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Abstract
Background: Hypertrophic obstructive cardiomyopathy (HOCM) is an autosomal dominant genetic disorder. Invasive 
treatment for intraventricular gradient reduction is indicated in patients (p) who are refractory to clinical treatment with 
gradient ≥ 50 mmHg. Radiofrequency ablation (RFA) is one of the current options for invasive management. 

Objectives: To evaluate the correlation between interventricular septal diameter and procedural success, defined as 
immediate post-procedural gradient reduction, improvement in functional class (FC), and sustained gradient reduction 
at 6-month follow-up. 

Methods: Twenty-two patients with HOCM were included. Transthoracic echocardiography was performed before and 
six months after RFA, while transesophageal echocardiography (TEE) was carried out intraprocedure. 

Results: The mean age was 56.64 years (± 12.23), with 68.18% of patients being female and 73% hypertensive. An 
immediate gradient reduction greater than 50% was observed in 72.7% of patients. At the 6-month follow-up, 60% of 
patients showed a ≥ 50% gradient reduction along with an improvement in FC. A median septal thickness of 18 mm 
was associated with greater procedural success compared to a median of 15 mm, and no significant change in septal 
thickness was observed over the 6-month follow-up period. 

Conclusion: Radiofrequency septal ablation (RFSA) is an effective and safe technique for the invasive management 
of HOCM. The procedure enables a significant reduction in the intraventricular gradient, accompanied by improved 
FC and sustained short-term results. Thicker septal were associated with greater intraprocedural gradient reductions; 
however, there was no reduction in thickness during the 6-month follow-up.
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Introduction
Hypertrophic cardiomyopathy (HCM) is an autosomal 

dominant genetic disorder that affects one in 500 individuals1 
and is considered the most common isolated form of 
hereditary heart disease.2 In addition to its genetic basis, the 
disease’s pathophysiology involves a combination of diastolic 
dysfunction, left ventricular outflow tract (LVOT) obstruction, 
mitral regurgitation, and myocardial ischemia.3 

This pathophysiological mechanism explains the 
development of clinical manifestations, which not only 
present with a highly heterogeneous clinical picture, but 

can begin at any stage of life.4-7 This diversity in clinical 
presentations is largely due to genetic heterogeneity itself, 
with progression ranging from asymptomatic cases to sudden 
death as the initial diagnosis.8 

In the presence of symptoms, treatment for HCM 
is indicated.8 Pharmacological therapy is the first-line 
treatment used to relieve heart failure symptoms. However, 
in cases of significant obstruction and severe symptoms 
refractory to drug treatment, more invasive measures 
may be necessary to improve symptoms and reduce the 
intraventricular gradient.9

Two invasive methods, surgical myectomy and alcohol 
septal ablation, are used to relieve LVOT obstruction in 
patients refractory to clinical treatment. Recent studies have 
reported favorable results of a new interventional procedure, 
radiofrequency septal ablation (RFSA). 

There are few studies in the literature correlating 
myocardial thickness diameters with the success of this 
procedure. Therefore, our objective was to assess whether 
the degree of myocardial wall thickening prior to the 
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intervention was associated with greater success in RFSA 
in patients with hypertrophic obstructive cardiomyopathy 
(HOCM).

Methods

Study Sample
This is a retrospective observational study based on a 

review of medical records, approved by our institutional 
research ethics committee under protocol No. 5133.  
Patients of both sexes, aged 18 years or older, diagnosed 
with HOCM, and who underwent RFSA treatment were 
included. The procedure was performed between May 2017 
and October 2019.

Invasive therapy was indicated for patients with HOCM 
with a maximum gradient at rest or after provocative 
maneuver ≥ 50 mmHg, were symptomatic, and refractory 
to clinical treatment. Patients who underwent another 
concomitant invasive procedure or declined participation 
were excluded from the study.

RFSA Protocol
The procedure protocol was described by Valdigem et 

al.10 RFSAs were performed in an electrophysiology room, 
with the patient under general anesthesia and mechanical 
ventilation. The right femoral artery was accessed using an 
8F introducer for retroaortic access to the left ventricular 
septal region. Two additional punctures were made 
in the right femoral vein (6F introducer) to place one 

quadripolar catheter in the right septum (to identify the 
His bundle electrocardiographically) and another in the 
right ventricular apex.

With the aid of transesophageal echocardiography (TEE), 
the ventricle-aortic gradient was measured, and the area of 
greatest flow acceleration—corresponding to the point of 
greatest obstruction — was identified.

Thus, using TEE morphofunctional analysis and 
electroanatomical mapping, the therapeutic catheter was 
positioned at the site of greatest septal obstruction, and 
radiofrequency energy was applied for 120 seconds (80W, 
60 °C). After each application, the gradient was measured 
by means of TEE. Immediately after the procedure, TEE was 
used to measure the maximum gradient in the LVOT and to 
rule out complications such as pericardial effusion, mitral 
valve injury, or significant mitral regurgitation.

After the sheaths were removed, patients remained in 
the intensive care unit (ICU) for 24 hours and were then 
transferred to the inpatient ward for 3 to 5 days.

Research Design Flowchart
Medical records of eligible patients were reviewed 

according to the established inclusion and exclusion criteria. 
Clinical data and interventricular septal diameters (measured 
by pre-procedure transthoracic echocardiography) were 
analyzed. Procedural success was defined as immediate 
gradient reduction, absence of reintervention within six 
months, improvement in NYHA functional class (FC), and 
gradient reduction at 6-month follow-up (Central Illustration).

Central Illustration: Hypertrophic Cardiomyopathy: Analysis of Septal Thickness with Gradient Reduction 
in Patients Undergoing Radiofrequency Septal Ablation Imagem
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Statistical Analysis
Frequency distribution was used to describe categorical 

variables. Central trend measures (mean and median) and 
variability (minimum, maximum, and standard deviation) 
were used to describe numerical variables.

Given the variability in hemodynamic conditions, two 
assessment settings were defined: intraprocedure and 
outpatient. Intraprocedure: considering the gradients 
immediately before ablation and immediately after ablation, 
with the patient intubated under the effect of positive 
pressure. Outpatient: considering the gradients estimated by 
the echocardiogram before the procedure and six months 
after the procedure.

The nonparametric Mann-Whitney U test was used to 
verify the association between the septal measurement 
numerical variable and procedural success. This test was 
chosen because the normal distribution of the septal 
measurements was not observed.

A graph was constructed for the evolution of the 
septal thickness at the time points before the procedure, 
three months, and six months after the ablation. A mixed 
linear regression model was used to assess changes in 
septal thickness over time, treating repeated patient 
measurements as a random effect.

The paired Student’s t-test was applied to compare the 
numerical variable gradient before the procedure and at 6 months, 
where the normal distribution of the data was identified.

The nonparametric Wilcoxon paired test was applied to 
compare the numerical variable immediate gradient before 
the procedure and immediately after, and no normality was 
observed in the variables data.

The Shapiro-Wilk test was conducted to verify data 
normality (normal distribution) for each numerical variable. 

Box-Plot graphs were used to represent the distribution 
of the pre and post-immediate gradient at timepoint zero 
and six months later.

A significance level of 5% was adopted for all statistical 
tests. The statistical software STATA version 16.0 was used to 
perform the statistical analyses (ref:  StataCorp. 2019. Stata 
Statistical Software: Release 16.0. College Station, Texas: 
Stata Corporation).

Results
The study included 22 patients with HOCM who 

underwent RFSA treatment at a tertiary cardiology hospital 
between May 2017 and October 2019.

Table 1 shows the clinical characteristics observed 
before the procedure. Regarding gender, the sample was 
predominantly female, with seven men (32%) and 15 women 
(68%). Patient age ranged from 23 to 79 years, with a mean 
of 56.73 ± 12.20 years. The mean body mass index (BMI) 
was 29.69 ± 5.46 kg/m².

Regarding medical history, 16 patients (73%) were 
hypertensive, 11 (50%) had dyslipidemia, six (27%) were 
diabetic, and three (14%) had a diagnosis of hypothyroidism. 
Three patients (14%) had associated coronary artery disease. 

A known family history of HCM was documented in 
approximately 23% of the cases.

Among the patients with previous coronary artery disease, 
only one had undergone prior myocardial revascularization. 

Regarding symptoms (Table 2), all 22 patients (100%) 
had dyspnea, 12 (55%) had angina, six (27%) experienced 
palpitation, seven (32%) had syncope, and five (23%) 
reported fainting. Nearly all patients (91%) were in FC III-IV 
despite clinical treatment. All 22 patients (100%) used beta-
blockers, seven (32%) were on calcium channel blockers and 
two (9%) were using antiarrhythmics (Table 3).

Mean heart rate was 62.45 bpm ± 6.99. The 
electrocardiogram performed before the procedure showed 
left ventricular overload in 100% of patients, and eight of 
them (36.4%) had left bundle branch block.

The mean septal thickness before the procedure was 
18.59 mm (± 4.63), ranging from 13 mm to 32 mm (Table 4). 
Diastolic dysfunction (grades I to III) and mitral insufficiency 
due to systolic anterior motion of the mitral valve were 
notable findings. All patients had preserved systolic function, 
with a mean ejection fraction estimated by Simpson of 68% 
± 4.3. As expected, ventricular mass was increased, with 
a mean value of 341.86 g (± 113.85). The mean, median, 
and standard deviation values of the echocardiographic 
parameters are shown in Table 5.

The mean initial maximum gradient estimated during 
the procedure was 78.18 mmHg (± 33.05). At the end 

Table 1 – Clinical profile of patients before RFSA

Clinical Characteristics Total patients 
(n = 22)

Age (years) – mean (SD) 56.73 ± 12.20

Female – n (%) 15 (68%)

Male – n (%) 7 (32%)

BMI (kg/m²) – mean (SD) 29.69 ± 5.46

Body surface area (m²) –  
mean (SD)

1.84 ± 0.23

Smoking - n (%) 2 (9%)

Former smoker – n (%) 2 (9%)

Systemic arterial hypertension 16 (73%)

Dyslipidemia 11 (50%)

Coronary artery disease 3 (14%)

Hypothyroidism 3 (14%)

Diabetes mellitus 6 (27%)

Familial HCM 5 (23%)

N: number of patients; SD: standard deviation; BMI: body 
mass index; HCM: hypertrophic cardiomyopathy; SD: Standard 
Deviation.
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There is no established definition of successful outcomes 
for RFSA in the literature. Ifor this study, success was 
defined as an immediate gradient reduction of ≥ 50%, with 
this reduction maintained six months after the procedure. 
Gradients lower than 50 mmHg and lower than 30 mmHg 
immediately after the procedure were also considered 
parameters of procedural success. Table 7 shows the 
proportion of patients who presented a reduced gradient 
(immediately after RFSA and at six months) according to 
success-defining parameters. The nonparametric Mann-
Whitney U test was used to verify the association between 
ventricular septum diameter and RFSA success. Table 8 
shows the distribution of septal measurements based on 
procedural outcomes. When defining success as a gradient 
reduction of ≥ 50%, septa with a median thickness of 18 
mm were associated with better outcomes compared to 
those with 15 mm (p < 0.05). When success was defined 
as a gradient reduction of ≥ 50% and an absolute gradient 
below 50 mmHg, septa with a median thickness of 18 mm 
again showed better outcomes than those with 15 mm 
(p < 0.05). No significant associations were found in the 
other success categories (p > 0.05).

Table 2 – Symptoms reported by patients before RFSA

Symptoms Total patients 
(n = 22)

Dyspnea 22 (100%)

FC I 0

FC II 2 (9%)

FC III 15 (68%)

FC IV 5 (23%)

Angina 12 (55%)

Palpitation 6 (27%)

Syncope 7 (32%)

Fainting 5 (23%)

FC: Function class.

Table 3 – Medications regularly used prior to the RFSA 
procedure

Medication Total patients 
(n = 22)

Beta blocker 22 (100%)

Propranolol 6 (27.3%)

Atenolol 11 (50%)

Metoprolol 5 (22.7%)

Amiodarone 1 (4.6%)

Disopyramide 1 (4.6%)

Calcium channel blocker 7 (31.8%)

Amlodipine 1 (4.6%)

Verapamil 3 (13.6%)

Diltiazem 3 (13.6%)

ARB 4 (19.2%)

Losartan 4 (19.2%)

Diuretics 15 (68.2%)

Furosemide 2 (9.1%)

Hydrochlorothiazide 4 (18.2%)

Chlorthalidone 8 (36.4%)

Spironolactone 13 (59.1%)

ARB: angiotensin receptor blocker.

of the procedure, the mean decreased to 34.09 mmHg 
(± 28.48).  

Two patients developed complications at the puncture 
site, one pseudoaneurysm and two hematomas, which 
were resolved conservatively. Seven patients developed left 
bundle branch block immediately after the procedure and, 
and two patients had hypotension. There were no deaths 
or complications requiring surgical intervention during 
hospitalization. No cases of pericardial effusion or clinical 
cerebral embolic events were observed.

The mean length of hospital stay was 4.14 days, ranging 
from two to 10 days.

Before the radioablation procedure, 68% of the patients 
were in NYHA FC III, and 23% reported FC IV. At the end 
of one year after the procedure, 77% were in FC I, and 9% 
were in FC II (Figure 1).

LVOT gradient measurements were performed 
immediately before and after radioablation, considering the 
same hemodynamic status (patient sedated, on mechanical 
ventilation with PEEP of 5, with the same pressure level 
and inferior vena cava diameter) for accurate analysis of 
gradient variation related to the procedure (Figure 2). 
A statistically significant reduction in the LVOT gradient 
was observed, with the median pre-procedure value at 
68 mmHg and the median immediate post-procedure 
value at 27 mmHg (p < 0.001). Obstructive gradients 
recorded in the outpatient setting prior to the procedure 
(mean = 110.5 mmHg) were higher than those recorded 
in the procedure room, as shown in Figure 3, and higher 
than those measured in the outpatient setting six months 
post-procedure (45.7 mmHg) compared to the immediate 
post-procedure values. This difference is likely due to 
the hemodynamic response under sedation during the 
radioablation procedure. In both assessments, a significant 
reduction in the gradient was observed: a mean relative 
reduction of 58.9% immediately after the procedure and 
52% at the 6-month follow-up (Table 6).
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Table 4 – Individual echocardiographic characteristics prior to the RFSA procedure

Patient Sex Age
Aortic 
Root 
(mm)

LA 
(mm)

iLA 
(mm/m²)

LVDD 
(mm)

Pre-Ablation 
Septal 

Thickness 
(mm)

Posterior 
Wall 
(mm)

Septum/
PW Ratio

LV 
mass 
(g)

Indexed  
LV  

mass  
(g/m²)

EF (%)

1 M 55 33 50 60.00 44 23 11 2.09 408 178.3 69

2 F 50 32 57 81.00 47 24 12 2.00 345 156 78

3 F 51 32 40 73.00 36 15 11 1.36 201 99 74

4 F 64 29 41 37.00 41 15 10 1.50 229 165 68

5 F 71 32 47 43.00 43 18 13 1.38 341 165 70

6 F 62 30 33 46.00 42 27 19 1.42 427 207 74

7 F 58 29 52 108.00 36 18 14 1.29 214 143 70

8 M 51 36 43 36.00 44 18 12 1.50 335 163 66

9 F 23 29 39 50.00 36 17 8 2.13 189 114 67

10 F 73 34 42 49.00 48 16 13 1.23 362 189 62

11 F 64 29 46 52.00 42 15 11 1.36 252 155 65

12 M 55 35 41 37.00 51 20 11 1.82 438 223 69

13 F 79 34 56 64.00 38 21 18 1.17 367 209 69

14 F 50 36 33 40.00 40 16 14 1.14 292 200 68

15 F 54 31 38 53.00 42 15 10 1.5 237 145 66

16 M 38 33 58 43.00 49 22 13 1.69 497 225 61

17 M 51 36 46 46.00 51 17 12 1.42 397 193 67

18 M 62 37 43 43.00 48 17 13 1.31 381 214 62

19 M 55 34 50 80.00 42 32 16 2.00 686 394 76

20 F 71 32 49 82.00 45 15 15 1.00 346 215 68

21 F 64 37 45 55.00 52 13 12 1.08 331 186 67

22 F 48 31 32 40.00 43 15 10 1.50 246 129 67

LA: left atrium; iLA: indexed left atrium; LVDD: left ventricular end-diastolic diameter; PW: posterior wall; LV: left ventricle; 
EF: ejection fraction.

The measurement of septal thickness at the pre-
procedure, three-months and six-months’ time points is 
shown in Figure 4. The red line represents the mean values. 
A mixed linear model was used to evaluate the effect of time 
on septal thickness, considering the dependence between 
participants. No evidence was found to suggest that the 
measurements changed over time.

Discussion
To date, this study has shown that RFSA presents favorable 

results in reducing the ventricular gradient, without fatal 
complications. 

To minimize hemodynamic variability, we compared 
gradients measured immediately before and after the 
procedure while the patient was sedated and on mechanical 
ventilation in the catheterization lab. Similarly, we compared 
outpatient gradients measured before the procedure with 
those measured six months post-procedure.

The procedure was largely successful, whether defined as 
a gradient reduction of more than 50%, an absolute gradient 
below 50 mmHg or 30 mmHg, or a combination of these 
criteria. Immediate gradient reduction above 50% occurred 
in 72.7% of patients. 

The result at 6 months also demonstrated a gradient reduction 
≥ 50% in 60% of the patients. At six months, the patients benefited 
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Figure 1 – Percentage distribution of patients with FC I, II, 
III and IV before and after 6 months of the RFSA procedure. 
FC: functional class.

Table 5 – Echocardiographic parameters prior to the RFSA

Parameter Mean Median Standard 
deviation Minimum Maximum

AO (mm) 32.77 32.50 2.67 29 37

LA (mm) 44.59 44.00 7.46 32 58

iLA 
(mm/m²)

56.36 49.50 18.76 36 108

LVDD  
(mm)

43.64 43.00 4.87 36 52

IS (mm) 18.59 17.00 4.63 13 32

PW (mm) 12.64 12.00 2.63 8 19

IS/PW 1.50 1.42 0.33 1.00 2.12

LV mass 
(g)

341.86 343.00 113.85 189 686

Indexed 
LV mass 
(g/m²)

184.88 182.15 58.49 99 394

LVEDV 
(ml)

88.7 85.5 23.10 54 130

EF (%) 68.32 68.00 4.29 61 78

AO: aortic root; LA: left atrium; iLA: indexed left atrial 
volume; LVDD: left ventricular end-diastolic diameter; 
IS: interventricular septum; PW: posterior wall; IS/PW: 
interventricular septum/posterior wall ratio; LV: left 
ventricle; EDV: end-diastolic volume; EF: ejection fraction; 
LVEDV: Left Ventricular End Diastolic Volume.

Figure 2 – Gradients assesment immediately before and after 
RFSA.

N	 22	 22
Variation	 30 – 160	 9 – 140
Median	 68	 27
Mean (Standard	 78.2 (33.0)	 34.1 (28.5)
Deviation)

p < 0.001

Gradient immediately 
before ablation

Gradient immediately 
after ablation

16
0

14
0

68
30

27
9

from the procedure, as demonstrated by improved FC in 100% 
of the patients, without the need for reintervention.

The results analysis showed that septa with a median of 
18 mm tended to have greater success than those with a 
median of 15 mm. This can be explained by the fact that 
greater septal thicknesses are related to higher gradients, 
and the reduction becomes more noticeable in patients who 
already have greater gradients.

Over the course of six months, the analysis of the septal 
diameter evolution was influenced by the loss of data, but 
there was no significant change during this period. These 
findings suggest that the gradient reduction probably occurs 
due to the lower motility of the septal segment treated by 
radioablation, rather than a reduction in its thickness.

Study Limitations
This was a retrospective study with a short follow-up period. 

As a retrospective study, we acknowledge that including a 
validated quality of life questionnaire pre- and post-procedure (six 
months) would have provided additional insight beyond NYHA 
FC. Likewise, the six-minute walk test and cardiopulmonary 
test would have offered quantitative parameters, which would 
certainly contribute more valuable data.

The sample size was small, which limits statistical 
correlation. The small sample size and retrospective design 
restricted our ability to perform comparative analyses with 
other established methods, such as alcohol septal ablation 
or surgical myectomy. 

Since data were obtained from medical records, some 
cases were excluded due to incomplete information.

Conclusion
RFSA is an effective and safe technique in the invasive 

management of HOCM. The procedure allows for a significant 
reduction in intraventricular gradient, improvement in FC, 
and maintenance of results in short-term follow-up.
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Figure 3 – Gradients assesment before and after 6 months of 
the RFSA procedure.

N	 22	 20
Variation	 43 – 222	 13 – 99
Median	 100	 46
Mean (Standard Deviation)	 110.5 (41.5)	 45.7 (24.4)

p < 0.001

Gradient before 
ablation

Gradient 6 months 
after ablation

22
2

10
0

99
46

43
13

Multicenter studies comparing RFSA to traditional invasive 
techniques, with long-term follow-up, are required for this 
new modality to be considered an alternative for invasive 
management in HOCM, as outlined in the guidelines.
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Table 6 – Gradient in the pre- and post-intraprocedural time points and at 6 months

Time points Pre Post Absolute Dif. [95% CI] Relative Reduction % [95% CI] p-value

Intraprocedural 78.2 ± 33.1 34.1 ± 28.5 -44.1 [-53.3; -34.9] 58.9 [51.1; 66.7] <0.001

Outpatient 110.5 ± 41.5 45.7 ± 24.4 -60.9 [-80.7; -41.1] 52.0 [38.2; 65.8] <0.001

CI: Confident interval.

Table 7 –  Proportion of patients who reduced gradients comparing pre and immediate post, and comparing pre-outpatient and 
6-months post-outpatient

Endpoints Total

Pre- and Post-Immediate Intraoperative

Immediate gradient reduction ≥ 50% 16/22 (72.7%)

Post-immediate gradient ≤ 50 mmHg 19/22 (86.4%)

Post-immediate gradient ≤ 30 mmHg 12/22 (54.5%)

Gradient reduction ≥ 50% and Post-immediate gradient ≤ 50 mmHg 16/22 (72.7%)

Gradient reduction ≥ 50% of Post-immediate gradient ≤ 30 mmHg 12/22 (54.5%)

Pre-Outpatient and 6-Months Post-Outpatient

Gradient reduction in 6 months ≥ 50% 12/20 (60.0%)

Gradient after 6 months ≤ 50 mmHg 12/20 (60.0%)

Gradient after 5 months ≤ 30 mmHg 7/20 (35.0%)

Gradient reduction in 6 months ≥ 50% and after 6 months gradient ≤ 50 mmHg 9/20 (45.0%)

Gradient reduction in 6 months ≥ 50% and after 6 months gradient ≤ 30 mmHg 6/20 (30.0%)
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Table 8 – Distribution of septum measurements according to success group

SEPTUM

SUCCESS Category N Variation Median Mean (SD) p-value

Immediate gradient dropped MORE  
than 50%

No 6 15 – 18 15 15.8 (1.3)
0.050

Yes 16 13 – 32 18 19.6 (5.0)

Immediate gradient dropped BELOW 50%
No 3 15 – 18 15 16.0 (1.7)

0.300
Yes 19 13 – 32 17 19.0 (4.8)

Immediate gradient dropped BELOW 30%
No 10 15 – 27 16 17.9 (4.2)

0.421
Yes 12 13 – 32 17.5 19.2 (5.0)

Immediate gradient dropped more than 50% 
and BELOW 50 mmHg

No 6 15 – 18 15 15.8 (1.3)
0.050

Yes 16 13 – 32 18 9.6 (5.0)

Immediate gradient dropped more than 50% 
and BELOW 30 mmHg

No 10 15 – 27 16 17.9 (4.2)
0.421

Yes 12 13 – 32 17.5 19.2 (5.0)

Success 6 months gradient DROPPED 
more than 50%

No 8 16 – 32 19 20.6 (5.2)
0.137

Yes 12 13 – 27 16.5 17.8 (4.2)

Success Gradient 6 months BELOW 50%
No 8 13 – 23 17.5 17.5 (3.1)

0.506
Yes 12 15 - 32 17.5 19.9 (5.4)

Success Gradient 6 months DROPPED 
Below 30 mmHg

No 13 13 – 32 18 19.1 (5.1)
0.984

Yes 7 15 – 27 17 18.7 (4.1)

Success gradient 6 months dropped > 50% 
and below 50 mmHg

No 11 13 – 32 18 19.2 (5.1)
0.751

Yes 9 15 – 27 17 18.7 (4.4)

Success gradient 6 months dropped > 50% 
and below 30 mmHg

No 14 13 – 32 17.5 18.9 (5.0)
0.889

Yes 6 15 – 27 17.5 19.0 (4.4)

SD: Standard Deviation. P-value obtained by the Mann-Whitney U test.

Figure 4 – Profile graph of the septal thickness evolution (mean and standard deviation) over time.
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