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INTRODUCTION

Early detection of cardiovascular disease facilitates prompt initiation of appropriate therapy and
prevents the development of irreversible complication.

Ejection fraction is the most common imaging biomarker for myocardial systolic function but it is not a
sensitive metric. 40% of patient with heart failure has normal EF (HFpEF). Abnormal EF usually implies
a late potentially irreversible stage of underlying cardiovascular disease.

Myocardial strain is an indicator of myocardial deformation, which is a more sensitive imaging
biomarker of myocardial disease than commonly used ventricular ejection fraction.

Although myocardial strain is commonly evaluated by using speckle-tracking echocardiography (STE)
or tissue Doppler (TDI), cardiovascular MRI (CMR) is increasingly performed for this purpose.
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Imaging

Techniques

Echocardiography is the most performed imaging technique for
myocardial strain, either by using speckle-tracking echocardiography (STE)
or tissue Doppler imaging (TDI).

High temporal resolution of echocardiography is well suited to evaluate
the rapid events such as myocardial activation and patient with high heart
rates.

STE uses dedicated postprocessing software to track the myocardial
speckles produced by reflections of myofibres throughout the cardiac
cycle, mainly at endocardial border.

TDI helps evaluate velocity between two points in the myocardium, but
limited to one direction along the ultrasound beam to evaluate global
longitudinal strain (GLS) in the apical window (sensitive noise).

Limitations: variable image quality, operator dependency, limited acoustic
windows, and lower signal-to-noise ratio.

CT can help in the evaluation of the myocardial strain usinE_ retrospective
electrocardiographically-gated techniqgue and feature-tracking technique.
CT strain values correlate well with echocardiography.



CMR Strain Techniques

 CMR, the current reference standard  Myocardial Tagging
for myocardial function and volqmes, + Strain-encoded Imaging
can also be used for the evaluation of _ : .
myocardial strain. * Displacement Encoding with

Stimulated Echoes

* Tissue Phase Mapping
e Several CMR strain techniques are

available, with most requiring
dedicated CMR sequences and some
requiring dedicated postprocessing
software.

* Feature Tracking




Table 1: Comparison of Advantages and Disadvantages of Various MRI Strain Techniques
Sequence Advantages Diisadvantages

Tagzing Well validated Additional acquisition sequence
Bertter reproducibility Dedicated postprocessing software needed
True tissue market Time-consuming posiprocessing
Good tag tracking Low spatial resolution
Visual assessment of RWMA Low temporal resolution
2D and 3D acquisitions Diaseolic tag fading in SPAMM
Through-plane motion of tags
Tag deposition delay, underestimation of strain
Mo separate acquisiion Limuted by pixel size
Automated rapid postprocessing Lower spatial and temporal resolution
Easier analysis Mo physical speckles and/or tissue markers (reliant on
Multiple vendors available CONLours)
Reproducibility of planes Relies “segmentation
Can be estimated from 2D and 3D Moton artfacts ino through-plane in 2D
data MNo standardizanon
Less useful for regional strain
Quick examination with single-shot Additional acquisition sequence
acquisition in one heartbeat Low temporal resolution
Allows real-time strain measure- Measures only through-plane strain {only LS and CS)
ments for stress CMRE Cannot measure radial strain
High sparial resolution Low SNE (STEAM acquisiton)
Postprocessing 15 quick Tag fading in diastole
Mainly a rescarch sequence
DENSE Short acquisition time Additional acquisition sequence and analy software
High sparial resolution Limited clinical experience
Good endocardial border definition Low SNR (STEAM acquisition)
Three strain directions from 2D or  Low temporal resolution
3 acquisitions

Tissue (phase ve- Widely available sequence Additional acquisition sequence
locity) mapping High spatial resolution Long acquisition time
Quick postprocessing Lowrer temporal resoluton than tagzmng

MNote.—CS = circumferential strain, LS = longitudinal strain, RWMA = regional wall motion abnormalities,
SNE = signal-to-noise ratio, SPAMM = spatial modulation of magnetizatnon, STEAM = STimulated Echo
Acquisition Mode, 2D = two dimensional.










Strain Measurements

[ Strain, expressed without a unit, or as a percentage, is measured in longitudinal, circumferential and
radial directions.

[0 Several strain metrics are available.
= Strain rate (rate of change of strain) (1/sec)
- A better marker of actual contractility owing to lesser dependence on load and chamber size than strain.

- It can be registered as peak systolic, early diastolic and late diastolic strain rates (useful for evaluation of
cardiomyopathies and HFpEF.

= Time to peak strain (in seconds)

- The time from the beginning of the cardiac cycle to the maximal positive or negative strain, normalized to
the RR interval duration (useful in LV dyssynchrony).

=  Torsion
- A sensitive marker for both systolic and diastolic dysfunction and is useful for cardiomyopathies.

- It can be expressed by either as twist angle (degrees), circumferential longitudinal shear angle (degree),
torsion (degree/centimeter), or torsion rate (degree/ (centimeter x second).

= Displacement (in mm)
= Velocity (in mm/sec)
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Clinical

Applications

Table 3: Clinical Applications and Indications for MRl Myocardial Strain

Clinical Application

Specific Indications for MRI Myocardial Strain

Early diagnosis

Prognosis and risk
stratification

Therapeutic decision
making

Family screening

Cardiotoxicity of anticancer therapeutics

Ischemic heart disease

Nonischemic cardiomyopathy (hypertension, HFpEF)

Repaired congenital heart diseases

Pulmonary hypertension

Ischemic heart disease; also identifies segments that will recover function

Nonischemic cardiomyopathy

Congenital heart disease

Pulmonary hypertension

Valvular heart disease: early identification of patients for surgeries

LV dyssynchrony: identifies responders for cardiac resynchronizanon therapy

Ischemic heart disease: identifies segments that will recover function

Valvular heart disease: idenufies asymptomatic patients who may benefit from
SUIgery

Hypertrophic cardiomyopathy, muscular dystrophies




Chemotherapy cardiotoxicity.



Peak Crcumfesental Stran ()

[AHA)

LV dyssynchrony.



Cardiac amyloidosis.



Conclusion

CMR myocardial strain imaging is now Myocardial strain is clinically useful in the early diagnosis of
increasingly available and performed, myocardial dysfunction, risk stratification and
primarily owing to the development of FT prognostication of several disease. It may be useful in
technique. identifying patients with LV dyssynchrony who will benefit

from cardiac resynchronization therapy.
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cart failure with prescrved cjection fracrion (HFRpEI)
Hhus been increasingly recognized as a threar o global
healch, with an increase in adwverse outcomes, includ-
ing moriality, hospiializarion, and a decreased qualicy
313 = (1), Abnormal left venrricular (LV) diastolic per-

Formance is an importane pathophysiologic mechani

1
underlying HFpEF due to clevated LV flling pressure
and wall stiffncss (2,33, usually cvaluacted noninva-
sively with echocardiography with use of spectral and
tissue [Doppler of the LA migral valve apparatus. Howr-
ever, assessment may be limiced by sampled segmental
abnormalicy and error {4).

Speckle—rracking echocardiogrmaphy and feartare-rrack-
ing cardiovascular MBEI (CRE) scrain imaging (longi-

tudinal, circomforential, and madial) have allowed  for

quantitative asscssment of myocardial deformation, and
both have been shown to be assoclated with prognosis of
patcents with HFpEF {5-7). Previous work has indicared
strong reproduacibility and diagoosde value of IV glolbal
carly diastolic longitudinal somin race (ol SR} from CMR
feature tracking in quantifying cardiae dysfuncrion (8,9);
howewer, there are limited dara reparcdi the prognoscic
value of cfGLSR in paticnts with HEFpEE “We hypothesized
thar IV eGLSE mayv be independently associated with
all-causc death or heart failure hospitalization in HFpEF
and could provide incremencal prognoscic infornmarion be-
vound clinical and convendonal imaging paramecers. The
aim of this study was, therchore, o explore the associ
berween Ll'u:- LV =eGLSR and dlinical ourcomes in patients
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INTRODUCTION

Heart failure with preserved ejection fraction (HFpEF) has been increasingly recognized as a threat to global health,

with an increase in adverse outcomes, including mortality, hospitalization, and a decreased quality of life

Abnormal left ventricular (V) diastolic performance is an important pathophysiologic mechanism underlying
HFpEF due to elevated LV filling pressure and wall stiffness
- evaluated noninvasively with echocardiography with use of spectral and tissue Doppler of the LV mitral

valve apparatus (may be limited by sampled segmental abnormality and error)

Speckle-tracking echocardiography and feature-tracking cardiovascular MRI (CMR) strain imaging (longitudinal,
circumferential, and radial) have allowed for quantitative assessment of myocardial deformation and both have been

shown to be associated with prognosis of patients with HFpEF



Aim of the study:

To explore the associations between LV eGLSR and clinical outcomes in
patients with HFpEF



Material and
Methods



Material and Methods

-Retrospective study
- Patients with HFpEF who underwent CMR and echocardiography
at Fuwai Hospital, Beijing, China, were consecutively included

from
January 2010 to March 2013.

Inclusion criteria:

(a) symptoms of heart failure greater than New York Heart Association class 11

(b) brain natriuretic peptide level greater than 35 pg/mL or N-terminal pro—brain natriuretic peptide level

greater than 125 pg/mlL at the time of diagnosis

(¢) LV ejection fraction of 50% or more

(d) at least one of
(2) undetlying LV structural abnormalities (left atrial maximum volume index >34 mL/m?2 in sinus
thythm or LV end-diastole mass index [1115 g/m2 for men and >95 g/m2 for women, measured with
echocardiography)

or
(%) LV dystolic dysfunction (eatly and/or late peak diastolic mitral inflow velocity [E/A] <1 ot eatly
peak mitral inflow velocity and/or mean mitral annular peak eatly diastolic velocity [E/E'] >13)

(e) an echocardiogtaphic and natriuretic peptide score of 5 or more calculated by using the

Heart Failure Association pretest assessment, echocardiography and natriuretic peptide, functional testing,

or HFA-PEFF—

final etiology:

-suggested by the Heart Failure Association of the European Society of
Cardiology

Exclusion criteria

-Primary cardiomyopathy (hypertrophic, dilated, and restrictive)

-Primary severe valvular heart disease

-Acute coronary syndrome

-Restrictive pericardial disease

-Severe arrythmia

-Severe renal dysfunction (glomerular filtration rate <30 mL/min/1.73 m2).



CMR Protocol and Analysis

- MRI examination at 1.5 T (Magnetom Avanto, Siemens Healthineers) with an eight-channel cardiac coil

- Cardiac short-axis and two, three, and four chamber view cine images were acquired using a standard breath-held steady-state free precession cine sequence.

-Typical imaging parameters were as follows:

- section thickness, 8 mm; gap, 2 mm

- repetition time, 3.0-3.4 msec; echo time, 1.5-1.7 msec
- matrix size, 192 t0 224 to 224 X 256

- field of view, 320 X 320 to 380 X 380 mm?2

- temporal resolution, 30—55 msec, depending on heart rate.

- LV mass and LV end-diastole and end-systole volume were measured using Argus software (version VA60C, Siemens Healthineers) and normalized using
body surface area calculated with the Mosteller equation .

- Feature-tracking analysis was performed using the QStrain package (Medis Medical Imaging Systems).
The endocardial and epicardial contours were automatically detected with manual correction in end-systole and end-diastole (Papillary muscles were
excluded from the endocardial contour) -Three-directional myocardial strain and strain rate were derived:

- global longitudinal (GLS), radial, and circumferential strains

- global systolic longitudinal (sGLSR), radial, and circumferential strain rates

- eGLSR, radial, and circumferential strain rates.



Statistical analysis



Statistical analysis

2 sample To asses the
independed T test, difference between
Wilcoxon rank sum the 2 groups.

Type of test Intention
Variables are presented as means +- standard
deviations, medians with interquartile ranges.

Data analysis was done using SPSS

test
Sample size estimation was performed by Kaplan'-Meler To calculate time-
using the Power Analysis and Sample Size Analysis event rates
software, or PASS (version 15.0.5, NCSS). Log rank test To test differences
* A total of 186 patients included in the among the survival
study (>95% power) curves

Univariable Cox To identify

regression variables
associated with
outcomes

Patients were stratified according to the
eGLSR median because established e GLLSR
cutoff values are lacking.

Sensitivity analysis



Results



Table 1: Baseline Characteristics Stratified according to eGLSR Meadian of 0.57 per Sacond from Feature Tracking

Yariahle All Patients (x = 186) el7L.5R < Median {n = 90) e(GLAR = Median (s = 96) P ¥alue
Demographics
Sex 03*
F 774D 30 (33) 47 (49)
M 109 (59) | 60 (67) | 49 (51)
iﬁxg::(}?}e 39 % 12 58 = 12 GO+ 12 15
Heighl {cm)! 16649 + 4.7 168.1 = 7.4 1659 4.7 09
Weight (kg 732X 130 Ta3 =121 720X 138 A
Body mass index (kg/m™)? 262 =37 263 £ 39 035 o0
Body surface area (m?) 1.81 = 0.20 1.83 = 0.17 1.79 +0.22 19
Smoking 76I180 (42) 44/87 (51) | 32193 (34) 03*
Comaorhidities
Hypertension 186 (100) D0 (100 96 {1007 =99
Atrial fibrillation 49 (26) 17019 | 32 {33) | L03*
Coranary artery disease 40 (22 26 (29) 14 {15) 024
Known myocardial infarction 2R {15) 20 (22) 8(8) 0ng-
Diaheres 46 (25) 27 (300 19 {20) A1
Hypetlipidemia 105 (56) 56 (62) 49(51) Az
Clinical variables
Hemartoerit (945)7 41.9 = 65 42069 41,7+ 5.7 70
GER (mL/min/1.73 m?)' 90.3 = 35.0 90,2 = 32.1 905 £ 377 95
Systolic blood pressure (mm Hg)' 171 &35 170+ 24 i 49
NT-proBNP (pg/ml)* 179.7 (213.8-515.0) 279.7 (217.3-574.3) 2828 (207.3-472.1) 26
Medication usc
ACE. inhibirar 136 (73) 73 (81) | 63 (66) 01+
B-blocker 143 (77) 72 (80) 71 (74) .33
Aspirin 140 (75) 75 (83) | 65 (68) 017
Diureric 94 (51) 52 (58) 42 (44) il
Calcium channel blocker 104 (56) 49 (54) 55 (57) 70
Amidodarane 19 (10) 7 (8) 12{13%) 29
Statn 123 {(iA) 63 (72) 58 {60) 0a
Follow-up time ()} 9.2 (B.7-10.0) 9.3 (8.7-10.1) 9.2 (B.6-9.8) 37
Primary outcomes FLET 43 (a0 EP 28 it
All-cause morrality 18 (10) 10 (1) & (8) 32
Heart failure hospitalization a4 (29) 35 (39) 19 {20) 04"

Nowe—Unless otherwise specified, data are numbers of patients, with percentages in parentheses. A global early diaswlic longitudinal strain
rate (GLSR) of 0.57 per scocond or greater indicates better diastolic funcdon. ACE = angiotensin-converting cnzyme inhibitor, GIR =
plomerular fleration rate, NT-proBNP = N-terminal pro—brain narriuretic peptide.

* Staristically significant difference.

Thata are means & standard deviations.

* Data are medians, with interquartile ranges in parentheses.




Table 2

Table 2: Echocardiography and Cardiovascular MRI Data of Patients with HFpEF

Variable All Parients {x = 186) eGLSR <2 Median [n = 90} eGSR = Median (n = 96) P Walye

FL]ltlLﬂﬂlingriiIJ]’ly parameters
FA=<1orE'/A" <1* 68 (37) |41 (46} I 27 (28) L1
LA anceroposterior 3657 IBI =53 33 =6l A2
diameter (mm})

CMR paramercrs
Heatt rate (heats/min} 70+ 11 G+ 10 73E£12 =0017
LVEF (%) 55 (51-63) [52 (50-58) | s9052-64) <.001"
Cardiac index {mlfm?) 2.65 £ 0.72 2.68 & 0.74 262 =071 B3
LAYi (ml/m?®) 5222 52+ 22 45 £ 16 il
IVEDVi (mLim’) 69 & 20 7620 63 = 17 =001
LVESWI (mL/m? =1 B2 26 =10 < 0011
LVMi (gfm?} SRl 57+ 22 47 =20 002t
Prescnec of LGE* 49 (26) 34 (38} 15 (16) <0011
GLS (%) = =125 =42 —178 =48 < 0011
GCS (%) —174x 62 —15.7 £ 62 =191 =57 =011
GRS (%) 502+ 317 51.0 = 26.1 G671 £ 345 <0011
sGLSR. (per sccond) —(1.79 = .29 —0.62 = (.19 —0.94 = 0.27 <0017
cGLSR (per sccond) 058 =025 0.38 = 0.11 077 =0.20 < (01!
sGCSR (per sccond) —0.88 * 0.33 —0.78 * .32 —0.98 = 0.31 <0017
eGOSR (per second) 072 & 0,31 058 =023 0.85 = 0.31 =2, 0017
sGRSR (pet second) 1.68 * 0.77 1.21 * 0.67 1.91 = 0.78 <0017
eGRSR (per second) ~1.43 £ .75 —L.21 = 056 —1.065 = 0.84 =001t

Note.—Unless ocherwise specified, data arc means + standard deviations, The median global carly diastolic longiradinal strain race
{¢GLSR) was 0,57 per sccond, CMR = cardiovascular MRI, E/A = carly/late peak diastolic mitral inflow velocity, I/A" = mean micral
antlar pc:ik L';lrl)'”;ﬂt diastolic velm:iry, eGCSE = H|n|=:;| t:]ﬂy diastolic citcumferential strain rate, e(GRSR = g|uh:;| t:1r|y digstolic radisl
strain rate, GOS8 = glnls;ﬂ circumlerential strain, GLS = glul;:!l !::Tlg[mdir::ﬂ strain, GRS = Ei::l:;d fradial strain, LA = left arrial, LAV =
LA maximum volume index, LGE = late g:a:J:JHnium enhancement, INEDVI = left ventricular end-diastale volume index, INEF =

left ventricular cjection fraction, LVESVI = left ventricular end-systole volume index, LVIMI = left ventricular cnd-diastole mass index,
sGCSR = global systolic circumferential strain rate, sGLSR = global systolic longitudinal strain rate, sGRSR = plobal systolic radial

strain rate.
* Dhata are numbers af patients, with percentages in parentheses.
. £ ]
5L:t1.i!1'1i|’_":4“}' sigiﬂ'ﬁu:ml difference.

! Thata are medians, with ;!]‘mexhn;il.r: ilLTt‘:l’lllli!ﬂih: ranges 1 [mn:nl]mm:x.
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Table 3

Takle 31 Univariable and Multivariable Cox Proportional Regression with Strain as a Dichotomous Yariable

Univariable Analysis Multivariable Analysis
Variable Unadjusted [Hazard Ratio P¥alue  Adjusted llazard Ratie £ Value
Female sex 0.9 (0.6, 1.5) B0
Age (per year) 1.07 {0.99, 1.03) 59
Body mass index (kg/m?) 0,95 (0.89, 1.02) 16
Heurt rate (hearsfmin) 0,99 (0.97, 1.01) 54
Coronary arcery discasc 1.5(0.9, 2.5) 15
IKnmvn myocardial infarction 19(1.1,34) R I 1.3 {06, 2.8) 2
Dliaberes Q8105 1.o) .4l
Arrial Abellarion 1.3 (0.8, 22) A
Hematocric (99) 0.99 (0.93, 1.03) 73
Glomerular fileration rate {mL/min/1.73 m?) 0.99 (0.99, 1.00) .05 0.99 (D.98, 1.00) 04*
WNT-proBNT (ppfml., ]ug transformed) 1.02(0.38, 2.71) 97
EfA <1 or EYA' <1 1.03 (0.04, 1.66) .80
Left venrricular cjection fraction (%) 1.00 (0.97, 1.0%) B4
LAV {mLfm) 1.01 (0.99, 1.02) 43
LVMi (gfm?) 1.01 (0.99, 1.02) A7
LVEDVG (mLfm?) 1.01 (1.00, 1.01) .29
LVESYi {mlLfm™) 1.01(0.99, 1.03) 43
Presence of late gadolinium enhancement 1.8(1.1,29) .{]’2’_ 13007, 2.79) 4
(T = 1520 T7LL27) o3| L3106 25 52
GLs = —17 1% L0, L) Kl
GRS - { 1,04 (0,66, 1.66] _B6
sGLSR = —0.76/scc 1.6 (1.01; 2. 59] 047 0.8 (0.4, 1.6) A48
cGLSR = 0.57fsec 2.1(1.3,3.3) 003~ I 2001.1,37) 2 I
sGOSR = —0.85/s5cc 1.3 (0.8 2.1} 22
cGCSHE < 0,69 50c 1200819 A2

Note —Tlata in parentheses are 9596 Cls. Strain paramerers ate described as dichotomous variables sccording to their respective median
values, Multivariable a rm]",rxis {1 = 184; 70 events, due w0 two patients with imissing ghum:rul;zr filtracion rare data) was based on covariates
from univariable Cox analysis, with £ <2 10, EfA = carly/late peak diastolic mitral inflow velocity, I'/A" = mean mioal annular peak carly!
lare diastolic velociar, ¢GCSR = global carly diastolic cireumferential strain rate, ¢GLSR = global carly diastolic longitudinal strain rate,
cGRSR = global carly diastolic radial strain rate, GCS = global circumferential strain, GLS = global longitudinal strain, GRS = global radial
strain, LAV = left atrial maximum volume index, LYEDWYi = left ventricular end-diastole volume index, LVESVi = left venrricular end-
systole velume index, LVMI = left venuicular end-diastolc mass index, N'T-proBIND = M-tcrminal pro-brain natruretic peptide, sGCSR =
gln[m] 5ysm|ic circumferential strain rare, sGISR = glnlml :iysmhc ]ungiludin;ﬂ strain rate, sGRSR = g|t:~]m| .linLu]ic raclial strain race.

bt Slulixlic:i"y .liigniﬁc:;grlt difference,




Table 4

Table 4: Univariable and Multivariable Cox Regression for Primary Outcomes in Patiants with Heart Rate of 90 Baats per Minute
or Lowar

Univariable Analysis Multivariable Analysis
Variable Unadj usted Havard Ratio PValue A:Ijumx:(] Haward Ratio P Value
Female sex (.97 (0.60, 1.56) B9
Age (per year) 1.00 {098, 1.0Z) B4
Be n]y tmass index {kgl'lmi} (.96 (0,89, 1.02) 19
Coronary artery discasc 1.4 (0.8, 2.4) 23
Knomwn myuc:;rdi:ﬂ infarction 1.9(1.1,3.4) 0 1.5(0.6, 2.8 52
Diaberes 091005, 1.6) 80
Axrial fibrillation 1.3(0.7,.2.1) 41
Hematocric (%) 0.99 (0.95, 1.03) 63
Glomerular fileration rate (mL/min/1.73 m?) (199 (0.99, 1.00) Hip (.99 {0.98, 1.00) 04
N1-proBNP (pgfmL, log cransformed) 1.1 (0.4, 2.8 92
LiA <] or BYAT <1 1.0 (0.6, 1.6) =99
Lefr venrricular ejection fraction (%) 1.00 (0,97, 1.03) 4
LAV {mL{m~) 1.01 (0.99, 1.02) 33
LVMi (g/m?) 1.01 (0.99, 1.02) 28
IVEDVi (ml/m%) 1.01 {1.00, 1.02) 25
LVESVI (mLim?) L.01 (0.99, 1.03) 42
Presence of lae gudnhnimn enhancement 1.8 (1.1, 3.0) S 1.4{0.7,2.7) A1
GLS = —15.2% 1.7 (1.0, 2.7) 04* L3 (0.6.2.6) .55
GCS = —17.1% 1.3 (0.8, 2.0 34
GRS = 53.0% L1{0.7, L8 67
g = — - L5309 2.5] (8 A 04 161 45
eGGLER <2 0,57 sec 2.0(1.2,3.3) 005 1.9{1.1.3.6) 03 I
sGUSR = —0.85/5cc 1.4 (049, 2.3) A5
cGCSR -2 0,69/scc 1.3 (0.8, 2.1) 25
Weowe.—hata in p;m:m}::qex are 95% Cls, Strain paramerers are descr bed as dichotomous variables ;qu:n]iﬂg to their respective median
values., Multivariable analysis (# = 1706; 68 cvents, due to one parient with missing glomerular fileration race dara) was based on covariates
from univariable Cox analysis, with # < .10, E/A = carly/late peak diastolic mitral inflow velocity, E''A' = mean mitral annular peak carly/
late diastolic velocity, ¢GCSR = global carly diastolic circumferential strain rate, ¢GLSR = global carly diastolic longitudinal strain rate,
¢GRSR = globul caly diustolic radial suain tae, GCS = global circwunlerental suain, GLS = plobal longiiudinal suain, GRS = global 1adial
strain, LAVI = left arrial maximum volume index, IVEDVI = lefe ventricular end-diastale volume index, TVESVI = left ventricular end-
:i}:stuh: volume index, INMi = left ventricular end-diastole mass index, NT—PruBNT’ = N-terminal lrn»—llru'm natriyretic pept ide, sGGOSR =
gh bl systolic circumierential strain rare, sGLSR = glcﬂml 5y$tu|[r_' ]lmgiludirm] strain rate, sGRSR = g|n]m| .laysln][r_' radial strain rate.
= Sratistical ly sign ificant difference,




C

Discussion



2 key findings in this study
Global early diastolic longitudinal strain rate (e¢GLSR) measured with feature tracking was a strong risk factor
independently associated with all-cause death and heart failure hospitalization of patients with heart failure with
preserved ejection fraction (HFpEF) (hazard ratio, 2.0; P = .02)

Patients with HFpEF with lower eGLSR (ie, poorer diastolic function) had more abnormal geometry and more
impaired cardiac function assessed with echocardiographic and cardiovascular MRI indexes (all P < .001).



Summary

* Diastolic dysfunction can be reflected by feasible and sensitive left
ventricular global early diastolic longitudinal strain rate (eGLSR) using

cardiovascular MRI in heart failure with preserved ejection fraction
(HFpEF)

*  eGLSR is independently associated with all-cause death and heart
failure hospitalization.



