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The article presents a clinical case of a combination of mitral valve prolapse (MVP), mitral annular disjunction (MAD), and
ventricular arrhythmia. The presence of MAD worsens the prognosis in MVP and predisposes to life-threatening ventricular
arrhythmias. In a 42-year-old patient, MAD was detected during echocardiography to determine the indications for surgi-
cal correction of mitral insufficiency in MVP. Severe myxomatous degeneration of the mitral valve leaflets, polysegmental
prolapse, and typical auscultatory pattern (systolic click followed by systolic murmur in the second half of systole) were
the indications for the targeted search for MAD. Multi-day (ECG) monitoring recorded nonsustained ventricular tachycardias
and premature ventricular complexes (PVCs). Cardiac magnetic resonance imaging was performed for confirmation the diag-
nosis and searched for left ventricular myocardial fibrosis accompanying MAD. Finally, MAD was confirmed, but myocardial
fibrotic changes were not detected. Owing to the absence of myocardial fibrosis, the patient was treated conservatively with
a beta-adrenoblocker (25 mg/day slow-release metoprolol succinate) in combination with 25 mg/day allaforte. Repeated 24-h
ECG monitoring did not detect ventricular tachycardias and nonsustained registered a significant decrease of number of PVCs.
The patient is followed up prospectively due to high risk factors for fibrosis and worsening prognosis, which may require surgi-
cal correction of the existing disturbances and/or implantation of a cardioverter-defibrillator.
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Cnyya MUTpanbHOM aHHYNAPHOU AU3IBIOHKLMUK
B COMETaHUM C XKeNyAO04YKOBbIMU HapYLIEHUSAMU PUTMA

T.H. HoBukoga', B.A. Bacosa', J1.C. EsnokumoBa ', H.A. THeBawweBa?, 1.3. Vukosuy',
B.W. Hosukos', C.A. CaitraHos', B.A. LLlep6aKoBsa’

! CeBepo-3anafiHblit rocy1apCTBEHHBI MeAVLIMHCKUA yHuBepcuTeT uM. U.U. Meunnkosa Munapasa Poccum, Cankt-Tetepbypr, Poccus

2 IHCTMTYT AOMOHUTENBHOMO NPOdEccMoHanbHOro 06pasoBaHma «3IKCTpeManbHas MefnLMHa» BcepocCUMCKoro LEHTPa 3KCTPEHHOI U PaaMaLmMoHHON
meamumnHbl MYC Poccumn umenn A.M. Hukudoposa, CankT-Ietepbypr, Poccus

B cTatbe npeacTaBnieH KIMHUYECKWI CNyYaid coYeTaHMs npofianca MUTpanbHoro kianaa (MMK), MutpanbHoM aHHynsp-
HOM am3bloHKuMM (MALL) 1 enynouKoBbIX HapylleHuid putMa. Hanuune MAJL yxyawaet nporHo3 npu MK n npeapacnona-
raeT K JU3HEYrpoXKatLMM Xeya04YKoBbIM apuTMUaM. Y naumeHTkn 42 net MAJL BbisiBNieHa npy 3XoKapAvorpaguyeckoM
obcrefoBaHMM, KOTOPOE OHa NPOXoAuna A1 onpeAeNeHns NMoKasaHUin K XUPYPruieckon KoppeKuUn MUTpanbHoOW HepocTa-
ToyHocTM Ha QoHe MMK. BblpakeHHas MMKCOMaTO3Has [ereHepauus CTBOPOK MUTPaibHOMO KianaHa, nosMcerMeHTapHbIn
npoJianc, KiaccuyecKas aycKynbTaTMBHas KapTuHa (CUCTONMYECKUA KWK, CIeLYIOWMA 33 HUM CUCTONTMYECKMIA LWIYM BO BTO-
pOii MOMOBMHE CUCTOJIbI) CTaNM OCHOBaHWEM 1S npuuenbHoro noucka MAJL Mpu MHOroCyTOYHOM MOHUTOPUPOBAHWM 3MEK-
TPOKapAMorpadUyeCKUX AaHHbIX 3aperucTPUPOBaHbI HEYCTONUMBDIE XeENYA04KOBbIE TaXUKapauK, YacTas Kenya0uKoBas 3KC-
TpacucTonmsa. [lns NoATBEPKAEHUA AMarHo3a W noucka ¢pmbpo3a MUOKapAa NIeBOro XenynoyKa, akkoMnanupyrowero MAJ,
BbINOSIHEHA MarHMTOpPe30HaHCHas ToMorpadusa ceppua. Hanwuve MALL noateepxaeHo, ¢GubposHble M3MEHEHWUS MUOKapaa
He BblsiBNEHbI. B cBA3M ¢ oTcyTcTBMEM (MbpO3a MMOKapaa NMPUHATO pPeLUeHne 0 KOHCePBaTUBHOM JieueHun beta-agpeHobno-
KaTopoM (MeTonposiona CyKUMHaT 3aMef/IeHHOr0 BbICBODOXAEHNS B [03e 25 MT B CYTKW) B coyeTaHuu ¢ annadopte 25 Mr
B cyTku. Ha doHe Tepanun npu NoBTOPHOM cyTO4HOM MoHMTOpUpoBaHuM KT He 3aperucTpupoBaHbl HEYCTOMUMBLIE Kemy-
L0YKOBbIE TaXMKapAuK, YMEHbLLIMNOCh KOJTMYECTBO KeMyA04KOBbIX IKCTPACcUCTON. 3a NALMEHTHOM OCYLLECTBAAETCSA NPOCMeK-
TUBHOE HabnlofieHne B CBA3M C HannuMeM aKTOpOB BLICOKOTO pUCKa NosiBNneHns Gubpo3sa 1 yxyALLeHWs NporHo3a, KoTopble
B CBOK 04epeab MOryT noTpeboBaTh XMPYPruiecKon KOpPPEKLMM UMEHOLLENCA NaToNorK U/ UMNNaHTaLMu KapamoBepTe-
pa-aedubpunnsTopa.

Kniouesbie cnosa: MUTpanbHaa aHHYNAPHaA AU3BbIOHKLKWA; Npofianc MUTPabHOM0 KlanaHa; HEYCTOFNMBBFI Xenyno4dxkosas
Taxukapaus.
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BACKGROUND

Mitral valve prolapse (MVP) is a common pathology
in the clinical practice of a cardiologist and therapist.
In the adult population, the prevalence of MVP reaches
2%-3% [1, 2], with favorable prognosis in most cases
[3—6]. According to Nishimura et al., the 8-year survival rate
of patients with MVP is 88% and is not significant different
compared with the main parameters of the control group [3].
However, the disease course may be complicated by
malignant ventricular arrhythmias and sudden death in some
young and middle-aged patients [7-9]. The risk stratification
criteria for adverse ventricular arrhythmias in MVP are under
development. The prolapse of both mitral valve leaflets, its
degree of severity, papillary muscles fibrosis, and mitral
annular disjunction (MAD) are associated with the risk of
ventricular arrhythmias [8-12].

MAD is a structural abnormality defined as separation
(disconnection) or absence of the direct transition of
the left atrial (LA) myocardium into the left ventricular (LV)
myocardium in the area of the mitral valve annulus and
partial replacement of the LV myocardium under the mitral
valve annulus with fibrous tissue [2]. MAD is a common
finding in patients with MVP [2]. Its detection varies from
42% to 98% and correlates with the degree of prolapse
severity [2, 13]. MAD was first described in combination
with MVP in the 1980° [14]. The clinical significance of this
structural abnormality remained unclear, and the problem
was not studied until 2005. Eriksson et al. observed MAD
with transesophageal echocardiography (EchoCG) and
described direct surgical cardiac examination in this patients
during surgery for severe mitral insufficiency resulting from
myxomatous degeneration of the mitral valve leaflets in
2005 [13]. They demonstrated a direct correlation between
the severity of MAD, number of altered leaflet segments,
and severity of MVP. Moreover, MAD plays an important
role in arrhythmogenesis [2, 15]. The physician’s task is to
promptly recognize this abnormality, establish its correlation
with arrhythmias, prescribe antiarrhythmic therapy, and
dynamically monitor the patient to determine indications for

Fig. 1. Parasternal long-axis view-of the left ventricle. Systole.
White arrows indicate elongated and thickened mitral valve leaflets
prolapsing into the left atrial cavity. The black arrow indicates
the disjunction area
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cardioverter-defibrillator implantation and surgical correction
of the existing disturbances.

CLINICAL CASE

Patient 1., 42 years old, came to our clinic to decide on
indications for surgical treatment of mitral insufficiency. On
admission, complaints included frequent heart palpitations
for 6 months. The patient was treated in the outpatient clinic
at the place of residence. The examination revealed MVP with
moderate-to-severe mitral regurgitation. Low-dose therapy
with beta-adrenoblockers (2.5 mg/day bisoprolol) was
ineffective. When trying to increase the drug dose, the patient
became hypotensive, and the resting heart rate decreased to
45 bpm during the daytime.

Family history is not burdened. The patient gave birth to
three healthy children.

On physical examination, the condition was assessed
as satisfactory. The color of the skin and visible mucous
membranes were normal. No peripheral edemas were
observed. The patient had a normal build. The body mass
index was 21.30 kg/m?2. Arterial pressure was 115/70 mm Hg.
The resting heart rate and pulse were 65 bpm. Percussion
revealed a slight left shift of the left heart border. On
auscultation, the sonority of the first and second sounds
was unchanged, and no additional sounds were detected.
A systolic click was heard in the middle systole, followed
by a systolic murmur at Botkin-Erb’s point with irradiation
toward the aorta and apex. There were pulmonary sound
on percussion and vesicular breathing on auscultation. On
palpation, the abdomen was soft and painless, and the liver
was not enlarged. The six-minute walk test was 560 m.

EchoCG was performed using modern technologies
of three-dimensional image reconstruction and Mitral
Valve Quantification model on Vivid-9 ultrasound device.
The results showed that mitral regurgitation was mild [16].
The effective regurgitation orifice area was 0.18 cm?, and
the regurgitation volume was 20 mL. Both mitral valve
leaflets were myxomatous, thickened, and prolapsed up
to 8 mm into the LA cavity (Fig. 1-3). The prolapse was

Fig. 2. Parasternal long-axis view-of the left ventricle. Diastole.
The elongated and thickened mitral valve leaflets (predominantly
posterior) are visible. The black arrow indicates the disjunction area
below the posterior mitral valve leaflet.
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Fig. 3. Three-dimensional reconstruction of the mitral valve. The white arrow indicates the elongated and prolapsed mitral valve leaflets

polysegmental (Fig. 4). Signs of MAD (absence of myocardial
tissue up to 9 mm under the posterior mitral valve leaflet)
were revealed (Fig. 1, 2).

LV was slightly dilated, and the end-diastolic volume
(EDV) index was 68 mL/m?. LV myocardial hypertrophy
was revealed, and the myocardial mass index was 98/m?.
Systolic function was preserved, and ejection fraction (EF)
was 68%. The calculated pulmonary artery pressure was
not elevated.

Cardiac magnetic resonance imaging (CMR) was
performed on a Signa Pioneer 3.0 T scanner (General
Electric Healthcare, Chicago, IL, USA) using 16-channel
and 32-channel body coils to verify the diagnosis. Scans
were performed according to a standard protocol with

Fig. 4. Three-dimensional model of the mitral valve. Mapping in
red shows the prolapse of all segments of both leaflets at end-
systole
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late contrast enhancement 8-15 min after injection of
gadolinium-based contrast agent at a dose of 0.02 mmol/kg
(0.5 mmol/L gadodiamide). The following pulse sequences
were used: Fiesta Cine (dynamic cine imaging), T1 double-
inversion recovery (DIR), T2 DIR fat saturation, and delayed
myocardial enhancement (MDE) performed with breath-
holding in standard cardiac projections. Postprocessing
image analysis was performed using the CardiacVX software
package (General Electric Healthcare). The following
parameters were assessed: EF of 47% (normal range,
58%-76%), stroke volume of 84 (normal range, 59-
115) mL, EDV of 180 (normal range, 90-171) mL, end-
systolic volume (ESV) of 96 (normal range, 25-62) mL,
EDV index of 105 (normal range, 59-93) mL/m?, ESV index
of 56 (normal range, 16-34) mL/m?, myocardial mass of
160 (normal range, 71-143) g, and LA bi-plane volume of
112 (normal range, 47-131) mL.

Despite the good comparability of EchoCG and CMR
data in assessing EF and LV volumes, many studies have
demonstrated the differences between these methods.
The range of over- and underestimation of contractile
function in CMR may reach 20% according to the Bland-
Altman plots [17]. In addition, differences in EchoCG and
CMR results are due to different counting techniques.
Standardly, automatic or semiautomatic counting based
on short axis LV images is used for CMR. In addition,
measurement errors obtained with CMR may be due to
insufficient spatial resolution and the effect of volume
averaging associated with nonoptimal slice thickness,
which is not always technically to be corrected. Moreover,
arrhythmias contribute to inaccuracies in obtaining LV
volumes and, accordingly, to errors in EF calculation. Based
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Fig. 5. Left ventricular three-chamber axis,
cine end-systolic image. Measurement of
the mitral annular disjunction distance for
the posterior mitral valve leaflet. Mitral
annular disjunction is indicated by an arrow

Measurement of

indicated by an arrow
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Fig. 6. Left ventricular long axis (two
chamber view), cine end-systolic image.
the mitral
disjunction distance for the anterior mitral
valve leaflet. Mitral annular disjunction is
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Fig. 7. Dynamic cine imaging along the short
axis of the left ventricle. End-systolic frame
shows thickening of basal myocardial
segments

annular

Fig. 8. Resting 12-lead electrocardiogram

on the difference in EF values (EchoCG showed normal EF
values, whereas CMR showed decreased EF), the decision
was to dynamically monitor the patient’s clinical condition,
cardiac chamber size, and EF.

The distance from the base of the mitral valve fibrous
annulus to the upper contour of the LV myocardium was
measured on end-systolic cine images. The MAD extent at
the level of the posterior and anterior mitral valve leaflets
was measured along the three-chamber and long LV axis,
respectively. The MAD extent was 11 mm and 5 mm unde
the posterior and anterior leaflets, respectively (Fig. 5, 6).

Additionally, a descending systolic motion of the posterior
part of the mitral valve annulus with hyperkinetic contraction
of the adjacent basal myocardium was observed (systolic
curling). Myocardial thickening of the posterior wall and
adjacent segments of the interventricular septum and lateral
wall were assessed on short axis and three-chamber-axis
LV images. The end-systolic myocardial thickness of basal
inferior septal and inferolateral segments was 13 mm and
that of the inferior basal segment was 15 mm (Fig. 7).

DOl https://doiorg/10.17816/cardar109160

No reliable areas of late gadolinium enhancement (LGE)
in the myocardium, corresponding to fibrous changes,
were found. The patient was recommended for follow-up
and dynamic CMR monitoring to exclude fibrotic structural
changes in the long term and assess the risk of adverse
ventricular arrhythmias.

Resting 12-lead ECG showed sinus rhythm, early
repolarization syndrome, and single premature ventricular
complexes (PVCs) (Fig. 8).

Multi-day ECG monitoring (154 h) was performed.
single monomorphic premature ventricular complexes
(PVCs) (54,529 [8.5%]) and paired (1,078 [2.1%]) and runs
of monomorphic nonsustained ventricular tachycardia of
3-7 complexes (46 episodes in 154 h) were detected (Fig. 9).

Thus, the diagnosis of MVP and MAD was confirmed by
instrumental methods of examination. No indications for
surgical intervention were revealed at this stage. Ventricular
arrhythmias requiring medical correction were registered.
At the previous treatment stage, beta-blocker monotherapy
(2.5 mg/day bisoprolol) was ineffective. Therefore, combined
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Fig. 9. Fragment of multi-day electrocardiographic monitoring

antiarrhythmic therapy was decided. Slow-release metoprolol
succinate was recommended at a starting dose of 25 mg once
daily in the morning, followed by dose titration, if necessary,
in combination with 25 mg allaforte in the evening. During
therapy, repeated 24-h ECG monitoring revealed no runs
of nonsustained ventricular tachycardia and registered
a significant decrease of number of PVCs from 8,520 in
24 h to 5,000 in 24 h. The patient is still being followed up.

DISCUSSION

Given the correlation of MAD with the severity of MVP and
mitral insufficiency and the association with life-threatening
ventricular arrhythmias, prompt diagnosis of this pathological
condition and dynamic monitoring of patients is extremely
important.

Chakrabarti et al. presented a generalized scheme
of examination of patients with MVP [18]. The first steps
are detailed history taking, including family history of
fatal ventricular arrhythmias and sudden death, physical
examination with assessment of systolic click and severity of
systolic murmur, and resting ECG and EchoCG with targeted
MAD searches. EchoCG is the most significant and accessible
method for diagnosing changes in valvular apparatus and LV
contractile function. However, it has several limitations, i.e.,
the need for a good acoustic window, limited possibilities
for assessing the myocardial structure, and operator
dependence. In patients with a high risk of poor prognosis
(arrhythmias, MAD on EchoCG findings, and family history of
sudden death), CMR is recommended to clarify the presence
of MAD and its severity and assess fibrotic changes in the LV
myocardium and papillary muscles as additional risk factors.
The longitudinal distance of disjunction may vary from 1to 15
mm around the mitral valve annulus in the same patient, and
its severity is most frequently associated with the severity of
mitral valve changes [19]. In addition, disjunction may occur
in patients without MVP. Marra et al. revealed that abnormal

DOl https://doiorg/10.17816/cardar109160

morphology and pathology of mechanical movement of
the mitral valve and annulus in MVP may lead to fibrous
changes of the LV walls detected by contrast-enhanced
CMR [9]. CMR allows accurate assessment of the motion
of the mitral annulus, djacent myocardium and inferior or
anterior systolic curling at the level of the posterior leaflet.
An systolic curling defined by the authors as exceeding
the median value of 3.5 mm is associated with a higher
frequency and greater volume of areas LGE (fibrosis).
Furthermore, a linear correlation was found between
the disjunction extent and the severity of systolic motion
[9]. Intramural areas of LGE in the inferior basal regions
of the LV wall were observed in 72% of patients with MAD
and systolic curling. A positive linear correlation between
MAD length and degree of fibrosis was detected. Marra
et al. reported that the median long axis MAD extent in
patients with MVP was 4.8 mm with myocardial fibrosis
and 1.8 mm without fibrosis [9]. CMR allows the detection
of both local fibrosis and diffuse (interstitial) myocardial
fibrosis. Currently, only a few studies have focused on
the assessment of diffuse fibrosis in patients with MVP. In
2021, a retrospective description of the results of CMR in
30 patients with MVP combined with MAD was published;
the comparison group included patients with mitral
regurgitation without MAD and those with normal CMR
characteristics [20]. Areas of LGE corresponding to fibrosis
were observed in 47% of the patients with MVP-MAD and
were absent in all control groups. By using T1 mapping
after contrast agent injection, the extracellular volume (ECV)
was calculated, which reflected the size of the extracellular
space in the myocardium. Increase of EVC may indicate
diffuse myocardial fibrosis. In the study, the ECV was higher
in MVP-MAD, even in the absence of delayed accumulation
of contrast. Remarkably, ECV values were increased in all
basal segments of the myocardium, demonstrating fibrous
remodeling not limited to the inferior and inferolateral
segments in the area of prolapsing leaflet attachment.
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Compared with LGE, the ECV of LV basal segments had
a stronger association with MAD severity and a similar
association with the frequency of sudden cardiac death.
The MAD length also correlated with ECV, but not with
the extent of LGE. Complex ventricular arrhythmias PVCs and
nonsustained ventricular tachycardias) were observed in 87%
of patients with MVP-MAD. In these patients, ECV exceeded
the threshold level, whereas only 53% had areas of LGE.

The presence and severity of systolic curling and
mitral valve changes (prolapse and regurgitation) are
associated with basal segment hypertrophy in patients
with MVP [9]. Basal hypertrophy may have local or
concentric distribution. More frequently, the phenomenon
of “ballerina’s foot” is observed, i.e., hypertrophy of
the basal segments with systolic bulging of the LV
anterior wall [9]. Probably, local hypertrophy contributes
to arrhythmogenesis in MVP-MAD.

In patients with clinical signs of arrhythmia, 24-h ECG
monitoring is indicated. In addition, electrophysiological
examination may be performed in patients with a high
clinical risk and history of ventricular arrhythmias in
the presence of structural changes on CMR. However, CMR
and electrophysiological examination are not recommended
for all patients. In our case, CMR was indicated to verify
the diagnosis of MAD and confirm or exclude fibrotic changes
in the myocardium to stratify the risk of fatal ventricular
arrhythmias due to nonsustained ventricular tachycardias
recorded during ECG monitoring. Since CMR revealed no
fibrotic changes in the patient and due to the absence
of family history of sudden death, electrophysiological
examination was not performed.

The majority of authors agree that the combination of
MVP, MAD (irrespective of its extent), and myocardial fibrosis
of the LV free wall is a “fatal triad,” which determines the high
frequency of ventricular arrhythmias and is accompanied by
a high risk of sudden cardiac death [9, 21-23].

In 2020, Han et al. presented the results of a histological
analysis of myocardial fibrotic changes in patients with
sudden cardiac death and MVP other cardiac causes of death
were excluded in comparison with the group of noncardiac
deaths [24]. In sudden cardiac deaths combined with MVP,
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