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Objectives: The aim of the present study was to assess the differences between BAV and TAV patients with chronic 
moderate to severe or severe AS regarding presentation, incidence of TAVR, survival, ascending aorta diameter 
and dilatation rate before and after TAVR. 
Methods: The study included 667 consecutive patients with chronic moderate to severe or severe AS from January 
2012 and December 2022. Outcomes included all-cause mortality, incidence of TAVR, and ascending aorta 
diameter and dilatation rate. 
Results: There were 185 BAV-AS and 482 TAV-AS patients, and BAV-AS patients were younger (67 vs 78 years, P 
= 0.027). Total follow-up was 4.5 years (IQR: 2.7-8.9 years), 290 patients underwent TAVR, and 165 patients 
died. The 8-year TAVR incidence was higher in BAV-AS (55% ± 4%) vs TAV-AS (41% ± 5%; P = 0.02). The 8- 
year survival was higher in BAV-AS (85% ± 6%) vs TAV-AS (71% ± 6%; P < 0.0001) and became insignificant 
after age adjustment (P = 0.33). The dilatation rate of ascending aorta was significantly faster in BAV-AS patients 
compared with TAV-AS patients before TAVR. However, the ascending aorta dilatation rate for BAV-AS and TAV- 
AS patients was not significantly different after TAVR. 
Conclusions: Compared with TAV-AS, BAV-AS patients were younger and underwent TAVR more frequently, 
resulting in a considerable survival advantage. After TAVR, ascending aorta dilatation rates were similar in BAV- 
AS and TAV-AS patients, suggesting an important role of hemodynamics on ascending aorta dilatation in BAV- 
AS.   

1. Introduction 

Transcatheter aortic valve replacement (TAVR) has evolved from a 
novel technology to an established therapy for high-risk patients with 
symptomatic severe aortic stenosis (AS) [1]. Bicuspid aortic valve (BAV) 
is the most common congenital valvular disease that occurs in approx
imately 1–2 % of the population [2]. BAV patients with AS present 
unique challenges for TAVR because of the morphologic variants in 
valve anatomical structure, annular and left ventricular outflow tract 
shape, and dynamic flow patterns [3]. Nevertheless, satisfactory results 
are accumulating regarding BAV-AS patients undergoing TAVR [4]. 
Comparable outcomes have been achieved in BAV-AS patients versus 
tricuspid aortic valve (TAV) patients with AS, especially with new- 
generation devices [5,6]. 

BAV anatomy is commonly associated with an increased dilatation 
rate of the ascending aorta compared with TAV, which can be explained 
by the intrinsic differences in the aortic wall structure due to an un
derlying genetic substrate and abnormal aortic wall stress distribution in 
BAV patients [7]. TAVR could change valvular hemodynamics and their 
impact on aortic wall stress distribution [8], and therefore we hypoth
esized that after TAVR, differences in the ascending aorta dilatation rate 
between patients with TAV-AS and those with BAV-AS would be sec
ondary to the underlying genetic substrate. We also hypothesized that 
survival of BAV-AS patients would be superior to TAV-AS, and that the 
progression of aortic dilatation will be decelerated with abnormal he
modynamics being corrected by TAVR in BAV-AS patients. 
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2. Methods 

2.1. Study population 

Between January 2012 and December 2022, all consecutive patients 
aged ≥65 years with chronic moderate to severe or severe AS by 
transthoracic echocardiogram (TTE) were retrospectively identified in 
our institution. AS was graded by either transthoracic or trans
oesophageal echocardiography following the European Guidelines of 
Echocardiography [9]. Severe AS was defined as the aortic valve area 
≤1.0 cm2, peak aortic velocity >4 m/s or mean pressure gradient >40 
mmHg. Moderate AS was defined as aortic valve area between 1.0 and 
1.5 cm2, peak aortic velocity between 3.0 and 4.0 m/s or mean pressure 
gradient between 20 and 40 mmHg. 

All cases were manually reviewed to determine eligibility. Exclusion 
criteria included: (1) aortic regurgitation more than mild; (2) acute 
aortic dissection or active endocarditis; (3) connective tissue diseases; 
(4) intolerance due to clinical situation; (5) conversion to open surgical 
aortic valve replacement (SAVR); (6) absence of MDCT or poor quality of 
imaging; (7) previous aortic valve surgery; (8) indeterminate cusp 
numbers (Fig. 1). After exclusions, 667 patients constituted the study 
cohort. 

This study was approved by the Institutional Review Board of 
Southwest Hospital of Third Military Medical University (Army Medical 
University) and conducted in accordance with the Declaration of Hel
sinki (as revised in 2013). The Institutional Review Board of Southwest 
Hospital of Third Military Medical University (Army Medical University) 
waived the need for informed consent. 

2.2. Imaging measurement 

Patients underwent a standard screening algorithm including echo
cardiography and contrast-enhanced multidetector computed tomogra
phy (MDCT). The type of aortic valve was distinguished based on 
transthoracic echocardiography by two professional cardiologists (Wei 

Cheng and Jun Li) following the description by Sievers et al. [10]. 
Ascending aorta diameter was measured by end-systolic images of 
MDCT in 3mensio software (3mensio Medical Imaging BV, Bilthoven, 
the Netherlands). To make sure that the measurement of the aortic 
diameter was comparable at the same slice for each patient, the left 
coronary ostia was identified as a mark. The circumferences of the sinus 
of Valsalva (SOV), sinotubular junction (STJ), and ascending aorta 40 
mm distal from the aortic valve were measured (Fig. 2), and the average 
diameter of the plane was defined by dividing the perimeter by 3.14. 
Ascending aorta dilatation rates were calculated by dividing the change 
of ascending aorta diameter by the time interval in years for each 
patient. 

2.3. Transcatheter aortic valve replacement procedure 

The decision to perform TAVR was made by a multidisciplinary heart 
team, including an interventional cardiologist, a cardiovascular sur
geon, an echocardiographer, and an anesthesiologist. Detailed proced
ures of TAVR were previously reported [11]. A large proportion of 
patients were implanted with self-expanding valves, such as: VitaFlow 
(Microport, Shanghai, China), Taurus One-Valve (Peijia Medical, Suz
hou, China), and CoreValve (Medtronic Inc., Minnesota, USA). The rest 
of the patients were implanted with the Lotus valve (Boston Scientific, 
Marlborough, MA) or Edwards SAPIEN XT valve (Edwards Lifesciences, 
Irvine, California). The valve size was determined on the basis of MDCT 
measurements. A transfemoral approach was the preferred access route, 
but if that was not viable, transiliac, transapical, trans-subclavian, or 
transaortic approaches were considered. Almost all patients were 
treated with dual antiplatelet therapy (aspirin 100 mg and clopidogrel 
75 mg) with no indication of anticoagulation after TAVR; when anti
coagulation treatment was indicated, patients received warfarin or new 
oral anticoagulants. 

2.4. Data collection 

Preoperative and perioperative data and postoperative outcomes 
were collected retrospectively from databases at our institution. Post
operative follow-up data were collected by review of medical records or 
patient telephone interviews. Mortality status, dates of death, and cause 
of death were retrieved from medical records and China’s National 
Health Insurance Research Database. 

The primary endpoint was all-cause mortality during total follow-up 
(observation stopped at death or last follow-up) and after TAVR. Sec
ondary endpoints were: 1) cumulative incidence of TAVR; 2) ascending 
aorta diameter and dilatation rate (at baseline, directly preoperatively, 
immediately postoperatively and at the last follow-up). 

2.5. Statistical analysis 

Continuous variables are shown as mean ± standard deviation (SD) 
or as median (interquartile range [IQR]: 25th to 75th percentile) in cases 
of skewed distribution. Categorical variables are presented as raw 
counts and percentages. Assessment of normality was performed using 
the Shapiro-Wilk test. For normally distributed continuous data, two- 
tailed unpaired Student’s t tests were used for comparisons between 
groups. For non-normally distributed data, Mann-Whitney U-test was 
used. Categorical variables were compared using the Chi-square test. 
Survival was estimated with the Kaplan-Meier method. The endpoints of 
mortality and TAVR incidence between BAV-AS and TAV-AS were 
analyzed by using the Cox proportional hazards model, while adjusting 
for age, sex, and STS score in multivariable analysis. Repeated- 
measurement analysis of variance was performed to assess the impact 
of BAV on the ascending aorta diameters at each point in time. BAV was 
incorporated into the model as a factor. Estimated marginal means ±
standard error of the mean for the ascending aorta diameters were re
ported. The ascending aorta dilatation was assumed to be linear, and 

Fig. 1. Flow diagram of patient inclusion and exclusion. AS = aortic stenosis; 
BAV = bicuspid aortic valve; MDCT = multidetector computed tomography; 
SAVR = surgical aortic valve replacement; TAV = tricuspid aortic valve; TAVR 
= transcatheter aortic valve replacement. 
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therefore linear regression analysis without including an intercept was 
performed separately in BAV and TAV to assess ascending aorta dila
tation in mm/year in both groups before and after TAVR. We included 
BAV multiplied by follow-up duration in years to assess the difference in 
dilatation of the ascending aorta between BAV and TAV [12]. All sta
tistical tests were 2-sided. A P value < 0.05 was considered significant. 
Analyses were performed using the statistical packages SAS version 9.4 
(SAS Institute, Cary, North Carolina). 

3. Results 

3.1. Patient characteristics 

Baseline characteristics of the total cohort (n = 667), including 185 
(27.7%) BAV-AS and 482 (72.3%) TAV-AS patients are displayed in 
Table 1. Compared to TAV-AS patients, BAV-AS patients were over one 
decade younger (67 vs 78 years, P = 0.027), and predominantly male 

(69.2 vs 58.1, P = 0.033), and had a lower proportion of patients with 
comorbidities. According to echocardiography, BAV-AS patients had a 
smaller aortic valve area (0.54 vs 0.65, P = 0.024) and a larger mean 
gradient (59.5 vs 52.6, P = 0.037). 

3.2. TAVR incidence and periprocedural outcomes 

Overall, 290/667 (43.5%) patients underwent TAVR, including 90 
BAV-AS patients and 200 TAV-AS patients; no patients had received 
open SAVR. The 8-year incidence of TAVR (55% ± 4% in BAV and 41% 
± 5% in TAV, P = 0.02) was 1.3-fold higher for BAV-AS and became 
insignificant after adjustment for age (Fig. 3) and after additional 
adjustment for sex, and STS score (HR: 0.77; 95% CI: 0.68–1.90; P =
0.62). The procedural details and in-hospital outcomes are summarized 
in Table 2, and no significant differences were observed between BAV- 
AS and TAV-AS patients. 

3.3. Follow-up survival 

During a median follow-up of 4.5 years (IQR: 2.7–8.9 years), 165 
patients died (25 died after TAVR), including 145 (30.1%) TAV-AS and 
20 (10.8%) BAV-AS patients. The mortality follow-up was 100% by 
December 2022. 

Unadjusted (real-life) Kaplan-Meier models showed that BAV-AS 
patients had significantly better survival during total follow-up (8-year 
survival 85% ± 6% in BAV vs 71% ± 6% in TAV, P < 0.0001) (Fig. 4A). 

Fig. 2. Ascending aorta measurements. (A) Sinus of Valsalva (SOV) plane cross section. (B) Sinotubular junction (STJ) plane cross section. (C) The diameter of 
ascending aorta was measured at the broadest level of ascending aorta plane cross section. 

Table 1 
Baseline characteristics.   

Total (n =
667) 

BAV (n =
185) 

TAV (n =
482) 

P 
Value 

Clinical characteristics 
Age (years) 74 (67-82) 67 (65-76) 78 (74-85) 0.027 
Male 418 (62.7) 128 (69.2) 280 (58.1) 0.033 
Body surface area (m2) 2.06 ± 0.25 1.99 ± 0.27 2.15 ± 0.24 0.659 
Hypertension 135 (20.2) 33 (17.8) 102 (21.2) 0.028 
Diabetes mellitus 76 (11.4) 17 (9.2) 59 (12.2) 0.043 
Hyperlipidemia 112 (16.8) 28 (15.1) 84 (17.4) 0.081 
COPD 105 (15.7) 25 (13.5) 80 (16.6) 0.046 
Chronic kidney disease 35 (5.2) 9 (4.9) 26 (5.4) 0.317 
Coronary artery disease 99 (14.8) 20 (10.8) 75 (15.6) 0.019 
Previous myocardial 

infarction 
30 (4.5) 8 (4.3) 22 (4.6) 0.801 

Previous atrial fibrillation 118 (17.7) 19 (10.3) 89 (18.5) 0.015 
Previous cerebrovascular 

accident 
22 (3.3) 5 (2.7) 15 (3.1) 0.429 

NYHA functional class III 
or IV 

100 (15.0) 23 (12.4) 77 (16.0) 0.035 

STS score (%) 5.6 (3.7- 
9.4) 

5.0 (3.5- 
7.3) 

6.2 (4.6- 
10.5) 

0.028  

Echocardiographic variables 
LVEF (%) 53.2 (41.7- 

60.5) 
51.0 (40.9- 
62.3) 

54.0 (42.5- 
62.6) 

0.651 

LVEF <55% 211 (31.6) 56 (30.3) 155 (32.2) 0.719 
Max velocity (m/s) 4.8 ± 0.73 4.9 ± 0.88 4.7 ± 0.66 0.185 
Mean gradient (mmHg) 55.7 ± 16.6 59.5 ± 15.6 52.6 ± 15.3 0.037 
Aortic valve area (cm2) 0.59 ± 0.17 0.54 ± 0.14 0.65 ± 0.19 0.024 

Data are presented as n (%) or mean ± SD or median (interquartile range, IQR). 
BAV = bicuspid aortic valve; COPD = chronic obstructive pulmonary disease; 
LVEF = left ventricular ejection fraction; NYHA = New York Heart Association; 
STS = Society of Thoracic Surgeons; TAV = tricuspid aortic valve. 

Fig. 3. Kaplan–Meier curve showing cumulative incidence of TAVR. BAV pa
tients had higher incidence of TAVR. Dotted lines depict 95% confidence limits 
accordingly. BAV = bicuspid aortic valve; TAV = tricuspid aortic valve; TAVR 
= transcatheter aortic valve replacement. 
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However, after adjusting exclusively for age, BAV-AS and TAV-AS had 
similar survival (P = 0.33). Therefore, age was a critical determinant of 
mortality and not the presence of BAV or TAV. Also, Kaplan-Meier 
curves showed that patients with TAVR had better overall survival, 
whereas those without TAVR had the worst survival (Fig. 4B). 

Furthermore, 25 patients died after TAVR during a median follow-up 
of 3.4 years (IQR: 1.0–5.6 years). The 8-year post-TAVR survival was 
93% ± 6% in BAV-AS and 88% ± 5% in TAV-AS (Fig. 4C), and there 
were no inter-group survival differences (P = 0.18). However, there 
were only 5 deaths in BAV-AS and 20 deaths in TAV-AS. Therefore, the 
impact of BAV and TAV on post-TAVR survival was uncertain due to 
limited statistical power. 

3.4. Ascending aorta diameter and dilatation rate 

The mean duration from baseline to preoperative MDCT measure
ments was similar between BAV-AS and TAV-AS (1.2 [IQR: 0.5–4.8] 
years vs 0.8 [IQR: 0.5–4.0] years; P = 0.87). The diameters of ascending 
aorta were significantly larger in BAV-AS patients compared with TAV- 
AS patients at baseline and directly preoperatively (Fig. 5 and Table 3). 
The preoperative ascending aorta dilatation rate for BAV-AS and TAV- 
AS patients is displayed in Table 4. The dilatation rate of the STJ and 
ascending aorta was significantly faster in BAV-AS patients compared 
with TAV-AS patients. 

The mean duration from immediately postoperative to the late 
follow-up MDCT measurement was similar between BAV-AS and TAV- 
AS (3.0 [IQR: 1.6–4.5] years vs 3.5 [IQR: 1.5–4.9] years; P = 0.68). 
The ascending aorta diameter after TAVR is presented in Fig. 6 and 
Table 3. The diameter of the ascending aorta remained significantly 
larger in BAV-AS patients compared with TAV-AS patients directly 
postoperatively and during follow-up. Table 4 shows the postoperative 
ascending aorta dilatation rate for patients with BAV-AS and TAV-AS, 
which was not significantly different at all levels. 

4. Discussion 

In this large cohort of consecutive patients with chronic moderate to 
severe or severe AS, we compared differences between TAV-AS and 
BAV-AS patients before and after TAVR. Our major findings are: (1) 
compared with TAV-AS patients, BAV-AS patients were one decade 
younger, and had a higher incidence of TAVR; (2) BAV-AS patients 
showed superior survival during total follow-up (mainly determined by 
age); (3) BAV-AS patients had larger ascending aorta and significantly 
faster dilatation rate before TAVR; However, after TAVR, the ascending 
aorta diameters remained relatively stable, and dilatation rate were 
similar to that of TAV-AS patients. 

Unadjusted (real-life) survival analyses demonstrated that BAV-AS 
patients exhibited a significant survival advantage (total follow-up 
and after TAVR) compared with TAV-AS patients; however, when 
adjusted exclusively for age, the survival difference was significantly 
reduced during total follow-up. These observations strongly suggest that 
age and not valve anatomy is the major determinant of survival. In 
addition to age, a higher cumulative incidence of TAVR in the BAV-AS 
group could also contribute to their better outcome. 

The diameter of the ascending aorta is changing throughout the 
lifetime. The average growth rate of ascending aorta in the population 
with TAV is found to be 0.15–0.20 mm/year [13]. In the setting of BAV 
patients, the growth rate of ascending aorta is altered by different phases 
of BAV natural history [14]. In “normally functioning” BAV, the growth 
rate of ascending aorta is reported to be 0.39–0.77 mm/year, which is 
2–4 times faster than that in the healthy TAV population [15,16]. The 
faster growth rate may be related to the genetically impaired aortic wall 
in BAV patients and altered blood flow generated by normal functioning 
BAV [17,18]. When BAV becomes dysfunctional, ascending aorta seems 
to dilate faster with a growth rate of 0.6–0.9 mm/year [19]. As a result, 
aortic dilatation and aneurysm are more commonly seen in BAV-AS than 
TAV-AS patients [20], which is consistent with this study. 

Currently there are 2 main hypotheses explaining the relation be
tween BAV and ascending aorta dilatation. The first factor that might 
explain the difference in aortic dilatation between BAV and TAV is an 
underlying genetic substrate [21]. Histopathologic studies showed 
increased smooth muscle cell apoptosis, increased matrix 
metalloproteinase-9 levels, and lower expression of α-smooth muscle 
actin, smooth muscle 22α, and calponin in the aortic wall of patients 
with BAV [22,23]. Although collagen orientation is almost identical in 
BAV and TAV, there are some differences in biomechanical properties of 
the aortic wall that may explain the differences in dilatation rate, such as 
decreased wall thickness, lowered aortic distensibility, and increased 
aortic stiffness in BAV patients [24]. The second hypothesis on the as
sociation between BAV and ascending aorta dilatation is the hemody
namics theory. In TAV, the flow is directed along the curvature of the 
aorta. In BAV, the flow angle is disturbed, resulting in different 
increased wall shear stress, depending on the orientation of the cusps 
[25]. In BAV with fusion of the right and left coronary cusps, the flow is 
directed toward the right anterior, with increased wall shear stress in 
this region, resulting in ascending aorta dilatation. In BAV, with fusion 
of the right and noncoronary cusps, the flow is directed higher into the 
ascending aorta toward the posterior aortic wall, resulting in ascending 
aorta dilatation [25]. 

If the genetics hypothesis is the only factor determining aortic dila
tation in BAV, the ascending aorta dilatation rate after TAVR would be 
as high as it was preoperatively. However, if the hemodynamics theory 
were the only factor explaining the different aortic dilatation rate be
tween BAV and TAV, once the dysfunctional aortic valve has been 
replaced, the aortic dilatation rate and the risk of adverse aortic events 
during follow-up would be similar between BAV and TAV. In addition, 
these two theories may overlap because increased wall shear stress in
fluences gene expression in the aortic wall [26]. In our study, after 
TAVR, the mean ascending aortic dilatation rate of BAV group was 0.18 
mm/year, which was comparable to that of the TAV group after TAVR, 

Table 2 
Procedural details and in-hospital outcomes.   

BAV (n = 90) TAV (n = 200) P 
Value 

Access routes    
Transfemoral 77 (85.6) 165 (82.5) 0.765 
Non-transfemoral (Carotid, 

Subclavian) 
13 (14.4) 35 (17.5) 0.584  

Post-procedural variables 
Valve-in-valve implantation 7 (7.8) 15 (7.5) 0.642 
Coronary occlusion 3 (3.4) 7 (3.5) 0.598 
New myocardial infarction 2 (2.2) 5 (2.5) 0.723 
New permanent pacemaker 

implantation 
8 (8.9) 20 (10.0) 0.567 

New cerebrovascular accident 3 (3.3) 8 (4.0) 0.689 
Conversion to open SAVR 3 (3.3) 5 (2.5) 0.592 
Procedure-related death 0 0 - 
In-hospital mortality 0 0 - 
Post-operation in-hospital stay, days 5.5 ± 2.0 6.7 ± 3.0 0.503  

Echocardiography before discharge 
LVEF (%) 57.7 (52.5- 

65.0) 
58.4 (52.7- 
65.2) 

0.783 

Max velocity (m/s) 2.49 ± 0.71 2.43±0.52 0.653 
Mean gradient (mmHg) 12.37 ± 5.42 12.44 ± 5.16 0.719 
Aortic valve area (cm2) 1.59 ± 0.23 1.60 ± 0.31 0.628 
Moderate/severe paravalvular 

leakage 
6 (6.7) 13 (6.5) 0.612 

Data are presented as n (%) or mean ± SD or median. 
BAV = bicuspid aortic valve; LVEF = left ventricular ejection fraction; TAV =
tricuspid aortic valve; SAVR = surgical aortic valve replacement. 
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as well as the previously reported average growth rate in normal TAV 
population (0.15–0.20 mm/year) [26,27]. These results indicate that 
after hemodynamic abnormality is corrected, growth rate returns to be 
normal range, which supports the hemodynamic theory of BAV related 
aortic dilatation. 

5. Clinical implications 

BAV is a congenital cardiac malformation which can cause valve 
dysfunction and increase the risk of aortic dilation or aneurysm. He
modynamic and genetic components have been suggested to be related 
to the pathogenesis of ascending aortic dilatation in BAV patients. With 
abnormal hemodynamics being corrected after TAVR, the progression of 
ascending aorta was significantly decelerated. This suggested that TAVR 

Fig. 4. Kaplan–Meier curve showing survival differences. (A) BAV patients had better survival during total follow-up. (B) Patients with TAVR had better survival 
whereas those without TAVR during total follow-up had the worst survival. (C) When patients were further classified into BAV or TAV, there were no inter-group 
survival differences after TAVR. Dotted lines depict 95% confidence limits accordingly. BAV = bicuspid aortic valve; TAV = tricuspid aortic valve; TAVR =
transcatheter aortic valve replacement. 

Fig. 5. Preoperative change in aortic diameters over time. BAV = bicuspid aortic valve; TAV = tricuspid aortic valve.  
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could prevent the further progression of ascending aortic diameter for 
patients with BAV and aortic dilation. However, our results need further 
confirmation with future investigations in a larger population with 

longer-term follow-up. 

6. Study limitations 

There are several limitations in this study. (1) This study was con
ducted at a single medical center, which may limit the generalizability of 
the findings to a broader population. (2) The study design is retrospec
tive, which means that it is susceptible to issues related to data accuracy, 
missing data, and potential bias in data collection. (3) The sample size of 
the study, while significant, may still be limited in capturing rare out
comes or subgroups within the BAV and TAV patient populations. (4) 
The study may be subject to selection bias, as patients who underwent 
TAVR may have been selected based on certain clinical criteria, which 
could influence the outcomes. (5) While the study adjusted for age as a 
confounding variable, other potential confounders such as comorbid
ities, genetic factors, or socio-economic status were not fully accounted 
for. (6) The study may have a relatively limited follow-up period, which 
might not capture long-term changes in aortic dimensions and out
comes. (7) The study did not comprehensively differentiate of BAV 
anatomical variations, which might have different effects on aortic 
dilatation. (8) The study primarily focused on aortic dimensions and 
survival but did not include data on aortic valve function. 

7. Conclusions 

Compared with TAV-AS, BAV-AS patients were one decade younger 
and underwent TAVR more frequently, resulting in a considerable real- 
life survival advantage that was determined primarily by age and not 
valve anatomy. The ascending aorta dilatation rates were significantly 
higher in BAV-AS patients before TAVR. However, after TAVR, 
ascending aorta dilatation rates were similar in BAV-AS and TAV-AS 
patients, suggesting an important role of hemodynamics on ascending 
aorta dilatation in BAV-AS. 
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Consent for publication: Not applicable. 

Author contributions 

JL and WC were responsible for the study concept and design. HJZ, 
YBC, DQL, and CJY were responsible for the acquisition and analysis of 
data. All authors contributed to the interpretation of the data. HJZ and 
WC drafted the manuscript. The corresponding author attests that all 
listed authors meet authorship criteria. All authors read and approved 

Table 3 
Aorta diameters by MDCT at baseline, direct preoperatively, immediate post
operatively, and at the last follow-up.   

BAV TAV P Value 

Sinus of Valsalva (mm) 
At baseline 34.6 ± 0.9 32.3 ± 0.5 0.022 
Direct preoperatively 36.3 ± 0.7 33.5 ± 0.5 0.009 
Immediate postoperatively 36.5 ± 0.8 33.7 ± 0.4 <0.001 
Last follow-up 36.8 ± 0.7 34.2 ± 0.6 0.012  

Sinotubular junction (mm) 
At baseline 30.7 ± 0.7 28.5 ± 0.6 0.041 
Direct preoperatively 31.8 ± 0.9 28.4 ± 0.6 <0.001 
Immediate postoperatively 31.9 ± 0.8 28.6 ± 0.5 <0.001 
Last follow-up 32.8 ± 0.7 29.0 ± 0.5 <0.001  

Ascending aorta (mm) 
At baseline 34.8 ± 0.8 31.5 ± 0.6 <0.001 
Direct preoperatively 36.8 ± 0.9 32.2 ± 0.6 <0.001 
Immediate postoperatively 37.1 ± 0.6 32.7 ± 0.5 <0.001 
Last follow-up 38.9 ± 0.7 34.7 ± 0.7 <0.001 

Data are presented as n (%) or mean ± SD or median. 
BAV = bicuspid aortic valve; TAV = tricuspid aortic valve. 

Table 4 
Average preoperative and postoperative annual dilatation rates in BAV and TAV 
patients.   

BAV TAV BAV 
Versus 
TAV 
P Value 

Coefficient 
(95% CI) 

P Value Coefficient 
(95% CI) 

P 
Value 

Preoperative 
Sinus of 

Valsalva 
0.23 
(0.07–0.39) 

0.045 0.15 
(0.02–0.15) 

0.574 0.302 

Sinotubular 
junction 

0.29 
(0.09–0.40) 

0.021 0.02 
(0.01–0.12) 

0.763 0.037 

Ascending 
aorta 

0.36 
(0.22–0.65) 

<0.001 0.13 
(0.09–0.22) 

0.679 0.029  

Postoperative 
Sinus of 

Valsalva 
0.02 
(− 0.25–0.27) 

0.688 0.16 
(0.02–0.23) 

0.832 0.291 

Sinotubular 
junction 

0.05 
(− 0.05–0.29) 

0.549 0.06 
(− 0.03–0.19) 

0.595 0.698 

Ascending 
aorta 

0.18 
(0.10–0.38) 

<0.001 0.16 
(0.1–0.26) 

0.721 0.647 

Data are presented as regression coefficient and 95% confidence interval (95% 
CI), indicating annual dilatation rates in millimeters per year. 
BAV = bicuspid aortic valve; TAV = tricuspid aortic valve. 

Fig. 6. Postoperative change in aortic diameters over time. BAV = bicuspid aortic valve; TAV = tricuspid aortic valve.  
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