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Abstract: Background: Although disopyramide has been widely used to reduce left ventricular
outflow obstruction (LVOTO) and to improve symptoms in patients with obstructive hypertrophic
cardiomyopathy (0HCM), its use in real world as well as patient characteristics associated with a
positive treatment response are still unclear. Methods: From 1980 to 2021, 1527 patients with HCM
were evaluated and 372 (23%) had a LVOTO with active follow-up. The efficacy and safety of disopy-
ramide were assessed systematically during 12 months (2-, 6-, and 12-month visits). Responders were
patients with a final NYHA =T and a LVOTO < 30 mmHg; incomplete responders were those patients
with NYHA >Tand a LVOTO < 30 mmHg; and non-responders were symptomatic patients with no
change in functional class NYHA and a LVOT gradient > 30 mmHg. Results: Two-hundred-fifty-four
(66%) patients were in functional class NYHA I/II and 118 (34%) in NYHA III/IV. A total of 118/372
(32%, 55 £ 16 years) underwent disopyramide therapy. Twenty-eight (24%) patients responded
to therapy, 39 (33%) were incomplete responders, and 51 (43%) did not respond. Responder were
mainly patients in functional NYHA class I/1I (24/28, 86%), whereas incomplete responders and
non-responders were more often in functional NYHA class III/IV (50/54 (93%)). An independent
predictor of response to disopyramide treatment was the presence of NYHA I/1I at the initiation of
therapy (HR 1.5 (95% CI 1.1-4.5), p = 0.03). No major life-threatening arrhythmic events or syncope
occurred, despite 19 (16%) patients showing reduced QTc from baseline, 19 (16%) having no differ-
ence, while 80 (69%) patients had prolonged QTc interval. Thirty-one (26%) patients experienced side
effects, in particular, 29 of the anticholinergic type. Conclusions: Disopyramide was underused in
oHCM but effective in reducing LVOTO gradients and symptoms in slightly symptomatic patients
with less severe disease phenotype with a safe pro-arrhythmic profile.

Keywords: hypertrophic cardiomyopathy; disopyramide; obstructive HCM management

1. Introduction

Hypertrophic cardiomyopathy (HCM) is the most common genetic cardiomyopathy,
characterized by heterogeneous phenotype and clinical course [1,2].

Among the earliest functional manifestations of disease are a hyperdynamic ventric-
ular contraction and impaired relaxation. Dynamic left ventricular outflow tract (LVOT)
obstruction due to systolic anterior motion (SAM) of the mitral valve and contact with the
interventricular septum is a hallmark and one of the determinants of the clinical course in
HCM [3]. Inrecent years, several drugs addressing promising therapeutic targets have been
investigated in obstructive HCM, but have failed to demonstrate their efficacy or proved to
be poorly tolerated [4]. Therefore, the treatment of symptomatic patients with obstructive
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HCM is still mainly based on negative inotropic drugs such as beta-blockers (BB) and /or
non-dihydropyridine calcium-channel blockers (CCBs; primarily verapamil) [5]. In patients
with resistant symptoms, disopyramide can be employed as a second-line therapy, owing
to its strong negative inotropism, increase in systemic resistances, and ability to decrease
early LV ejection flow acceleration [5].

Data concerning the safety and efficacy of this disopyramide in obstructive HCM are
limited from a few studies [6-9] and still many open questions remain. As an example,
patient characteristics associated with treatment response are unclear and incertitude is still
present concerning in which disease stage disopyramide would be the most effective [9].
This is of critical relevance since its anti-cholinergic and very rare pro-arrhythmic side
effects may limit its use [6,7]. Moreover, the recent development of disease-specific therapies
represents not only a major opportunity for HCM patients but also a challenge for the
clinician, since the appropriate and timely treatment selection for the correct patient’s sub-
group is now a priority [10]. Lastly, safety concerns remain, partly due to its anticholinergic
effects [8] and its blockage of the rapid delayed rectifier cardiac potassium current (I Kr),
with a potential significant QT-prolonging effect [11]. Therefore, we evaluated the real-
world use of disopyramide in a large cohort of obstructive HCM, by determining its safety
and efficacy in reducing LVOT gradients and symptoms, as to identify possible patient
responder sub-groups.

2. Methods
2.1. Study Population

We analyzed the clinical data and management data of 1527 HCM patients consecu-
tively diagnosed at our center from 1980 to 2021. Of these, 372 (25%) had a left ventricular
outflow tract obstruction (LVOTO) with active follow-up. Diagnosis was based on two-
dimensional echocardiographic evidence of a hypertrophied, non-dilated LV (maximum
wall thickness > 15 mm, or the equivalent relative to body surface area in children), in
the absence of another cardiac or systemic disease capable of producing the magnitude of
hypertrophy evident. The peak LV outflow tract velocity was averaged from 3 to 5 cardiac
cycles recorded at a sweep speed of 50 to 100 mm/s. Outflow obstruction was defined
using Doppler echocardiography as a systolic anterior motion of the mitral valve and LV
outflow tract (subaortic) velocity of >2.7 m/s at rest of >3.5 m/s with provocation, which is
respectively comparable to an outflow gradient > 30 mm Hg at rest or >50 mm Hg with
provocation. In all cases, particular consideration was given to distinguishing the Doppler
signal of LVOTO from that of mitral regurgitation.

2.2. Patient Evaluation and Management

Patients with a diagnosis of HCM presenting with LVOT obstruction were evaluated,
according to current ESC Guidelines [5] or up to date best practice, as follows:

1. Patients with a function class NYHA I and symptoms related to LVOT obstruction
or NYHA II were treated with non-vasodilating beta-blockers titrated to maximum
tolerated dose or, if contraindicated verapamil (starting dose 40 mg three times daily
to maximum 480 mg daily);

2. Patients with a function class NYHA I and symptoms related to LVOT obstruction or
NYHA II-III, after ineffective 6-month treatment with beta-blockers/verapamil, disopy-
ramide was introduced up to a maximum tolerated dose (usually 400-500 mg/day).
Exclusion criteria for disopyramide initiation were glaucoma, men with prostatism,
patient with baseline QTc > 550 msec, and those with LVEF < 50%;

3. Patients with an LVOTO gradient > 50 mm Hg, moderate-to-severe symptoms (New
York Heart Association (NYHA) functional Class III-1V), and/or recurrent exertional
syncope in spite of maximally tolerated negative inotropic therapy were proposed
with an invasive management of LVOT gradient.
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Disopyramide was initiated at the routine initial dose of 125 mg short-acting disopyra-
mide two times daily. At the day of disopyramide initiation, an electrocardiogram (ECG) and
echocardiogram are performed. During each clinical follow-up, patients underwent resting
12-lead ECG, resting echocardiography with provocation, and a questionnaire concerning
possible side effects of disopyramide. A 2-, 6-, and 12-month follow-up was scheduled
for each patient. From the 6-month visit, according to the clinical response, increasing
the disopyramide dose or discontinuation of the drug was considered. Pyridostigmine,
which has been demonstrated to attenuate the anticholinergic side effects of disopyramide,
was also considered if patients developed such side effects. An intermediate clinical visit
was performed at 6 months and the last visit including ECG, and echocardiography was
performed at 12 months from therapy initiation. Special care was taken to monitor the side
effects of the drug in patients with renal or hepatic impairment attributed to potential effects
on drug clearance, in those with atrial fibrillation and atrial flutter because of the potential
for disopyramide-induced augmentation of atrioventricular conduction and increased ven-
tricular rate. The decision to initiate disopyramide therapy is taken by the treating physician
as is the tailoring of the above-mentioned protocol to the individual patient.

2.3. Twelve-Lead Electrocardiogram Analysis

Each ECG was recorded on the visit day. PR, QRS, and QT intervals were measured
manually by a single investigator experienced in ECG interpretation (C.C.). QT intervals
were measured using the tangents method using lead II. If measurement in lead II was impos-
sible because of technical limitations, leads V5 or V2 were used in this order. The correction
for heart rate was performed using Fridericia’s formula. Although Bazett’s formula is the
most commonly used, it is less accurate in relative tachycardia or bradycardia and therefore
less reliable when comparing ECGs with different heart rates. Accordingly, Fridericia’s for-
mula is recommended over Bazett’s formula for the evaluation of drug-induced QT prolonga-
tion (http:/ /www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/
guidances/ucm073153.pdf, accessed on 7 March 2023). Patients who were ventricularly
paced were excluded from ECG analysis.

2.4. Definition of the Response to Disopyramide

At the 12-month follow-up, patients were categorized based on the clinical and echocar-
diographic response to negative inotropic agents, specifically:

1. Responders: patients with a functional class NYHA =1 and a LVOT gradient < 30 mmHg.

2. Incomplete responders: patients with a functional class NYHA > I and a LVOT
gradient < 30 mmHg.

3. Non-responders: symptomatic patients with no change in functional class NYHA and
a LVOT gradient > 30 mmHg.

2.5. Statistical Analysis

Continuous variables, reported as means with standard deviations or as medians with
interquartile ranges for non-normal distributions, were compared between groups with the
Student ¢ tests or non-parametric tests, as appropriate. Categorical variables, reported as
counts and percentages, were compared between groups with x? tests or Fisher exact tests
when any expected cell count was less than 5.

Cox multivariable regression analysis (variable selection method with backward step-
wise elimination) was performed including all candidate variables (p < 0.10 at univariate
analysis). A 2-sided p-value less than 0.05 was considered statistically significant. All
analyses were performed using SPSS Statistics for Macintosh version 25.0 (IBM).

3. Results
3.1. Clinical and Echocardiographic Profile of Patients with Obstructive HCM

Of the 1527 patients diagnosed with HCM in our center from 1981 to 2021, 372 (25%)
were diagnosed with obstructive HCM had an active follow-up. Of these, 254 patients (66%)


http://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/guidances/ucm073153.pdf
http://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/guidances/ucm073153.pdf

J. Clin. Med. 2023, 12, 2725

40f10

were in functional class NYHA I/II and 118 (34%) in NYHA class III/IV (Table 1, Figure 1).
The mean age at therapy initiation was 43 £ 19 years and 226 (61%) were males. Specifically,
among patients in NYHA Class I/11, 185 (75%) were on BB/CCA treatment, 5 (2%) directly
underwent septal reduction therapies (SRTs), whereas 64 (26%) were on disopyramide +
BB/CCA treatment (Figure 1). Highly symptomatic patients, in functional class NYHA
III/1V, received negative inotropic drugs (25 (19%) on BB/CCA treatment), disopyramide
+ BB/CCA (54 (42%)), and direct SRT (49 (14%; Figure 1). Therefore, a total of 118 patients
(63 (53%) males, 55 £ 16 years) underwent therapy with disopyramide at the initial 250 mg
dose in addition to beta-blocker/calcium channel blocker therapy. One hundred and eleven
(94%) patients presented functional limitations (NYHA > I) at the beginning of therapy,
and 32 (27%) presented at least an episode of atrial fibrillation. Systolic anterior motion
of the mitral valve (SAM) was present in 95 (80%) patients, whereas the mean left atrial
diameter was 45 £ 7 mm. A total of 76 (64%) presented a LVOT obstruction > 50 mmHg
and mean left ventricular ejection fraction (LV EF) of 66 & 7 % (Table 1).

Table 1. Baseline characteristics of the cohort at disopyramide therapy initiation.

) Total Responders Incomplete Non-
Variable Cohort (= 28) Responders Responders
(n =118) (n =39 (n=51)
Demographic
Age (ys) 55 £ 16 48+ 9% 51+11 58 + 12
Male sex (n, %) 63 (53%) 16 (57%) 19 (49%) 28 (55%)
Medical History
NYHA Class I-1I (n, %) 64 (54 %) 24 (86%) * 24 (62%) 16 (31%)
NYHA Class III (n, %) 53 (46 %) 3 (11%) 15 (38%) 35 (69%) *
NYHA Class IV (n, %) 1(1.5%) 1 (3%) 0 0
Atrial fibrillation (n, %) 32 (27%) 6 (21%) 11 (28%) 15 (29%)
Syncope (n, %) 27 (0.12 %) 1(4%)* 12 (31%) 14 (27%)
PM/ICD (n, %) 11 (9%) 1(4%)* 3 (8%) 7 (14%)
NSVT (n, %) 22 (19%) 3 (11%) 6 (15%) 13 (25%)
Cardiac Arrest (n, %) 1 (0.8%) 0 1(2.5%) 0
Treatments
Beta-blockers (n, %) 99 (84 %) 22 (79%) 35 (90%) 42 (81%)
Calcium-Antagonist (n, %) 14 (8 %) 2 (8%) 4 (10%) 8 (16%)
Amiodarone (n, %) 12 (10 %) 1 (4%) 4 (10%) 7 (14%)
Echocardiogram
SAM (n, %) 95 (80%) 22 (78%) 33 (85%) 40 (78%)
Left Atrial diameter (mm) 45 £7 42 £5*% 44+ 6 46 £7
LV Maximal Wall Thickness (mm) 22+5 21 +4 22+5 22+ 6
Resting LVOTO (mmHg) 72 £ 36 69 + 21 70 £ 18 73 £22
30 mmHg < LVOTO < 50 mmHg (n, %) 42 (36%) 13 (46%) 10 (26%) 19 (37%)
LVOTO > 50 mmHg (n, %) 76 (64%) 15 (54 %) 29 (74 %) * 32 (63%)
Maximal LVOTO (mmHg) 88 £+ 35 71+12 91+ 13 85+ 21
LV Ejection Fraction (%) 66 £7 69 £8 66 £ 6 63 £8*

Abbreviations: PM: pacemaker; ICD: implantable cardioverter defibrillator; NSVT: non-sustained ventricular tachycardia;
SAM.: systolic anterior motion of the mitral valve; LV: left ventricle; LVOTO: left ventricular outflow tract obstruction.
*

=p <0.05.
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Figure 1. Clinical management of patients with obstructive hypertrophic cardiomyopathy. Abbrevi-
ations: oHCM: obstructive hypertrophic cardiomyopathy; f-up: follow-up; BB: beta-blockers; CCA: calcium
antagonists; SRT: septal reduction treatments.

Patients who underwent disopyramide therapy presented with, before treatment
initiation, a first-degree atrioventricular block (AVB) in 10 (8%) cases, a bundle branch block
(BBB) in 14 (11%), a QTc interval > 480 msec in 30 (24%), and a QTc > 500 msec in 14 (11%)
(Table 2).

Table 2. Electrocardiographic changes on disopyramide treatment.

Variables Pre-Treatment On Treatment p Values
HR (bpm) 60 £ 8 59 £79 0.45
PR (msec) 178 £ 22 183 + 24 <0.01
AVBI (n) 10 (8%) 22 (17%) <0.01
ORS (msec) 101 +22 109 + 26 0.10
New Onset Bundle Branch Block (n) 14 (11%) 20 (16%) 0.62
QTcmax (msec) 423 +29 475 + 41 0.67
QTc > 480 msec 30 (24%) 56 (48%) <0.01
QTc > 500 msec 14 (11%) 36 (28%) <0.01

Abbreviations: HR: Heart Rate.

3.2. Efficacy and Criteria of Response to Disopyramide Therapy

After 12 months of therapy, an improvement in the functional class occurred. Five
(4%) patients in NYHA II class became asymptomatic; 21 (25%) patients improved their
functional class from NYHA III to NYHA II. The symptomatic relief did not differ in patients
who took a dose of 250 mg/day vs. higher doses (p = 0.79). The mean LVOTO gradient
at rest post-therapy was not abolished but was significantly reduced (72 + 36 mmHg vs.
49 £+ 31 mmHg; p < 0.001). Specifically, 28 (24%) were responders to therapy, 39 (33%) were
incomplete responders, and 51 (43%) did not respond to therapy. Among the latter, 53 (45%)
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underwent subsequent SRT (9/64 (14%) in the NYHA I/1II and 44 /54 (81%) in the NYHA
II/IV group) (Figure 1). Responders were mainly patients in functional NYHA class I/1I
(24/28, 86%), whereas incomplete responders and non-responders were more often patients
in functional NYHA class III/1V (50/54 (93%) (Table 1, Figure 1). Moreover, responders
were younger (48 & 9 mm vs. 51 £ 11 mm and 58 £ 12 mm for incomplete responders and
non-responders, p for trend < 0.01), had a smaller left atrium (42 £ 5 mm vs. 44 = 5 mm
and 46 £+ 5 mm for incomplete responders and non-responders, p for trend < 0.01), and
less severe LVOT gradient (15 (53%) with LVOT > 50 mmHg vs. 29 (74%) and 32 (63%) for
incomplete and non-responders, p for trend < 0.01). Non-responders, as compared to the
two other groups, had also a lower LV EF (63 £ 8 vs. 66 + 6 and 69 =+ 8 for incomplete
responders and responders, p for trend < 0.01) (Table 1).

Factors associated with response to disopyramide therapy were age (per 10 decrease)
(HR 1.4 (95% CI 0.5-3.6), p = 0.03), left atrial diameter (per 2 mm decrease) (HR 2.1 (95%
CI0.9-7.8), p < 0.01), LV EF (HR 4.2 (95% CI 1.3-9.9), p < 0.01), and NYHA Class I/1II at
therapy initiation (HR 5.1 (95% CI 2.3-11.2), p < 0.01). The latter was the only multivariable
predictor of response to disopyramide treatment (HR 1.5 (95% CI 1.1-4.5), p = 0.03) (Table 3).

Table 3. Multivariable Predictors of response to disopyramide therapy.

Univariable Analysis Multivariable Analysis
Variable HR 95% CI p-Value HR 95% CI p-Value
Age (per 10 decrease) 1.4 [0.5-3.6] 0.03
NYHA Class I-II (n) 5.1 [2.3-11.2] <0.01 1.5 [1.1-4.5] 0.03

Left atrial diameter
(per 2 mm decrease)

LV EF (per 5 increase) 4.2 [1.3-9.9] <0.01 1.9 [0.9-6.4] 0.07

2.1 [0.9-7.8] <0.01

3.3. Safety of Disopyramide Therapy

During the therapy, no major life-threatening arrhythmic events or syncope occurred.

Atrioventricular conduction was prolonged during treatment: the mean PR interval
pre-treatment was 178 & 22 msec in a total of 10 patients (8%) with AVBIvs. 183 & 24 msec
in 22 patients (17%) with AVB I after treatment, p < 0.01. No increase in intraventricular con-
duction was observed, and the median prolongation of the QTc interval was 21 [2; 32] msec
(Table 2).

Specifically, 19 (16%) patients showed reduced QTc from baseline (mean reduction
10 [8; 14] msec), 19 (16%) had no difference, while 80 (68%) patients had a prolonged
QTc interval of 27 [19; 37] msec (Figure 2). Patients who presented with a QTc < 480 msec
(88/118, 70%) at baseline had a more significant prolongation compared to those with
an abnormal baseline QTc (24 [7; 35] vs. 5 [2; 11] msec, p < 0.01). A significantly higher
proportion of patients (56, 48%) presented with a QTc > 480 msec after 12 months of
treatment (Table 2).

Thirty-one (26%) patients experienced side effects, in particular 29 of the anticholiner-
gic type. Such symptoms led to the reduction of treatment in 5 (4%) patients (Table 4).

At the end of the study period, a total of 67/118 (%) patients suspended the treatment.
Specifically, 53 (79%) underwent SRT because of ineffective response, 10 (15%) because of
anti-cholinergic collateral effects, and 4 (6%) for QTc prolongation above 550 msec.
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19 (16%)
QTc reduced

19 (16%)
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QTe= 440 msec

80 (68%)
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QTc= 525msec QTe=515msec

Figure 2. Spectrum of QTc interval changes during disopyramide treatment. In panel (A), the spectrum
of QT variation following disopyramide therapy is reported. Panel (B) shows a case of QT prolongation
during treatment, whereas Panel (C) represents a patient with QT shortening while on disopyramide.

Table 4. Collateral effects of patients undergoing disopyramide treatment.

Total Cohort Treatment Treatment
(n =118) Reduction Suspension
Antlcholuel:fregclt(; collateral 29 (24%) 5 (4%) 10 (8%)
Xerostomia/Xerophthalmia 13 (11%) 4 (3%) 8 (7%)
Stypsis 10 (8%) 1 (0.8%) 1(0.8%)
Blurred vision 2 (2%) 1 (0.8%) 0
Urinary Retention 4 (3%) 0 1
Sustained Ventricular 0 . .
Arrhythmias
Torsade de Pointes 0 - -

4. Discussion

Despite being largely used since the 1980s for patients with obstructive HCM, the
real-world use of disopyramide and the markers of treatment response are still unknown.
This is of critical relevance, since the recent development of disease-specific therapies, such
as myosin inhibitors, challenges clinicians to find the appropriate sub-group as well as the
correct disease stage for each drug [12].

The present study shows that disopyramide was underused since the 1980s in a his-
torical and large cohort of patients with obstructive HCM, being offered to up to one-third
of the patients. Such finding reflects several possible limitations related to the use of this
treatment. Despite being recommended by scientific societies [5,13], there is a chronic supply
shortage of disopyramide in several European countries, being an old medication without
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important commercial interest. Moreover, a certain lack of confidence by physicians might
exist, many of whom are reluctant to use class I anti-arrhythmic agents in structural heart
disease and fear possible complications related to disopyramide-induced augmentation of
atrioventricular conduction and increased ventricular rate.

In our cohort, the efficacy of disopyramide was present in a quarter of patients, almost
exclusively observed in patients who were slightly symptomatic, with a functional class
NYHA I or II. Interestingly, responders were younger, had a smaller left atrium, less severe
LVOT gradient, and a higher LV EF. These findings are in line with the drug physiopatho-
logical effect, mainly driven by its negative inotropic effect, which is the main mechanistic
driver of reduction in LVOT gradients; it is less potent in patients who demonstrate less
HCM-induced hypercontractility [6,7]. Taken together, these finding suggest that clinicians
should not be discouraged from trying disopyramide in patients who are symptomatic and
have high LVOT gradients despite administering the maximum doses of other negative
inotropic drugs. This may be especially true in those patients with high-normal LVEF and
non-enlarged LA, factors that were associated with response to disopyramide therapy in the
current study. Moreover, no difference was observed between the maximum drug dose and
patients on the minimum effective posology, suggesting that effective reduced dose of the
drug might be similarly effective despite limiting adverse effects, which are dose-dependent.
Such findings are in accordance with previous smaller reports from Habib et al. [8]. On the
contrary, our data highlight that severely symptomatic patients, with a NYHA class III/IV
and a remodeled myocardium, would hardly respond to disopyramide. In this subset of
patients, direct referral to SRT might probably be the best therapeutic option. At the end of
the study period, almost 50% of patients were proposed to be treated with an invasive SRT
and almost exclusively in the incomplete and non-responders in the NYHA III/IV group.

Concerning the safety profile, no major sustained arrhythmias occurred during the
whole study period. This is in line with current literature that shows freedom from
cardiovascular death including sudden cardiovascular death, and with a total mortality
similar to the general population [6,7]. QTc prolongation was observed in 68% of patients,
and QTc prolongation above 500 msec in up to 28%. This was mainly correlated with an
increase in QRS length [14], and only in four cases led to drug discontinuation because
of increase in QTc above 550 msec. Interestingly, 32% of patients did not show significant
QTc related changes or reduced length of repolarization. This is in line with the in vitro
observations from Coppini et al. [11], which showed the multichannel inhibitory effects
and the membrane stabilizing actions of disopyramide.

Disopyramide was overall well tolerated, and side effects, mainly anti-cholinergic,
led to treatment interruption in 8% of patients. As a limitation and possible bias of the
study, investigators did not propose systematic pyridostigmine for patients with severe
side effects.

In conclusion, while awaiting approval from the regulatory agencies for disease spe-
cific therapies such as myosin inhibitors, HCM experts are evaluating the positioning of
each specific therapy in current management algorithms. Despite surgeons’ concerns [15],
negative inotropic drugs and myosin inhibitors may shape the current practice. Further-
more, as we have recently learned from the case of tafamidis, a progression-slowing drug
for transthyretin-related amyloidosis [16], pricing may represent a key issue influencing
patients’ access to treatment [16], particularly in less-developed economies. Based on the
EXPLORER-HCM trial results, symptomatic patients with oHCM not responding fully to
(or not tolerating) B-blockers and disopyramide should be considered for mavacamten
treatment [17], potentially proposing the drug as a life-long therapy. Therefore, sustain-
ability should be a relevant aspect of all treatments addressing left ventricular obstruction.
The present study shows that, in a specific subset of slightly symptomatic patients with
oHCM, a relatively inexpensive drug such as disopyramide might still play an important
role. This would be a relevant factor for global experts when specific treatment algorithms
would be proposed in the Guidelines for patients with symptomatic LVOT. Lastly, further
prospective studies would be needed to compare negative inotropic drugs with myosin
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inhibitors, specifically in the subset of obstructive HCM patients with atrial fibrillation, as
mavacamten does not exert any classic antiarrhythmic effect.

5. Limitations

This study was limited by its size and retrospective nature. Accordingly, only the
association of the factors studied with response to disopyramide treatment could be investi-
gated. However, the associations demonstrated in this study are in line with our knowledge
of disease mechanisms in HCM and the mode of action of disopyramide.

6. Conclusions

Disopyramide was underused in oHCM but effective in reducing symptoms and
LVOTO gradients in patients with slightly symptomatic patient with less severe disease
phenotype with a safe pro-arrhythmic profile. Further prospective studies would be needed
to ascertain the role of negative inotropes in the treatment algorithm of patients with slightly
symptomatic obstructive HCM.

Author Contributions: Conceptualization, N.M., C.E,, F.C. and 1.O.; Methodology, M.T. and R.C.;
Validation, N.M.; Formal analysis, S.P.; Investigation, C.C. (Chiara Chiriatti) and A.T.; Writing—
original draft, N.M., PA. and G.B.; Writing—review & editing, 1.S., C.C. (Chiara Chiti), S.G. and I1.O.
All authors have read and agreed to the published version of the manuscript.

Funding: 1.O. was supported by the European Union’s Horizon 2020 Research and Innovation
Programme under Grant Agreement no. 777204: “SILICOFCM-In Silico trials for drug tracing the
effects of sarcomeric protein mutations leading to familial cardiomyopathy”.

Institutional Review Board Statement: The study was approved by Comitato Etico Area Vasta (SPE
16.211).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Data Availability Statement: Data would be shared upon reasonable request.

Conflicts of Interest: The authors report no conflicts of interest regarding the topic discussed in the
present manuscript.

References

1.

Maron, B.J. Clinical course and management of hypertrophic cardiomyopathy. N. Engl. J. Med. 2018, 379, 655-668. [CrossRef]
[PubMed]

Maurizi, N.; Olivotto, I.; Maron, M.S.; Bonacchi, G.; Antiochos, P.; Tomberli, B.; Fumagalli, C.; Poggesi, C.; Berteotti, M.; Girolami,
F; et al. Lifetime Clinical Course of Hypertrophic Cardiomyopathy: Outcome of the Historical Florence Cohort over Five Decades.
JACC Adv. 2023, in press.

Maron, M.S.; Olivotto, I.; Zenovich, A.G.; Link, M.S.; Pandian, N.G.; Kuvin, J.T.; Nistri, S.; Cecchi, F.; Udelson, J.E.; Maron, B.J.
Hypertrophic cardiomyopathy is predominantly a disease of left ventricular outflow tract obstruction. Circulation 2006, 114,
2232-2239. [CrossRef] [PubMed]

Maurizi, N.; Ammirati, E.; Coppini, R.; Morrone, A.; Olivotto, I. Clinical and Molecular Aspects of Cardiomyopathies: Emerging
Therapies and Clinical Trials. Heart Fail. Clin. 2018, 14, 161-178. [CrossRef] [PubMed]

Elliott, PM.; Anastasakis, A.; Borger, M.A.; Borggrefe, M.; Cecchi, F.; Charron, P.; Hagege, A.A.; Lafont, A.; Limongelli, G.;
Mahrholdt, H. Authors/Task Force members. 2014 ESC Guidelines on diagnosis and management of hypertrophic cardiomyopa-
thy: The Task Force for the Diagnosis and Management of Hypertrophic Cardiomyopathy of the European Society of Cardiology
(ESC). Eur. Heart |. 2014, 35, 2733-2779. [PubMed]

Sherrid, M.V,; Barac, I.; McKenna, W.J.; Elliott, PM.; Dickie, S.; Chojnowska, L.; Casey, S.; Maron, B.J. Multicenter study of
the efficacy and safety of disopyramide in obstructive hypertrophic cardiomyopathy. J. Am. Coll. Cardiol. 2005, 45, 1251-1258.
[CrossRef] [PubMed]

Sherrid, M.V.; Shetty, A.; Winson, G.; Kim, B.; Musat, D.; Alviar, C.L.; Homel, P,; Balaram, S.K.; Swistel, D.G. Treatment of
obstructive hypertrophic cardiomyopathy symptoms and gradient resistant to first-line therapy with beta-blockade or verapamil.
Circ. Heart Fail. 2013, 6, 694-702. [CrossRef] [PubMed]

Habib, M.; Hoss, S.; Bruchal-Garbicz, B.; Chan, R.H.; Rakowski, H.; Williams, L.; Adler, A. Markers of responsiveness to
disopyramide in patients with hypertrophic cardiomyopathy. Int. J. Cardiol. 2019, 297, 75-82. [CrossRef] [PubMed]

Adler, A.; Fourey, D.; Weissler-Snir, A.; Hindieh, W.; Chan, R.H.; Gollob, M.H.; Rakowski, H. Safety of Outpatient Initiation of
Disopyramide for Obstructive Hypertrophic Cardiomyopathy Patients. ]. Am. Heart Assoc. 2017, 6, €005152. [CrossRef] [PubMed]


http://doi.org/10.1056/NEJMra1710575
http://www.ncbi.nlm.nih.gov/pubmed/30110588
http://doi.org/10.1161/CIRCULATIONAHA.106.644682
http://www.ncbi.nlm.nih.gov/pubmed/17088454
http://doi.org/10.1016/j.hfc.2018.01.001
http://www.ncbi.nlm.nih.gov/pubmed/29525645
http://www.ncbi.nlm.nih.gov/pubmed/25173338
http://doi.org/10.1016/j.jacc.2005.01.012
http://www.ncbi.nlm.nih.gov/pubmed/15837258
http://doi.org/10.1161/CIRCHEARTFAILURE.112.000122
http://www.ncbi.nlm.nih.gov/pubmed/23704138
http://doi.org/10.1016/j.ijcard.2019.09.066
http://www.ncbi.nlm.nih.gov/pubmed/31615649
http://doi.org/10.1161/JAHA.116.005152
http://www.ncbi.nlm.nih.gov/pubmed/28550094

J. Clin. Med. 2023, 12, 2725 10 of 10

10.

11.

12.

13.

14.

15.

16.

17.

Masri, A.; Olivotto, I. Cardiac Myosin Inhibitors as a Novel Treatment Option for Obstructive Hypertrophic Cardiomyopathy:
Addressing the Core of the Matter. J. Am. Heart Assoc. 2022, 11, e024656. [CrossRef] [PubMed]

Coppini, R.; Ferrantini, C.; Pioner, ].M.; Santini, L.; Wang, Z.J.; Palandri, C.; Scardigli, M.; Vitale, G.; Sacconi, L.; Stefano, P; et al.
Electrophysiological and Contractile Effects of Disopyramide in Patients With Obstructive Hypertrophic Cardiomyopathy: A
Translational Study. JACC Basic Transl. Sci. 2019, 4, 795-813. [CrossRef] [PubMed]

Zampieri, M.; Argiro, A.; Marchi, A.; Berteotti, M.; Targetti, M.; Fornaro, A.; Tomberli, A.; Stefano, P.; Marchionni, N.; Olivotto,
I. Mavacamten, a Novel Therapeutic Strategy for Obstructive Hypertrophic Cardiomyopathy. Curr. Cardiol. Rep. 2021, 23, 79.
[CrossRef] [PubMed]

Ommen, S.R.; Mital, S.; Burke, M.A_; Day, S.M.; Deswal, A.; Elliott, P.; Evanovich, L.L.; Hung, J.; Joglar, J.A.; Kantor, P; et al. 2020
AHA /ACC Guideline for the Diagnosis and Treatment of Patients With Hypertrophic Cardiomyopathy: Executive Summary: A
Report of the American College of Cardiology/American Heart Association Joint Committee on Clinical Practice Guidelines.
Circulation 2020, 142, €533—e557. [PubMed]

Honerjéger, P. The contribution of Na channel block to the negative inotropic effect of antiarrhythmic drugs. Basic Res. Cardiol.
1986, 81 (Suppl. 1), 33-37. [CrossRef] [PubMed]

Quintana, E.; Bajona, P.; O Myers, P. Mavacamten for hypertrophic obstructive cardiomyopathy. Lancet 2021, 397, 369. [CrossRef]
[PubMed]

Gurwitz, ].H.; Maurer, M.S. Tafamidis—A Pricey Therapy for a Not-So-Rare Condition. JAMA Cardiol. 2020, 5, 247. [CrossRef]
[PubMed]

Olivotto, I.; Oreziak, A.; Barriales-Villa, R.; Abraham, T.P.; Masri, A.; Garcia-Pavia, P.; Saberi, S.; Lakdawala, N.K.; Wheeler, M.T.;
Owens, A ; et al. Mavacamten for treatment of symptomatic obstructive hypertrophic cardiomyopathy (EXPLORER-HCM): A
randomised, double-blind, placebo-controlled, phase 3 trial; EXPLORER-HCM study investigators. Lancet 2020, 396, 759-769.
[CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1161/JAHA.121.024656
http://www.ncbi.nlm.nih.gov/pubmed/35502770
http://doi.org/10.1016/j.jacbts.2019.06.004
http://www.ncbi.nlm.nih.gov/pubmed/31998849
http://doi.org/10.1007/s11886-021-01508-0
http://www.ncbi.nlm.nih.gov/pubmed/34081217
http://www.ncbi.nlm.nih.gov/pubmed/33215938
http://doi.org/10.1007/978-3-662-11374-5_4
http://www.ncbi.nlm.nih.gov/pubmed/2431675
http://doi.org/10.1016/S0140-6736(20)32384-9
http://www.ncbi.nlm.nih.gov/pubmed/33516331
http://doi.org/10.1001/jamacardio.2019.5233
http://www.ncbi.nlm.nih.gov/pubmed/31913401
http://doi.org/10.1016/S0140-6736(20)31792-X
http://www.ncbi.nlm.nih.gov/pubmed/32871100

	Introduction 
	Methods 
	Study Population 
	Patient Evaluation and Management 
	Twelve-Lead Electrocardiogram Analysis 
	Definition of the Response to Disopyramide 
	Statistical Analysis 

	Results 
	Clinical and Echocardiographic Profile of Patients with Obstructive HCM 
	Efficacy and Criteria of Response to Disopyramide Therapy 
	Safety of Disopyramide Therapy 

	Discussion 
	Limitations 
	Conclusions 
	References

