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ABSTRACT

Objective Displacement of the mitral valve, mitral annulus
disjunction (MAD), is described as a possible aetiology of
sudden cardiac death. Stress-induced fibrosis in the mitral
valve apparatus has been suggested as the underlying
mechanism. We aimed to explore the association between
stretch-related and fibrosis-related biomarkers and
ventricular arrhythmias in MAD. We hypothesised that
soluble suppression of tumourigenicity-2 (sST2) and
transforming growth factor-B1 (TGFP1) are markers of
ventricular arrhythmias in patients with MAD.

Methods We included patients with >1 mm MAD on
cardiac MRI. We assessed left ventricular ejection fraction
(LVEF) and fibrosis by late gadolinium enhancement
(LGE). The occurrence of ventricular arrhythmia, defined
as aborted cardiac arrest, sustained or non-sustained
ventricular tachycardia, was retrospectively assessed. We
assessed circulating sST2 and TGF{31 levels.

Results We included 72 patients with MAD, of which

22 (31%) had ventricular arrhythmias. Patients with
ventricular arrhythmias had lower LVEF (60 % (+6) vs
63% (+6), p = 0.04), more frequently papillary muscle
fibrosis (14 (64%) vs 10 (20%), p < 0.001) and higher
sST2 levels (31.6 = 10.1ng/mL vs 25.3 + 9.2ng/mL, p =
0.01) compared with those without, while TGF(31 levels
did not differ (p = 0.29). Combining sST2 level, LVEF and
papillary muscle fibrosis optimally detected individuals
with arrhythmia (area under the curve 0.82, 95%Cl 0.73
10 0.92) and improved the risk model (p < 0.05) compared
with single parameters.

Conclusion Circulating sST2 levels were higher in
patients with MAD and ventricular arrhythmias compared
with arrhythmia-free patients. Combining sST2, LVEF and
LGE assessment improved risk stratification in patients
with MAD.

INTRODUCTION

The increased risk for severe ventricular
arrhythmias among patients with mitral valve
prolapse (MVP) has been recognised for
many years, with an estimated incidence rate
of sudden cardiac death of 0.1%-0.4% per
patient per year.' > Mitral annulus disjunction
(MAD), alongside other factors such as the

Thor Edvardsen,?* Steven Droogmans,’ Bernard Cosyns,'®

Key questions

What is already known about this subject?

» Mitral annulus disjunction has been associated
with an increased risk for ventricular arrhythmias,
both in patients with and without concomitant mi-
tral valve prolapse. Defining patients at high risk is
challenging.

What does this study add?

» Our study is the first one to assess bhiomarkers in
a patient cohort with mitral annulus disjunction. We
demonstrated that soluble suppression of tumorige-
nicity-2 (sST2) levels were higher in patients with
mitral annulus disjunction and ventricular arrhyth-
mias, compared with those without arrhythmias.
sST2 is released in the presence of myocardial
stretch, and our findings might support the theory
that mitral valve apparatus hypermobility causes
stretch-induced arrhythmias.

How might this impact on clinical practice?

» A subset of patients with mitral annulus disjunction
are susceptible to life-threatening ventricular ar-
rhythmias. sST2 levels might help to identify high-
risk individuals when combined with left ventricular
ejection fraction and cardiac fibrosis. Future pro-
spective studies are warranted to assess potential
clinical implications of sST2: it could be integrated
in a risk score, or rather serve as a screening tool,
defining which patients with mitral annulus disjunc-
tion need further workup.

presence of bileaflet MVP and focal fibrosis of
the inferobasal left ventricular (LV) myocar-
dium and papillary muscles, was described
as an indicator of a more arrhythmogenic
MVP phenotype.3_6 Recently, MAD has been
associated with aborted cardiac arrest (ACA)
and sustained ventricular tachycardia (VT),
independent of the presence of MVP indi-
cating MAD itself as an arrhythmogenic
factor.” MAD is a superior displacement of
the mitral annulus away from the basal LV
myocardium.® The origin or development of
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MAD is not known, neither are the mechanisms causing
ventricular arrhythmias. It has been hypothesised that
MAD and redundant mitral leaflets might lead to a
hypermobility of the mitral valve apparatus, subsequently
causing increased stretch of the papillary muscles and
the basal LV wall.” Small myocardial lesions in association
with increased mechanical stress could generate electrical
instability, leading to life-threatening arrhythmias.”* Risk
stratification in this population is challenging and no reli-
able markers for indicating primary prevention implant-
able cardioverter defibrillator are known. Biomarkers
might help identifying patients with an increased risk for
ventricular arrhythmias. Soluble suppression of tumor-
igenicity-2 (sST2) is a marker of myocardial stretch,"
while transforming growth factor-B1 (TGFB1) plays a
key role in the development of replacement fibrosis and
myxomatous mitral valve degeneration.' '

The aim of our study was to analyse the presence of
sST2 and TGFB1 in patients with MAD. We hypothesised
that these biomarkers, reflecting myocardial stretch and
fibrosis, are markers of increased risk for ventricular
arrhythmias.

METHODS

Study population

Patients were recruited between August 2015 and March
2018 in three centres: Oslo University Hospital Rikshos-
pitalet, Norway, Drammen Hospital, Norway and Brussels
University Hospital, Belgium. Cardiologists and sonog-
raphers at the three screening centres were educated to
identify MAD by echocardiography. The potential study
patients were invited to the study protocol including
cardiac magnetic resonance (CMR), 24 hours ECG
recording, ECG, blood sample acquisition and clin-
ical examination. We included patients with a MAD of
minimum 1 mm confirmed on CMR (online supplemen-
tary figure 1). Patients with established ischaemic, toxic
or valvular heart disease other than degeneration of the
mitral valve, or a history of mitral valve surgery or radi-
ofrequency ablation of either VT or ventricular extrasys-
toles, were excluded. All study participants gave written
informed consent.

Arrhythmia detection

Ventricular arrhythmia was defined as ACA, sustained VT
or non-sustained VT (nsVT) (=3 consecutive ventricular
beats at 2150 beats/min). We collected occurrence of
arrhythmia from 24 hours ECG recording performed
at inclusion and from previous exercise tests, 24 hours
ECG recordings, telemetry, cardiac devices and medical
records. We reported both current atrial fibrillation,
present on the ECG performed at inclusion, and a history
of atrial fibrillation, defined as a current or previously
documented paroxysmal or permanent atrial fibrillation.

Cardiac magnetic resonance
CMR with cine imaging and late gadolinium enhance-
ment (LGE) was performed using a 3 T unit (Ingenia,

Figure 1 Cardiac magnetic resonance measurements. (A)
Six long-axis images were obtained, with a 30° angulation
between each plane, as indicated by the blue lines. (B)
Three-chamber view of a patient with mitral annulus
disjunction (MAD), with prolapse of the mitral valve leaflets.
(C) Zoom of (B): the yellow-dotted line represents the mitral
annulus. The blue line represents the longitudinal MAD.
This image shows the presence of prolapsing mitral leaflets,
indicated by the two green arrows. (D) Late gadolinium
enhancement on the basal left ventricular wall (red arrow) and
the papillary muscles (green arrows).

Phillips Healthcare, Best, the Netherlands) and images
were analysed using Segments V.1.9.30 (Medviso AB,
Lund, Sweden) and Circle (Circle Cardiovascular
Imaging, Calgary, Alberta, Canada), blinded to clinical
data.

In patients with ACA, CMR was performed after a
minimal period of 5 days and before ICD implantation.
Attention was paid to exclude patients if postcardiac
arrest myocardial stunning was observed.

Left ventricle end-systolic (LVESV) and end-diastolic
volumes (LVEDV) were derived using the short-axis
summation method and indexed for body surface area."
Guided by a long-axis view, care was taken to identify
the mitral annulus and include the basal sections of the
LV, but exclude prolapsed volume. LV ejection fraction
(LVEF) was calculated by subtracting the LVESV from
the LVEDV and dividing the difference by LVEDV. Mitral
valve regurgitant volume (MRvol) was calculated by
subtracting the aortic forward flow from the LV stroke
volume or by subtracting right ventricular stroke volume
from the LV stroke volume when aortic flow measure-
ments were not available.'* Sphericity index was calcu-
lated by subtracting the LVEDV from the volume of a
sphere with a diameter equal to the longitudinal diam-
eter of the LV at end diastole."”

MVP was defined as an atrial displacement of the
mitral leaflets of minimum 2 mm superior to the mitral
annular plane during systole on a three-chamber view
(figure 1C)."° "7

Longitudinal MAD was measured from the left atrial
wall-mitral valve leaflet junction to the top of the LV wall
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during end systole on a three-chamber view (figure 1C)."
The circumferential MAD along the mitral annulus,
expressed in degrees, was obtained by assessing the pres-
ence of MAD on six long-axis views, each separated by a
30° angle (figure 1A).”

LGE was obtained by acquiring short-axis slices covering
the LV with a slice-to-slice increment of 10 mm, 10-20
min after intravenous injection of gadopentetate dime-
glumine. Supplemental long-axis images were acquired
if LGE was suspected on short-axis images. The presence
and location of LGE were visually assessed (figure 1D).

Biomarker assessment

The blood samples were acquired at inclusion and
samples from all centres were analysed in one laboratory.
sST2, TGFB1, N-terminal probrain natriuretic peptide
(NT-pro-BNP), C reactive protein (CRP) and creatinine
were quantified. sST2 was analysed by enzyme immune
assay using the Presage ST2 Assay (Critical Diagnostics,
San Diego, California, USA). TGFB1 was measured in
duplicate using commercially available antibodies (R&D
Systems, Minneapolis, Minnesota, USA) in a 384 format
using the combination of a SELMA (Jena, Germany)
pipetting robot and a BioTek (Winooski, Vermont, USA)
dispenser/washer (EL406). Absorption was read at 450
nm with wavelength correction set to 540 nm (Synergy
H1 Hybrid, Biotek, Vinooski, Vermont, USA). All intra-
assay coefficients of variation were <6%.

Statistics

Continuous data were presented as mean+SD or median
and IQR. Categorical data were presented as number
(%). Comparisons were performed using Student’s
t-test, Mann-Whitney U test, %2 or Fischer’s exact test as
appropriate. Correlations were assessed using Pearson
or Spearman correlation coefficient as appropriate.
Logistic regression analysis, adjusted for age and sex, was
performed for parameters significant in univariate anal-
yses (p<0.05). Receiver operating characteristics (ROC)
curve analyses were performed for significant parameters
(p<0.05) from unadjusted univariate logistic regression,
as well as for a risk model combining these parameters.
The areas under the curves (AUC) of ROC curves were
compared. Statistical analysis was performed using SPSS

Patients with MAD =1mm on CMR with contrast and
biomarkers assessment, N =79

———{ PVC or VT ablation, N =4 |
—‘| Coronary artery disease, N = 2 |
4’| ACA within one week, N =1 |

Patients included, N = 72 |

Figure 2 Inclusion flow chart. ACA, aborted cardiac arrest;
CMR, cardiac magnetic resonance; MAD, mitral annulus
disjunction; PVC, premature ventricular contractions; VT,
ventricular tachycardia.

V.24.0 and risk model comparisons by Stata/SE V.15.1
(StataCorp LLC).

RESULTS

Patient characteristics

We included 72 patients with MAD who underwent
both biomarker assessment and CMR imaging with LGE
(figure 2). The majority of the patients were women
(67%) and the median age was 55 (35-62) years old
(table 1).

A total of 22 (31%) patients had experienced ventric-
ular arrhythmias, of which 18 (82%) had a history of
arrhythmia before inclusion (5 (23%) ACA, and 13
(59%) nsVT). Fifty-six (78%) patients had a 24 hours ECG
recording at inclusion, which revealed nsVT in another 4
(18%) patients. One patient, who had his blood sample
taken within 1 week after ACA, was excluded to avoid
possible postreanimation changes in biomarkers.

Most patients were in NYHA functional class I, regard-
less of their arrhythmic status (19 (86%) in the VA group
vs 42 (84%) in the non-VA group, p=0.80).

Cardiac magnetic resonance

LVEF was significantly lower (60% (£6) vs 63% (+6),
p=0.04), though still in the normal range, in patients with
ventricular arrhythmias (table 2). The majority of the
patients (83%) presented with no or mild mitral regur-
gitation, and mitral regurgitation severity did not differ
between the arrhythmic and the non-arrhythmic group
(table 2). LGE prevalence was higher in patients with
ventricular arrhythmias compared with non-arrhythmic
patients, particularly at the level of the papillary muscles

(14 (64%) vs 10 (20%), p<0.001).

Biomarkers sST2 and TGF f31

The concentration of sST2 was higher in patients with
ventricular arrhythmias compared with those without
(31.6£10.1 ng/mL vs 25.3+9.2 ng/mlL, p=0.01) (table 2,
figure 3). A cut-off value of sST2 of 26 ng/mL differenti-
ated patients with and without VA with a 68% sensitivity
and a 58% specificity. Relatively less women had sST2
levels above this cut-off value (19 (53%) vs 29 (81%),
p=0.01) (table 1). There was a weak correlation between
sST2 and both LVEDV (r=0.26, p=0.03) and LVESV
(r=0.25, p=0.03), but no association between sST2 and
indexed volumes nor between sST2 and MRvol.

There were no differences in circulating concentrations
of TGFB1 among patients with and without arrhythmias
(2.59 ng/mL (1.86-4.64) vs 2.21 ng/mL (1.70-3.90),
p=0.29) (figure 3A). Circulating TGFfB1 levels were mark-
edly higher in patients with LGE compared with patients
without LGE (3.35 ng/mL (2.21-6.64) vs 1.89 ng/mL
(1.45-2.35), p<0.001). Patients with circumferential MAD
>180° had significantly higher circulating TGFB1 levels
(420 ng/mL (2.01-8.53) vs 2.02 ng/mL (1.64-2.99),
p=0.003) and TGFP1 levels correlated with the extent of
the circumferential MAD (r=0.45, p<0.001).
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Table 1 Clinical characteristics and cardiac magnetic resonance measurements of 72 patients with mitral annulus disjunction
(MAD), dichotomised by soluble suppression of tumourigenicity-2 (sST2) levels <or > the optimal cut-off value
Total (n=72) sST2 <26 ng/mL (n=36) sST2 >26 ng/mL (n=36) P value
Clinical characteristics
Age, years (IQR) 55 (35-62) 52 (34-61) 58 (25-64) 0.65
Female, n (%) 48 (67) 29 (81) 19 (53) 0.01
Body mass index, kg/m2 (+SD) 22.6 (+3.1) 22.5(x3.4) 22.7 (£2.8) 0.77
NYHA functional class (IQR) 1(1-1) 1(1-1) 1(1-1) 0.36
Atrial fibrillationt, n (%) 5(7) 1(3) 4(11) 0.36
Ventricular arrhythmia, n (%) 22 (31) 7(19) 15 (42) 0.04
Cardiac magnetic resonance
LVEDVi, mL/m? (SD) 85 (x19) 82 (x17) 87 (+20) 0.24
LVESVi, mL/m? (+SD) 32 (x10) 31 (x9) 34 (£10) 0.17
LVEF, % (=SD) 62 (+6) 63 (+6) 61 (x7) 0.24
Mitral regurgitant volume*, mL (IQR) 17 (9-26) 20 (8-25) 16 (10-28) 0.44
MVP present, n (%) 52 (72) 25 (69) 27 (75) 0.60
Longitudinal MAD on 3CH, mm (IQR) 2 (0-6) 2 (0-6) 3(0-5) 0.92
Circumferential MAD, ° (IQR) 180 (120-210) 180 (120-210) 180 (120-210) 0.48
LGE present, n (%) 36 (50) 18 (50) 18 (50) 1.00
LGE in LV myocardium, n (%) 21 (29) 11 (31) 10 (28) 0.80
LGE in papillary muscles, n (%) 24 (33) 10 (28) 14 (39) 0.32

The optimal cut-off value was defined by receiver operating characteristics curve analysis. The p values are calculated by Student’s t-test,

Mann-Whitney U test, x2 test, or Fischer’s exact test as appropriate.
*Aortic forward flow was available in 21 (29%) patients.
TAtrial fibrillation present at the time of inclusion.

LGE, late gadolinium enhancement; LVEDVi, left ventricular end-diastolic volume indexed for body surface area; LVEF, left ventricular ejection
fraction; LVESVi, left ventricular end-systolic volume indexed for body surface area; MR, mitral regurgitation; MVP, mitral valve prolapse;

NYHA, New York Heart Association.

Risk markers for ventricular arrhythmias

Both LVEF and sST2 showed added value on top of papil-
lary muscle LGE to discriminate patients with and without
ventricular arrhythmias (online supplementary figure 2).
A risk model comprising LVEF, sST2 levels and LGE at
the papillary muscles had a higher AUC than each of
these parameters alone for the identification of patients
with ventricular arrhythmias (figure 4). This combined
model also performed well to identify patients with ACA
only (ROC curve AUC 0.83 (95% CI 0.72 to 0.95)).

DISCUSSION

This is the first study showing the association between
biomarkers and ventricular arrhythmias in patients with
MAD. Patients with MAD with ventricular arrhythmias
had higher levels of circulating sST2 compared with the
arrhythmia free, indicating that myocardial stretch may
be a mechanism in MAD arrhythmogenesis. The combi-
nation of higher sST2, lower LVEF and presence of papil-
lary muscle fibrosis improved the risk stratification model
for ventricular arrhythmias in patients with MAD and may
be of clinical importance in identifying high-risk individ-
uals. While TGFB1 was not associated with ventricular
arrhythmias, higher levels of TGFB1 were associated with

myocardial and papillary muscle fibrosis and a larger
circumferential MAD.

SST2 IN PATIENTS WiITH MAD

sST2 is an interleukin 1 receptor family member, that
is secreted by cardiac fibroblasts and cardiomyocytes
in circumstances of biomechanical stress."’ ' While
the interaction between interleukin 33 (IL-33) and
membrane-bound ST2 (ST2L) has cardioprotective
effects by reducing cardiac fibrosis and hypertrophy,
sST2 acts as a decoy receptor by binding free I11-33 and
limiting IL-33/ST2L interaction."

In our study, higher levels of sST2 were associated with
ventricular arrhythmias. These findings may indicate that
stretch mechanisms are involved in arrhythmogenesis,
possibly due to the altered anatomy and function of the
mitral valve apparatus. The hypermobility of the mitral
valve apparatus in patients with MAD is thought to be
an important element in the pathophysiological process
leading to arrhythmias in these patients.” *® The higher
sST2 levels in arrhythmic MAD patients in our study
might be a consequence of elevated mechanical stress
exerted on the basal LV wall and the papillary muscles.
Previously, deformation imaging in patients with MVP has
shown increased prestretch and postsystolic shortening
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Table 2 Clinical characteristics, cardiac magnetic resonance measurements and biomarker levels of 72 patients with mitral
annulus disjunction, dichotomised in ventricular arrhythmia (VA) (n=22) and no VA (n=50)

No VA (n=50) VA (n=22) P value OR (95% CI) P value

Clinical

Age, years (IQR) 57 (35-63) 48 (32-61) 0.35

Female, n (%) 33 (66) 15 (68) 0.86

NYHA functional class, (IQR) 1(1-1) 1(1-1) 0.88

Atrial fibrillation§, n (%) 7(14) 3(14) 1.00
CMR

LVEF, % (+SD) 63 (=6) 60 (=6) 0.04 0.64* (0.41 to 1.05) 0.05

LVEDVi, mL/m? (xSD) 84 (+19) 87 (19 0.44

LVESVi, mL/m? (+SD) 31 (=10) 35 (x9) 0.09

Mitral regurgitant volume, mL (IQR) 21 (9-26) 14 (7-27) 0.70

No or mild MR, n (%) 42 (84) 18 (82) 0.82

Moderate MR, n (%) 7(14) 4(18) 0.73

Severe MR, n (%) 1(2) 0(0) 1.00

Bileaflet MVP, n (%) 22 (44) 9 (41) 0.81

Spheriticy indext, (IQR) 0.28 (0.26-0.32) 0.28 (0.20-0.34) 0.66

LGE in LV myocardium, n (%) 13 (26) 8 (36) 0.37

LGE in papillary muscles, n (%) 10 (20) 14 (64) <0.001 7.26 (2.34 10 22.53) 0.001
Biomarkers

sST2, ng/mL (+SD) 25.3 (9.2 31.6 (=10.1) 0.01 1.52% (1.10 to 2.06) 0.01

TGFB1, ng/mL (IQR) 2.21(1.70-3.98) 2.59 (1.86-4.64) 0.29

NT-pro-BNP, pmol/L (IQR) 9.7 (5.6-22.5) 14.5 (7.0-42.4) 0.31

CRP, mg/L (IQR) 0.7 (0.0-2.1) 0.9 (0.0-1.7) 0.62

Creatinine, pmol/L (=SD) 72 (x14) 76 (=15) 0.40

The p values are calculated by Student’s t-test, Mann-Whitney U test, Fisher’s exact test or X2 test as appropriate. OR for the occurrence of
VA, adjusted for age and sex, was calculated by logistic regression analysis.

*OR per 5% increment of LVEF.
tMeasured in 51 patients (no VA n=35 and VA n=16).
FOR per 5 ng/mL increment of sST2.

§Combination of a history of and current paroxysmal or permanent atrial fibrillation.

CMR, cardiac magnetic resonance; CRP, C reactive protein; LGE, late gadolinium enhancement; LVEDVi, left ventricular end-diastolic volume
indexed for body surface area; LVEF, left ventricular ejection fraction; LVESVi, left ventricular end-systolic volume indexed for body surface
area; MR, mitral regurgitation; MVP, mitral valve prolapse; NT-pro-BNP, N-terminal probrain natriuretic peptide;sST2, soluble suppression of

tumourigenicity-2.

in basal segments and segments adjacent to papillary
muscle insertion.”” The stretch on the subvalvular appa-
ratus could generate premature ventricular contractions
and might trigger potentially fatal VA.

The theory of arrhythmogenicity of the hypermobile
mitral valve apparatus is supported by the discovery of
fibrotic scars on the papillary muscles and basal LV wall,
concordant with the origin of PVCs in the arrhythmic
patient population.”' ** Mitral valve repair and subse-
quent reduction of the hypermobility led to reduction
of ventricular arrhythmias in several studies.”> Those
studies, as opposed to ours, were performed in patients
with severe mitral regurgitation. In our study, ventricular
arrhythmias occurred independently of mitral regurgi-
tation severity, concordant with early data.! ? This is an
important clinical message and should encourage the

clinician to evaluate arrhythmic risk in patients with MAD,
independent of MVP and severity of mitral regurgitation.

Increased levels of sST2 have previously been asso-
ciated with ventricular arrhythmias in patients with
arrhythmogenic and hypertrophic cardiomyopathy.24 =
These reports are in line with our findings and support
the idea of MAD as a cardiomyopathic disorder. However,
the exact pathophysiological mechanisms linking sST2 to
arrhythmogenesis in cardiomyopathies are not explored
and need further investigations.

Furthermore, sST2 predicted mortality in patients
with heart failure in a previous report.”® Although none
of our patients had overt heart failure, LVEF was lower
in patients with ventricular arrhythmias compared
with those without. This might reflect the presence of
underlying interstitial fibrosis, as previously seen on

Scheirlynck E, et al. Open Heart 2019;6:e001016. doi:10.1136/openhrt-2019-001016
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Figure 3 Boxplots representing soluble suppression
of tumourigenicity-2 (sST2) levels in the upper row and
transforming growth factor-1 (TGFB1) levels in the lower
row. (A) No severe ventricular arrhythmia (VA) versus severe
VA. (B) No late gadolinium enhancement (LGE) present on
cardiac magnetic resonance (CMR) versus LGE present on
CMR. (C) Circumferential mitral annulus disjunction (MAD)
<180° versus circumferential MAD >180°. (D) Longitudinal
MAD on the three-chamber view <2 mm versus longitudinal
MAD on the three-chamber view >2 mm. P values were
obtained by performing Student’s t-test for sST2 and Mann-
Whitney U test for TGFp1.

MAD >180° MAD $2mm MAD>2mm

the postmortem analysis of patients with MVP who died
suddenly.”” When LVEF, sST2 levels and LGE at the papil-
lary muscle level were combined to form a risk model,
there was an improvement of the ability to discriminate
patients with arrhythmia, compared with using the pres-
ence of LGE or LVEF alone. Considering the complexity
of the arrhythmogenic process and the absence of a
single obvious risk marker, risk stratification combining
several parameters is most likely to eventually improve
the prediction of life-threatening arrhythmias in patients
with MAD.

TGFp1 in patients with MAD
The cytokine TGFB1 plays an important role in the devel-
opment of myxomatous mitral valve disease. Genetic,

p=0.03
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= NS
09  E—
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2
3
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/’ M LVEF +sST2 + LGE PM 0l68
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5
0 02 04 06 08 1 LVEF sST2 LGE PM LGE PM
+

1 - specificity sST2
Figure 4 Receiver operating characteristics (ROC) curves
for the differentiation of patients with and without ventricular
arrhythmias. ROC curve for left ventricular ejection fraction
(LVEF) (blue), soluble suppression of tumourigenicity-2 (sST2)
levels (yellow), late gadolinium enhancement at the papillary
muscles (LGE PM) (red) and the combined model of these
three parameters (green) in 72 patients with mitral annulus
disjunction (left panel) and comparisons of the ROC curves’
area under the curve (AUC) (right panel). NS, not significant.

biological and mechanical factors can increase the expres-
sion of TGFfB1 in the mitral valve, stimulating the differ-
entiation of endothelial and interstitial cells into extra-
cellular matrix producing myofibroblasts.”®* The patho-
physiological process resulting in MAD is still unknown,
but one might hypothesise that it involves TGFB1-pathway
activation, similar to the process of mitral valve degen-
eration. This might explain why a wider circumferential
MAD around the mitral ring was associated with higher
levels of circulating TGFB1. Longitudinal MAD, meas-
ured at one single location around the circumference,
was not associated with TGFB1. MAD can be present
partially along the mitral ring, interspersed with non-dis-
junctive annulus.”* The circumferential extent of MAD
might therefore better represent the extent of the affec-
tion than a single longitudinal MAD measurement and
explain the better correlation with TGFB1 levels.

TGFBI is also a key player in tissue healing and fibrotic
scar formation.'” This might explain why TGFB1 levels
were higher in patients with myocardial or papillary
muscle replacement fibrosis, detected by LGE on CMR.
Small myocardial tears, caused by repeated mechan-
ical stress, may activate the TGFP1 pathway, resulting in
small areas of replacement fibrosis as seen on CMR with
contrast.

Limitations
The patients were included prospectively and the occur-
rence of ventricular arrhythmias was assessed retrospec-
tively. A prospective study is warranted for the analysis of
the predictive power of sSST2 to identify patients with MAD
with an increased risk for life-threatening ventricular
arrhythmias. Although multicentric, our study included a
relatively small group of patients and events were limited.
Circulating sST2 and TGFB1 levels reflect contribution
from multiple sources, including but not exclusively the
heart. Thus, other conditions might influence circulating
biomarker levels. However, CRP and NT-pro-BNP levels
were within normal ranges in all patients, suggesting that
neither inflammation nor general LV overload caused the
differences in sST2 and TBFB1. Cardiac tissue biopsy and
gene expression analysis might better represent the local
mechanics but is invasive and not clinically applicable.
We did not assess troponin levels in our study. This
might be considered for future studies.

Future perspectives

The occurrence of life-threatening ventricular arrhyth-
mias in patients with MAD, whether associated with the
presence of MVP or not, is of great concern and many
questions regarding pathophysiology and risk stratifica-
tion remain unanswered.

In our study, 24 hours ECG recording at inclusion
revealed nsVT in some patients. Whether 24 hours ECG
recording should be performed in every patient with
MAD is unclear. Prospective studies should elucidate
if 24 hours ECG recording derived parameters such as
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frequent premature ventricular complexes or nsVT are
markers of later life-threatening ventricular arrhythmias.

The biomarker sST2, which is induced by myocardial
stretch,'” ' might be a marker for the arrhythmic risk in
this population. The maximal distance between the papil-
lary muscles and the mitral leaflets may be a surrogate
marker for local stretch and future studies should foresee
dedicated images to allow this measurement. A prospec-
tive study including a large cohort of patients with MAD
should clarify the prognosis of this population and allow
elaboration of a risk stratification strategy.

CONCLUSIONS

Higher circulating sST2 levels were associated with
ventricular arrhythmias in patients with MAD, while
TGFB1 levels were not. Combining the assessment of
sST2 levels, LVEF and the presence of LGE at the level
of the papillary muscles resulted in excellent detection of
high-risk individuals. Applying this combined risk model
might improve risk stratification for severe ventricular
arrhythmias in patients with MAD.
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