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Abstract: Objective To investigate the efficacy of transcatheter aortic valve replacement (TAVR) in treating patients with 

severe aortic stenosis (AS) of different levels of cardiac function. Methods A retrospective analysis was conducted on clinical 

data of 72 patients who underwent TAVR for severe AS at the Xinjiang Uygur Autonomous Region People's Hospital from 

September 2016 to July 2022. Patients with a left ventricular ejection fraction (LVEF) ≥50% were included in the preserved 

ejection fraction group (Group A, n=44), while those with LVEF <50% were included in the reduced ejection fraction group 

(Group B, n=28). The effective orifice area (EOA), mean transvalvular pressure gradient (mPG), and LVR were observed in both 

groups preoperatively and postoperatively at 1 day, 3 months, and 12 months. The 6-minute walk test distance (6-MWT) was 

measured preoperatively and postoperatively at 3 months and 12 months for both groups. All patients were followed up to 

one year postoperatively to observe the readmission rate due to heart failure. Results Both groups showed significant 

improvement in EOA and mPG on the first postoperative day, which remained stable thereafter. On the first postoperative 

day, left ventricular remodeling indicators [left ventricular end-diastolic diameter (LVEDD), left ventricular end-systolic 

diameter (LVESD), left ventricular posterior wall thickness (LVPWT), LVEF] improved significantly in both groups compared to 

preoperative values (P<0.05). During subsequent follow-ups, Group A maintained a relatively stable state, while Group B 

continued to show left ventricular remodeling (LVR) until the end of the follow-up period. The 6-MWT at 3 months 

postoperatively improved significantly in both groups compared to preoperative values and remained stable thereafter. The 

readmission rate due to heart failure within one year between Group A and Group B showed no statistically significant 

difference (4.54% vs 21.43%, χ2=3.380, P<0.05). Conclusion TAVR can effectively alleviate obstruction of the left ventricular 

outflow tract in patients with severe AS and different ejection fractions, improve exercise tolerance, and promote left 

ventricular reverse remodeling. For patients with preserved ejection fraction and severe AS, intervention should be carried out 

as early as possible. 
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Aortic stenosis (AS) is a common cardiovascular 

disease in the elderly population, with an incidence rate 
only lower than hypertension and coronary heart disease, 
and it increases with age. Severe AS patients often have 
significant left ventricle remodeling (LVR) and varying 
degrees of cardiac dysfunction [1-2]. Once patients 
develop symptoms, if no surgical intervention is 
performed, their 5-year survival rate is only 32% [3]. 
Currently, transcatheter aortic valve replacement 
(TAVR) has become one of the main treatments for 
severe AS patients, with significant effects [4]. 
However, there are few reports on the comparison of the 
therapeutic effects of TAVR in severe AS patients with 
different cardiac functions in China. This study 
summarized the clinical data of severe AS patients 
treated with TAVR in Xinjiang Uygur Autonomous 
Region People's Hospital since 2016 and analyzed the 
therapeutic effects of TAVR in severe AS patients with 

different cardiac functions. 

1 Materials and Methods 

1.1 General Information  

A retrospectively analysis of the clinical data of 72 
severe AS patients who underwent TAVR treatment in 
Xinjiang Uygur Autonomous Region People's Hospital 
from June 2016 to July 2022 was conducted. Based on 
the patient's condition, AS patients with left ventricular 
ejection fraction (LVEF) ≥ 50% were included in the 
preserved ejection fraction group (Group A, n=44), and 
AS patients with LVEF < 50% were included in the 
reduced ejection fraction group (Group B, n=28).  
Inclusion criteria:  

(1) Symptomatic AS patients (symptoms caused by 
AS), with an effective orifice area (EOA) ≤ 1.0 cm2, 
mean transvalvular pressure gradient (mPG) ≥ 40 
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mmHg, and mean aortic valve transvalvular blood flow 
velocity ≥ 4.0 m/s;  

(2) Cardiac function grade ≥ Ⅱ (NYHA 
classification);  

(3) Age ≥ 60 years;  
(4) Expected lifespan ≥ 1 year.  

Exclusion criteria:  
(1) Expected lifespan < 1 year;  
(2) Untreated severe coronary artery disease;  
(3) Left ventricular thrombus;  
(4) Myocardial infarction within 30 days;  
(5) Aortic anatomic morphology unsuitable for 

TAVR (aortic root dilation > 55 mm, aortic root dilation > 
45 mm with aortic dissection);  

(6) LVEF < 20%;  
(7) Severe right ventricular dysfunction;  
(8) Complications such as hypertrophic 

cardiomyopathy with left ventricular outflow 
obstruction.  

All patients received optimized drug treatment 
after admission and underwent TAVR treatment after 
multidisciplinary consultation. This study was approved 
by the Ethics Committee of the People's Hospital 
(approval number: KY2021031904), and all patients 
signed informed consent forms. 

1.2 Surgical Methods   

All patients undergoing TAVR surgery were 
prophylactically treated with antibiotics and received 
intravenous combined general anesthesia. Guided by 
digital subtraction angiography (DSA) and 
transesophageal echocardiography, a temporary 
pacemaker was implanted through the internal jugular 
vein. Routine bilateral femoral artery puncture was 
performed under ultrasound guidance (for those who 
needed coronary artery protection, routine puncture of 
the right radial artery was also performed). A vascular 
suture device was pre-embedded in the main path, and a 
guiding sheath was advanced above the abdominal aorta. 
A pigtail catheter was placed in the auxiliary path for 
supravalvular angiography. Usually, a 6F Amplatz-L 
left coronary angiography catheter was used as the 
guiding catheter, and a straight-tipped super-slip 
guidewire was used to cross the valve. The pigtail 
catheter was then exchanged to measure the 
transvalvular pressure gradient, followed by the 
exchange of a super-hard guidewire. Routine pre-
dilation was performed using a 16-20 mm balloon, and 
the valve delivery system was introduced. The auxiliary 
pigtail catheter was placed in the non-coronary sinus, 
with its lowest point serving as a reference line for the 
annulus. The optimal release position was set at 0-4 mm 
below the aortic annulus. After release, the valve 
delivery system was withdrawn, the femoral artery was 
sutured, and the patient was transferred to the CCU for 
monitoring and routine antibiotic use for 72 hours. 

1.3 Observation Indicators   

The EOA, mPG, and LVR indices were observed 
in both groups of patients before TAVR surgery and at 
1 day, 3 months, and 12 months postoperatively. The 6-
minute walk test distance (6-MWD) was measured in 
both groups before surgery and at 3 months and 12 
months postoperatively. All patients were followed up 
for 1 year postoperatively to observe rehospitalization 
due to heart failure. For the LVR indices, 
echocardiography was performed using a Vivid E9 (GE 
Company). Left ventricular end-diastolic diameter 
(LVEDD), left ventricular end-systolic diameter 
(LVESD), and left ventricular posterior wall thickness 
(LVPWT) were measured using two-dimensional 
images in the left ventricular long-axis view. LVEF and 
EOA were measured using a biplane method in the four-
chamber view. Mean transvalvular pressure gradient 
was calculated using continuous Doppler measurements 
of aortic valve blood flow velocity and time-velocity 
integral, and EOA was calculated using the continuity 
equation method. 

1.4 Statistical Analysis   

Statistical analysis was performed using SPSS 25.0 
software. Normally distributed continuous variables 
were expressed as x ±s. Repeated measures analysis of 
variance was used for comparison between two groups 
at multiple time points, and pairwise comparison was 
performed using the LSD-t test. Categorical variables 
were expressed as counts, and group comparisons were 
performed using the chi-square test or Fisher's exact test. 
P<0.05 was considered statistically significant. 

2 Results 

2.1 Baseline data  

The level of N-terminal pro B-type natriuretic 
peptide (NT-proBNP) in Group B was higher than that 
in Group A, and the difference was statistically 
significant (P<0.05). There was no statistically 
significant difference in other data between the two 
groups (P>0.05) [Tab.1].  

2.2 Follow-up results  

Seventy-two patients were followed up 
postoperatively, and all patients were followed up for 
one year after surgery. During the follow-up, 2 patients 
in Group A and 6 patients in Group B were hospitalized 
due to acute cardiac insufficiency and discharged after 
improvement with medication. There was no 
statistically significant difference in the one-year 
rehospitalization rate of heart failure between the two 
groups (4.54% vs 21.43%, χ2=3.380, P=0.066). 
2.2.1 Comparison of 6-MWD  

Both groups showed an increasing trend in 6-
MWD distance over time (P<0.01), and there was no 
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interaction effect between group and time (P>0.05) 
[Tab.2]. 
2.2.2 Comparison of EOA and mPG  

Both EOA and mPG in the two groups showed an 
improvement trend over time (P<0.01), but neither of 
them showed interaction effect between group and 
time (P>0.05) [Tab.3].  

Tab.1 Comparison of baseline data between two groups of patients 

Indicators 
Group A 

(n=44) 
Group B 
(n=28) 

t/χ2 Value P Value 

Age (years, x ±s) 72.07±7.30 71.61±4.02 0.345 0.731 
Male (cases) 33 16 2.510 0.128 
BMI (kg/m2, x ±s) 23.34±2.96 23.11±2.88 0.330 0.741 
NYHA grade (cases)     

Ⅱ 22 14 
2.340 0.311 Ⅲ 20 10 

Ⅳ 2 4 

NT-proBNP (ng/L, x ±s) 
11,096.32±

206.07 
11,699.32±

385.06 
7.621 <0.001 

STS grade (cases)     
4%-8% 4 4 

 0.703a 
>8% 40 24 

Bicuspid aortic (cases)     
Type 0 8 2 

 0.748a Type 1 20 13 
Type 2 2 1 

Complication (cases)     
Hypertension 15 8 0.240 0.796 
Diabetes 18 10 0.194 0.805 
Atrial fibrillation 9 4  0.754a 

Coronary abnormalities (cases)     
Coronary atherosclerosis 28 16 

0.304 0.626 
Coronary heart disease 16 12 

Note: a meant Fisher's exact probability method. 
Tab.2 Comparison of two groups of 6-WMD (m, x ±s) 

Group 
Before 
surgery 

3 months 
after surgery 

1 year after 
surgery 

Group A (n=44) 198.86±14.18 445.11±26.45a 447.05±26.29a 
Group B (n=28) 198.93±19.88 436.25±36.07a 439.29±36.41a 
Ftime/Ptime Value 1668.995/<0.001 
Fgroup/Pgroup Value 1.174/0.282 
Finteration/Pinteration Value 1.110/0.333 

Note: Compared with same group before the surgery, aP<0.05.  

2.2.3 Comparison of LVR indicators between the two 
groups  

Both groups showed an improvement trend in 
LVR indicators over time (P<0.01), and there was an 
interaction effect between group and time (P<0.01) 
[Tab.3].  

3 Discussion 

Severe AS patients are often accompanied by left 
ventricular dysfunction. With the progress of the 
disease, pathological changes often occur in 
myocardial cells, namely decompensated remodeling. 
Even if some patients receive TAVR treatment, LVR 
cannot be improved, and the prognosis is often poor 
[5-6]. The 2021 ESC/EACTS Guidelines for the 
Management of Valvular Heart Disease pointed out 
that for symptomatic severe AS patients, surgical 
intervention should be performed as soon as possible 
to improve their prognosis [7]. 

The results of this study showed that the baseline 
NT-proBNP level and the rate of rehospitalization for 
heart failure within one year after surgery in Group B 
were higher than those in Group A, indicating that 
compared with AS patients with preserved ejection 
fraction, the condition of AS patients with reduced 
ejection fraction is more severe, and their cardiac 
function and prognosis are poorer, which is consistent 
with the results of relevant studies [8-9]. The 6-WMD 
of both groups showed a trend of prolongation over 
time, and the change trends were similar. The 6-WMD 

Tab.3 Two sets of cardiac ultrasound results( x ±s) 

Group 
EOA (cm2) mPG (mmHg) 

Before 
surgery 

1 day after 
surgery 

3 months 
after surgery 

1 year after 
surgery 

Before 
surgery 

1 day after 
surgery 

3 months 
after surgery 

1 year after 
surgery 

Group A (n=44) 0.60±0.14 1.75±0.19a 1.76±0.19a 1.79±0.17a 66.05±15.29 5.55±2.29a 5.55±2.69 5.23±2.48 
Group B (n=28) 0.65±0.15 1.64±0.25a 1.66±0.22a 1.71±0.22a 68.21±15.09 4.89±2.30a 4.61±2.08 4.32±1.85 
Ftime/Ptime Value 472.682/<0.001 372.389/<0.001 
Fgroup/Pgroup Value 2.153/0.147 0.007/0.935 
Finteration/Pinteration Value 2.100/0.108 1.124/0.346 

Group 
LVPWT (mm) LVEF (%) 

Before 
surgery 

1 day after 
surgery 

3 months 
after surgery 

1 year after 
surgery 

Before 
surgery 

1 day after 
surgery 

3 months 
after surgery 

1 year after 
surgery 

Group A (n=44) 12.34±1.18 11.16±1.01a 11.00±0.84 10.91±0.77 53.66±2.87 55.45±2.50 56.07±2.30 56.73±2.32 
Group B (n=28) 13.04±0.84 12.07±0.54a 11.25±0.65ab 10.39±0.57abc 43.85±3.18d 45.64±2.83d 49.32±2.76abd 54.29±2.73abc 
Ftime/Ptime Value 1668.995/<0.001 178.304/<0.001 
Fgroup/Pgroup Value 1.174/0.282 151.091/<0.001 
Finteration/Pinteration Value 1.110/0.333 101.283/<0.001 

Group 
LVEDD (mm) LVESD (mm) 

Before 
surgery 

1 day after 
surgery 

3 months 
after surgery 

1 year after 
surgery 

Before 
surgery 

1 day after 
surgery 

3 months 
after surgery 

1 year after 
surgery 

Group A (n=44) 61.93±8.00 52.55±7.65a 50.27±7.43 49.59±6.84 43.57±4.32 40.32±4.31a 38.93±3.98ab 37.70±3.66 
Group B (n=28) 62.21±8.50 54.46±6.84a 49.79±6.09 46.64±4.40 42.18±4.75 39.43±3.86a 36.89±2.25ab 34.71±2.65abcd 
Ftime/Ptime Value 777.707/<0.001 124.775/<0.001 
Fgroup/Pgroup Value 0.036/0.851 4.307/0.042d 
Finteration/Pinteration Value 22.88/<0.001 5.522/0.002 

Note: Compared with preoperative group, aP<0.05; compared with postoperative day 1, bP<0.05; compared with postoperative month 3, cP<0.05; compared with 

Group A, dP<0.05. 
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at 3 months after surgery was significantly improved 
compared with that before surgery, and then remained 
stable. This indicates that the exercise tolerance of 
severe AS patients can be significantly improved after 
TAVR, and the first three months after surgery may be 
a critical period for the recovery of exercise tolerance, 
but the factors affecting its recovery have not been 
further explored. Both groups of patients showed a 
trend of changes in EOA and mPG over time, and the 
changes can be divided into two stages. The first stage 
is from before surgery to 1 day after surgery, during 
which the EOA and mPG of both groups were 
significantly improved. The second stage is from 1 day 
after surgery to 12 months after surgery, during which 
the EOA and mPG of both groups remained relatively 
stable. This indicates that TAVR can effectively 
relieve the stenosis of the valve in severe AS patients, 
eliminate the outflow obstruction, and the effect is 
stable [10-11]. The LVR indicators (LVEF, LVPWT, 
LVEDD, LVESD) of both groups also showed a trend 
of changes over time. Group A can be divided into two 
stages. The first stage is from before surgery to 1 day 
after surgery, during which the above indicators were 
significantly improved. The second stage is from 1 day 
after surgery to 1 year after surgery, during which the 
LVR indicators remained relatively stable. The LVR of 
patients in Group B began to improve from 1 day after 
surgery and continued until 1 year after surgery. This 
indicates that it takes longer for AS patients with 
reduced ejection fraction to achieve left ventricular 
reverse remodeling after TAVR, which also indirectly 
indicates that with the decrease of LVEF, the 
pathological changes of LVR and left ventricular 
structure will be more significant [12]. 

This study has the following limitations: it was a 
single-center study; No further follow-up of the LVR 
indicators in Group B, and their LVR indicators may 
further improve over time; No long-term follow-up of 
the patients' heart function grades; No analysis of the 
factors affecting the recovery of exercise tolerance 

after TAVR. 
In summary, TAVR can effectively relieve the 

left ventricular outflow obstruction, improve exercise 
tolerance, and promote LVR in severe AS patients 
with different ejection fractions. For AS patients with 
preserved ejection fraction, intervention should be 
performed as soon as possible to avoid deterioration of 
cardiac function, excessive left ventricular remodeling, 
and poor prognosis due to disease progression. 
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