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Background: A severe prosthesis-patient mismatch (PPM) is associated with adverse outcomes following transcatheter aortic valve replacement (TAVR) for de novo aortic stenosis or a failed surgical bioprosthesis. The impact of severe PPM in patients undergoing TAV-in-TAVR is unknown.

Aim: We sought to investigate the incidence and 1-year outcomes of different grades of PPM in patients undergoing TAV-in-TAVR.

Materials and methods: The TRANSIT-PPM is an international registry, including cases of degenerated TAVR treated with a second TAVR. PPM severity, as well as in-hospital, 30-day, and 1-year outcomes were defined according to the Valve Academic Research Consortium-3 (VARC-3) criteria.

Results: Among 28 centers, 155 patients were included. Severe PPM was found in 6.5% of patients, whereas moderate PPM was found in 14.2% of patients. The rate of severe PPM was higher in patients who underwent TAV-in-TAVR with a second supra-annular self-expanding (S-SE) TAVR (10%, p = 0.04). Specifically, the rate of severe PPM was significantly higher among cases of a SE TAVR implanted into a balloon-expandable (BE) device (19%, p = 0.003). At 1-year follow-up, the rate of all-cause mortality, and the rate of patients in the New York Heart Association (NYHA) class III/IV were significantly higher in the cohort of patients with severe PPM (p = 0.016 and p = 0.0001, respectively). Almost all the patients with a severe PPM after the first TAVR had a failed < 23 mm BE transcatheter heart valve (THV): the treatment with an S-SE resolved the severe PPM in the majority of the cases.

Conclusion: After TAV-in-TAVR, in a fifth of the cases, a moderate or severe PPM occurred. A severe PPM is associated with an increased 1-year all-cause mortality.

Clinical trial registration: [https://clinicaltrials.gov], identifier [NCT04500964].
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Introduction

Prosthesis-patient mismatch (PPM) may occur after surgical aortic valve replacement (SAVR) or transcatheter aortic valve replacement (TAVR) when a normally functioning prosthetic valve presents an effective orifice area (EOA) relatively small for the patient’s body surface area (BSA), thus not allowing an adequate cardiac output (1). Several studies on patients undergoing SAVR showed that severe PPM was associated with increased mortality and structural valve degeneration, regardless of its severity, in the postoperative period (2, 3). On the other hand, patients treated by means of transcatheter valves, which are characterized by a larger EOA and lower gradient compared to surgical valves, experience a lower incidence of severe PPM: the clinical impact of severe PPM is still controversial (4, 5). Recently, TAVR for a failed surgical bioprosthetic aortic valve [TAVR-valve-in-valve (ViV)] has emerged as an attractive option for patients who are at an increased risk for a surgical redo; although, according to a recent meta-analysis, it may be associated with a higher incidence of severe PPM as compared to redo-SAVR (6, 7). Indeed, over 30% of TAVR-ViV procedures in the Society of Thoracic Surgeons (STS)/the American College of Cardiology, the Transcatheter Valve Therapy (TVT), and the Valve-in-Valve International Database (VIVID) Registries resulted in an elevated postprocedural transvalvular gradient (4, 6). Although, rarely, transcatheter aortic valves can also degenerate (8): the TRANSIT international project collected the largest series of patients with a degenerated TAVR treated by means of a second TAVR (TAV-in-TAVR) and, consistently with a previous smaller registry, showed acceptable procedural and 1-year outcomes (9, 10). In the present TRANSIT-PPM study, we sought to evaluate the incidence and impact of severe PPM on outcomes, in patients undergoing TAV-in-TAVR.



Materials and methods

The TRANSIT-PPM project is an investigator-initiated international multicenter registry, including consecutive patients undergoing TAVR for a degenerated transcatheter aortic valve (ClinicalTrials.gov Identifier: NCT04500964). We evaluated cases performed with supra-annular self-expanding (S-SE) (CoreValve, Evolut R, and Evolut PRO) and intra-annular balloon-expandable (BE) transcatheter heart valves (THVs) (Edwards SAPIEN, SAPIEN XT, and SAPIEN S3).

Data concerning procedural results and echocardiographic parameters after each TAVR were collected. Data concerning the last available follow-up were also collected. This study was approved by an institutional review committee and the subjects gave informed consent.



Definitions

The registry exclusively collected cases of degenerated TAV treated by means of a second TAVR. Patients undergoing TAV-in-TAVR due to a procedural failure of the indexed TAVR were not included.

Procedural, device success, as well as PPM were defined according to the Valve Academic Research Consortium-3 (VARC-3) definitions (11). In particular, PPM was defined moderate if the predicted EOA was > 0.65 and < 0.85 cm2/m2 for patients with body mass index (BMI) < 30 kg/m2, or > 0.55 and < 0.70 cm2/m2 for patients with BMI > 30 kg/m2, and severe if the predicted EOA was ≤ 0.65 cm2/m2 for patients with BMI < 30 kg/m2 and ≤ 0.55 for patients with BMI > 30 kg/m2 (8–10).

The left ventricular outflow tract (LVOT) measures have been obtained with the CT scan that all the patients performed before the procedure.



Statistical analysis

Descriptive statistics are reported as mean and SD for normally distributed continuous variables, as median and 25–75th percentile otherwise. Absolute and relative frequencies are reported for categorical variables. For continuous variables, the comparisons were done either with ANOVA or with a non-parametric test (Kruskal–Wallis test). For categorical variables, comparisons among groups were done with the chi-squared tests or Fisher’s exact tests. All-cause death was reported using the Kaplan–Meier estimates together with their 95% CI. The Wilcoxon signed rank sum test was used for the comparison of echo parameters in paired analyzes. The cumulative incidences of clinical events at follow-up were assessed with the Kaplan–Meier method and log-rank test. A two-sided P-value of < 0.05 was considered statistically significant. Statistical analysis was performed using SPSS software version 23 (IBM Incorporation, Armonk, NY, United States).



Results

Because of the sensitive nature of the data collected for this study, requests to access the dataset from qualified researchers trained in human subject confidentiality protocols may be sent to the corresponding author.

The TRANSIT project is an investigator-initiated registry that started collecting data in January 2020 (ClinicalTrials.gov Identifier: NCT04500964). A group of 28 centers took part in the project: 22 in Europe, 4 in North America, 1 in South America, and 1 in the Middle East. Among a total number of about 40,000 procedures performed since 2008, 155 cases of TAV-in-TAVR were eventually included in the TRANSIT-PPM study. Of these, 73 (47%) cases presented a degenerated supra-annular self-expanding valve, while 82 (53%) cases had a degenerated balloon-expandable device.

According to the VARC-3 definitions, 8 (5.2%) and 32 (20.6%) patients, respectively, presented a severe or moderate PPM after the first procedure, while no patients had a mean residual gradient higher than 20 mm Hg or a more than mild aortic regurgitation (AR).

The mean age was 77.9 ± 7.7 years and the male gender was slightly more represented (57.4%). The majority of patients (74%) were in the NYHA class III or IV at admission. The mean left ventricular ejection fraction was 49 ± 13.4. The European System for Cardiac Operative Risk Evaluation I (EuroSCORE I) was 20.3 ± 15.0, the EuroSCORE II was 8.7 ± 7.5, and the STS score was 6.3 ± 5 (Table 1). Most patients (57%) had a mainly regurgitant degenerated bioprosthesis, 52 (34%) patients had a stenotic degenerated THV, and 15 (10%) patients had a mixed degeneration of the first implanted valve (Table 1).


TABLE 1    Demographic characteristics of the study population.
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Patients were grouped and analyzed according to the grade of PPM after the second TAVR: 10 (6.5%) patients had severe PPM, 22 (14.2%) patients had moderate PPM, and 123 (79.3%) patients had no PPM.

There were no differences in BSA and BMI distribution between the groups (Table 1). Overall, patients were frequently hypertensive (87%) and dyslipidemic (64%); in particular, the rate of the aforementioned risk factor was higher in patients with moderate or severe PPM (p = 0.05 and p = 0.04, respectively). No other differences were found among common risk factors such as diabetes, chronic obstructive pulmonary disease (COPD), and severe renal failure (Table 1). Risk scores (EuroSCORE I, EuroSCORE II, and STS), as well as mean postprocedural transvalvular gradient, were significantly higher in patients with severe PPM compared to those with moderate or none/mold PPM (p = 0.03 and p = 0.01, respectively).

Of note, 4 out of 10 patients presenting a severe PPM after TAV-in-TAVR belong to the mixed-degenerated cohort (p = 0.001).



Assessment of the prosthesis-patient mismatch before transcatheter aortic valve-in-transcatheter aortic valve replacement

All the cases of severe PPM after the first TAVR concerned patients with a BE THV (8 patients), with a significantly higher prevalence of ≤ 23 mm THVs (7 out of 8); conversely, no grade of PPM was more frequent among patients with an S-SE THV, in particular in patients with a > 23 mm THV (Supplementary Tables 1, 2).



Procedural results

In this cohort of patients with a degenerated first THV undergoing TAV-in-TAVR, an S-SE THV was implanted in 86 cases (55%), while a BE THV was implanted in the remaining 69 cases (45%) (see Table 2 for the procedural results). Supplementary Table 3 shows the iterations of the first and second THV according to the size ≥ 23 mm.


TABLE 2    Procedural data.
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We could not find a specific strategy in the selection of the second TAVR except at the operator’s discretion.

The cohort of patients treated by means of an S-SE showed a significantly higher rate of severe PPM compared to those who received a BE (10.4 vs. 1.5%, p = 0.04) (Figure 1). On the contrary, the rate of moderate PPM was significantly higher in those patients receiving a BE THV (2.3 vs. 29%, p = 0.0001).
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FIGURE 1
Rate of prosthesis-patient mismatch among the overall population (left-sided), patients treated with a second self-expanding transcatheter heart valve (THV) (top center), and patients treated with a second balloon-expandable THV (bottom center). Incidence of severe prosthesis-patient mismatch (PPM) was higher in patients with supra-annular-in-intra-annular THV (p = 0.003). Particularly, a higher rate of severe PPM was observed among the supra-annular-in-intra-annular group compared to the supra-annular-in-supra-annular or intra-annular-in-intra-annular groups (p = 0.02 and p = 0.002, respectively).


More in detail, the rate of severe PPM was significantly higher in those patients who received an S-SE device to treat a degenerated BE THV (7/10, p = 0.003). The rate of moderate PPM was significantly higher when a BE THV has been used to treat a degenerated BE THV (16/22, p = 0.0001) (Table 3 and Figure 1).


TABLE 3    First-second transcatheter aortic valve replacement (TAVR) combinations and subsequent grades of prosthesis-patient mismatch (PPM) (see text for acronyms).
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Overall, the rates of severe and moderate PPM were significantly higher in patients presenting with a degenerated ≤ 23 mm THV (Table 4): in particular, 9 out of 10 cases of severe PPM after the second TAVR occurred in patients with a degenerated first THV of ≤ 23 mm in size.


TABLE 4    Analysis of the prosthesis-patient mismatch (PPM) occurrence after the second transcatheter aortic valve replacement (TAVR), according to the size of the first transcatheter heart valve (THV).
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All the patients with a severe PPM after the first TAVR have been treated with an S-SE: only 1 out of 8 patients had a severe PPM after the second TAVR (Table 5).


TABLE 5    Different grades of prosthesis-patient mismatch (PPM) after TAV-in- transcatheter aortic valve replacement (TAVR) according to the PPM of the degenerated TAVR.
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The VARC-3 defined procedural success rate was 80.6% with 22 (14.2%) patients presenting: a severe PPM (9 patients) and/or residual gradient ≥ 20 mm Hg (13 patients), and 2 (1.3%) patients showing a more than mild AR.

The presence of a no PPM after the first TAVR [hazard ratio (HR) 0.126, 0.31–0.51, p = 0.004], and of a degenerated THV of ≤ 23 mm (HR 19.7, 2.28–157.4, p = 0.006) were independent predictors of severe PPM after the second TAVR.



In-hospital outcomes

Seven patients (4.5%) died during the in-hospital stay, all due to cardiovascular (CV) causes. None presented a severe PPM, while 4 patients had moderate PPM and 3 patients had no significant PPM (p = 0.006). Two patients had a myocardial infarction during the hospital stay. No differences in the incidence of conduction disturbances, pacemaker (PM) implantation, or new-onset atrial fibrillation were observed according to the presence and severity of PPM. Other in-hospital outcomes are shown in Table 6.


TABLE 6    In-hospital outcomes.
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30-day and 1-year follow-up

A 30-day cumulative overall mortality rate was 7.1% with no further cardiovascular death and no significant differences reported among groups (p = 0.08). Compared to patients with moderate or no PPM, those patients with a severe PPM showed a higher rate of valve-related hospitalization (p = 0.001) and dyspnea at rest or on mild exertion (the NYHA class III/IV) (p = 0.001) (Table 7). Two cases of valve thrombosis had been detected, both in patients with moderate PPM (p = 0.001).


TABLE 7    Cumulative 30-day and 1-year outcomes.
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Cumulative 1-year all-cause mortality was 12.9% (a miscellaneous of pneumonia, sepsis, CV death, and cancer) with a CV-related death occurring in 5.8% of patients. Compared to patients with no and moderate PPM, the rate of all-cause mortality was significantly higher in patients with a severe mismatch (p = 0.016).

With respect to patients with no PPM, both the patients with moderate and severe PPM had a significantly higher rate of cardiac death (p = 0.002) (Table 7 and Figure 2).
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FIGURE 2
The Kaplan–Meier curves of cumulative 1-year all-cause death according to the presence of severe prosthesis-patient mismatch (PPM). The cumulative all-cause mortality rate at 1 year in patients with a severe was higher as compared with patients with moderate PPM or no PPM (log-rank p-value = 0.001). Blue line = Moderate/none PPM; Red line = Severe PPM.


Valve-related hospitalization occurred in 10 (6.5%) patients, with no significant differences between the groups. The rate of patients in the NYHA class III/IV was significantly higher in the severe PPM cohort (p = 0.0001). No cases of valve thrombosis, myocardial infarction (MI), stroke, or valve dysfunction requiring intervention were further recorded.

No differences in the rate of all-cause mortality, CV mortality, and valve-related hospitalization were found among those patients with elevated postprocedural mean gradient (≥ 20 mm Hg), but without severe PPM (p = 0.2, p = 0.5, and p = 0.8, respectively).



Discussion

A second TAVR to treat a degenerated TAVR is a reasonable option with acceptable in-hospital and 1-year outcomes (9). However, likewise, in the field of TAVR in SAVR, a high residual gradient may occur possibly affecting the clinical outcome, especially when associated with a severe PPM.

The TRANSIT-PPM project is the first multicenter, international registry that evaluated the incidence and clinical outcomes of the different grades of PPM after TAV-in-TAVR.

The main results of our study may be summarized as follows:


•Severe and moderate PPM was found in 6.5 and 14.2% of patients undergoing TAV-in-TAVR, respectively.

•The rate of severe PPM after TAV-in-TAVR was significantly higher in patients treated with an S-SE THV (10.4%, p = 0.04), particularly in those with an S-SE THV implanted into a degenerated BE THV (p = 0.003).

•The rate of moderate PPM after TAV-in-TAVR was significantly higher in patients treated with a BE THV (2.3 vs. 29%, p = 0.0001), particularly in those with a BE THV implanted into a degenerated BE THV.

•A severe PPM after TAV-in-TAVR is significantly more frequent when treating a degenerated ≤ 23 mm THV.

•In the majority of the cases of a degenerated BE THV with a severe PPM, the treatment with an S-SE resulted in a better hemodynamic result.

•A no PPM after the first TAVR (HR 0.126, 0.31–0.51, p = 0.004) and a degenerated ≤ 23 mm THV (HR 19.7, 2.28–157.4, p = 0.006) are independent predictors of severe PPM after TAV-in-TAVR.

•At 1-year follow-up, the rates of all-cause mortality and the NYHA class III/IV were higher in the cohort of patients with severe PPM compared to those patients with moderate or no PPM.



Several studies investigated the incidence and clinical outcomes of PPM after surgical or transcatheter aortic valve replacement conveying conflicting results, mainly due to several methodological differences. Herrmann et al. (3) found that severe PPM was present in 12% of patients treated by means of TAVR and it was associated with a higher 1-year mortality, and heart failure (HF) rehospitalization. Okuno et al. (12) found that the rate of severe PPM was significantly lower in patients undergoing TAVR with a self-expanding device compared to those patients treated with a balloon-expandable device (6.7 vs. 15.6%; p = 0.003) with no impact of PPM on cardiovascular mortality or the NYHA class at 1 year. Recently, an analysis of the TVT Registry, including patients undergoing TAVR with self-expanding THVs, showed a rate of severe PPM of 5.3% in patients undergoing de novo TAVR and 27% in those patients undergoing TAVR-ViV (13). It is also well established that the results of TAVR-ViV for failed surgical bioprostheses are significantly conditioned by the presence of a preexisting severe PPM, an elevated postprocedural gradient, or a de novo mismatch (14). Strategies aiming to reduce the risk of a post-TAVR-ViV severe mismatch include high transcatheter valve implantation (0–2 mm below the prosthesis sewing ring), the use of a supra-annular self-expanding THV, and the use of techniques such as bioprosthetic valve fracture or remodeling (14, 15).

The incidence and clinical impact of the different grades of PPM are unknown in the field of TAV-in-TAVR.

In our study, including 155 patients with a degenerated THV treated by means of a second TAVR, the rates of severe and moderate PPM were 6.5 and 14.2%, respectively, thus slightly higher than that observed in published series on de novo TAVR, but lower as compared to TAVR-ViV (12). The latter might be explained by the larger EOA of the TAVR technologies: it is conceivable that, on average, a degenerated TAVR could have a larger EOA than a degenerated surgical bioprosthesis. This condition obviously allows the implantation of a relatively larger second THV.

Of note, we found a significantly higher rate of severe PPM in patients receiving a second S-SE platform into a degenerated BE THV (10.5%, p = 0.04): a possible explanation for this finding might be the fact that almost all the patients presenting with a severe PPM after the second TAVR actually had a degenerated THV ≤ 23 mm. In other words, in the presence of quite small anatomy, even the supra-annular position, which is associated with a larger EOA, might not be enough to resolve the PPM (Figure 1).

On the other hand, the finding that the use of a BE THV to treat a degenerated BE THV might imply a higher risk of at least a moderate PPM that might be explained by the double intra-annular position, which is surely related to an avoidable reduction of the orifice (Figure 1).

After the first TAVR, 8 patients had a severe PPM: all of them with a degenerated BE THV and 7 out of 8 patients with a ≤ 23 mm BE THV (see Supplementary Tables 1, 2). These patients have been treated in all the cases with an S-SE and, after the second TAVR, only in 1 case, there was still a severe PPM (Table 7). This might be explained by the significantly larger EOA of an S-SE THV, which seems to be a reasonable choice to treat a degenerated BE THV, in the absence of a significant risk of coronary obstruction/sinus sequestration.

A no PPM after the first TAVR is a negative predictor of a severe PPM, while a severe PPM after the first TAVR is a strong positive predictor. Considering the low number of cases with severe PPM, and the relatively small sample size, the multivariate analysis is of a pure hypothesis-generating nature; however, these results seem realistic.

Finally, consistently with the available literature (3, 12, 13), we found a significantly higher rate of 1-year all-cause mortality and the NYHA class III/IV in patients with severe PPM (p = 0.02 and p = 0.0001, respectively). Whether this can be completely ascribed to the presence of severe PPM or is influenced by increased frailty, presence of significant comorbidity and reduced functional status as reflected by the presence of significantly higher risk scores (Table 1) should be further evaluated.



Clinical implications and avenues for future research

The techniques of bioprosthetic valve fracture/remodeling and BASILICA have been successfully applied to the field of ViV to reduce the risk of residual high gradient and coronary obstruction/sinus sequestration in patients with a degenerated surgical bioprosthesis (14, 15). Their role in the field of TAV-in-TAVR is completely unknown. However, the therapeutic strategy in the case of degeneration of the THV should probably be part of the routine evaluation done by the heart team, in particular when dealing with patients with long-life expectancy. In other words, it is quite realistic that the number of patients with a degenerated TAVR will tend to increase in the future.

Clearly, very fragile or old patients will unlikely experience a structural valve deterioration considering their inherent risk of mortality (4): in these cases, the selection of the most appropriate THV should only respect the criteria of feasibility and safety.

Our data also pointed out the importance of the anatomy and, as a consequence, of the choice of the first THV, at the beginning of the “valve journey”: small anatomy is obviously the real challenge for the reintervention, as it poses a high risk of coronary obstruction/flow impairment, as well as of severe PPM.

An S-SE might be associated with better durability (14), thus suggesting that it would be the first choice in patients with longer life expectancy; however, it is obvious that an S-SE with high commissure in small anatomy would be at extreme risk for coronary occlusion in case of a reintervention. On the other hand, a BE in small anatomy may be more prone to degenerate because of a higher chance of significant PPM (16); in this case, the treatment with an S-SE, provided suitable anatomy of the aortic root, seems to be promising.

Overall, a tailored approach at the time of the first TAVR is becoming critically important and the implementation of implantation techniques aiming at the commissure-to-commissure alignment should be pursued in every case in order to minimize the subsequent risk of coronary flow impairment and difficult coronary reaccess. Similarly, the evaluation of the risk of significant PPM, which is more likely with BE THVs, should be evaluated with the risk of PVL that, on the contrary, seems to favor the BE THVs, likewise the risk of pacemaker implantation (17–19).



Limitations

Being an investigator-initiated registry, no central adjudication of events has been performed and echo data have been collected by the participating centers. The relatively low sample size does not allow definite conclusions, indeed the latter should be viewed as hypothesis-generating; however, this is the largest series in the field of TAV-in-TAVR and the present analyzes of the PPM may serve to generate and design future studies.



Conclusion

The rate of moderate and severe PPM after TAV-in-TAVR is lower than that observed after TAVR-ViV, but, as expected, higher than TAVR in native aortic annuli. A severe PPM is associated with increased 1-year mortality and reduced functional capacity. At the time of the first treatment, a modern approach to TAVR should consider the possible future need for a reintervention and its implications, especially when evaluating patients with long-life expectancy in whom a structural valve deterioration is likely to occur.



Impact on daily practice

- Following the degeneration of a THV, the procedure of TAV-in-TAVR will surely be progressively more frequent.

- After a TAV-in-TAVR, the risk of severe PPM is more frequent with specific first-second THVs combinations and it is significantly more frequent when a severe PPM was present yet after the first TAVR.

- A severe PPM implies a higher rate of both the 1-year mortality and the NYHA class III/IV, thus a careful evaluation should be made at the time of the first procedure, at the beginning of the “valve journey.”
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