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Introduction 
Cardiovascular Magnetic Resonance (CMR) plays a growing 
role in therapeutic decision-making as it allows to differen-
tiate etiologies and provides prognostic information.  
Compared with other imaging modalities, CMR has the 
unique ability to identify myocardial injury, not only in  
ischemic, but also in non-ischemic heart disease (NIHD).  
It enables the identification of reversible and irreversible, 
acute and chronic damage. The detection of inflammation 
in myocarditis and of myocardial involvement in systemic 
disorders, and the differentiation of left ventricular  
hypertrophy (LVH), including storage diseases, were two  
of the door openers into different clinical guidelines. This 
was already recognized in 2016, with CMR specifically  
recommended in more than 50% of the guidelines of the 
European Society of Cardiology (ESC), and in 50% of AHA/
ACC guidelines [1, 2]. 

The recognition of CMR in guidelines is still growing, 
leading to an increased understanding of the impact  
of CMR for patients outside the expert community. Fortu-

nately, in recent years the application of CMR in NIHD has 
also been integrated into the clinical workup of patients 
with acute coronary syndrome and non-ST-segment- 
elevation infarction, as the symptoms might be caused  
by myocarditis, takotsubo cardiomyopathy, or myocardial 
infarction with non-obstructive coronary atherosclerosis 
(MINOCA) [3]. Interestingly, athletes at different levels 
should be guided based on CMR, as published last year in 
the ESC Guidelines on sports cardiology [4]. For example, 
athletes with a history of myocarditis should only return  
to competitive sports after a persisting myocardial injury 
has been excluded by CMR.

During the last years, it has become increasingly  
evident that the quantification of the cardiac function and 
myocardial structure is crucial for a diagnostic decision. 
This major step will also challenge the community, as  
a significant effort is needed to ensure quality assurance  
and standardization. Most of the diagnosis in NIHD are 
based on quantitative measures. In the following sections, 
we will highlight some aspects of this topic.
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1   Patient diagnosed with hypertrophic cardiomyopathy (1A–E). 4-chamber view and short axis cine images showing basal septal hypertrophy 
(1A–B). Intramyocardial LGE basal septal within hypertrophic segments (1c). Corresponding native T1 and T2 Maps (1D–E). 
Images from a patient with hypertensive heart disease (1F–J). 4-chamber view and short axis cine images showing concentric hypertrophy 
(1F–G). Normal LGE (1H). Corresponding native T1 and T2 Maps (1I–J). 
A case with a patient suffering from severe aortic stenosis with a bicuspid aortic valve (1K–O). 4-chamber view and short axis cine images 
showing concentric hypertrophy (1K–L). Focal (septal) and diffuse fibrosis in a basal slice (1M). Corresponding native T1 and T2 Maps (1N–O).
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Differentiation of left ventricular 
hypertrophy 
Left ventricular hypertrophy (LVH) is usually diagnosed by 
echocardiography or CMR based on detecting a left ventric-
ular wall size at end-diastole of 13–15 or more mm [5, 6] 
and/or an increased left ventricular mass index [7]. The 
true challenge lies in breaking down the broad differential 
diagnosis of LVH, which is either caused by a pathophysio-
logical stimulus like pressure or volume overload, or by 
pathological causes ranging from genetic to infiltrative  
disorders [8].

In all cases of unknown LVH, hypertrophic cardiomyop-
athy (HCM) should be ruled out [5] as it is one of the major 
contributors to sudden cardiac death (SCD). The strength 
of CMR in this entity is the detection of areas of fibrosis  
using late gadolinium enhancement (LGE) (Fig. 1C) as a 
modifier in the risk stratification and to delineate it from 
physiologic causes of LVH. Even in cases without LGE,  
increased native T1 and/or ECV values can detect diffuse 
fibrosis and aid in the differential diagnosis [9].

One chameleon capable of mimicking HCM is hypertensive 
heart disease (HHD) due to long-term arterial hyperten-
sion. Assessment of LV cine images might show concentric 
hypertrophy [10] and LGE in a nonspecific intramyocardial 
pattern [11] (Figure 1F–J). Aortic stenosis, which causes 
LVH in a similar manner, could lead to diffuse fibrosis of 
the myocardium. Quantitative markers such as T1 and  
ECV could help in the future to decide about the timing  
of therapy and to predict outcomes and prognoses as 
shown in the central illustration by Everett et al. (Fig. 2)  
[12] (Fig. 1K–O).

Another important entity to consider in the work up  
of LVH and HCM is the so-called athlete’s heart, a condition 
linked to an increased exercise burden. T1, T2, and ECV  
values are of help as they appear to be in the normal range 
in most cases with exercise-induced LVH [13]. 

Figure 1 summarizes different causes of left ventricular  
hypertrophy and their appearance in CMR, underlining the 
crucial role of CMR in tissue differentiation and differential 
diagnosis based on quantitative tissue parameter such  
as mapping.

2   T1 Mapping assessments of myocardial fibrosis in aortic stenosis extracellular volume fraction (ECV%) using 
cardiovascular magnetic resonance (CMR) serves as an objective marker of left ventricular decompensation  
and is independently associated with long-term clinical outcomes in patients with aortic stenosis. 
With permission: Everett RJ, Treibel TA, Fukui M, Lee H, Rigolli M, Singh A, et al.  
Extracellular Myocardial Volume in Patients With Aortic Stenosis. J Am Coll Cardiol. 2020;75(3):304-16.
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Restrictive cardiomyopathies
A rare, yet nevertheless important group of NIHD are  
restrictive cardiomyopathies (RCM) caused by systemic  
and infiltrative disorders. CMR plays a crucial role in detect-
ing amyloidosis. LGE shows diffuse myocardial involvement 
with characteristic hypointense blood and hyperintense 
myocardium with coexisting pericardial and pleural  
effusions. This pattern is often diagnosed in amyloid  
light-chain (AL) amyloidosis, whereas parametric mapping 
also allows the identification of other subgroups. Typically, 
significantly elevated T1 and/or ECV values are found 
throughout the myocardium (Fig. 3A–E) [14]. Furthermore 
ECV potentially predicts prognosis with lower overall sur-
vival in patients with high ECV as demonstrated in the  
central illustration by Martinez-Naharro et al. (Fig. 4) [15].

On the opposite end of the spectrum is Fabry disease 
where low native T1 values, caused by lipid accumulation, 
often raise suspicion. In addition, CMR can often detect  
a characteristic inferolateral fibrosis by LGE (Fig. 3F–J). 
Sado et al. could show significantly lower T1 values  
in comparison to healthy volunteers and other causes  
of LVH (Fig. 5) [16].

CMR can provide evidence for cardiac involvement in  
sarcoidosis by means of cardiac morphology assessment, 
LGE, or T2-based imaging [10]. Presence of LGE has a  
negative impact on the prognosis and often presents as  
a striking hyperintense subepicardial pattern [17, 18]  
(Fig. 3K–O), but additional attention should be paid to the 
right ventricle as dysfunction and LGE in this location may 
influence the outcome as shown by Velangi et al. (Fig. 6) 
[19]. Their central illustration summarizes the prognostic 
significance of the RV abnormalities. Figure 3 exemplary 
showcases the wide array of tissue properties CMR can  
provide during one scan.

Dilated cardiomyopathies 
The role of CMR in the diagnostic and prognostic evalua-
tion as well as in guiding treatment strategies in dilated 
cardiomyopathies (DCM) patients has significantly  
increased in recent years. A CMR scan as part of the  
diagnostic workup should employ a protocol that assesses 
heart anatomy, left and right ventricular function, possible 
edema, myocardial tissue characterization, and scar forma-
tion. Deploying the updated Lake Louise Criteria, as shown 

3   Images from a patient with cardiac amyloidosis (3A–E). 4-chamber view and short axis cine images showing global hypertrophy  
accentuated septally (3A–B). Characteristic LGE with hypointense blood pool and hyperintense myocardium (3C). Corresponding native  
T1 and T2 Maps (3D–E). 
Images from a patient with Fabry disease (3F–J). 4-chamber view and short axis cine images showing global left ventricular hypertrophy  
and increased papillary muscles (3F–G). Characteristic focal LGE basal inferolateral and septal intramyocardial (3H). Native T1 Map showing 
corresponding focally increased T1 values Please note the overall lower T1 values (violet colour) (3I). Corresponding T2 Maps (3J). 
Images from a patient with confirmed sarcoidosis (3K–O). 4-chamber view and short axis cine images showing a dilated left ventricle (3K–L). 
Subepicardial, sharply demarcated LGE basal inferior and anteroseptal. Note the striking hyperintensity of the scars (3M). Corresponding  
native T1 and T2 Maps (3N–O).
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4   CMR in ATTR 
Cardiac magnetic resonance (CMR) with extracellular volume (ECV) was used to characterize cardiac involvement as it related to outcomes in 
cardiac transthyretin amyloidosis (ATTR). The relationship between late gadolinium enhancement (LGE) patterns and ECV showed a typical 
correlation of very high ECV values and subendocardial or transmural LGE. Asymmetrical septal left ventricular hypertrophy (LVH) was present 
in 79% of patients with ATTR, >5 times more frequently than in patients with cardiac light-chain amyloidosis. In patients with ATTR, ECV was 
independently correlated with mortality.  
With permission: Martinez-Naharro A, Treibel TA, Abdel-Gadir A, Bulluck H, Zumbo G, Knight DS, u. a.  
Magnetic Resonance in Transthyretin Cardiac Amyloidosis. J Am Coll Cardiol. July 25, 2017;70(4):466–77.

Relationship between LGE and ECV

No LGE Transmural LGESubendocardial LGE

High ECVNormal ECV Very high ECV

Prognosis

Survival function for ECV  
in all ATTR subjects

Follow-up (months)
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Asymmetric Hypertrophy

Sigmoid septal contour
55%

Reverse septal contour
24%

Symmetric Hypertrophy
18%

No LVH
3%
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5   (5A–C) Non-contrast basal short-axis T1 map from a healthy volunteer (5A) and a patient with Anderson-Fabry disease (AFD; 5B). Blue areas 
(T1 lowering) are seen in the AFD septum and red (T1 increasing) in the inferolateral wall, correlating with the area of late gadolinium 
enhancement in the same patient (5C, arrow). (5D) Septal T1 in participants with left ventricular hypertrophy. The line at 940 milliseconds 
has no patients with Anderson-Fabry disease (AFD) above it and no patients with non-AFD below it. (5E) Septal T1 in healthy volunteers and 
patients with Anderson Fabry disease (AFD) with and without hypertrophy. Note that 40% of patients with AFD who did not have left 
ventricular hypertrophy (LVH) were found to have a T1>2 SD below the healthy volunteer mean.  
With permission: Sado DM, White SK, Piechnik SK, Banypersad SM, Treibel T, Captur G, Fontana M, Maestrini V, Flett AS, Robson MD, et al. 
Identification and assessment of Anderson-Fabry disease by cardiovascular magnetic resonance noncontrast myocardial T1 mapping.  
Circ Cardiovasc Imaging. 2013; 6:392–398. doi: 10.1161/CIRCIMAGING.112.000070

5D 5E

5A 5B 5CT1 color  
map

3000 ms

200 ms

968 ms (Normal 
myocardial mean)

6   RV abnormalities on CMR in patients with sarcoidosis 
The prevalence and prognostic significance of right ventricular (RV) abnormalities on cardiac magnetic resonance (CMR) in patients with 
sarcoidosis. EF = ejection fraction; LGE = late gadolinium enhancement; SCD = sudden cardiac death. 
With permission: Velangi PS, Chen KA, Kazmirczak F, Okasha O, von Wald L, Roukoz H, et al. Right Ventricular Abnormalities on Cardiovascu-
lar Magnetic Resonance Imaging in Patients With Sarcoidosis. JACC Cardiovasc Imaging. 2020;13(6):1395-405.

Prevalence

12,1% (35/290)

Higher risk for SCD or  
significant ventricular arrhythmia

Higher risk for all-cause death

Prognostic significance

5,5% (16/290)

RV abnormality

RV dysfunction

RVEF 32%

RV LGE
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7   Overview of the Updated Lake Louise Criteria.  
ECV = extracellular volume; LGE = late gadolinium enhancement; T2W = T2-weighted. 
With permission: Ferreira VM, Schulz-Menger J, Holmvang G, Kramer CM, Carbone I, Sechtem U, Kindermann I, Gutberlet M,  
Cooper LT, Liu P, Friedrich MG. Cardiovascular Magnetic Resonance in Nonischemic Myocardial Inflammation: Expert Recommendations.  
J Am Coll Cardiol. 2018 Dec 18;72(24):3158-3176. doi: 10.1016/j.jacc.2018.09.072. PMID: 30545455.

8   Images from a patient with an idiopathic dilated cardiomyopathy and excluded ischemic heart disease (8A–E). 4-chamber view and short axis 
cine images showing a dilated left ventricle (8A–B). LGE with mid-wall sign (8C). Corresponding native T1 map with increased T1 values in the 
septal wall and T2 Map with normal values (8D–E). 
A case of dilated cardiomyopathy due to myocarditis (8F–J). 4-chamber view and short axis cine images showing a dilated left ventricle 
(8F–G). Focal subepicardial fibrosis/necrosis basal anterior and anterolateral (8H). Corresponding native T1 and T2 Maps with increased values 
in segments with positive LGE (8I–J). 
A patient with dyspnoe and fatigue after a COVID-19 infection (8K–O). 4-chamber view and short axis cine images (8K–L). Small, focal 
subepicardial fibrosis basal inferior and septal. Possible of thromboembolic origin (8M). Native T1 Map with increased values anteroseptal  
and corresponding T2 map with normal T2 values Map (8N–O).
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9   Late Gadolinium Enhancement and Outcome in DCM 
The study of dilated cardiomyopathy patients shows a nonlinear relationship between late gadolinium enhancement (LGE) extent and 
all-cause mortality and sudden cardiac death (SCD) events with a large increase in risk with small degrees of LGE. We show the superiority of 
models based on the location of LGE for the prediction of these end-points. DCM = dilated cardiomyopathy. 
With permission: Halliday BP, Baksi AJ, Gulati A, Ali A, Newsome S, Izgi C, Prasad SK, et al. Outcome in Dilated Cardiomyopathy Related  
to the Extent, Location, and Pattern of Late Gadolinium Enhancement. JACC Cardiovasc Imaging. 2019;12(8 Pt 2):1645-55.  
https://doi.org/10.1016/j.jcmg.2018.07.015
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10   Cardiac mortality risk according to RVEF 
The hazard ratios for cardiac mortality are shown 
according to different levels of right ventricular 
ejection fraction (RVEF). The yellow dashed line  
displays the hazard ratio of 1.00 of the reference 
group with RVEF >55%. Patients with RVEF ≤35%  
had a significantly higher event risk than did the 
reference group. Patients with RVEF >35 and ≤45%,  
as well as those >45% and ≤55% had similar risk  
to the group with RVEF >55%. *p < 0.001.  
With permission: Pueschner A, et al. The Prevalence, 
Correlates, and Impact on Cardiac Mortality of  
Right Ventricular Dysfunction in Nonischemic 
Cardiomyopathy. JACC Cardiovascular imaging. 
2017;10(10 Pt B):1225-1236.

11   Cine imaging in a 39-year-old patient with AC  
and ventricular tachycardias and 2x syncope. Long 
axis (11A–B) and short axis (11D–E) end-diastolic  
(left) and end-systolic (middle) image. RV dilatation  
(EDV: 205 ml) and dysfunction (RVEF 38%).  
Focal RV dyskinetic wall motion (arrows, 11B, 11E). 
Late gadolinium enhancement long axis (11C)  
and short axis (11F). Focal enhancement in RV free 
wall, corresponding to the dysfunctional areas 
(arrows, 11F).

11A 11C

11D

11B

11E 11F

in the central illustration, CMR offers good specificity  
and sensitivity in detecting acute myocarditis, a frequent 
cause of ventricular dilatation (Fig. 7) [20] (Fig. 8F–J).  
LGE imaging is crucial for the diagnostic workup in DCM 
patients, because the presence of even small grades of LGE 
is associated with increased risk of death and SCD events 
[21]. Halliday et al. present the different LGE patterns and 
their association with mortality (Fig. 9).

Right ventricular diseases
The assessment and evaluation of the right ventricle plays 
an increasing role in cardiovascular imaging. Several  
studies could show that right ventricular systolic function, 
as shown by Pueschner et al. covering NIHD, might have  
an impact on the prognosis in a wide variety of disorders 
including DCM [22], systemic sclerosis [23], sarcoidosis 
[19], and other types of NIHD (Fig. 10) [24]. 

Arrhythmogenic right ventricular cardiomyopathy 
(ARVC) is a rare inherited heart muscle disease that may be 

a cause of SCD, particularly in young people. Due to known 
biventricular involvement the term “arrhythmogenic  
cardiomyopathy” (AC) has been suggested as redefinition 
of this disease [25].

LGE improves the diagnostic accuracy of CMR due  
to identification of fibrofatty changes (up to 70%) that  
correspond to the dysfunctional areas in cine imaging  
(Fig. 11) [26]. Additionally, use of LGE is of interest to  
evaluate concomitant LV involvement. Distinguishing fat 
from fibrosis by LGE sequences is challenging, but the  
improvement of fat-water (F/W) techniques has drastically 
optimized image quality and diagnostic accuracy [27].

Accurate interpretation of CMR in AC patients (Fig. 11) 
requires a great deal of expertise. The differential diagnosis 
should include congenital heart diseases, idiopathic right 
ventricular outflow tract tachycardia, pulmonary arterial 
hypertension (Fig. 12), Brugada syndrome, athlete’s heart 
[29], genetic neuromuscular disorders, and myocarditis. 
Some of the entities to consider are presented in Figure 13 
from Corrado et al. [29].
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12   Cine imaging in a 40-year-old 
patient with pulmonary hyper- 
tension. Short axis end-diastolic 
(12A) and end-systolic (12B). 
The interventricular septum 
bows leftwards (D-sign).  
RV dilatation (EDV: 293 ml)  
and dysfunction (RVEF 32%).  
RV hypertrophy and dilated 
central pulmonary artery (12C).

13   Cardiac magnetic resonance features of heart diseases mimicking right-dominant (classic) phenotypic 
variant of arrhythmogenic right ventricular cardiomyopathy. Partial anomalous pulmonary vein 
drainage (13A, B): end-diastolic frame of cine cardiac magnetic resonance sequence in long-axis 
four-chamber view showing moderate right ventricular dilatation (13A); cine sagittal view showing 
the anomalous drainage of the right pulmonary vein in the azygos vein (white arrow) (13B). Ebstein 
anomaly (13C, D): end-diastolic frame of cine cardiac magnetic resonance sequence in short-axis  
view showing a severe right ventricular enlargement due to a large ventricular ‘atrialization’ (13C); 
end-diastolic frame of cine cardiac magnetic resonance sequence in four-chamber view showing a 
significant apical displacement of the septal leaflet of the tricuspid valve (white arrows) (13D). Arterial 
pulmonary hypertension (13E, F): end-diastolic frames of cine cardiac magnetic resonance sequence 
in short-axis view showing increase of the right ventricular wall thickness (white asterisk) (13E), 
flattening of the interventricular septum (white arrows) (13E), and massive pulmonary artery 
dilatation (white asterisk) (13F). Athlete’s heart (13G, H): end-diastolic (13G) and systolic (13H) 
frames of cine cardiac magnetic resonance sequence in four-chamber view evidencing biventricular 
dilatation (end-diastolic volume 122 mL/m2) and normal systolic function (ejection fraction 64%),  
in the absence of wall motion abnormalities (not shown). 
With permission: Corrado D, et al. Arrhythmogenic right ventricular cardiomyopathy:  
evaluation of the current diagnostic criteria and differential diagnosis.  
European heart journal. 2020;41(14):1414-1429.

12A 13A
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13G

13D

13H

12C
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Conclusion
NHID may have different etiologies of which only some 
could be covered in this overview. NIHD are often the 
cause of heart failure (HF), with reduced or preserved  
cardiac function. HF affects a high percentage of patients 
and its impact is increasing in an ageing society, hence  
the etiology of HF is particularly relevant for therapeutic 
decision-making in any ever-growing number of patients. 
This highlights the impact of CMR, as it is able to differenti-
ate between underlying diseases and, in case of NIHD, it 
may act like a virtual biopsy. The current technology and 
knowledge allow us to make these decisions already today, 
but the continuous developments on all aspects of the  
imaging process will enable us to further increase diagnos-
tic accuracy. 

Adapting a statement from one of the former SCMR 
boards, one could summarize:

Utilizing CMR instead of other imaging techniques provides 
more definitive, relevant, and actionable answers. A CMR 
exam provides comprehensive information and has superi-
or and often unique diagnostic and prognostic power, 
without exposing patients to radiation. Therefore, CMR is  
a key enabler for precision medicine.
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