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Abstract
Background: Emery-Dreifuss muscular dystrophy (EDMD) is an extremely rare muscular dystrophy
due to either emerinopathy (EMD) or laminopathy (LMNA). The main risk for patients is that of cardiovascular complications.
Aims: This study aimed to identify predictors of adverse clinical events in patients with EDMD in
a long-term follow-up observation.
Methods: A total of 45 patients with confirmed EMD or LMNA mutation were included in the study.
The relationships between clinical parameters, the overall survival rate, and risk factors for disease
progression were assessed. The primary endpoint was defined as death, while the secondary endpoint comprised death, resuscitated cardiac arrest (RCA), heart transplant (HTX), stroke, end-stage
heart failure (ESHF), and hospitalization due to heart failure (HF).
Results: During a median length of follow-up observation of ten years (interquartile range, 5–15),
ten patients (22%) died, one suffered RCA, two had HTX, and six suffered ischemic strokes (13%).
Seven patients developed ESHF, and eight were hospitalized due to HF. The secondary endpoint
occurred in 16 patients (36%). LMNA mutation (hazard ratio [HR], 6.01; 95% confidence interval [CI],
1.61–22.4; P = 0.008) and higher serum N-terminal fragment of B-type natriuretic peptide (NT-proBNP)
concentration (HR, 1.29; 95% CI, 1.06–1.56 per 100 pg/ml; P = 0.01) increased the risk of death. Higher
tricuspid annular plane systolic excursion (TAPSE) decreased the risk for the secondary endpoint (HR,
0.78; 95% CI, 0.68–0.90 mm; P <0.001). NT-proBNP >257 pg/ml and TAPSE <21 mm may be assumed
as the best cut-off values for the primary and secondary endpoints, respectively.
Conclusions: LMNA mutation and higher NT-proBNP concentration were associated with increased
mortality in EDMD. Lower TAPSE was a predictor of a composite secondary endpoint in EDMD.
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Introduction
Emery-Dreifuss muscular dystrophy
(EDMD) is an extremely rare form of muscular dystrophy due to either emerinopathy
(EDMD1; mutation in the EMD gene) or laminopathy (EDMD2; mutation in the LMNA gene)
[1]. Both most commonly mutated proteins
are components of the nuclear envelope. The

peripheral muscle’s involvement might be
benign while the main risk for patients is that
of cardiovascular complications [2]. Features of
typical cardiomyopathy [3] and typical arrhythmias occurring during the disease [4] have
been previously described. The current study
aimed to identify predictors of adverse clinical
events in a long-term follow-up observation.
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Emery-Dreifuss muscular dystrophy (EDMD) is an extremely rare form of muscular dystrophy due to either emerinopathy (EMD)
or laminopathy (LMNA). The main risk for patients is that of cardiovascular complications. Our findings show that patients with
the presence of LMNA mutation and N-terminal fragment of B-type natriuretic peptide (NT-proBNP) concentration >257 pg/ml
were associated with increased mortality in the long-term follow-up observation, with a 29% increase in the risk of death for
each 100 pg/ml of NT-proBNP increase. Tricuspid annular plane systolic excursion <21 mm was an additional predictor of future
adverse events and increased cardiovascular risk in EDMD, indicating the need for clinical vigilance, even in the case of mildly
diminished right ventricular function.

Methods
This analysis is based on a prospective, observational, single-center study, conducted between 2000 and 2021. A total of 45 consecutive patients with muscular dystrophy
and confirmed EMD or LMNA mutation referred to the 1st
Department of Cardiology, Medical University of Warsaw
were included in the study. Clinical and echocardiographic
parameters as well as cardiac biomarkers were assessed
at baseline and then correlated with the clinical course
of the disease. Clinical parameters included: heart failure
symptoms, atrioventricular (AV) block (determined based
on electrocardiographic criteria), atrial fibrillation (paroxysmal, persistent, and permanent), and atrial standstill [4].
The last one, characterized by the absence of electrical and
mechanical activity of the atria, is one of the features of
EDMD. At inclusion, the transthoracic echocardiography
was performed in all subjects. All four heart chambers
diameters and volumes, as well as the systolic function of
both right and left ventricles, were measured according
to the protocol previously described [3]. Venous blood
samples were obtained at inclusion, and plasma levels of
cardiac biomarkers (NT-proBNP, Roche Diagnostics GmbH,
Mannheim, Germany; NT-proANP, Biomedica Medizinprodukte® GmbH, Wien, Austria) were determined. Once a year
a control visit in our department or telephone contact was
conducted to collect follow-up data. Patient data for the
study were collected based on documentation from the primary care physician. At the on-site visit, additional clinical
examination and echocardiography were performed. The
primary endpoint was defined as all-cause death, while the
secondary endpoint was a composite of all-cause death,
resuscitated cardiac arrest (RCA), heart transplant (HTX),
stroke, end-stage heart failure (ESHF), and hospitalization
for heart failure (HF). All endpoints were assessed and confirmed based on the patient’s medical records. Predictors
of the primary and secondary endpoints were identified.

Statistical analysis
Distributions of continuous variables were checked using the Shapiro-Wilk test. All continuous variables were
non-normally distributed and presented as medians
and interquartile ranges (IQRs). For categorical variables,
absolute and relative frequencies were presented. Differ-
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ences between groups for categorical and continuous
variables were calculated using Fisher’s exact test and
the Mann-Whitney U test, respectively. Risk factors for
particular endpoints were calculated using univariate and
stepwise multivariable Cox regression analysis. Patient outcomes were presented with Kaplan-Meier curves. Receiver
operating characteristic (ROC) curves were constructed
to assess the predictive value of NT-proBNP and TAPSE for
the primary and secondary endpoint, respectively. Cut-off
points were calculated based on the Youden index. The
value of P <0.05 was considered significant for all tests. All
tests were two-tailed. Statistical analysis was performed
using SAS® software, version 9.4 (Cary, NC, USA).
The study was approved by the Local Ethics Committee (KB/2/2005) of the Medical University of Warsaw and
was performed in accordance with the 1976 Declaration
of Helsinki and its later amendments. All patients signed
informed consent forms before participating in the study.

Results
The baseline characteristics of the studied population are
presented in Tables 1 and 2. The median age at inclusion
was 25 (IQR, 16–38) years. One-third of our cohort were
patients with EDMD2. In the EDMD1 group, 20% of patients
were females (only 1 in 5 female carriers of EDMD1 presented cardiac involvement), while in the EDMD2 group —
73%. All patients with mild HF symptoms at baseline
evaluation were EDMD2. There were no differences in
terms of the number of sporadic and familial cases, atrial
fibrillation, AV block, baseline treatment, and pacemaker
implantation between the two main EDMD groups. A trend
towards a higher percentage of β-blockers usage in the
EDMD2 group is worth noting. The neurological status was
also comparable between the two EDMD groups, as in each
of them, there were both patients with minimal skeletal
muscle involvement but also with generalized muscle atrophy and profound joint contractures, who require support
in everyday life. Only one female patient with EDMD2 was
wheelchair-bound. Due to the relatively young median age,
no other cardiovascular risk factors were identified. During
the median length of the ten-year (IQR, 5–15) follow-up
observation, the primary endpoint occurred in ten patients
(22%). Components of the secondary endpoint occurred
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Table 1. Baseline characteristics of the studied population depending on the type of mutation

Age, year, median (IQR)

EDMD1 (EMD)
(n = 30)

EDMD2 (LMNA)
(n = 15)

21.0 (15.25–30.0)

26.0 (18.0–33.0)

0.29

6 (20)

11 (73.3)

<0.001

Female gender, n (%)
BMI, kg/m2, median (IQR)

P-value

21.5 (19.4–25.2)

20.2 (17.3–25.1)

0.36

13 (43.3) /17 (56.7)

9 (60) / 6 (40)

0.15

Mild, n (%)

13 (43.3)

8 (53.3)

0.66

Moderate, n (%)

14 (46.7)

5 (33.3)

3 (10)

2 (13.3)

0 (0)

3 (20)

0.03

Atrial fibrillation, n (%)

10 (33.3)

3 (20)

0.49

AV block, n (%)

20 (66.7)

9 (60)

0.75

LVEF, %, median (IQR)

52 (48–58)

54 (48–58)

0.94

NT-proBNP, pg/ml, median (IQR)

70 (44–102)

109 (54–347)

0.13

14 (46.7)

9 (60)

0.53

6 (20)

6 (40)

0.17

Anticoagulants, n (%)

10 (33.3)

4 (26.7)

0.74

Pacemaker, n (%)

19 (63.3)

7 (46.7)

0.35

Sporadic/familial, n (%)
Muscular involvement

Severe, n (%)
Heart failure, n (%)

ACE inhibitors, n (%)
β-blockers, n (%)

Abbreviations: ACE, angiotensin-converting-enzyme; AV, atrioventricular; BMI, body mass index; EMD, mutation in EMD gene; IQR, interquartile range; LVEF, left ventricular
ejection fraction; LMNA, mutation in LMNA gene; NT-proBNP, N-terminal prohormone B-type natriuretic peptide; NYHA, New York Heart Association class

Table 2. Baseline characteristics and the primary and secondary composite endpoints
Variable

Age, years, median (IQR)

Total
(n = 45)

Primary endpoint

Secondary endpoint

No
(n = 35)

Yes
(n = 10)

P-value

No
(n = 29)

Yes
(n = 16)

P-value

25 (16–38)

25 (16–38)

26 (18–40)

0.90

25 (16–38)

27 (21–39)

0.50

Female gender, n (%)

38 (17)

34 (12)

50 (5)

0.50

34 (10)

44 (7)

0.70

LMNA mutation, n (%)

0.02

33 (15)

26 (9)

60 (6)

0.06

21 (6)

56 (9)

Non-miss-sense mutation, n (%)

4 (2)

6 (2)

0 (0)

1.00

0 (0)

13 (2)

0.10

NYHA (II–IV), n (%)

7 (3)

6 (2)

10 (1)

0.50

0 (0)

19 (3)

0.04

Sinus rhythm, n (%)

84 (38)

89 (31)

70 (7)

0.20

93 (27)

69 (11)

0.08

Atrial fibrillation, n (%)

29 (13)

31 (11)

20 (2)

0.70

28 (8)

31 (5)

1.00
0.10

AV block, n (%)

64 (29)

60 (21)

80 (8)

0.30

55 (16)

81 (13)

NT-proBNP, pg/ml, median (IQR)

78 (51–213)

70 (43–116)

295 (71–411)

0.02

67 (42–102)

256 (71–411)

0.01

NT-proANP, pmol/l, median (IQR)

1.02 (0.82–1.73)

0.958 (0.821–1.59)

1.63 (0.931–2.07)

0.40

0.937 (0.817–1.30)

1.65 (0.865–2.60)

0.10

LVEDdi, mm/m2, median (IQR)

30 (27–32)

29 (26–32)

32 (30–33)

0.05

28 (26–31)

32 (30–33)

0.02

LVESdi, mm/m2, median (IQR)

19 (16–22)

19 (15–21)

23 (21–25)

0.01

17 (15–21)

22 (20–25)

0.003

LADi, mm/m2, median (IQR)

21 (19–23)

21 (19–24)

21 (19–23)

1.00

21 (19–23)

22 (20–25)

0.30

LAVi, ml/m2, median (IQR)

34 (26–39)

33 (26–40)

36 (27–37)

0.80

32 (25–38)

37 (33–43)

0.08

LVEF, %, median (IQR)

53 (48–59)

53 (49–59)

52 (40–57)

0.50

54 (49–60)

51 (40–57)

0.20

LVSF, %, median (IQR)

35 (27–44)

35 (31–45)

25 (22–36)

0.02

37 (32–45)

26 (22–36)

0.02

RVi, mm/m2, median (IQR)

14 ( 12–16)

13 (12–16)

15 (12–16)

0.60

13 (11–16)

14 (12–16)

0.40

RAVi, ml/m2, median (IQR)

38 (28–56)

32 (27–56)

46 (38–46)

0.20

30 (25–49)

52 (44–107)

0.004

TAPSE, mm, median (IQR)

22 (19–25)

24 (21–26)

18 (16–21)

0.004

24 (22–26)

18 (16–21)

<0.001

TVPG, mm Hg, median (IQR)

20 (12–30)

19 (6–29)

29 (26–33)

0.10

18 (0–24)

30 (26–40)

0.005

Abbreviations: LADi, left atrial diameter indexed for body surface area; LAVi, left atrial volume indexed for body surface area; LVEDdi, left ventricular end-diastolic diameter
indexed for body surface area; LVESdi, left ventricular end-systolic diameter indexed for body surface area; LVSF, left ventricular systolic function; NT-proANP, N-terminal
fragment of A-type natriuretic peptide; RAVi, right atrial volume indexed for body surface area; RVi, right ventricular diameter indexed for body surface area; TAPSE, tricuspid
annular plane systolic excursion; TVPG, tricuspid valve pressure gradient; other — see Table 1

as follows: RCA — n = 1 (2%), HTX — n = 2 (4%), ischemic
stroke occurred — n = 6 (13%), ESHF — n = 7 (16%), hospitalization due to HF — n = 8 (18%). A total of 34 secondary
endpoints occurred in 16 patients (36%) (Figure 1).
Kaplan-Meier curves for the primary and secondary
endpoints for patients with both emerinopathy (EDMD1)
and laminopathy (EDMD2) are presented in Figure 2.

Patients who died had higher N-terminal of the prohormone brain natriuretic peptide (NT-proBNP) serum
concentrations, higher indexed end-systolic left ventricular dimension (LVESdi), lower left ventricular shortening
fraction (LVSF), and worse right ventricular function
estimated by tricuspid annular plane systolic excursion
(TAPSE). Additionally, those who experienced the com-
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HF hosp
ESHF
Stroke
RCA
HTX
Dead

1

2 3

4 5 6 7

8 9 10 11 12 13 14 15 16 17 18 19 20 21

Years of observation when an endpoint occurred
EDMD1 (EMD)

EDMD2 (LMNA)

Figure 1. Timeline of all endpoint occurrences during the follow-up
Abbreviations: EDMD1 (EMD), patients with EMD gene mutation; EDMD2 (LMNA), patients with LMNA gene mutation; ESHF, end-stage heart
failure; HF hosp, hospitalization for heart failure; HTX, heart transplant; RCA, resuscitated cardiac arrest
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Figure 2. Kaplan-Meier survival curves for primary (A) and secondary (B) endpoint for both EDMD1 and EDMD2
Abbreviations: see Figure 1

posite secondary endpoint had higher atrial volumes
(both left and right atrium) and more frequently were
laminopathic patients. The presentation of HF symptoms
(New York Heart Association [NYHA] class II–IV) at baseline
also carried a higher risk of a clinical event occurrence
(Table 2).
When stroke was analyzed as a separate endpoint,
a trend in older patients suffering from stroke (40 [27–41]
vs. 25 [16–34] years; P = 0.08) was observed. Those patients
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more frequently had atrial standstill (AS) (50% vs. 5%;
P = 0.02) and atrio-ventricular (AV) block (83% vs. 15%;
P = 0.002) at baseline. They also initially presented higher
left atrial (LAV) and right atrial (RAV) volumes (LAV: 71 [67–
–117] vs. 53 [44–64] ml; P = 0.01 and RAV: 114 [82–189]
vs. 58 [44–88] ml; P = 0.02).
In univariate analysis, several parameters were associated with a higher risk of death, including female gender,
LMNA mutation, NT-proBNP, both systolic and diastolic
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Table 3. Predictors for primary and secondary composite endpoints
Variable

Primary endpoint

Secondary endpoint

HR (95% CI)

P-value

HR (95% CI)

Age, years

1.00 (0.96–1.06)

0.90

1.02 (0.98–1.06)

0.50

Female sex

6.61 (1.27–34.4)

0.02

1.68 (0.61–4.65)

0.30

LMNA mutation

6.01 (1.61–22.4)

0.008

3.74 (1.33–10.6)

0.01

Non-missense mutation

0.00 (0.00–0.00)

1.00

7.01 (1.48–33.3)

0.01
0.04

P-value

NYHA (II–IV)

2.76 (0.33–23.1)

0.30

3.78 (1.06–13.5)

Sinus rhythm

0.67 (0.17–2.61)

0.60

0.45 (0.14–1.42)

0.20

Atrial fibrillation

0.70 (0.15–3.30)

0.60

0.88 (0.28–2.76)

0.80

AV block

1.88 (0.40–8.85)

0.40

2.50 (0.70–8.89)

0.20

NT-proBNP, pg/ml

1.00 (1.00–1.00)

0.01

1.00 (1.00–1.00)

0.046

NT-proANP, pmol/l

0.91 (0.49–1.71)

0.80

1.04 (0.62–1.73)

0.90

LVEDdi, mm/m2

1.31 (1.03–1.68)

0.03

1.29 (1.07–1.56)

0.008

LVESdi, mm/m2

1.17 (1.00–1.37)

0.048

1.28 (1.09–1.49)

0.002

LADi, mm/m2

1.00 (0.82–1.21)

1.00

1.06 (0.92–1.24)

0.40

LAVi, ml/m2

0.99 (0.95–1.03)

0.50

1.01 (0.98–1.03)

0.50

LVEF, %

0.98 (0.92–1.05)

0.60

0.957 (0.90–1.02)

0.10

LVSF, %

0.95 (0.89–1.02)

0.20

0.927 (0.87–0.99)

0.02

RVi, mm/m2

1.04 (0.85–1.27)

0.70

1.06 (0.91–1.23)

0.60

RAVi, ml/m2

1.00 (0.98–1.02)

0.70

1.01 (1.00–1.03)

0.10

TAPSE, mm

0.84 (0.71–0.99)

0.04

0.78 (0.67–0.90)

<0.001

TVPG, mm Hg

1.03 (0.98–1.07)

0.20

1.04 (1.01–1.07)

0.008

Abbreviations: see Table 1

indexed left ventricular diameters, and right ventricular
function (TAPSE). Non-missense mutation, HF symptoms
(NYHA class II–IV), and left ventricular systolic function
(LVSF) were additionally identified as predictors of the
secondary endpoint (Table 3).
The presence of AS at baseline significantly increased
the risk of stroke (hazard ratio [HR], 13.4; 95% confidence
interval [CI], 2.24–80.7; P = 0.005).
In a stepwise multivariable Cox regression analysis,
LMNA mutation (HR, 6.01; 95% CI, 1.61–22.4; P = 0.008)
and higher serum NT-proBNP concentration (HR, 1.29; 95%
CI, 1.06–1.56 per 100 pg/ml; P = 0.01) increased the risk of
death. Higher TAPSE decreased the risk for the secondary
endpoint (HR, 0.78; 95% CI, 0.68–0.90 mm; P <0.001).
NT-proBNP > 257 pg/ml (Area Under Curve [AUC], 0.75;
sensitivity, 60%; specificity, 88%) and TAPSE <21 mm (AUC,
0.89; sensitivity, 85%; specificity, 82%) were identified as
the best cut-off values for identifying the risk of death and
secondary endpoint occurrence, respectively (Figure 3).
Kaplan-Meier curves for the secondary endpoint for
EDMD patients depending on NT-proBNP serum concentration and TAPSE measurements are presented in Figure 4.

Discussion
When first described, EDMD was considered as a benign
form of muscular dystrophy [5, 6] as the progression of skeletal muscle involvement, especially in the case of EDMD1, is
usually slow. Various degrees of cardiac involvement have
been reported in the literature [7, 8]. When the two main
genetic types of EDMD — due to EMD and LMNA mutations
— were identified [9–11], the differences in cardiological
manifestation became clearer [12]. The risk was not only

of bradyarrhythmias and AV blocks [13], which may be
treated with pacemaker implantation [14] but also of atrial
[13] and ventricular tachyarrhythmias with a typically very
high risk of sudden death [15], dilated cardiomyopathy [16],
HF [17] and stroke [18]. Typically, EDMD1 was associated
with supraventricular arrhythmias and AV conduction
abnormalities, while in EDMD2 cardiomyopathies, the risk
of end-stage HF and sudden cardiac death was considered
more common.
In our cohort, 36% of patients experienced clinical
events during the median length of the ten-year (5–15)
follow-up observation. Twenty-two percent of patients
died during the follow-up. Taking into account the initial
young age of the studied patients and other comorbidities,
the overall risk should be considered very high. The risk of
stroke in this population was also very high since 13% of
the study participants developed this complication. Half
of the patients who had a stroke (3/6) presented AS from
baseline, and 4/6 were diagnosed with EDMD1 in the absence of classic stroke risk factors. AS, where no electrical
and mechanical function of atria is present, was intuitively
related to the risk of stroke. Our study adds more data to
support this intuition in the EDMD population. Routinely
used scales for the assessment of thromboembolic risk are
probably not sufficient, and decisions regarding anticoagulation therapy in EDMD should be made individually, taking
into account the presence of AS in particular.
It is worth pointing out that both EMD and LMNA
patients developed events, although patients with
EDMD2 were at a higher risk (HR, 3.74; 95% CI, 1.33–10.6;
P = 0.01). In EDMD1 patients, the mortality rate was 13%,,
while in the EDMD2 group 40% (P = 0.02). Similarly, the
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Figure 3. ROC curves for NT-proBNP for the primary endpoint (A) and TAPSE for the secondary endpoint (B)
Abbreviations: NT-proBNP, N-terminal fragment of B-type natriuretic peptide; ROC, receiver operating characteristic; TAPSE, tricuspid annular
plane systolic excursion
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Figure 4. Kaplan-Meier survival curves for the secondary endpoint for EDMD patients depending on NT-proBNP serum concentration (A) and
TAPSE measurements (B)
Abbreviations: see Figure 3
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risk for HF hospitalization was lower in the EDMD1 group
than in the group EDMD2 (10% vs. 33%; P = 0.03).
Only the incidence of stroke was comparable between
EDMD1 and EDMD2.
LMNA mutation is a known risk factor for a malignant
course and poor outcomes in dilated cardiomyopathy
(DCM) [19]. However, in the setting of EDMD, this is a novel
observation. High incidence of ventricular arrhythmias,
the risk of sudden death [20, 21], ESHF, and a need for HTX
[22] are typical features of laminopathies with and without
skeletal muscle involvement [23]. These observations were
confirmed in our cohort. The majority of patients (six out
of seven) who developed ESHF had mutations in the LMNA
gene, including the two patients who received a heart
transplant. Only one patient (3%) in the EDMD1 group
developed ESHF, and no HTX was needed in this group.
In a stepwise multivariable Cox regression analysis,
higher serum NT-proBNP concentration increased the
risk of patient death. The NT-proBNP is a well-known biomarker of cardiac dysfunction and HF. It is recommended
in HF guidelines as a tool to diagnose and guide HF management. NT-proBNP ≥125 pg/ml is listed in the recently
published universal definition and classification of HF [24].
The new study demonstrated the prognostic value of the
natriuretic peptide in patients with a wide range of muscular dystrophies, although EDMD was not represented
[25]. Natriuretic peptide levels were previously assessed
in EDMD [26, 27], yet no prognostic information has been
proven so far for this particular form of muscular dystrophy.
Our study is the first in which the prognostic significance
of NT-proBNP in this population has been proven. The
NT-proBNP concentration of 257 pg/ml (AUC, 0.75) was
determined as the best cut-off point for identifying the
risk of death in EDMD. Although this level of NT-proBNP is
not considered very high or might even be perceived as
fitting in the upper normal limit for older patients or those
with arrhythmias like AF, in such young patients with muscular dystrophy (median age, 25 [16–28] years) we should
not overlook even slightly increased NT-proBNP since it
may have a prognostic value. In our cohort, there was no
significant difference in NT-proBNP between AF and no AF
patients (94 [62–265] vs. 71 [45–167] pg/ml; P = 0.30). Thus,
AF (usually low symptomatic and with a low ventricular
rate) is probably not responsible for increased NT-proBNP
in some EDMD patients. Additionally, in our cohort for each
100 pg/ml of NT-proBNP increase, there was a 29% increase
in the risk of death. This may be important in clinical practice while early identification of EDMD patients at risk of
cardiovascular complication may lead to early detailed
cardiovascular screening commonly carried out prior to
symptomatic HF occurrence. Similarly, the results of the
study by Mączyńska‑Mazuruk et al. [28] conducted among
patients with hypertrophic cardiomyopathy (603 patients;
mean age, 44 years) have shown that patients with low
NT-proBNP levels have a good prognosis, and the risk of
death, heart transplantation, and hospitalizations due to

heart failure significantly increase in patients with higher
but still relatively low NT-proBNP level >300 pg/ml. Therefore, NT-proBNP may have important predictive value in
genetic cardiomyopathies and should be considered in
routine evaluation even in the young population.
Depressed left ventricular systolic function is a typical
feature of cardiomyopathy in the course of dystrophinopathy [29] and laminopathy [22]. There is also evidence of both
ventricles’ involvement in cardiomyopathy when EDMD is
diagnosed [3]. Interestingly, in our cohort, LVSF (left ventricular ejection fraction [LVEF]) as a left ventricular function
parameter differed between those patients developing
events and those who did not present events. Decreased
LVSF was the only left ventricular function marker to be
documented as a risk factor for the composite endpoint in
univariate analysis. In stepwise multivariable Cox regression
analysis, only higher TAPSE decreased the risk of reaching
the secondary endpoint (HR, 0.78; 95% CI, 0.68–0.90 mm;
P <0.001). The no other left ventricular function parameter
carried the same significance. Preserved right ventricular
function is crucial for adequate lung perfusion and blood
collection from systemic circulation. TAPSE corresponds to
the longitudinal distance of systolic excursion of the lateral
tricuspid annulus toward the apex in a standard apical
4-chamber echocardiographic view. This was first described
and validated by Kaul et al. [30] and is recommended as
a routine and simple method of estimating RV function [31].
There is evidence of the prognostic value of TAPSE in a broad
group of patients with cardiovascular disease; however,
its significance was not tested in the EDMD population.
The cut-off value for TAPSE as a predictor of outcomes was
identified as <21 mm (AUC, 0.89). This is much more than the
recommended cut-off point for significant right ventricular
dysfunction, which is <17 mm [31]. This may mean that
even mildly diminished right ventricular function, which
we consider to be still within normal limits, represents an
increased cardiovascular risk and indicates the need for
clinical vigilance. Our data, therefore, suggest that right ventricular function estimation may be of great importance for
future event prediction and that it outperforms traditional
measures of left ventricular function in this respect.

Study limitations
The group of patients is relatively small, which is an evident
limitation of the study, yet, given the extreme rarity of the
disease, such a homogeneous group is still one of the largest ever reported. The total number of events is similarly
small, which should be taken into account when interpreting the obtained results and their statistical significance.

Conclusions
In the cohort of EDMD patients, the presence of LMNA
mutation and higher NT-proBNP concentration were associated with increased mortality in the long-term follow-up.
Lower TAPSE was an additional predictor of future adverse
events in EDMD.
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