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Learning Objectives

e Identify nonischemic
enhancement.

* Develop a differential
cardiomyopathy.

e Evaluate the functional impact of nonischemic
cardiomyopathy.

pattern of delayed

diagnosis for dilated

16.1 Introduction

Symptomatic myocardial disease not the result of flow-
limiting coronary artery disease or prior myocardial infarc-
tion is commonly known as nonischemic cardiomyopathy.
Clinical manifestations include arrhythmia, palpitations,
heart failure, shortness of breath, lower extremity edema,
syncope, and chest pain. Nonischemic cardiomyopathy is
more common in women and younger patients. In general,
the prognosis for nonischemic cardiomyopathy is better than
for ischemic disease. There may be either systolic, diastolic,
or combined heart failure. Infiltrative cardiomyopathies in
particular tend to result in diastolic dysfunction.

In most patients, ischemic cardiomyopathy should be
considered and excluded prior to further work-up of nonisch-
emic cardiomyopathy. Echocardiography is the primary
modality for evaluating left ventricular function as well as
valvular and diastolic function. Advanced techniques includ-
ing pulsed tissue Doppler and 3-D imaging have added diag-
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nostic and prognostic information when evaluating
nonischemic cardiomyopathy. Stress tests either exercise or
chemical with or without imaging are commonly used to
exclude underlying ischemia. If these studies are inconclu-
sive, the patient may require cardiac catheterization with
ventriculography. However, if the patient is low to intermedi-
ate likelihood for coronary artery disease, coronary com-
puted tomography angiography can be performed to
differentiate between ischemic and nonischemic cardiomy-
opathy. Positron emission tomography may be utilized for
the evaluation of cardiac sarcoidosis.

Cardiac MRI (CMR) is considered the reference standard
to assess myocardial anatomy, function, and viability and
often reveals the underlying etiology of heart failure [1].
Delayed enhancement in nonischemic cardiomyopathy usu-
ally occurs in a mid-myocardial or subepicardial location
rather than subendocardial or transmural as seen in ischemic
disease. The location of delayed enhancement can also help to
guide myocardial biopsy thus increasing yield of a diagnosis.
It can also be utilized to screen in genetically positive but phe-
notypically negative patients to better help with risk stratifica-
tion. Finally, there has been significant prognostic value shown
related to the location and extent of delayed enhancement.

16.2 Hypertrophic

Hypertrophic cardiomyopathy is the most common genetic
cardiac disorder with heterogeneous phenotypic expression.
Patients present clinically most commonly with sudden
death from ventricular fibrillation, atrial fibrillation, or heart
failure but may be asymptomatic. MRI is utilized not only to
make the diagnosis of hypertrophic cardiomyopathy but also
to characterize the morphologic types related to the distribu-
tion of the hypertrophied muscle. Different types include
apical, mid-ventricular, concentric, and mass-like although
the most common is asymmetric septal hypertrophy.
Ventricular wall thickness of >30 mm (normal <15 mm) has
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Fig. 16.1 Septal hypertrophic cardiomyopathy. Short axis steady-state
free precession image demonstrates thickening of the myocardium
involving the anteroseptal segment of the basal left ventricle. Three-
chamber image from a cine steady-state free precession series demon-

been shown to be an independent risk factor for sudden car-
diac death [2]. MRI is the procedure of choice for monitoring
left ventricular mass over time and in response to treatment.

The area of hypertrophy in asymmetric septal type is
commonly located at the basal aspect of the interventricular
septum which can result in left ventricular outflow tract
obstruction as shown in Fig. 16.1. Using phase-contrast
imaging on MRI, the degree of obstruction can be evaluated
based on the velocity in the left ventricular outflow tract
using the modified Bernoulli equation (gradient = 4 V?) to
calculate the gradient (severe >50 mm Hg). If conservative
treatments are not effective, septal ablation or surgical proce-
dures may be required for LVOT obstruction. The acceler-
ated flow in the left ventricular outflow tract can result in
systolic anterior motion of the mitral valve which can result
in mitral regurgitation. Not only can these two findings be
identified during MRI examinations, but the severity of
mitral regurgitation can also be quantified. MRI can also be
utilized to assess cardiac function and regional wall motion.

Delayed enhancement imaging is performed in all hyper-
trophic cardiomyopathy patients in order to evaluate for inter-
stitial fibrosis, microfibrillar disarray, or microvascular
obstruction. The delayed enhancement images are positive in
60% of these patients [3]. While the delayed enhancement is
most commonly seen in a patchy distribution in the mid-
myocardium at the right ventricular insertion point, it can be
seen throughout the hypertrophied myocardium and some-
times even in the non-hypertrophied muscle. Delayed
enhancement has demonstrated prognostic information in

strates septal hypertrophy with anterior motion of the anterior leaflet of
the mitral valve and associated flow jet in the left ventricular outflow
tract below the level of the aortic valve

several studies of cardiac outcomes including worsening
heart failure symptoms, ventricular arrhythmias, ICD dis-
charge, and sudden cardiac death [4]. The absence of delayed
enhancement has prognostic information as well with overall
lower risk for adverse cardiac outcomes although the risk is
still not absent [5]. Not only is the presence or absence of
delayed enhancement important, but the extent of late delayed
enhancement is a significant predictor of adverse cardiac out-
comes [5]. The largest study to date in this patient cohort
demonstrated that only the extent of delayed enhancement
was a strong predictor of adverse cardiac events and mortality
[6]. Limited studies are available regarding the utilization of
MRI to monitor treatment for hypertrophic cardiomyopathy.

Key Point

e In hypertrophic cardiomyopathy, MRI is used not
only to make the diagnosis but also to characterize the
morphology and evaluate for outflow obstruction.

16.3 Dilated Cardiomyopathy
16.3.1 Idiopathic
Idiopathic dilated cardiomyopathy represents an end-stage

pump failure of the heart; the disease is considered to be
idiopathic when no immediate cause is discerned. However,
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it is believed that this end-stage condition of the heart may be
produced by a variety of toxic, metabolic, or infectious
agents. Idiopathic dilated cardiomyopathy may be the late
sequela of infection such as viral myocarditis. In some cases,
genetic abnormalities are also associated with this condition.
In this condition, there is gradual increased left ventricular
end-systolic and end-diastolic volumes with continuously
declining ejection fraction. The walls of the ventricle are
thinned.

On CMR, decreased function, ventricular dilatation, and
wall thinning are readily demonstrated. However, the primary
advantage of CMR compared to other imaging modalities is
the use of late gadolinium enhancement. Late gadolinium is
not seen in all patients. However, in some patients, there is
characteristic enhancement if the mid-myocardium in a non-
coronary artery distribution. This pattern of late gadolinium
enhancement has also been recognized in postmortem hearts
as a hallmark of this condition. Right ventricular dilatation is
also characteristic of idiopathic dilated cardiomyopathy.
Furthermore, the presence and extent of myocardial late
enhancement have been shown to predict the clinical outcome
[7]. After adjustment for LVEF and other conventional prog-
nostic factors, both the presence of fibrosis and the extent of
midwall enhancement on CMR were independently and
incrementally associated with all-cause mortality.

16.3.2 Viral Myocarditis

The use of CMR for the evaluation of viral myocarditis is
increasingly accepted. The diagnosis of viral myocarditis is
challenging, as no single test may be used alone for diagno-
sis. Patient presentation is with chest pain in the setting of a
recent or ongoing viral syndrome. The primary differential
diagnoses include acute coronary artery syndrome and peri-
carditis. Other inflammatory myocarditis may also be con-
sidered. Troponin values are typically only mildly elevated.

CMR is used for assessment of inflammatory changes
such as edema, hyperemia, and myocyte necrosis. No single
pathognomonic finding is present. Rather, the Lake Louise
criteria are applied. This requires abnormalities in two of the
three tissue characterization techniques: T2-weighted images
for edema, T1 early gadolinium enhancement imaging for
hyperemia, and late gadolinium enhancement for myocyte
necrosis and fibrosis. T1 and T2 mapping techniques can
help reduce uncertainty that is otherwise associated with
qualitative assessment of signal intensity change. A recent
multicenter study showed that LV function may be normal or
mildly depressed [8]. Overall sensitivity of CMR was 82%.
Late gadolinium enhancement may be present in a nonisch-
emic pattern in 80% of cases. The distribution of LGE is
typically either subepicardial or midwall. Pericardial effu-
sions are not common.

16.3.3 Takotsubo Myocarditis

Takotsubo is a transient condition involving a distinctive pat-
tern of left ventricular dysfunction. The unusual aspect of the
LV dysfunction is its temporal relationship with stressful
events, either emotional (e.g., death of a loved one) or physi-
cal (e.g., major neurological or abdominal surgery). Patients
with this condition recover normal function either days to
weeks of the clinical presentation. The underlying etiology is
an excess of catecholamines precipitated by a stressful event.
The primary differential diagnosis is an acute coronary artery
syndrome or possibly viral myocarditis.

The term takotsubo derives from the original Japanese
description of the syndrome; there is distinct apical balloon-
ing of the left ventricle that resembles an octopus pot. The
ventricular dilation involves multiple coronary territories,
beginning in the mid-ventricle but extending into the apex.
Ventricular hypokinesis is present, particularly in these
dilated myocardial regions. One of the primary CMR fea-
tures is myocardial edema seen on T2-weighted images.
Perfusion images are normal. Typically, LGE images do not
show focal lesions that my otherwise be associated with
acute myocardial infarction. However, LGE is infrequently
reported in less than 10% of cases [9].

16.3.4 Alcoholic Cardiomyopathy

Alcoholic cardiomyopathy is an acquired cardiomyopathy.
For diagnosis, documentation of long-term consumption of
alcohol at high quantities (>80 g per day over 5 years or
more) is required. For many patients, successful clinical his-
tory over this period is not available. Like other dilated car-
diomyopathies, alcoholic cardiomyopathy is characterized
by global ventricular dilatation, decreased myocardial func-
tion, and myocardial thinning in its end-stage presentation.
Women may be more susceptible than men given equivalent
quantities of ingested alcohol. Pathologic changes are simi-
lar to idiopathic dilated cardiomyopathy.

No specific CMR findings are present, other than that of
abnormal ventricular size and shape. Scar patterns may be
assumed to be nonischemic in nature, so that CMR can
exclude myocardial scar associated with prior infarction
[10]. As opposed to echocardiography, CMR may be useful
to exclude other etiologies of cardiomyopathy such ischemic
heart disease, iron overload, or amyloidosis.

16.3.5 Left Ventricular Noncompaction
Left ventricular noncompaction cardiomyopathy (LVNC) is

a rare primary genetic cardiomyopathy characterized by
excess myocardial trabeculation more than twice as thick as
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the underlying myocardial wall (Fig. 16.2) [11]. The trabec-
ulae carneae consist of slim columns of myocardial cells at
the luminal ventricular surfaces. The function of the trabec-
ula is to increase cardiac output and enable oxygen supply
prior to coronary vascularization. During myocardial
development, trabeculae compact leading to an increase in
thickness of the compact myocardium.

LVNC is associated with heart failure, regional wall
motion abnormalities, and myocardial fibrosis. The ratio of
the thickness of noncompacted (NC) versus compacted (C)
myocardium (NC/C) is a simple and fast method to quantify
trabeculation [12]; a ratio greater than 2.3 to 1 is commonly
used as an MRI index of noncompacted myocardium.
Although the NC/C ratio is easy to measure, the specificity is
low; 33% of the subjects in the MESA cohort had a NC/C
ratio greater than 2.3 [13]. Improved specificity of the NC/C
ratio is obtained when several segments show high NC/C
ratios and LV dysfunction is present. In a study by Wan et al.,
the mean number of compacted segments was 7.4; noncom-
paction was present in the apical segments in all patients.
Forty percent of patients demonstrated a nonischemic pat-
tern of late gadolinium enhancement, most commonly mid-
myocardial in location [14].

16.3.6 Collagen Vascular Disease/Connective
Tissue Disorders

Connective tissue disease consists of a heterogeneous group
of disorders including systemic lupus erythematosus, sys-
temic sclerosis, and Sjogren’s syndrome, as well as overlap

Fig. 16.2 Noncompaction cardiomyopathy. Vertical long axis view of
the left ventricle shows a stellate pattern of prominent trabeculation.
The left ventricle is dilated, and the myocardium at the apical anterior
wall is thinned

between these conditions. Cardiac involvement includes
abnormalities of valves, myocardium, and pericardium. The
underlying common pathologic features are abnormal activa-
tion of the immune system, often targeted toward small
blood vessels and internal organs.

Myocardial involvement is often subclinical, with diffuse
myocardial fibrosis. Ejection fraction is preserved in early
stages of disease in the majority of cases. Reports of focal
late gadolinium enhancement are highly variable, from O (in
our own experience) to 60% of patients [15]; likely this vari-
ability depends on the particular subset of patients evaluated.
As a result, T1 mapping techniques, including evaluation of
extracellular volume fraction, have been evaluated. The pri-
mary T1 mapping findings are (a) increased native T1, (b)
increased extracellular volume fraction, and (c) decreased T'1
times after gadolinium administration [16]. However, these
findings are not specific, and changes in myocardial T1 map-
ping parameters are not distinct from other nonischemic
cardiomyopathies.

Key Point

* Clinical history, ventricular structure and function,
and pattern of late gadolinium enhancement are
used to identify subtypes of dilated cardiomyopathy
by CMR.

16.4 Restrictive
16.4.1 Amyloid

Cardiac involvement in amyloidosis is common with deposi-
tion of insoluble glycoproteins in the extracellular spaces of
myocardial tissue, valve leaflets, and vessels. It can result in
restrictive cardiomyopathy which is the leading cause of
death in approximately half of amyloid patients.

On cine imaging, there is biventricular myocardial thick-
ening with normal ventricular chamber size, atrial enlarge-
ment, and preserved systolic function. Diastolic dysfunction
can be demonstrated on mitral inflowing imaging with cine
phase-contrast pulse sequence imaging. In the late fibrotic
stage, cine images can demonstrate mitral and tricuspid
insufficiency.

There is rapid redistribution of gadolinium from the
blood pool resulting in altered T1 kinetics in which the
myocardium nulls before the blood pool on inversion time
(TT) scout images. The altered kinetics can make selection
of an appropriate TI time difficult. Phase-sensitive inversion
recovery (PSIR) sequence images can be helpful given that
they are independent of the TI value. The prognostic value
of delayed enhancement imaging has not shown consistent
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Fig. 16.3 Cardiac amyloid. Short axis delayed enhancement image
demonstrates diffuse subendocardial delayed enhancement with more
extensive diffuse delayed enhancement in the septum. Note the blood
pool is also dark on these images when there is appropriate nulling of
the myocardium in the lateral wall which is very characteristic for myo-
cardial amyloidosis

value. The emerging T1 mapping and ECV estimation tech-
niques have shown promise in correlating with cardiac func-
tion and risk stratification [17]. The delayed enhancement
pattern is quite variable but most often diffuse and irregular
in a noncoronary distribution as shown in Fig. 16.3.

CMR has shown promise in differentiating subtypes of
cardiac amyloidosis primarily between light chain amyloid
and transthyretin-related amyloidosis based on LV mass as
well as location and extent of delayed enhancement. The
determination of subtype is important given differences in
treatment as well as determining prognosis with survival
worse for light chain amyloid.

16.4.2 Sarcoid

The hallmark of cardiac sarcoidosis is the presence of necro-
tizing granulomas in the myocardium. In the acute phase,
there can be myocardial thickening and edema with delayed
enhancement of the mid-myocardium and/or subepicardium.
Perfusion or early post contrast T1-weighted images may
demonstrate increased contrast enhancement suggesting
inflammation with hyperemia. In the chronic phase, edema is
absent, but wall thickening and delayed enhancement may be
seen. In the burnt-out phase, transmural delayed enhance-

ment may be seen [18] with wall thinning. The imaging
appearance alone can be difficult to distinguish from
myocarditis.

Delayed enhancement has prognostic value as a predictor
of death as well as other adverse events such as aborted sud-
den death, appropriate ICD discharge, and ventricular
arrhythmias [19]. It is a stronger predictor than other mea-
sures such as LVEF and symptoms. The lack of delayed
enhancement also appears to have high negative predicative
value with respect to adverse outcomes.

CMR also appears to have value in monitoring disease
status during treatment with steroids [20]. Steroid treat-
ment has been associated with decrease in delayed enhance-
ment as well as overall improvement in functional
parameters.

The AHA consensus guidelines reserve the recommended
use of CMR for diagnosis and differentiation from other car-
diomyopathies as well as for functional assessment rather
than specifically for risk stratification and prognosis [21].

Key Point

e Midwall myocardial delayed enhancement is sug-
gestive of an infiltrative process rather than ischemia
and raises concern for a restrictive cardiomyopathy.

16.5 Storage Disease
16.5.1 Hemochromatosis

Systemic iron overload due to hemosiderosis or transfusion-
dependent anemias can result in dilated or restrictive cardio-
myopathy with progressive diastolic and systolic dysfunction.
Dysrhythmias are also commonly present.

Myocardial iron deposition, in the form of ferritin and
hemosiderin, is demonstrated on gradient-echo images.
Utilizing multiple different TE values, the absolute T2*
value can be determined which is the best indicator of myo-
cardial iron content [22]. A T2* <20 ms is considered diag-
nostic of significant iron overload. T2* values have been
shown to detect iron overload earlier than changes of LVEF
and have also been shown to be a strong independent predic-
tor of adverse clinical outcomes such as heart failure,
arrhythmias, and sudden cardiac death [22].

CMR is invaluable in monitoring treatment response to
chelation therapies demonstrated by improvements in T2*
and LVEF [23]. Pennell et al. [24] demonstrated a signifi-
cantly reduced risk of developing heart failure with improve-
ment in T2* with only minimal improvement in LVEF
suggesting LVEF may underestimate the clinical impact of
chelation therapies.
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CMR is recognized in the AHA Consensus Statement
[25] as a critical tool in the diagnosis and clinical manage-
ment of iron overload cardiomyopathy.

16.5.2 Fabry Disease

Fabry disease is an X-linked recessive disorder of glyco-
sphingolipid metabolism with resultant intracellular accu-
mulation of glycosphingolipids especially in the skin,
kidneys, and heart.

There is concentric LV thickening on CMR which can be
confused with hypertrophic cardiomyopathy. Mid-myocardial
or subepicardial pattern of delayed enhancement may be seen
typically involving the basal inferolateral segment. Delayed
enhancement has been shown to be associated with develop-
ment of ventricular arrhythmias as well as sudden cardiac
death [26]. Rather than the presence or absence of delayed
enhancement, it was the annual increase in fibrosis demon-
strated on delayed enhancement images that was an indepen-
dent predictor of ventricular arrhythmias.

T1 mapping technique has been utilized to characterize
Fabry’s cardiomyopathy. Reduction in T1 values are associ-
ated with reduced longitudinal strain and early diastolic dys-
function prior to the development of LV hypertrophy. This
suggests T1 mapping may be valuable in detecting early dys-
function before structural abnormalities [27]. CMR has also
been utilized to monitor response to enzyme replacement
therapies. One study demonstrated that despite enzyme
replacement therapy, there can be progression of delayed
enhancement suggesting progressive fibrosis [26].

Key Point
* CMR is a critical tool in the diagnosis and in moni-
toring treatment of iron overload cardiomyopathy.

16.6 Arrhythmogenic Right Ventricular
Cardiomyopathy/Dysplasia (ARVC/D)

Arrhythmogenic right ventricular cardiomyopathy (ARVC)
is a heritable heart muscle disease characterized by fibrofatty
replacement of predominantly the right ventricular (RV)
myocardium. This predisposes patients to potentially life-
threatening arrhythmias and ventricular dysfunction.
Affected patients typically present between the second and
fourth decade of life with arrhythmias coming from the RV2.
ARVC is an unusual condition, with an estimated prevalence
of 1in 1000to 1in 5000 Caucasianindividuals. Approximately
60% of index cases harbor mutations in genes encoding the
cardiac desmosome, a structure that provides mechanical

connection between cardiomyocytes. The defective mechan-
ical connections in ARVC may structurally be represented by
global or regional contraction abnormalities, ventricular
enlargement, and/or fibrofatty replacement. As such, accu-
rate evaluation of cardiac morphology and function is essen-
tial for ARVC diagnosis and management.

ARVC is generally transmitted as an autosomal dominant
trait with incomplete penetrance and variable expressivity.
However, it is important to realize that 50-70% of mutation
carriers will never develop disease expression and that sever-
ity of disease may vary greatly, even among members of the
same family or those carrying the same mutation. In contrast,
a negative genetic test result in a proband does not exclude
the possibility of disease, nor does it exclude the possibility
of a genetic process in the individual or family.

The CMR protocol for ARVC is somewhat unique com-
pared to other cardiomyopathies. The primary difference is
the addition of axial black blood T1-weighted fast spin echo
images. These cover the left and right ventricles from the
base to the diaphragm. Cine SSFP axial images are then
obtained in the same plane, with the same slice thickness and
gap (8 mm x 2 mm is typically used). After this, standard
SSFP cine imaging of the ventricles is obtained in the short
and long axes. Many sites also obtain a vertical long axis
cine view of the right ventricle. After gadolinium administra-
tion, short and long axis late gadolinium enhancement
images are obtained. In patients with significant ventricular
ectopy, a low dose of a beta-blocker (metoprolol 25-50 mg)
is recommended for arrhythmia suppression during the CMR
scan.

The diagnostic TFC for CMR require the presence of both
qualitative findings (RV regional akinesia, dyskinesia, dys-
synchronous contraction) and quantitative metrics (decreased
ejection fraction or increased indexed RV end-diastolic vol-
ume) (Table 16.1).

Besides global reduction in RV function, more subtle
regional disease of the RV has been described in the litera-
ture using a variety of terms including focal bulges, microan-
eurysms, segmental dilatation, regional hypokinesis, etc. In

Table 16.1 MRI task force criteria for ARVC

Global or regional dysfunction and structural alterations

Major

Regional RV akinesia or dyskinesia or dyssynchronous RV
contraction AND one of the following:

— RV EDV/BSA >110 mL/m? (male) or >100 mL/m? (female)
— RV ejection fraction <40%

Minor

Regional RV akinesia or dyskinesia or dyssynchronous RV
contraction AND one of the following:

— RV EDV/BSA >100 to 110 mL/m? (male) or >90 to 100 mL/m?*
(female)

— RV ejection fraction >40 to <45%

EDV end-diastolic volume, BSA body surface area, RV right ventricle
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the current TFC, the terms “akinesia” (lack of motion) and
“dyskinesia” (abnormal movement, instead of contracting in
systole, the myocardium bulges outward in systole) and
“dyssynchronous” (regional peak contraction occurring at
different times in adjacent myocardium) are used for all
imaging modalities (CMR, echocardiography and angiogra-
phy) to describe regional wall motion abnormalities in
ARVC. The RV apex is spared in early ARVC. The so-called
accordion sign represents a focal “crinkling” of the myocar-
dium in the subtricuspid region [28] (Fig. 16.4). In terms of
TFC, the accordion sign is due to a small region of highly
localized myocardium with dyssynchronous contraction.

RV LGE has been observed in up to 88% of ARVC
patients, while LV LGE was reported in up to 61% of cases.
In ARVC, RV wall thinning is pronounced, which makes the
LGE technique less reliable than for the LV. Second, distin-
guishing fat from fibrosis by LGE sequences is challenging,
which makes its interpretation highly subject to the CMR
physician’s experience.

Some ARVC subjects have early and predominant LV
involvement [29]. LV involvement has even been reported in
76% of ARVC subjects, of whom the majority had advanced
disease. The disease is, therefore, increasingly being referred
to as “arrhythmogenic cardiomyopathy.” LV involvement in
ARVC typically manifests as LGE, often involving the infe-
rior and lateral walls without concomitant wall motion
abnormalities. Figure 16.5 shows an example. Septal LGE is

Fig. 16.4 Arrhythmogenic right ventricular cardiomyopathy. End-
diastolic (left) and end-systolic (right) images are shown. In systole at
the arrows, there is infolding of the right ventricle wall, termed the

present in more than 50% of cases with left dominant ARVC,
in contrast to the right dominant pattern in which septal
involvement is unusual. In addition, LV fatty infiltration was
shown to be a prevalent finding in ARVC, often involving the
subepicardial lateral LV and resulting in myocardial wall
thinning [30].

Key Point

* ARVC typically manifests as right heart dysfunc-
tion and dilation out of proportion to similar find-
ings in the left heat.

16.7 Concluding Remarks

Nonischemic cardiomyopathy encompasses a heterogeneous
group of diseases. Genetic components of these disease are
increasingly being recognized. The myocardium responds to
injury by accumulation of either fibrotic tissue or fatty
replacement or both. MRI is very good at detecting fatty tis-
sue; the detection of myocardial fibrosis is performed using
late gadolinium enhancement techniques and/or T1 map-
ping. While all patients undergo echocardiography screening
to assess for myocardial function, tissue characterization
remains in the realm of cardiac MRI evaluation.

accordion sign. This is due to dyskinesia of the right ventricle free wall
in the subtricuspid region
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Fig. 16.5 Left ventricular presentation of arrhythmogenic right ven-
tricular cardiomyopathy. Top row shows images at end diastole (left)
and end systole (right), with poor left ventricular ejection fraction and
left ventricular enlargement. Bottom row shows late gadolinium

Take-Home Messages

e Late gadolinium enhancement shows nonischemic
pattern of enhancement in cardiomyopathies, char-
acterized by midwall or epicardial enhancement in
a noncoronary artery distribution.

* Tl mapping may be used to assess myocardial
fibrosis. Typically, native T1 values are elevated due
to the presence of fibrosis, while post gadolinium
T1 values are lower than expected.

e In addition to late gadolinium enhancement images,
myocardial global and regional function is readily
assessed to further characterize the myocardial abnor-
mality and extent in nonischemic cardiomyopathy.
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