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Sigmoid ventricular septum treated with endocardial ablation to improve left ventricular outflow: cases report
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Background: Sigmoid Ventricular Septum (SVS) is a type of hypertrophic cardiomyopathy characterized by a reduced angle between the basal interventricular septum and the ascending aorta, and SVS can lead to dynamic Left Ventricular Outflow Tract obstruction (LVOTO) during hypercontractile states. Patients experiencing LVOTO may manifest symptoms such as angina, syncope, etc. Radiofrequency ablation (RFA) has been utilized to treat patients with hypertrophic obstructive cardiomyopathy, but there is no reports on its use in treating LVOTO resulting from SVS. Our report describes two cases of SVS treated with endocardial ablation to improve LVOTO.



Case report: Case 1: A 74-year-old female patient with angina and syncope was admitted to the hospital and diagnosed with SVS by transthoracic echocardiogram. The patient exhibited LVOTO and Systolic Anterior Motion (SAM) phenomena during the administration of the dobutamine stress test. After RFA was performed, the patient's symptoms significantly improved. Additionally, septum decreased from 16 to 13 mm after ten months, and the morphological changes associated with SVS also disappeared. Case 2: A 57-year-old female was admitted to the hospital due to recurrent chest pain after physical activity for more than four years. The transthoracic echocardiogram indicated that the patient met the diagnostic criteria for SVS, and LVOTO and SAM phenomenaoccurred following dobutamine stress test. The patient had significant improvement in symptoms after undergoing RFA treatment.



Conclusions: These two cases represent the first documented instances where dynamic LVOTO caused by SVS could be effectively managed through endocardial RFA.
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Introduction

Sigmoid Ventricular septum (SVS) (1), or Sigmoid-shaped interventricular septum (SIS) (2), is a morphological alteration involving a reduced angle between the basal interventricular septum and the ascending aorta. SVS is closely related to age and peak systolic blood pressure, and it is a cardiovascular risk factor (1, 3).

SVS is a type of hypertrophic cardiomyopathy with a unique structure. The SVS is according to the following criteria: (1) an upper interventricular septal thickness ≥14 mm; (2) an upper septal thickness/mid-septal thickness ratio ≥1.3; (3) an angle between the anterior wall of the aorta and right ventricular side of the interventricular septum (septal θ) < 120° in the parasternal long-axis view; and (4) no wall motion abnormalities or mid-septal scarring that could result in isolated septal thickening (1). SVS can lead to clinical symptoms, including angina, syncope etc., due to the occurrence of dynamic left ventricular outflow tract obstruction (LVOTO) (2, 4). Some cases of LVOTO can be alleviated with negative inotropic agents, others show poor responsiveness to such treatment (5). There is currently no widely recognized treatment for SVS. In this report, we present two cases of SVS where successful relief of LVOTO was achieved through endocardial radiofrequency ablation (RFA).

All procedures involving human participants were approved by the ethics committee of Affiliated Hospital of Chengdu University (reference number: PJ2023-064-01), and written informed consent was obtained from the patients and their family before the RFA.



Case 1

A 74-year-old Asian female patient was admitted to the hospital due to angina and syncope. She was an obese patient (Body Mass Index, BMI = 31) with hypertension history, currently she was taking a daily regimen of candesartan (4 mg), indapamide (1.5 mg), and bisoprolol (5 mg) to manage her condition. A year ago, she underwent coronary angiography, which revealed no abnormalities. Upon examination, her blood pressure was measured 172/84 mmHg, and her heart rate was 65 bpm, maintaining a regular rhythm. A transthoracic echocardiogram showed normal left ventricular function with a left ventricular ejection fraction of 65%. There was also evidence of upper interventricular septal thickening, particularly in the basal portion of the interventricular septum (IVS), measuring 16 mm (Figure 1a) and protruding into the left ventricular outflow tract (LVOT). The end-diastolic thickness of the mid-septum and LV posterior wall was 10 mm. The ratio of basal thickness to mid-septal thickness was 1.6. Additionally, the angle between the anterior wall of the aorta and the right ventricular side of the interventricular septum was less than 120° (Figure 1a). At rest, her heart rate was 86 bpm, and the maximum blood flow velocity in the LVOT was measured at 1.16 m/s, with a maximum pressure gradient (MaxPG) of 5 mmHg. No signs of SAM of the mitral valve were observed. A dobutamine stress echocardiography was performed to further evaluate the presence of dynamic LVOTO, incrementally increasing the heart rate from 5–20 ug/kg. At a heart rate of 118 bpm, the patient experienced angina and pre-syncope, accompanied by signs of SAM, resulting in LVOTO.During this phase, the continuous Doppler flow velocity at the LVOT increased to 7.23 m/s (Figure 1b) with a MaxPG of 209 mmHg. Since the patient continued to exhibit clinical symptoms despite beta-blocker therapy, a decision was made to proceed with endocardial RFA.
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FIGURE 1
Echocardiography findings before and after precedure. (a) Apical three-chamber view showing the thickness of the base ventricular septum was 16 mm, pointed out by the white double arrow. Red arrow point to the angle between the anterior wall of the aorta and the right ventricular side (b) Left ventricular outflow gradient provoked by dobutamine before ablation. (c) Parasternal long-axis view of echocardiography taken ten months after ablation, the thickness of thebase ventricular septum was 13 mm. White arc was the angle between the anterior wall of the aorta and the right ventricular side. (d) Left ventricular outflow gradient provoked by dobutamine after ablation. (e,f) Strain bullseye plot illustrating regional longitudinal strain in all myocardial segments before and after ablation. RA, right atrium; RV, right ventricle; LV, left ventricle; LA, left atrium; AO, Aorta; AV, aortic valve; MV, mitral valve. SEPT: Posterior Septum, ANT-SEPT: Anterior Septum.


The procedure was performed under general anesthesia. A 4-pole electrode was inserted through the right femoral vein and carefully maneuvered into the right ventricle (RV) for backup pacing. The SL1 sheath was inserted through the right femoral vein to facilitate atrial septal puncture. The patient received heparinization (100 U/kg), with the dosage adjusted to maintain an activated clotting time of 250–300 s. Electroanatomic mapping of the left ventricle was conducted using the CARTO system (Figure 2a). RFA was carried out utilizing a 4-mm, irrigated-tip ablation catheter (Thermocool Smart Touch, Biosense-Webster Inc., Diamond Bar, CA), which was introduced through the SL1 sheath, passing across the mitral annulus and entering the left ventricle. Transesophageal echocardiography guided the catheter to the contact point between the anterior mitral valve lobe and the left ventricular septum for ablation. The ablation was performed at a power setting of 40–45 W, with contact force between 5 and 20 g. Each point receiving 60–90 s of ablation time and a flow rate of 20 ml/min. During the ablation process, the HIS bundle and P potential were carefully identified and avoided. The primary ablation objective was to cover the area of SAM-septal contact and the thickest part of the ventricular septum as much as possible. The ablation was terminated when the electrocardiogram displayed a left posterior branch block pattern (Figures 2b,c), and the MaxPG decreased to 18 mmHg after the dobutamine stress test.
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FIGURE 2
Three-dimensional mapping of ventricular septal ablation and electrocardiogram. (a) Left ventricular septal endocardial radiofrequency ablation guided by 3D mapping in the RAO view. Red dots represent ablation points, yellow dots indicate His potential and P potential, and the blue dot marks the thickest part of the ventricular septal base. (b) Electrocardiogram (ECG) recorded before ablation. (c) ECG during ablation displaying left posterior branch block. RAO, right anterior oblique; LV, left ventricle; MV, mitral valve.


After ablationand five days following with patient, SAM and LVOTO were no longer observed during the dobutamine stress test, with the heart rate reaching 121 bpm. The flow velocity in the LVOT was measured at 2.66 m/s (Figure 1d), and MaxPG was recorded as 28 mmHg. A strain bulls-eye plot illustrated a decrease in regional longitudinal strain (LS) in the SEPT and ANT-SEPT segments after the ablation (before vs. after = −16% vs. −11%) (Figures 1e,f). After ten months of follow-up, the patient's symptoms were alleviated. Transthoracic cardiac ultrasound revealed the disappearance of morphological changes in SVS, with the basal portion of the IVS and the posterior wall thickness at 13 mm (Figure 1c). The angle between the basal interventricular septum and the ascending aorta remained less than 120°.



Case 2

A 57-year-old Asian female, with a BMI of 28, was admitted to the hospital due to recurrent chest pain, fatigue, and shortness of breath after physical activity. She had a 34-year history of hypertension, with systolic pressures exceeding 180 mmHg at times. She was on a daily regimen of amlodipine (5 mg) and indapamide (1.5 mg), effectively controlling her blood pressure. Coronary angiography revealed mid-median stenosis with calcification in the left anteriorproximal descending branch, while the other coronary branches appeared normal. A 2/6 grademurmur was detected at the left sternal border in the third to fourth intercostal space during auscultation. Transthoracic echocardiography revealed subaortic ventricular septal thickening (approximately 17 mm) and normal left ventricular function, indicated by an ejection fraction of 56%. SAM with LVOTO was observed. The end-diastolic thickness of the mid-septum and LV posterior wall was 12 mm, with a basal-to-median thickness ratio of 1.42. Furthermore, the angle between the anterior wall of the aorta and the right ventricular side of the interventricular septum was less than 120° (Figure 3a).
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FIGURE 3
Echocardiography findings before and after precedure. (a) Parasternal long-axis view of echocardiography showing hypertrophy of the base of the left ventricular septum and the angle between the aorta and right ventricular interventricular septum(red arrow). (b,c) Left ventricular outflow gradient provoked by dobutamine before and after radiofrequency ablation. (d,e) Strain bullseye plotsduring baselineand three months after dobutamine stress post-ablation. RA, right atrium; RV, right ventricle; LV, left ventricle; LA, left atrium; AO, Aorta; AV, aortic valve; MV, mitral valve; SEPT, posterior septum; ANT-SEPT, anterior septum.


At rest, the blood flow velocity in the left ventricular outflow tract was 3.02 m/s, with a MaxPG of 36 mmHg. Following dobutamine infusion (55 ug/kg/min), when the heart rate reached 95 bpm, the SAM phenomenon worsened, resulting in a blood flow velocity in the LVOT of 4.26 m/s and a MaxPG of 73 mmHg (Figure 3b). Despite being on bisoprolol (5 mg daily) to control heart rate for several months, the patient reported only modest relief from her symptoms of shortness of breath and chest pain. Consequently, she underwent ventricular septal RFA treatment under general anesthesia (Figure 4a). The procedure was similar tothat performed in Case 1, with ablation ceasing upon the appearance of a left anterior branch block on the electrocardiogram (Figures 4b,c). Immediately after ablation, dobutamine was administered (30 ug/kg/min), resulting in a notable improvement in the mitral valve SAM phenomenon, with a MaxPG of 27 mmHg and a heart rate of 110 bpm. Her symptoms significantly improved during the follow-up period. Three months later, a dobutamine stress test (30 ug/kg/min) was conducted, with the heart rate reaching 109 bpm. The LVOT pressure gradient decreased significantly, and the blood flow velocity measured 2.27 m/s, with a MaxPG of 21 mmHg (Figure 3c). A strain bulls-eye plot revealed a reduction in regional longitudinal strain in the anterior segments after ablation during dobutamine stress (LS −9% vs. −6%) (Figures 3d,e). The thickness of the base of the ventricular septum remained at approximately 17 mm. The angle between the basal interventricular septum and the ascending aorta remained less than 120°.
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FIGURE 4
Three-Dimensional mapping of ventricular septal ablation and electrocardiogram. (a) Left ventricular septal endocardial radiofrequency ablation in the RAO view. Red dots represent ablation points, purple points indicate His potential and P potential, and light blue dot marks the thickest part of the ventricular septal base. (b) ECG recorded before ablation, demonstrating a normal electric axis with ST-segment depression in leads I and aVL. (c) ECG during ablation indicating left axis deviation with ST-segment depression in lead I, aVL, and slight elevation in lead II, III, aVF, and V1. LV, left ventricle; MV, mitral valve.




Discussion

In this study, we propose a novel approach using RFA for the treatment of SVS. To our knowledge, this is the first report of such a method being applied to SVS treatment.

The treatment methods for SVS are under debate, drug therapy (including β-blockers, Cibenzoline etc.) requires long-term use, and the effects are sometimes not ideal (2, 6). Myectomy of the subaortic hypertrophied septal bulge may lead to a complete atrioventricular block andiatrogenic ventricular septal defect (7). Percutaneous transluminal septal myocardial ablation with absolute ethanol has been successfully employed for symptomatic SVS (8), up to 10% of patients may not be suitable for alcohol septal ablation due to the absence of a target septal perforator or the presence of a perforator supplying other myocardial regions (9). Furthermore, there is a risk that the mid-septal thickness of SVS may not be sufficient to prevent perforation of the interventricular septum.

In both of our cases, RFA was used for the treatment of SVS. Dobutamine-induced left ventricular MaxPG significantly decreased following ablation, along with the disappearance or improvement of the SAM phenomenon. Ventricular septal RFA for treating outflow tract obstruction in hypertrophic obstructive cardiomyopathy was initially reported by Emmel and Sreeram (10). In this study, we applied RFA to SVS, and the mechanism of RFA in reducing left ventricular MaxPG in hypertrophic obstructive cardiomyopathy is similar. LS is used to assess the longitudinal contractile capacity of the subendocardial myocardium, with more negative LS indicating better local myocardial segmental motor function (11, 12). A strain bulls-eye plot in the first patientindicated a reduction in regional LS in the septum and anteroseptum segments after ablation (−16% vs. −11%). In the second patient, longitudinal strain in the anterior segment decreased after ablation duringdobutamine stress (−9% vs. −6%). These findings suggest local myocardial contractile dysfunction, which likely reduces the outflow tract pressure gradient.

As an invasive treatment, the main risks and limitations of RFA are related to the procedure itself and the preoperative condition of the patient. If the patient cannot tolerate surgery [surgical conditions refer to hypertrophic cardiomyopathy ablation (13)], this treatment method should not be used. Additionally, the risks associated with the invasive procedure, such as bleeding and cardiac rupture, must be considered. Therefore, preoperative evaluation and obtaining informed consent from the patient are very important. Besides, in our cases, both patients exhibited damaged left bundle branches, with one presenting with a left posterior fascicular block and the other with a left anterior fascicular block. The left bundle branch courses directly beneath the target area of SAM-septal contact, making it inevitable that ablating this area may damage the conduction tissue. However, animal experiments confirmed that LV remodeling occurs after RFA damages the left bundle branch in dogs (14). Whether left bundle branch block after ablation is a prerequisite for achieving therapeutic efficacy or an adverse side effect of the surgery still requires more clinical research to be confirmed.

It is worth mentioning that several new ablation modalities have recently been applied in cardiac ablation procedures, such as temperature-controlled RFA, pulsed field ablation, and radiofrequency needle ablation (15–17). These methods have not only demonstrated good efficacy but also significantly reduced the risk of steam pops, thereby greatly lowering surgical risk. These novel ablation techniques may offer new treatment options for SVS.



Conclusions

In summary, these two cases provide the first evidence that dynamic left ventricular outflow tract obstruction caused by SVS can be effectively treated with endocardial RFA. Although the two cases may not represent a universal response among all patients with SVS, they suggest a potential method for clinicians managing this condition. The effectiveness and safety of this procedure require further validation in future studies.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving humans were approved by Ethics Committee of Affiliated Hospital of Chengdu University (reference number: PJ2023-064-01). The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.



Author contributions

SH: Data curation, Methodology, Supervision, Writing – original draft, Writing – review & editing. XW: Data curation, Writing – original draft. QL: Data curation, Writing – original draft. XX: Methodology, Writing – original draft. CH: Methodology, Writing – original draft. KF: Methodology, Writing – original draft. JJ: Data curation, Methodology, Writing – original draft. JM: Funding acquisition, Writing – original draft, Writing – review & editing.



Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. Studies were funded by the National Natural Science Foundation of China (No. 81900404) and Sichuan Provincial Department of Science and Technology (NO.24NSFSC2535).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Abbreviations

SVS, sigmoid ventricular septum; LVOTO, left ventricular outflow tract obstruction; BMI, body mass index; LVOT, left ventricular outflow tract; RFA, radiofrequency ablation; SAM, systolic anterior motion; IVS, interventricular septum; MaxPG, maximum pressure gradient; LS, longitudinal strain.



References

1. Tano A, Kasamaki Y, Okumura Y, Ohta M, Kofune T, Fujii N, et al. Major determinants and possible mechanism of dobutamine-induced left ventricular outflow tract obstruction in patients with a sigmoid ventricular septum. J Cardiol. (2013) 61:428–35. doi: 10.1016/j.jjcc.2013.01.008

2. Yamaguchi Y, Mizumaki K, Iwamoto J, Nishida K, Sakamoto T, Nakatani Y, et al. Recurrent syncope in two patients with a sigmoid-shaped interventricular septum and no left ventricular hypertrophy. J Arrhythm. (2015) 31:391–4. doi: 10.1016/j.joa.2015.04.006

3. Manea P, Ghiuru R. Correlations between the presence of sigmoid interventricular septum and increased relapse risk of stroke in hypertensive patients. Rev Med Chir Soc Med Nat Iasi. (2013) 117:857–62.24502061

4. Ozaki K, Okubo T, Hagiya K, Kubota N, Tsuchida K, Takahashi K, et al. Unstable angina complicated with dynamic left ventricular outflow tract obstruction. J Cardiol Cases. (2021) 23:181–8. doi: 10.1016/j.jccase.2021.01.013

5. Ranasinghe I, Yeoh T, Yiannikas J. Negative ionotropic agents for the treatment of left ventricular outflow tract obstruction due to sigmoid septum and concentric left ventricular hypertrophy. Heart Lung Circ. (2011) 20:579–86. doi: 10.1016/j.hlc.2011.05.002

6. Ozaki K, Sakuma I, Mitsuma K, Suzuki T, Tsuchida K, Takahashi K, et al. Effect of cibenzoline and atenolol administration on dynamic left ventricular obstruction due to sigmoid-shaped septum. Circ J. (2008) 72:2087–91. doi: 10.1253/circj.CJ-07-0897

7. Fujita K, Nakashima K, Kumakura H, Minami K. A surgical experience of symptomatic sigmoid septum: drastic exacerbation of mitral regurgitation after sufficient ventricular septal myectomy. Ann Thorac Cardiovasc Surg. (2014) 20(Suppl):871–7. doi: 10.5761/atcs.cr.13-00092

8. Hamana T, Iwasaki M, Otake H, Kokawa T, Fukuishi Y, Odajima S, et al. A successful case of percutaneous transluminal septal myocardial ablation for left ventricular outflow tract obstruction caused by sigmoid septum. J Cardiol Cases. (2020) 22:159–62. doi: 10.1016/j.jccase.2020.05.019

9. Chan W, Williams L, Kotowycz MA, Woo A, Rakowski H, Schwartz L, et al. Angiographic and echocardiographic correlates of suitable septal perforators for alcohol septal ablation in hypertrophic obstructive cardiomyopathy. Can J Cardiol. (2014) 30:912–9. doi: 10.1016/j.cjca.2014.04.008

10. Emmel M, Sreeram N. Radiofrequency catheter septal ablation for hypertrophic obstructive cardiomyopathy in children. Neth Heart J. (2005) 13:448–51.25696442

11. Potter E, Marwick TH. Assessment of left ventricular function by echocardiography: the case for routinely adding global longitudinal strain to ejection fraction. JACC Cardiovasc Imaging. (2018) 11:260–74. doi: 10.1016/j.jcmg.2017.11.017

12. Auffret V, Martins RP, Daubert C, Leclercq C, Le Breton H, Mabo P, et al. Idiopathic/iatrogenic left bundle branch block-induced reversible left ventricle dysfunction: JACC state-of-the-art review. J Am Coll Cardiol. (2018) 72:3177–88. doi: 10.1016/j.jacc.2018.09.069

13. Cooper RM, Shahzad A, Hasleton J, Digiovanni J, Hall MC, Todd DM, et al. Radiofrequency ablation of the interventricular septum to treat outflow tract gradients in hypertrophic obstructive cardiomyopathy: a novel use of CARTOSound® technology to guide ablation. Europace. (2016) 18:113–20. doi: 10.1093/europace/euv302

14. Vernooy K, Verbeek XA, Peschar M, Crijns HJ, Arts T, Cornelussen RN, et al. Left bundle branch block induces ventricular remodelling and functional septal hypoperfusion. Eur Heart J. (2005) 26:91–8. doi: 10.1093/eurheartj/ehi008

15. Dello Russo A, Compagnucci P, Bergonti M, Cipolletta L, Parisi Q, Volpato G, et al. Microelectrode voltage mapping for substrate assessment in catheter ablation of ventricular tachycardia: a dual-center experience. J Cardiovasc Electrophysiol. (2023) 34:1216–27. doi: 10.1111/jce.15908

16. Compagnucci P, Valeri Y, Conti S, Volpato G, Cipolletta L, Parisi Q, et al. Technological advances in ventricular tachycardia catheter ablation: the relentless quest for novel solutions to old problems. J Interv Card Electrophysiol. (2024) 67:855–64. doi: 10.1007/s10840-023-01705-7

17. Compagnucci P, Dello Russo A, Gasperetti A, Schiavone M, Sehrawat O, Hasegawa K, et al. Substrate characterization and outcomes of ventricular tachycardia ablation in amyloid cardiomyopathy: a multicenter study. Circ Arrhythm Electrophysiol. (2024) 17(9):e012788. doi: 10.1161/CIRCEP.124.012788



OPS/xhtml/Nav.xhtml




Contents





		Cover



		Sigmoid ventricular septum treated with endocardial ablation to improve left ventricular outflow: cases report

		Introduction



		Case 1



		Case 2



		Discussion



		Conclusions



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher's note



		References



















OPS/images/cover.jpg
, frontiers ‘ Frontiers in Cardiovascular Medicine

Sigmoid ventricular septum
treated with endocardial ablation
to improve left ventricular
outflow: cases report





OPS/images/fcvm-11-1439504-g001.jpg





OPS/images/fcvm-11-1439504-g004.jpg
i Rl e e e i i

%0 uu \,_mer\,_f\_w\_.{r\
I N f

oz v o insen s i s

e
2
e
8
n
=]
]

LLLLLLL

A58 (B ) S O A (O e

LT
T T T,

| | | |
\F L~ Mq‘ LMJLH\

TR

SRR

i e I N 2 P
)
\ L s T i wv“‘%“\/ﬂ"






OPS/images/fcvm-11-1439504-g002.jpg
ey o e i e 2 o g

:1 l___,LJ‘\__/L/\._JLA“J-JR"
|5 s Nl =8 L
e ﬂ :J\/—-l\»-—JH \/-”-*I
JLN'W‘"\M“"

Tt A b oy





OPS/images/fcvm-11-1439504-g003.jpg









OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
& frontiers | Frontiers in Cardiovascular Medicine





