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ABSTRACT 
 

The adjustable mitral ring reported was developed to be used in mitral regurgitation, during “mitral 
ring downsizing” surgery, and permits modification of it’s dimensions during surgery and forever on 
afterwards. We evaluated its functioning in an in vitro porcine model. 
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1. INTRODUCTION 
 
Mitral ring downsizing is one of the techniques 
used in ischemic mitral regurgitation (MR) and 
MR due to dilated cardiopathy. In this technique, 
a prosthetic ring smaller than the native is 
implanted in order to achieve mitral leaflet 

coaptation, known as restrictive mitral 
annuloplasty and popularized by Bolling [1]. 
 
The new adjustable mitral ring we report, was 
developed to be used in MR during mitral ring 
downsizing surgery and permits modification of 
it’s dimensions during surgery and afterwards. 
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Mitral ring prosthesis available or reported up to 
date have fixed sizes or it’s size can only be 
modified before the surgery ends [2]. 
  
When a fixed sized ring is to be implanted, its 
dimensions are previously determined by 
measuring the native mitral annulus and by 
means of inexact estimations the surgeon must 
decide a size. Therefore, there is a risk that the 
chosen size turns out to be inadequate at 
echocardiographic evaluation after it’s 
placement. This situation can only be resolved 
by changing the prosthetic ring and increasing 
extracorporeal circulation time and postoperative 
morbidity and mortality. 
  
After mitral downsizing annuloplasty, some 
patients show echocardiographic evidence of 
reverse remodeling, whereas in others a 
progressive remodeling ensues. In these 
patients the initial annular compensation for 
ventricular dilatation, provided by the undersized 
annuloplasty, may not be durable and 
recurrence of MR may occur as a result of 
retethering of the leaflets [3].   
 

2. TECHNOLOGY 
 

The adjustable mitral ring is biocompatible and 
its implantation technique is similar as 
conventional mitral rings with minor 
modifications. 
 
This synthetic ring is entirely semi-rigid, it’s size 
can always be subject to modification after 
surgery from an extra-cardiac located device, 
which does not require an energy source and 
can be easily accessed percutaneously or by 
means of a minimal incision using local 
anesthetics. 
  
The prosthetic ring has a “D” shape which 
resembles the mitral valve ring and this shape 
with its proportions are maintained even when 
its dimensions are being modified for each 
patient. 
 

3. MATERIALS AND METHODS 
  
An isolated heart from a 80 kg pig was used. 
The aortic valve was removed in order to obtain 
aortic regurgitation. Water was infused in the left 
ventricle using a canula inserted in the 
ascending aorta. In this way intraventricular 
pressure could be controlled by regulating water 
flow from its source. Ventricular pressure was 
monitored using an intraventricular canula 

placed through the left ventricular apex. Another 
intraventricular canula placed through the lateral 
wall of the left ventricle permitted to drain it. In 
this way we obtained a pressure waveform 
similar to systolic and diastolic cardiac cycle.  
 
The mitral valve was approached through a left 
atriotomy parallel to the interatrial groove. Mitral 
valve coaptation was visually confirmed by 
means of filling and emptying the left ventricle. 
Regurgitation of the mitral valve was obtained by 
progressive annular dilatation maneuvers. 
  
The prosthetic mitral ring was implanted using 
11 Ethibond 2-0 (Ethicon, Inc. Somerville, NJ, 
USA) interrupted stitches (Fig. 1). The control 
device was fixed at its extra-cardiac location. 
  
Multiple maneuvers of dilatation and reduction of 
the prosthetic mitral ring with the extra-cardiac 
device were done and its functioning was 
assessed with changing intraventricular 
volumes.  

 
No live animals were used. 

 
4. RESULTS 
  
After filling the left ventricle, mitral regurgitation 
was visually observed when intraventricular 
pressure reached 50 mmHg. 
 
Using the extra-cardiac device the mitral 
annulus could be reduced and dilated obtaining 
annular diameters of 20 mm to 31 mm. 
Proportional modification of annulus dimensions 
were observed, maintaining the characteristic 
shape of the mitral ring and its proportions     
(Fig. 2). 
  
Mitral regurgitation was corrected and the 
optimal annulus dimension was determined after 
various dilatation and reduction maneuvers. In 
the range of pressure obtained from 50 mmHg 
to 250 mmHg leaflet coaptation was     
confirmed and absence of regurgitation         
was visually verified. 
 

5. DISCUSSION 
 
Through this isolated porcine heart model of 
MR, we could evidence that this prosthetic ring 
can reduce and dilate the mitral annulus 
proportionately without changing the native 
mitral annulus shape. Annulus dimension could 
be modified using an extra-pericardial device. 
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A limitation of our heart model is that it does not 
reproduce the physiological conditions of the 
beating heart. Nonetheless, the filling and 
emptying maneuvers made in our model are 

similar to those done by the surgeon when 
exploring and testing the mitral valve during 
surgery.  

 

 
Fig. 1. The porcine heart is seen from its base. A canula was placed through the ascending 

aorta after the valve was removed. The left was approched through a left atriotomy. The ring 
was implanted at the mitral annulus 

 

 
 

Fig. 2. These photographs show the closed mitral valve and the implanted ring as seen from 
the left atrium. Left, the mitral rinf with 31 mm diameter. Right, after reducing the mitral ring to 

20 mm diameter with extra-cardiac located device 
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The distinctive characteristic of this ring, allows a 
surgeon to perform a mitral downsizing surgery 
without the need of an exact determination of the 
ring size previous to its placement, since this size 
is established and set during the testing 
maneuvers. After surgery, through a non-
invasive or minimally invasive procedure, the 
mitral annulus can be modified using the extra-
cardiac device to optimize leaflet coaptation or 
reproduce some degree of regurgitation if it 
requires. This is the case of patients with severe 
ventricular dysfunction, with immediate 
postoperative ventricular claudication due to an 
increase in afterload after the sudden correction 
of MR. In these patients, reproducing some 
degree of MR may be useful after surgery. 
Perhaps by reducing the mitral ring progressively 
guided by the patients tolerance, and not 
suddenly as nowadays, along with an optimal 
medical treatment, represents a new strategic 
approach for reducing morbi-mortality in these 
high-risk group of patients. 
  
We consider that these adjustable ring 
characteristics, are a great advance in cardiac 
surgery and could widen the surgical indications 
for MR including some patients with very low 
ventricular function and functional MR. 
Nowadays, these patients are subject of 
discussion and are frequently rejected for 
surgery by fear of ventricular claudication due to 
the sudden correction of the MR and therefore 
an abrupt increase in afterload [4]. 
  
Another advantage of this prosthesis is that it 
could probably adapt the annulus to the 
ventricular evolution after a successful mitral 
repair. It is well known that after two years of 
mitral repair with a downsizing surgery, in 30-
40% [5] of patients, MR recurs. In some of the 
patients in whom MR recurs, this could be 
explained by the progress of left ventricular 
remodeling with papillary muscle displacement 
and leaflet retethering [3]. In these cases, by a 
minimal invasive approach of the device, the 
mitral annulus could be adjusted to the new 
condition and restore its function. This 
represents our current line of investigation. 
 
Aiming to reduce the recurrence rates of MR, 
new annuloplasty rings were developed [2] and 
its association with the edge-to-edge technique 
have been advocated [4]. None of these newly 
developed rings have the ability neither to 
modify its dimensions after its placement nor to 
prevent the “afterload mismatch” produced by 
the newly competent repaired mitral valve. 

The adjustable mitral ring, represents a singular 
therapeutic approach for functional MR and 
bares the basis for future experimental and 
clinical trials that would permit a better 
knowledge of its therapeutic potential and 
evolution of functional MR. 
 

Although through our model, we could 
demonstrate the optimal functioning in vitro of 
this prosthetic ring, it is not possible to extend 
our results to the beating heart. Therefore, future 
investigations are required using in vivo animal 
models of functional MR, which represents our 
current status.  

 

6. CONCLUSION 
 

We consider that this prosthetic ring could be an 
excellent option for selected patients, which at 
present time have no surgical indication or are at 
very high risk, since it aims at the 
physiopathological function of the left ventricle 
and therefore, will reduce the morbi-mortality, 
hospitalization and costs. 
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