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SOUHRN

Hypertrofi cká obstrukční kardiomyopatie je charakterizována ztluštěním stěn a zvětšením masy myokar-
du nedilatované levé komory srdeční bez vysvětlujících hemodynamických příčin a přítomnosti obstrukce 
ve výtokovém traktu levé komory. V minulosti byla invazivní nefarmakologickou metodou volby k redukci 
septální hypertrofi e chirurgická myektomie, kterou v devadesátých letech vystřídala alkoholová septální 
ablace, nyní všeobecně užívaná, bezpečná a účinná metoda v redukci septální hypertrofi e. Toto review se 
zabývá novou metodu používanou v redukci septální hypertrofi e, kterou je endokardiální radiofrekvenční 
ablace septální hypertrofi e (ERASH). Naše práce shrnuje dosud publikované studie a srovnává jejich výsledky 
s jinými metodami redukce septální hypertrofi e. ERASH se jeví jako srovnatelně účinná a bezpečná meto-
da jako alkoholová septální ablace se srovnatelným poklesem gradientu ve výtokovém traktu levé komory 
a subjektivním zlepšením stavu pacienta charakterizovaným poklesem v třídě NYHA.

© 2022, ČKS.

ABSTRACT

Hypertrophic obstructive cardiomyopathy is characterized by abnormal thickening or enlargement of the 
left ventricular myocardium mass of non-dilated left ventricle not explained solely by loading conditions 
and presence of obstruction in outfl ow tract of left ventricle. Surgical septal myectomy was the fi rst choice 
method of invasive treatment of septal hypertrophy in the past which was replaced by alcohol septal abla-
tion in the nineties of the 20th century and nowadays it is still worldwide used, safe, and effective method 
in reduction of septal hypertrophy.
This review introduces and describes new method in invasive reduction of septal hypertrophy which is endo-
cardial radiofrequency ablation of septal hypertrophy. Our review summarizes all so far published studies 
and compares this new method with other methods of invasive reduction of septal hypertrophy. 
Endocardial radiofrequency ablation of septal hypertrophy seems to be comparably safe and effective in 
comparison to alcohol septal ablation with comparable decrease of left ventricle outfl ow tract gradient and 
also subjective improvement of a patient characterized by NYHA class. 
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Introduction

Hypertrophic obstructive cardiomyopathy (HOCMP) is 
characterized by abnormal thickening or enlargement of 
the left ventricular myocardium mass, and no hemody-

namic causes are present.1 HOCMP is the most frequent 
genetically transmitted disease with an autosomal domi-
nant pattern caused by >1500 known mutations in as 
many as 15 different cardiac sarcomere protein genes2 in 
the adult population with a prevalence of 1 : 500.3
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In an adult, hypertrophic cardiomyopathy (HCM) is de-
fi ned by a wall thickness of ≥15 mm in one or more left 
ventricle (LV) myocardial segments, as measured by any 
imaging technique and is not explained solely by load-
ing conditions.1 The obstructive form is characterized 
by obstruction of the LV outfl ow tract with a maximal 
gradient of ≥30 mmHg at rest and/or after provocative 
maneuvers.4 Hemodynamically signifi cant left ventricular 
outfl ow obstruction occurs in up to 25% of patients diag-
nosed with hypertrophic cardiomyopathy.5 The obstruc-
tive form is often associated with the presence of systolic 
anterior motion (SAM) of the anterior leafl et of the mi-
tral valve. Clinical diagnosis is determined by the detec-
tion of typical phenotypes (hypertrophic walls of the LV 
– most likely interventricular septum [IVS] – and nondi-
lated cavity of LV). Interventricular obstruction caused 
by hypertrophy of the interventricular septum, elongat-
ed leafl ets of the mitral valve, and abnormal papillary 
muscles are the main causes of clinical symptoms and 
subjective problems in patients, which commonly include 
dyspnea, stenocardia, palpitations, exertion syncope, or 
sudden cardiac death. 

Pharmacological treatment

Symptomatic pharmacological treatment is the basis of 
the HOCMP therapy. The symptomatology and the pres-
ence of left ventricle outfl ow tract gradient (LVOTG) are 
the main indicators of pharmacotherapy.1 Generally, me-
dicaments with negative inotropic effects help decrease 
myocardial oxygen consumption and prolong end-diastol-
ic fi lling. The fi rst choice of medication are beta-blockers, 
which help to decrease the exerted LVOTG. The second 
choice is likely verapamil, a non-dihydropyridine anta-
gonist of calcium channels, with a positive effect on rest 
LVOTG. However, verapamil should be used carefully be-
cause of the possibility of the opposite effect of increas-
ing gradient. Disopyramid and cibenzolin can also be used 
to decrease the gradient.1 At present, the most perspec-
tive medication appears to be mavacamten, which has 
been proven by several studies that are currently afoot. 
Mavacamten is an experimental orally administered drug. 
It is a fi rst-in-class, selective allosteric inhibitor of cardiac 
myosin, which reduces the number of myosin-actin cross 
bridges, thus, decreases the excessive contractility that is 
characteristic of hypertrophic cardiomyopathy. The clinical 
trial PIONEER-HCM with 21 symptomatic patients treated 
for 12 weeks with mavacamten resulted in a rapid and 
marked reduction in postexercise left ventricular outfl ow 
tract (LVOT) gradient,6 which showed promise for future 
treatment.

Non-pharmacological treatment 

Interventional methods to reduce LVOTG are indicated 
in cases of persisting symptoms despite the maximum 
tolerated dose. The main indicators are an LVOT gradi-
ent ≥50 mmHg, moderate-to-severe symptoms (New York 
Heart Association [NYHA] functional class III–IV), and/or 
recurrent exertional syncope despite maximally tolerated 

drug therapy. In some centers, invasive therapy is also 
considered in patients with mild symptoms (NYHA class 
II) who have a resting or maximum provoked gradient of 
≥50 mm Hg (exercise or Valsalva) and moderate-to-severe 
SAM-related mitral regurgitation, atrial fi brillation (AF), 
or moderate-to-severe left atrial dilation.7 Decrease in 
LVOTG is the main factor that determines mortality in to-
tal or eventual cardiovascular mortality. A decrease in LV 
outfl ow gradient after interventional procedure results in 
almost comparable mortality with the healthy population, 
independent of the interventional method used.1,8

The oldest method is surgical septal myectomy (Mor-
row procedure), which has been used since 1960s and is 
still considered a method of choice in the United States. 
The principle is resection of the hypertrophic part of the 
IVS to the papillary muscles bases with partial resection 
and mobilization.9 Concomitant mitral valve surgery is 
required in 11–20% of patients undergoing myectomy.10 
Open heart surgery in extracorporeal circulation has a to-
tal mortality of <1–2% in the best cardiosurgical centers. 
The proportion of permanent pacemaker dependency af-
ter myectomy was 4.0%.11

Less invasive therapeutic methods, such as implanta-
tion of a dual-chamber pacemaker or defi brillator (PM/
ICD DDD), were developed in 1970s.12 The principal is the 
apical preexcitation effect, which is the shortening of the 
atrioventricular conduction interval. First, contraction of 
the apex and apical part of the IVS is present, while the 
basal parts of the IVS participate in LVOT narrowing and 
contract at the end of systole, which leads to improved 
ejection fraction of the left ventricle. Presently, this treat-
ment is not used because it has no effect on LVOTG reduc-
tion.

In the case of a suitable coronary artery anatomy, it is 
possible to use alcohol septal ablation (ASA), which was 
fi rst performed by Ulrich Sigwat in 1994.13 It is the most 
recent method of interventional treatment for HOCMP. 
This catheter-based intervention relies on the injection of 
96% alcohol into the septal branch of the left coronary ar-
tery to induce a small, controlled infarction of the hyper-
trophic septum and consequently abolishes the dynamic 
outfl ow obstruction. LVOTG decrease was correlated with 
a signifi cant clinical improvement in the patient’s symp-
tomatology and left ventricular remodeling. The total 
mortality is less than 1% in tertiary centers. The survival 
of patients who undergo this procedure is comparable 
to that of a healthy population.1,8,14 However, there is an 
increasing risk of temporary or permanent atrioventricu-
lar conduction block (20–50%).15 Therefore, the number 
of implanted PMs (7–20%) is much higher than that of 
surgical myectomy, mainly in the presence of left bundle 
branch block. The risk of complete atrioventricular block 
increases with higher amounts of alcohol.16 A total vol-
ume of 2 ml is generally safe. Higher doses of alcohol are 
slightly more effective in reducing LV obstruction and 
result in a higher incidence of peri-procedural complete 
heart block,17 and other severe risks are potential develop-
ing defects of the interventricular septum. Therefore, ASA 
should be indicated in cases of IVS thickness >15 mm as 
recommended by American guidelines in 201118 and >16 
mm as recommended by European guidelines in 2014.1 
After the procedure, reduction of LVOTG signifi cantly de-
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Endocardial radiofrequency ablation 
of septal hypertrophy

Radiofrequency ablation has been discovered as an al-
ternative approach in recent years. The fi rst series of pa-
tients treated with ERASH were published by Lawrenz et 
al. in 2004.27 ERASH has been shown to be a highly effec-
tive and safe invasive method for the treatment of septal 
hypertrophy. The principle of the procedure is percutane-
ous catheter radiofrequency ablation of the hypertrophic 
part of the interventricular septum from the left and/or 
right ventricle via the retrograde (via the femoral artery 
and aorta) or transseptal (via inferior vena cava, right 
atrium, and left atrium) approach. First, patients were ab-
lated in a standard manner, and recently, with different 
3D electroanatomical mapping systems and intracardiac 
ultrasound (ICE) or transesophageal echocardiography 
(TEE). The method is safe, with minimum risk of coronary 
artery damage and a lower risk of conduction disorders. 
The procedure can be repeated in case of failure. 

The fi rst experience (published in 2004) using the en-
docardial radiofrequency ablation method was provided 
by Lawrenz et al. on three symptomatic patients with 
HOCMP.27 The procedure in the fi rst two patients was per-
formed via a transseptal approach with no success in re-
ducing the LVOT gradient, probably due to instability of 
the catheters. The third patient, who is a 45-year-old man, 
suffered from severe symptoms of NYHA class III due to 
HOCMP. During the procedure, the retrograde approach 
was applied using only fl uoroscopy and a cooled-tip ab-
lation catheter was used. The procedure successfully led 
to a decrease in LVOTG from the baseline resting gradi-
ent of 107 to 53 mmHg and provoked gradient of 210 to 
144 mmHg, and decreased left ventricle septal thickness. 
These results likely led to the belief that ERASH could be 
a promising alternative to the ASA procedure. 

Six years later, Lawrenz et al. published probably the 
largest retrospective study including 19 patients aged 
60±12 years with HOCMP meeting the inclusion criteria of 
LVOT resting or provoked gradients of >50 mmHg and se-
vere symptoms despite maximal adequate medication.28 
The fi rst fi ve patients had been treated via the right ven-
tricle approach, and with more experience, switched to 
the LV approach. In total, the left ventricular septum was 
ablated in nine patients and the right ventricular septum 
was ablated in 10 patients. A retrograde transaortic ap-
proach was used for LV ablation and an inferior vena cava 
approach for RV ablation. Transseptal puncture was per-
formed in one patient. All procedures were performed 
using the CARTO electroanatomic mapping system and 
an irrigated-tip ablation catheter. Signifi cant reduction 
of resting LVOTG from 77.7±30 mmHg to 26.5±22 mmHg 
and provoked LVOTG reduction from 157.5±37 mmHg to 
64.2±44 mmHg was achieved. After six months, there was 
a signifi cant improvement of NYHA functional class from 
3.0 to 1.6±0.7. The six-minute walking distance signifi -
cantly improved by 58 m. During RF ablation, complete 
heart block occurred in four patients (21%). All patients 
recieved a dual-chamber pacemaker. One patient had an 
acute tamponade during RV ablation, which required sur-
gical revision. This study has shown promising gradient 
reduction after the procedure and subjective improve-

creased total mortality, which is likely comparable to the 
healthy population.14,19 However, in 10–15% of patients, 
ASA could not be performed because of unsuitable coro-
nary artery anatomy.20

The percutaneous septal cryothermal catheter ablation 
procedure was also tested as an alternative to treating 
septal hypertrophy in 2005 in three patients with a mean 
age of 38.15 years. Acute procedural success, defi ned as 
a signifi cant reduction (>50%) in the LVOT gradient at 
the end of septal cryoablation, was achieved in two of 
the three cases with no subjective improvement of symp-
toms at six-month follow-up. All three procedures were 
well tolerated with no major adverse cardiovascular/cere-
brovascular events.21 Although authors believe that there 
may be a considerable potential for cryoablation as an 
alternative percutaneous treatment strategy for septal 
hypertrophy, there have been no other larger studies to 
prove it.

MitraClip is rarely used as a treatment for HOCMP due 
to the restriction of the anterior leafl et motion in the 
vicinity of the LVOT, thereby reducing SAM-septal con-
tact and mitral regurgitation. The fi rst use of MitraClip 
for HOCMP was reported in a patient who had previously 
undergone surgical myectomy with residual SAM and mi-
tral regurgitation22 with a signifi cant reduction of LVOTG. 
Several procedures have been performed, and one case 
was complicated by tamponade requiring pericardiocen-
tesis. Recently, this method has been used for a highly 
selected group of patients and is not mentioned in the 
guidelines.

In addition, the thermal effects of high-intensity ul-
trasound (HIFU) have been investigated to develop HIFU 
as an ablative treatment of cardiac arrhythmias, mainly 
atrial fi brillation ablation.23 The closed-chest transthorac-
ic approach with successful ablations performed up to 9 
mm in size in the intraventricular septum of live canines 
has been tested recently.24 Recently, this method has been 
investigated and not yet used in the clinics.

A study using a new method, percutaneous intramyo-
cardial septal radiofrequency (PIMSRA), was also pub-
lished in 2018 by Liu et al.25,26 The aim of this study was 
to prove that PIMSRA is less invasive, comparably safe, 
and effective method as endocardial radiofrequency ab-
lation of septal hypertrophy (ERASH). Fifteen consecutive 
patients with HOCMP were enrolled in this study. The 
procedure was performed under general anesthesia in 
the left lateral decubitus position with temporary pacing 
used in all cases. A radiofrequency electrode needle was 
inserted via a percutaneous intramyocardial approach to 
hypertrophied IVS under transthoracal echocardiography 
control, and radiofrequency ablation was applied un-
til LVOTG decreased to <30 mmHg or when the area of 
necrosis reached 30–40 mm wide around the short axis 
of the IVS. One pericardial tamponade occurred due to 
coronary vein injury. Follow-up was done after 6 months 
with a signifi cant decrease of baseline resting gradient 
of 83.3±32.4 mmHg and provoked of 147.8±58 mmHg 
to resting post-ablation gradient of 11.8±5.7 mmHg and 
provoked of 25.5±11.4 mmHg. PIMSRA has been shown 
to be a safe and effective method with a signifi cant he-
modynamic and symptomatic involvement. The enroll-
ment of patients will continue due to the authors.
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ment of symptoms. However, all enrolled patients were 
severely affected, including many with previously failed 
ASA. The question of whether an LV or RV approach is 
more appropriate remains questionable. 

Case reports on septal hypertrophy in patients with 
HOCMP were performed by Emmel et al.29 on two child 
patients. The fi rst patient is a 5-year-old boy with pro-
gressive hypertrophic obstructive cardiomyopathy and 
increasing symptoms despite appropriate pharmacologic 
therapy and the second patient is an 11-year-old girl with 
symptoms of tiredness and peak instantaneous LVOT 
gradient of 80 and 90 mmHg. Ablation was performed 
via a retrograde approach using an irrigated-tip abla-
tion catheter, LocaLisa 3D electroanatomical navigation 
system, fl uoroscopy, and continual monitoring of TEE. 
The procedure performed in the fi rst patient was com-
plicated by two episodes of ventricular fi brillation which 
required cardioversion. No further complications were 
observed. Follow-up echocardiography performed 5 days 
later revealed a residual left ventricular outfl ow gradient 
of 25 mmHg, which had diminished further to less than 
20 mmHg after six weeks. In small children in whom selec-
tive cannulation of the target septal artery and controlled 
myocardial necrosis without permanent sequelae of AV 
block have not previously been reported, ERASH seems to 
be a very promising alternative. Therefore, there was no 
risk of ventricular fi brillation in this case. 

A larger retrospective ERASH study was performed 
later in 2011 by Sreeram et al.30 in 32 children using an 
irrigated-tip ablation catheter performed via the retro-
grade approach. Fluoroscopy and CARTO mapping sys-
tems were used as basic imaging methods during LocaLisa 
and TEE. The LVOT gradient improved directly after the 
procedure and at follow-up (3–144 months). The median 
pre-procedure pullback gradient was 80 mmHg (range: 
10–130 mmHg, mean: 78.5±26.2) and decreased to 34 
mmHg (range: 10–90 mmHg, mean: 36.1±16.5, p <0.01), 
and one patient died because of paradoxical increase in 
LVOT obstruction requiring ECMO; in two cases, a perma-
nent pacemaker was needed due to an AV block. 

In 2015, there were more studies on ERASH published. 
Shelke et al.31 published a retrospective study on seven pa-
tients with unappropriate coronary artery anatomy for ASA. 
The procedure was performed with an irrigated-tip ablation 
catheter by a retrograde approach using CARTO or EnSite 
NavX, and ICE was used. The mean baseline LVOT gradient 
was 81±14.5 mmHg, which was reduced to 48.5±22.6 mmHg 
in 1 month, 49.8±19.3 mmHg in 6 months, and 42.8±26.1 
mmHg in 12 months. Symptoms improved in at least one 
NYHA functional class in one patient. Only transient pulmo-
nary edema occured immediately after the procedure. 

Next, radiofrequency ablation of septal hypertrophy 
HOCMP study using the CARTOsound navigation system 
was published by Cooper et al. in 2015.32 In this retrospec-
tive study, fi ve patients were included in 6-month follow-
-up. Five successive patients underwent CARTOsound-
guided RFA using ICE and contact force equipped irrigat-
ed-tip ablation catheter, which was performed via a retro-
grade approach. In one patient, the transseptal approach 
was used. Eighty percent were female, with a mean age 
of 59 (44–79) years. All patients had a resting or exercise 
provoked LVOT gradient >50 mmHg associated with sig-

nifi cant SAM. All patients had NYHA class III dyspnea. As 
the 6-month follow-up, three patients had improved from 
NYHA class III to II and one patient had improved from 
NYHA class III to I. Average peak resting gradients im-
proved from 64.25+50.60 to 12.25+2.50 mmHg. Valsalva- 
or exercise-induced gradient improved from 93.50 (+30.88) 
to 23.25 (+8.30) mmHg. There were also other echocar-
diography and MRI parameters measured, with a signifi -
cant improvement. Severe complications were observed in 
one patient, which is retroperitoneal hemorrhage during 
sheath removal. Urgent surgical repair of the right femoral 
artery was initially successful, but a secondary bleed within 
24 h led to mesenteric ischemia and patient death. One pa-
tient developed an increasing LVOT gradient, which led to 
pulmonary edema during the procedure, but the patient 
recovered well. No AV block was observed. It seems ob-
vious that the use of integrated technologies such as the 
CARTO mapping system and ICE allows accurate delivery 
of RF energy to the basal septum, and a small area of myo-
cardial injury delivered by RFA at a specifi c location may 
lead to successful treatment of LVOT gradients of HOCMP.

The next study was published in 2016 by Crossen et al.33 
Eleven consecutive symptomatic patients aged 50–81 years 
with HCOMP and LVOT gradient >50 mmHg were reported. 
One patient had undergone prior septal myectomy, and 
three patients had undergone prior ASA procedure. Patients 
were ablated under general anesthesia via the transseptal 
approach using the EnSite NavX mapping system and stan-
dard fl uoroscopy, which was performed by an irrigated-tip 
ablation catheter. Follow-up was performed at 12 months, 
and mean resting gradient was reduced from 66.7 mmHg 
to 10 mmHg. The mean provocable gradient was reduced 
from 136.2 to 20.0, and NYHA functional class has improved 
from class 3.0 to 1.8±0.8. Two patients required permanent 
pacemaker placement because of a complete AV block. In 
this protocol, a dual-chamber pacemaker was implanted in 
each patient immediately after the procedure.

In 2018, Beaser et al.34 published another study with 
fi ve pilot patients with the aim of comparing ERASH 
with the disopyramid effect. During the procedure, the 
LV septum was ablated via transseptal access using ICE. 
The mean baseline resting gradient was 65.6±37.8 mmHg 
and was reduced to 10.4±10.6 mmHg at one- and three-
month follow-up, respectively. These promising results 
provided a basis for larger prospective randomized trials 
comparing ERASH to disopyramid.

The most recent clinical case report of a patient with sep-
tal hypertrophy managed by ERASH was published in 2020 
by Peigh et al.35 The aim of this case report was to prove the 
effi cacy and safety of the ERASH procedure. ICE and elec-
troanatomical mapping systems were used, and ablation 
was performed using the retrogade approach. In 4-month 
follow-up, the peak LVOT gradient was 4 mmHg. The pa-
tient’s basal septal wall thickness decreased from 2.07 cm on 
his pre-procedure TTE to 1.80 cm on 4-month postprocedure 
with improvement of subjective symptoms.

Discussion

Endocardial radiofrequency ablation is a well-known 
and accepted method of treating cardiac arrhythmias. It 
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seems to be a promising method for the treatment of pa-
tients with HOCMP by radiofrequency ablation of septal 
hypertrophy, which leads to a decrease in LVOTG. 

Since 2004, nine studies using the radiofrequency abla-
tion method to reduce LVOTG due to septal hypertrophy 
have been published. A total of 100 patients, including 
35 children, underwent ERASH. Two patients underwent 
previous septal myectomy, and 16 patients had previous 
ASA. During the procedure, only irrigated-tip ablation 
catheter was used. 

Ablation of septal hypertrophy was performed from 
the left to the right ventricle using an alternating trans-
septal and retrograde approach. In 2004, only fl uoroscopy 
has been used; from 2005, additional navigation systems 
such as 3D electroanatomical mapping systems (Fig. 1), 
transesophageal echocardiography (TEE), and intracar-
diac echocardiography (ICE) (Fig. 2) were utilized. From 
periprocedural complications, two deaths (2%) were re-
ported due to heart failure secondary to pulmonary ede-
ma from paradoxical increase of LVOTG. The other mor-
tality was caused by retroperitoneal hemorrhage leading 
to acute surgery which was caused by sheaths removal 
which is seen rarely during radiofrequency catheter abla-
tion procedures. Eight permanent pacemakers (8%) were 
implanted because of permanent AV block. In a study by 
Crossen, fi ve patients had bundle branch block patterns 
before ablation, and fi ve developed intraventricular con-
duction delays postprocedure. Therefore, two patients 
required pacing support for complete AV block.

Fig. 1 – 3D electroanatomical map of the left ventricle and aorta; 
EnSite Precision system, anteroposterior view. (A) Localization of 
the atrio-ventricular conduction system (yellow points, HIS); sep-
tum hypertrophy – blue points. (B) Display of ablation points on 
the hypertrophic septum; contact force ablation catheter Tacticath 
– pink and red points.

A

B

Fig. 2 – Intracardial echocardiography (ICE) images during hypertrophic obstructive cardiomyopathy (HOCMP) catheter ablation. ICE probe 
is situated in the righ ventricle, you can see interventricular septum (IVS), left ventricle (LV), left ventricle output tract (LVOT), septal leafl et 
of the mitral valve and left atrium. (A) Measurement of the septal hypertrophy, (B) septal anterior movement (SAM), septal leafl et of the 
mitral valve is pressed against hypertrophy septum during early systole and obturates LVOT, (C) ablation catheter on the hypertrophic sep-
tum, catheter is introduced transseptally and tip of the catheter is resting on the apical part of the septal hypertrophy region, (D) position 
of the tip of the ablation catheter on the septum hypertrophy more basaly near the aortic valve. The situation after several ablations in 
this region. Under the surface of the septum in the vicinity of the catheter tip you can see several fi nished radiofrequency ablation lesions 
(white regions). 

A B

C D

053_059_Prehledovy clanek_Dolezalova.indd   57053_059_Prehledovy clanek_Dolezalova.indd   57 15/02/2022   9:51:3215/02/2022   9:51:32



58 Endocardial radiofrequency catheter ablation of interventricular septal hypertrophy

A signifi cant decrease in resting or provoked LVOTG 
of usually >50% was seen in all follow-up cases com-
pared to baseline values. The potential mechanisms for 
gradient reduction are not clear and may be related to 
several factors including reduction of septal thickness, 
a focal reduction of motility-localized myocardial scar at 
the contact point with the mitral valve anterior leafl et 
and interventricular septum, reduced myocardial motion 
of the hypertrophied septum,35 and not signifi cantly re-
duced septal thickness after ERASH (1.3 mm). Therefore, 
a signifi cant decrease in the LVOT gradient could be only 
due to a localized reduction of endo-myocardial tissue 
in contact point. However, this contact point presented 
was the main mechanism of the dynamic obstruction of 
LVOT. RF septal ablation does not reduce the LVOT gradi-
ent primarily through signifi cant thinning of the septum, 
but rather through hypokinesis or akinesis of the ablated 
region. 

Yang et al. described 82 patients who underwent 
ERASH and found that the average decrease in resting 
LVOTG was 58.8 mmHg. The average decrease in LVOTG 
in the Euro-ASA registry was 51 mmHg and 64 mmHg in 
the Mayo myectomy study. There seems to be no signifi -
cant difference. Subjective symptom relief for ERASH was 
described by NYHA class decrease from class III to class II. 
According to a meta-analysis comparing ASA versus septal 
myectomy, the difference between the effi cacy of both 
in LVOT gradient reduction seems comparable. There is 
a small, yet signifi cantly higher residual LVOTG among 
the ASA group patients as compared with the septal my-
ectomy group patients. In addition, functional status was 
comparable between the two methods.36

There was a decreasing tendency of AV block and 
pacemaker dependency after using electroanatomi-
cal mapping systems and ICE. The primary location of 
the His conduction tissue helps to avoid damage to the 
atrioventricular conduction, which is a potential advan-
tage of ERASH. The incidence of permanent pacemaker 
implantation was 6.9%. On the other hand, ASA re-
quires implanted permanent pacemaker after procedure 
in 12% according to the Euro-ASA registry17 and 3.9–4% 
for myectomy.37 There is a question about the infl uence 
of previous ASA on AVB during ERASH, which is not 
mentioned in separate studies. The highest incidence of 
AVB III was observed in the study with the highest num-
ber of previous ASA (Lawrenz 2011, Crossen 2016), but 
defi nitive evidence for this idea requires a larger, ran-
domized study. Septal myectomy entails removal of sub-
endocardial tissue in the anterior septum containing the 
left bundle branch fi bers, which increase the risk of LBBB 
compared with SA. Given these considerations, patients 
with pre-existing RBBB are more likely to require a per-
manent pacemaker after SA. On the other hand, those 
with LBBB are more likely to need pacing after ASA ac-
cording to our experiences with previous ASA with sub-
sequent RBBB. RBBB and LAH also lead to a higher risk 
for AVB.36

ERASH also has similar mortality from reported stud-
ies (2%) compared to ASA, which ranges between 1–4%36 
and 1–2% after myectomy.38 Therefore, ERASH promises 
to have comparable safety with septal myectomy and 
ASA. 

Limitations

All studies published so far are observational studies with 
small sample size and including children. These studies 
were conducted usually after failure of other invasive 
therapeutic methods or due to unsuitable coronary artery 
anatomy. In particular, the presence of a previous ASA 
could lead to a higher complication rate, mainly AV con-
duction disturbances.

Conclusion

The results of several previous studies show that ERASH 
seems to be an effi cient and safe interventional therapeu-
tic method for HOCMP comparable to ASA. The potential 
advantage of this method is the lower risk of subsequent 
atrioventricular conduction injury and the repeatability 
of the ERASH procedure. However, comparably to ASA 
there is only a small number of patients so far. Euro-ASA 
registry with amount of 1275 patients shows rate of 2.42 
deaths per 100 patients, in case of ERASH was 2 deaths 
per 100 patients so far. One death was caused by peripro-
cedural retroperitoneal bleeding caused by removal of 
sheaths which is a rare complication of catheter ablation 
procedure in general, and the second death caused by 
LV dysfunction with paradoxical increase of LVOTG is not 
quite explained, but may be associated for example with 
hypovolemia or different conditions during procedure 
and periprocedural oedema of tissue of hypertrophic sep-
tum after ablation. Incidence of periprocedural atrioven-
tricular conduction damage and pacemaker implantation 
do not seem to be higher than during ASA so far. 

But still it is necessary to conduct a more extensive 
study focused on safety of this new method. Effi cacy 
seems to be proved, but safety is a key factor for clini-
cal use of this method. We need to be careful and prove 
ERASH safety with bigger studies with a higher number 
of participants, including randomized controlled stud-
ies comparing well-accepted methods such as ASA. It is 
possible there will be also a learning curve to be passed 
even for experienced operators. Recently there are no 
data about learning curve and comparing of the learning 
curve for ERASH and ASA. 

Confl icts of interest
All authors have reported that they have no relationships 
relevant to the contents of this paper to disclose.

Funding
Supported by the European Regional Development Fund 
– Project ENOCH (No. CZ.02.1.01/0.0/0.0/16_019/0000868).
MUDr. Doležalová was supported by project “New 
trends in diagnostics and therapy of cardiomyopathies” 
(MUNI/A/1685/2020). 

References
 1. Authors/Task Force members, Elliott PM, Anastasakis A, 

et al. 2014 ESC Guidelines on diagnosis and management 
of hypertrophic cardiomyopathy: the Task Force for the 
Diagnosis and Management of Hypertrophic Cardiomyopathy 

053_059_Prehledovy clanek_Dolezalova.indd   58053_059_Prehledovy clanek_Dolezalova.indd   58 15/02/2022   9:51:3315/02/2022   9:51:33



K. Doležalová et al. 59

of the European Society of Cardiology (ESC). Eur Heart J 
2014;35:2733–2779.

 2. Maron BJ, Maron MS, Semsarian C. Genetics of Hypertrophic 
Cardiomyopathy After 20 Years. J Am Coll Cardiol 
2012;60:705–715. 

 3. Sen-Chowdhry S, Jacoby D, Moon JC, McKenna WJ. Update on 
hypertrophic cardiomyopathy and a guide to the guidelines. 
Nat Rev Cardiol 2016;13:651–675. 

 4. Shah JS, Esteban MTT, Thaman R, et al. Prevalence of 
exercise-induced left ventricular outfl ow tract obstruction 
in symptomatic patients with non-obstructive hypertrophic 
cardiomyopathy. Heart 2008;94:1288–1294. 

 5. Braunwald E, Seidman Christine E, Sigwart U. Contemporary 
Evaluation and Management of Hypertrophic 
Cardiomyopathy. Circulation 2002;106:1312–1316. 

 6. Heitner SB, Jacoby D, Lester SJ, et al. Mavacamten Treatment 
for Obstructive Hypertrophic Cardiomyopathy: A Clinical Trial. 
Ann Intern Med 2019;170:741. 

 7. Menon SC, Ackerman MJ, Ommen SR, et al. Impact of Septal 
Myectomy on Left Atrial Volume and Left Ventricular Diastolic 
Filling Patterns: An Echocardiographic Study of Young Patients 
with Obstructive Hypertrophic Cardiomyopathy. J Am Soc 
Echocardiogr 2008;21:684–688. 

 8. Maron BJ, Rowin EJ, Casey SA, et al. Hypertrophic 
Cardiomyopathy in Adulthood Associated With Low 
Cardiovascular Mortality With Contemporary Management 
Strategies. J Am Coll Cardiol 2015;65:1915–1928. 

 9. Heric B, Lytle BW, Miller DP, et al. Surgical management of 
hypertrophic obstructive cardiomyopathy. Early and late 
results. J Thorac Cardiovasc Surg 1995;110:195–206; discussion 
206–208. 

 10. Yu EHC, Omran AS, Wigle ED, et al. Mitral regurgitation in 
hypertrophic obstructive cardiomyopathy: relationship to 
obstruction and relief with myectomy. J Am Coll Cardiol 
2000;36:2219–2225. 

 11. Stassano P, Di Tommaso L, Triggiani D, et al. Mitral Valve 
Replacement and Limited Myectomy for Hypertrophic 
Obstructive Cardiomyopathy. Tex Heart Inst J 2004;31:137–142.

 12. European Society of Cardiology (ESC); European Heart Rhythm 
Association (EHRA), Brignole M, et al. 2013 ESC Guidelines 
on cardiac pacing and cardiac resynchronization therapy: the 
task force on cardiac pacing and resynchronization therapy 
of the European Society of Cardiology (ESC). Developed in 
collaboration with the European Heart Rhythm Association 
(EHRA). Europace 2013;15:1070–1118.

 13. Sigwart U. Non-surgical myocardial reduction for hypertrophic 
obstructive cardiomyopathy. Lancet 1995;346:211–214. 

 14. Veselka J, Krejčí J, Tomašov P, Zemánek D. Long-term survival 
after alcohol septal ablation for hypertrophic obstructive 
cardiomyopathy: a comparison with general population. Eur 
Heart J 2014;35:2040–2045. 

 15. Lawrenz T, Lieder F, Bartelsmeier M, et al. Predictors of 
Complete Heart Block After Transcoronary Ablation of Septal 
Hypertrophy: Results of a Prospective Electrophysiological 
Investigation in 172 Patients With Hypertrophic Obstructive 
Cardiomyopathy. J Am Coll Cardiol 2007;49:2356–2363. 

 16. Veselka J, Procházková Š, Duchoňová R, et al. Alcohol septal 
ablation for hypertrophic obstructive cardiomyopathy: Lower 
alcohol dose reduces size of infarction and has comparable 
hemodynamic and clinical outcome. Catheter Cardiovasc Interv 
2004;63:231–235. 

 17. Veselka J, Jensen MK, Liebregts M, et al. Long-term clinical 
outcome after alcohol septal ablation for obstructive 
hypertrophic cardiomyopathy: results from the Euro-ASA 
registry. Eur Heart J 2016;37:1517–1523. 

 18. Gersh BJ, Maron BJ, Bonow RO, et al. 2011 ACCF/AHA 
Guideline for the Diagnosis and Treatment of Hypertrophic 
Cardiomyopathy: A Report of the American College of 
Cardiology Foundation/American Heart Association Task Force 
on Practice Guidelines. Developed in Collaboration With the 
American Association for Thoracic Surgery, American Society 
of Echocardiography, American Society of Nuclear Cardiology, 
Heart Failure Society of America, Heart Rhythm Society, Society 
for Cardiovascular Angiography and Interventions, and Society 
of Thoracic Surgeons. J Am Coll Cardiol 2011;58:e212–e260. 

 19. Sorajja P, Ommen SR, Holmes DR, et al. Survival After 
Alcohol Septal Ablation for Obstructive Hypertrophic 
Cardiomyopathy. Circulation 2012;126:2374–2380. 

 20. Faber L, Seggewiss H, Welge D, et al. Echo-guided 
percutaneous septal ablation for symptomatic 
hypertrophic obstructive cardiomyopathy: 7 years of 
experience. Eur J Echocardiogr 2004;5:347–355. 

 21. Keane D, Hynes B, King G, et al. Feasibility Study of 
Percutaneous Transvalvular Endomyocardial Cryoablation 
for the Treatment of Hypertrophic Obstructive 
cardiomyopathy. J Invasive Cardiol 2007;19:247–251.

 22. Schäfer U, Kreidel F, Frerker C. MitraClip implantation 
as a new treatment strategy against systolic anterior 
motion-induced outfl ow tract obstruction in hypertrophic 
obstructive cardiomyopathy. Heart Lung Circ 2014;23:e131–
e135. 

 23. Nazer B, Gerstenfeld EP, Hata A, et al. Cardiovascular 
applications of therapeutic ultrasound. J Interv Card 
Electrophysiol 2014;39:287–294. 

 24. Rong S, Woo K, Zhou Q, et al. Septal Ablation Induced 
by Transthoracic High-Intensity Focused Ultrasound in 
Canines. J Am Soc Echocardiogr 2013;26:1228–1234. 

 25. Liu F, Fu J, Hsi D, et al. Percutaneous Intramyocardial 
Septal Radiofrequency Ablation for Interventricular 
Septal Reduction: An Ovine Model with 1-Year Outcomes. 
Cardiology 2020;145:53–62. 

 26. Liu L, Li J, Zuo L, et al. Percutaneous Intramyocardial Septal 
Radiofrequency Ablation for Hypertrophic Obstructive 
Cardiomyopathy. J Am Coll Cardiol 2018;72:1898–1909. 

 27. Lawrenz T, Kuhn H. Endocardial radiofrequency ablation 
of septal hypertrophy: A new catheter-based modality 
of gradient reduction in hypertrophic obstructive 
cardiomyopathy. Z Kardiol 2004;93:493–499.

 28. Lawrenz T, Borchert B, Leuner C, et al. Endocardial 
Radiofrequency Ablation for Hypertrophic Obstructive 
Cardiomyopathy. J Am Coll Cardiol 2011;57:572–576. 

 29. Emmel M, Sreeram N, deGiovanni JV, Brockmeier K. 
Radiofrequency catheter septal ablation for hypertrophic 
obstructive cardiomyopathy in childhood. Z Kardiol 
2005;94:699–703. 

 30. Sreeram N, Emmel M, de Giovanni JV. Percutaneous 
Radiofrequency Septal Reduction for Hypertrophic 
Obstructive Cardiomyopathy in Children. J Am Coll Cardiol 
2011;58:2501–2510. 

 31. Shelke AB, Menon R, Kapadiya A, et al. A novel approach 
in the use of radiofrequency catheter ablation of septal 
hypertrophy in hypertrophic obstructive cardiomyopathy. 
Indian Heart J 2016;68:618–623. 

 32. Cooper RM, Shahzad A, Hasleton J, et al. Radiofrequency 
ablation of the interventricular septum to treat 
outfl ow tract gradients in hypertrophic obstructive 
cardiomyopathy: a novel use of CARTOSound® technology 
to guide ablation. Europace 2016;18:113–120. 

 33. Crossen K, Jones M, Erikson C. Radiofrequency septal 
reduction in symptomatic hypertrophic obstructive 
cardiomyopathy. Heart Rhythm 2016;13:1885–1890. 

 34. Beaser AD, Sobacki J, Aziz Z, et al. Targeted 
radiofrequency septal ablation to reduce outfl ow tract 
gradient in symptomatic hypertrophic obstructive 
cardiomyopathy: initial feasibility cohort. Heart Rhythm 
2018;15:S644–S645.

 35. Peigh G, Wasserlauf J, Choudhury L, et al. From 100 to 0. 
JACC Case Rep 2020;2:1173–1177. 

 36. Agarwal S, Tuzcu EM, Desai MY, et al. Updated Meta-
-Analysis of Septal Alcohol Ablation Versus Myectomy 
for Hypertrophic Cardiomyopathy. J Am Coll Cardiol 
2010;55:823–834. 

 37. Nguyen A, Schaff HV, Hang D, et al. Surgical myectomy 
versus alcohol septal ablation for obstructive hypertrophic 
cardiomyopathy: A propensity score-matched cohort. 
J Thorac Cardiovasc Surg 2019;157:306.e3–315.e3. 

 38. Maron BJ. Hypertrophic Cardiomyopathy. Circulation 
2002;106:2419–2421. 

053_059_Prehledovy clanek_Dolezalova.indd   59053_059_Prehledovy clanek_Dolezalova.indd   59 15/02/2022   9:51:3315/02/2022   9:51:33



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


