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Abstract
Mid‐ventricular obstructive hypertrophic cardiomyopathy (MVOHCM) is an uncom‐
mon type of HCM. LV apical aneurysms are present in more than 20% MVOHCM 
cases and has been identified as an independent predictor of potentially lethal ar‐
rhythmic events, including non-sustained or sustained ventricular tachycardia (VT), 
and ventricular fibrillation (VF), as well as SCD. Although the pathogenesis of LVA 
remains unknown, but it has been suggested that apical aneurysm may be second‐
ary to the increased after-load and high apical pressure arising from significant pres‐
sure gradient of the midventricular obstruction. The scarred rim of the aneurysm and 
the adjacent areas of LV myocardial fibrosis and consequent apical oxygen-demand 
mismatch may be responsible for the formation of apical aneurysm. Recent electro‐
physiologic studies have demonstrated that the aneurysmal rim forms the primary 
culprit arrhythmogenic substrate for generation of monomorphic ventricular tachy‐
cardia leading to SCD, but the clinical significance of the size of aneurysm in relation 
to SCD remains unsettled. We summarized the clinical features of the patients with 
MVOHCM and apical aneurysms. Appropriate therapeutic interventions include ICD 
implantation, and early surgical intervention for gradient relief may be undertaken to 
relief the MVO.
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Hypertrophic cardiomyopathy (HCM) is a genetic condition char‐
acterized by a wide spectrum of morphologies and natural history. 
Mid‐ventricular obstructive (MVO) hypertrophic cardiomyopathy 
(MVOHCM) is an uncommon type of HCM (Maron et al., 2003, 
2014), characterized by the presence of a pressure gradient be‐
tween the apical and basal chambers of the left ventricle (LV) (Maron 
et al., 2008). Patients with MVOHCM experience more frequent 
episodes of sudden cardiac death (SCD) and malignant ventricular 
tachyarrhythmias compared to those with HCM without mid‐ven‐
tricular obstruction (Cai et al., 2014). In clinical practice, MVOHCM 
is often accompanied by an apical aneurysm (Tengiz, Ercan, & Turk, 
2006; Tse & Ho, 2003). Indeed, LV apical aneurysms are present 
in more than 20% MVOHCM cases and have been identified as an 
independent predictor of potentially lethal arrhythmic events, in‐
cluding non‐sustained or sustained ventricular tachycardia (VT), and 
ventricular fibrillation (VF), as well as SCD (Cui, Suo, Zhao, Li, & Liu, 
2016; Mörner, Johansson, & Henein, 2011). Interestingly, Sato et al. 
described a case of MVOHCM presented with VF storm in associa‐
tion with acute myocardial infarction (AMI) and a LV apical aneurysm 
despite the presence of normal coronary arteries (Sato et al., 2007). 
The clinical features of the patients with MVOHCM and apical aneu‐
rysms are summarized in Table 1.

A number of case reports concerning MVOHCM accompanied 
by apical aneurysms have been associated with VT, and have a worse 
prognosis (Dilaveris et al., 2017; Efthimiadis et al., 2009; Pérez‐Riera, 
Barbosa‐Barros, Lucca, Viana, & de Abreu, 2016). The scarred rim of 
the apical aneurysm and the associated extensive areas of myocar‐
dial fibrosis have been regarded as arrhythmogenic substrates for the 
origination of malignant ventricular tachyarrhythmias. Ventricular 
tachycardia is a rare complication of HCM and more likely to occur 
in MVOHCM with apical aneurysm. Apical aneurysms can be identi‐
fied by echocardiography with the use of contrast agents, but can be 
reliably identified by cardiac magnetic resonance imaging, in which 
late gadolinium enhancement is present owing to the presence of 
myocardial scarring and fibrosis (Figure 1).

Recent studies have evaluated the long‐term outcomes of the 
patients with MVOHCM and apical aneurysms (Table 2). In HCM 
cohorts, MVO has been identified as an independent predictor 

of HCM‐related mortality, especially the composite endpoint of 
SCD and potentially lethal arrhythmic events (Minami et al., 2011). 
Furthermore, a large case series by Rowin et al. found that the 
presence of LV apical aneurysms represents a high‐risk subgroup 
associated with a number of adverse complications such higher in‐
cidences of VT/VF and out‐of‐hospital cardiac arrest requiring ICD 
implantation (Rowin et al., 2017). Ventricular tachyarrhythmias ac‐
counted for 38% of hospitalizations in HCM patients, and sustained 
monomorphic VT occurred in patients with MVOHCM and abnor‐
mal wall motion of the LV apex (Furushima et al., 2010). Efthimiadis 
et al. confirmed that MVOHCM was associated with unfavorable 
prognosis in terms of end‐stage HCM, sudden death, and lethal 
arrhythmic events (Efthimiadis et al., 2013). Yan et al. showed that 
MVOHCM is associated with cardiac death in Chinese population 
(Yan et al., 2015). One‐half of these patients experienced major car‐
diovascular events, and 20% developed an apical aneurysm, which 
was significantly associated with arrhythmia events. These data war‐
rant attention for early recognition and appropriate intervention of 
MVOHCM. Liu et al systematic review and meta‐analysis suggested 
that non‐sustained ventricular tachycardia (nsVT) was the strongest 
predictor for cardiovascular death (13.02%, 95% CI 3.60%–25.91%), 
while MVO was the strongest predictor for all‐cause death and sud‐
den cardiac death (16.44%, 95% CI 7.45%–31.55%, respectively) in 
HCM patients (Liu, Li, Berger, Johns, & Gao, 2017).

Although the pathogenesis of LVA remains unknown, but it has 
been suggested that apical aneurysm may be secondary to the in‐
creased after load and high apical pressure arising from significant 
pressure gradient of the mid‐ventricular obstruction. Other proposed 
explanations include small‐vessel disease with decreased coronary 
flow reserve, squeezing of the coronary artery from increased sys‐
tolic myocardial wall stress in the hypertrophic segment, decreased 
coronary perfusion pressure due to mid‐ventricular obstruction and 
coronary artery spasm. The scarred rim of the aneurysm and the 
adjacent areas of LV myocardial fibrosis and consequent apical oxy‐
gen‐demand mismatch may be responsible for the formation of api‐
cal aneurysm. Recent electrophysiologic studies have demonstrated 
that the aneurysmal rim forms the primary culprit arrhythmogenic 
substrate for generation of monomorphic ventricular tachycardia 
leading to SCD, but the clinical significance of the size of aneurysm 
in relation to SCD remains unsettled. Therefore, we propose that 
MVOHCM with apical aneurysm should be considered as a new type 
of arrhythmogenic cardiomyopathy.

When antiarrhythmic agents with beta‐blockers and 
amiodarone fail to control VT, different interventions can be used. 
Surgical treatment can be performed to relieve the obstruction 
and reduce the apical aneurysm (Gao et al., 2011) and implant‐
able cardioverter defibrillator (ICD) can be inserted (Petrou, 
Kyrzopoulos, Sbarouni, Tsiapras, & Voudris, 2014). ICD implanta‐
tion has proven to be highly effective for preventing sudden car‐
diac death due to ventricular arrhythmias. A recent study reported 
that 37.2% of mid‐ventricular obstruction with LVA patients had 
defibrillators implanted, mainly for primary prevention and based 
on the team discretion that those patients share a high‐risk profile 

F I G U R E  1   cardiac magnetic resonance (cited from Rowin et 
al) (a) CMR demonstrates medium‐size apical aneurysm (3.2 cm; 
arrowheads) with associated hourglass shaped LV chamber 
producing distinct proximal (P) and distal (D) chambers. (b) LGE 
localized to the aneurysm rim (arrowheads)

(a) (b)
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of SCD and that 25.7% of patients with ICD received appropriate 
shock therapy (Elsheshtawy et al., 2018). However, ICD implanta‐
tion does not prevent recurrence of arrhythmia nor does it address 
ongoing heart failure. Furthermore, ICD shock might contribute 
to rehospitalization and myocardial injury, and backup ventricular 
pacing may impair LV function.

Surgical options such as transapical myectomy and cryoablation 
(Shimahara, Kobayashi, Fujita, & Sato, 2015), the apical rim is believed 
to be the critical slow conduction zone in the reentry of VT (Pérez‐
Riera et al., 2016). However, the narrow aneurysmal neck forms a 
formidable obstacle for the catheter advancement through the nar‐
row aneurysmal neck and catheter ablation is not always successful 
and cannot treat intracavitary obstruction. Therefore, combined 
with cryoablation from the epicardial and endocardial surface can 
be effective (Osawa, Fujimatsu, Takai, & Suzuki, 2011). Moreover, 
apical aneurysmectomy, myectomy, and subendocardial resection 
24 have been shown to prevent future episodes of VT. Given that 
the mechanism of VT was his apical scar and that resection of the 
scar tissue and obliteration of the aneurysmal pouch would resolve 
the ventricular arrhythmias. Surgical myectomy of the inappropriate 
hypertrophy myocardium and excision of the apical aneurysm were 
considered to be a salvage option. (Elsheshtawy et al., 2018; Gao et 
al., 2011; Osawa et al., 2011; Petrou et al., 2014; Shah, Schaff, Abel, 
& Gersh, 2011; Shimahara et al., 2015) However, currently there are 
insufficient data as to the optimum timing for surgical approach.

In summary, ventricular arrhythmias are the most common com‐
plications in a patient with MVOHCM and are associated with the 
presence of apical aneurysms. The presence of apical aneurysm is 
a strong risk factor for lethal arrhythmic events, including non‐sus‐
tained or sustained ventricular tachycardia (VT), and ventricular 
fibrillation (VF), as well as SCD. Appropriate therapeutic interven‐
tions include ICD implantation, and early surgical intervention for 
gradient relief may be undertaken to relief the MVO.
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