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Introduction

More than 200,000 surgical aortic valve replacements 
are performed yearly worldwide (1,2). This treatment 
has significantly evolved over the last 15 years, with a 
considerable increase in the use of aortic bioprosthesis 
relative to mechanical prosthesis in patients above the 
age of 65 years (3-5). Early structural valve degeneration 
(SVD) is a new emergent and underestimated problem, 
as we reported in a recent paper, based on a clinic and 
echocardiographic follow-up of 459 patients underwent 
aortic valve replacement with Mitroflow prosthesis (6). 
This problem has been addressed by several authors (7-
14). Nevertheless, few histological data have been reported. 
Here we describe, two cases of early SVD at 2 and 4 years 
after their implantation in which we analyse microscopic 
aspects to validate the clinical and echocardiographic data 
widely argued in other studies. 

Case presentation

First case (Figure 1)

A 75-year-old woman is referred to Emergency Unit of “P. 

Giaccone” University Hospital, due to progressive shortness 
of breath on exertion without any clinical signs of infection. 
Specific and non-specific laboratory findings of inflammation 
are in the normal rage: erythrocyte sedimentation rate (ESR) 
is 5 mm/h (normal range, 1–7 mm/h); C-reactive protein 
(CRP) is 4 mg/L (normal value <6 mg/L); plasma viscosity 
(PV) is 1.1 (normal range, 1.05–1.30); procalcitonin is 0.08 
(normal value 0.15 ng/mL); white blood cells (WBC) are 
7.00×109/L (normal range, 4.00×109–11.00×109/L). Blood 
culture and urine culture are negative. She has previous graft 
operation and AVR (19-mm Mitroflow DL model) 2 years 
ago in the Cardio Surgery Unit of “P. Giaccone” University 
Hospital. She suffers from hypertension and diabetes. TTE 
shows a significantly increase of trans-prosthetic aortic 
valve gradients (mean transvalvular gradient 42 mmHg) 
and peak flow velocity (4.5 m/sec). TEE reveals a severe 
reduced mobility of the prosthesis cusps compatible with a 
SVD (Figure 1A). Coronary angiography shows no further 
progression of coronary artery disease and a good patency 
of the grafts. Redo operation is performed. The Mitroflow 
aortic valve is examined through a transverse aortotomy: 
the cuff of the prosthesis is covered with a thick intima, and 
the cusps are very stiff (Figure 1B). The prosthetic valve 
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is removed and a 21-mm Mitroflow Crown PRT aortic 
valve is implanted. The patient is weaned from mechanical 
ventilation on the first day after surgery, and discharged on 
the 20th postoperative day.

Second case (Figure 2)

A 66-year-old man is referred to the Cardio-Surgery Unit 
of Tor Vergata University Hospital for congestive heart 
failure due to a paravalvular leak of the aortic prosthesis 
and dysfunction of the mitral prosthesis without any 

clinical signs of infection. He has a previous history of 
Staphylococcus Aureus endocarditis treated with antibiotic 
therapy and aortic and mitral valve replacement with a 
25-mm Mitroflow DL model aortic valve and a 27-mm  
Edwards Perimount mitral valve 4 years ago in the Cardio 
Surgery Unit of Tor Vergata University. He suffers from 
hypertension and hypercholesterolemia. Specific and non 
specific laboratory findings of inflammation are in the 
normal rage: ESR is 4 mm/h (normal range, 1–7 mm/h);  
CRP is 5.5 mg/L (normal value <6 mg/L); PV is 1.18 
(normal range, 1.05–1.30); procalcitonin is 0.04 (normal 

A B

C D

E F

Figure 1 First case report. (A) Severe aortic stenosis (EcoColor Doppler); (B) Mitroflow prosthesis degeneration: thickened and stiff 
cusps (fixed in the diastolic position); (C) collagen fragmentation and reactive inflammatory infiltration of the histiocytes (HE stain, ×200); 
(D) secondary inflammatory infiltration (histiocytes and few macrophages; HE stain, ×200); (E) vacuolization and mucopolysaccharides 
deposition with multiple cystic formation (Alcian-blue-PAS stain, ×400); (F) areas of exudation fluid and a compact fibrin coating of the 
leaflet surface, absence of calcification (masson trichrome stain, ×400). 
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Figure 2 Second case report. (A) Macroscopic aspect of the degeneration of the Mitroflow aortic valve after surgical explantation, similarly 
to that observed in the first case; (B-F) microscopic aspect of valvular tissue degeneration, with primary degradation of collagen, plasmatic 
exudation and diffuse infiltration of chronic inflammatory cells, with occasional (E) foreign-body multinucleated giant and (F) monocyte-
derived foamy cells. HE stain; original magnification, (B-D) ×200; (E,F) ×400. 
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value 0.15 ng/mL); WBC are 10.00×109/L (normal range, 
4.00×109–11.00×109/L). Blood culture and urine culture 
are negative. TEE reveals a severe reduced mobility of 
the aortic bioprosthesis with a moderate intraprosthesis 

regurgitation, a peak flow velocity above 4.7 m/sec  
and a mean transvalvular gradient above 45 mmHg  
compatible with a SVD, at the same time it shows a 
partial detachment of mitral valve prosthesis along the 
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mitro-aortic continuity. An emergency redo operation is 
performed. The intraoperative findings confirm the TEE 
data: aortic prosthesis SVD and detachment of mitral valve 
prosthesis along the mitro-aortic continuity. The Mitroflow 
prosthesis and the aortic root are replaced with a composite 
mechanical valved conduit (23/26-mm CarboSeal, Sorin), 
the mitral prosthesis with a 27-mm Sorin Bi-Carbon 
prosthetic valve. At the intraoperative inspection, no 
signs of acute endocarditis (i.e., infected vegetations, 
laceration of cusp) are found on the Mitroflow prosthesis  
(Figure 2A), the leaflets appeared thickened and fibrotic 
with poor mobility. The mitral prostheses do not showed 
any signs of SVD or endocarditis, but because the annulus 
is partially detached along the mitro-aortic continuity, 
we decide to re-replaced the valve. At the weaning from 
cardiopulmonary bypass, the patient died of right ventricle 
failure and massive bleeding. 

Microscopic findings

The valves are fixed in 10% neutral buffered formalin, 
photographed, macroscopically examined in detail for 
cusps tears and thickening, and the cusps are sectioned 
vertically from the base to the free margin for histological 
examination. In proximity of the stent, transverse sections 
parallel to the free margin are also taken to include the torn 
edge. Sections are embedded in paraffin, and 4-mm tick 
sections stained with Haematoxylin and Eosin, Alcian blue-
PAS and Masson trichrome stains. Microscopic analysis 
shows a severe structural degeneration with collagen 
fragmentation and cusps thickening, most commonly at 
the free margin and in the para stent post region. The 
cusps are 2 to 3 times thicker than the pericardial tissue 
elsewhere. In particular, haematoxylin and eosin stain 
(Figure 1C,D and Figure 2B-E), show areas of collagen 
bundle separation and fiber fragmentation, fluid exudation, 
and a reactive inflammatory infiltration. Moreover, both 
valves demonstrate the presence of mononuclear and 
macrophage-like cells, as a diffuse layer on the out-flow 
surface and a patchy distribution on the in-flow surface. 
Distribution of inflammatory reaction seems to be 
associated to areas of collagen disruption. Alcian blue-PAS 
stains demonstrate extra-cellular matrix degeneration with 
mucopolysaccharides deposition and multiple cystic-like 
formation (Figures 1E,2F). Finally, Masson trichrome stains 
also shows areas of exudation and compact fibrin coating 
the leaflet surface (Figure 1F). In the second case, small and 
focal areas of calcification are also observed. 

Discussion

In this paper, we report our experience on early SVD with 
Mitroflow prosthesis in aortic position in two patients above 
the age of 65 at 2 and 4 years after the first implantation. 
This is not the first report that questioned the durability 
of Mitroflow aortic valve (6-14). The overall incidence of 
SVD has been reported 13% (5). Alvarez et al. (7) describes 
their series of 491 patients >70 years of age received a 
Mitroflow aortic bioprosthesis. Freedom from SVD is 95% 
at 5 years but drops sharply to 55.8%in 10 years. According 
this author, the median time from operation to SVD is  
48 months. Butany et al. (8), in a series of 12 bioprosthesis, 
observe SVD in 58% (n=7), and some degree of SVD in 
all valves implanted for over 2 years, which suggests that 
the Mitroflow pericardial valve is likely prone to early 
dysfunction, later requiring explantation. In fact, SVD 
consists of progressive stenosis with an unexpected and 
unpredictable life-threatening accelerated pattern in one 
third of SVD patients. Hence, early SVD in the Mitroflow 
bioprostheses necessitates annual echocardiography from 
the first year after the implantation in all patients and an 
even closer follow-up once the mean gradient reaches  
30 mmHg. Owing to the life-threatening accelerated 
pattern of SVD in one third of patients, urgent reoperation 
should be considered once bioprostheses stenosis is severe, 
even in asymptomatic patients. In order to help the scientific 
cardiac surgery community better understand this problem 
and find a solution, we sought to add some histological 
evidences of early SVD in Mitroflow prosthesis. According 
to our observation the early SVD is related to a structural 
degeneration of the valve. Our microscopic examination 
reveals early collagen separation and fluid exudation seen 
in the valvular tissue likely contributing to the further 
damage. Our results suggest that the cusp degeneration 
are independent of calcification, since limited areas of 
calcification are observed in degenerated areas in one case. 
This means that SVD occurs as result of mechanical forces. 
Mitroflow dysfunction may be at least in part related to 
its design, likely to the cross stitches at the stent posts and 
the single piece of pericardium being wrapped around the 
outside of the Dacron-covered prosthesis stent. Perhaps the 
mechanical pressure, exerted on the para-stent post region 
of the cusps during the cardiac cycle, is enough to cause in 
some cases the tissue damage. To limit this damage related 
to mechanical forces, we think that the type and efficacy of 
prosthesis fixation needs to be optimized. Acellularization 
is a promising tool in the prevention of porcine aortic 
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wall degeneration because reduces inflammatory reaction 
and collagen fragmentation. On the other hand, should 
be carefully evaluated the time interval from pericardial 
removal and starting of manufacturing to better treated 
animal tissue in order to reduce the immunogenicity that 
could also contribute to the triggering factors in the onset 
of tissue degeneration (15-17). Finally, despite the different 
risk factors previously described (12,13), our findings should 
warn surgeons and cardiologist as early SVD was not only 
found in the 19 but also in the 25-mm prosthesis. 
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