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Efficacy of Native T1 Mapping for Patients With
Non-Ischemic Cardiomyopathy and Ventricular
Functional Mitral Regurgitation Undergoing
Transcatheter Edge-to-Edge Repair

Hiroshi Tsunamoto, MD; Hiroyuki Yamamoto, MD, PhD; Akiko Masumoto, MD;
Yasuyo Taniguchi, MD, PhD; Nobuyuki Takahashi, MD; Tetsuari Onishi, MD, PhD;
Tomofumi Takaya, MD, PhD; Hiroya Kawai, MD, PhD, FICS;

Ken-ichi Hirata, MD, PhD, FICS; Hidekazu Tanaka, MD, PhD, FJCS

Background: We investigated the efficacy of left ventricular (LV) myocardial damage by native T+ mapping obtained with cardiac
magnetic resonance (CMR) for patients undergoing transcatheter edge-to-edge repair (TEER).

Methods and Results: We studied 40 symptomatic non-ischemic heart failure (HF) patients and ventricular functional mitral regur-
gitation (VFMR) undergoing TEER. LV myocardial damage was defined as the native T1 Z-score, which was converted from native
T1 values obtained with CMR. The primary endpoint was defined as HF rehospitalization or cardiovascular death over 12 months
after TEER. Multivariable Cox proportional hazards analysis showed that the native T+ Z-score was the only independent parameter
associated with cardiovascular events (hazard ratio 3.40; 95% confidential interval 1.51-7.67), and that patients with native T1
Z-scores <2.41 experienced significantly fewer cardiovascular events than those with native T1 Z-scores >2.41 (P=0.001). Moreover,
the combination of a native T1 Z-score <2.41 and more severe VFMR (effective regurgitant orifice area [EROA] >0.30cm?) was
associated with fewer cardiovascular events than a native T+ Z-score >2.41 and less severe VFMR (EROA <0.30cm?; P=0.002).

Conclusions: Assessment of baseline LV myocardial damage based on native T+ Z-scores obtained with CMR without gadolinium-
based contrast media is a valuable additional parameter for better management of HF patients and VFMR following TEER.

Key Words: Cardiac magnetic resonance; Heart failure; Native T+ mapping; Transcatheter edge-to-edge repair; Ventricular
functional mitral regurgitation

is a common complication for heart failure (HF)

patients with reduced left ventricular (LV) ejection
fraction (LVEF), and a strong association between the
severity of VFMR and both all-cause mortality and HF
hospitalization has been reported.# It has also been reported
that more than moderate-to-severe VFMR occurred in
29.8% of 2,057 HF patients with an LVEF <40% and was
an independent predictor of 5-year mortality,? whereas
severe VFMR occurred in 24% of 1,256 patients with non-
ischemic cardiomyopathy (NICM) and was an indepen-
dent predictor of death or HF hospitalization, regardless

V entricular functional mitral regurgitation (VFMR)
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of LVEF, at a median 2.5 years of follow-up.* Transcath-
eter edge-to-edge repair (TEER) is a therapeutic alterna-
tive to mitral valve surgery for patients with prohibitive
surgical risk,5¢ and is effective for symptomatic HF
patients with reduced LVEF and severe VFMR despite the
use of optimal medical therapy based on current guide-
lines.”8 Two major randomized controlled trials have been
conducted, namely MITRA-FR (Percutaneous Repair
with the MitraClip Device for Severe Functional/Secondary
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135 consecutive symptomatic patients with MR who underwent TEER between October 2018 to December 2022

y

Exclusion of
* 29 patients with degenerative MR
* 18 patients with atrial FMR

88 symptomatic patients with

VFMR who underwent TEER

y

Exclusion of
* 30 patients with ischemic cardiomyopathy
* 10 patients with infiltrate myocardium

48 symptomatic patients with NICM and VFMR who Underwent TEER

Exclusion of
* 8 patients with unable to perform CMR

40 symptomatic patients with NICM and VFMR who underwent TEER,
and received baseline CMR and baseline and follow-up echocardiography

Figure 1.

tional mitral regurgitation.

Flowchart of patient recruitment for this study. CMR, cardiac magnetic resonance; FMR, functional mitral regurgitation;
MR, mitral regurgitation; NICM, non-ischemic cardiomyopathy; TEER, transcatheter edge-to-edge repair; VFMR, ventricular func-

Mitral Regurgitation)® and COAPT (Cardiovascular
Outcomes Assessment of the MitraClip Percutaneous
Therapy for Heart Failure Patients with Functional Mitral
Regurgitation),!0 to assess the efficacy and safety of TEER
for symptomatic HF patients with reduced LVEF and
severe VFMR. These 2 trials targeted the same patient
populations with the same disease using the same devices,
but the results of these trials were diametrically opposed.
According to these 2 trials, patients with too severe LV
dilation and/or dysfunction (i.e., too extensive LV myocar-
dial damage) can be considered less likely to benefit from
TEER %1% although the evaluation of LV myocardial dam-
age in HF patients remains challenging.

CMR is the leading non-invasive imaging modality for
the assessment of myocardial structure and function, as
well as the characterization of myocardial tissue in HF
patients.”8 In particular, native T1 mapping, a novel CMR
technique, can be used to estimate the intrinsic longitudi-
nal relaxation time of myocardial tissue without the use of
gadolinium-based contrast media. Moreover, native Ti
mapping can quantitatively evaluate myocardial intersti-
tial remodeling at an even earlier stage than CMR with late
gadolinium enhancement (LGE), and both techniques fea-
ture ideal variables for the risk stratification of patients
with NICM for adverse cardiovascular events, particularly
patients with negative LGE.'12 Accordingly, the objective
of this study was to investigate the utility of native T1 map-
ping for symptomatic HF patients with NICM and VFMR
undergoing TEER.

Methods

Study Design and Patient Selection
This study involved 135 consecutive symptomatic patients
with mitral regurgitation (MR) who had undergone TEER

between October 2018 and December 2022 at Hyogo
Prefectural Harima-Himeji General Medical Center. We
excluded 29 patients with degenerative MR, 18 with atrial
functional MR, 30 with ischemic cardiomyopathy, and 10
with secondary cardiomyopathy (5 patients with cardiac
sarcoidosis, 4 with cardiac amyloidosis, and 1 with Fabry
disease). Of the 48 remaining patients, a further 8 in whom
CMR could not be performed were also excluded so that
the final study group consisted of 40 patients (Figure 1).
The indication for TEER in individual patients was
decided upon by consensus of a multidisciplinary heart
team at Hyogo Prefectural Harima-Himeji General Medi-
cal Center, consisting of clinical cardiologists, interven-
tional cardiologists, cardiac surgeons, imaging specialists
with expertise in interventional imaging, cardiovascular
anesthesiologists, and physical therapists. The team used
current guidelines to reach their consensus.!3

This study was approved by the local ethics committee
of Hyogo Prefectural Harima-Himeji General Medical
Center (No. 2-11) and was conducted in accordance with
the Declaration of Helsinki.

CMR Protocols and Image Analysis

CMR scans were performed for all patients within 1 month
before TEER using a 1.5-T scanner (Ingenia 1.5T CX;
Philips Medical Systems, Best, Netherlands). The CMR
protocol included cine CMR and native T1 mapping using
a Modified Look-Locker inversion recovery (MOLLI)
sequence.!*15 The MOLLI sequence was used for T1 quan-
tification acquired in 3 short-axis images (basal, mid, and
distal LV) during end-expiration breath-hold.* All CMR
image analyses without native T1 mapping were performed
using cvi42 software (Circle Cshort-axisar Imaging, Calgary,
Canada). The native T1 value was measured using the con-
servative septal technique with mid-septal measurements
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that were analyzed with a post-processing workstation
(Ziostation 2; Ziosoft, Tokyo, Japan).'® The mean (£SD)
normal native Ti value at Hyogo Prefectural Harima-
Himeji General Medical Center was 1,018+46ms, which
was determined using 10 subjects with no clinical evidence
of LV cardiomyopathy and normal CMR findings (mean
[+SD] age 63+14 years, 5 males). The native T1 values were
converted to Z-scores, which were calculated from the
population mean and standard deviation derived from

normal subjects at Hyogo Prefectural Harima-Himeji Gen-
eral Medical Center, to eliminate differences between our
facility and the CMR device because external factors such
as the field strength of the CMR system and manufacturer-
specific hardware design affect native T1 values.!”

Echocardiographic Examination
All patients had undergone transthoracic echocardiogra-
phy before and a mean (£SD) 6.6+0.6 months after TEER,

Table 1. Baseline Characteristics of Patients
Variables

Clinical data
Age (years)
Male sex
Body surface area (m?)
NYHA Class Il or IV
STS score (%)
Comorbidity
Hypertension
Diabetes
Atrial fibrillation
Chronic kidney disease
Stroke/transient ischemic attack
Prior implantation of pacemaker, ICD, or CRT
Blood examination
Hemoglobin (g/dL)
BNP (pg/mL)
eGFR (mL/min/1.73m2)
Medications on admission
ACEIs/ARBs/ARNI
B-blocker
SGLT2 inhibitors
MRAs
Diuretics
Transthoracic echocardiography
LVESDI (mL/m?2)
LVEDVI (mL/m?)
LVESVI (mL/m?)
LVEF (%)
LVSVI (mL/m?)
GLS (%)
Left atrial volume index (mL/m?)
Grade of mitral regurgitation
Moderate, Grade 2+
Moderate-to-severe, Grade 3+
Severe, Grade 4+
Effective regurgitant orifice area (cm?)
TAPSE (mm)
Pulmonary vein flow S/D
Cardiac catheterization
Mean pulmonary artery pressure (mmHg)
Pulmonary capillary wedge pressure (mmHg)
Cardiac index
Cardiac output

All(gzzig)n ts Pgt\l,e;l‘t,semlst " Pat(lf\rlﬂ:v‘g:lttl;om (withpv‘:lvl\:ﬁhout
(n=9) (n=31) CV events)
77.6+7.4 73.2+10.3 78.9+6.0 0.14
27 (68) 6 (67) 21 (68) 0.62
1.5+0.2 1.50+0.13 1.52+0.19 0.86
40 (100) 9 (100) 31 (100) 0.78
17.0+11.3 18.0+9.2 16.7+12.0 0.76
9 (23) 3(33) 6 (19) 0.65
13 (33) 3(33) 10 (33) 1.00
16 (41) 4 (44) 12 (40) 1.00
34 (85) 8 (89) 26 (84) 1.00
7 (18) 1(11) 6 (19) 0.67
6 (15) 2(22) 4 (13) 0.60
11.9+1.8 11.2+2.0 12.1+1.8 0.17
477 [237-1,329] 515 [242-1,006] 462 [237-1,086] 0.52
32.2+13.5 32.3+14.6 32.1£9.4 0.97
22 (55) 4 (44) 18 (58) 0.36
35 (88) 8 (89) 27 (87) 1.00
6 (15) 2 (22) 4 (13) 0.60
26 (65) 6 (67) 20 (65) 1.00
40 (100) 9 (100) 31 (100)
33.8+7.1 34.9+6.7 33.4+7.3 0.56
123.7+33.0 130.6+39.5 121.7+31.3 0.48
82.5+28.3 85.9+30.4 81.5+28.2 0.68
33.6+7.8 30.4+8.3 34.6+7.5 0.16
31.9+10.7 28.3+13.4 32.9+9.7 0.26
7.8+3.1 6.6+4.1 8.3+2.6 0.15
80.2+25.4 87.8+26.2 78.4+25.3 0.39
6 (15) 2 (22) 4 (13) 0.22
10 (25) 3(33) 7 (23)
24 (60) 4 (44) 20 (65)
0.31+0.08 0.30+0.09 0.32+0.08 0.68
14.2+3.5 13.9+3.6 14.2+3.5 0.80
0.52+0.37 0.63+0.51 0.49+0.24 0.31
25.6+12.7 29.0+11.7 24.2+12.8 0.23
18.7+8.9 19.8+7.9 18.3+9.3 0.71
1.9+0.6 1.8+0.5 1.9+0.7 0.60
2.8+0.9 2.6+0.7 2.9+1.0 0.42
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Variables All(zfzig)n ts P?}t\lle:;\tlser‘:;lst " Patg\;ﬂ:v‘g:tgom (withpvflvlvji?hout
B (n=9) (n=31) CV events)
CMR parameters
Native T1 values (ms) 1,109.9+58.5 1,164.4+£50.0 1,094.0+51.3 0.001
Native T1 Z-score 2.07+1.20 3.20+0.91 1.74+1.07 0.001
LVEDVI (mL/m?) 137.6+42.4 154.4+44.4 132.7+41.3 0.20
LVESVI (mL/m?) 103.5+43.6 119.6+46.6 98.8+42.3 0.21
LVEF (%) 26.6+12.2 24.1+11.5 27.4+125 0.48
LVSVI (mL/m?) 23.4+8.8 24.6x11.4 23.0+8.0 0.63
LV mass index (g/m?) 88.4+27.2 89.9+17.1 88.0+29.7 0.85
RVEDVI (mL/m?) 77.1+26.1 95.4+28.0 71.8+23.4 0.02
RVESVI (mL/m?) 53.0+23.1 66.5+26.8 49.1+20.8 0.05
RVEF (%) 31.8+13.5 32.0+14.4 31.7+13.4 0.95
RVSVI (mL/m?) 24.0+11.7 28.7+11.3 22.7+11.6 0.17

Data are presented as the mean+SD for normally distributed data, median [interquartile range] for non-normally distributed data, or n (%).
ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor antagonist; ARNI, angiotensin receptor-neprilysin inhibitor; BNP,
B-type natriuretic peptide; CMR, cardiovascular magnetic resonance; CRT, cardiac resynchronization therapy; eGFR, estimated glomerular
filtration rate; GLS, global longitudinal strain; ICD, implantable cardioverter defibrillator; LVEDDI, left ventricular end-diastolic diameter index;
LVEDVI, left ventricular end-diastolic volume index; LVEF, left ventricular ejection fraction; LVESDI, left ventricular end-systolic diameter
index; LVESVI, left ventricular end-systolic volume index; LVSVI, left ventricular stroke volume index; MRA, mineralocorticoid receptor antago-
nists; NYHA, New York Heart Association; RVEDVI, right ventricular end-diastolic volume index; RVEF, right ventricular ejection fraction;
RVESVI, right ventricular end-systolic volume index; SGLT2, sodium-glucose cotransporter 2; STS, Society of Thoracic Surgeons; TAPSE,

tricuspid annular plane systolic excursion.

whereas echocardiographic data were obtained with a
commercially available echocardiographic system (GE Vivid
E95 Ultra Edition, GE Vingmed Ultrasound, Horten,
Norway). Standard echocardiographic measurements were
obtained in accordance with the current guidelines of the
European Association of Cardiovascular Imaging.'¥ MR
severity was classified as 0 (none or trivial), 1+ (mild), 2+
(moderate), 3+ (moderate-severe), or 4+ (severe) by inte-
grating qualitative, semiquantitative, and quantitative
parameters, as recommended elsewhere.’® The effective
regurgitant orifice area (EROA) was also measured by
means of the proximal isovelocity surface area method.

Endpoint Definition

The primary endpoint was defined as the first rehospital-
ization for HF or cardiovascular death during a median
follow-up period of 12 months after TEER.

Statistical Analysis

Continuous variables are expressed as the mean+SD for
normally distributed data and as the median with inter-
quartile range (IQR) for data that were not normally dis-
tributed. Categorical variables are expressed as frequencies
and percentages. Parameters of 2 subgroups were com-
pared using Student’s t-test or the Mann-Whitney U test,
depending on data distribution. The significance of differ-
ences in proportions were evaluated using Fisher’s exact
test. Survival curves, consisting of freedom from first
rehospitalization for HF or cardiovascular death, were
determined with the Kaplan-Meier method, and cumula-
tive event rates were compared using the log-rank test. The
initial Cox proportional hazards analysis to identify uni-
variate parameters associated with first rehospitalization
for HF or cardiovascular death was followed by a multi-
variable Cox proportional hazards model based on step-
wise selection. The entry criteria for individual items into
the multivariable Cox proportional hazards model were
previous reports of these factors being associated with

prognosis after TEER,'®2! and candidate predictors were
age, sex (male), LV end-diastolic volume index, LVEF,
global longitudinal strain, EROA, native T1 Z-score, and
right ventricular end-diastolic volume index. Receiver
operating characteristic (ROC) curves were computed to
determine the optimal cut-off value of the native T1 Z-score
for its association with the primary endpoint.

Statistical significance was defined as P<0.05 for all
comparisons. All analyses were performed using SPSS ver-
sion 29 (IBM Corp., Armonk, NY, USA).

Results

Baseline Patient Characteristics

The baseline clinical characteristics and echocardiographic
and hemodynamic parameters of the 40 patients are sum-
marized in Table 1. Their mean age was 77.6%7.4 years and
27 (68%) were male. The mean EROA was 0.31£0.08 cm?
(Grade 2: 6 [15%] patients; Grade 3: 10 [25%] patients; and
Grade 4: 24 [60%)] patients), and mean LVEF was
33.6£7.8%.

Comparison of Baseline Patient Characteristics Between
Patients With and Without Cardiovascular Events

All patients successfully underwent TEER (MitraClip™;
Abbot Vascular, Inc., Santa Clara, CA, USA) without any
major complications, and the residual MR grade was
Grade 0-1+ in 38 (95%) patients and Grade 2+ in 2 (5%)
patients. During the follow-up period of 10.7£2.9 months,
9 (22.5%) patients reached the primary endpoint: cardio-
vascular death in 3 patients and hospitalization due to
worsening HF in the remaining 6. Baseline clinical charac-
teristics and echocardiographic and hemodynamic param-
eters of patients with and without cardiovascular events are
presented in Table 1. All parameters were similar between
the 2 groups, except for patients with the primary endpoint
being more likely than those without to have higher native
T values (1,164.4£50.0 vs. 1,094+51.3ms; P=0.001), native

Circulation Journal Vol.88, April 2024
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Table 2. Univariable and Multivariable Proportional Hazards Analyses for Association With Cardiovascular
Events
) Univariable Multivariable
Variables
HR (95% CI) P value HR (95% Cl) P value
Age 0.92 (0.98-1.03) 0.047
Male sex 0.95 (0.24-3.82) 0.38
LVEDVI (echocardiography) 1.00 (0.99-1.03) 0.48
LVEF 0.94 (0.85-1.03) 0.15
GLS 1.00 (0.62-1.03) 0.08 0.91 (0.71-1.16) 0.45
Effective regurgitant orifice area 0.08 (0.00-448.3) 0.56
Native T1 Z-score 3.08 (1.43-6.62) 0.004 3.40 (1.51-7.67) 0.003
RVEDVI (CMR) 1.03 (1.00-1.05) 0.03

Cl, confidence interval; HR, hazard ratio. Other abbreviations as in Table 1.

T1 Z-scores (3.20£0.91 vs. 1.74£1.07; P=0.001), and right
ventricular volume (right ventricular end-diastolic volume
index 95.4428.0 vs. 71.8+£23.4mL/m?; P=0.02).

Associations of Native T1 Z-Score With Cardiovascular
Events

Hazard ratios (HRs) and 95% confidence intervals (Cls)
for each of the variables in the univariable and multivari-
able Cox proportional hazards analyses for association
with cardiovascular events are listed in Table 2. An impor-
tant finding of the multivariable Cox proportional hazards
analysis was that the native T1 Z-score was independently
associated with cardiovascular events (HR 3.40; 95% CI
1.51-7.67;, P=0.003). In addition, analysis of the ROC
curve identified a native T1 Z-score >2.41 as the optimal
cut-off value for association with cardiovascular events,
with a sensitivity of 71%, specificity of 89%, and area under
the curve of 0.839 (P<0.001; Figure 2). For this cut-off
value, the Kaplan-Meier curve indicated that the occur-
rence of cardiovascular events was significantly lower for
patients with a native Ti Z-score <2.41 than >2.41 (log-
rank P=0.001; Figure 3). In addition, the relative change in
LV end-systolic volume 6.6+0.6 months after TEER was
significantly larger for patients with a native Ti Z-score
<2.41 than 22.41 (median —19% [IQR —13, —38%] vs. 8%
[—1, 21%]; P=0.001; Figure 4).

Next, we divided all patients into 4 subgroups by using
the optimal native T1 Z-score cut-off value of 2.41 and an
EROA of 0.30cm?. There were 15 patients with a low
native T1 Z-score <2.41 and a larger VFMR of EROA (i.e.,
>0.30cm?). This characteristic was associated with fewer
cardiovascular events than for the 8 patients with a high
native T1 Z-score (22.41) and smaller VFMR of EROA
(<0.30cm?; log-rank P=0.002; Figure 5).

Figure 6 shows representative findings for T1 mapping
obtained with CMR before TEER and echocardiography
before and 6 months after TEER for patients with and
without cardiovascular events. Patient 1 was an 81-year-
old man with LV reverse remodeling 6 months after TEER
who experienced no cardiovascular events during a follow-
up period of 23 months. His lowest baseline native Ti
Z-score was 1.54. Patient 2 was a 78-year-old man without
LV reverse remodeling 6 months after TEER who experi-
enced cardiovascular events 7 months after TEER. His
highest baseline native T1 Z-score was 3.71.

100 [~
80 [~
S 60
z2
2
2 af
n Native T1 Z-score: 2.41
* Sensitivity: 71%
20 * Specificity: 89%
* AUC=0.839
* P<0.001
0 | | I I I
0 20 40 60 80! 100!

100-Specificity (%)

Figure 2. Receiver operating characteristic curve analysis
identifying the optimal cutoff value of the native T1 Z-score for
association of cardiovascular events as >2.41 (sensitivity
71%, specificity 89%, and area under the curve 0.839;
P<0.001).

Discussion

This is the first study to evaluate the efficacy of native Ti
mapping for symptomatic NICM patients with reduced
LVEF and VFMR undergoing TEER. The main findings
of this study are that: (1) the baseline native T1 Z-score is
independently associated with cardiovascular events after
TEER; (2) the occurrence of cardiovascular events is sig-
nificantly lower for patients with a native Ti Z-score <2.41
than for those with a native T1 Z-score >2.41; (3) the rela-
tive change in LV end-systolic volume after TEER was
significantly larger for patients a with native Ti Z-score
<2.41 than for those with a native T1 Z-score >2.41; and (4)
patients with a native Ti Z-score <2.41 and EROA
20.30cm? experienced fewer cardiovascular events than
those with a native T1 Z-score >2.41 and EROA <0.30cm?.

Circulation Journal Vol.88, April 2024
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Patients with native T1 Z-score < 2.41

Patients with native T1 Z-score > 2.41
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Figure 3. Kaplan-Meier curve for the primary endpoint (heart failure rehospitalization or cardiovascular death over 12 months after
transcatheter edge-to-edge repair [TEER]), showing that patients with a native T+ Z-score <2.41 experienced fewer cardiovascu-

P=0.001

20
19 (-13--38) %

-20

Relative change in LVESV after TEER (%)

-30
Patients with native T1 Z-score <2.41

8(-1-21)%

Patients with native T1 Z-score >2.41 group.

Figure 4. Bar graphs of relative
changes in left ventricular end-sys-
tolic volume (LVESV) a mean (£SD) of
6.6£0.6 months after transcatheter
edge-to-edge repair (TEER), showing
a significantly larger reduction in
LVESV among patients with a native
T1 Z-score <2.41. Median percentage
changes in LVESV with the interquar-
tile range (IQR) are shown for each

Appropriate Timing of TEER for HF Patients With VFMR

In the MITRA-FR trial, the 307 HF patients with LVEF
15-40% and severe VFMR assigned to undergo TEER had
substantially more LV damage than patients in a control
group who did not undergo TEER.® However, after the
12-month follow-up, patients who were assigned to undergo
TEER showed characteristics similar to those of the con-
trol group with respect to the risk of death or the risk of
hospitalization for HF. Furthermore, the patients who
underwent TEER experienced a short-term reduction in
the degree of VFMR, but the use of the procedure did not

result in reduced LV volumes after the 12- month follow-
up.® Conversely, the COAPT trial, which compared find-
ings between a group of 614 randomly assigned HF
patients with LVEF 20-50% and severe VFMR scheduled
to undergo TEER and a control group, which did not
undergo TEER, showed that patients who were assigned
to TEER had a lower risk of death from any cause and a
lower risk of hospitalization for HF after a 2-year follow-
up.1® Furthermore, TEER led to a significant reduction in
LV volume after a 1-year follow-up. The reasons for the
conflicting results of the MITRA-FR and COAPT trials

Circulation Journal Vol.88, April 2024
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Figure 5. Kaplan-Meier curve for the primary endpoint (heart failure rehospitalization or cardiovascular death over 12 months after
transcatheter edge-to-edge repair [TEERY]), showing that the combination of a native T1 Z-score <2.41 and an effective regurgitant
orifice area (EROA) >0.30cm? was associated with fewer cardiovascular events than a native T+ Z-score >2.41 and an EROA
<0.30cm2.
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Case 2: A patient with HF hospitalization without LV reverse remodeling after TEER
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Figure 6. Representative findings of T+ mapping before transcatheter edge-to-edge repair (TEER) and echocardiography before
and 6 months after TEER for patients with (Patient 2) and without (Patient 1) cardiovascular events. CMR, cardiac magnetic reso-
nance; HF, heart failure; LV, left ventricular; LVEDVI, left ventricular end-diastolic volume index; LVEF, left ventricular ejection
fraction; LVESDI, left ventricular end-systolic diameter index; MR, mitral regurgitation.
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have been discussed elsewhere.!®22 Compared with patients
in the COAPT trial, those enrolled in the MITRA-FR trial
showed substantially more LV damage. The latter patient
group had larger LV end-diastolic volumes (135£35 vs.
101£34mL/m? in MITRA-FR and COAPT, respectively),
suggesting a more advanced stage of LV disease. This dif-
ference is likely to be related to the fact that COAPT
excluded patients with very severe LV dilation and/or LV
dysfunction (LV end-systolic diameter <70mm), whereas
MITRA-FR had no LV dimension limit. Moreover, the
inclusion criteria regarding LVEF in MITRA-FR were
more advanced than in COAPT (15-40% vs. 20-50%,
respectively). Several studies have reported that for HF
patients with VFMR, severe LV dilation (LV end-diastolic
diameter >65mm) and LV dysfunction (LVEF <20%, LV
end-systolic diameter >55mm) are associated with high
rates of persistent and/or recurrent MR, less reverse LV
remodeling, and worse outcomes after surgical correction
of VFMR .23 Therefore, patients with too extensive LV
myocardial damage (i.e., too severe LV dilation and/or
dysfunction) may not benefit from TEER. In addition,
differences in the degree of baseline VFMR are considered
to have contributed to the differences in results between the
MITRA-FR and COAPT trials.'22 MITRA-FR patients
had less severe VFMR than COAPT patients (0.31+0.10
vs. 0.41£0.15cm?, respectively). To summarize, HF
patients with reduced LVEF but not too extensive LV
myocardial damage and more severe VFMR were more
likely to benefit from TEER. In the present study, less LV
myocardial damage (native T1 Z-score <2.41) and more
severe VFMR (EROA >0.30cm?) were associated with
fewer cardiovascular events in patients than severe LV
myocardial damage (native T1 Z-score >2.41) and a smaller
VEMR (EROA <0.30cm?).

T+ Mapping in Primary MR

T1 mapping can evaluate diffuse myocardial fibrosis that
could not be simply identified by LGE. T1 mapping-based
extracellular volume (ECV) and native T: mapping are
predictors of HF and arrhythmic events in NICM
patients.?s In addition to patients with NICM, T1 mapping
has demonstrated a good correlation with histologic find-
ings of interstitial myocardial fibrosis in several conditions,
including valvular heart disease.?6 In patients with primary
MR, chronic volume overload due to MR leads to progres-
sive LV remodeling with diffuse interstitial fibrosis and
increased T1 mapping-based ECV, and increased ECV is
associated with adverse outcomes.?”-28 Although there are
very few reports of T1 mapping associated with VFMR,
myocardial fibrosis in VFMR is thought to be primarily
due to pre-existing cardiomyopathy rather than volume
loading caused by MR. Because VFMR can be improved
by LV reverse remodeling, it is important to evaluate the
extent of progressive myocardial fibrosis in patients with
VFMR using Tt mapping-based ECV or native T1 mapping.

Clinical Implications

Myocardial fibrosis is a pathological symptom found in
NICM that can result in malignant ventricular arrhyth-
mias and sudden cardiac death.?® Although endocardial
biopsy is considered the gold standard for the detection of
myocardial fibrosis, it is seldom performed because of its
invasiveness. Previous studies have shown that patients
with NICM combined with regional fibrosis, identified by
CMR with LGE using gadolinium-based contrast media,

have adverse outcomes, including HF hospitalization and
death.3%-31 However, detection of LGE requires at least a
portion of the myocardium to be normal to identify an
area of fibrosis, which has increased signal intensity on
conventional LGE images relative to the normal area of
the myocardium. Moreover, CMR with gadolinium-based
contrast media is contraindicated for patients with severe
kidney dysfunction because of the risk of nephrogenic
systemic fibrosis.3?33 Conversely, native T1 mapping can be
performed without the use of gadolinium-based contrast
media and, unlike LGE, allows for quantitative evalua-
tion.!112 Lj et al recently reported that native T1 mapping
was associated with cardiac-related death and heart trans-
plantation in 659 consecutive NICM patients, and native
T: mapping had the strongest associations for NICM
patients with negative LGE."? In the present study, native
T1 mapping (native T1 Z-score) was independently associ-
ated with cardiovascular events, and cardiovascular events
occurred significantly less frequently among patients with
a native T1 Z-score <2.41 than among those with a native
Ti Z-score 22.41. In addition, relative changes in LV end-
systolic volume after TEER were significantly greater for
patients with a native T1 Z-score <2.41 than for those with
a native T1 Z-score >2.41. Because a high rate of kidney
dysfunction is characteristic of symptomatic HF patients
with reduced LVEF and severe VFMR (the mean esti-
mated glomerular filtration rate was 32.2+13.5mL/
min/1.73m? in this study), CMR-derived native T1 map-
ping would be useful for non-invasive evaluation of LV
myocardial damage for such patients.

Study Limitations

This was a retrospective, single-center study with a small
number of patients, so further studies with larger patient
populations and involving more institutions will be needed
to validate our findings.

Conclusions

Baseline native T1 mapping was independently associated
with cardiovascular events for symptomatic NICM
patients with reduced LVEF and VFMR following TEER.
Assessment of native T1 mapping is thus a valuable addi-
tional parameter for the better management of such
patients.
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