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Transcatheter aortic valve replacement (TAVR) has 
become an alternative, less invasive treatment option 

for patients at intermediate or high risk for surgical aortic 
valve replacement.1–4 The treatment of failed surgical bio-
prosthetic valves with valve-in-valve (VIV) TAVR has also 
been reported; however, patients with small surgical bio-
prosthesis (≤21 mm in diameter) undergoing VIV TAVR 
seem to have higher residual gradients and higher late mor-
tality than other patients undergoing VIV TAVR.5 Because 
VIV TAVR further decreases the orifice of the previously 
implanted surgical bioprosthesis, these findings suggest that 
patient/prosthesis mismatch (PPM) may play an important 
role in outcomes after VIV TAVR.6

See Editorial by McElhinney

PPM has typically referred to a situation in which the 
effective valve area after surgical valve replacement is less 
than that of a normal human valve.7 In the aortic position, 
severe PPM is defined by an indexed effective orifice area of 

<0.65 cm2/m2, and the incidence of severe PPM after surgi-
cal aortic valve replacement ranges between 2% and 20%. A 
recent meta-analysis suggested that predictors of PPM after 
surgical aortic valve replacement include older age, female 
sex, hypertension, diabetes mellitus, renal failure, larger body 
surface area, larger body mass index, and the utilization of a 
bioprosthesis.8 Furthermore, the presence of PPM is prognos-
tically important because PPM results in higher valve gradi-
ents and increased perioperative and overall mortality.8

Isolated cases have previously been reported in which a 
bioprosthetic valve ring has been fractured using a high-pres-
sure balloon inflation to facilitate VIV TAVR, to allow further 
expansion of the transcatheter valve to maximize the effec-
tive orifice area and minimize PPM.9–11 We have previously 
reported results from bench testing that outline which biopros-
thetic valves can and cannot be fractured.12 In this article, we 
describe procedural results from a series of consecutive cases 
in which bioprosthetic valve fracture (BVF) was performed.

Background—Valve-in-valve (VIV) transcatheter aortic valve replacement (TAVR) may be less effective in small surgical 
valves because of patient/prosthesis mismatch. Bioprosthetic valve fracture (BVF) using a high-pressure balloon can be 
performed to facilitate VIV TAVR.

Methods and Results—We report data from 20 consecutive clinical cases in which BVF was successfully performed before 
or after VIV TAVR by inflation of a high-pressure balloon positioned across the valve ring during rapid ventricular pacing. 
Hemodynamic measurements and calculation of the valve effective orifice area were performed at baseline, immediately 
after VIV TAVR, and after BVF. BVF was successfully performed in 20 patients undergoing VIV TAVR with balloon-
expandable (n=8) or self-expanding (n=12) transcatheter valves in Mitroflow, Carpentier-Edwards Perimount, Magna and 
Magna Ease, Biocor Epic and Biocor Epic Supra, and Mosaic surgical valves. Successful fracture was noted fluoroscopically 
when the waist of the balloon released and by a sudden drop in inflation pressure, often accompanied by an audible snap. 
BVF resulted in a reduction in the mean transvalvular gradient (from 20.5±7.4 to 6.7±3.7 mm Hg, P<0.001) and an increase 
in valve effective orifice area (from 1.0±0.4 to 1.8±0.6 cm2, P<0.001). No procedural complications were reported.

Conclusions—BVF can be performed safely in small surgical valves to facilitate VIV TAVR with either balloon-expandable 
or self-expanding transcatheter valves and results in reduced residual transvalvular gradients and increased valve effective 
orifice area.   (Circ Cardiovasc Interv. 2017;10:e005216. DOI: 10.1161/CIRCINTERVENTIONS.117.005216.)
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Methods
All patients in this series underwent VIV TAVR for bioprosthetic valve 
degeneration in accordance with the Food and Drug Administration 
indication for VIV TAVR and provided informed consent before the 
procedure. The cases were performed at 9 centers in the United States. 
Procedural and demographic data were deidentified and provided to 
the principal investigators at St Luke’s Mid America Heart Institute in 
Kansas City, Missouri. The Institutional Review Board at St Luke’s Mid 
America Heart Institute granted a waiver of informed consent and au-
thorization for this study. Statistical analysis and article preparation was 
performed by the investigators at St Luke’s Mid America Heart Institute.

The timing of BVF (ie, before or after implantation of the trans-
catheter valve) was at the discretion of the operators. In some cas-
es, BVF was performed before VIV TAVR, to ensure that the ring 
could be successfully fractured before deciding which size transcath-
eter valve to implant. In most cases, BVF was performed after VIV 
TAVR, because of suboptimal hemodynamic results. BVF was per-
formed by inflation of a high-pressure balloon positioned across the 
valve ring during rapid ventricular pacing. Successful fracture was 
noted fluoroscopically when the waist of the balloon released, and 
by a sudden drop in inflation pressure, often accompanied by an au-
dible snap. Hemodynamic measurements and calculation of the valve 
effective orifice area were performed at baseline, immediately after 
VIV TAVR, and after BVF.

Statistics
Statistical analysis was performed using SPSS software (IBM SPSS 
Statistics for Windows, Version 22.0, Armonk, NY). Continuous 
variables were expressed as means±SDs. Categorical variables were 
expressed as percentages or frequencies. The Shapiro–Wilk test 
demonstrated that the differences in measures were normally distrib-
uted. Therefore, comparisons of mean hemodynamic gradients and 
valve effective orifice area were performed using 2-sided paired t 
test. A P value of <0.05 was considered to be statistically significant 
for all analyses.

Results
Clinical Cases
A total of 20 patients were successfully treated with VIV 
TAVR and BVF. All patients survived the procedure, and 

there were no procedural complications, including no coro-
nary occlusion or root rupture, no valvular or paravalvular 
aortic insufficiency, and no advanced atrioventricular block 
or pacemaker requirement reported after BVF. One patient 
experienced new left-sided weakness on postprocedural 
day 1 and was found to have a right posterior frontopari-
etal stroke in the area of a posterior branch of the middle 
cerebral artery, without acute hemorrhage or mass effect, 
from which he fully recovered. Patient characteristics and 
procedural data are summarized in the Table. The mean age 
of the patients was 76.4 years, and the Society of Thoracic 
Surgeons Predicted Risk of Mortality score was 8.4%. BVF 
was performed in patients undergoing VIV TAVR with both 
balloon-expandable (n=8) and self-expanding (n=12) trans-
catheter valves in Mitroflow (Sorin, Milan, Italy), Carpen-
tier-Edwards Perimount, Magna and Magna Ease (Edwards 
Lifesciences, Irvine, CA), Biocor Epic and Biocor Epic 
Supra (St. Jude Medical, Minneapolis, MN), and Mosaic 
(Medtronic Inc, Minneapolis, MN) surgical valves. In most 
cases (15/20, 75%), operators chose to perform BVF after 
VIV TAVR, as opposed to beforehand. For patients in whom 
VIV TAVR was performed before BVF, the mean transval-
vular gradient was reduced from 20.5±7.4 mm Hg after 
initial VIV TAVR to 6.7±3.7 mm Hg after BVF (P<0.001). 
Accordingly, the mean effective valve orifice area increased 
from 1.0±0.4 cm2 after initial VIV TAVR to 1.8±0.6 cm2 
after BVF (P<0.001).

An example of procedural hemodynamics is depicted 
in Figure 1. The mean transvalvular gradient was improved 
from 36 mm Hg at baseline to 26 mm Hg after VIV TAVR and, 
finally, to 9 mm Hg after BVF. This corresponded to a valve 
effective orifice area of 0.8 cm2 at baseline to 1.2 cm2 after 
VIV TAVR and to 1.6 cm2 after BVF. Figure 2 depicts fluo-
roscopic images from a clinical case after VIV TAVR, during 
BVF, and after BVF.

BVF results in a single fracture point in the surgical valve 
ring which can often be visualized on postprocedural imag-
ing.12 Figure 3 demonstrates a digital reconstruction of com-
puted tomography in a patient who underwent VIV TAVR and 
BVF. Figure 3, left, demonstrates a single disruption of the 
surgical valve ring, and the Figure 3, right, demonstrates the 
obverse view with an otherwise intact surgical ring. Figure 4 
depicts examples of fractured valve rings as viewed ex vivo, 
under fluoroscopy. In Movie I in the Data Supplement, a 
21-mm Magna valve treated with a 23-mm CoreValve Evolut 
(Medtronic Inc, Minneapolis, MN) is fractured with a 22-mm 
True Dilatation Balloon (Bard, Murray Hill, NJ) at a pres-
sure of 18 atm. In Movie II in the Data Supplement, a 21-mm 
Mitroflow valve treated with a 20-mm Sapien 3 (Edwards 
Lifesciences, Irvine, CA) is fractured with a 20-mm True 
Dilatation Balloon at a pressure of 18 atm.

Discussion
In this article, we report positive procedural outcomes of BVF 
in conjunction with VIV TAVR in 20 patients, which suggest 
that this may be a safe technique to optimize hemodynamic 
results in patients with small bioprosthetic valves. The potential 
of BVF to reduce the impact of PPM after VIV TAVR is prom-
ising. In the largest registry of patients undergoing VIV TAVR 

WHAT IS KNOWN

•	Patients with small surgical bioprostheses undergo-
ing valve-in-valve (VIV) transcatheter aortic valve 
replacement (TAVR) seem to have higher residual 
gradients and higher late mortality than other pa-
tients undergoing VIV TAVR.

•	 Isolated cases have previously been reported in 
which a bioprosthetic valve ring has been fractured 
using a high-pressure balloon inflation to facilitate 
VIV TAVR.

WHAT THE STUDY ADDS

•	 Bioprosthetic valve fracture can be performed without 
complications in select patients undergoing VIV TAVR.

•	 Bioprosthetic valve fracture results in lower residual 
valve gradients and higher effective valve orifice areas.

•	Bioprosthetic valve fracture can be successfully per-
formed before or after VIV TAVR.
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to date, Dvir et al5 reported a 38% incidence of severe PPM 
after VIV TAVR and a higher incidence of PPM in patients 
with smaller-sized surgical valves.5 Importantly, 1-year mortal-
ity among patients with labeled valve sizes which were small 
(≤21 mm) and intermediate (>21 and <25 mm) was higher than 
in patients with larger (≥25 mm) surgical valves undergoing 

VIV TAVR. These data suggest that suboptimal postprocedural 
hemodynamics play an important role in long-term outcomes 
after VIV TAVR. BVF directly addresses this issue and has a 
dramatic effect on postprocedural gradients and effective valve 
orifice area in our series. Whether this technique improves 
long-term clinical outcomes remains to be seen.

Figure 1.  Example of procedural hemodynamics with valve-in-valve transcatheter aortic valve replacement (TAVR) and bioprosthetic 
valve fracture (BVF). A, Baseline hemodynamics demonstrating severe bioprosthetic aortic stenosis. Mean aortic valve gradient is 36 
mm Hg; effective orifice area is 0.8 cm2. B, Hemodynamics post-TAVR deployment demonstrating improved transvalvular gradient. Mean 
aortic valve gradient is 26 mm Hg; effective orifice area is 1.2 cm2. C, Hemodynamics post-BVF demonstrating final transvalvular gradient. 
Mean aortic valve gradient is 9 mm Hg; effective orifice area is 1.6 cm2.

Figure 2.  Fluoroscopic images of the stages of valve-in-valve (VIV) transcatheter aortic valve replacement (TAVR) followed by biopros-
thetic valve fracture (BVF). A, Immediately after VIV TAVR. B, During BVF before fracture of surgical ring. Note the waist of the balloon at 
the level of the surgical valve ring. C, During BVF after fracture of surgical ring. Note the release of the balloon waist. D, Final fluoroscopic 
results.
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An important question remains as to the timing of BVF, that 
is, before or after transcatheter valve implantation. There are 
potential advantages to both strategies. Fracture of the biopros-
thetic ring before TAVR implant may allow for a larger-sized 
TAVR prosthesis to be used, whereas fracture of the biopros-
thetic ring after TAVR implant may allow for further expan-
sion of the TAVR valve itself.12 In the former scenario, there 
remains concern regarding balloon dilatation of degenerated 
bioprosthetic valves, for fear of leaflet tearing and resultant 
aortic insufficiency, as well as the potential for dislodgement 
and embolization of debris. On the other hand, if BVF follows 
transcatheter valve implantation, the TAVR prosthesis itself is 
subjected to a high-pressure balloon inflation, which in some 
cases may cause acute structural damage or accelerated degen-
eration. In either scenario, BVF may reduce PPM and optimize 
hemodynamics by decreasing the residual aortic valve gradient 
during VIV TAVR. Whether the timing of BVF is a determi-
nant of clinical outcomes remains to be seen.

The majority of cases in our clinical series were performed 
with balloons sized 1 mm larger than the labeled valve size, 
which has been demonstrated to be effective in bench testing.12 
However, BVF may only require the use of balloons which are 

larger than the internal diameter of the prosthesis. The use of 
smaller diameter balloons for BVF may minimize trauma to the 
aortic annulus and minimize the risk of complications. On the 
other hand, the use of smaller balloons may result in less opti-
mal expansion of the TAVR prosthesis, which may impact valve 
hemodynamics. The long-term consequences of suboptimal 
expansion of TAVR prostheses, as is the case in VIV TAVR, are 
not fully understood.13 Even if BVF is performed to optimize 
valve hemodynamics, it remains unclear whether satisfactory 
long-term outcomes after VIV TAVR can be best attained in 
a given patient by using a smaller TAVR valve which is fully 
expanded, or a larger TAVR valve which may not achieve full 
expansion (eg, a perfectly expanded 20 mm versus a subopti-
mally expanded 23 mm valve). Similarly, it remains unclear 
whether self-expanding or balloon-expandable transcatheter 
valves are better suited for this application. On the basis of 
bench testing, the radial force of a self-expanding valve seems 
adequate to achieve optimal expansion of the transcatheter valve 
inside a fractured surgical valve. On the other hand, Sapien XT 
and Sapien 3 valves deployed in a fractured surgical valve were 
underexpanded, and postdilatation with a noncompliant balloon 
was required to optimize the transcatheter valve expansion. 
Bench testing also suggests that the outer Dacron sewing ring 
of bioprosthetic valves results in a limit to how much further a 
valve can be expanded after BVF.12 Therefore, further investiga-
tion is needed to determine optimal balloon sizing for BVF and 
optimal transcatheter valve selection when using this technique.

A final question that is raised by our results is the role 
of BVF in patients with larger surgical prostheses. Although 
these patients have a higher 1-year survival than patients with 
small surgical valves, as well as a lower incidence of PPM, 
after VIV TAVR, it is not known whether BVF of large pros-
theses will result in even further improvement in postproce-
dural hemodynamics and survival in these patients. There 
is some evidence to suggest that underexpansion of bio-
prosthetic valves may lead to early prosthetic deterioration 
because of folds in the bioprosthetic leaflets.13 Therefore, an 
up-front strategy of BVF in all degenerated surgical valves 
could, in theory, improve outcomes for all patients undergoing 
VIV TAVR. Further clinical experience is required to provide 
insight on this novel technique.

Despite these initial promising results, there are several limi-
tations to this study. Although no procedural complications were 

Figure 3.  Computed tomography (CT) reconstruction of a 
patient who underwent valve-in-valve (VIV) transcatheter aortic 
valve replacement (TAVR) with a 23-mm CoreValve Evolut R in a 
19-mm Edwards Magna, followed by bioprosthetic valve fracture 
(BVF). Left, Clear disruption of the surgical valve ring. Right, 
Obverse view.

Figure 4.  Ex vivo fluoroscopic images of 
fractured Magna (A) and Magna Ease (B) 
bioprosthetic valves.
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observed with BVF in this small series, reasonable concerns 
remain regarding the potential for BVF to cause aortic root rupture 
or coronary artery occlusion, and a heavily calcified aortic root or 
anatomy predisposing to coronary occlusion might preclude the 
use of this technique. Because computed tomographic imaging 
was not routinely performed after BVF, subclinical injury to the 
aorta cannot be fully assessed. One patient in this series expe-
rienced a postprocedural stroke, but whether this complication 
was specifically related to BVF is unknown, and larger studies 
are needed to fully evaluate the safety of this technique. Previous 
work has demonstrated that although the majority of commer-
cially available bioprosthetic valves can be fractured with high-
pressure balloon inflation, some, such as the St Jude Trifecta and 
the Medtronic Hancock II, cannot be fractured.12 Furthermore, 
the location of the previously implanted surgical valve (ie, supra-
annular or intra-annular) may be important because BVF in a sur-
gical valve that was implanted in the supra-annular position may 
offer a superior risk–benefit profile when compared with BVF of 
a surgical valve that was positioned in the native annulus. Further 
study of patient factors such as aortic root and coronary sinus 
dimension will be important to determine patient-specific limita-
tions of BVF and avoid complications, and if concerns regarding 
such issues are present in a given patient, back-up cardiopulmo-
nary support could be considered at the time of BVF.

Conclusions
BVF can be performed safely in small surgical valves to facilitate 
VIV TAVR with either balloon-expandable or self-expanding 
transcatheter valves and results in reduced residual transvalvular 
gradients and increased valve effective orifice area.
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