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Purpose of review

To highlight the relevance of preoperative differentiation of degenerative mitral valve

disease based on etiology (predominantly Barlow’s Disease or fibroelastic deficiency

and severity of lesions with an emphasis on how such differentiation by the cardiologis

can result in increased rate of mitral valve repair.

Recent findings

In the hands of reference mitral valve-repair surgeons, 95–100% of degenerative valves

are repairable, regardless of etiology; however, in the general cardiac surgical

community, the repair rates are around 50%. In contrast to fibroelastic deficiency,

Barlow’s valves have more complex pathology and require advanced techniques to

effect a repair. We present a simple algorithm that enables the cardiologist to stratify

degenerative mitral valves into those that are repairable by any experienced cardiac

surgeon and those that require reference-center referral to deliver a high probability o

repair. Such targeted referral strategy should result in near 100% repair rate for

degenerative disease.

Summary

Essentially, all degenerative mitral valves are repairable. By matching echocardiographic

findings to the appropriate surgical skill level required to consistently deliver a repair

valve replacement for degenerative mitral valve disease should be infrequent.
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Introduction
Long-standing mitral regurgitation due to mitral valve

prolapse is well established as a significant cause of

cardiovascular morbidity and mortality [1], with surgical

intervention often required in patients with severe

regurgitation to preserve life expectancy in affected

patients. Mitral valve repair is now well established

and is applicable in practically all patients with mitral-

valve prolapse due to degenerative mitral-valve disease

[2]. Valve repair offers a distinct event-free survival

advantage compared with replacement with a biopros-

thetic or mechanical valve [3–5,6�]. Despite a consensus

in guidelines encouraging mitral valve repair [7��,8�], it is

interesting to note that a significant number of patients

with degenerative mitral-valve disease still undergo

planned mitral valve replacement all over the world,

including the US. The reasons for this are multifactorial,

but one principal issue is a poor match between the

complexity of the degenerative mitral process and the

expertise and experience of the operating surgeon. Many

patients end up with a valve replacement not because the

valves are irreparable, but because they are operated on
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by surgeons who do not have the specific expertise

required to complete a successful repair given the etio-

logy of the degenerative disease and the lesions present

in a particular valve. Current practice of widespread valve

replacement necessarily results in decreased life expect-

ancy and decreased event-free survival in many patients

with mitral valve prolapse. Furthermore, some patients

who do have a repair undergo an inadequate repair

procedure, and are discovered by their cardiologist to

have residual or early recurrence of mitral regurgitation;

this may again be related to mismatch between the skill

of the surgeon and the complexity of the valve lesions.

Patients with residual or recurrent regurgitation have

reduced event-free long-term survival and many will

require reoperation.

Recent cardiology literature in degenerative mitral valve

prolapse has focused on the quantification of the degree

of mitral-valve regurgitation, the natural history of the

disease, and indications for surgery [9,10��,11,12]. It is

now imperative that cardiologists additionally become

familiar with the classification of the etiology and lesions

that underlie the degenerative disease process that results
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in the mitral valve prolapse, as lesions and etiology

have specific implication in terms of the ‘complexity’ of

techniques required to achieve a successful valve repair

[13�]. A better understanding of the etiology and lesions

in degenerative mitral valve disease will guide optimal

referral of patients by cardiologists to an experienced

general cardiac surgeon or a mitral valve ‘subspecialist’.
Barlow mitral-valve disease
The syndrome of mid-systolic click accompanying a

systolic murmur was first described in the late 1800s,

but it was in the early 1960s that its association with mitral

regurgitation was demonstrated by Barlow and colleagues

using cine-ventriculography [14]. Criley et al. [15] cor-

rectly identified the mechanism of the regurgitation as

posterior leaflet prolapse due to excess leaflet motion,

coining the phrase ‘mitral valve prolapse’. Carpentier and

co-workers later characterized the surgical lesions

resulting from the myxoid degeneration present in Bar-

low’s disease, which included leaflet thickening, large

redundant leaflets, chordal elongation or rupture, and

annular dilatation. As the myxoid degenerative process

often affects the entire valve, patients with Barlow’s

disease generally have complex valve pathology and

dysfunction, which is most often multisegmental (i.e.

involves more than one segment of the posterior or

anterior leaflet).

Clinical presentation

Patients with Barlow mitral-valve disease are generally

adults around the age of 50 years who have known for a long

period of time, often decades, that they ‘have a murmur’.

Often asymptomatic, patients may have been followed by

an internist for years, and referral to a cardiologist and

subsequently to a cardiac surgeon is usually triggered by

the development of symptoms or signs such as atrial

fibrillation, shortness of breath and fatigue, or echocardio-
Figure 1 Barlow’s disease

(a) Transesophageal echocardiography 4 chamber view showing bileaflet billo
Barlow’s disease. (b) Surgical view of the same valve shows thickened tall
repaired after ‘complex’ bi-leaflet plasty. Repairs of this nature can only be r
settings this valve would generally be replaced.
graphic documentation of ventricular or atrial enlarge-

ment, or a decline in ventricular function, often accom-

panied by varying degrees of pulmonary hypertension.

Physical examination most often reveals the presence of

a mid-systolic click and a mid to late systolic murmur,

which reflects the timing of prolapse in the setting of

excess tissue and chordal elongation without chordal

rupture (i.e. flail leaflet) [15].

Echocardiographic findings

Echocardiography is a sensitive tool in the differentiation

of degenerative mitral valve disease. A striking feature

of the patient with Barlow’s disease is the size of the

valve apparatus – the leaflets are usually thick, bulky,

elongated, and distended; the chords thickened and

elongated, often mesh-like in nature; and the annulus

dilated and enlarged, often times greater than 36 mm in

the intercommissural distance (Fig. 1). The prolapse is

often multisegmental, and involves both leaflets in up to

40% of patients [16��]. The insertion of the posterior

leaflet is often displaced toward the left atrium away from

its normal insertion in the atrio-ventricular groove, creating

a cul-de-sac at the base of the leaflet. The bodies of

distended leaflet segments often billow above the plane

of the annulus, and the margin of the leaflet segments

prolapse in mid-systole in the setting of chordal elongation,

or in early systole if chordal rupture has occurred. Calci-

fication of the annulus and papillary muscles may be

present. Real time three-dimensional echocardiography

is allowing additional clarity of the segmental nature of

the billowing, as well as prolapse, in Barlow’s disease

[17,18�,19] and may play a critical role in the preoperative

work up of these patients in the future.

Surgical considerations

The complexity of surgical lesions in Barlow mitral-valve

disease is consistent with the echocardiographic findings

(Fig. 1). Lesions include excessively thick and billowing
wing with prolapse, large valve size, and thickened leaflet, all hallmarks of
prolapsing leaflets with excess tissue. (c) Valve has been successfully

eproducibly undertaken by reference mitral surgeons – in nonreference
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Table 1 Targeting referral pattern to optimize repair rates

Likelihood of successful repair

Experienced
cardiac surgeon

Reference mitral
valve surgeon

FED: posterior leaflet prolapse Almost certain Certain
FED: anterior leaflet prolapse Possible Certain
Barlow’s disease: posterior leaflet Possible Certain
Barlow’s disease: anterior

or bi-leaflet
Unlikely Almost certain

FED, fibroelastic deficiency.
leaflet segments, chordal elongation and chordal rupture,

calcification of the papillary muscles and/or annulus with

chordae restriction, and severe annular dilatation with

giant valve size. It is important that the cardiologist as

well as the surgeon has an appreciation for these lesions,

as the complexity of techniques required to achieve a

successful repair then becomes obvious in this subset of

degenerative mitral-disease patients. Dealing with excess

tissue height is an important consideration to reduce the

likelihood of postoperative systolic anterior motion. Repair

of Barlow valves is thus more complicated and, in our

experience, often requires multiple different techniques

and 2–3 h to remove all of the diseased tissue, and recon-

struct the leaflets to a normal configuration [16��]. To

achieve a Barlow repair, the surgeon therefore needs

to be well versed with various advanced mitral repair

techniques, such as extensive leaflet resection, sliding

leaflet plasty, chordal transfer, neochordoplasty, commis-

suroplasty, annular decalcification and use of large annu-

loplasty rings. Patients with advanced forms of Barlow’s

disease will therefore likely have a high probability of

successful valve repair only if done in reference centers by

mitral subspecialists (Table 1).
Fibroelastic deficiency
In contrast to Barlow’s disease, patients with mitral

regurgitation due to fibroelastic deficiency have a lack
Figure 2 Fibroelastic deficiency

(a) Transesophageal echocardiography 4 chamber view shows single segmen
do not billow. (b) Valve analysis shows an otherwise normal-looking valve with a
with a limited triangular resection and ring annuloplasty, techniques that can
of connective tissue as the pathological mechanism that

triggers leaflet and chordal thinning and eventual chordal

rupture [13�]. Carpentier’s group characterized the

typical findings in fibroelastic deficiency, noting that

the chordal rupture resulting in mitral valve prolapse

was often isolated, usually leading to prolapse of a single

leaflet segment [20].

Clinical presentation

The typical patient with fibroelastic deficiency is over the

age of 60 years, and does not have a long history of a heart

murmur. Often asymptomatic until the time of chordal

rupture, the patient often presents with palpitations or

shortness of breath of limited duration. Patients may

remain asymptomatic after chordal rupture, and present

as a new-onset murmur or abnormal echocardiogram, but

this is less frequent than in the setting of Barlow’s

disease. Physical examination is remarkable for a holo-

systolic murmur, often harsh in nature.

Echocardiographic findings

In contrast to Barlow’s disease, echocardiographic signa-

tures of fibroelastic deficiency include normal or near-

normal valve size, thin leaflets and chordae, and typically

single segment prolapse, most commonly of the middle

scallop of the posterior leaflet (P2) (Fig. 2). The prolapsing

segment may appear to be distended, thickened, and

elongated, while the adjacent segments appear normal

in height and consistency. Billowing of nonprolapsing

segments is not observed, and bi-leaflet dysfunction is

uncommon.

Surgical considerations

In contradistinction to Barlow’s disease, patients with

fibroelastic deficiency often present with minimal, as

opposed to excess, tissue (Fig. 2), so extensive leaflet

resection or complex leaflet remodeling procedures are

rarely indicated. In general, a limited quadrangular or

triangular resection, or simple leaflet resuspension with a
t prolapse in a normal sized valve with isolated ruptured chord. The leaflets
single chordal rupture to the P2 segment. (c) This valve was easily repaired
be reproducibly performed by most experienced cardiac surgeons.
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chordal transfer or artificial chord, is all that is required to

correct leaflet prolapse. For posterior leaflet prolapse,

although the prolapsing segment may look very abnor-

mal, the remainder of the valve is relatively unaffected, so

that the surgeon does not usually require advanced

techniques to achieve a successful mitral valve recon-

struction. It should, however, be noted that ‘complex’

prolapse can occur in fibroelastic deficiency, usually

involving an anterior leaflet segment or a commissural

segment, and in this setting more advanced techniques

and surgical skill are generally required to perform a

successful reconstruction. Otherwise, simple fibroelastic

deficiency with P2 prolapse is a condition associated with

high repair rates in most experienced surgeons’ hands,

and a virtually 100% repair rate within a reference center

setting with a mitral repair subspecialist (Table 1).
Early referral or watchful waiting
It is interesting to note that longitudinal studies of the

natural history of mitral valve prolapse have not taken

into account the underlying etiology – Barlow’s disease

or fibroelastic deficiency. On the basis of natural history,

typical lesions, and typical regurgitation patterns, one

can, however, make the assumption that patients with

Barlow’s disease are more likely to undergo a longer

period of event-free survival before developing typically

accepted indications for surgery, such as symptoms,

depressed left ventricular function, moderate pulmonary

hypertension, or atrial fibrillation. Fibroelastic deficiency,

on the other hand, often presents with holo-systolic

regurgitation, in older individuals, and may require closer

follow-up in anticipation of a shorter event-free period

prior to surgical referral.

This logic is highlighted in two recent articles assessing

event-free survival in asymptomatic patients with severe

mitral regurgitation. Enriquez-Sarano and colleagues [21]

reported on a cohort of patients with quantitatively

graded severe mitral regurgitation with a mean age of

63 years (typical of fibroelastic deficiency), and concluded

that early referral should be considered because of high

event rates, including increased cardiac mortality, over

5 years of follow-up. In contrast, Rosenhek and col-

leagues [22] presented good results with a policy of

watchful waiting in patients with semi-quantitatively

graded severe mitral regurgitation with a mean age of

55 years, which is more typical of Barlow’s disease

(although by 8 years of follow-up many patients devel-

oped an indication for surgery, also typical of Barlow’s

disease). Interestingly, when Rosenhek et al. [22] looked

at the subgroup with flail leaflets (i.e. ruptured chordae),

the event-free survival rate diminished, although the

numbers were too small to make any significant con-

clusions. Nonetheless, until future reports take into

account specific lesions and presumed etiology in terms
of the impact on the natural history, it is logical to counsel

asymptomatic patients with Barlow’s disease and chordal

elongation (mid-systolic regurgitation) that continued

close follow-up is a reasonable alternative to early

surgery, emphasizing most will require elective valve

reconstruction within several years of follow-up. On

the other hand, patients with fibroelastic deficiency

and severe regurgitation should be made aware that

events are common early during follow-up so early

surgery is advisable.
Reference center referral
The new ACC-AHA Guidelines for Management of

Patients with Valvular Heart Disease [7��] have introduced

the concept of ‘reference center’ referral to ensure patients

who have complex degenerative valve disease requiring

surgery have the best possible chance of avoiding a valve

replacement, particularly in the asymptomatic setting.

Criteria to define a ‘reference center’ for mitral valve repair

were not given, but phrases such as high likelihood of

repair depends on the ‘skill and experience of the surgeon’

are inferential to reference centers. The United Kingdom

is also starting to explore the concept of best-practice

standards for patients with degenerative mitral valve dis-

ease, suggesting a surgeon undertaking such procedures

should perform a minimum of 25 mitral valve repairs a

year, and a center 50 repairs a year, to be part of a network

of mitral valve repair centers [23�]. Perhaps of more

significance, it was explicitly recognized that patients with

Barlow’s disease should ideally be referred to ‘super-

specialists’ to increase the likelihood of valve repair.

Although healthcare purchasers have not yet become

involved, it is significant that Dr Bernadine Healy, former

head of the National Institutes of Health and the American

Red Cross, wrote a recent article in a major US news

magazine entitled ‘The Mitral Valve Question’ [24], which

highlighted in clear layman’s terms that too many patients

undergo inappropriate mitral valve replacement. The

relevance of reference center referral is summarized in

the advice she gave to a patient with mitral regurgitation

a decade earlier – ‘someday he would likely need an

operation, and wherever he was, whoever his doctor

was, he must go to a place skilled at repair’. Such counsel-

ing should also apply today to most of our patients requir-

ing elective surgery for mitral regurgitation. With the new

attention being brought to bear from various directions, it

would be surprising not to see the field of mitral valve

repair evolve toward a reference center model, already

commonplace in subspecialties like heart transplantation

and congenital heart surgery. Healthcare purchasers and

health authorities may also mandate certain requirements

for hospitals and surgeons to be credentialed in mitral valve

repair. In the meantime, practicing cardiologists and inter-

nists should carefully counsel patients regarding the issue

of outside reference referral, particularly in younger
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patients where an unnecessary mechanical valve replace-

ment could result in substantial reduction in overall life

expectancy and event-free survival.
Solving the mitral valve repair quandary
While the overall mitral valve repair rate continues to

increase in the United States, the rate of progress is too

slow for many patients, as current estimates suggest that

repair rates now approach 50% in patients with degenera-

tive disease. Most simple prolapses due to fibroelastic

deficiency can be repaired by experienced cardiac

surgeons, while most complex valves can be repaired in

the hands of mitral valve subspecialists [16��]. There

should therefore be sufficient surgical skill in most health

systems to achieve a high repair rate provided patients are

appropriately matched to the level of surgical expertise

required to repair their valves (Table 1). This will,

however, often require referral of patients with complex

disease to reference centers that have mitral valve

subspecialists.

It is imperative that all cardiovascular physicians

re-dedicate themselves to increase the mitral valve repair

rate for degenerative disease to at least 90% in the next

5 years. This is an attainable goal but will require a

change in referral patterns and a commitment for active

assessment of clinical activity. Table 2 summarizes our

recommendations to increase the rate of mitral valve

repair. Cardiologists should become more familiar with

the causes of degenerative mitral regurgitation and

specifically the lesions that lead to the valve dysfunction.

The introduction of real-time 3D echocardiography

should facilitate both lesion identification and localiza-

tion, when it becomes integrated into everyday practice.

Once the lesions and etiology are distinguished, the

cardiologist will then be in a position to select a surgeon

based on the surgeon’s expertise with the particular

lesions present in the patient. Concentrating referral to

a specific local surgeon interested in mitral repair

(rather than to all local experienced cardiac surgeons) will

ultimately help grow local expertise and, with time, such

surgeons would acquire expertise to take on more complex

cases, thus negating the need to travel to reference centers

for any but the most complex of cases. During consultation,

the surgeon must be honest about his own personal experi-
Table 2 How cardiologists can improve the rate of degenerative

mitral valve repair

1. Identify the etiology and the specific lesions
2. Refer to a mitral subspecialist if there is any doubt about repairability
3. Anticipated local repair rate <90% suggests the need for reference

center referral
4. Early recurrent MR (�2þ) rate >5% suggests the need for more

reference referral
5. Develop local expertise for simple lesions through targeted referral

MR, mitral regurgitation.
ence with valve repair for the specific mitral lesions and

etiology that have been identified, and not hesitate to

discuss referral of a specific patient to a mitral subspecialist.

Specifically, their own personal repair rate for the condition

presented (for example, bi-leaflet prolapse with presumed

Barlow’s disease) should be part of the informed consent

provided to the patient.

Combining this strategy with a regular audit of clinical

activity by both the cardiologist and surgeon should

increase the uptake and quality of mitral valve repair.

Conclusion
No patient should be referred or accepted for surgery

without a careful review of the echocardiographic lesions

by the cardiologist and surgeon. Repair rates below 90%

or residual or early recurrent 2þ or greater mitral regur-

gitation rates above 5% in patients separated by etiology

(i.e. Barlow’s or fibroelastic deficiency) or leaflet involve-

ment (posterior compared with anterior or bi-leaflet)

suggest the need for continued education and more

reference-center referral. The mitral valve repair quand-

ary is solvable; by targeted referral practice, cardiologists

will play a pivotal role moving the field forward.

References and recommended reading
Papers of particular interest, published within the annual period of review, have
been highlighted as:
� of special interest
�� of outstanding interest

Additional references related to this topic can also be found in the Current
World Literature section in this issue (pp. 156–157).

1 Avierinos JF, Gersh BJ, Melton LJ III, et al. Natural history of asymptomatic
mitral valve prolapse in the community. Circulation 2002; 106:1355–1361.

2 Adams DH, Anyanwu AC, Rahmanian PB, Filsoufi F. Current concepts in mitral
valve repair for degenerative disease. Heart Fail Rev 2006; 11:241–257.

3 Lee EM, Shapiro LM, Wells FC. Superiority of mitral valve repair in surgery for
degenerative mitral regurgitation. Eur Heart J 1997; 18:655–663.

4 Gillinov AM, Cosgrove DM, Blackstone EH, et al. Durability of mitral valve repair
for degenerative disease. J Thorac Cardiovasc Surg 1998; 116:734–743.

5 Gillinov AM, Faber C, Houghtaling PL, et al. Repair versus replacement for
degenerative mitral valve disease with coexisting ischemic heart disease.
J Thorac Cardiovasc Surg 2003; 125:1350–1362.

6

�
David TE. Outcomes of mitral valve repair for mitral regurgitation due to
degenerative disease. Semin Thorac Cardiovasc Surg 2007; 19:116–120.

This report presents the 15 year freedom from recurrent regurgitation rates after
mitral valve repair in a renowned reference center.

7

��
Bonow RO, Carabello BA, Kanu C, et al. ACC/AHA 2006 guidelines for the
management of patients with valvular heart disease: a report of the American
College of Cardiology/American Heart Association Task Force on Practice
Guidelines (writing committee to revise the 1998 Guidelines for the Manage-
ment of Patients With Valvular Heart Disease): developed in collaboration with
the Society of Cardiovascular Anesthesiologists: endorsed by the Society for
Cardiovascular Angiography and Interventions and the Society of Thoracic
Surgeons. Circulation 2006; 114:e84–e231.

Recently updated guidelines on management of valvular heart disease introduces
the concept of reference center referral for mitral valve repair.

8

�
Vahanian A, Baumgartner H, Bax J, et al. Guidelines on the management of
valvular heart disease: The Task Force on the Management of Valvular Heart
Disease of the European Society of Cardiology. Eur Heart J 2007; 28:230–
268.

European consensus guidelines note that the results of mitral valve repair are highly
dependent on the experience of the surgeon, especially for valves with complex
lesions. These guidelines recommend that surgery on asymptomatic patients be
considered only where there is high likelihood of a durable repair.



110 Valvular heart disease
9 Enriquez-Sarano M, Tajik AJ. Natural history of mitral regurgitation due to flail
leaflets. Eur Heart J 1997; 18:705–707.

10

��
Suri RM, Schaff HV, Dearani JA, et al. Survival advantage and improved
durability of mitral repair for leaflet prolapse subsets in the current era. Ann
Thorac Surg 2006; 82:819–826.

Observational study demonstrating superior long-term outcomes of mitral
valve repair over mechanical replacement in patients with degenerative disease.
Interestingly they found the rate of reoperation for mechanical replacement was
same as after valve repair.

11 Zoghbi WA, Enriquez-Sarano M, Foster E, et al. Recommendations
for evaluation of the severity of native valvular regurgitation with two-
dimensional and Doppler echocardiography. J Am Soc Echocardiogr
2003; 16:777–802.

12 Enriquez-Sarano M. Timing of mitral valve surgery. Heart 2002; 87:79–85.

13

�
Anyanwu AC, Adams DH. Etiologic Classification of Degenerative Mitral
Valve Disease: Barlow’s Disease and Fibroelastic Deficiency. Semin Thorac
Cardiovasc Surg 2007; 19:90–96.

Description of the clinical, echocardiographic and surgical differentiation between
Barlow’s disease and fibroelastic deficiency.

14 Barlow JB, Pocock WA, Marchand P, Denny M. The significance of late
systolic murmurs. Am Heart J 1963; 66:443–452.

15 Criley JM, Lewis KB, Humphries JO, Ross RS. Prolapse of the mitral valve:
clinical and cine-angiocardiographic findings. Br Heart J 1966; 28:488–
496.

16

��
Adams DH, Anyanwu AC, Rahmanian PB, et al. Large annuloplasty rings
facilitate mitral valve repair in Barlow’s disease. Ann Thorac Surg 2006;
82:2096–2100.

The largest exclusive series of Barlow valve repairs in the literature reporting a
100% repair rate for this disease in a reference center.
17 Sharma R, Mann J, Drummond L, et al. The evaluation of real-time 3-dimen-
sional transthoracic echocardiography for the preoperative functional assess-
ment of patients with mitral valve prolapse: a comparison with 2-dimensional
transesophageal echocardiography. J Am Soc Echocardiogr 2007; 20:934–
940.

18

�
Patel V, Hsiung MC, Nanda NC, et al. Usefulness of live/real time three-
dimensional transthoracic echocardiography in the identification of individual
segment/scallop prolapse of the mitral valve. Echocardiography 2006;
23:513–518.

Demonstration that the precise segmental location of prolapse can be identified
reliably using 3-D echocardiography.

19 Muller S, Muller L, Laufer G, et al. Comparison of three-dimensional imaging to
transesophageal echocardiography for preoperative evaluation in mitral valve
prolapse. Am J Cardiol 2006; 98:243–248.

20 Carpentier A, Chauvaud S, Fabiani JN, et al. Reconstructive surgery of mitral
valve incompetence: ten-year appraisal. J Thorac Cardiovasc Surg 1980; 79:
338–348.

21 Enriquez-Sarano M, Avierinos JF, Messika-Zeitoun D, et al. Quantitative
determinants of the outcome of asymptomatic mitral regurgitation. N Engl J
Med 2005; 352:875–883.

22 Rosenhek R, Rader F, Klaar U, et al. Outcome of watchful waiting in asympto-
matic severe mitral regurgitation. Circulation 2006; 113:2238–2244.

23

�
Bridgewater B, Hooper T, Munsch C, et al. Mitral repair best practice:
proposed standards. Heart 2006; 92:939–944.

Consensus group from United Kingdom proposes minimum standards for mitral
valve repair including minimum volumes and acceptable repair rates for surgeons
undertaking mitral valve repair.

24 Healy B. The Mitral Valve Question. US News and World Report 8 October
2007.


	The cardiologist&apos;s role in increasing the rate of mitral valve repair in degenerative™disease
	Introduction
	Barlow mitral-valve disease
	Clinical presentation
	Echocardiographic findings
	Surgical considerations

	Fibroelastic deficiency
	Clinical presentation
	Echocardiographic findings
	Surgical considerations

	Early referral or watchful waiting
	Reference center referral
	Solving the mitral valve repair quandary
	Conclusion
	References and recommended reading


