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Breathlessness and T-wave inversion: Uncovering perfusion  
defects in apical hypertrophic cardiomyopathy

Abstract

A 72-year-old female presents with breathlessness. ECG demon-
strated deep T-wave inversion in the praecordial leads. Echocardio-
gram was limited but demonstrated no obvious impairment in left 
ventricular systolic function or significant valve dysfunction. CMR 
was conclusive for a diagnosis of apical hypertrophic cardiomyopa-
thy with additional microvascular dysfunction in the thickened and 
dysfunctional apical segments. This case highlights the uniquely 
powerful nature of CMR in its ability to accurately visualise and 
quantify ventricular morphology, with the additional strengths to 
characterise myocardial tissue and the non-invasive assessment of 
microvascular dysfunction.
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Background

A 72-year-old female of South Asian descent presented to 
the cardiology clinic with increasing breathlessness and effort 
intolerance. There were no associated symptoms of angina, or-
thopnoea or peripheral oedema. Past medical history included 
a stroke several years previously with no residual limiting neu-
rological deficit. On assessment, she was normotensive (blood 
pressure 120/75 mmHg) with no audible murmurs or features 
of congestive cardiac failure. Resting 12-lead electrocardiogram 
(ECG) demonstrated normal sinus rhythm with voltage criteria 
for left ventricular hypertrophy (LVH) and deep anterolateral T-
wave inversion. There was no accompanying history of uncon-
trolled hypertension or relevant family history. A transthoracic 
echocardiogram was limited but demonstrated no obvious im-
pairment in LV systolic function or significant valve dysfunction. 
However, all myocardial segments were not clearly visualised. 

CMR examination: Cardiac magnetic resonance (CMR) (3T 
scanner, MAGNETOM Vida, Siemens) steady-state free preces-
sion (SFFP) cine images demonstrated normal LV volumes and 
systolic function but a lack of tapering in wall thickness towards 

the apex, with associated apical systolic cavity obliteration (Fig-
ure 1A and B). There was significant relative hypertrophy of the 
apical segments (maximally 11 mm vs. 7 mm basally) with a cal-
culated apical to posterior wall thickness ratio of 1.8 (Figure 1C). 
Native T1-mapping using a modified Look-Locker (MOLLI) se-
quence revealed moderately elevated myocardial T1 times to-
wards the apex (1300-1350 ms vs. 1250 ms basally) (Figure 2A) 
and resultant normal extracellular volume fraction (ECVF). Post-
contrast Look-Locker TI scout demonstrated normal myocardial 
nulling kinetics and late gadolinium enhancement (LGE) imag-
ing utilising magnitude and phase-sensitive inversion recovery 
(PSIR) sequences demonstrated low-grade diffuse fibrosis in 
the affected apical segments (Figure 2B and C). Qualitative and 
automated inline quantitative myocardial perfusion mapping 
demonstrated a prominent circumferential perfusion defect at 
the mid-apical levels (Figure 3A and B), which was confirmed 
on quantitative perfusion analysis with a significant reduction 
in myocardial perfusion reserve (MPR) towards the apex (1-1.1 
vs. 1.8-2.2 basally) (Figure 3C). The perfusion defect was more 
pronounced in the apical endocardial layers during stress with 
a subsequent MPR gradient between endocardial and epicar-
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dial layers of ~-50-60%. The CMR findings were conclusive for 
a diagnosis of relative apical hypertrophic cardiomyopathy 
(ApHCM) with associated low-grade fibrosis and microvascular 
dysfunction in the affected hypertrophied segments.

Discussion

This case highlights the uniquely powerful nature of CMR in 
its ability to accurately visualise and quantify ventricular mor-
phology, with the additional strengths to characterise myocar-
dial tissue and the non-invasive assessment of microvascular 
dysfunction, both of which are of paramount importance in as-
sessing patients with increased wall thickness. We were able to 
confidently confirm the presence of sarcomeric ApHCM given 
the moderate elevations in T1 times, normal myocardial nulling 
kinetics and ECVF, which excluded phenocopies such as Ander-
son-Fabry disease and cardiac amyloidosis. Current European 
Society of Cardiology guidance recommends the diagnosis of 
HCM be made with increased wall thickness of ≥15 mm in ≥1 
myocardial segment in the absence of loading conditions [1]. 
Often the diagnosis of ApHCM fails to meet this criterion (the 
so-called “relative” ApHCM picture)., However, the presence of 
deep praecordial T-wave inversion on ECG, lack of wall thick-
ness tapering towards the apex [2] and apical to posterior wall 
thickness ratio of ≥1.5 [3] supports the diagnosis. During stress 
perfusion imaging, a circumferential perfusion defect was ob-
served, affecting the thickened segments in the mid-apical LV 
cavity with a further reduction in blood flow in the subendo-
cardial layer. Perfusion defects have been highlighted as a uni-
versal feature in ApHCM [4] and likely to be multifactorial due 
to a combination of a coronary steal phenomenon, diastolic 
contractile persistence [5], myocyte disarray and mechanical 
compression from the hypertrophied and hyperdynamic apical 
segments.

Figure 1: SSFP cine images, (A) apical 4 and 2-chamber end-dia-
stolic and (B) apical 4 and 2-chamber end-systolic frames demon-
strating a lack of wall thickness tapering towards the apex with as-
sociated apical cavity obliteration. (C) End-diastolic short axis cine 
frames with increased wall thickness at the apical level relative to 
the base.

Figure 2: (A) Elevation in native T1 times at the apex relative to the 
base. (B) Apical 2-chamber magnitude LGE and (C) 2 apical short 
axis PSIR LGE slices demonstrating low grade fibrosis in the hyper-
trophied apical segments.

Figure 3: Stress perfusion (A) dual-sequence T1-weighted satura-
tion recovery gradient echo sequence and (B) automated inline 
pixel-wise stress myocardial blood flow colour maps and (C) cor-
responding myocardial perfusion reserve segmental based analysis 
map. A clear circumferential defect is seen starting in the mid-cavi-
ty, extending to and severely affecting the apex with an associated 
reduction in MPR values.
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