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To evaluate the prognostic value of a simple index of left ventric-
ular (LV) long-axis function—lateral mitral annular plane systolic
excursion (MAPSE)—in a large multicenter population of patients
with reduced ejection fraction (EF) who were undergoing cardiac
magnetic resonance (MR) imaging.

This retrospective study included 1040 consecutive patients
(mean age, 59.5 years = 15.8) at four U.S. medical centers who
were undergoing cardiac MR imaging for assessment of LV dys-
function with EF less than 50%. Lateral MAPSE was measured
in the four-chamber cine view. The primary end point was all-
cause death. Cox proportional hazards regression modeling was
used to examine the independent association between lateral
MAPSE and death. The incremental prognostic value of lateral
MAPSE was assessed in nested models.

During a median follow-up of 4.4 years, 132 patients died. With
Kaplan-Meier analysis, the risk of death increased significantly
with decreasing tertiles of lateral MAPSE (log-rank P = .0001).
Patients with relatively preserved lateral MAPSE (>9 mm) had
very few deaths, regardless of whether their EF was above or be-
low 35%. Patients with late gadolinium enhancement (LGE) and
low lateral MAPSE had significantly reduced survival compared
to those with LGE and high lateral MAPSE (log-rank P < .0001).
Lateral MAPSE was independently associated with risk of death
after adjustment for clinical and imaging risk factors, which were
univariate predictors (age, body mass index, diabetes, LV end-
diastolic volume index, LGE, EF) (hazard ratio = 2.051 per mm
decrease; 95% confidence interval [CI]: 1.520, 2.768; P < .001).
Inclusion of lateral MAPSE in this model resulted in significant im-
provement in model fit (likelihood ratio test P < .0001) and C sta-
tistic (increasing from 0.675 to 0.844; P < .0001). Continuous net
reclassification improvement was 1.036 (95% CI: 0.878, 1.194).

Lateral MAPSE measured during routine cine cardiac MR imaging
is a significant independent predictor of mortality in patients with
LV dysfunction, incremental to common clinical and cardiac MR
risk factors—including EF and LGE.

©RSNA, 2017
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ong-axis atrioventricular plane
displacement appears to play a
fundamental role in cardiac me-
chanics and has been shown to be an
important contributor to left ventric-
ular (LV) pumping in both health and
disease (1,2). Moreover, long-axis dys-
function appears to be an early marker
for a number of pathologic states (3).
Assessment of long-axis function
by using echocardiography has been
shown to provide independent prog-
nostic information in a wide variety of
cardiac conditions, including LV dys-
function (4,5). Recently, the prognos-
tic value of lateral mitral annular plane
systolic excursion (MAPSE) as an index
of long-axis function was suggested in

Advances in Knowledge

B Lateral mitral annular plane sys-
tolic excursion (MAPSE), as a
surrogate for left ventricular (LV)
long-axis function, can be mea-
sured with low inter- and intra-
observer variability from conven-
tional cine cardiac MR images.

® At Kaplan-Meier analysis, the
risk of death increases signifi-
cantly with decreasing tertiles of
lateral MAPSE (log-rank P =
.0001).

B Lateral MAPSE is a significant
independent predictor of all-
cause death in patients with
reduced ejection fraction (EF)
after adjustment for clinical and
imaging risk factors (hazard ratio
= 2.051 per mm decrease; 95%
confidence interval [CI]: 1.520,
2.768; P < .001); in other words,
every 1-mm decrease in lateral
MAPSE is associated with an ap-
proximately twofold increase in
death.

® The addition of lateral MAPSE to
clinical and imaging risk factors
results in significant improvement
in model fit (likelihood ratio test
P < .0001) and C statistic (in-
creasing from 0.675 to 0.844; P
< .0001), with a continuous net

reclassification improvement of
1.036 (95% CI: 0.878, 1.194).

a single-center cardiac magnetic res-
onance (MR) imaging study of unse-
lected patients with preserved and re-
duced ejection fraction (EF) (6). We
therefore hypothesized that lateral
MAPSE measured during cine cardiac
MR imaging may provide independent
prognostic information in patients with
LV dysfunction.

The aim of this study was to eval-
uate the prognostic value of a simple
index of LV long-axis function, lateral
MAPSE, in a large multicenter popula-
tion of patients with reduced EF under-
going cardiac MR imaging.

Materials and Methods

Study Design

Four geographically diverse medical
centers in the United States partici-
pated in this observational, multicen-
ter study. The data coordinating center
used a cloud-based database (Cloud-
CMR, www.cloudCMR.com) containing
de-identified searchable data from con-
secutive patients with full Digital Imag-
ing and Communications in Medicine

Implications for Patient Care

B Measurements of lateral MAPSE
can be obtained from conven-
tional cine cardiac MR images
without the need for specialized
pulse sequences, propriety soft-
ware, or additional imaging time.

B Cardiac MR imaging is commonly
used for the assessment of
patients with reduced EF and
heart failure; lateral MAPSE pro-
vides a simple additional prog-
nostic marker for predicting
death in this population, with
few deaths in patients with rela-
tively preserved lateral MAPSE
(>9 mm) regardless of whether
their EF was above or below
35%.

B These findings have potentially
broad application because they
were made in a large multicenter
group of patients being evaluated
for LV dysfunction regardless of
underlying cause.

datasets from the participating centers
(R.J.K. and R.M.J. have a proprietary
interest in Heart IT, which owns and
operates CloudCMR). Institutional re-
view board approval was obtained at
each center.

Study Population

Inclusion criteria were consecutive pa-
tients (n = 1060) with an EF of less
than 50% who had undergone clinical
cardiac MR imaging in 2011 for the as-
sessment of LV dysfunction with both
cine and late gadolinium enhancement
(LGE) imaging at the four participating
centers. Patients were excluded if lat-
eral MAPSE assessment could not be
performed owing to poor image quality
(n = 9) and if they had previously un-
dergone prosthetic mitral valve replace-
ment (n = 11), leaving 1040 patients.
These patients formed the study popu-
lation. Baseline demographics were ob-
tained by local site investigators at the
time of the clinical study.

Cardiac MR Image Acquisition

Images were acquired by using phased-
array receiver coils according to the
routine imaging protocol at each site.
A typical protocol included steady-state
free-precession cine images acquired in
multiple short-axis and three long-axis

https://doi.org/10.1148/radiol.2017170529
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Figure 1

END DIASTOLE

Figure 1:
died (bottom). Lateral mitral annular positions were recorded in four-chamber view at end diastole (images on left) and end systole
(images on right), enabling measurement of lateral MAPSE (red line) in each patient.

views, with short-axis views obtained
every 1 cm to cover the entire LV as
previously described (6). LGE imaging
was performed approximately 10-15
minutes after administration of a gado-
linium contrast medium (0.15 mmol/
kg) by using a two-dimensional seg-
mented gradient-echo inversion-recov-
ery sequence in the same views used
for cine cardiac MR imaging.

Cardiac MR Image Analysis and MAPSE
Assessment

The study site investigators (R.J.K.,
HWK., LK., JEH., D.J.S., and A.F, all
with more than 10 years of cardiac MR
imaging experience) analyzed images on
locally available workstations and were
blinded to follow-up data. Delayed en-
hancement was determined by using the
American Heart Association 17-segment
model, as described previously (7-11).
Lateral MAPSE was measured as
previously described (6). In brief, the
lateral mitral annular position was

END SYSTOLE

marked at end diastole in the four-
chamber view (Fig 1). Images were ad-
vanced frame by frame to the end of
systole (just before opening of the mi-
tral valve), where the lateral mitral an-
nular position was again identified. Lat-
eral MAPSE was defined as the distance
between the lateral mitral annular po-
sition at the end of diastole to the lat-
eral mitral annular position at the end
of systole (Fig 1). Measurements were
performed manually by one physician,
who was blinded to patient outcomes
and information (S.R., with 2 years of
cardiac MR imaging experience). In
100 randomly selected patients, an-
other cardiac MR imaging physician
who was blinded to outcomes and in-
formation measured lateral MAPSE for
the evaluation of interobserver variabil-
ity (J.J., with 2 years of cardiac MR
imaging experience). In another 100
randomly selected patients, the same
physician (S.R.), who was still blinded
to outcomes and information, obtained

Patient 1

SURVIVED

EF = 45%
Lateral MAPSE = 14mm

Patient 2

DIED

EF = 45%
Lateral MAPSE = 6.5mm

MR images demonstrate measurement of lateral MAPSE in a patient who survived (top) and a patient who subsequently

repeat measurements of lateral MAPSE
approximately 5-6 months after the
initial measurement to evaluate intra-
observer variability.

Follow-up

Follow-up was completed in all patients
for the primary outcome of all-cause
mortality by using the United States
Social Security Death Index. Time to
event was calculated as the period be-
tween the cardiac MR study and death.
Patients who did not experience the
primary outcome were censored at the
time of assessment.

Statistical Analysis

Normally distributed data were ex-
pressed as means * standard devia-
tions. Normality was assessed by using
the Kolmogorov-Smirnov test. Intra- and
interobserver variability was evaluated
by using the Bland-Altman technique
(12). Kaplan-Meier plots were used to
evaluate the relationship between lateral
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MAPSE and time to the primary out-
come of all-cause mortality. We used
Cox proportional hazards regression
modeling to examine the independent
association between lateral MAPSE and
all-cause mortality and verified the pro-
portionality assumption of all models.
For the multivariable model, clinical and
imaging risk factors that were univariate
predictors (at P = .15) were considered
as covariates. To evaluate the additional
prognostic value of lateral MAPSE (as
a continuous variable), the final model
was compared with a model in which
lateral MAPSE was not included. The log
likelihoods of the two models were com-
pared by using the likelihood ratio test.
Model discrimination was compared by
calculating the C statistic as well as the
integrated discrimination improvement,
which provides a measure of the im-
provement in sensitivity and specificity
of the model with addition of the new
predictor (lateral MAPSE) (13,14). Risk
reclassification analyses were performed
with calculation of continuous net re-
classification improvement (13). P <
.05 was considered indicative of a sta-
tistically significant difference. Analyses
were performed by using STATA soft-
ware (StataCorp, College Station, Tex).

Patient Characteristics

Table 1 summarizes baseline patient
characteristics. All continuous variables
were normally distributed. The mean
age of the study population was 59.5
years = 15.8. Of the 1040 patients,
676 (65%) were men. Three hundred
twenty patients (30.8%) had diabetes
mellitus. Two hundred ninety-one of the
1040 patients (28%) had a history of
previous myocardial infarction, and 149
(14.3%) were smokers. Approximately
177 of the 1040 patients (17%) had LV
hypertrophy (by using a cutoff of 95 g/
m? for women and 115 g/m? in men).
The mean EF was 33.8% = 10.0; 645
of the 1040 patients (62%) had LGE
present. About 48% of patients had
an ischemic LGE pattern and 14% had
a nonischemic pattern. Mean lateral
MAPSE for the population was 9.1 mm.

Baseline Characteristics Stratified according to Tertiles of Lateral MAPSE

Lateral MAPSE

Lateral MAPSE  Lateral MAPSE

All Patients <7.8 mm 7.8-10.0mm  >10.0 mm
Characteristics (n=1040)* (n = 346)* (n=345)* (n=349)* PValue
Mean age (y)* 59.5 + 15.8 62.1 = 16.2 60.1 = 14.7 56.5+16.0 <.001
Male (%) 676 (65.0) 227 (65.7) 209 (60.5) 238 (68.2) 123
Mean BMI (kg/m?)* 28.7 =85 28.7 = 11.6 29.0 = 6.5 28.5 +6.3 .700
Diabetes (%) 320(30.8) 108 (31.2) 120 (34.9) 93 (26.8) .071
Hyperlipidemia (%) 560 (53.9) 179 (51.7) 198 (57.5) 185 (52.9) .282
Smoking (%) 149 (14.3) 48 (14.0) 44 (12.8) 56 (16.0) 490
Hypertension (%) 695 (66.8) 239 (69.0) 248 (72.0) 210 (60.2) .002
Aspirin (%) 653 (62.8) 219 (63.3) 242 (70.1) 194 (55.7) .001
Statin (%) 575 (55.3) 181 (52.4) 206 (59.7) 188 (54.0) .158
ACE inhibitor or ARB (%) 692 (66.6) 223 (64.4) 294 (70.7) 208 (59.7) 077
Beta blocker (%) 513 (49.3) 181 (52.2) 133 (54.5) 146 (42.0) .003
Diuretic (%) 466 (44.8) 186 (53.9) 163 (47.4) 119 (34.1) <.001
LVEDV index (mL/m?)t 117.4 £529 122.6 + 60.6 119.4 £51.7 110.7 = 45.0 .008
LVESV index (mL/m?)t 66.3 + 43.7 779+ 5318  68.0 = 40.0 540+ 329 <.001
LV mass index (g/m?)f 113.8 £283 1141 +=41.0 1102 =422 116.9 = 451 .853
LGE present (%) 645 (62.0) 232 (67.2) 206 (59.7) 204 (58.4) .043
LVEF (%)t 33.8 +10.0 29.4 +10.4 337+94 38.0 + 8.2 <.001

Note.—ACE = angiotensin converting enzyme, ARB = angiotensin receptor blocker, BMI = body mass index, LVEDV = LV end
diastolic volume index, LVEF = LV EF, LVESV = LV end systolic volume index.

* Except where indicated, data are numbers of patients, with percentages in parentheses.

T Data are means + standard deviations.

Median lateral MAPSE was 9.0 mm (in-
terquartile range: 7.8-10.0 mm).

Inter- and Intraobserver Variability

Bland-Altman analysis of interobserver
variability for lateral MAPSE showed
a bias of 0.14 mm. The 95% limits
of agreement were —2.18 to 1.90
mm (Fig 2). Bland-Altman analysis
of intraobserver variability for lateral
MAPSE showed a bias of —0.04 mm.
The 95% limits of agreement were
—1.57 to 1.64 mm (Fig 2).

Primary Outcome

Of the 1040 patients in the study, 132 died
during a median follow-up of 4.4 years
(interquartile range: 3.6-5.1 years).

Outcomes Stratified according to Lateral
MAPSE

At Kaplan-Meier analysis, the risk of
death increased significantly with de-
creasing tertiles of lateral MAPSE (log-
rank P = .0001) (Fig 3). Kaplan-Meier
analysis of patients with EF of 35% or less
versus those with EF greater than 35%

stratified by using lateral MAPSE above
and below the median (9 mm) showed
that mortality was significantly higher in
patients with lower lateral MAPSE, ir-
respective of EF (Fig 4). Patients with
LVEF of 35% or less and low lateral
MAPSE had similarly reduced survival
as those patients with LVEF greater than
35% and low lateral MAPSE (log-rank P
= .72). Likewise, patients with LVEF of
35% or less and high lateral MAPSE had
similar survival to those patients with
LVEF greater than 35% and high lateral
MAPSE (log-rank P = .96).
Kaplan-Meier analysis of patients
with LGE versus those without LGE
stratified according to the highest and
lowest tertiles of lateral MAPSE showed
that mortality was highest in the pa-
tients with both LGE and low lateral
MAPSE (Fig 5). Patients with LGE and
low lateral MAPSE had significantly
reduced survival compared with those
with LGE and high lateral MAPSE (log-
rank P < .0001). Likewise, patients with
low lateral MAPSE and no LGE had sig-
nificantly reduced survival compared
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Figure 2: Bland-Altman analysis of lateral MAPSE for interobserver (left) and intraobserver (right) variability. Solid line represents bias, dashed lines represents 95%

limits of agreement.

with those with high lateral MAPSE and
no LGE (log-rank P < .0001).

Multivariable Analysis and Incremental
Prognostic Value

After adjustment for clinical and imaging
risk factors that were univariate predic-
tors at P = .15 (age, body mass index,
diabetes, LV end-diastolic volume index,
LGE, EF), lateral MAPSE remained a sig-
nificant independent predictor of death
(hazard ratio = 2.051 per mm decrease;
95% confidence interval [CI]: 1.520,
2.768; P < .001) (Tables 2, 3). The ad-
dition of lateral MAPSE in this model re-
sulted in a significantly improved model
fit as assessed with the likelihood ratio
test (P < .0001). In addition, there was
an integrated discrimination improve-
ment of 0.192 (95% CI: 0.133, 0.258)
with a continuous net reclassification
improvement of 1.036 (95% CI: 0.878,
1.194). Moreover, the addition of lateral
MAPSE resulted in significant improve-
ment in model discrimination as assessed
with the C statistic (C statistic increased
from 0.675 to 0.844; P < .0001).

These findings remain essentially
unchanged when extent of LGE is used
in our analysis instead of presence and/
or absence of LGE. The extent of LGE is
a univariable predictor of death in this
population (hazard ratio = 1.029; 95%
CL: 1.014, 1.044; P < .0001). Similarly,
lateral MAPSE remains a significant

5 10 15
Lateral MAPSE Mean (mm)

100 Lateral MAPSE>10mm
s
Lateral MAPSE 7.8-10mm
75 1
9 Lateral MAPSE<7.8mm
T 50
E P<0.0001
5
0]
25+
0 .
T T T T T T T
0 1 2 3 4 5 6

Time (Years)

Figure 3:  Kaplan-Meier curves for survival stratified according to tertiles of
lateral MAPSE: lateral MAPSE less than 7.8 mm (n = 346), lateral MAPSE mea-
suring 7.8-10 mm (n = 345), and lateral MAPSE greater than 10 mm (n = 349).

predictor after adjustment for clinical
and imaging predictors (hazard ratio =
2.147; 95% CI: 1.585, 2.907; P < .0001).

This study shows that lateral MAPSE—
as a surrogate for LV long-axis func-
tion—is a significant independent
predictor of mortality in a large mul-
ticenter population of patients with
LV dysfunction and reduced EF. More-
over, we demonstrated that this simple

parameter provides prognostic infor-
mation incremental to common clini-
cal and imaging risk factors, including
EF and LGE. A particular strength of
these findings is that they were made
in a large multicenter group of patients
being evaluated for LV dysfunction re-
gardless of the underlying cause. Thus,
these findings have potentially broad
application to this important patient
group. Moreover, measurements of lat-
eral MAPSE were obtained from stan-
dard cine cardiac MR images without
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Figure 4:  Kaplan-Meier curves of patients with EF of 35% or less versus those with EF
greater than 35% stratified according to lateral MAPSE above and below the median (9 mm):
lateral MAPSE less than 9 mm and EF of 35% or less (n = 289), lateral MAPSE less than 9 mm
and EF greater than 35% (n = 229), lateral MAPSE of at least 9 mm and EF of 35% or less (n =
161), and lateral MAPSE of at least 9 mm and EF greater than 35% (n = 361).

1004 w Lateral MAPSE=>10mm, no LGE .
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Figure 5: Kaplan-Meier curves of patients with LGE versus those without LGE stratified
according to highest and lowest tertiles of lateral MAPSE: lateral MAPSE less than 7.8 mm and
LGE (n = 232), lateral MAPSE less than 7.8 mm and no LGE (n = 114), lateral MAPSE greater
than 10 mm and LGE (n = 146), and lateral MAPSE greater than 10 mm and no LGE (n = 203).

the need for propriety software or ad-
ditional imaging time.

Long-Axis Function and MAPSE in Cardiac
Mechanics

Long-axis function plays a fundamental
role in cardiac mechanics, contributing

to ventricular ejection by reducing long-
axis LV cavity size as the mitral annulus
is pulled toward the apex (2,15). Cardiac
MR imaging has been used to measure
the contribution of longitudinal mitral
plane displacement to overall stroke vol-
ume in healthy subjects, elite athletes,

and patients with dilated cardiomyopa-
thy (1,2). These studies suggest that as
much as 60% of stroke volume may be
explained by longitudinal mitral annular
motion. In diastole, the mitral annulus
springs back to its equilibrium position
moving around the column of blood
passing through the mitral valve, thus
aiding ventricular filling (15).

Possibly because of their subendo-
cardial location, the more longitudinal
myocardial fibers seem to be exquisitely
sensitive to disturbance by various ab-
normalities; for example, mitral annu-
lar motion is very rapidly reduced by is-
chemia in experimental models (3,16).

Assessment of Long-Axis Function

Because the cardiac apex is fixed with re-
spect to the chest wall, long-axis function
can be assessed by measuring changes in
the position of the mitral annulus (15).
Initial studies used M-mode echocardi-
ography to directly follow the position of
the mitral annulus and measure MAPSE
(17). Recently, echocardiographic two-
dimensional speckle tracking techniques
have evolved to assess long-axis function
by measuring LV longitudinal strain (18).
Strain imaging has the potential advan-
tage of providing segmental and global
information regarding longitudinal defor-
mation rather than the monodimensional
focal data derived from MAPSE. However,
these echo strain techniques are highly
dependent on attainment of good-quality
images and there is lack of standardiza-
tion among different vendors (3). More-
over, analysis can be time consuming and
requires substantial operator experience
(5,18). Recent developments in cardiac
MR imaging feature tracking technology
show promise in allowing measurement
of longitudinal strain by using routine
cine images in the clinical setting (19,20).
In contrast to strain techniques, our sim-
ple measurement of lateral MAPSE can
be performed easily without the need for
proprietary software.

Cardiac MR Imaging Assessment of Long-
Axis Function and Prognosis

There is a large and growing body of
echocardiographic  literature ~ demon-
strating the prognostic value of long-axis
function by using both MAPSE and global
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Table 2

Hazard Ratios for All-Cause Mortality of Lateral MAPSE Alone as Well as Adjusted in

Clinical and Imaging Models

Model Hazard Ratio PValue
Lateral MAPSE 1.653 (1.521, 1.795) <.001
Lateral MAPSE + clinical predictors 1.644 (1.511,1.789) <.001
Lateral MAPSE + imaging predictors 1.955 (1.470, 2.600) <.001
Lateral MAPSE + clinical predictors + imaging predictors 2.051 (1.520, 2.768) <.001

Note.—Hazard ratios are given per millimeter decrease. Numbers in parentheses are 95% Cls. Clinical predictors = age, body
mass index, diabetes; imaging predictors = EF, LV end-diastolic volume index, LGE.

Table 3

Multivariable Model of Mortality with Lateral MAPSE Adjusted to Univariate Clinical

and Imaging Predictors (at P < .15)

Univariable Analysis Multivariable Analysis
Variable Hazard Ratio PValue Hazard Ratio PValue
Age 1.030 (1.017, 1.042) <.001 1.019 (1.007,1.032) .003
BMI 1.011 (1.000,1.022) 109 1.012 (1.001,1.023) .022
Diabetes 1.893 (1.338,2.677) <.001 1.588 (1.110,2.272) .011
LVEDV index 0.998 (0.994,1.001) 148 1.000 (0.996,1.005) .842
Lateral MAPSE* 1.653 (1.521,1.795) <.001 2.051 (1.520,2.768) <.001
LGE present 2.338 (1.540,3.551) <.001 1.954 (1.276,2.992) .002
LVEFF 1.018 (1.002,1.036) .032 1.001 (0.948, 1.057) 977

Note.—Numbers in parentheses are 95% Cls. BMI = body mass index, LVEDV = LV end diastolic volume.

* Per millimeter decrease.
T Per percentage decrease.

longitudinal strain in a wide variety of
conditions including atrial fibrillation,
after myocardial infarction, ischemic car-
diomyopathy, heart failure (with reduced
or preserved EF), aortic stenosis, tetral-
ogy of Fallot, amyloidosis, after heart
transplantation, and after anthracycline
therapy (4,5).

Riffel et al (21) recently showed
that mitral annular displacement with
respect to the cardiac apex, measured
with cardiac MR imaging, correlates
well with echo-derived global longitudi-
nal strain. However, studies specifically
assessing the prognostic significance of
LV long-axis function at cardiac MR im-
aging have been limited to date.

Rangarajan et al (6) recently
showed that lateral MAPSE measured
from four-chamber cine images is in-
dependently associated with adverse
cardiovascular outcomes in 400 con-
secutive patients undergoing cardiac

MR imaging. In contrast to our current
study, their patient population included
individuals with both reduced and pre-
served EF from a single center with
relatively short follow-up and limited
end points. Others have shown similar
findings in patients with nonischemic
cardiomyopathy, using a surrogate car-
diac MR imaging measure of long-axis
strain derived from the movement of
the mitral annulus relative to the apex
to predict a composite outcome of ad-
verse cardiac events (22,23). Gjesdal et
al (24) examined the prognostic value
of similarly derived cardiac MR imaging
long-axis function from 1651 individuals
in the Multi-ethnic Study of Atheroscle-
rosis cohort who were free of cardio-
vascular disease. After a median of 6.8
years of follow-up, long-axis function
was found to be an independent pre-
dictor of cardiovascular outcomes (24).
Using dedicated cardiac MR imaging

feature-tracking software, Buss and col-
leagues (25) demonstrated that global
longitudinal strain was an independent
predictor of the composite end point of
cardiac death, heart transplantation,
and aborted sudden cardiac death in
210 patients with nonischemic dilated
cardiomyopathy who were followed up
for a median of 5.3 years.

The total number of hard events (n
= 132) in our population is significantly
higher than that in previous cardiac
MR studies of long-axis function, which
greatly increases the robustness of our
observations.

Role of Cardiac MR Imaging in the
Assessment of LV Dysfunction

Cardiac MR imaging has evolved into a
major tool for the diagnosis and prog-
nostic assessment of patients with LV
dysfunction by providing data on mor-
phologic characteristics, function, per-
fusion, viability, and tissue character-
ization (9,26-29). It is the standard of
reference for measuring ventricular vol-
umes, mass, and function, allowing se-
rial assessment of disease progression
or treatment response in individual
patients (26-29). Cardiac MR imaging
tissue characterization can help estab-
lish the underlying cause of a cardio-
myopathy (26-29). LGE imaging allows
assessment of the likelihood of recovery
of function after revascularization, med-
ical therapy, or cardiac resynchroniza-
tion (26-29). LGE is a powerful predic-
tor of adverse cardiovascular outcome
in a wide range of cardiomyopathies
(26-29). In this study, we have shown
that lateral MAPSE provides indepen-
dent prognostic information in patients
with LV dysfunction undergoing cardiac
MR imaging. Moreover, this was incre-
mental to standard clinical and cardiac
MR imaging variables, including LGE
and EF. How this information will af-
fect clinical care requires further study.
However, it is interesting to note that
we found that patients with relatively
preserved lateral MAPSE (>9 mm) had
very few deaths regardless of whether
their EF was higher or lower than 35%.
Given that current guidelines recom-
mend implantable cardioverter defibril-
lator placement based primarily on an

458

radiology.rsna.org = Radiology: \lolume 286: Number 2—February 2018



Radiology

CARDIAC IMAGING: Left Ventricular Long-Axis Function as a Predictor of Mortality

Romano et al

EF of 35% or less, it will be interesting
to specifically examine the role of lat-
eral MAPSE for the prediction of sud-
den cardiac death in future studies.

Study Limitations

Baseline demographics were obtained
by local site investigators at the time
of the clinical study and were limited
to the prespecified variables presented
herein, which do not represent a com-
prehensive list of all possible prognostic
markers. For example, plasma B-type
natriuretic peptide levels were not rou-
tinely measured at the time of imaging
and were not included in our predictive
models. In addition, not all possible im-
aging variables were measured (eg, left
atrial volume index).

Our findings were made in a large
multicenter group of patients being eval-
uated for LV dysfunction regardless of
underlying cause. We believe that this
represents a major strength of this study
because our observations have poten-
tially broad application to this important
patient group and greatly expand the ev-
idence base for cardiac MR imaging-de-
rived lateral MAPSE and prognosis.

Information regarding cause of death
or specific cardiovascular outcomes such
as myocardial infarction, sudden death,
implantable cardioverter defibrillator
placement, transplantation, revascu-
larization, or hospitalization were not
available. Follow-up data in this study
were limited to the primary end point of
all-cause death. However, many have ar-
gued that all-cause mortality is the most
important and appropriate study end
point because it is objective, clinically
relevant, and unbiased, which is often
not the case for cardiac death or softer
outcomes such as revascularization or
hospitalization (30-33).

Our simple lateral MAPSE measure-
ments did not account for possible trans-
lational movements of the mitral annu-
lus or for heart size differences, which
may confound assessment of long-axis
function. More complex methods for as-
sessing mitral annulus long-axis motion
include use of multiple long-axis views,
with normalization to body size, or cal-
culation of various changes in apex-to-
annulus length expressed as a ratio of

end-diastolic measurements (22,24).
However, in this study we prospectively
decided to measure the simplest possi-
ble parameter, lateral MAPSE, which has
been shown to have prognostic signifi-
cance in the echocardiography and car-
diac MR imaging literature. We believe
that simple rapid techniques are more
likely to be used in busy clinical labora-
tories. Moreover, our results stand on
their own and clearly demonstrate that
this simple lateral MAPSE measurement
is an important independent predictor of
death, incremental to standard clinical
and imaging variables.

In conclusion, in this large multi-
center study, lateral MAPSE measured
during routine cine cardiac MR imaging
was a significant independent predictor
of mortality in patients with LV systolic
dysfunction-incremental to common
clinical and imaging risk factors including
EF and LGE. A major strength of these
findings is that they were obtained in a
large multicenter group of patients being
evaluated for LV dysfunction regardless
of underlying cause. Thus, these ob-
servations have potentially broad appli-
cation to this important patient group.
Future studies are warranted to explore
the role of cardiac MR imaging-derived
lateral MAPSE in clinical decision mak-
ing for patients with LV dysfunction.
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