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Abstract

Importance—In clinical trials, transcatheter aortic valve replacement (TAVR) has been shown to 

improve symptoms and quality of life. As this technology moves into general clinical practice, it is 

critical to evaluate the health status outcomes among unselected patients treated with TAVR.

Design/Participants—Observational study of patients with severe aortic stenosis treated with 

TAVR in the Society of Thoracic Surgeons/American College of Cardiology Transcatheter Valve 

Therapy (TVT) Registry.

Main Outcomes—Disease-specific health status was assessed at baseline and at 30 days 

(n=31,636) and 1 year after TAVR (n=7,014) with the Kansas City Cardiomyopathy 

Questionnaire-overall summary score (KCCQ-OS; range 0–100 points). We examined factors 

associated with health status at 1 year after TAVR using multivariable linear regression, with 

adjustment for baseline health status and accounting for clustering of patients within sites.

Results—Mean baseline KCCQ-OS was 42.3±23.7, indicating substantial health status 

impairment. Surviving patients had, on average, large improvements in health status at 30 days 

that persisted to 1 year, with a mean improvement in the KCCQ-OS of 27.6 points at 30 days and 

31.9 points at 1 year. Worse baseline health status, older age, higher ejection fraction, lung disease, 
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home oxygen, lower mean aortic valve gradient, prior stroke, diabetes, pacemaker, atrial 

fibrillation, slower gait speed, and non-femoral access were associated with worse health status at 

1 year. Overall, 62.3% of patients had a favorable outcome at 1 year (alive with reasonable quality 

of life [KCCQ-OS ≥60] and no significant decline [≥10 points] from baseline) with the lowest 

rates seen among patients with severe lung disease (51.4%), on dialysis (47.7%), or with very poor 

baseline health status (49.2%).

Conclusion—In a national, contemporary clinical practice cohort of unselected patients, we 

found that improvement in health status following TAVR was similar to that seen in the pivotal 

clinical trials. While the health status results were favorable for the majority of patients, ~1 in 3 

patients still had a poor outcome 1 year after TAVR. Continued efforts are needed to improve 

patient selection and procedural/post-procedural care in order to maximize health status outcomes 

of this evolving therapy.
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Although the pivotal trials demonstrated both survival and quality of life (QOL) benefits of 

TAVR within select cohorts of patients and hospital centers,1–7 it is critical to understand 

how this novel technology performs as it moves beyond experienced centers and operators 

and outside of the strict inclusion and exclusion criteria of the clinical trials. In order to 

understand these outcomes more fully, the Society of Thoracic Surgeons (STS) and the 

American College of Cardiology (ACC) developed the STS/ACC Transcatheter Valve 

Therapy (TVT) Registry.8 In the TVT registry, unselected patients treated with TAVR 

between 2011 and 2013 experienced a 1-year survival rate of 76%,9 similar to that observed 

in the pivotal trials. In this elderly population with extensive comorbidity and impaired 

health status, however, it is unlikely that prolonged survival alone (without improved health 

status) would be viewed as a desirable outcome. The importance of improving and 

maintaining health status after TAVR in these patients has been recognized not only by 

patients and physicians but also by the Centers for Medicare and Medicaid Services, which 

requires the collection and monitoring of health status outcomes as part of the national 

registry. In order to better understand the full range of benefits of TAVR in clinical practice, 

we examined the short- and long-term health status outcomes of surviving patients after 

TAVR in the TVT registry.

METHODS

Study Sample and Protocol

Details of the design, structure, and data elements for the TVT Registry have been published 

previously.8,10 The registry was launched in 2011 as a joint initiative of the STS and ACC 

and now includes more than 450 clinical sites. Facilities are required to participate in the 

registry in order to obtain Medicare reimbursement; as such, TVT collects data on nearly all 

TAVR procedures performed outside of clinical trials in the US. Registry activities have been 

approved by a central institutional review board, and the Duke University School of 

Medicine institutional review board granted a waiver of informed consent for this study. 
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Sites collect data on patient demographics, comorbidities, hemodynamics, functional status, 

patient-reported health status, and outcomes. The TVT Registry has been linked to Medicare 

administrative claims using direct patient identifiers by the Centers for Medicare & 

Medicaid Services in order to evaluate long-term patient outcomes, including 

hospitalizations and survival.9

Health Status Assessment and Poor Outcome Definition

The principal health status instrument for the TVT registry is the Kansas City 

Cardiomyopathy Questionnaire (KCCQ)—a patient-reported disease-specific health status 

survey developed to describe and monitor symptoms, functional status, and QOL in patients 

with heart failure11,12; it has also undergone psychometric testing in patients with severe 

aortic stenosis.13 The shortened, 12-item version of the KCCQ14 is collected as part of the 

TVT Registry at baseline and at 30 days and 1 year after TAVR. The KCCQ-12 assesses 4 

domains related to valvular heart disease (physical limitation, symptom frequency, quality of 

life, social limitation), which are combined into an overall summary score (KCCQ-OS)—the 

primary outcome of this study. All domain scores and the KCCQ-OS range from 0 to 100 

with higher scores indicating less symptom burden and better QOL. Linguistically and 

culturally validated translations of the KCCQ were provided to non-English speakers.

Congruent with prior studies, the KCCQ-OS was categorized as very poor (KCCQ-OS <25), 

poor (KCCQ-OS 25–49), fair (KCCQ-OS 50–74), and good QOL (KCCQ-OS ≥75).13,15 

Changes in the KCCQ-OS of 5, 10, and 20 points correspond to small, moderate or large 

clinical improvements, respectively.16 In order to integrate QOL outcomes with survival, a 

favorable outcome at 1-year after TAVR was defined as survival with a reasonable QOL 

(KCCQ-OS score ≥60, roughly equivalent to New York Heart Association class I–II 

symptoms16,17) without any meaningful worsening (decrease of ≥ 10 points in the KCCQ-

OS score from baseline to 1 year).18

Statistical Analysis

Baseline characteristics for the analytic cohort are presented as percentages for categorical 

variables and medians with interquartile ranges (IQR) for continuous variables. Patient 

mortality risk was estimated using STS Predicted Risk of Operative Mortality score, which 

includes 24 variables and has been validated for predicting in-hospital/30-day mortality 

following surgical aortic valve replacement.19 Changes in KCCQ scores from baseline were 

evaluated at 30-days and 1-year using paired t-tests. Mean KCCQ-OS scores at 1-year were 

compared among key subgroups using ANCOVA. These comparisons were adjusted for 

baseline KCCQ-OS scores except for the analysis that was stratified by baseline KCCQ-OS 

scores. Rates of favorable outcome at 1-year were estimated for each subgroup and 

compared using chi-square tests. We then examined factors associated with health status at 1 

year after TAVR using multivariable linear regression with generalized estimating equations 

to account for clustering of patients within sites. Non-linearity (through use of linear splines) 

and two-way interactions were explored and retained in the model at a level of statistical 

significance of 0.05 or for clinical importance. As an exploratory analysis, we added 5-meter 

walk test results to the model to test this association with long-term health status. These 
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results were categorized as ≥0.83 m/s (normal walker; reference group), 0.50 to <0.83 m/s 

(slow walker), and <0.50 m/s (slowest walker; also includes patients unable to walk).

Missing Data

Although KCCQ completion in TVT has been improving over time, missing data are an 

important consideration in any QOL analysis.10 The rate of missing KCCQ data was 18.3% 

at baseline, 30.6% at 30-days, and 55.7% at 1-year. To ensure that we examined a 

representative cohort of patients, we first limited our 1-year analyses to sites with ≥50% 

completion rates for the KCCQ. Second, we examined differences in baseline characteristics 

between surviving patients with and without 1-year KCCQ data. Third, to reduce the effect 

of selection bias, we used the inverse probability weighting framework to increase the 

weight of patients who were most like those with missing follow-up data.20 This was done 

by constructing a multivariable logistic regression model among patients eligible for 1-year 

follow-up to determine the probability of having missing follow-up KCCQ data. The model 

included all pre-specified patient-level factors and in-hospital major complications. We then 

weighted each of the patients in the analytic cohort by the inverse probability of the 

likelihood of having follow-up KCCQ data to better reflect the overall TAVR population. 

Both the analysis comparing the health status of patients in key sub-groups and the analysis 

examining predictors of health status outcomes report the results from this inverse 

propensity weighting.

The rates of missing data on patient-level factors and in-hospital major complications were 

all <2% except for 5-meter walk test, which was missing in 13%. Missing data were imputed 

to the most common category for categorical variables and to the median for continuous 

variables; 5-meter walk times were not imputed due to the degree of missingness. All 

analyses were performed with SAS version 9.4 (SAS Institute, Cary, North Carolina), and 

statistical significance was defined as a 2-sided p-value of <0.05.

RESULTS

Study Sample

Between November 2011 and March 2016, 30,823 patients at 343 sites underwent TAVR 

and provided baseline QOL data as part of the TVT Registry. The 30-day cohort included 

31,636 patients from 406 sites who survived 30-days and completed the KCCQ at baseline 

and follow-up (Supplemental Figure 1). There were 23,621 patients who underwent TAVR 

and were eligible for 1 year follow-up. After excluding patients from 179 sites with <50% 

KCCQ completion rates, the 1-year cohort included 7,014 patients from 169 sites who 

survived 1 year and completed the KCCQ at both baseline and follow-up. Patients who 

survived 1 year but were missing KCCQ data were more likely to have severe lung disease, 

higher STS mortality risk scores, and lower baseline KCCQ-OS scores, as compared with 

patients in the 1-year analytic cohort (Supplemental Table 1). Median age for the 1-year 

analytic cohort (the primary analysis) was 84 years (IQR 78–88), 49% were female, 32% 

had undergone prior bypass graft surgery, 36% had diabetes, and 11% were on home oxygen 

(Table 1). The median STS mortality risk score was 6.2% (IQR 4.2–9.4); mean aortic 

gradient was 43 mmHg (IQR 36–52); and 64% underwent TAVR via a femoral approach.
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Baseline Health Status

Among patients in the 30-day cohort, the mean baseline KCCQ-OS score was 42.3±23.7 

(Table 2). Examining the subscales of the KCCQ, the QOL domain was the most impaired at 

33.2±27.0, indicating that patients reported that their valve disease severely limited their 

enjoyment of life and that they would be dissatisfied if they had to spend the rest of their life 

feeling the same way. The social limitation domain, which describes how patients’ valve 

disease limits their participation in hobbies, household chores, and visiting others, was also 

severely impaired at 39.8±30.2. The physical limitations domain, which describes the degree 

to which patients are limited in bathing, walking, or hurrying, showed slightly less 

impairment at 43.2±27.7. The symptom frequency domain, which quantifies how often the 

patient had swelling, fatigue, shortness of breath, and orthopnea in the prior 2 weeks, was 

the least impaired at 51.8±26.2.

Short-term Health Status Outcomes

At 30-day follow-up, KCCQ-OS scores improved by an average of 27.6 points to 69.9±23.7 

(Table 2). On average, each of the individual domains increased by >20 points from baseline 

to 30 days after TAVR, indicating large improvements. The largest improvement was 

observed in the QOL domain, where the mean improvement was 37.5 points, resulting in an 

average score of 70.7±27.9. The physical limitations domain was least impacted by TAVR, 

with a 21.4-point average improvement and a mean 30-day score of 65.1±28.8, although this 

still represents a large clinical change.

Long-term Health Status Outcomes

One year after TAVR, surviving patients continued to demonstrate substantial improvement 

in health status, with a mean KCCQ-OS score of 75.9±21.9 and a mean improvement from 

baseline of 31.9 points (Table 2). Similar to the 30-day results, the lowest domain score at 1 

year was physical limitations with a mean score of 68.8±28.4, with the remaining domains 

ranging from 77.0 to 78.6. Integrating survival and QOL, 62.3% of patients had a favorable 

outcome at 1 year after TAVR. Among patients with a poor outcome, this was due to death 

in 19.4%, persistently poor QOL in 17.4%, and a decline in QOL in 4.9%. Among 6050 

patients with health status assessment at all time points, KCCQ-OS scores increased 

significantly from baseline to 30 days and increased further from 30 days to 1 year (p<0.001 

for both comparisons; Figure 1).

Subgroup Comparisons

There were notable differences in mean 1-year KCCQ-OS scores and the proportion of 

patients with a favorable outcome across subgroups of patients (Table 3). Older age, no prior 

CABG, chronic lung disease, low mean aortic gradient, and worse baseline health status 

were each associated with both worse health status after TAVR and lower rates of favorable 

outcome. Neither kidney function nor access site were associated with health status after 

TAVR (among survivors); however, patients with chronic renal impairment and patients who 

required transapical or transaortic access had lower rates of favorable outcomes, mainly due 

to increased rates of mortality among these patients. Patients with left ventricular systolic 

dysfunction had lower rates of favorable outcomes (presumably due to higher rates of 
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death); however, if they survived, they actually had better long-term health status. There 

were no statistically significant differences in 1-year KCCQ-OS scores or rates of favorable 

outcomes according to sex. The lowest rates of favorable outcomes were among patients 

with severe lung disease (51.4%), requiring dialysis (47.7%), and with very poor baseline 

health status (49.2%).

Factors Associated with Health Status at 1 Year

In the multivariable model, patients who had better health status at baseline were more likely 

to have better health status at 1 year, with every 10-point increase in baseline KCCQ-OS 

score associated with a 2.5-point higher 1-year KCCQ-OS score (95% CI 2.2 to 2.8, 

p<0.001; Table 4). Older age was associated with worse 1-year health status, with every 5-

year increase associated with a 1.0-point reduction in KCCQ-OS score (95% CI −1.4 to 

−0.7, p<0.001). Higher ejection fraction at baseline, severe lung disease, home oxygen, 

lower mean aortic valve gradient, prior stroke, diabetes, permanent pacemaker (prior to 

TAVR), atrial fibrillation, and non-femoral access were also associated with lower 1-year 

KCCQ-OS scores. In exploratory analysis among 6151 patients with 5-meter walk test data, 

both slow gait speed and slower gait speed (as defined previously) were associated with 

worse 1-year KCCQ-OS scores (mean difference −3.5 points [95% CI −5.0 to −2.1] and 

−5.7 points [95% CI −7.6 to −3.7], respectively).

DISCUSSION

As the use of TAVR expands beyond the pivotal clinical trials—both to new centers and new 

patient populations—it is important to understand the short- and long-term outcomes of 

these procedures in unselected patients. While recent studies have demonstrated rates of 

survival and major complications that are generally consistent with those seen in the original 

clinical trials,9 the health status benefits of these procedures—particularly as assessed from 

the patient’s perspective—remain largely unexplored. Given the elderly population who are 

generally considered for TAVR, understanding the health status outcomes of these 

procedures is essential.

In this study, we used data from the TVT registry to explore the health status outcomes 

among unselected patients undergoing TAVR in current US practice. We found that most 

patients had substantial impairment in health status prior to TAVR and demonstrated 

considerable improvement after the procedure. In particular, by 30 days after TAVR, 

surviving patients demonstrated large improvements across all domains of the KCCQ, and 

there were further, albeit more modest, improvements from 30 days to 1 year. Worse 

baseline health status, older age, severe lung disease, home oxygen, higher baseline ejection 

fractions, lower mean aortic valve gradient, and slower gait speed were all associated with 

worse long-term health status. When we examined health status and survival as a composite 

endpoint, 38% of patients had a poor outcome at 1 year after TAVR, roughly half of which 

was due to death with the other half due to persistently poor or worse QOL. Patients with 

severe lung disease, end-stage renal disease, or very poor baseline health status had the 

highest rates of poor outcomes, with half being either dead or having persistently poor QOL 

at 1 year.
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Comparison with Prior Studies

The QOL results in the TVT registry are generally similar to those observed in the clinical 

trials among patients at high and extreme surgical risk.2,3,6,7 Nonetheless, there are several 

subtle differences in outcomes between the pivotal trials and the TVT registry. For example, 

the changes in the KCCQ-OS at 30 days and 1 year in TVT of 27 and 32 points, 

respectively, are ~5–10 points greater than those seen in the PARTNER A and B and 

CoreValve clinical trials. Moreover, the 62% rate of favorable outcome at 1 year in TVT is 

modestly higher than seen in the pivotal trials, in which only 50–58% of patients were alive 

with good QOL at 1 year.7,21 The reasons for these differences are not entirely clear but may 

relate to differences between the patients treated in current practice as compared with the 

original trials. In our study, the median STS risk score was <7%—lower than both the 

PARTNER and CoreValve trials. While there are undoubtedly some patients treated in TVT 

who are even higher risk than those included in the pivotal trials (e.g., dialysis, very low 

ejection fraction, low mean gradient), the typical patient treated in current US practice 

appears to be somewhat lower risk than the trial participants, with fewer comorbidities that 

might hinder recovery of QOL after hospitalization. In addition, ongoing improvements in 

patient selection, procedural techniques, and post-procedural care are likely to have 

contributed to enhanced health status recovery post-TAVR.

In a recent analysis of a German TAVR registry, generic health status (EuroQol) improved in 

the majority of patients. However, the authors of this study noted that a sizable proportion of 

patients did not derive any meaningful benefit in terms of QOL. Importantly, a generic 

health status measure is not as sensitive to change as a disease-specific health measure,16 

thereby limiting the ability to detect important changes in symptoms, function, and QOL. 

For example, in the CoreValve High Risk US Pivotal Trial, the 1-year changes in the KCCQ-

OS had an effect size of ~1 versus ~0.2 for EuroQol-5D.7 Consequently, we believe that use 

of a generic heath status assessment will underestimate the extent of improvement in the 

TAVR population.

Clinical Implications

The current study findings are encouraging and suggest that the benefits of TAVR that have 

been previously demonstrated within carefully designed and conducted clinical trials can be 

extended to the commercial TAVR population. In the future, investigating the factors that 

underlie these outcomes could allow us to maximize the benefits of this approach. For 

example, using risk prediction models to estimate a patient’s pre-procedure likelihood of a 

successful outcome may allow providers to improve patient selection for TAVR.21 In 

addition, such models may be useful in guiding procedural and post-procedural care, by 

targeting patients at increased risk of a poor outcome for less invasive approaches, geriatric 

consultation, or more intensive rehabilitation and follow-up to help maximize recovery.

Limitations

Our study should be considered in light of the following potential limitations. First, the 

degree of missing health status data, both at baseline and follow-up, made the analyses 

challenging. We used a number of approaches to address this issue, including limiting our 

analyses to sites with higher rates of complete data and inverse propensity weighting. 
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However, it is still possible that missing data biased our results. While longitudinal health 

status data are critical to the understanding of benefit of TAVR, collection of these data in an 

unselected cohort has been challenging,22 particularly when there is no specific 

reimbursement for data collection. Achieving more complete data will require continued 

efforts by registry leadership along with a belief by the sites that such data are important. As 

such, we hope that these analyses will highlight the importance of health status data for risk 

prediction and patient selection,23 assessing response to treatment, and identifying 

mechanisms to improve care.

Second, while we examined a number of covariates in our multivariable model some 

important factors, such as dementia and disability, were not included in the TVT data 

elements and thus could not be examined as potential predictors of long-term QOL. Third, 

the long-term QOL results are reported for surviving patients only. This is a key point given 

the high mortality rate among patients treated with TAVR, as it is possible that long-term 

health status benefits of TAVR in particular subgroups could have been missed due to 

differential attrition of the sickest patients in the comparator subgroup (e.g., renal 

dysfunction). To address this challenge we also reported a composite endpoint that integrates 

both survival and QOL; we believe that examining the results of both of these analyses is 

essential to fully understand the benefits of TAVR.

Conclusions

In this national cohort study of unselected US patients undergoing TAVR in clinical practice, 

we found that, on average, patient health status improved substantially following the 

procedure. The observed magnitude of health status improvement was similar to that seen in 

the pivotal clinical trials. Nonetheless, ~1 in 3 patients still had a poor outcome at 1 year 

after TAVR, half of which was due to death and half due to poor QOL. Therefore, continued 

efforts to optimize patient selection and refine procedural and post-procedural care to 

maximize health status recovery are needed to continue to improve the outcomes of these 

patients.
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Figure 1. 
Mean KCCQ-OS scores over time among 6050 patients with complete data

Arnold et al. Page 11

JAMA Cardiol. Author manuscript; available in PMC 2017 April 28.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Arnold et al. Page 12

Table 1

Baseline characteristics of analytic cohort

30-Day Cohort
n=31,636

1-Year Cohort
n=7,014

Age (y) 83 (77–87) 84 (78–88)

Female 15,288 (48.3) 3,454 (49.2)

Caucasian race 29,903 (95.0) 6,655 (95.2)

Body surface area (m2) 1.85 (1.68–2.02) 1.84 (1.68–2.01)

Prior myocardial infarction 7,677 (24.3) 1,820 (26.0)

Prior coronary stenting 11,072 (35.1) 2.536 (36.2)

Prior bypass graft surgery 9,026 (28.6) 2,226 (31.8)

Peripheral artery disease 9,637 (30.5) 2,188 (31.2)

Atrial fibrillation/flutter 12,828 (40.6) 2,753 (39.3)

Permanent pacemaker 5,081 (16.1) 1,139 (16.2)

Ejection fraction (%) 58 (47–63) 58 (47–63)

Prior stroke 3,787 (12.0) 818 (11.7)

Diabetes mellitus 11,790 (37.3) 2,547 (36.3)

 Treated with insulin 4,290 (36.4) 903 (35.5)

Severe lung disease 4,232 (13.5) 806 (11.5)

Home oxygen 3,634 (11.5) 757 (10.8)

Current smoker 1,704 (5.4) 344 (4.9)

Hemoglobin (g/dL) 11.9 (10.6–13.1) 12.0 (10.8–13.1)

Glomerular filtration rate (mL/min/1.73 m2) 60.7 (44.8–76.7) 61.6 (45.6–77.1)

Current dialysis 1,115 (3.5) 195 (2.8)

STS mortality risk score (%) 6.3 (4.2–9.6) 6.2 (4.2–9.4)

Aortic valve mean gradient (mmHg) 43 (35–51) 43 (36–52)

Moderate/severe aortic insufficiency 6,270 (19.9) 1,306 (18.7)

Moderate/severe mitral insufficiency 9,238 (34.9) 1,967 (33.3)

Femoral access site 24,341 (77.0) 4,506 (64.3)

Acuity of TAVR

 Elective 28,505 (90.1) 6.353 (90.6)

 Urgent 2,189 (6.9) 454 (6.5)

 Shock/Inotropes/Assist Device 846 (2.7) 189 (2.7)

 Emergency/Salvage/Cardiac Arrest 96 (0.3) 18 (0.3)

Baseline KCCQ-OS 39.6 (24.0–59.4) 41.7 (26.0–60.4)

5-meter walk test (s) 7.7 (6.0–10.0) 7.7 (6.0–10.0)

KCCQ-OS, Kansas City Cardiomyopathy Questionnaire-overall summary score; Data are expressed as n (%) or median (interquartile range)
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Table 4

Factors independently associated with 1-year KCCQ-OS scores after TAVR

Estimate (95% CI) P-value

Baseline KCCQ-OS score (per 10 points) +2.5 (+2.2 to +2.8) <0.001

Age (per 5 years) −1.0 (−1.4 to −0.7) <0.001

Ejection fraction (per 5%) −0.6 (−0.8 to −0.3) <0.001

Severe lung disease −2.8 (−4.3 to −1.2) <0.001

Home oxygen −5.3 (−7.3 to −3.2) <0.001

Mean aortic valve gradient (per 10 mmHg) +0.9 (+0.5 to +1.3) <0.001

Prior stroke −2.6 (−4.2 to −0.9) 0.002

Diabetes mellitus −1.5 (−2.5 to −0.6) 0.002

Moderate/severe aortic insufficiency +1.9 (+0.5 to +3.2) 0.007

Permanent pacemaker −1.9 (−3.3 to −0.4) 0.011

Atrial fibrillation/flutter −1.4 (−2.6 to −0.2) 0.021

Access site (non-femoral vs. femoral) −1.2 (−2.4 to −0.1) 0.038

KCCQ-OS, Kansas City Cardiomyopathy Questionnaire-overall summary score

Factors in the model that were not significantly associated with QOL (p>0.05): sex, race, body surface area, prior myocardial infarction, 
percutaneous coronary intervention, coronary artery bypass graft surgery, peripheral artery disease, current smoker, hemoglobin, glomerular 
filtration rate, current dialysis, moderate/severe mitral insufficiency, moderate/severe tricuspid insufficiency, acuity of case
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