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Editorial

Evolucion de la tecnologia
para la reparacion
valvular: del anillo rigido
al biodegradable

Evolving annuloplasty technology for valve repair: from
the rigid ring to the biodegradable one

Annuloplasty rings are artificial prostheses sutured
to the native mitral or tricuspid valve annulus to correct
its dilatation, remodel its shape, consolidate valve repair,
and improve coaptation between leaflets during systole'.
Since 1968, when the first human rigid prosthetic mitral
ring implantation was carried out by A. Carpentier, an-
nuloplasty technology has evolved over time from pla-
nar, complete, and rigid rings to flexible and semi-rigid
rings as a result of new understanding of annular remod-
eling and the dynamic physiological structure of the
mitral annulus. The pioneering canine experiments of
Tsakiris?, who first described the dynamic structure and
physiologic behavior of the mitral annulus during the
cardiac cycle in terms of annular contractility, consti-
tuted the key study that triggered the development of the
flexible Duran ring, that unlike rigid rings, preserves the
anatomical non-plane configuration and normal dynam-
ics of the mitral annulus®*. Fully flexible alternatives to
Duran ring, such as annuloplasty using suture materials’,
pericardial tissue®, or Cosgrove-Edwards bands’ were
therefore developed. Semi-rigid rings were later on con-
ceived with a view to combining both the advantages of
rigid rings, being the durable restoration of the ana-
tomical oval shape of the mitral annulus and that of the
flexible ring®. However, left ventricular performance with
semi-rigid and rigid rings seems to be similar. Loss of
flexibility in semi-rigid rings with time could be the
reason for lack of expected benefit.
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Although all these conventional rings available in the
market respond to the needs of the adult population, no
annuloplasty ring has thus far been designed for children
in whom preservation of the growth potential of the na-
tive annulus is an important issue in terms of long term
stability of valve repair procedures. Lack of available
pediatric sizes below 26 in the conventional rings which
could not allow for growth of the native mitral annulus,
is due to the induction of a stenotic effect in a growing
child which could be worsening with time. Being en-
couraged by some annuloplasty techniques which have
been described in the pediatric population using differ-
ent biodegradable suture materials and especially by
polymers of poly-diaxanone largely used in pediatric
cardiovascular operations”!!, we started in 1994 to de-
velop a biodegradable annuloplasty ring (Kalangos ring,
Bioring, Lonay, Switzerland) capable of preserving the
growth potential of native mitral and tricuspid annuli. In
the experimental trial, echocardiographic controls per-
formed at monthy intervals showed no signs of valve
dysfunction, preserved ventricular contractility and phys-
iological growth of the orifice with no transvalvular gra-
dients. Another important finding was continuation of
fibrous tissue thickness despite complete ring degradation
by hydrolysis at 6 months, which prevents the annulus
against redilatative stretch. This fibrous tissue appar-
ently behaves like an autologous ring remodeling the
annulus which does not interfere with its dynamic phys-
iological motion. Moreover, macroscopic measures of
the valve orifices in the sacrificed animals confirmed the
preserved annulus growth potential at each time period
in these animals which had increased their body weights
from 30-43 to 190-200 kg over a year.

Our preliminary clinical study in which Kalangos
biodegradable ring was used in 27 pediatric cases since
1994 showed satisfactory midterm results and confirmed
the preserved growth potential of the native valve
annulus'?2. On the other hand, the ongoing clinical
trial in adults showed that the dynamic structure of
the mitral annulus was respected over a mean follow-
up of 3.9 years as confirmed by the systolodiastolic
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mitral orifice reduction of 26% on repeat echocardio-
graphic controls, this value being within the physiolog-
ical ranges of mitral orifice reduction.

The implantation of the ring within the native an-
nulus — contrary to the other conventional rings that are
inserted on the native annulus — prevents it from being
in contact with blood, and therefore avoiding thrombo-
embolic complications. Anticoagulation is therefore not
necessary, unlike with other rings for which anticoagula-
tion is preferable during the first postoperative 3 months
until the endocardium covers the ring. In addition, this
ring does not contain any synthetic material and can
theoretically be used during the acute phase of cases
suffering from infectious mitral insufficiency.

In conclusion, the concept of annulus remodeling by
inducing fibrous tissue which both preserves growth po-
tential in children and maintains the three dimensional
dynamic motion of the mitral and tricuspid valves un-
doubtedly contributes to the evolving annuloplasty tech-
nology.

Los anillos de anuloplastia son prétesis artificiales
que se suturan al anillo nativo mitral o tricdspide para
corregir su dilatacién, remodelar su forma, consolidar la
reparacion valvular y mejorar la coaptaciéon entre los
velos en sistole!. Desde el primer implante por Carpen-
tier en 1968, la tecnologia de anuloplastias ha evolucio-
nado desde los anillos rigidos, completos y planares
hacia anillos flexibles y semirrigidos como resultado de
la forma de comprender la remodelacién anular y la
estructura fisioldgica dindmica del anillo mitral. Los
trabajos experimentales de Tsakiris?, quien describi6 por
primera vez la estructura dindmica y el comportamiento
fisiolégico del anillo mitral en lo relativo a la contracti-
lidad anular, constituyen el estudio clave que dispar6 el
desarrollo del anillo flexible de Duran, el cual preserva,
al contrario que los anillos rigidos, la configuracién ana-
témica no planar y la dindmica del anillo mitral®*. Se
desarrollaron entonces alternativas flexibles al anillo de
Duran como la anuloplastias con material de sutura’,
tejido pericardico®, o la banda Cosgrove-Edwards’. Los
anillos semirrigidos se concibieron para combinar las
ventajas de los anillos rigidos y flexibles®. Parece que la
capacidad funcional del ventriculo izquierdo es similar
con ambos tipos de anillo. La pérdida de flexibilidad de
los semirrigidos podria ser la razén de la pérdida del
beneficio esperado.

Si bien estos anillos convencionales disponibles en
el mercado responden a las necesidades de la pobla-
cién adulta, no se ha disefiado ningtin anillo para la

poblacién pediétrica. En los nifios, la preservacién del
potencial de crecimiento del anillo nativo es un hecho
importante relacionado con la estabilidad a largo plazo
de las reparaciones. La falta de tamafios pedidtricos, por
debajo de 26 mm en los anillos convencionales que no
permitirian el crecimiento del anillo nativo mitral, se
debe a la induccién de un efecto estenético en el nifio
en crecimiento que podria empeorar con el tiempo. Con-
siderando diversas anuloplastias descritas en pacientes
pediatricos utilizando suturas biodegradables como po-
limeros de polidioxanona®!'!, iniciamos en 1994 el desa-
rrollo de anillos biodegradables (Kalangos ring, Bioring,
Lonay, Switzerland) capaces de preservar el potencial de
crecimiento de los anillos nativos atrioventriculares. El
estudio experimental, los estudios ecocardiograficos rea-
lizados a intervalos de 1 mes, no demostraron signos de
disfuncién valvular y si preservacién de la contractilidad
ventricular y crecimiento fisiolégico del orificio sin gra-
diente transvalvular. Otro hallazgo importante fue la
continuacién del tejido fibroso a pesar de la degradacién
completa por hidrélisis a los 6 meses, lo que evita la
tension de redilatacion. El tejido fibroso parece no inter-
ferir con el movimiento fisiol6gico. Mas atin, las medidas
macroscopicas tras el sacrificio del animal confirmaron
el potencial de crecimiento anular en cada intervalo, ha-
biendo aumentado el peso de los animales desde 30-43 a
190-200 kg en un afo.

Nuestro estudio preliminar, en el que utilizamos el
anillo biodegradable de Kalangos en 27 casos pedidtricos
desde 1994, demostro resultados satisfactorios a medio
plazo y confirmo la preservacién del potencial de creci-
miento del anillo nativo'?. Por otra parte, el estudio clini-
co en adultos ha demostrado que se respeta la estructura
dindmica del anillo mitral a una media de 3,9 afios de
seguimiento confirmado por una reduccién sistodiasté-
lica del orificio mitral del 26% en ecocardiogramas
seriados, estando dentro de los rangos fisioldgicos de
reduccién del orificio mitral.

La implantacién del anillo dentro del anillo nativo —al
contrario de los anillos convencionales que se insertan
sobre el anillo nativo— evita su contacto con la sangre y,
por consiguiente, las complicaciones tromboembodlicas.
No es necesaria anticoagulacion, mientras que en el resto
de anillos es recomendable en los primeros 3 meses has-
ta que se consigue la endotelizacién. El anillo no contie-
ne material sintético y puede utilizarse, en teoria, durante
la fase aguda de la endocarditis infecciosa.

En conclusidn, el concepto de la remodelacion anular
mediante la induccién de fibrosis, que preserva el po-
tencial de crecimiento en los niflos y mantiene la movi-
lidad dindmica tridimensional de las valvulas mitral y
tricispide, contribuye, sin duda, a la evolucién de la
tecnologia de la anuloplastia.
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