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Background: The durability of aortic valve bioprosthesis and the structural valve deterioration (SVD) are 
could be treated with valve-in-valve (VIV) transcatheter aortic valve implantation (TAVI). This technique 
has been proven to be a feasible procedure with good results in selected patients. The aim of this work was to 
assess the long-term results of this TAVI with an autoexpandable valve in patients with failed Mitroflow (MF) 
bioprosthetic aortic valves.
Methods: Single center, observational and prospective study that included 65 consecutive patients with 
symptomatic failed MF bioprosthetic aortic valve, treated with VIV-TAVI. The primary endpoints were 
clinical long-term events including all-cause mortality, cardiovascular mortality, re-hospitalization due to 
heart failure, stroke/transient ischemic attack (TIA) and endocarditis. Secondary endpoints were the absence 
of SVD or patient-prosthesis mismatch (PPM) and valve hemodynamics analysis at follow-up.
Results: Between March 2012 to July 2019, 65 symptomatic patients (age 80.4±5.9 years) with degenerated 
MF valves (numbers 19: 27.7%; 21: 38.5%; 23: 21.5%; 25: 12.3%) underwent CoreValve (n=11) or Evolut 
R (n=54) implantation (23, 26 and 29 mm sizes). The STS predicted risk of mortality was 6.39%±5.62%. 
The primary combined endpoint occurred in 32.3% of the cases. A total of 13 patients (20%) died during 
follow-up, but 4 (7.3%) from cardiovascular causes. Two patients were reported of having a stroke/TIA and 
5 readmissions for cardiovascular causes were reported (2 of them within the first 30 days). Twenty-five 
patients (38.5%) presented PPM during follow-up, being PPM severe in 15 (23.1%).
Conclusions: Self-expanding TAVI for degenerated MF bioprosthesis has favourable long-term outcomes. 
It is a good option in order to avoid the risks of redo surgery in selected patients. 
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Introduction 

Valvular heart disease accounts for up to 10–20% of cardiac 
surgeries, being severe aortic stenosis the leading cause for 
heart valve replacement (1). 

Over the last years, there has been a relative increase 
in the use of bioprosthesis that could be explained by 
the ageing population and the possibility to avoid oral 
anticoagulation therapy, among other causes. However, the 
durability of this type of prosthesis and possible structural 
valve deterioration (SVD) are its major concerns (2-4).

Nowadays, the standard of care for degenerated 
bioprosthesis remains surgical aortic valve replacement. 
Nevertheless, this would involve all associated risks of 
cardiovascular re-interventions (5). 

In this context, an emerging option is valve-in-valve 
transcatheter aortic valve implantation (VIV-TAVI). This 
technique has been proven to be a feasible procedure with 
good results in selected patients (6-8).

The Mitroflow (MF) bovine pericardial prosthesis valve 
(Sorin Group Inc., Mitroflow Division; Vancouver, Canada) 
is known to be prone to early SVD. A recent study showed 
that 15.8% of MF prostheses had signs of SVD 8 years 
after follow-up (9). Taking into account that up to 100,000 
of these valves have been implanted in Europe throughout 
the last 20 years, a substantial increase in the prevalence of 
degenerated prosthesis is expected. 

There are three patterns of SVD: stenosis (40%), 
regurgitation (30%) or both (30%). All of them have been 
associated with worse clinical outcomes and irreversible 
damage if adequate treatment is not performed (4,10,11). 
Therefore, a prompt diagnosis and an appropriate treatment 
of this challenging group of patients is imperative (12,13). 

The main objective of this study is to evaluate the late 
clinical outcomes of patients with SVD MF bioprosthesis 
treated with VIV-TAVI. 

Methods

Data was collected from all consecutive patients undergoing 
VIV-TAVI due to symptomatic MF bioprosthetic SVD in a 
single high-volume center from March 2012 to June 2019. 
The VIV-TAVI indication was made by a multidisciplinary 
heart valve team composed by experienced interventional 
cardiologists, clinical cardiologists, cardiac surgeons and 
geriatricians, following current available protocols and 
guidelines. Patients were prospectively included in the 
study and followed-up was planned. Informed consent was 
obtained from each patient.

Baseline evaluation 

The baseline routine evaluation for anatomical characteristics 
included data gathered from transthoracic echocardiogram 
(TTE), coronary and peripheral angiography and ECG-
gated contrast-enhanced multi-slice computed tomography 
(since 2014). All the studies were performed by an 
experienced operator and analyzed by the same team. 

VIV-TAVI procedure

Patients were admitted the day before of the procedure 
for preparation. Prophylactic antibiotic coverage with 
cephalosporins or with vancomycin in allergic patients was 
administered. Patients at high risk for contrast induced 
acute kidney injury (CI-AKI) were submitted to a hydration 
protocol as per standard of care. 

In the catheterization laboratory, superficial sedation was 
intended, sparing general anesthesia for high risk patients 
(e.g., hemodynamically unstable, chronic obstructive lung 
disease), following the heart team criteria. The preferred 
vascular access was the femoral artery only in cases with 
severe calcification, tortuosity or a diameter less than 6 mm, 
a surgical subclavian approach was performed. The valve size 
was selected according to the inner diameter of the previous 
prosthesis. For MF 19, 21 and 23, Evolut/Corevalve 23 
valves were selected, while for MF 25, Evolut/Corevalve 
26 were used. Femoral accesses were performed under 
ultrasound or angiography guidance and a percutaneous 
closure device, either the Prostar® XL percutaneous 
vascular surgical system (Abbott, Abbott Park, Illinois, US) 
or the Perclose ProGlide® (Abbott, Abbott Park, Illinois, 
USA) was used. Since 2018 the MANTA® (Essential 
Medical, Malvern, PA, USA) vascular closure device 
became available at our centre and ever since then it was 
the routine closing device. Valve positioning and liberation 
followed the manufacturers recommendations. In cases 
with coronary ostium height less than 6 mm or if the virtual 
distance from the valve to the ostium was less than 4 mm,  
a wire was placed inside the left main in order to assure 
coronary protection. 

Endpoints 

All events were classified according to the Valve Academic 
Research Consortium (VARC-2) definitions (12). The 
primary endpoints were clinical long-term events 
including all-cause mortality, cardiovascular mortality, 
re-hospitalization due to heart failure, stroke/transient 
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ischemic attack (TIA) and endocarditis. Secondary 
endpoints were the absence of SVD or patient-prosthesis 
mismatch (PPM) and valve hemodynamics analysis at 
follow-up.

Definitions 

Mortality: all-cause mortality during the follow-up period.
Cardiovascular mortality: mortality defined by at least 

one of these criteria: every death due to a cardiac cause, 
unexpected or with unknown cause, deaths related to any 
procedure complication or caused by treatment of any 
complication of the procedure and deaths due to vascular 
but non-coronary cause (14). 

Late prosthetic failure: mean aortic valve gradient ≥ 
20 mmHg from baseline with a concomitant decrease in 
the aortic valve area >0.6 cm2 or moderate to severe aortic 
regurgitation (15).

PPM: indexed orifice area ≤0.85 cm2/m2 and severe PPM 
as an indexed effective orifice area ≤0.65 cm2/m2 (15).

Procedural success: absence of significant aortic 
regurgitation, intraprocedural death and optimal implantation 
according to the primary operator.

Follow-up

Periodical clinical follow-ups at 3 months and yearly from 
the baseline procedure were performed personally by a 
trained interventional cardiologist or cardiac surgeon 
with TAVI experience. Routine echocardiographic was 
performed yearly. There were no loses reported.

Statistical analysis

The statistical analysis was performed using Stata 15.2 
(Stata Corp. LP, USA). Categorical variables are expressed 
as numbers (percentages). Quantitative variables were 
analyzed descriptively reporting mean ± standard deviation 
(SD) in case of normal distribution and median; 25th to 
75th interquartile range (IQR) otherwise. Wilcoxon’s rank 
sum test was used to compare ordinal variables and paired 
Student’s t-test for continuous variables. Univariable Cox 
proportional hazard models were used to identify the 
factors associated with the cumulative primary end-point. 
Time to event curves was calculated using Kaplan-Meier 
curves. A P value of <0.05 was considered statistically 
significant.

Results

Baseline characteristics

Between March 2012 and July 2019, 65 consecutive patients 
were referred for VIV-TAVI procedure and included in this 
study. The mean age was 80.4±5.9 years, with a similar sex 
distribution (50.8% were male). Baseline characteristics are 
represented in Table 1. The average STS score was 6.39±5.62 
and EuroSCORE II 8.86±5.17. All the patients were 
diagnosed with SVD. A combined mechanism of stenosis 
and regurgitation was the most frequent form of disfunction 
(38.5%), followed by regurgitation (33.9%) and stenosis 
(27.7%).

Procedural and short-term results 

The procedure was performed without general anaesthesia 
in 66.1%. The preferred vascular access was femoral 
(93.8%). Evolut R was implanted in 83.1% and the 
Corevalve revalving system in the rest of patients. For MF 
sizes 19, 21 and 23 mm a number 23 valve was implanted 
(87%). Only 13% of patients had a MF 25 mm, requiring a 
number 26 valve. Procedural data is detailed in Table 2. 

The procedure was successful in 98.5% of the cases. In 
the first 30 days there were 2 cardiovascular deaths (3.1%), 
1 TIA (1.5%) and 5 readmissions (7.7%), but only 2 of 
them for cardiovascular causes. There were no cases of 
severe valve dysfunction. According to VARC-2 definitions, 
4 mayor and 2 minor vascular access complications 
occurred. The mean gradient, peak gradient, and valve area 
at discharge were 13.3 mmHg, 27.2 mmHg and 1.14 cm2,  
respectively. Only 3 patients required a permanent 
pacemaker at discharge (4.62%). PPM was observed in  
34 patients (52.3%), with severe PPM in 21 (32.3%).

Late clinical outcomes

The median follow-up was 28.3 months (IQR, 16.9 to  
60.4 months). The primary combined endpoint (all cause 
death, Stroke/TIA, re-hospitalization due to heart failure, 
stroke/TIA and endocarditis) occurred in 32.3% of the cases. 
A total of 13 patients (20%) died during follow-up, but 
only 4 (7.3%) from cardiovascular causes. Only 2 patients 
were reported of having a stroke/TIA and 5 readmissions 
for cardiovascular causes were reported (2 of them within 
the first 30 days). The Kaplan-Meier curves detailing 
the main events are shown in Figure 1. In the univariate 
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analysis there were no significant predictors (Table 3).  
However, age (HR 1.09; CI: 0.96–1.24), a higher STS score 
(HR 1.06; CI: 0.99–1.13) and the presence of previous 
chronic kidney disease (HR 2.33; CI: 0.96–5.67) showed a 
tendency towards the combined clinical events at follow-up. 

Table 2 Procedural data

Variable Value

General anesthesia, n (%) 22 (33.9)

Vascular access, n (%)

Right femoral 55 (84.6)

Left femoral 6 (9.2)

Left axilar 4 (6.2)

Devices, n (%)

Corevalve 11 (16.9)

Evolut 54 (83.1)

Valve sizes (mm), n (%)

23 56 (86.2)

26 8 (12.3)

29 1 (1.5)

Peak to peak post TAVI gradient, mmHg 14.09.1

Aortic regurgitation post TAVI, n (%)

Grade 0 39 (60.0)

Grade I 22 (33.8)

Grade II 3 (4.6)

Grade III 1 (1.5)

Grade IV 0 (0)

Table 1 Basal clinical characteristics (n=65)

Variable Value

Age, years (range) 80.4±5.9

Male gender, n (%) 33 (50.8)

Body mass index, kg/m2 26.4±3.7

Cardiovascular risk factors, n (%)

Arterial hypertension 34 (52.3)

Diabetes mellitus 18 (27.7)

Dyslipidemia 27 (41.5)

Smoking habit 6 (9.2)

Cardiovascular history, n (%)

Extracardiac arteriopathy 3 (4.6)

Prior stroke 5 (7.7)

Prior AMI 7 (10.8)

Chronic kidney failure, n (%) 31 (47.7)

Pacemarker  implantation, n (%) 11 (16.9)

Risk score

STS score, % 6.4±5.6

EuroSCORE II, % 8.9±5.2

Logistic EuroSCORE, % 24.0±15.1

Functional class at SVD diagnosis, n (%)

NYHA I/IV 0 (0)

NYHA II/IV 12 (18.5)

NYHA III/IV 38 (58.5)

NYHA IV/IV 15 (23.1)

Mitroflow bioprosthesis sizes (mm)

19 18 (27.7)

21 25 (38.5)

23 14 (21.5)

25 8 (12.3)

Parameters of degenerated Mitroflow bioprosthesis

Type of degeneration

Regurgitation 22 (33.9)

Stenosis 18 (27.7)

Mixed 25 (38.5)

Table 1 (continued)

Table 1 (continued)

Variable Value

Peak gradient, mmHg 62.5±28.4

Mean gradient, mmHg 34.4±16.0

Aortic valve area 1.02±0.41

Aortic regurgitation (grade III–IV), n (%) 42 (64.6)

LVEF, % 54.7±12.6

Time from surgery to degeneration, years 8.4±2.2
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The main valve hemodynamics are outlined in Table 4 
and Figure 2. All echocardiographic data was obtained from 
the latest study performed. The median time from the TAVI 
procedure to the latest TTE was 24.2 months (IQR, 13– 
38 months). The mean gradient, peak gradient and valve 
area remained steady over time: 20.3 vs. 18.8 (P=0.175), 39.6 
vs. 35.2 (P=0.013) and 1.3 vs. 1.3 (P=0.728), respectively. 
The same tendency was observed in aortic regurgitation 
(Figure 3). There were only 2 patients (3.1%) presenting 
with valve deterioration. Nevertheless, 25 patients (38.5%) 
presented PPM during follow-up, being PPM severe 
in 15 (23.1%) There were no significant changes in left 
ventricular ejection fraction after VIV-TAVI implantation.

At baseline, 43 patients (81.54%) were in NYHA class 
III–IV, whereas on the last follow-up, 49 patients (94%) 
were in NYHA class I–II (P<0.00001). There were no 
new permanent pacemaker implantations in the long-term 
evaluation.

Discussion

The main objective was to assess the late outcomes of 
patients with SVD treated with VIV-TAVI. This study 
confirmed the safety and feasibility of the VIV-TAVI 
procedure. However, the main result of this study was the 
ascertainment of an overall low rate of adverse events and 
the maintenance of a stable hemodynamic profile over the 
time, suggesting an acceptable long-term durability of these 
procedures.

All of the patients included were carriers of a MF 
bioprosthesis and showed a similar distribution of SVD 
mechanism (stenosis, regurgitation or both). We designed 
this prospective registry to include all consecutive patients 

Table 3 Univariable model for determining the factors associated 
with late cumulative primary end-point

Factors
Univariable model

Hazard ratio (95% CI) P value

Age, years 1.09 (0.96–1.24) 0.18

Chronic kidney disease 2.33 (0.96–5.67) 0.06

LVEF <50% 1.54 (0.54–3.33) 0.52

Previous PPM 1.78 (0.66–4.81) 0.26

STS 1.06 (0.99–1.13) 0.08

ViV PPM 1.02 (0.43–2.42) 0.97

Figure 1 Kaplan-Meier curves for clinical events up to 7-year 
follow-up. (A) Primary End-point: all-cause mortality, stroke/TIA 
and cardiovascular re-hospitalization; (B) all-cause mortality; (C) 
cardiovascular re-hospitalization free survival.
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being treated with a VIV-TAVI. All the patients were 
treated with the Medtronic CoreValve Revalving System 
and its upgraded version the Evolut R System (Medtronic 
Inc, Minneapolis, Minnesota, USA). One of the main 
strengths of this study is the homogenous sample achieved: 
a cohort of patients with SVD from the same kind of 
bioprosthesis (MF valve), all treated with the same self-

expanding system.
Procedural was successful in 98.5% of the cases (1 patient  

presented grade III aortic regurgitation after TAVI), with 
a 30-day mortality rate of 3.1%. This results are similar 
to those published in previous VIV studies (8,16,17). 
Like other VIV-TAVI studies, the rate of new permanent 
pacemaker at discharge was lower than the one reported in 

Table 4 Valve hemodynamic data examinations at discharge and follow-up

Variable Discharge Follow-up P value

Peak gradient* 39.6 (34.9–44.2) 35.2 (30.1–40.3) 0.013

Mean gradient* 20.3 (17.3–23.1) 18.8 (15.5–22.0) 0.175

Aortic valve area* 1.3 (1.1–1.4) 1.3 (1.1–1.5) 0.728

Aortic regurgitation

None/trivial** 63.4% 70.6% 0.96

Mild** 36.5% 25.5%

Moderate** 0% 3.9%

Severe** 0% 0%

LV function* 54.2 (51.0–57.4) 57.5 (54.3–60.7) 0.017

Data are shown as % or median (range). *, Paired t-test for cuantitative variables; **, Wilcoxon matched-pairs signed rank test for ordinal 
variables. 

Figure 2 Box plot of echocardiographic data. (A) Peak gradient; (B) mean gradient; (C) aortic valve area at discharge and follow-up. Box 
plot of echocardiographic data. (D) Peak gradient; (E) mean gradient; (F) aortic valve area at baseline, discharge and follow-up by type of 
degeneration. 
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Figure 3 Valve hemodynamics at baseline, discharge and up to 5-year follow-up. (A) Mean aortic gradient, peak aortic gradient and aortic 
valve area; (B) aortic valve regurgitation.

TAVI for native valves (4.62%). This could be explained by 
the possible protective effect that the previous bioprosthesis 
may exert (18-20). 

The long-term follow-up was 28.8 months (IQR, 
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mortality rate seems lower than reported. However, as these 
samples are not comparable due to significant differences 
in baseline characteristics, caution should be taken when 
interpreting this data. Previous VIV-TAVI registries have 
demonstrated slightly higher mortality rates. However, 
those studies analyzed different types of bioprosthesis 
and used a wide range of self-expandable and balloon-
expandable valves (23). 

Initial gradients after VIV-TAVI implantation were 
higher compared to those after TAVI in native valves, and 
AVA was smaller. However, these values remained definitely 
stable throughout the follow-up. Previous PPM and smaller 
valve sizes have been associated with this phenomenon. On 
that account, the MF valve frame in which the new self-
expanding prosthesis is to be deployed may be playing a 
pivotal role in determining such gradients (8,10,19). 

PPM after VIV-TAVI was observed in 25 patients 
(38.5%) during follow-up and only 15 (23.1%) presented 
severe PPM. Previous studies have reported rates ranging 
from 24.6% to 58.4%, and it has been associated with worse 
clinical outcomes (6,24). This association was not significant 
in this analysis, probably due to the sample size. Novel 
strategies that aim to reduce PPM, such as fracturing of the 
previous valve ring, are being developed with promising 
results. However, larger clinical trials are required and there 
is still limited experience to identify the patients that would 
benefit from this strategy (25,26).

This study has two main e limitations. On the one hand, 
it is a single-centre study with a small sample size. On the 
other hand, although the data collection of the registry 
is prospective, the analysis of variables and predictors 
was performed in a retrospective manner. Despite these 
limitations, this is the largest cohort of patients reported 
to date with SVD of MF bioprostheses treated with a self-
expanding VIV-TAVI.

Conclusions

VIV-TAVI for SVD MF bioprosthesis is a safe procedure 
and a valid alternative to surgery in a selected group of 
patients in order to avoid the risks of redo surgery. This 
registry showed a high rate of success, low intraprocedural 
complications, low prevalence of long-term clinical adverse 
events and stable valve hemodynamics over time. 
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