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Background:Whether early vs. delayed referral to septal reduction therapies (SRT, alcohol septal ablation or sur-
gical myectomy) bears prognostic relevance in hypertrophic obstructive cardiomyopathy (HOCM) is unresolved.
We analyzed the impact of SRT timing on the outcome of HOCM patients.
Methods:We followed 126 patients for 5± 4 years after SRT (mean age 53± 15 years; 55 post-ASA and 71 post-
SM). Based on time-to-treatment (TTT; from HOCM diagnosis to SRT), patients were divided into three groups:
“b3” years, N = 50; “3–5” years, N = 25; “N5” years, N = 51.
Results: Patientswith TTT N 5 yearswere younger at diagnosis andmore often had atrialfibrillation (AF). Left ven-
tricular outflow tract (LVOT) gradients were comparable in the 3 TTT groups. Two patients died peri-operatively,
all with TTT N 5. Long-term, 8 patients died (3 suddenly and 5 due to heart failure). Mortality increased progres-
sively with TTT (2% vs. 4% vs. 12% for TTT “b3”, “3–5”, and “N5” years, p for trend= 0.039). Independent predic-
tors of disease progression (new-onset AF, worsening to NYHA III/IV symptoms, re-intervention or death) were
TTT (“3–5” vs. “b3” years: HR: 4.988, 95%CI: 1.394–17.843; “N5” vs. “b3” years: HR: 3.420, 95%CI: 1.258–9.293,
overall p-value = 0.025), AF at baseline (HR: 1.896, 95%CI: 1.002–3.589, p = 0.036) and LVOT gradient (HR
per mm Hg increase: 1.022, 95%CI: 1.007–1.024, p = 0.023).
Conclusions: Delay in SRT referral has significant impact on long-term outcome of patients with HOCM, particu-
larly when N5 years from first detection of gradient, even when successful relief of symptoms and gradient is
achieved. Earlier interventions are associated with lower complication rates and better prognosis, suggesting
the importance of timely SRT to maximize treatment benefit and prevent late HOCM-related complications.

© 2018 Elsevier B.V. All rights reserved.
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1. Introduction

Dynamic left ventricular outflow tract obstruction (LVOTO) is a key
determinant of symptoms and prognosis in patients with hypertrophic
obstructive cardiomyopathy (HOCM) [1–3]. Septal reduction therapies
(SRT) for severe, drug-refractory symptoms associated with LVOTO, in-
clude surgical septal myectomy (SM) and alcohol septal ablation (ASA).
In experienced centers, both procedures can provide substantial and du-
rable symptom relief in HOCM patients, and are believed to improve
outcome [4–6]. Long-term, however, a sizeable subset of patients expe-
riences adverse cardiovascular events or die from cardiovascular causes
despite successful SRT [7–9]. Notably, enlarged left atrial diameter
(LAD) and prior history of atrial fibrillation (AF) are themain predictors
of post-SRT adverse outcome [10]. These features reflect time-related
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atrial remodeling associated with long-standing LVOTO, and generally
reflect delayed timing of intervention, raising the possibility that earlier
SRT might translate into more favourable long-term prognosis. How-
ever, the question whether early vs. delayed SRT is relevant to outcome
in HOCM, has not been previously addressed in the literature.

We here report the experience of a tertiary referral center inwhich a
resident SRT program for HOCMwas established since themid-90s, ini-
tially based mainly on ASA and subsequently moving towards SM. Be-
fore the establishment of local expertise, patients with HOCM were
treated conservatively and only seldom referred to external institutions
for SRT [4]. Such conservative approach also reflected lack of clear evi-
dence showing prognostic impact of LVOT obstruction before 2003 [1].
Following the introduction of ASA and SM, referral to SRT at our Center
occurred more frequently and earlier, leading to considerable variation
in time-to-treatment (TTT).Whether TTT influences the outcomeof SRT
in HOCM was specifically assessed in the present study, focusing on
post-operative results and long-term survival.
2. Patients and methods

2.1. Patient selection

We retrospectively reviewed the clinical records of 1644 consecutive patients with
hypertrophic cardiomyopathy (defined by the presence of an increased asymmetric left
ventricular wall thickness ≥15 mm in the absence of abnormal loading conditions)
[11,12], seen at the Florence Cardiomyopathy Unit from January 1980 to December
2015. Phenocopies (such as Anderson-Fabry disease or other storage or infiltrative condi-
tions) were carefully excluded. Of these, 489 (30%) presented LVOT obstruction, defined
by a gradient ≥30mmHg at rest and/or N50mmHgduring exercise, asmeasured by echo-
cardiography [11]. A total of 216 patients (44% of all obstructive), with drug-refractory
symptoms, were treated with SRT, namely ASA or SM. Of these, 126 (58%) were treated
at our Institution and constitute our study population; of the remaining 90, 76 were ex-
cluded because they had been referred for SRT elsewhere, often before being seen at our
center - with considerable variability in operative techniques and results - and 14 had
no follow-up data.

All patients were evaluated following a protocol standardized at our center, including
baseline 12‑lead ECG, 24-hour Holter recordings, and comprehensive two-dimensional
(2D) and Doppler echocardiography. Peak instantaneous LVOT gradient, due to mitral
valve systolic anterior motion (SAM) andmitral septal contact, was assessed with contin-
uous wave Doppler under standard conditions (11). Exercise echocardiography was rou-
tinely performed since 2003 [13]. Pre- and post-operative echocardiograms were
performed within 30 days and at 6 months after surgery.
2.2. Septal reduction strategies

SRT (i.e. SMor ASA)were offered to patientswith a LVOT gradient ≥50mmHg (at rest
or exercise-induced) who remained symptomatic for dyspnea, angina and/or presyncope
or syncope despite maximal tolerated treatment with betablockers or verapamil, often
combinedwith disopyramide [11,14]. In the period 1999–2004, ASAwas the preferred op-
tion at our center, because of rapidly developing expertise by the interventional team (led
by DA) and lack of local surgical experience. Conversely, after 2005, a dedicated surgical
program was established (by MHY and PLS) and SM with LVOT remodeling became the
gold standard, with ASA limited to selected patients judged at high surgical risk. In addi-
tion, the choice between the two techniques was driven by a series of technical consider-
ations (including the need for additional surgical procedures) and individual patients'
preference.

ASA was performed according to standard protocols, as previously described [15].
Briefly, a temporary pacemaker lead was inserted in all patients without permanent pac-
ing devices. A coronary angioplasty balloon catheter was introduced over a wire into the
target septal perforating artery. After balloon inflation, contrast was injected through
the catheter to identify the course of the septal artery and confirm the absence of reflux
proximal to balloon. Subsequently, a small volume (typically ≈3 cc) of ethanol was
injected slowly through the balloon catheter, followed bynormal saline flush. Tenminutes
after ethanol injection, the balloon was deflated and removed. Coronary angiographywas
then performed to exclude left anterior descending artery damage and confirm occlusion
of the septal branch.

SMwasperformed as previously described, in order to achieve an individually tailored
remodeling of the outflow tract [15]. Through a trans-aortic approach, an extended septal
myectomy guided by pre-operative imaging of the depth, width and length of muscle hy-
pertrophy,was performed. The left and right fibrous trigoneswere then explored andmo-
bilized by removing the fibrous tissue from the trigones angles, thus restoring the normal
mobility of the subaortic curtain. To correct anterior displacement of the papillarymuscles
or their attachment to the lateral LVwall, theywere thinned ormobilized from the LV free
wall, and abnormal chords limiting theirmobilitywere cut. In addition, any obstructive ac-
cessory chord or mitral valve tissue was removed.
2.3. Definition of time-to-treatment and study endpoints

The time-to-treatment (TTT) was defined as the interval from first echocardiographic
detection of LVOTobstruction to SRT. Patientswere then divided into three groups accord-
ing to TTT: within 3 years (“b3 years”), between 3 and 5 years (“3–5 years”) and N5 years
(“N5 years”).

All patients were evaluated within 30 days after SRT, at 6 months and at further
follow-up visits scheduled annually or more often if required. Assessment at each visit in-
cluded 12‑lead ECG, 24-hour ECG Holter recording and echocardiography. Cardiovascular
mortality, defined as the occurrence of sudden cardiac death, heart failure-related death,
aborted cardiac arrest or heart transplant, was the primary endpoint of the study. Second-
ary endpoints were: 1. a combination of cardiovascular mortality and re-intervention; 2.
overall disease progression defined as cardiovascular mortality, re-intervention, new-
onset AF, or progression to NYHA class III-IV.

2.4. Statistical analysis

Continuous variables, reported as mean ± SD or as median and interquartile range
(IQR; for non-normal distributions), were compared between groups with Student's t-
test or non-parametric tests, as appropriate. Categorical variables, reported as percentages
were compared between groups with chi-squared test (or a Fisher's exact test when any
expected cell count was b5). The Kaplan-Meier curves for the secondary endpoint (CV
mortality or re-intervention) were plotted according to interventional strategy (ASA vs.
SM) and survival distributions were compared using the log-rank test. Cox multivariable
regression analysis (variable selection method: backward stepwise elimination) was per-
formed including all candidate variables (p b 0.10 in univariate analysis). A two-sided p-
value b 0.05 was considered statistically significant. All analyses were performed using
IBM SPSS Statistics for Macintosh, Version 24.0 (Armonk, NY: IBM Corp., USA).

3. Results

3.1. Pre-operative characteristics

The 126 study patients (67% men) were referred to SRT (ASA/SM:
55/71; 44 vs. 56%) at a mean age of 53 ± 15 years; 77 (61%) were in
New York Heart Association (NYHA) functional class III–IV at the time
of the procedure, whereas the remaining 49 (39%) were in class II,
often symptomatic with angina or pre-syncope/syncope (Table 1).
None of the patients had received prior treatment for LVOTO such as
pacing or ASA.

The two SRT options were similarly distributed in each of the three
TTT groups: prevalence in the “b3 years”, “3–5 years” and “N5 years”
groups was 32%, 48% and 53% for ASA and 68%, 52% and 47% for SM, re-
spectively (p = 0.091). Despite comparable LA diameters and magni-
tude of LVOT gradients, patients with TTT N5 years were older and had
greater prevalence of AF (Table 1). Of note, patients in this group
underwent SRT after amedian of 13 years (95% CI: 9–24) from initial de-
tection of LVOT obstruction.

3.2. Interventions and peri-procedural outcomes

Of the 55 patients who underwent ASA, 35 had alcoholization of the
first septal branch, 15 of the second, and 5 of the third; average ethanol
dosage injected was 3.02 ± 0.85 ml. Peak rise in total creatinine kinase
(CK)was 1377±974 IU/l. No additional coronary procedureswere per-
formed. All 71 patients who underwent surgery were treated following
the classical trans-aortic approach. A combined approach via the apex
(through a “fish-mouth” incision) was necessary in three patients due
to midventricular obstruction, and apical aneurysmectomy was per-
formed in one patient. Eleven patients (15%) underwent additional sur-
gical procedures including mitral replacement for degeneration of the
leaflets (n = 4), mitral valve repair (n = 2), plasty of bicuspid aortic
valve (n = 2) and coronary bypass graft (n = 3).

Peri-procedural outcomes, defined as events occurring up to 30 days
after SRT, are summarized in Supplementary Table A. In patients with
TTT b3 and 3–5 years, peri-operative course was largely uneventful
(94% or n = 67 without major complications). Among those with TTT
N5 years, 1 (2%) experienced sustained ventricular tachycardia and 2
(4%) died during or immediately after the procedure (1 ASA and 1
SM). Both patients had a history of obstructive disease dating more
than a decade and were in NYHA class III. Specifically, the SM patient



Table 1
Baseline clinical characteristics of 126 HOCM patients referred for septal reduction therapy.

Overall Type of procedure Time from gradient detection to septal
reduction therapy (TTT)

Alcohol septal ablation Surgical myectomy p value b3 years 3–5 years N5 years p value

N = 126 N = 55 N = 71 N = 50 N = 25 N = 51

Population
Demographic data
Male sex, n (%) 67 (53) 23 (42) 44 (62) 0.030 28 (56) 11 (44) 28 (55) 0.842
Age at diagnosis 47 ± 17 49 ± 14 42 ± 16 0.010 49 ± 15 43 ± 15 40 ± 16 0.015
Age at invasive procedure 53 ± 15 58 ± 13 48 ± 15 b0.001 50 ± 14 47 ± 16 56 ± 15 0.032
Time-to-treatment median (IQ range) 4.0 (1−12) 9.0 (3–15) 2.5 (1–7) 0.034 0 (0–1) 4 (3–4) 13 (9–24) b0.001

Clinical status
NYHA

II, n (%) 49 (39) 12 (22) 37 (53) 0.003 21 (42) 9 (36) 19 (37) 0.511
III + IV, n (%) 77 (61) 43 (78) 34 (48) 29 (58) 16 (64) 32 (63)

Atrial fibrillation, n (%) 34 (27) 23 (42) 11 (16) b0.001 9 (18) 4 (16) 21 (41) 0.003
Paroxysmal, n (%) 30 (24) 21 (39) 9 (12.7) 9 (18) 3 (12) 18 (35)
Persistent/permanent, n (%) 4 (3.1) 2 (3.6) 2 (2.8) 0 1 (4.0) 3 (5.8)

Syncope, n (%) 17 (14) 5 (9.3) 12 (17) 0.731 6 (12) 4 (16) 7 (14) 0.902
Angina, n (%) 41 (33) 10 (18) 31 (44) 0.069 20 (40) 6 (24) 15 (29) 0.199
PM, n (%) 3 (2.4) 1 (1.9) 2 (2.8) 0.561 1 (2.0) 1 (4.0) 1 (2.0) 0.961
ICD, n (%) 7 (5.6) 1 (1.9) 6 (8.5) 0.712 0 3 (12) 4 (8) 0.043
Cardiac arrest, n (%) 1 (0.8) 1 (1.9) 0 0.163 0 0 1 (2) 0.493

Pre-operative echocardiographic data
Left atrial diameter, mm 50 ± 9 51 ± 7 50 ± 10 0.291 49 ± 10 52 ± 12 50 ± 8 0.641
Septal wall thickness, mm 25 ± 5 26 ± 6 24 ± 5 0.202 24 ± 5 24 ± 5 26 ± 5 0.322
Moderate or severe mitral valve regurgitation, n (%) 41 (31) 23 (42) 18 (25) b0.001 16 (32) 9 (36) 16 (31) 0.798
Resting LVOT gradient (mm Hg) 60 ± 32 70 ± 33 52 ± 31 0.004 63 ± 36 58 ± 32 55 ± 30 0.444
Resting LVOT gradient N30 mm Hg, n (%) 100 (79) 49 (89) 51 (72) 0.025 39 (78) 21 (84) 40 (78) 0.882
Resting LVOT gradient N50 mm Hg, n (%) 68 (54) 36 (67) 32 (45) 0.033 27 (54) 14 (56) 27 (53) 0.07
Ejection fraction, (%) 67 ± 9 66 ± 10 67 ± 9 0.475 66 ± 9 66 ± 8 68 ± 10 0.701

Pre-op treatment
B-blockers, n (%) 95 (76) 34 (62) 61 (86) 0.071
Amiodarone, n (%) 14 (11) 7 (13) 7 (10) 0.523
Verapamil/diltiazem, n (%) 14 (11) 7 (13) 7 (10) 0.922
Disopyramide, n (%) 41 (33) 12 (22) 29 (41) 0.190

Legend: NYHA: New York Heart Association, PM: Pacemaker, ICD: Implantable cardioverter defibrillator, LVOT: left ventricle outflow tract obstruction.
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was a 62-year old man, with moderate pre-operative mitral regurgita-
tion due to SAM, an ex-smoker with no evidence of coronary artery
disease, operated 25 years following HOCM diagnosis. He died
perioperatively having gonebackon-pumpdue to residualmitral regur-
gitation after myectomy. The ASA patient was a 54-year old woman
who suffered electromechanical dissociation during LAD catheteriza-
tion, before alcohol injection, presumably due to severe microvascular
dysfunction exacerbated by perturbed LAD flow. Autopsy report
showed diffuse endomyocardial ischemia.

Of note, noperi-operative deaths occurred after 2003. Overall, 15 pa-
tients (12%) developed post-operative permanent A-V block requiring
pacemaker implantation (9 post ASA and 6 post SM) (Supplementary
Table A).

3.3. Efficacy of SRT and need for re-intervention

Average follow-up for the 124 patients discharged alive was 5 ±
4 years. Overall, efficacy of SRT treatments was similar in the three
TTT groups (Table 2). At last visit, 103 (83%) patients were in NYHA
Class I/II, and 76 (61%) had sustained improved of at least 1 NYHA
class. Marked gradient reduction and symptomatic improvement was
obtained by both SRT procedures and comparable for all TTT groups, al-
though residual gradient was slightly higher after ASA (Fig. 1, Panel A).
The three TTT groups were also similar in terms of re-intervention rates
(6% vs. 12% vs. 14%, respectively, p=0.171): a total of 13 (10%) patients
were referred to a second procedure (surgical in all cases) after a
median of 3 (95% CI: 2–4) years, despite a successful initial result, due
to relapsing symptoms and dynamic gradients particularly at the mid-
ventricular level. A second procedure was required more frequently
following ASA than SM (22% vs. 1.4%, p = 0.001); of note, only one
patient who had undergone SM required a redo, 5 years after the initial
operation, as compared to 12 following ASA (Table 2).

3.4. Long-term outcome

At end of followup, 106 of 124 initially discharged patientswere alive
(85%): of the remaining 18, 8 died of cardiac causes (3 sudden deaths and
5 related to heart failure) and 10 of non-cardiac causes (the single most
common being cancer). Cardiovascular mortality was significantly
lower after SM than after ASA (0.3%/year vs. 2.3%/years; p = 0.03;
Fig. 1, Panel B). The difference between the two intervention approaches
was even larger when CV mortality and re-intervention were combined
as a single outcome, with event rates of 0.7% and 5.5%/year for SM and
ASA, respectively (p b 0.001; Fig. 1, Panel B).

3.5. Impact of TTT on cardiovascular mortality and disease progression

Overall cardiovascular mortality showed a significant incremental
trend with increasing TTT, and was maximal for a TTT N5 years (2% vs.
4% vs. 12%, respectively, p for trend = 0.039), with annual mortality
rates of 0.4%, 1.2% and 2.3% for TTT b3, 3–5 and N5 years, respectively
(p = 0.020, Table 2). Consistently, the secondary end-point (reflecting
disease progression) occurred with increasing frequency for longer
TTTs and peaked in patients with TTT N5-years (26% vs. 36% vs. 49%, re-
spectively, p for trend = 0.018; Fig. 1, Panel C). Of note, the secondary
end-point occurred in 49% of patients with TTT N5 years, with a 29%
prevalence of AF, an 18% progression to NYHA III/IV, a 14% rate of re-
intervention and a 12% cardiovascular mortality (Fig. 1, Panel C).



Table 2
Long-term outcomes.

Overall Type of procedure Time from gradient detection to septal
reduction therapy (TTT)

Alcohol septal ablation Surgical myectomy p value b3 years 3–5 years N5 years p value

N = 124a N = 54 N = 70 N = 50 N = 25 N = 49

Population
Demographic data
Follow-up, years 5 ± 4 5.7 ± 4.1 4.2 ± 3.0 0.030 5.0 ± 3.5 4.1 ± 3.2 5.3 ± 3.9 0.435
Death, n (%) 18 (15) 15 (28) 3 (4.3) 0.001 4 (8) 3 (12) 11 (22) 0.087
Cardiovascular death, n (%) 8 (6.4) 7 (12.9) 1 (1.4) 0.010 1 (2) 1 (4) 6 (12) 0.039

SCD n (%) 3 (2.4) 3 (5.5) 0 0 0 3 (6.1)
HF n (%) 5 (4.0) 4 (7.4) 1 (1.4) 1 (2) 1 (4) 3 (6.1)

Cardiovascular death, (%)/year 1.3 2.3 0.3 0.032 0.40 1.23 2.29 0.020
Re-intervention 13 (10) 12 (22) 1 (1.4) b0.001 3 (6) 3 (12) 7 (14) 0.171
Disease progression 46 (37) 15 (57) 15 (21) b0.001 13 (26) 9 (36) 24 (49) 0.018

Clinical status at final evaluation
NYHA CLASS

I + II, n (%) 103(83) 38 (70) 65 (93) b0.001 45 (90) 18 (72) 40 (82) 0.173
III + IV, n (%) 21 (17) 16 (30) 5 (7.1) 5 (10) 7 (28) 9 (18)

Atrial fibrillation, n (%) 27 (22) 16 (30) 11 (16) 0.002 9 (18) 4 (16) 14 (29) 0.208
Paroxysmal, n (%) 16 (13) 7 (13) 9 (13) 5 (10) 3 (12) 8 (16)
Persistent, permanent, n (%) 11 (8.8) 9 (17) 2 (2.8) 4 (8) 1 (4) 6 (12)

Syncope, n (%) 10 (8) 5 (9.3) 5 (7.1) 0.730 2 (4) 5 (20) 3 (6.1) 0.017
Angina, n (%) 17 (14) 10 (19) 7 (10) 0.069 8 (16) 2 (8) 7 (14) 0.645
Stroke, n (%) 5 (4.0) 4 (7.4) 1 (1.4) 0.037 0 2 (8) 3 (6.1) 0.160
Cardiac arrest, n (%) 3 (2.4) 3 (5.5) 0 0.047 0 0 3 (6.1) 0.055
ICD, n (%) 18 (15) 13 (24) 5 (7.1) 0.01 4 (8) 5 (20) 9 (18) 0.234
PM, n (%) 8 (6.4) 3 (5.5) 5 (7.1) 0.990 2 (4) 2(8) 4 (8.2) 0.667
Post-operative echocardiographic data

Left atrial diameter, mm 47 ± 7 49 ± 7 46 ± 7 0.027 46 ± 8 49 ± 6 47 ± 6 0.474
Septal LV Wall thickness, mm 21 ± 5 22 ± 5 20 ± 5 0.029 20 ± 5 21 ± 4 22 ± 5 0.023
Resting LVOT gradient, mm Hg 15 ± 16 22 ± 21 11 ± 10 b0.001 13 ± 12 19 ± 13 16 ± 20 0.264
Resting LVOT gradient N30 mm Hg, n (%) 12 (10) 10 (19) 2 (2.8) 0.009 4 (8) 3 (12) 5 (10) 0.570
Moderate or severe mitral valve regurgitation, n (%) 22 (18) 7 (13) 15 (21) 0.310 14 (28) 2 (8) 6 (12) 0.333
Ejection fraction (%) 63 ± 9 61 ± 11 65 ± 7 0.030 62 ± 9 64 ± 6 64 ± 11 0.588

Treatment
B-Blockers, n (%) 90 (74) 31 (57) 59 (84) 0.847 37 (74) 17 (68) 36 (73) 0.927
Amiodarone, n (%) 16 (13) 5 (9.3) 11 (16) 0.073 8 (16) 3 (12.0) 5 (10) 0.662
Verapamil/diltiazem, n (%) 3 (2.4) 0 3 (4.3) 0.258 2 (4) 1 (4.0) 0 0197
Disopiramide, n (%) 1 (0.8) 1 (1.9) 0 0.378 0 0 1 (2.0) 0.475

Legend: SCD: Sudden cardiac death, HF: Heart Failure, LVOT: left ventricle outflow tract, PM: Pacemaker, ICD: Implantable cardioverter defibrillator. Disease Progression: new-onset AF,
worsening to NYHA III/IV symptoms, re-intervention or death.

a 2 of the 126 original patients died in hospital following SRT.
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At Cox multivariable regression analysis, TTT (“3–5” vs “b3” years:
HR: 4.988, 95%CI: 1.394–17.843; “N5” vs “b3” years: HR: 3.420, 95%CI:
1.258–9.293, overall p-value = 0.025), presence of atrial fibrillation at
baseline (HR: 1.896, 95%CI: 1.002–3.589, p= 0.036) and LVOT gradient
(HR per mm Hg increase: 1.022, 95%CI: 1.007–1.024, p = 0.023) were
independent baseline predictors of disease progression after SRT
(Table 3). When patients who had undergone additional surgical
procedures on the mitral valve (plasty or replacement) were excluded,
results were unaffected and TTT remained an independent predictor of
disease progression at multivariable analysis (HR = 2.009, p = 0.027).
Conversely, the variable “Treatment Strategy” (i.e. SM vs. ASA)
failed to achieve significance when entered in the multivariable model
(HR: 0.881, 95% C.I. 0.384–1.019, p = 0.765). When ASA and SM
patients were analyzed separately, TTT was confirmed as the only
predictor of outcome in the ASA cohort (overall p = 0.01), whereas
no model could be constructed in the SM cohort due to paucity
of events.

4. Discussion

4.1. Time-to-treatment and outcome in HOCM

Despite an impressive number of studies addressing every aspect of
SRT (and largely focusing on the comparison between SM and ASA),
none have previously addressed the impact of timing of intervention
and, as a result, HCM guidelines do not provide recommendations on
this important issue [11,12]. In this single-center experience extending
over two decades, a prolonged delay from first diagnosis of LVOT ob-
struction to intervention had an adverse impact on long-termprognosis,
which became considerable when exceeding 5 years. Notably, about
50% of patientswith late SRT referral developed evidence of disease pro-
gression at 5-year follow-up, largely driven by heart failure symptoms
and AF, but also comprising increased rates of cardiovascular mortality.
The proportion of patients reaching the combined study end-point
increased from 26% to 36% to 49%, for TTT b3, 3–5 and N5 years,
respectively (p for trend = 0.018), while annual mortality rates in-
creased from 0.4% to 1.2% to 2.3% (p= 0.020). At multivariable analysis,
a TTT N5 years doubled the risk of disease progression, irrespective of
other well-known predictors including left atrial size and magnitude
of outflow gradient [7,9]. Importantly, these differences occurred
despite largely similar baseline clinical profiles in the 3 TTT groups.
However, patients with TTT N5 were significantly older at the time of
the SRT and had higher prevalence of atrial fibrillation, plausibly
reflecting the longer exposure to LVOTO and its associated structural
remodeling.

In addition, differences in outcome related to TTTwere observed de-
spite successful abolition of the gradient in the vast majority of patients.
Even though one fifth of ASA patients required late re-interventions – a
proportion exceeding 15-fold that of SM - these were equally distrib-
uted across the three TTT categories.
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Fig. 1. Panel A. Left ventricular outflow tract gradient reduction by septal reduction
therapies. Baseline (Pre) versus Follow-Up (Post) values are shown. Panel B. Outcome of
SRT in 124 patients with HOCM. Kaplan-Meier curves depicting event-free survival for
cardiovascular mortality following SRT (continuous lines) and a combination of
cardiovascular mortality and re-intervention (dashed lines) by septal reduction
treatment. Panel C. Occurrence of the secondary endpoint according to TTT classes.
Patients were divided into three groups according to time from detection of outflow
obstruction to SRT (TTT, “b3” years, “3–5” years and “N5” years) irrespective of
treatment strategy (surgical vs. percutaneous). [Legend: Subgroups are not mutually
exclusive. AF: New Onset Atrial Fibrillation, NYHA: Progression to NYHA III/IV, ReDo: Re-
intervention, CVD: Cardiovascular death].
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Our data support the view that, in a disease requiring extended pa-
tient care over decades, deciding when to intervene is important.
From a pathophysiological standpoint, an association between delay in
gradient relief and increased clinical risk is fully consistentwith the neg-
ative impact of prolonged exposure to afterloadmismatch, elevated fill-
ing pressures and diastolic dysfunction in HOCM patients, highlighting
the need for individual tailoring of SRT timing based on evaluation of
risks and benefits in a truly long-term perspective [1,4].

4.2. Implications for management

Even though optimal individual timing for SRT is challenging, given
the heterogeneity of HOCM, our data suggest that a delayed interven-
tion results in increased risk of disease progression and cardiovascular
events even when reasonable control of symptoms is achieved by phar-
macological therapy and lifestyle adaptation [16]. As a result, it is impor-
tant to monitor the clinical stability of HOCM patients (or lack thereof)
by a multimodality approach including serial assessment of NT-proBNP
and cardiopulmonary testing or exercise echocardiography [17]. In the
presence of early signs of hemodynamic and structural deterioration,
SRT should be discussed with the patient, ideally in an experienced
and multidisciplinary setting [18].

Further studies are warranted to resolve two issues particularly rel-
evant to management. The first is the potential indication for SRT in
HOCM patients with severe gradients who are asymptomatic or mildly
symptomatic, in view of a potential survival benefit measured against
the small interventional risk reported by experienced referral (but not
shared by low-flow) centers [4,5,18–22]. Useful considerations may be
drawn from the setting of valvular heart disease: recent evidence in
asymptomatic patients with severe aortic stenosis andmitral regurgita-
tion shows that an early elective surgical approach as opposed towatch-
ful waiting may lower arrhythmic and heart failure-related events and
reduce long-term complications [23–26].

The second, closely related issue regards the identification of
the truly stable obstructive patients, in whom SRT can be safely delayed
or withheld. In HOCM, unlike nonobstructive disease, prediction of
adverse long-term outcome cannot be based for example on the extent
of late gadoliniumenhancement at cardiacmagnetic resonance, asmyo-
cardial fibrosis is generally mild or absent in obstructive patients [27].
Rather, red flags for long-term risk might be represented by left atrial
remodeling, onset of AF [7,20], and progression in left ventricular
diastolic dysfunction [28].

Novel pharmacological approaches might soon provide further
therapeutic opportunities for HOCM patients. A newly developed
allosteric myosin inhibitor suppressed the development of ventricular
hypertrophy, cardiomyocyte disarray, and myocardial fibrosis in a
mouse HCM model [29] and, in a recently completed Phase 2, open-
label human study (PIONEER-HCM; https://clinicaltrials.gov/ct2/show/
NCT02842242) showed promising results in HOCM patients in term of
LVOT gradient reduction and improved exercise tolerance. Despite
these promising, future perspectives, to date the interventional SRT
still appear as a cornerstone in the management of HOCM patients
who are refractory to more conventional pharmacological approaches.

4.3. Comparison of SM versus ASA

Both SM and ASA proved safe and effective in reducing obstruction:
90% of patients had post-operative LVOT gradients b30 mm Hg and op-
timal symptom control was achieved in most cases. At follow up, pa-
tients had a remarkable decrease in the occurrence of syncope, angina
and NYHA III/IV symptoms (from 61% at baseline to 17% at 5 years, p b

0.001). ASA was associated with slightly but significantly greater resid-
ual LVOT gradients (22 ± 10 mm Hg vs. 11 ± 10 mm Hg for SM, p b

0.001) and greater need for re-intervention (22 vs. 1.4%, respectively,
p b 0.001). These results are largely consistent with those reported by
major European and North American centers, reflecting known

https://clinicaltrials.gov/ct2/show/NCT02842242
https://clinicaltrials.gov/ct2/show/NCT02842242
Image of Fig. 1


Table 3
Predictors of disease progression in HCM patients undergoing septal reduction therapies.

Univariate analysis Multivariate analysisa

Hazard ratio 95% C.I. p value Hazard ratio 95% C.I. p Value

Variables
Age at diagnosis 1.009 0.992–1.027 0.288
Age at SRT 1.031 1.008–1.005 0.011 1.019 0.988–1.051 0.234
Sex (men) 0.621 0.343–1.126 0.117
Treatment strategy (SM vs. ASA) 0.334 0.183–0.647 0.009 0.881 0.384–1.019 0.765
Time-to-treatment 0.041 0.025
3–5 years vs. b3 years 2.463 1.007–6.023 4.988 1.394–17.843
N5 years vs. b3 years 2.231 1.134–4.388 3.420 1.258–9.293

Atrial fibrillation (yes vs. no)a 2.803 1.481–5.307 0.002 1.896 1.002–3.589 0.036
Septal LV wall thickness (per mm increase)a 1.026 0.959–1.099 0.455
Ejection fraction (per unit increase)a 1.037 0.987–1.078 0.102
LVOT gradient (per mm Hg increase)a 1.010 1.001–1.020 0.022 1.022 1.007–1.024 0.023

Legend: NYHA: New York Heart Association, LVOT: Left ventricle outflow tract, SRT = Septal reduction therapy.
a At time of SRT.
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technical limitations of ASA [30,31]. However, in the present cohort, the
under-performance of ASA may have been exaggerated by its slight
overrepresentation in patients with TTT N5 years. ASA was indeed
more prevalent (albeit not significantly as an overall trend) in the TTT
N5 group, because it was the first-line option at our center before
2003. Due to the conservative approach often adopted in the same pe-
riod, this resulted in the fact that most of the patients with extended
medicalmanagement of obstructionwere ultimately treated percutane-
ously rather than surgically. This biasmay also explain the older age and
partly account for the higher mortality in the ASA group.

Our SM program, as others developed in the context of high-flow
surgical centers, benefitted substantially from the recent technical ad-
vances, progressively leading to a quasi-elimination of the concept of
“inoperable” HOCM patients and, accordingly, to a reduction in the ab-
solute indications to ASA [18,30,32]. While ASA may still have a role in
a limited number of patients at extremely high risk, the more tailored
and radical elimination of LVOT obstruction guaranteed by SM in expert
hands support the gold standard role of surgery in HOCM: a concept
clearly stated in the ACC/AHA, but not in the ESC guidelines [11].
4.4. Study limitations

This is a retrospective non-randomized study, with inherent limita-
tions due to lack of matching in the TTT populations object of the com-
parison. Further studies based on larger HOCM populations are needed
to explore the role of SRT timing on long-term outcome, ideally using
Propensity Score Matching analysis to reduce the impact of potential
sources of bias. Nevertheless, the three TTT subsets in our cohort were
well balanced for most baseline features (except age and prevalence
of atrial fibrillation), and the two therapeutic strategies were balanced
across these groups.

TTT was defined from first LVOTO detection rather than symptom
onset, i.e. the true target of SRT: while this is unavoidably arbitrary,
the choice was based on the difficulty to retrospectively define the
onset of symptoms in HOCM, potentially an even more arbitrary ap-
proach. Use of disopyramide was limited in our cohort, especially
among ASA patients treated before 2005, when disopyramide was still
not widely used and data on the safety of the drug were limited. Data
on heart failure hospitalization were not available. Finally, our cohort
was not powered to show whether the impact of TTT differs based on
the type of procedure. Therefore, we cannot exclude that the higher
prevalence of ASA in the TTT N5 year group may have contributed to
its worse prognosis However, the key player in dictating outcome
seems to be the time interval from gradient detection to the procedure,
rather than the procedure itself. Thus, it is plausible to speculate that the
relevance of TTT should be comparable between SM and ASA. However,
this issue also requires larger dedicated studies.
5. Conclusions

Delay in SRT referral has significant impact on long-term outcome of
patients with HOCM, particularly when N5 years from first detection of
gradient, and in patients undergoing ASA, evenwhen successful relief of
symptoms and gradient is achieved. Earlier interventions are associated
with lower complication rates and better prognosis, suggesting the im-
portance of timely SRT to maximize treatment benefit and prevent late
HOCM-related complications.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ijcard.2018.09.004.
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