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Background: Hypertrophic cardiomyopathy
(HCM) is a genetic disorder present in up to
1/500 individuals, about 20-30% of them pre-
senting with hypertrophic obstructive cardio-
myopathy (HOCM) due to left ventricle outflow
tract obstruction. This is an important cause of
sudden cardiac death. Endocardial radiofrequen-
cy ablation of septal hypertrophy (ERASH) might
be an attractive treatment for HOCM, particularly
in patients who do not respond to transcoronary
alcohol septal ablation (TASA). Aim: To describe
technical aspects related to the procedure and
anesthetic management of an ERASH case. Case
report: A 64-year-old woman with HOCM was
scheduled for ERASH. She had worsening of dysp-
nea on exertion and generalized fatigue for the
previous weeks after previous surgical myomecto-
my about 6 months ago. The anatomy was unfa-
vorable for TASA and the patient was not willing to
undergo another surgery. Preoperative transtho-
racic echocardiography (TTE) showed asymmetric
mid-septal hypertrophy, systolic anterior motion
with septal contact and left ventricular outflow
tract maximum gradient of 68 mmHg at rest and
105 mmHg after the Valsalva maneuver. General
anesthesia was performed. Pulse pressure varia-
tion, echocardiography parameters and passive
leg raising test where used to guide fluid therapy.
At the end of the procedure, analgesia was provid-
ed together with prophylaxis of nausea and vom-
iting. Extubation was uneventful and the patient
was transported to the intensive care unit eupneic

and hemodynamically stable. On the fourth post-
operative day, TTE showed septal hypocontrac-
tility and maximum gradient reduction of 33% at
rest (68 mmHg to 45 mmHg) and 31% after the
Valsalva maneuver (105 mmHg to 73 mmHg). The
patient was discharged from hospital at the sixth
postoperative day. One month later, she reported
progressive improvement of symptoms and ex-
pressed satisfaction with the results. Conclusion:
Better understanding of the pathophysiology
and natural history of HCM has enabled earlier
diagnosis, as well as a more adequate therapeutic
approach. Anesthesiologists should be aware of
the pathophysiology of HOCM and must be pre-
pared to anticipate the hemodynamic changes
and cardiovascular instability that such patients
may show perioperatively. ERASH is a promising
therapeutic modality increasingly used for HOCM
and anesthesiologists should become more famil-
iar with it.
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ypertrophic  cardiomyopathy (HCM)

is a genetic disorder characterized by

unexplained hypertrophy of the left

ventricle (LV). Its prevalence is up to
1/500 individuals, about 20-30% of them presenting
with hypertrophic obstructive cardiomyopathy
(HOCM) due to left ventricle outflow tract (LVOT)
obstruction [1, 2]. Although it is an important cause
of sudden cardiac death among young people,
a reduction in mortality has been observed in the
last decades [3]. This advance has been due to better
understanding of the disease’s pathophysiology, its
earlier diagnosis and the advances in therapeutic
strategies.

It is well known that surgical or percutaneous
septal reduction therapies (SRT) are the only effec-
tive methods for the reduction of the LVOT gradient.
Among SRTs, endocardial radiofrequency ablation of
septal hypertrophy (ERASH) might be an attractive
treatment for sympathetic HOCM, particularly in pa-
tients who do not respond to transcoronary alcohol
septal ablation (TASA) [4].

Here, we describe technical aspects related to the
procedure and anesthetic management of an ERASH
case.

Case report

A 64-year-old woman with HOCM was scheduled for
ERASH. She had worsening of dyspnea on exertion and
generalized fatigue for the previous weeks, after previous
surgical myectomy about 6 months ago. The anatomy was
not favorable for TASA and the patient was not willing to
undergo another surgery. Other comorbidities included
hypertension, paroxysmal atrial fibrillation and anxiety.
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Her medications included furosemide, spironolactone, at-
enolol, warfarin, zolpidem, and omeprazole. Preoperative
transthoracic echocardiography (TTE) showed asym-
metric mid septal hypertrophy, systolic anterior motion
(SAM) with septal contact and LVOT maximum gradi-
ent of 68 mmHg at rest and 105 mmHg after the Valsalva
maneuver. Her previous ergometric test showed a 5 METs
functional capacity.

After detailed discussion with the interventional car-
diologist, it was decided to proceed with general anesthe-
sia. Standard monitoring of the patient included five-lead
electrocardiography, pulse oximetry, intermittent nonin-
vasive blood pressure measurements, capnography and gas
analysis. Body temperature was measured by an esophageal
thermometer. A judicious dose of midazolam was admin-
istered to reduce anxiety. Radial artery catheterization was
performed before induction anesthesia and orotracheal
intubation. Etomidate (0.2 mg/kg), lidocaine (1 mg/kg),
fentanyl (3 mcg/kg), and cisatracurium (0.15 mg/kg) were
chosen for the induction. Anesthesia was maintained with
remifentanil (0.15 mcg/kg/min) and sevoflurane (1% ex-
pired fraction). Pulse pressure variation, echocardiography
parameters and passive leg raising test where used to guide
fluid therapy. Boluses of phenylephrine (50 mcg) were ad-
ministered when necessary to increase afterload and avoid
hypotension.

Two femoral artery punctures were performed by the
interventional cardiologist, one for retrograde aortic ap-
proach to the LV and the other for arterial LV pressure meas-
urement. Three femoral vein punctures were performed for
catheter placement, right ventricle catheter placement and
transseptal puncture, using a SLO1 Abbott Long Sheath. Left
septal approach was tried using transseptal puncture with
an Agilis™ XT deflectable sheath. After that, the retrograde

Fig. 1. Fluoroscopy obtained during the left septal ablation procedure. Gradient measurements were obtained using a pig tail catheter
inserted through transseptal puncture and a SLO1 Abbott Long Sheath. A quadripolar diagnostic catheter was used for recording. Left
septal ablation was performed via retrograde aortic approach. Trans-esophageal echocardiography and when necessary transtoracic
echocardiography assessments were used to guide the electrophysiologyst during the entire procedure
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approach was guided by trans-esophageal echocardiogra-
phy (TEE) and occasionally TTE to achieve the best catheter
position (Fig. 1). Radiofrequency was delivered as per the
institution protocol until the LVOT gradient was reduced
by 40% from the initial measured values (as measured by
intraoperative TEE and a pig tail catheter placed in LV apex
and LVOT), as previously described [5].

At the end of the procedure, analgesia was provid-
ed together with prophylaxis of nausea and vomiting.
Extubation was uneventful done and the patient was trans-
ferred to the intensive care unit, being eupneic and hemo-
dynamically stable.

During the first postoperative day low doses of no-
radrenaline were needed to maintain adequate afterload,
despite patient’s good recovery. Serum troponin levels
remained elevated during the first 48 hours and then de-
creased progressively (Fig. 2). The patient stayed in the in-
tensive care unit for 3 days before being transferred to the
ward. On the fourth postoperative day, TTE showed sep-
tal hypocontractility and a maximum gradient reduction
of 33% at rest (68 mmHg to 45 mmHg) and 31% after the
Valsalva maneuver (105 mmHg to 73 mmHg). The patient
was discharged from the hospital at the sixth postoperative
day. One month later she reported progressive improve-
ment of symptoms and expressed satisfaction with the re-
sults.

Discussion

As described, better understanding of the
pathophysiology and natural history of HCM has
enabled earlier diagnosis, as well as a more adequate
therapeutic approach. Studies have shown that the
main causes of death in patients with HCM are sudden
cardiac death secondary to ventricular arrhythmias,
heart failure and stroke [6].

To improve functional capacity, reduce symp-
toms and prevent disease progression drug therapy,
based on the use of beta-blockers and/or verapamil,
disopyramide, antiarrhythmics and diuretics should
be started [5]. However, patients with HOCM who
remain severely symptomatic despite maximal drug
therapy are candidates for invasive procedures, in-
cluding permanent pacemaker insertion, percutane-
ous SRT, or surgical myectomy [1].

Among invasive procedures, the clinical eligibility
criteria for surgical myectomy and TASA are the same,
according to the guidelines by American College of
Cardiology/American Heart Association (ACC/AHA)
and European Society of Cardiology (ESC). The eligi-
bility criteria can be summarized as follows:

a. Clinical: severe dyspnea or chest pain (usual-
ly New York Heart Association (NYHA) function-
al classes III or IV) or occasionally other exertional
symptoms (such as syncope or near syncope) that
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Fig. 2. Troponin levels during perioperative period; PO postoperative. Upper level: below

0.034 ng/mL (normal); Cut-off point: 0.12 ng/ml

interfere with everyday activity or quality of life de-
spite optimal medical therapy.

b. Hemodynamic: dynamic LVOT gradient at rest
or with physiologic provocation >50 mmHg associ-
ated with septal hypertrophy and SAM of the mitral
valve.

c. Anatomic: targeted anterior septal thickness
sufficient to perform the procedure safely and effec-
tively in the judgment of the individual operator [7, 8].

None of these guidelines, however, cites ERASH
as an invasive treatment alternative. First described
in 2004 by T. Lawrenz, ERASH has become an in-
creasingly used treatment alternative [9]. ERASH
has its best indications in patients with the criteria
described above who are not eligible or refuse to per-
form surgical myectomy, as well as those who do not
respond to TASA, since a significant limitation of
the latter technique is its dependence on the coro-
nary anatomy to provide access for ablation, and up
to 15% of patients have no septal vessel suitable for
TASA procedure [10, 11].

To better understand how ERASH works, we must
comprehend the pathophysiology of HOCM. For
LVOT obstruction in HOCM, basal septum hypertro-
phy and SAM of the mitral valve are key elements. In
the majority of cases, asymmetric septal hypertrophy
leads to LVOT obstruction causing rapid acceleration
of blood flow apical from the mitral valve (the Venturi
effect). It is believed that this narrowing of the LVOT
favors the movement of the valve apparatus towards
the septum. However, this is not the sole pathophysi-
ological factor of LVOT obstruction. In some patients,
obstruction may occur despite low velocities in LVOT.
Abnormal posteriorly directed flow due to the septal
hypertrophy may circulate around the mitral valve
and back towards the LVOT. If there is a structural
anomaly on the anterior mitral leaflet like a redundan-
cy, the leaflet may be caught by this flow. Then, the
anterior leaflet may move towards the hypertrophic
septum. Once the anterior mitral leaflet contacts the
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interventricular septum, the LVOT orifice is nar-
rowed further and greater obstruction to flow devel-
ops, resulting in a higher pressure difference. This may
cause positive amplifying feedback loop throughout
ventricular systole. Main deleterious effects of LVOT
obstruction are reduction of cardiac output, mitral
regurgitation due to SAM, diastolic dysfunction and
coronary flow abnormalities, causing the symptoms
described above [12, 13].

ERASH reduces LVOT gradient by inducing, via
endocardial radiofrequency, a local alteration of sep-
tal contractility, thereby interrupting contact of the
mitral valve anterior leaflet and the basal septum.
As it is true for other septal ablation modalities, the
most important part of ERASH procedure is the ex-
act localization of this contact point. For this pur-
pose, transesophageal, transthoracic or intracardiac
echocardiography, as well as fluoroscopy guidance,
are used. In addition, the use of CARTO® (Biosense
Webster, Diamond Bar, CA, USA) and Localisa
(Medtronic EP Systems, Minneapolis, MN, USA)
as electroanatomical mapping systems has been de-
scribed [4, 14]. The approaches used for catheter inser-
tion can vary from the right or left ventricle to aortic
retrograde approach.

Inastudyin 19 patients, T. Lawrenz et al. observed
that ERASH was effective in reducing LVOT gradient
and resulted in significant improvement in exercise
capacity and NYHA functional class after 6 months
(14]. In another study by N. Sreeram et al., including
32 children who underwent ERASH procedure, an
immediate decrease was detected in the catheter pull-
back gradient and further reduction in the echocar-
diographic gradient was seen at follow-up [15]. More
recently, R.M. Cooper et al. described 5 patients un-
dergoing ERASH and observed a reduction in resting
and Valsalva exercise-induced LVOT gradients, as
well as an improvement of their NYHA status [16].

During the preoperative anesthetic evaluation,
in addition to assessing the clinical status of the pa-
tient, it is important to ensure the correct use of the
prescribed medications. Ideally, they should be con-
tinued perioperatively, including beta-blockers, in
order to keep a target heart rate of 60-65 beats/min.
Moreover, prolonged fasting should be avoided, since
hypovolemia may exacerbate LVOT obstruction.
Maintenance of preload and afterload, heart rate, si-
nus rhythm, mild suppression of myocardial contrac-
tility, and myocardial perfusion pressure are the goals
of anesthetic management [13, 17, 18].

As it was the first case of ERASH performed at
our institution, in addition to the standard monitor-
ing recommended for procedures done under gener-
al anesthesia, we have chosen to ensure continuous

Almanac of Clinical Medicine. 2019; 47. doi: 10.18786/2072-0505-2019-47-011

invasive blood pressure monitoring from the induc-
tion of anesthesia on. This tool was useful to avoid
hypotension, which is poorly tolerated in these indi-
viduals, and to evaluate fluid responsiveness through
pulse pressure variation. A bolus of 100 mL of crys-
talloids was given when delta pulse pressure exceeded
10% [18-20].

In order to allow adequate handling of TEE, en-
sure better hemodynamic control, as well as immobil-
ity throughout the procedure, general anesthesia with
orotracheal intubation was the technique of choice.
During the induction, in addition to fluid management
and titration hypnotics and opioids, we used phenyle-
phrine to avoid hypotension, since the use of al-adr-
energic agonists increases systemic vascular resistance
and decreases LVOT obstruction, whereas p-adren-
ergic agents worsen it due to their positive inotropic
and chronotropic effects [21, 22]. As a neuromuscular
blocker, cisatracurium was chosen because of its he-
modynamic stability and lack of histamine release. We
believe that as long as TTE is performed and as inter-
ventional cardiology gains expertise, a less invasive an-
esthetic technique may be a plausible alternative. One
should bear in mind the importance of maintaining
adequate pain control during septal ablation.

It is important not to inactivate an implanted
DDD-pacemaker during anesthesia when it has been
placed for timed atrial contraction and gradient re-
duction. Tachycardia associated with direct laryngo-
scopy and intubation can be prevented by pretreat-
ment with intravenous metoprolol or esmolol. This
practice is recommended, especially in patients with
history of heart failure symptoms, angina, or HCM-
related syncope or high resting gradients.

Mechanical ventilation parameters were adjusted
to ensure an EtCO, of 35-40 mmHg. In addition, to
reduce intrathoracic pressures and thus favor venous
return, we maintained a low tidal volume and reduced
the positive end expiratory pressure and inspiratory:
expiratory ratio.

Special attention should be given to potential
risks of this technique. Complete heart block was
reported in 21% of cases, with permanent pacemak-
er dependency [14]. These patients can also develop
other types of arrhythmia such as bradyarrhythmia,
supraventricular tachycardia, ventricular tachycardia
or fibrillation for which appropriate pharmacologic
agents and/or defibrillation should be kept ready [17].
Other complications include cardiac tamponade, su-
perficial burning from electrocautery plate, risks re-
lated to any percutaneous procedure (retroperitoneal
hemorrhage, limb ischemia and groin hematoma, for
example) and even death. Death report was described
in a patient that developed acute left ventricular
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dysfunction secondary to paradoxical increase in the
degree of LVOT obstruction due to tissue edema at
the ablation sites [12, 14, 15]. Anesthesiologists should
be aware of the pathophysiology of HCM when han-
dling PCR in these individuals, since inotropic agents
such as adrenaline may worsen LVOT obstruction
and should be used judiciously [18].

To our knowledge, this is the first paper describ-
ing the anesthetic management of the endocardial
radiofrequency ablation of septal hypertrophy for
HCM. Although ERASH seems a technically feasible

References

strategy, short- and longterm results and complica-
tions were not clearly defined, since most trials cur-
rently available have a small number of cases and are
single centered. Moreover, at this time we cannot
make a statistical comparison between TASA and
ERASH due to the small sample size with ERASH.
Further largescale studies are needed to clarify this
issue [4, 12, 15]. However, as this is a promising ther-
apeutic modality increasingly used for HCM with
LVOT obstruction, we believe that anesthesiologists
should become more familiar with it. ©

®

Conflict of interests

The authors declare that
they have no conflict of
interest.

Author contributions

All authors have
contributed equally to the
paper. All authors have
read and approved the
final manuscript.

1.Hagége AA, Desnos M. New trends in treatment
of hypertrophic cardiomyopathy. Arch Car-
diovasc Dis. 2009;102(5):441-7. doi: 10.1016/j.
acvd.2009.03.008.

2.Cirino AL, Ho C. Hypertrophic cardiomyopathy
overview. In: Pagon R, Adam M, Ardinger H, Al E,
editors. GeneReviews [Internet]. 2008. Available
from: https://www.ncbi.nIm.nih.gov/books/
NBK1768/.

3.Maron BJ, Olivotto |, Spirito P, Casey SA, Bel-
lone P, Gohman TE, Graham KJ, Burton DA,
Cecchi F. Epidemiology of hypertrophic cardio-
myopathy-related death: revisited in a large
non-referral-based patient population. Circu-
lation. 2000;102(8):858-64. doi: 10.1161/01.
CIR.102.8.858.

4. Aksu T, Guler T, Yalin K, Golcuk SE, Ozcan K. Septal
Ablation for Hypertrophic Obstructive Cardio-
myopathy: Transcoronary and Endocardial Ap-
proach. Am J Med Sci. 2016;352(5):466-71. doi:
10.1016/j.amjms.2016.08.025.

5.Valdigem BP, Correa EB, Moreira DAR, An-
dalaft RB, Masciarelli Pinto IB, Abizaid AAC,
Cano MN, Armaganijan LV, Paladino Filho TA,
Verissimo O, Lebihan D, Feres F, Viesi JHZ, Nigro
Neto C, Barreto RBM. Echo guided septal radiof-
requency ablation for treatment of obstructive
hypertrophic cardiomiopathy — Case series. Eur
Heart J. 2018;39(Suppl 1):ehy563.P4588. doi:
10.1093/eurheartj/ehy563.P4588.

6.Maron BJ. Hypertrophic cardiomyopathy: a sys-
tematic review. JAMA. 2002;287(10):1308-20.
doi: 10.1001/jama.287.10.1308.

7.Authors/Task Force members, Elliott PM, An-
astasakis A, Borger MA, Borggrefe M, Cecchi F,
Charron P, Hagege AA, Lafont A, Limongelli G,
Mahrholdt H, McKenna WJ, Mogensen J, Nihoy-
annopoulos P, Nistri S, Pieper PG, Pieske B, Rapez-
zi C, Rutten FH, Tillmanns C, Watkins H. 2014 ESC
Guidelines on diagnosis and management of
hypertrophic cardiomyopathy: the Task Force for
the Diagnosis and Management of Hypertrophic
Cardiomyopathy of the European Society of Car-
diology (ESC). Eur Heart J. 2014;35(39):2733-79.
doi: 10.1093/eurheartj/ehu284.

8.Gersh BJ, Maron BJ, Bonow RO, Dearani JA,
Fifer MA, Link MS, Naidu SS, Nishimura RA, Om-

1

1

1

1

1

men SR, Rakowski H, Seidman CE, Towbin JA,
Udelson JE, Yancy CW; American College of Car-
diology Foundation/American Heart Association
Task Force on Practice Guidelines; American As-
sociation for Thoracic Surgery; American Society
of Echocardiography; American Society of Nucle-
ar Cardiology; Heart Failure Society of America;
Heart Rhythm Society; Society for Cardiovascular
Angiography and Interventions; Society of Tho-
racic Surgeons. 2011 ACCF/AHA guideline for
the diagnosis and treatment of hypertrophic car-
diomyopathy: a report of the American College
of Cardiology Foundation/American Heart As-
sociation Task Force on Practice Guidelines. Cir-
culation. 2011;124(24):e783-831. doi: 10.1161/
CIR.0b013e318223e2bd.

9.Lawrenz T, Kuhn H. Endocardial radiofrequen-
cy ablation of septal hypertrophy. A new cath-
eter-based modality of gradient reduction in
hypertrophic  obstructive  cardiomyopathy.
Z Kardiol. 2004;93(6):493-9. doi: 10.1007/500392-
004-0097-x.

0.Faber L, Welge D, Fassbender D, Schmidt HK,

Horstkotte D, Seggewiss H. One-year follow-up

of percutaneous septal ablation for symptom-

atic hypertrophic obstructive cardiomyopathy

in 312 patients: predictors of hemodynamic and

clinical response. Clin Res Cardiol. 2007;96(12):

864-73. doi: 10.1007/500392-007-0578-9.

.Chan W, Williams L, Kotowycz MA, Woo A, Rakow-

ski H, Schwartz L, Overgaard CB. Angiographic

and echocardiographic correlates of suitable

septal perforators for alcohol septal ablation

in hypertrophic obstructive cardiomyopathy.

Can J Cardiol. 2014;30(8):912-9. doi: 10.1016/j.

cjca.2014.04.008.

2.Aksu T, Giiler TE, Yalin K, Gélciik SE, Ozcan KS.
Role of endocardial septal ablation in the treat-
ment of hypertrophic obstructive cardiomyop-
athy. Anatol J Cardiol. 2016;16(9):707-12. doi:
10.14744/AnatolJCardiol.2016.7100.

3.Hensley N, Dietrich J, Nyhan D, Mitter N, Yee MS,
Brady M. Hypertrophic cardiomyopathy: a re-
view. Anesth Analg. 2015;120(3):554-69. doi:
10.1213/ANE.0000000000000538.

4.Lawrenz T, Borchert B, Leuner C, Bartelsmei-
er M, Reinhardt J, Strunk-Mueller C, Meyer Zu

—_

J.H.Z Viesi, C. Nigro Neto, B.R. Valdigem, .M. Dornelles, S.C. Passos, A. Stahlschmidt, D.C.S. Le Bihan, E.B. Correia
Anesthetic management during endocardial radiofrequency ablation of septal hypertrophy — a case report

Vilsendorf D, Schloesser M, Beer G, Lieder F,
Stellbrink C, Kuhn H. Endocardial radiofrequency
ablation for hypertrophic obstructive cardiomy-
opathy: acute results and 6 months' follow-up in
19 patients. J Am Coll Cardiol. 2011;57(5):572-6.
doi: 10.1016/j.jacc.2010.07.055.

15. Sreeram N, Emmel M, de Giovanni JV. Percutane-
ous radiofrequency septal reduction for hyper-
trophic obstructive cardiomyopathy in children.
J Am Coll Cardiol. 2011;58(24):2501-10. doi:
10.1016/j,jacc.2011.09.020.

16. Cooper RM, Shahzad A, Hasleton J, Digiovanni J,
Hall MC, Todd DM, Modi S, Stables RH. Radiofre-
quency 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(1):113-20. doi: 10.1093/eu-
ropace/euv302.

17.Varma PK, Raman SP, Neema PK. Hypertrophic
cardiomyopathy part Il - anesthetic and surgical
considerations. Ann Card Anaesth. 2014;17(3):
211-21.doi: 10.4103/0971-9784.135852.

18.Vives M, Roscoe A. Hypertrophic cardiomyopa-
thy: implications for anesthesia. Minerva Aneste-
siol. 2014;80(12):1310-9.

19.Malbouisson LMS, Silva JM Jr, Carmona
MJC, Lopes MR, Assuncdo MS, Valiatti JLDS,
Simoes CM, Auler JOC Jr. A pragmatic multi-cen-
ter trial of goal-directed fluid management
based on pulse pressure variation monitoring
during high-risk surgery. BMC Anesthesiol.
2017;17(1):70. doi: 10.1186/512871-017-0356-9.

20.Toupin F, Clairoux A, Deschamps A, Lebon JS,

Lamarche Y, Lambert J, Fortier A, Denault AY. As-
sessment of fluid responsiveness with end-tidal
carbon dioxide using a simplified passive leg
raising maneuver: a prospective observational
study. Can J Anaesth. 2016;63(9):1033-41. doi:
10.1007/512630-016-0677-z.

.Gajewski M, Hillel Z. Anesthesia management

of patients with hypertrophic obstructive car-
diomyopathy. Prog Cardiovasc Dis. 2012;54(6):
503-11. doi: 10.1016/j.pcad.2012.04.002.

22.Poliac LC, Barron ME, Maron BJ. Hypertrophic
cardiomyopathy. Anesthesiology. 2006;104(1):
183-92.

2

—_

50f5



