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tiologic Classification of
egenerative Mitral Valve Disease:
arlow’s Disease and Fibroelastic Deficiency

ni C. Anyanwu, MD, and David H. Adams, MD

Barlow’s disease and fibroelastic deficiency are the two dominant forms of degenera-
tive mitral valve disease and have unique differentiating characteristics on clinical and
echocardiographic assessment. Preoperative differentiation of patients by both cardi-
ologists and surgeons is important because the techniques, surgical skill, and expertise
required to achieve a repair vary among these etiological subsets. Barlow’s patients
often have multiple complex lesions, thus high rates of repair are only likely to be
achieved by a reference mitral valve repair surgeon. In contrast, many forms of
fibroelastic disease should be repaired at a high rate by experienced general cardiac
surgeons. In this article, we highlight the differentiation of Barlow’s disease and
fibroelastic deficiency.
Semin Thorac Cardiovasc Surg 19:90-96 © 2007 Elsevier Inc. All rights reserved.

KEYWORDS mitral valve repair, Barlow’s disease, fibroelastic deficiency
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egenerative mitral valve disease refers to a spectrum
of conditions in which morphologic changes in the

onnective tissue of the mitral valve cause structural le-
ions that prevent normal function of the mitral apparatus.
egenerative lesions, such as chordal elongation, chordal

upture, leaflet tissue expansion, and annular dilation typ-
cally result in mitral regurgitation due to leaflet prolapse.
egenerative mitral valve disease is recognized as an im-
ortant cause of cardiovascular morbidity and mortality.1

lthough mitral valve prolapse with severe mitral valve
egurgitation is a common indication for surgical referral,
ifferentiation into the specific degenerative process that
esults in the mitral regurgitation has generally been less
mphasized. Differentiating degenerative mitral valve dis-
ase, specifically Barlow’s disease from fibroelastic defi-
iency, is, however, important because key aspects of sur-
ery may depend on this distinction. This review focuses
n the classification of degenerative mitral valve disease,
ith a specific emphasis on the differentiation of Barlow’s
isease from fibroelastic deficiency (Table 1).

epartment of Cardiothoracic Surgery, Mount Sinai Medical Center, New
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istorical Perspective
lthough the syndrome of a midsystolic click and systolic
urmur, now known as Barlow’s disease, was first described

n 1887 by Cuffer and Barbillon,2 it was not until the 1960s
hat these findings were recognized to be due to mitral valve
rolapse. Although some early workers, such as Griffith in
8923 and Hall in 1903,4 had suggested they were caused by
itral regurgitation, the pervading opinion until the early

960s was that these murmurs were “innocent” and caused
y pleuro-pericardial adhesions or extracardiac disease.5 The
heory of pericardial or extracardiac origin was challenged by
eid in 1961, who, again, suggested that mitral regurgitation
as the cause of midsystolic murmurs and that the click
robably arose from sudden tautening of previously lax chor-
ae.6 Barlow and colleagues validated Reid’s theory in 1963;
sing cine ventriculography, they were able to demonstrate
onclusively the presence of mitral regurgitation in seven
atients with midsystolic murmurs.7 Barlow and colleagues
ere therefore the first to provide direct evidence that the
urmur and click were due to mitral regurgitation. However,

hey wrongly ascribed the findings to fibrosed chordae due to
heumatic valve disease and recommended that patients be
laced on antibiotic therapy against rheumatic fever.7 Barlow

ater presented his findings at Johns Hopkins Hospital, where
riley8 correctly interpreted the mechanism of regurgitation

s excessive posterior leaflet motion into the atrium during
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Etiologic classification of degenerative mitral valve disease 91
ystole, a phenomenon he termed mitral valve prolapse. By the
id 1960s, the syndrome was recognized to be of a degen-

rative rather than rheumatic etiology because myxoid de-
eneration was found on histolgical examination of ex-
lanted valves. The macroscopic features of the Barlow valve
ere described and included voluminous thickening of the

eaflets, and elongation, thickening, or thinning of the
hords.9,10 It was also appreciated that left ventricular dys-
unction coexisted in up to 80% of patients with the syn-
rome, leading some workers to suggest that the valve de-
eneration was secondary to a cardiomyopathy.11 With the
ntroduction of 2-dimensional echocardiography, the echo-
ardiographic features of mitral valve prolapse were defined,
nd, in the early 1980s, this modality superseded cineangiog-
aphy as the tool of choice for diagnosing mitral valve pro-
apse. Barlow and Pocock later coined the term billowing mi-
ral leaflet syndrome to describe the billowing of mitral leaflets
s seen on echocardiography.12 It is not clear when the ep-
nym was first used to describe the disease, but references to
arlow’s syndrome appeared in the medical literature as early
s 1974.13 Carpentier and colleagues characterized the surgi-
al lesions seen in Barlow’s disease14 and were the first to
ifferentiate it from another category of mitral valve prolapse
here there was no billowing or excess tissue.14 Carpentier
sed the term fibroelastic deficiency to describe this other de-
enerative process, which was generally associated with
hinned and ruptured chordae, and typically involved a sin-
le segment of the posterior leaflet (P2).

arlow’s Disease
arlow’s disease is a degenerative mitral valve disease in
hich myxoid infiltration of the valve results in a myxoma-

ous-appearing valve that is remarkable for excess thickened
eaflet tissue. Chordae are sometimes thin but more com-

only are thickened, fused, or even calcified. Chordal elon-
ation is more frequent than rupture. The etiology is un-

able 1 Key Differences Between Barlow’s Disease and Fibro

Barlow’s Dise

athology Myxoid infiltration
ypical age Young (<60 years)
uration of known
mitral disease

Several years to decades

ong history of murmur Usually
amilial history Sometimes
arfanoid features Sometimes
uscultation Midsystolic click and late s
chocardiography Bulky, billowing leaflets, mu

prolapse
urgical lesions Excess tissue, thickened an

chordal thickening or thin
elongation or rupture, atr
leaflets, fusion, fibrosis o
of chords, papillary musc
calcification, annular calc

itral valve repair More complex
nown; although some cases have a significant genetic or T
amilial component,15,16 the majority of cases are sporadic.
he pathological hallmarks are myxoid infiltration, which
estroys the 3-layer leaflet architecture, and also collagen
lterations seen on histological examination.17 This myxoid
nfiltration is responsible for the thick, redundant leaflets
een in Barlow’s disease. Because the infiltration affects the
ntire valve, billowing and/or prolapse of multiple segments
f the valve are common findings.

linical Assessment
atients with Barlow’s disease are typically young (age � 40
ears), more often women, and asymptomatic at first presen-
ation, having been found to have a murmur on physical
xamination. Many patients are then followed up by an in-
ernist or primary care doctor for an interval of several years
efore being referred for cardiologic assessment. On first pre-
entation to the cardiac surgeon, most patients will therefore
ave a long history of a cardiac murmur. Some patients may
ave a family history of mitral valve prolapse. Surgical refer-
al is often triggered by declining ventricular function, onset
f atrial fibrillation, or the development of symptoms includ-
ng palpitations, fatigue, dyspnea, and presyncope. Ventric-
lar arrhythmias, syncope, angina, endocarditis, and cere-
rovascular accidents are less common presentations.
atients with longstanding disease and left ventricular dys-
unction may present with symptoms of heart failure. The
ecognition that clinical events and reduced life expectancy
an occur in asymptomatic or minimally symptomatic pa-
ients with severe mitral regurgitation has lead some workers
o recommend surgical intervention before the onset of
ymptoms, arrhythmias, or ventricular dysfunction.18 Pa-
ients are typically around 50 years of age at the time of
urgical intervention,19 although they can be of any age.

General physical examination is often unremarkable, but
ome patients have extracardiac signs, such as skeletal abnor-
alities, suggestive of a forme fruste of Marfan’s syndrome.20

c Deficiency at Time of Surgical Presentation

Fibroelastic Deficiency

Impaired production of connective tissue
Older (60� years)
Months

No
No
No

murmur Holosystolic murmur
gmental Thin leaflets, prolapse of single

segment, ruptured chord(s)
leaflets,
chordal
ion of
ification

on

Thin leaflets, thickening and excess
tissue (if present) limited to prolapsing
segment, ruptured chordae

Less complex
elasti

ase

ystolic
lti-se

d tall
ning,
ializat
r calc
le
he auscultatory findings in Barlow’s disease were well char-
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92 A.C. Anyanwu and D.H. Adams
cterized in the 1960s21,22 and classically include a mid to late
ystolic click and a high-pitched, late, systolic murmur. In-
erventions that decrease left ventricular end-diastolic vol-
me, such as the valsalva or administration of nitrates, will

ncrease the murmur of Barlow’s and result in an earlier click,
ue to a more redundant mitral apparatus. Interventions that

ncrease end-diastolic volume or afterload (for example,
quatting, handgrips) make the murmur softer and shift the
lick to a later phase of systole. However, clinical findings are
ariable, and many patients do not fit classical descriptions.

chocardiography
chocardiography is the gold standard for preoperative diag-
osis and differentiation of degenerative mitral valve disease.
ransthoracic echocardiography provides sufficient diagnos-

ic information in a majority of patients. Transesophageal
chocardiography provides clearer images and is necessary
hen transthoracic images are of insufficient quality. Three-
imensional echocardiography is an increasingly utilized re-
earch tool—preliminary data are exciting,23 and this tech-
ology will likely simplify echocardiographic differentiation
f degenerative mitral valve disease. From the surgical per-
pective, echocardiographic assessment of the Barlow’s valve
hould (1) confirm the diagnosis of moderate to severe mitral
egurgitation; (2) confirm Carpentier type II and often asso-
iated type I valve dysfunction24 and identify which leaflet(s),
nd which segments of leaflets, prolapse or billow; and (3)
elineate the primary lesions (excess leaflet tissue, chordal
nd leaflet thickening, chordal elongation and rupture) and
econdary lesions (calcification, annular dilation).

Barlow’s disease will usually show billowing of the body of
ne or both leaflets with prolapse of the margin of either or
oth leaflets. Regurgitation results from the marginal pro-

apse and not from billowing of the leaflet body. If the pro-
apse is due to chordal elongation, the regurgitation typically
ccurs in the mid to late phase of systole as opposed to
olosytole in the case of chordal rupture. The valve is typi-
ally large, with elongated and redundant billowing leaflets;

Figure 1 Echocardiographic differentiation of degenerati
(transgastric, 4-chamber view): Note both leaflets are
insertion of the posterior leaflet toward the atrium (a
deficiency with P3 prolapse (transgastric, 2-chamber vie
A ruptured chord (arrow) is visible. LA � left atrium; L
eaflets are bulky and thickened (Fig. 1A). Leaflet thickness in i
iastole measured by M-mode echocardiography often ex-
eeds 3 mm. Another common feature is displacement of the
nsertion of the posterior leaflet away from the ventricular
rest and toward the atrium, creating an out-pouching at the
eaflet base (Fig. 1A [a]). Severe annular dilation is typical.
nnular or subannular calcification is less common but can
e present in advanced disease (Fig. 1A [b]). Multiple seg-
ents of the valve are often prolapsing, although sometimes
single, prolapsing segment may be seen.25

urgical Lesions
he most striking differences between Barlow’s disease and
ll other causes of mitral regurgitation are the size of the valve
nd amount of excess tissue (Fig. 2A). Barlow’s valves are
ften gigantic with the anterior leaflet sized at 38 mm or
reater,19 a finding unique to Barlow-type disorders. The
eight of the posterior leaflet not infrequently exceeds the
eptolateral diameter of the annulus (Fig. 2B). Multiple seg-
ents are thickened and present with excess tissue. Typi-

ally, chordal elongation results in multisegment prolapse,
ut chordal rupture may also be present. Chords may be thin
ut are often thickened and in advanced stages can become
used and retracted (Fig. 2C), leading to restriction of leaflet
otion.
The annulus is always dilated in Barlow’s disease, and it is

ot uncommon to encounter severe posterior annular dila-
ion in relation to the true size of the anterior leaflet. Atrial-
zation of the posterior leaflet with pseudodisplacement of its
nsertion away from the true annulus may be seen. Fissures at
he base of the leaflet with microthrombi and calcifications
re another feature commonly seen in Barlow’s disease (Fig.
D). Calcifications of portions of the annulus as well as the
nterior papillary muscle and associated chordae may also be
ound.

mplications for Repair
ll lesions present should be corrected to restore not only
alve competency but also a normal valve geometry and sat-

ase. (A) Barlow’s disease with posterior leaflet prolapse
bulky, and billowing. There is a displacement of the
ular calcification (b) is also evident. (B) Fibroelastic
flets are thin and do not have billowing or redundancy.
ft ventricle.
ve dise
thick,
). Ann
w). Lea
sfactory line of closure. Because excess tissue is the hallmark
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Etiologic classification of degenerative mitral valve disease 93
esion of Barlow’s disease, leaflet resection and restoration of
he normal relationship of leaflet and annular dimension are
sually central to the surgical strategy. Simply correcting
arginal prolapse without resection leaves the lesion (of ex-

ess tissue) uncorrected and may predispose to systolic ante-
ior motion and also recurrence of mitral regurgitation. If
esection is not undertaken, such as in neochordoplasty, ex-
ess tissue should be positioned in a manner such that it does
ot contribute to the functional area of the valve. Congenital
lefts, though not a characterizing feature of Barlow’s disease,
ften require closure to effect an adequate repair. After re-
uction of excess tissue, chordal lesions should be corrected.
t is important that appropriate support is restored to all areas
ed by elongated chords to prevent a residual or recurrent
rolapse. Support is restored by resection of prolapsing seg-
ents, chordal transfer, application of neochordae, or papil-

ary muscle–repositioning techniques. Ruptured chordae are
ealt with by similar techniques. The sliding plasty tech-
ique26 may also be used to restore appropriate tension on
ildly elongated chordae. Areas of leaflet and chordal calci-
cation or fusion should be resected to restore mobility of the

eaflet(s). Annular dilation is addressed by annular plication
nd annuloplasty. Annular decalcification is required for ar-
as of extensive calcification. Finally, because Barlow’s dis-
ase is typically associated with large valve size, we have
ound that the use of large annuloplasty rings facilitates a
uccessful repair and may help prevent the complication of
ystolic anterior motion.19

ibroelastic Deficiency
n contradistinction to Barlow’s disease, connective tissue

igure 2 Surgical lesions in Barlow’s
isease. (A) Large valve with redun-
ant, thick, bulky leaflets. (B) Tall,
osterior leaflet with tip rising to an-
erior annulus. (C) Calcified anterior
apillary muscle (surgical picture of
ig. 1A): chords are fused and matted,
ausing restriction of P1/P2 junction.
D) Atrialization of the base of the
osterior leaflet. Note the blurring of
he junction between atrium and leaf-
et with fissures and microthrombi
arrows).
eficiency, rather than excess, appears to be the main patho- s
ogical mechanism in fibroelastic deficiency.17 Impaired pro-
uction of connective tissue, with deficiency of collagen,
lastins, and proteoglycans, results in thinning of leaflet tis-
ue. The 3-layer architecture of the leaflet tissue is preserved.
econdary pathological change in prolapsing segments may
esult in myxoid deposition with resultant thickening and
xpansion, but this process is usually limited to the prolaps-
ng segment.27 Histologically, elastic fiber alterations are

ore prevalent in fibroelastic deficiency compared with Bar-
ow’s disease.17 The etiology of the connective tissue defi-
iency in fibroelastic deficiency is unknown but may be age
elated. Rupture of thin, deficient chords is the usual mech-
nism of regurgitation in affected patients.

linical Assessment
atients with fibroelastic deficiency are typically asymptom-
tic until time of chordal rupture. In contrast to Barlow’s
isease, patients with fibroelastic deficiency are of middle or
dvanced age and report a short history of shortness of breath
r fatigue. They do not usually have a long history of a mur-
ur. In some instances, the patient may report precisely the

ime of onset of symptoms, coinciding to the time of chordal
upture. General physical examination is typically unremark-
ble. A harsh, holosystolic murmur radiating to the axilla is
lassically found. Signs of left heart failure may be present.

chocardiography
n fibroelastic deficiency, echocardiography usually shows a
ingle, prolapsing segment, sometimes with a visible rup-
ured chord (Fig. 1B). Although the middle scallop of the
osterior leaflet (P2) is the most often involved, any valve

egment of the anterior or posterior leaflet may be affected.
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94 A.C. Anyanwu and D.H. Adams
he valve leaflets are thin and do not show redundancy or
illowing. Annular dilation is less pronounced than in Bar-

ow’s disease, and calcification is typically absent. The regur-
itation usually occurs throughout systole.

urgical Lesions
hordal rupture is the classical lesion of fibroelastic defi-
iency (Fig. 3). One or more chords, usually to a single seg-
ent, are ruptured, causing prolapse of the unsupported

egment. Nonruptured chords are often thinned. Leaflets are
hin, sparse, and of normal height, the exception being the
rolapsing segment, which may display thick and excess tis-
ue (Fig 3A). The average ring size of patients with fibroelas-
ic deficiency is 32 mm.28 Annular dilation is present but less
rominent than in Barlow’s disease. Annular calcification is
nusual but may occur in elderly patients because of coex-

sting senile annular degeneration.

mplications for Repair
ecause the primary lesion is chordal rupture, correcting the
egmental prolapse resulting from the ruptured chord is al-
ays required. This lesion may be repaired by a variety of

echniques including limited resection of the prolapsing seg-
ent, chordal transfer, implantation of neochordae or edge-

o-edge suture to the corresponding area of the opposing
eaflet. Excess tissue, if present, should be resected, although
ne must be cautious not to be too aggressive, because the
esidual noninvolved tissue is usually thin and sparse such
hat overzealous resection risks restricted motion of the re-
onstituted leaflet. Although leaflet and ring sizes are gener-
lly smaller than in Barlow’s disease, systolic anterior motion
emains a potential complication, so it is important to
horten excessively tall segments and not undersize annulo-
lasty rings.

ther Degenerative Diseases
egenerative mitral valve disease can be part of any syn-
rome of connective tissue disease. The degenerative mitral

Figure 3 Surgical lesions in fibroelastic deficiency. (A) Pro
is thickened compared with other segments. Note the tra
of P1 and P3, in contrast to findings in Barlow’s disease
picture of Fig. 1B); P3 is thickened, and the P2 (hook) a
alve process seen in Marfan’s syndrome—a connective tis- G
ue disorder frequently associated with mitral regurgita-
ion—is pathologically similar to Barlow’s disease. Like Bar-
ow’s, Marfan’s shows high levels of myxoid infiltration with
xcess tissue. There is, however, a tendency for more elastic
ber alterations in Marfan’s valves, which is similar to the
lastic fiber alterations present in extracardiac Marfan tis-
ues.17 From a surgical perspective, the Marfan valve is quite
imilar to the Barlow valve. For this reason, some have sug-
ested that Barlow’s disease is a forme fruste of Marfan’s.29

ther connective tissues diseases, such as Ehlers-Danlos syn-
rome, osteogenesis imperfecta, and pseudoxanthoma elas-
icum, and genetic disorders like Turner’s syndrome, may
lso be associated with a Barlow-type mitral valve disease.

Sometimes, degenerative disease may affect exclusively the
itral valve annulus, causing a type I dysfunction—the eti-

logy of such degeneration limited to the annulus is not
nderstood, but in some cases may possibly be secondary to
achyarrythmias or senile degeneration.

Not all patients who fit criteria for degenerative mitral
alve disease can be clearly categorized on echocardiography
r surgical inspection as Barlow or fibroelastic deficiency;
ometimes the valve may share features of both syndromes.17

ome valves may represent a forme fruste of Barlow’s disease
nd will demonstrate myxoid infiltration on subsequent his-
ological examination. Some presumed degenerative valves
ay be found on histology to have a nondegenerative origin

uch as rheumatic disease. Some degenerative disease will,
owever, remain unclassified.

mplications of Degenerative
isease Differentiation

s cardiovascular specialists move toward more liberal sur-
ical referral of asymptomatic patients with severe mitral
alve regurgitation, the determination of likelihood of a mi-
ral valve repair as opposed to a mitral valve replacement has
aken on additional significance. Indeed, the current Ameri-
an College of Cardiology/American Heart Association

f P2 due to multiple ruptured chordae; the leaflet tissue
ncy of anterior leaflet, and normal height and thickness
ig. 2). (B) Prolapse of P3 with ruptured chord (surgical
segments are thin and of normal height.
lapse o
nsluce
(see F
uidelines for Management of Patients With Valvular Heart
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Etiologic classification of degenerative mitral valve disease 95
isease30 emphasize that an asymptomatic patient with
hronic, severe mitral regurgitation should only be referred
o experienced surgical centers where the likelihood of suc-
essful repair, without residual mitral regurgitation, is more
han 90%. The proper differentiation of the degenerative dis-
ase process is a critical step in the referral process, as well as
he surgical counseling a patient should receive.

urgical Implications
ifferentiation of degenerative disease is a useful step for the

econstructive mitral surgeon, because the etiology and re-
ulting lesions help define the techniques required to achieve

successful repair. For example, if the echocardiogram
hows severe Barlow’s disease with bileaflet multi-segmental
rolapse and annular calcification, it follows that techniques
uch as posterior leaflet resection, sliding leaflet plasty, an-
ular decalcification, chordal transfer or substitution, papil-

ary muscle sliding, and large-ring annuloplasty will be re-
uired to achieve a repair. Unless the surgeon is well versed

n such techniques, attempts at repair are unlikely to be suc-
essful. Also, such a repair will require a long period of aortic
lamping and cardiopulmonary bypass. In our own series,
he average cross-clamp time for a Barlow repair is 3 hours,
eflecting the complexity of these reconstructive proce-
ures.19 After studying the preoperative echocardiogram, the
urgeon should have a mental plan as to how he is going to
chieve a repair. The lesions should also influence the inci-
ion proposed for the operation. For example, it is less likely
o achieve a successful repair on a complex Barlow’s (Fig. 2A)
ith a totally videoscopic port access approach; and, in such
case, it may be more prudent to recommend a median

ternotomy or larger lateral thoracotomy, whereas a simple
2 prolapse has been shown to be reliably reparable through
variety of minimally invasive approaches. The distinction of
tiology and reparability is particularly important for sur-
eons offering minimally invasive techniques, because young
atients who seek such techniques are often asymptomatic
atients with Barlow’s disease.

eferral Implications
t is sobering to note that despite a consensus in the cardio-
ascular community and an abundance of supporting data in
he literature on the superiority of mitral valve repair over
itral valve replacement, mitral valve replacement for degen-

rative disease remains prevalent. To ensure a patient ends
p with a mitral valve repair, rather than replacement, it is

mportant that both cardiologists and surgeons familiarize
hemselves with the nuances of etiology and associated le-
ions in Barlow’s valve disease versus fibroelastic deficiency,
nd also with the surgical complexity and skill required to
epair various lesions. Although it is neither practical nor
ecessary to refer all patients with degenerative mitral valve
isease to expert mitral surgeons, individual patients could
e matched to the appropriate level of surgical expertise most

ikely to affect a repair. The surgeon and cardiologist should
tudy the clinical scenario and preoperative echocardiogram

o ascertain whether they are dealing with Barlow’s disease or
broelastic deficiency. Barlow valves, when identified,
hould trigger referral to mitral valve repair surgeons skilled
n such repairs.

ssessment of Prognosis and Outcomes
t remains difficult to ascertain the true long-term durability
f mitral valve repair because of poor classification of patients
nto appropriate etiologies, lesions, and dysfunctions.31 Cor-
ect differentiation of etiologies and lesions is necessary to
nable audit of the quality and durability of a center’s mitral
epairs and also for outcomes research. Surgeons committed
o mitral repair must audit their repair rates and outcomes to
nsure they are delivering their expected level of care—such
udit can only be usefully done if stratified by etiology or
esions.32 Surgeons should be able to quote their repair and
esidual regurgitation rates separately for Barlow’s and fibro-
lastic deficiency to patients and referring cardiologists.

Although degenerative mitral valve repair has been under-
aken for over 30 years, the long-term outcomes of degener-
tive mitral valve repair remain poorly defined because of
ack of accurate differentiation. Although available data sug-
est that patients with bileaflet prolapse have a higher recur-
ence rate of moderate to severe mitral regurgitation and
eoperation,33-35 data cannot robustly differentiate outcomes
ccording to etiology. It is not known, for example, whether
arlow’s disease with repair restricted to the posterior leaflet
as a similar outcome to fibroelastic deficiency with posterior

eaflet prolapse, and whether differing repair techniques have
iffering outcomes. Differentiation of degenerative disease in
uture outcomes research is critical to further clarify the du-
ability and results of mitral valve repair.
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