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Cardiomyopathies intrinsic to the
myocardium

Dilated cardiomyopathy (DCM)

DCM is characterized by a poorly contracting
dilated left ventricle with a normal or reduced
left ventricular wall thickness in the absence of
abnormal loading conditions. This can result in
a range of clinical presentations, including pro-
gressive cardiac failure, thromboembolism, dys-
rrhythmias, and sudden cardiac death. DCM has
a prevalence of 40e50 cases per 100,000.3 There
are several aetiologies of DCM (Table 2); however,
in most cases a cause is not found, although up to
35% of adult cases of DCM are familial.4

Echocardiographic features of DCM include
a concentrically enlarged left ventricle and left
atrium with either a normal or reduced left
ventricular wall thickness. A left ventricular cavity
dimension of >112% of predicted normal values is
used to define left ventricular enlargement.6 In ad-
dition, there is reduced systolic and diastolic func-
tion with a reduced ejection fraction (<0.45).

MDCT can provide equivalent morphological
views by appropriate use of retrospective MPR.
The long-chamber axis views give a clear appreci-
ation of the enlarged left ventricle and reduced
wall thickness (Figs. 2 and 3). The posterior left
ventricular wall end-diastolic thickness should not
be less than 0.7 cm (normal range 0.7e1.1 cm). As-
sociated features on MDCT can include functional
mitral regurgitation secondary to mitral valve annu-
lus dilatation and papillary muscle tenting (Fig. 4).

Features seen on MDCT include lack of apposition of
the mitral valve cusps in the end-systolic phase and
abnormal leaflet excursion in diastole (best ob-
served in multi-phase cine mode.

Coronary artery disease must be excluded and
these patients usually have a catheter angiogram.
MDCT has been shown to have a high specificity
and negative predictive value, but this is uncertain
in cardiomyopathy.

There are no specific treatments for idiopathic
DCM, and the main aim is to control symptoms and
prevent complications. Hence, the mainstay of
treatment is pharmacological with the use of angio-
tensin-converting enzyme inhibitors, low-dose

Table 2 Aetiologies of dilated cardiomyopathy5

Children Adult

Familial idiopathic DCM Familial idiopathic DCM
Myocarditis

(infective/toxic/immune)
Alcohol

Nutrient deficiency
(selenium, carnitine,
calcium)

Myocarditis

Arteriovenous
malformations

Tachycardiomyopathy

Anomalous coronary
arteries

Mitochondrial

Endocardial
fibroelastosis

Drugs

Non-compacted
myocardium

Eosinophilic
(ChurgeStrauss syndrome)

Kawasaki disease Peripartum
Barth syndrome Endocrine

Nutrient deficiency
(thiamine, carnitine,
hypophosphataemia,
hypocalcaemia)

Figure 2 DCM MDCT long-chamber axis view demon-
strating the enlarged left ventricle (LV) with reduced
posterior wall thickness (white arrows).

Figure 3 MRI appearance of DCM with dilated left ven-
tricle and left ventricular wall thinning (arrows).
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beta-blockers, and diuretics. Surgical options are
reserved for patients with intractable heart failure.
Various procedures have been described such as
partial left ventriculectomy (‘‘Batista’’ procedure),
left ventricular assist devices, as well as heterotopic
heart transplantation.

Left ventricular non-compaction (LVNC)

LVNC is an uncommon congenital disorder that has
become an increasingly important cause of heart
failure and is a cause of DCM. In its isolated form
the disease affects the left ventricle with the
macroscopic appearance of a non-compacted en-
docardial layer with a ratio of non-compacted:-
compacted myocardium greater than 2:1.7e9 This
is seen as prominent trabeculations, which can
be readily appreciated using MDCT (Fig. 5). The
non-compacted areas usually affect the apical
and mid-ventricular segments of both the inferior
and lateral walls.10 Currently, the WHO does not
separately classify LVNC as a distinct cardiomyo-
pathy. LVNC has a poor prognosis with major
morbidity and mortality. The condition usually
presents as progressive heart failure with systolic
and diastolic dysfunction. There is also a high inci-
dence of thromboembolic events, which may be
due to the deep recesses of blood that can pool
in between the prominent trabeculations.10

Hypertrophic cardiomyopathy (HCM)

HCM is defined as the presence of myocardial
hypertrophy in the absence of haemodynamic
stress that is sufficient to account for the degree
of hypertrophy.11 It is the most common cause of
sudden cardiac death in young people. HCM has
an estimated prevalence of one in 500 people.
All HCM is genetic in origin; however, the pattern
of inheritance varies with the age at onset. Adults
have an autosomal dominant pattern of inheri-
tance, whereas infants and young children have
a more varied pattern of inheritance. Patients
with outflow-tract obstruction are designated as
having hypertrophic obstructive cardiomyopathy
(HOCM), whereas cases without obstruction are
classified as HCM.

The pathogenesis of HCM is a result of hyper-
trophy of myocytes and an increase in the number

Figure 4 MDCT appearance of DCM with functional mi-
tral regurgitation secondary to dilatation of the mitral
valve annulus. There is non-apposition of the mitral
valve leaflets seen in the end-systolic phase (arrow).
MV, mitral valve; LV, left ventricle.

Figure 5 LVNC. CT demonstrates the prominent trabe-
culations (arrows) and non-compacted endocardial layer
in (a) long axis and (b) short axis views of the left
ventricle.
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MDCT	in	DCM
• 132	consecu;ve	DCM	pa;ents	
• 2	pa;ents	(1.5%)	MDCT	not	feasible	(AF)	

• 88	normal	and	42	diseased	coronary	arteries	in	MDCT	&	ICA	

• Except	for	1	all	correctly	classified	by	MDCT	

• 1-vessel	(11),	2-vessel	(13),	and	3-vessel	(18)	disease
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cation mainly in left ventricular myocardium,
interventricular and interatrial septae (Figure 1).
Mild pericardial calcification was also noted. A
CT scans of the brain, abdomen and pelvis were
reported to show no evidence of calcium depo-
sition. Fluoroscopy revealed scattered massive
calcification on the cardiac silhouette. Cardiac
catheterization were found to be consistent with
restrictive physiology and coronary angiography
showed that the distal part of the left anterior
descending artery was diffusely narrowed (Figure 2a)
and distal part of the right coronary artery was
totally occluded probably due to calcification
(Figure 2b). Because she was relatively asymp-
tomatic without clinical signs of heart failure, med-

ical treatment with thiazide diuretic was started.
At present, this patient is being followed at the
outpatient clinic.

Discussion

Reports of myocardial calcification are limited
mainly to case reports and this type intracardiac
calcifications have been usually identified post-
mortem. Some forms of calcification represent
chronic change in an ageing population, and must
be differentiated from pathologic calcification [1,
2]. Pathologic calcification occurs in the myocar-
dium by two basic mechanism. ‘‘Dystrophic’’ and

Figure 2. Coronary angiograms show narrowed segment of the distal left anterior descending artery (a, arrows) and total occlusion of
the distal right coronary artery (b, arrow) probably due to calcification.

Figure 1. A contrast-enhanced CT examination of the chest without EKG-gating shows severe calcification in the left ventricular
myocardium, interventricular and interatrial septae.
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 Introduction 

 Metastatic myocardial calcification is a common cause of heart failure in hemodialysis 
patients, and its poor prognosis is most probably because early detection is often difficult. 
Here, we describe the case of a hemodialysis patient who developed heart failure associated 
with metastatic myocardial calcification following progressive calcification of the hand.

  Case Presentation 

 A 47-year-old man with end-stage renal disease due to primary vesicoureteral reflux had been on 
4-hour hemodialysis therapy thrice weekly for 3 years and presented at our hospital with cough and dys-
pnea. At each dialysis session, his urea reduction ratio exceeded 65%, and Kt/V urea was appropriately 
1.2. However, mean levels of serum phosphate, calcium, and intact parathyroid hormone remained con-
sistently high at 11 and 8 mg/dl, and 400 pg/ml, respectively, in spite of calcium carbonate, sevelamer, and 
cinacalcet treatment. These refractory laboratory findings were thought to be a result of poor dietary com-
pliance. One year before presentation, the patient experienced right thumb pain, and hand radiography 
indicated mild subcutaneous calcium deposits ( fig. 1 a). The pain gradually increased and extended to the 
entire right hand. Repeat radiography 1 month before presentation confirmed significant calcium depos-
its in the hand ( fig. 1 b).

  On examination, a regular pulse rate of 68 beats/min and a blood pressure of 90/62 mm Hg were 
noted. Auscultation revealed a third heart sound without obvious murmur or rales. Electrocardiography 
showed premature atrial contraction with atrioventricular block, poor R wave progression in V1–3, and 
flattening or depression of T waves in I, aVL, V5, and V6 ( fig. 2 ). Echocardiography showed severe diffuse 
hypokinesis with an ejection fraction of 30% and pericardial effusion as well as suspected anterior myo-
cardial calcification with high echogenicity ( fig. 3 ). Chest computed tomography (CT) was performed 20 
months earlier for suspected pulmonary infection, but no cardiac abnormalities were detected ( fig. 4 a). 

a b

  Fig. 1.  Hand radiogram 1 year ( a ) and 1 month ( b ) before presentation. Interval development of severe 
subcutaneous calcium deposits was observed. 
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However, a repeat chest CT during this admission revealed a severely dilated heart with anterior massive 
myocardial calcification and a large amount of pericardial effusion ( fig. 4 b). Heart failure associated with 
metastatic myocardial calcification was diagnosed. After an extensive discussion regarding the goals of 
care, the patient and his family opted to forego further investigations and treatment, but the patient died 
suddenly 2 weeks later.

  Discussion 

 In hemodialysis patients, metastatic calcification is frequently observed in soft tissue 
and vessels  [1]  but is rarely detected in the myocardium during life  [2] . To our knowledge, 7 
cases of metastatic myocardial calcification in hemodialysis patients have been reported 
since 2000  [3–9] . Myocardial calcification is classified into dystrophic and metastatic calci-
fication. Dystrophic calcification occurs in degenerating or necrotic tissues and is caused by 
myocardial infarction and myocarditis with normal calcium-phosphate metabolism, where-
as metastatic calcification arises because of abnormal calcium-phosphate metabolism and 
rarely occurs in normal tissue  [10] . In this case, myocardial calcification was thought to be 
metastatic given the patient’s medical history and clinical presentation. Metastatic myocar-
dial calcification can cause heart failure via impaired myocardial motion  [11]  and arrhyth-
mias such as atrioventricular block  [4, 5] . In all reports, including this case, the patients al-
ready had severe myocardial calcification when the symptoms of heart failure appeared, and 
their prognoses were thus extremely poor. Myocardial calcification is difficult to detect on 
conventional chest radiography, and clinical signs suggestive of myocardial calcification re-
main unclear.

  The following two imaging methods are promising alternatives to conventional chest 
radiography for more specific detection of myocardial calcification. The first is dual-energy 
chest radiography, which can detect myocardial calcification that is not visible on conven-
tional chest radiography in 38% of hemodialysis patients  [2] . The second is ultra-low-dose 
chest CT with a radiation exposure comparable to that in conventional chest radiography, 
which can accurately evaluate pulmonary nodules with the same effectiveness as a standard-
dose CT  [12] . The usefulness of a chest CT in detecting myocardial calcification has been 

a ba b

  Fig. 4.  Chest CT scan 20 months before presentation ( a ) and on admission ( b ). Interval development of a 
severely dilated heart with anterior massive myocardial calcification (arrowheads) and a large amount of 
pericardial effusion (asterisks) were observed. 
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The distributions of these branches were mapped with
transthoracic echocardiography during injection of Defin-
ity (Bristol-Myers Squibb Medical Imaging, Billerica,
MA) contrast through a subselective and occlusive angio-
plasty balloon (Maverick 1.5x9 mm, Boston Scientific,
Natick, MA) (online-only Data Supplement Movie VI).
Selective alcohol ablation was done in the 2nd and 3rd

branches, using 1cc desiccated ethanol in each branch, and
guided by real-time 2-dimensional echocardiography to the
enhancement saturation of each vascular bed. On repeat
left heart catheterization, the left ventricular outflow tract
systolic gradient was 4 mm Hg.

Five hours following PTASA, a nonenhanced, prospec-
tively triggered diastolic sequential MDCT scan was per-
formed with the following acquisition parameters: gantry
rotation time of 300 milliseconds; 100 kV, 205 ref mAs,
collimation 128!0.6 mm and the center of the triggering
window set at 70% of the cardiac cycle (R-R interval). The
calculated radiation dose for this examination was 2 mSv.
There was a hyperdense ablation lesion centered in the
basal aspect of the hypertrophied interventricular septum.
Its mean density was 96 HU in comparison to 46 HU of the
posterior basal myocardium (Figures 3B and 4B). By

comparing equivalent mid diastolic MDCT derived multi-
planar reformats of the interventricular septum in 3 cham-
ber and short axis views prior to and following the PTASA,
we were able to allocate the hyperdense ablation lesion to
the point of maximal thickening of the basal interventric-
ular septum, suggesting optimal localization of the PTASA
(Figures 3 and 4).

Discussion
This report documents the use of ECG-gated MDCT in
noninvasive dynamic evaluation of hypertrophic obstruc-
tive cardiomyopathy patient prior and following PTASA.
As noted, ECG-gated MDCT offers an alternative to and
magnetic resonance imaging in assessment of HCOM by
enabling adequate depiction of the degree and exact
location of interventricular septal hypertrophy, systolic
anterior motion of the mitral valve, and mitral valve
leaflet-septal contact. It also provides accurate delineation
of the septal arterial anatomy, which is of paramount
importance in guiding therapy before PTASA. Further-
more, in contrast to and magnetic resonance imaging,

Figure 1. ECG-gated MDCT 3-chamber view of the heart at
end diastole (A) and at peak systole (B). Note the asymmetri-
cal thickening of the basal portion of the interventricular sep-
tum up to 2.5 cm during diastole (*). Also note the anterior
mitral valve leaflet (black arrows) that demonstrates systolic
anterior motion with mitral valve leaflet-septal contact (white
arrow).

Figure 2. Diastolic ECG-gated MDCT 2-chamber view of the
heart at the level of the interventricular septum (A) and equiv-
alent right anterior oblique view of an invasive catheter coro-
nary angiography (B) demonstrate 3 minute septal arteries
(white arrows) originating from the proximal left anterior
descending artery.

Figure 3. Equivalent diastolic ECG-gated MDCT 3-chamber
views of the heart prior to (A) and following (B) alcohol septal
ablation. Note the asymmetrical thickening of the basal portion
of the interventricular septum (*) starting 6.5 cm from the left
ventricular apex on the preablation image. Note the hyper-
dense ablation lesion within the basal portion of the interven-
tricular septum (white arrow) also starting 6.5 cm from the left
ventricular apex on the post ablation image, confirming that
the ablation was centered within the most thickened basal
portion of the interventricular septum.

Figure 4. Equivalent diastolic ECG-gated MDCT short axis
views of the heart base prior to (A) and following (B) alcohol
septal ablation. Note the asymmetrical thickening of the basal
portion of the interventricular septum (*) on the preablation
image. Note the hyperdense ablation lesion within the basal
portion of the interventricular septum (white arrow), confirm-
ing that the ablation was centered within the most thickened
basal portion of the interventricular septum. The dotted arrow
indicates automatic implantable cardioverter defibrillator right
ventricular lead.
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anterior motion of the mitral valve, and mitral valve
leaflet-septal contact. It also provides accurate delineation
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of the interventricular septum (*) starting 6.5 cm from the left
ventricular apex on the preablation image. Note the hyper-
dense ablation lesion within the basal portion of the interven-
tricular septum (white arrow) also starting 6.5 cm from the left
ventricular apex on the post ablation image, confirming that
the ablation was centered within the most thickened basal
portion of the interventricular septum.

Figure 4. Equivalent diastolic ECG-gated MDCT short axis
views of the heart base prior to (A) and following (B) alcohol
septal ablation. Note the asymmetrical thickening of the basal
portion of the interventricular septum (*) on the preablation
image. Note the hyperdense ablation lesion within the basal
portion of the interventricular septum (white arrow), confirm-
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septal branch of the coronary tree before PTSMA (Fig. 1).
MDCT clearly identified the first and second septal branches
in the left anterior descending coronary artery, and we
confirmed that the septal branch supplying the myocardium
that is responsible for the LVOT obstruction was anatomi-
cally suitable for PTSMA. The PTSMA procedures were as
follows: An over-the-wire balloon of 1.5 mm in diameter
was introduced into the first septal perforator and inflated.
Myocardial contrast echocardiography (concentration
300 mg/ml; Levovist, Schering, Berlin, Germany) during
balloon inflation showed hypokinesis and hypoperfusion in
the septal region. Finally, a total of 1.5 ml ethanol (99%) was
injected, and invasive coronary angiography showed the
patency of the left anterior descending artery and total
occlusion of the first septal branch with ethanol injection.
LVOT PG using a catheter immediately after PTSMA
decreased from 162 mm Hg to 118 mm Hg. No complica-
tions appeared post- PTSMA except for transient atrioven-
tricular block, and the peak creatine kinase was 1558 IU/L.

MDCT examination at 11 days after PTSMA clearly showed
a partial filling defect at the early phase in the first septal
segment (Fig. 1). LVOT PG further decreased to 55 mm Hg
and the symptom improved to NYHA class I at the time of
discharge. Three-month follow-up echocardiography exam-
ination showed that LVOT PG decreased to 24 mm Hg and

Fig. 1. Pre- (A, B and C) and post- (D, E and F) PTSMA. Volume-rendering image (A) using 64-MDCT before PTSMA clearly showed the left anterior
descending (LAD) coronary artery, and the first and second septal branches. Multi-planar reconstruction image (B) confirmed the location between the septal
branch and myocardium simultaneously. MDCT examination after PTSMA showed occlusion of the first septal branch (D), and a low-density area in the first
septal segment (E, white arrows). Coronal multi-planar reconstruction images were obtained by 64-MDCT (C and F). Obstruction was seen in the sub-aortic
valvular area by the septal myocardium (C, arrow head). A partial filling defect appeared at the early phase in the myocardium of the first septal segment after
PTSMA (F, white arrows). Delay phase showed a partial filling defect more clearly, which indicated myocardial necrosis due to first septal branch ablation
(G, black arrows). Ao, aorta; PA, pulmonary artery; LV, left ventricle.

Table 1
Echocardiographic variables before and after 2 weeks and 3 months PTSMA

Baseline 2 weeks 3 months

LVOT PG, mm Hg 113 55 24
LVEF, % 75 72 74
IVST/PWT, mm 20/15 16/15 17/14
ASH + − −
SAM + + +

LVOT PG, left ventricular outflow tract pressure gradient; LVEF, left
ventricular ejection fraction;
IVST, intraventricular septum thickness; PWT, posterior wall thickness;
ASH. asymmetric septal hypertrophy; SAM, systolic anterior motion. ASH
is defined as IVST/PWT≧1.30.
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beta-blockers, and diuretics. Surgical options are
reserved for patients with intractable heart failure.
Various procedures have been described such as
partial left ventriculectomy (‘‘Batista’’ procedure),
left ventricular assist devices, as well as heterotopic
heart transplantation.

Left ventricular non-compaction (LVNC)

LVNC is an uncommon congenital disorder that has
become an increasingly important cause of heart
failure and is a cause of DCM. In its isolated form
the disease affects the left ventricle with the
macroscopic appearance of a non-compacted en-
docardial layer with a ratio of non-compacted:-
compacted myocardium greater than 2:1.7e9 This
is seen as prominent trabeculations, which can
be readily appreciated using MDCT (Fig. 5). The
non-compacted areas usually affect the apical
and mid-ventricular segments of both the inferior
and lateral walls.10 Currently, the WHO does not
separately classify LVNC as a distinct cardiomyo-
pathy. LVNC has a poor prognosis with major
morbidity and mortality. The condition usually
presents as progressive heart failure with systolic
and diastolic dysfunction. There is also a high inci-
dence of thromboembolic events, which may be
due to the deep recesses of blood that can pool
in between the prominent trabeculations.10

Hypertrophic cardiomyopathy (HCM)

HCM is defined as the presence of myocardial
hypertrophy in the absence of haemodynamic
stress that is sufficient to account for the degree
of hypertrophy.11 It is the most common cause of
sudden cardiac death in young people. HCM has
an estimated prevalence of one in 500 people.
All HCM is genetic in origin; however, the pattern
of inheritance varies with the age at onset. Adults
have an autosomal dominant pattern of inheri-
tance, whereas infants and young children have
a more varied pattern of inheritance. Patients
with outflow-tract obstruction are designated as
having hypertrophic obstructive cardiomyopathy
(HOCM), whereas cases without obstruction are
classified as HCM.

The pathogenesis of HCM is a result of hyper-
trophy of myocytes and an increase in the number

Figure 4 MDCT appearance of DCM with functional mi-
tral regurgitation secondary to dilatation of the mitral
valve annulus. There is non-apposition of the mitral
valve leaflets seen in the end-systolic phase (arrow).
MV, mitral valve; LV, left ventricle.

Figure 5 LVNC. CT demonstrates the prominent trabe-
culations (arrows) and non-compacted endocardial layer
in (a) long axis and (b) short axis views of the left
ventricle.
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Cardiomyopathies	in	CT

● Dilated	cardiomyopathy	
◦Coronary	CT	angiography	
● Porcelain/pottery	heart,	non	compaction	CM	
◦Prospectively	ECG	triggered	
● HOCM,	ARVD,	Takotsubo	CM,	DCM	
◦Retrospectively	ECG	gated




