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Abstract
Background: Valve-in-valve (ViV) transcatheter aortic valve implantation (TAVI) is quickly becoming a rou-
tine and effective means by which to treat degenerated bioprosthetic valves. A known complication of ViV-
TAVI is patient-prosthesis mismatch, which substantially affects survival. Bioprosthetic valve fracture is a 
method by which to reduce the risk of patient-prosthesis mismatch and post–ViV-TAVI transvalvular gradi-
ents. This study sought to determine the safety and efficacy of post–ViV-TAVI bioprosthetic valve fracture.

Methods: Patients with a history of surgical aortic valve replacement undergoing ViV-TAVI bioprosthetic 
valve fracture (N = 25) at the corresponding institution from 2015 to 2022 were cataloged for a retrospective 
analysis. The implanted transcatheter valves were Medtronic Evolut R, Evolut PRO, and Evolut PRO+. Gradi-
ents were assessed before and after implantation and after fracturing using transthoracic echocardiogram.

Results: The mean left ventricular ejection fraction of patients who underwent fracturing was 55.04%. The 
average (SD) peak and mean (SD) transvalvular gradients before the intervention were 68.17 (19.09) mm Hg 
and 38.98 (14.37) mm Hg, respectively. After ViV-TAVI, the same gradients were reduced to 27.25 (12.27) mm 
Hg and 15.63 (6.47) mm Hg, respectively. After bioprosthetic valve fracture, the gradients further decreased 
to 17.59 (7.93) mm Hg and 8.860 (3.334) mm Hg, respectively. The average reduction in peak gradient associ-
ated with fracturing was 12.07 mm Hg (95% CI, 5.73-18.41 mm Hg; P = .001). The average reduction in mean 
gradient associated with valve fracturing was 6.97 mm Hg (95% CI, 3.99-9.74 mm Hg; P < .001).

Conclusion: Bioprosthetic valve fracture is a viable option for reducing residual transvalvular gradients after 
ViV-TAVI and should be considered in patients with elevated gradients (>20 mm Hg) or with concern for 
patient-prosthesis mismatch in patients who have an unacceptable risk for a redo sternotomy and surgical 
aortic valve replacement.
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Introduction

The long-standing standard of care for patients with severe aortic valve stenosis has been surgical aortic valve 
replacement. In the past 2 decades, there has been a considerable increase in both bioprosthetic and trans-
catheter valve use as a result of patient and physician preference.1-3 In parallel, it is expected that there will be 

an upward trend in patients presenting with degeneration of implanted cardiac valves that will require intervention, 
but redo sternotomy is associated with increased risk and is not possible in all patients.4-6 As a result, valve-in-valve 
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(ViV) transcatheter aortic valve implantation (TAVI) is 
becoming a routinely performed, less invasive alterna-
tive therapy for the treatment of degenerated biopros-
thetic heart valves.7-9

Despite feasibility and successful reported outcomes 
with ViV-TAVI, patient-prosthesis mismatch remains 
a challenge. Patient-prosthesis mismatch refers to the 
clinical situation in which an intact and functional 
prosthetic heart valve does not allow adequate cardi-
ac output given a specific patient’s body size.10 Severe 
patient-prosthesis mismatch is defined by an indexed 
effective orifice area smaller than 0.65 cm2/m2 or by 
a residual transvalvular gradient greater than 20 mm 
Hg.11-13 Patient-prosthesis mismatch has been associated 
with decreased New York Heart Association functional 
class, decreased exercise tolerance, higher rates of hos-
pitalization related to heart failure, accelerated heart 
valve degeneration, and increased mortality.14,15 The risk 
of patient-prosthesis mismatch following ViV-TAVI is 
particularly high because the transcatheter heart valve 
is implanted within the frame of the failed bioprosthetic 
valve, preventing complete expansion and restricting 
the effective orifice area.12,13 The 1-year mortality rate 
in patients has been shown to be higher in small (<21 
mm) and intermediate-sized (<25 mm) valves compared 
with larger (>25 mm) valves.16 In the Global ViV Reg-
istry, the incidence rate of severe patient-prosthesis mis-
match after ViV-TAVI was 28.4%.16 Patient-prosthesis 
mismatch has also been documented as problematic in 
surgical heart valve replacement because the suturing 
ring limits the valve size in patients not considered low 
risk for developing patient-prosthesis mismatch.

The fracturing of implanted bioprosthetic surgical heart 
valves has emerged as a viable intervention for managing 
patient-prosthesis mismatch. Fracturing uses high-pres-
sure balloon inflation to dilate, fracture, and expand the 
bioprosthetic surgical valve, allowing for a more physi-
ologic and patient-appropriate effective orifice area.17-19 
Several studies have discussed the safety and efficacy of 
this technique following ViV-TAVI.17,20,21 The objective 
of the current study was to determine whether biopros-
thetic valve fracturing is a safe and effective method to 
reduce postprocedural transvalvular gradients.

Patients and Methods

This study was a single-center, institutional review 
board–approved, retrospective observational analysis of 
patients with a history of surgical aortic valve replace-

ment who underwent ViV-TAVI with bioprosthetic 
valve fracture between 2015 and 2022 at Kettering 
Health Main Campus in Kettering, Ohio. All patients 
who underwent TAVI in the designated time period 
were screened. Patients who had undergone ViV-TAVI 
were selected, and outcomes were assessed based on 
whether the intervention (fracturing) was performed. 
The indication for TAVI was symptomatic severe aor-
tic valve stenosis (American College of Cardiology/
American Heart Association stage D). The indication 
for ViV-TAVI was severe symptomatic structural heart 
valve degeneration (stage 3). Anesthesia was used for all 
procedures, with the majority of procedures performed 
under moderate sedation and a select few under gen-
eral endotracheal anesthesia because of patient-related 
factors. All patients were of at least a moderate surgi-
cal risk for redo sternotomy and surgical aortic valve 
replacement.

The decision to proceed with bioprosthetic valve frac-
turing was at the discretion of the operator at the time 
of valve implantation. The indication for bioprosthetic 
valve fracture in all patients was suboptimal valve he-
modynamics, defined as a residual mean transvalvular 
gradient above 20 mm Hg, determined by intraopera-
tive transthoracic echocardiography or the inability of 
the TAVI valve to expand fully. Transvalvular hemody-
namics were obtained before and after implantation and 
after fracturing. The method of valve fracturing was 
determined by the operator at the time of valve implan-
tation. Bioprosthetic valve fracturing was performed 
after ViV-TAVI in all cases. In anticipation of possible 
bioprosthetic valve fracturing in patients undergoing 
TAVI, all patients were assessed for the virtual valve 
to coronary distance to determine whether fracturing 
could safely be pursued, if necessary.

Key Points

•	 A complication of ViV-TAVI is patient-prosthesis 
mismatch; severe patient-prosthesis mismatch 
can negatively affect patient survival.

•	 Bioprosthetic valve fracture can reduce patient-
prosthesis mismatch and transvalvular gradients.

•	 Bioprosthetic valve fracture is safe to perform 
and should be considered for use in patients with 
elevated gradients or concern for patient-prosthe-
sis mismatch.

Abbreviations and Acronyms

TAVI, transcatheter aortic valve implantation 
ViV, valve-in-valve
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Statistical Analysis

Statistical analysis was performed using SPSS Statistics 
28.0 (IBM Corp). Continuous variables were expressed 
as mean (SD). Categorical variables were expressed as 
frequencies and percentages. A Shapiro-Wilk test of con-
tinuous variables showed no significant departure from 
normality. A paired t test was performed to compare 
the post–ViV-TAVI mean and peak pressure gradients 
with the post–bioprosthetic valve fracturing mean and 
peak pressure gradients. P < .05 was deemed statistically 
significant for all analyses.

Results

A total of 78 patients underwent ViV-TAVI, of whom 25 
underwent ViV-TAVI with bioprosthetic valve fractur-
ing; these 25 patients were included in this study. Trans-
catheter heart valves implanted included the Medtronic 
Evolut R, Evolut PRO, and Evolut PRO+ valves. Bio-
prosthetic valve fracturing was performed in patients 
who had undergone initial surgical valve implanta-
tion with the Mitroflow (Sorin Group), Mosaic Ultra 
(Medtronic), Magna (Edwards Lifesciences), Magna 
Ease (Edwards Lifesciences), and PERIMOUNT 2800 
(Edwards Lifesciences) valves. The mean (SD) age of 
the patients who underwent bioprosthetic value fracture 
was 74.4 (9.37) years (range, 56-90 years); the mean 
(SD) left ventricular ejection fraction in these patients 
was 55.04% (11.74%). The average (SD) age of the ini-
tial surgical valve at the time of ViV-TAVI with bio-
prosthetic valve fracturing was 9.88 (3.98) years. See 
Table I for a complete list of patient characteristics and 
valve details.

The average (SD) peak and mean (SD) transvalvular 
gradients before intervention were 68.17 (19.09) mm 
Hg and 38.98 (14.37) mm Hg, respectively. After ViV-
TAVI, the same gradients were reduced to 27.25 (12.27) 
mm Hg and 15.63 (6.47), respectively. After ViV-TA-
VI with bioprosthetic valve fracturing, the gradients 
decreased to 17.59 (7.93) mm Hg and 8.860 (3.334) 
mm Hg, respectively (Fig. 1). The average reduction 
in peak pressure gradient associated with fracturing 
was 12.07 mm Hg (95% CI, 5.73-18.41 mm Hg; P = 
.001). The average reduction in mean pressure gradi-
ent associated with fracturing was 6.97 mm Hg (95% 
CI, 3.99-9.74 mm Hg; P < .001) (Fig. 1). The gradients 
remained within acceptable limits (<20 mm Hg) at 1 
month and 12 months postoperatively; the mean (SD) 
pressure gradient in the ViV-TAVI bioprosthetic valve 

fracturing group was 13.2 (4.31) mm Hg at 1 month 
and 12.46 (5.29) mm Hg at 12 months. See Table II 
for a complete list of hemodynamic data. The post–
ViV-TAVI gradient was not obtained for 1 patient. Fol-
lowing ViV-TAVI implantation, the newly implanted 
heart valve was constrained by the bioprosthetic valve, 
so bioprosthetic valve fracturing was pursued before gra-
dients could be obtained. In addition, fracturing that 
was performed because of a visible waist on the TAVI 
valve on fluoroscopy did not result in a reduction in 
transvalvular gradients following fracture but rather in 
a visual improvement of valve expansion, as confirmed 
by the operator.

There were no major immediate postoperative com-
plications (aortic root rupture, left ventricular perfo-
ration, coronary occlusion, myocardial infarction, or 
death). Only 1 patient required permanent pacemaker 
implantation for complete heart block. There was no 
substantial perivalvular or valvular regurgitation in any 
case. There was a 96% one-year survival rate in the ViV-
TAVI bioprosthetic valve fracturing cohort; the single 
mortality in this group was attributed to a noncardiac 
cause. There was a 91% three-year survival rate in the 
ViV-TAVI bioprosthetic valve fracturing cohort; the ad-
ditional instance of mortality was also attributed to a 
noncardiac cause.

Discussion

This study found that post–ViV-TAVI bioprosthetic 
valve fracture appears to be a safe and effective option 
for the reduction of residual transvalvular gradients. 
Fracturing of the original surgical valves resulted in 
a statistically significant reduction in peak and mean 
transvalvular gradients. There were some individual 
patients for whom there was no change in gradient 
following fracturing. In these specific patients, the 
indication to perform bioprosthetic valve fracturing was 
TAVI “waisting” visible on intraoperative fluoroscopy, 
suggesting that the valve was constrained without 
compromising gradients. Following fracturing, the 
waisting resolved without a decrease in gradients. 
Because of the frequency of TAVI valve restriction 
by the bioprosthetic valve following deployment, it 
is important to have fracturing readily available in 
centers performing ViV-TAVI to rapidly allow for the 
full expansion of the TAVI valve. Bioprosthetic valve 
fracturing allows for a more ideal physiologic size match 
between the patient and the bioprosthesis, reducing the 
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TABLE I. Patient Characteristics and Heart Valve Information

Patient Age, y Sex

Left 
ventricular 
ejection 
fraction, %

Surgical 
aortic valve 
replacement 
valve, model 
(manufacturer)

Surgical 
aortic valve 
replacement 
size, mm

Age of  
surgical 
aortic valve 
replacement,  
y

TAVI valve, 
model 
(manufacturer)

TAVI size, 
mm

Bioprosthetic 
valve fracture 
balloon, model 
(manufacturer)

Bioprosthetic 
valve fracture 
balloon size, 
mm

Bioprosthetic 
valve fracture 
balloon 
pressure, atm

1 75 Female 57.5 Mitroflow (Sorin 
Group)

19 8 Evolut PRO 
(Medtronic)

23 TRUE (BARD 
Medical)

20 16

2 80 Female 62.5 Mitroflow (Sorin 
Group)

21 5 Evolut R 
(Medtronic)

23 TRUE (BARD 
Medical)

20 12

3 78 Female 57.5 Mitroflow (Sorin 
Group)

21 11 Evolut PRO+ 
(Medtronic)

23 TRUE (BARD 
Medical)

20 15

4 87 Female 57.5 Mitroflow (Sorin 
Group)

23 6 Evolut PRO 
(Medtronic)

23 TRUE (BARD 
Medical)

24 15

5 63 Female 57.5 Mitroflow (Sorin 
Group)

23 8 Evolut PRO 
(Medtronic)

23 Z-MED II (B.  
Braun 
Interventional 
Systems Inc)

20 13

6 77 Male 59 Mitroflow (Sorin 
Group)

23 8 Evolut PRO+ 
(Medtronic)

26 TRUE (BARD 
Medical)

20 14

7 80 Male 46 Mitroflow (Sorin 
Group)

25 12 Evolut PRO+ 
(Medtronic)

26 TRUE (BARD 
Medical)

22 16

8 79 Female 67 Magna Ease 
(Edwards 
Lifesciences)

21 12 Evolut R 
(Medtronic)

23 TRUE (BARD 
Medical)

23 16

9 69 Female 56 Magna Ease 
(Edwards 
Lifesciences)

23 6 Evolut R 
(Medtronic)

23 TRUE (BARD 
Medical)

23 14

10 62 Female 62 Magna Ease 
(Edwards 
Lifesciences)

23 8 Evolut PRO+ 
(Medtronic)

26 TRUE (BARD 
Medical)

22 10

11 77 Female 55 Magna Ease 
(Edwards 
Lifesciences)

23 15 Evolut PRO+ 
(Medtronic)

26 Z-MED II (B. Braun 
Interventional 
Systems Inc)

20 10

12 71 Male 65 Magna Ease 
(Edwards 
Lifesciences)

25 3 Evolut R 
(Medtronic)

29 TRUE (BARD 
Medical)

26 14

Continued
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TABLE I. Patient Characteristics and Heart Valve Information (continued)

Patient Age, y Sex

Left 
ventricular 
ejection 
fraction, %

Surgical 
aortic valve 
replacement 
valve, model 
(manufacturer)

Surgical 
aortic valve 
replacement 
size, mm

Age of  
surgical 
aortic valve 
replacement,  
y

TAVI valve, 
model 
(manufacturer)

TAVI size, 
mm

Bioprosthetic 
valve fracture 
balloon, model 
(manufacturer)

Bioprosthetic 
valve fracture 
balloon size, 
mm

Bioprosthetic 
valve fracture 
balloon 
pressure, atm

13 56 Male 35 Magna Ease 
(Edwards 
Lifesciences)

25 7 Evolut PRO 
(Medtronic)

26 TRUE (BARD 
Medical)

26 14

14 90 Male 57.5 Magna Ease 
(Edwards 
Lifesciences)

25 18 Evolut R 
(Medtronic)

29 TRUE (BARD 
Medical)

24 16

15 67 Male 20 Magna Ease 
(Edwards 
Lifesciences)

27 6 Evolut PRO+ 
(Medtronic)

29 TRUE (BARD 
Medical)

22 18

16 73 Female 67 Magna (Edwards 
Lifesciences)

21 11 Evolut R 
(Medtronic)

23 TRUE (BARD 
Medical)

21 18

17 74 Male 57.5 Magna (Edwards 
Lifesciences)

23 14 Evolut PRO+ 
(Medtronic)

26 TRUE (BARD 
Medical)

21 10

18 60 Male 27.5 Magna (Edwards 
Lifesciences)

25 10 Evolut PRO+ 
(Medtronic)

26 TRUE (BARD 
Medical)

22 16

19 85 Male 57.5 Magna (Edwards 
Lifesciences)

25 16 Evolut PRO+ 
(Medtronic)

29 TRUE (BARD 
Medical)

24 16

20 64 Male 68 PERIMOUNT 
2800 (Edwards 
Lifesciences)

23 9 Evolut PRO 
(Medtronic)

23 TRUE (BARD 
Medical)

22 12

21 90 Male 60 PERIMOUNT 
2800 (Edwards 
Lifesciences)

23 10 Evolut R 
(Medtronic)

26 TRUE (BARD 
Medical)

21 13

22 79 Male 48 PERIMOUNT 
2800 (Edwards 
Lifesciences)

25 11 Evolut R 
(Medtronic)

29 TRUE (BARD 
Medical)

24 13

23 70 Male 57 PERIMOUNT 
2800 (Edwards 
Lifesciences)

25 16 Evolut R 
(Medtronic)

26 TRUE (BARD 
Medical)

24 16

24 86 Female 57.5 Mosaic Ultra 
(Medtronic)

21 13 Evolut R 
(Medtronic)

23 TRUE (BARD 
Medical)

20 13

25 69 Male 61 Mosaic Ultra 
(Medtronic)

23 4 Evolut R 
(Medtronic)

23 TRUE (BARD 
Medical)

22 16

TAVI, transcatheter aortic valve implantation.
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risk for patient-prosthesis mismatch and improving 
valve longevity and function.11

Patient selection and preprocedural planning are criti-
cal because not all valves are amenable to fracturing or 
remodeling.22,23 Valve fracturing, also known as valve 
“fracking,” refers to the act of dilating the existing ring 
of a surgical heart valve until fracture occurs (Fig. 2), 
allowing for unrestricted expansion of a new trans-
catheter valve. Valve remodeling refers to surgical heart 
valves that cannot be fractured but can be stretched or 
bent to a larger diameter, which also allows implan-
tation of larger transcatheter valves. Prosthetic heart 
valves that can be fractured include the Magna, Magna 
Ease, PERIMOUNT 2800, Mitroflow (CarboMedics), 
Mosaic, Biocor (St Jude Medical), and Epic (Abbott) 
valves.22,23 Valves that can be remodeled or modified 
include the Carpentier-Edwards Standard (Edwards 
Lifesciences), Carpentier-Edwards Supra-Annular Valve 
(Edwards Lifesciences), PERIMOUNT 2700 (Edwards 
Lifesciences), INSPIRIS (Edwards Lifesciences), and 
Trifecta (Abbott) valves.22,23 The Carpentier-Edwards 

Standard, Supra-Annular Valve, and PERIMOUNT 
2700 valves have expandable valve rings. The INSPIRIS 
valve has an expandable valve ring joint. The Trifecta 
valve has a nonexpandable titanium valve ring but has 
valve posts that can be bent or modified to allow for 
ViV-TAVI. Valves that cannot be fractured or remod-
eled include the Hancock II (Medtronic) and the Avalus 
(Medtronic) valves.22,23

Fracturing is performed by high-pressure inflation of a 
noncompliant valvuloplasty balloon. Patient selection 
and preprocedural planning are important to avoid the 
increased risk of coronary obstruction associated with 
ViV-TAVI. Observance of the virtual transcatheter 
heart valve to coronary distance is critical because one 
must anticipate a 3-mm to 4-mm increase in the diam-
eter of the surgical valve after fracturing.22 Patients who 
have a virtual valve to coronary distance less than 3 mm 
are at the highest risk of coronary obstruction. It is pre-
ferred to have a valve to coronary distance greater than 
6 mm.22 Another factor to consider is the height of the 
sinotubular junction. Preoperative analysis by computed 
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Fig. 1 Effects of post–ViV-TAVI bioprosthetic valve fracturing on mean transvalvular gradient are shown. The mean (SD) 
transvalvular gradient before ViV-TAVI was 38.98 (14.37) mm Hg. After ViV-TAVI, the mean (SD) gradient was reduced to 
14.159 (5.95) mm Hg. After ViV-TAVI with fracturing, the mean (SD) gradient was further reduced to 8.860 (3.334) mm Hg. 
The average reduction in mean pressure gradient associated with fracturing was 5.136 mm Hg (95% CI, 2.768-7.505 mm Hg; 
P < .001). P < .05 was considered statistically significant. 
 
ViV, valve-in-valve.
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tomography angiography with virtual valve assessments 
should be performed to rule out leaflet sinotubu-
lar junction sequestration and coronary obstruction.  
Valve-in-valve TAVI valve size selection is also impor-
tant and should consider the true internal diameter of 
the surgical heart valve, with an increase of 3 mm to 

4 mm to account for fracturing.22 Valvuloplasty bal-
loon sizing may vary and depends on the ViV-TAVI 
valve. When using a SAPIEN 3 (Edwards Lifesciences) 
transcatheter heart valve, the sizing ratio of the valvu-
loplasty balloon to the transcatheter heart valve is 1:1.22 
When using the CoreValve (Medtronic) transcatheter 

TABLE II. Preoperative and Postoperative Mean Transaortic Pressure Gradients in  
ViV-TAVI Bioprosthetic Valve Fracture

Patient
Baseline mean  
gradient, mm Hg

After TAVI, 
mm Hg

After bioprosthetic valve 
fracture, mm Hg

1-mo follow-up, 
mm Hg

12-mo follow-up, 
mm Hg

1 43 12 9 25 23

2 42 7 5 10 6

3 40 8 8 19 20

4 12 21 15 9 11

5 45 10 7 22 25

6 46 7 7 10 11

7 30 15 14 13 14

8 49 15 9 14 15

9 44 12 13 17 19

10 67 15 10 14 13

11 33 12 7 11 13

12 47 28 10 9 N/A

13 54 17 3 16 17

14 51 15 7 8 7

15 19 12 9 11 12

16 37 18 11 9 9

17 27 10 7 10 8

18a 40 18 8 14 8

19 37 10 6 9 10

20 41 28 12 14 10

21a 50 23 11 17 14

22 60 20 11 13 7

23 48 29 8 9 11

24 41 13 8 14 12

25a 32 N/A 4 13 4

N/A, not applicable; TAVR, transcatheter aortic valve implantation. 
 
SI conversion factor: To convert mm Hg to kPa, multiply by 0.133. 
 
a �Post-TAVI gradients were not obtained for patients 18, 21, and 25 because the TAVI valve could not fully expand secondary to 

restriction by the bioprosthetic valve. Bioprosthetic valve fracturing was therefore promptly pursued.
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heart valve platform, the valvuloplasty balloon must be 
no larger than 2 mm greater than the width of the con-
strained area because of the risk of damage to the valve 
leaflet stent adhesion point.22 It is also critical to position 
the shoulder of the balloon at or below the constrained 
area to minimize the risk of leaflet damage. Maximum 
inflator pressure will vary based on the type of surgical 
valve that is being fractured (Table III).

Discussion continues regarding when to perform 
bioprosthetic valve fracturing because performing 
the procedure before and after ViV-TAVI is each 
associated with different risks and benefits. Performing 
fracturing before ViV-TAVI allows implantation of 
a larger transcatheter valve and reduces the risk of 
trauma to the new valve, but it is associated with an 
increased risk of debris embolization and acute severe 
aortic valve regurgitation. Performing fracturing after 
ViV-TAVI ensures full valve expansion but exposes the 
new valve to high-pressure dilation, which may result 
in damage to the valve and affect its longevity. The 
current recommendation is to fracture the bioprosthetic 
valve after ViV-TAVI to optimize safety while still 
allowing for full expansion of the valve.21,22 Recent 
studies have highlighted the use of the Boston Scientific 
SENTINEL Cerebral Embolic Protection system 

during TAVI, although the PROTECTED TAVR trial 
showed that routine use of a cerebral protection device 
does not result in a lower risk of stroke within 72 hours 
among patients undergoing transfemoral TAVI for 
aortic valve stenosis.24 In the current study, all patients 
undergoing ViV-TAVI, regardless of fracturing status, 
were protected using the SENTINEL Cerebral Embolic 
Protective system. No procedural cerebrovascular 
events were noted in the ViV-TAVI or post–ViV-TAVI 
bioprosthetic valve fracturing cohorts. Although the 
current study had no embolic cerebrovascular events, 
its cohort size was small, and additional studies are 
warranted. Recently analyzed registry data suggest that 
bioprosthetic valve fracture may also be associated with 
increased in-hospital mortality.25

Although this dataset was small, the study’s findings are 
consistent with findings reported in larger studies.25,26 

Consolidating the currently available data and the find-
ings detailed in this report, the analysis suggests that 
post–ViV-TAVI fracturing can be performed safely in 
select patients, resulting in lower residual transvalvular 
gradients and larger effective valve areas.25,26 This find-
ing is important because contemporary data suggest 
patient-prosthesis mismatch is associated with smaller 
valve size.26

Fig. 2 Cinefluoroscopy images of surgical valve valvuloplasty show (A) the initial inflation of a valvuloplasty balloon after ViV-
TAVI, with notable balloon “waisting” that suggests that the original surgical valve was not fractured or modified sufficiently, 
and (B) a fully expanded valvuloplasty balloon with a fractured surgical valve ring after ViV-TAVI with bioprosthetic valve 
fracture. 
 
TAVI, transcatheter aortic valve implantation; ViV, valve-in-valve.
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TABLE III. Protocol and Comments for Bioprosthetic Valve Fracturing 

Equipment Basic steps Comments

1. 	Noncompliant valvuloplasty 
balloon

2. 	Luer-Lok (BD) syringe  
(50-100 mL)

3. 	High-pressure stopcock  
inflator

4. 	Dilute contrast  
(50:50 normal saline  
to contrast)

1. 	Using the high-pressure stopcock, 
attach the inflator and syringe (with 
dilute contrast) to the valvuloplasty 
balloon.

2. 	Open the stopcock to the syringe  
and rapidly fill the valvuloplasty  
balloon with dilute contrast during  
rapid ventricular pacing.

3. Open the stopcock to the inflator,  
and rapidly pressurize the  
valvuloplasty balloon until the valve  
is fractured.

4. Deflate the balloon and terminate  
rapid ventricular pacing. 

1. Valvuloplasty balloon

	 TRUE Flow or Atlas Gold (BARD Medical)

	 Z-MED (B. Braun Interventional Systems Inc)

2. Valvuloplasty balloon sizing

	 When using the Edwards Lifesciences valve 
platform, the balloon to valve size ratio is 1:1.

	 When using the Medtronic valve platform, the 
balloon sizing is at maximum 2 mm larger than the 
constrained area width.

3. Valvuloplasty balloon pressures

	 Dependent on the surgical aortic valve replacement 
valve

	 Metal ribbon ringed valves typically require 18-24 
atm

	 Polymer ring valves typically require 8-12 atm

4. Balloon positioning

	 When using the Edwards Lifesciences valve 
platform, the balloon is centered on the valve.

	 When using the Medtronic valve platform, the 
proximal shoulder of the balloon should be distal to 
the constrained area.

5. Balloon failure is not uncommon as a result of 
higher-than-burst pressure requirements. This 
should not be used to assess failure or success.

6. Valve fracture can be identified by a rapid decline in 
inflator pressure (without rupture), visible release in 
a balloon waist, an audible click, or identification of 
the fractured ring by fluoroscopy. 

Study Limitations

Because of the retrospective nature of this analysis and 
the use of data from a single center, this study may not 
be representative of the general population. There may 
have also been unmeasured confounding factors and 
selection bias. Clinical factors such as hemodynamic 
status, variability in echocardiographic techniques, and 
measurement variation are also subjective.

Conclusion

Bioprosthetic valve fracture is a viable option for the 
reduction of residual transvalvular gradients after 
ViV-TAVI and should be considered in patients with 
postimplantation residual gradients or anticipated 
patient-prosthesis mismatch. Improvement in transval-

vular gradients has been linked to both clinically and 
statistically significant symptom reduction and long-
term mortality outcomes. Future research is needed to 
develop guidelines on desired postimplantation trans-
valvular gradients.
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