interobserver coefficient of variability was excelleot both 3D and 2D LGE techniques in
terms of scar mass (betwe#handGF 3D 7.0%; 2D 4.9%; and between JF &mBi3D: 5.8%
2D: 7.3%) and scar tissue percentage (between JERBM 7.1%; 2D 5.2% and betwedh
andLB 3D: 6.0% and 2D: 7.8%). Intra-observer coefficient of varitghivas also excellent
for both 3D and 2D LGE for scar mass (3D 5.3%; 2D 4.8%) and issaetpercentage (3D

5.4%; 2D 5.3%).

Segmental and transmurality assessment

There was excellent agreemert().870; Pearson’s r=0.956, P<0.0001) between the 3D and

2D LGE techniques based upon a segmental scar transmuragiald of 50% (the threshold
typically used for clinical viability status determination)eté was also good agreement
between the two techniques for the overall 5-point tramality scorex = 0.736 (Pearson’s r

= 0.922 P<0.0001). Results of the segmental 5 point transipuassessment was 1+1.1 for

2D and 1+1.1 and for the binary 50% viable threshold was 0.1+02Df@nd 0.1+0.3 for 3D.
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I mage acquisition time

Time from contrast injection to image acquisition were fadlows: 2D 10.54

+0.59minutes/seconds 3D 13.06 +3.12minutes/seconds P<OTA&l taken to acquire LGE
images was much shorter for 3D mDIXON compared to 2D PSIR (136s. 311.6+43.2
seconds, P<0.0001). For PSIR, 1 slice was acquired per lrelthaverage breath hold

duration for each PSIR slice acquisition was 10.7+1.2 seconds

Discussion

The main findings of this study are i.) 3D mDIXON LGE offessnparable image quality for
the evaluation of ischaemic scar compared to 2D LGE imaginguantitative assessment of
3D mDIXON LGE of scar mass and transmurality has high agraéem#mn2D LGE imaging;
iii.) 3D mDIXON LGE provides a vastly shorter overall scan dorath an acceptable single
breath-hold time compared to 2D LGE.

We have used only the water-image calculated from the mDI4€GiuHred data. The purpose
of the study was to use mDIXON to enable 3D LGE in a reasonalathbreld duration, not
to compare the utility of the various contrasts a Dikased scan can produce. Others have
demonstrated clinical utility of Dixon fat-image, foraample in detection of lipomatous
metaplasia in scar.(229) Similar additional clinical value may be available witle t3D
mDIXON method used here. Lapinskas et al. describe acqnisitia long axis 3D mDIXON
LGE in a single breath hold, this however is not easimmarable to routine 2D PSIR short
axis LGE imaging.(27) Short axis mDIXON LGE imaging is also dbsdrbultit is limited in
that it requires 2 breath holds, thus leading to incressaa duration and likely corruption of

data from different breath hold positions and increasiagtiential of breathing artifacts.(27)
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It is possible to increase the SNR of a single-echo 3BDiron scan by lowering the receiver
bandwidth, which might also be considered as an enablem 8D LGE protocol within a
sufficiently short breath hold duration. However, lowerthg receiver bandwidth will also
increase the TE, and thus the TR, which increases tjgs@®n (shot) duration, which would
increase blurring due to cardiac motiém order to shorten the shot again a higher number of
readouts is needed necessitates a longer breath HIHON affords additional SNR without
this consequence, which was confirmed by Bloch simulatioh ibtal the MR system.

Current 2D LGE imaging techniques are highly discriminatorytferdiagnosis of myocardial
infarction and form the basis of myocardial viabilityaiging by CardiaMRI.(1, 2) Thus, high
image quality is of paramount importance when introducing ali@@® technique, as current
2D methods are so effective. The in-plane resolutidhe®2D scan was higher than the 3D, in
our study the 2D scan was clinically optimised and establishedvandanted to directly
compare with it; the 3D scan was separately optimisednbalg resolution and acceleration.
Typically, 3D LGE techniques have been shown to have comprdinisge quality compared
to 2D techniques, though differences in qualitative ratingsnafb not reach significance.(6,
7, 15, 30, 31) Our findings were that categorical imagersgaf the 3D mDIXON sequence
was in fact very comparable to the 2D LGE sequence. Thigspite the lower CNR for
myocardium to scar and myocardium to blood seen irBihemages compared to the 2D
images. This is likely due to the similar CNR for scar to tileeen between 3D and 2D images;
this parameter is arguably more important as poor contragéée scar and blood pool can
make it difficult to identify the endocardial border smsequently compromising accurate
assessment of scar size and identification of sub-andiat infarction.Furthermore, despite
the CNR differences recorded this does not make an iropdbt automated quantitative LGE
assessment. PSIR reconstruction used in the 2D protoghtes sensitivity of the sequence

to the precise inversion time (TI1) set by the user tomariinal myocardium, which varies from
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patient to patient. Since the TI required to null normal msgiaen changes during contrast
washout over the scanning time of the 2D stack of sliced|eaxibility PSIR allows is helpful.
PSIR reconstruction was not used in the 3D mDIXON protocolsibge the whole stack of
slices is acquired in just one breath hold, the effd#ctontrast washout between slice
acquisitions is not an issue. There is no theoretiostiagle to combining the 3D scan we used
with PSIR in further work. However, note that since PSIR requires 2 beats, a “3D mDIXON
PSIR” scan duration might get significantly longer again (the second beat is used to watch the
magnetisation recover and so determine whether thesstoguiin the first beat was above or

below the null point).

Scar burden by LGE imaging has been shown to be proport@litelihood of major adverse
cardiovascular events and offers prognostic informatiompatients with ischaemic heart
disease.(2) Of note, the 3D mDIXON technique identified sicantiy more scar compared to
the 2D sequence. This is likely a result of the contiguoasssihich a single breath hold 3D
scan affords, compared to the series of breath holda & stack of slices which can be
affected by inconsistent breath hold position even ifratipn as used in this work. The 5mm
reconstructed slice thickness used in the 3D mDIXON technigompared to the 10mm used
in the routine PSIR sequence may also aid perceptisceof a similar result was described by
Yin et al who also used a thinner slice thickness in tha@jisition compared to the 2D.(13)
The thinner slice thickness may help identify smaller infaand delineate the true border of

the scar being imaged.

The transmural extent of infarction has been shown tectlir relate to the likelihood of
functional recovery following revascularisation. LGfaging consequently has a grade A

rating to determine myocardial viability prior to revascuktien in the ACCF/AHA/SCMR
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appropriate use criteria and is the third highest indingbr CardiadVRI in Europe.(32, 33)
Therefore, accurate discrimination of transmural sceengxs important when considering a
new LGE sequence. Previous studies have showed variable,réiltgh more recent studies
have shown reasonable agreement.(5, 6, 15, 34, 35) The 30ONDEchnique showed strong
agreement with the 2D sequences. Statistical significalaseseen in scar mass seen by 3D
compared to 2D in the acute but not in the chronic infarctioves;all however there was no
difference in viability assessment or the overall %rh¥ss. This is potentially a reflection of
the smaller sample size of acute patients, compareck tovérall study group. Furthermore,
although the difference in scar tissue mass reachédtsal significance, there is in fact little
clinical significance in the difference between the tsemuences when expressed as a

percentage of LV mass (0.7% difference).

Thus far, a significant limitation in the utility of 3D LGifaging has been that despite a
significant reduction in overall scanning time to acquireeatire short axis stack, individual
breath holds remain overly long leading to image degradatistan failure.(6, 15) In the
patient groups proposed to benefit from shorter scanning {tmese with cardio-respiratory
disease and those unable to perform long breath holds)nitrieased breath hold duration
negates the perceived advantages. Goetti et al., noted andoaibblurring artifacts due to
breath hold durations of 26.7+4.4seconds compared to a razifineversion recovery
sequence.(6) Bratis et al., observed no increase innguartifacts, despite 3D acquisitions
requiring a breath hold duration of 22-27seconds, however 8@P4tients demonstrated no
pathology and comment is made that respiratory motisthe main cause of 3D imaging
failure (10/57cases).(15) Various methods have attempted to ovettedtoag 3D breath hold
duration; Bauner et al., used a 3D acquisition sequence tlth8 usmsecutive slabs to cover

the entire ventricle, however this only resulted in a hahohghe acquisition time and
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generated new artefacts due to misalignment of the 3D voltatkessas a result of variations
in breath hold position.(35) Alternatively, navigator gaB&dsequences can be acquired in a
free-breathing manner; however, navigator gated sequencesadao lerolonged scan times
due to navigator inefficiency, with potential scan failure duelriti of respiratory pattern
leading to impaired image quality as the inversion time redia@eull myocardium alteré®-
13) Bizino presemda free breathing motion corrected 3D sequence but thiset@®mpared
to 2D LGE for image quality, and still took over 3minutes foguasition. (36) Recently
compressed sensing techniques have been proposed as atmeglode scanning times, (37)
however recent publications of 3D LGE using compressed sensimgatilie scanning times
between 3- 7 minutes and have not been compared to cumisatly2D sequences. (38, 39)
Moreover, the 3D mDIXON method described here can be combiittdthe product
“Compressed SENSE” on the MR system used for this work for further acceleration and
reduction in breath hold duration. Preliminary tests suggbeseath hold duration of just 11
seconds may still preserve sufficient image quality. Motteeene methods have also been
proposed to overcome the prolonged breath hold durations by increasing the patient’s ability

to breath hold by supplemental oxygen and hyperventilatamigues, however this approach
appears incongruous if this requires training time and resa(#6¢ Our data showed no failed
3D scans in any of the 92 patients, some with significdintdatricular dysfunction, resulting
in diagnostic quality studies (none deemed non-diagrodiat was obtainable in a single
breath hold. Our study has shown that a breath hold dudtof7+1.361seconds) using the
3D mDIXON technique is sufficiently short to enable most patigotscomplete, as

demonstrated in both acute and chronic Ml patient groups.

A limitation of our study is the difference in slice thiess between the 2D and 3D

acquisitions. We chose to use the slice thickness cuyrnes#ld in our 2D clinical scanning



18

sequence and ongoing clinical trials at our establishnaewt,used the default 5mm slice
thickness on the 3D mDIXON sequence as it was apparent frotrdpila that this achieved
acceptable SNR within a sufficiently acceptable breaild Haration. Additionally, the 3D
LGE scan does not employ a PSIR reconstruction, atidesmnage contrast is more sensitive
to correct inversion time selection. A further limitatics that there is no pathology based
reference standard to compare the true size and presenggaoérdial infarction from the
guantitative analysis of either 2D or 3D LGE approachdsrther limitation is the difference
in time from gadolinium injection to image acquisitionvibeén the 2 sequences which is
inherently impossible to overcome, a pragmatic approachmafomizing test order is what
comparable studies on this topic have done previously (6, 7, 1and=5lthough not perfect

is an attempt to reduce the effect on image quafigontrast washout from the blood pool.

In conclusion, single breath-hold 3D mMDIXON LGE imaging allayusntitative assessment
of scar tissue burden and transmurality, with comparabége quality, in a significantly

shorter acquisition time compared to standard 2D LGE imaging.
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Table 1. Reasons for impaired subjective image qualitpgsit(for any rating other than

excellent)
2D PSIR 3D mDIXON
Motion /blurring 7 15
Low contrast/noise 7 4
Nulling 6 5
Folding artefact 4 3
Total 24 27
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Figure L egends

Figure 1. Short axis LGE images from (A) basal, (B) mid-ventricidad (C) apical slices
from 2D PSIR acquisitions, and (D) basal, (E) mid-ventaicaind (F) apical slices from 3D
mDIXON acquisitions of the same patient showing antererdhcar following a left anterior

descending artery territory infarction.

Figure 2. Bland-Altman analysis of 3D and 2D LGE acquisitions (+1.9&&ied deviations
— dashed lines) for assessment of (A) absolute scaretisg|ass and (B) scar tissue as a

percentage of LV myocardial mass.

Figure 3. Laminated thrombus in a chronic myocardial infarctioam apical slice of a (A) 2D
PSIR acquisition and (B) 3D mDIXON acquisition of the sameptafred arrows demarcate

the thrombus).



