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With the development of minimally invasive technologies in the medical field, more

and more technologies can replace surgical thoracotomy and relieve the pain of

disease via minimally invasive methods. We reported a case of aortic valve stenosis

combined with left ventricular outflow track obstruction treated by two minimally invasive

techniques, transcatheter aortic valve replacement and transthoracic echocardiography–

guided percutaneous intramyocardial septal radiofrequency ablation, and followed up for

2 years.
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BACKGROUND

Surgical aortic valve replacement (SAVR) is recommended as first choice for patients with aortic
valve stenosis (AS) combined with septal hypertrophy that needed septal reduction therapies,
especially for patients with left ventricular outflow track obstruction (LVOTO) (1). With the
development of minimally invasive therapy, transcatheter aortic valve replacement (TAVR) has
been recommended for symptomatic aortic stenosis (AS) in patients of all risk categories (2).
Nevertheless, TAVR has not been used in patients with aortic stenosis combined with LVOTO. For
these patients, possibly minimally invasive therapy is septal alcohol ablation after TAVR. Although
alcohol septal ablation is recommended for patients with LVOTO, it is associated with high risk
of complications, arrhythmic events, and poor long-term prognosis. Recently, a novel minimally
invasive treatment, transthoracic echocardiography (TTE)–guided percutaneous intramyocardial
septal radiofrequency ablation (PIMSRA), has been reported in small numbers of hypertrophic
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cardiomyopathy patients (3). Thus, PIMSRA can be used for
patients with aortic valve stenosis combined with LVOTO as a
novel, less invasive therapy.

CASE PRESENTATION

A 62-year-old man complained of dyspnea and amaurosis for 2
years. For ∼2 years before admission, the patient had transient
tightness in the chest and dyspnea on exertion. Coronary
angiography was performed at the local hospital, suggesting
mild stenosis of the right coronary artery. After that, he was
prescribed with aspirin 100mg and atorvastatin 10mg, and
his symptoms did not improve significantly. Two months ago,
he experienced an exacerbation of his dyspnea accompanied
by amaurosis, which arose during minimal physical activity.
Therefore, he was admitted to our hospital with New York Heart
Association (NYHA) functional class III. Physical examination
was unremarkable, and vital signs were normal. The patient
did not measure his blood pressure (BP) regularly and his BP
measured during hospitalization was 110–120/70–80 mmHg. His
resting heart rate was 70–80 beats per minute.

TTE suggested severe aortic stenosis (AS) (peak jet velocity
4.6 m/s, mean pressure gradient 49 mmHg) combined with
LVOTO (peak jet velocity 4.8 m/s, maximum pressure gradient
93 mmHg) (Figure 1). Interventricular septal thickening (16–
17mm) was confirmed by TTE and CT (Figures 2A,B;
Supplementary Videos 1, 2). Although the image collection
of TTE was not satisfactory enough, the TTE showed
and CT confirmed the diagnosis of type-0 bicuspid calcific
aortic stenosis. Aortic valve area was 0.94 cm2 measured
by echocardiography and was 0.96 cm2 measured by CT
of systolic phase (Figures 3A,B; Supplementary Videos 3, 4).
As the patient was diagnosed with AS and suspected with
hypertrophic obstructive cardiomyopathy (HOCM), aortic valve
replacement and septal myectomy was suggested by heart team
consultation (1, 4). However, the patient declined surgery even
with a low surgical risk (Society of Thoracic Surgeons score
1.399%) and demanded for less invasive therapy. Considering
the difficulty of alcohol septal ablation (ASA) at the septal
branch of this patient, TAVR combined with PIMSRA was
planned. As the balloon-expandable valve had not been approved
for sale in mainland China at that time, we used the only
one domestic self-expandable Venus A-valve (Venus MedTech,
Hangzhou, Inc., China) for TAVR. Pre-TAVR six-lead ECG
findings included sinus rhythm, inverted T waves at the inferior
and lateral leads (I, II, AVL, and V5), and depressed ST
segment at leads I and AVL (Figure 4A). After a 26-mm self-
expandable Venus A-valve was successfully deployed, the post-
TAVR mean pressure gradient decreased to 17 mmHg and
peak jet velocity to 2.8 m/s, but LVOTO remained unchanged
(Figure 1, Supplementary Videos 5, 6). There was no significant
change observed by post-TAVR six-lead ECG without any
complications of conduction block (Figure 4B). Because his BP
was not stable when 5mg bisoprolol fumarate was added, we
maintained the maximum dose he could take. He was prescribed
with clopidogrel 75mg, aspirin 100mg, bisoprolol fumarate

2.5mg, atorvastatin 20mg, furosemide 20mg, spirolactone
20mg, and potassium chloride 1 g at discharge with NYHA
functional class II. At 6 months’ follow-up after TAVR, he
complained of dyspnea again with NYHA functional class III.
There were no significant changes in the follow-up 12-lead ECG
(Figure 4C). LVOTO (peak jet velocity 4.4 m/s and maximum
pressure gradient 77 mmHg) (Figure 1) and septal thickening
were still shown by TTE and CT; delayed enhancement of
myocardium was confirmed by cardiac magnetic resonance
imaging (CMR) (Figures 2C–E). Although the gene detection
showed that no HOCM-related genes were found, the diagnosis
of HOCM has been proved. Although ASA is recommended
for patients with HOCM, it is associated with high risk of
conduction block and high recurrence rate (5). Thus, PIMSRA
became a possible choice (3). The maximum pressure gradient
of LVOT decreased to 12 mmHg after PIMSRA immediately
(Figure 2F; Supplementary Videos 7, 8), and the thickness of the
septa decreased to 13mm 5 days later. The mean pressure of the
aortic valve reached 7 mmHg (Figure 1). The patient’s symptoms
were completely relieved at discharge with NYHA functional
class II. He was prescribed aspirin 100mg and metoprolol
succinate 47.5mg. After follow-up at 2 years after TAVR, 1.5
years after PIMSRA, the patient’s symptoms remained stable, and
echocardiography showed peak jet velocity of aortic valve, peak
jet velocity of LVOT, and thickness of septa of 2.5 m/s, 2.1 m/s,
and 13mm, respectively (Figure 1; Supplementary Video 9).

DISCUSSION AND CONCLUSION

A previous study showed that there was a difference in septal
thickness between AS and HOCM. Septal thickness more than
25mm is uncommon for patients with AS. Also, for patients with
septal thickness between 15 and 20mm, 60% were AS patients
and 40% were HOCM (Figure 5) (6). In this case, the septal
thickness of 17mm cannot diagnose AS or HOCM. Although
the gene detection showed no HOCM-related genes were found,
the asymmetric patterns of left ventricular hypertrophy, the
LVOTO with maximum pressure gradient 93 mmHg, and
delayed enhancement of myocardium by CMR, all the evidences
support the diagnosis of HOCM. Based on existing clinical
characteristics, SAVR is the first choice for patient concomitant
with AS and LVOTO (1, 4). With the development of minimally
invasive therapy in the cardiovascular field, more and more
patients are beginning to request the use of minimally invasive
technology to relieve their symptoms. As a less invasive therapy
for obstructive HCOM, ASA has been proven as a safe and
effective therapy for LVOTO, about nearly 80% success rate
after ASA compared with more than 90% success rate after
myectomy. Previous studies showed short-term results that
TAVR and ASA were safe and effective for concomitant AS
and obstructive HCOM (7). However, several disadvantages of
ASA should be mentioned (5, 8). Nearly 10% of ASA patients
require a permanent pacemaker and more than 7% of ASA
patients required reintervention (8). As a novel therapy, PIMSRA
has showed advantages in success rate and complication rates.
This is a percutaneous intramyocardial, non-transaortic, and
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FIGURE 1 | Changes of peak jet velocity and pressure gradient of aortic valve and left ventricular outflow track.

FIGURE 2 | Imaging characteristics of interventricular septa. (A) Thickened interventricular septa was confirmed by TTE of 17.0mm. (B) Thickened interventricular

septa was confirmed by CT of 16.09mm. (C) Left ventricular contrast echocardiography shows thickened interventricular septa of 16.7mm at 6-month follow-up after

TAVR. (D) Thickened interventricular septa was confirmed by CT of 17.7mm at 6-month follow-up after TAVR. (E) Myocardial fibrosis and delayed enhancement was

confirmed by cardiac magnetic resonance. (F) Interventricular septal thickness decreased to 13.0mm after PIMSRA 5 days later. Red arrows: delayed enhancement.

non-transcoronary approach, which could reduce LVOTO and
avoid sternotomy, rely on alcohol injection, and damage the
conduction system distributed underneath the endocardium.

In this case, TAVR as a less invasive technique was used for
AS treatment. However, after TAVR 6-month follow-up, the
patient has relapsed symptoms caused by LVOTO. Considering
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FIGURE 3 | Type-0 bicuspid aortic valve orifice area measured by echocardiography and CT. (A) Aortic valve orifice area was 0.94 cm2 measured by TTE. (B) Aortic

valve orifice area was 0.96 cm2 measured by CT of systolic phase.

FIGURE 4 | ECGs at different times. (A) Pre-TAVR ECG. (B) Post-TAVR ECG. (C) ECG at 6-month follow-up after TAVR.

the high risk of complication and high recurrence rate of
ASA and the difficulty to get the coronary artery after TAVR,
PIMSRA became another choice. A previous study (9) showed
the concept of suicide left ventricule (LV) from a case that was
diagnosed with AS, small LV, thickened septa, and hyperdynamic

LV systolic function. After TAVR procedure, the patient’s acute
hemodynamic derangement was secondary toHOCMphysiology
although there was absence of systolic anterior motion (SAM)
of the anterior mitral valve leaflet before TAVR. In our case,
the patient did not experience acute LV function changes after
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FIGURE 5 | Difference of ventricular septal thickness between valvular aortic

stenosis and hypertrophic cardiomyopathy. Comparison of ventricular septal

thickness in 85 patients with valvular aortic stenosis (AS) and 151 patients with

hypertrophic cardiomyopathy (HCM), studied with echocardiography and at

necropsy (5).

TAVR, but the patient’s symptoms relapsed after TAVR 6 months
caused by LVOTO, which required a second procedure. Under
the guarantee of a multi-disciplinary heart team, simultaneous
TAVR and PIMSRAmay be a better therapy for these patients. At
2-year follow-up, TAVR and PIMSRA showed safety and efficacy
to treat concomitant AS and obstructive HOCM. For patients
with AS combined with obstructive HOCM, TAVR combined
with PIMSRA is a novel minimally invasive therapy. Besides,
this technique may offer new insight for patients with residual
pressure after TAVR caused by secondary LVOTO.
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Supplementary Video 1 | Thickened interventricular septa was confirmed by TTE

(left ventricular long-axis view).

Supplementary Video 2 | Thickened interventricular septa was confirmed by TTE

(four-chamber view).

Supplementary Video 3 | Short-axis view of type-0 bicuspid aortic valve stenosis

by echocardiography.

Supplementary Video 4 | En face view of type-0 bicuspid aortic valve stenosis

by CT.

Supplementary Video 5 | Successful TAVR procedure without any adverse

events is shown by angiography.

Supplementary Video 6 | LVOTO is shown by left ventricular angiography.

Supplementary Video 7 | Radiofrequency electrode needle was inserted into the

hypertrophied IVS via the percutaneous intramyocardial approach.

Supplementary Video 8 | The thickness of interventricular septa was significantly

reduced after PIMSRA for 5 days (four-chamber view by TTE).

Supplementary Video 9 | Follow-up at 1.5 years after PIMSRA and 2 years after

TAVR. The thickness of interventricular septa was maintained at 13mm

(four-chamber view by TTE).
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