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Introduction: Transcatheter aortic valve replacement (TAVR) is a minimally invasive procedure to replace a diseased and faulty aortic valve in patients with severe aortic stenosis. As TAVR gains popularity among lower-risk younger patients with a longer life expectancy; there is a need to investigate the long-term shortcomings and limitations of the procedure for this patient group. One such shortcoming is that commissural alignment of transcatheter heart valves (THV) appears to be random; meaning that the THV neo-commissures can misalign with the native commissures of the aortic valve during deployment or self-expansion.

Objectives: Identify techniques and procedures used to obtain commissural alignment in TAVR. Evaluate the effectiveness of these procedures in terms of the degree of commissural alignment. Analyse the impact of commissural alignment on coronary filling and re-access.

Methods: Two electronic online databases were searched to identify existing literature relevant to the aim and objectives of this review: EBSCOhost and PubMed. After search filters were applied and duplicates removed; a total of 64 articles from both databases were screened against the inclusion/exclusion criteria. This resulted in a total of thirteen articles which met the objectives of this review and thus; were included.

Results: All studies focused on a patient centered approach involving pre-TAVR computed tomography to obtain commissural alignment. Other studies modified this approach and combined techniques. All studies that implemented a technique to reduce commissural misalignment were significantly successful in obtaining commissural alignment when compared to a study in which alignment was random when no technique was implemented. Severe coronary overlapping in commissural aligned heart valves was relatively low compared to severe coronary overlapping when no technique was implemented.

Conclusions: An increase in optimal commissural alignment via introduction of an alignment technique may seem attractive; however; the categorization of commissural alignment is arbitrary and does not accurately reflect real life clinical implications. Further research is needed to determine whether a routine procedure to achieve commissural alignment is necessary in low-risk younger patients undergoing TAVR.
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Introduction

Transcatheter aortic valve replacement (TAVR) is a minimally invasive procedure to replace a diseased and faulty aortic valve in patients with severe aortic stenosis (1). Previously; the standard for treatment of aortic stenosis was surgical (open heart) aortic valve replacement (SAVR); and unfortunately patients deemed as high-risk for surgery had limited options for treatment; such as diuretics; which only served as palliative care (2). TAVR was approved by the US Food and Drug Administration for high-risk surgical patients in 2012; allowing such patients an option for long term treatment. More recently; in 2019 it was approved for low-risk patients (2). In a randomized trial; TAVR was concluded to be superior to SAVR at 1 year in terms of deaths related to stroke or rehospitalization at an occurrence of 8.5% for TAVR and 15.1% for SAVR (3, 4). Other randomized trial studies either showed non-inferiority or superiority of TAVR over SAVR (4). The positive response from these trials combined with the fact that as many as 50% of patients with severe aortic stenosis are low risk for surgery has resulted in TAVR becoming the dominant treatment for aortic stenosis (3, 4). As TAVR becomes more popular for lower-risk younger patients with a longer life expectancy; there is a need to investigate the long-term shortcomings and limitations of the procedure for this patient group (3, 5).

One such shortcoming is that commissural alignment of transcatheter heart valves (THV) appears to be random; meaning that the THV neo-commissures can misalign with the native commissures of the aortic valve during deployment or self-expansion (5, 6). In contrast; bioprosthetic valves used in SAVR can be reliably aligned correctly; commissure-to-commissure with the native valve (7). In TAVR; the misalignment may result in the THV neo-commissures partially or fully overlapping the coronary artery ostia (5, 6). As a result; complications can arise if a younger patient needs a percutaneous coronary intervention or redo-TAVR especially since some of them will present with ischemic heart disease later in life (5, 7). With commissural misalignment there is also an increased risk of a leak during diastole because of the unnatural orientation of the THV; this may add undue stress to the THV leaflets (7). Improving commissural alignment in TAVR could possibly make subsequent coronary access and re-do TAVR easier; improve valve durability and enhance coronary blood flow (5, 7). The challenge lies in the fact that aortic anatomy as well as native orientation of the aortic valve differs in every patient; thus a universal approach would not suffice (5). Little attention has been paid to commissural alignment in clinical practice and no official instructions from THV manufacturers exist to achieve commissural alignment (5). Major randomized trials comparing SAVR and TAVR have not considered this limitation either (5).


Aim

The aim of this study is to review published literature on procedures used to obtain commissural alignment in TAVR.



Objectives

1. Identify techniques and procedures used to obtain commissural alignment in TAVR.

2. Evaluate the effectiveness of these procedures in terms of the degree of commissural alignment.

3. Analyse the impact of commissural alignment on coronary filling and re-access.




Methods

Two online databases were searched; including PubMed and EBSCOhost (all databases within EBSCOhost were selected); with a publication date range of 2014 to February 2022. The search terms “Transcatheter Aortic Valve Replacement” [Mesh] and “commissural alignment” were utilized in the search strategy. Search filters were applied to reflect the following: articles published in English available in full text with the subjects as adult humans. One reviewer independently identified articles investigating techniques to achieve commissural alignment in TAVR and screened them against the inclusion/exclusion criteria (see appendix A). A summary of the article selection process is given in Figure 1 according to the PRISMA statement. Reference lists of articles were searched to identify any missed studies and relevant articles were included. The quality of individual studies was assessed using the EBL critical appraisal checklist for quantitative studies and the CASP critical appraisal tool for qualitative studies (see appendix B and C). Each study was approved by its local medical ethics committee.
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FIGURE 1
 PRISMA flow diagram for selection process of relevant articles.




Results

The data extracted from the articles reviewed are detailed in the summary Table 1 below.


TABLE 1 Summary of articles reviewed.

[image: Table 1]


Objective 1: Techniques and procedures used to obtain commissural alignment in TAVR

All studies focused on a patient centered approach to obtain commissural alignment. The most common technique to obtain commissural alignment was a patient-centered approach involving pre-TAVR multidetector or multislice CT to create or calculate a projection of the THV on the native aortic valve which may predict the final valve orientation. This was the core methodology used in nine studies (5–11, 14, 15). A subgroup of these studies modified this technique further and combined the CT imaging with fluoroscopic imaging to identify “markers” on the frame of the THV platforms which could be used to align THV and native commissures (5–8). A few studies modified the approach and used computer simulations using a specialized software (3mensio) to create projections onto CT images in order to minimize coronary artery overlap by predicting the optimal orientation for commissural alignment (6, 7, 14, 15). Another technique used was crimping of the THV on to the delivery catheter suited to the aortic anatomy of the patients based on pre-calculated commissural alignment (6, 13).



Objective 2: The effectiveness of these procedures in terms of the degree of commissural alignment

Many studies used a consistent method of assessing the extent of commissural misalignment (CMA) which involved categorizing the alignment into angle deviations (5–9). The categories were: aligned (angle deviation of <15°); mild CMA (15° to 30°) moderate CMA (30° to 45°) and severe CMA (>45°). Within the low to high quality studies that assessed this aspect after implementation of alignment techniques; very few patients had severe CMA after TAVR; ranging from 0% to 3.3% of their respective populations (5, 7, 9). However; the occurrence of mild and moderate CMA was more variable between the studies (5, 7, 9). The occurrence of correct alignment was high and occurred in more than half the population in all three studies assessing this aspect; ranging from 60% to 75.5% of their respective populations (5, 7, 9) Comparatively; the study by Fuchs et al. in which techniques to achieve commissural alignment were not implemented; the distributions of occurrences of the alignment categories were found to be random in TAVR (8).



Objective 3: Impact of commissural alignment on coronary filling and re-access

Five studies addressed the impact of commissural alignment on coronary blood flow and subsequent intervention in the form of coronary angiography or PCI. In these studies; severe overlap of either the RCA or LCA with the THV commissures was classified if a THV commissure and coronary ostium were 0° to 20° apart (6, 8, 10, 12, 13). The results were variable as severe overlapping occurred in a range of 9% to 16% of the patients in their respective populations within the various studies (8, 10, 12–14). This was still relatively low compared to severe coronary overlapping when no technique to align commissures was implemented; as in the case of the study by Fuchs et al. in which 50% of cases had severe coronary overlapping. One study found that severe CMA did not result in significant pressure drop within coronary arteries when compared to aligned THVs (8). The success rates for CAG or PCI post-TAVR were significantly lower in patients deemed as unfavorable for coronary access (10). When commissural alignment was achieved successfully; coronary intervention was possible in all cases (14).




Discussion

All studies that implemented a technique to reduce commissural misalignment were significantly successful in obtaining commissural alignment when compared to the study by Fuchs et al. in which alignment was random when no technique was implemented. An increase in optimal commissural alignment of 22% (8) to 75.5% (10) via introduction of an alignment technique may seem attractive; however; one major shortcoming of these results was that classification of commissural alignment was artificial and did not reflect the clinical implications of even mild CMA. There was no method to measure differences in clinical implications of CMA in slight adjustments of THV orientation by 1° angle deviation in either direction. Thus; the categorization of commissural alignment was arbitrary and does not accurately reflect real life clinical implications.

Another major shortcoming of the results was that an angle deviation of <15° was considered as commissural alignment; whereas severe coronary artery overlap was defined if a THV commissure and coronary ostium were 0° to 20° apart. This means that if the THV was aligned with the native commissures of the aortic valve at 15°; a slight overlap of even one of the commissures with either coronary artery could be deemed as severe coronary overlap and thus coronary intervention unfeasible. These contradictory classifications between studies open the question for validity and the clinical implications of these studies. Post-TAVR intervention feasibility was hypothetical in most studies and was only carried out in a clinical scenario within a subset of the sample population treated. Thus; the validity and application to real world scenarios on a larger scale is questionable.

Comparisons between commissural alignment achieved in the different THV platforms were drawn in a few studies and the results from Ochiai et al. (10) and Tarantini et al. (17) may indicate that the SAPIEN 3 platform is favorable to commissural alignment and subsequent coronary access as patients receiving this platform had considerably lower percentages of unfavorable coronary access. For example; when compared to the Evolut and Acurate Neo platforms; coronary access was higher in SAPIEN 3 than both Evolut and Neo THVs regardless of whether they were aligned or misaligned (95% vs. 71% and 46%; respectively). This is however contradictory to the findings of the study by Bieliauskas et al. (5) in which the Acurate Neo platform had the highest rate of achieving mild CMA compared to others. It is too early to determine which platform is best suited for commissural alignment as they require different techniques to achieve commissural alignment and each patient is individual in the selection of the THV platform based on their clinical situation; comorbidities; anatomy of the aortic root and the potential access route (18).

Due to the recency of commissural alignment in TAVR; a clear gap can be identified in the research area; which is that the long-term implications of commissural alignment have not been studied. From the lack of long-term studies; cardiologists around the world are not sure if commissural alignment is if even worth adopting as a routine procedure for low-risk younger patients with aortic stenosis as the long-term benefits or complications are not known. A cohort study design where low risk patients who have undergone TAVR using a commissural alignment technique are observed for a minimum of 10 years is needed to justify the adoption of commissural alignment as a routine procedure.

The limitations of this review include the relative recency of commissural alignment in TAVR as a topic; thus the articles reviewed had very similar study designs and lacked control groups to compare outcomes such as coronary filling and intervention. This also means that the data extracted from the articles was very similar and could easily be interpreted as a continuous study. On the other hand; the relative recency of this topic also creates the strengths of this literature view as since the studies available are limited; a comprehensive review was able to be carried out covering most of the literature available for the topic at hand.
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- Coronary angiography was performed after TAVR.

- 38% of patients received SAPIEN 3; 31.1% Evolut Pro/R and 30.1%
Acurate Neo THVs.

- Evolut THVs were implanted with an aim of commissural alignment
and Acurate Neo THVs were retrospectively assessed to achieve

commissural alignment.

Key findings

- Mild CMA (<30°) obtained in 53 patients (88%); of which optimal
commissural alignment (<15°) was obtained in 36 patients (60%).

- Severe CMA (>45°) obtained in 2 patients.

“In patients where the fluoroscopic projection was optimally assessed;
the success rate of TAVR with optimal alignment or mild CMA

was 98%.

- The ACURATE neo2 platform produced mild CMA in all 20 cases.

- Mild valvular leak was detected in 22 patients.

-27 of 28 (96%) SHV's were implanted as aligned. One SHV was
implanted with mild CMA.

—47 THVs (229%) were implanted as aligned; 53 THVs (25%) were
implanted with mild CMA; 46 (22%) had moderate CMA and 66
(31%) had severe CMA.

- Commissural alignment in TAVR was shown to be random.

- Severe CMA did not result in significant pressure drop within
coronary arteries when compared to aligned THVs (0.9 RCA;
17LCA)

“Tracking Evolution Hat marker reduced the coronary artery overlap
by 36% to 60% (p < 0.05).

- More than 30% to 50% of cases had CMA where overlap with one or

both coronary arteries were present.

- None of the 9 accurate commissural alignment cases reported
significant coronary artery overlap (0° to 20° apart was deemed
sever overlap)

-7 out of 11 cases were aligned (angle deviation of <15°) 1 case had
mild CMA (15° to 30°); and the remaining 2 cases had moderate

CMA (30° to 45°); as predicted in computer simulation.
~Coronary clearance was achieved in 98% of patients.

~No cases of severe coronary artery overlap.
- Commissural alignment was achieved in 34 (75.5%) patients; mild
CMA in 9 (20%) pa

- In 42 (93%) patients; final alignment of THV commissures were

nts and moderate CMA in 2 (4.5%) patients.

consistent with the calculated alignment with a mean difference of

10.5° £5.2°

- Unfavorable coronary access was observed in 34.8% for the left
coronary artery and 25.8% for the right coronary artery in the Evolut
PRO/R group (40 total)

~Unfavorable coronary access was observed in 15.7% for the left
coronary artery and 8.1% for the right coronary artery in the SAPIEN
3 group (82 in total).

“The success rates for CAG or PCI post-TAVR were significantly
lower in patients deemed as unfavorable for coronary accessin

both groups.

- In 237 patients (97%); the angiogram was able to confirm the
predicted line of perpendicularity and predict the optimal orientation
of the THV.

-7 patients (3%) needed subsequent corrections to achieve optimal

alignment; largest correction was 14°.

- The THY commissures vertically aligned with the coronary ostium
were 58% and 63% in the RCA and LCA; respectively.

- THV commissures were not aligned with the native commissures in
45 patients (47%)

- The commissural posts were overlapping a coronary ostium in 15
patients (16%).

- Two patients (29) had a paravalvular leak due to CMA; caused by
the sealing skirt

- THV commissures overlapping a coronary ostium was observed in
9% to 13% of patients.

- Intentional crimping did not significantly impact commissural
alignment; orientation of the commissures away from the coronary
ostium was achieved in 75% (15/20 patients) who were treated with
intentionally crimped alignment compared to 70.3% (45/64 patients)

treated with randomly crimped catheters (p=0.69).

- Commissural alignment was achieved in all circumstances as

coronary artery re-cannulation was easily obtained in all cases.

—32 patients had moderate to severe risk of coronary overlap

regardless of ideal commissural alignment.
- Greater coronary eccentricity was linked with greater risk of
moderate to severe coronary overlap regardless of

commissural alignment.

- When optimal coronary alignment was simulateds it reduced severe
coronary overlap in all cases and reduced moderate coronary overlap

by 22%.
- The modified technique had improved commissural alignment and

reduced severe coronary artery overlap.
- Outer curve hatmaker rate was 89.6% for the modiified technique
and 67.5% for the conventional.

- Out of the conventional technique cohort; 41.6% had severe
coronary overlap with the Evolut valve commissure in 1 or both
coronary arteries; compared to a reduced 20.8% coronary overlap in 1

or both coronaries using the modified technique.

- Commissural alignment was achieved in 85.9% of Evolut and 69.4%
of Acurate Neo cases.

- Coronary access was higher in SAPIEN 3 than both Evolut and Neo
THV regardless of whether they were aligned or misaligned (95% vs.
71% and 46%; respectively).

- Cannulation of at least 1 coronary artery was unfeasible in 0% for
SAPIEN; 1% in misaligned supr-annular and 3% aligned

supra-annular THVs.
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