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Commentary:Valvular mimicry in simulation—espice, adspice,
prospice
Thomas G. Gleason, MD, Sari Aranki, MD

Division of Cardiac Surgery, Brigham & Women'’s Hospital and Harvard Medical School, Boston,
Mass

In their article in this issue of the Journal, Zhu and colleagues? have identified another

role for their ex vivo cardiac simulator, previously developed and reported on by Dr Wo0’s
research team.1"8 Their simulator includes a pulsatile piston pump with an impedance
adapter, compliance chambers (“ventricular” and “aortic” chambers), and an adjustable
peripheral resistance. It is equipped with high-speed videographic and echocardio-graphic
capability, thus allowing for both visual and hemodynamic “aortic” or “mitral” valvular
assessments within the similator.2-8 In this latest article from Zhu and colleagues,! the group
reports on the development of a moderately regurgitant “bicuspid” aortic valve model. They
have mimicked the most common bicuspid aortic valve (BAV) morphotype, the Sievers

type 1 L/R morphotype,® by sewing the apposing leading edges of the right and left
coronary cusps of a bovine aortic valve to one another and reducing the R/L commissural
height by detaching and repositioning it 10 mm below its original height. The bovine

valve was then implanted into a porcinesized outflow tract mounted within their simulator
between its “ventricular” and “aortic” chambers. This valve construct rendered a moderately
insufficient valve with demonstrated R/L cusp prolapse. The group then showed that this
modified bovine valve could be successfully “repaired” by shortening the free margin of
their conjoined R/L cusp with David’s free margin reinforcement technique.1°

The current state-of-the-art of bicuspid aortic valve repair (and aortic valve repair in general)
is fraught with inadequacies. The degree of nuance often required to determine what cusp
repair maneuvers are most appropriate for use with a given construct and pathology can be
baffling, even futile. Despite many advances in the field, the reality is that we still have a
long way to go toward packaging a consistently durable and reproducible repair paradigm
that can be broadly applied. Consequently, the concept of developing a tunable aortic valve
repair simulator to study valve constructs and repair techniques could be helpful to our
community. Zhu and colleagues! have demonstrated proof of concept toward development
of such a simulator, albeit with several limitations related specifically to aortic valve repair
that may limit its overall impact.

Notably, Zhu and colleagues! appropriately recognize that both cusp prolapse and cusp
restriction play important roles in development of regurgitation in the context of type 1 L/R
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BAV—the most common form of BAV. The difficulty in truly mimicking these pathologic
human valves with a normal bovine tricuspid aortic valve cannot be overemphasized.
Leading edge fibrosis and cusp sclerosis are very important components of type 1 BAVS that
impart restriction and dysfunction that are not easily reproduced ex vivo from normal animal
valve constructs—as they are not in this current study of Zhu and colleagues.! Similarly,

the R/L cusp depth (the cusp excursion distance between the leading edge at the raphe to

its basilar attachment) in type 1 BAV is foreshortened and markedly thickened relative to

the opposing “nonraphe’d” cusps, further imparting restriction in addition to the variable
commissural height (Figure 1)—this is another difficult pathoanatomy to mimic accurately
ex vivo.11 In addition to refining pathologic valve mimicry to be more clinically relevant,
expanding the capability of interrogating flow characteristics across the valve within their
simulator (eg, quantifying and localizing laminar, turbulent, and vortical flow!2) to allow
for more detailed analyses of cusp biomechanical stress maps could further broaden its
utility. Finally, some validation of durability indices will be necessary when evaluating valve
repair techniques for distinct pathoanatomic findings. Notwithstanding these limitations, this
simulator may provide a practical means of studying valve repair paradigms.
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Cardiac simulators with tunable morphologic valve phenotype and pathophysiologic
lesion capability may be a platform for testing valve repair strategies. Validation for

clinical relevance remains.

CENTRAL MESSAGE
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FIGURE 1.
Note the degree of sclerosis and fibrosis of this type 1 R/N bicuspid aortic valve rendering

the raphe’d cusp both restricted and prolapsing below the coaptation plane. This valve was
severely regurgitant.
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