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Aims Low QRS voltages (LQORSV) are an unexpected finding in left ventricular hypertrophy, i.e. hypertrophic cardiomyopathy
(HCM) or athlete’s heart.

Methods Prevalence and clinical correlates of LQRSV were investigated in 197 consecutive HCM patients, aged 58 + 13 years and

and results comparatively in 771 Olympic athletes, aged 23 + 4. Clinical characterization included family/personal history, symptoms,
New York Heart Association (NYHA) functional class, electrocardiographic pattern, ventricular arrhythmias, and cardiac
magnetic resonance (CMR). Twenty-two (11%) of HCM and 18 (2.3%) of athletes presented LQRSV. At initial evaluation,
in HCM, LQRSV showed no differences vs. non-LQRSV for functional class (90% vs. 91%, in Classes | and II; P=0.983),
symptoms (27% vs. 18%; P =0.478), and ventricular arrhythmias (40% vs. 39%; P = 857) but showed larger extent of late
gadolinium enhancement (LGE) at CMR (4.1 + 1.5 vs. 1.5 + 0.7 affected segments; P < 0.001). In athletes, LQRSV was asso-
ciated with larger prevalence of inverted T-waves (22% vs. 9%; P < 0.001) and ventricular arrhythmias (28% vs. 8%; P =
0.005). In one LQRSV athlete, arrhythmogenic cardiomyopathy was identified. Over 4.5 & 2.6-year follow-up, presence
of LQRSY in HCM was associated with larger incidence of functional deterioration (31% vs. 14%; P =0.038), stroke
(22% vs. 6%; P = 0.008), and implantable cardioverter defibrillator (ICD) implant (27% vs. 10%; P = 0.015). No clinical events
occurred in LQRSV athletes without initial evidence of cardiac disease.

Conclusion LQRSV are relatively common (11%) in HCM and have clinical relevance, being predictive over a medium term for a wor-
sening functional class, incidence of stroke, and ICD implant. Instead, LQRSV are rare (2.3%) in athletes but may occasionally
be a marker that raises suspicion for underlying cardiac disease at risk.

Lay summary | the present investigation, we sought to assess prevalence and clinical correlates of LQRSV in 197 consecutive HCM pa-

tients and, comparatively, in 771 Olympic athletes.

o Twenty-two (11%) of HCM presented LQRSV. At initial evaluation, LQRSYV patients showed no differences vs. non-LQRSV
for functional class (90% vs. 91%, in Classes | and II; P = 0.983), symptoms (27% vs. 18%; P = 0.478), and ventricular arrhyth-
mias (40% vs. 39%; P = 857) but showed larger extent of LGE at CMR (4.1 & 1.5 vs. 1.5 & 0.7 affected segments; P < 0.001).
Over 4.5 + 2.6-year follow-up, presence of LQRSV was associated with larger incidence of functional class deterioration
(31% vs. 14%; P =0.038), stroke (22% vs. 6%; P =0.008), and ICD implant (27% vs. 10%; P =0.015).

o Eighteen (2.3%) of athletes presented LQRSV. In athletes, LQRSV was associated with larger prevalence of inverted T-
waves (22% vs. 9%; P < 0.001) and ventricular arrhythmias (28% vs. 8%; P = 0.005). In one LQRSV athlete, arrhythmo-
genic cardiomyopathy was identified.
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In conclusion, LQRSV are relatively common (11%) in HCM and have clinical relevance, being predictive over a medium

term for a worsening functional class, incidence of stroke, and ICD implant. Instead, LORSV are rare (2.3%) in athletes but

may be a marker that raises suspicion for underlying cardiac disease at risk.

Low QRS voltage (LQRSV) e Hypertrophic cardiomyopathy (HCM) athlete’s heart

Keywords

Introduction

Low QRS voltages (LQRSV) have been observed in pericardial effusion,
in infiltrative cardiac disease, and, more recently, in arrhythmogenic
cardiomyopathy (AC) and non-ischaemic left ventricular scar.'™
Currently, LQRSV are seen as markers that raise suspicion for arrhyth-
mogenic conditions and have relevant clinical implications, especially in
the setting of pre-participation screening of athletes, largely based on
the 12-lead electrocardiography (ECG).”®

In this context, scarce attention has been paid, so far, to the presence
and significance of LQRSV in hypertrophic cardiomyopathy (HCM),
which represents a common cause of sudden cardiac death (SCD)
and a major target of the athlete’s pre-participation cardiac screening.
Not surprisingly, data in this area are scarce, due to recognition that
the increased left ventricular (LV) wall thickness, morphologic hallmark
of the disease, is usually associated with a definite increase of QRS
voItages.Q'10

In the same way, increased QRS voltages are commonly found in ath-
lete’s heart, as a consequence of the physiologic remodelling induced by
exercise conditioning, and occurrence of LQRSV is counterintuitive
and, so far, rarely explored.”‘12

Therefore, we planned the present investigation to assess compara-
tively the prevalence of LQRSV in a large cohort of HCM patients and
elite athletes and understand if this ECG pattern may have relevant clin-
ical value.

Methods

This is a retrospective study including HCM patients, selected from the
database of the Policlinico Casilino hospital, and elite athletes examined
at the Institute of Sport Medicine and Science in Rome. Database of subjects
evaluated from 2013 to 2019 was reviewed, and those fulfilling the criteria
of LQRSV were included.

Study population

HCM cohort included 197 subjects, aged 16-87 (58 + 13), 118 males (60%).
Diagnosis of HCM was based on the widely accepted imaging and clinical cri-
teria."** Patients with amyloidosis'>'® and Fabry'” were excluded based on
the gadolinium-enhanced cardiac magnetic resonance (CMR) and/or genetic
testing. Patients with associated clinical conditions (i.e. hypertension, diabetes)
or previous septal ablation or myectomy were also excluded.

Elite athletes included 771 subjects, aged 14—44 years (23 + 4), 410 males
(54.5%) evaluated before their participation to the Olympic Games. All were
engaged in regular exercise training, with a schedule of 8 to >30 h/weeks
(according to their sport speciality), and had been training and competing
for 3—12 (average, 5) consecutive years before enterinzg this study. Selected
data of this cohort were included in a different study.”

Cardiovascular evaluation

Hypertrophic cardiomyopathy patients

Medical history comprised relevant information from the family (i.e. sudden
cardiac arrest/death in close relatives) and patient’s history (any symptom
or previous event). Diagnostic testing comprised 12-lead ECG and CMR;
additional testings were selectively performed to confirm diagnosis and/
or assess risk stratification, including genetic testing (n=47) and 24-h
ECG recording (n=155).

Elite athletes

Evaluation included personal and family history, 12-lead and exercise ECG,
and Doppler echocardiography. In athletes with LQRSV, when associated
with either positive family history, or symptoms, or 12-lead ECG abnormal-

ities or uncommon ventricular arrhythmias,'® further investigations were
performed, including CMR and 24-h ECG monitoring (n = 4).

Twelve-lead echocardiography

The 12-lead ECG was recorded with the subject in supine position during
quiet respiration, at 25 mm/s, using a Cardioline Click ECG (Cardioline,
Italy). Filters were set at 0.05 to 0.15-100 Hz. ECGs were evaluated by a
single cardiologist (AP) according to the 2017 International Criteria.'”

Diagnosis of LORSV was defined as the amplitude of the QRS complex
measured from nadir to zenith of QRS <0.5 mV in limb leads (with a total
limb leads QRS amplitude <30 mV) and/or <1.0 mV in all praecordial leads
and/or SV1 +RV5 or V6 < 1.5 mV."""

Ventricular arrhythmias were classified as either common or uncommon
on the basis of the morphology, complexity, and response to exercise.®
Burden of premature ventricular beats (PVBs) was considered when
>100 PVBs per day, or either complex or repetitive PVBs.2%%!

All subjects included in the study underwent serial clinical and diagnostic
evaluations or had structured telephone interviews for 1- to 9-year follow-
up period.

The study was planned according to the Helsinki protocol recommenda-
tions and was approved by the Institutional Review Board of both institu-
tions. All subjects included in this study had previously signed an
informed consent form for anonymized database use for scientific pur-
poses, pursuant to Italian law and the institute’s policy.

All clinical data assembled from the study populations are maintained in
the participant institutions’ database and remain available after motivated
request.

Statistical analysis

Statistical analyses were performed using Statistical Program for the Social
Sciences (SPSS, version 25, SPSS Inc. Chicago IL, USA) software package,
Microsoft Excel (Office 2018), or GraphPad Prism. Continuous data are ex-
pressed as mean + standard deviation or median with inter-quartile range
(25-75%) as appropriate. Categorical data were summarized as simple fre-
quencies (n), proportions (or percentages), and rates. A univariate analysis
was used to compare patients’ parameters in each subgroup. Mann—
Whitney test was conducted for continuous variables and 3 for categorical
variables. The cumulative response rates and the annual response rates of
the variables (functional class deterioration, stoke, and implantable cardio-
verter defibrillator (ICD) implant) were compared graphically. The impact
of the selected methods on the response rate was assessed by estimating
the difference in the proportion. For all analyses, a P-value < 0.05, statistical
significance was assumed if the null hypothesis could be rejected at P < 0.05.

Results

Prevalence and clinical correlates of low
QRS voltages in hypertrophic
cardiomyopathy patients

Of the 197 HCM patients, 22 (11%) presented LQRSV. Comparative

demographics and ECG features of patients with vs. without LORSV
are in Table 1.
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Table 1 ECG characteristics of HCM patients with
LQRSYV vs. non-LQRSV

LQRSV HCM non-LQRSV HCM P
n=22 n=175
Age 59.9+139 583+ 13.11 0.612
BSA, m? 1.84+0.19 189 £0.21 0.457
BMI, m?/kg 284 +4.1 271432 0.279
Systolic BP, 1294 +20.7 1304 +13.1 0.812
mmHg
Diastolic BP, 79.7 £8.1 788 £6.9 0.673
mmHg
Heart rate, 66 +4 68+ 4 0.122
b.p.m.
PVBs (%) 9 (40) 68 (38) 0.857
Inverted 13 (59) 141 (80) 0.026
T-waves (%)
LVH, n (%) 0 (0) 51 (29) 0.003
RVH, n (%) 1(4) 1(0.6) 0.249
LAD, n (%) 5(22) 56 (32) 0.340
LAE, n (%) 5 (22%) 48 (27%) 0.617

BSA, body surface area; BMI, body mass index; BP, blood pressure; PVBs, premature
ventricular beats; LVH, left ventricular hypertrophy; RVH, right ventricular
hypertrophy; LAD, left axis deviation; LAE, left atrial enlargement

No differences were observed for sex (males, 59% vs. 60%; P =
0.435), age, systolic and diastolic blood pressure, or body size and
body mass index (BMI) between the two groups.

Of the 22 HCM patients with LQRSV, eight (36%) showed low vol-
tages both in limb and praecordial leads. None of the LQRSV HCM pre-
sented increased praecordial voltages positive for LV hypertrophy, at
difference of 57 (29%; P =0.03) of the 175 non-LQRSV.

T-wave inversions (TWI) were present in 13 (59%) of LQRSV, most-
ly in inferior—lateral leads (n = 9). TWI were observed in 141 (80%; P =
0.026) of non-LQRSY HCM, of whom 77 in inferior—lateral leads, 48 in
anterior and lateral leads, and 16 in anterior, inferior, and lateral leads.
No differences between LQRS vs. non-LQRSV were observed with re-
gard to left atrial enlargement (5, 22% vs. 48, 27%; P = 0.617), marked
left axis deviation (5, 22% vs. 56, 32%; P =0.340), and QRS duration
(102.8 +29.8 vs. 97.3 + 22.8 ms; P = 0.409).

Ventricular arrhythmias were common in HCM, both with or with-
out LQRSV: a burden of PVBs was seen in 9 (40%) of the LQRSV and in
68 (39%; P=857) of the non-LQRSV; 9% in both groups presented
bursts of non-sustained ventricular tachycardia.

No echocardiographic differences were seen for LV cavity and atrial
dimensions between LQRSYV vs. non-LQRSV (i.e. LV cavity: 45.1 + 8.4
vs. 46.6 +59 mm; P=0.317; left atrium: 423 +85 vs. 42.6 +
5.8 mm; P = 0.893). Max LV wall thickness was lower (at borderline sig-
nificance) in LQRSV: 168+43 vs. 191+53mm; P=0.061.
Eventually, no differences were seen in systolic and diastolic functional
indexes (EF%: 57 £ 9 vs. 59 £ 6; P=10.262; E/e: 119+ 2.4 vs. 144 +
7.2; P=10.453).

On CMR, LQRSYV patients showed a smaller LV mass, i.e. 136.5 +
40.5 vs. 170.2 + 52.34 g/m* (P < 0.025). Overall, presence of late gado-
linium enhancement (LGE) patchy areas was observed in 11 of the
LQRSV (50%) vs. 61 of the non-LQRSV (35%). Qualitative analysis of
the LGE extension, based on number of segments involved, revealed
that LQRSV had 4.1 +15 affected segments vs. 1.5+07 of
non-LQRSV (P < 0.001). A representative CMR finding of a LQRSV
HCM patient is shown in Figure 1.

Gene analysis reported evidence for pathogenic mutations causative
of the disease in 8 LQRSV (36%) vs. 39 (22%; P =0.786) non-LQRSV
patients.

On clinical ground, no differences for functional class existed be-
tween the two groups at initial evaluation. Overall, the ESC risk score
was 3.49 +2.22 in LQRSV and 4.16 + 2.62 in non-LQRSV patients (P =
0.191).

Vast majority of both LQRSV (n = 20; 90%) and non-LQRSV (n =
159; 91%; P = 0.878) were in functional Class | or Class Il at initial evalu-
ation. Only 2 of the LQRSV (9%) and 16 of the non-LQRSV (9%; P =
0.987) had heart failure (functional class >3) at initial observation.

Multiple episodes of palpitations were referred by 6 (27%) of the
LQRSV and 32 (18%) of the non-LQRSY, and at least one syncopal epi-
sode had occurred in 1 (4.5%) of the LQRSV and 16 (9%) of the
non-LQRSV (overall; P=0.478).

Finally, 2 (9%) of the LQRSV and 26 (14%; P = 0.081) of the non-LQORSV
patients already had an ICD implanted for primary prevention.

Clinical findings in the follow-up, Figure 2
Over the 4.5 + 2.6-year follow-up, the functional class worsened to
New York Heart Association (NYHA) Il/lll in 7 (31%) of LQRSV and
25 (14%; P=0.038) of non-LQRSV patients. Indeed, four (18%)
LQRSYV evolved clinically to end-stage disease, and three of them had
indication for ICD implanted. Conversely, only 11 (6%; P=0.042)
non-LQRS patients had similar LV functional deterioration.

Incidence of new symptoms was reported by 3 (14%) of LQRSV, (i.e.
syncope in one, palpitation in another, and palpitations with angina in
the remaining one) vs. 19 (11%; P =0.676) of non-LQRSV (i.e. palpita-
tions in 15, syncope in 3, angina in 1).

Stroke occurred in 5 LQRSV (22%) vs. 10 non-LQRSV patients (6%;
P =0.008).

Finally, ICD was implanted for primary prevention in 6 (27%) of
LQRSV vs. 17 (10%; P=0.015) of non-LQRSV patients. Of them,
one of the LORSV and two of the non-LQRSYV experienced appropri-
ate shocks (triggered by sustained, prolonged VT in two or ventricular
fibrillation in one) within the subsequent 24 months.

Prevalence and clinical correlates of low

QRS voltages in athletes

Of the 771 athletes, 18 (2.3%) had evidence of LQRSV. Comparative
demographics and ECG features of athletes with vs. without LQRSV
are reported in Table 2.

No differences were observed for body size, body composition, and
types of sport participated. Indeed, the training schedule was similar in
both groups (LQRSV: 215+ 8.3 vs. non-LQRSV: 21.7 + 6.3 hiweek;
P =0.857). On echocardiography, no differences were observed be-
tween LQRSV and non-LQRSV athletes for cardiac dimensions (i.e. LV
cavity 50.0 +4.6 vs. 51.2 + 4.4 mm, P=0.113; wall thickness 9.2 + 0.9
vs. 94 + 1.2 mm, P=0411; left atrium 334 +4.2 vs. 34.1 + 4.2 mm; P
=0.522) nor for systolic and diastolic functional indexes (EF: 65 + 6%
vs. 65 +6%; P=0.319; E/le: 6.6 + 1.1 vs. 6.6 + 1.2; P =0.947).

Of the 18 athletes with LQRSYV, seven showed low voltages also in
the praecordial leads. None of the 18 had increased praecordial vol-
tages criteria for LV hypertrophy, contrary to 163 (21%) of the
non-LQRSV athletes (P =0.029).

Inverted T-waves were observed in 4 (22%) of the LQRSV (in anter-
jor praecordial leads in 3 and inferior—lateral leads in 1) but only in 70
(9%; P <0.001) of non-LQRSV (mostly in anterior praecordial leads,
rarely in inferior and/or lateral leads).

A larger subset of LQRSYV, i.e. 28% vs. 8% (P =0.005) of non-LQRSV,
showed PVBs, either at rest or during effort. Within the LQRSV group,
four showed PVBs of uncommon pattern (i.e. LBBB and/or RBBB morph-
ology, wide QRS, and superior axis). These four athletes underwent
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Figure 1 Electrocardiogram from a typical hypertrophic cardiomyopathy patient with low QRS voltages on 12-lead electrocardiography. (Panel A)
12-lead electrocardiogram shows a reduced (<0.5 mv) voltages of QRS in all peripheral leads but markedly increased R/S-wave voltages in anterior
praecordial leads (V2-V4). (Panel B) Cardiac magnetic resonance images showing presence of LV hypertrophy prominent in the anterior—posterior,
mid-basal ventricular septum, where several patchy areas of late gadolinium enhancement are evident.

CMR, which was normal in three, but in the fourth showed a definite area
of sub-epicardial LGE encompassing the inferolateral LV wall, coherent
with the origin of the PVBs and supporting the diagnosis of AC.*
Additionally, minor echocardiographic findings were a bicuspid aortic
valve (without significant regurgitation or obstruction) and a repaired
atrial septal defect with partial abnormal venous return in two other
LQRSYV athletes. For comparison, within the non-LQRSV group, mitral
valve prolapse was found in eight, bicuspid aortic valve in two, and
hypertension in one. No cardiomyopathies were identified.

Clinical findings in the follow-up
Over the 5.5 + 3.5-year follow-up, none of 17 LQRSV athletes cleared
at initial evaluation developed symptoms or signs of cardiac disease.

The athlete initially diagnosed with AC was on prophylactic treat-
ment with beta-blocker, restricted from competitive sport and advised
for leisure time activities while remaining asymptomatic. The most re-
cent CMR (2-year later) showed evidence for RV wall motion abnor-
malities, not previously present, and further extension of LGE patchy
areas within the inferolateral LV walls.

Amongst non-LQRSV athletes, over the follow-up, two complained
of palpitations, identified as supraventricular reciprocating tachycardia
in one and atrial flutter in the other (treated successfully). One athlete
developed myocarditis. In a recent period, 20 athletes were infected by
the COVID-19, with a mild clinical course and full recovery in most. The
subsequent return-to-play evaluation showed no residual cardiac da-
mages in any of them.
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Figure 2 Plots of response rates showing the incidence of clinical complications over the follow-up in hypertrophic cardiomyopathy patients with
low QRS voltages vs. non-low QRS voltages. (Panel A) Trends in functional class deterioration; (Panel B) Incidence of strokes; (Panel C) New implant of

implantable cardioverter defibrillators.

Discussion

Recently, attention to LQRSV was prompted by the observation that
this ECG pattern is present in cardiac conditions characterized by
loss of myocytes and fibrosis, such as AC, or idiopathic non-ischaemic
LV scar, i.e. pathologic findings described in professional athletes incur-
ring SCD.>%?? Consequently, in the setting of pre-participation screen-
ing of athletes, largely based on 12-lead ECG,”*® identification of LQRSV
is seen as a potential marker for underlying cardiac diseases at risk.

In this context, data describing prevalence and clinical significance of
LQRSV in HCM, one of the more common pathologic condition re-
sponsible for SCDs in athletes, are very scarce.>~2¢ We were intrigued
by the rarity of investigations in this area, likely consequence of the con-
sideration that LQRSV in HCM (and athlete’s heart) is unexpected and
counterintuitive, because the increased LV wall thickness and mass,
common in these two different conditions, are associated with a defin-
ite increase of QRS voltages. Therefore, the lone presence of LQRSV in
the setting of pre-participation ECG screening may not raise suspicion
for and miss the identification of HCM.

The findings of the present analysis suggest that prevalence of
LQRSV may be relatively common in HCM, i.e. 11% in our cohort,
and has clinical relevance over a medium-term follow-up. In fact, pres-
ence of LQRSV was associated with a worsened clinical course, with
deterioration of the NYHA functional class, incidence of stroke, and
new indication for ICD implantation.

Our findings support the thesis that LQRSV are expression of an ad-
vanced stage of the disease, characterized by relative reduction of the
component of hypertrophied myocytes and relative increase in extra-
cellular, fibrous compartment, as suggested by the more extensive

LGE patchy areas, even before evidence of systolic dysfunction or im-
pairing symptoms. Therefore, high-QRS voltage (in the early stage)
and LQRSV (in late stage) may be seen in HCM patients as electrocar-
diographic features of an evolutionary, long-term clinical course.

A few previous observations support the present results; specifically,
Konno?? in a cohort of 108 HCM patients observed that voltage criteria
for LVH were negatively correlated with the extent of LGE at CMR,
when adjusted by maximal LV wall thickness. The authors concluded
that LQRSV may reflect a large extent of myocardial fibrosis and a
more advanced stage of the disease. Similar results were reported in
a population of paediatric HCM patients.* Consistently, in a cohort
of 1004 consecutive HCM patients, Biagini reported that LQRSV was
an independent predictor of SCD or clinical surrogates (95% confi-
dence interval (Cl) 1.01-5.1; P = 0.048).> Moreover, within a cohort
of 994 HCM included in the French registry, presence of LQRSV was
associated with an increased incidence of all the adverse clinical end-
points (all-cause mortality, major arrhythmic events, heart failure, and
stroke).?®

These observations, consistent with our results, suggest that low vol-
tages may be an easily detectable ECG marker, predictive for a less fa-
vourable clinical course of the disease. It can be therefore inferred that
LQRSY may have an unfavourable predictive significance, likely compar-
able to other previously identified adverse predictors (e.g. severe symp-
toms, higher prevalence of atrial tachyarrhythmias, and left ventricular
outflow tract (LVOT) obstruction).'*'*

On the other hand, in the athlete’s cohort, presence of LORSV was
observed in a small subset (2.3%), but more frequent than in general
population,’” and it may represent a ‘red flag’ in cardiovascular screen-
ing evaluation. The occurrence of uncommon ventricular arrhythmias
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Table2 ECG characteristics of athletes with LQRSV vs.
non-LQRSV

LQRSV Non-LQRSYV athletes P
athletesn=18 n=753
Age 267 +4.6 23.3+4.04 0.005
BSA, m? 1.80+0.2 1.87+0.2 0.25
BMI, m?/kg 24.6 +48 224+43 0.001
Systolic BP, 1083 +15.2 1102 +838 0473
mmHg
Diastolic BP, 69.4+82 704 +6.2 0.618
mmHg
Heart rate, 67.3+5.1 69 +3.3 0.142
b.p.m.
PVBs (%) 5 (28) 64 (8) 0.005
Inverted 4(22) 70 (9) 0.061
T-waves (%)
LVH, n (%) 0(0) 163 (21) 0.029
RVH, n (%) 0(0) 58 (8) 0.212
LAD, n (%) 0(0) 10 (1) 0.670
LAE, n (%) 1(5) 28 (4) 0.831
ER pattern, 5(27) 256 (34) 0.342
n (%)

BSA, body surface area; BMI, body mass index; BP, blood pressure; PVBs, premature
ventricular beats; LVH, left ventricular hypertrophy; RVH, right ventricular
hypertrophy; LAD, left axis deviation; LAE, left atrial enlargement; ER, early
repolarization

was more frequent in athletes with LORSV and triggered a diagnostic
pathway that eventually led to identification of an AC in one (i.e. 5%)
asymptomatic athlete.

Very few studies, so far, described LQRSV in athletes, which ap-
peared to be unrelated to sex, body surface area, BMI, type of sport,
and extent of LV remodelling”'12 at difference from typical athlete’s
ECG changes (i.e. increased QRV voltages) physiologically induced by
athletic conditioning."®

These observations confirm that LQRSV are unrelated to sport, i.e.
are not consequence of physiologic cardiac adaptation to training, and
may represent a marker suspicious for underlying cardiac diseases, in
particular when associated with uncommon ventricular arrhythmias
during exercise."’

However, due to the paucity of the currently available data, a due
caution is appropriate in emphasizing the clinical value of LQRSV in ap-
parently healthy and asymptomatic individuals, and the present findings
warrant future longitudinal studies to be confirmed.

Overall, data derived from the present investigation suggest that as-
sociation of LQRSV with LV hypertrophy in HCM, or even in athletes,
should be viewed with clinical attention and deserve a careful diagnostic
pathway.

Limitations

Certain limitations of our study should be considered, including the
retrospective analysis of data, the relatively limited cohorts of HCM pa-
tients, and athletes with LORSV, as well as the medium-term follow-up.
Moreover, our athlete’s population included young and elite Caucasian
individuals, mostly engaged in disciplines common in Europe, so that
our results cannot be generalizable to adult/senior and recreational ath-
letes and to individuals of different ethnicities.

Conclusion

Our investigation shows that LORSV may be relatively common in
HCM patients, i.e. present in 11%, and have clinical relevance over a
medium-term follow-up, being associated with an unfavourable clinical
course, substantiated by faster deterioration of the functional class, in-
cidence of stroke, and wider indication to ICD implantation. On the
other hand, in athletes, LQRSV are rare, i.e. 2.3%, but when in associ-
ation with arrhythmias induced by exercise, may be a marker raising
suspicion for identification of underlying, silent, cardiac disease at risk.
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