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Abstract

Background: Patients with rheumatic aortic stenosis (AS) were excluded from transcatheter 

aortic valve replacement (TAVR) trials.

Objectives: We sought to examine outcomes with TAVR versus surgical AVR (SAVR) in 

patients with rheumatic AS, and versus TAVR in non-rheumatic AS.

Methods: We identified Medicare beneficiaries who underwent TAVR or SAVR from October 

2015 to December 2017. We then identified patients with rheumatic AS utilizing prior validated 

ICD-10 codes. Overlap propensity score weighting analysis was utilized to adjust for measured 

confounders. The primary study outcome was all-cause mortality. Multiple secondary outcomes 

were also examined.

Results: The final study cohort included 1159 patients with rheumatic AS who underwent AVR 

(SAVR n=554 and TAVR n=605), and 88,554 patients with non-rheumatic AS who underwent 

TAVR. Patients in the SAVR group were younger and with lower prevalence of most comorbidities 

and frailty scores. After median follow up of 19 months (IQR 13–26), there was no difference in 

all-cause mortality with TAVR versus SAVR (11.2 versus 7.0 per 100 person-year, aHR 1.53, 95% 

CI 0.84–2.79, P =0.2). Compared with TAVR in non-rheumatic AS, TAVR for rheumatic AS was 

associated with similar mortality (15.2 versus 17.7 deaths per 100 person-years (aHR 0.87, 95% 
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CI 0.68–1.09, P=0.2) after median follow up of 17 months (IQR 11–24). None of the rheumatic 

TAVR patients, <11 SAVR patients, and 242 non-rheumatic TAVR patients underwent repeat AVR 

(124 redo-TAVR and 118 SAVR) at follow up.

Conclusion: Compared with SAVR, TAVR could represent a viable and possibly durable option 

for patients with rheumatic AS. \

Condensed abstract

We identified 1159 patients with rheumatic AS who underwent AVR (SAVR n=554 and TAVR 

n=605), and 88,554 patients with non-rheumatic AS who underwent TAVR from Medicare 

database. After adjustment using overlap propensity score weighting analysis, there was no 

difference in all-cause mortality with TAVR versus SAVR in rheumatic AS after median follow up 

of 19 months (IQR 13–26). Compared with TAVR in non-rheumatic AS, TAVR for rheumatic AS 

was associated with similar mortality after median follow up of 17 months (IQR 11–24). None of 

the rheumatic TAVR patients underwent repeat AVR at follow up.

Keywords

Rheumatic aortic stenosis; Transcatheter aortic valve replacement; Surgical aortic valve 
replacement

Introduction

Transcatheter aortic valve replacement (TAVR) has become established as an excellent 

alternative to surgical aortic valve replacement (SAVR) for patients with severe calcific 

aortic stenosis (AS) and appropriate anatomy at all levels of the surgical risk spectrum (1–4). 

Patients with a rheumatic etiology for their AS were excluded from the pivotal randomized 

controlled trials (1,2). Further, due to the low prevalence of rheumatic AS in developed 

countries, our knowledge about the role of TAVR in those patients is limited to case reports 

or series.(5–7)

Aortic valves with rheumatic disease usually exhibit significant fibrosis, with calcification 

only occurring late in the degenerative process. The anatomical differences compared with 

degenerative AS may have a technical impact on the transcatheter heart valve deployment 

and anchoring. Although rheumatic heart disease (RHD) prevalence is low in the western 

world, it represents a significant burden in developing countries, with more than one million 

deaths per year.(8) TAVR offers a less invasive intervention in these patients, especially in 

light of the global unmet needs in cardiac surgery in the developing world (9).

To address the gap in knowledge in regard to the safety and efficacy of TAVR in patients 

with rheumatic AS, the current study sought to examine outcomes with TAVR versus SAVR 

in patients with rheumatic AS, and with TAVR in patients with rheumatic versus non-

rheumatic AS, using a nationwide patient database.
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Methods

Study cohort

We identified Medicare beneficiaries who underwent TAVR or SAVR from October 2015 

through December 2017 using the 100% Medicare Provider and Analysis Review 

(MEDPAR) Part A files from the Center for Medicare and Medicaid Services (CMS), using 

ICD-10 procedure codes (02RF37Z, 02RF38Z, 02RF3JZ, 02RF3KZ, 02RF37H, 02RF38H, 

02RF3JH, 02RF3KH, or X2RF332). We then identified patients who had a diagnosis of 

rheumatic AS using ICD-10 codes I06.0 and I06.2. These codes were validated in prior 

studies and showed positive predictive values >85%.(10) The study cohort was divided into 

three groups, patients with rheumatic AS who underwent SAVR, patients with rheumatic AS 

who underwent TAVR, and patients with non-rheumatic AS who underwent TAVR. We 

excluded patients who had concomitant mitral valve surgery in the same admission as 

SAVR. Important comorbidities were identified with algorithms defined by Elixhauser et al 

(11), using ICD-9 and ICD-10 diagnoses codes on inpatient claims during one year period 

prior to and including the index TAVR admission. We calculated a frailty score that was 

previously validated in TAVR patients using administrative claims data, using 105 clinical 

variables associated with frailty (such as falls, dementia, hemiplegia, etc.) (Supplementary 

Table 1).(12) This score classifies a patient into one of three categories; low (<5), 

intermediate (5–15), and high frailty (>15). The Institutional Review Board of the University 

of Iowa approved this study with waiver for individual informed consent.

Study outcomes

The primary study outcome was mortality at the longest follow-up available. Secondary 

outcomes included in-hospital mortality, acute kidney injury (AKI), blood transfusion, new-

onset atrial fibrillation (AF), aortic annulus rupture, new permanent pacemaker (PPM) 

placement, conversion to open surgery and cardiogenic shock. All-cause mortality and 

ischemic stroke at 30-days, inpatient admission with heart failure, and need for repeat valve 

replacement at longest follow-up available were also examined. When assessing in-hospital 

outcomes, to ensure that an outcome was a new event and not a historic diagnosis, we 

utilized the “Present on Admission” indicator in the inpatient admission claims. Data on 

mortality were available through August 2018, while data on admissions for ischemic stroke 

was available through December 2017. Patients were censored at disenrollment from 

Medicare, if they experienced an event, or at end of the study follow-up period.

Statistical analysis

Continuous variables are reported as mean and standard deviation and compared using 

ANOVA, or median and interquartile range and compared using Mann-Whitney U test if not 

normally distributed. Categorical variables are reported as frequencies and were compared 

using Chi-square or Fisher-Exact test as appropriate. We utilized overlap propensity score 

(PS) weighting analysis to adjust for measured confounders between different groups in each 

comparison (TAVR versus SAVR and TAVR in rheumatic versus non-rheumatic AS).(13,14) 

First, a non-parsimonious multivariable logistic regression model of 38 independent 

variables, including frailty score, was performed, with the dependent variable being receipt 

of TAVR in the first comparison (Table 1), or having a rheumatic AS in the second 
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comparison (Table 1), to calculate the propensity for each patient to be in the dependent 

variable group. Then, patients’ weights were derived from the overlap PS weighting 

methods, in which each patient’s weight is the probability of that patient being assigned to 

the opposite treatment group. The balance between groups after overlap weighting 

adjustment was demonstrated by reporting the weighted covariate means (or proportions) for 

the two groups being compared. Subsequently, a Cox proportional hazards regression model 

was constructed to assess the risk of the primary outcome, using patients’ weights to adjust 

for age, sex, and comorbidities. We performed a sensitivity analysis by performing 

propensity score matching analysis between patients with rheumatic AS who underwent 

TAVR versus SAVR and between patients with and without rheumatic AS who underwent 

TAVR. The validity of the proportional hazards assumption was evaluated by inspecting the 

plot of Schoenfeld residuals against time with Locally Weighted Scatterplot Smoothing 

(LOESS) curve and by log (-log (survival) plot against log (time). For the secondary 

outcomes, we measured the explained variation and predictive accuracy of the Cox model to 

assess the competing risk of death.(15) We performed a competing risk regression analysis 

using the Fine Gray proportional subhazards model and sub distribution hazard ratios (sHR) 

were calculated with 95% CI.(16) Weighted KM curves for events were generated and 

compared with log-rank or generalized Wilcoxon statistic. A P value of 0.05 was the cutoff 

for statistical significance. The analysis was done with SAS version 9.4 (SAS Institute, 

North Carolina) and R 3.4.3 (R Foundation, Austria).

Results

SAVR versus TAVR in Rheumatic AS

The final study cohort included 1159 patients with rheumatic AS who underwent aortic 

valve replacement (SAVR n=554 and TAVR n=605). Patients in the SAVR group were 

younger (mean age 73.4±7.2 versus 79.4±8.1 years, P<0.001), and had lower prevalence of 

most comorbidities including hypertension, diabetes, heart failure, lung disease, kidney 

disease, peripheral arterial disease, stroke, coronary artery disease, atrial fibrillation, anemia, 

and pulmonary hypertension, compared to TAVR group. SAVR patients were less frail than 

patients in the TAVR group (median frailty score 5.3 versus 11.3, and high frailty 9.4% 

versus 39.0%, P<0.001 both). After propensity score overlap weighing adjustment, both 

groups were balanced on all baseline characteristics (Table 1).

After a median follow-up of 19 months (IQR 13–26), there was no difference in all-cause 

mortality with TAVR versus SAVR for rheumatic AS (11.2 versus 7.0 per 100 person-year, 

aHR 1.53, 95% CI 0.84–2.79, P =0.2). Similarly, no difference was observed in in-hospital 

and 30-day mortality (2.4% versus 3.5%, P=0.6; and 3.6% versus 3.2%, P=0.9, 

respectively), as well as 30-day stroke (2.4% versus 2.8%, P=0.8). After median follow-up 

of 10.5 months (IQR 4–17.3 months), there was no difference in risk of HF admission 

between TAVR and SAVR (14.8 versus 19.4 events per 100 person-year, sHR 0.71, 95% CI 

0.41–1.23, P=0.2). Less than 11 patients who underwent SAVR, and none of the patients 

who underwent TAVR, required repeat valve replacement in follow up.

Patients who underwent SAVR had higher weighted risk of in-hospital acute kidney injury 

(AKI) (22.3% versus 11.9%, P=0.02), blood transfusion (19.8% versus 7.6%, P=0.002), 
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cardiogenic shock (5.7% versus 1.5%, P=0.047) and new onset AF (21.1% versus 2.2%, 

P<0.001) and had longer hospital stay (median 8 (IQR 6–12) versus 3 (2–6) days, P<0.001) 

compared with those who underwent TAVR (Table 2).

TAVR in Rheumatic versus Non-rheumatic AS

Overall, 88,554 patients with non-rheumatic AS, including 1098 (1.2%) with bicuspid AV, 

underwent TAVR compared to 605 patients with rheumatic AS. Patients with rheumatic AS 

were younger (79.4±8.1 versus 81.2±8.1, P<0.001), less likely to be male (40% versus 

53.3%, P<0.001), and had higher prevalence of heart failure, ischemic stroke, atrial 

fibrillation, and lung disease. There was no difference in prevalence of diabetes, kidney, or 

liver disease between the two groups. TAVR patients with rheumatic AS were more frail 

than patients with non-rheumatic AS (median frailty score 11.3 versus 6.9, P<0.001, and 

high frailty 39% versus 19.7%, P<0.001). After propensity score overlap weighing 

adjustment, both groups were balanced on all baseline characteristics (Table 3).

After median follow-up of 17 months (IQR 11–24), there was no difference between TAVR 

in patients with rheumatic versus non-rheumatic AS in mortality (15.2 versus 17.7 deaths 

per 100 person-years (aHR 0.87, 95% CI 0.68–1.09, P=0.2). There was also no difference in 

weighted risk of 30-day stroke (2.0% versus 3.3%, P=0.1), in-hospital mortality (2.2% 

versus 2.6%, P=0.7), or mortality at 30 days (3.6% versus 3.7%, P=0.9). After median 

follow-up of 9 months (IQR 4–16 months), there was no difference in risk of HF admissions 

between rheumatic and non-rheumatic AS with TAVR (14.1 versus 17.3 events per 100 

person-year, sHR 0.82, 95% CI 0.60–1.12, P=0.2). Two hundred and forty-two patients 

(0.3%) with non-rheumatic AS who underwent TAVR required repeat valve replacement 

(124 redo-TAVR and 118 SAVR), while none of the patients with rheumatic AS required 

repeat valve replacement.

There was no difference between rheumatic and non-rheumatic patients in weighted risk 

outcomes assessed during the hospitalization, including conversion to open surgery (2.1% 

versus 4.0%, P=0.07), AKI (14.4% versus 13.7%, P=0.7), blood transfusion (9.0% versus 

9.5%, P=0.8), cardiogenic shock (2.0% versus 2.4%, P=0.6), new onset AF (2.2% versus 

2.4%, P=0.8), aortic annular rupture (1.7% vs 0.9%, P=0.3), and risk of new PPM (12.2% 

versus 11.4%, P=0.7) (Table 4).

Sensitivity analysis

The results of the propensity score matching analysis are presented in the online supplement. 

After adjustment, baseline characteristics were well balanced between patients with 

rheumatic AS who underwent TAVR and SAVR (supplemental Table 2). There was no 

difference in in-hospital, 30-day and 1-year mortality between TAVR and SAVR 

(supplemental Table 3). There was also no difference in mortality in the longest follow up 

[HR 1.41, 95% CI 0.84–2.35, P=0.2] (Supplemental Figure 1). Similarly, baseline 

characteristics were well balanced between patients with and without rheumatic AS who 

underwent TAVR (supplemental Table 4). There was no difference in in-hospital, 30-day and 

1-year mortality between the two groups (supplemental Table 5). There was also no 
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difference in mortality in the longest follow up [HR 0.90, 95% CI 0.71–1.13, P=0.4] 

(Supplemental Figure 2).

Discussion

In this study, we demonstrated the following important findings. First, compared with SAVR 

for rheumatic AS, TAVR was associated with similar risk of mortality (in-hospital, 30-day, 

and midterm), but with lower rates of in-hospital complications, with the exception of 

permanent pacemaker implantation. Second, there was no difference in short and mid-term 

mortality between TAVR in rheumatic versus non-rheumatic AS, as well as no difference in 

risk of procedural complications (Central Illustration). Finally, TAVR in rheumatic AS 

appears to be feasible and durable with lack of need for a redo-AVR at mid-term follow-up.

The prevalence of RHD has declined in developed countries in the past two decades. 

However, it remains a major public heart burden in low-income countries. It is estimated that 

15 million people have RHD in Africa, with approximately 250,000 mortality per year and 

100,000 patients who need valve replacement per year.(17) Patients in developing countries 

have a higher burden of poorly-controlled or undiagnosed chronic diseases and thus may be 

at higher risk for SAVR(18). Furthermore, patients in developing countries have less access 

to cardiac surgical services, and appropriate post-operative care capabilities.(9) It is 

estimated that >20% of patients with RHD in low-income countries require valve 

intervention within 30 months after the initial diagnosis.(19) The feasibility of TAVR in 

RHD would offer a potential treatment for patients with rheumatic AS in low and middle-

income countries.(20)

The challenges with TAVR in rheumatic AS are several. First, RHD results in fibrosis and 

retraction of AV leaflets, but causes less calcification compared to degenerative calcific AS. 

Successful deployment of TAVR valve depends on annular and leaflet calcifications to act as 

an anchor. Lack of calcification in the native valve could result in transcatheter heart valve 

migration or paravalvular regurgitation. However, newer generations of TAVR prosthesis 

have advanced designs to improve this outcome.(21) Our study included a contemporary 

cohort of TAVR patients and hence reflecting outcomes with newer generations of TAVR 

valves. Second, patients with rheumatic AS are likely to have concomitant aortic 

regurgitation. Although these patients were excluded from some TAVR trials, recent studies 

suggest that TAVR is feasible and safe in patients with mixed aortic valve disease.(22) The 

lack of extensive annular and leaflet calcification in rheumatic AS may offer a benefit 

toward a safer deployment with appropriate oversizing to reduce the risk of residual 

paravalvular leakage without increased risk of annular injury/rupture as compared with 

calcific AS especially in patients with concomitant/pure aortic regurgitation and dilated 

aortic root. Third, patients with RHD also tend to have concomitant disease of multiple 

valves, and hence making the clinical correlation of patients’ symptoms to a specific valve 

malfunction is challenging.

In the current study, SAVR for rheumatic AS was associated with higher risk of cardiogenic 

shock compared to TAVR. RHD is commonly associated with right ventricular (RV) 

dysfunction.(23) Post-surgical RV failure can lead to cardiogenic shock and was shown to be 
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associated with significant morbidity and mortality after open-heart surgery.(24) In the 

PARTNER IIA trial, the odds of RV dysfunction were four times higher with SAVR 

compared to TAVR, and had important prognostic implications in mortality.(25) It is likely 

that the higher rates cardiogenic shock with SAVR versus TAVR in our study is related to the 

higher rates of biventricular dysfunction in this unique population, however, this was not 

possible to confirm due to lack of information about echocardiographic parameters.

Patients with RHD are at high risk for atrial fibrillation and ischemic strokes.(26) This is due 

to structural changes in the left ventricle and atrium, either directly from rheumatic 

myocarditis, or indirectly through valvular disease. This is evident in our study population, 

as TAVR patients with rheumatic AS had up to 50% prevalence of pre-existing AF and 12% 

prevalence of prior ischemic stroke. However, it is important to note that TAVR was 

associated with lower incidence of postoperative new-onset AF compared with SAVR. Prior 

research has shown higher risk of new-onset AF after SAVR compared with TAVR(27). In 

TAVR, new-onset AF is associated with poor outcomes.(28) Whether new-onset AF after 

SAVR impacts long-term outcomes remains debatable, especially if transient and efforts are 

implemented early to restore sinus rhythm.(29,30) Interestingly, despite the difference in 

new-onset AF after TAVR and SAVR for rheumatic AS in our study, the rates of ischemic 

stroke and mortality were similar, which may suggest more benign effect of transient post-

surgical new-onset AF.

Our study is the largest to date to highlight the feasibility of TAVR patients with rheumatic 

AS. While one could expect inferior technical success with TAVR in those patients due to 

the above-mentioned anatomical differences, the lack of need for repeat AVR after TAVR in 

our population is encouraging. Furthermore, the similar outcomes with TAVR for rheumatic 

versus non-rheumatic AS confirms the safety and feasibility of TAVR in this group. An 

interesting observation is the numerically, however without statistically, lower incidence of 

conversion to open surgery in rheumatic versus non-rheumatic patients. The theory of less 

annular and leaflet calcification in rheumatic AS could be behind this observation since 

annular injury and rupture are among the major reasons for emergent conversion to open-

heart surgery.

The current study raises important questions that need to be explored in future studies 

conducted in countries where rheumatic AS is predominant. In developing countries, despite 

lack of such information, one must assume that a large proportion of those with AS is due to 

rheumatic heart disease. The differential criteria on echocardiogram as well as lack of severe 

calcification can confirm such theory in large cross-sectional cohorts. Introducing TAVR for 

rheumatic AS in these countries can offer a good alternative to surgical valves especially in 

areas with low surgical capacity or for patients with concerns over lack of adequate 

anticoagulation monitoring with mechanical valves. On the other hand, the durability of 

TAVR valves needs to be adequately studied before wide-spread use in this relatively 

younger population.

Our study has several limitations. Information on type of valve implanted (balloon or self-

expanding in case of TAVR, mechanical versus bioprosthetic in case of SAVR) was not 

available. Similarly, we lacked information on pre-procedure echocardiography to quantify 
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grade of aortic regurgitation or concomitant valve disease. It is important to note that, in our 

study, the majority of patients who underwent TAVR for rheumatic AS exhibited moderate 

to high frailty and were probably deemed high risk for SAVR. Although we used propensity 

score overlap weighting analysis to adjust for measured confounders, the risk of unmeasured 

confounding cannot be entirely excluded. Thus, caution should be exercised when 

extrapolating such results to younger patients with RHD, as outcomes might be different. 

Finally, longer duration of follow-up would be of interest to understand the durability of 

TAVR versus SAVR in such population.

Conclusion

Compared to surgical replacement, TAVR could represent a viable and durable option for 

patients with rheumatic AS. Future studies aiming to specifically examine the outcomes of 

TAVR versus SAVR in this unique cohort of patients are highly encouraged.
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Refer to Web version on PubMed Central for supplementary material.
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Perspectives

Competency in Patient Care:

Transcatheter aortic valve replacement can be accomplished with midterm outcomes 

comparable to surgical replacement in patients with rheumatic aortic stenosis.

Translational Outlook:

Randomized trials are needed to compare the safety and long-term efficacy of TAVR vs 

SAVR in patients with rheumatic aortic stenosis.
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Figure 1: 
Mid-term outcomes of transcatheter versus surgical aortic valve replacement in patients with 

rheumatic aortic stenosis. A) all-cause mortality, B) heart failure admissions.
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Figure 2: 
Mid-term outcomes of transcatheter aortic valve replacement in patients with rheumatic 

aortic stenosis versus patients with non-rheumatic aortic stenosis. A) all-cause mortality, B) 

heart failure admissions.
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Central illustration: 
Main study findings. A) Flowchart of study cohort, B) Adjusted survival with transcatheter 

aortic valve replacement (TAVR) versus surgical aortic valve replacement in patients with 

rheumatic aortic stenosis. C), Adjusted survival with TAVR in patients with rheumatic AS 

versus non-rheumatic AS.
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Table 1:

Baseline characteristics of rheumatic AS patients who underwent SAVR versus TAVR, before and after PS 

weighting adjustment

Variable Before adjustment After adjustment Standardized 
differences

SAVR (N=554) TAVR (N=605) P value SAVR (N=554) TAVR (N=605)

Age 73.4±7.2 79.4±8.1 <0.001 76.3 (7.8) 76.3 (6.7) 0.0

Race 0.0

  White 90.6% 90.4% 0.4 0.91 0.91

  Black 4.5% 4.3% 0.43 0.43

Male sex 56.0% 40.0% <0.001 0.47 (0.50) 0.47 (0.50) 0.0

Hypertension 88.1% 93.7% <0.001 0.92 (0.28) 0.92 (0.28) 0.0

Diabetes mellitus 35.4% 44.8% 0.001 0.40 (0.49) 0.40 (0.49) 0.0

Heart failure 40.3% 82.6% <0.001 0.65 (0.48) 0.65 (0.48) 0.0

Lung disease 26.7% 44.0% <0.001 0.35 (0.48) 0.35 (0.48) 0.0

Liver disease 3.4% 4.1% 0.5 0.04 (0.20) 0.04 (0.20) 0.0

Chronic kidney disease 13.4% 29.6% <0.001 0.20 (0.40) 0.20 (0.40) 0.0

End stage renal disease -- 4.6% <0.001 0.03 (0.16) 0.03 (0.16) 0.0

Peripheral arterial disease 21.8% 32.9% <0.001 0.28 (0.45) 0.28 (0.45) 0.0

Prior ischemic stroke 6.0% 11.8% <0.001 0.07 (0.26) 0.07 (0.26) 0.0

Coronary artery disease 22.6% 56.4% <0.001 0.36 (0.48) 0.36 (0.48) 0.0

Prior revascularization 4.7% 21.0% <0.001 0.11 (0.31) 0.11 (0.31) 0.0

Preexisting atrial fibrillation 26.0% 53.0% <0.001 0.41 (0.49) 0.41 (0.49) 0.0

Depression 10.5% 19.5% <0.001 0.12 (0.32) 0.12 (0.32) 0.0

Hypothyroidism 21.3% 28.9% 0.003 0.26 (0.44) 0.26 (0.44) 0.0

Drug abuse -- -- 0.7 0.01 (0.11) 0.01 (0.11) 0.0

Anemia 18.6% 50.9% <0.001 0.31 (0.46) 0.31 (0.46) 0.0

Connective tissue disease 6.5% 8.8% 0.2 0.08 (0.27) 0.08 (0.27) 0.0

Alcohol abuse 2.7% 3.5% 0.5 0.03 (0.18) 0.03 (0.18) 0.0

Lymphoma -- 2.3% 0.02 0.01 (0.09) 0.01 (0.09) 0.0

Electrolytes abnormality 45.1% 57.9% <0.001 0.48 (0.50) 0.48 (0.50) 0.0
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Variable Before adjustment After adjustment Standardized 
differences

SAVR (N=554) TAVR (N=605) P value SAVR (N=554) TAVR (N=605)

Obesity 30.1% 27.1% 0.2 0.28 (0.45) 0.28 (0.45) 0.0

Psychosis 2.9% 3.8% 0.4 0.03 (0.17) 0.03 (0.17) 0.0

Pulmonary hypertension 2.5% 11.2% <0.001 0.06 (0.23) 0.06 (0.23) 0.0

Tumor without metastasis 2.2% 5.1% 0.008 0.03 (0.18) 0.03 (0.18) 0.0

Metastatic disease -- 2.0% 0.01 0.01 (0.09) 0.01 (0.09) 0.0

Peptic ulcer disease -- 2.6% 0.2 0.02 (0.13) 0.02 (0.13) 0.0

Weight loss 4.7% 12.6% <0.001 0.08 (0.27) 0.08 (0.27) 0.0

Prior bleeding 11.2% 26.5% <0.001 0.17 (0.38) 0.17 (0.38) 0.0

Prior cerebral bleeding -- -- 0.01 (0.08) 0.01 (0.08) 0.0

Prior gastrointestinal bleed 4.7% 16.2% <0.001 0.10 (0.30) 0.10 (0.30) 0.0

Prior defibrillator -- 3.5% 0.007 0.02 (0.13) 0.02 (0.13) 0.0

Prior pacemaker 2.9% 10.9% <0.001 0.06 (0.25) 0.06 (0.25) 0.0

Prior sleep apnea 7.4% 14.7% <0.001 0.10 (0.31) 0.10 (0.31) 0.0

Smoking 10.3% 20.0% <0.001 0.15 (0.36) 0.15 (0.36) 0.0

Frailty score, median (IQR) 5.3 (2.3–9.3) 11.3 (4.9–19.6) <0.001 9.17 (8.53) 9.17 (8.27) 0.0

High frailty 9.4% 39.0% <0.001 0.19 (0.39) 0.19 (0.39) 0.0

SAVR= surgical aortic valve replacement; TAVR= transcatheter aortic valve replacement

Values are presented as percentages, mean (SD) or median (IQR)

Cells with N<11 were suppressed with (--)per CMS policy.
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Table 2:

In-hospital and short-term outcomes in rheumatic AS patients who underwent SAVR versus TAVR, before and 

after PS weighting adjustment

Before adjustment After adjustment

Outcome SAVR (N=554) TAVR (N=605) P value SAVR (N=554) TAVR (N=605) P value

AKI, % 22.1 14.4 0.02 22.3 11.9 0.02

Blood transfusion, % 20.1 9.1 0.002 19.8 7.6 0.002

Cardiogenic shock, % 5.6 <1.7 0.04 5.7 1.5 0.047

New onset AF, % 28.3 2.2 <0.001 21.1 2.2 <0.001

New PPM, % 6.0 12.2 0.001 7.2 12.5 0.1

Length of hospital stay 7 (5–10) 3 (2–7) <0.001 8 (6–12) 3 (2–6) <0.001

In-hospital mortality, % 2.2 2.2 0.8 3.5 2.4 0.6

30-day stroke, % 2.2 2.0 0.8 2.8 2.4 0.8

30-day mortality, % 2.4 3.6 0.3 3.2 3.6 0.9

One-year mortality 6.1 16.0 <0.001 8.9 13.1 0.2

AF= atrial fibrillation; AKI= acute kidney injury; PPM= permanent pacemaker; SAVR= surgical aortic valve replacement; TAVR= transcatheter 
aortic valve replacement

Cells with N<11 were suppressed with (--)per CMS policy.
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Table 3:

Baseline characteristics of the non-rheumatic and rheumatic AS patients who underwent TAVR, before and 

after PS weighting adjustment

Variable Before adjustment After adjustment Standardized 
differences

Non-rheumatic 
AS (N=88,554)

Rheumatic AS 
(N=605)

P value Non-rheumatic 
AS (N=88,554)

Rheumatic AS 
(N=605)

Age 81.2±8.1 79.4±8.1 <0.001 79.41 (8.05) 79.41 (8.85) 0.0

Race

  White 92.2% 90.4% 0.2 0.91 0.91 0.0

  Black 4.0% 4.3% 0.04 0.04

Male sex 53.3% 40.0% <0.001 0.40 (0.49) 0.40 (0.49) 0.0

Hypertension 94.3% 93.7% 0.5 0.94 (0.24) 0.94 (0.24) 0.0

Diabetes mellitus 41.6% 44.8% 0.1 0.45 (0.50) 0.45 (0.50) 0.0

Heart failure 78.5% 82.6% 0.01 0.83 (0.38) 0.83 (0.38) 0.0

Lung disease 36.4% 44.0% <0.001 0.44 (0.50) 0.44 (0.50) 0.0

Liver disease 4.1% 4.1% 0.9 0.04 (0.20) 0.04 (0.20) 0.0

Chronic kidney disease 28.8% 29.6% 0.7 0.30 (0.46) 0.30 (0.46) 0.0

End stage renal disease 3.7% 4.6% 0.2 0.05 (0.21) 0.05 (0.21) 0.0

Peripheral arterial 
disease

33.3% 32.9% 0.9 0.33 (0.47) 0.33 (0.47) 0.0

Prior ischemic stroke 9.2% 11.8% 0.03 0.12 (0.32) 0.12 (0.32) 0.0

Coronary artery disease 47.2% 56.4% <0.001 0.56 (0.50) 0.56 (0.50) 0.0

Prior revascularization 19.9% 21.0% 0.5 0.21 (0.41) 0.21 (0.41) 0.0

Atrial fibrillation 42.0% 53.0% <0.001 0.53 (0.50) 0.53 (0.50) 0.0

Depression 15.1% 19.5% 0.003 0.19 (0.40) 0.19 (0.40) 0.0

Hypothyroidism 25.2% 28.9% 0.04 0.29 (0.45) 0.29 (0.45) 0.0

Drug abuse 0.9% -- 0.3 0.01 (0.11) 0.01 (0.11) 0.0

Anemia 38.7% 50.9% <0.001 0.51 (0.50) 0.51 (0.50) 0.0

Connective tissue disease 6.7% 8.8% 0.04 0.09 (0.28) 0.09 (0.28) 0.0

Alcohol abuse 2.4% 3.5% 0.09 0.03 (0.18) 0.03 (0.18) 0.0

Lymphoma 1.6% 2.3% 0.2 0.02 (0.15) 0.02 (0.15) 0.0
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Variable Before adjustment After adjustment Standardized 
differences

Non-rheumatic 
AS (N=88,554)

Rheumatic AS 
(N=605)

P value Non-rheumatic 
AS (N=88,554)

Rheumatic AS 
(N=605)

Electrolytes abnormality 40.6% 57.9% <0.001 0.58 (0.49) 0.58 (0.49) 0.0

Obesity 25.6% 27.1% 0.4 0.27 (0.44) 0.27 (0.44) 0.0

Psychosis 2.1% 3.8% 0.004 0.04 (0.19) 0.04 (0.19) 0.0

Pulmonary hypertension 7.4% 11.2% <0.001 0.11 (0.31) 0.11 (0.31) 0.0

Tumor without 
metastasis

4.9% 5.1% 0.8 0.05 (0.22) 0.05 (0.22) 0.0

Metastatic disease 1.2% 2.0% 0.08 0.02 (0.14) 0.02 (0.14) 0.0

Peptic ulcer disease 2.4% 2.6% 0.7 0.03 (0.16) 0.03 (0.16) 0.0

Weight loss 7.9% 12.6% <0.001 0.12 (0.33) 0.12 (0.33) 0.0

Prior bleeding 18.5% 26.5% <0.001 0.26 (0.44) 0.26 (0.44) 0.0

Prior cerebral bleeding 0.5% -- 0.002 0.01 (0.12) 0.01 (0.12) 0.0

Prior gastrointestinal 
bleed

10.3% 16.2% <0.001 0.16 (0.37) 0.16 (0.37) 0.0

Prior defibrillator 2.6% 3.5% 0.2 0.03 (0.18) 0.03 (0.18) 0.0

Prior pacemaker 8.0% 10.9% 0.008 0.11 (0.31) 0.11 (0.31) 0.0

Prior sleep apnea 11.9% 14.7% 0.04 0.15 (0.35) 0.15 (0.35) 0.0

Smoking 15.1% 20.0% <0.001 0.20 (0.40) 0.20 (0.40) 0.0

Frailty score median 
(IQR)

6.9 (3.0–13.1) 11.3 (4.9–19.6) <0.001 13.4 (10.7) 13.43(10.7) 0.0

High frailty 19.7% 39.0% <0.001 0.39 (0.49) 0.39 (0.49) 0.0

Values are presented as percentages, mean (SD) or median (IQR)

Cells with N<11 were suppressed with (--)per CMS policy.
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Table 4:

In-hospital and short-term outcomes with TAVR in non-rheumatic versus rheumatic AS, before and after PS 

weighting adjustment

Before adjustment After adjustment

Outcome Non-rheumatic AS 
(N=88,554)

Rheumatic AS 
(N=605)

P value Non-rheumatic AS 
(N=88,554)

Rheumatic As 
(N=605)

P value

AKI, % 11.3 14.4 0.02 13.7 14.4 0.7

Cardiac arrest, % 2.0 <1.7 0.3 2.3 1.3 0.2

Conversion to surgery, % 3.5 2.2 0.07 4.0 2.1 0.07

Blood transfusion, % 7.4 9.1 0.1 9.5 9.0 0.8

Cardiogenic shock, % 1.9 2.0 0.9 2.4 2.0 0.6

Aortic annulus rupture, % 1.1 1.7 0.2 0.9 1.7 0.3

New onset AF, % 2.9 2.2 0.3 2.4 2.2 0.8

New PPM, % 11.6 12.2 0.6 11.4 12.2 0.7

Length of hospital stay 3 (2–5) 3 (2–7) <0.01 3 (2–6) 3 (2–7) <0.01

In-hospital mortality, % 1.9 2.2 0.7 2.6 2.2 0.6

30-day stroke, % 2.5 2.0 0.4 3.3 2.0 0.1

30-day mortality, % 2.9 3.6 0.3 3.7 3.6 0.95

1-year mortality, % 13.6 16.0 0.09 17.1 16.0 0.6

AF= atrial fibrillation; AKI= acute kidney injury; PPM= permanent pacemaker; SAVR= surgical aortic valve replacement; TAVR= transcatheter 
aortic valve replacement

Cells with N<11 were suppressed with (--)per CMS policy.
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