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Abstract

Aim: To present the aneurysmal dilatation of left atrium due to rheumatic
mitral valve disease and its clinical consequences such as arrhythmic, throm-
boembolic and compressive manifestations. Introduction: Extreme enlarge-
ment of left atrium, usually referred to as giant, gigantic or aneurysmal dilata-
tion is an uncommon finding with a reported incidence of 0.3% in rheumatic
heart disease. It is an important clinical risk identifier to predict the outcome
of cardiovascular disease. Case reports: Aneurysmal left atrium correlating
with the length of pure mitral regurgitation jet in a 18-year-old girl, posterior
mitral leaflet prolapse with regurgitation jet swirling around the entire intera-
trial septum in a 37-year-old male, Giant left atrium in mixed mitral valve
disease in a 37-year-old female and a thrombosed giant left atrium resembling
as “coconut” in a 50-year-old female were reported. Conclusion: Giant left
atrium may be misinterpreted as right-sided pleural effusion, pericardial effu-
sion and mediastinal tumor on X-ray chest and so echocardiographic evalua-
tion is mandatory to exclude the aneurysmal left atrium in such conditions.
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1. Introduction

The left atrium (LA) is an asymmetrical cavity, often referred as ‘forgotten
chamber’ compared with left ventricle in the past years and it is oriented left-
ward and posterior to the right atrium in the mediastinum. The walls of the left
atrium can be described as superior (roof), posterior (inferoposterior), left later-
al, septal, anterior and it is relatively smooth, whereas the appendage is rough
with pectinate muscles. The walls are composed of overlapping layers of myo-
cardial fibers with varying thickness; the circular fibers run parallel; the longitu-

dinal fibers perpendicular and the oblique fibers arranged between the two axes
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to the atrioventricular valve plane [1]. The left atrium functions as a reservoir,
conduit, and pump to LV filling. During ventricular systole, the LA receives
blood from pulmonary veins as a reservoir (40%), it distends for passive empty-
ing as a conduit (35%) in early diastole, as a pump (25%) [2] by active contrac-
tion of atrial muscle in late diastole and mechanically accelerates the transition
between the almost continuous flow through the pulmonary venous circulation
and intermittent filling of LV. These LA phasic functions depend on LV diastolic
relaxation, the reservoir and pump functions predominate in slow relaxation and
the conduit function predominates in restrictive filling phases of cardiac cycle
[3].

In normal subjects, the left atrium is an ovoid-elliptical shaped chamber and
tends to become more rounded when it is enlarged. LA enlargement is usually
induced by pressure and/or volume overload, and various factors and cardi-
ovascular diseases are associated with LA size [4]. The pressure overload is
usually secondary to increased LA afterload due to mitral stenosis or LV dys-
function. LA volume overload resulting from mitral regurgitation, arteriovenous
fistula, left to right shunt, or high cardiac output state. LA volume has been
termed as “glycosylated hemoglobin” of diastolic dysfunction [5] and LA volume
index < 29 ml/m’ is proposed as a prerequisite to exclude HF (heart failure) with
preserved systolic function [6]. The LA volume index <34 ml/m’ indicates no
LAE (left atrial enlargement); 34 - 39 ml/m” is moderate; >39 ml/m’ is severe [7]
and >140 ml/m* is proposed as “giant left atrium”. The normal values of LA size
and its enlargement are shown in Table 1.

LA enlargement is a common feature of rheumatic mitral valve disease. Giant
left atrium (size > 6 c¢cm in diameter [8]) is a rare condition associated with
rheumatic mitral valve regurgitation or mixed mitral disease with predominant
regurgitation, huge thrombus formation [9] and so these cases had been re-

ported.

2. Case Reports

Case 1. PML (posterior mitral leaflet) prolapse causing mitral regurgitation
without LA (left atrium) enlargement as shown in Figure 1 and Figure 2 (non-
rheumatic) in a 40-year-old male. The patient was advised lifelong penicillin

prophylaxis and periodic follow up.

Table 1. Showing the normal values of LA size and its enlargement [10].

Women Men
Left atrium size Enlarged Enlarged
Normal Normal
Mild Moderate Severe Mild Moderate Severe
Diameter (mm) 27 - 38 39-42 43 - 46 >47 30 - 40 41 - 46 47 - 52 >52
Volume (ml) 22-52 53-62 63 -72 >73 18 - 58 59 - 68 69 -78 >79
Volume/BSA (ml/m?) 16 - 28 29-33 34 -39 >40 16 - 28 29-33 34 -39 >40
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HPH L prolapse

Figure 1. Apical four chamber view showing the PML (posterior mitral leaflet) prolapse
(non-rheumatic) in a 40-year-old male. Left atrium (LA) not dilated.
40 M

MR due to PHML
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Figure 2. Apical four chamber view showing the mitral regurgitation swirling around IAS
(interatrial septum) in a 40-year-old male due to PML (posterior mitral leaflet) prolapse.
LA (left atrium not dilated).

Case 2. PML (posterior mitral leaflet) prolapse causing severe mitral regurgi-
tation with aneurysmal LA (left atrium) as shown in Figures 3-8 due to PML
chordal rupture of rheumatic etiology in a 47-year-old male. Patient was advised

lifelong penicillin prophylaxis and MVR (mitral valve replacement).
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Double density sign —»

Figure 3. X-ray chest PA (postero-anterior) view showing the “4-bump” left heart border
as AO (aortic knuckle), MPA (Main pulmonary artery), LAA (dilated convex left atrial
appendage (third Mogul sign)), LV (left ventricle). Aneurysmal left atrium elevating the
left main stem bronchus which becomes more horizontal and a “double density sign” in
the right heart border (right arrow). Left arrow showing the GLA (giant left atrium)
reaching towards left chest wall.

47 M

PML chordal rupture

chordal

aneurysmal
LA

Figure 4. Parasternal long axis view showing the PML (posterior mitral leaflet) chordal
rupture of rheumatic etiology in a 47-year-old male. Both AML (anterior mitral leaflet)
and PML (posterior mitral leaflet) of mitral valve are thick and calcified due to rheumatic
etiology.
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Figure 5. Parasternal long axis view showing the “bileaflet” MR (mitral regurgitation) jet originating
from PML (posterior mitral leaflet) in a 47-year-old male.

47 H

D1-SUPERIOR-INFERIOR
100 mm

D2-anteroposterior
43 mm

Figure 6. Parasternal long axis view showing the “bileaflet” mitral regurgitation due to PML chordal
rupture in a 47-year-old male.
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Figure 7. Tilted apical view showing the PML regurgitation in a 47-year-old male.

REGURGITATION

¥ SWIRLING AROUND
(ENTERATRIAL
SEPTUM)

Figure 8. Tilted apical view showing the PML regurgitation swirling around the IAS (in-
teratrial septum) in a 47-year-old male and the left atrium is aneurysmally dilated.

Case 3. Aneurysmal left atrium in an 18-year-old girl due to isolated severe
rheumatic mitral regurgitation as shown in Figures 9-14. The patient was pre-
sented with stroke and treated with anticoagulants, antiplatelet agents, advised

lifelong penicillin prophylaxis and MVR (mitral valve replacement).
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Double density—
Sign

Figure 9. X-ray chest PA (postero-anterior) view showing the dilated LA (left atrium) towards left chest wall in an isolated severe
rheumatic mitral regurgitation in an 18-year-old girl. The left heart border is “4-bump” as aortic knuckle (AO), MPA (main pul-
monary artery), LAA (dilated convex left atrial appendage-third Mogul sign) and LV (left ventricle). Right arrow showing the
“Double density sign” of LA enlargement in the right heart border. Left arrow showing the GLA (giant left atrium) reaching the
left chest wall.

Case 4. Giant left atrium in mixed rheumatic mitral valve disease both mitral
stenosis and regurgitation as shown in Figures 15-20 in a 47-year-old female.
The patient was advised lifelong penicillin prophylaxis, MVR (mitral valve re-
placement), LA volume reduction surgery with Cox-Maze procedure for atrial
fibrillation.

Case 5. Giant left atrium with dense SEC (spontaneous echo contrast) visible
as massive thrombus occupying the entire giant left atrium and resembling as
“coconut atrium” as shown in Figures 21-25 and movie in Figure 26 in rheu-
matic mitral stenosis in a 50-year-old female. Patient was advised lifelong peni-
cillin prophylaxis, MVR (mitral valve replacement) and removal of thrombus with
inverted T-shaped biatrial incision (endoatriectomy-transeptal superior ap-
proach), but the thrombus was resolving with prolonged oral anticoagulant
therapy ( warfarin: 2.5 mg daily) as shown in Figure 27 without any embolic ep-

isodes on follow up.
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Figure 10. ECG showing the wide P wave—140 ms (>120 ms) in lead II and increased negative terminal—0.08 mm (>0.04 mm) in

V, suggesting the LA (left atrial ) enlargement.

SO
¥
IRl — -

| 1 i:-‘
‘1’15.' il L LU I f _'_,l_.----.'h
~| Lidhl b I I

14
i B} TS

o%
0:;;: Scientific Research Publishing 171



R. Muthiah

PARASTERNAL LONG 18 F
AXIS VIEW
ANEURYSMAL LEFT ATRIUM

D1-SUPERIOR-INFERIOR
90 mm
D2 -ANTEROPOSTERIOR
_ 46 mm

o

AD -

"_i'_?-i-‘-‘ J-

Figure 11. Parasternal long axis view showing the aneurysmal left atrium in an 18-year-old girl
due to pure rheumatic mitral regurgitation.

ANEURYSMAL LEFT 18 F
ATRIUM
D1-SUPERIOR-INFERIOR
96.4 mm LENGTH OF MR JET
D1-96.4 mm

Figure 12. Parasternal long axis view showing the severe mitral regurgitation touching the entire
length of dilated left atrium and the length of jet is correlating with superior-inferior dimension of
the left atrium in an 18-year-old girl.
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PARASTERNAL LONG 18 F
AXIS VIEW

MR JET OCCUPYING
ENTIRE LEFT ATRIUM

Figure 13. Parasternal long axis view showing the severe rheumatic mitral regurgitation jet occupying
the entire aneurysmal left atrium in an 18-year-old girl.

18 F
HOLOSYSTOLIC
MR JET

‘

COLOR
M-mode LA

Figure 14. Color-flow M-mode showing the holosystolic mitral regurgitation jet in an 18-year-old girl.
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Figure 15. X-ray chest PA (postero-anterior) view-arrows showing the extension of giant left atrium (GLA) to both chest walls.

3. Discussion

3.1. Review of Literature

In 1849, Hewett was the first to describe the giant left atrium in autopsy series of
mitral valve disease [11]. When LA enlarges, it moves rightward and Hurst de-
scribed the giant left atrium as one that touches the right lateral thoracic wall
(giant left atrial syndrome) in chest X-ray and it is almost always caused by
rheumatic mitral valve disease [12] with predominant mitral regurgitation than
mitral stenosis and atrial fibrillation is mostly present in this condition. In 1984,
Piccoli, et al. consider giant left atrium when the cardio-thoracic ratio in the
chest X-ray is >0.7 in addition to a left atrial anteroposterior diameter of >8 cm
in transthoracic echocardiography [13]. Massive dilatation of the left atrium oc-
curs in all directions, may reach both chest walls as in Figure 15 and particularly
to the right and sometimes to the left as in Figure 3 and Figure 9 [14]. Giant LA

is rarely observed in non-rheumatic mitral valve involvement and it does not
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Figure 16. ECG showing the left atrial enlargement, coarse atrial fibrillation (>1 mm), fine atrial fibrillation (fibrillatory waves <1

mm) and biventricular hypertrophy (LVH pattern + deep S wave in L1, aVL and lateral precordial leads with right axis deviation
(RVH)).
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Length of postero-basal
part of LY compressed by
large LA-D2= 36 mm B

GTANT
LEFT ATRIUM

D3-ANTEROPOSTERIOR
90 mm

. GIANT LEFT ATRIUM

Figure 17. Parasternal long axis view showing the giant left atrium in mixed mitral valve dis-
ease in a 47-year-old female. The left atrium is severely enlarged, anatomically distorted and
making it difficult to find a correct angle for adequate measurement. The giant left atrium
compressing the postero-basal part of LV (left ventricle) and the length of compression is 36

mm (>30 mm).

PARASTERNAL LONG 47 F
AXIS VIEW : ANEURYSMAL LEFT ATRIUM
' D1-SUPERIOR-INFERIOR
155.5 mm
D2-ANTEROPOSTERIOR
96 mm
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Figure 18. Parasternal long axis view showing the giant left atrium looks like a “crown (LV) on
a cushion (aneurysmal left atrium)” appearance in a 47-year-old female.
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PARASTERNAL LONG
AXIS YIEW

ANEURYSMAL
LEFT ATRIUM

Figure 19. Parasternal long axis view showing the severe mitral regurgitation and giant left atrium
in a 47-year-old female.

ANEURYSHMAL
LEFT ATRIUM

Figure 20. Parasternal long axis view showing the mitral stenosis jet and giant left atrium in a
47-year-old female.
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PARASTERNAL LONG 50 F
AXTIS VIEW ANEURYSMAL LEFT ATRIUM
WITH THROMEBUS
(COCONUT LEFT ATRIUM)
D1-Superior-inferior
106.3 mm
D2-Anteroposterior
96 mm

THROMBUS

Figure 21. Parasternal long axis view showing the dense SEC (spontaneous echo contrast) visible as
thrombus occupying the entire giant left atrium in a 50-year-old female.

50 F
TILTED APICAL ANEURYSMAL LEFT ATRIUM
VIEW WITH THROMBUS
{COCONUT LEFT ATRIUM)

Figure 22. Tilted apical view showing the thrombus occupying the entire left atrium in a 50-year-old

female.
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TILTED APICAL VIEW 50 F
D1-SUPERIOR-INFERIOR- 203 mm

GIANT LEFT ATRIUM D2-MEDIAL-LATERAL -176 mm
i F

P

g Py
e

THROMBUS -

" GIANT LA

Figure 23. Tilted apical view showing the giant thrombosed left atrium in a 50-year-old female mea-
suring as 203 x 176 mm.

APICAL VIEW 50 F
COCONUT LEFT ATRIUM
Dl-Medial-lateral-145.3mm

D2-Superior-inferior
140.3 mm

Figure 24. Tilted apical view showing the giant thrombosed left atrium in a 50-year-old female re-

sembling as a “coconut” as in Figure 25.
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Figure 25. Showing the “coconut”.
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Figure 26. Movie showing the “swirling motion” of SEC (spontaneous echo contrast) in a
50-year-old female.

50 F

SEC-spontaneous
RY echo contrast
ol GLA-GIANT LEFT
e ATRIUM
AD
MY - .
LY »

THROMBUS (SEC)
resolving with
anticoagulants

Figure 27. Parasternal long axis view showing the SEC (spontaneous echo contrast-
thrombus) resolving with anticoagulant therapy in a 50-year old female.
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occur in mitral regurgitation due to other causes. Severe mitral regurgitation due
to MVP does not produce a giant left atrium since there is no associated primary
left atrial disease as shown in Figure 1 and Figure 2. Phua and Brownsberger, et
al. reported giant left atrium due to mitral valve prolapse [15] and the largest
“non-rheumatic” giant left atrium reported in mitral valve prolapse measured 12
x 13 cm [16]. A giant left atrium associated with PML (posterior mitral leaflet)
prolapse) due to severe mitral regurgitation as a result of chordal rupture with
rheumatic etiology was shown in Figures 4-8. The largest reported giant left
atrium due to untreated rheumatic heart disease measured 19.3 x 14.7 cm [17]
and 20 x 16.8 cm [18]. Owen et al. misinterpreted a giant left atrium as right-
sided pleural effusion and punctured [19], the postmortem examination revealed
a severely enlarged left atrium occupying the entire thoracic cavity and this is the
first published case of “giant left atrium”, a term that was introduced by Fisher et
al. [20] in 1956. Schwartzman et al. performed a CT-guided biopsy in a giant left
atrium believing it to be a malignant mass [21]. There is no definition of a giant
left atrium based on LA volume and an anteroposterior atrial diameter > 65 mm
as “giant left atrium”, corresponding to 1.6 times the normal value (<40 mm)
[22]. In clinical practice, the severely enlarged and anatomically distorted left
atrium, making it difficult to find a correct angle for an adequate measurement
as in Figure 17 and the cut off’s are arbitrary whether an atrium is severely di-

lated or giant.

3.2. Pathogenesis

Left atrial dilatation may be congenital or acquired. The congenital aneurysmal
dilatation of left atrium most frequently involves the left atrial appendage, rarely
affects the body of left atrium [23] and it may be caused by congenital dysplasia
of musculi pectinati and LA muscle bundles related to them [24]. Congenital
weakness of the atrium results in local dilation gradually increases in size and
their walls may be composed of hypertrophied myocardium or fibrous tissue
[25]. If the aneurysmal wall protruding from the LA has normal myocytes, it is
termed as LA diverticulum [26].

Massive enlargement of left atrium is usually associated with an acquired
cause of long-standing rheumatic mitral valve disease and its exact etiology is
not fully understood. Rheumatic pancarditis damages the entire heart by causing
chronic inflammation and weakening its tissues, including the left atrial wall that
then dilates more easily. Occasionally, the left atrium can reach extreme sizes
even under normal mitral valve function in both adults and children [27]. His-
tologically, the atrial wall of giant left atrium does not usually reveal Aschoff bo-
dies (perivascular fibrinoid necrosis in the myocardium), but the fibrosis and
chronic inflammatory changes are mostly present.

In mitral regurgitation, the left atrial size is proportionately related to com-
pliance and the dilated left atrium compensates for increased stress by an initial
increase in compliance. This reservoir effect of a large left atrium is beneficial to

protect the lungs from pulmonary hypertension and edema [28] [29]. Increased
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left atrial and pulmonary pressures, in case of very large left atrium (>60 mm)
provide the substrate as a structural precursor of atrial fibrillation [30] [31]
which contributes further atrial dilation in mitral valve disease [32]. The dilated
atrium requires more energy to pump blood and lose its elastic properties due to
myocarditis, succumbs to deformational change, limiting Laplace’s law applica-
tion in chronic mitral regurgitation and becomes larger with an increase in LA
volume. For an LA diameter of 6 cm, the estimated volume of atrium exceeds
300 ml [33]. The increased LA volume may complicate thrombus formation due
to potential stasis with thromboembolic events. The enlarged left atrium may
compress the bronchial tree (widening of carinal angle (splaying of carina) > 120°
as shown in Figure 3, stenosis of left main bronchus), left laryngeal nerve
(hoarseness due to left vocal cord paralysis-Ortner’s syndrome [34] [35]), infe-
rior and middle lobes of right lung (atelectasis, infection) [36], postero-basal
part of left ventricle as in Figure 17 (hemodynamic instability) and esophagus
(dysphagia). Isolated LV compression by Giant LA is defined as Type 1 [37],
both LV and bronchopulmonary compression is defined as Type II [38] Giant
left atrium. Nigri reported a rare complication of giant left atrium, pushing the
heart to the right side of the chest and mimicking as dextrocardia [39] [40]. The
left atrium extends more to the left side forming the left atrial appendage which
becomes convex in the left heart border (third Mogul sign) just below the pul-
monary trunk when it is dilated (normally it should be flat or slightly concave)
and makes a “4-bump” left heart borderas in Figure 3 and Figure 9 that in-
cludes the aortic knob, main pulmonary artery, left atrial appendage, and the left
border of left ventricle. The LA size is larger in men than women [41] and in
mitral stenosis, the body of left atrium is larger than normal and it never pro-
duces a giant left atrium, but giant left atrium with rheumatic mitral stenosis was
reported and it may be associated with massive thrombus formation as shown in
Figures 21-24.

3.3. Echocardiographic Features

Echocardiography is an excellent, non-invasive technique for obtaining anatom-
ical measurements and it is universally accepted to assess the left atrial size [42],
comparable to angiography. Since the left atrium is not a symmetrically shaped
3D structure, the linear dimensions widely used in clinical practice, shown to
correlate with angiographic measurements but inaccurately represent the LA
size. Expansion of the left atrium in the AP (anteroposterior) dimensions may be
constrained by the thoracic cavity between the sternum and the spine. Predomi-
nant enlargement in the superior-inferior and medial-lateral dimensions will al-
ter the LA geometry and the AP dimensions also may not be representative of
LA size [43]. Kawazoe et al. proposed two echocardiographic criteria to define
the giant left atrium [44].

1) Large left atrium depicted by M-mode echocardiography with diameter >
65 mm.

2) Left ventricular posterobasal wall bent inward and lying between the dilated
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LA cavity and LV cavity. The length of postero-basal part of LV compressed by
large LA > 30 mm was defined as “giant left atrium” [45] as shown in Figure 17.

Cross sectional echocardiography is superior to M-mode echocardiography
for measuring left atrial size [46] [47] and it allows the visualization of entire left
atrium from different views [48]. The presence and extent of chamber dilatation
could not be predicted by the use of a single dimension. In normal subjects, the
SI (superior-inferior) dimension being the major axis and the ML (medial-lateral),
AP (anteroposterior) dimensions are the minor axes, and the SI dimension is
usually the largest among the left atrial diameters and it should include the
measurements of all three dimensions to determine the presence and to measure
the degree of LA dilatation.

The extreme dilatation of the left atrium is probably related to the jet of re-
gurgitation (or insufficiency), a finding common to all as shown in Figure 12,
the jet occupies the entire left atrium as in Figure 13 and a holosystolic pattern
in color M-mode echocardiography as shown in Figure 14.

The balloon-like enlargement of the left atrium which occupied the whole of
the posterior, right and left mediastinum and the rest of the heart looks like a
“crown on a cushion” as shown in Figure 17 and Figure 18 in mixed mitral
valve disease (both stenosis and regurgitation) as in Figure 19 and Figure 20.
The LA enlargement was associated with spontaneous echo contrast in the left
atrium [49] as shown in Figures 21-24. A relationship between LA enlargement
and increased risk of stroke was first proposed in 1980’s [50] [51]. LA dilation
leads to thinning and fibrosis of myocardial and conducting fibers [52] [53] and
thereby results in electrical tissue inhomogeneity, disordered electrical activation
and contractility. Every 5 mm increase in LA diameter increases the develop-
ment of atrial fibrillation by 39% [54] or 4-fold increase in the risk of new AF
(atrial fibrillation) with LA diameter > 50 mm [55]. Patients with atrial fibrilla-
tion, who usually have LA diameter > 45 mm and atrial enlargement may in-
crease refractoriness to medical or electrical conversion of atrial fibrillation [56]
into sinus rhythm due to the fibrotic and calcified degeneration of left atrial
myocardium. Early cardioversion is avoided in presence of LA thrombus and
appropriate anticoagulant therapy is instituted for 6 to 12 weeks and interven-
tional treatments such as PTMC (percutaneous trnsluminal mitral commissu-
rotomy) and CMC (closed mitral commissurotomy) are adopted only after ree-
valuation by echo. The incidence of LA thrombus among patients with mitral
stenosis and atrial fibrillation varies from 7% - 38% and it is directly related to
the size of left atrium [57], but not all patients with giant left atrium have an as-
sociated thrombus formation [58], the thrombus size also varies and this diver-
sity may be due to local factors within the left atrium as shown in Table 2.

Profuse, dense SEC (spontaneous echo contrast) with its swirling pattern of
increased echogenicity was shown in Movie in Figure 26 and sometimes, it be-
comes impossible to differentiate dense SEC from the underlying thrombus. A
patient with giant left atrium due to rheumatic mitral valve disease with SEC was
reported in 2012 [59].
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The LA calcification, originally described in 1898 and the first presentation of
LA calcification was made by Oppenheimer in 1912 [60]. It is an uncommon
complication of long-standing rheumatic valve disease and if heavy calcification
was observed in the LA appendage, atrial free wall and the mitral valve apparatus
with sparing of interatrial septum, it is termed as “porcelain atrium” [61]. Involve-
ment of dense calcification to the interatrial septum as transmural calcification of
entire left atrium is called as “coconut atrium” [66] and calcification of left
atrium with pulmonary veins is called as “mold-like” calcification [67]. LA calci-
fication is described as a high density ring encircling the left atrium on chest-
X-ray and Harthome et al [68] described its appearance as a C-shaped curvili-
near density with the opening of the C lying anteriorly in the region of the mitral
annulus. This condition is assumed to the end result of extensive rheumatic
pancarditis and a classification scheme was proposed for LA calcification [69] as
shown in Table 3 and the pathophysiological mechanism of LA calcification was
shown in Table 4.

Massive calcification of left atrium, predominantly affects the woman (74%)
and it took an average duration of 19.7 years (17 - 20 years) to become manifest
in rheumatic mitral stenosis and resembled a coconut shell [70]. The term “co-
conut atrium” is misnomer to describe this condition and a complete opacifica-
tion of giant left atrium with dense SEC seen as thrombus as shown in Figure
24, resembling a “coconut” as in Figure 25 and this condition is better termed as

“coconut atrium” appropriately.

Table 2. Showing the local risk factors for thrombosis within the left atrium.

Left atrial endocardial damage
Activation of coagulation system within the left atrium
High levels of biochemical markers

Fibrinopeptide A
Thrombin-antithrombin IIT complex
Von Willebrand factor antigen [62] [63]

Paraneoplastic (due to altered intravascular coagulation related to carcinoma breast [64]
or lung [65])

Rhythm changes (atrial fibrillation or atrial flutter)

Table 3. Classification of LA calcification.

Calcification confined to LA appendage. Mitral stenosis is the underlying lesion

Type A
ype often and is almost always associated with thrombus in the appendage
Calcification confined to the free wall of left atrium and mitral valve and is seen
Type B . . .
in advanced mitral stenosis
Type C Small area of calcification confined to posterior wall of LA, results from the jet

lesion of mitral regurgitation and termed as “McCallum’s patch”

Table 4. Pathophysiological mechanisms for LA calcification.

Previous ulceration of the atrial wall as the origin of calcification
A response to the chronic strain forces in the setting of mitral disease

Chronic renal failure [75] [76]
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3.4. Management

3.4.1. Medical Therapy

Giant left atrium increases the thromboembolic risk, despite anticoagulant ther-
apy. A Giant left atrium is an indication for the initiation of anticoagulant ther-
apy and they were anticoagulated with an International Normalized Ratio (INR)
ranging between 2.5 and 3.5. Anticoagulants alone seem to be safe approach to
reduce thrombosis [71]. However, such medications are not ideal for early use
since several days are usually required to achieve the therapeutic INR. The re-
sponse of an organized thrombus to an anticoagulant therapy may be unpredicta-
ble. The thrombus dissolves partially, the shed fragments results in embolization
during therapy and the severed thrombus may block the mitral orifice and caus-
es sudden death [72] [73]. Despite anticoagulation with a direct thrombin inhi-
bitor, the oral dabigatran, thrombus occurred in rheumatic mitral stenosis with
atrial fibrillation [74]. The non-vitamin K antagonist oral anticoagulants
(NOAC)-rivaroxaban are effective alternative to warfarin for resolving thrombus
in the left atrium in patients with atrial fibrillation [77] and the reported resolu-
tion rate by using vitamin K antagonist is 50% - 90%. Warfarin is often used for
the prevention of thromboembolism in non-valvular atrial fibrillation, and anti-
coagulation with INR (international normalized ratio) =2 will reduce the occur-
rence of ischemic stroke and in-hospital mortality [78].

Thrombolytic therapy is another option for treating the LA thrombus [79]
and shown to be effective in patients with mitral prosthesis with thrombosis
[80]. The effectiveness and risk of thrombolytics for an organized or partially
organized thrombus or thrombi of long duration is not known clinically. Frag-
ment shedding after resolution and detachment of a large LA thrombus if the
stalk was dissolved first could occur after thrombolytic therapy. Before the initi-
ation of thrombolytic therapy, echo characteristics of the thrombus must be
carefully analyzed and a fresh, unorganized thrombus appears as homogenous,
soft and mobile. A rebound thrombosis after discontinuing anticoagulant thera-
py was reported by Kadoi et a/ [81]. Therefore, maintaining sufficient anticoa-

gulation was crucial following thrombolytic therapy for LA thrombus.

3.4.2. Surgical Therapy
The aim of surgery in giant left atrium is to correct the mitral valve abnormali-
ties, to treat compressive manifestations, to prevent thromboembolism and to

revert atrial fibrillation into normal sinus rhythm [82].

3.4.3. Mitral Valve Surgery
Two strategies had been applied as mitral valve surgery alone or mitral valve
surgery with LA volume reduction. Some surgeons believe that the effect of
rheumatic process on left atrial elastic fibers is irreversible, hence they tend to go
only for mitral valve surgery without LA reduction and successful mitral valve
surgery alone will result in decrease in LA size, volume and LA pressure.

LA Volume reduction is indicated for the presence of intracardiac or extra-

cardiac compressive symptoms, thrombus with a history of thromboembolic
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events and prevents recurrent thrombosis by reducing intra-atrial stasis. The
volume reduction may be classified into three categories:

a) Partial plication or resection of inferior atrial wall, the sites of plication in-
clude posterior-mitral annulus (para-annular), remaining inferior atrial wall,
lateral to the left pulmonary vein and or between right and left pulmonary veins.

A new surgical procedure, para-annular plication of the left atrial wall was at-
tempted to eliminate the compression of basal portion of the posterior wall of
the left ventricle to minimize the paradoxical movement and to correct the ab-
normal direction of the plane of mitral valvular ring.

The Mercedes-plasty of the inferior wall a procedure described by Dzemesh-
kevich et al. [83], combined GLA (giant left atrium)-plasty with preservation of
mitral valve apparatus during MVR (mitral valve replacement) in which the in-
ferior wall of left atrium between the four ostia of pulmonary veins is plicated.

Triangular resection of the inferior wall was described by Sinatra et al. [84]
with an advantage to interrupt the wavelets circuits around the pulmonary veins
as a beneficial effect of inhibiting the propagation of atrial fibrillation foci.

b) Partial plication or resection of both inferior and superior atrial walls [85].
Spiral resection of left atrial wall was introduced by Sugiki et a/ in 2006 [86].

¢) Partial heart auto-transplantation [87].

The co-existence of giant left atrium with mitral valve disease provide a sig-
nificant risk factor in mitral valve surgery and surgical mortality ranging from
8% - 23%. The increased operative mortality is proportionately related to high
pulmonary systolic pressure, but the intended benefits of reducing a giant left
atrium include the elimination of symptoms and alleviating the pressure effects
to the left ventricle, bronchus, lung parenchyma and reduction of early post-
operative complications related to low cardiac output syndrome and respiratory
complications. The simplest modality for size reduction is plication of inferior
left atrial wall, but the plication of superior wall carries a high risk of bleeding
and AV (atrio-ventricular) node blockade.

The pllcation may not necessary when the left atrial diameter is <80 mm and
those group with giant left atrium (GLA) had compressive symptoms may re-
ceive LA pllcation with MVR [88].

Cox-Maze procedure is a viable option to treat long-standing persistent atrial
fibrillation in patients with giant left atrium. The aim of the procedure is to di-
vide the macro-reentry circuits and to direct the electrical waves from the si-
noatrial node to the atria and atrio-ventricular node. During the procedure, a
number of incisions are made on the left and right atrium to form scar tissue,
which does not conduct electricity and disrupts the path of abnormal electrical
impulses. The scar tissue also prevents erratic electrical signals from recurring.
After the incisions are made, the atrium is sewn together to allow it to hold
blood and contract to push blood into the ventricle. Normal sinus rhythm had
been reported to range from 67% to 98% [89] and the efficacy of Maze proce-
dure in restoration of atrial contraction in giant left atrium and in those without

it are compared after one year follow-up as normal sinus rhythm in ECG was
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53% and 75%, regaining atrial contraction as appearance of A wave in pulsed
Doppler with a peak velocity of at least 0.10 m/s was 20% and 50% respectively.
The bigger the left atrium, the lower is the percent of restoration of sinus
rhythm. More than 90% of patients with a preoperative LA size < 57.8 mm re-
gained sinus rhythm by Maze procedure postoperatively [90] and when the LA
diameter was <45 mm, atrial fibrillation was ablated in 100% of patients [91],
but when the diameter was >85 mm, the success rate was 0% [92].

Scherer et al. showed that LA volume reduction concomitant with mitral valve
surgery restored postoperative sinus rhythm [93], but postoperative LA diameter
was significantly smaller in patients who attained sinus rhythm by radiofre-
quency (RF) Maze procedure. Mitral valve surgery alone may not reduce the en-
larged LA size and direct surgical management of giant left atrium will reduce
the LA size, and the restoration of sinus rhythm in atrial size reduction was
77.3% whereas without reduction, it is only 61.1%.

If the thrombus is organized, surgery is indicated and surgical intervention
may be a conservative modality in very large acute LA thrombus. Removal of an
organized thrombus from the left atrium can be challenging especially when it is
huge in size. The presence of dense adhesions and absence of cleavage plane
make its removal difficult. Thrombectomy can be performed by an inverted T-
shaped biatrial incision and the whole thrombus was completely removed intact.
Under these circumstances, the residual organized material can be left. Lim and
Colleagues suggested the use of autologous pericardial patch to cover these areas
to avoid future thrombus formation [94].

Calcification of left atrial wall constitutes a major complication and risk to
mitral valve surgery due to difficulty in entering the left atrium. Massive calcifi-
cation of LA wall can cause recurrent thrombosis despite the therapeutic anti-
coagulant level following a surgical thrombectomy [95]. LA calcification was
progressed after mitral valve replacement despite there was no definite LA wall
calcification at the time of surgery and it was due to previously formed rheumat-
ic ulceration of the atrial wall as the origin of calcification and its progression.

Roberts et al. [96] reported that calcific deposits prevented the left atrium
from dilating, decreased its compliance, and caused the elevated LA pressure to
be transmitted to the pulmonary vessels and the right ventricle, leading to tri-
cuspid insufficiency. Thus, if patients who had rheumatic heart disease and un-
derwent mitral valve replacement, suffer right heart failure, extensive LA calcifi-
cation should be considered.

Surgery should be considered as one option of the treatment for atrial calcifi-
cation [97]. The accepted surgical treatment of LA calcification is a total endoa-
triectomy with mitral valve replacement. The interatrial septum serves as the
surgical cleavage plane, since this area is noncalcified and is therefore exploited
in order to prevent embolization and hemorrhage when a thrombus is present,
but it is difficult to suture the calcified structures. The presence of coconut
atrium (calcified interatrial wall) will significantly complicate surgery and in-

creases the mortality. Mitral annular calcification may progress to liquefaction
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necrosis, referred to as “caseous necrosis” which can make mitral valve surgery
very difficult [98]. Calcification of interatrial septum and caseous necrosis of
mitral annulus could be potential contraindications to mitral valve surgery.
Dense calcification of atrial wall can prevent visualization of the interior of the
chamber so that intracavitary thrombus and the septum cannot be seen [99]. If
there is evidence of complete transmural calcification, i.e., septum cannot be vi-
sualized by TEE (transesophageal echocardiography) and appears to be calcific
by CT (computed tomography), suspect “coconut atrium” and it is impossible
to incise. In such cases, the calcified endothelium on the atrial septum and the
free wall of the left atrium was pealed off (endoatriectomy) and the rim of in-
teratrial wall was reconstructed and closed with a bovine pericardium. Redo
MVR was performed with endoatriectomy upon transeptal superior approach
[100].

3.5. Outcome

A report of De Sanctis, who consider patients with GLA (giant left atrium) to
have a relatively benign course even when not operated upon [101] and in rare
cases, the patients may remain asymptomatic. No attempt was made to diminish
the size of the left atrium by plication or excision as advocated by Johnson [102]
or Le Roux [103]. There does not seem to be sufficient evidence that this proce-
dure is of benefit. Morbidity of GLA comes from compression of intracardiac
and adjacent extracardiac structures. Tamura et al [104] presented a case of se-
vere mitral stenosis and regurgitation, undergone mitral valve replacement with
left atrial volume reduction and showed relief of compression, improvement in
respiratory function with a decrease in carinal angle in the immediate postoper-
ative period.

The coexistence of giant left atrium significantly increases the operative mor-
tality from 7% to 20% in mitral valve surgery. Surgical resection is the treatment
of choice, even in asymptomatic patients, because of the risk of rupture, systemic
embolism, heart failure, arrhythmias or extrinsic compression of trachea or
esophagus [105] and the surgeons should consider the risks and beneficial effects
of various surgical options when managing the patients with GLA (giant left

atrium).

4. Conclusion

Long-standing mitral valve disease is associated with enlargement of left atrium
as a compensatory mechanism with a reported incidence of 19%. Giant left
atrium is seen in only 3% - 4% of patients and such a low incidence is probably
related to an early development of pulmonary hypertension, its subsequent effect
on right ventricular output, the pressure and volume overload in the left atrium
are reduced. A giant thrombosed left atrium resembling as a “coconut” as in
Figure 24, the largest one reported in the literature as in Figure 23, was found

by 2D transthoracic echocardiography at this hospital in India.
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