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Abstract

:

Background: This study aims to compare the outcomes of transcatheter aortic valve replacement (TAVR) with self-expandable valves for bicuspid aortic valve (BAV) vs. tricuspid aortic valve (TAV) stenosis patients who are at low surgical risk. Methods: Participants were enrolled from 36 centers in China between January 2017 and December 2021. The primary endpoint event was all-cause mortality and all stroke at 30 days. Results: Among 389 patients at low surgical risk that underwent TAVR, 229 patients were BAV stenosis (mean age, 72.9 years; 65.1% men). There was no significant difference in the rate of all-cause death between two populations at 30 days. However, the rate of all stroke was significantly higher in the BAV group at 30 days (3.3% vs. 0%; odds ratio (OR), 0.97 (95% confidence interval (CI), 0.94 to 0.99); p = 0.044). By multivariate logistic regression analysis, trans-carotid access was associated with a higher all stroke rate at 30 days (OR, 29.20 (95% CI, 3.97 to 215.1); p = 0.001). Conclusions: In this national registry-based study, patients treated for BAV vs. TAV stenosis had no significant difference in all-cause mortality at 30 days, but trans-carotid access was associated with a higher all stroke rate after TAVR at 30 days.
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1. Introduction


Since Cribier and colleagues reported the first case of transcatheter aortic valve replacement (TAVR) in 2002 [1], TAVR has undergone an accelerated period of development, changing the treatment of patients with aortic valve stenosis (AS). Randomized controlled trials have demonstrated the safety, efficacy and feasibility of TAVR, first in inoperable, and then in high surgical risk, intermediate, and recently low surgical risk patients [2,3,4,5,6]. However, these trials excluded bicuspid anatomy. The increasing experience of the operator and refinements in the technology have led to progressive reductions in the incidence of adverse events associated with TAVR, and there are increasingly bicuspid aortic valve (BAV) patients undergoing TAVR treatment.



Compared with Western countries, Chinese AS patients have the characteristics of a high proportion of BAV and high calcium burden [7,8]. Of patients undergoing surgery for aortic stenosis, 15% to 29% have been reported to have BAV [9,10]. An analysis from the western registry showed that about 3.2% of all TAVR procedures in the United States were performed for BAV [11]. However, BAV accounted for nearly half of all TAVR patients in China [12,13], which was associated with early degeneration leading to AS or aortic regurgitation [14]. Previously published studies on the outcomes of TAVR in BAV were limited to a small sample size [15], to older patients who were at higher surgical risk [11], or to those with a balloon-expandable valve [16]. Given that BAV was frequently present in younger and low surgical risk AS patients, prognostic data from TAVR treatment of BAV stenosis was critical to direct the treatment of these patients who are at low surgical risk.



The National Transcatheter Valve Therapeutics Registry (NTCVR) database was co-initiated by National Clinical Research Center for Interventional Medicine and Chinese Cardiovascular Association, which is the largest database that includes TAVR procedures performed in China [17]. In this national registry-based study, we aimed to compare the outcomes of TAVR with self-expandable transcatheter heart valves (THVs) for BAV vs. tricuspid aortic valve (TAV) stenosis patients who are at low surgical risk.




2. Materials and Methods


2.1. Study Population


All consecutive patients undergoing TAVR with self-expandable THVs (Venus A [Venus MedTech, Hangzhou, China] and VitaFlow [MicroPort, Shanghai, China]) from 36 centers in China between January 2017 and December 2021 were evaluated in this study (Figure 1). Baseline characteristics, procedural details, and clinical outcomes were prospectively collected, while the analysis was performed retrospectively. The study included all severe symptomatic AS patients at low surgical risk undergoing TAVR. Low surgical risk was defined as having an STS predicted risk of mortality (STS-PROM) score of less than 4%. Severe AS was defined by echocardiographic criteria including a mean gradient > 40 mmHg (1 mmHg = 0.133 kPa) or peak jet velocity > 4.0 m/s and aortic valve area < 1.0 cm2.




2.2. Procedures and Outcomes


Self-expandable THVs were used in all severe AS patients, including two domestic self-expanding THVs: Venus A (Venus Medtech Inc., Hangzhou, China) and the VitaFlow valve (Shanghai MicroPort CardioFlow Medtech Co., Ltd., Shanghai, China). Venus A and Vitaflow were the first-generation self-expanding THVs in China [18]. We performed a post-balloon dilation if a moderate to severe aortic valve regurgitation or high transvalvular gradient existed. The primary endpoint event was all-cause mortality and all stroke at 30 days. The study was conducted in accordance with the Declaration of Helsinki and approved by the Ethics Committee of the Zhongshan Hospital, Fudan University, China.




2.3. Statistical Analysis


All statistical analyses were performed using SPSS version 25 (SPSS, Inc., an IBM Company, Chicago, IL, USA). Categorical data are presented as the number of events and frequencies, and continuous data are presented as mean ± SD. Comparisons between the two groups were performed using the Chi-square test or Fisher’s exact test for categorical variables, and independent t-tests for continuous covariates. To identify independent predictors of all stroke after TAVR, candidate variables for the multivariable logistic regression model were required to have clinical relevance and a p-value < 0.05 in the univariate analysis, which included all available baseline clinical, echocardiographic, and procedural data. All p values were two-sided, and p < 0.05 was considered significant for all tests.





3. Results


3.1. Patient Population


Between January 2017 and December 2021, a total of 475 patients at low surgical risk who underwent TAVR for aortic stenosis with self-expandable THVs at 36 institutions in China were included in the primary analysis. Some 86 patients were excluded because of unknown anatomy or other unknown reasons. A total of 389 patients at low surgical risk (229 with BAV and 160 with TAV) were included in the final analysis (Figure 1).



Baseline characteristics of the BAV group and TAV group are shown in Table 1. Compared with the TAV group, the rates of NYHA functional class III or IV, incidences of diabetes mellitus, prior myocardial infarction, prior percutaneous coronary intervention (PCI), and pre-existing permanent pacemakers (PPM) in BAV patients were significantly lower, and BAV patients were also younger than TAV patients. As for pre-procedural imaging analysis (echocardiographic and coronary CT), the aortic valve area of BAV patients was significantly smaller than TAV patients, and the percentages of leaflet calcification and aortic insufficiency were higher in the BAV group (Table 2).




3.2. Procedural and Clinical Outcomes


Procedural details are presented in Supplementary Table S1. There were no significant differences in procedure status, procedure access, balloon pre-dilation rate, type of anesthesia and the method of vascular closure between the two groups (all p > 0.05).



Clinical outcomes are shown in Table 3. There was no significant difference in the rates of all-cause death between the BAV and TAV group at discharge (0% vs. 0%) or 30 days (0.9% vs. 0.7%; odds ratio (OR), 1.37 (95% confidence interval (CI), 0.12 to 15.3); p = 1.00). There was no significant difference in the rates of all-cause death or stroke between the BAV and TAV group at 30 days (4.2% vs. 0.7%; OR, 6.40 (95% CI, 0.80 to 51.05); p = 0.053). However, the rate of all stroke was significantly higher in the BAV group both at discharge (2.6% vs. 0%; OR, 0.97 (95% CI, 0.95 to 0.99); p = 0.045) and at 30 days (3.3% vs. 0%; OR, 0.97 (95% CI, 0.94 to 0.99); p = 0.044). In the secondary clinical outcomes, there were no significant differences in the rates of major vascular complications, major bleeding, myocardial infarction, new-onset atrial fibrillation, new PPM implantation, or moderate/severe paravalvular leak (PVL) between the two groups, both at discharge and at 30 days (all p > 0.05).




3.3. Multivariable Analysis


A total of 359 patients (213 with BAV and 146 with TAV) completed a 30-day follow-up. The rate of all stroke in the entire population was 1.9%. The candidate variables for the univariate logistic regression analysis for predictors of all stroke are shown in Table 4. Candidate variables for the multivariable model were required to have clinical relevance and a p-value < 0.05 in the univariate analysis. Interestingly, trans-carotid access and BAV were predictors of all stroke on univariate analysis. However, on multivariate logistic regression analysis, the BAV was not significantly different (Table 4). By multivariate analysis, trans-carotid access was the only independent predictor of all stroke at 30 days (OR, 29.20 [95% CI, 3.97 to 215.1]; p = 0.001).





4. Discussion


In this national registry-based study of AS patients at low surgical risk who had undergone TAVR with self-expandable THVs in China, the primary results were as follows: (1) BAV patients had a low 30-day all-cause mortality (0.9%); (2) compared with TAV patients, BAV patients had higher rates of in-hospital and 30-day all stroke. However, there were no significant differences in all-cause mortality, the rates of major vascular complications, major bleeding, myocardial infarction, new-onset atrial fibrillation, new PPM implantation, or moderate/severe PVL between BAV and TAV patients both at discharge and at 30 days; (3) by multivariate logistic regression analysis, trans-carotid access was associated with a higher all stroke at 30 days after TAVR.



This is the first report from the NTCVR database on outcomes of TAVR in patients at low surgical risk in China. There are limited randomized clinical trials of TAVR vs. surgical aortic valve replacement (SAVR) for the treatment of BAV stenosis. Low surgical risk patients with BAV stenosis are often considered more suitable for SAVR. In the present study, BAV patients account for 58.9% of all low surgical risk TAVR patients, which was significantly higher than a recent study based on the western registry [16]. The present study included 389 patients at low surgical risk who underwent TAVR; in 229 BAV stenosis patients (mean age, 72.9 years; 65.1% men; mean STS 2.6%), the rates of NYHA functional class III or IV, incidences of diabetes mellitus, prior myocardial infarction, prior PCI and pre-existing PPM of BAV patients were significantly lower than TAV patients, which may be explained by the younger age of BAV patients. BAV patients demonstrated a 30-day all-cause mortality of 0.9%. Other secondary clinical outcomes were low and comparable to the TAV group. In addition, these outcomes were comparable with published surgical clinical trials on BAV stenosis and reported 30-day mortality ranging from 0.4% to 2.5% [19,20,21,22,23]. However, the 30-day all stroke rates of BAV patients were significantly higher than TAV patients in the present study, and were also higher than the outcomes of SAVR and TAVR with a balloon-expandable valve for TAV stenosis [6], but were comparable to the results of a recent systematic review which analyzes the clinical outcomes of TAVR in BAV patients [24].



Due to the superficial and less calcified carotid arteries, trans-carotid TAVR is an easier technique compared with trans-femoral TAVR. It has also been shown that trans-carotid TAVR has similar clinical outcomes compared with the trans-femoral TAVR regarding mortality and morbidity [25,26]. However, the preoperative evaluation of the cerebrovascular anatomy is crucial for trans-carotid TAVR, and previous studies showed that patients with ≥50% carotid stenosis or presence of a plaque are at a high risk for embolization [27,28]. The insertion of large sheaths and the increase in the time of hypoperfusion through the circle of Willis could potentially increase the risk of stroke in trans-carotid TAVR [29]. In this study, we found that trans-carotid access and BAV were predictors of all stroke on univariate analysis, but trans-carotid access was the only independent predictor of all stroke at 30 days after TAVR by multivariate logistic regression analysis (OR, 29.20 [95% CI, 3.97 to 215.1]; p = 0.001). The lack of cerebral protection during TAVR may contribute to the increased risk of all stroke in patients with trans-carotid TAVR in our study.



For BAV stenosis patients with low surgical risk, the selection of TAVR or SAVR should be carefully considered combined with the anatomical suitability, coronary artery access for future interventions, feasibility of repeated TAVR or SAVR, pacemaker incidence, and valvular thrombosis to optimize the lifetime management of treatment. Although the rate of 30-day all stroke was significantly higher in the BAV group, this difference disappeared after multivariate logistic regression analysis in the present study. In the future, prospective randomized clinical studies comparing TAVR vs. SAVR with long-term follow-up data are needed to guide the optimal management of BAV stenosis in young low surgical risk patients.




5. Conclusions


In this national registry-based study, patients receiving TAVR with self-expandable valves treated for BAV vs. TAV stenosis had no significant difference in all-cause mortality at 30 days. However, the rate of all stroke was significantly higher in the BAV group at 30 days. By multivariate logistic regression analysis, trans-carotid access was associated with a higher all stroke rate after TAVR at 30 days.
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Figure 1. The design of the study. 
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Table 1. Baseline Characteristics of Low-Risk Patients.
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	BAV(n = 229)
	TAV(n = 160)
	p Value





	Age, yrs
	72.9 ± 6.9
	75.3 ± 6.7
	0.0007



	Male
	65.1% (149/229)
	66.9% (107/160)
	0.711



	NYHA functional class III or IV
	57.2% (131/229)
	68.8% (110/160)
	0.021



	STS-PROM score *, %
	2.6 ± 0.9
	2.5 ± 1.0
	0.652



	Smoking
	21.0% (48/229)
	26.9% (43/160)
	0.175



	Diabetes mellitus
	13.5% (31/229)
	23.8% (38/160)
	0.009



	Hypertension
	44.1% (101/229)
	52.5% (84/160)
	0.220



	Hyperlipidemia
	15.3% (35/229)
	13.1% (21/160)
	0.551



	Peripheral vascular disease
	3.5% (8/229)
	5.0% (8/160)
	0.462



	Prior CVA/TIA
	6.1% (14/229)
	8.1% (13/160)
	0.442



	Chronic lung disease
	8.7% (20/229)
	10.6% (17/160)
	0.532



	Prior myocardial infarction
	0.4% (1/229)
	4.4% (7/160)
	0.020



	Prior PCI
	4.4% (10/229)
	9.4% (15/160)
	0.047



	Pre-existing PPM
	0% (0/229)
	2.5% (4/160)
	0.028



	Atrial fibrillation/flutter
	6.6% (15/229)
	10.0% (16/160)
	0.216



	Carcer
	3.9% (9/229)
	2.5% (4/160)
	0.627







Values are mean ± SD or n/N (%). * The STS-PROM score estimates the rate of death at 30 days among patients undergoing SAVR on the basis of a pre-defined number of baseline demographic and clinical characteristics and procedural variables. NYHA = New York Heart Association; STS-PROM = Society of Thoracic Surgeons Predicted Risk of Mortality; TIA = Transient ischemic attack; CVA = Cerebrovascular accident; PCI = Percutaneous coronary intervention;; PPM = Permanent pacemaker.
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Table 2. Pre-Procedural Imaging Analysis.
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	BAV(n = 229)
	TAV(n = 160)
	p Value





	Echocardiographic
	
	
	



	LVDD (mm)
	47.8 ± 11.0
	50.5 ± 9.7
	0.016



	Mean gradient (mmHg)
	67.1 ± 21.6
	64.2 ± 22.0
	0.210



	Aortic valve area (cm2)
	0.5 ± 0.3
	0.6 ± 0.2
	0.010



	LVEF, %
	56.9 ± 11.9
	58.4 ± 9.9
	0.219



	Aortic insufficiency
	79.9% (183/229)
	90.6% (145/160)
	0.004



	Mitral insufficiency
	81.7% (187/229)
	84.4% (135/160)
	0.485



	Tricuspid insufficiency
	74.2% (170/229)
	72.5% (116/160)
	0.703



	Coronary CT
	
	
	



	Leaflet calcification
	97.8% (224/229)
	92.5% (148/160)
	0.023



	Annulus calcification
	57.6% (132/229)
	48.1% (77/160)
	0.064



	Annulus area (mm2)
	456.5 ± 117.4
	458.4 ± 101.5
	0.870



	Annulus circumference (mm)
	79.5 ± 32.6
	79.1 ± 36.7
	0.919







Values are mean ± SD or n/N (%). LVDD = Left ventricular end diastolic diameter; LVEF = Left ventricular ejection fraction.
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Table 3. Clinical Outcomes in the Low-Risk Group.
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	BAV(n = 229)
	TAV(n = 160)
	p Value





	In-hospital outcomes
	
	
	



	All-cause death
	0% (0/229)
	0% (0/160)
	-



	All stroke
	2.6% (6/229)
	0% (0/160)
	0.045



	All-cause death or stroke
	2.6% (6/229)
	0% (0/160)
	0.045



	Major vascular complications
	3.1% (7/229)
	3.1% (5/160)
	1.000



	Major bleeding
	2.6% (6/229)
	1.3% (2/160)
	0.566



	MI
	0.9% (2/229)
	0.6% (1/160)
	1.000



	New-onset atrial fibrillation
	2.2% (5/229)
	1.9% (3/160)
	1.000



	New-onset LBBB
	10.0% (23/229)
	11.3% (18/160)
	0.703



	New-onset AVB
	7.4% (17/229)
	8.1% (13/160)
	0.799



	New PPM implantation
	6.6% (15/229)
	8.8% (14/160)
	0.416



	Moderate/severe PVL
	2.6% (6/229)
	2.5% (4/160)
	1.000



	30-day outcomes
	
	
	



	Follow-up rate
	93.0% (213/229)
	91.3% (146/160)
	0.521



	All-cause death
	0.9% (2/213)
	0.7% (1/146)
	1.000



	All stroke
	3.3% (7/213)
	0% (0/146)
	0.044



	All-cause death or stroke
	4.2% (9/213)
	0.7% (1/146)
	0.053



	Major vascular complications
	3.3% (7/213)
	3.4% (5/146)
	1.000



	Major bleeding
	4.7% (10/213)
	2.1% (3/146)
	0.304



	MI
	0.9% (2/213)
	0.7% (1/146)
	1.000



	New-onset atrial fibrillation
	2.8% (6/213)
	2.7% (4/146)
	1.000



	New-onset LBBB
	12.7% (27/213)
	12.3% (18/146)
	0.922



	New-onset AVB
	8.5% (18/213)
	8.9% (13/146)
	0.881



	New PPM implantation
	10.3% (22/213)
	12.3% (18/146)
	0.554



	Moderate/severe PVL
	3.8% (8/213)
	2.7% (4/146)
	0.820







Values are n/N (%). MI = Myocardial infarction; LBBB = Left bundle branch block; AVB = Atrioventricular block; PPM = Permanent pacemaker; PVL = paravalvular leak.
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Table 4. Univariate and Multivariable Predictors of All Stroke After TAVR.
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Variables

	
Univariate Analysis

	
Multivariate Analysis




	
OR

	
Lower 95% CI

	
Upper 95% CI

	
p-Value

	
OR

	
Lower 95% CI

	
Upper 95% CI

	
p-Value






	
Age

	
1.033

	
0.926

	
1.153

	
0.556

	
-

	
-

	
-

	
-




	
Female

	
0.766

	
0.147

	
4.004

	
1.000

	
-

	
-

	
-

	
-




	
NYHA III or IV

	
0.454

	
0.100

	
2.057

	
0.434

	
-

	
-

	
-

	
-




	
STS score

	
1.131

	
0.501

	
2.551

	
0.767

	
-

	
-

	
-

	
-




	
Smoking

	
0.557

	
0.066

	
4.687

	
1.000

	
-

	
-

	
-

	
-




	
Diabetes mellitus

	
1.881

	
0.357

	
9.899

	
0.361

	
-

	
-

	
-

	
-




	
Hypertension

	
2.806

	
0.538

	
14.639

	
0.265

	
-

	
-

	
-

	
-




	
Hyperlipidemia

	
0.991

	
0.117

	
8.390

	
1.000

	
-

	
-

	
-

	
-




	
Peripheral vascular disease

	
0.981

	
0.968

	
0.995

	
1.000

	
-

	
-

	
-

	
-




	
Prior CVA/TIA

	
2.282

	
0.265

	
19.672

	
0.398

	
-

	
-

	
-

	
-




	
Chronic lung disease

	
1.652

	
0.193

	
14.120

	
0.496

	
-

	
-

	
-

	
-




	
Prior myocardial infarction

	
0.982

	
0.968

	
0.995

	
1.000

	
-

	
-

	
-

	
-




	
Prior PCI

	
2.486

	
0.288

	
21.492

	
0.374

	
-

	
-

	
-

	
-




	
Pre-existing PPM

	
0.982

	
0.969

	
0.995

	
1.000

	
-

	
-

	
-

	
-




	
Atrial fibrillation/flutter

	
0.980

	
0.966

	
0.995

	
1.000

	
-

	
-

	
-

	
-




	
Carcer

	
0.981

	
0.968

	
0.995

	
1.000

	
-

	
-

	
-

	
-




	
LVDD

	
0.960

	
0.877

	
1.050

	
0.368

	
-

	
-

	
-

	
-




	
Mean gradient at basement

	
1.004

	
0.973

	
1.037

	
0.784

	
-

	
-

	
-

	
-




	
AVA by echo base

	
7.268

	
0.174

	
303.859

	
0.298

	
-

	
-

	
-

	
-




	
LVEF

	
1.019

	
0.946

	
1.098

	
0.624

	
-

	
-

	
-

	
-




	
Aortic insufficiency

	
0.457

	
0.087

	
2.409

	
0.302

	
-

	
-

	
-

	
-




	
Leaflet calcification

	
0.279

	
0.032

	
2.453

	
0.284

	
-

	
-

	
-

	
-




	
Transcarotid access

	
30.160

	
4.685

	
194.15

	
0.006

	
29.200

	
3.965

	
215.06

	
0.001




	
Balloon pre-dilatation

	
1.020

	
1.005

	
1.035

	
1.000

	
-

	
-

	
-

	
-




	
BAV

	
1.032

	
1.008

	
1.056

	
0.045

	
-

	
-

	
-

	
0.995








NYHA = New York Heart Association; TIA = Transient ischemic attack; CVA = Cerebrovascular accident; PCI = Percutaneous coronary intervention; PPM = Permanent pacemaker; LVDD = Left ventricular end diastolic diameter; AVA = Aortic valve area; LVEF = Left ventricular ejection fraction; BAV = Bicuspid aortic valves.
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