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Myocardial Fibrosis Assessment Using

T1 and ECV Mapping With Histologic

Validation in Chronic Dilated

Cardiomyopathy
Dilated cardiomyopathy (DCM) is a multifactorial
disease characterized by myocardial fibrosis caused
by genetic and environmental injuries. Fibrosis con-
sists of: 1) focal, replacement fibrosis, as depicted by
late gadolinium enhancement (LGE) cardiovascular
magnetic resonance (CMR); and 2) diffuse, reactive
fibrosis, which can be detected by T1 mapping.1 Both
LGE and T1 mapping indicate vulnerability to
outcome.2 The general belief is that focal fibrosis is
irreversible whereas diffuse fibrosis is reversible,
thereby making it an interesting treatment target.1

Recent studies aiming to validate T1 mapping with
histologic fibrosis show conflicting results regarding
its utility.3,4 Because there is need for a noninvasive
method to assess diffuse fibrosis, we evaluated the
diagnostic accuracy of T1 and extracellular volume
(ECV) measurements with diffuse histologic fibrosis
in a large sample of well characterized, chronic,
non–end-stage DCM patients.

The Maastricht Cardiomyopathy Registry is an
ongoing registry that prospectively includes patients
who meet the universal definition of DCM (excluding
ischemic, valvular, hypertensive, congenital, hyper-
trophic, restrictive, peripartum, and arrhythmogenic
cardiomyopathy, acute myocarditis, and presence of
storage diseases). All patients gave written informed
consent. From 2016 to 2019, 88 patients (mean age 54
�12 years, 64 male) underwent CMR and endomyo-
cardial biopsy (EMB) within a 3-month timespan.
Each patient underwent 6 right ventricular biopsies.
Histologic collagen volume fraction (CVF) was quan-
tified as percentage of tissue positive for Picrosirius
red of the total myocardial area, excluding sub-
endocardial and perivascular areas. The CMR protocol
included LGE and pre- and post-contrast T1 mapping
using a 3(2)3(2)5 modified look-locker inversion re-
covery sequence at 1.5-T. Regions of interest (ROIs)
were drawn in the septum on mid-cavity short-axis
maps, areas with LGE were excluded, and error maps
were used to ensure T1 quality based on the latest
consensus statement.5 The study protocol was
approved by the local medical committee, and all
patients provided written informed consent.

Approximately one-third presented with New York
Heart Association (NYHA) functional class $3, and
53% had a left ventricular ejection fraction
(LVEF) <35%. The median duration of symptoms was
6 months (IQR: 4-9 months). Mean native T1 and ECV
were 1,051 � 50 ms and 29% � 6%, respectively.
Thirty-two patients (36%) had increased T1 based on
the center-specific cutoff of >1,052 (local reference
value 1,012 ms þ2 SD).5 A nonischemic LGE pattern
was observed in 39 patients (44%). Median CVF was
7.4% (IQR: 4.6%-12%). Native T1 correlated strongly
with CVF, and ECV correlated moderately with CVF
(Figure 1A). Similar correlation coefficients between
T1 and CVF were found in more severe HF patients
(LVEF <35%: r ¼ 0.69; NYHA $3: r ¼ 0.70; both:
r ¼ 0.74; all P < 0.001). The correlation between
ECV and CVF in these groups was weaker compared
with the total study population (LVEF <35%:
r ¼ 0.46; P ¼ 0.001; NYHA $3: r ¼ 0.43; P ¼ 0.023;
both: r ¼ 0.36; P ¼ 0.114). The strengths of the
correlations between CVF, T1, and ECV were similar
in patients with (þ) and without (�) LGE (T1: LGEþ
r ¼ 0.70; LGE� r ¼ 0.77, ECV: LGEþ r ¼ 0.72; LGE�
r ¼ 0.64; all P < 0.0001).

According to the Youden index, the diagnostic ac-
curacy for a moderate level of histologic fibrosis
(defined as CVF >10%)4 for T1 was 0.91 (95% CI: 0.85-
0.97; P < 0.0001) with an optimal cutoff of 1,056 ms
(sensitivity 96%, specificity 77%) and for ECV was
0.82 (95% CI: 0.73-0.91; P < 0.0001) with an optimal
cutoff of 28.9% (sensitivity 88%, specificity 64%).
When T1 and ECV were combined (with the use of
logistic regression), the area under the curve
increased to 0.95.

To the best of our knowledge, this is the largest
study evaluating the value of T1 and ECV mapping
for the detection of diffuse myocardial fibrosis in
chronic DCM patients. Both T1 and ECV correlated
with CVF, which confirms previous findings from
smaller studies in DCM patients,3,4 with an overall
slightly better accuracy of T1, regardless of LGE
presence and disease severity. Of note, EMB
samples only reflect a part of the myocardium,
possibly resulting in sampling error. Underlying
etiologies should be assessed, because T1 mapping
measures longitudinal relaxation time, which is
altered by fibrosis, edema, and infiltrative
diseases. Also, because of limited voxels across the
thin LV wall in DCM patients, T1 mapping should
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FIGURE 1 Diffuse (Native T1) and Focal (Late Gadolinium Enhancement) Myocardial Fibroses Are Distinct Features in Dilated Cardiomyopathy
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(A) T1 mapping and extracellular volume show strong and moderate correlations with collagen volume fraction (CVF). (B) Two patients without late

gadolinium enhancement. Patient 1 has low T1 and CVF values, whereas patient 2 has high T1 and CVF values.
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be performed with caution. Despite this, the
correlations of T1 and with CVF were strong.

T1 mapping provides a quantifiable marker which
directly relates to prognosis2 and may monitor
treatment response to antifibrotic therapy. Both
diffuse and focal fibrosis are common findings in
DCM, albeit with variable degrees of severity. Our
results demonstrate that diffuse (T1 and ECV) and
focal (LGE) myocardial fibrosis seem to be distinct
features in DCM patients that may or may not be
observed simultaneously in one patient. T1 and LGE
act as independent yet complementary imaging
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measures and should be used together to synergize
the detection and distinction of diffuse and focal
myocardial fibrotic disease.
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Relationship Between Unrecognized

Myocardial Infarction and Underlying

Coronary Plaque Characteristics on

Optical Coherence Tomography
A non-negligible proportion of myocardial infarction
(MI) occurs in the absence of clinical manifestations.
The prevalence of unrecognized myocardial infarc-
tion (UMI) is reportedly associated with a worse
prognosis.1 Cardiac magnetic resonance (CMR)
imaging can detect even a small myocardial scar
represented by late gadolinium enhancement (LGE)
and estimate the infarct size. The aim of our
analysis was to investigate the underlying coronary
plaque characteristics of the vessel subtending the
CMR-derived UMI territory by using optical
coherence tomography (OCT).

This retrospective analysis included patients from
the institutional OCT registry database enrolled
between November 2012 and December 2020 at
Tsuchiura Kyodo General Hospital. The analysis
included a total of 147 patients with stable coronary
artery disease and no history of known MI, percuta-
neous coronary intervention, and/or coronary artery
bypass grafting who underwent the first elective
percutaneous coronary intervention for de novo le-
sions with pre-intervention LGE-CMR and OCT im-
aging of the target lesion. Representative images of a
case with UMI at the target vessel territory are shown
in Figures 1A to 1C. Our analysis was conducted in
compliance with the Declaration of Helsinki for
investigation in human beings and approved by the
institutional ethics committee on human research of
Tsuchiura Kyodo General Hospital.

CMR image acquisition was performed by using a
1.5-T scanner with 32-channel cardiac coils (Achieva,
Philips Medical Systems). The presence of UMI was
assessed on the LGE-CMR images by identifying re-
gions of contrast enhancement with an ischemic dis-
tribution pattern.1 OCT examination was performed
by using frequency-domain OCT systems (Ilumien
OPTIS, Abbott Vascular; Lunawave, Terumo
Corporation). OCT-defined plaque characteristics
were analyzed using previously established criteria.2

Layered plaque was identified by the presence of
one or more signal-rich layers of different optical
density and a clear demarcation from underlying
plaque components.3 Categorical data were
compared by using the chi-square test. Continuous
variables are expressed as median (IQR) for non-
normally distributed variables and were compared
by using the Mann-Whitney test. A value of P < 0.05
was considered statistically significant.

In a total of 147 patients, the median age was 69
years, and 74.8% were male. UMI at the target vessel
territory was detected in 26 patients (17.7%). Patients
with UMI at the target territory had higher levels of
baseline high-sensitivity cardiac troponin I (11 [IQR:
8-19] ng/L vs 5 [IQR: 3-11] ng/L; P ¼ 0.007) and
N-terminal pro–B-type natriuretic peptide (272 [IQR:
187-904] pg/mL vs 113 [IQR: 57-236] pg/mL; P ¼ 0.004)
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