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Septal reduction techniques can reduce morbidity and mortality in patients with hypertrophic cardiomyopathy. In a

patient with hypertrophic cardiomyopathy who was a poor candidate for surgical myectomy and alcohol septal ablation,

endocardial radiofrequency ablation of septal hypertrophy provided durable reduction in left ventricular outflow

tract gradients and symptomatic improvement. (Level of Difficulty: Intermediate.) (J Am Coll Cardiol Case Rep

2020;2:1173–7) © 2020 The Authors. Published by Elsevier on behalf of the American College of Cardiology Foundation.

This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
A 69-year-old man with a history of hypertro-
phic cardiomyopathy (HCM) presented with
progressive dyspnea on exertion and light-

headedness. The patient’s symptoms were refractory
EARNING OBJECTIVES

Case study: A patient with HCM presented
with symptoms of heart failure that were
refractory to medical therapy.
To learn that in patients with HCM who are
poor surgical candidates, and do not have
appropriate septal perforators for ASA,
ERASH is an alternative treatment for LVOT
obstruction.
To understand that during ERASH proced-
ures, integrated electroanatomic mapping
and intracardiac ultrasound allow operators
to annotate the location of conduction sys-
tem structures onto the intracardiac
echocardiogram.
To establish that when using ICE to guide
ablation of septal hypertrophy, conduction
system structures can be visualized in a
superimposed fashion and precisely avoided.
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PAST MEDICAL HISTORY

The patient was diagnosed with HCM 4 years earlier
when hospitalized for dyspnea. His past medical
history also included 2 liver transplants for alcoholic
cirrhosis, atrial fibrillation, and coronary artery dis-
ease. He had no known family history of
cardiomyopathy.

DIFFERENTIAL DIAGNOSIS

The differential diagnosis included progressive heart
failure symptoms from left ventricular outflow tract
(LVOT) obstruction, worsening left ventricular func-
tion, and symptoms attributable to atrial fibrillation.

INVESTIGATIONS

Transthoracic echocardiography (TTE) revealed an
ejection fraction of 66%, with LVOT gradients by
spectral Doppler of 52 mm Hg at rest and 144 mm Hg
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FIGURE 1 Pre-Operative Transthoracic Echocardiogram

Parasternal long-axis view of a pre-operative transthoracic
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ASA = alcohol septal ablation

ERASH = endocardial

radiofrequency ablation of

septal hypertrophy

HCM = hypertrophic

cardiomyopathy

ICE = intracardiac

echocardiogram

LVOT = left ventricular outflow

tract

RF = radiofrequency

SAM = systolic anterior motion

SM = surgical myectomy

TTE = transthoracic

echocardiogram
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with Valsalva. Moderate systolic anterior
motion (SAM) of the anterior mitral valve
leaflet was observed (Figure 1, Video 1). A
transesophageal echocardiogram also
demonstrated severe basal septal hypertro-
phy with SAM of the anterior mitral leaflet,
and mild mitral regurgitation caused by HCM
(Video 2). Despite cardioversion to normal
sinus rhythm and up-titration of medica-
tions, the patient continued to have signifi-
cant dyspnea, suggesting his symptoms were
attributable to LVOT obstruction. Because
he was deemed a poor surgical candidate due
to multiple medical comorbidities, he
was referred for alcohol septal ablation
(ASA).

Coronary angiography revealed that the
echocardiogram demonstrating severe basal septal hypertro-

phy and systolic anterior motion of the mitral valve. *Hyper-

trophied basal septum. LA ¼ left atrium; LV ¼ left ventricle.
first 2 septal perforating branches of the left anterior
descending had significant right ventricular involve-
ment, and did not supply the hypertrophied basal
septum (Figure 2). For this reason, ASA was aborted.
The patient was then referred for endocardial radio-
frequency ablation of septal hypertrophy (ERASH)
guided by intracardiac echocardiography (ICE) and
electroanatomic mapping.

MANAGEMENT

After administration of general anesthesia, invasive
hemodynamics measured using an angled pigtail
catheter in the apical left ventricle and a 30-cm long
8-F sheath (Brite Tip, Cordis, Hialeah, Florida) in the
descending aorta revealed a post-premature
E 2 Right Anterior Oblique Coronary Angiogram

nterior oblique coronary angiogram demonstrating significant righ

t anterior descending coronary artery.
ventricular contraction gradient of 100 mm Hg
(Figure 3). Intravenous heparin was administered
with an activated clotting time goal of >300 s while
catheters were in the left ventricle. An electro-
anatomic map was created with an 8-F, phased-array
ICE catheter (SoundStar, Biosense Webster, Irvine,
California) placed in the right atrium and an irrigated-
electrode radiofrequency ablation catheter (Thermo-
cool SF, Biosense Webster) inserted into left ventricle
via retrograde approach (Video 3). Using image
t ventricular involvement of the first 2 septal perforating branches of

http://jacccr.acc.org/video/2020/20_0253_VID1.mp4
http://jacccr.acc.org/video/2020/20_0253_VID2.mp4
http://jacccr.acc.org/video/2020/20_0253_VID3.mp4


FIGURE 3 Invasive Hemodynamic Measurements

A left ventricular outflow tract gradient of 100 mm Hg is observed before ablation. PVC ¼ premature ventricular contraction.
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integration between the ICE images and the 3-
dimensional mapping system (CARTO Sound, Bio-
sense Webster), the area of maximal contact between
the basal septum and mitral valve was identified
(Figure 4, Video 4). Recordings from the His bundle
and left bundle branch were also tagged to prevent
injury during ablation (Figure 4, Video 4).

The portion of the septum in greatest contact with
the anterior mitral valve was targeted for ablation via
retrograde approach with 9 radiofrequency (RF) le-
sions. RF ablation was delivered primarily using 50 W
for 60 s to a target of 10 ohm impedance drop, while
avoiding His and bundle branch potentials (Figure 4,
FIGURE 4 Three-Dimensional Electroanatomic Map During Septal A

The aortic cusps are shown as 3 circular rings (pink ¼ left; blue ¼ right; o

The green curved lines denote the hypertrophied basal septum as outli

denotes the area of maximal contact between the anterior mitral leaflet

fascicular/left bundle potentials. The white, pink, and red dots indicate

impedance drop (<5 ohms, white; 5 to 10 ohms, pink; >10 ohms, red).
Video 4). Because of difficulty achieving optimal
electrode-tissue contact during ablation via the
retrograde approach, an 8.5-F deflectable sheath
(Agilis, Abbott, Chicago, Illinois) and RF-powered
transseptal needle (Baylis, Toronto, Canada) were
used for transseptal catheterization and 16 additional
RF lesions were delivered via transseptal approach
(Figure 5). The endpoint for each ablation was
adequate modification of the area of maximal contact
as demonstrated by electroanatomic mapping and
ICE. The mean contact force per ablation was 14 �
8.5 g and total ablation time was 23.4 min with
55.2 min of fluoroscopy.
blation

range ¼ noncoronary), and part of the left ventricular shell in grey.

ned on intracardiac echocardiogram images, and the pink plane

and the septum. The yellow and blue dots denote areas with

ablation lesions delivered, and are color coded according to

http://jacccr.acc.org/video/2020/20_0253_VID4.mp4
http://jacccr.acc.org/video/2020/20_0253_VID4.mp4
http://jacccr.acc.org/video/2020/20_0253_VID4.mp4


FIGURE 5 Final Lesions Set

Superior view looking “down” on the hypertrophied basal

septum. The shell of the aorta is seen in blue-green, the aortic

cusps as 3 circular rings (pink ¼ left; blue ¼ right;

orange ¼ noncoronary), and part of the left ventricular shell in

grey. The green curved lines denote the hypertrophied basal

septum as outlined on intracardiac echocardiography. The

yellow dots denote areas with fascicular/left bundle potentials.

The white, pink, and red dots indicate ablation lesions deliv-

ered, and are color coded according to impedance drop (<5

ohms, white; 5 to 10 ohms, pink; >10 ohms, red).
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Post-ablation, the invasive post–premature ven-
tricular contraction gradient was 0 mm Hg (Figure 6).

DISCUSSION

HCM is a genetic condition that can cause variable
symptoms of congestive heart failure because of
LVOT obstruction (1). Approximately 70% of
FIGURE 6 Invasive Hemodynamic Measurements

A left ventricular outflow tract gradient of 0 mm Hg is observed follow
patients with HCM develop obstruction to antegrade
flow caused by SAM of the mitral valve making
contact with the hypertrophied septum (2). If LVOT
gradients are persistently >30 mm Hg, patients are
at increased risk for progressive heart failure and
death (1,3).

Surgical septal myectomy (SM) is the gold standard
for operative treatment of LVOT obstruction. For
inoperable patients, such as the elderly or those with
extensive medical comorbidities, percutaneous
treatment options are available (3).

Through the direct injection of ethanol into a
septal perforating artery, ASA leads to reduction in
septal thickness, causing a reduction in LVOT
gradient, and has been used as an alternative to SM
with similar rates of symptom improvement and
survival benefit (1,2,4). Importantly, ASA may not
always be anatomically feasible, because the septal
perforating arteries may not supply the hypertrophi-
ed septum (3).

For patients with HCM who are not candidates for
SM or ASA, ERASH has emerged as a viable treatment
option that has been shown noninvasively to reduce
intracavitary gradients and improve symptoms (5-8).
It is now possible to precisely locate the areas of
greatest contact between the mitral valve and hy-
pertrophied septum on ICE and tag them to electro-
anatomic maps to guide catheter ablation.
Furthermore, this integrated mapping allows for the
native conduction system to be tagged and avoided
during ablation, representing a potential benefit over
ASA (9,10).

Although ERASH has previously been reported,
this is the first case to document efficacy via
invasive hemodynamics before and after RF abla-
tion guided by integration between electroanatomic
mapping and ICE. The potential mechanisms for
ing ablation. PVC ¼ premature ventricular contraction.



FIGURE 7 Parasternal Long-Axis Views

Parasternal long-axis views of transthoracic echocardiograms obtained pre-procedure (A) and 4 months post-procedure (B) demonstrating a

reduction in basal septal wall thickness from 2.07 cm to 1.8 cm.
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gradient reduction include a focal reduction in the
myocardial tissue in contact with the mitral valve,
reduced myocardial motion of the hypertrophied
septum, or development of a new left bundle
branch block.

FOLLOW-UP

Immediately following the procedure, the patient had
improvement in dyspnea and an increase in exercise
tolerance. On TTE 4 months post-procedure, his peak
LVOT gradient was 4 mm Hg with mild chordal SAM
(Video 5). The patient’s basal septal wall thickness
decreased from 2.07 cm on his pre-procedure TTE to
1.80 cm on TTE 4 months post-procedure (Figure 7).
Serial electrocardiograms have revealed no conduc-
tion abnormalities.
CONCLUSIONS

ERASH is an alternative for treatment of LVOT
obstruction from HCM when SM and ASA are not
feasible. By allowing for targeted ablation of hyper-
trophied septum while avoiding the conduction sys-
tem, ERASH may be associated with fewer conduction
disturbances, and a smaller, more targeted area of
ablated septum. Larger studies are needed to further
validate this approach and determine long-term
efficacy.

ADDRESS FOR CORRESPONDENCE: Dr. Susan Kim,
Division of Cardiology, Northwestern Memorial Hos-
pital, 251 E. Huron Street, Room 8-340, Chicago, Illi-
nois 60611. E-mail: susan.kim@northwestern.edu.
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