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A B S T R A C T   

Study objective: Assess the utilization of aortic valve replacements (AVR). 
Design: Retrospective analysis of the Nationwide Readmissions Database (2016–2018). 
Setting: Nationwide. 
Participants: Heart failure patients with concomitant aortic stenosis (CHF + AS cohort) or aortic stenosis with 
aortic regurgitation (CHF + AS+AR cohort). 
Interventions: Transcatheter aortic valve implantation (TAVI), surgical aortic valve replacement (SAVR), no-AVR. 
Main outcome measures: Utilization of treatment interventions. 
Results: In the CHF + AS cohort, TAVI, SAVR and no-AVR were done in 9.3 %, 10.8 % and 79.9 % of patients 
respectively. Similarly, majority of CHF + AS+AR patients were managed with no-AVR (53.2 %). Of patients 
managed with no-AVR in the first six months of each year, only 7.9 % of CHF + AS and 11.8 % of CHF + AS+AR 
patients underwent AVR in the subsequent six months of the year. No-AVR patients had worse short-term out-
comes in comparison to AVR recipients. 
Conclusion: More studies are needed to understand the timing, indications and utilization of AVR in this 
population.   

1. Introduction 

Aortic valve diseases (AVD), if left untreated, may lead to congestive 
heart failure (CHF), and patients face a poor prognosis with a 4-year 
mortality of approximately 50% [1]. The number of hospitalizations 
with AVD increased approximately 1.5 times from 2012 to 2016 in the 
United States [2]. The mainstay treatment strategy for these patients is 
aortic valve replacement (AVR), either by surgical (SAVR) or trans-
catheter (TAVI) approach. Therefore, we aimed to assess the utilization 
of AVR in real-world clinical practice and compared the outcomes of 
patients undergoing AVR with those managed conservatively (no-AVR). 

2. Methods 

We used the International Classification of Diseases-10th revision 

codes to identify adult patients with CHF and aortic stenosis (CHF + AS 
cohort) or aortic stenosis with aortic regurgitation (CHF + AS+AR 
cohort) from the Nationwide Readmissions Database (2016–2018) [3]. 
This study was exempt from ethical approval because of the de- 
identified data in the publicly available database. Those with underly-
ing sepsis, endocarditis, dementia, history of myocardial infarction, 
history of percutaneous coronary intervention, cancers or drug abuse 
were excluded from the current analysis in order to remove the common 
patient- and physician-related reasons for not performing AVR. Treat-
ment strategies identified were TAVI, SAVR and no-AVR. 

3. Results 

In the CHF + AS cohort (n = 347,257), TAVI, SAVR and no-AVR were 
done in 9.3 %, 10.8 % and 79.9 % of patients respectively (median age, 
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82 vs. 71 vs. 81 years). No-AVR patients in comparison to TAVI and 
SAVR recipients had higher in-hospital, 30-day and 6-months adverse 
outcomes (See Table 1). After adjusting for baseline characteristics, no- 
AVR in comparison to AVR group was associated with higher in-hospital 
mortality (OR: 1.71; 95%CI 1.59–1.83; p < .001), stroke rate (OR: 3.25; 
95%CI 3.04–3.48; p < .001), 30-day readmission rates (OR: 1.86; 95%CI 
1.80–1.91; p = .000), 6-month in-hospital mortality (OR: 3.08; 95%CI 
2.79–3.41; p < .001), and 6-month readmission rates (OR: 2.62; 95%CI 
2.55–2.70; p = .000). Only 5.5 % and 2.4 % of no-AVR patients subse-
quently underwent TAVI and SAVR respectively in the following 6 
months after being discharged alive. 

Similarly, majority of CHF + AS+AR patients were managed with no- 
AVR (53.2 %) and had poorer outcomes in comparison to TAVI and 
SAVR recipients. In this cohort, after adjusting for baseline character-
istics, no-AVR in comparison to AVR group was associated with higher 
in-hospital mortality (OR: 1.53; 95%CI 1.27–1.84; p < .001), stroke rate 
(OR: 3.88; 95%CI 3.29–4.58; p < .001), 30-day readmission rates (OR: 
2.11; 95%CI 1.96–2.27; p < .001), 6-month in-hospital mortality (OR: 
4.48; 95%CI 3.36–5.98; p < .001), and 6-month readmission rates (OR: 
3.20; 95%CI 2.96–3.46; p < .001). Only 6.2 % and 5.6 % of no-AVR 
patients in this cohort subsequently received TAVI and SAVR respec-
tively in the following 6 months after being discharged alive. 

4. Discussion 

We observed that despite the advances in TAVI and SAVR 

technologies, a considerable number of CHF patients with AVD still do 
not undergo valve replacements, and eventually have worse short-term 
outcomes in comparison to AVR recipients. Of patients managed 
conservatively in the first six months of each year, only 7.9 % of CHF +
AS and 11.8 % of CHF + AS+AR patients subsequently underwent valve 
replacements in the following six months of the year. The concern with 
conservative management is that if an intervention is attempted later on 
a severely progressed aortic valve disease, patients are at an even higher 
risk of perioperative mortality and complicated postoperative courses 
[4]. Patient refusal despite physician recommendation for valve 
replacement, under-recognition of symptoms, underestimation of the 
impact of AS treatment, and over-estimation of the operative risk could 
be potentially avoidable reasons for non-operative therapy in patients 
who could benefit from valve replacements. A study looking at medi-
cally managed AS patients found that they were less likely to believe that 
they were given enough information about the available treatment op-
tions [5]. This also reflects a potential gap in communication between 
patients and physicians. 

This study has limitations relating to the data source, which lacks 
data on the severity of AVD. To minimize the potential bias raised by this 
limitation, we only included CHF patients with underlying AVD to 
plausibly capture more severe cases. The definitive treatment for these 
patients with valve replacement was accomplished in 20 % of AS and 40 
% of AS+AR patients. Although the exact reasons for not undergoing 
AVR are difficult to assess because the dataset is an administrative 
database, possible causes of this may include the lack of referral to 

Table 1 
Patient characteristics and outcomes.  

Variable CHF + AS (N = 347,257) CHF + AS + AR (N = 34,357) 

TAVI SAVR No-AVR TAVI SAVR No-AVR 

n = 32,402 n = 37,616 n = 277,239 n = 3961 n = 12,113 n = 18,283 

(9.3 %) (10.8 %) (79.9 %) (11.5 %) (35.3 %) (53.2 %) 

Age (years) 82 (76–86) 71 (65–77) 81 (72–87) 80 (73–86) 66 (58–73) 78 (68–86) 
Women 16,323 (50.4 %) 13,613 (36.19 %) 150,018 (54.1 %) 1867 (47.1 %) 3895 (32.2 %) 9180 (50.2 %) 
Obesity 6556 (20.2 %) 10,741 (28.6 %) 51,643 (18.6 %) 725 (18.3 %) 3076 (25.4 %) 2955 (16.2 %) 
Systolic heart failure 2805 (8.7 %) 2616 (6.9 %) 29,293 (10.6 %) 402 (10.2 %) 1062 (8.8 %) 2228 (12.2 %) 
Hypertension 28,588 (88.2 %) 30,896 (82.1 %) 240,072 (86.6 %) 3496 (88.3 %) 9261 (76.5 %) 15,596 (85.3 %) 
Imaging done 8649 (26.7 %) 13,916 (37.0 %) 8394 (3.0 %) 1237 (31.2 %) 4963 (40.9 %) 1125 (6.2 %) 
Dyslipidemia 22,316 (68.9 %) 25,828 (68.7 %) 159,015 (57.46 %) 2735 (69.1 %) 7391 (61.0 %) 10,571 (57.8 %) 
Smoker 11,927 (36.8 %) 15,418 (40.1 %) 98.827 (35.7 %) 1581 (39.9 %) 5059 (41.8 %) 7059 (38.61 %) 
Atrial fibrillation 11,696 (36.1 %) 16,756 (44.5 %) 110,090 (39.7 %) 1372 (34.6 %) 5014 (41.4 %) 7090 (38.8 %) 
Pulmonary hypertension 5100 (15.7 %) 3785 (10.1 %) 42,033 (15.2 %) 753 (19.0 %) 1356 (11.2 %) 3732 (20.4 %) 
Concomitant mitral valve disease 4894 (15.1 %) 5304 (14.1 %) 39,457 (14.2 %) 1088 (27.5 %) 2227 (18.4 %) 6033 (33.0 %) 
Concomitant tricuspid valve disease 2077 (6.4 %) 1708 (4.5 %) 16,679 (6.0 %) 497 (12.6 %) 758 (6.3 %) 3448 (18.9 %) 
Prior CVA 86 (0.27 %) 77 (0.20 %) 679 (0.24 %) 20 (0.5 %) 29 (0.24 %) 62 (0.34 %)  

Outcomes 
In-hospital mortality 357 (1.1 %) 698 (1.9 %) 8397 (3.0 %) 70 (1.8 %) 152 (1.3 %) 501 (2.7 %) 
In-hospital stroke 583 (1.8 %) 593 (1.6 %) 12,454 (4.5 %) 58 (1.5 %) 176 (1.5 %) 915 (5 %) 
30-day readmission 3136/29452 

(10.7 %) 
3956/34019 
(11.6 %) 

46,637/247278 
(18.8 %) 

365/3562 
(10.3 %) 

1110/11000 
(10.1 %) 

3268/16277 
(20.1 %) 

6-month in-hospital mortalitya 293/16186 (1.8 
%) 

180/19535 (0.9 
%) 

6575/147600 (4.5 
%) 

31/1980 (1.6 
%) 

36/6238 (0.6 %) 404/9554 (4.2 %) 

6-month readmissiona 4264/16186 
(26.3 %) 

4079/19535 
(20.9 %) 

65,509/147600 
(44.4 %) 

498/1980 
(25.2 %) 

1064/6238 (17.1 
%) 

4215/9554 (44.1 
%) 

TAVI within 6-months of being discharged alive 
after no-AVRa 

– – 8159/147600 (5.5 
%) 

– – 591/9554 (6.2 %) 

SAVR within 6-months being discharged alive 
after no-AVRa 

– – 3564/147600 (2.4 
%) 

– – 534/9554 (5.6 %) 

Using the ICD-10 codes, we identified Heart Failure patients (ICD-10: I11.0, I50.1, I50.2, I50.3, I50.4, I50.8, I50.9) with Aortic Stenosis (ICD-10: I06.0, I35.0, Q23.0) 
and Aortic Stenosis with Regurgitation (ICD-10: I06.2, I35.2) undergoing TAVI (ICD-10: 02RF37H, 02RF37Z, 02RF38H, 02RF38Z, 02RF3JH, 02RF3JZ, 02RF3KH, 
02RF3KZ) and SAVR (ICD-10: 02RF0, 02RF4, X2RF032, X2RF432). Dyslipidemia, defined as disorders of lipid metabolism (E78.0, E78.00, E78.01, E78.1, E78.2, 
E78.3, E78.4, E78.5, E78.81, E78.89, E8889, E78.9) and obesity defined as obese, overweight and/or having a BMI 30 or higher (E66.x, O9921.x, Z683.x, Z684.x, 
Z6854) were identified using their ICD-10 codes. Continuous variables expressed as median (IQR 25–75), and compared using Mann–Whitney U test or Student t-test. 
Categorical variables expressed as n (%) or n/total n (%) and were compared using Fisher's exact test or chi-squared test. 

a Includes only patients discharged alive between January and June 2016–2017 (to allow for 6 month follow up) who could be followed up for 6 months. AS = aortic 
stenosis; AR = aortic regurgitation; CHF = congestive heart failure; CVA = cerebrovascular accidents; TAVI = transcatheter aortic valve implantation; SAVR = surgical 
aortic valve replacement; AVR = aortic valve replacement; ICD = International Classification of Diseases. 
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appropriate experts, lack of specific care paths, and, to some extent, the 
lack of understanding of the seriousness of the problem. The American 
Heart Association and the American College of Cardiology are working 
on several initiatives to streamline the management of aortic valve 
disease patients with a proper referral, better care paths, and more ed-
ucation on treatment options to improve outcomes of these patients [6]. 
Ongoing clinical trials like the TAVR UNLOAD trial may provide further 
data on the utility of TAVI in addition to optimal heart failure therapy by 
reducing the valvular hemodynamic load [1]. More studies are needed 
to understand the timing, indications and utilization of AVR in this 
population. 
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