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Commentary: A novel
cross-species model of Barlow's
disease to biomechanically
analyze repair techniques in an
ex vivo left heart simulator
Heart valve disease awareness day in Europe.

CENTRAL MESSAGE

Although this model may not be
an accurate reproduction of
what happens in Barlow's disease
of the mitral valve, it is an inge-
nious way of studying mecha-
nisms of both degenerative
mitral regurgitation and the
methods and effects of mitral
valve repair.
Norman Briffa, MB, MD, FRCS(CTh), FFPC(Ed)

The eponymously named ‘‘Barlow’s disease’’ of the mitral
valve was first described by John Barlow in patients with a
late systolic murmur,1 a systolic click and aneurysmal
change of the posterior leaflet. The changes in Barlow dis-
ease of the mitral valve are characterized by thickened
enlarged multisegmented leaflets, whose main body pro-
lapses into the left atrium during systole. Histologically
there is myxoid degeneration, collagen fragmentation, and
accumulation of glycosaminoglycans2 within the morpho-
logically abnormal leaflets. Phenotypic changes of the
different components of the mitral valve complex have
been described in detail, and proteomic studies of diseased
leaflets have identified molecules involved in the degenera-
tive process.3 Genome-wide association studies have also
defined the heritability that is known to occur in these
patients.4

Barlow’s disease is thought to occupy part of the degen-
erative mitral valve prolapse spectrum, which also includes
fibroelastic deficiency2 and whose prevalence in the general
population is believed to be approximately 2% to 5%.5

Patients with Barlow’s disease of the mitral valve come to
our attention when they develop significant mitral valve
regurgitation. The mechanism of mitral valve reflux in Bar-
low’s disease can be complex and includes chordal elonga-
tion with or without rupture resulting in segmental prolapse.
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In the absence of chordal rupture, mitral regurgitation in
classic Barlow’s disease is caused by a dilated annulus, flat-
tened leaflets with loss of coaptation, and systolic abnor-
malities of the lateral wall of the left ventricle and
accompanying papillary muscles.6,7 This abnormal move-
ment results in the papillary muscles to displace toward
the left atrium and in the absence of coaptation, in regurgi-
tation through the whole line of closure.

As with the rest of the mitral valve prolapse spectrum, du-
rable mitral valve repair is the preferred method of surgical
correction. Associated with the multiple mechanisms
causing regurgitation, many repair techniques have been
described to treat mitral regurgitation in these patients using
both classic sternotomy or minimally invasive approaches.

In this article, Woo and colleagues8 at Stanford describe
the development of what they call a cross-species model to
study the biomechanics of Barlow’s disease of the mitral
valve. They have used a bovine mitral valve in a relatively
undersized porcine annulus and variable vertically placed
papillary muscles. The segmentation cause by symmetric
undersizing results in leaflets that look Barlowesque in
appearance.

This whole arrangement has been implanted inside a
locally designed previously described circuit that simulates
the left heart. This circuit includes a receiving chamber, the
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cross-species mitral model, and a pumping chamber with a
mechanical pump emptying into a resistance circuit through
a valve (aortic). The pulsatile (80 beats/min) pump is de-
signed to produce a blood pressure of 120/80 and a flow
of 5 L per minute. Flow and pressure are accurately
measured in the different parts of the circuit. Tiny sensors
are placed on the main 4 chordae to continuously measure
strain. The proportional undersizing of the bovine valve
with elevation of the neopapillary muscles produces Bar-
low’s-like segmented leaflets that leak. Repair of the valve
by implantation of neochordae drastically reduces the re-
gurgitant volume and reverses the changes seen in blood
pressure, flow, and chordal strain.

This ingenious and meticulously assembled model is the
first to produce a model of mitral regurgitation that has not
involved transection of chords or artificial stretching of the
mitral annulus but has created (relatively) abnormal leaflets.
Regurgitation is induced by undersizing of annulus relative
to the size of mitral leaflet together with a relative radical
shortening of chordae. Undersizing is achieved by using a
porcine annulus to support bovine leaflets. Such relative
undersizing can equally be produced by the use of a suitable
designed and sized artificial round annulus. To use a porcine
annulus in this cross-species model seems to be an unneces-
sary complication.

As I have described earlier, in the absence of isolated
chordal elongation or rupture, the driver of mitral regurgita-
tion in Barlow’s disease is annular dilation with loss of
coaptation. This concept is proven by the fact that the
sole implantation of a relatively undersized annular ring/
band, the sizing of which is based on intetrigonal distance,
often achieves mitral competence.9 In vivo, additional ma-
neuvers are required to avoid systolic anterior motion. The
mitral regurgitation created in this model by the undersizing
of the annulus does not fully reflect the mechanism in real
life.

Designing a model to reflect a specific disease process in
a meaningful way is always difficult. Barlow’s disease is
The Journal of Thoracic and Car
complex.10 It is a heritable genetic disease with complex
biological processes affecting the whole mitral valve
complex resulting in 3-dimensional physical changes that
prevent the valve from achieving hemodynamic
competence. Trying to create a model that reflects what
happens hemodynamically/biomechanically, let alone one
that reproduces biological and genetic abnormalities, is
difficult. Nonetheless, the Stanford team have managed to
create a unique model that can be used to understand
various mechanisms that can cause mitral regurgitation
and that can be used to study the effect of the different types
of mitral valve repair. The model can also be used as a
valuable teaching tool for surgeons in training to ensure
high standards for surgeons who want to specialize in
surgery of the mitral valve.
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