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determination of LVEF by CMRLAX is twice more reproducible than the

reference CMRSAX method, even though the LVEF is consistently over-

estimated compared with CMRSAX. However, the CMRLAX LVEF

acic echocardiography
by the Simpson metho
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Abstract: To assess left ventricular ejection fraction (LVEF) accu-

rately, cardiac magnetic resonance (CMR) can be indicated and lays on

the evaluation of multiple slices of the left ventricle in short axis

(CMRSAX). The objective of this study was to assess another method

consisting of the evaluation of 2 long-axis slices (CMRLAX) for LVEF

determination in acute myocardial infarction.

One hundred patients underwent CMR 2 to 4 days after acute

myocardial infarction. LVEF was computed by the area-length method

on horizontal and vertical CMRLAX images. Those results were compared

to reference values obtained on contiguous CMRSAX images in one hand,

and to values obtained from transthoracic echocardiography (TTE) in the

other hand. For CMRSAX and TTE, LVEF was computed with Simpson

method. Reproducibility of LVEF measurements was additionally deter-

mined. The accuracy of volume measurements was assessed against

reference aortic stroke volumes obtained by phase-contrast MR imaging.

LVEF from CMRLAX had a mean value of 47� 8% and were on

average 5% higher than reference LVEF from CMRSAX (42� 8%),

closer to routine values from TTELAX (49� 8%), much better correlated

with the reference LVEF from CMRSAX (R¼ 0.88) than that from TTE

(R¼ 0.58), obtained with a higher reproducibility than with the 2 other

techniques (% of interobserver variability: CMRLAX 5%, CMRSAX 11%,

and TTE 13%), and obtained with 4-fold lower recording and calculation

times than for CMRSAX. Apart from this, CMRLAX stroke volume was

well correlated with phase-contrast values (R¼ 0.81).

In patients with predominantly regional contractility abnormalities, the
y, MD, PhD, Mari PhD,
, MSc, and Pierre-Yves Marie, MD, PhD

determination provides values closer to TTE measurements, the most

available and commonly used method in clinical practice, clinical trials,

and guidelines in ischemic cardiomyopathy. Moreover, LVEF determi-

nation by CMRLAX allows a 63% gain of acquisition/reading time compared

with CMRSAX. Thus, despite the fact that LVEF obtained from CMRSAX

remains the gold standard, CMRLAX should be considered to shorten the

overall imaging acquisition and reading time as a putative replacement.

(Medicine 94(43):e1856)

Abbreviations: AMI = acute myocardial infraction, CMR =

cardiac magnetic resonance, EDV = end-diastolic volume, ESV =

end-systolic volume, HLAX = horizontal long axis, LAX = long

axis, LEVF = left ventricular ejection fraction, LV = left

ventricular, MR = magnetic resonance, MRI = magnetic

resonance imaging, PC = phase contrast, SAX = short axis,

SCMR = SOCIETY of Cardiovascular Magnetic Resonance,

STEMI = ST-segment elevation myocardial infarction, SV =

stroke volume, TTE = transthoracic echocardiography, VLAX =

vertical long axis.

INTRODUCTION

L eft ventricular ejection fraction (LVEF) with left ventricle
(LV) volume estimation remains the main imaging prog-

nostic marker after a ST-segment elevation myocardial infarc-
tion (STEMI).1,2

Cardiac magnetic resonance (CMR) imaging with a car-
diac short-axis stack acquisition (CMRSAX) is the gold standard
for LVEF estimation because of its volumetric approach for
nonsymmetric ventricles with wall motion abnormalities.3 After
a STEMI, CMR is increasingly used for coronary microvascular
status assessment and quantification of infarct size and viability.
However, as it involves multiple short-axis acquisitions,
CMRSAX is time-consuming and requires multiple breath-holds.
Therefore, the utilization of CMRSAX is often difficult in
unstable patients such as those in the acute phase of STEMI.
Within days of their admission, STEMI patients are indeed
likely to have dyspnea, to require oxygen therapy or continuous
intravenous infusions, and can suffer from recurring ischemia or
experience atrial and ventricular arrhythmia. As a consequence,
the ‘‘classical’’ CMRSAX strategy, owing to the time needed for
its acquisition and the need for multiple breath-holds required
for its implementation, is unlikely to be routinely used during
the initial hospitalization for a STEMI.

In routine clinical practice and in clinical trials, transthor-

(TTE) LV volume and LVEF evaluation
d of disks summation is the most com-
recommended method.4

www.md-journal.com | 1

mailto:o.huttin@chu-nancy.fr
http://dx.doi.org/10.1097/MD.0000000000001856


Nevertheless, measurements of cardiac volumes and
LVEF can be performed with CMR long-axis views (CMRLAX)
using the area-length method. Since this method necessitates
shorter acquisition and data analysis time, this approach may be
of interest in the setting of the index hospitalization for a
STEMI. Despite the above noteworthy features of long-axis
CMR measurements, very limited data have been reported with
regard to comparison of LV volume calculation by long and
short-axis CMR methods, with no available data in the setting of
the acute phase of STEMI.

The aim of the present study was hence to compare
LV volume quantification and LVEF measurements using
CMRSAX, CMRLAX, and TTE.

METHODS

Population
Hundred patients (55.4� 11.1 years) over 145 were taken

out from a prospective monocentric cohort study (REMI study,
Remodeling after Myocardial Infarction) performed in our uni-
versity hospital between April 2010 and December 2012. Those
patients presented successfully reperfused first acute STEMI and
were referred for both CMR and TTE after the revascularization.
The measurements for this ancillary study were performed before
the end of the REMI study in the first 100 consecutive patients to
validate readers and anticipate the final reading.

The study protocol was approved by the local Ethics
Committee and released on the ClinicalTrials.gov site under
the identifier NCT01109225.

Contrast-enhanced Cardiac Magnetic Resonance
Imaging

Imaging was performed on a 3T system (General Electric
Signa HDxt, Milwaukee, USA) with an 8-phased array cardiac
coil, ECG triggering, and breath-holding in expiration. After a
series of scout images to determine the position and orientation
of the LV within the thorax, cine CMR sequences for cardiac
function were performed with steady-state free precession
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technique in 10 to 15 parallel short-axis, 1 horizontal long-axis,
and 1 vertical long-axis, at 30 phases/cardiac cycle. Each slice
(slice thickness: 8 mm, gap: 0 mm) was obtained during 1

FIGURE 1. A, Basal and midventricular short-axis view with diastolic a
diastolic and systolic contours. Noted that LV trabecular tissue and con
as part of the LV blood volume. Papillary muscles and trabeculations w
LV¼ left ventricle; VLAX¼ vertical long axis.
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breath-hold of 10 to 15 seconds. Phase-contrast (PC) images
were also acquired to compute the stroke volume (SV).

SAX Analysis
On short-axis view, the outline of the endocardial border of

the LV was traced manually on all slices of each phase (Fig. 1A)
by 1 experienced cardiologist or 1 radiologist using standard
software (Mass Research software, version V2013-EXP, Leiden
University Medical Center). Volumes were computed by Simp-
son method of disks summation, whereby the sum of cross-
sectional areas was multiplied by slice thickness (8 mm). We
followed the Task Force for Postprocessing developed by the
Society for Cardiovascular MR (SCMR).5 The LV outflow tract
is included as part of the LV blood volume. Papillary muscles
and trabeculation were included as part of the LV volume.

LAX Analysis
Endocardial borders were manually traced using the same

software on a vertical long-axis view (VLAX; Fig. 1B) and on a
horizontal long-axis view (HLAX) for each phase. Volumes
were determined using the long-axis area-length method. End-
diastolic volume (EDV), end-systolic volume (ESV), and LVEF
associated with VLAX and HLAX were obtained. LAX esti-
mates were obtained by calculating the mean of estimates from
the 2 long-axis planes.

Phase-contrast Analysis
On PC images, the lumen of the ascending aorta was

segmented automatically and corrected manually throughout
the cardiac cycle by the same operator. SV (mL) was obtained
by dividing cardiac output (L/min) by heart rate (bpm). PC
imaging was considered as the reference method for SV esti-
mation.6

Echocardiography
Echocardiographic examinations were performed by an

experienced sonographer who acquired a complete 2-dimen-
sional (2D) TTE including 4 and 2-chamber apical LV views.

Medicine � Volume 94, Number 43, October 2015
(Vivid E9, General Electric- Vingmed Horten Norway). All
acquired images were evaluated offline by a cardiologist, using
the standard biplane method. The LV volume was calculated

nd systolic contours. B, Long-axis view in a VLAX and HLAX with
nected papillary muscles included. The LV outflow tract is included
ere included as part of the LV volume. HLAX¼horizontal long axis;

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
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from the summation of a stack of discs where the height of each
disc is calculated as a fraction of LV length (Fig. 2).4

LVEF Estimation Method
Cardiac magnetic resonance and TTE LVEF were based on

endocardial tracing of the LV chamber from the images
obtained on different axis views. The quantitative determination
of EF was calculated using LV end-diastolic volume (LVEDV)
and left ventricular end-systolic volume (LVESV) estimates as
follows: LVEF¼ (LVEDV�LVESV)/LVEDV according to
guidelines.7 Both the Simpson method and the area-length
method were applied to CMR.

Reproducibility Analysis
For both SAX and LAX measurements, a randomly chosen

subgroup (30 patients) was processed twice for intraobserver
analysis. For interobserver variability analysis, SAX volumes
were measured separately by 1 experienced cardiologist and 1
radiologist. LAX volumes were computed by 1 cardiologist and
1 magnetic resonance imaging (MRI) technologist.

FIGURE 2. LV end-diastolic and end-systolic volume by Simpson 4-
Simpson 2-chamber method (B). LV¼ left ventricle.
Statistical Analysis
Statistical analysis was performed using SPSS version 17

(Chicago, IL). Quantitative values were expressed as the mean

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
value�SD. Correlation between imaging strategies was sum-
marized using standard (Pearson) correlation. Limits of agree-
ment between imaging methods and between readings were
estimated as mean difference of the differences, as described by
Bland and Altman. Percentage variability was calculated as the
absolute difference divided by the average of the measurements
(bias)� 2 SD. A P value <0.05 was considered to indicate
statistical significance.

RESULTS
A total of 100 patients with first STEMI were enrolled in

the study and completed the MRI and echo studies. Time from
hospital admission to CMR was 2.38� 0.76 days. Echocardio-
graphy was performed in less than 48 hours on the same day as
CMR in most patients (mean interval delay between CMR and
TTE¼ 20.0 hours� 21.2). Patients’ characteristics are summar-
ized in Table 1. Patient characteristics of the whole REMI
population (145 patients) are summarized in Supplemental
Table 1 (http://links.lww.com/MD/A483).

Comparison of LVEF Measurements According to

mber (A) and LV end-diastolic and end-systolic volume by Biplane
the Different Techniques
The mean LVEF measured with CMRSAX (42.1� 7.9%)

was lower than that measured with CMRLAX (47.1� 7.9%) and
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TABLE 1. Patient Characteristics

Patient (n¼ 100) n (%) or Mean�SD

Age (y) 55.4� 11.1
Sex (male) 86 (86)
Body surface area 1.94� 0.2
Blood pressure (mmHg) at admission SBP 124.5� 20.4

DBP 73.4� 11.9
Heart beat (bpm) 76.9� 13.4
Revascularization delay (min) 326.9� 186.1
Killip class (n, %) 1 90 (90)

2 10 (10)
3/4 0 (0)

Culprit lesion (n, %) LCX–Mg 8–4 (12)
RCA 38 (38)

LAD–Dg 47–3 (50)
CPK peak value (UI/L) 2664.82� 1803.6
Scar extent—mean transmural LGE (%) 16.21� 13.34
Stroke volume (phase-contrast

analysis, mL)
72.47� 17.8

CPK¼ creatine phosphokinase, DBP¼ diastolic blood pressure,
Dg¼ diagonal, LAD¼ left anterior descending artery, LCX¼ left cir-
cumflex, LGE¼ late gadolinium enhancement, Mg¼marginal,

Huttin et al
TTE (49.4� 8.3%): LVEF values obtained with CMRLAX were
closer to TTE ones than with CMRSAX (Table 2). LVEF
assessed with CMRLAX and CMRSAX showed good correlation
(R¼ 0.88). Apart from this, the correlations between TTE and
CMRSAX or CMRLAX were lower, but similar (R¼ 0.58 and
0.66, respectively). Bland–Altman analysis showed that LVEF

RCA¼ right coronary artery, SBP¼ systolic blood pressure, SD¼
standard deviation.
determined from CMR was almost systematically higher
coefficient (ICC) for both inter and intraobserver reproduci-
LAX

than LVEF determined from CMRSAX (mean absolute differ-
ence of 4.95� 3.9%; Fig. 3).

Comparison of LV Volume Measurements
According to the Different Techniques

End-diastolic volumes were very similar in CMRSAX and
CMR (Table 2), whereas TTE was markedly higher.
LAX EDV

Bland–Altman analysis (Fig. 3) showed that LVEDV and
LVESV estimated from CMRLAX were almost systematically
lower than those estimated from CMRSAX.

TABLE 2. Echocardiographic and CMR Characteristics of LV Syst

CMRSAX

LVEF, % 42.1� 7.9
�,z

EDV, mL/m2 91.8� 13.8
�,z

ESV, mL/m2 53.6� 13.1
�,z

Stroke volume, mL 75.0� 17.0
Acquisition time, min:s 8:59� 2.41
Endocardial tracing time, min:s 4:10� 0.18

CMR¼ cardiac magnetic resonance, EDV¼ end-diastolic volume, ESV
ejection fraction.�

P< 0.001 vs TTE.
yP< 0.001 vs CMRSAX.
zP< 0.001 vs CMRLAX.
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Comparison of Stroke Volume Measurements
According to the Different Techniques

Stroke volumes were very similar in CMRSAX and
CMRLAX, whereas they were markedly higher in TTE.
PC SV measurements were marginally closer to CMRSAX

measurements than CMRLAX measurements (mean SVPC

72.5� 17.8 mL, range 30.9–138.0 mL). Linear comparison
showed that SV estimation with the PC method was better
correlated with CMRSAX (R¼ 0.89) than with CMRLAX

(R¼ 0.81).

Comparison of the Reproducibility of the
Different Imaging Techniques

The interobserver limits of agreement with CMRSAX were
�3.1 to 14.7 mL for EDV and �12.3% to 3.7% for EF. The
interobserver limits of agreement with CMRLAX were broader
with regard to EDV (�22.5 to 9.3 mL), but narrower with regard
to EF (�4.5% to 6.9%). In contrast, the interobserver limits of
agreement were much broader with TTE than that observed with
both CMR methods (�35.03 to 31.89 mL for EDV and
�17.01% to 9.71% for EF). The intraobserver limits of agree-
ment were much wider for CMRSAX (�16.6 to 17.6 mL for EDV
and �8.5% to 7.3% for EF) than that observed for CMRLAX

(�10.1 to 7.7 mL for EDV and �3.8% to 5.7% for EF). The
intraobserver limits of agreement were much wider for TTE
than for the 2 CMR methods (�35.10 to 24.12 mL for EDV and
�11.89% to 9.98% for EF). When focusing solely on LVEF,
CMRLAX had a lower % of variability and higher correlation for
both inter and intraobserver reproducibility than that observed
with CMR and TTE (Table 3). The intraclass correlation

Medicine � Volume 94, Number 43, October 2015
bility observed with CMRLAX was marginally better than that
observed for CMRSAX.

Comparison of the Time Needed to Perform the
2 CMR Techniques

Acquisition time for CMRSAX and CMRLAX measurement
was, respectively (in minute:second), 8:59� 2.41 and
3:35� 0.99, whereas the time needed for endocardial border

tracing was 4:10� 0.18 for CMRSAX and 1:15� 0.18 for
CMRLAX. The global time saving was 8 minutes and 19 seconds
per study (Table 2).

olic Function

CMRLAX TTE

47.1� 7.9
�,y 49.4� 8.3y,z

88.1� 14.7
�,y 115.6� 48.2y,z

47.1� 12.4
�,y 58.9� 22.3y,z

79.8� 17.1 112.2� 36.9
3:35� 0.99
1:15� 0.18

¼ end-systolic volume, LV¼ left ventricle, LVEF¼ left ventricular

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



glo
en

Medicine � Volume 94, Number 43, October 2015 MRI LVEF After a STEMI
DISCUSSION
In this study, CMRLAX proved to be an accurate method to

measure global LV parameters, including LVEF, compared
with CMRSAX. However, CMRLAX was associated with a
systematic underestimation of LV volume compared with
CMR . LVEF measurements using CMR and TTE were

FIGURE 3. Bland–Altman analysis of intermethod agreement for
tests are represented by the solid line with their limits of agreem
resonance, SD¼ standard deviation.
SAX LAX

very similar, which could be the consequence of similar volume
calculations based on long axis in both techniques. Our data also
indicate that CMRLAX measurements were much faster and had

TABLE 3. Interobserver and Intraobserver Variability for Left Ven

LVEFSAX % Variability
R2

ICC
LVEFLAX % Variability

R2

ICC
LVEFTTE % Variability

R2

ICC

ICC¼ intraclass correlation coefficient, LAX¼ long axis, LVEFLAX¼
ventricular ejection fraction–CMR short axis, LVEFTTE¼ left ventricular e

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
an overall better reproducibility than CMRSAX, which would
suggest its particular relevance in an acute clinical setting such
as in patients within days of acute myocardial infarction (AMI).

Limits of SAX Evaluation
Functional analysis with cardiac MRI using short axis

bal left ventricular function. The mean CMR difference and index
t (95% confidence intervals, 1.96 SD). CMR¼ cardiac magnetic
(SAX) images of the ventricles is independent of geometric
assumption and is now accepted as the gold standard for LV
volume calculation.8,9 Nevertheless, CMRSAX requires regular

tricular Ejection Fraction Measurement

Interobserver Intraobserver

11.40% 6.10%
0.78 0.83

0.913 [0.82–0.958] 0.945 [0.883–0.97]
4.90% 4.60%
0.89 0.88

0.940 [0.88–0.97] 0.931 [0.85–0.96]
13.42% 9.90%

0.50 0.54
0.640 [0.26–0.84] 0.725 [0.43–0.88]

left ventricular ejection fraction–CMR long axis, LVEFSAX¼ left
jection fraction–transthoracic echocardiography, SAX¼ short axis.

www.md-journal.com | 5



and sometimes long breath-holds,3,10 which leads to an uncom-
fortable and long acquisition. Time is thus the main limitations
of CMRSAX and restricts its widespread implementation for
patients in AMI. Indeed, this method can be challenging in
patients with impaired cardiopulmonary status, who are unable
to hold their breath, or in those with severe arrhythmia. If nearly
all currently implemented volumetric methods, whether CMR
or echocardiography-based, require multiple cross-sectional
views of the heart, CMRSAX is the technique which requires
the most time-intensive acquisition and analysis. In our study,
SV estimated by LV volume calculation from the SAX has the
best correlation with the SV calculated by PC and reinforce that
this method remains a reference to compare several imaging
strategies for LV systolic function quantification. Pearson
correlation coefficients were 0.89 between PC and SAX
measurement, and 0.81 between PC and LAX methods. Com-
pared with standard invasive measurements, velocity-encoded
phase-difference CMR can accurately and rapidly determine
cardiac output. Several studies have already demonstrated the
interest of cardiac output—PC guidance to validate the LVEF.11

Correlation of SAX and LAX Methods
The CMRLAX measurements have been already proposed

as an alternative for LVEF calculation.12 Thus, biplane method
is attractive, requiring only 2 views and minimal data acqui-
sition and analysis times. Apart from this, biplane assessment
cine CMR imaging does not rely on geometric assumptions or
calculations based on incomplete sampling of the cardiac
volumes.8

Only a few studies have compared SAX and LAX
measurements by CMR imaging.13 The authors concluded that
there were no significant advantages of simplified MRI tech-
niques over modified Simpson method echocardiography. In
our study, we found good correlation and agreement between
CMRLAX and volumetric CMRSAX measurement, and better
correlation between LVEFLAX versus LVEFTTE compared with
LVEFSAX versus LVEFTTE. Biplane CMR is of particular
interest, given that, in contrast to TTE, MRI is not dependent
on good acoustic windows, and, in principle, allows reliable
acquisition of the required 2 orthogonal standard planes of the
heart. One of the reasons why CMRLAX measurements exhibit a
better correlation with the biplane Simpson method than the
CMRSAX measurement may be related to the fact that in
CMRLAX, similar walls are taken into account for calculating
global cardiac function.

Agreement Between SAX and LAX Methods
In our study, LAX tended to overestimate LVEF compared

with the CMRSAX measurement. The results herein confirm that
the bias is not due to the choice of the imaging modality
(echocardiography or CMR), but rather to the method of
measurement (SAX vs LAX). Compared with TTE measure-
ments, CMRLAX showed a modest correlation, but good agree-
ment (�2.4%). In the key comparative substudy published by
Chuang et al,14 the authors found a poor agreement between
biplane and volumetric methods, and worse agreement between
biplane methods, with a greater impact on the results than the
actual choice of imaging technique. Childs et al also showed
that LVEF can be adequately estimated using the single and
biplane ellipsoid models, whereas SV tends to be overestimated

Huttin et al
using LAX models compared to SAX.15 In their study, Dulce
et al16 used nonbreath-hold cine MRI using a variety of mono-
plane and biplane geometric formulas to determine LV volume

6 | www.md-journal.com
and EF, which they then compared with SAX stack volumetric
results. The hemisphere-cylinder model (5/6 area-length) over-
estimated LV volumes while underestimating EF.16

These aforementioned studies suggest that aggregate volu-
metric and biplane MRI measurements of LV volume and
LVEF differ only moderately. Hence, CMRLAX slightly over-
estimates LVEF compared with the CMRSAX measurement,
mainly due to an underestimation of ESVLAX.

Reproducibility and Time-saving of LAX
Measurements

One advantage of LAX views is the low susceptibility to
errors induced by misinterpretation of slices in proximity to the
mitral valve. Interobserver variability was smaller with LAX
measurements as previously described.15 It should be empha-
sized that the through-out plane motion of the basal SAX image
represents an important source of error, both for LV and RV
SAX evaluation. In a study by Bloomer et al,17 high-quality
images were obtained for analysis, and the measured volumes
with LAX SSFP (Steady State Free Precession) sequence
correlated well with SAX volumes (r> 0.98). They concluded
that this combination of sequence and scan orientation displays
intrinsic advantages for image analysis due to the improved
contrast and the avoidance of errors associated with the basal
slice in the SAX orientation.17 Given the greater reproducibility
of CMRLAX in measuring LVEF over CMRSAX, the potential of
detecting small changes in myocardial volume over time or as a
result of LV remodeling or therapy is therefore enhanced.

Long-axis measurement is attractive, as it only requires 2
views and is completely transferable to the most commonly
utilized biplane method used in clinical practice after an AMI.
This method requires less imaging and data analysis time. The
saving time to obtain LV function data (acquisition and off-line
post-treatment) was approximately 63% (8 minutes and 19 sec-
onds) per patient. Therefore, modified Simpson rule and biplane
ellipsoid models, with their shorter acquisition and processing
times, may increase the clinical availability of cine MRI.16

However, biplane MRI is still subject to the limitations of
geometric assumptions. To improve the accuracy, a third-
chamber LAX, similar to the case for triplane measurement
by echocardiography, may therefore be added.

Limitations of the Study
One of the limitations of the study is the high number of

patient Killip class 1 (90%). Only few patients had large MI
with low EF; thus the range of LV dysfunction was limited,
which might have contributed to the lower associations between
LV function evaluation methods than expected. Nevertheless,
we demonstrated good agreement in patients with relative
preserved ejection fraction. Moreover, these small infarcts
are the consequences of the currently very effective revasculari-
zation strategies. Yet, risk stratification for remodeling in these
patients remains challenging.

In addition, our cohort participants were overall quite
young. Our findings should consequently be verified in older
populations and also in patients with higher Killip class score/
signs of heart failure.

Clinical Implications
After a STEMI, CMR should increasingly be used for

Medicine � Volume 94, Number 43, October 2015
coronary microvascular status assessment and quantification of
infarct size. Unfortunately, MRI is rarely performed in patients
with MI in most countries and hospitals due primarily to lack of

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



machine availability.18 One of the main limitations of CMRSAX

is the time-consuming nature of data acquisition which restricts
the widespread implementation for all the patients in AMI.

On top of the LV function information, CMR could
provide precious information about microvascular damage,
infarct size, and viability. The sole TTE is unable to provide
this information in acute phase of an acute event. Considering
the important clinical value of CMR, even when performed very
early after MI, a practical approach would be to perform CMR at
the time of the initial hospitalization for AMI. In this study, we
show that the use of CMRLAX would decrease the total exam-
ination time by approximately 10 minutes compared with
CMRSAX. Decreasing the duration of the CMR by 10 minutes
would have an important impact on its availability within the
initial hospital stay for an AMI; we would thus suggest the
utility of a faster AMI protocol based on CMRLAX. Moreover,
by decreasing the duration of the study and the number of apnea,
it may be safer to realize CMR in patients with impaired
cardiopulmonary status or Killip �2.

CONCLUSIONS
In a particular population composed mostly of patients

with no clinical signs of heart failure and low mortality risk,
CMR is useful to accurately quantify patients’ LVEF. In this
case, CMRLAX measurements of LV volumes and ejection
fraction allow accurate, fast, and reliable assessment of global
LV function and exhibit good correlation with CMRSAX

measurements. Despite the fact that CMR LVEFSAX remains
the gold standard, a biplane LAX MRI study should nonetheless
be considered to shorten the overall imaging acquisition and
reading time as a putative replacement. Moreover, CMRLAX

methods provide values closer to TTE ejection fraction
measurements. Even if TTE is the most commonly used and
available method in clinical practice, as well as for clinical trial
and guidelines in ischemic cardiomyopathy because of its great
availability and its cost, CMR has the advantage of allowing the
adjunction of other specific useful sequences to evaluate
scar expansion.
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