
Abstract
!

Cardiac papillary fibroelastomas (CPFs), the sec-
ond most common primary cardiac tumor, are
benign endocardial papillomas predominantly
affecting the cardiac valves. Although CPFs are
rare and benign tumors, they may result in life-
threatening complications. Early diagnosis of this
condition is important, since it represents a sur-

gically correctable cause of systemic embolism,
myocardial infarction, stroke, acute valve dys-
function, and sudden cardiac death. This review
summarizes the significance and clinical ap-
proach for the diagnosis of this cardiac entity.
The differential diagnosis, histological character-
istics of CPF and current treatment strategies are
also discussed.
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Introduction
!

Primary cardiac tumors are extremely rare [1].
The frequency of primary cardiac tumors is ap-
proximately 0.02%, corresponding to 200 tumors
in 1 million autopsies [1,2]. In another series of
over 12000 autopsies, only seven were identified,
giving an incidence of less than 0.1% [3]. By com-
parison, metastatic involvement of the heart is
over 20 times more common, and has been re-
ported in autopsy series in up to one in five pa-
tients dying of cancer [4].
Cardiac papillary fibroelastomas (CPFs) are be-
nign endocardial papillomas. They are the second
most common primary cardiac tumor, but the
most common cardiac valve tumor and account
for 7.9% of benign primary cardiac tumors [5].
Most CPFs are found incidentally at the time of
echocardiography, cardiac catheterization, car-
diac surgery, or autopsy [5]. However, the in-
creasing use of echocardiography, and recogni-
tion of CPF’s echocardiographic features has re-
sulted in a more frequent diagnosis of cardiac
papillary fibroelastomas [6, 7]. Furthermore, the
growing clinical use of cardiac computed tomog-
raphy (CT) and magnetic resonance imaging
(MRI) may lead to an increasing discovery of this
tumor entity. Although CPFs occur in all age
groups, from the neonate period to the 10th de-
cade of life, they clearly predominate in adults
and are particularly frequent between the 4th
Sydow K et al. Papilla
and 8th decades of life. CPFs are more common
in males in most case series. They are generally
slow growing tumors but may serve as a nidus,
allowing formation of large superimposed throm-
bi over a short period of time and, therefore, may
result in life-threatening complications [8].
Although the CPF is a morphologically distinctive
cardiac lesion, its histogenesis remains contro-
versial.

Clinical significance of cardiac papillary
fibroelastomas
Although CPFs are rare and histologically benign
tumors, they may result in life-threatening com-
plications, i.e., stroke, embolism, and sudden
death. Clinically, CPFs present with transient is-
chemic attack, stroke, myocardial infarction,
heart failure, presyncope, syncope, arrhythmias,
sudden death, pulmonary embolism, blindness,
and peripheral embolism [7,9 – 11]. The most
common clinical presentations are by embolism
to the cerebral, systemic or coronary arterial cir-
culations, followed by heart failure and sudden
death [7,9 – 11]. Furthermore, these papillary
growths may also obstruct an aortic ostium of a
coronary artery, leading to angina pectoris, acute
myocardial infarction, and sudden death [12,13].
Clinical symptoms differ depending on the loca-
tion of the tumor. In patients with aortic valve tu-
mors, sudden death and myocardial infarction
were the two most common presentations,
ry Fibroelastomas of … Thorac Cardiov Surg 2008; 56: 9 – 13
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whereas in patients with mitral valve tumor, stroke was the
most common clinical presentation.
Cardiac papillary fibroelastomas are firmly attached to the valvu-
lar or mural endocardium and dislodgement of a CPF, therefore,
would appear unlikely. Pathologic studies have only rarely found
evidence of a fibroelastoma at the site of the arterial occlusion,
leading many experts to believe that the true source of the em-
bolization are fibrin strands or thrombin that form on the sur-
face of the tumor [14]. However, embolization may occur from
the fragile papillary fronds of the tumor itself or from a throm-
bus formed on the tumor. Depending on their size and mobility,
atrioventricular valve CPFs can cause obstruction to filling of the
left or right ventricle resulting in recurrent pulmonary edema
and right-heart failure. These features can mimic the clinical pic-
ture of mitral or tricuspid valve stenosis [15]. Furthermore, con-
duction system disturbances and complete atrioventricular con-
duction block have also been reported [16].

Clinical diagnosis
The majority of patients with CPF are asymptomatic, and the
majority of CPF cases have been discovered while patients were
being examined for an unrelated problem. Fibroelastoma typi-
cally has no clinical findings on physical examination or labora-
tory workup, whereas the detection of papillary fibroelastomas
has increased with the use of echocardiography, CT, and MRI.
Transthoracic echocardiography is a useful tool for the initial
evaluation of suspected CPF, but transesophageal echocardiogra-
phy is frequently required for a more comprehensive and accu-
rate assessment, in order to pinpoint the localization to adjacent
structures. With the advent of echocardiography, an in vivo diag-
nosis has become more frequent, since only masses measuring
less than 2 mm cannot be clearly visualized, with a sensitivity
decreasing from 89% to 77% [6]. Echocardiography usually dem-
onstrates a small, mobile, pedunculated or sessile valvular or en-
docardial mass, which on many occasions flutters or prolapses
into the cardiac chambers during systole or diastole. Echoden-
sity of the tumor’s central collagen core strongly supports the di-
agnosis and allows it to be differentiated from other intracardiac
tumors, vegetations, or mural thrombi [6]. In contrast to the typ-
ical heterogeneous echocardiographic appearance of myxoma,
fibroelastoma usually appears as a homogeneous tumor.
Although the typical location of fibroelastoma is on the atrial
surface of the atrioventricular valves and aortic surface of the
semilunar valves, it may be found on any endocardial surface
[6]. Fibroelastomas are usually located on the left-sided valves
[6,14], and the majority are less than 1 cm in diameter [6,17].
Transesophageal echocardiographic examination is the best di-
agnostic tool for papillary fibroelastomas. However, it does not
reliably reveal multiple lesions.
Since the introduction of multi-slice scanners, CT has become
the equal of echocardiography in its depiction of small moving
structures [18]. Furthermore, the growing clinical use of cardiac
CT may increasingly uncover CPFs in the near future. MRI offers
soft-tissue characterization and evaluation of valvular function.
After administration of extracellular contrast media, CPFs dis-
play no enhancement in the early perfusion phase, but an in-
tense enhancement in the delayed phase. This pattern of delayed
enhancement is caused by the content of collagen in fibromas
similar to scar tissue after myocardial infarction. Contrast-en-
hanced MRI offers thus a differentiation between tumor and
thrombus. Cine-MRI allows an assessment of myocardial and
valvular function comparable with echocardiography. However,
Sydow K et al. Papillary Fibroelastomas of … Thorac Cardiov Surg 2008; 56: 9 – 13
the major disadvantage of MRI is the reduced spatial resolution
compared with CT and echocardiography.
Electrocardiographic findings are nonspecific, but occasionally
patients may have atrial arrhythmias. Invasive cardiac catheter-
ization and selective angiography is usually not necessary in
most patients with CPF, especially since it is associated with an
added risk to patients because the catheter may dislodge a frag-
ment of the tumor or adherent thrombi, resulting in embolism.

Differential diagnosis
Differential diagnosis of CPF primarily includes other heart tu-
mors, thrombi, vegetations, valvular calcification, semilunar
valves strands, and Lambl’s excrescences. Myxomas are the most
common primary cardiac neoplasm. Approximately 80% of myx-
omas originate in the left atrium, and most of the remainder are
found in the right atrium [19 – 22]. Rarely, myxomas originate
from valvular locations. Myxomas vary widely in size, ranging
from 1 to 15 cm in diameter, and weigh between 15 and 180 g
[23]. Histologically, myxomas differ from CPFs by the composi-
tion of scattered cells within a mucopolysaccharide stroma and
blood vessels within papillae [24]. The cells originate from a
multipotent mesenchyme that is capable of neural and endothe-
lial differentiation [25]. Cardiac fibromas are benign tumors of
fibroblastic origin, which in contrast to rhabdomyomas do not
spontaneously regress. Fibromas are usually reported as solitary
intramural tumors involving the ventricular septum or left ven-
tricular free wall over the apex. They can be variable in size and
may have a focal calcification and occasionally cystic degenera-
tion [26,27]. Cardiac rhabdomyomas are predominantly myocar-
dial neoplasms seen in infants and children [28]. Echocardio-
graphic features of cardiac thrombi differentiating them from
CPFs include a laminated appearance, an irregular or lobulated
border, microcavitations, and absence of a pedicle. Another le-
sion that needs to be differentiated from CPF is valvular vegeta-
tion. The valvular location and mobility of the infective vegeta-
tions can be similar to that of a CPF. However, these vegetations
are usually associated with clinical signs of endocarditis and
valvular destruction, and may resolve or change in appearance
over time with treatment [29]. Mitral annular calcification, one
of the most common echocardiographic findings in elderly pa-
tients, should be easily differentiated from a CPF, based on its
characteristic location and calcification [30]. CPFs can be distin-
guished from Lambl’s excrescences by their composition, size,
and location. They are larger and more gelatinous than Lambl’s
excrescences, and are present on valves, away from the valvular
lines of closure, and also on the endocardial surfaces of the atria
or ventricles.

Histology
CPFs are small, avascular papillomas, which can arise from virtu-
ally any endocardial surface, but they most often originate from
the valvular endocardium [24,31,32]. These benign CPF lesions
are derived from normal components of the endocardium (fi-
brous tissue, elastic fibers, and smooth muscle cells) [5]. On his-
tological examination, the fibroelastoma consists of multiple
papillary villus fronds radiating from a central stalk [17]. Each
frond contains 3 zones and has a characteristic microscopic ap-
pearance [17]. They contain a dense, central core of collagen and
elastic tissue; a peripheral, myxomatous layer with deposits of
acid mucopolysaccharides; and an overlying, hyperplastic layer
of endothelial cells [33]. On gross pathologic examination, CPFs
resemble a sea anemone, especially when placed in saline [5,6].
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Although the CPF is a morphologically distinctive cardiac lesion,
its histogenesis remains controversial. Reaction to mechanical
trauma, neoplasms, hamartomas or inflammatory nodules have
all been considered [24,34]. Furthermore, a fair number of au-
thors believe the lesion to be a reactive phenomenon resulting
from persistent valvular endothelial trauma, which ultimately
results in Lambl’s excrescences [33, 35]. Both CPFs and Lambl’s
excrescences have been shown to contain fibrin and hyaluronic
acid, and appear to be present along the valve edge along degen-
eration planes [36]. However, there are several investigators
who disagree with this hypothesis.

Distribution in the heart
The majority of tumors are around 10 mm at their greatest diam-
eter, but tumors as large as 70 mm have been reported [37]. The
gross appearance of a characteristic papillary structure may be
obscured by attached organizing thrombi [24]. CPFs usually de-
velop on the cardiac valves, but since CPFs are an endocavitary
neoplasm, they may arise everywhere from the heart’s endocar-
dium. Valvular CPFs may arise from the free edge of the valve,
but more commonly they arise from the mid portion of the valve.
More than 95% arise in the left heart.
CPFs have been reported to originate from a variety of locations
within the heart including the left ventricle [38 –40], the ostium
of the right coronary artery [41– 44], the ostium of the left coro-
nary artery [45,46], the left atrial appendage [37,47], atrial sep-
tum [48,49], ventricular septum [7,50, 51], right atrium [52, 53],
right ventricle [54], left ventricular outflow tract [55], Eusta-
chian valve and Chiari network [56,57], the right atrial append-
age [58], and right ventricular outflow tract [59]. Recently, Kon-
do and Tobe described a case of papillary fibroelastoma of the
pulmonary artery filling the space over the pulmonary valve
[60]. However, a clear differentiation of CPF originating from
the coronary ostia and/or the pulmonary artery or arising from
the semilunar valves is difficult in some cases.
The majority of CPFs are valvular. In the Armed Forces Institute
of Pathology series, only 13% (4/45) were nonvalvular [61]. A
comprehensive analysis of 661 patients with CPF revealed that
in 44% of cases the tumor was located on the aortic valve, fol-
lowed by the mitral valve in 35%, the tricuspid valve in 15%,
and the pulmonary valve in 8% [62]. In this analysis, the left ven-
tricle was the predominant nonvalvular site of tumor origin in
9%. The other sites involved were the left atrium (1.6%), left at-
rial appendage (0.3%), atrial septum (1.3%), right atrium (2.0%),
right atrial appendage (0.2%), Eustachian valve (0.3%), and right
ventricle (1.5%). In 5.8% of patients, multiple tumors in 1 or mul-
tiple locations were found. One patient had 8 tumors at various
locations in the heart.
CPFs are usually solitary, but can rarely be multiple, involving the
same or separate valves or both the left and the right cavities [63].
In most cases, multiple tumor sites were intraventricular or in-
volved separate cardiac leaflets [6]. Recently, we described the
coincidence of aortic valve stenosis and regurgitation after prior
endocarditis and multiple papillary fibroelastomas in a young
male adult [64]. Careful intraoperative inspection revealed mul-
tiple gelatin-like tumors toward the aortic valve in the left ven-
tricular outflow tract and the mitral valve apparatus. The true in-
cidence of multiple papillary fibroelastomas may be underesti-
mated, since the diagnosis may be missed on transesophageal
echocardiography [65]. In many cases, a second lesion is detected
upon surgical inspection [66, 67]. Therefore, the entire heart
should be assessed as thoroughly as possible during surgery.
Sy
Therapy
While some recommend surgery for all patients because of the
risk of embolization and associated morbidity [11, 31,68 – 70],
others have suggested that careful observation is an acceptable
option for asymptomatic patients, as long as the tumor remains
small and nonmobile [6].
Twenty-five patients, who did not have surgery but for whom an
adverse outcome was reported, were used to determine the in-
dependent predictors of adverse outcome (death, non-fatal em-
bolization). Using univariate analysis – including age, sex, tumor
location, tumor size, and tumor mobility – aortic valve location
and tumor mobility were predictors of CPF-related death or non-
fatal embolization. In these patients, tumor mobility was the
only independent predictor of death or non-fatal embolization
[62].
Therefore, surgery seems to be indicated for patients who have
had embolic events, complications which are directly related to
tumor mobility (i.e., coronary ostial occlusion), and those with
highly mobile or large (‡ 1 cm) tumors [6, 62]. However, none of
these recommendations are based on data collected from a pro-
spective series because no such data have been reported, and
furthermore, there is evidence to suggest that the mechanism
of thromboembolism results from a combination of tumor em-
bolization and thrombi formation on the tumor [71], so that a
significant change in tumor size can occur over a short interval
[8].
When a surgical approach is chosen, surgical excision of the tu-
mor in toto including its basis (e.g., atrial septal tissue) can be
performed. Surgical excision of a CPF is curative, and in most
cases, the tumors can be easily removed because they are pe-
dunculated [31,70,72, 73]. The root of the pedicle and the full
thickness of the endocardium is excised, and any resulting de-
fects are closed by direct suturing or, if they are too large, with a
pericardial or Dacron patch. Furthermore, shaving the tumor
from the leaflet is an acceptable surgical approach resulting in a
virtually curative procedure. A recently published retrospective
study describing the treatment and outcome of patients with
CPF demonstrated an 83% rate of shave excision without the
need for valvular repair or replacement [74].
However, in addition to shaving the tumor from the leaflet or
surgical excision of the tumor, some patients require valve repair
or even valve replacement. One may argue that valve replace-
ment is necessary in general due to the worry about thrombus
formation at the base of the excised CPF and to ensure that po-
tential regrowth of the CPF is no longer possible. However, CPF
recurrence at the site of a previously excised CPF has not been
reported [74].
Anticoagulation has been proposed, on the theory that the tu-
mor itself does not embolize, but rather thrombin forming on
the surface of the tumor embolizes, leading to the clinical sequel-
ae [14]. Ngaage et al. [74] found no difference in the incidence of
thromboembolism between aortic and mitral cardiac papillary
fibroelastomas, but rather an equivalent risk of thromboembo-
lism for left-sided valvular tumors (aortic 43%; mitral 43%) and
a low risk for nonvalvular tumors (left ventricular outflow tract
6%; all heart chambers 0%). Right heart CPFs are rare and treat-
ment is controversial [75]. Therefore, symptomatic patients who
are not candidates for surgical therapy could be treated with
long-term oral anticoagulation, although no randomized control
data are available on its efficacy [76, 77].
Anticoagulation after surgery is not universally recommended
[47]. Our above-mentioned patient with multiple cardiac papil-
dow K et al. Papillary Fibroelastomas of … Thorac Cardiov Surg 2008; 56: 9 – 13
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lary fibroelastomas and the impossibility of resection of the en-
tire intraoperative tumor mass was discharged under oral anti-
coagulation (phenprocoumon) and had an uneventful postoper-
ative course, in particular without any embolization within the
one-year follow-up period [64]. The longest postoperative fol-
low-up of a completely excised CPF is 11 years. No recurrence of
cardiac papillary fibroelastomas from the same origin was re-
ported during this period of time. However, the growth of fibro-
elastomas at new locations after prior successful complete exci-
sion of fibroelastomas at different locations in the same patient
has been reported.
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