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Associate Editor’s Introduction—Of the degenerative
mitral valve diseases, the “Barlow valve” may be the
most complex in terms of anatomy, pathophysiology, and
repairability. This entity has the pathognomonic bileaflet
“billowing” with functional prolapse secondary to
abnormal annular motion and is further characterized by
the presence of arrhythmias and, on occasion, sudden
death. As the namesake first author reminds us, an
understanding of this complex anatomy and physiology as
well as adherence to a standard set of principles will aid
the surgeon in addressing repair of this valve. This Invited
Expert Opinion provides the reader with a synopsis of the
main issues to consider in the treatment of this disease.

Abe DeAnda Jr, MD

HISTORY OF THE BARLOW VALVE:
UNDERSTANDING COMPLEX TERMINOLOGY
More than 5 decades have passed since John Barlow first
described the condition that has come to be known by a
plethora of names including Barlow syndrome, Barlow dis-
ease, and the Barlow valve.' Two of Dr Barlow’s initial ob-
servations have proved particularly noteworthy. The first
was that a late systolic murmur had a mitral origin, as pre-
viously clinicians believed that the murmur of mitral regur-
gitation must always be pan-systolic. Remarkably, Barlow
described this feature in the era before echocardiography.”
We now know that mitral regurgitation commencing in
mid-systole is a result of “functional prolapse” caused by
abnormal annular motion, and understanding this guides
our repair strategy more than 50 years later. Dr Barlow’s
second observation was that malignant arrhythmias could
be triggered by a prolapsing mitral valve, especially a
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Legacy

A Gift from the Past,
that helps create a better
Future

Today’s optimal strategy for Barlow valve repair is
derived from the legacy of pioneering scientists.

CENTRAL MESSAGE

Optimal Barlow valve repair re-
quires an understanding of both
abnormal mitral valve anatomy
and function and then applica-
tion of one set of principles to
deliver an individual solution for
each patient.

See Commentaries on pages 64 and 66.

“Barlow valve,” and that sudden cardiac death could occur.”
Once again, Barlow not only established and reported this
finding decades ago, but also noted that mitral valve repair
could have a beneficial effect on arrhythmias that were
largely unrelated to any degree of preoperative mitral
regurgitation.”

In the 1960s, before echocardiography was available, us-
ing clinical examination, phonocardiography, and cinean-
giography, Dr Barlow initially described a mitral etiology
of the “nonejection systolic click” and late systolic
murmur."> He noted that a “syndrome” of symptoms
comprising anxiety, atypical chest pain, and palpitations
may be associated with this condition.”’ These symptoms
were found to be most common in young women and,
crucially, were causally related to the mitral valve.

For more than 4 decades, until his death in 2008, Dr
Barlow emphasized the importance of understanding the
functional anatomy of the abnormal mitral valve.” For
example, either or both leaflets could “billow” beyond the
annulus into the atrium during systole, but the valve could
be functionally normal. A billowing but functionally
normal valve should not be described as “mitral valve
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prolapse” even if it causes an audible mid-systolic click.
Barlow emphasized that if there is true anatomic prolapse
of the free edge of either mitral leaflet, then there is mitral
regurgitation, and therefore a “prolapsing” mitral valve is
always functionally abnormal. He favored the umbrella
term “degenerative mitral valve disease” over the eponym
“Barlow’s disease” for the pathologic processes and clinical
features of this condition. Indeed, in a personal communica-
tion written in 2008 a few months before his death, he stated
“if the eponym Barlow’s syndrome is used in the future, it is
crucial it reflects the symptoms are causally related to the
billowing posterior mitral valve leaflet.” It remains impor-
tant that complex terminology describes both the anatomy
and function of the abnormal mitral valve.

Contemporaneously, in the 1970s, the pioneering French
surgeon Alain Carpentier began describing mitral repair
techniques including leaflet resection, chordal shortening,
chordal transfer, and ring annuloplasty.” These techniques
of course require accurate anatomic descriptions of the
mitral pathology being addressed. When faced with a
particularly abnormal valve that might have marked myxo-
matous degeneration and billowing of both leaflets,
fissuring between leaflet scallops, bilateral chordal elonga-
tion with or without rupture, annular dilatation, and possible
prolapse of both leaflets and commissures, the surgeon is
presented with a surgical challenge that is difficult to
describe anatomically. Therefore, it was not John Barlow,
but Alain Carpentier, who coined the term “Barlow valve”
to describe this particular entity.

BARLOW VALVE REPAIR: UNDERSTANDING
FUNCTIONAL PROLAPSE

From a surgical perspective, the Barlow Valve represents
the most severe degenerative form of mitral valve disease.
Anatomically, the leaflet tissue is diffusely thickened and

excessive and may have varying degrees of calcification,
chords may be elongated and thickened, and the annulus
may be severely dilated. Importantly, there frequently is
also functionally abnormal annular motion, as advances in
echocardiography can now demonstrate. The posterior
annulus moves outward and downward during systole
(Figure 1). Irrespective of the presence of true “anatomic
prolapse” of the free edge of one or both leaflets, as Klautz
and colleagues describe, the “movement of the annulus
causes any opposing segment to appear prolapsing”.’
Thus, the valve may be competent in early systole, but
with pathologic annular outward and downward motion,
“functional prolapse” occurs in later systole. This explains
the murmur that John Barlow detected occasionally
commencing in mid-systole but nevertheless having a
mitral origin.

BARLOW VALVE REPAIR: ONE SET OF
PRINCIPLES AND THE IMPORTANCE OF
SYMMETRY

All Barlow valves may be different, but if a surgeon un-
derstands the functional anatomy of each individual valve,
and applies a single set of principles, then excellent and du-
rable repairs can be achieved. As with all mitral repairs, the
primary goals are valve competence, freedom from leaflet
tension, and a smooth surface of leaflet coaptation.”)

Initially, clear and precise anatomic and functional char-
acterization of the valve through echocardiography is
required, and 3-dimensional echocardiography has now
emerged as an essential tool for characterizing the Barlow
valve.'' Preoperative echocardiography in the Barlow valve
may confirm that functional prolapse due to abnormal
annular motion is the sole abnormality. The resultant func-
tional prolapse of both the anterior and posterior leaflets in
later systole appears symmetrical and usually results in a

Diastole

Early Systole

Mid Systole Late Systole

FIGURE 1. Abnormal annular motion causing functional prolapse in the Barlow valve. The posterior annulus moves outwards (orange dotted lines) and

downward during systole (arrows).
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central jet of mitral regurgitation. However, true anatomic
prolapse results in an eccentric jet of regurgitation, regard-
less of the presence or absence of additional abnormal
annular motion.

The intraoperative surgical assessment is for true
anatomic prolapse and for the presence of excessive tissue.
Any underlying lesion causing anatomic prolapse, either
chordal elongation or rupture, should be identified by as-
sessing each leaflet segment against a reference point,
frequently the P1 scallop, and not the annulus.

If there is no true chordal elongation or rupture, then a
stabilizing annuloplasty ring will eliminate the abnormal
annular motion. This is a simple solution for an appar-
ently complex but symmetric pathology. Because there
is always excessive leaflet tissue in a Barlow valve, to
avoid systolic anterior motion of the mitral valve after
repair, the ring is invariably of a large size and may
even be 38 mm or 40 mm in a small patient. Outstanding
results have been reported using ring annuloplasty alone
for symmetrical pathology in the Barlow valve through
both median sternotomy and minimally invasive
approaches.'”

Addressing true anatomic prolapse and any excessive tis-
sue of the posterior mitral valve leaflet must be done simul-
taneously. While there is no consensus among surgeons
about the optimal technique for dealing with each specific
abnormality, and each Barlow valve is different, the surgeon
should apply a single set of principles. First, the distinction
between excessive width and excessive height of posterior
mitral leaflet tissue needs to be determined. Both Klautz
and colleagues’ and Dreyfus and colleagues'’ have
described clear and logical approaches to this determina-
tion. Excessive width usually needs to be resected, although
this frequently can be done via a limited triangular resec-
tion. Excessive height can be addressed through the “resect”
technique, either by a sliding valvuloplasty or by resection
of the posterior mitral valve leaflet base or free edge. This
method has been clearly described by Dreyfus and col-
leagues,”) and since normal leaflet height is restored, these
authors advocate using secondary chords, which are already
the correct height, rather than polytetrafluoroethylene
(PTFE) neochords or loops. Alternatively, the “respect”
technique for the Barlow valve involves correcting prolapse
with PTFE neochords. If excessive posterior mitral leaflet
height has not been addressed, the neochords can be
shortened to pull the posterior mitral leaflet down into the
left ventricle and ensure that the line of coaptation is
situated well posteriorly. Neochords can be adjusted with
water testing and final adjustments made after ring
annuloplasty.’

True anatomic prolapse of the commissures is common in
the Barlow valve. When the quality of the subvalvular appa-
ratus is satisfactory, this frequently can be addressed by
papillary muscle head repositioning.” Alternatively, PTFE
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neochords or edge-to-edge commissuroplasty or cleft
closure techniques can be applied."”

Ring annuloplasty is performed to secure the repair and
reduce strain on the leaflets and subvalvular apparatus, as
well as to correct annular dilatation. Large annuloplasty
rings corresponding to the height of the anterior mitral
leaflet and not to the intercommissural distance are needed,
as with the symmetrical Barlow pathology, to reduce the
risk of systolic anterior motion and to ensure smooth lines
of coaptation between the leaflets.

Many techniques have their own merits, and they usually
should be regarded as complementary to one other. Various
surgeons have reported very good long-term results with
their individual repair strategies,'”'® suggesting that
different approaches are possible to achieve successful
treatment. This was well summarized in the descriptive
article by Dreyfus and colleagues'’ that challenged the
perception that “resect” and “respect” are somehow in con-
flict with each other. Excessive resection has undesirable
consequences, including annular disruption and the poten-
tial for tension, but obsessively respecting the entire poste-
rior mitral leaflet may be an oversimplification aimed at
reducing learning curves and possibly allowing for minimal
access approaches.'” As Dreyfus and colleagues concluded,
the best option may be to “respect when you can, resect
when you should”."” In my Commentary on their paper, I
recommended that we should therefore “tailor the operation
to the patient and not the patient to the operation,” as one
repair does not fit all, but one set of principles does."”

Freedom from recurrent late moderate or severe mitral
regurgitation has been reported to be approximately 90%
in the Barlow valve.'® Some failures may be related to un-
reliable techniques or poor surgical execution. However, the
disease process may be progressive, and so there are bound
to be some repair failures in the long-term that cannot be
completely prevented.'’

BARLOW VALVE REPAIR AND ARRHYTHMIAS:
ANOTHER “GIFT FROM THE PAST”?

There is a growing understanding of the arrhythmias
associated with degenerative mitral valve disease and the
role of surgery in managing them.'® Just as it is essential
to comprehend both the anatomic and functional abnormal-
ities of any individual Barlow valve to be able to repair it
optimally for regurgitation, so it is certain that in the future,
the best practices for rhythm disturbances in degenerative
mitral valve disease will be targeted to each individual pa-
tient. To do this, the surgeon must first understand the path-
ophysiology of arrhythmias in this condition and then be
able to plan each individual patient’s investigations and
any appropriate surgery.

Once again there are lessons for us from the past. John
Barlow described palpitations as one of the most prominent
symptoms of the so-called “Barlow syndrome” nearly



Barlow, Ali-Ghosh, Sajiram Special Issue of Invited Presentations: Adult: Mitral Valve: Invited Expert Opinions

40 years ago.” Importantly, he was one of the first to
describe that syncope and sudden death, although uncom-
mon, could be associated with the condition and were
directly associated with the abnormal mitral valve.”'”*
Barlow and coworkers postulated that the mechanisms of
these arrhythmias included tension on the chords, friction
injury to the ventricular endocardium caused by the exces-
sive leaflet tissue during diastole, and, in older patients, es-
tablished myocardial fibrosis, particularly of the papillary
muscles.>® Indeed, in 1957, 6 years before the publication
of his seminal paper, Dr Barlow observed a single fibrosed
mitral chord at the postmortem of a patient who whose sole
clinical sign while alive was an isolated mid-systolic click
and no murmur of regurgitation.” Barlow and coworkers’
subsequent hypotheses regarding the mechanisms for palpi-
tations, as well as the occasional malignant arrhythmias
occurring in degenerative mitral valve disease, have proven
remarkably accurate. Contemporary research assumes that
premature ventricular contractions, especially when pleo-
morphic and following exercise, serve as the trigger for ven-
tricular fibrillation.'® Ventricular ectopy is now recognized
as being due in part to regional stretch, to direct mechanical
forces on the papillary muscles, or to triggered activity
owing to damaged tissue with abnormal calcium handling
and evoked delayed afterdepolarizations.”” Ultimately, es-
tablished myocardial fibrosis can supervene in older
patients.

To investigate and manage patients appropriately, those
patients at risk need to be identified. Barlow and coworkers’
original research identified young women who had experi-
enced syncope and had complex and multifocal premature
ventricular contractions after exercise as the most at-risk
group.”™ Nearly 30 years later, degenerative mitral valve
disease, especially with a Barlow valve, has been confirmed
as one of the most common causes of sudden cardiac death
in young women.”"** The interaction of myocardial fibrosis
substrate, ventricular ectopy trigger, and transient modula-
tors causing sudden cardiac death, as well as clinical vari-
ables and markers associated with higher risk, has been
superbly summarized in a review article by Miller and col-
leagues.'® This research will further guide when particular
investigations, such as magnetic resonance imaging and
electrophysiological studies, are appropriate to identify
those patients at risk of sudden cardiac death.

The vast majority of patients with arrhythmias associated
with degenerative mitral valve disease should be treated
medically or with catheter ablation. However, a case report
by Barlow’s group over 30 years ago, was among the first to
describe the effect of mitral repair surgery in this condi-
tion.” We reported a 22-year-old woman who underwent
mitral valve repair surgery after experiencing 3 episodes
of syncope. Surgery was done primarily to prevent sudden
cardiac death, as the associated mitral regurgitation was
no more than mild. Not only did the resting

electrocardiogram normalize by 10 weeks after repair, but
also multifocal premature ventricular contractions after ex-
ercise were virtually eliminated.”

At the 2021 AATS Virtual Learning Experience, the first
author of this publication described a very similar patient
from his own practice. A 33-year-old woman presented
with pre-syncope, frequent palpitations, and multifocal ven-
tricular ectopy after exercise, but no more than moderate
mitral regurgitation from a Barlow valve with symmetric
pathology. The functional prolapse was eliminated with a
stabilizing mitral annuloplasty ring. Preoperative resting
and 24-hour Holter electrocardiograms showed multifocal
premature ventricular ectopic beats, including bigeminy,
couplets and triplets. At 2 months after mitral valve repair,
the premature ventricular ectopic burden, which had been
up to 14% of the total preoperatively, was virtually elimi-
nated, to 0.01% of the total (Figure 2).

The literature on the benefit of mitral surgery for arrhyth-
mias in mitral valve prolapse remains limited to isolated
case studies, such as ours, and small series.*>*>* Nonethe-
less, it is becoming clearer that in older patients, there is a
fairly limited benefit from mitral repair surgery alone.”*
This is understandable, given the high likelihood of estab-
lished myocardial fibrosis in older patients and the fact
that the release of tension alone following mitral repair is
insufficient to treat their arrhythmias. In these patients,
such procedures as additional catheter ablation, either peri-
operatively or intraoperatively, and possibly even internal
defibrillator implantation may be required.

CONCLUSION: LEARNING FROM THE PAST

Legacy has been described as a gift from the past that
helps us create a better future. Pioneering research reported
decades ago by John Barlow and others established the need
to understand both the anatomic and functional pathology
of the regurgitant Barlow valve to perform an optimal and
durable repair. The same requirement will apply to future
transcatheter interventions. There are already 4 transcath-
eter techniques for the treatment of degenerative mitral
regurgitation,” including chordal replacement (NeoChord,
Harpoon cords), leaflet edge-to-edge clip repair (MitraClip,
PASCAL TMVr system), percutaneous ring annuloplasty
inserted indirectly via the coronary sinus or directly from
retrograde left ventricular access (Carillon, Cardioband,
Millipede, Mitralign, ARTO systems), and transcatheter
mitral valve replacement (Sapien-XT, Melody, CardiaAQ,
Caisson valve). It is uncertain whether these emerging tech-
nologies will complement or replace current repair strate-
gies, and we lack long-term data, particularly in the
management of the Barlow valve. Nonetheless, what is
certain is that for future percutaneous techniques to be
effective and durable, they must reflect an understanding
of the interactions between the anatomic and functional pa-
thology of the mitral valve in this condition.
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FIGURE 2. Resting and Holter electrocardiogram recordings from a 33-
year-old patient with symmetrical Barlow valve pathology before and after
mitral repair. Preoperative rhythm strips show premature ventricular
ectopic bigeminy at rest (A) and multifocal, high-burden premature ven-
tricular ectopics, including couplets, during exercise (B). Postoperative
rhythm strips are normal at rest (C) and during exercise (D).

Past pioneers, like John Barlow, also made the initial ob-
servations on malignant arrhythmias and sudden cardiac
death in degenerative mitral valve disease, as well as the
possible benefits of mitral repair surgery. In the future,
when we are confronted by a Barlow valve with associated
malignant arrhythmias, it is also the legacy of their research
that will help direct the investigation, timing, technique, and
need for additional procedures of the subsequent mitral
repair.
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