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ABSTRACT

Mitral annular disjunction (MAD) is an
easily identifiable entity on transthoracic
echocardiography, but is still poorly
recognized or ignored. It is often associated
with mitral valve prolapse and is itself a risk
marker for ventricular arrhythmias and
sudden cardiac death.

We present here a case of 54 year Indian
male presenting with MVP accompanied by
significant mitral annulus disjunction
(MAD) in whom a comprehensive
transthoracic echocardiography (TTE) and
4Dimensional XStrain speckle tracking
imaging was conducted to estimate the
MAD distance and importantly, various LV
strain parameters were evaluated to discover
any early markers of LV aberration by
4Dimensional XStrain speckle tracking
echocardiography (4DXStrain STE).
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INTRODUCTION

Mitral annular disjunction (MAD) is a
structural abnormality described as the
distinct separation between the mitral valve
(MV) annulus, the left atrial wall, and the

basal portion of the inferolateral left
ventricular (LV) myocardium occurring
during systole [1]. Mitral annular

disjunction (MAD) is an abnormal insertion
of the hinge line of the posterior mitral
leaflet on the atrial wall: the mitral annulus
shows a separation or “disjunction” between
the leaflet-atrial wall junction and the crest
of the left ventricle myocardium [2]
(Figures 1-3).
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Figure 1: Normal mitral valve apparatus. (a) Anatomical specimen of mitral valve consisting of papillary muscles, tendinous
chords, anterior and posterior mitral leaflets; (b) Normal mitral valve anatomy showing anterior and posterior leaflets and
annuluses. The anterior annulus is separated from the aortic root by the fibrous intertrigonal region, also known as the aortic-
mitral curtain, which is surrounded by the right and left fibrous trigones; (c) 3 D TEE image from Surgeon's View of normal

mitral valve anatomy as described above. LT =

left trigone, RT = right trigone, AA = anterior annulus, PA = posterior

annulus, AL = anterolateral commissure, PM = posteromedial commissure.
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Figure 2: Transthoracic 2Dimensional diagrammatic illustration. (a) Normal mitral valve: mitral annular plane
is in its normal position (dashed line). (b) Mitral valve prolapse (MVP) without MAD: mitral annulus plane
(dashed line) remains in its normal position despite prolapse of the mitral leaflet. (c) MVP with MAD: the mitral
annulus is "dislocated" away from the normal left ventricle-left atrial (LV-LA) myocardium junction resulting in
MAD (double-arrow), and the mitral annular plane (dashed line) has shifted towards LA. Ao: aorta; LV: left
ventricle; LA: left atrium; MV: mitral valve; MVP: mitral valve prolapse; MAD: mitral annular disjunction.

Figure 3: 3Dimensional echocardiographic delineation of mitral annulus disjunction. (A) The upper white upper
arrow points to the mitral annulus. The lower white arrow depicts the mitral annulus disjunction. (B) Short axis
view of the same 3D volume shown in panel A. The mitral valve is seen from an apical view during systole, and
a typical atrial excursion of the posterior leaflet appears and indicates the extension of the mitral annulus
disjunction. In the present patient, the disjunction involved the complete posterior annulus similar to 180. The
disjunction distance was 10 mm, and the disjunction index should be 10 mm A 180, that is, 1,800 mm A degrees
(mm A degrees). AL, Anterior leaflet; ALC, anterolateral commissure; LA, left atrium; PL, posterior leaflet;
PMC, posteromedial commissure.

This anomaly is often observed in patients  The anatomical substrate of MAD remains
with myxomatous mitral valve prolapse [2]. unclear for the following reasons:
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1. Most studies are focused on the
association  between MAD and
arrhythmias, rather than an
pathomorphological aspects of MAD

2. The complex anatomic architecture of
the posterior mitral annulus is often
described as the posterior segment of a
fibrous ring.

Currently, it is unclear if MAD is a

degenerative, congenital, or an acquired

structural abnormality. Researchers suggest
that this condition is the result of increased

stretching and mechanical stress on the MV

annulus, which causes an increase in tissue

formation that develops into prolapsing
segments [3]. This condition has been

strongly associated with myxomatous MV

and MV prolapse (MVP). MAD has been

associated with long-term incidence of
ventricular arrhythmias and sudden cardiac
death [4]. The proper detection of MAD is
important given our increased understanding
of an association between MAD and
arrhythmic events. In this case presentation
we describe the complementary value of

transthoracic echocardiography (TTE) and
4Dimensional XStrain speckle tracking
echocardiography (STE) in detecting and
classifying MAD and additionally unmask
any early features of LV dysfunction by
STE.

Definition of mitral annulus disjunction,
mitral valve prolapse and billowing of
mitral valve

On cardiac magnetic resonance (CMR)
MAD is defined as present when it
measures 1 mm or more [5]. In CMR where
disjunction was observed, it was measured
from the top edge of the ventricular wall to
the hinge of the leaflet from the left atrial
wall, parallel to disjunction at end-systole
(Figure 4). The end-systolic phase was
selected by determining the phase in which
the intracavity ventricular blood pool was at
its smallest. The 3-chamber view was
assessed for the presence of either mitral
valve prolapse (MVP) or Mitral valve
billowing (MVB) of either leaflet of the
mitral valve (Figure 4).

o

disjunction

Figure 4: CMR in a Patient With Inferolateral Disjunction Without Mitral Valve Prolapse or Billowing. CMR
3-chamber long-axis view (upper left) with enlarged details displaying measurement of inferolateral disjunction
(yellow frame) and absence of mitral valve prolapse or leaflet billowing (red frame) as assessed by drawing a

line in the virtual annular plane (red interrupted line).

On TTE MVP was classified as systolic
displacement of any part of the leaflet by 2
mm or more from the annular plane into the

left atrium in 3-chamber view as
recommended by the American Society of
Echocardiography  [6] (Figure  5).
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Figure 5: 2Dimensional transthoracic echocardiographic definition of mitral valve prolapse. Two-dimensional
transthoracic echocardiogram in the parasternal long-axis orientation demonstrating posterior mitral valve
prolapse (MVP). MVP shows diagnostic (>2 mm) superior leaflet displacement relative to the mitral annulus
(dotted line) into the left atrium. AO indicates aorta; LV, left ventricle; Post Dis, posterior displacement; and
RV, right ventricle.

plane with the coaptation point at or below
the plane at end-systole (Figure 6).

MVB was defined as systolic protrusion of
the leaflet of <2 mm above the junctional

b Prolapse

Figure 6: Mitral Valve Billowing in end systole - schematic portrayal and Transesophegeal echocardiogram of
mitral valve billowing. (a) Billowing: leaflet body displaced into LA, leaflet tips stay at annular level or above
into LV; (b) Prolapse: leaflet tips displaced into LA from mitral annular plane; (c) Mitral valve billowing in long
axis view - red dotted line is a reference point. billowing with free edge of both mitral leaflets protrudes into the
LA (yellow color); (d) Transesophegeal echocardiogram of mitral valve billowing-the free edge of both leaflets
overrides the plane of displaced mitral valve annulus (dotted line) in systole.

MAD - Left ventricular strain imaging by  excessive  mobility of the leaflets,

speckle tracking echocardiography

Despite that MAD could be present in
healthy hearts, some authors revealed its
connection with the arrhythmic MVP
phenotype [4, 7, 8]. MAD leads to the

accounting for a mechanical stretch of the
inferobasal wall and papillary muscles,
eventually leading to myocardial damage
and fibrosis [9] as a possible substrate for
ventricular arrhythmias (VA’s).
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Speckle tracking echocardiography (STE)
allows a precise measure of myocardial
segmental systolic deformation. STE has
been shown to reveal subclinical abnormal
deformation [10] and it may offer new
insights in the understanding of mitral valve
and myocardial interactions in patients of
MAD accompanied by MVP [10].

MAD is an increasingly recognized entity
associated  with  MVP,  ventricular
arrhythmias and death. Wang et al [11]
investigated the utility of myocardial
deformation analysis in MAD. They found
that patients with MAD and MVP had lower
basal longitudinal strain by TTE than those
with MVP without MAD. Correspondingly,
those with MAD and MVP had lower
magnitude of circumferential and radial
strain analyzed by CMR, in basal
inferolateral and basal segments compared
to those with MVP without MAD and
controls.

CASE REPORT
A 54 year adult male presented to our
cardiology OPD with the complaints of

'

(A)
Figure 7: X-ray chest (PA) view normal; (B) Resting ECG normal

Moreover, the pathological investigations
for estimation of diabetes, dyslipidemia and
thyroid profile were normal. The standard
Bruce protocol treadmill stress test and 48
hour holter monitoring to detect the
presence of any arrhythmia, were within
normal limits.

Transthoracic Echocardiography

atypical chest pain and occasional
palpitations. The palpitations were for only
few seconds. Even though the patient was
hypertensive, he was currently, controlled
on appropriate medications. The patient
denied any history of other cardiovascular
risk factors (smoking, tobacco chewing,
diabetes, dyslipidemia), thyroid disorders
and any episode of syncope.

On clinical examination, the patient was
healthy looking and normally built. The
patient’s weight was 71 kg, height was 158
cm, pulse rate was 86/min, blood pressure
was 130/80 mmHg can anti-hypertensive
medications, respiratory rate was 16/min
and SPO2 was 98% at room air. All the
peripheral pulses were normally palpable
without any radio-femoral delay.

On cardiovascular examination, there was
presence of mid systolic click followed
grade 2/4 mid systolic murmur over the LV
apex, best heard in the left lateral decubitus
position. LV S3 gallop was absent. Rest of
the systemic examination was normal.

Xray chest (PA) view and resting ECG
were normal (Figure 7).
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All echocardiography evaluations were
performed by the author, using My Lab X7
4D XStrain echocardiography machine,
Esaote, Italy. The images were acquired
using an adult probe equipped with
harmonic variable frequency electronic
single crystal array transducer while the
subject was lying in supine and left lateral
decubitus positions.
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Conventional M-mode, two-dimensional
and pulse wave Doppler (PWD) and
continuous  wave  doppler (CWD)

echocardiography was performed in the
classical subcostal, parasternal long axis
(LX), parasternal short axis (SX), 4-
Chamber (4CH), 5-Chamber (5CH) and
suprasternal views (Figures 8-15).

M-mode Echocardiography

M-mode echocardiography of left ventricle
was performed and the estimated
measurements are outlined (Table 1, Figure
8).
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Summary of M-mode echocardiography
The LV was dilated with an LV internal
dimension in diastole and LVEDV being
58.5 mm and 170.1 ml, respectively. The
LVEF was normal -70%.

2Dimensional color echocardiography
Transthoracic ~ color  echocardiography
exhibited multiple features as outlined
below:

e Levocardia

Situs solitus

A-V concordance

V-A concordance

Concordant D-bulboventricular loop
Normally related great arteries (NRGA)
Left aortic arch

igre 8: M-mode measurements of left ventricle

Table 1: Calculations of M-mode
echocardiography

Measurements | LV
IVSd 7.7 mm
LVIDd 58.5 mm
LVPW d 6.5 mm
IVS's 13.4 mm
LVID s 34.8 mm
LVPW s 14.2 mm
EF 70 %

% LVFS 41 %
LVEDV 170.1 ml
LVESV 50.2 ml
sV 119.9 ml
LV Mass 153 g

10.43 Ymin
75 %
118 %
153 g
0.22

e Normal pulmonary and systolic venous
drainage

In the LX view, there was conspicuous
presence of mitral valve prolapse of AML
and PML. The superior displacement of
AML and PML was 3.7 mm and 4.2 mm,
respectively (Figure 9). However, the MV
leaflets were thickened and the mitral
annulus was dilated (D=35.5 mm). A
significant  mitral  regurgitation  was
demonstrated (Figure 10). MR jet area was
3.69 sgcm, visualized as an eccentrically
directed posterior jet. Mitral annulus
disjunction (MAD) was delineated (Figure
11), and the MAD distance was 9.3 mm.

4Dimensional volumetric data
Table 2 depicts the volumetric data acquired
by 4Dimensional XStrain echocardiography

Table 2: 4Dimensional volumetric data

Parameters Values
LVEDV 80.81 ml
LVESV 29.96 ml
International Journal of Science and Healthcare Research (www.ijshr.com) 282

Volume 9; Issue: 4; October-December 2024



Speckle tracking echocardiography
Comprehensive
echocardiography (STE) was accomplished

Akhil Mehrotra et.al. Mitral annulus disjunction - an underdiagnosed anatomic morphology: review of

literature
EF 62.93 %
CO 4438.98 ml/min
Sphid 0.39
Sphis 0.25

EDV, end diastolic volume; ESV, end systolic volume; EF, ejection fraction; CO, cardiac output; Sph i

d, sphericity index diastole; Sph i s, sphericity index systole

speckle tracking

by 4Dimensional XStrain technique. The
values obtained of various LV strain
parameters are enumerated (Table 3):

Table 3: 4Dimensional XStrain echocardiography - estimated values of LV strain parameters in our index
patient

LV strain Parameters

Strain (%)

Strain rate (1/s)

Global longitudinal strain (GLS)

AP 2C -19.28 1.97
AP LAX -17.76 191
AP 4C -16.41 1.85
Global strain -17.81 -
Global circumferential strain (GCS)

at MV level -15.04 1.04
at pap mus level -10.77 151
Global radial strain (GRS)

at MV level 28.78 1.54
at pap mus level 21.94 2.71

AP, apical; 2C, two chamber; LAX, long axis; 4C, four chamber; MV, mitral valve; pap mus, papillary

muscle.

Bull’s eye analysis

Endo long strain (Peak)

Bas Ant -21.95 %
BasAntSep -5.69 %
Bas Sep -12.63 %
Bas Inf -20.14 %
Bas Post -41.04 %
Bas lat -34.88 %
Mid Ant -27.26 %
MidAntSep -14.71 %
Mid Sep -11.03 %
Mid Inf -15.21 %
Mid Post -8.95 %
Mid Lat -15.99 %
Apic Ant -18.95 %
Apic Sep -25.34 %
Apic Inf -18.26 %
Apic lat -15.93 %
Apex -16.18 %
Global Strain (A2C) -19.28 %
Global Strain (ALAX) -17.76 %
Global Strain (A4C) -16.41 %
Global Strain -17.81 %

Red squares depict significant reduction in strain values in multiple segments of LV
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Figure 9: 2Dimensional transthoracic Echocardiography of mitral valve prolapse. (A) LX view shows thickened
mv leaflets; (B) LX depicting superior displacement of AML and PML; (C) LX shows dilatation of mitral valve
annulus (D=35.5 mm); (D) LX illustrates the superior displacement of AML and PML from the mitral annular
plane of 3.7 mm and 4.2 mm respectively

Figure 10: Mitral regurgitation. LX reveals the presence of moderate mitral regurgitation. The area of

the jet was 3.69 sqgcm.

aml pr

pml pr

G " (B)
Figure 11: Mitral annulus disjunction (MAD). (A) 2D echocardiographic illustration of MAD in LX view;
(B) MAD in our patient was 9.3 mm

International Journal of Science and Healthcare Research (www.ijshr.com) 284
Volume 9; Issue: 4; October-December 2024



Akhil Mehrotra et.al. Mitral annulus disjunction - an underdiagnosed anatomic morphology: review of
literature

Approved d Approved

30.08 cm?
38.81 cn®

19.25 cm?
24.15 cn®

(©€) (D)
Figure 12: Tllustration of LVEF by biplane Simpson’s method, absence of LVOT obstruction, pulse wave
doppler pattern of mitral velocities and lateral wall LV tissue doppler imaging in our patient. (A) Biplane
Simpson’s method LVEF was 56 %; (B) Absence of LVOT obstruction in 5C view; (C) Mitral valve velocity
reveals LV diastolic relaxation dysfunction grade 1; (D) TDI of lateral wall of LV.
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Figure 13: 4Dimensional XStrain speckle tracking echocardiography. (A) Bull’s eye plot and graphs of peak
endocardial longitudinal strain; (B) 4Dimensional volumetric data derived from XStrain 4D echocardiography.
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Figure 14: 4Dimensional XStrain Echocardiography. Global longitudinal strain and strain rate of APAC, AP2C
and APLAX views. (A) 4C global longitudinal strain; (B) 4C global longitudinal strain rate; (C) 2C global
longitudinal strain; (D) 2C global longitudinal strain rate; (E) LAX, global longitudinal strain; (F) LAX, global
longitudinal strain rate; AP, apical; 4C, four chamber; 2C, two chamber; LAX, long axis

* BasAntsep: 1505 %
Bas A

* WdAnSep: 287 s
W At 107 18
wa

Average =154 115
Stand Dev=0.37 1is

SRANN -

- o D ,

(F) -

International Journal of Science and Healthcare Research (www.ijshr.com) 286
Volume 9; Issue: 4; October-December 2024



Akhil Mehrotra et.al. Mitral annulus disjunction - an underdiagnosed anatomic morphology: review of

literature

(G) e

Figure 15: 4Dimensional XStrain Echocardiography. (A) Global circumferential strain, at MV level; (B) Global
circumferential strain rate, at MV level; (C) Global circumferential strain, at papillary muscle level; (D) Global
circumferential strain rate, at papillary muscle level; (E) Global radial strain, at MV level; (F) Global radial
strain rate, at MV level; (G) Global radial strain, at papillary muscle level; (H) Global radial strain rate, at

papillary muscle level

Summary of 2Dimensional transthoracic
and 4Dimensional XStrain speckle
tracking echocardiography

Our index patient, a known hypertensive
controlled on anti-hypertensive medications,
presented to us with history of atypical chest
pain and occasional palpitations. In the
backdrop of normal treadmill stress test,
holter and various pathological investigation
conducted, we performed a comprehensive
TTE and 4D XStrain STE with the aim to
estimate the mitral annulus disjunction, and
moreover, to demonstrate any early features
of LV systolic dysfunction by detecting
aberrancy in various LV strain parameters
acquired by 4D XStrain STE.

In the standard 2Dimensional TTE we
demonstrated primary prolapse of AML and
PML, dilatation of mitral valve annulus,
moderate grade mitral regurgitation, dilation
of LV and MAD distance of 9.3 mm.

On 4D XStrain STE, we illustrated: GLS
value of -17.81 %, GCS values at MV and
pap mus level of -15.04 % and -10.77 %
respectively and GRS values at MV and pap
mus level of 28.78 % and 21.94 %
respectively. The values of GLS and GCS
were lesser than the values of normal 4D
STE and 4D XStrain STE, in healthy adults
[12, 13]. Furthermore, on segmental LV
endocardial longitudinal strain analysis, we
delineated significant reduction in strain
values in multiple segments (Table 4).

DISCUSSION

Epidemiology

Mitral annulus disjunction has been reported
in 42-90% of patients with myxomatous
mitral valve disease and mitral prolapse [1].
The prevalence of MVP is variable. The
worldwide prevalence of MVP is between
0.4% and 35% whereas Indian prevalence
by echocardiography studies is between
2.7% and 16% [14, 15]. This wide
prevalence could be due to the variety of
populations studied, both hospital-based and
healthy volunteers with a minority still
being unrecognized since most are usually
asymptomatic. There are very few autopsy
studies on MVP with a reported incidence
of about 4%-5% at autopsy [16, 17].

MVP is more common in females as
compared to males [14]. Myxomatous
degeneration is the most common cause of
MVP in which there is excessive
accumulation of glycosaminoglycan
material within leaflets and cusps. Other
less common causes include dysfunctional
papillary  muscles, ruptured chordae
tendineae or papillary muscles [18, 19].

Mitral annulus disjunction

Mitral annulus disjunction is an anatomic
abnormality involving the confluence of
the left atrium, mitral valve annulus, and the
base of the left ventricle (Figure 16). It is
classically associated with the spectrum

of myxomatous disease of the mitral
valve and MVP [18, 19].
International Journal of Science and Healthcare Research (www.ijshr.com) 287
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Figure 16: (A, B) First hypothesis on MAD morphology. Although the posterior hinge line is somehow
detached by the myocardium, it maintains its own "normal” position. In systole, as the posterior myocardium
contracts, the hinge line slides backward, and MAD becomes visible. Which structure/tissue fills the gap
between the hinge line and the crest of ventricular myocardium is unclear. (C, D) Second hypothesis: in systole

the hinge line is stretched.

History and etymology

The term ‘mitral annular disjunction was
first used by Bharati et al. in 1981 and later
defined by Hutchins et al. in 1986 [20, 21].

Associations

Mitral  annular

associated with

conditions [1-4]:

e mitral valve prolapse (MVP)

o particularly bileaflet prolapse [22]

e myxomatous degeneration of mitral
leaflets

e sudden cardiac death

o ventricular ectopy and dysrhythmias

disjunction has been
the following clinical

Classification

I. A suggested classification  for
subgrouping MAD by measured degree
of disjunction was proposed in 2013 by
Konda et al. [23]:

e type I. excessive annular mobility with
an absence of a visualized separation
between annulus and basal left
ventricular myocardium

e type Il: annulus-ventricular separation
(i.e. disjunction) of less than 5 mm

e type IlI: disjunction greater than 5 mm

Il. Another similar classification was
recommended by Konda et al, 2020
[24].

The study analyzed TTE results of 185

patients with severe mitral regurgitation

(MR) due to MVP. In this analysis, the

researchers classified patients into four

subtypes based on valve annulus mobility:

Type 0 - No MAD

Type | - Hypermobile basal left ventricular

segment without MAD

Type Il - MAD <5 mm

Type 11l - MAD > 5 mm.

Interestingly, the percentage of patients

classified as:

Type | were 65.5 %

Type 1l were 25.4 %

Type O were 7.6 %

Type 11 were 0.5 %

Increased severity of MAD has been found

to correlate with:

e degree of mitral regurgitation [25]

e number of valve segments with flail or
prolapse

e increasing
dysrhythmias

burden of ventricular

Risk predictors for ventricular
arrhythmia in patients with MAD is
outlined in Table 5.
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Table 5: Risk predictors for ventricular arrhythmias in patients with MAD [26]

Physical Exam

Mid-systolic click

Electrocardiographic

Biphasic/inverted T waves, especially inferolateral leads

ST-segment depressions

QT dispersion/prolongation

PV Cs with right bundle branch block pattern, especially from LVVOT or papillary muscles

Morphologic/Imaging

MAD distance, especially > 8.5 mm

Bileaflet MVP

Mitral valve leaflet thickness of > 5 mm on M-mode

Larger LA and LV end-systolic diameter

Annular dilation

Lower global longitudinal strain

Paradoxical systolic increase in mitral annular diameter

Increased tissue Doppler velocity of lateral mitral annulus; Pickelhaube sign

Higher mechanical dispersion

Lower EF

Papillary muscle fibrosis

LV fibrosis, especially inferobasal wall

Increased extracellular volume in basal segments on CMR

Blomarkers

Elevated sST2

EF = ejection fraction; LA = left atrium; LV = left ventricle; LVOT = left ventricular outflow tract; MAD =
mitral annular disjunction; MVP = mitral valve prolapse, PVC = premature ventricular complex; SCD = sudden
cardiac death; sST2 = soluble suppression of tumorgenicity 2.

Risk stratification of MAD patients

The following protocol is typically used for
risk stratification of MAD patients [27]. All
patients with echocardiographically detected
MAD accompanied by signs of mechanical
stretch (high longitudinal strain values in
basal inferolateral wall/"Pickelhaube" sign,
inverted T waves in inferior leads) and
frequent ventricular arrhythmias arising
from posterior papillary muscle/outflow
tract (12-lead ECG Holter monitoring and
treadmill test), should be further tested with
CMR to detect myocardial or papillary
muscle fibrosis. In cases of symptomatic
VTs or LGE/diffuse fibrosis, EPS should be
performed to further map the site of ectopic
activity and to reveal possible multifocality,
along with  programmed ventricular
stimulation. Patients with "positive” EPS

should be  referred  forimplantable
cardioverter defibrillator (ICD)
implantation. In accordance with the
recently announced risk stratification
algorithm of European Heart Rhythm
Association, asymptomatic patients without
complex ventricular may be further
monitored with an implantable loop
recorder (ILR), while MVP patients with no
documented  arrhythmias, but  other
malignant phenotypic characteristics (as
previously described) may be candidates for
ILR, or frequent monitoring [27].

Echocardiography

TTE is considered is usually the first-line
imaging modality for the evaluation of
mitral valvular disorders [1] (Figure 17).
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Figure 17: (A) TTE demonstration of measurement of MAD in systole; (B) Pickelhaube sign - reflects
increased velocity at the lateral mitral annulus in mid-systole to late-systole. The velocity spike is denoted by a
white arrow. Pickelhaube sign maybe indicative of high risk in MAD.

Toh et al [28], in a recent review of 98
subjects with structurally normal hearts,
reported that 96% had MAD. No minimum
distance was used to define MAD positivity,
and the median MAD distance was just 3.0
mm with a range of 1.5 to 7 mm. This is
much lower than the average MAD distance
noted in many studies involving patients
with MVP. Mantegazza et al [29] reported
an average MAD distance of 6.6£2.2 mm in
surgical patients with MVP and MAD on
TTE. Similarly, Essayagh et al [30] found
an average MAD distance of 84 mm in
patients with MVP who were diagnosed
with MAD by CMR. Konda et al [23] set a
minimum MAD distance of 2 mm by TTE
to be considered to have MAD.

Thus, the majority of people, including
those with structurally normal hearts, may
have some minimal degree of MAD that is
more readily identified as the spatial
resolution of cardiac imaging improves. The
question is then raised of what distance of
disjunction represents clinically significant
MAD. An early study found that a MAD
distance of >8.5 mm by TTE was associated
with higher likelihood of NSVT [31].
Perazzolo Marra et al [32] found that MVP
patients with LV fibrosis on CMR had a
median MAD distance of 4.8 mm, whereas
the median MAD distance was only 1.8 mm
in MVP patients without LV fibrosis. A
more recent study of Lee et al [33] using
CMR found an association between the 3-
dimensional extent of MAD and mitral

regurgitant orifice area. It may be that
"pathological” MAD has a more extensive
circumferential distribution as well as a
greater distance when compared with the
MAD seen in normal variants. More
research is needed to clarify how the extent
of MAD-both maximum distance and
circumferential extent-relates to clinical
outcomes, to establish a threshold for
clinically significant MAD.

In our patient, MAD distance was 9.3, on
TTE in the long axis view.

Left ventricular strain imaging in MAD
Few studies have investigated the utility of
myocardial deformation analysis in MAD
[11]. Forty-two patients with MVP (21 with
MAD, 21 without MAD) and 21 controls
were studied. Global, basal and basal
inferolateral ~ segmental  strains  were
measured and compared using velocity-
vector imaging TTE and feature-tracking
CMR [11].

Another study aimed to evaluate left
ventricular (LV) function using speckle
tracking echocardiography in MVP patients
with MAD [34]. Transthoracic
echocardiography and cardiac magnetic
resonance imaging were performed to assess
LV function and MAD presence. Late
gadolinium enhancement frequency was
significantly higher in MAD patients with
MVP. MAD patients with MVP had
significantly impaired global longitudinal
strain, basal longitudinal strain, mid-
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ventricular longitudinal strain and LA strain
when compared to MVP patients without
MAD, despite similar LV ejection fraction.
All these values of MVP patients were also
significantly lower than the control group.
The mean MAD distance was 7.8 £ 3.2 mm
in MAD patients with MVP. This study
demonstrated a significant decrease in
longitudinal strain in MVP patients with
MAD, indicating myocardial dysfunction.
These findings suggest that MAD may
contribute to LV dysfunction and highlight

the importance of early detection in younger

patients.

In our patient, there was significant
alteration in values of GLS and GCS.
Moreover, the segmental endocardial
longitudinal ~ strain  displayed  marked
reduction in strain values in multiple
segments of LV. Normal values of

2Dimensional and 4Dimensional LV strain
in healthy subjects is shown in Table 6 and
4Dimensional XStrain STE analysis in
healthy adults is outlined in Table 7.

Table 6: 2Dimensional and 4Dimensional LV strain values in healthy subjects [12].

LV parameters median % | 1st - 3rd quartiles
2D Longitudinal strain -21 -20 to -23

2D Circumferential strain | -22 -20to -24

2D Radial strain 46 39 to 54

4D Longitudinal strain -19 -17to -21

4D Circumferential strain | -18 -17 to -20

4D Radial strain 52 47 to 59

Table 7: 4Dimensional XStrain LV deformation parameters in healthy adults [13].

Apical long axis views VARIABLES MALE FEMALE
MEAN + SD MEAN + SD
GLS (%) (-19.10 + 3.12) -18.99 + 3.08 -19.41 +3.27
2 CH View GLS (%) -20.83 +4.16 -20.72 +3.51
3 CH View GLS (%) -17.38 +3.17 -18.92 +3.42
4 CH View GLS (%) -19.12 +3.91 18.59 + 4.97
Short axis views
mv level GCS (%) -16.71 + 6.55 -15.88 + 6.01
GRS (%) 23.11+11.75 18.33 +6.70
pap muscle level GCS (%) -23.13 +6.52 -22.76 + 7.06
GRS (%) 25.10 +9.93 23.54 +11.07
GLS, global longitudinal strain; GCS, global circumferential strain; GRS, global radial strain;
mv, mitral valve; pap, papillary; CH, chamber.

CONCLUSION

Although MAD can be detected by TTE and
TEE, it is only visualized during ventricular
systole and may be missed and
underreported especially in the absence of
concomitant  mitral valve  disease.
Recognition of MAD is particularly
important given its association with life-
threatening arrhythmic events and should
especially be investigated in those with
concomitant MVP or myxomatous MV
disease with arrhythmias or symptoms of
arrhythmias, therefore a multi-imaging
modality approach may be necessary to
improve detection. Imaging tools with

superior spatial resolution such as cardiac
CT or CMR may serve as complementary
diagnostic tools for those with a lesser
degree of MAD. Detection of MAD by
echocardiography is generally evaluated
with a single plane image, which can
overlook disjunction without the addition of
three-dimensional  imaging. CMR is
considered the gold standard imaging
technique for evaluating myocardial
function, quantifying  chambers and
detecting scar. CMR has been shown to
have more optimal detection of MAD
compared to TTE and can provide risk
stratification and prognostic information.
Therefore CMR may be an important

International Journal of Science and Healthcare Research (www.ijshr.com)

291

Volume 9; Issue: 4; October-December 2024



Akhil Mehrotra et.al. Mitral annulus disjunction - an underdiagnosed anatomic morphology: review of

literature
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longitudinal strain may allow for precise 0 £0ghbi WA, Adams D, Bonow RO, et al.
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. evaluation of native valvular regurgitation: a
subtle changes. According to the data from report from the American Society of
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