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Case Report

Histological evidence of myxomatous ™
tissue in a Labrador puppy with pulmonic
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KEYWORDS Abstract A six-week-old Labrador retriever was presented for lethargy and anor-
Sinotubular junction; exia, revealing a systolic heart murmur. Tricuspid valve dysplasia involving the
Myxoid; whole tricuspid valve apparatus and the right ventricular wall was found, and an
Trabecula; additional pulmonic stenosis was present. Histopathological examination of the tri-
Pathology cuspid and pulmonary leaflets highlighted an unusual myxomatous mesenchymal

component, interpreted as being of ontogenetic origin.
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A six-week-old female Labrador retriever was
presented due to lethargy, hyporexia, retarded
growth, and diarrhea. It was subsequently referred
to the cardiology department because of a heart
murmur on auscultation. Physical examination
revealed a grade 5 holosystolic right apical murmur
and a grade 5 holosystolic left basilar murmur, nor-
mal pulses, and no cyanosis. An echocardiogram was
performed using a Philips ¢ machine with a 12- MHz
transducer, and echocardiographic standard views
[1] were obtained. Right parasternal long-axis view
showed both severe concentric hypertrophy as well
as volume overload of the right ventricle (right
ventricular end-diastolic area normalized to
kg®66> — 2.48 cm?/kg®®%° and right ventricular end-
systolic area normalized to kg®%*> = 1.61 cm?/kg®®%
[2]) and left ventricular volume underfilling (left
ventricular end-diastolic volume = 1.1 mL and end-
systolic volume = 0.3 mL using Simpson’s method
of discs [3]) with septal flattening and paradoxic
motion of the interventricular septum (Video 1). The
right atrium was severely dilated with deviation of
the interatrial septum toward the left, and tricuspid
valve dysplasia was identified. Deformed septal and
parietal leaflets of the tricuspid valve with fore-
shortened, almost absent, chordae tendineae and
aberrant attachments were visible. The leaflets
overall appeared thickened and hypomotile with
reduced diastolic excursion. An intracavitary tra-
becular structure showing the echogenicity of
myocardium as well as an area of hyperechogenicity
and a muscular structure compatible with an
abnormal papillary muscle were seen. Additional
evaluation was accomplished using a left apical four-
chamber view (Video 2) and left apical cranial view
(Video 3), both optimized for the right ventricle,
further confirming the presence of subvalvular tra-
becular tissue and tethering of the parietal leaflet of
the tricuspid valve. The whole tricuspid apparatus
and right ventricular inflow tract were concerned
(Fig. 1). Functionally, severe tricuspid regurgitation
with a maximum regurgitant velocity of 5.34 m/s
was present, indicating elevated right ventricular
systolic pressure. Additionally, tricuspid valve
stenosis was diagnosed using continuous wave Dop-
pler and color flow Doppler (Video 4). Spectral
Doppler interrogation of tricuspid inflow showed a
mean pressure gradient of 11.3 mmHg, a maximum
pressure gradient of 23.5 mmHg, and a pressure half
time of 83 ms indicating relevant stenosis [4—6]. A
right parasternal heart base view optimized for the
main pulmonary artery showed pulmonic stenosis
(videos 5-6) with a maximum systolic velocity of
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5.18 m/s indicating a severe gradient. Structurally,
combined valvular commissural fusion and adhesions
at the sinotubular junction with connection to the
pulmonic cusps, earlier described as supravalvular
stenosis, were detected (Fig. 2). The annulus
appeared mildly hypoplastic determined by sub-
jective assessment and a pulmonary-to-aortic ratio
of 0.75 being lower than 1, as described by Markovic
et al. [7]. Moderate poststenotic dilatation as well as
moderate pulmonic valve regurgitation was present.
Echocardiographic findings were consistent with
dysplasia of the tricuspid and pulmonary valve
apparatus. Secondarily, right ventricular concentric
hypertrophy combined with volume overload was
present and right atrial and auricular dilatation was
noted. Following severe right atrial dilatation, with a
maximum right atrial diameter of 21.9 mm, assess-
ment of the caudal vena cava and hepatic veins was
performed, revealing subjectively distended hepatic
veins as well as reduced caudal vena cava collapsi-
bility index of 6.25% [8]. No ascites or pleural effu-
sion was evident at the time of echocardiographic
examination. The dog was started on spironolactone
and benazepril.

Two weeks later, the dog was presented due to
worsening of its clinical condition, showing labored
breathing, polypnea, anorexia and a distended
undulating abdomen, inappetence, and retarded
growth. The owners declined further investigation
or therapy, and the dog was euthanized and sub-
sequently sent for pathologic examination. The
heart and lungs were examined postmortem. On
external examination, there was severe dilatation
of the right atrium and right atrial appendage. Also,
dilatation of the cranial and caudal vena cava was
obvious following congestion. The pulmonary artery
did not clearly show dilatation from the external
examination, while the right branch appeared more
voluminous than the left.

From the atrial view, a transverse muscular
trabecula in the middle of the tricuspid ostium
between the septal leaflet and the space between
the angular leaflet and the right ventricular wall
was observed [Fig. 3(A)]. The tricuspid apparatus
showed severe malformation with a rounded shape
of the three thickened and deformed leaflets and
shortened, almost absent, chordae tendineae. The
right ventricle and tricuspid apparatus did not
reveal normal papillary muscles, but a myocardial
trabeculum was found in the cavity just ventral to
the tricuspid leaflets between a dysplastic papil-
lary muscle and the interventricular septum. An
additional finding was an abnormal wall of the
right ventricle with multifocal muscular trabecular
structures [Fig. 3(B)].
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Figure 1

Right parasternal long-axis view (A), left apical cranial view optimized for the right ventricle (B), and left

apical four-chamber view optimized for the right ventricle (C) with a close-up of the tricuspid valve apparatus
(D) showing severe tricuspid dysplasia with the presence of subvalvular trabecular tissue (arrow) and tethering of the
parietal leaflet of the tricuspid valve. Numbers 1 and 2 label the right atrium and right ventricle, respectively.

A longitudinal cut section of the pulmonary
artery and valve showed a prominent folding of the
wall inducing narrowing of the sinotubular junction.
Additionally, the valvular cusps were thickened,
irregular, and fused with the endothelium of the
dorsal portion of the sinuses of Valsalva [Fig. 4(A)].

Histology of the tricuspid valve showed myx-
omatous tissue that occupied the entire extension
of the flaps [Fig. 3(C)]. Histology of the pulmonic
valve and the first portion of the pulmonary artery
highlighted a folding of the wall at the sinotubular
junction with consequent reduction of the cavity.
The cusps also showed fusion with the endothelium
of the dorsal area of the sinuses of Valsalva and

widespread thickening caused by myxomatous tis-
sue [Fig. 4(B)].

Pathologic diagnosis based on gross and histo-
logical examination is consistent with severe dys-
plasia of the tricuspid valve apparatus as well as
valvular pulmonic stenosis with evidence of diffuse
myxomatous tissue in the cusps of both valves.

Discussion
Tricuspid dysplasia in canine individuals covers a

spectrum of abnormalities leading to functional
insufficiency and/or stenosis of the tricuspid valve

Figure 2 Main pulmonary artery displaying mild annular hypoplasia and stenosis of the pulmonic valve with fusion of
the leaflets, as well as adhesions at the sinotubular junction (A), further visualized by color flow Doppler (B).
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Figure 3  (A) Tricuspid valve seen from the atrial side. The three particularly rounded and deformed cusps can be
observed. The asterisk indicates a muscular trabecula that passes through the ostium just ventral to the angular
leaflet. 1: Septal leaflet. 2: Angular leaflet. 3: Parietal leaflet. *: Leaflet breakage occurred during manipulation and
dissection of the heart. (B) Longitudinal section of the heart with exposure of the four chambers. The tricuspid valve
has thickened and deformed leaflets and hypoplastic chordae tendineae. Immediately ventral to the leaflets, the
muscular trabecula can be appreciated that crosses the ostium (arrow). Note the anomalous conformation and severe
hypertrophy of the papillary muscle and the trabecular structure of the right ventricle wall. 1: Left atrium. 2: Left
ventricle. 3: Right atrium. 4: Right ventricle. Asterisk: Interatrial septum, note the deformation caused by its
movement toward the left atrium. (C) Histological finding of a tricuspid valve leaflet characterized by severe
thickening caused by diffuse myxomatous tissue (*). Hematoxylin and eosin staining.

[9—11]. It is one of the most common congenital
heart diseases in Labrador retrievers [10,12,13].
Most commonly, shortened chordae tendineae
with direct papillary muscle attachment of the
valve and tethering of the septal leaflet leading to
tricuspid valve regurgitation are present. Ebstein’s
anomaly is further described leading to an atriali-
zation of ventricular myocardium and apical dis-
placement of the tricuspid apparatus [14,15]. Less
commonly, tricuspid dysplasia involves commissu-
ral fusion of the valve with functional stenosis. The
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Figure 4

underlying case showed a unique intracavitary
trabecular muscular structure connected to the
tricuspid apparatus leading to insufficiency and
stenosis which differs from the more commonly
identified morphotype. A similar finding has been
described in humans by Mohan et al. revealing an
apical trabeculation leading to right ventricular
apical isolation [16]. The pulmonary valve
revealed thickening and commissural fusion lead-
ing to stenosis and showed additional adhesions at
the sinotubular junction, previously only described

(A) Longitudinal cut section of the pulmonary valve at the level of the ostium (*). The arrow indicates the

folding of the sinotubular junction with consequent thickening of the wall and reduction of the cavity. Note the severe
thickening of the cusps. (B) Histological finding of the pulmonary valve and the first portion of the pulmonary
artery showing the folding of the wall at the sinotubular junction (arrow), fusion of the cusps with the endothelium
(*), and diffuse thickening caused by myxomatous tissue. Hematoxylin and eosin staining.
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using angiography by Scansen et al. [17]. A clear
classification into type A characterized by valvular
commissural fusion, systolic doming, a normally
sized annulus, and poststenotic dilation or type B
defined by marked leaflet thickening, pulmonary
annulus hypoplasia, and infundibular hypertrophy
with rare poststenotic dilation could not be per-
formed as recommended by Bussadori et al. [18].
The presence of features of both types was given.
Regarding the folding of the pulmonary sinotubular
junction with consequent reduction of the cavity,
it remains to be further established whether this
localization can be considered valvular or—even if
in the very first portions—already supravalvular.
Histologically, myxomatous tissue of both valves
leading to thickening was present. Following a
review of previous publications investigating pul-
monic stenosis and tricuspid dysplasia of the entire
apparatus, this report presents the first docu-
mented case of an ontogenetic manifestation of
myxomatous tissue affecting both valves, at the
inflow and outflow tracts, of the right heart.
However, a human case report described a myxoid
and hypercellular lesion of the tricuspid valve with
shortened, thickened leaflets [19]. Different
assumptions could be made for explanation. First
of all, possible shear stress might lead to early
remodeling [20] and replacement of normal cells,
as discussed in myxomatous mitral valve disease
[21—23]. Another possible mechanism might
include a congenital maldevelopment and integrity
of cells of mesenchymal origin. Pulmonary cusps
derive from swellings of subendothelial mesen-
chymal tissue, and remodeling leads to formation
of the thin cusp structure. Atrioventricular valves
partially derive from mesenchymal tissue. During
fetal development, mesenchymal tissue grows
around the rim of the valve orifice, and cavitation
of the muscular layer and remodeling of the tissue
contribute to cusp formation [24]. Failure in this
cavitation and remodeling process might lead to
maldevelopment. Altered gene regulation is
additionally discussed to be a contributor to

atrioventricular valve dysplasia and altered
cellular tissue [25].

A further unusual auxiliary finding was hyper-
trophied and very prominent pectinate muscles,
even though the right auricle generally encorpo-
rates more extensive pectinate muscles than the
left one. Loukas et al. described different types of
pectinate muscles in humans [26]. Based on this
classification, type VI might be the most applicable
type in our case. It is characterized by a prominent
muscular column with velamentous pectinate
muscles. As right atrial dilatation might have
already been present shortly after birth, early
remodeling with hypertrophy of the pectinate
muscles instead of predominant atrial and auric-
ular wall dilatation might have occurred [27].

Conclusion

A myxomatous lesion following severe dysplasia of
the tricuspid valve apparatus involving the right
ventricular wall and pulmonary stenosis consisting
of valvular stenosis and stenotic tissue at the level
of the sinotubular junction has been diagnosed.
Following review of previous publications, this
report presents the first documented case of an
ontogenetic manifestation of myxomatous tissue
affecting two valves including the entire apparatus.
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Video Two-dimensional image of a right parasternal long axis Right ventricular concentric hypertrophy, volume

1 view

overload and flattening of the interventricular
septum as well as left ventricular volume

underfilling can be detected. Furthermore, an
area of hyperechogenicity attached to the

dysplastic tricuspid valve apparatus is visible.
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Video Two-dimensional image of a left apical four-chamber Dysplasia of the tricuspid valve with subvalvular
2 view optimized for the right ventricle trabeculation is demonstrated with involvement of
the whole tricuspid valve apparatus.
Video Two- dimensional image of a left apical cranial view  Reduced excursion and tethering of a tricuspid
3 optimized for the right ventricle leaflet is demonstrated.
Video Left apical four-chamber view optimized for the right Evidence of a diastolic candle flame sign can be
4 ventricle with colour flow doppler over the tricuspid appreciated following tricuspid valve stenosis and
valve apparatus significant tricuspid valve regurgitation can be
detected during systole.
Video Two-dimensional image of a right apical heart base view Pulmomic stenosis wih annular hypoplasia and
5 optimized for the pulmonary artery essentially reduced motility of the pulmonic cusps
as well as adhesions at the sinotubular junction
are visualized.
Video Right apical heart base view optimized for the Systolic turbulance secondary to flow acceleration
6 pulmonary artery with colour flow doppler over the over the pulmonic stenosis and pulmonic
pulmonic valve regurgitation during diastole are shown.
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