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Abstract

Background: Hypertrophic cardiomyopathy (HCM) is defined by the
presence of left ventricular hypertrophy (LVH) in the absence of other
potentially causative cardiac, systemic, syndromic, or metabolic diseases
[1]. It is the most common genetic abnormality of the myocardium, with
an anaesthetized prevalence ranging from 1:500 to as high as 1:200 [2-4].
It is the primary cause of sudden cardiac death (SCD) among teenagers
and athletes.

Patient: A 56-year-old man presented with chest tightness and palpitations
which had been occurring post-activity for the previous 6 months. The
patient was advised to be admitted. He underwent echocardiography,
cardiac magnetic resonance (CMR), coronary angiography (CAG)
examination, and left ventriculography. He was diagnosed with
hypertrophic obstructive cardiomyopathy (HOCM) with systolic anterior
motion (SAM) phenomenon.

Results: Echocardiography results showed that the interventricular
septal thickness was 14-16 mm and that there were 2 degrees of SAM
of the mitral valve. This resulted in severe stenosis of the left ventricular
outflow tract (LVOT) and moderate to severe mitral insufficiency. Left
ventriculography confirmed mitral regurgitation (MR) associated with
HOCM with SAM phenomenon. Under the protection of a permanent
pacemaker, the patient was treated with alcohol septal ablation (ASA).
After discharge, the symptoms of chest tightness and palpitation did not
recur.

Conclusion: Beneficial effects were observed when patients with HOCM
and SAM were treated with ASA under the condition of a permanent
pacemaker.
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Transthoracic Echocardiography; TEE- Transoesophageal
Echocardiography

Introduction

Hypertrophic cardiomyopathy (HCM) is mainly an
autosomal dominant inherited heart disease. In adolescents
and adults, 40%~60% of HCM is caused by gene mutations
encoding myocardial sarcomere proteins, 5%~10% is
caused by other gene mutations or nongenetic diseases, and
25%~30% cases of HCM have unknown causes [5,6]. Clinical
diagnosis of HCM is made by imaging with two-dimensional
echocardiography. The most important haemodynamic
consequence of this condition is left ventricular outflow tract
(LVOT) obstruction (LVOTO), in which 70% of patients
develop a dynamic LV outflow gradient of 30 mmHg or
greater [7]. LVOTO is typically associated with HCM and
is the third most frequent cause of unexplained hypotension
[8]. In addition, there are many wide clinical manifestations,
such as chest pain, chest tightness, anhelation, palpitation,
syncope, and sudden cardiac death (SCD).

Case Presentation

On July 7, 2022, a 56-year-old man presented with chest
tightness and palpitations which had been occurring post-
activity for the previous 6 months. The patient suffered from
slight chest tightness and palpitation, which was a paroxysmal
dull pain that was located in the lower section of the sternum
and lasted from more than a couple of minutes to one hour
with connection to physical activity. The symptoms were
accompanied by chest pain and shortness of breath, but not
by dizziness, syncope or haemoptysis. He had not received
treatment. The patient had smoked five cigarettes a day for
20 years. He denied the use of any alcohol and did not have
any known chronic diseases (such as coronary heart disease
(CHD), hypertension, diabetes, etc.). There were no similar
diseases or any other genetic history of disease in his family.
The patient’s vital signs were normal upon admission. On
physical examination, the patient’s body temperature was
36.5°C, pulse rate was 74 beats/min, respiratory rate was
18 breaths/min, blood pressure was 126/88 mmHg, weight
was 66 kg, and height was 1.68 metres. The patient had a
clear mind, upright posture, no cyanosis of lips, no dilation
of jugular veins, and there was no negative sign of hepatic
jugular venous reflux. The respiratory sounds of both lungs
were clear, and there were no dry or wet rales. The cardiac
boundary was normal, with a heart rate of 74 beats/min.
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The heart rhythm was uniform, and there was a systolic
ejection murmur in the fourth intercostal space on the left
edge of the sternum. The abdomen was flat and soft, without
tenderness and rebound pain, and the bowel sound was
normal. There was no oedema in either of the lower limbs.
Auxiliary examination results showed no detectable changes
in myocardial enzymes, myoglobin, serum troponin T, blood
routine, coagulation function, liver and kidney function,
serum glucose, electrolytes, blood lipids, N-terminal pro-B-
type natriuretic peptide (NT-proBNP) or chest X-ray. The
patient refused genetic testing for HCM. Electrocardiographic
recordings during sinus rhythm showed an ST change, ST
segment depression and T-wave inversion in leads V2 to V6.
Dynamic electrocardiogram (DCG) showed the same results
as electrocardiography (ECG), except for occasional atrial
premature contraction and ventricular premature contraction.
Transthoracic  echocardiography (TTE) revealed the
following (Figures 1A and 1B): 1. Significant hypertrophy
(16 mm) and protrusion (15 mm) of the basal segment of the
ventricular septum + II° systolic anterior motion (SAM) of
the mitral valve resulted in severe obstruction of the LVOT
(the narrowest inner diameter was 7 mm, peak gradient of
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Figure 1: 1A: Continuous-wave Doppler signals showing a dynamic
gradient with late-systolic peaking and a maximum velocity of 7.3
m/second (maximum pressure gradient 105 mmHg. 1B: Apical four-
chamber view showing moderate to severe MR and II° SAM of the
mitral valve.
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LVOT 105 mmHg, average gradient of LVOT 44 mmHg)
and moderate to severe mitral regurgitation (MR) (max
regurgitating velocity 7.3 m/second, max regurgitating
gradient 213 mmHg, instantaneous backflow 57 ml). 2. The
echo light spots of the ventricular septum and left ventricular
(LV) myocardium were slightly thickened and enhanced.
(HCM?) 3. Mild aortic valve regurgitation was observed.
4. The LV diastolic function was poor (FS: 38%), and there
were no obvious abnormalities in the L'V overall contractile
function (EF: 68%).

Admission Diagnosis

The patient was diagnosed with the following:
1. Hypertrophic Obstructive Cardiomyopathy (HOCM)?
2. Coronary Heart Disease (CHD)? Cardiac magnetic
resonance (CMR) showed significant hypertrophy of the
ventricular septum wall of the LV, with the thickest location
being approximately 14 mm (Sel7 Img 25), and II° SAM
of the mitral valve. Myocardial blood flow perfusion was
without defect. Myocardial enhancement was delayed. CMR
indicated the diagnosis of HOCM. Coronary angiography
(CAG) showed that some plaques were observed in the left
anterior descending (LAD) artery with 30% stenosis. There
was a TIMI flow of grade 3. No plaques or occlusion were
observed in the left trunk, left circumflex artery (LCX) or
right coronary artery. The blood stream was unobstructed.
The left ventricular septal branch was not observed providing
collateral blood supply to other areas of the myocardium.
Left ventriculography showed that the interventricular
septum under the mitral valve and the middle part of the
interventricular septum were significantly hypertrophied. The
guide conduit was sent to the left coronal opening. The guide
wire passed through the first septal branch to the distal end,
and then the first septal branch was blocked by balloon test.
At the same time, the MR decreased from 50 ml to 15 ml. This
confirmed that the MR was related to the SAM phenomenon
in HOCM.
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Definite Diagnosis

The patient was diagnosed with HOCM, New York
Heart Association (NYHA) class II and coronary
arteriosclerosis. During his hospitalization, the patient was
treated with metoprolol succinate sustained release tablets
(47.5 mg, qd) and atorvastatin tablets (20 mg, qn). The
patient was advised to quit smoking and to avoid
competitive sports activities, large meals, dehydration and
excess alcohol. The patient should maintain a healthy body
mass index and a healthy lifestyle [9]. Next, alcohol septal
ablation (ASA) was planned, and permanent dual chamber
pacemaker implantation was performed before the
operation. Permanent dual chamber pacemaker implantation
was performed on July 26, 2022. The patient improved and
was discharged on August 1, 2022. The patient was
hospitalized in our department on September 12 once more
and was treated with ASA on September 15. During the
operation, the TTE results showed that the peak gradient of
LVOT was 89 mmHg, the average gradient of LVOT was
42 mmHg, and the MR was 41 ml. The left ventricular
septal branch was blocked by 3 ml of medicinal anhydrous
alcohol injected slowly from the over-the-wire (OTW)
balloon. The patient immediately felt mild chest tightness
and chest pain, and was immediately injected with 5 mg of
morphine, causing relief of the symptoms. After observation
for 5 minutes, part of the pipe was flushed. Postoperatively,
TTE showed the following (Figures 2A and 2B): 1.
Increased blood flow velocity in the LVOT + I° SAM of
the mitral valve (velocity 2.8 m/second, peak gradient of
LVOT 32 mmHg, average gradient of LVOT 15 mmHg). 2.
Mild to moderate MR (instantaneous backflow 18 ml). Two
days later, the patient generally had no chest tightness,
chest pain, or palpitations after activities, but his heart rate
was 66 beats/min. The patient was advised to continue
taking metoprolol succinate sustained release tablets (95 mg,
qd) and atorvastatin tablets (20 mg, qn). The patient
improved and was discharged on September 17,2022.

Figure 2: 2A: Continuous-wave Doppler signals showing a dynamic gradient with late-systolic peaking and a maximum velocity of 2.8 m/
second (maximum pressure gradient 32 mmHg). 2B: Apical three-chamber view showing mild to moderate MR.
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He was advised to be evaluated according to ECG, TTE, and
CMR after 6 months.

Results and Discussion

We presented a case of HOCM with a demonstrated SAM
of the mitral valve with a peak instantaneous gradient of 219
mmHg across the basal LV cavity. Postoperative SAS and
TTE revealed a significant reduction in the LVOT gradient,
improvement in SAM, and reduction in the MR grade. He
had no symptom recurrence since he was discharged. In
patients with HCM, approximately 30%-35% are LVOTO,
which is considered significant with a peak gradient >30
mmHg; in another 30%-35% of HCM patients, the obstruction
is latent and is inducible only by provocative manoeuvres
(e.g., Valsalva or amyl nitrite inhalation). It can also be
diagnosed by exercise echocardiography [10]. The remaining
30%-40% of patients do not have either a resting or provoked
LVOT gradient and are classified as having nonobstructive
HCM [11,12]. The former two are called HOCM. LVOTO
was distinguished mainly by two-dimensional and Doppler
echocardiography. Notably, LVOTO in HCM is a labile and
dynamic phenomenon that can vary depending on LV
afterload, preload, and contractility [13,14]. The presence of
a resting peak LVOT gradient >30 mmHg is associated with
an increased risk of SCD and progression to NYHA Class III
or IV symptoms of heart failure [15]. In an adult, HCM is
defined by a wall thickness >15 mm in one or more LV
myocardial segments—as measured by any imaging
technique (echocardiography, CMR imaging or computed
tomography (CT)). Genetic and nongenetic disorders can
present with lesser degrees of wall thickening (13-14 mm); in
these cases, the diagnosis of HCM requires evaluation of
other features, including family history, noncardiac symptoms
and signs of ECG abnormalities, laboratory tests and
multimodality cardiac imaging [9]. SAM was described for
the first time in the 1960s in patients with asymmetrical
HCM, and it was initially believed to be one of the
pathognomonic signs of this disease entity [16]. LVOTO has
been associated with SAM of the mitral valve, which is
observed in 30-60% of patients with HCM [16-18]. However,
there have been reports confirming that the following have
been associated with SAM phenomenon: acute obstruction of
the interventricular branch of the left coronary artery, mitral
valve repair surgeries and ventricular septal hypertrophy in
hypertension (under conditions of absolute hypovolemia),
which can lead to LVOTO [8, 19]. TTE is the most common
method for diagnosing HCM, while CMR is the most accurate
method for diagnosing HCM; at the same time, CMR is the
preferred noninvasive imaging method for evaluating
myocardial fibrosis [20, 21]. Sometimes, it is very important
to diagnose HCM with CMR. Sharrack et al found that a man
with  Marfan syndrome who underwent urgent
echocardiography was suggestive of HCM, but cardiovascular
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magnetic resonance identified features of acute myocarditis.
Repeated imaging 4 months later showed resolution of septal
thickness, confirming acute myocarditis [22]. If TTE is not
performed to identify patients with HCM, it is recommended
that transoesophageal echocardiography (TEE) be performed.
Commonly, TEE is performed before surgical septal
mastectomy (SSM). Ventriculography is performed to
identify different types of HCM. Ventriculography shows the
“Spade A  sign”, indicating apical hypertrophic
cardiomyopathy (ApHCM). Recently, there have been three
treatments for HOCM, including medical therapies, SSM,
and ASA. SSM and ASA are called septal reduction therapy
(SRT). Resting or provoked gradients of >50 mm Hg are
considered a threshold for invasive therapy in patients who
exhibit drug-refractory symptoms [1, 23]. Medical therapies
are the basic treatment for HOCM, including B-receptor
blockers, first-in-class targeted inhibitors of cardiac myosin,
calcium channel blockers (CCBs), and class I_ antiarrhythmic
drugs. B-Receptor blockers are a first-line treatment for
symptomatic HOCM [9, 24-25], and they inhibit myocardial
contractility, reduce the LVOT gradient, especially the LVOT
gradient in exercise, reduce LVOTO, decrease the heart rate,
improve ventricular diastolic filling, and significantly
improve patients' cardiac function and quality of life [26-28].
The patients are required to control their heart rate at 55 to 60
beats per minute. B-Receptor blockers may also be used in
children with HCM. Mavacamten and aficament are first-in-
class targeted inhibitors of cardiac myosin, which are used in
patients with symptomatic HOCM. Mavacamten has been
shown to improve symptom burden and exercise capacity by
reducing the left ventricular outflow tract gradient (LVOTG)
in the EXPLORER-HCM phase 3 study [29]. Mavacamten
was the first and only approved myocardial globulin inhibitor
approved by the US Food and Drug Administration (FDA) in
April 2022 and can be used in adults with symptomatic
NYHA functional class II~III HOCM to improve functional
capacity and symptoms. Among severely symptomatic drug-
refractory HOCM patients meeting guideline criteria of
eligibility for SRT, receiving mavacamten drug therapy for
16 weeks significantly reduced or obviated the need for SRT
using clinically driven endpoints [30]. Compared with
placebo, aficament can significantly reduce LVOTG and
levels of NT-proBNP [31]. CCBs are also commonly used to
treat symptomatic (i.e., reduced muscle strength and
frequency) HOCM. Contraindications such as sick sinus
syndrome, hypotension, and LVOTG >80-100 mmHg should
be excluded. Propiramide and sibenzozoline are class I,
antiarrhythmic drugs. If patients still have symptoms related
to LVOTO after using B-receptor blockers or CCBs, it is
recommended to add propiramide or sibenzozoline by
titrating gradually to the maximum tolerable dose.
Propiramide can reduce the SAM phenomenon, the MR
grade, and LVOTG [32-33]. SRT: NYHA functional class III
or IV, the peak of systolic gradient in LVOT >50 mmHg, is
related to left ventricular hypertrophy (LVH) or SAM
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phenomenon. The septal interval thickness can be operated
safely and effectively. At present, both SSM and ASA are
effective ways to treat HOCM, and there is no significant
difference between them in reducing LVOTO, improving
symptoms or quality of life, or in short- or long-term
mortality [34]. Between ASA and SSM, the long-term
survival rate and the clinical outcome are comparable [35].
However, the incidence of residual obstruction after ASA is
higher, and the probability of reintervention may be higher.
An analysis of 3859 patients with HOCM showed that, after
adjusting for age, sex and complications, the 10-year all-
cause mortality risk of ASA increased by 68% compared
with SSM [36]. SSM was reported earliest by Morrow et al.
in 1961 [37] and was the standard surgical procedure for
HOCM to open-chest, aortic-incision septal myocardectomy.
Later, the Morrow procedure expanded the scope of septal
resection, extending distal to the mitral septal contact site to
the base of the papillary muscle and even the apex, which is
termed extended ventricular septal myocardectomy or
modified Morrow procedure. Currently, in addition to
ventricular septal hypertrophy leading to myocardectomy of
the ventricular septum via predominantly the aortic incision,
other special types of HOCM, such as ApHCM, may be
treated by myocardectomy via apical incision [38], and mid-
ventricular  obstruction hypertrophic  cardiomyopathy
(MVOHCM) may be performed by myocardectomy via
apical incision or aortic incision [39]. The operative-related
mortality rate for SSM alone is currently less than 1% [40],
whereas the mortality rate for SSM combined with mitral
valve surgery is 3%-5%. Therefore, SSM is recommended
for HOCM combined with mitral valve disease requiring
surgical treatment. However, patients with RBBB are prone
to complicate III° atrioventricular block (AVB) after SSM.
ASA for the treatment of HOCM was introduced as a
percutaneous alternative to surgical myectomy in 1995 [41].
The rate of major adverse cardiac events after ASA is less
than 2% [42]. Perioperative complications mainly included
AVB and right bundle branch block (RBBB), so postoperative
patients more often require pacemaker implantation [43].
Patients with HOCM following ASA are at an increased risk
of developing AVB after SSM [44]. Repeated septal
reduction therapy after ASA is not associated with a higher
risk of major cardiovascular events over a long-term follow-
up period, but patients more often require pacemaker
implantation [45]. AVB or RBBB was prevented with
permanent dual chamber pacemaker implantation before
ASA (Class IIb recommendation and level C). Liebregts et
al. suggested that ASA in younger patients with HOCM was
safe and effective for the relief of symptoms at long-term
follow-up. They proposed that the indication for ASA can be
broadened to younger patients [43]. Lucon et al. illustrated
that the effects of very long-term DDD pacing in patients
with symptomatic HOCM with NYHA functional class >II
were beneficial [46].
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Conclusion

1. LVOTO has been associated with the SAM phenomenon,
which occurs not only in HOCM but also in other diseases.

2. HCM is diagnosed by two-dimensional echocardiography
or CMR.

3. Priorto SAS, the patient received permanent dual chamber
pacemaker implantation to avoid AVB or RBBB.

4. LVOTO in HCM is a labile and dynamic phenomenon
that requires dynamic evaluation.
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