T1 or ECV? Depends on the methods
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In patients with heart failure due to non-ischemic cardiomyopathies, the value of
cardiovascular magnetic resonance (CMR) imaging in predicting adverse clinical outcomes is
well-established (1, 2). In addition to accurate assessment of cardiac structure and function,
CMR offers superior non-invasive myocardial tissue characterization compared to other
cardiac imaging modalities. Late gadolinium enhancement (LGE) imaging helps to
distinguish between ischemic and non-ischemic heart disease via distinctive patterns of focal
fibrosis. However, LGE analysis relies on an area of presumed normal myocardium for
nulling, in order to provide image contrast against areas of abnormality, which renders LGE

suboptimal for detecting diffuse myocardial fibrosis (DMF).

CMR TI1- relaxometry offers a non-invasive, directly quantitative method to characterize
diffuse pathology, without the need for any presumed areas of normal tissue. The
extracellular volume (ECV) may be quantified by measuring T1 before and after the
administration of an extracellular gadolinium-based contrast agent, adjusting to the
individual’s blood hematocrit. An expanded ECV may act as a surrogate marker of interstitial
fibrosis, after excluding potential confounders, such as cardiac amyloidosis, edema or
ischemia (which can increase the coronary vascular space). DMF is of major interest in the
characterization of patients with heart failure, as it confers prognostic information, and may

be a novel therapeutic target (3).

The prognostic value of CMR T1 and ECV

In patients with dilated cardiomyopathy (DCM), the presence of LGE has prognostic power,

associated with increased cardiovascular mortality, ventricular arrhythmic events and

rehospitalization for heart failure (1). CMR myocardial T1 and ECV have also demonstrated



prognostic value in both ischemic and non-ischemic heart disease (4), including patients with
cardiomyopathies and heart failure (5-9). Potential pathophysiologic mechanisms that
increase myocardial T1 and ECV in DCM include replacement fibrosis, diffuse interstitial

myocardial fibrosis (3) and myocardial inflammation or chronic myocarditis.

In this issue of the Journal, Vita et al. studied patients with dilated cardiomyopathy (most
with coronary disease/ischemia ruled out by a combination of invasive angiography, non-
invasive stress testing, or a combination of clinical criteria with cardiac investigations), using
CMR native T1-mapping, ECV, LGE and partition coefficient lambda (gad). The T1-
mapping used the cine Look-Locker approach (10), with image analysis performed on 3
short-axis left ventricular slices, divided into 6 segments. Signal intensity time curves for
each of the 18 segments were used for fitting into an analytical expression for the inversion
recovery to obtain the effective relaxation coefficient T1*, subsequently converted into an
estimate of tissue T1. LGE images were semi-quantified by using signal intensity (SI)
threshold cut-offs of 2-SD, 3-SD, 4-SD and 6-SD above the mean SI of remote myocardium
on the same slice. CMR-derived biomarkers were associated with MACE after a median of
3.8 years. The investigators found that mean ECV, as well as extent of ECV, predicted heart
failure outcomes better than native T1 or LGE. For every 10% increase, mean ECV

portended a 2.8-fold adjusted increase risk to MACE.

The strengths of this study and discussion

In terms of CMR tissue characterization, the presence of non-ischemic LGE in DCM has
already been established to predict worse clinical outcomes in heart failure patients (1). Vita
et al. make an important contribution to building the evidence base for the prognostic value of

CMR T1-mapping, showing that ECV predicts heart failure outcomes in DCM, and, in their



material, better than native T1 and LGE. Interestingly, Puntmann et al. had also examined the
prognostic value of T1, ECV and LGE in a multicentre study of DCM patients, and found
that native T1 was the sole independent predictor of all-cause and HF composite endpoints in
multivariable analyses. They used a Modified Look-Locker Inversion recovery (MOLLI)

variant (8).

This point on T1 method differences between two studies with seemingly opposite findings
deserves further discussion. Although there may be differences in patient selection between
the two studies, the use of different T1-mapping methods may be an important factor that can
produce differing results. The T1-mapping method used by Vita et al. was a cine Look-
Locker technique with inversion preparation. It may be argued that, due to relatively
narrower range of inversion times, it is less optimal for the quantification of native T1 values,
with about twice as much noise when compared to the more recent MOLLI T1-mapping
sequences (11, 12). The results of the study are reassuring in that the traditional Look-Locker
method remains robust in ECV quantification, and that ECV has added value, with clear
correlation and prediction of important clinical outcomes that were not entirely driven by
LGE; however, the use of the cine Look-Locker method may have disadvantaged the
performance of native T1 in this study. With the availability of modern pixel-wise T1-
mapping methods optimised to measure both native and post-contrast T1 ranges for ECV
quantification with equal precision, further studies may shed more light on how much the

achieved results depend on the choice of methods.

Another strength of the study by Vita et al. was that it utilized spatial information from the
Look-Locker T1 and ECV quantification, rather than only using average T1 or ECV values

for the whole myocardium or just septum typically seen in most published reports. The



investigators attempted to glean spatial information by dividing the myocardium into 6
segments, showing that ECV in the anteroseptal location had the strongest association with
MACE, and that the number of segments with high ECV also showed a linear increase in
annual MACE rates. The approach of extracting spatial information, extent and patterns of
myocardial abnormalities should also be applied to contemporary pixel-wise T1-mapping,
which can not only provide additional information beyond conventional LGE tissue
characterization, but may begin to help distinguish different disease entities or severity within

a single disease (13, 14).

Summary and future directions

CMR T1- and ECV-mapping continue to demonstrate clinical utility in advanced myocardial
tissue characterization and predicting important outcomes in common cardiac conditions. To
be truly useful in daily clinical practice, we need methods that are optimized for detecting
subtle myocardial changes beyond those currently afforded by conventional tools, and
advanced image analysis that are not cumbersome or time-consuming, preferably
implemented inline to provide immediate visual diagnostics for busy clinicians. More
importantly, CMR mapping needs to demonstrate added value that either impacts on clinical
decision-making, saves costs and/or lives. This is a growing field of research still rapidly
accumulating evidence, and this study by Vita et al. represents another achievement for CMR

parametric mapping as a new technology that is expected to change clinical practice.
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