

[image: image1]
Transcatether Aortic Valve Implantation to Treat Degenerated Surgical Bioprosthesis: Focus on the Specific Procedural Challenges
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Actually transcatheter aortic valve implantation within failed surgically bioprosthetic valves (VIV-TAVI) is an established procedure in patients at high risk for repeat surgical aortic valve intervention. Although less invasive than surgical reintervention, VIV-TAVI procedure offers potential challenges, such as higher rates of prosthesis-patient mismatch and coronary obstruction. Thus, optimal procedural planning plays an important role to minimize the risk of procedure complications. In this review, we describe the key points of a VIV-TAVI procedure to optimize outcomes and reduce the risk of procedure complications.
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INTRODUCTION

Transcatheter aortic valve implantation (TAVI) is nowadays an alternative to surgical aortic valve replacements for the treatment of severe symptomatic native aortic valve stenosis (1–5). Moreover, several studies have also demonstrated that TAVI within failed surgically inserted bioprosthetic valves (valve-in-valve, VIV) is technically feasible (6–11). The first Valve in Valve (VIV) procedure was performed in 2007 in Germany (12), for severe aortic regurgitation in degenerated prosthesis, and actually transcatheter VIV-TAVI is considered an option for treating failed bioprosthesis in patients with increased surgical risk (13, 14). Recently a large USA retrospective study, enrolled 6.769 procedures, has demonstrated that VIV-TAVI was associated to lower in-hospital mortality but higher all-cause readmission at 30-day and at 6-month follow up compared to repeat surgical aortic valve replacement (SAVR) (15). However, no randomized trials have investigated the best treatment for failed surgically bioprosthetic valves comparing redo SAVR and VIV-TAVI. Therefore, clinical condition, surgical valve type and anatomy features should be considered to evaluate the better treatment between reoperative SAVR vs. VIV-TAVI to treat failed bioprosthesis (16). Although VIV-TAVI procedure is a natural evolution of the TAVI procedure, the potential challenges of the two procedures are different. In this review, we describe the key points of a VIV-TAVI procedure to optimize outcomes and reduce the risk of operative complications (Figure 1).
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FIGURE 1. The key points of a VIV procedure to optimize outcomes and minimize the risk of operative complications.



The Different Surgical Heart Valves and the Concept of “True ID”

In TAVI procedure, the size of transcatheter heart valve (THV) is focused on the measurements performed at the level of the native aortic annulus (14). Instead during a VIV procedure, the internal diameter (ID) of the surgical heart valve (SHV) is used to select the appropriate THV size (8, 17, 18). In the setting of a correct sizing an important concept is the definition of the “true ID”. The true ID is the ID of the SHV inflow and the SHV design influences the true ID measurement (19). In stented valves the type and arrangement of the leaflets make the true ID smaller compared to ID of the stent frame. In stented THV with porcine valve leaflets sutured inside of the stent frame, the true ID is at least 2 mm less than the stent ID. Instead, in THV with pericardial leaflets sutured inside the difference between true ID and stent ID is less, about 1 mm. In pericardial SHV with leaflets sutured outside the true ID is similar to stent ID. In the stentless SHV, bioprosthesis without a rigid stent frame, the true ID is always smaller than the labeled size and corresponds to the root diameter (Figure 2). Furthermore, the stentless SHV can be surgically implanted in subcoronary placement or in full root replacement. The nature of the original surgical implantation is important because it may be subject to different challenges during a VIV procedure (see dedicated paragraph).
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FIGURE 2. True internal diameter (ID) of stented and stentless surgical aortic valves. In stented valves with porcine leaflets sutured inside (Epic) true ID is at least 2 mm < the stent ID. In stented valves with pericardial leaflets sutured inside (Perimount) true ID is at least 1 mm < the stent ID. In pericardial valves with leaflets sutured outside (Mitroflow) true ID is the same as the stent ID. In the stentless valves (Toronto), which do not possess a rigid stent frame, the true ID is always smaller than the labeled size, which corresponds to the root diameter.




Elevated Post-procedural Gradients

Although VIV-TAVI procedure restores valve function, a THV underexpansion, due to non-elastic surgical valve ring, is major limitation of VIV-TAVI implantation. In the Valve-in-Valve International Data (VIVID) Registry an elevated post-procedural gradients and severe prosthesis–patient mismatch (PPM) has been reported in 26.8% and it is more common with balloon expandable devices compared to self-expandable devices and in small surgical valves (≤ 21 mm) without the use of bioprosthetic valve ring fracture technique (20). In the PARTNER 2 (Placement of Aortic Transcatheter Valves 2) registry for VIV transcatheter aortic valve replacement (VIV-TAVR), unlike previously multicenter study results and VIVID registry data, there are no association between elevated echo mean gradient (≥ 20 mm Hg) or severe PPM and mortality at 3-year follow-up, suggesting that only severe PPM post-VIV may affected mortality (21). However the impact of suboptimal THV leaflet coaptation, leaflet-frame contact, and poor hemodynamics on device durability should be considered especially in patients with reasonable life expectancy. Therefore, a lower gradient after VIV-TAVI is an important target for this procedure. A better leaflet function and hemodynamics results may be achieved using THV device with supra-annular valve position. Indeed the function of THV leaflets positioned above the failed surgical valve ring is not hindered by the non-elastic portion of the original surgical valve. A vitro study have demonstrated that in a small failed surgical bioprosthesis (a 19-mm stentd aortic bioprosthesis) a supra-annular implantation of a THV is associated with a reduced postprocedural gradients and increased effective orifice area (22). In a study of 292 consecutive patients, a high implantation depth inside failed bioprosthetic has been demonstrated a strong independent predictor of lower postprocedural gradients in both self- and balloon-expandable transcatheter valves. According to this study an optimal implantation depths were 0 to 5 mm for CoreValve Evolut, and 0 to 2 mm (0–10% frame height) for Sapien XT (23) (Supplementary Figure 1). The bioprosthetic valve ring fracture (BVF) with high-pressure balloon inflation represents another technique to optimize hemodynamic results in patients with small failed bioprosthetic valves. The BVF facilitates THV expansion, maximizing the effective orifice area, and minimizes PPM. The minimum inflation pressures necessary for valve ring fracture are slightly different according to SHV type. In particular, in SHV with metal ribbon ring (i.e. Magna and Magna Ease) the fracture threshold (18–24 atm) is higher than SHV with a polymer ring (i.e. Biocor Epic, Mosaic, Mitroflow; 8–12 atm) (24). The high-pressure balloon inflation during BVF performed after THV implantation may cause structural damage to the self-expanding valve frame or leaflets, resulting in severe acute valvular regurgitation. A correct size of the balloon, a balloon smaller than the constrained segment of the self-expanding THV, and position, a balloon shoulder lower (i.e. more ventricular) than where the leaflets are anchored to the frame, can largely avoided this situation (25). The fracture of small surgical valves can be performed using both Atlas Gold and True Dilatation balloons, as demonstrated in bench testing and clinical experience (25). In bench testing and in the majority of clinical cases, balloons sized 1 mm larger than the labeled valve size were utilized. However in clinical setting smaller balloons were used successfully. Indeed balloons lager than the internal diameter of the SHV are able to fracture the valve, especially if a THV is already implanted (26). The timing of BVF, before or after THV represents an important question. A lager-sized prosthesis can be obtained and used with a BVF before THV implant, whereas, a further expansion of the THV itself can be performed with a BVF after THV implant. In the scenario of BVF before THV implantation, the resultant aortic insufficiency, such as the potential dislodgement and embolization of debris represent important concerns. On the other hand, if BVF follows THV implantation, an acute structural damage or accelerated degeneration of THV prosthesis itself should be considered as consequence of high-pressure balloon inflation. Recently an ex vivo bench test have demonstrated that BVF performed after THV implantation results in improved residual gradients (27), but the potential early and accelerated degeneration of THV device is not yet investigated. In conclusion, a BVF is considered to avoid post-procedural gradient after a VIV-TAVI, great attention should be paid to the choice of the balloon dimension and position. When the BVF is performed before THV implantation, the THV should be ready for timely implantation in case of exceptionally severe insufficiency.



Coronary Occlusion

During a TAVI procedure the incidence of coronary obstruction is <1%, it is a rare but life-threatening complication. The displacement of native valve leaflet toward the coronary ostia is the most common mechanism of coronary obstruction in TAVI procedure (28). This complication is more frequent during VIV-TAVI procedures. Indeed according to data of the VIVID Registry, the incidence of coronary obstruction is four folders greater in TAVI for failed bioprosthetic valves compared to TAVI for native aortic valves (29). The risk of coronary obstruction is also correlated to the type of SHV. Indeed VIV-TAVI in failed surgical bioprothesis designs intended to maximize effective aortic orifice area (such as “stented” bioprostheses with leaflets mounted externally, and “stentless” surgical bioprostheses) is associated to highest incidence of coronary obstruction (30) (Figure 3). Specific anatomic factors such as low coronary ostium height and small Valsalva sinus size are associated with coronary occlusion, as in TAVI for native aortic valve. In VIV-TAVI procedure another important predictor of coronary occlusion is the virtual transcatheter valve to coronary ostium distance (VTC). The VTC is the distance between the virtual ring designed into the diameter of the fully expanded THV and the coronary ostium (Supplementary Figure 2). Therefore, the VTC distance considers the sinus diameter and the coronary ostia height, but it is also influenced by the relative orientation of the bioprosthesis in the aortic root (31). A shorter VTC distance predicted the coronary occlusion complication, with an optimal cut-off level of 4 mm (32). The Valve-inValve International Data (VIVID) registry investigators have recently proposed a simplified classification that may guide operators on the risk of coronary obstruction during TAVI (33). In this classification three types of anatomy are identified:
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FIGURE 3. Incidence of coronary obstruction. The incidence of coronary obstruction is four folders greater in TAVI for degenerative bioprosthetic valves compared to TAVI for native aortic valves. The risk of coronary obstruction is also correlated to the type of SHV. Indeed it is highest during VIV TAVI procedures for surgical bioprothesis designs intended to maximize effective aortic orifice area (such as “stented” bioprostheses that have externally mounted leaflets, and “stentless” surgical bioprostheses).


-Type I anatomy, the failed valve leaflet extends fully below the coronary ostia plane and therefore the risk of coronary obstruction is close to none;

- Type II anatomy, the failed valve leaflet may extend above part of the coronary ostium, but not near the sinus tubular junction (STJ). If the sinus has large capacity to accommodate the deflected failed valve leaflet the risk of coronary obstruction would be low (Type IIA) on the other hand in presence of small sinuses (VTC distance is <4 mm) the risk of obstruction would be high (Type IIB);

- Type III anatomy, which the failed valve leaflet can extend either above the STJ plane, or below the STJ plane but very near it (<2 mm). If the virtual transcatheter heart valve to sinotubular junction (VTSTJ) distance is sufficient to allow diastolic flow to the coronaries the risk of coronary occlusion is low (Type IIIA), indeed in presence of the VTC <4 mm the risk of coronary occlusion is high (Type IIIB).

When the risk of coronary occlusion is high some procedural strategy may be considered. The deliberate implantation of a smaller diameter THV or underfilling and thus underexpansion of a balloon expandable THV reduces the lateral displacement of surgical valve posts and leaflets and consequently coronary obstruction. Similarly, a low depth THV implantation within the bioprosthesis induces less outward displacement of the surgical valve posts and leaflets compared to a high depth implantation, although postprocedural gradients may be higher in these cases. The type of THV is also relevant. In VIV-TAVI procedure with high risk of coronary occlusion the use of a recaptured self-expandable THV device is advantageous. Indeed the deployment of these THV devices could be followed by clinical and angiographic assessment of coronary flow status before the complete release and in case of coronary flow impairment, the THV device could be retrieved from the aortic root with relief of the coronary obstruction. Some THV devices have unique clipping mechanism that may prevent coronary obstruction by grasping surgical valve leaflets and attaching them firmly to the THV device. A recent bench test, in which THV was placed within stented SHV with leaflets mounted outside, have demonstrated that implantation of THV that interact directly with the surgical valve leaflets results in retraction of these leaflets decreasing the risk for coronary obstruction (32). In VIV-TAVI procedures with high risk of coronary occlusion the placement of a wire and a stent in the coronary artery is a more controlled preventive measure. Specific technical considerations may be performed in the choice of coronary intervention equipment used in these cases. The guiding catheter used to approach the coronary ostia from above should not interfere with THV device implantation (ie, Judkins left vs. Extra back up). A short tip guiding catheter can be preferred in order to be more easily pulled out of the coronary ostium during THV implantation. Furthermore, in many cases, the guide catheter could be used instead of the pigtail during THV device implantation (34). In cases of coronary obstruction the stent may be implanted according to the chimney snorkel stent technique. According to recent study the presence of adequate coronary flow after deployment might be not enough to decide against coronary stenting, a delayed coronary occlusion after VIV-TAVI procedures with high risk features have been reported. Therefore, the authors recommend a low threshold for stent deployment (35). In this setting we also consider that prophylactic chimney/snorkel stent technique is a potential predictable stepwise method of coronary protection (Table 1) but long-term durability of a stent release under the valve structure is of course pending (36). A coronary stenting through the prosthesis valve frame structure (coronary recannulation and wiring after valve release) according to the orthotopic snorkel stenting technique (Table 1) is recently proposed (37) (Supplementary Figure 3). An emergent preventive measure of coronary occlusion is the bioprosthetic or native aortic scallop intentional (BASILICA) (38). A prospective multicenter study enrolled 30 patients have demonstrated that BASILICA was feasible in native and bioprosthetic valves (39) and nowdays this technique is also proposed to prevent coronary obstruction in TAVI in TAVI procedure (40). However it cannot be ignored that this technique requires a learning curve and is associated with a not negligible stroke rates even in experienced centers (39).


Table 1. Steps, advantanges and diadvantages of the stenting techniques during coronary protection in VIV-TAVI procedures.
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Cerebral Embolization

Cerebrovascular accidents (CVA) including stroke or transient ischaemic attack represent one of the most feared complications of TAVI procedures. Although the pathogenesis of the CVA following TAVI is likely multifactorial, embolization is likely to be the dominant mechanism. Aortic plaque, valve disruption during devices passages, thrombus formation during the procedure, and subacute thromboembolism originating directly from the native-THV or caused by chronic or onset atrial fibrillation represent the main source of emboli (39). New silent cerebral ischaemic embolic lesions, involved the two cerebral hemispheres and circulation territories, were found in up to 80% of patients who have undergone TAVI. However, only 3–6% of patients have showed new persistent clinical neurological impairment (41–43). Cerebral embolic protection devices (CEPDs) were introduced to reduce the risk of CVA and silent emboli, preventing that procedural debris reach the cerebral vasculature. The use of CEPDs is associated to a reduction in cerebral lesion volume without a substantial reduction in post-procedural or 30-day stroke and/or 30-day mortality (44). In the VIVID Registry the reported incidence of procedural major stroke was 1.7% (20). Therefore, the VIV-TAVI procedure is not associated to higher incidence of cerebral events compared to TAVI procedure in native aortic valve. However, the presence of much degenerated leaflets and the possible BVF pre-THV implantation might increase the risk of CVA and the use of CEPD might be consider in the planning of these procedures (Supplementary Figure 4).



Particular Demanding Setting: VIV-TAVI in Stentless and Sutureless Degenerated Valve Prosthesis

The VIV-TAVI is an emerging, safe and reliable treatment option for degenerated surgical bioprostheses, VIV-TAVI procedures in stentless and sutureless bioprotheses have yet remained demanding procedures (Table 2). Whereas, a reduced risk of annular rupture, a lower rates of permanent pacemaker implantation, and a reduced paravalvular leak are reported in stented VIV-TAVI procedures when compared with native aortic valve TAVI procedures (34), the stentless VIV-TAVI treatments are associated to technical challenges and potential procedural complications. Indeed in a retrospective analysis of VIVID registry data procedural complications, such as device malposition, a second THV, coronary obstruction, and paravalvular leak, were more frequent during stentless VIV-TAVI procedures compared to stented VIV-TAVI procedures, but no difference in 30-day and in 1-year outcomes were found (45). The lack of radiographic and anatomic landmarks and the need to anchor on the non-compliant Dacron ring, which is sewn to the annulus below the nadir of the stentless valve leaflets, represent challenges for the correct position of the THV. Furthermore, leaflet prolapse is the more common cause of stentless surgical heart valves fail with consequent severe aortic regurgitation as predominant failure mechanism. Therefore, the absence of calcifications represents an additional problem for the THV anchoring. Coronary obstruction is more common in stentless VIV-procedure compared to native aortic valve or stented valve with leaflets mounted inside. The risk of coronary occlusion is higher in subcoronary implantation of stentless prosthesis. Indeed a subcoronary surgical implantation is associated with a shorter linear distance between the nadir of the stentless valve leaflets and the coronary arteries, as well as a shorter VTC distance, when compared to a full root implantation. In stentless with subcoronary implantation a THV position below the nadir of the stenless valve leaflets is associated with a reduction of the risk of coronary occlusion (46).


Table 2. Main challenges of stentless and sutureless VIV-TAVI procedures.

[image: Table 2]

Whereas, the successful VIV-TAVI treatments have been reported in patients with degenerated sutured stented or stentless valve prosthesis, few data are available to demonstrate the feasibility of VIV-TAVI procedures in degenerated sutureless aortic valve prosthesis (47–49). Among VIV-TAVI procedures the sutureless VIV-TAVI offers additional challenges. The elastic structure of the sutureless valve stent and the absence of sutures can theoretically increase the risk of valvular instability and dislocation when a THV is implanted inside. The sutureless valve is characterized by two rings (one lower and one upper), three commissural elements supporting the valve and three pairs of sinusoidal elements fixing to Valsalva sinus. When the sutureless valve is correctly positioned, the upper ring is located at the level of the decalcified annulus, while the lower segment of the valve protrudes in the left ventricular outflow tract for about 5 mm. A THV positioned too low can result in an incomplete expansion of the THV prosthesis with leaflets malfunction due to the constriction by the sutureless nitinol ring. Consequently, the THV should be positioned at the level of the lower edge of the sutureless valve or 2–3 mm higher. In sutureless VIV-TAVI procedure the cause of surgical bioprosthesis plays an important role for the procedure planing. Indeed malposition and inappropriate sizing of the sutureless valve are associated to the development of paravalvular leak and early degeneration of the prosthesis (49). In case of malposition the valve is generally well anchored, but the inflow ring is located below or above the native aortic valve annulus. The prosthesis size overestimation can generate premature degeneration of the leaflets and metal structure recoil, reducing contact between prosthesis and aortic wall, and consequent paravalvular leak. Even in the absence of recoil, a slight in-folding of the prosthesis can induce premature degeneration and malfunction of the leaflets, with consequent risk of stenosis and or intraprosthetic regurgitation. The relatively recent experience in the implantation of sutureless bioprosthesis and the consequent low incidence of their degeneration may explain the few available data on sutureless VIV-TAVI procedures. A small prospective registry have demonstrated the feasibility of sutureless VIV-TAVI procedures and the short-term outcomes have noted that mean post procedural transaortic gradient decreased with time after the procedure, suggesting that the dimensions and effective orifice area of the THV kept on growing during the first weeks after implantation (48).




CONCLUSIONS

In the last decades transcatheter techniques have offered different opportunity to treat valve disease and VIV-TAVI represents an emerging treatment of patients with failed surgical biological prosthesis. Indeed 15 years after the first reported VIV case, the VIV-TAVI procedure is now routinely performed worldwide in the vast majority of patients with failed stenotic or regurgitant bioprosthetic valves. Device malposition, ostial coronary obstruction, and high postprocedural gradients represent the most important safety and efficacy concerns of this procedure. Therefore, clinical condition, surgical valve type and anatomy features should be considered to evaluate the better treatment between reoperative SAVR vs. VIV-TAVI to treat failed bioprosthesis. As with any novel emerging therapy, there is a learning curve to the VIV-TAVI procedure and the operator must be aware of the potential challenges. Careful peri-procedural multimodality imaging assessment and procedure planning can help overcome challenges and avoid complications.



AUTHOR CONTRIBUTIONS

CA, FBu, and CT conceived the study and performed the procedures, and they critically reviewed the manuscript, giving important intellectual advices. PF made the drawings. SC, PF, ER, FBi, MN, PB, DD'A, AL, and RV collected and interpreted the articles and critically reviewed the manuscript, giving important intellectual advices. All authors contributed to the article and approved the submitted version.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fcvm.2022.895477/full#supplementary-material

Supplementary Figure 1. High transcatheter valve implantation inside small failed bioprosthetic valves. Elevated post-procedural gradients has been reported in 26.8% of VIV procedures and they are more common in small surgical valves (≤ 21 mm). High transcatether valve implantation inside failed bioprosthetic valves is a strong independent predictor of lower postprocedural gradients in both self- and balloon-expandable transcatheter valves. A sopranular selfexpandible valve (Evolut R 23) was implanted in a small stented degenerated surgical valve (Mitroflow 19) in a high position [height <5 mm, (A)] to avoid post procedural gradient (B).

Supplementary Figure 2. The virtual transcatheter valve to coronary ostium distance (VTC). For assessment of the VTC distance, a virtual ring with the diameter of the fully expanded THV is superimposed onto the short-axis image (A). Compared with the sinus diameter and the coronary ostia height, the VTC distance also accounts for the relative orientation of the bioprosthesis within the aortic root (B,C).

Supplementary Figure 3. Different type of coronary protection. The coronary obstruction is more frequent during VIV procedures (four folders greater compared to TAVI for native aortic valves). The risk of coronary obstruction is also correlated to the type of surgical valve. Indeed it is highest during VIV procedures for surgical bioprothesis such as “stented” bioprostheses that have externally mounted leaflets, and “stent-less” surgical bioprostheses. A more controlled measure, in cases at high-risk for coronary obstruction, is to place a wire in the coronary artery before transcatheter valve implantation, using a guide catheter to approach the coronary ostia from above with not interference with transcatether device implantation [ie, Judkins left, (A)]. At the end of transcatether valve implantation the coronary artery flow is good both in selective angiography and in aortography view (B,C). There is no evidence of coronary occlusion risk, the coronary protection is removed without other protection measures. When after the transcatether valve implantation the coronary artery is occluded by surgical valve leaflets (E) a stent, previous positioned in the coronary vessel, is implanted at coronary ostium according to chimney/snorkel technique (D). Other option for coronary ostium stenting in case of normal coronary flow but high risk of occlusion by surgical valve leaflets (E) is the recannulation and rewiring of the coronary after transcatheter valve release and coronary ostium stenting through the prosthesis valve frame structure, the orthotopic snorkel stenting technique (F,G).

Supplementary Figure 4. The cerebral protection during a valve in valve procedure to reduce the risk of cerebral embolization in more degenerated valve leaflets. A cerebral protection system (Claret Sentinel cerebral protection) was positioned before the procedure by right radial artery (A). After the remove of device (B) in the proximal filter debris were found (C).



REFERENCES

 1. Leon MB, Smith CR, Mack M, Miller DC, Moses JW, Svensson LG, et al. Transcatheter aortic-valve implantation for aortic stenosis in patients who cannot undergo surgery. N Engl J Med. (2010) 363:1597–607. doi: 10.1056/NEJMoa1008232

 2. Smith CR, Leon MB, Mack MJ, Miller DC, Moses JW, Svensson LG, et al. Transcatheter vs. surgical aortic-valve replacement in high-risk patients. N Engl J Med. (2011) 364:2187–98. doi: 10.1056/NEJMoa1103510

 3. Leon MB, Smith CR, Mack MJ, Makkar RR, Svensson LG, Kodali SK, et al. Transcatheter or surgical aortic-valve replacement in intermediate-risk patients. N Engl J Med. (2016) 374:1609–20. doi: 10.1056/NEJMoa1700456

 4. Mack MJ, Leon MB, Thourani VH, Makkar R, Kodali SK, Russo M, et al. Transcatheter aortic-valve replacement with a balloon-expandable valve in low-risk patients. N Engl J Med. (2019) 380:1695–705. doi: 10.1056/NEJMoa1814052

 5. Popma JJ, Deeb GM, Yakubov SJ, Mumtaz M, Gada H, O'Hair D, et al. Transcatheter aortic-valve replacement with a self-expanding valve in low-risk patients. N Engl J Med. (2019) 380:1706–15. doi: 10.1056/NEJMoa1816885

 6. Gotzmann M., Mugge A, Bojara W. Transcatheter aortic valve implantation for treatment of patients with degenerated aortic bioprostheses: valve in- valve technique. Catheter Cardiovasc Interv. (2010) 76:1000–6. doi: 10.1002/ccd.22738

 7. Azadani AN, Tseng EE. Transcatheter heart valves for failing bioprostheses: state-of-the-art review of valve-in-valve implantation. Circ Cardiovasc Interv. (2011) 4:621– 8. doi: 10.1161/CIRCINTERVENTIONS.111.964478

 8. Gurvitch R, Cheung A, Ye J, Wood DA, Willson AB, Toggweiler S, et al. Transcatheter valve-in-valve implantation for failed surgical bioprosthetic valves. J Am Coll Cardiol. (2011) 58:2196 −209. doi: 10.1016/j.jacc.2011.09.009

 9. Bedogni F, Laudisa ML, Pizzocri S, Tamburino C, Ussia GP, Petronio AS, et al. Transcatheter valve in-valve implantation using CoreValve revalving system for failed surgical aortic bioprostheses. J Am Coll Cardiol Cardiovasc Interv. (2011) 4:1228 −34. doi: 10.1016/j.jcin.2011.10.002

 10. Eggebrecht H, Schafer U, Treede H, Boekstegers P, Babin-Ebell J, Ferrari M, et al. Valve-in-valve transcatheter aortic valve implantation for degenerated bioprosthetic heart valves. J Am Coll Cardiol Cardiovasc Interv. (2011) 4:1218 −1227. doi: 10.1016/j.jcin.2011.07.015

 11. Latib A, Ielasi A, Montorfano M, Maisano F, Chieffo A, Cioni M, et al. Transcatheter valve-in-valve implantation with the edwards SAPIEN in patients with bioprosthetic heart valve failure: the milan experience. EuroIntervention. (2012) 7:1275–84. doi: 10.4244/EIJV7I11A202

 12. Wenaweser P, Buellesfeld L, Gerckens U, Grube E. Percutaneous aortic valve replacement for severe aortic regurgitation in degenerated bioprosthesis: the first valve in valve procedure using the corevalve revalving system. Catheter Cardiovasc Interv. (2007) 70:760–4. doi: 10.1002/ccd.21300

 13. Vahanian A, Beyersdorf F, Praz F, Milojevic M, Baldus S, Bauersachs J, et al. ESC/EACTS guidelines for the management of valvular heart disease. Eur Heart J. (2021) 43:1–72. doi: 10.1093/eurheartj/ehab395

 14. Otto CM, Nishimura RA, Bonow RO, Carabello BA, Erwin JP 3rd, Gentile F, et al. ACC/AHA guideline for the management of patients with valvular heart disease: executive summary: a report of the american college of cardiology/american heart association joint committee on clinical practice guidelines. Circulation. (2021) 143:e35–e71. doi: 10.1161/CIR.0000000000000932

 15. Majmundar M, Doshi R, Kumar A, Johnston D, Brockett J., Kanaa'N A, et al. Valve-in-valve transcatheter aortic valve implantation vs. repeat surgical aortic valve replacement in patients with a failed aortic bioprosthesis. EuroIntervention. (2018) 17:1227–37. doi: 10.4244/EIJ-D-21-00472

 16. Tarantini G, Dvir D, Tang GHL. Transcatheter aortic valve implantation in degenerated surgical aortic valves. EuroIntervention. (2021) 17:709–19. doi: 10.4244/EIJ-D-21-00157

 17. Ng AC, Delgado V, van der Kley F, et al. Comparison of aortic root dimensions and geometries before and after transcatheter aortic valve implantation by 2-and 3-dimmensional transesophageal echocardiography and multislice computed tomography. Circ Cardiovasc Imaging. (2010) 3:94–102. doi: 10.1161/CIRCIMAGING.109.885152

 18. Piazza N, Bleiziffer S, Brockmann G., et al. Transcatheter aortic valve implantation for failing surgical aortic bioprosthetic valve: from concept to clinical application and evaluation (part 2). J Am Coll Cardiol Intv. (2011) 4:733–42. doi: 10.1016/j.jcin.2011.05.007

 19. Bapat VN, Attia R, Thomas M. Effect of valve design on the stent internal diameter of a bioprosthetic valve: a concept of true internal diameter and its implications for the valve-in-valve procedure. JACC Cardiovasc Interv. (2014) 7:115–27. doi: 10.1016/j.jcin.2013.10.012

 20. Dvir D, Webb JG, Bleiziffer S, Pasic M, Waksman R, Kodali S, et al. Transcatheter aortic valve implantation in failed bioprosthetic surgical valves. JAMA. (2014)312:162–70. doi: 10.1001/jama.2014.7246

 21. Webb JG, Murdoch DJ, Alu MC, Cheung A, Crowley A, Dvir D, et al. 3-year outcomes after valve-in-valve transcatheter aortic valve replacement for degenerated bioprostheses: the partner 2 registry. J Am Coll Cardiol. (2019) 73:2647-2655. doi: 10.1016/j.jacc.2019.03.483

 22. Midha PA, Raghav V, Condado JF, Arjunon S, Uceda DE, Lerakis S., et al. How can we help a patient with a small failing bioprosthesis?: an in vitro case study. JACC Cardiovasc Interv. (2015) 8:2026–33. doi: 10.1016/j.jcin.2015.08.028

 23. Simonato M, Webb J, Kornowski R, Vahanian A, Frerker C, Nissen H, et al. 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) 9:e003651. doi: 10.1161/CIRCINTERVENTIONS.115.003651

 24. Saxon JT, Allen KB, Cohen DJ, Chhatriwalla AK. Bioprosthetic valve fracture during valve-in-valve tavr: bench to bedside. Interv Cardiol. (2018) 13:20-26. doi: 10.15420/icr.2017:29:1

 25. Allen KB, Chhatriwalla AK, Cohen DJ, Saxon JT, Aggarwal S, Hart A, et al. Bioprosthetic valve fracture to facilitate transcatheter valve-in-valve implantation. Ann Thorac Surg. (2017) 104:1501–8. doi: 10.1016/j.athoracsur.2017.04.007

 26. Allen KB, Chhatriwalla AK, Saxon JT, Cohen DJ, Nguyen TC, Webb J, et al. Bioprosthetic valve fracture investigators. J Thorac Cardiovasc Surg. (2019) 158:1317–28. doi: 10.1016/j.jtcvs.2019.01.073

 27. Sathananthan J, Fraser R, Hatoum H, Barlow AM, Stanová V, Allen KB, et al. A bench test study of bioprosthetic valve fracture performed before vs. after transcatheter valve-in-valve intervention. EuroIntervention. (2020) 15:1409–16. doi: 10.4244/EIJ-D-19-00939

 28. Ribeiro HB, Nombela-Franco L, Urena M, Mok M, Pasian S, Doyle D, et al. Coronary obstruction following transcatheter aortic valve implantation. A systematic review JACC Cardiovasc Interv. (2013) 6:452–61. doi: 10.1016/j.jcin.2012.11.014

 29. Dvir D, Webb J, Brecker S, Bleiziffer S, Hildick-Smith D, Colombo A, et al. Transcatheter aortic valve replacement for degenerative bioprosthetic surgical valves: results from the global valve-in-valve registry. Circulation. (2012) 126:2335–44. doi: 10.1161/CIRCULATIONAHA.112.104505

 30. Ribeiro HB, Rodés-Cabau J, Blanke P, Leipsic J, Kwan Park J, Bapat V, et al. Incidence, predictors, clinical outcomes of coronary obstruction following transcatheter aortic valve replacement for degenerative bioprosthetic surgical valves: insights from the VIVID registry. Eur Heart J. (2018) 39:687–95. doi: 10.1093/eurheartj/ehx455

 31. Blanke P, Soon J, Dvir D, Park JK, Naoum C, Kueh SH, et al. Computed tomography assessment for transcatheter aortic 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. doi: 10.1016/j.jcct.2016.09.004

 32. Hensey M, Sellers S, Sathananthan J, Lai A, Landes U, Alkhodair A, et al. Bioprosthetic valve leaflet displacement during valve-in-valve intervention: an ex vivo bench study. JACC Cardiovasc Interv. (2020) 13:667–78. doi: 10.1016/j.jcin.2019.10.021

 33. Tang GHL, Komatsu I, Tzemach L, Simonato M, Wolak A, Blanke P, et al. Risk of coronary obstruction and the need to perform BASILICA: the VIVID classification. EuroIntervention. (2020) 16:e757–9. doi: 10.4244/EIJ-D-20-00067

 34. Dvir D, Leipsic J, Blanke P, Ribeiro HB, Kornowski R, Pichard A, et al. Coronary obstruction in transcatheter aortic valve-in-valve implantation: preprocedural evaluation, device selection, protection, and treatment. Circ Cardiovasc Interv. (2015) 8:e002079. doi: 10.1161/CIRCINTERVENTIONS.114.002079

 35. Palmerini T, Chakravarty T, Saia F, Bruno AG, Bacchi-Reggiani ML, Marrozzini C, et al. Coronary protection to prevent coronary obstruction during TAVR: a multicenter international registry. JACC Cardiovasc Interv. (2020) 13:739–47. doi: 10.1016/j.jcin.2019.11.024

 36. Fetahovic T, Hayman S, Cox S, Cole C, Rafter T, Camuglia A. The prophylactic chimney snorkel technique for the prevention of acute coronary occlusion in high risk for coronary obstruction transcatheter aortic valve replacement/implantation cases. Heart Lung Circ. (2019) 28:e126–30. doi: 10.1016/j.hlc.2019.04.009

 37. Burzotta F, Kovacevic M, Aurigemma C, Shoeib O, Bruno P, Cangemi S, et al. An “orthotopic” snorkel-stenting technique to maintain coronary patency during transcatheter aortic valve replacement. Cardiovasc Revasc Med. (2021) 28S:94–7. doi: 10.1016/j.carrev.2020.12.013

 38. Khan JM, Dvir D, Greenbaum AB, Babaliaros VC, Rogers T, Aldea G, et al. 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. doi: 10.1016/j.jcin.2018.01.247

 39. Khan JM, Babaliaros BC, Greenbaum AB, Spies C, Daniels D, Depta JP, et al. Preventing coronary obstruction during transatheter aortic valve replacement: results from the multicenter international BASILICA registry. JACC Cardiovasc Interv. (2021) 14:941–8. doi: 10.1016/j.jcin.2021.02.035

 40. Tagliari AP, Petersen Saadi R, Medronha EF, Keller Saadi E. The use of BASILICA technique to prevent coronary obstruction in a TAVI-TAVI procedure. J Clin Med. (2021) 10:5534. doi: 10.3390/jcm10235534

 41. Altisent OAJ, Rishi Puri R, Rodés-Cabau J. Embolic protection devices during TAVI: current evidence and uncertainties. Rev Esp Cardiol (Engl Ed). (2016) 69:962–72. doi: 10.1016/j.rec.2016.04.056

 42. Kahlert P, Knipp SC, Schlamann M et al. Silent and apparent cerebral ischemia after percutaneous transfemoral aortic valve implantation: a diffusion-weighted magnetic resonance imaging study. Circulation. (2010) 121:870. doi: 10.1161/CIRCULATIONAHA.109.855866

 43. Fairbairn TA, Mather AN, Bijsterveld P et al. Diffusion-weighted MRI determined cerebral embolic infarction following transcatheter aortic valve implantation: assessment of predictive risk factors and the relationship to subsequent health status. Heart. (2012) 98:18–23. doi: 10.1136/heartjnl-2011-300065

 44. Teitelbaum M, Kotronias RA, Sposato LA, Bagur R. Cerebral embolic protection in TAVI: friend or foe. Interv Cardiol. (2019) 14:22–5. doi: 10.15420/icr.2018.32.2

 45. Duncan A, Moat N, Simonato M, de Weger A, Kempfert J, Eggebrecht H, et al. Outcomes following transcatheter aortic valve replacement for degenerative stentless vs. stented bioprostheses. JACC Cardiovasc Interv. (2019) 12:1256–63. doi: 10.1016/j.jcin.2019.02.036

 46. Miller M, Snyder M, Horne BD, Harkness JR, Doty JR, Miner EC, et al. Transcatheter aortic valve-in-valve replacement for degenerated stentless bioprosthetic aortic valves: results of a multicenter retrospective analysis. JACC Cardiovasc Interv. (2019) 12:1217–26. doi: 10.1016/j.jcin.2019.05.022

 47. Di Eusanio M, Saia F, Pellicciari G, Phan K, Ferlito M., Dall'Ara G, et al. In the era of the valve-in-valve: is transcatheter aortic valve implantation (TAVI) in sutureless valves feasible? Ann Cardiothorac Surg. (2015) 4:214–7. doi: 10.3978/j.issn.2225-319X.2014.11.12

 48. Lettieri C, Romano M, Camurri N, Niglio T, Serino F, Cionini F, et al. Transcatheter valve-in-valve implantation in a patient with a degenerative sutureless aortic bioprosthesis: case report and literature review. G Ital Cardiol (Rome). (2017) 18(12 Suppl. 1):18S−21. doi: 10.1002/ccd.26576

 49. Amabile N, Zannis K, Veugeois A, Caussin C. Early outcome of degenerated self-expandable sutureless aortic prostheses treated with transcatheter valve implantation: a pilot series. J Thorac Cardiovasc Surg. (2016) 152:1635–7. doi: 10.1016/j.jtcvs.2016.07.079

Conflict of Interest: FBu discloses to have been involved in advisory board meetings or having received speaker's fees from Abbott, Abiomed, Medtronic and Biotronic. CT discloses to have been involved in advisory board meetings or having received speaker's fees from Abbott, Abiomed, Medtronic and Biotronic. CA has been involved in advisory board activities by Abbott, Abiomed, Medtronic and Biotronic. AL discloses to receive speaking honoraria from St. Jude Medical/Abbott, Medtronic, Abiomed and from Bracco Imaging.

The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Aurigemma, Burzotta, Vergallo, Farina, Romagnoli, Cangemi, Bianchini, Nesta, Bruno, D'Amario, Leone and Trani. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fcvm-09-895477-t002.jpg
Stentless VIV-TAVI procedures

Features

o Lack of radiographic and anatomnic landmarks

* Anchor on the non-compliant Dacron ring

« Absence of calcifications due to predominant leaflet prolapse and severe
aortc regurgitation as failure mechanism

 Subcoronary implantation of stentless prosthesis is associated to shorter linear
distance between the nadir of the stentless valve leaflets and the coronary
arteries, as well as a shorter VTC distance

Procedural complications.

* Higher risk of device malposition, a second THV, paravalvular leak
* Higher risk of coronary occlusion

Stentless VIV-TAVI procedures

Features

« Elastic structure of the sutureless valve

« Absence of sutures

« An upper ring is located at the level of the decalcified annulus, while the lower

segment of the valve protrudes in the left ventricular outflow tract for
about 5mm

Procedural complications
* Valvular instability and dislocation when a THV is implanted inside
* Anincomplete expansion of the THV prosthesis implanted too low
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Chimney Snorkel Stenting Technique

Technique Description

* Guiding catheter, wire(s) and stent are positioned in coronary artery prior to

percutaneous balloon aortic valvuloplasty or THV deployment

The stent length selection: the stent comes above the height of the

pre-existing bioprosthesis in situ (with enough stent in the proximal port of the

coronary artery to allow for adequate anchoring) and above the most superior

portion of the THV bioprosthesis leaflet or commissural attachment point

« Eventual THV post-diatation is performed prior to coronary artery stents
deployment

« Coronary stent is deployed with a substantial portion of the stent hanging into
the aorta and ideally at least enough to come above the highest tract of the
sealed portion of the THV

* Stent balloon pulled back away from the distal edge is inflated to higher
pressures for flaring the proximal stent improving chance of re-access.

« Akissing technique with simultaneous inflation of the THV balloon and the
coronary stent balloon can be performed but is not mandatory

Technique advantages

* Quickly coronary flow restoration withdrawing and deploying the coronary
stent in case of coronary oclusion

Technique disadvantages

« No physiological and very complex THV frame/stent configuration with
possible coronary stent compression

Repeated coronary angiography or interventions may be more difficult

Orthotopic Snorkel Stenting Technique

Technique Description

* Guiding catheter, wire(s) and stent are positioned in coronary artery prior to
percutaneous balloon aortic valvuloplasty or THV deployment

The baseline stent length is selected according to chimney/snorkel stenting
technique

Eventual THV post-diatation is performed prior to coronary stent decision

After the prosthesis implantation and eventual post-dilatation, if coronary is not
completely occluded, a second guiding catheter is advanced into the THY to
reach the coronary ostium thought the prosthesis frames and the coronary
artery is wired.

The stent is advanced and positioned from the coronary artery to the THV
prosthesis with minimal protrusion inside the frame

« Stent balloon pulled back away from the distal edge s inflated to higher
pressures for flaring the proximal stent improving chance of re-access

Technique advantages

* A physiologic THV frame/coronary stent configuration with reduced external
stent compression risk and faciltate coronary recannulation

Technique disadvantages

Higher technical complexity and increased procedural time

« The THV prosthesis orientation influences the procedure
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