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Abstract

Absence of myocardial fibrosis on late gadolinium enhanced (LGE) magnetic resonance imaging (MRI) is associated with
improvement of left ventricular systolic function after catheter ablation (CA) for atrial fibrillation (AF) with non-ischemic
dilated cardiomyopathy (NIDCM). Extracellular volume fraction (ECV) by T1 mapping has emerges as a non-invasive mean
to quantify severity of myocardial fibrosis. The aim of this study was to assess the incremental value of ECV over LGE-MRI
for the improvement of LVEF(AEF) after CA in NIDCM patients. A total of thirty-two patients with NIDCM and AF (mean
age 67.4+9.3 years; 29 (91%) male) were retrospectively studied. Using a 1.5 T MR scanner and 32 channel cardiac coils,
LGE-MRI, pre- and post-T1 mapping images of LV wall at mid-ventricular level (modified look-locker inversion recovery
sequence) were acquired. All patients successfully underwent CA for AF, and the improvement of LVEF after CA were evalu-
ated by echocardiography. All patients restored sinus rhythm after CA at the time of echocardiography. The mean LVEF was
35.1+9.7% before CA and 52.2 + 10.2% after CA (p <0.001), resulting an increase of 17.4 + 12.6%. Significant correlation
was found between ALVEF and % LGE (r=— 0.49, p=0.004), ALVEF and extracellular volume fraction (ECV) (r=- 0.47,
p=0.010). Area under the receiver operating characteristics curve (AUC) of combination of %L.GE and ECV for predicting
improvement of LVEF > 10% was substantially higher than that of %LGE alone (AUC: 0.830 vs 0.602). In NIDCM patients
with AF, ECV had incremental value over %LGE for predicting improvement of EF by CA, suggesting that the assessment
of diffuse interstitial fibrosis may be important to forecast the response of CA.

Keywords Magnetic resonance - T1 mapping - Atrial fibrillation - Extracellular volume fraction - Non-ischemic dilated
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Introduction

The Catheter Ablation versus Standard Conventional
Therapy in Patients with Left Ventricular Dysfunction
and Atrial Fibrillation (CASTLE-AF) trial has shown that
catheter ablation (CA) for atrial fibrillation (AF) signifi-
cantly reduced the risk of death and hospitalization for
heart failure for patients with non-ischemic dilated cardio-
myopathy (NIDCM) and AF [1]. However, some patients
do not respond to CA; therefore, appropriate patient selec-
tion is necessary to avoid fatal procedural complications.
The Catheter Ablation Versus Medical Rate Control in
Atrial Fibrillation and Systolic Dysfunction (CAMERA-
MRI) study demonstrated that the absence of myocardial
fibrosis on late gadolinium enhanced (LGE) magnetic res-
onance imaging (MRI) is associated with improvement of
left ventricular (LV) systolic function after CA in NIDCM
patients with AF [2]. This study indicated the potential
utility of LGE-MRI for decision making on indication of
CA for NIDCM patients with AF.

Recently, T1 mapping has been widely used as an imag-
ing method for measuring the myocardial extracellular vol-
ume fraction (ECV) as an index of diffuse interstitial fibro-
sis [3—-5]. The cardiac magnetic resonance (CMR) derived
ECV reflects the degree of myocardial fibrosis obtained by
endocardial biopsy [3, 5], and abnormal ECV is associated
with adverse clinical outcomes in patients with NIDCM
[6]. In addition, T1 mapping can detect interstitial fibrosis
which would be missed by LGE-MRI [7]. Therefore, we
hypothesized that the combination of quantitative assess-
ment of myocardial fibrosis using T1 mapping and LGE
might predict improvement of LV systolic function after
CA better than LGE MRI alone. Therefore, the aim of this
study was to assess the incremental value of ECV over
LGE-MRI for the improvement of LVEF(AEF) after CA
in NIDCM patients.

Materials and methods
Study population

A total of thirty-two patients with NIDCM and AF (mean
age 67.4 £9.3 years; 29 (91%) male) were retrospectively
studied. The definition of NIDCM was patients with a
left ventricular ejection fraction (LVEF) of < 50% and
no significant coronary artery stenosis on X-ray coronary
angiography. Exclusion criteria included patients with
severe valvular heart disease, an estimated glomerular
filtration rate of <30 mL/min/1.73 m?, contraindication
to MRI examinations (claustrophobia etc.) and patients
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after a metallic device implantation. All CMR scans were
acquired before the CA. Echocardiography was performed
pre- and post-CA to evaluate the change in LVEF. This
study was approved by the institutional review board, and
written informed consent was waived because of the ret-
rospective study design.

CMR image acquisition

Using a 1.5 T MR scanner, cine MRI, LGE MRI, and T1
mapping images were obtained (Achieva; Philips Health-
care, Best, The Netherlands). To calculate the LV volume
and LVEF, vertical long-axis, horizontal long-axis, and
short-axis cine-images of LV were imaged using a steady-
state free precession sequence, (repetition time, 4.1 ms; echo
time, 1.7 ms; flip angle, 55°; field of view, 350 x 350 mm?;
acquisition matrix, 128 X 128; and number of phases per car-
diac cycle, 20). Fifteen minutes after the injection of gado-
linium contrast media (a total dose of 0.15 mmol/kg) (Gd-
BTDO3A, Gadovist; Bayer, Berlin, Germany), LGE MRI
images of LV were obtained in the same planes as the cine
MR images using an inversion recovery-prepared gradient-
echo sequence (repetition time, 4.3 ms; echo time, 1.3 ms;
flip angle, 15°; field of view, 380 % 380 mm?; acquisition
matrix, 256 x 180; and slice thickness, 10 mm). To acquire
the pre-contrast and post-contrast T1 mapping images of
the LV myocardium, the modified look locker inversion
recovery (MOLLI) sequence was used (MOLLI 5s[3s]3s;
TR, shortest; TE, shortest; FA, 35°; FOV, 350x 350 mm?;
acquisition matrix, 144 X 144; reconstruction matrix,
256 x 256, slice thickness, 10 mm; and acquisition voxel
size, 2.43x2.65x 10 mm). T1 mapping images were
acquired in a mid-ventricular slice of the LV in each patient.

Image analysis

The cine MR images were analyzed using a dedicated work-
station (the Extend MR WorkSpace, Philips Healthcare,
Best, the Netherland). To determine the LV mass, the end-
diastolic epi- and endocardial LV borders were manually
traced on the short axis dataset. The LV mass was calculated
as the sum of the myocardial volume multiplied by the spe-
cific gravity (1.05 g/mL) of the myocardial tissue [11]. To
determine the amount of fibrosis on LGE-MRI, fibrosis was
defined as region with > 5SD signal intensity than the remote
myocardium (Vitrea, Canon medical systems corporation,
Otawara, Japan). Percentage LGE was defined as the vol-
ume of fibrosis divided by the volume of total myocardium,
multiplied by 100. To assess the T1 mapping, we performed
a six-segmental analysis using commercially available soft-
ware (Zaiostation, Zaiosoft Inc. Tokyo, Japan) (Fig. 1). To
combine the pre- and post-contrast myocardial T1 time, the
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LGE MRI

ECV map

A) LGE negative
ECV low

B) LGE negative
ECV high

C) LGE positive
ECV high

Fig.1 LGE MRI and ECV map. a NIDCM patients with negative
LGE and low ECV (n=10). ECV was 0.23 for this patient. b NIDCM
patients with negative LGE and high ECV (n=8). ECV was 0.30
for this patient. ¢ NIDCM patients with positive LGE and high ECV
(n=10). ECV was 0.43 for this patient. ECV extracellular volume
fraction, LGE late gadolinium enhancement, NIDCM non-ischemic
dilated cardiomyopathy

patient’s hematocrit, the ECV, was calculated using the fol-
lowing formula [8].

- AR1(myocardium) _ Rlmyopost — Rlmyopre
~ ARI(Blood)  Rlbloodpost — R1bloodpre

ECV = A x (1 — Hct)

ECV from six segments of mid ventricular level were
averaged for each patient.

To evaluate the incremental value of ECV over %LGE,
pre- and post-contrast T1 time of non-enhanced myocardium
on LGE-MRI was manually traced.

CA procedure

Ablation procedure was performed under general anes-
thesia. If patients were under AF at the time of ablation,
direct current cardioversion was carried out to restore sinus
rhythm. Voltage and anatomical mapping of pulmonary
vein and left atrium was done using a PentaRay® catheter
(Biosense Webster, Irvine, California). Extensive encircling
pulmonary vein isolation was performed using a 3.5 mm

irrigated-tipped catheter (SmartTouch thermocool, Biosense
Webster) with assistance of 3-dimensional mapping system
(Carto, Biosense Webster). Posterior wall isolation, with
roof and bottom line, was added if necessary.

Assessment of pre- and post-ablation LVEF

Measurement of LVEF was performed before and after PVI
using echocardiography. LV volume and LVEF were meas-
ured by the modified Simpson’s method. We measured LV
diastolic and systolic dimension, systolic left atrial dimen-
sion, and LA volume by biplane disc method. [9]

Statistical analysis

Data were analyzed using SPSS software (version 17.0,
SPSS, Inc., Chicago, IL, USA). Continuous values are pre-
sented as means + standard deviation. Categorical values
are expressed as the number (%). The normality was deter-
mined by the Shapiro—Wilk test. Significance was evaluated
using an unpaired #-test for normally distributed variables
and the Mann—Whitney U test for skewed variables. Cor-
relation between %LGE and change in ALVEF after CA,
ECV value and ALVEEF after CA were assessed using Spear-
man’s correlation coefficients. Patients were allocated into
two groups based on median ECV value of 0.28 (low ECV
group: ECV <0.28; high ECV group: ECV 20.28). ALVEF
was compared between high and low ECV groups. Increase
of LVEF > 10% is considered as a threshold of LV reverse
remodeling. [10, 11] Therefore, receiver operating character-
istics curves (ROC) were generated to assess the predictive
value of %LGE and ECV for the increase of LVEF> 10%
after CA. The optimal cut-off value of %LGE and ECV
were obtained by Youden index. To assess the incremental
value of ECV over %LGE, we performed multiple regres-
sion analysis, then compared area under the ROC (AUC) of
ECV + %LGE and %LGE alone. Intra- and inter-observer
reproducibility for ECV measurement were assessed using
intra class correlation coefficient (ICC). A P value <0.05
was considered statistically significant.

Results
Patient characteristics

Table 1 summarizes the patient characteristics. In NIDCM
patients, mean age was 67.4+9.3 years and 29 (91%)
patients were male. Sixteen (50%) patients had a New York
Heart Association class II or III. Prevalence of hyperten-
sion and diabetes mellitus was 59% and 16%, respectively.
Twenty-nine (91%) patients had a previous history of hos-
pitalization due to heart failure. The mean CHA,DS,-Vasc

@ Springer



2538

The International Journal of Cardiovascular Imaging (2021) 37:2535-2543

Table 1 Patient characteristics
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All NIDCM NIDCM NIDCM *P value
(n=32) ECV<0.28 ECV>0.28
(n=14) (n=14)
Demographics
Age, years 67.4+9.3 67.5+10.5 66.8+10.2 0.83
Male 29 (91%) 13 (93%) 12 (86%) 0.55
NYHATI 16 (50%) 6 (43%) 8 (57%) 0.46
I/11 16 (50%) 8 (57%) 6 (43%) 0.70
CHA,DS,-Vasc score 27+1.1 2.6+0.9 28+1.3 0.60
Hypertension 19 (59%) 9 (64%) 8 (57%) 0.71
Diabetes 9 (28%) 3 (21%) 5(36%) 0.42
Body mass index, kg/m? 23.5+3.1 232+2.1 24.1+39 0.45
Obstructive sleep apnea 2 (6%) 0 (0%) 2 (14%) 0.15
Stroke/transient ischemic attack 3 (9%) 0 (0%) 2 (14%) 0.15
Hospitalization for heart failure 29 (91%) 13 (93%) 12 (86%) 0.55
Medications
ACE inhibitor or ARB 21 (66%) 9 (64%) 9 (64%) 1.00
Beta-blocker 30 (94%) 13 (93%) 13 (93%) 1.00
Spironolactone 12 (38%) 7 (50%) 5 (36%) 0.56
Antiarrhythmic therapy 2 (9%) 1 (7%) 2 (14%) 0.55
Anticoagulation, Warfarin 5 (16%) 0 (0%) 5 (36%) 0.019
Anticoagulation, DOAC 27 (84%) 14 (100%) 9 (64%) 0.019
AF history
Paroxysmal AF 0 (0%) 0 (0%) 0 (0%) -
Persistent AF 16 (50%) 10 (71%) 7 (50%) 0.43
Longstanding persistent AF 16 (50%) 4 (29%) 7 (50%) 0.43
LV systolic dysfunction history
Co-diagnosis of AF and LV systolic dysfunction 26 (82%) 14 (100%) 8 (58%) 0.0081
AF preceded LV systolic dysfunction 3 (9%) 1 (7%) 3 (21%) 0.082
LV systolic dysfunction preceded AF 3 (9%) 0 (0%) 3 (21%) 0.082
CA procedure
PVI only 17(60%) 10 (71%) 7 (50%) 0.43
PVI+box isolation 15(40%) 4 (29%) 7 (50%) 0.43
Blood test
Hb, mg/dL 14.1+1.6 144+1.8 14115 0.67
Hematocrit, % 424444 42.6+4.9 42.5+4.2 0.97
eGFR, mL/min/1.73m? 57.6+12.6 58.6+12.7 552+13.5 0.49
BNP, pg/dL 240+ 188 189+98 242 +165 0.62
Echocardiographic findings
LV ejection fraction, % 35+£9.7 36+8.4 33+10.9 0.32
LV dimension diastole, mm 52+8.5 50+6.7 54+10 0.19
LV dimension systole, mm 43+8.1 41+6.3 45+9.8 0.16
LA dimension, mm 46+6.3 44+43 46+8.4 0.44
LA volume, mL 131+80 133+112 126 +48 0.83
LV end-diastolic volume, mL 126 +41 110+36 141+45 0.052
LV end-systolic volume, mL 83+35 72+31 94 +37 0.11
Stroke volume, mL 42+ 14 38+12 48+ 14 0.052
HR, bpm 95+17 101£21 91+13 0.15

Data are presented as the mean =+ standard deviation or number (%)

ACE angiotensin-converting enzyme inhibitor, ARB angiotensin receptor blocker, BNP brain natriuretic
peptide, DOAC direct oral anticoagulants, eGFR estimated glomerular filtration rate, MRA mineralocorti-
coid receptor antagonists, NIDCM non-ischemic dilated cardiomyopathy, NYHA New York Heart Associa-

tion

*P-value represents significance of difference between NIDCM with ECV=0.28 and those with

ECV <0.28
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score was 2.5 +0.9. The mean brain natriuretic peptide level
was 240+ 188 pg/mL. Thirty (94%) patients were prescribed
beta blockers. Prevalence of paroxysmal AF, persistent AF,
and longstanding persistent AF was 0%, 50%, 50%, respec-
tively (Table 1). There was no significant difference between
NIDCM patients ECV <0.28 and those with ECV >0.28 in
terms of demographics, blood test and echocardiographic
findings.

Change in echocardiographic parameters
after ablation

No patients did cardioversion before ablation. 30 patients
(94%) had need cardioversion during ablation procedure.
Table 2 shows the results of the echocardiography param-
eters before and after the CA. Duration between echocar-
diography before CA and echocardiography after CA was
321 +318 days (range: 1-567 days). All patients restored
sinus rhythm at the time of echocardiography after CA. The
mean LVEF was 35.1+9.7% before CA and 52.2 +10.2%
after CA (p<0.001), resulting a ALVEF of 17.4 +£12.6%.
There is no significant correlation between “days from CA to
post-CA echo” and “AEF” (Pearson’s r=0.16, p=0.41). LV
end-systolic volume and stroke volume also showed signifi-
cant improvement. LVEF showed significant improvement
in the subgroup stratified by ECV of 0.28 (Table 2). Brain
natriuretic peptide significantly reduced from 240+ 188 pg/
mL to 88.8 +50.7 pg/mL (p <0.001) after CA. Intra- and
inter-observer reproducibility for ECV measurement were
assessed using intra class correlation coefficient (ICC).

Table 2 Change of echocardiographic parameters after ablation

Correlation between %LGE and ALVEF, ECV,
and ALVEF

Among 32 patients, ECV was evaluated in 28 patients.
Figure 2 shows the correlation between %LGE and
ALVEF, ECV, and ALVEF. Significant correlation was
found between ALVEF and %LGE (r=— 0.49, p=0.004),
ALVEF and ECV (r=- 0.47, p=0.010) after CA. Fig-
ure 3 demonstrates the comparison of ALVEF between low
and high ECV groups. ALVEF was significantly higher
in the low ECV group compared to high ECV group
(23.7+10.9% vs 7.9+9.2%, p<0.001) (Fig. 3).

ROC curve of ECV and %LGE for the prediction
of improvement of LVEF after CA

Figure 4 illustrates the ROC curve of ECV + %LGE and
that of %LGE alone for the prediction of increase of
LVEF 2 10% after CA. In 21 (65%) of 32 patients, LVEF
increased = 10% after CA. AUC was 0.602 (95% CI
0.368-0.837) for %LGE alone, 0.830 (95% CI 0.633-1.00)
for combination of %LGE and ECV (p=0.35) (Fig. 4).
Sensitivity and specificity of %LGE for predicting increase
of LVEF 2 10% after CA were 67% and 63% with a cut-off
value of 6.5%. Sensitivity and specificity of combination
of %LGE and ECV were 89% and 79% with a cut-off value
of 1.71. Multivariable linear regression analysis demon-
strated significant correlation between LVEF pre CA and
ALVEF, ECV and ALVEF (Table 3).

ALL (n=32)

ECV=0.28 (n=14)

ECV>0.28 (n=14)

Pre ablation Post ablation *P value Pre ablation Post ablation *P value

Pre ablation Post ablation *P value

LV ejection fraction, % 35+9.7 52+10.2 <0.001 36+8.4 59+79 <0.001 33+10.9 43+10.2 0.006

LV dimension diastole, 52+8.5 51+7.8 0.50 50+6.7 48 +4.7 040 54+10 54+84 0.64
mm

LV dimension systole, 43+8.1 37+7.8 0.005 41+6.3 33+5.2 <0.001 45+9.8 42+8.9 0.20
mm

LA dimension, mm 46+6.3 44+6.3 0.17 44+43 42+6.8 027 46+84 43+4.6 0.11

LA volume, mL 131+£80 127 +£158 0.76 133+112  81+35 0.11 126+48 109 +38 0.20

LV end-diastolic volume, 126+41 112+39 027 110+36 99+29 035 141+45 127 +48 0.13
mL

LV end-systolic volume, 83 +35 57+31 0.004 72+31 42+18 0.005 94+37 75+40.2 0.057
mL

Stroke volume, mL 42+ 14 56+15 <0.001 38+12 57+ 14 <0.001 48+14 52+14.2 0.68

HR, bpm 95+17 69+10 0.003 101x21 67+10 <0.001 91+13 73+11 <0.001

Data are presented as the mean + standard deviation or number (%)
LV left ventricle, LA left atrial

*P-value represents significance of difference between pre ablation and post ablation
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Fig.2 Correlation between %LGE and ALVEF, ECV, and ALVEF. a Correlation between %LGE and ALVEEF. b Correlation between ECV and
ALVEF. ECV extracellular volume fraction, LGE late gadolinium enhancement, LVEF left ventricular ejection fraction

P<0.001

45

35 23.7+ 10.9

25

Change in Absolute LVEF
from Baseline(%)

low ECV
B LowECV (ECV<0.28) N=14
Il High ECV (ECVz 0.28) N=14

high ECV

Fig.3 Comparison of ALVEF between low and high ECV groups.
Significant difference of ALVEF was found between low ECV group
and high ECV group. ECV extracellular volume fraction, LVEF left
ventricular ejection fraction

Discussion

Our study compared the predictive value of %LGE and
ECV for the improvement of LVEF after CA in NIDCM
patients with reduced EF and AF. The major findings are as
follows: (1) Change in absolute LVEF after CA (ALVEF)
was significantly correlated with both %LGE and ECV;
and (2) The AUC of combination of %LGE and ECV was
higher than that of %LGE alone in terms of prediction of
increase of LVEF > 10% after CA. These results indicated
that ECV had incremental value over %LGE for predicting
improvement of EF by CA in NIDCM patients with AF,

@ Springer

and myocardial fibrosis would be a key pathophysiology
to predict improvement of LVEF by CA.

Previously, a number of meta-analyses have examined the
benefit, efficacy and safety of CA for patients with HFrEF.
All of these studies have suggested AF ablation to be safe,
effective and beneficial [12—15]. Successful CA results in
improved LV function, clinical heart failure status, quality
of life and mortality [16]. The CASTLE-AF study provided
novel insight into the therapeutic strategy for patients with
heart failure [1]. This prospective randomized trial enrolled
high risk heart failure patients with LVEF=35% and AF,
assigned to a CA group or medical therapy group. Implant-
able cardioverter-defibrillator or a cardiac resynchroniza-
tion therapy defibrillator were implanted in all patients. The
authors showed that the CA for AF significantly reduced the
composite endpoint, death from any cause and hospitaliza-
tion due to heart failure, compared with medical therapy
(hazard ratio: 0.62, 95%CI 0.43-0.87, p=0.007). Despite
the favorable effect of CA for patients with NIDCM and
AF, careful decision making to perform CA should be done,
as the risks of intra-procedural fatal complications (cardiac
tamponade, atrio-esophageal fistula etc.) are not negligible.

The CAMERA-MRI study shed light on the patient selec-
tion suitable to CA [2]. This study demonstrated that the
absence of myocardial fibrosis on LGE-MRI is associated
with the improvement of left ventricular systolic function
after CA. On the other hand, patients with severe LV fibrosis
on LGE-MRI rarely showed an increase of LVEF after CA.
These results emphasized the utility of LGE-MRI for deci-
sion making purposes when deciding whether to perform
CA for NIDCM patients with AF. However, one of the major
limitations of LGE-MRI is that the quantitative assessment
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Fig.4 Receiver-operating

N=28

. %LGE alone:
AUC 0.602 (95%Cl: 0.368-0.837)

— ECV + %LGE:
AUC 0.830 (95%CI: 0.633-1.000)
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Table 3 Multivariable linear regression analysis for LVEF improve-
ment after CA

Independent variables Multivariable association

Coefficient Standard error P value
Age —-0.26 0.25 0.31
Gender, female —4.90 6.88 0.48
LVEF (pre CA) —0.65 0.25 0.020
LVEDV (pre CA) -0.077 0.061 0.22
LAV (pre CA) 0.011 0.024 0.64
%LGE 0.27 0.30 0.38
ECV —158.12  55.38 0.010
Days from CA to post CA 0.024 0.013 0.082
UCG

CA catheter ablation, ECV extracellular volume fraction, LAV left
atrial volume, LGE late gadolinium enhancement, LVEDV left ven-
tricular end-diastolic volume, LVEF left ventricular ejection fraction,
UCG echocardiography

of fibrosis is difficult. T1 mapping has emerged as a non-
invasive and accurate mean to quantify the severity of myo-
cardial fibrosis [7]. ECV by T1 mapping is well-correlated
to the degree of myocardial fibrosis by endocardial biopsy
[4, 5]. With a cut-off value of >25.8, ECV discriminates
NIDCM patients from control subject’s sensitivity of 91.1
and specificity of 62.1% [4]. In a large multicenter study,
ECV can predict all-cause mortality and heart failure hospi-
talization in NIDCM patients [6]. Another study has shown
that ECV in the anteroseptal wall is the most predictive
for adverse events for patients with NIDCM [17]. In addi-
tion, incremental or different prognostic value of ECV over
LGE for other ischemic and non-ischemic cohorts, such as
myocarditis [18], NIDCM [19] and general patient cohort
[20], were reported. Based on these pieces of evidence,
we hypothesized that the combination of ECV and %LGE
would be important tools for predictive the improvement of
LVEEF after CA, and for forecast the response of CA more

T T T
04 06 08 1.0

1 - Specificity

accurately. In our study, we used median ECV as cut-off
value, as there is no established cut-off value for predicting
good response by ablation in NIDCM patients. ALVEF after
CA was significantly correlated with both %LGE and ECV,
and the AUC of the combination of %LGE and ECV was
higher than that of the %LGE alone in terms of prediction
of increase of LVEF > 10% after CA. These results indicated
that myocardial fibrosis would be a key pathophysiology to
predict improvement of LVEF, and the assessment of ECV
by T1 mapping may be useful for patient selection before
the CA for NIDCM patient, to avoid less-effective CA for
EF improvement. In addition, multivariable linear regres-
sion analysis has shown that LVEF pre CA and ECV were
correlated with ALVEF. There may be multiple co-factors
impacts the relationship between ECV and LVEF recovery,
further study thus is necessary to clarify this point.

Study limitations

First, this study was a single center observational study.
Therefore, a randomized clinical trial would be necessary
to compare CA and medical therapy to evaluate the true
effect of CA for LVEF improvement. Second, patients with
severe renal dysfunction or patients with mechanical devices
were excluded in this study. Third, some diabetic patients
(16% of patients) can have an elevated ECV, which may bias
the results of our study. In our cohort, one diabetic patient
was negative LGE and elevated ECV, and 5 diabetic patients
were LGE positive. Fourth, we do not have post-CA MRI
data in all patients, therefore pre- and post-CA LVEF were
compared using echocardiography, which is less accurate
than cine MRI images. Fifth, T1-mapping is particularly
sensitive to arrhythmia, however, we did not use any adjust-
ment of the sequence for T1 calculation, such as arrhythmia-
insensitive-rapid cardiac T1 mapping pulse sequence [21]. In
addition, heart rate variability may impact the ECV value. A
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previous study has shown that the change of ECV by heart
rate variability was very small (0.13% by every increase
in 10 heart beats) [22]. Furthermore, there was no signifi-
cant difference in heart rate between ECV <0.28 and those
with ECV>0.28 (101 +21 bpm vs 91 +13 bpm, p=0.15,
Table 1). Spearman’s correlation coefficient between ECV
and HR was — 0.24 (p=0.21). Therefore, the impact of HR
on ECV in our cohort may be limited. Sixth, Due to the limit
of total scan time, only mid-ventricular slice of T1 mapping
was acquired in our institution.

Conclusion

Change in absolute LVEF after CA (ALVEF) was signifi-
cantly correlated with both %LGE and ECV. AUC of com-
bination of %LGE and ECV was higher than that of %LGE
in terms of prediction of increase of LVEF > 10% after CA.
These results indicated that ECV could be useful as a non-
invasive imaging marker for the prediction of increase of
LVEF after CA in NIDCM patients with AF.
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