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Abstract
Objectives We aimed to evaluate the prognostic role of cardi-
ac magnetic resonance imaging (CMR)–based extracellular
volume fraction (ECV) in patients with non-ischemic dilated
cardiomyopathy (NIDCM) and compare it with late gadolin-
ium enhancement (LGE) parameters.
Methods This was a single-center, prospective, cohort study
of 117 NIDCM patients (71 men, 51.9 ± 16.7 years) who
underwent clinical 3.0-T CMR. Myocardial ECV and LGE
were quantified on the left ventricular myocardium. The pres-
ence of midwall LGE was also detected. Nineteen healthy
subjects served as controls. The primary end points were car-
diovascular (CV) events defined by CV death, rehospitaliza-
tion due to heart failure, and heart transplantation.
Results During the follow-up period (median duration,
11.2 months; 25th–75th percentile, 7.8–21.9 months), the pri-
mary end points occurred in 19 patients (16.2%). The ECV
(per 3% and 1% increase) was associated with a hazard ratio

of 1.80 and 1.22 (95% confidence interval [CI], 1.48–2.20 and
1.14–1.30, respectively; p < 0.001) for the CV events.
Multivariable analysis also indicated that ECV was an inde-
pendent prognostic factor and had a higher prognostic value
(Harrell’s c statistic, 0.88) than LGE quantification values
(0.77) or midwall LGE (0.80).
Conclusion CMR-based ECV independently predicts the
clinical outcome in NIDCM patients.
Key Points
• T1-mapping–based ECV is a useful parameter of risk strat-
ification in NIDCM

• ECV has a higher prognostic value than LGE
• Contrast-enhanced T1-mapping CMR is a feasible and safe
method
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LGE late gadolinium enhancement
LV left ventricle
NIDCM non-ischemic dilated cardiomyopathy
ROI region of interest
RV right ventricle
SD standard deviation
SV stroke volume
VIF variance inflation factor

Introduction

Non-ischemic dilated cardiomyopathy (NIDCM) is character-
ized by diffuse intrinsic myocardial remodeling, with reduc-
tion in left ventricular systolic function, in the absence of
significant coronary artery disease [1]. Myocardial fibrosis,
particularly midwall fibrosis, is a characteristic feature of
NIDCM [2, 3]. Late gadolinium enhancement (LGE) on car-
diac magnetic resonance imaging (CMR) is considered the
standard method for detecting focal myocardial fibrosis.
Midwall fibrosis, as detected by LGE, is a predictor of adverse
cardiovascular (CV) outcomes [1, 4], Although LGE is a pow-
erful imaging tool that can detect focal fibrosis patterns [5], it
often fails to detect diffuse myocardial fibrosis [6, 7]. A re-
cently developed T1-mapping sequence can be used to quan-
titatively characterize the myocardium. The quantification of
ECV using CMR can serve as a noninvasive tool for deter-
mining diffuse myocardial pathology [6]. However, the prog-
nostic significance of CMR-based ECV remains unclear. We
aimed to examine the prognostic role of CMR-based ECV in
NIDCM patients and compare this parameter with conven-
tional LGE parameters.

Materials and methods

Study population

This was a single-center prospective, cohort study. The institu-
tional review board approved the study, and written informed
consent was obtained from each patient. A total of 447 consec-
utive patients who underwent T1-mapping CMR from April 1,
2012, to April 30, 2015, were eligible for the study.

Patients with 1) reduced left ventricular ejection fraction
(LVEF) ≤40% on CMR without any history of significant
coronary artery disease and 2) left ventricular chamber dilata-
tion, defined as an enlarged left ventricular end-diastolic di-
ameter on short-axis view (≥6 cm), were included. A total of
135 patients met the inclusion criteria. Of these, 18 were ex-
cluded because of recent myocarditis (n = 7), newly diagnosed
significant coronary artery disease (n = 7), and incomplete da-
ta sets (n = 4), and, finally, 117 patients were analyzed. All the
patients underwent clinical examination, cardiopulmonary

exercise test (CPET), routine biochemical analysis including
the N-terminal pro-B-type natriuretic peptide, and CMR.
Nineteen healthy subjects also underwent CMR. The hemat-
ocrit (Hct) levels of the patients and healthy subjects were
acquired on the day of CMR.

CMR protocol

CMR was performed using a 3.0-T scanner (Magnetom Trio
Tim; Siemens AG Healthcare Sector, Erlangen, Germany),
with a six-element body matrix coil and a spine matrix coil
array. The localization of the heart was performed with True
FISP localizers under electrocardiographic gating. T1 map-
ping was performed using a modified Look-Locker inver-
sion-recovery sequence at end expiration in three short-axis
planes (at the basal, mid, and apical levels). Pre-contrast T1-
mapping images were acquired before the intravenous injec-
tion of the contrast agent, whereas post-contrast T1-mapping
images were acquired 15 min after the injection of the contrast
agent (0.2 mmol/kg gadolinium contrast agent, Gadovist;
Bayer Schering Pharma AG, Berlin, Germany). LGE magnet-
ic resonance (MR) imaging was performed 10 min after the
injection of the contrast agent between the pre- and post-
contrast T1-mapping sequences by using a magnitude- and
phase-sensitive inversion recovery (PSIR)–prepared True
FISP sequence (see the Supplemental Materials for detailed
protocols). For T1-mapping imaging, we employed the non-
selective inversion pulse True FISP single-shot readout se-
quence in the mid-diastolic phase, with the following param-
eters: field of view, 308 × 380 mm; acquisition matrix, 126 ×
192; slice thickness, 8 mm; TR, 2.4 ms; TE, 1.0 ms; minimum
inversion time, 100 ms; inversion time increment, 80 ms; flip
angle, 35°; parallel acquisition technique factor, 2; number of
inversions, 3. Three images were acquired after the first inver-
sion; following a pause for three heartbeats, three images were
acquired after the second inversion; subsequently, after a
pause for three heartbeats, five images were acquired after
the third inversion. Fully automated non-rigid motion correc-
tion was applied to register the individual TI images before
inline T1 fitting was performed using a mono-exponential
three-parameter fit.

CPET

A symptom-limited CPET was performed on a treadmill ac-
cording to the modified Bruce ramp protocol (see the
Supplemental Materials for details).

Image analysis

All MR images were analyzed using the cvi42 image analysis
software (Circle Cardiovascular Imaging Inc., Calgary, AB,
Canada). Two radiologists (Y.J.H. and H.J.L.), with 10 and
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12 years of experience in CV image interpretation, respective-
ly, who were blinded to the clinical data, independently ana-
lyzed all MR images, and inter-observer reproducibility was
assessed.

Functional MR image analysis

Ventricular function was assessed on short-axis cine MR im-
ages according to Simpson’s method [8]. The endocardial and
epicardial borders of the left ventricle (LV) and the endocar-
dial border of the right ventricular (RV) wall were delineated
manually on the end-diastolic and end-systolic images, from

which the papillary muscles and trabeculations were
excluded.

Quantification of native T1 and ECV

The endocardial and epicardial borders of the LV were drawn,
and the RV insertion sites were delineated manually. A round
region of interest (ROI) >10 mm2 that excluded the papillary
muscle was also drawn manually on the LV blood cavity, and
the pre- (native) and post-contrast T1 values on 16 segments
of the LV (except for the apex segment) and blood cavity
were measured. The myocardial ECV was calculated using
the following equation [9]:

ECV ¼ 1
.
T1post−contrast myocardium

� �
− 1

.
T1pre−contrast myocardium

� �h i.
1
.
T1post−contrast blood

� �
− 1

.
T1pre−contrast blood

� �h i
� 1−Hctð Þ

The global native T1 and ECV values of LV (mean values
of the 16 segments) were recorded (Fig. 1).

Quantification of LGE

The presence of LGE was first visually determined, and the
pattern was analyzed in cases where LGE was detected. In
short-axis LGE images, the endocardial and epicardial borders
of the LV were drawn manually and the extent of LGE (%)
was automatically quantified by adopting the 5-standard devi-
ation (SD) method [10] (Fig. 1).

Clinical outcome and follow-up duration

The primary end points of clinical outcome were CV events
defined by CV death, rehospitalization due to heart failure,
and heart transplantation. The follow-up duration was com-
puted from the date of CMR examination to the last visit to the
hospital or the occurrence of the first CVevent.

Statistical analysis

The categorical baseline characteristics were expressed as
numbers and percentages, whereas the continuous variables
were expressed as means and SDs. The Shapiro-Wilk test was
used to evaluate normal distributions. Statistical tests were
two-sided, and p < 0.05 was considered significant. The chi
square or Fisher’s exact test (if the sample size was <5) was
used to compare the categorical variables, and Student’s t test
was used to compare the continuous variables. With regard to
survival analysis, we used the log rank test with Kaplan-Meier
curves and Cox proportional hazards regression to obtain haz-
ard ratios (HRs) and 95% confidence intervals (CIs). The pro-
portional hazards assumptions were assessed graphically

using Schoenfeld residual plots. Univariable Cox regression
analysis was used to determine the association of clinical and
CMR parameters, such as native T1, ECV, and LGE quantifi-
cation values, with the occurrence of a composite event.
Variables with a p value <0.05 on univariable analysis were
included in the multivariable Cox regression analysis. The
variance inflation factor (VIF) was used to assess
multicollinearity for the multivariable analyses, with VIF >
10 indicating multicollinearity. The HRs for ECV were
expressed in 1% and 3% increments (reflecting the 95% CI
for repeated measurement, ±1.4%) [11, 12].

The predictive accuracy of the Cox regression model was
evaluated by Harrell’s c statistic. The best ECV threshold for
predicting the composite event was estimated via the
smoothed restricted cubic spline method. This method was
used to produce the flexible log HR curve vs. ECV, which
facilitates the visual exploration of the relationships between
ECVand the clinical outcomes. With regard to inter-observer
reproducibility, the images were analyzed independently
using intra-class correlation coefficients (ICCs). Statistical
analyses were performed using the R statistical software ver-
sion 3.2.3 (R Foundation, Vienna, Austria) and SPSS version
20 (SPSS Inc., Chicago, IL, USA).

Results

Patient characteristics

The final study population comprised 117 NIDCM patients
(71 men, 51.9 ± 16.7 years). The clinical characteristics of
the healthy subjects and the entire patient population are de-
scribed in Table 1.
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CMR

The CMR data of the healthy subjects and the entire patient
population are also provided in Table 1.

T1-mapping data

NIDCM patients showed significantly higher global na-
tive T1 and ECV values compared with controls

Fig. 1 Representative case of T1
mapping and late gadolinium
enhancement (LGE) image
analysis of the mid-left ventricle
(LV) in a patient. (A and B) On
pre-contrast (A) and post-contrast
(B) T1-mapping images,
segmental-based regions of
interest (ROI) on the myocardium
and a round ROI on the blood
cavity were drawn to measure the
native and post-T1 values of
myocardium and blood cavity. (C
and D) Reported global native T1
was 1227.8 ms and ECV 29.7%
on native T1 (C) and ECV maps
(D). (E) On the LGE image, LGE
was noted on the mid-ventricular
septum. (F) The extent of LGE
was automatically calculated by
adopting the 5-standard deviation
method. The quantified LGE was
17%
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(p < 0.001, Table 1). Patients with clinical outcomes
showed significantly higher global native T1 and ECV
values as compared to patients without any CV events
(p < 0.001, Table 1) (see the Supplemental Materials for
the analysis of regional difference in T1-mapping

parameters). The inter-observer agreements were excel-
lent, with ICCs of 0.969 (95% CI, 0.949–0.982) for
native T1 values, 0.992 (95% CI, 0.987–0.995) for
post-contrast T1 values, and 0.905 (95% CI, 0.843–
0.943) for ECV values.

Table 1 The clinical
characteristics and cardiac
magnetic resonance data of the
healthy volunteers and patients
with and without cardiovascular
(CV) events

Normal
(n = 19)

NIDCM
(n = 117)

p value No CVevent
(n = 98)

CVevents
(n = 19)

p value

Clinical variables
Age 54.4 ± 6.3 51.9 ± 16.7 0.25 52.7 ± 16.7 48.1 ± 16.2 0.27
Gender (Male)* 11 (64.7) 71(60.7) 0.75 40 (40.8) 6 (31.6) 0.45
BSA (m2) 1.7 ± 0.2 1.7 ± 0.3 0.83 1.7 ± 0.3 1.7 ± 0.3 0.77
Heart rate (bpm) 68.7 ± 13.2 83.2 ± 16.2 0.03 90.4 ± 21.3 81.8 ± 14.7 0.11
Hematocrit (%) 42.9 ± 3.2 41.1 ± 6.5 0.08 41.5 ± 6.6 39.1 ± 5.7 0.12
BMI (kg/m2) 24.3 ± 4.2 24.5 ± 4.2 23.3 ± 4.4 0.28
Hypertension* 45 (38.5) 39 (39.8) 6 (31.6) 0.5
Diabetes mellitus* 22 (18.8) 16 (16.3) 6 (31.6) 0.2
Beta blockers* 80 (68.4) 71 (72.5) 9 (47.4) 0.03
RAS inhibitors* 98 (83.8) 85 (86.7) 13 (68.4) <0.05
Digoxin* 29 (24.8) 25 (25.5) 4 (21.1) 0.78
Spironolactone 87 (74.4) 73 (74.5) 14 (73.7) >.99
hsCRP (mg/L) 4.9 ± 3.6 4.9 ± 3.8 4.9 ± 3.6 0.98
WBC (/μL) 7932 ± 2882 7969 ± 2859 7738 ± 3146 0.75
Hemoglobin (mg/dL) 14.2 ± 2.3 14.3 ± 2.4 13.8 ± 2.0 0.37
BUN (mg/dL) 18.5 ± 7.1 18.1 ± 6.8 20.4 ± 8.4 0.2
Cr (mg/dL) 0.9 ± 0.3 0.9 ± 0.3 1.0 ± 0.4 0.66
Uric Acid (mg/dL) 7.1 ± 2.1 7.0 ± 2.0 7.6 ± 2.4 0.25
Na (mmol/L) 139.2 ± 13.0 139.2 ± 14.2 139.3 ± 3.3 0.95
NT-proBNP (pg/mL) 4322 ± 4725 3882 ± 4408 6326 ± 5792 <0.05
PeakVO2 (mL/kg/min) 20.7 ± 5.9 21.6 ± 5.9 17.0 ± 4.8 0.02
METs 6.3 ± 1.8 6.6 ± 1.8 5.2 ± 1.6 0.02
VE/VCO2 slope 36.3 ± 6.7 35.7 ± 6.6 38.6 ± 6.72 0.18
Base SBP (mmHg) 102.2 ± 18.1 102.5 ± 17.3 101.1 ± 22.5 0.81
Peak SBP (mmHg) 145.4 ± 32.1 148.0 ± 33.0 134.7 ± 28.6 0.2
Baseline heart rate 85.2 ± 13.9 85.1 ± 13.2 85.3 ± 17.8 0.98
Peak heart rate 140.8 ± 24.6 142.8 ± 26.1 132.8 ± 17.3 0.21
Heart rate recovery 55.7 ± 23.5 57.7 ± 22.50 47.5 ± 27.8 0.19

CMR imaging parameter
LVEDV (ml) 128.0 ± 37.1 274.2 ± 92.1 <.001 312.4 ± 116.6 266.7 ± 85.1 <0.05
LVEDV/BSA (ml/m2) 73.9 ± 17.3 159.1 ± 52.4 <.001 184.4 ± 72.6 154.2 ± 46. 0.1
LVESV(ml) 44.8 ± 18.8 208.3 ± 86.0 <.001 258.2 ± 113.3 198.4 ± 76.5 0.04
LVESV/BSA (ml/m2) 25.9 ± 9.4 120.5 ± 49.1 <.001 152.2 ± 70.5 114.3 ± 41.3 0.03
LVSV (ml) 83.2 ± 20.4 65.5 ± 22.9 <.001 54.1 ± 20.5 67.7 ± 22.8 0.02
LVEF (%) 65.9 ± 5.2 24.9 ± 8.1 <.001 19.1 ± 7.9 26.1 ± 7.7 <.001
RVEDV (ml) 122.2 ± 28.5 166.5 ± 66.6 <.001 161.8 ± 67.4 190.7 ± 60.1 0.09
RVEDV/BSA (ml/m2) 69.7 ± 13.3 95 ± 33.4 <.001 92.5 ± 34.1 108.3 ± 28.1 0.07
RVESV (ml) 50.6 ± 14.3 109.0 ± 59.3 <.001 103.2 ± 57.3 139.1 ± 62.0 0.02
RVESV/BSA (ml/m2) 29 ± 7.4 63.0 ± 31.0 <.001 59.6 ± 30.1 80.0 ± 31.7 0.01
RVSV (ml) 71.6 ± 18.2 56.8 ± 21.3 <.001 57.9 ± 21.4 51.5 ± 21.01 0.24
RVEF (%) 58.6 ± 6.7 122.2 ± 28.10 <.001 38.7 ± 13.8 29.0 ± 12.8 0.01
Global Native T1 (ms) 1213.9 ± 37.4 1326.3 ± 91.1 <.001 1318.3 ± 91.9 1367.6 ± 75.9 0.03
Global ECV (%) 25.8 ± 2.2 32.0 ± 5.7 <.001 30.6 ± 4.9 38.9 ± 4.6 <.001
LGE* 0 82 64 18 0.0120.01
Midwall LGE* 0 63 47 (48.0) 16 (84.2) <.001
LGE quantification (%) 0.23 ± 0.1 10.0 ± 9.8 <.001 6.3 ± 8.3 12.7 ± 12.1 0.04

Note: Unless otherwise indicated, values are means ± standard deviations

* Values are numbers of patients, with percentages in parentheses

BMI indicates body mass index; BSA, body surface area; CMR, cardiac magnetic resonance imaging; CV,
cardiovascular; ECV, extracellular volume fraction; EDV, end-diastolic volume; EF, ejection fraction; ESV end-
systolic volume; LGE, late gadolinium enhancement; LV, left ventricle; METs; metabolic equivalents; NT-pro
BNP, N-terminal pro-B-type natriuretic peptide; RAS; renin-angiotensin system; RV, right ventricle; SBP, systolic
blood pressure; SV, stroke volume
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LGE analysis

With regard to LGE, 82 (70.1%) NIDCM patients exhibited
myocardial LGE, whereas 35 (29.9%) patients did not exhibit
any LGE. Among the 82 patients with LGE, 63 (53.8%) ex-
hibited LGE at the midwall and 19 (16.2%) exhibited other
LGE patterns. Both the LGE (+) and LGE (−) groups showed
higher native T1 and ECV values (LGE (+) group, 1328.5 ±
83.5 ms and 32.7% ± 5.5%; LGE (−) group, 1321.3 ±
105.4 ms and 30.3% ± 5.7%) as compared with the control

group (p < 0.05, Table 1). Patients with CV events showed a
significantly higher incidence of midwall LGE as well as
higher LGE quantification values as compared to patients
without CVevents (p < 0.05, Table 1).

Correlations between the global ECVand other imaging
and functional variables

The global ECV was well correlated with both midwall LGE
(r = 0.45, p < 0.001) and LGE quantification values (r = 0.34,

Table 2 Univariable Cox
regression analysis of the clinical
and imaging parameters

Clinical variable HR 95% CI p value Harrell’s c statistic

Age 0.98 0.96 1.01 0.22 0.59

Gender (Male) 0.68 0.26 1.80 0.44 0.55

Heart rate (bpm) 1.03 1.01 1.06 0.02 0.66

BMI (kg/m2) 0.94 0.84 1.06 0.33

BSA (m2) 0.84 0.13 5.35 0.86

Hypertension 0.1 0.27 1.84 0.47

Diabetes mellitus 2.08 0.79 5.48 0.14

Dyslipidemia 0.71 0.16 3.06 0.64

PeakVO2 (mL/kg/min) 0.88 0.79 0.98 0.02 0.69

VE/VCO2 slope 1.05 0.97 1.13 0.23

WBC (/μl) 0.99 0.84 1.16 0.86

Hemoglobin (mg/dL) 0.92 0.76 1.12 0.42

BUN (mg/dL) 1.04 0.98 1.1 0.23

Cr (mg/dL) 1.39 0.32 6.08 0.66

Na (mmol/L) 1.00 0.97 1.04 0.97

NT-proBNP (pg/mL) 1.07 1.00 1.15 0.07

Beta blockers 0.38 0.15 0.93 0.03 0.62

Spironolactone 0.96 0.34 2.66 0.93

RAS inhibitor 0.77 0.42 1.40 0.38

CMR imaging parameter

LVEF (%) 0.88 0.82 0.94 <.001 0.73

LVEDV/BSA (ml/m2) 1.01 1.00 1.02 0.01 0.60

LVESV/BSA (ml/m2) 1.01 1.01 1.02 <.001 0.66

LVSV (ml) 0.97 0.95 0.99 0.01 0.67

RVEF (%) 0.95 0.92 0.99 <.001 0.68

RVEDV/BSA (ml/m2) 1.01 1 1.02 0.07 0.66

RVESV/BSA (ml/m2) 1.02 1.00 1.03 0.01 0.68

RVSV (ml) 0.99 0.97 1.01 0.25 0.58

Native T1 (ms) 1.01 1.00 1.01 0.03 0.66

ECV (1% increase) 1.22 1.14 1.30 <.001 0.87

ECV (3% increase) 1.80 1.48 2.20 <.001 0.87

LGE (%) 1.04 1.01 1.08 0.01 0.69

Mid wall LGE 4.89 1.43 16.80 0.01 0.71

BMI, body mass index; BSA, body surface area; CI, confidence interval; CMR, cardiac magnetic resonance
imaging; CV, cardiovascular; ECV, extracellular volume fraction; EDV, end-diastolic volume; EF, ejection frac-
tion; ESV, end-systolic volume; HR, hazard ratio; LGE, late gadolinium enhancement; LV, left ventricle; NT-pro
BNP, N-terminal pro-B-type natriuretic peptide; RAS; renin-angiotensin system; RV, right ventricle; SV, stroke
volume
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p < 0.001). Moreover, ECV was also significantly correlated
with the clinical functional variables such as LVEF (r = −0.25,
p < 0.01) and peak VO2 (r = −0.28, p = 0.03). However, the
ECV values were not correlated with the left ventricular
end-diastolic volume/body surface area (BSA) ratio (p =
0.26) or with the left ventricular end-systolic volume/BSA
ratio (p = 0.08).

Survival analysis

During the follow-up period (median, 11.2 months; 25th–75th

percentile, 7.8–21.9 months), the CVevents were observed in
19 patients (16.2%), including CV death in 4, rehospitaliza-
tion due to heart failure in 10, and heart transplantation in 5.
Univariable Cox regression analysis indicated that, among the
clinical variables, heart rate, beta-blocker medication, and
peak VO2 were associated with clinical outcomes. Among
the imaging parameters, LVEF and RVEF were associated
with clinical outcomes (Table 2). The native T1, LGE quanti-
fication values, and the presence of midwall LGE predicted
the clinical outcome, with an HR of 1.01 (95% CI, 1.00–1.01;
p = 0.03), 1.04 (95%CI, 1.01–1.08; p < 0.001), and 4.89 (95%
CI, 1.43–16.80; p = 0.01) (Fig. 2), respectively. A 3% increase
or 1% increase in the ECV was associated with an HR of 1.80
and 1.22, respectively (95% CI, 1.48–2.20, 1.14–1.30;
p < 0.001), for the CV events. Harrell’s c statistic for ECV
(per 1 or 3% increase) was 0.87, which was higher than that
for LGE and the other variables (0.71 for midwall LGE and
0.69 for LGE quantification values; Table 2). Even after
adjusting for clinical variables, such as heart rate, peak VO2,
and beta-blocker medication, and imaging parameters, includ-
ing LVEF and RVEF, the multivariable Cox regression

analysis indicated that increased ECV remained independent-
ly associated with adverse clinical outcomes. There was no
multicollinearity between adjusted parameters in a multivari-
able analysis. When adjusting for clinical variables alone,
ECV (3% increase) was found to be an independent prognos-
tic factor (HR, 1.66; 95% CI, 1.26–2.18; p < 0.001), with a
higher Harrell’s c statistic (0.86). Moreover, when adjusting
for imaging parameters alone, ECV (3% increase) was found
to be an independent prognostic factor (HR, 1.69; 95% CI,
1.34–2.14; p < 0.001), with a higher Harrell’s c statistic (0.88)
than that for native T1 and LGE quantification values and
midwall LGE. The native T1 values were not found to be an
independent factor in multivariable analysis, whereas midwall
LGE was found to be an independent predictor only after
adjusting for the imaging variables. In contrast, ECV consis-
tently showed the highest Harrell’s c statistic in all models
(Table 3). The Kaplan-Meier survival curve according to the
tertiles of ECV (1st tertile, 28.8; 2nd tertile, 33.8) is demon-
strated in Fig. 3 (ECV 1st tertile vs. 2nd tertile; p = 0.16; 1st

tertile vs. 3rd tertile; p < 0.001; 2nd tertile vs. 3rd tertile;
p < 0.001). In a smoothed restricted cubic spline plot of the
HR and ECV, the HR generally linearly increases as the ECV
increases. In particular, with a cutoff value of 31.1% (HR = 1),
the probability of adverse clinical outcomes becomes high as
ECV increases, until ECV reaches a value of 42.5%. The
overall association between ECV and the clinical outcome
was significant (p < 0.001; Fig. 4). The higher ECV group
showed poorer clinical outcome than the lower ECV group
(clinical outcome rate: 3.8% vs. 26.2%; p < 0.001).

Fig. 3 Kaplan-Meier curve according to the tertiles of the extracellular
volume fraction (ECV) (1st tertile, 28.8; 2nd tertile, 33.8) and
cardiovascular outcome. Patients with elevated ECV values (≥1st and
2nd tertiles) experienced significantly higher adverse clinical outcomes
than patients with ECV values lower than the 3rd tertile

Fig. 2 Kaplan-Meier curve for the presence of midwall late gadolinium
enhancement (LGE) and cardiovascular outcome. Patients with midwall
LGE experienced significantly higher adverse clinical outcomes than
patients without midwall LGE
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Discussion

In the present study, we aimed to determine whether CMR-
based ECV has an independent or incremental prognostic val-
ue in NIDCM patients. We found that global ECV indepen-
dently predicts the clinical outcome and the prognostic value
of ECV was higher than that of the native T1 or LGE quanti-
fication values.

Risk stratification of NIDCM patients has been challenging
because they have a wide variety of clinical outcomes.
Contrast-enhanced T1-mapping–based ECV may play an im-
portant role in the proper estimation of prognosis of NIDCM
patients. This might be helpful for patients and clinicians in
deciding the appropriate type and timing of advanced heart
failure therapies such as heart transplantation and left ventric-
ular assist devices.

CMR imaging has become a widely available diagnostic
tool in visualizing myocardial scar, fibrosis, and non-ischemic
cardiomyopathies [4].

LGE is a well-established gold standard method in detect-
ing focal myocardial fibrosis, and the prognostic value of LGE
in NIDCM is well known [4, 13]. In a previous study, the
detection of midwall fibrosis with LGE was associated with
an HR of 3.1 (95%CI, 1.1–8.5; p = 0.03). In cases of NIDCM,
midwall fibrosis on CMR can serve as a predictor of the com-
bined end point of all-cause mortality and CV hospitalization
[4]. We also observed that midwall LGE and LGE quantifica-
tion values have a prognostic value in NIDCM patients.

However, LGE has certain limitations in detecting diffuse
myocardial remodeling. In the present study, 35 (29.9%) of
117 patients did not have detectable LGE. However, the native
T1 and ECV values were significantly higher in these patients
than in the control groups (p < 0.05) and were negatively cor-
related with the EF. These findings suggest that native T1 and
ECV values can help detect and quantify diffuse myocardial
changes, which cannot be detected by LGE [7, 14, 15]. T1
mapping is an emerging CMR technique that can provide a

quantitative assessment of tissue characterization in NIDCM
patients [16]. In NIDCM, the native T1 can quantitatively
characterize diffuse myocardial abnormalities, particularly
diffuse fibrosis, which is not apparent on LGE images, with
a high diagnostic value (sensitivity, 100%; specificity, 96%;
area under the curve, 0.99) without the need for gadolinium
contrast agents [17]. ECVestimated using CMR can also iden-
tify NIDCM with a high diagnostic value (specificity, 91%;
sensitivity, 62%); in fact, it has been validated in many studies
as a robust marker reflecting the degree of myocardial fibrosis
in NIDCM [11, 18–20].

A few recent studies have evaluated the prognostic role of
T1-mapping CMR [21–24]. Kammerlander et al. [22] demon-
strated that significantly higher event rates were observed in

Fig. 4 Smoothed restricted cubic spline plot of the hazard ratio (HR) and
the extracellular volume fraction (ECV). The full line represents the
logarithmic change of the HR from the ECV, and the dotted line shows
its 95% confidence interval. The HR generally linearly increases as ECV
increases. In particular, with a cutoff value of 31.1% (HR = 1), the
probability of adverse clinical outcomes increases as ECV increases,
until the ECV reaches 42.5%. The overall association between ECVand
the clinical outcome was significant

Table 3 Multivariable Cox regression analysis, adjusted for clinical and imaging parameters

Variable Multivariable analysis adjusted for clinical variables* Multivariable analysis adjusted for imaging parameters**

HR 95% CI p value Harrell’s c statistic HR 95% CI p value Harrell’s c statistic

Native T1 (ms) 1.01 1.00- 1.02 0.08 0.75 1.00 1.00- 1.01 0.15 0.77

ECV (per 1% increase) 1.18 1.08- 1.30 <.001 0.86 1.19 1.10- 1.29 <.001 0.88

ECV (per 3% increase) 1.66 1.26- 2.18 <.001 0.86 1.69 1.34- 2.14 <.001 0.88

LGE (%) 1.12 1.05- 1.19 <.001 0.78 1.05 1.01- 1.09 <.001 0.77

Mid wall LGE 2.89 0.75-11.18 0.12 0.73 3.00 1.12-13.64 0.03 0.80

*Clinical variables included heart rate, peak VO2, and beta blocker usage

**Imaging parameters included left ventricular ejection fraction and right ventricular ejection fraction

CI, confidence interval; ECV, extracellular volume fraction; HR, hazard ratio; LGE, late gadolinium enhancement
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patients with higher ECV (log rank p < 0.01). In the multivar-
iable Cox regression analysis, ECV was independently asso-
ciated with the clinical outcome (p < 0.01) but was not found
to be a significant factor after adjusting for clinical parameters.
Puntmann et al. [23] demonstrated that native T1 was the sole
independent predictor of all-cause mortality and heart failure
(HR, 1.1; 95% CI, 1.06–1.15) in their large multicenter study.
In previous studies, ECV was evaluated only in the mid-
ventricular septum in a single slice [23] or in non-infarcted
myocardium [22, 24]. We have evaluated the ECV value from
all segments of the LV myocardium, and found that it demon-
strated independent prognostic efficacy in consecutively en-
rolled NIDCM patients. Clinically important variables such as
heart rate, comorbidities, CPET parameters, and various heart
failure medications were analyzed in the present study. Even
after adjusting for clinically important variables including
heart rate, peak VO2, and beta-blocker usage, as well as im-
aging parameters, we found that ECV (per 1% and 3% in-
crease) was independently associated with clinical outcomes
and consistently showed the highest prognostic power among
the other parameters. When a cubic spline plot of the log HR
was used, we found that if the ECV was higher than 31.1%,
the HR of the ECV increased according to the ECV values,
until the ECVreached 42.5%. The overall association between
ECV and clinical outcome was significant (p < 0.001).
Moreover, myocardial ECV was significantly associated with
LV dysfunction, LVEF, and peak VO2. CMR-based ECV pro-
vides an objective and standardized measure of myocardial
fibrosis, and it is also a useful measure in NIDCM patients
with LGE limitations. We have shown that contrast-enhanced
T1-mapping CMR is a clinically feasible and effective imag-
ing modality providing independent prognosis in NIDCM pa-
tients with a wide variety of clinical outcomes.

The present study has several potential limitations. The rel-
atively small sample size and low event rate were the major
limitations of our study. The low event rate prohibited the use
of all the significant variables in the multivariable analysis;
accordingly, only three variables were included. The lack of
follow-up CMR, particularly in patients with reverse remodel-
ing who have been clinically recovered, was another limitation
of our study. Finally, the examined subjects included NIDCM
patients with a low EF. Hence, the generalizability of the cur-
rent findings to other populations is unknown. However, we
evaluated the prognostic value of CMR-based ECV in consec-
utively enrolled homogenous NIDCM patients. The quantified
ECV values were reliable because all the scans were performed
with the same scanner under the same conditions, and the pa-
tients’ Hct values were acquired on the day of CMR. In addi-
tion to the imaging parameters, important clinical variables
such as peak VO2 were adjusted for in the multivariable anal-
ysis. Thus, the quantification of ECV using CMR could serve
as a noninvasive tool for quantifying diffuse myocardial abnor-
malities and risk stratification in NIDCM patients [6].

In conclusion, ECV determined by CMR is a predictor of
combined CV death, rehospitalization, or heart transplanta-
tion, independent of ventricular remodeling or the clinical
characteristics of NIDCM patients.
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