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Abstract

Hypertrophic cardiomyopathy (HCM) is a
relatively common disease that exhibits het-
erogeneous phenotypes with an autosomal
dominant Mendelian pattern of inheritance. It
is characterized by diverse phenotypic expres-
sions and variable natural progression.
Accurate diagnosis is of great importance for
the perioperative management of these
patients. Traditionally, the echocardiographic
assessment and cardiac magnetic resonance
imaging were both the methods of choice for
evaluating HCM, which includes assessing the
extent and location of left ventricular hyper-
trophy, left ventricular outflow tract gradients,
systolic and diastolic function, anatomic as
well as functional abnormalities of the mitral
valve and papillary muscles. Recently, the
rapid development of cardiac CT imaging
technique provides more possibilities for its
value in the differential diagnosis and condi-
tion evaluation of HCM patients. In this chap-
ter, based on a case of apical HCM, we will
discuss the cardiac CT imaging manifesta-
tions of HCM, and further possibly promising
role of new cardiac CT technology in HCM.
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26.1 Case of HCM

26.1.1 History

A 61-year-old male patient felt progressive exer-
tional chest tightness which relieved by rest for
the past 11 years. He had a recent dizziness in 10
days and appointed to cardiac CT for suspected
coronary artery disease (CAD).

Physical Examination

e Blood pressure: 142/74 mm Hg; Breathing
rate: 18/min; heart rate: 81 bpm without
arrhythmia.

e 3/6 grade systolic murmurs are audible in the
apical region

Electrocardiograph

Standard 12-lead electrocardiograph (ECG)
revealed ST-T segment changes on leads V2-V6
and T wave inversion.

Laboratory

Serum myocardial enzyme spectrum showed
negative results.

26.1.2 Imaging Examination

CT Images

A coronary CT angiography (CTA) combined
with adenosine triphosphate (ATP)-stress myo-
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cardial CT perfusion was requested to investigate 26.1.3 Imaging Findings
the coronary artery status and myocardial blood and Diagnosis
flow (Figs. 26.1, 26.2, and 26.3).

The coronary CTA images results showed there
Conventional Coronary Angiography were mixed plaques in the proximal-middle seg-
See Fig. 26.4 ments of LAD and noncalcified plaques in the

Fig. 26.1 Curved multi-planar (CPR) reconstructed jection (MIP) image (c) of the coronary CTA. No signifi-
images (a, left anterior descending [LAD] branch; b, left ~ cant stenosis has been shown in the three coronary
circumflex artery [LCx]) and thin maximum intensity pro-  arteries
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Fig. 26.2 CT perfusion myocardial blood flow (MBF) short-axis two-chamber views (d-f) of left ventricle
pseudo-color images: Bull-eye polar-map (a), four- showed an extensive MBF reduction in the periapical
chamber view (b), long-axis two-chamber view (¢) and myocardium compared to the basal segments
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Fig. 26.3 Cardiac CT imaging of myocardium: four- maps) and diastolic phase (d) showed a thickened apical
chamber view (a) and long-axis two-chamber view (b) of =~ myocardium with partially patchy mid-wall delayed
left ventricular. Delayed scan imaging of long-axis views  enhancement

in the systolic phase (¢, MPR image; e, dual-energy iodine
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Fig. 26.4 Percutaneous transluminal coronary intervention (PCI) results. Invasive coronary angiography image for
LAD (a), LCX (a) and right coronary artery (RCA) (b), confirmed no significant stenosis in the coronary arteries

proximal-middle segments of LCX, resulting in
both mild lumen stenosis. No significant stenosis
has been found in all the coronary arteries. All the
myocardial perfusion of left ventricular (LV)
images, including bull-eye polar-maps, four-
chamber views, two-long chamber views, and
two-short chamber views, showed the extensive
reduction of myocardial blood flow in apical por-
tion compared to the basal area, which do not
correspond to the coronary blood supply region
of lesion vessels. The four-chamber views and
two-long chamber views of both systolic and
diastolic LV delayed CT scan results show a
thickened apical myocardium. Partially in the
delayed phase of dual-energy iodine maps, the
apparent enhancement of the apical portion sug-
gested local fibrosis. The invasive coronary angi-
ography images confirmed only several mild
stenosis on the LAD and RCA.

26.1.4 Management
e Conventional medical therapy for Secondary

Prevention of CAD
e Out-patient follow-up observations for HCM

26.2 Discussion

HCM is one of the most common monogenic car-
diovascular disorders, affecting 1 of every 500
adults. It is characterized by diverse phenotypic
expressions, including focal basal septum HCM,
diffuse septum HCM, concentric and diffuse
HCM, burned-out phase HCM, mid-ventricular
HCM, apical HCM, focal mid-septum HCM,
free-wall HCM, and crypts in genotype-positive
and phenotype-negative HCM.

The asymmetric septal form is the most com-
mon morphologic variant of HCM and accounts
for up to 60-70% of cases [1]. It is typically pre-
sented with the disproportionate enlargement of
the ventricular septum, with the anteroseptal
myocardium most commonly involved. The diag-
nostic criteria consist of basal septal thickness
>15 mm; the ratio of septal thickness to thick-
ness of inferior wall at mid-ventricular level >1.5.

The symmetrical or concentric HCM ranked
the second most common phenotype and is char-
acterized by diffuse left ventricular wall thicken-
ing with an associated decrease in left ventricular
cavity size [1, 2]. Diagnosis should be made in
the absence of a secondary cause like hyperten-
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sion, aortic stenosis, or the patient being an
endurance athlete.

Apical HCM accounts for approximately
2—15% of all the HCM cases [1, 3]. It is typically
presented with giant negative T waves on the
electrocardiogram and a spade-like configuration
of the LV cavity, which resulted from the apical
portion hypertrophy of the LV. Diagnosis of the
apical HCM depends on LV thickening (predom-
inantly confined to the apex measuring 15 mm or
more) and the ratio of apical LV wall thicknesses
to basal LV wall thicknesses (1.3-1.5) [1].

Clinically, patients with apical HCM may
present with exertional angina or dyspnea and
may have electrocardiographic findings similar to
those with CAD or in acute coronary syndromes
[1, 4]. Differential diagnosis is important.

26.3 Current Technical Status
and Applications of CT

Although cardiac MR imaging has advantages for
accurate diagnosis, Cardiac Computed
Tomographic (CT) scan technology has showed a
complementary role for these patients [3, 5-7].
Cardiac CT is able to identify the hypertrophy of
the myocardium and as well as the asymmetry of
the ventricular hypertrophy [7, 8]. When a 4D car-
diac CT imaging was performed, the left ventricu-
lar outflow tract obstruction (LVOTO) and the
mitral valve and papillary muscles situation can be
clearly showed with a dynamic imaging as MR
[9]. The geometric predictors of LVOTO measured
by cardiac CT in HCM patients have been demon-
strated as independent predictors, including Spiral
pattern of LV hypertrophy, the length of the ante-
rior mitral leaflet (AML), and the distance between
lateral papillary muscle (PM) base and left ven-
tricular (LV) apex [10]. Furthermore, the CT angi-
ography planning improves the localization of
infarct and procedural success at the first attempt
in Alcohol septal ablation (ASA) when compared

to traditional methods. Follow-up to 6 months sug-
gests a symptomatic, functional, and hemody-
namic improvement [11]. Besides, the cardiac CT
is possibly contributing for revealing the enlarged
mitral valve and systolic anterior motion (SAM) of
the mitral valve or mitral valve regurgitation [8].

Some of these HCM patients were admitted
for PCI because of suspected CAD. A coronary
CTA is always clinically referred for before the
invasive angiography. Recently, with the rapid
development of CT technology, the perfusion
imaging approach has become more and more
prevalent in the clinical application. Coronary
CTA combined with ATP-stress myocardial CT
perfusion can be organized as pre-opreative
examination to investigate the coronary artery
stenosis and myocardial blood flow. Mild lumen
stenosis and unmatched local extensive reduction
of myocardial blood flow combined with myo-
cardium thickness on Cardiac CT can highly sug-
gest the diagnosis of HCM [1, 3, 4]. Apart from
apical hypertrophy, other atypical forms of HCM
including concentric hypertrophy or sometimes
mid-ventricular hypertrophy can also be demon-
strated by CT imaging [8].

In addition, dual-energy cardiac CT imaging
can be utilized for a delayed scan of the HCM
patients. The delayed enhancement mostly focal
but can be diffuse, which is particularly obvious
in the iodine maps, suggesting fibrosis of the
myocardium. It can be related to life-threatening
arrhythmia and cardiac death [4, 8].

Lately, the fractional flow reserve derived
from CT (FFRCT) has shown its potential value
for HCM patients. It offers a noninvasive method
for evaluating the coronary artery volume to
myocardial mass ratio (V/M), which demon-
strated significantly greater coronary volume yet
decreased V/M for HCM patients [12].

Appropriate cardiac CT examination contrib-
utes a lot for correct differential diagnosis think-
ing and prompt treatment choice, as well as
accurate prognosis assessment.
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26.4 Key Points

* HCM may present with exertional angina or
dyspnea, or have electrocardiographic find-
ings similar to those with CAD or in acute
coronary syndromes.

e Appropriate cardiac CT examination with
developing imaging technologies may con-
tribute to correct differential diagnosis of
HCM from CAD and myocardial viability and
fibrosis evaluation.
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