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Background: The aim of this studywas to assess the safety and effectiveness of valve in valve (VIV) TAVI with the
autoexpandable valve, specifically in patients with failed Mitroflow (MF) bioprosthetic aortic valves.
Methods: Pilot, single center, observational and prospective study that included 45 consecutive patients with
symptomatic failedMF bioprosthetic aortic valve, referred for VIV TAVI. The safety primary endpoint was a com-
posite of early events at 30 days, defined by VARC-2 criteria. The efficacy primary endpoint was the device suc-
cess (no procedural mortality, correct positioning of a single prosthetic heart valve into the proper anatomical
location and absence of moderate/severe prosthetic aortic valve regurgitation). We also analysed patient-pros-
thesis mismatch (PPM) parameters.
Results: Between March 2012 to December 2017, 45 symptomatic patients (age 79.9 ± 6.5 years) with
degenerated MF valves (numbers 19: 33.3%; 21: 28.9%; 23: 24.4%; 25: 13.3%) underwent CoreValve (n = 11)
or Evolut R (n = 34) implantation (23 and 26 mm sizes). The STS predicted risk of mortality was 6.3 ± 6.3%.
The safety primary endpoint occurred in 4 patients (8.8%). The efficacy endpoint was present in all patients
(100%). There were no coronary occlusions or procedural deaths. The number of patients with any degree of
PPM raised from 51.1% (pre-TAVI) to 60% (post-TAVI).
Conclusions: Self-expanding TAVI for degenerated MF bioprosthesis has favourable early outcomes. The VIV pro-
cedure has provided an important gateway to avoiding high-risk redo surgery and is now a potential option for
MF failed surgically aortic implanted valves.

© 2019 Elsevier B.V. All rights reserved.
Keywords:
TAVI
Mitroflow
Valve in valve
Structural valve deterioration
Aortic stenosis
Bioprosthetic valves
1. Introduction

Degenerative aortic stenosis is themost frequent heart valve disease
in developed countries and aortic valve replacement is one of the most
frequently performed procedures in cardiac surgery departments.
Biological prostheses account for N50% of all surgically implanted
prosthetic valves in current use [1]. Themain concern of surgical biolog-
ical valves is their limited durability and predisposition to structural
valve deterioration (SVD).

In this context, transcatheter aortic valve implantation (TAVI) has
emerged as an alternative therapeutic option to repeated surgery for
oratories, Hospital Universitario
ain.
.
he reliability and freedom from
ion.
treating aortic SVD [2,3]. Recently, transcatheter valve-in-valve (VIV)
implantation for the treatment of degenerated aortic bioprosthesis has
been proved feasible after Heart Team evaluation [4,5]. Both careful
patient selection and procedural planning are essential to achieve
successful outcomes [4,6–8]. Nevertheless, there are still some concerns
regarding its safety. There are some registries and case series that have
reported the short-term outcomes and complication rates of patients
treated with transcatheter VIV implantation for failed surgical
bioprosthetic aortic valves. However, these studies are heterogeneous,
including both different kinds of degenerated valves and different
types of prosthesis used for the VIV procedure [7–10].

On the other hand, there is controversy in the literature regarding
Mitroflow SVD pattern. TheMitroflow (MF) bovine pericardial prosthe-
sis valve (Sorin Group Inc., Mitroflow Division; Vancouver, Canada) is
commonly used in Spain and has been implanted in N100,000 patients
throughout the world [11]. Recent evidence suggests that this valve is
more prone to early SVD than initially expected [11,12]. In a recent
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study from our group, 15.8% of the MF prostheses showed data of SVD
8 years after implantation [13]. Moreover, theMF prosthesis raises spe-
cial concerns for VIV therapies due to its specific design. This prosthesis
was designed for a supraanular functioning, with long valves sutured
outside the stent. These factors may predispose to an increased risk of
coronary occlusion. Interestingly, 42% of the patients complicated with
coronary occlusion from the global VIV registry had a MF valve [14].

The aimof this studywas to assess the safety and effectiveness of VIV
TAVI with the autoexpandable valve, specifically in patients with failed
MF bioprosthetic aortic valves.

2. Methods

2.1. Design and population

Since 2007, 471 patients underwent TAVI in our center. All patients referred for TAVI
in our institution were evaluated and followed-up by experienced interventional cardiol-
ogists in a specific TAVI outpatient clinic, according to guidelines and systematic protocols.
All patients were carefully evaluated by a multidisciplinary Heart Team. This is a pilot,
single center, observational and prospective study that included 45 consecutive patients
with symptomatic failed MF bioprosthetic aortic valve, referred for interventional
treatment, from March 2012 to December 2017. During study recruitment period,
70 patients were treated with open heart surgery at our institution due to Mitroflow
SVD. In the very early experience (first 14 cases), anatomic evaluation was performed
by echocardiogram and angiography. Routine computed tomography evaluation was
incorporated in the protocol in June 2014. Informed consent was obtained from each
patient and the study protocol conforms to the ethical guidelines of the 1975 Declaration
ofHelsinki, as reflected in a priori approval by the institution's human research committee.

2.2. Computed tomography evaluation

ECG-gating contrast-enhancedmultislice computed tomography (CT) was performed
prospectively, according to a systematic protocol, by the same TAVI evaluation team, with
an experience of N300 studies. All quantitative parameters collected were reported in
millimetres (mm) and included a) right and left coronary height; b) sinus of Valsalva
diameters and c) distance from the virtual surgical valve ring (VSVR) to each coronary
ostia (VSVR distance, right and left). The VSVR is a virtual ring with diameter equal to
inner diameter of the surgical valve, superimposed on the sinus of Valsalva at the level
of each coronary artery take-off. The qualitative parameters studied included presence
and patency of coronary bypass grafts.

2.3. Valve-in-valve TAVI procedure

Implantation was carried out in the cardiac catheterization laboratory under general
anesthesia or local anesthesia and deep sedation, according to anesthesiologist's
preferences. All patients received prophylactic antibiotic coverage with cephalosporins,
except those allergic to beta-lactams, who received vancomycin. Vascular access was
femoral in the vast majority of cases, being the procedure entirely percutaneous. In 3
cases (due to excessive calcification, twisted arteries or atherosclerosis of the iliofemoral
region, or when the diameter of the iliac/femoral arteries was b6mm) a subclavian/axillar
access was preferred, although involving open surgery. TAVI size was chosen, in pannus
absence, according to the implanted Mitroflow size: number 23 in case of Mitroflow 19,
21 and 23mm sizes and number 26 in case ofMitroflow 25mm size.When the procedure
was performed by transfemoral approach, it was completed by percutaneous closure of
both femoral arteries. The femoral artery through which the device was implanted was
closed using a previously implanted PROSTAR XL® device and the contralateral femoral
artery was closed using PERCLOSE® or ANGIOSEAL®. When access was subclavian, the
artery was surgically exposed and then punctured using the Seldinger technique, and
the following procedure was identical to that used for femoral access. Finally, the artery
was surgically closed.

Coronary protection was carried out according to first operator criteria. As a general
rule, a high support angioplasty wire was inserted into the left main in those cases
that left coronary height was below or equal to 6 mm (Supplemental Fig. 1, Videos 1
and 2, n = 8 cases).

2.4. Primary endpoints

The safety primary endpoint was a composite of early events at 30 days, defined by
VARC-2 criteria [all-cause mortality, stroke, life-threatening bleeding, acute kidney injury
(AKI) stage 2 or 3, coronary artery obstruction requiring intervention, major vascular
complication, valve-related dysfunction requiring repeat procedure such as balloon
valvuloplasty, TAVR, or SAVR] [15].

The efficacy primary endpoint was device success (absence of procedural mortality
and correct positioning of a single prosthetic heart valve into the proper anatomical
location and no moderate/severe prosthetic valve aortic regurgitation).
2.5. Secondary endpoint

Secondary endpoints were the analysis of patient-prosthesismismatch (PPM) param-
eters and prosthetic valvular effective area. PPM for aortic valve prostheseswas defined as
an indexed effective orifice area ≤0.85 cm2/m2. Severe PPM was defined as an indexed
effective orifice area ≤0.65 cm2/m2 [16].

2.6. Study variables

Study variables were included in a specifically designed database. All patients were
evaluated prospectively, according to a structured predefined protocol, in the specific
TAVI outpatient clinic before the procedure and with scheduled follow-up.

Clinical follow-up related variables were documented following VARC-2 criteria [15]:

• Mortality: all-cause mortality during the follow-up.
• Cardiovascularmortality: mortality defined by at least one of these criteria: every death
due to cardiac cause, unexpected or with unknown death cause, death related to any
procedure complication or treatment of any complication of the procedure and death
due to vascular but non-coronary cause.

• Prosthesis failure/dysfunction:we took into consideration the definitions of the consen-
sus statement for SVD [16]. Severe haemodynamic SVD was defined by any of the fol-
lowing situations: mean transprosthetic gradient N40 mm Hg; mean transprosthetic
gradient N20 mm Hg change from baseline; or severe intra-prosthetic aortic regurgita-
tion, new or worsening (N2+/4+) from baseline. All cases of SVD were evaluated by
2 experienced echocardiographers, independent from the study.

• Severe PPM: indexed area 0.65 cm2/m2

2.7. Follow-up

Followupwas performedby clinical visit at the TAVI outpatient clinic or byphone call.
There were no losses in the follow-up.

2.8. Statistical analysis

Results for normally distributed continuous variables are expressed as the mean
value + standard deviation, and continuous variables with non-normal distribution
are presented as median values (interquartile intervals). Analysis of normality of
the continuous variables was performed with the Kolmogorov-Smirnov test. Logistic
regression was used to assess the univariate associations between continuous
baseline characteristics and the combined endpoint, and χ2 testing was used for dis-
crete variables. Differences were considered to be statistically significant if the null
hypothesis could be rejected with 95% confidence. The SPSS 20.0 statistical software
package (SPSS Inc., Chicago, IL, USA) and STATA 14 (STATA Corp. LP, USA) were used
for all calculations.

3. Results

3.1. Population and angio-CT parameters

During the inclusion period, 45 consecutive patients with MF SVD
were treated with VIV in our center. Main characteristics of the sample
are shown in Table 1. Mean age was 79.9 ± 6.5 years, 23 were male
(51.1%). STS score was 6.3 ± 6.3, logistic EuroScore was 24.7 ± 17%
and 82% of the patients were in NYHA III–IV/IV. The prosthesis failure
was due to stenosis in 28.9% of the cases, regurgitation in 35.6%
and mixed in 35.6%. Mitroflow size was 19 [manufacturer internal
diameter (ID) of 15.4 mm] in 15 cases (33.3%), size 21 (ID 17.4 mm)
in 13 cases (28.9%), size 23 (ID 19 mm) in 11 cases (24.4%) and size
25 (ID 21 mm) in 6 cases (13.3%). Table 1 shows angio-CT parameters.

3.2. Procedure

Procedure characteristics are shown in Table 2. Eleven patients
(24.4%) were treated with Corevalve Revalving System and 34 patients
(75.6%) with Evolut R Transcatheter Valve (TV) (Medtronic, Minn.).
A 23 mm valve was used for MF sizes 19, 21 and 23 mm and was im-
planted in 38 patients (86.7%). The remaining 6 patients (13.3%) with
MF size 25 were treated with 26 mm valves. Most procedures were
transfemoral (n = 42, 93.3%), only 3 of them (6.7%) were performed
through a subclavian approach. Postdilatation was performed in 9
cases (20%). Left main coronary artery was protected in 8 cases (17.8%).



Table 1
Basal clinical characteristics (n = 45).

Age, years (range) 79.9 ± 6.5

Male gender, n (%) 23 (51.1)
Body mass index, kg/m2 27.2 ± 3.5
STS score, % 6.3 ± 6.3
Logistic EuroSCORE, % 24.7 ± 17
EuroSCORE II, % 7.7 ± 3.9
Functional class at SVD diagnosis, n (%)
– NYHA I/IV 0 (0)
– NYHA II/IV 8 (17.8)
– NYHA III/IV 27 (60)
– NYHA IV/IV 10 (22.2)

Chronic kidney failure, n (%) 19 (42.2)
LVEF b 50%, n (%) 13 (28.9)
Mitroflow bioprosthesis sizes
– No. 19 15 (33.3)
– No. 21 13 (28.9)
– No. 23 11 (24.4)
– No. 25 6 (13.3)

Cardiovascular risk factors
Diabetes mellitus, n (%) 12 (26.7)
Dyslipidemia, n (%) 17 (37.8)
Arterial hypertension, n (%) 25 (55.6)
Smoking habit, n (%) 5 (11.1)

Cardiovascular history
Extracardiac arteriopathy, n (%) 3 (6.7)
Prior AMI, n (%) 6 (13.3)
Prior stroke, n (%) 4 (8.9)
Pacemaker implantation, n (%) 8 (17.8)
Prior coronary revascularization, n (%) 13 (26.6)

Parameters of degenerated Mitroflow bioprosthesis
Typo of degeneration
– Stenosis 13 (28.9)
– Regurgitation 16 (35.6)
– Mixed 16 (35.6)

Peak gradient, mm Hg 66.1 ± 28.7
Mean gradient, mm Hg 35.4 ± 16.2
Aortic regurgitation (grade III–IV), n (%) 31 (68.9)
LVEF, % 55.5 ± 13.3

Time from valvular surgery to degeneration (n = 45)

≤5 years (n = 4) 5 to 10 years (n = 38) N10 years (n = 3)

Stenosis, n (%) 2 (4.4) 10 (22.2) 1 (2.2)
Regurgitation,
n (%)

0 (0) 16 (35.55) 0 (0)

Mixed, n (%) 2 (4.4) 12 (26.6) 2 (4.4)

Angio-computed tomography parameters

Left coronary sinus width, mm 29.8 ± 7.8
Right coronary sinus width, mm 29.7 ± 5.5
Left coronary height, mm 7.6 ± 5.3
Right coronary height, mm 8.5 ± 6.1
Left VSVR (mm) 4.8 ± 2.7
Right VSVR (mm) 5.6 ± 2.6

Data are expressed as mean + standard deviation for normally distributed data, median
(interquartile range) for non-normally distributed data, and number (%) for categorical
variables. AMI: acute myocardial infarction. EuroSCORE: European System for Cardiac
Operative Risk Evaluation. STS SCORE: Society of Thoracic Surgeons SCORE. NYHA:
New York Heart Association. LVEF: Left Ventricular Ejection Fraction. SVD: structural
valve deterioration. VSVR: virtual surgical valve ring.

Table 2
Procedure, functional evaluation and prosthesis patient mismatch (PPM) parameters.

Procedure

Devices
– Corevalve, n (%) 11 (24.4)
– Evolut R, n (%) 34 (75.6)

Valve sizes
– 23 mm, n (%) 39 (86.7)
– 26 mm, n (%) 6 (13.3)

Vascular access
– Right femoral, n (%) 39 (86.7)
– Left femoral, n (%) 3 (6.7)
– Left axillar, n (%) 3 (6.7)

Pacemaker post TAVI, n (%) 3 (6.7)
General anesthesia, n (%) 21 (46.7)
Peak to peak post TAVI gradient, mm Hg 14.4 ± 7.8
Postdilatation, n (%) 9 (20)
Left main coronary artery protection, n (%) 8 (17.8)

Functional evaluation (transtoracic echocardiogram)

Pre TAVI Post TAVI p value

Peak gradient, mm Hg 66.1 ± 28.7 39 ± 14.9 0.001
Mean gradient, mm Hg 35.4 ± 16.2 19.5 ± 8.4 0.001
Effective area, cm2 0.98 ± 0.4 1.42 ± 0.5 0.001
LVEF, % 55.5 ± 13.3 54.2 ± 11.5 0.057
Aortic regurgitation N grade II, n (%) 31 (68.9) 0 (0) 0.001

PPM parameters

Post valvular surgery Post TAVI

Mismatch, n (%) 23 (51.1) 27 (60)
Moderate PPM, n (%) 14 (31.1) 14 (31.1)
Severe PPM, n (%) 9 (20) 13 (28.9)

Data are expressed asmean+standard deviation for continuous variables andnumber (%)
for categorical variables. LVEF: Left Ventricular Ejection Fraction. PPM: patient-prosthesis
mismatch. TAVI: transcatheter aortic valve implantation.
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3.3. Safety primary outcome

There were no coronary occlusions, no procedural deaths and no
strokes. In the 30 days of follow up, there were 2 deaths (4.4%), both
of cardiovascular in origin. The first patient was an 84 year old male,
with associated severe pulmonary hypertension and right ventricular
failure, who underwent an emergent procedure due to cardiogenic
shock and died 6 days afterwards due to refractory heart failure. The
second one was a 85 year old woman with pulmonary hypertension
and chronic renal failure who underwent an elective vascular surgery
and suffered a cardiac arrest 27 days after TAVI procedure. According
to VARC2 definition [15], there were 2 major vascular complications
(one femoral occlusion that was treated with success, using a covered
stent and a pseudoaneurysm that required surgery) and 3 minor
complications. One patient suffered an episode of transient diplopia
suggestive of transient ischemic attack and 3 patients required a
permanent pacemaker.

3.4. Efficacy primary outcome

The efficacy endpoint was present in all patients and a significant
reduction of the degree of aortic regurgitation was obtained with
the procedure (Table 2, p b 0.05). Bothmaximumandmean transvalvular
gradients significantly decreased (from 66.1 ± 28.7 mm Hg to 39 ±
14.9 mm Hg and from 35.4 ± 16.2 mm Hg to 19.5 ± 8.4 mm Hg, p ≤
0.001), with higher gradients as smaller were the surgical valves (Fig. 1,
p b 0.05).

3.5. Secondary outcomes

Before the procedure, 51.1% of the patients referred for TAVI
had some degree of PPM. Afterwards, this number raised to 60%
(Table 2). Fig. 2 shows prosthetic valvular effective orifice area. After
the procedure, valvular effective orifice areawas higher across all differ-
ent sizes of the MF valves treated (p b 0.05).

4. Discussion

This is the first study systematically assessing the value of a
self-expanding aortic valve prosthesis implantation in patients with
MF SVD. The main finding of our study was that this strategy is safe
and effective in the treatment of these challenging patients.



Fig. 1. Pre and post TAVI mean transvalvular gradients distribution according to MF sizes.
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We took advantage of a large cohort of patients treated in our hospi-
tal with the MF aortic valve and previous findings of our group,
reporting the real rate of long-term degeneration of this prosthesis
(15.8% at 8 years) when evaluated according to a competitive risk
model [17]. Considering this background, we designed this prospective
registry to evaluate the percutaneous treatment for prosthetic
Fig. 2. Pre and post TAVI effective orifice ar
degeneration of the MF valve. Percutaneous procedures were per-
formed with the Corevalve self-expanding prosthesis and with its sub-
sequent Evolut R valve evolution (Medtronic Minn). One of the
strengths of this registry is that all patients had the same degenerated
prosthesis and all of them were treated with the same type of percuta-
neous valve. Therefore, the results of this homogeneous cohort can be
eas distribution according to MF sizes.
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analysed without the additional confusion related to the different types
of valves implicated in other previous registries [14,18]. Moreover, to
the best of our knowledge, this is the largest series reported to date, re-
garding percutaneous treatment with self-expanding prostheses of
degenerated MF prostheses.

The highest rates of valve degeneration in our cohort were found
between 5 and 10 years after aortic valve replacement surgery. Valve
degeneration occurred in similar proportions in each of the possible
ways: stenosis, regurgitation or mixed mechanism.

There were no deaths during implantation and the 30-day survival
rate was high (96%). These results confirm the safety of VIV in the
Mitroflow bioprosthesis, according to those reported for SVD in other
biological valves. Nonetheless, when evaluating the safety of the VIV
procedure, besides those described for conventional TAVI procedures,
three additional aspects should be considered: coronary occlusion,
malapposition, and the persistence of high transvalvular gradients
[14,18].

Coronary obstruction is one of the most feared VIV complications.
The risk in this procedure is considered higher than that of TAVI in a na-
tive valve. In the largest series, a 3.5% incidencewas reported.Moreover,
this risk is believed to be even higher in bioprostheses with leaflets out-
side the stent [17–19]. However, despite MF valve fulfills all these risk
factors, in our cohort there were no coronary obstructions. The
coronary ostia height, especially that of the ostium of the left main,
and the virtual transcatheter valve-to-coronary ostia distance are
known to be determinant factors. Recently, it has been reported that
everymillimetre of increase in height is associatedwith a significant de-
crease in coronary occlusion risk [19,20]. Therefore, in our series, all
ostia heights were carefully measured. At this point, it is remarkable
our high rate of success and lack of coronary complications compared
to previous published studies. The Mitroflow valve has been designed
for improved hemodynamic performance. Doenst et al. suggest, how-
ever, that the majority of this hemodynamic advantage by design is
lost by a “defensive” sizing strategy [21]. We can hypothesize that the
Mitroflow valves were originally downsized. If so, the large sinuses of
Valsalva could have protected the patients in our series.

The absence of malapposition in our cohort could be explained by
the meticulous selection of the prosthesis size. Besides, the expertise
of our group achieved with this type of prosthesis may also explain
the results. The procedure was successful in all patients. The reference
of the MF stent in fluoroscopy was crucial to ensure the height of the
TAVI implant, closely related to the degree of residual regurgitation
[23]. An implant's depth b5 mm has been considered a predictor of
better hemodynamic outcome.

On the other hand, discretely elevated residual transvalvular gradi-
ents are relatively frequent, not only after TAVI, but also after surgical
valve replacement [24–27]. However, VIV post-procedure transvalvular
gradients are higher than in the TAVI over a native valve, being more
frequent with expandable balloon valves compared to self-expanding
prostheses. The average residual gradient reported for VIV is around
16 mm Hg [28,29]. Both small-sized biological valves and the use
balloon-expandable valves may be considered associated factors with
residual valve gradient [18,30]. Nonetheless, little is known about the
behaviour of residual gradients after VIV in the MF bioprosthesis [31].
Our data are consistent with those in the literature, as shown by the re-
sidual mean gradient of 19 mm Hg. Moreover, our series have a high
percentage of small valves (87%with internal diameters ≤ 20mm) com-
pared to other series that range from 20 to 50% [17,18,20,32]. A recent
statement on themanagement of valvular disease claimed that an antic-
ipated hemodynamic improvement could only be achieved in the
larger-sized prosthesis [4]. However, our data showed that, at least in
the MF prosthesis, the improvement could be reached in all sizes.

Of particular interest to post-TAVI functional valve evaluation is the
PPM documentation. In this regard, an adequate evaluation of the func-
tional results of the surgical biological prosthesis after its implantation is
essential. It is considered a related factor to survival and early prosthetic
valvular degeneration [17,33–35]. This is particularly important for MF
valves, as the presence of PPM can be over 40% [36]. Severe PPM rates
inVIVhave been estimated around 30%of the cases [18]. Recently, Pibarot
et al. [30] reported that patients with pre-existing severe PPMweremore
likely to have a surgical prosthesis ≤21mmcomparedwith thosewho did
not have severemismatch. Those patients receiving a balloon-expandable
valve had higher residual valve gradients. Moreover, an independent
association between pre-existing PPM and increased mortality after VIV
was found [30]. In our series, the existence of severe postoperative PPM
was observed in 9 patients (20%) and after VIV, this percentage increased
to 28.9% (13 patients). All patients with severe PPM after TAVI had MF
sizes with internal diameter ≤ 20 mm (10 patients with a size 19 mm,
2 patients with a size 21 mm and 1 patient with a size 23 mm). The
presence of PPM after TAVI should be evaluated with caution, on a case-
by-case basis, regardless of the gradients reduction or post-TAVI valvular
insufficiency [14,18]. However, there is limited experience regarding the
fracture of the prosthetic surgical ring by inflating a balloon before or
after TAVI [37,38]. The presence of PPM post-TAVI has been related to a
worse long-term prognosis and a more rapid prosthetic degeneration.

Finally, complete AV block seems less frequent in VIV procedures.
This could be explained because of the surgical annulus, especially in
self-expanding valves, that may protect against the pressure that the
device exerts on the ventricular septum. Our data showed a low per-
centage (6.7%) of pacemaker implantation due to high grade AV
block. Although higher percentages (9%) have been reported in
smaller series, our data are consistent with recently published series
with self-expanding prostheses [31,39].

4.1. Limitations

This is a single center study with a relatively limited sample size.
In spite of this clear limitation, to date, this is the largest cohort of MF
degenerated aortic valves treated with a self-expanding prosthesis.

5. Conclusions

Self-expanding TAVI for degeneratedMF bioprosthesis has favourable
early outcomes. The valve-in-valve procedure has provided an important
gateway to avoiding high-risk redo surgery and is now a potential option
for MF degenerated surgically aortic implanted valves.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ijcard.2019.01.094.
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