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Abstract
An ageing population and increased utilisation of tissue valves in younger patients imply that the num-
ber of patients receiving transcatheter aortic valve implantation within failed bioprostheses will continue 
to increase. There are two major adverse events associated with aortic valve-in-valve procedures that may 
temper the enthusiasm for these appealing interventions. Residual stenosis is the “Achilles’ heel” of aortic 
valve-in-valve, while coronary obstruction is an uncommon but life-threatening adverse event. Prevention 
of these adverse events is essential. Emerging tools and techniques enable operators to manipulate exist-
ing devices and to implant new ones inside them safely. Considering the available evidence, it seems that 
bioprosthetic valve ring fracture and bioprosthetic or native aortic scallop intentional laceration to prevent 
iatrogenic coronary artery obstruction (BASILICA) may enable some solution. Until we have prosthetic 
valves that are both very durable and non-thrombogenic, we can expect that techniques and tools chosen to 
treat failed bioprosthetic valves effectively will continue to be designed and utilised.
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Novel strategies in aortic ViV

Abbreviations
AS aortic stenosis
BASILICA  bioprosthetic aortic valve intentional laceration 

to prevent iatrogenic coronary artery obstruction
BVF bioprosthetic valve ring fracture
TAVI transcatheter aortic valve implantation
THV transcatheter heart valve
ViV valve-in-valve
VIVID Valve-in-Valve International Data

Introduction
Valve-in-valve (ViV) procedures are an attractive alternative to 
open heart reoperation in patients with failed aortic bioprosthetic 
valves1. An ageing population and increased utilisation of tis-
sue valves in younger patients imply that the number of patients 
receiving transcatheter aortic valve implantation (TAVI) within 
failed bioprostheses will continue to increase.

Patients undergoing aortic ViV procedures have similar clinical 
outcomes compared to those having TAVI for native aortic steno-
sis (AS)2. Contemporary aortic ViV procedures are associated with 
low mortality and stroke rates. Pacemaker implantation and para-
valvular leakage are less common than in TAVI for native AS and 
these patients show remarkable symptom improvement3.

Nevertheless, there remain two major adverse events associated 
with aortic ViV procedures that may temper the enthusiasm for these 
appealing interventions. Residual stenosis is the “Achilles’ heel” of 

aortic ViV procedures and data from the Valve-in-Valve International 
Data (VIVID) and other registries report residual moderate or 
severe stenosis in 25% of all patients undergoing ViV, and in up to 
50% of those with small surgical bioprosthetic valves. Suboptimal 
haemodynamic results limit the efficacy and durability of aortic ViV 
procedures and are associated with increased mortality and a much 
lower likelihood of symptom resolution. The second, and more dra-
matic and life-threatening, adverse event with these procedures is 
coronary artery obstruction. Strikingly, this is five to 10 times more 
common after aortic ViV than TAVI for native AS4. Prevention of 
this catastrophic complication is essential.

Herein, we describe several novel strategies and techniques that 
may enable safer and more effective aortic ViV procedures.

Residual stenosis
Residual AS is a major drawback of aortic ViV procedures. In 
the VIVID Registry, elevated (≥20 mmHg) mean gradients were 
recorded in 27% of patients4. These were especially common in 
patients receiving balloon-expandable transcatheter heart valves 
(THV) in small (label size ≤21 mm) surgical valves5. In such 
cases, expansion of the THV frame is constrained by the biopros-
thetic surgical valve ring, with consequent underexpansion of the 
THV leaflets, yielding greater obstruction to flow and suboptimal 
haemodynamic conditions6,7 (Figure 1A, Figure 1B). In addition, 
residual stenosis may alter leaflet architecture, increase leaflet 
stress, and decrease THV durability8,9. It is essential to recognise 
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Figure 1. Implantation depths and periprocedural patient-prosthesis mismatch. Residual AS is associated both to lower depth of implantation 
and moderate/severe preprocedural patient-prosthesis mismatch. A) In vitro implantation of a deeply implanted CoreValve Evolut 23 mm device 
in a Hancock 21 mm surgical valve versus a highly implanted similar combination, with noted improved coaptation of leaflets. B) Case example 
of a deeply implanted SAPIEN 3 with significantly elevated mean gradients. C) Association between preprocedural patient-prosthesis mismatch 
and survival after valve-in-valve. PPM: patient-prosthesis mismatch
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the factors associated with residual stenosis (Table 1). Operators 
should be familiar with the technical aspects of ViV procedures, 
especially as ViV is expanded to younger and lower-risk popu-
lations where durability is a fundamental concern and where the 
long-term effects of residual gradients can be more meaningful.

The effects of preprocedural patient-prosthesis mismatch (PPM) 
on ViV outcomes are an important consideration10. Patients with 
severe PPM at baseline have greater one-year mortality than those 
without upfront PPM (Figure 1C). Elevated transvalvular gradi-
ents are seen in more than 70% of patients who present with base-
line PPM if treated with balloon-expandable THVs10. We suggest 
including the assessment of preprocedural PPM with standardised 
tables in the work-up of ViV cases. When severe PPM is pre-
sent, a self-expanding device in a supra-annular position should 
be the preferred treatment strategy.

Some potential solutions for high residual gradients have been 
demonstrated to be effective. Optimal positioning of the THV 
within the surgical bioprosthesis reduces the risk of residual steno-
sis11. As the pathophysiological cause of the phenomenon is under-
expansion of the THV within the “annulus” of the surgical valve, 
implantation of the transcatheter valve in a supra-annular position 
could be of benefit. This higher position may allow greater THV 
expansion, which is needed especially in small bioprostheses. The 
relationship of THV positioning and final device expansion has 
been clearly shown in in vitro studies12,13 (Figure 1A). Evidence 
from the VIVID Registry suggests that this phenomenon may 
also be true for the SAPIEN 3 (Edwards Lifesciences, Irvine, CA, 
USA)14 (Figure 1B). Data suggest an implant depth of up to 3 mm 
for the Evolut™ (Medtronic, Minneapolis, MN, USA) and up to 
20% frame depth for the SAPIEN 3.

Another solution aims at increasing the potential expansion of 
the surgical valve ring. This is done through bioprosthetic valve 
ring fracture (BVF) using high-pressure balloons and is an emerg-
ing alternative or complementary strategy to manage elevated ViV 
gradients. While surgical valve rings may look metallic under 
fluoroscopy, most are made of plastic and can be broken. In 2015, 

the earliest reports of this technique surfaced15, but only recently 
has the procedure gained traction with accumulating bench and 
clinical data supporting laudable haemodynamic results16.

Bioprosthetic valve fracture
BVF is achieved using high-pressure inflation of a non-compliant 
balloon to fracture the sewing ring of a stented surgical biopros-
thesis intentionally. This allows further expansion of the implanted 
(or about to be implanted) THV, increasing the valve area that 
can be achieved with ViV and reducing the likelihood of PPM. 
Patients with small surgical valves and high residual gradients 
after ViV seem to benefit most from BVF. It is possible, how-
ever, that, by optimising THV expansion and theoretically reduc-
ing leaflet stress and a substrate for structural valve failure, most 
patients undergoing ViV might benefit from BVF, irrespective of 
the size of their surgical valve or indeed the residual gradient fol-
lowing THV implantation.

To date, two published series have demonstrated that a vari-
ety of surgical valves with carbon or alloy frames can be frac-
tured with high-pressure inflations using the non-compliant Atlas® 
GOLD or TRUE® balloons (Bard Peripheral Vascular Inc., Tempe, 
AZ, USA) of the same size as or 1 mm greater than the labelled 
size of the surgical bioprosthesis16,17. However, the Hancock® II 
(Medtronic) and Trifecta™ (St. Jude Medical, St. Paul, MN, USA) 
valves which have metallic frames cannot be fractured using cur-
rently available balloons18,19. Clinical experience has demonstrated 
that later-generation PERIMOUNT valves (Edwards Lifesciences), 
which resemble Magna valves (Edwards Lifesciences) under 
fluoroscopy, can be fractured. While it appears that older-genera-
tion PERIMOUNT or Carpentier-Edwards valves cannot be frac-
tured, their surgical sewing rings can be significantly stretched, or 
remodelled, with a high-pressure balloon inflation. Similarly, the 
posts of the Trifecta valve can be flared with a high-pressure infla-
tion to allow further THV expansion.

The procedural and haemodynamic results of patients treated 
with ViV and BVF have been reported in two case series encom-
passing 30 cases16,17. In 15 cases in which BVF was performed 
after ViV, the mean gradient was reduced from 41.9 mmHg to 
20.5 mmHg with ViV, and further reduced to 6.7 mmHg following 
BVF (p<0.001). Accordingly, the effective orifice area increased 
from 0.6 cm2 to 1.0 cm2 with ViV, and then up to 1.7 cm2 fol-
lowing BVF (p<0.001). Long-term follow-up data are needed, 
however, to understand whether BVF improves clinical outcomes 
except for the haemodynamic benefit observed.

To perform BVF, a non-compliant balloon is positioned 
across the bioprosthesis. During rapid ventricular pacing, an ini-
tial hand inflation is used to fill the balloon with dilute contrast, 
then a standard coronary indeflator is used to increase the infla-
tion pressure to the threshold for valve fracture. Valve fracture is 
confirmed by a sudden drop in inflation pressure, a visible release 
of the balloon waist, and/or an audible snap (Figure 2, Figure 3). 
Given the prolonged nature of the “pacing run” that is required, 
general anaesthesia could be considered to avoid patient distress.

Table 1. Correlates for residual stenosis after aortic valve-in-valve.

Preprocedural

Baseline prosthesis-patient mismatch

Stented surgical valve

Small surgical valve (best assessed by true internal diameter)

Stenosis as the mechanism of failure

Procedural

Intra-annular transcatheter heart valve

Low positioning of the transcatheter heart valve

Lack of bioprosthetic valve ring fracture

Post-procedural

Transcatheter heart valve-associated patient-prosthesis mismatch

Clinical thrombosis

Structural valve degeneration
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Figure 2. Sequential demonstration of bioprosthetic valve fracture (BVF) in a balloon-expandable ViV procedure. A) Baseline appearance of 
a 23 mm SAPIEN 3 valve deployed in a 23 mm Magna valve. The arrows indicate the constrained waist of the valve. B) Initial balloon 
inflation during BVF, with arrow indicating the balloon waist. C) Visible release of the balloon waist compared to panel B. D) Final 
appearance after ViV TAVI and BVF. The arrows indicate no constrained waist, and the valve has noticeably foreshortened as is expected with 
further expansion.

Table 2. Complications of bioprosthetic valve ring fracture (BVF).

Observed

Surgical valve leaflet injury/severe regurgitation (if BVF first)

THV leaflet injury/severe regurgitation (if ViV TAVI first)

Coronary obstruction

Pericardial effusion

Stroke/systemic embolism

Mitral chord rupture/mitral regurgitation

Ventricular septal defect

Theoretical

Aortic or annular injury

Conduction abnormality

Paravalvular leak

Figure 3. An example of bioprosthetic valve ring fracture 
of a Mitroflow valve.

Observed and theoretical risks posed by BVF are listed in 
Table 2. In the clinical series published to date, complications 
were few; however, anecdotal reports of major complications have 
occurred and the clinical experience with BVF is still early. It seems 
that there is still much to learn about clinical and anatomic features 
that could predispose to complications. The high-pressure bal-
loon inflation used to perform BVF can cause structural damage 
to the surgical bioprosthesis or to the implanted THV, resulting in 
acute valvular regurgitation, or possibly long-term durability issues. 
When BVF is performed after CoreValve® (Medtronic) implanta-
tion, disruption of the valve frame can be avoided by using a bal-
loon no more than 2 mm larger than the constrained segment and 
by positioning the balloon lower (i.e., more ventricular) than the 
constrained segment, where the leaflets are anchored to the frame18.

Further research is needed to define the optimal procedural 
technique for performing BVF. Bench testing has demonstrated 
that the maximum gain in diameter that can be achieved with 
BVF is between 3 and 4 mm18,19. Therefore, the initial THV size 

selection should be based on the expected final internal dimension 
of the fractured surgical valve. However, there remain situations in 
which optimal THV selection remains unclear; for example, if the 
maximal achievable internal valve dimension is 24 mm, it is not 
known whether a partially constrained 26 mm THV results in bet-
ter haemodynamics than a fully expanded 23 mm THV.

Whether BVF is best performed before or after implantation 
of the THV is not known. Performing BVF before ViV has the 
potential benefit of sparing the THV from the high-pressure bal-
loon inflation and the theoretical concern of subclinical damage 
to the prosthetic leaflets, which might impact on long-term THV 
durability. On the other hand, if BVF is performed after ViV, this 
offers the advantage of assessing haemodynamics and residual 
valve gradient prior to deciding whether BVF should be pursued. 
Additionally, a high-pressure inflation within the THV prosthesis 
may ensure optimal expansion of the THV and result in superior 
haemodynamic results.

In bench testing, balloons sized 1 mm larger than the labelled 
surgical valve size were utilised. Smaller balloons can be used as 
well, but higher pressures may be required to achieve valve frac-
ture. While the fracture thresholds of larger bioprostheses have not 
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been systematically tested, based on clinical experience it appears 
that such valves can be fractured with balloons sized 1 mm larger 
than the labelled valve size, at similar pressures.

Coronary obstruction
Coronary obstruction remains an uncommon but potentially life-
threatening complication of TAVI. The coronary arteries obstruct 
when the failing leaflets are pushed towards the coronary ostia 
after TAVI. While in native aortic valves the incidence of obstruc-
tion has been systematically <1%, a much higher incidence in the 
context of ViV procedures has been reported, ranging from 1 to 
4%1,20-22. In a recent analysis from the VIVID Registry, including 
1,612 aortic ViV procedures, this complication was more com-
mon in stented bioprostheses with externally mounted leaflets or 
stentless bioprostheses than in the more commonly encountered 
stented bioprostheses with internally mounted leaflets23. The exter-
nally mounted bioprostheses have relatively long leaflets outside 
the stent in comparison with internally mounted leaflets. Likewise, 
delayed coronary obstruction, occurring hours or even days after 
the procedure, is ~fourfold more frequent after ViV procedures 
compared to native valve TAVI. There has been no association 
shown between type of THV and risk of immediate coronary 
obstruction. However, there is a higher risk of delayed coronary 
obstruction with self-expanding devices22.

Coronary obstruction during ViV presents clinically with abrupt 
and persistent severe hypotension or electrocardiographic changes, 
such as ST-segment deviation and/or ventricular arrhythmias, imme-
diately or shortly after valve implantation21,24. The presence of 
regional left ventricular dyskinesia on echocardiography should also 
prompt immediate assessment for coronary obstruction. The diag-
nosis is confirmed with selective coronary angiography and/or aor-
tography. Bail-out coronary stenting is feasible in most patients: the 
stent is deployed from the proximal portion of the coronary artery 
alongside the THV to keep the bioprosthetic leaflet away from 
the ostium (chimney stenting). The longer-term outcomes of these 
bail-out techniques are suboptimal, with potential concerns includ-
ing stent thrombosis, restenosis, and near-impossible re-access to 
the coronary artery25,26. Emergent coronary artery bypass surgery is 
another option in cases where bail-out stenting is not possible.

Identification of patients at risk is crucial to avoiding this rare 
but potentially fatal complication of TAVI. The virtual transcatheter 
heart valve to coronary distance (VTC) is a CT-obtained para-
meter that combines risk factors of coronary height, sinus width, 
and transcatheter heart valve size, and also accounts for biopros-
thetic valve tilt in the annulus (Figure 4)26,27. The VTC is meas-
ured by first identifying the basal ring plane and the geometric 
centre of the surgical valve. Then, a virtual cylinder with the esti-
mated nominal size of the THV is placed in the middle of the basal 
ring. The centres of the basal ring and of the cylinder are aligned. 
Finally, the horizontal distance between the edge of the cylinder 
and the ostia of the coronary arteries is measured with a calliper 
measurement tool of the CT imaging software27. This measure-
ment should be repeated at the upper sinus (the level of the top 

Figure 4. Multidetector computed tomography evaluation pre-TAVI 
showing the measurement of the distance between a virtual 
transcatheter ring and a size of the implanted device at the level of 
each coronary ostium (VTC) with a case example of short VTC for 
both coronary arteries. A) Virtual ring. B) VTC to the right coronary 
artery ostium (RCA). C) VTC to the left coronary artery ostium 
(LCA). D) Effaced sinus of Valsalva.

of the surgical valve posts) to account for inflow obstruction risk. 
It has been shown that a short VTC distance predicts coronary 
obstruction, with an optimal cut-off level of <4 mm best identi-
fying those patients at risk with high sensitivity and specificity21. 
In high-risk cases, it is reasonable to implement additional secu-
rity measures during ViV procedures, such as coronary protection 
with a guidewire or an undeployed balloon/stent in the coronary 
artery, which can be brought back to stent the coronary ostium 
if necessary20,21,24-26. However, this technique of stent protection is 
associated with the risk of stent jailing, suboptimal stent durability 
and challenging repeat access to the coronaries. More recently, an 
intentional laceration of the failing surgical bioprosthetic leaflet to 
maintain access to the coronary ostia has been proposed to avoid 
this complication. This novel “BASILICA” technique will be dis-
cussed in the next section28.

BASILICA
Bioprosthetic or native aortic scallop intentional laceration to pre-
vent iatrogenic coronary artery obstruction (BASILICA) directly 
addresses the pathophysiology of coronary artery obstruction by 
lacerating the leaflet in front of the threatened coronary artery. The 
concept of BASILICA is that the intentionally sliced leaflet splays 
after TAVI and creates a triangular space that allows blood flow 
towards the sinus and from it to the coronary artery, which other-
wise would be occluded (Figure 5).
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Benchtop testing, animal studies and an initial seven cases, 
including both native aortic valve and bioprosthetic valve, and both 
left, right, and double leaflet BASILICA, were reported recently28. 
The procedure utilises “catheter electrosurgery” techniques previ-
ously employed29,30. The clinical procedural and 30-day outcomes 
showed favourable results with all targeted leaflets successfully 
lacerated, without coronary obstruction or stroke. BASILICA is 
currently being prospectively evaluated in a clinical trial in the 
USA (NCT03381989).

The BASILICA procedure steps for right cusp laceration are 
shown in Figure 6. A multipurpose guiding catheter with a combi-
nation of 300 cm 0.014” guidewire and microcatheter is advanced 
to the right coronary cusp, and a snare catheter is positioned in the 
left ventricle outflow from the opposite femoral access (Figure 6D, 
Figure 6E). Accurate traversal is guided by fluoroscopy, using 
“front” and “side” views of the bioprosthetic valve leaflet (Figure 7) 
and transoesophageal echocardiography. After confirming the ori-
entation towards the target traversal location and angle by fluoro-
scopic image and transoesophageal echocardiogram, the cusp is 
penetrated with an electrified wire and snared out (Figure 6F, 
Figure 6G). Later on, the mid-shaft of the guidewire is focally 

Figure 5. Pictures of transcatheter heart valves (A & B: 23 mm 
SAPIEN 3; C & D: 26 mm Evolut PRO) implanted in a 25 mm 
Mitroflow. A) & B) Without BASILICA. C) & D) With BASILICA.

Figure 6. Procedural sequence of right cusp BASILICA. A) Preprocedural right coronary angiogram. The coronary ostium is lower than the 
stent post of the previously implanted Mosaic surgical valve (white arrow). B) - E) Front view and side view of right coronary cusp with pigtail 
and multipurpose guiding catheter injections to visualise the traversal location. F) Wire traversal and snaring (black arrow). G) Leaflet 
laceration (white arrowhead). H) & I) Post transcatheter heart valve implantation and post-procedural CT image indicate patent right 
coronary artery (white asterisk).
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electrified while applying gentle traction to lacerate the aortic leaf-
let. A conventional TAVI procedure is then performed and patency 
of the right coronary artery confirmed (Figure 6H, Figure 6I).

Conclusion
Bioprosthetic valves are prone to structural degeneration and ulti-
mately failure. Of concern is the potential for an upcoming pan-
demic of bioprosthesis failure, particularly as younger patients are 
treated. Novel surgical bioprosthetic valve designs include effec-
tive fluoroscopic markers and are amenable for simple dilatation 
with TAVI inside them (INSPIRIS; Edwards Lifesciences). Current 
devices and techniques facilitate successful treatment of most 
degenerated surgical valves. The main limitations of aortic ViV are 
directly related to the lack of space in the aortic root (i.e., resid-
ual stenosis) and to mechanical complications related to deflection 
of failed device tissue (i.e., coronary obstruction). Emerging tools 
and techniques enable operators to manipulate existing devices 
and to implant new ones inside them safely. Considering the avail-
able evidence, it seems that BVF and BASILICA may enable some 
solution in preventing these adverse events; however, research will 
need to continue. Other issues relate to the growing need to treat 
failed THV devices. THV-in-THV have been successfully per-
formed but, given the design of current-generation THVs, THV-
in-THV procedures will probably be associated with high rates 
of coronary occlusion or yield challenging access to the coronary 
ostia to treat de novo coronary artery disease. Novel strategies to 
remove or displace the failed leaflets of current THVs to facili-
tate THV-in-THV and enable coronary access are in development. 
Careful preprocedural screening and ever-improving operator 
understanding and technique will result in further improvements 
in clinical outcomes for patients undergoing ViV.

Until we have prosthetic valves that are both very durable and 
non-thrombogenic, we can expect that techniques and tools chosen 
to treat failed bioprosthetic valves effectively will continue to be 
designed and utilised.

Conflict of interest statement
D. Dvir is a consultant for Edwards Lifesciences and Medtronic 
Inc. H. Ribeiro is a consultant for Edwards Lifesciences and 
Medtronic Inc. D. Wood reports grants and consulting fees from 
Edwards Lifesciences and Medtronic Inc., as well as consulting 
for Boston Scientific and Abbott. J. Leipsic: Institutional core lab- 
Edwards Lifesciences; Abbott, Medtronic. J. Webb is a consultant 
for Edwards Lifesciences and Abbott. The other authors have no 
conflicts of interest to declare.

References
 1. Dvir D, Webb J, Brecker S, Bleiziffer S, Hildick-Smith D, 
Colombo A, Descoutures F, Hengstenberg C, Moat NE, 
Bekeredjian R, Napodano M, Testa L, Lefevre T, Guetta V, 
Nissen H, Hernández JM, Roy D, Teles RC, Segev A, Dumonteil N, 
Fiorina C, Gotzmann M, Tchetche D, Abdel-Wahab M, De Marco F, 
Baumbach A, Laborde JC, Kornowski R. Transcatheter aortic valve 
replacement for degenerative bioprosthetic surgical valves: results 
from the global valve-in-valve registry. Circulation. 2012; 
126:2335-44.
 2. Tuzcu EM, Kapadia SR, Vemulapalli S, Carroll JD, 
Holmes DR Jr, Mack MJ, Thourani VH, Grover FL, Brennan M, 
Suri RM, Dai D, Svensson LG. Transcatheter aortic valve replace-
ment of failed surgically implanted bioprostheses: the STS/ACC 
registry. J Am Coll Cardiol. 2018;72:370-82.
 3. Webb JG, Mack M, White JM, Dvir D, Blanke P, Hermann HC, 
Leipsic J, Kodali SK, Makkar R, Miller DC, Pibarot P, Pichard A, 
Satler LF, Svensson L, Alu MC, Suri RM, Leon MB. Transcatheter 
Aortic Valve Implantation Within Aortic Surgical Bioprostheses: 
PARTNER 2 Valve-in-Valve Registry. J Am Coll Cardiol. 2017;69: 
2253-62.
 4. Dvir D, Webb JG, Bleiziffer S, Pasic M, Waksman R, 
Kodali S, Barbanti M, Latib A, Schaefer U, Rodés-Cabau J, 
Treede H, Piazza N, Hildick-Smith D, Himbert D, Walther T, 
Hengstenberg C, Nissen H, Bekeredjian R, Presbitero P, Ferrari E, 
Segev A, de Weger A, Windecker S, Moat NE, Napodano M, 
Wilbring M, Cerillo AG, Brecker S, Tchetche D, Lefèvre T, De 
Marco F, Fiorina C, Petronio AS, Teles RC, Testa L, Laborde JC, 
Leon MB, Kornowski R; Valve-in-Valve International Data 
Registry Investigators. Transcatheter aortic valve implantation in 
failed bioprosthetic surgical valves. JAMA. 2014;312:162-70.
 5. Bleiziffer S, Erlebach M, Simonato M, Pibarot P, Webb J, 
Capek L, Windecker S, George I, Sinning JM, Horlick E, 
Napodano M, Holzhey DM, Petursson P, Cerillo A, Bonaros N, 
Ferrari E, Cohen MG, Baquero G, Jones TL, Kalra A, Reardon MJ, 
Chhatriwalla A, Gama Ribeiro V, Alnasser S, Van Mieghem NM, 
Rustenbach CJ, Schofer J, Garcia S, Zeus T, Champagnac D, 
Bekeredjian R, Kornowski R, Lange R, Dvir D. Incidence, 

Figure 7. Illustration of cusp front/side view (the target cusp is 
yellow). A) & B) Front view. Using this view, the right-left 
orientation towards the traversal target is visualised. C) & D) Side 
view can show the wire traversal height and direction (attack angle).



AB81

EuroIntervention 2
0
1
8

;14
:A

B
74

-A
B

8
2

Novel strategies in aortic ViV

predictors and clinical outcomes of residual stenosis after aortic 
valve-in-valve. Heart. 2018;104:828-34.
 6. Azadani AN, Jaussaud N, Matthews PB, Ge L, Guy TS, 
Chuter TA, Tseng EE. Valve-in-valve implantation using a novel 
supravalvular transcatheter aortic valve: proof of concept. Ann 
Thorac Surg. 2009;88:1864-9.
 7. Azadani AN, Jaussaud N, Ge L, Chitsaz S, Chuter TA, 
Tseng EE. Valve-in-valve hemodynamics of 20-mm transcatheter 
aortic valves in small bioprostheses. Ann Thorac Surg. 2011;92: 
548-55.
 8. Flameng W, Rega F, Vercalsteren M, Herijgers P, Meuris B. 
Antimineralization treatment and patient-prosthesis mismatch are 
major determinants of the onset and incidence of structural valve 
degeneration in bioprosthetic heart valves. J Thorac Cardiovasc 
Surg. 2014;147:1219-24.
 9. Dvir D, Bourguignon T, Otto CM, Hahn RT, Rosenhek R, 
Webb JG, Treede H, Sarano ME, Feldman T, Wijeysundera HC, 
Topilsky Y, Aupart M, Reardon MJ, Mackensen GB, Szeto WY, 
Kornowski R, Gammie JS, Yoganathan AP, Arbel Y, Borger MA, 
Simonato M, Reisman M, Makkar RR, Abizaid A, McCabe JM, 
Dahle G, Aldea GS, Leipsic J, Pibarot P, Moat NE, Mack MJ, 
Kappetein AP, Leon MB; VIVID (Valve in Valve International 
Data) Investigators. Standardized Definition of Structural Valve 
Degeneration for Surgical and Transcatheter Bioprosthetic Aortic 
Valves. Circulation. 2018;137:388-99.
 10. Pibarot P, Simonato M, Barbanti M, Linke A, Kornowski R, 
Rudolph T, Spence M, Moat M, Aldea G, Mennuni M, Iadanza A, 
Amrane H, Gaia D, Kim WK, Napodano M, Baumbach H, 
Finkelstein A, Kobayashi J, Brecker S, Don C, Cerillo A, 
Unbehaun A, Attias D, Nejjari M, Jones N, Fiorina C, Tchetche D, 
Philippart R, Spargias K, Hernandes JM, Latib A, Dvir D. Impact of 
Pre-Existing Prosthesis-Patient Mismatch on Survival Following 
Aortic Valve-in-Valve Procedures. JACC Cardiovasc Interv. 
2018;11:133-41.
 11. Simonato M, Webb J, Kornowski R, Vahanian A, Frerker C, 
Nissen H, Bleiziffer S, Duncan A, Rodés-Cabau J, Attizzani GF, 
Horlick E, Latib A, Bekeredjian R, Barbanti M, Lefevre T, Carillo A, 
Hernandez JM, Brischi G, Spargias K, Iadanza A, Brecker S, 
Palma JH, Finkelstein A, Abdel-Wahab M, Lemos P, Petronio AS, 
Champagnac D, Sinning JM, Salizzoni S, Napadano M, Fiorina C, 
Marzocchi A, Leon M, Dvir D. Transcatheter Replacement of 
Failed Bioprosthetic Valves: Large Multicenter Assessment of the 
Effect of Implantation Depth on Hemodynamics After Aortic 
Valve-In-Valve. Circ Cardiovasc Interv. 2016 Jun;9(6).
 12. Simonato M, Azadani AN, Webb J, Leipsic J, Kornowski R, 
Vahanian A, Wood D, Piazza N, Kodali S, Ye J, Whisenant B, Gaia D, 
Aziz M, Pasala T, Mehilli J, Wijeysundera HC, Tchetche D, Moat N, 
Teles R, Petronio AS, Hildick-Smith D, Landes U, Windecker S, 
Arbel Y, Mendiz O, Makkar R, Tseng E, Dvir D. In vitro evaluation 
of implantation depth in valve-in-valve using different transcatheter 
heart valves. EuroIntervention. 2016;12:909-17.
 13. Azadani AN, Reardon M, Simonato M, Aldea G, Nickenig G, 
Kornowski R, Dvir D. Effect of transcatheter aortic valve size and 

position on valve-in-valve hemodynamics: An in vitro study. 
J Thorac Cardiovasc Surg. 2017;153:1303-15.e1.
 14. Seiffert M, Treede H, Schofer J, Linke A, Woehrle J, 
Baumbach H, Mehilli J, Bapat V, Simonato M, Walther T, 
Kullmer M, Boekstegers P, Ensminger S, Kurz T, Eltchaninoff H, 
Rastan A, Werner N, de Weger A, Frerker C, Lauer B, Muller O, 
Whisenant B, Thukkani A, Weisz G, Dvir D. Matched comparison 
of next- and early-generation balloon-expandable transcatheter 
heart valve implantations in failed surgical aortic bioprostheses. 
EuroIntervention. 2018;14:e397-e404.
 15. Nielsen-Kudsk JE, Christiansen EH, Terkelsen CJ, 
Nørgaard BL, Jensen KT, Krusell LR, Tang M, Terp K, Klaaborg KE, 
Anderson HR. Fracturing the Ring of Small Mitroflow Bioprostheses 
by High-Pressure Balloon Predilatation in Transcatheter Aortic 
Valve-in-Valve Implantation. Circ Cardiovasc Interv. 2015;8: 
e002667.
 16. Chhatriwalla AK, Allen KB, Saxon JT, Cohen DJ, Aggarwal S, 
Hart AJ, Baron SJ, Dvir D, Borkon AM. Bioprosthetic Valve 
Fracture Improves the Hemodynamic Results of Valve-in-Valve 
Transcatheter Aortic Valve Replacement. Circ Cardiovasc Interv. 
2017;10:e005216.
 17. Nielsen-Kudsk JE, Andersen A, Therkelsen CJ, 
Christensen EH, Jensen KT, Krusell LR, Tang M, Terp KA, 
Klaaborg KE, Greisen JR, Nørgaard BL, Anderson HR. High-
pressure balloon fracturing of small dysfunctional Mitroflow bio-
prostheses facilitates transcatheter aortic valve-in-valve 
implantation. EuroIntervention. 2017;13:e1020-5.
 18. Allen KB, Chhatriwalla AK, Cohen DJ, Saxon JT, Aggarwal S, 
Hart A, Baron S, Davis JR, Pak AF, Dvir D, Borkon AM. 
Bioprosthetic Valve Fracture to Facilitate Transcatheter Valve-in-
Valve Implantation. Ann Thorac Surg. 2017;104:1501-8.
 19. Johansen P, Engholt H, Tang M, Nybo R, Rasmussen P, 
Nielsen-Kudsk JE. Fracturing mechanics before valve-in-valve 
therapy of small aortic bioprosthetic heart valves. EuroIntervention. 
2017;13:e1026-31.
 20. Ribeiro HB, Webb JG, Makkar RR, Cohen MG, Kapadia SR, 
Kodali S, Tamburino C, Barbanti M, Chakravarty T, Jilaihawi H, 
Paradis JM, de Brito FS Jr, Canovas SJ, Cheema NA, de Jaegere PP, 
del Valle R, Chiam PT, Moreno R, Pradas G, Ruel M, Salgado-
Fernandez J, Sarmento-Leite R, Toeg HD, Velianou JL, Zajarias A, 
Babaliaros V, Cura F, Dagar AE, Manoharan G, Lerakis S, 
Pichard AD, Radhakrishnan S, Perin MA, Dumont E, Larose E, 
Pasian SG, Nombela-Franco L, Urena M, Tuzcu EM, Leon MB, 
Amat-Santos IJ, Leipsic J, Rodés-Cabau J. Predictive factors, man-
agement, and clinical outcomes of coronary obstruction following 
transcatheter aortic valve implantation: insights from a large multi-
center registry. J Am Coll Cardiol. 2013;62:1552-62.
 21. Ribeiro HB, Rodés-Cabau J, Blanke P, Leipsic J, Kwan Park J, 
Bapat V, Makkar R, Simonato M, Barbanti M, Schofer J, Bleiziffer S, 
Latib A, Hildick-Smith D, Presbitero P, Windecker S, Napodano M, 
Cerillo AG, Abdel-Wahab M, Tchetche D, Fiorina C, Sinning JM, 
Cohen MG, Guerrero ME, Whisenant B, Nietlispach F, Palma JH, 
Nombela-Franco L, de Weger A, Kass M, Sandoli de Brito F Jr, 



AB82

EuroIntervention 2
0
1
8

;14
:A

B
74

-A
B

8
2

Lemos PA, Kornowski R, Webb J, Dvir D. Incidence, predictors, 
and clinical outcomes of coronary obstruction following trans-
catheter aortic valve replacement for degenerative bioprosthetic 
surgical valves: insights from the VIVID registry. Eur Heart J. 
2018;39:687-95.
 22. Jabbour RJ, Tanaka A, Finkelstein A, Mack M, Tamburino C, 
Van Mieghem N, de Backer O, Testa L, Gatto P, Purita P, Rahhab Z, 
Veulemans V, Stundl A, Barbanti M, Nerla R, Sinning JM, Dvir D, 
Tarantini G, Szerlip M, Scholtz W, Scholtz S, Tchetche D, 
 Castriota F, Butter C, Søndergaard L, Abdel-Wahab M, Sievert H, 
Alfieri O, Webb J, Rodés-Cabau J, Colombo A, Latib A. Delayed 
Coronary Obstruction After Transcatheter Aortic Valve Replace-
ment. J Am Coll Cardiol. 2018;71:1513-24.
 23. Gurvitch R, Cheung A, Bedogni F, Webb JG. Coronary 
obstruction following transcatheter aortic valve-in-valve implanta-
tion for failed surgical bioprostheses. Catheter Cardiovasc Interv. 
2011;77:439-44.
 24. Ribeiro HB, Nombela-Franco L, Urena M, Mok M, Pasian S, 
Doyle D, DeLarochellière R, Côté M, Laflamme L, 
DeLarochellière H, Allende R, Dumont E, Rodés-Cabau J. 
Coronary obstruction following transcatheter aortic valve implanta-
tion. JACC Cardiovasc Interv. 2013;6:452-61.
 25. Yamamoto M, Shimura T, Kano S, Kagase A, Kodama A, 
Koyama Y, Watanabe Y, Tada N, Takagi K, Araki M, Shirai S, 
Hayashida K. Impact of preparatory coronary protection in 
patients at high anatomical risk of acute coronary obstruction dur-
ing transcatheter aortic valve implantation. Int J Cardiol. 2016; 
217:58-63.
 26. Dvir D, Leipsic J, Blanke P, Ribeiro HB, Kornowski R, 
Pichard A, Rodés-Cabau J, Wood DA, Stub D, Ben-Dor I, 

Maluenda G, Makkar RR, Webb JG. Coronary obstruction in trans-
catheter aortic valve-in-valve implantation: preprocedural evalu-
ation, device selection, protection, and treatment. Circ Cardiovasc 
Interv. 2015 Jan;8(1).
 27. Blanke P, Soon J, Dvir D, Park JK, Naoum C, Kueh SH, 
Wood Da, Norgaard BL, Selvakumar K, Ye J, Cheung A, Webb JG, 
Leipsic J. Computed tomography assessment for transcatheter aor-
tic valve in valve implantation: The vancouver approach to predict 
anatomical risk for coronary obstruction and other considerations. 
J Cardiovasc Comput Tomogr. 2016;10:491-9.
 28. Khan JM, Dvir D, Greenbaum AB, Babaliaros VC, Rogers T, 
Aldea G, Reisman M, Mackensen GB, Eng MHK, Paone G, 
Wang DD, Guyton RA, Devireddy CM, Schenke WH, Lederman RJ. 
Transcatheter Laceration of Aortic Leaflets to Prevent Coronary 
Obstruction During Transcatheter Aortic Valve Replacement: 
Concept to First-in-Human. JACC Cardiovasc Interv. 2018;11: 
677-89.
 29. Greenbaum AB, Babaliaros VC, Chen MY, Stine AM, 
 Rogers T, O’Neill WW, Paone G, Thourani VH, Muhammad KI, 
Leonardi RA, Ramee S, Troendle JF, Lederman RJ. Transcaval 
Access and Closure for Transcatheter Aortic Valve Replace-
ment: A Prospective Investigation. J Am Coll Cardiol. 2017;69: 
511-21.
 30. Babaliaros VC, Greenbaum AB, Khan JM, Rogers T, 
Wang DD, Eng MH, O’Neill WW, Paone G, Thourani VH, 
 Lerakis S, Kim DW, Chen MY, Lederman RJ. Intentional Percuta-
neous Laceration of the Anterior Mitral Leaflet to Prevent Out-
flow Obstruction During Transcatheter Mitral Valve Replacement: 
First-in-Human Experience. JACC Cardiovasc Interv. 2017;10: 
798-809.


