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Abstract
Background. Hypertrophic cardiomyopathy (HCM) primarily affects the left ventricle (LV) sparing the right
ventricle (RV) in vast majority of cases. However, several studies employing CMR have revealed that
myocardial hypertrophy may also involve the RV.

Aim of the study. To assess RV size and function in a large prospectively cohort of HCM patients and to
evaluate whether these parameters in association with other MR �ndings can predict cardiac events

Methods. Two participating centers prospectively included patients with known or suspected HCM
between 2011 and 2017. CMR studies were performed with three different scanners. Outcome measures
were a composite of ventricular arrhythmias, hospitalization for HF and cardiac death.

Results. Of 607 consecutive patients with known or suspected HCM, 315 had complete follow-up
information (mean 65 ± 20 months). Among them, 115 patients developed major cardiac events (MACE)
during follow-up. At CMR evaluation, patients with events had higher left atrium (LA) diameter (41.5 ± 8
mm vs. 37.17 ± 7.6 mm, p < 0.0001), LV mass (156.7 vs. 144 g, p = 0.005) and myocardial LGE (4.3% vs.
1.9%, p = 0.001). Similarly, patients with events had lower RV stroke volume index (42.7 vs. 47.0, p = 
0.0003) and higher prevalence of both RV hypertrophy (16.4% vs. 4.7%, p = 0.0005) and reduced RV
ejection fraction (12.2% vs. 4.4%, p = 0.006). In the multivariate analysis, LA diameter and RV stroke
volume index were the strongest predictors of events (p < 0.001 and p = 0.0006, respectively)

Conclusions Anatomic and functional RV anomalies detected and characterized with CMR may have may
have a major role in predicting the prognosis of HCM patients.

Introduction
Hypertrophic cardiomyopathy (HCM) is a genetic disorder of cardiac myocytes with a prevalence of 1:500
in the general population that is characterized by cardiac hypertrophy, unexplained by the loading
conditions, non-dilated left ventricle (LV) and normal or increased ejection fraction. The disease is
associated with a risk of adverse cardiac events such as severe arrhythmias, progressive heart failure
(HF), and sudden cardiac death (SCD) [1–3]. It is also one of the more common cause of SCD in young
individuals and athletes [4]. In HCM patients, myocardial �brosis is an important substrate for both life-
threatening arrhythmias and adverse cardiac remodeling [5]. This has been con�rmed by
histopathological studies that showed a high burden of �brosis in both young adults [6] with SCD and
older patients with end-stage HF. The presence and extent of late gadolinium enhancement (LGE) on
cardiac magnetic resonance (CMR) has recently emerged as a promising tool for SCD risk strati�cation in
patients with HCM [7–13]. The left ventricle (LV) is mainly affected by the myocyte disorder, while the
right ventricle (RV) is spared from hypertrophy in the vast majority of cases. However, several studies
employing CMR have revealed that myocardial hypertrophy may also involve the RV [14–18]. Moreover,
previous studies have addressed the relationship between RV size and function and clinical outcome in
HCM patients. In particular, increased wall thickness and dysfunction of the RV have been shown to
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predict more symptomatic disease and poorer prognosis [17, 18]. Although RV ejection fraction (RVEF) of
HCM patients tends to be within the “normal” range, it has been demonstrated that RVEF may predict
clinical outcomes in patients with cardiomyopathy [19, 20]. To the best of our knowledge, few studies
have focused on RV size and function and their relationship with cardiac outcome in HCM patients. Thus,
we aimed to assess RV volume and function in a large prospectively gathered cohort of HCM patients
and to evaluate whether these parameters together with several other CMR features (including extent of
LV �brosis) may predict cardiac events at long-term follow-up.

Methods
Population 

Two participating centers, the Centro Cardiologico Monzino, Milan, Italy (center A) and the Humanitas
Research Hospital, Milan, Italy (center B) prospectively included patients with known or suspected  HCM
between January 2011 and April 2017 (center A) and between January 2011 and November 2017 (center
B). The diagnosis of HCM was de�ned according to the European Society of Cardiology guidelines
(maximal LV wall thickness of ≥15 mm on echocardiography, in the absence of any other cardiac or
systemic disease that would be capable of producing myocardial hypertrophy, such as afterload
abnormalities like aortic valve stenosis or arterial hypertension [2]. Clinical and CMR data were collected
at each center by two experienced physicians. Each institution’s ethical committee approved the protocol
and all patients gave written informed consent.

CMR PROTOCOL 

CMR studies were performed with a 1.5-T Discovery MR450 scanner (GE Healthcare, Milwaukee,
Wisconsin) in center A. In center B, a 1.5-T CVi scanner (GE Healthcare, Milwaukee, Wisconsin), a  1.5-
T Achieva (Philips Medical Systems, Best, Netherlands) or a 1.5-T Aera scanner (Siemens, Erlangen,
Germany) were used. Dedicated cardiac software, phased array surface receiver coils, and
electrocardiogram triggering were used. Breath-hold steady-state free precession cine imaging was
performed in vertical and horizontal long-axis orientations and in short-axis orientations. A stack of short-
axis slices encompassing the right and left ventricle from base to apex was used for biventricular
volumes, mass, and systolic function assessment. For detecting myocardial �brosis, we used a contrast-
enhanced, breath-hold, segmented T1-weighted inversion-recovery gradient-echo sequence with the LGE
technique (i.e., LGE imaging). LGE imaging was performed 10 to 20 min after an intravenous bolus of 0.1
mmol/kg of gadolinium-BOPTA (Multihance, Bracco, Milan, Italy), 0.2 mmol/kg of gadolinium-DOTA
(Dotarem, Guerbet, Roissy, France), or 0.2 mmol/kg of Gadobutrol (Gadovist, Bayer AG, Basel,
Switzerland). Inversion time was individually adapted to null the signal of remote myocardium (usual
range between 220 and 300 ms).

CMR ANALYSIS
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All CMR studies were analyzed by expert readers with considerable experience in CMR studies (12 years
of experience, Level 3 certi�ed expert), blinded to patient clinical history and data. The short- axis stack
was used for calculating RV and LV size and function. Endocardial and epicardial boundaries were
delineated in end-diastole and end-systole with a dedicated software (Circle Cardiovascular Imaging,
cvi42 version 5.3.2, Calgary, Canada). Based on these data, the following parameters were calculated: RV
and LV end-diastolic volumes (RVEDV and LVEDV, respectively), RV and LV end-systolic volumes (RVESV
and LVESV, respectively) as well as RV and LV ejection fraction (RVEF and LVEF, respectively), and LV
mass. Each volume or mass parameter was indexed to body surface area and expressed as mL/m2 or
g/m2, respectively. Additionally, each image was inspected for detecting RV and LV hypertrophy, and the
maximal wall thickness of the left and right ventricle was recorded. The presence and amount of scar
was assessed using 2D LGE sequences.  LGE was de�ned as hyperintense myocardium with a signal
intensity >5 SDs above the mean signal intensity of normal myocardium. For quantitation of LGE, inner
and outer myocardial edges were manually delineated. LGE was determined semi-automatically as a
percentage of total myocardium. 

FOLLOW-UP

All patients underwent clinical visits or telephone interviews performed at each center by experienced
cardiologists blinded to CMR data. Outcome measures were a composite of ventricular arrhythmias (non-
sustained ventricular tachycardia, i.e. occurrence of 3 or more consecutive ventricular beats for less than
30 second, or sustained ventricular tachycardia), hospitalization for HF and cardiac death due to
ventricular arrhythmias or refractory HF. 

STATISTICAL ANALYSIS

Unpaired t-test or Kruskal-Wallis test were performed to compare continuous variables between patient
without events and those with combined events, while chi-square test or Fisher’s exact test were
performed for analysis that involved categorical variables. Univariate and multivariate Cox regression
was employed to investigate potential predictors for combined event. The covariates included in the
multivariate analysis were selected through epidemiological approach. Continuous variables are
presented as mean±SD, skewed variables as median with interquartile range (IQR), while categorical
variables are shown as absolute numbers and percentages.

Results

Population
Of 607 consecutive patients with known or suspected HCM considered for enrollment, 279 were excluded
from the analysis because of uncon�rmed HCM or diagnosis of other myocardial diseases at CMR (n = 
231), poor image quality (n = 36) and lack of informed consent and authorization (n = 12). Of the
remaining 328 patients, 13 were lost to follow-up, whereas 315 (96%) had complete follow-up (mean 65 ± 
20 months, up to 82 months) information (Figure Study Flow).
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Mace
Among the 315 patients, 115 patients had MACE during follow-up (66 HF hospitalizations, 45 ventricular
arrhythmias and 4 cardiac deaths). Tables 1 and 2present the main baseline characteristics of patients
with and without MACE. 

Table 1
Baseline demographic and imaging characteristics (continuous variables)

variable ALL No event (200) Combined Event
(105)

p-value

Age 55.5(44;67) 52(44;64.8) 58(47;69) 0,06153

BSA 1.87 ± 0.2 1.87 ± 0.2 1.86 ± 0.2 0,6573

BMI 25.5(23.4;28.3) 25.5(23.4;28.4) 25.8(23.4;27.9) 0,75241

LA diameter at CMR 38.74 ± 8 37.17 ± 7.6 41.51 ± 8 < .0001

LVEF 64(58;70) 65(59;70) 63(56;69) 0,03373

LV Mass 150.9(123.1;185.7) 144.4(114.7;180.2) 156.7(134.6;195) 0,00517

RVSV INDEX 45.49 ± 10.6 47.09 ± 10.4 42.68 ± 10.3 0,00037

RVESV INDEX 23(18;30.2) 23.4(18.6;30.9) 22.2(17.2;28.9) 0,1051

Mass of con�uent LGE 2.7(0;9.5) 2.7(0;9.4) 2.8(0;10.1) 0,55065

Mass of mild LGE 6(0;29.8) 8.3(0;31.8) 0(0;26.2) 0,06271

Mass of total LGE 5(0;12.5) 4.4(0;10.3) 6.7(0;19.3) 0,06324

Max LV thickness
(mm)

19(16.5;22) 18(16;21) 20(18;23) < .0001

LVEDV INDEX 79.91 ± 16.8 78.55 ± 15.5 82.27 ± 18.7 0,058

RVEF 66(60;71) 66(60;71) 66(58;71) 0,55866

Percentage of LGE
myocardial mass

2.5(0;7.6) 1.8(0;5.4) 4.3(0;9.3) 0,01096

Cardiac Output 5.8(4.9;6.9) 5.8(4.9;6.9) 5.7(4.9;6.8) 0,51805

Number of LV segment
with LGE

2(0;4) 2(0;3) 2(0;4) 0,094198

BMI = body max index; BSA = body surface area; CMR = cardiac magnetic resonance; LA = left atrium;
LGE = late gadolinium enhancement; LV = left ventricle; LVEDV index = left ventricle end-diastolic
volume index; LVEF = left ventricle ejection fraction; RVESV index = right ventricle end-systolic volume
index; RVSV index = right ventricle stroke volume index
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Table 2. Clinical characteristics (categorical variables)
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Variable   ALL No event
(n=200)

Combined event
(n=105)

p-value

RV hypertrophy 0 303(96.19%) 193(96.5%) 110(95.7%) 0,70509

1 12(3.81%) 7(3.5%) 5(4.3%)

Sex 0 99(31.43%) 65(32.5%) 34(29.6%) 0,58906

1 216(68.57%) 135(67.5%) 81(70.4%)

Hypertension 0 122(46.74%) 79(48.5%) 43(43.9%) 0,47183

1 139(53.26%) 84(51.5%) 55(56.1%)

Hypercholesterolemia  0 141(55.29%) 94(59.1%) 47(49%) 0,11383

1 114(44.71%) 65(40.9%) 49(51%)

Family history for CAD 0 176(70.12%) 109(70.3%) 67(69.8%) 0,92884

1 75(29.88%) 46(29.7%) 29(30.2%)

Diabetes 0 230(90.55%) 142(89.9%) 88(91.7%) 0,63568

1 24(9.45%) 16(10.1%) 8(8.3%)

Family history of HCM 0 215(84.65%) 132(83.5%) 83(86.5%) 0,53221

1 39(15.35%) 26(16.5%) 13(13.5%)

Familiar history of SCD 0 218(86.51%) 134(85.9%) 84(87.5%) 0,71764

1 34(13.49%) 22(14.1%) 12(12.5%)

Syncope

(0 àno, 1 àyes)

0 222(84.09%) 142(86.6%) 80(80%) 0,15588

1 42(15.91%) 22(13.4%) 20(20%)

LV thickness 30 mm (echo or
CMR)

0 300(95.24%) 193(96.5%) 107(93%) 0,16547

1 15(4.76%) 7(3.5%) 8(7%)

LVOT obstruction 0 205(65.29%) 147(73.9%) 58(50.4%) <.0001

1 109(34.71%) 52(26.1%) 57(49.6%)

SAM 0 205(65.08%) 146(73%) 59(51.3%) 0,0001

1 110(34.92%) 54(27%) 56(48.7%)

Symptoms before CMR 0 129(48.13%) 93(56%) 36(35.3%) 0,00098

1 139(51.87%) 73(44%) 66(64.7%)

Chest pain 0 223(83.21%) 142(85.5%) 81(79.4%) 0,19236

1 45(16.79%) 24(14.5%) 21(20.6%)
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Dyspnea 0 184(68.66%) 132(79.5%) 52(51%) <.0001

1 84(31.34%) 34(20.5%) 50(49%)

Palpitations 0 225(83.96%) 141(84.9%) 84(82.4%) 0,57533

1 43(16.04%) 25(15.1%) 18(17.6%)

Heart failure 0 243(90.67%) 156(94%) 87(85.3%) 0,01766

1 25(9.33%) 10(6%) 15(14.7%)

Therapy before CMR 0 60(23.9%) 47(30.5%) 13(13.4%) 0,00196

1 191(76.1%) 107(69.5%) 84(86.6%)

1 29(12.34%) 11(7.7%) 18(19.6%)

Pathological LVEF  0 242(76.83%) 161(80.5%) 81(70.4%) 0,04152

1 73(23.17%) 39(19.5%) 34(29.6%)

Pathological LV Mass  0 209(66.35%) 135(67.5%) 74(64.3%) 0,56865

1 106(33.65%) 65(32.5%) 41(35.7%)

Pathological RVEDV index  0 269(85.4%) 174(87%) 95(82.6%) 0,28798

1 46(14.6%) 26(13%) 20(17.4%)

Pathological RVESV index  0 294(93.63%) 189(94.5%) 105(92.1%) 0,40338

1 20(6.37%) 11(5.5%) 9(7.9%)

Pathological RVSV index  0 263(84.03%) 174(87%) 89(78.8%) 0,05602

1 50(15.97%) 26(13%) 24(21.2%)

Pathological RVEF  0 293(93.02%) 192(96%) 101(87.8%) 0,00614

1 22(6.98%) 8(4%) 14(12.2%)

LGE

(0 à no, 1àyes)

0 105(34.43%) 72(36.5%) 33(30.6%) 0,29214

1 200(65.57%) 125(63.5%) 75(69.4%)

SAM before CMR 0 206(65.81%) 148(74.4%) 58(50.9%) <.0001

1 107(34.19%) 51(25.6%) 56(49.1%)

Genetic evaluation

(0 à no, 1 à yes)

0 131(77.98%) 85(74.6%) 46(85.2%) 0,1207

1 37(22.02%) 29(25.4%) 8(14.8%)

RV abnormalities
hypertrophy

0 276(91.09%) 184(95.3%) 92(83.6%) 0,00059

1 27(8.91%) 9(4.7%) 18(16.4%)
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AML elongation  

(20 mm) 

0 81(38.03%) 55(36.7%) 26(41.3%) 0,52766

1 132(61.97%) 95(63.3%) 37(58.7%)

Con�uent hyper
enhancement

0 107(39.93%) 69(40.8%) 38(38.4%) 0,69329

1 161(60.07%) 100(59.2%) 61(61.6%)

AML= anterior mitral lea�et; CAD= coronary artery disease; CMR= cardiac magnetic resonance; LA= left
atrium; LGE= late gadolinium enhancement; LV= left ventricle; LVEDV= left ventricle end-diastolic volume;
LVEF= left ventricle ejection fraction; LVOT= left ventricle out�ow tract; RV= right ventricle; RVEF: right
ventricle ejection fraction; RVEDV= right ventricle end-diastolic volume; RVESV= right ventricle end-
systolic volume; RVSV= right ventricle stroke volume; SAM= systolic anterior movement; SCD= sudden
cardiac death.

Clinical data
There was no difference between patients with or without MACE in terms of age, BMI and cardiovascular
risk factors including family history of HCM and SCD. Prevalence of dyspnea and heart failure symptoms
at the time of CMR were higher in patients with events than in those without events.

CMR data
At CMR evaluation, patients with events had higher left atrium (LA) diameter (41.5 ± 8 mm vs. 37.17 ± 7.6
mm, p < 0.0001), LV thickness (20 vs. 18 mm, p < 0.0001), LV mass (156.7 vs. 144 g, p = 0.005),
percentage of myocardial LGE (4.3% vs. 1.9%, p = 0.001) and lower LVEF (63% vs. 65%, p = 0.03).
Regarding the RV, patients with events had lower RV stroke volume index (42.7 vs. 47.0, p = 0.0003) and
higher prevalence of RV hypertrophy (16.4% vs. 4.7%, p = 0.0005) and reduced RV ejection fraction (12.2%
vs. 4.4%, p = 0.006). Figures 1 and 2 show case examples of HCM with RV abnormalities detected with
CRM. Table 3 reports the CMR predictors of events at univariate analysis. The hazard ratio (HR) was high
in patients with higher LA diameter (HR = 1.06, p > 0.001), impaired LVEF (HR = 2.06, p = 0.0005) and
LVESV index (HR = 2.37, p = 0.0002), higher LV mass (HR = 1.8, p = 0.02) and pathological LVSV index (HR 
= 1.6, p = 0.03). High HR was also found in patients with high LV thickness (HR = 5.5, p < 0.0001) and
higher percentage of myocardial LGE (HR = 1.02, p = 0.001). Regarding RV parameters, reduced RVEF (HR 
= 2.5, p = 0.001) and RVSV index (HR = 2.08, p = 0.018) were the best predictors of events. At multivariate
analysis, LA diameter and RVSV index were the strongest predictor of events (HR = 1.05; p < 0.001 and HR 
= 0.9, p = 0.0006, respectively) (Table 4). 



Page 11/18

Table 3
Univariate analysis

Variable HR IC 95% p-value

Con�uent hypertrophy 0,83 0,549 1,254 0,3759

Edema

(0 ◊ no, 1 ◊ yes)

0,803 0,494 1,305 0,3759

AML elongation

20 mm

0,596 0,353 1,005 0,0523

LA diameter before CMR 1,057 1,033 1,082 < .0001

LGE

(0◊ no, 1 ◊ yes)

1,258 0,831 1,903 0,2776

Log LVEDV index 1,773 0,728 4,319 0,2075

Pathologic LVEDV index 1,303 0,836 2,032 0,2429

LVEF 0,961 0,941 0,981 0,0002

Pathologic LVEF 2,068 1,372 3,118 0,0005

Log LVESV index 2,376 1,372 4,116 0,002

Log LV mass 1,868 1,068 3,267 0,0284

Pathologic LV mass 1,023 0,695 1,504 0,9096

Pathologic LVSV index 1,629 1,024 2,592 0,0395

Mass of con�uent LGE 1 0,982 1,019 0,966

Mass of mild LGE 0,99 0,98 1 0,0487

Mass of total LGE 1,007 1,001 1,014 0,0347

Log Max LV thickness 5,521 2,45 12,441 < .0001

Non con�uent mild 0,452 0,3 0,683 0,0002

Number of LV segment with LGE 1,069 0,983 1,162 0,121

Percentage of LGE myocardial mass 1,028 1,011 1,045 0,0015

RV hypertrophy 1,139 0,464 2,795 0,7761

AML = anterior mitral lea�et; CMR = cardiac magnetic resonance; LA = left atrium; LGE = late
gadolinium enhancement; LV = left ventricle; LVEDV = left ventricle end-diastolic volume; LVEF = left
ventricle ejection fraction; LVSV: left ventricle systolic volume; RV = right ventricle; RVEF: right ventricle
ejection fraction; RVEDV = right ventricle end-diastolic volume; RVESV = right ventricle end-systolic
volume; RVSV = right ventricle stroke volume.
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Variable HR IC 95% p-value

Log RVEDV index 0,174 0,075 0,403 < .0001

Pathologic RVEDV index 1,758 1,078 2,87 0,0239

RVEF 0,984 0,962 1,006 0,1545

Pathologic RVEF 2,532 1,44 4,453 0,0013

Log RVESV index 0,539 0,322 0,903 0,0189

Pathologic RVESV index 1,464 0,74 2,897 0,2738

RVSV index 0,957 0,94 0,974 < .0001

Pathologic RVSV index 2,081 1,312 3,301 0,0018

AML = anterior mitral lea�et; CMR = cardiac magnetic resonance; LA = left atrium; LGE = late
gadolinium enhancement; LV = left ventricle; LVEDV = left ventricle end-diastolic volume; LVEF = left
ventricle ejection fraction; LVSV: left ventricle systolic volume; RV = right ventricle; RVEF: right ventricle
ejection fraction; RVEDV = right ventricle end-diastolic volume; RVESV = right ventricle end-systolic
volume; RVSV = right ventricle stroke volume.

 
Table 4

Multivariate analysis
Variable HR IC 95% p-value

LA diameter before CMR 1,048 1,024 1,072 < .0001

LVEF 0,987 0,963 1,011 0,2966

Percentage of LGE 1,02 1 1,041 0,0545

RVSV index 0,966 0,947 0,985 0,0006

CMR = cardiac magnetic resonance; LA = left atrium; LGE = late gadolinium enhancement; LVEF = left
ventricle ejection fraction; RVSV = right ventricle stroke volume.

Discussion
Most of the literature data on HCM have focused on LV changes, while few studies have characterized RV
abnormalities using CMR [21–24]. The main �nding of our study is that RV anomalies assessed with
CMR in HCM patients, such as increased wall thickness, dilatation and systolic dysfunction have a
signi�cant role in predicting prognosis in addition to those of the LV. In particular, we found that when LV
hypertrophy was associated with increased RV thickness the rate of MACE was signi�cantly higher.
Indeed, RV hypertrophy was identi�ed in 16.4% of patients with events and in 4.7% only of patients
without events. Moreover, the rate of lower RVSV index, a major parameter of RV systolic function, was
signi�cantly higher in patients who had events than in those without events (21.2% vs. 13%, respectively).
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The presence of RV systolic dysfunction was also the strongest independent predictor of events at
multivariate analysis. A potential explanation for this result lies in the fact that in a disease such as HCM,
which is characterized primarily by LV involvement, hypertrophy and disarray of LV cardiac myocytes
may lead to changes in RV deformation and compromised dynamics [25]. In agreement with this
hypothesis, experimental studies demonstrated the signi�cant LV contribution to RV systolic function [19,
20]. Similarly, several clinical studies in patients with congenital heart disease have demonstrated that RV
function depends on LV dynamics [21, 26–31], highlighting the interdependence of the two ventricles.
However, only limited data are available regarding the factors that can affect RVEF in patients with HCM.
Finocchiaro et al. showed that RV dysfunction, de�ned as an echocardiographic elevated RV myocardial
performance index (RVMPI) and a reduced tricuspid annular plane systolic excursion (TAPSE), was found
in 71% of HCM patients [32]. Of note, RV dysfunction based on RVMPI was more frequently observed in
patients with LV dysfunction and pulmonary hypertension and TAPSE reduction was independently
associated with an increased likelihood of death or transplantation [32]. The prognostic impact of RV
dysfunction observed in our study is in line with the study by Hiemstra et al. [33] who evaluated standard
and advanced echocardiographic measurements of RV function, including RV 4-chamber longitudinal
strain (RV4CLS) and RV free wall longitudinal strain (RVFWLS). They found that impaired RV4CLS,
together with LV global longitudinal strain (GLS) and the ratio between early mitral in�ow velocity and
mitral annular early diastolic velocity (E/e'), were associated with adverse outcome in terms of all-cause
mortality and heart failure development. Interestingly, in their study RV dysfunction de�ned as a RVEF
below 45% was present in 1.8% patients only, suggesting that reduced RVEF may be a late sign of RV
dysfunction. Moreover, they also observed that the presence of LV LGE was associated with higher RVEF
and smaller RV cavity. In agreement with this �nding, we also noticed that patients showing LV LGE had a
small and hyperkinetic RV. This observation is intriguing and may be related to the capability of a smaller
ventricle to increase the ejection fraction in order to maintain the stroke volume. In addition to
demonstrating the important prognostic signi�cance RV function, our study further con�rms the results
of previous CMR studies regarding the left side of the heart in HCM patients. Indeed, the presence of LV
LGE has always been considered as indicative of myocardial �brosis and an unfavorable prognostic
factor in HCM patients [34]. Our study con�rms that LGE (quanti�ed as a % of LV mass) is a major
prognostic marker (p = 0.001 in predicting MACE). Finally, many retrospective and observational
echocardiographic studies have demonstrated that a greater LA size is associated with adverse events in
HCM patients, particularly increasing the risk of heart failure and atrial �brillation [35, 36]. Our �ndings
con�rm that a simple parameter such as LA diameter measured with CMR is a strong and independent
predictor of cardiac events in HCM patients. In this regard, HCM patients with increased LA size should
have close longitudinal surveillance to detect changes in symptoms or development of atrial �brillation in
order to target treatment options, including oral anticoagulation for stroke prophylaxis.

Study limitations
The main limitation of our study is the lack of calculation of T1 mapping and extracellular volume (ECV)
in our population. This was due to the fact that dedicated software of T1, T2 mapping and ECV
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measurements became available in clinical practice after the end of patient enrollment. Other limitations
are the lack of genetic and histological con�rmation of HCM. Moreover the assessment of myocardial
deformation, e.g. CMR analysis of the strain, was not performed in our population.

Conclusions
In addition to the presence and extent of LV �brosis and LA enlargement, anatomical and functional RV
anomalies (abnormal thickness and impaired RVSV index) detected and characterized with CMR may
have a major role in determining the prognosis of HCM patients.
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Figure 1

Upper panels: CMR of a young man showing eccentric hypertrophy localized in the mid interventricular
septum (SSFP sequences in long axis [A, B] and short axis [C]) and LGE at the insertion of RV to the
septum (D). The right ventricle is small without hypertrophy but at cine-CRM we noticed that the
hypertrophic septum led to abnormal RV kinesis. Lower panels: CMR of a 60-year-old man with
hypertrophy of mid-apical LV and RV (E) with LGE at the insertion of RV to the septum (F).
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Figure 2

Upper panels: CMR of a HCM patient with small RV volume. SSFP sequences in long axis (A) and short
axis (B) and correspondent LGE sequences (C) are shown. Lower panels:  CMR of a similar patient with
apical HCM (D, E) and a small RV without hypertrophy. An apical LGE and possible sequestration are also
visible (F, G). 
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