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Biodegradable annuloplasty rings: evolution,
characteristics and surgical technique

Annulus remodeling and stabilization with a ring have been demonstrated to be a mandatory step in mitral and
tricuspid valve repair to ensure effective leaflet coaptation and improve long-term results. The need for a degradable
ring stems from two areas in which biodegradable ring annuloplasty can theoretically fill a void: 1 — valve repair in
infected valve tissue to avoid colonization of permanent implanted ring device and infection recurrence, 2 - valve
repair in children, where traditional annuloplasty rings can’t be used due to the risk of acquired stenosis for lack
of growth. Prophylactic anticoagulation following biodegradable ring annuloplasty is not necessary, provided that
the patient has no other indication for it, as the intraannular position of the ring protects against any «blood-

biodegradable ring» interaction.

Key words: annuloplasty, biodegradable ring, mitral valve, tricuspid valve.

Evolution of the mitral and tricuspid
annuloplasty concept using biodegradable
suture materials and rings

The idea of developing a biodegradable ring is
not a recent one. In 1983, Professor A. Carpentier
already predicted the potential use of biode-
gradable material for annuloplasty in his article
entitled «Cardiac Valve Surgery - the French
Correction» by stating that the «reinforcement
of the dysplastic annulus using a polyethyl-colla-
genol resorbable ring, which dissolves spontane-
ously in 12 months...» is «..replaced by strong
connective tissue by a process of creeping substi-
tution» [1].

In 1986, after this insight, Duran et al. devel-
oped an absorbable flexible ring of ox bovine
fibrin. They sewed it around the tricuspid annu-
lus of dogs using a running 4-0 monofilament
polypropylene suture [2]. They noticed that the
ring had disappeared entirely in nine out of
ten dogs between one and two months after

its implantation and in all ten dogs after two
months. Histological analysis showed mild to
moderate ring erosion and fibrous tissue cover-
ing the ring in dogs sacrificed between two and
four weeks after implantation.

In 1990, Chachques et al. described their
experimental findings for a polydioxanone
absorbable ring similar in shape to that of the
rigid Carpentier - Edwards ring, covered with
an extensible sewing sheath of high-porosity
polyester, which they implanted onto the native
mitral annulus as for a conventional ring [3]. At
one-year, histological analyses showed only small
residual particles of polydioxanone surrounded
by collagen and elastic fibers, with fibroblasts
in mitotic activity. No stenotic effect or other
adverse affection of leaflet motion or pliability
was demonstrated in growing animals, despite a
fibrous reaction covering the ring within the first
two weeks, increasing in thickness thereafter.

In 1992, Duran et al. reported the histological
results of a De Vega annuloplasty performed using
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a 2-0 polydioxanone suture in an experimental
sheep model [4]. The polydioxanone suture mate-
rial remained practically intact during the first
three months, and its partial resorption at five
months allowed the native tricuspid annulus
to restore its initial dimensions. The authors
concluded that temporary reinforcement of the
tricuspid annulus was possible due to the gradual
resorption of polydioxanone within six months.
In 1993, Duran et al. reported their clinical results
for 73 patients with functional tricuspid regurgi-
tation using a 2-0 polydioxanone suture. Based
on the low rate of recurrent tricuspid insufficien-
cy over the maximum follow-up of 2 years, they
concluded that patients with functional tricus-
pid regurgitation and low pulmonary resistance
could be adequately treated with the vanishing
DeVega annuloplasty that stabilizes the tricuspid
annulus for four months [5].

In 1994, Miyamura et al. published their short
and midterm follow-up results for a clinical study
carried out in children who underwent correc-
tion of their atrioventricular septal defect using
a circular mitral annuloplasty with 4-0 polydi-
oxanone or 4-0 polyglactin suture materials [6].
Seventy-seven percent of these children main-
tained satisfactory valve function with gradual
growth of the native mitral annulus over the
follow-up period. Indeed, the significant polydi-
oxanone and polyglactin sutures disadvantages
are the re-dilatation of the native annulus with
the degradation process of the biodegradable
material and the difficulties associated with pre-
cisely plicating the dilated posterior and the two
commissural annulus segments according to the
surface of the anterior mitral leaflet. For this
reason, usage of absorbable suture materials can
sometimes result in residual valvular stenosis or
insufficiency due to over- or undercorrection of
annular dilatation. Another potential disadvan-

tage of such absorbable suture materials is their
insufficient thickness for pediatric needle sizes. A
minimal thickness of suture material is required
to generate an optimal intra-annular fibrous reac-
tion. Moreover, the lack of pre-designed absorb-
able ring shapes in conformity with the shape of
the entire or posterior part of the mitral orifice
for mitral annuloplasty - and with that of the
anteroposterior part of the tricuspid annulus for
tricuspid annuloplasty - may hinder homogene-
ous fibrous remodeling of the mitral annulus,
and hence no longer respect the 3:4 relationship
between the anteroposterior and lateral diam-
eters of the mitral orifice, and thereby predispose
the tri-dimensional contractile geometry of the
mitral annulus to subsequent deformity. Despite
all the above-mentioned disadvantages of such
absorbable suture materials, we were encour-
aged by these annuloplasty techniques and espe-
cially the use of polydioxanone polymers in pedi-
atric operations and started developing a new
biodegradable annuloplasty ring in 1994, which
finally received CE (Conformity Marking Europe)
approval in May 2005.

Characteristics of the biodegradable ring

The Kalangos® biodegradable ring has a curved
«C» segment comprised of a poly-1,4-dioxanone
polymer located at the middle of a non-degra-
dable suture material (2/0 polyvinyl monofila-
ment for adult sizes and 3/0 for pediatric sizes)
equipped with a stainless-steel needle at each
extremity (Figure 1A, 1B). The suture material is
in continuity over the entire central portion of
the biodegradable ring to increase the resistance
to the tensile re-dilatory stretch of the dilated
mitral and tricuspid annulus. The specific molec-
ular weight of polydioxanone polymers, contrary
to that of the biodegradable sutures, ensures

Figure 1. A - Mitral biodegradable ring; B - tricuspid biodegradable ring
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Figure 2. Macroscopic view of gradual degradation and
fibrous tissue formation of the ring within six months
after implantation

structural memory against subsequent deform-
ity, a critical factor in initiating the generation
of fibrous tissue leading to secondary annular
remodeling; it also provides tri-dimensional flex-
ibility to the ring. The ring is available in sizes
16, 18, 20, 22, 24, 26, 28, 30, 32, 34, and 36 for both
mitral and tricuspid annuloplasty, representing
the inter-trigonal distances for mitral annuloplas-
ty. The ring has been designed for remodeling
the posterior and both commissural annulus seg-
ments in the mitral position and the anteroposte-
rior part of the annulus in the tricuspid position
by inducing progressive fibrous tissue forma-

tion during its degradation by hydrolysis within
six months after implantation. Figure 2 shows
the gradual degradation of the ring within six
months after implantation into the native annu-
lus and macroscopically the gradual increase in
thickness of the fibrous tissue, which fills the
space left by the degraded implant material and
reaches the diameter of the implant at 12 months
after implantation [7]. The degrading polymer
stimulates inflammation, activating macrophag-
es to secrete growth factors for fibroblastic cell
proliferation. Figures 3A and 3B show the histo-
logical analysis of converting the degradable ring
into fibrous tissue at one month and six months
after implantation into the tricuspid annulus [7].

Surgical technique

The biodegradable ring, contrary to that
of traditional rings implanted onto the native
mitral or tricuspid annulus, is inserted into the
native annulus to promote the inflammation
process which will be converted into fibrous
tissue, which incidentally prevents the release
of degraded particles into the left atrial cavity.
For mitral annuloplasty using the biodegradable
ring, insertion starts at the level of the posterior
commissure (2-3 mm distant to the insertion
of the posterior leaflet on the annulus and 2-3
mm in depth) using the needle attached to one
of the extremities of the prosthetic mitral ring.
Insertion of the ring is begun by moving the
inserted needle forward into the native annu-

Figure 3. A: Histological analysis of the ring at one month after implantat; B: Histological view of the ring at 6 months
after implantation. The ring is completely degraded and fibrous tissue replaced the space left by the degraded ring
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Figure 4. Implantation technique of the mitral
biodegradable ring

lus as far as possible and then pulling up the
attached suture (Figure 4 (1)). The subsequent
insertion of the needle is performed through
the first exit point of the first bite (Figure 4
(2)), allowing the ring to move forward into the
annulus up to the next exit point (Figure 4 (3)).
Repeating the same insertion steps and pulling
up the suture material through the second exit
point (Figure 4 (3)) up to the third one (close to
the anterior commissure), the complete inser-
tion of the ring within the native mitral annulus
is achieved.

The anterior suture material is then moved
forward twice from the anterior trigone down
to the anterior commissure, the first loop allow-

Anterg-septal
Comimissune

Figure 5. Implantation technique of the tricuspid
biodegradable ring

ing for fixation of the anterior extremity of the
ring to the anterior trigone and the second loop
for tying the anterior suture material on itself.
The posterior needle is then moved forward
twice through the first entry point up to the
posterior trigone, the first loop allowing for
fixation of the posterior extremity of the ring
to the posterior trigone and the second one for
tying the posterior suture extension on itself
(Figure 4).

The biodegradable ring - a partial ring in
design - can also be converted into a complete
ring by moving the suture material extensions to
the midpoint of the anterior mitral annulus from
both commissures and tying them together after
fixing both extremities of the ring to the respec-
tive trigones with the first loop. The complete
insertion technique is especially recommended
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for correcting ischemic mitral insufficiency and
mitral regurgitation associated with idiopathic
dilated cardiomyopathy, as the ring’s resistance
to tensile stretch is better distributed with the
complete configuration, a factor crucial in pre-
venting annular re-dilatation.

For tricuspid annuloplasty, ring implantation
into the native annulus starts at the level of the
postero-septal commissure, advancing up to the
antero-septal one by respecting the same prin-

ciples of insertion as for mitral annuloplasty:
pulling up the suture material and progressively
positioning the ring into the annulus, insertion
is usually accomplished after only three bites
(Figure 5).

In conclusion, we can emphasize that this new
technology of biodegradable rings undoubtedly
contributes to the evolution of ring annuloplasty
concept by introducing some new advantages
over conventional ones.
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biopo3knagHi KinbLs gna aHynonnacTMku:
€BOJIOLifl, XapaKTepPUCTUKN Ta XipypriyHa TeXHiKa

MpoAeMOHCTPOBaHO, WO PeMOAeNOBaHHA HATMBHOMO KinbLA Ta Moro ctabinizauis 3a gonomoroto Kinbus €
00O0B'I3KOBUM €TanomM y niacTuui MiTpaibHOro Ta TPUCTYNIKOBOTO KilanaHiB A 3abe3neyeHHs eheKTUBHOT KoanTauii
CTYNOK Ta MNoninLeHHs AOBroCTPOKOBUX Pe3ynbTaTiB. AHyNonnacT1ka KinbLem, ske 6iofloriyHo po3knaga€eTbesi, 3aCTo-
COBYETbCA Y BUMNagKax, ko bioposknagHe KinbLe TEOPEeTUYHO MOXKe 3aMoBHUTU MOpOoXHeYy: 1) nnacTuka KnanaHa
3 iH(IKOBaHOIO TKAaHMHOIO — AN YHUKHEHHS KOMOoHi3aLii NnepMaHeHTHO iMMNIaHTOBaHOrO KinbLLEeBOro NMpucTpolo Ta
peumanBy iHbeKLii; 2) NnacTvka knanaHa B AiTel, Konv TpaguUinHi Kinbus AN aHynoniacTMku He MOXyTb OyTu BUKO-
puUcTaHi Yepes pM3MK HabyToro CTeHo3y, 3yMOBJIEHOIO BiACYTHICTIO pocTy. MpodinakTuyHa aHTUKoarynsuinHa Tepanis
nicns aHynoniacTMku 6ioposknagHUM KinbLeM He NoTpibHa, AKLWOo B NaLjieHTa ANia Hel HeMae iHWKX MeAMYHUX NoKa-
3aHb, OCKINbKM BHYTPILUHBOTKAHWHHE PO3TallyBaHHS KifibLsl 3axMLiaEe Bif Oyab-aKoi B3aemopii «kpoB-bioposknagHe
Kinbue».

Kniou4oBi cnoBa: aHynonnactuka, 6ioposknagHe Kinbue, MiTpanbHUA KNnanaH, TPUCTYIKOBUW KnamnaH.
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