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Abstract

Aim: To report a case of right ventricular myxoma prolapsing through the tricuspid valve with an attachment of vegetation in a 3-
year-old male child.

Introduction: Right-sided endocarditis commonly involves the tricuspid valve. Low pressure and low oxygen saturation in the
right sided cardiac chambers protect the tricuspid and pulmonary valves from being subjected to excessive strained and damage
occurs from injected particulate matter, contaminated venous lines and drug solutions causing endocarditis. RV (right ventricular)
myxoma harboured the infection due to trauma as a result of friction movement across the tricuspid valve. Case Report: A 3-year-
old male child having the spikes of fever for 2 weeks, presented with tumor “plop” and 3/6 systolic murmur in lower left sternal
border and echocardiography revealed a tumor-mimicking vegetation visible as a mass lesion across the tricuspid valve, which is
attached to the interventricular septum by a pedicle suggesting a RV myxoma. The vegetation was found to be attached with the
tumor and it disappeared with antibiotics and aspirin therapy and the child was advised surgical removal of the tumor. Conclusion:
A diagnosis of infective endocarditis can be made in tricuspid valve dysfunction with a floating mass and fever. The tricuspid
vegetations are often large and in rare instances, it may reach the size in excess of 20 mm [1]. The cardiac myxoma with attached
vegetation masquerading as vegetation mass in this case on transthoracic echocardiography and the vast majority of patients in
right-sided endocarditis respond to antimicrobial therapy and do not require surgery [2].
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Introduction

Infective endocarditis (IE) is a microbial infection of the endocardial (endothelial) surface of the heart. It accounts for about 0.75
admissions per 1000 per year in large community hospitals [3] and a population-based incidence of 4-10 per 100,000 per year, with
a slightly higher rate in men [4],[5]. Children with underlying cardiovascular disease may develop endocarditis at any age. It is
most frequent on the left side of the heart [6]. Right-sided infective endocarditis is relatively rare, occurring in 5-10% of cases [7].
It involves the tricuspid valve in 90%, pulmonary valve in < 10% of cases [8] and predominantly occurs in intravenous drug users.
The majority of cases of neonatal infective endocarditis are right-sided and occur on structurally normal hearts [9], probably due
to increased use of prosthetic intravascular devices and indwelling venous catheters [10].

Tricuspid valve infective endocarditis accounts for 2.5-3.1% of |E cases [11]. The right-sided infective endocarditis involving the
right ventricular myxoma, prolapsing through tricuspid valve is uncommon and so this case had been reported.

Case Report

A 3-year-old male child with 2 weeks fever was referred for echocardiographic evaluation. His pulse rate was 112 bpm with a
temperature elevation up to 101° F. Blood chemistry revealed leukocytosis with an elevation of total count up to 42700 cells/cubic
mm of blood (normal- 4000 to 11000 cells/ cubic mm of blood) (Polymorphs -80% (normal-45 to 75%), Lymphocytes-17%
(normal-25 to 40%), Eosinpphils-3% (normal-2 to 6%), Platelets-2.27 lakhs/cubic mm of blood. The child was mildly anemic-
normochromic, normocytic red blood cell indices (Hb-7.7 gm % (normal-13.5 to 17 gm/dl). ESR (erythrocyte sedimentation rate)
was elevated-48 mm/hour (normal-0 to 20 mm/hr). Serum rheumatoid factor (RA factor) was negative (which may be detected in
50% of cases). Blood widal, Dengue antibody test, smear for malarial parasites and blood cultures were negative. Urinalysis
revealed no microscopic hematuria. He had no other features of infective endocarditis such as Osler’s nodes, Janeway lesions, Roth
spots, splinter hemorrhages which are relatively rare in children and no spotty skin pigmentation, a characteristic feature of myxoma
in Carney complex. Abdominal examination revealed no splenomegaly (which occurs only in 10 to 15% of cases). ECG and X-ray
chest PA (postero-anterior) were normal as shown in Figures 1 and 2. Physical examination revealed a grade 3/6 systolic murmur
which increases with inspiration (Carvallo’s sign) and an early diastolic tumor “plop” due to abrupt diastolic seating of a mass in
the right atrioventricular orifice [12] in the lower left sternal border on auscultation. 2 D echocardiography revealed a large, mobile
homogeneous mass in the tricuspid orifice, visible as a ‘tumor-mimicking vegetation’ as shown in Figures 3 to 9.
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Figure 1. ECG revealed a heart rate of 112 bpm due to fever.
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Figure 3. Showing the vegetation prolapsing through the tricuspid valve in a 3-year-old male child
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Figure 5. showing the tumor-mimicking vegetation in a 3-year-old male child
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Figure 6. Showing the tumor-mimicking vegetation in a 3-year-old male child
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Figure 7. Showing the tumor-mimicking
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Figure 8. Subcostal view showing the tumor-mimicking vegetation in a 3-year-old male child
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Figure 9. Short axis view showing the tumor-mimicking vegetation in a 3-year-old male child [13]
An irregular homogeneous hypodense mass suggesting a vegetation was attached to the mass, which is globular shape and a

heterogeneous or mottled appearance throughout, with echolucent areas representing hemorrhage or necrosis suggesting a myxoma
[14] as shown in Figures 10, 11 and 12.
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Figure 10. Showing a vegetation attached to the myxoma in a 3-year-old male child.
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Figure 12. Showing the myxoma with vegetation in a 3-year-old male child.
The mass was attached to the interventricular septum by a pedicle (stalk), protruding through the tricuspid valve and appear as
“cluster of grapes” [15] as shown in Figures 13 and 14, suggesting a RV (right ventricular) myxoma.
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Figure 13. Showing the RV (right ventricular myxoma) attached to the interventricular septum by a pedicle and appears as “cluster
of grapes” with filamentous fronts in a 3-year-old male child.
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Figure 14. Showing the RV (right ventricular myxoma) attached to the interventricular septum by a pedicle.
The mass, producing a traumatic regurgitation across the tricuspid valve due to friction movement as shown in Figures 15, 16 and
17.
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Figure 15 Showing the severe tricuspid regurgitation with a mass lesion in a 3-year-old male child
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Figure 16. Showing the moderate tricuspid regurgitation with a mass lesion in a 3-year-old male child



Figure 17. Spectral Doppler showing the ‘tiger-stripe” appearance of the tricuspid regurgitant jet due to the oscillating mass across
the valve

The child was treated with a course of intravenous ceftriaxone combined with gentamycin along with aspirin therapy for a period
of 10 days, the tricuspid regurgitation decreases as in Figure 18 and the vegetation was found to be disappeared as shown in
Figures 19. The child was advised periodic echocardiographic evaluation with a continuation of medications up to 4 weeks period
and advised early surgical removal of the tumor.
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Figure 18. Showing the mild tricuspid regurgitation with a mass lesion in a 3-year-old male child.
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Figure 19. Showing the clearance of vegetation from the myxoma due to antibiotics and aspirin therapy.

Discussion

Review of literature

Lewis and Grant were the first to describe the infective endocarditis [16]. Gould, et al [17] found that bacteria most frequently
responsible for endocarditis (e.g., viridans streptococci) displayed a propensity for adherence to human valves. There are only few
reports of large tricuspid valve vegetations in the literature. Song, et al [18] reported a vegetation on tricuspid valve in a 33-year-
old male, presented with right-sided heart failure and Furui, et al [19] reported a 1.5 cm vegetation on tricuspid valve in a 71-year-
old male who developed ventricular septal perforation caused by right-sided infective endocarditis.

Etiopathogenesis

The endothelial lining of the heart and its valve is normally resistant to infection with bacteria and fungi. When there is a pressure
gradient with resultant turbulence of blood flow, which against either the mural endocardium or vascular endothelium results in
tissue damage due to high velocity jet (‘jet lesions’). Endocarditis begins as endothelial damage, followed by focal adherence of
platelets and fibrin. The initial sterile platelet-fibrin nidus, first recognized by Angrist [20] and called as ‘nonbacterial thrombi,
then becomes infected by microorganisms circulating in the blood stream. Platelet-fibrin nidus involves a complex interaction of
the components of microbial cell wall such as dextran in the cell wall of gram-positive organisms and valvular endothelium [21],
intrinsic binding affinity to fibronectin [22] and glucosyl transferases which may act as “modulins” to express various cytokines
(interleukin-6) or adhesions that in turn further recruit leukocytes into the vegetation [23]. The other factors which mediate
adherence include fibrinogen, laminin, type 4 collagen which are the components found in the damaged endothelium or platelet-
fibrin aggregate. Following colonization of platelet-fibrin aggregate [24], microbial growth results in the secondary accumulation
of platelets and fibrin to form a vegetation. It consists of bacteria encashed in a meshwork of platelets and fibrin, serves as a barrier
to host defences and it is not vascularized.

The propensity for vegetation to form at specific sites may also relate to a decrease in lateral pressure downstream from the
regurgitant flow, which causes a decrease in the perfusion of intimal lining at these sites [25]. Tricuspid vegetations are large due
to the low pressure in right heart chambers, allowing them to grow and may be in excess of 2 cm [26]. VVegetation often prevent
proper valvular leaflet or cusp coaptation, thereby causing valvular incompetence resulting in congestive heart failure [27] or leaflet
perforation secondary to vegetation growth [28] with recruitment of matrix metalloproteinases (MMPs) and eventually destroy the
collagen. Pneumonia or septic pulmonary embolism resulting from dislodgement of vegetative material are common. Recurrent
pulmonary events, anemia and microscopic hematuria, the so called “tricuspid syndrome” is a feature of right-sided tricuspid valve
endocarditis [29].

Tricuspid valve endocarditis may occur in community —acquired or hospital acquired infection and the organisms responsible for
both are shown in Table 1.

Organism Community acquired endocarditis (IV | Hospital acquirefd endocarditis
drug users) (intravascular devices)

Staphylococcus aureus 30-50 % (MRSA-minority) 60-80 % (MRSA-majority)

A-hemolytic streptococci 10-35 % <5%

(viridians)

Enterococcus 5-10 % 5%




Culture negative 5-30 % 5%
Fungi <5% 10%

Staphylococcus epidermidis <5% <5%
(coagulase negative)

Others (Escherichia coli, Klebsiella, | <5 % 5-10 %
Corynebacterium)
Table 1 showing the organisms responsible for infective endocarditis. MRSA - methicillin resistant staphylococcus aureus.
Cardiac myxomas are seen initially with protean manifestations that mimic many disease processes. About 5% of myxomas are
found in the ventricles, usually solitary and attached to the interventricular serptum by a pedicle [30]. Small myxomas are silent
and manifest if they become infected or embolize. The systemic manifestations consist of fever, weight loss, malaise, with
leukocytosis, thrombocytopenia, elevated ESR (erythrocyte sedimentation rate), increase in gamma globulins, polycythemia and
Raynaud’s phenomenon [31] may occur in 90% of myxomas.

Echocardiographic features

The most common and direct evidence of infective endocarditis is the vegetation and it must be at least 3 to 6 mm in size to be
reliably seen. Transthoracic echocardiography (TTE) can, at best, detect vegetation to a minimum size of 2 mm and it is usually
the more sensitive technique, with sensitivities in children up to 80% [32]. The characteristic echo appearance of a vegetation is of
an echogenic mass, irregular in shape, attached to the ‘upstream’ side of a valve leaflet, i.e, atrial side of atrioventricular valves,
most commonly at the coaptation line and prolapsed through the tricuspid valve as shown in Figures 3 and 4. The vegetation vary
in size, sometimes reaching 2-3 cm in diameter and can be so big that they are mistaken for a cardiac tumor as shown in Figures 5
to 9.

The gold standard for diagnosis of infective endocarditis is the modified Duke criteria [33] and it emphasized the essential
relationship between clinical and echocardiographic findings. Duke’s criteria have been predominantly applied for left-sided
endocarditis and have not been studied specifically in tricuspid valve endocarditis [34] and it may be difficult to determine [35] in
its diagnosis.

Echocardiography remains the most safe and simple noninvasive method to diagnose the presence of an intracavitary myxoma
[36]. Myxomas are typically non-homogeneos in texture with lucent centers or areas of calcification. They may be smooth surfaced
but are more often irregularly shaped with filamentous fronts or have the appearance of “cluster of grapes” as shown in Figures 13
and 14. They are either sessile or pedunculated with a distinct stalk (pedicle), variably friable and originates from subendocardial
nests of primitive mesenchymal cells. The tumor arising from the ventricular cavity was attached by a stalk to the interventricular
septum as shown in Figures 10 to 14.

Vegetation can occur on any surface [37]. Endocarditis usually begins as a mechanical traumatic event during the protrusion of
myxoma through the tricuspid valve and the vegetations are attached to its surface as shown in Figures 10 to 12. The tumor mass
is seen to oscillate into the right atrium through the tricuspid valve and producing regurgitation as shown in Figures 15 and 16 and
the oscillations visible as ‘tiger-stripe” appearance in the Spectral Doppler imaging as shown in Figure 17.

Management

Medical therapy

Fever, multiple pulmonary emboli and sustained bacteremia by staphylococcus aureus are the signs of clinical alert for right-sided
endocarditis [38]. After the diagnosis of tricuspid valve endocarditis, medical treatment with antibiotics is indicated and should be
continued for 4 to 6 weeks until the signs of infection disappear. Prolonged therapy is necessary since very high densities of bacteria
approaching 10° to 10'° organisms per gram of tissue, become metabolically dormant and are difficult to eradicate since the
organisms are relatively protected within the vegetation from phagocytic and other host defence mechanisms. Bactericidal
antibiotics or antibiotic combination rather than bacteriostatic agents with high serum concentration may reach the central area of
avascular vegetation by passive diffusion [39]. In small children, intravenous antibiotics with the use of heparin lock devices are
preferred and home intravenous therapy is generally not recommended.

Uncomplicated tricuspid valve endocarditis is successfully treated medically in 80% of cases. Given the low likelihood of adherence
to 4-6-week therapy, shorter courses of therapy with a combination of B-lactam with or without an aminoglycoside (for 2 weeks)
have become an accepted standard in methicillin-sensitive staphylococcus aureus native valve endocarditis. Experience with 2
weeks regimen in children is limited, but it appears promising [40]. Short course therapy should not be used for patients infected
with a relatively penicillin — resistant organisms, nutritionally deficient streptococcus and a presence of vegetation visible by
echocardiography.

Unless the clinical or epidemiologic clues suggest an etiological diagnosis, the recommended treatment for culture-negative native
valve endocarditis is ampicillin plus gentamycin. Ceftriaxone can be used in this regimen instead of ampicillin. Isolated native non-
rheumatic fungal tricuspid valve endocarditis with a large and more friable vegetation is the most severe form of endocarditis.
Aspergillus species (mostly Aspergillus fumigatus) are the second most common fungi isolated from cardiac vegetation (25%),
whilst Candida accounts for 53% and Histoplasma for 6% of cases of fungal endocarditis. Amphotericin B has been the ‘gold
standard’ treatment for Aspergillus endocarditis, despite its known poor penetration into vegetation [41]. The role of new
echinocandins such as caspofungin has been recently approved and a combination of voriconazole with caspofungin is an
alternative approach with promising results in refractory Aspergillus infection [42].




Aspirin therapy Bacteria-platelet interaction appears to be important in both the induction of a vegetation and its enlargement after
colonization. Acetylsalicylic acid was shown to have an effect on both platelets and organisms in a rabbit model of staphylococcus
aureus endocarditis. Animals treated with aspirin had reduction in the weight of valvular vegetation, its growth, density of bacteria
and a decrease in embolic events compared to controls [43].

Surgical therapy

Although tricuspid valve endocarditis is successfully treated medically in about 75% of patients, conservative treatment is not
always effective, and surgical treatment is required in approximately the remaining 25% [44],[45]. The indications of surgery in
right-sided infective endocarditis are not well defined, but it should be considered in the following circumstances as shown in
Table 2 [46].

Indications of surgery in right-sided infective endocarditis
TV (tricuspid valve) vegetation > 20 mm and recurrent septic pulmonary embolism with
or without concomitant right heart failure

IE (infective endocarditis) caused by microorganisms that are difficult to eradicate (e.g.
fungi) or bacteremia for at least 7 days (e.g., Staphylococcus aureus, Pseudomonas
aeruginosa) despite adequate antimicrobial therapy

Right heart failure secondary to severe tricuspid regurgitation with poor response to
diuretic therapy.

Table 2. Indications of surgery in right-sided infective endocarditis)

Timing of surgery in right-sided infective endocarditis is less clear. The optimum timing for the surgery was also stated previously
[47]. The ESC (European Society of Cardiology) guidelines classified surgical indications in infective endocarditis as emergent
(within 24 hours), urgent (within a few days), and elective (after 1 to 2 weeks of antibiotic therapy). The AHA/ACC guidelines
defines early surgery as occurring during the initial hospitalization and before completion of a full therapeutic course of antibiotics.
Early surgery of tricuspid valve infective endocarditis is considered if there is infected indwelling catheters or pacing leads and a
dehiscence of prosthetic valve due to perivalvular infection (unstable prostheses) [48]. Vegetation size is a questionable indication
for surgery and a study by Lutas, et al [49] showed that the size of vegetation is not an indication for surgery by itself. According
to the current guidelines, patients with large vegetation (> 15 mm) should be operated [50],[51] on urgently (within days) and those
with fungal infection that are resistant to medical treatment should be operated during the hospitalization period.

Tricuspid valve infective endocarditis can be especially perilous because the proliferation of growth called vegetation, may cause
the valve to regurgitate. After the infection causes structural damage to the valve, antibiotics alone cannot cure and require surgery
to stem the “snowball effect” the leaking valve [52]. The principles of surgery include radical debridement of vegetation/infected
tissue and valve repair using a variety of techniques [53],[54] such as autologous pericardial patch augmentation of the destroyed
leaflets, implantation of an annuloplasty ring and expanded polytetrafluoroethylene neochord whenever possible. If the damage is
too severe, the valve should be excised and replaced with a bovine pericardial valve, a bioprothesis preferably since there is a high
risk of thrombosis due to low velocity of blood flow in right-sided chambers. The complete excision of the tricuspid valve was first
described by Arbulu, et al [55] and valvectomy accounts for 7.2% of operations performed for tricuspid valve endocarditis in North
America [56]. TV (tricuspid valve) excision should be limited to extreme cases only when the pulmonary artery pressure and
vascular resistance are not elevated. Subsequent valve replacement should be considered once the infection is resolved. Fungal
endocarditis remains a ‘stand-alone’ indication for surgical replacement of an infected valve. Tricuspid valve replacement resulted
heart block in 16% of cases and epicardial lead placement should be considered since the placement of permanent endocardial leads
across a bioprosthesis may cause regurgitation and reduces the prosthesis durability due to leaflet fibrosis and retraction.

Prompt surgical removal of the intracardiac tumor is mandatory as systemic emboli or valvular obstruction can occur unexpectedly.
The first surgical excision of a myxoma was performed in 1954 [57]. The myxoma is removed en bloc with its attachment to the
interventricular septum [58] and every effort should be made to avoid fragmentation and embolization. Laser photocoagulation of
a 1-cm area around the stalk attachment site has also been suggested as a way of eradicating pretumorous cells [59].
Interventional therapy

Surgical management of acute infective endocarditis is a major challenge. AngioVac [60], a suction thrombectomy device approved
for removal of undesirable intravascular material, such as clots, tumors, or any foreign material in the vascular system. It can be an
option in the management of right-sided infective endocarditis in critically ill patients with high surgical risk. Debulking the
infection site and achieving lower bacterial load can increase antibiotic efficacy. Percutaneous vegetation removal has been used
as a bridge to surgery in acute tricuspid valve endocarditis [61],[62].

Outcome

The long-term prognosis of patients with negative blood culture infective endocarditis has been found to be similar to that of
patients with positive blood culture infective endocarditis across all age groups [63]. Tricuspid valve infective endocarditis has a
benign prognosis and an in-hospital mortality of < 10%, long-term mortality of <15% and the reported operative mortality ranges
from 9 to 15% for isolated tricuspid valve endocarditis [64]. The presence of vegetation or vegetation size could be a predictor of
outcome for a subgroup of patients who are at risk for the development of complications [65],[66]. In-hospital mortality was higher
in those with vegetations larger than 10 mm and mortality rate increase even with smaller vegetations [67]. In some studies, the



relationship between vegetation size and the likelihood of mortality as assessed as >15 mm [68] and, > 20 mm and fungal etiology
[69] are the predictors of increase in mortality rate. Right-sided heart failure is also a predictor of poor outcome in right-sided
endocarditis [70],[71].

Numerous reports documented complete cure of myxoma with follow-up period of 10 to 15 years [72],[73] and the surgical results
are excellent with resolution of associated symptoms [74]. In about 1 to 5 % of cases, a recurrence or secondary cardiac myxoma
has been reported after resection of the initial tumor [75],[76].

Case Analysis

A 3-year-old febrile male child despite antibiotic treatment for 2 weeks with an auscultatory findings of a right —sided regurgitant
lesion as evidenced by grade 3/6 systolic murmur and a mass lesion as evidenced by tumor “plop” in lower left sternal border,
suggesting a right-sided infective endocarditis of acute onset clinically. The non-drug users are generally present with symptoms
of > 2 weeks duration [77] and if tricuspid valve is involved, heart murmurs are found with variable frequency in 35 to 72% of
cases [78]. The source of infection is from in-situ intravenous canulas and the blood cultures are negative due to prior antibiotic
therapy. Elevated total leukocyte counts up to 42,700 cells/cubic mm of blood is due to leukemoid reaction as the result of infection.
The mass lesion can be confused as valvular vegetation by echocardiography as shown in Figures 5 to 9. The vegetation is adherent
to the mass, which is attached to the interventricular septum by a pedicle suggesting the RV (right ventricular) myxoma as in
Figures 10 to 14 and it is masquerading as tricuspid valve vegetation in figures 5 to 9. The infective process and trauma due to
mass lesion results in significant valve damage and producing moderate to severe tricuspid regurgitation as shown in Figures 15
to 17.

Right-sided endocarditis, often allows time for medical treatment to take effect because the regurgitant lesion is well tolerated.
Hence, it is recommended to treat medically with antibiotics initially before sending the patient for surgery. With effective
treatment, regurgitant lesion decreased as in Figure 18, the vegetation gradually shrinks and disappeared as shown in Figure 19
even though disappearance of a vegetation should raise a suspicion that the vegetation has broken free and embolized elsewhere,
but there were no signs of septic pulmonary emboli since the X-ray chest PA view revealed normal as in Figure 2. Because there
is a high risk of relapse after short-term antibiotic therapy, prolonged therapy is recommended for a minimum period of 4 weeks
[79] with an advice of surgical removal of tumor in this child.

Screening of population

Calcification is present approximately in 10 to 20% of cardiac myxomas and right atrial myxomas appear to calcify more readily
than left atrial myxoma [80] as shown in Figure 20 and it is associated with rheumatic AV valve (mitral and tricuspid) regurgitation
asin Figure 21 in a 28-year-old male. A left atrial myxoma, attached to fossa ovalis, is associated with rheumatic AV valve stenosis
(mitral and tricuspid) and tricuspid regurgitation as shown in Figures 22, 23 and 24 (Note: Thrombus typically produce a ‘layered
appearance’ and is generally situated in the posterior portion of the atrium
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Figure 20. Showing the calcified right atrial myxoma in a 28-year-old male.
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Figure 21. Showing the rheumatic AV valve (mitral and tricuspid) regurgitation associated with calcified right atrial myxoma in a
28-year-old male.
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Figure 23. Showing the left atrial myxoma associated with rheumatic AV valve stenosis (mitral and tricuspid) in a 53 —year old
male.
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Figure 24. Showing the left atrial myxoma associated with rheumatic tricuspid regurgitation in a 53-year-old male.

Conclusion

Right-sided endocarditis is generally considered to have a better prognosis and the initial approach to the treatment is conservative
with antibiotics according to ESC (European Society of Cardiology) guidelines. The medical treatment yielded very good results
in this case as the disappearance of vegetation mass as shown in Figure 19. Even though optimum management of tricuspid valve
infective endocarditis has not yet been defined, it is a serious and potentially lethal condition in an infant or child [81] and so early
surgical intervention to remove the large obstructive vegetation is indicated. The surgical treatment can be performed with low risk
and good early, mid and long-term results [82].
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