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Late gadolinium enhancement (LGE) is the most relevant tool of cardiac magnetic res
onance for tissue characterization, and it plays a pivotal role for diagnostic and prog
nostic assessment of cardiomyopathies. The pattern of presentation of LGE allows 
differential diagnosis between ischaemic and non-ischaemic heart disease with high 
diagnostic accuracy, and among different cardiomyopathies, specific presentation of 
LGE may help to make a diagnosis. Late gadolinium enhancement may be caused by 
conditions that significantly increase the interstitial space or, less frequently, that 
slow down Gd exit, like myocardial fibrosis. In chronic myocardial infarction, hyper
trophic cardiomyopathies (HCM), dilated cardiomyopathy, Fabry disease, and other 
conditions, LGE is a marker of myocardial fibrosis, but also in patients with acute myo
carditis where LGE may be also explained by the increase of interstitial space caused 
by interstitial oedema or by tissue infiltration of inflammatory cells. In cardiac amyl
oidosis, LGE represents myocardial fibrosis but the interstitial overload of amyloid pro
teins should also be considered as a potential cause of LGE. The identification of the 
pattern of presentation of LGE is also very important. In the ischaemic pattern, LGE 
always involves the subendocardial layer with more or less transmural extent, it is con
fluent, and every single scar should be located in the territory of one coronary artery. In 
the non-ischaemic pattern, LGE does not fulfil the previous criteria, being midwall, 
subepicardial, or mixed, not necessarily confluent or confined to a territory of one cor
onary artery. For cardiomyopathies, the exact pattern of non-ischaemic LGE is import
ant. Quantitative analysis of LGE is required in some specific conditions as in HCM. 
Magnetic resonance imaging with LGE technique should be performed in every patient 
with suspect of cardiomyopathy. The lack of standardization of pulse sequence and 
mostly of quantification methods is the main limitation of LGE technique.
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Introduction

Cardiac magnetic resonance (CMR) is probably the best 
diagnostic tool to evaluate morphological, functional 
and tissue phenotype of cardiomyopathies. It is consid
ered the gold standard imaging modality for the assess
ment of cardiac function and morphological parameters 
as wall thickness, left ventricular (LV) mass and volumes. 
CMR is able of myocardial tissue characterization by the 
combination of different pulse sequences. However, 

among all the different CMR techniques, late gadolinium 
enhancement (LGE) remains the most relevant tool of 
CMR for tissue characterization.

LGE plays a pivotal role for diagnostic and prognostic as
sessment of cardiomyopathies.1 The term LGE is generally 
used to refer for both the imaging technique and for the 
presence of myocardial hyper-enhancement in LGE 
images. In this review, for convenience, LGE is used for 
the identification of myocardial hyper-enhancement, 
whereas the terms LGE technique and LGE images are 
used referring respectively to the technique and images.

The pattern of presentation of LGE allows differential 
diagnosis between ischaemic and non-ischaemic heart 
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disease with high diagnostic accuracy and, among differ
ent cardiomyopathies, specific presentation of LGE may 
help to make diagnosis.

Similarly, different characteristics of LGE, as the 
pattern, the intramyocardial distribution and the 
extent, have different prognostic role in different 
cardiomyopathies.

Aim of this review is to discuss the diagnostic and prog
nostic role of LGE in cardiomyopathies.

Mechanism of LGE

LGE technique consists in the acquisition of images start
ing after 10 min (or less in some conditions) following 
the injection of Gadolinium-based contrast media.

Gadolinium-based media (Gd) are extracellular contrast 
agents. After injection in peripheral veins, Gd exits from 
blood vessel spreading in interstitial space. In normal myo
cardium, interstitium is a relatively small space and Gd 
stays within it only few minutes since the exit ways through 
venules or lymphatic vessel are very efficient. LGE may be 
caused by conditions that significantly increase the inter
stitial space or less frequently that slow down Gd exit 
(Figure 1). Then, LGE is not specific for fibrosis as well as 
Gd is not a specific agent for fibrosis. However, the collagen 
matrix of scar, replacing dead myocyte, increases intersti
tial space and the myocardial distribution volume of gado
linium. For this reason, LGE is generally considered a valid 
marker of myocardial fibrosis in the majority of cardiac 
conditions. Fibrosis is an irreversible phenomenon because 
in human heart myocardium is a permanent tissue and 
myocytes cannot spontaneously regenerate.

In chronic myocardial infarction, in hypertrophic car
diomyopathies (HCM), in dilated cardiomyopathy (DCM), 
in Fabry disease and other conditions, LGE is a marker of 
myocardial fibrosis. On contrast, in 10–15% of patients 
with myocarditis, LGE, detected within the first week 
from symptoms onset, may completely disappear after 6 
months.1,2 In such cases of myocarditis, LGE may be ex
plained by the increase of interstitial space caused by 

interstitial oedema or by tissue infiltration of giant inflam
matory cells as macrophages and fibroblasts. Macrophages 
may also incorporate interstitial Gd in phagosomes during 
the process of phagocytosis of dead myocytes. LGE could 
also be explained by slow down Gd exit through a conges
tion or obstruction of lymphatic or venous vessel caused by 
the inflammatory cells. All these phenomena are poten
tially reversible, it is always advisable to repeat the MRI 
after 6 months in case of myocarditis to confirm the pres
ence of definite fibrosis.

LGE is already seen since the first hours from acute myo
cardial infarction event if there is no sufficient time for a 
complete replacement of dead myocytes by collagen ma
trix. Indeed, in the first hours/days of acute myocardial in
farction, LGE may be secondary to the passage of Gd 
within the sarcoplasm of irreversibly damaged myocytes 
with ruptured sarcolemma. Although this explanation is 
widely accepted, actually it was never demonstrated 
and other phenomena as the slow down of Gd reabsorption 
due to different mechanisms could have a role.

In cardiac amyloidosis, LGE represents myocardial fibro
sis but the interstitial overload of amyloid proteins (with 
their osmotic effect attracting water in the interstitium) 
should also be considered as potential cause of LGE.3

Finally, in conventional pulse sequence used for LGE 
technique, fat is hyperintense as LGE. Then, in case of 
myocardial fat infiltration may be difficult to distinguish 
between intramyocardial fibrosis and fat by the analysis 
of only the LGE images. In such cases, the ‘India ink’ 
sign of cine steady-state free precession (SSFP) images 
or the hyperintensity/hypointensity, respectively, in 
non-fat-saturated and fat-saturated fast spin echo 
(FSE) can make this differential diagnosis.

The term ‘delayed enhancement’ is sometimes used as a 
synonymous of LGE. A necessary condition for LGE is the 
patency of micro-vessel permitting to Gd to arrive in the 
interstitium. On contrast, differently from intracellular 
agents of nuclear medicine as technetium, the presence 
of viable myocytes is not necessary for LGE. Then, in ma
jority of conditions with LGE, the enhancement is usually 
present since the first pass of Gd in myocardium and 

Figure 1 Mechanism of late gadolinium enhancement (LGE). A small concentration of Gadolinium-based (Gd) contrast agent in normal interstitium and the 
exit kinetic is effective producing a fast wash out. In case di LGE, interstitial space may be moderately or severely increased and exit kinetic preserved or 
impaired, producing a slower wash out of Gd.
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persists for long time after. Then, the term ‘delayed’ is not 
correct: enhancement is seen also in ‘late’ phases but is 
not ‘delayed’ compared with normal myocardium. 
Actually, the wash out is ‘delayed’, not the enhancement.

LGE technique

Different pulse sequences are currently available for LGE 
technique but despite some vendor-dependent differ
ences, major characteristics are common for all them.

As explained in the previous paragraph, LGE is caused by 
the persistence of Gd in myocardial interstitial space. Gd in 
an indirect contrast agent, acting by a decrease of T1 of sur
rounding hydrogen protons. Then, all the pulse sequence for 
LGE technique need to be T1-weighted to detect Gd deposit. 
In all the pulse sequence normal myocardium is nulled to 
amplify the contrast with diseased myocardium with Gd up
take. The dosage of Gd is 0.1–0.2 mmol/Kg, with a fast Gd 
removal for lower dose and a slower wash out for higher 
dose. As indicated by current position papers, LGE image 
should be acquired after 10 min following injection, how
ever in case of low dose of Gd, earlier acquisition is sug
gested. For the evaluation of LGE in cardiomyopathies, 
where often small areas of fibrosis are found and multiple 
acquisition section are often needed, we suggest to use 
the greater dosage of Gd. Nephrogenic systemic fibrosis 
(NSF) is a rare complication of Gd, but its occurrence almost 
disappeared in the last 5 years because of the use of poly
cyclic contrast agents. However, caution should be taken 
in patients with chronic kidney disease and an estimated 
glomerular filtration rate <30 mL/min/1.73 m2). If no alter
native is available, in patients in dialytic therapy, dialysis 
should be programmed within 12 h from Gd injection.

Despite black blood LGE techniques were recently pro
posed, all the conventional LGE techniques use a bright 
blood pulse sequence based on gradient-echo (GRE) or 
SSFP with different strategy to null normal myocardium: 
inversion recovery (IR) or phase-sensitive inversion recov
ery (PSIR).

In 2D IR fast-GRE sequences a non-selective 180° IR 
preparation pulse inverting the polarization from up to 
down of hydrogen spins.4 After the cessation of the IR 
pulse, spins come back to the up direction. This process 
takes different time for different tissue and during this, 
there is a time when spins of normal myocardium are at 
the ‘null’ point, meaning absence of polarization and ab
sence of signal. The time from cessation of IR pulse and 
null point is the inversion time (TI). Because Gd decreases 
the TI of normal myocardium depending on its concentra
tion, the challenge is to choice the more appropriate TI for 
LGE images acquisition.5 TI increases with the time after 
the injection of Gd. Look-Locker or TI-Scout sequences 
are used to identify the correct TI in order to suppress sig
nal from normal myocardium. This choice is crucial to em
phasize the signal intensity differences between normal 
and pathological tissue and to avoid false positive hyperin
tensity of myocardium.

PSIR sequences are characterized by the acquisition of IR 
and proton density (PD)-weighted images at the same car
diac and respiratory phase.4 PSIR technique requires less ad
justment of TI due to his intrinsic capability to provide 
reference for background phase and IR data (correcting 
the polarity of the signal).6 This technique is less accurate 

than 2D IR GE sequence for detection of small and focal 
areas of LGE, but it is less operator dependent and it is re
commended in MRI laboratory with small expertise.

Three-dimensional LGE technique is a good option in 
order to characterized, delineate and quantify myocardial 
fibrosis with high spatial resolution and utilizing isotropic 
voxel. This technique is extremally useful for the study 
of myocardial scar tissue prior to ablation therapy.7

Three-dimensional LGE imaging demonstrated an excel
lent agreement with 2D LGE, in term of image quality,8

but the presence of cardiac arrhythmias and poor patients 
compliance may deteriorate the image quality, respect to 
the 2D approach. Three-dimensional LGE imaging may be 
superior than conventional 2D acquisition for the detection 
of papillary muscle scar.9

Three-dimensional LGE sequences are able to acquire 
the whole heart volume in a single breath-hold (or using 
a respiratory gated approach), with a single longer apnoea, 
than 2D method (shorter but repetitive apnoea approach). 
So the overall acquisition time is shorter than 2D acquisi
tion, but it requires more compliant patients, capable to 
maintain longer apnoeas, without frequent arrhythmias.

For patients with limitations in breath-hold capability, 
3D LGE may be acquired using a respiratory gated ap
proach,10 with reduction of SNR.4

The consideration for choice of appropriate TI of 3D LGE 
technique are the same of 2D IR GRE.

Single-shot 2D imaging with SSFP readout are particu
larly useful for a faster acquisition in patients with breath 
holding difficulties and/or arrhythmias in order to minim
ize respiratory and motion artefacts.4,6

Qualitative and quantitative assessment 
of LGE

The visual qualitative assessment of LGE is often sufficient 
in the majority of cardiomyopathies.

The determination of the presence of LGE is in many 
cases one of the most important prognostic marker. 
However, in case of small areas of LGE, image artefacts 
(inappropriate TI, movement artefacts, trigger arte
facts), or when hyperintensity are found in specific myo
cardial regions (RV insertion points, very basal anterior 
septum, thinned apex, RV wall), LGE detection could 
be more challenging. A semiquantitative approach for 
LGE may be obtained by the count of number of myocar
dial segments involved, but its capacity to depict the 
true extent of LGE is less effective in cardiomyopathies 
than in myocardial infarction.

The identification of the pattern of presentation of LGE 
is also very important. In the ischaemic pattern, LGE al
ways involves the subendocardial layer with more or less 
transmural extent, it is confluent and should be located 
in the territory of one coronary artery.

In non-ischaemic pattern, LGE does not fulfil the previ
ous criteria, being midwall, subepicardial or mixed, not 
necessarily confluent or confined to a territory of one cor
onary artery.

For cardiomyopathies, the exact pattern of non- 
ischaemic LGE is important. As described later, midwall 
pattern involving the interventricular septum or the ‘an
nular’ pattern are associated with greater risk of malig
nant arrythmias than other pattern.
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Quantitative analysis of LGE is required in some specific 
condition as in HCM. Several techniques are available for 
the assessment of LGE extent: (i) manual contouring of 
scar, (ii) manual thresholding of signal intensity; (iii) mul
tiple standard deviation approach (SD); (iv) full width half 
maximum (FWHM); (iv) Otzu-auto-threshold (OAT); (v) 
Rayleigh-curve method.11 A deep description of all these 
techniques is beyond the scope of this review. However, 
the absence of a standardization of the measurement is 
a limitation of LGE technique and in most of MRI laborator
ies, LGE is only evaluated qualitatively or semi- 
quantitatively by visual analysis.

All these quantification techniques generate different 
results, due to intrinsic limitation: ROI positioning, the 
wrong assumption of a Gaussian distribution of the signal 
intensity in the nulled myocardium, the fixed cut-off value 
used to identify the enhanced areas.12 Started by the as
sumption that normal myocardium is perfected nulled, 
its intensity is due only to signal noise.12 Nulled myocar
dium as well as background noise does not follow a gauss
ian distribution but a Rician distribution. Then, the 
threshold cut-off of signal intensity to distinguish between 
normal myocardium and LGE cannot be fixed as mean + 
2SDs. The approaches using multiple mean + multiple SD 
(usually 5 and 6 SDs) as well as the FWHM and the OAT 
method are empiric methods, working enough well when 
compared with visual assessment but without a specific 
physic rationale. The Rayleigh-curve method is based on 
the reconstruction of the Rician distribution of the noise 
(normal myocardium) and finding the more appropriate 
cut-off for LGE.12 However, Rayleigh-curve method re
quires a complex modelling based of the configuration of 
the acquisition coils and channels and of magnetic field 
and it is not generally used in clinical setting.

Other characteristics of LGE can be evaluated. 
Radiomics application of LGE allows extrapolation of novel 
parameters. LGE dispersion mapping with the global dis
persion score was recently proposed to evaluated the dis
persion of LGE within normal myocardium. This technique 
was able to define the heterogeneous distribution of LGE 
and was demonstrated to have and incremental prognostic 
role over LGE extent.13

LGE in hypertrophic cardiomyopathy
In sarcomeric HCM, MRI has an important diagnostic role 
being the more accurate technique to assess end-diastolic 

wall thickness and the pattern of hypertrophy. MRI is able 
to quantify LV mass and to detect secondary phenotype, as 
crypts, apical aneurysms, papillary muscle abnormalities, 
elongation of anterior mitral leaflet and RV hypertrophy, 
that may support the diagnosis.

Together with asymmetric hypertrophy and myocardial 
disarray, the presence of fibrosis is a hallmark of HCM. 
LGE in HCM is usually located in the midwall layer of the 
hypertrophied segments but it can be transmural in case 
of apical aneurisms or for large scar (Figure 2).

In adult patients with HCM, the prevalence of LGE is be
tween 40% and 95% depending of the average age of the 
studied population with a prevalence that increase with 
the age. European society of cardiology (ESC) guidelines14

recommend to use the HCM risk score to evaluate the 
5-year risk of sudden cardiac death. The indication for im
plantable cardioverter defibrillator (ICD) is suggested for 
an estimated 5-year risk ≥6%. However, the overwhelming 
majority of patients with HCM has an estimated risk <6%, 
and, in absolute terms, the majority of sudden death oc
curs in this low-estimated-risk patients. LGE was not in
cluded in HCM risk score. As demonstrated, the presence 
of LGE is associated with worse prognosis. The identifica
tion of an early phenotype with greater wall thickness and 
LGE in young patients is associated with greater risk of 
events. In studies with an average age greater than 
50 years the prevalence of LGE is >80%, then the presence 
of LGE is not sufficient to stratify the risk of patients.

In the multicentre study by Chan,15 the extent of LGE ≥ 
15% is associated with a greater risk for malignant arrhyth
mic events in an additive role over conventional arrhyth
mic risk factors. HCM is the only cardiomyopathy in 
which the quantitative extent of LGE has a prognostic role.

This is probably secondary to the fact that fibrosis in 
HCM is caused by a micro-vessel disease that is dependent 
by the degree of hypertrophy: the greater the hyper
trophy, the higher risk of fibrosis. Two recent studies16,17

have evaluated the impact of LGE extent for prognostic 
stratification of patients with HCM risk score <6%. In the 
study by Mentias,16 majority of patients had HCM with out
flow tract obstruction, whereas in the multicentre study 
by Todiere et al.,17 majority of patients had non- 
obstructive HCM. Both the studies demonstrated that, in 
patients with HCM risk score <6%, a LGE extent >10–15% 
was associated with higher risk of major arrhythmic events 
as sudden cardiac death, appropriate ICD intervention or 
cardiac arrest.

Figure 2 Examples of pattern of LGE in hypertrophic cardiomyopathy (HCM): the pattern of LGE follows the distribution of hypertrophy: in the left panel, 
hypertrophy is asymmetrical septal and LGE is in the septal midwall; in the middle panel a concentric hypertrophy and diffuse midwall LGE is found; in the right 
panel, an example of apical HCM with LGE is shown.
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As consequence of such findings, in a recent document 
of ESC heart failure18 the presence of LGE extent ≥15% 
should be considered for indication of ICD even in patients 
with HCM risk score <6%. Similarly, in the more recent 
AHA/ACC guidelines for HCM,19 the presence of ‘exten
sive’ LGE has to be considered for the indication of ICD 
even in absence of conventional arrhythmic risk factors.

Interestingly, in both those cited documents,18,19 apical 
aneurysm were included as arrhythmic risk factor. Indeed, 
in HCM apical aneurysms are caused by transmural LGE and 
it is difficult to ascertain whether the greater risk is sec
ondary of the apical aneurysm itself or by the extensive 
LGE the causes the aneurysm.

HCM is an evolutive disease, and it was demonstrated 
that the prevalence of LGE increased from 80% to 95% by 
repeating MRI after 3 years and the extent of LGE doubled 
in the same time interval.

By these, ESC guidelines prescribe to repeat every 2–3 
years MRI in HCM to assess the evolution of the 
cardiomyopathy.

As reported above, other features of LGE may have a 
prognostic role. Previous studies, demonstrated that the 
‘grey zone’ of fibrosis, variably named as ‘intermediate- 
signal LGE’ or ‘mild-enhancement’ was more accurate to 
predict the risk of ventricular tachycardia than the gross 
scar, identified as hyper-enhanced LGE. This may be ex
plained by the presence of viable, suffering, myocytes in
terspersed between small island of scar or plexiform 
fibrosis.

The problem with the assessment of mild-enhancement 
LGE is that the threshold of signal intensity to distinguish 
between mild- and hyper-enhancement is absolutely 
arbitrary.

More recently, a new technique, named LGE dispersion 
mapping was proposed. Briefly, with this technique, for 
every voxel with LGE, the signal of the surrounding voxels 
is measured and a score from 0 to 8 is assigned to the vox
el, where 0 is when all the surrounding voxels are similar to 

the central one and 8 when all the voxels are different. By 
these automatic measurement, the global dispersion 
score (GDS) is obtained. GDS is a measure of the dispersion 
of LGE in myocardium.

Patients with high GDS had worse prognosis than those 
without, and GDS demonstrated an additive role over 
LGE extent for predicting major arrhythmic events.

LGE in cardiac amyloidosis
In cardiac amyloidosis LGE has an important diagnostic 
role. The pattern of LGE is highly specific for cardiac amyl
oidosis, consisting in a diffuse subendocardial enhance
ment (without respecting the irroration territory of the 
coronary artery), with an early darkening of the signal of 
LV cavity and with a nulling defect of remaining myocar
dium. Mechanism of this pattern of LGE is not fully under
stood but the complex interactions between Gd and 
amyloid proteins (Gd decreasing and amyloid increasing 
T1) play probably an important role. This pattern of LGE 
is unique for cardiac amyloidosis having 100% specificity 
and 85% of sensitivity because it may be absent in early 
stage of amyloid deposition. The presence of LGE is asso
ciated with a worsening of survival in patients with sys
temic amyloidosis. Furthermore, in more advanced 
stage, LGE becomes transmural. Fontana et al., demon
strated that transmural pattern of LGE was associated 
with a worse prognosis than the subendocardial pattern 
or than the absence of LGE.

LGE in Fabry disease
Fabry disease is caused by deficiency of alpha- 
galactosidase-A enzyme, producing an intracellular over
load of sphingolipids. Fabry disease has an aetiological 
enzyme-replacement therapy which is unique among the 
cardiomyopathies. In involved hearts, lysosomal sphingoli
pids increases myocyte dimensions causing hypertrophy 
which is concentric in most of cases, although in 9% cases 

Figure 3 LGE in a patient with dilated cardiomyopathy. LGE is seen in midwall of anterior and inferior basal septum.
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of cases asymmetrical hypertrophy was described.20

Myocytes hypertrophy decreases interstitial space. Then, 
LGE is only seen in more advanced stage, when there 
is a sufficient amount of necrotic myocytes and macro
scopic fibrosis that increases the interstitial space.7

When present, LGE is usually located in the inferolat
eral basal wall of LV, with a non-ischaemic midwall dis
tribution.11 However, in 7% of cases LGE may be found in 
other wall as in the interventricular septum or in the LV 
apex.20

The MRI diagnosis of Fabry disease is made by the iden
tification of a low native T1 of myocardium at T1 mapping, 
caused by the sphingolipids overload. However, extensive 
fibrosis may increase the T1 compensating the decrease 
caused by sphingolipids. This phenomenon is called 
‘pseudo-normalization of myocardial T1’. The identifica
tion of extensive LGE coexisting with apparently ‘normal’ 
values of T1 in subjects with LV hypertrophy should raise 
the suspicion of Fabry disease.

LGE has also an important prognostic role in this 
cardiomyopathy. Weidemann et al.21 and Beer et al.22

demonstrated that in patients treated with the 
enzyme-replacement therapy, the presence of LGE was as
sociated with a low likelihood of regression of LV hyper
trophy, and with a scarce improvement of exercise 
capacity. LGE was also associated with an increased risk 
for malignant arrhythmic events, including sudden cardiac 
death.23

LGE in dilated cardiomyopathy
Non-ischaemic DCM is a heterogeneous group of condi
tions, mostly caused by a genetic predisposition, consist
ing in LV dilatation and dysfunction. DCM is associated 
with a greater risk of heart failure and of sudden cardiac 
death. ICD therapy, is suggested in presence of arrhythmic 
events or in primary prevention in patients with ejection 
fraction <35%. The Danish trial24 demonstrated that ICD 
did not improve the overall mortality in DCM because 
the majority patients die for heart failure. ICD improves 
only the risk for arrhythmic sudden death. Then, a more 
accurate selection of patients for ICD implantation is ne
cessary and LGE may have an important role for this 
selection.

LGE is completely absent in 75% of patients with DCM, in 
20–25% of cases LGE is detected with a non-ischaemic pat
tern (midwall or subepicardial) and in 0–5% of cases it pre
sents an ischaemic pattern (Figure 3). The presence of 
ischaemic pattern of LGE may be explained as the occur
rence ischaemic heart disease during the course of non- 
ischaemic DCM. In those cases, the extent of ischaemic 
LGE should not explain the degree of LV dysfunction. The 
presence of LGE may be considered a sign of a more ag
gressive phenotype of DCM. Previous studies demon
strated that, in patients with first diagnosis of DCM, the 
presence of LGE was associated with a low likelihood of re
verse remodelling after the instauration of drug therapy 
for heart failure.25 Furthermore, the presence of LGE is as
sociated with worse prognosis in DCM.25 However, all the 
studies evaluating the role of quantification of LGE extent 
in DCM failed to demonstrate a prognostic role of LGE 
extent.

On contrast, the pattern and the site of distribution may 
be relevant for prognostic stratification.

In the study by Halliday et al.,26 midwall septal LGE was 
associated with greater arrhythmic risk than other pat
terns, particularly when it is combined with LGE at the lat
eral wall (annular pattern).

The reasons for a major risk of midwall septal pattern 
are not understood. Interestingly, also in myocarditis the 
midwall septal pattern was associated to greater risk of 
events than subepicardial pattern of LGE.

LGE in arrhythmogenic cardiomyopathy
Arrhythmogenic cardiomyopathy (ARC) includes different 
phenotypic presentation at MRI. The most frequent 
presentation is with lone RV involvement with dilatation 
and/or dysfunction, however biventricular or LV dominant 
presentations are very often detected by MRI. The find
ings of non-ischaemic LGE and/or of intramyocardial 
signs of fat infiltration are often the only features 
permitting to suspect LV dominant phenotype of ARC be
cause LV function is preserved in most of cases. However, 
the genetic analysis with the identification of a pathogen 
mutation is mandatory to complete the diagnosis of LV 
dominant ARC.

A recent multicentre study27 demonstrated that the 
identification of LV involvement in ARC by LGE and/or 
fat infiltration is associated to greater risk of major ar
rhythmic events. Moreover, LV dominant presentation 
was associated with specific desmosome mutation (des
moplakin and desmoglein) whereas plakophilin mutation 
was associated with lone or biventricular RV with higher 
risk for evolution to heart failure but lower risk of arrhyth
mic events.

Conclusions

LGE remains the most important feature of cardiac MRI 
and particularly in cardiomyopathies.

LGE is an important diagnostic and prognostic marker 
for the evaluation of cardiomyopathies, but different as
pects of LGE have a role in different conditions as reas
sumed in Table 1.

MRI with LGE technique should be performed in every 
patient with suspect of cardiomyopathy.

The lack of standardization of pulse sequence and most
ly of quantification methods are the main limitations of 
LGE technique.

Table 1 Features of LGE and the impact on specific 
cardiomyopathies

Features of LGE Cardiomyopathies with 
prognostic role

Presence/absence DCM, Fabry, ARVC, 
amyloidosis, HCM

Pattern of distribution (midwall 
septal/annular)

DCM, myocarditis

Pattern of distribution 
(subendocardial vs. 
transmural)

Cardiac amyloidosis

Extent of LGE HCM (LGE ≥15%)
LGE dispersion HCM
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