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Introduction
Cardiomyopathies are a heterogeneous group of myo- 
cardial diseases. They are defined as conditions in which 
the myocardium is structurally and functionally abnormal 
in the absence of coronary artery disease, hypertension, 
valvular disease, or congenital heart disease sufficient  
on their own to explain the observed abnormality [1]. In 
2023, the European Society of Cardiology published its first 
set of guidelines dedicated entirely to cardiomyopathies 
(with the exception of the hypertrophic cardiomyopathy 
section, already updated in 2014). The document proposes 
a phenotype-based approach: Classification starts from  
the morphological and functional pattern observed on  
imaging — hypertrophic (HCM), dilated (DCM), non-dilated 
left ventricular (NDLVC, a new nomenclature), arrhythmo-
genic (ARVC), and restrictive (RCM) cardiomyopathy —  
and then works back, through a multiparametric pathway 
(clinical assessment, genetics, multimodality imaging), to 
the specific etiology [1]. On this pathway, cardiac magnetic 
resonance (CMR) occupies a central position starting from 
the earliest stages of evaluation. Compared with echocardi-
ography, which remains the first-line test, CMR offers  
myocardial tissue characterization that no other imaging 
modality can replicate with the same accuracy. CMR can 
distinguish, within the same morphological pattern  
(e.g., left ventricular hypertrophy [2]), genuinely genetic 
forms from phenocopies such as cardiac amyloidosis or  
Anderson-Fabry disease. It can recognize the non-ischemic 
fibrosis pattern characteristic of NDLVC, identify the fibro- 
fatty infiltration typical of ARVC, and guide the etiologic  
diagnosis in DCM through the pattern and distribution  
of fibrosis [1]. The guidelines recommend that the initial 
CMR evaluation in a patient with suspected cardiomyo- 
pathy should systematically include, in addition to cine  
sequences and late gadolinium enhancement (LGE), 
T2-weighted sequences and pre- and post-contrast T1 
mapping, reserving T2* for suspected iron overload/hemo-
chromatosis [1]. This is because LGE, while often likened  
to a “non-invasive biopsy” for focal fibrosis, cannot detect 
diffuse myocardial disease. This is where parametric  
mapping adds a quantitative layer of information, capable 

of revealing abnormalities in the myocardial interstitium 
even when LGE is negative [3]. However, it should be  
highlighted that linking mapping parameters to a single 
pathologic abnormality of a tissue may be misleading. For 
example, changes such as myocardial edema can influence 
not only T2 mapping but also native T1 and extracellular 
volume (ECV) [4], making a comprehensive and comple-
mentary assessment of these parameters necessary. The 
following paragraphs briefly examine how T1 and T2  
mapping contribute to differential diagnosis, prognostic 
stratification, and treatment monitoring in cardiomyopa-
thies. Three practical examples are portrayed in the figures.

T1 and T2 mapping for early diagnosis
The clinical value of mapping lies, above all, in detecting 
myocardial disease before it becomes morphologically 
overt — a window in which LGE is frequently still negative. 
In sarcomeric HCM, native T1 and T2 are elevated even  
in non-hypertrophic, LGE-negative segments, suggesting 
that tissue remodeling precedes both wall thickening  
and contractile impairment [5]. Native T1 is also higher  
in genotype-positive sarcomeric mutation carriers without 
overt hypertrophy, supporting its use as an early, pre-phe-
notypic biomarker, and it discriminates HCM from hyper-
tensive heart disease [6]. In cardiac amyloidosis, native T1 
elevation can precede the development of left ventricular 
hypertrophy, LGE, or biomarker rise, and a clinical algo-
rithm based on native T1 alone allows diagnosis without 
gadolinium in a substantial proportion of patients [7]. T2 
mapping adds a further diagnostic dimension, specifically 
in amyloid light chain (AL) amyloidosis: Myocardial edema 
from direct light chain toxicity raises native T2 more mark-
edly than in transthyretin amyloidosis (ATTR, from amyloid 
transthyretin). Therefore, T2 is both consistently elevated 
and disproportionately high in untreated AL disease, a pat-
tern that can help point to the amyloid subtype alongside 
the more established free light chain and scintigraphy 
workup [8]. Anderson-Fabry disease shows the opposite 
pattern: Intracellular sphingolipid storage shortens native 
T1, so a low — rather than an elevated — T1 value in a hy-
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pertrophied or even a pre-hypertrophied heart should raise 
suspicion for Fabry disease. Low T1 can be present in up to 
90% of Fabry patients with left ventricular hypertrophy  
and may be detectable years before hypertrophy develops, 
reflecting a distinct “accumulation phase” of disease that 
precedes inflammation, hypertrophy, and eventual fibrosis, 
at which point T1 pseudonormalizes [9]. DCM offers a  
further example of diagnostic gain in the absence of LGE: 
In patients with DCM and no LGE, who account for approxi-
mately half of the DCM population, native T1 and ECV are 
still significantly elevated compared with controls, indicat-
ing diffuse interstitial fibrosis that focal LGE imaging misses 
entirely [10]. Together, T1 and T2 mapping also help sepa-
rate early, non-ischemic DCM from physiological ventricu-
lar remodeling in trained athletes: Native T1, ECV, and T2 
are all higher in DCM than in exercisers with comparable 
ejection fraction [11]. In routine practice, adding T1 and  
T2 mapping to a core CMR protocol for suspected cardio-
myopathy measurably improves diagnostic sensitivity for 
myocarditis, Fabry disease, and amyloidosis [12].

T1 and T2 mapping for prognosis
Beyond diagnosis, mapping parameters carry independent 
prognostic weight, often outperforming or complementing 
LGE. In non-ischemic dilated cardiomyopathy, Puntmann  
et al. [13] showed that abnormal native T1 predicts all-
cause mortality and heart failure events at least as well as 
LGE presence or severely reduced ejection fraction, with  
a clear dose-response relationship between the degree of 
T1 elevation and survival. Subsequent meta-analyses have 
confirmed this signal: Both native T1 and ECV are inde-
pendently associated with major adverse cardiac events  
in DCM [14]. In HCM, ECV has recently emerged as an  
incremental prognostic marker beyond LGE. In a cohort of 
990 HCM patients, ECV ≥ 35% remained an independent 
predictor of sudden cardiac death, heart failure events, and 
HCM-related death after adjustment for ejection fraction 
and LGE burden, and was able to identify high-risk patients 
even among those with low LGE burden, who would other-
wise be classified as lower risk [15]. T2 mapping adds a 
complementary signal in HCM, where elevated T2 reflects 
active myocardial injury, ischemia, and microvascular  
dysfunction, and has been linked to worse prognosis [16]. 
In cardiac amyloidosis, ECV stands out as the single best 
CMR marker of amyloid infiltration. Because amyloidosis  
is the archetypal interstitial disease, ECV acts as a direct 
surrogate of amyloid burden. It rises earlier than LGE or 
overt structural and functional changes, and it correlates 
with sequential functional thresholds: Longitudinal strain 
becomes abnormal at relatively low ECV, while biventricu-
lar ejection fraction declines only once ECV is markedly  
elevated. Unlike native T1, which reflects a composite  
intracellular and extracellular signal and does not by  

itself distinguish the pathological process, ECV isolates  
the extracellular compartment and has been shown to  
be a more robust prognostic marker than either native  
T1 or LGE in cardiac amyloidosis. This has recently been 
formalized in ATTR amyloidosis: A large single-center  
cohort study defined calibrated ECV categories spanning 
the full disease spectrum (from genotype-positive carriers 
to overt cardiomyopathy), each carrying stepwise, inde-
pendent prognostic significance, with patients below  
30% having survival comparable to those without cardiac 
involvement, and those above 40% facing substantially 
worse outcomes regardless of conventional biomarkers  
or echocardiographic staging [17].

T1 and T2 mapping for treatment monitoring
Because mapping quantifies myocardial tissue composition 
rather than providing a single anatomic snapshot, it is  
naturally suited to tracking therapy response — a role that 
is also increasingly recognized outside the cardiomyopa-
thies proper. In acute takotsubo syndrome, a propensity- 
matched study of SGLT2 inhibitors initiated within six 
hours of admission showed significantly lower septal and 
global T2 mapping values and higher left ventricular ejec-
tion fraction at CMR performed within a week of presenta-
tion compared with untreated controls, suggesting that  
T2 mapping can capture a faster resolution of myocardial 
edema with treatment [18]. In aortic stenosis — again  
not a cardiomyopathy, but a useful illustration of the same 
principle — T1 mapping and ECV track the cellular and  
extracellular components of hypertrophy regression after 
aortic valve replacement (AVR): Cellular hypertrophy  
regresses substantially within weeks to months of AVR, 
while the extracellular (fibrotic) compartment regresses 
much less, so ECV can paradoxically rise even as left  
ventricular mass falls, a dissociation that would be entirely 
invisible on LGE or echocardiography alone [19]. In cardiac 
amyloidosis, ECV has become the reference biomarker for 
monitoring disease-modifying therapy [20]. With patisiran, 
ECV fell significantly relative to untreated controls over  
12 months, accompanied by falling NT-proBNP and  
improved 6-minute walk distance, indicating amyloid  
regression rather than mere stabilization [21]. Longer-term 
natural history data confirm that untreated ATTR cardio- 
myopathy shows progressive ECV rise (36% of patients pro-
gressing by 1 year, 62% by 2 years), whereas ECV remains 
stable in the great majority of patisiran-treated patients, 
and a rise in ECV at 1 year is independently associated with 
mortality — establishing ECV change as both a treatment- 
response and a prognostic marker [22]. In sarcomeric HCM, 
cardiac myosin inhibitors provide an emerging example of 
mapping-based monitoring. In the SEQUOIA-HCM CMR 
substudy, aficamten reduced left ventricular mass index, 
maximal wall thickness, left atrial volume index, and native 
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therefore does not exclude Fabry disease and can in fact 
reflect an advanced, fibrotic stage rather than the absence 
of storage. This pseudo-normalization is well documented 
in the natural history CMR literature on Fabry disease [9]. 
The clinical pearl is contextual: In a hypertrophied ventri-
cle, the expected pattern is elevated native T1 from diffuse 
fibrosis, as in hypertensive heart disease [2]. A hypertro-
phied heart with native T1 in the normal (or low-normal) 
range is therefore paradoxical and should prompt consider-
ation of a storage disorder such as Fabry disease, particu-
larly when accompanied by classic infero-lateral LGE. The 
concurrent T2 elevation in this case further supports an  
active inflammatory component superimposed on the  
storage/fibrosis process, which has been described in Fabry 
cardiomyopathy and may have implications for monitoring 
disease activity on enzyme replacement therapy. This case 
illustrates why isolated native T1 values should always be 
interpreted against ventricular phenotype (hypertrophied 
vs. non-hypertrophied) and alongside LGE and T2 map-
ping, rather than as a stand-alone rule-in/rule-out thresh-
old for Fabry disease.

Case study #2
A patient in her 70s was referred to serial CMR scans for 
the assessment of known hereditary ATTR cardiac amyloi-
dosis. Of note, the patient carried the Phe64Leu variant — 
one of the well-recognized ATTR mutations associated with 
false-negative bone scintigraphy despite unequivocal echo-
cardiographic and CMR evidence of cardiac involvement 

T1 relaxation time relative to placebo at 24 weeks, while 
LGE remained stable, suggesting favorable remodeling 
without progression of fibrosis [23]. Finally, T2* mapping 
remains the paradigm example of mapping-guided treat-
ment titration, long predating its cardiomyopathy applica-
tions: In transfusion-dependent thalassemia and other 
iron-overload states, serial cardiac T2* is used to grade 
myocardial iron burden and to guide the intensity of iron 
chelation (single-agent versus combination deferoxamine/
deferiprone/deferasirox regimens), with regular T2*- 
guided adjustment shown to reduce the risk of iron-over-
load heart failure, historically the leading cause of death  
in this population [24].

Case study #1
A woman in her 40s with genetically confirmed Fabry  
disease, on enzyme replacement therapy, was referred for 
follow-up CMR. Left ventricular hypertrophy was present 
(Fig. 1A). Septal native T1 was 964 ms (Fig. 1B) — within 
the local normal range (approximately 930–1010 ms) — 
despite the hypertrophy. Non-ischemic-pattern LGE was 
seen in the infero-lateral wall (Fig. 1C), and T2 mapping 
showed mild elevation (52 ms; normal < 50 ms) consistent 
with active myocardial inflammation (Fig. 1D). Isolated  
low native T1 from glycosphingolipid deposition is the  
classic teaching point in Fabry disease, but this only holds 
in earlier disease stages. As the disease progresses, super-
imposed diffuse interstitial fibrosis raises native T1 back  
toward — or even above — normal. A “normal” native T1 

1  � CMR images in a 
patient with Fabry 
disease. Left ventric- 
ular hypertrophy was 
present (1A). Septal 
native T1 was normal 
with 964 ms (1B), 
despite the hypertro-
phy. Nonischemic- 
pattern LGE was seen 
in the inferolateral 
wall (1C), and T2 
mapping showed mild 
elevation (52 ms; 
normal < 50 ms) 
consistent with active 
myocardial inflamma-
tion (1D).

1A

1B

1C

1D
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[25]. Short-axis, mid-ventricular native and post-contrast 
T1 maps are shown at baseline (treatment-naïve, Fig. 2  
top panels) and at 18-month follow-up after initiation of 
vutrisiran (Fig. 2 bottom panels). At 18 months, ECV had 
regressed compared with baseline, while native T1 was  
essentially unchanged between the two timepoints. This 
dissociation is a useful teaching point rather than a discor-
dant or confusing finding: At more advanced stages of  
cardiac amyloidosis, ECV can track disease progression  
better than native T1 [26].

Case study #3
A woman in her 20s presented with chest pain, elevated 
troponin, and a history of two prior acute myocarditis  
(AM) episodes. CMR revealed myocardial edema alongside 
a typical ring-like pattern of LGE extending beyond the 
edematous area, indicating both acute and chronic myo-
cardial injury. Specifically, CMR images of mid-ventricular 
short-axis are reported in Fig. 3, adapted from [27]:  
(Fig. 3A) STIR sequence demonstrating focal myocardial 
edema in the anterior septum; (Fig. 3B) T2 mapping con-
firming the regional edema, with normal T2 values pre-
served in the posterior interventricular septum; (Fig. 3C) 
LGE imaging revealing a ring-like enhancement pattern 
that extends beyond the edematous area; (Fig. 3D) post- 
contrast T1 mapping confirming the spatial distribution  
of the LGE. Prompted by this specific scar morphology and 

the recurrent clinical presentation, genetic testing was per-
formed and identified a pathogenic desmoplakin mutation. 
The patient was diagnosed with desmoplakin cardiomyop-
athy presenting with recurrent inflammatory “hot phases.” 
Because AM predominantly affects males and rarely recurs, 
this case demonstrates that female patients experiencing 
recurrent AM — particularly those exhibiting a ring-like  
LGE pattern on CMR — should be strongly considered for 
targeted genetic screening to uncover underlying inherited 
cardiomyopathies [28]. Due to cases like this one, the Euro-
pean Society of Cardiology strengthened the role of CMR  
in the 2025 guidelines for the management of myocarditis 
and pericarditis [29]. The particular strength of CMR (multi-
parametric examination including function, mapping, LGE, 
STIR) helped to stratify the patient workup toward a differ-
ential diagnosis.

Conclusion
T1 and T2 mapping have moved CMR imaging beyond  
morphology and LGE alone, adding tissue-level information 
that sharpens phenotyping, uncovers disease before struc-
tural changes appear, and refines risk stratification across 
the cardiomyopathies. As the three case studies illustrate, 
interpreting these parameters requires context: Native T1 
can be misleadingly normal in Fabry disease, while ECV  
can outperform native T1 in tracking amyloid burden and 
treatment response. With the growing availability of phar-

2  � CMR images in a patient  
with cardiac amyloidosis. 
Short-axis, midventricular 
native and post-contrast T1 
maps are shown at baseline 
(treatment-naïve, native T1 
1109 ms, ECV 42%; 2A, 2B) 
and at 18-month follow-up 
after initiation of vutrisiran 
(native T1 1109 ms,  
ECV 36 %; 2C, 2D).  
Figure adapted with 
permission from [20].

2A 2B

2C 2D
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3  � CMR images in a 
patient with recurrent 
acute myocarditis. 
(3A) STIR sequence 
demonstrating focal 
myocardial edema in 
the anterior septum. 
(3B) T2 mapping 
confirming the 
regional edema, with 
normal T2 values 
preserved in the 
posterior interventric-
ular septum. (3C) LGE 
imaging revealing a 
ring-like enhancement 
pattern that extends 
beyond the edema-
tous area. (3D) Post- 
contrast T1 mapping 
confirming the spatial 
distribution of the 
LGE. Figure adapted 
with permission from 
[27].

3A 3B

3C 3D

macological therapies in sarcomeric HCM, amyloidosis,  
and other cardiomyopathies, tissue mapping is increasingly 
positioned not just as a diagnostic tool but as a quantita-
tive biomarker for monitoring treatment efficacy. Wider 
standardization of acquisition and normal reference ranges 
across centers remains essential to fully realize this poten-
tial in routine practice.
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