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Summary 
Mitral allografts are still used only exceptionally in the mitral or 
tricuspid position. The main indication remains infectious 
endocarditis of atrioventricular valves for its flexibility and low 
risk of infection. The aim of our study was to evaluate 1-year 
results of mitral allografts transplantation into the tricuspid 
position in a sheep model. Mitral allografts were processed, 
cryopreserved, and transplanted into the tricuspid position 
anatomically (Group I – 11 animals) or antianatomically (Group II 
– 8 animals). All survivors (4 from Group I, and 3 from Group II) 
were checked at 3, 6, and 12 months by echocardiography with 
the exception of one survivor from Group II (which was 
examinated only visually). Examination throughout follow-up 
included for mitral allograft regurgitation and annuli dilatation. 
At postmortem, the papillary muscles were healed and firmly 
anchored to the right ventricular wall in all subjects. 
Transventricular fixation of the papillary muscles with buttressed 
sutures was proven to be a stable, reproducible, and safe 
method for anchoring mitral allograft leaflets. There were no 
significant differences between the two implantation methods. 
Annulus support of mitral allografts might be very useful in this 
type of operation and could prevent annular dilatation.  
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Introduction 
 

Our sheep model of mitral allograft (MA) 
transplantation into the tricuspid position had been 
developed previously and early results published 
(Vojáček et al. 2006, Mokráček et al. 2008). The aim of 
this project was to evaluate 1-year results of MA 
transplantation into the tricuspid position, again in the 
sheep model. The experiment was focused on MA 
(neotricuspid valve) function (e.g. incidence of 
regurgitation – MAR), MA structural degeneration, and 
comparison of two surgical techniques for MA 
transplantation – anatomical (Group I) and antianatomical 
(Group II) – from the viewpoint of long-term follow-up. 
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Methods 
 

The experimental studies were performed 
according to the guidelines and practice established by the 
Institutional Committee for Animal Care and Use and in 
compliance with legislation of the Czech Republic. All 
animals were cared for in compliance with the European 
Convention on Animal Care. The experimental project was 
also approved by the Institutional Committee of Ethics. 

The total experimental series includes 
20 cadaveric donor operations on sheep at the age of 
1 year, weight 23 to 36 kg. Nineteen sheep, 1 year of age, 
weight 24-38 kg, underwent transplantation. 

The experimental protocol (sheep donor MA 
harvesting, processing and cryopreservation, MA tissue 
thawing, anesthesiology as well as surgical techniques) 
used was taken over from our previous experience 
(Vojáček et al. 2006, Mokráček et al. 2008, Špatenka et 
al. 1997a,b, Špatenka and Kobylka 2011).  

 
Surgery 

After proper anatomical rotation of the MA, both 
papillary muscles were anchored transmurally using 
polypropylene monofilament mattress sutures 
(4/0 Prolene, Johnson & Johnson, New Brunswick, NJ, 
USA) and buttressed with Teflon pledgets into the free 
right ventricular wall. MA annulus was then sewn into 
the recipient’s tricuspid annulus by continuous running 
suture with the same sewing material. In the area adjacent 
to the septum, sutures were inserted through the retained 
rim of the tricuspid valve septal leaflet in order to prevent 
injury to the atrioventricular node. Two modes of 
transplantation were used and are termed the anatomical 
and antianatomical techniques.  

In Group I (anatomical MA position), the 
anterior leaflet of the graft faced the septum while the 
posterior leaflet faced the right ventricular free wall. 

In Group II (antianatomical position), the anterior 
leaflet faced the right ventricular free wall and the posterior 
leaflet of the MA faced the septum (Vojáček et al. 2006). On 
the “beating heart”, MA function was water tested before the 
right atriotomy was closed using a monofilament running 
suture. After weaning from extracorporeal circulation, 
decannulation, and hemodynamic stabilization, the right 
atrial and pulmonary artery pressures were measured and 
recorded again. Perioperative cardiac anatomy and function 
were checked by epicardial echocardiography (ECHO) 
while focusing on the anatomy and function of the MA in 
the tricuspid position. Annular diameter was measured 

during ventricular diastole. The movement of mitral allograft 
cusps was analyzed in a 2D mode across the entire cardiac 
cycle. Color Doppler as well as continuous wave and pulsed 
wave Doppler assessments of MA flow were performed, and 
an aim was to grade the severity of mitral regurgitation.  

When the postoperative course was smooth, sheep 
were cared for at the experimental department premises for 
1 week and then returned to the farm and kept separately. 

 
Follow-up 

All survivors received veterinary check-ups and 
control transthoracic ECHO examinations at 3, 6 and 
12 months. MA (neotricuspid) regurgitation (MAR) was 
examined for and then quantified on a standard four-
grade scale (I-IV/IV). The MAs’ annuli were measured as 
well (Table 1). 

All 1-year survivors were anesthetized. MA 
function was estimated by transthoracic ECHO using 
VIVID 7 ultrasound devices (GE Medical Systems, Little 
Chalfont, UK) with 7S and 5S probes. 

Finally, the sheep were euthanized using the 
same technique as for the donor animals and the hearts 
were explanted. The right atrium and right ventricle were 
opened in order to ensure easy access to the implanted 
MA and to facilitate its macroscopic examination from 
both sides (atrial as well as ventricular). Healing of 
reattached papillary muscles and integrity of MA chordae 
tendineae were carefully checked from the right ventricle, 
as well. As the last step, leaflet samples were taken for 
histological study. The sections were stained using 
hematoxylin and eosin as well as by blue trichrome. 

 
Statistical analysis 

MAR was not analyzed statistically. ANOVA 
for repeated measures was used to analyze annuli 
enlargement. Computing (calculations and graph 
processing) was performed using Prism6 for Mac OS X 
(GraphPad Software, Inc., San Diego, CA, USA). 

 
Results 
 

The tricuspid valve was replaced with MA in 
a total of 19 sheep. The MA was implanted with normal 
anatomical orientation in 11 sheep (Group I) and in 
antianatomical orientation in the remaining 8 animals 
(Group II). Ten animals died perioperatively within 24 h, 
7 of these due to respiratory failure and 3 due to massive 
bleeding and coagulopathy.  

 



2015  Mitral Allograft in Tricuspid Position – Sheep Model   833  
   
Table 1. Perioperative, 3-6 month and one-year fllow up – MA (neotricuspid anulus) size and function on echocardiography. 
 

Group Sheep 

Perioperative 
findings 

Annular size 
(mm), 

Preop/Postop 

Perioperative 
findings Neotricuspid 
valve (MA) Function 

(TR I-IV/IV) 
(Echocardiography) 

3-6 months 
Annulus 

size (mm) 

3-6 months 
Neotricuspid valve 

(MA) Function  
(TR I-IV/IV) 

(Echocardiography) 

12 months 
Annulus 

size (mm) 

12 months 
Neotricuspid valve 

(MA) Function  
(TR I-IV/IV) 

(Echocardiography) 

I. No 1 21/21 Competent TR 0/IV 21 Competent TR 0/IV 27 TR I/IV 
No 2 19/19 Competent TR 0/IV, 

„bulging“ 
20 Competent TR 0/IV 

„bulging“ 
27 TR I-II/IV 

„bulging“ 
No 3 22/22 TR I/IV, both cusps 

prolapse 
33 TR II/IV, both cusps 

prolaps 
35 TR II/IV, both 

cusps prolaps 
No 4 22/26 Competent TR 0/IV 28 Competent TR 0/IV 28  

II. No 1 19/20 Competent TR 0/IV, 
both cusps prolapse 

27 TR I/IV, both cusps 
prolaps 

31 TR I/IV, both cusps 
prolaps 

No 2 18/18 Competent TR 0/IV, 
susp. of partial 
chordae rupture 

20 Competent TR 0/IV 
susp. of partial 
chordae rupture 

26 Competent TR 0/IV 
susp. of partial 
chordae rupture 

No 3 20/21 Competent TR 0/IV - - - - 

 
MA – mitral allograft, TR – tricuspid regurgitation, I-IV/IV – grade I to IV of four grade scale of TR. 

 
 
Perioperative residual valve incompetence 

grades 0-I/IV was detected in 18 experimental animals. 
In 1 sheep, the residual perioperative mitral insufficiency 
was graded II/IV due to rupture of the anterior leaflet 
suspension apparatus, and that sheep died in the early 
postoperative period. Five sheep from Group I and 4 from 
Group II with trivial (0-I/IV) postoperative regurgitation 
of the mitral allograft in the tricuspid position advanced 
to the next phase of the experiment. One sheep from each 
group died at 3 weeks and 4 months after the operation. 
The first of these (from Group I) died due to mycotic 
MA infection. The second (from Group II) died suddenly 
and no clear cause of death was found at autopsy.  

Echocardiographic follow-up in Group I 
revealed trivial or up to grade I/IV neotricuspid 
regurgitation in 3 sheep. In 1 animal, neotricuspid 
insufficiency of grade II/IV was detected due to prolapse 
of both cusps, mainly of the anterior leaflet, without 
rupture of the chordae (Fig. 1). 

In Group II, grade I/IV neotricuspid 
insufficiency was found in 2 sheep, while echo-
cardiography was not technically feasible for the third 
(Fig. 1). Because of the small numbers, MAR was not 
analyzed statistically. All measurable echocardiography 

parameters proved comparable neotricuspid valve 
morphology and hemodynamics. 

 
 

 
 

Fig. 1. Neotricuspid MA regurgitation in 12 months. Chi-square 
test (1.283, p=0.7331). 
  
 

The follow-up period was 1 year. Seven animals 
survived and were electively examined by two-
dimensional transthoracic echocardiography (Fig. 2, 
Table 1), four from Group I (anatomical transplantation) 
and three from Group II (antianatomical transplantation).  



834   Mokracek et al.  Vol. 64 
 
 

 
 
Fig. 2. a,b – post implantation neotricuspid annulus and MA (neotricuspid) regurgitation, c,d – the annual echocardiography 
examination shows significant dilatation of neotricuspid annulus, but no significant MA (neotricuspid) regurgitation.  

 
 

 
 
Fig. 3. MA annulus enlargement, comparing the postoperative 
measurements with follow-up at 3-6 and 12 months. Paired  
t-test, p=0.986, ns. 
 

Tricuspid annular dilatation was shown to be 
reasonable in both groups (Fig. 3). MA dilation at 3 and 
12 months postoperatively was significant in Group I 
(P=0.03) but not significant in Group II (P=0.17), as 
determined by ANOVA for repeated measures. 

Finally, the sheep were euthanized, the hearts 
were explanted, and final MA tests were performed. 
Macroscopic examination showed that the MAs were 
healed completely into the native tricuspid annuli as well 

as into the right ventricular wall (MA papillary muscles). 
Leaflets were whitish, appeared tough and less pliable, 
and were less pliable. No calcifications were found. 
In 2 hearts from Group I and 1 heart from Group II, small 
fenestrations were found in MA leaflets, albeit without 
any macroscopic inflammatory changes. Chordae 
remained firm, appeared fibrous and stiffer. From 
Group II, chordal rupture of the anterior leaflet was 
evident in 1 MA secondary. This probably was due to 
perioperative iatrogenic injury, and echocardiography 
follow-up suggested this had occurred in that animal from 
the very beginning. That morphological finding 
corresponded with MA regurgitation of I/IV at 1 year. 

The mechanical quality of MA tissue was 
checked using a simple pulling test. All MA tissue 
remained firm enough in the cardiac surgeon’s opinion.  

Morphological leaflet tissue evaluation was done 
at the very end. This indicated that MA leaflets were 
denuded of endothelial cells. Irregular proliferation of 
fibrous tissue and elastic fibers in the thickened valve 
leaflet was apparent. Focal monocellular infiltration on 
the leaflet surface was documented (Fig. 4). 
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Fig. 4. a,b – control animals mitral valve 
leaflets: cellulated valve, minimal admixture 
of elastic and fibrous fibers, c,d – mitral 
valve leaflets of the 12 months survivors: 
irregular proliferation of fibrous tissue and 
elastic fibers in the thickening valve. Focal 
monocellular infiltration on the surface. Left 
side: HE stain, right side: blue Trichrome 
stain. Magnification 40x. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Discussion 
 

Aortic allograft has been clinically used for more 
than 52 years (Ross 1962) and has been fully accepted by 
many surgeons as well as cardiologists. The history of 
MA transplantation into the mitral position is completely 
different. It was pioneered in a canine model (Rastelli et 
al. 1965, Vliet et al. 1965, Hubka et al. 1966). Clinical 
experience in limited series was also published (Cosgrove 
1993, Pomar and Mestres 1993, Acar et al. 1994a, 1995, 
1996, Miyaghishima et al. 2000). 

The technique of MA transplantation using the 
original native valve attachment apparatus is particularly 
suitable for transplantation into the mitral valve. 
Nevertheless, there is a relatively high risk of dehiscence 
between native and allogenic papillary muscle (Sievers et 
al. 2004). Attempts to solve the problem by chemical 
fixation with glutaraldehyde were not successful. 
Biological tissue is never emphasized (Acar et al. 1994b). 
There is also a heightened risk of calcification and 

thereby of early degeneration (Tamura et al. 1995). 
Danger of dehiscence of subvalvular (supporting) 
apparatus constitutes the main limitation upon using MA. 
Ali et al. (2004) report a 5 % reoperation rate due to MA 
failure within the first 3 months following MA 
transplantation. Due to its complexity and poor, 
unpredictable results at most centers, therefore, this 
method has never been widely used in clinical practice 
(Sievers et al. 1985). Only a few surgeons have 
documented very good results with MA transplantation 
into the mitral position (Acar et al. 1994b, 1996). An 
exceptional series of MA transplantations into mitral 
position with very good long-term results was published 
by a Paris group (Ali et al. 2004, Olivio et al. 2012). 
They evaluated the fates of 106 patients, wherein mean 
follow-up was 9.3 years and the longest survival was 
17.8 years.  

In contrast to MA utilization on the left side of 
the heart, quite promising results have been reported with 
MA transplantation into the tricuspid position (into the 
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low-pressure system) (Cosgrove 1993, Pomar and 
Mestres 1993). Successful MA transplantation into the 
tricuspid position demands a good understanding of 
mitral valve anatomy and function, as well as detailed 
consideration of the mitral valve components’ 
movements during the cardiac cycle.  

Treatment of tricuspid valve infective 
endocarditis remains a challenge for cardiac surgeons and 
cardiologists. When valve repair is not feasible, then 
replacement with a commercially available mechanical or 
xenogeneic valve becomes necessary. An MA could 
provide another alternative. The method’s main 
advantages are its absence of a synthetic material and no 
need for permanent anticoagulation. Another potential 
advantage of MA in the tricuspid position is to maintain 
at least partial mobility of the supporting apparatus. We 
could hypothesize that this might be important for long-
term MA function (Hiro et al. 2004). Although some 
successful experience with replacement of infected 
tricuspid valves by MA transplantation into the tricuspid 
position has been documented (Katsumata and Westaby 
1997, Couetil et al. 2002, Concha et al. 2003), MA 
implantation into the tricuspid position is currently rare 
(Concha et al. 2003, Couetil et al. 2002). 

The preferred orientation of MA in the tricuspid 
position is subject to debate. Acar et al. (1994b) 
recommended anatomical orientation of the allograft with 
the septal leaflet facing to the septum and implantation of 
the mitral annuloplasty ring. This reduces tension and 
enlarges the coaptation line. In contrast, Pomar and 
Mestres (1993) used allografts in an antianatomical 
orientation, with the anterior (septal) leaflet opposite the 
free wall of the right ventricle. They also used native 
pericardium to reinforce the mitral annulus. For fixation 
of the papillary muscles allograft, they used the native 
recipient’s muscles. This technique achieves good 
perioperative outcomes, but there is an absence of long-
term monitoring data (Pomar and Mestres 1993). 
Anatomical or antianatomical orientation of the allograft 
in the recipient had the same functional result in our  
1-year follow up. The hypothesis of better hemodynamic 
results from one or the other of these techniques was not 
confirmed. We believe the anatomical orientation (free 
wall cusp of allograft – posterior – in the free wall portion 
of the recipient’s heart) is more physiological and it is our 
subjective preference.  

A key aspect of MA transplantation concerns the 
anchoring technique used for fixing the mitral valve’s 
hanging apparatus into the right ventricle. Fixation of the 

smallest possible remnant of papillary muscles with 
pledgets seems to be a good way to fix the allograft into 
the right ventricle. 

To achieve reproducible results from MA 
transplantation into the tricuspid position, it appears 
crucial to standardize the surgical technique for papillary 
muscle fixation. It is also important to use the most 
appropriate types of papillary muscles (Cosgrove 1993). 
Acar et al. (1996) divided mitral allografts into 4 groups 
according to the anatomy of the supporting apparatus and 
papillary muscles. For use in the tricuspid position, only 
type I is generally suitable and type II just exceptionally 
(allografts with one or two papillary muscle heads, 
respectively). It is also suitable to use MAs larger than 
the native tricuspid annulus or to consider using a rigid 
or semi-rigid annuloplasty ring. MA behavior in the 
tricuspid position in the sheep model was described in 
detail by Bernal et al. (1998). For fixation of the papillary 
muscles, they used two techniques. The first technique 
fixed the papillary muscles of the MA to the recipient’s 
right ventricular endocardium, and the second technique 
used transventricular fixation with pledgets. We adopted 
the second technique from Bernal et al. (1998) in our 
experiment. Given the possibility of intraoperative error, 
all procedures were performed by a single cardiac 
surgeon. We should note, too, that these experiments 
undoubtedly provide the best way to train in the tricky 
technique of MA transplantation into the tricuspid 
position for clinical use. Our group has previously 
published descriptions of MA harvesting and processing 
as well as detailed information concerning anesthesia, 
surgical technique, and echocardiography MA function 
assessment (Vojáček et al. 2006, Mokráček et al. 2008). 
These experiments and the presented series also have 
proven that the sheep model is reproducible. We have 
always stressed, however, that the fixation of the MA 
matches the anatomy of the MA rather than the native 
valve shape. Perioperative results were acceptable in all 
animals, and no significant perioperative incompetence 
on the allograft has been seen (Vojáček et al. 2006, 
Mokráček et al. 2008).  

A case report from Dasarthan et al. (2010) 
describes promising results with using “homovital” MA 
harvested from the heart transplant recipient (i.e. “living 
donors”). Although this method was popularized for aortic 
allograft by Yacoub et al. (1995), contemporary Czech as 
well as EU legislation does not allow the use of a living 
donor’s tissue grafts before an entire panel of obligatory 
donor data and investigation results is available. 
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From the viewpoint of MA, the assessment of 
MAR was essential. Just a trace or up to I/IV MAR was 
proven. Statistical analysis was not feasible because of 
the small number of animals and investigations. No 
substantial MAR was detected despite annulus dilatation. 
This is probably a consequence of choosing an abundant 
size of MA in all animals. 

The echocardiography examination at 3 and 
12 months postoperatively revealed considerable annuli 
dilatation in all animals. On average, this was 144 % of 
preoperative size (127-163 %). MA dilation at 3 and 
12 months postoperatively was significant in Group I 
(P=0.03), while it was not significant in Group II 
(P=0.17). The validity of the statistical evaluation should 
be considered uncertain because of the small numbers.  

There is no clear explanation for this inasmuch 
as the native annulus of the tricuspid valve was 
maintained during the surgery. Remodeling of the right 
ventricle geometry with its expansion due to changes in 
the subvalvular apparatus could probably be the cause. 
The question remains whether implantation of 
a stabilization system (mitral or tricuspid annuloplasty 
ring) would lead to better stabilization. The solution to 
this problem will be the aim of our further research. 
Although macroscopic examination as well as the simple 
pulling test for MA mechanical quality testing might not 
appear very scientific, these provide sufficient 
information to an experienced cardiac surgeon. In many 
operations on humans, this constitutes the final 
investigation and leads to the final decision concerning 
feasibility of the intervention. The mechanical properties 
of MA in a sheep model had been tested in our previous 

study and the surgeon’s impression was always in 
agreement with the objective data from a traction 
machine. Mechanical MA testing was discussed 
extensively in that same article (Hlubocký et al. 2011). 
 
Conclusion 
 

MA implantation in the tricuspid position was 
technically feasible, the 1-year survival rate was 
acceptable, and 12-month follow-up results in a sheep 
experiment were satisfactory. There is no significant 
functional difference between implantation using either 
the anatomical or antianatomical techniques. With regard 
to intervention in humans, we will need to consider 
implantation of an annuloplasty ring. In our patients, the 
right atrium, tricuspid valve annulus, and right ventricle 
are usually dilated reasonably. This leads to impaired 
function of the right ventricle. The experimental results 
on a healthy sheep model should not therefore be 
overestimated. 
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