
UCSF
UC San Francisco Previously Published Works

Title
Applicability of Transcatheter Aortic Valve Replacement Trials to Real-World Clinical Practice 
Findings From EXTEND-CoreValve

Permalink
https://escholarship.org/uc/item/20f664gw

Journal
JACC Cardiovascular Interventions, 14(19)

ISSN
1936-8798

Authors
Butala, Neel M
Secemsky, Eric
Kazi, Dhruv S
et al.

Publication Date
2021-10-01

DOI
10.1016/j.jcin.2021.08.006
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/20f664gw
https://escholarship.org/uc/item/20f664gw#author
https://escholarship.org
http://www.cdlib.org/


Applicability of Transcatheter Aortic Valve Replacement Trials to 
Real-World Clinical Practice: Findings from EXTEND-CoreValve

Neel M. Butala, MD, MBAa,b, Eric Secemsky, MD, MSca, Dhruv S. Kazi, MD, MSa, Yang Song, 
MSc, Jordan B. Strom, MD, MSCa, Kamil F. Faridi, MDd, J. Matthew Brennan, MDe, Sammy 
Elmariah, MD, MPHb, Changyu Shen, PhDa, Robert W. Yeh, MD, MSca

aRichard A. and Susan F. Smith Center for Outcomes Research in Cardiology, Division of 
Cardiovascular Medicine, Beth Israel Deaconess Medical Center, Boston MA

bCardiology Division, Department of Medicine, Massachusetts General Hospital, Boston, MA

cBaim Institute for Clinical Research, Boston, MA

dSection of Cardiology, Department of Medicine, Yale School of Medicine, New Haven, CT

eDuke Clinical Research Institute, Duke University School of Medicine, Durham, NC

Abstract

Objectives: We examined the applicability of pivotal transcatheter aortic valve replacement 

(TAVR) trials to the real-world population of Medicare patients receiving TAVR.

Background: It is unclear whether randomized controlled trial results of novel cardiovascular 

devices apply to patients encountered in clinical practice.

Methods: We compared characteristics of patients enrolled in the US CoreValve pivotal trials 

to the population of Medicare beneficiaries who received TAVR in US clinical practice between 

11/2/2011 and 12/31/2017. We employed inverse-probability weighting to reweight the trial cohort 

based on Medicare patient characteristics and estimated a “real-world” treatment effect.

Results: A total of 2026 patients received TAVR in the US CoreValve pivotal trials and 135,112 

patients received TAVR in the Medicare cohort. Trial patients were mostly similar to real-world 

patients at baseline, though trial patients were more likely to have hypertension (50% vs 39%) 

and coagulopathy (25% vs 17%), whereas real-world patients were more likely to have congestive 

heart failure (75% vs 68%) and frailty. The estimated real-world treatment effect of TAVR was a 

11.4% absolute reduction in death or stroke (95% confidence interval [CI]: 7.50%, 14.92%) and 

an 8.7% absolute reduction in death (95% CI: 5.20%, 12.32%) at 1 year with TAVR compared 

to conventional therapy (surgical aortic valve replacement for intermediate/high risk patients and 

medical therapy for extreme risk patients).

Conclusions: Trial and real-world populations were mostly similar, though had some notable 

differences. Nevertheless, the extrapolated real-world treatment effect was at least as high as the 
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observed trial treatment effect, suggesting that the absolute benefit of TAVR in clinical trials is 

similar to the benefit of TAVR in the US real-world setting.

Tweet:

Reweighting of Corevalve trials based on Medicare patients suggests that the benefits of TAVR in 

clinical trials extend to patients receiving TAVR in the US real-world setting.

Condensed abstract

It is unclear whether randomized controlled trial results of novel cardiovascular devices apply 

to patients encountered in clinical practice. We examined the applicability of the US CoreValve 

pivotal trials to the Medicare population receiving TAVR. We used inverse-probability weighting 

to reweight the trial cohort based on Medicare patient characteristics and estimated “real-world” 

treatment effects. Trial and real-world populations were mostly similar, though had some notable 

differences. Nevertheless, the extrapolated real-world treatment effect was at least as high as the 

observed trial treatment effect, suggesting that the absolute benefit of TAVR in clinical trials is 

similar to the benefit of TAVR in the US real-world setting.

Keywords

generalizability; TAVR; real-world

Introduction

Randomized controlled trials (RCTs) are the gold standard to understand effectiveness of an 

intervention, but whether trial results based on highly selected populations apply to patients 

encountered in clinical practice is often unknown. Although there has been a recent move 

towards more pragmatic clinical trials to better reflect patient populations and treatment 

decisions in practice, novel technologies are often still evaluated in pivotal clinical trials 

with narrow inclusion criteria and few pragmatic elements in order to give a particular 

intervention the best chance of demonstrating an effect.(1,2) Differences between trial 

participants and the broader population may affect whether the safety and efficacy of a 

treatment observed in a clinical trial translate into clinical practice.(3) Understanding the 

generalizability of clinical trials is essential to understanding how their results extend to 

patients treated in the community.

Transcatheter aortic valve replacement (TAVR) has revolutionized the treatment of aortic 

valve disease over the past decade, driven by the results of large, high-quality RCTs.(4) 

These trials resulted in TAVR being incorporated into major societal guidelines as first-line 

therapy in patients with severe aortic stenosis who meet criteria,(5) and are touted as 

an example of rapid translation of bench concepts to clinical practice.(6) However, there 

have been concerns that these trials may not have adequately represented important patient 

subgroups, thus raising questions as to their generalizability.(7,8) Given the rapid growth 

of TAVR, estimating its treatment effect in a real-world setting is critically important to 

informing the evidence-based dissemination of this technology.
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We aimed to answer the following questions: 1) is the US real-world TAVR population 

different from the population enrolled in pivotal TAVR trials; 2) how can we estimate an 

event rate in a more representative population using trial event rates; and 3) what would be 

the anticipated TAVR treatment effects if real-world patients were included in trials and had 

similar outcomes, conditional on their baseline characteristics.

Specifically, we applied inverse probability weighting (IPW) to reweight event rates in 

the trial population based on real-world population characteristics, which, under certain 

assumptions, allows the extrapolation of what trial results would have been had the 

trial been performed in the real-world population. Answering these questions not only 

provides important insights about how TAVR trial results compare to anticipated treatment 

effects encountered in real-world clinical practice, but also provides a useful example of a 

methodology for transporting clinical trial results to real-world population.

Methods

Study population

We included all patients aged ≥65 in the US CoreValve Extreme Risk, High Risk, and 

SURTAVI pivotal trials who could be successfully linked to the Centers for Medicare 

and Medicaid Services (CMS) Medicare Provider and Review (MedPAR) database. The 

MedPAR database includes a 100% sample of inpatient discharge claims for Medicare 

fee-for-service beneficiaries and has been used extensively for outcomes research.(9) The 

High Risk trial and SURTAVI were RCTs comparing the self-expanding Medtronic™ 

CoreValve with surgical aortic valve replacement (SAVR) that enrolled patients in high and 

intermediate STS predicted risk of mortality (STS-PROM) categories, respectively, (10,11) 

whereas the Extreme Risk trial was a nonrandomized comparison of the CoreValve with 

an objective performance measure that enrolled patients in the extreme STS-PROM risk 

category (deemed to be at prohibitive risk for surgery).(12) TAVR and SAVR patients in the 

High Risk trial and SURTAVI were included, whereas all TAVR patients were included from 

the Extreme Risk trial.

We linked the CoreValve Pivotal Trials dataset and CMS database as a part of the Extending 

Trial-Based Evaluations of Medical Therapies Using Novel Sources of Data (EXTEND) 

Study.(13) Using deterministic linkage rules, 76% (2026/2660) of US patients in the trials 

were successfully linked to the MedPAR database (Supplemental Methods). Trial patients 

successfully linked to Medicare data were generally similar to those who were not linked, 

though linked patients had a higher rate of pre-existing congestive heart failure and were less 

likely to have a pre-existing pacemaker or implantable cardiac defibrillator (Supplemental 

Table 1).

We additionally identified a non-nested “real-world” cohort of US patients receiving TAVR 

within the CMS dataset using ICD-9-PCS and ICD-10-PCS claims codes. These patients 

were aged ≥65, received TAVR between 11/2/2011 and 12/31/2017, and were not enrolled in 

any of the CoreValve Pivotal studies (Extreme Risk, High Risk, SURTAVI and pre-approval 

Continued Access Studies). Real-world SAVR patients were not included as a comparison 

since many of these patients would not have been eligible for TAVR during the study period 
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due to low surgical risk or other exclusions not identifiable through claims data. This study 

was approved by the institutional review board at Beth Israel Deaconess Medical Center.

Variables

The primary outcomes were incidence of stroke or death at 1 year and incidence of death 

at 1 year. Secondary outcomes included incidence of stroke, aortic valve reintervention, and 

pacemaker implantation at 1 year. Date of death was identified via the Medicare Master 

Beneficiary Summary File. Aortic valve reintervention, stroke, and permanent pacemaker 

implantation were identified using validated ICD-9 and ICD-10 claims codes (Supplemental 

Table 2).(14)

Covariates examined included demographics (age, sex, race), Elixhauser comorbidities,(15) 

and percentile rank according to previously validated claims-based frailty indicators.(16,17) 

Although some of these variables were collected in the trial data collection form for trial 

participants, for the purposes of this study, all variables were assessed from claims data for 

both trial and real-world populations to ensure similar ascertainment between groups.

Statistical analysis

We first combined the trials in proportion to recreate the United States real-world ratio 

of 26% extreme risk patients, 59% high risk patients, and 15% intermediate risk patients 

observed in the Society of Thoracic Surgeons(STS)/American College of Cardiology TVT 

registry during the study period, which was assumed to be distribution of such patients in 

our real-world cohort.(18,19) Specifically, Extreme Risk patients were weighted to represent 

26% of the combined trial cohort, High Risk trial patients were weighted to represent 59% 

of the combined trial cohort, and SURTAVI patients were weighted to represent 15% of the 

combined trial cohort. As such, the distribution of patients across the extreme, high, and 

intermediate risk STS-PROM categories was similar across the trial and real-world cohorts 

by design. This proportionally combined sample was used to generate all subsequent ‘trial 

cohort’ estimates. Trials were combined given that surgical risk in the real-world population 

is a continuous distribution, and categorization into discrete risk categories may differ by 

center and over time, especially as the STS-PROM risk score calculation itself changes by 

year,(20,21) so a combined assessment provided the most reliable estimates.

We compared the demographics, comorbidities, and frailty scores between trial and real-

world patients using standardized differences, as well as Student’s t tests for continuous 

variables and Fisher’s Exact tests for categorical variables.

We then combined the trial and real-world patients into a single cohort and created a 

propensity score model to predict the likelihood of being a trial patient (vs a real-world 

patient) using demographic, comorbidity, and frailty characteristics. We compared the 

distribution and degree of overlap of propensity scores between trial and real-world cohorts.

Next, in order to extrapolate trial findings to the broader population of patients who 

received TAVR, we estimated the incidence of outcomes that would have been observed 

in the trial among patients who received TAVR if trial participants had the same 

demographic and comorbidity distribution as the TAVR patients in the general community. 
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The idea underlying this methodology is to up-weight individuals in the trial cohort with 

characteristics more common in the real world and down-weight individuals in the trial 

cohort with characteristics less common in the real world (Central Illustration). Specifically, 

we employed an IPW method to reweight the cumulative incidence of events observed in the 

trial cohort who received TAVR, based on the distribution of characteristics in the real-world 

TAVR cohort. In order to extrapolate trial findings to the broader population of patients 

who received TAVR (i.e. for trial findings to be transportable), this method assumes that all 

members of the real-world cohort could have been included in the trials (positivity) and that 

real-world patients would have had similar outcomes had they been included in the trials, 

conditional on their baseline characteristics (conditional exchangeability) (22).

We then estimated the projected real-world treatment effect of TAVR vs. the comparator arm 

for death or stroke and for death alone at 1 year. We created a trial comparator arm cohort 

of SURTAVI and High Risk trial patients who received SAVR. We additionally included 

Extreme Risk trial patients who received TAVR in the trial comparator arm cohort, but 

assigned an incidence rate of stroke or death of 43% and an incidence of death of 42%. 

These rates were based on the methodology originally employed to compute the event rates 

used in the historical non-surgical comparator arm in the Extreme Risk trial, derived from 

the observed event rates for standard therapy in a similar randomized trial of TAVR in 

extreme risk patients.(23) We employed the same IPW method to estimate the cumulative 

incidence of outcomes that would have been observed for trial comparator arm patients 

if they had the same demographic and comorbidity distribution as observed for the real 

world TAVR patients. We calculated the estimated real-world treatment effect by subtracting 

the reweighted trial cumulative incidence of death or stroke for the trial comparator arm 

from the reweighted trial cumulative incidence of death or stroke for trial TAVR patients. 

Confidence intervals were calculated using bootstrapping with 500 iterations.

The valid reweighting of trial results to reflect real-world treatment effects requires that 

there are no unmeasured differences between the trial and real-world populations. We 

therefore tested whether the propensity score appropriately accounted for variables that 

could have affected the outcome in the real-world cohort by comparing the reweighted trial 

cumulative incidence of events based on real-world patient characteristics with the observed 

cumulative incidence of events in the real-world cohort using a log-rank test. Additionally, 

because the treatment effect combined across 3 trials was dependent on the historical event 

rate for non-surgical treatment for the Extreme Risk trial, we estimated a range of treatment 

effects using the upper and lower bounds of the 95% confidence interval for the historical 

event rates used in the Extreme Risk trial (death or stroke: [35.4%, 50.3%], death: [34.8%, 

49.7%]) (12). Finally, we considered an alternative approach to extrapolate results of a 

trial to a broader population by multiplying the observed TAVR real-world event rates by 

the proportionally combined relative risks derived from the trials to calculate absolute risk 

differences. All analyses were conducted in SAS v 9.4 (SAS Institute, Cary, NC). We 

defined significance as a two-tailed p < 0.05.
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Results

Similarity Between Trial and Real-World Populations

A total of 2,026 patients were included in the trial cohort and 135,112 patients were included 

in the real-world cohort. Based on the distribution of risk in the real-world TVT population 

at the time of the study, the 421 patients from the Extreme risk study were weighted to 

represent 26% of the combined trial cohort, the 600 patients from the high risk study 

were weighted to represent 59% of the combined trial cohort, and the 1005 patients from 

SURTAVI were weighted to represent 15% of the combined trial cohort (Supplemental 

Figure 1). Combined trial cohort patients were generally similar to real-world patients with 

regards to the majority of characteristics examined (Table 1, Figure 1). Nevertheless, trial 

patients were more likely to have certain important comorbidities such as hypertension (50% 

vs 39%), coagulopathy (25% vs 17%), fluid/electrolyte disorders (32% vs 20%), and weight 

loss (7.6% vs 4.2%), whereas real-world patients were more likely to have congestive heart 

failure (75% vs 68%), renal failure (37% vs 32.3%), metastatic cancer (0.6% vs 0.0%), 

solid tumor without metastasis (2.3% vs 0.8%), obesity (17% vs 13.3%), alcohol abuse 

(0.8% vs 0.1%), and a higher frailty index percentile (Table 1, Figure 1). Although there are 

some meaningful differences with respect to certain important comorbidities, the magnitude 

of the differences between these populations was generally modest, and the distribution 

of propensity scores between trial and real-world populations had a substantial degree of 

overlap (Figure 2), indicating similarity between these populations.

TAVR 1-Year Outcome Rates After Reweighting Trial Populations to Mimic Real-World TAVR 
Patients

To assess whether imbalances in the distribution of characteristics between the trial and real-

world cohort would affect anticipated cumulative incidence of outcomes in the real-world 

population, the trial cohort was reweighted to represent the characteristics of the real-world 

population. The cumulative incidence of death or stroke at 1 year among patients undergoing 

TAVR in the trial cohort (20.9% [95% CI: 18.2%, 23.6%]) was similar to the incidence of 

death or stroke after reweighting the trial cohort based on characteristics of the real-world 

cohort (19.6% [95% CI: 16.6%, 22.7%]; Table 2 and Figure 3). Additionally, the cumulative 

incidence of death at 1 year among patients undergoing TAVR in the trial cohort (18.2% 

[95% CI: 15.6%, 20.7%]) was similar to the incidence of death after reweighting the trial 

cohort based on characteristics of the real-world cohort (17.0% [95% CI: 14.1%, 19.8%]). 

Cumulative incidence of stroke (5.0%), aortic valve reintervention (1.1%), and pacemaker 

(20.2%) at 1 year among patients undergoing TAVR in the trial cohort were similar to the 

incidence of stroke (4.8%), reintervention (1.1%), and pacemaker (19.9%) at 1 year after 

reweighting the trial cohort based on characteristics of the real-world cohort (Table 2, Figure 

3, and Supplemental Figure 2).

TAVR Treatment Effect After Reweighting Trial Populations to Mimic Real-World Patients

We found that the estimated real-world TAVR treatment effect was similar to or greater 

than the trial TAVR treatment effect (Table 3). For the outcome of death or stroke at 1 

year, the estimated real-world treatment effect of TAVR compared to conventional therapy 

was a 11.37% (95% confidence interval: 7.50%, 14.92%) absolute reduction, whereas the 
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trial treatment effect was an 8.38% absolute reduction (95% confidence interval: 4.62%, 

11.91%, difference in risk differences 2.99%, 95% CI: 0.82%, 5.53%). For the outcome of 

death at 1 year, the estimated real-world treatment effect of TAVR compared to conventional 

therapy was an 8.74% absolute reduction (95% CI: 5.20%, 12.32%), whereas the trial 

treatment effect was a 6.95% absolute reduction (95% CI: 3.73%, 10.31%; difference in risk 

differences 1.79%, 95% CI: −0.43%, 4.12%).

Supplemental Analysis

Reweighted trial estimates of death or stroke, death, stroke, and aortic reintervention, among 

patients receiving TAVR based on characteristics of the real-world cohort were similar to 

the observed rates of these outcomes in the real-world cohort. Although rates of pacemaker 

placement were different (reweighted trial 19.9% [95% CI: 16.8%, 23.0%] vs. observed real 

world 14.1% [95% CI: 13.9%, 14.2%]); Supplemental Table 3), presence of pre-existing 

pacemaker, which is an important determinant of this particular outcome, was not included 

in the propensity score model due to inconsistent capture in claims data. Overall, this 

suggests that there were minimal unobserved differences in baseline characteristics between 

the trial and real-world cohorts affecting the majority of trial outcomes that were not 

accounted for by the covariates included in the propensity score model.

The estimated real-world treatment effect for reducing death and stroke was similar to 

the trial treatment effect when using the lower bound historical extreme risk non-surgical 

treatment event rate (difference between trial and estimated real-world treatment effect 

0.34%, 95% CI: −1.81%, 2.69%), but was greater than the trial treatment effect when 

using the upper bound historical extreme risk non-surgical treatment event rate (difference 

between trial and estimated real-world treatment effect 3.29%, 95% CI: −0.97%, 5.75%; 

Supplemental Table 4).

The estimated real-world treatment effects derived from an alternative relative risks-based 

approach were an 8.59% reduction in death and an 10.16% reduction in death or 

stroke with TAVR compared to conventional therapy, both which were higher than trial 

treatment effects, but lower than estimated real-world treatment effects using the reweighting 

approach.

Discussion

In this study examining TAVR trials and a Medicare population of patients undergoing 

TAVR in routine clinical practice, we found that the trial and real-world populations were 

generally similar with respect to baseline characteristics, though had some meaningful 

differences with respect to certain important comorbidities. Nevertheless, trial TAVR 

outcome rates and treatment effects were similar to reweighted trial TAVR outcome rates 

and estimated treatment effects, supporting the notion that the treatment effects in the 

original TAVR pivotal trials reflect treatment effects anticipated in the real-world population 

of patients receiving TAVR in the United States. These results not only have implications for 

TAVR trial applicability, but also for estimating trial effects in real-world populations more 

broadly.
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Comparison with previous studies

Prior analyses in real-world populations have questioned whether the results of TAVR 

clinical trials extend to the broader population of patients receiving TAVR.(7,8) Although 

one registry-based study found similar results to clinical trials,(24) 30% of the real-world 

TAVR population was still excluded from this analysis given that they had characteristics 

thought to strongly favor receipt of TAVR or SAVR. In our study of Medicare patients 

receiving TAVR, we found that the estimated real-world treatment effect for TAVR 

compared to conventional therapy was greater than the treatment effect observed across all 

trials in reducing death or stroke and similar to the treatment effect observed across all trials 

in reducing death alone. This extrapolation assumes that the Medicare TAVR population 

could have been included in TAVR trials and would have had similar outcomes, conditional 

on their baseline characteristics. Given that we found similar trial death and stroke rates 

for TAVR before and after reweighting, a greater estimated real-world treatment effect for 

death or stroke was driven by the selection of real-world patients for TAVR who would have 

otherwise had a higher incidence of events had they undergone SAVR or medical therapy. 

Taken together, these data support the applicability of TAVR trial estimates and overall 

treatment effects of TAVR to the real-world Medicare population of patients receiving 

TAVR.

Implications

This study has implications for the use of real-world data to assess the real-world impact 

of new cardiovascular therapies. New medical devices, such as TAVR, are tested in pivotal 

clinical trials to demonstrate efficacy and safety, as well as meet rigorous standards for 

regulatory approval, but there is often concern that such trials can be poor predictors of 

effectiveness in a real-world setting.(1,2) The 21st Century Cures Act explicitly encourages 

the use of real-world data to support regulatory decision making, including approval of new 

indications and post-approval evaluation.(25) However, there is concern that biases inherent 

in observational studies of real-world data may lead to misleading conclusions.(26) We 

use real-world data in conjunction with randomized trial data to calculate an estimate of 

population-level effectiveness while maintaining the benefits of randomization. Instead of 

simply comparing estimates between trial and real-world populations, we reweighted the 

trial population to represent the real-world population based on observable characteristics, 

which allowed the generation of trial estimates more applicable to the real-world population 

while maintaining the benefits of randomization in the trial.

This study also has implications for methodologies for transporting the results of other 

cardiovascular trials to real-world populations. Many studies have compared characteristics 

of trial and real-world populations or assessed the proportion of real-world patients meeting 

trial inclusion criteria.(27–30) However, these methods do not provide insight into what the 

estimated treatment effect is expected to be in the real-world population. In this study, the 

application of IPW methods offered an opportunity to extrapolate trial results to real-world 

populations,(22,31–35) a method which has had only limited prior application in large 

clinical trials.(22,36,37)
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While these methods can be applied more broadly, they may not be as suitable (i.e. trial 

results may not be as transportable) in certain contexts. First, the estimated real-world 

treatment effect is based on those that actually received treatment in real-world practice, 

and thus does not account for patients who may have been eligible for an intervention, 

but for whom an intervention was not pursued. For instance, our real-world population of 

TAVR patients has notably few black individuals, which is consistent with other studies.(38) 

Nevertheless, given that TAVR outcomes are generally similar across racial groups,(38) 

such underrepresentation may be unlikely to influence the real-world treatment effect in 

our study. Second, these methods cannot estimate a real-world treatment effect for patients 

that would have been completely excluded from a trial, as such patients would not have 

corresponding trial patients with similar characteristics that could be upweighted. While the 

contribution of such patients is likely to be small for our study given the relatively broad 

inclusion criteria across the multiple TAVR trials in our sample and the stringent regulation 

of TAVR in the real-world during the study period, the impact of real-world patients that 

would have been completely excluded from trials may be larger in applying these methods to 

other contexts. Thus, although these methods can help bridge the gap between clinical trials 

and real-world practice, clinical trials should still strive to include broadly representative 

populations in order to provide generalizable results. Third, the real-world population for 

which trial results are extrapolated must be well-represented by the real-world dataset 

used. In the case of TAVR, the vast majority of the U.S. real-world TAVR patients receive 

insurance through Medicare. Attempts to replicate this approach for other technologies using 

Medicare data may provide insight into only a subset of the intended target population.

Limitations

The findings of this study must be interpreted in context of its limitations. First, our results 

represent applicability of TAVR trials to the population of Medicare patients at a time 

when TAVR was only approved to be performed in extreme, high, and intermediate risk 

individuals. Second, it is possible that the distribution of STS-PROM risk in our real-world 

cohort is different from the distribution of STS-PROM risk in the TVT registry during the 

study period. However, this is highly unlikely given that the majority of patients receiving 

TAVR during this time period would have been eligible for Medicare and the distribution 

of STS-PROM risk was similar between linked and unlinked patients in our trial cohort. 

Third, given that real-world operators may be distinct from trial operators and that we 

could not ascertain certain important variables such as valve type, prior pacemaker, or 

aortic valve anatomy (i.e. bicuspid vs tricuspid) from Medicare claims data, there may 

be residual confounding that is not accounted for in our propensity score model, despite 

our use of several validated comorbidity measures. However, we found that reweighted 

trial event rates based on real-world population characteristics were similar to observed 

event rates in the real-world population for most outcomes, suggesting that the impact of 

unobserved patient and procedural differences may be minimal. Fourth, it is possible that 

administrative coding practices may differ between trial and real-world patients which could 

affect the distributions of baseline characteristics in our sample, though this may be unlikely 

given that administrative coding generally operates in a parallel workstream to clinical 

trial data collection. Finally, given that we do not perform separate reweighting analyses 

for the extrapolated benefit of TAVR against surgery (for the high and intermediate risk 
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groups) and against medical therapy (for the extreme risk group), the combined real-world 

treatment effect calculated in this study may not apply directly to a particular patient’s 

clinical decision-making. However, these results are still useful in assessing whether the 

TAVR trial results in aggregate extrapolate to the real-world setting and can inform similar 

assessment of other novel technologies.

Conclusions

Our study is the first to estimate the real-world treatment effect of TAVR trials. Although 

trial and real-world populations were similar with respect to many baseline characteristics, 

there were key differences in certain some important baseline characteristics. Nevertheless, 

event rates and treatment effects in trials were similar whether or not trial populations were 

reweighted to better reflect real-world populations. The methods used in this study can be 

used to estimate trial effects in real-world populations to evaluate how novel therapies are 

introduced into clinical practice more broadly.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Perspectives

What is known:

Randomized controlled trials (RCTs) are the gold standard to understand effectiveness of 

an intervention, but whether trial results apply to patients encountered in clinical practice 

is often unknown.

What is new:

TAVR trial and real-world populations receiving TAVR were mostly similar, though had 

some notable differences. Nevertheless, the extrapolated real-world treatment effect of 

TAVR was at least as high as the observed trial treatment effect, suggesting that the 

absolute benefit of TAVR in clinical trials is similar to the benefit of TAVR in the US 

real-world setting.

What is next:

Future research can use the methods in this manuscript to examine the applicability of 

other cardiovascular clinical trials to real-world practice.
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Figure 1. 
Standardized mean differences in patient characteristics between trial and real-world 

cohorts. Blue diamond covariates represent positive standardized difference (more frequent 

in trial), and the red diamond covariates represent negative standardized differences (more 

frequent in non-trial).
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Figure 2. 
Distribution of propensity scores in pooled trial and real-world participants. Propensity score 

represents the predicted probability of inclusion in trial.
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Figure 3. 
Cumulative incidence plot of outcomes for trial cohort, reweighted trial cohort, and observed 

real-world cohort among patients receiving TAVR. The trial cohort curve represents 

cumulative incidence of outcomes after combining CoreValve Extreme Risk, High Risk, 

and SURTAVI trials in proportion according to the distribution of extreme, high, and 

intermediate risk patients in the TVT registry. The reweighted trial cohort curve represents 

the cumulative incidence of outcomes after reweighting the trial cohort to represent the 

distribution of characteristics among real-world patients receiving TAVR. The observed 

real-world cohort curve represents the cumulative incidence of outcomes observed in claims 

data among real-world patients receiving TAVR. A. Death or stroke. B. Death. C. Stroke.
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Central Illustration. 
The CoreValve Extreme Risk, High Risk, and SURTAVI trial populations were reweighted 

to resemble the contemporary real-world population of patients undergoing TAVR with 

regards to all measured covariates. The CoreValve trial treatment effects were then re-

estimated in this reweighted sample. The re-weighted trial results represent the cumulative 

incidence of outcomes expected among patients in the real-world cohort if they had all 

been in the trials. Conventional therapy refers to surgical aortic valve replacement for 

intermediate or high risk patients and medical therapy for extreme risk patients.
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Table 1.

Baseline characteristics of CoreValve trial participants and real-world patients receiving TAVR

Subject Characteristic
Trial [95% CI] (N = 2026 

Subjects)
Real-world [95% CI] (N = 

135112 Subjects)
Standardized 

Difference p-value*

Demographics

Age (yrs) †

 Mean ± SD 83.3±6.6 (2026) 82.0±7.5 (135112) 0.18 <.001

 95% CI [83.0,83.6] [82.0,82.1]

Male 51.4% [49.2%,53.6%] 52.6% [52.3%,52.9%] −0.02 0.279

Race <.001

 White 95.7% [94.7%,96.6%] 93.0% [92.9%,93.2%] 0.12

 Black 2.1% [1.5%,2.8%] 3.8% [3.7%,3.9%] −0.10

 Other 2.2% [1.6%,2.9%] 3.1% [3.1%,3.2%] −0.06

Comorbidities

Congestive heart failure 68.0% [66.0%,70.1%] 74.9% [74.7%,75.2%] −0.15 <.001

Valvular disease 99.5% [99.1%,99.8%] 98.8% [98.7%,98.8%] 0.08 0.003

Pulmonary circulation disorders 20.2% [18.5%,22.0%] 20.5% [20.3%,20.7%] −0.01 0.761

Peripheral vascular disorders 27.3% [25.4%,29.3%] 28.3% [28.0%,28.5%] −0.02 0.337

Hypertension 50.1% [47.9%,52.3%] 39.0% [38.7%,39.2%] 0.23 <.001

Paralysis 2.3% [1.7%,3.0%] 2.3% [2.2%,2.4%] −0.00 0.925

Other neurological disorders 5.7% [4.7%,6.8%] 7.9% [7.8%,8.1%] −0.09 <.001

Chronic pulmonary disease 28.9% [26.9%,30.9%] 28.5% [28.2%,28.7%] 0.01 0.678

Diabetes, Combined uncomplicated 
and complicated

36.1% [34.0%,38.2%] 37.0% [36.7%,37.2%] −0.02 0.419

Hypothyroidism 18.2% [16.5%,19.9%] 21.5% [21.3%,21.7%] −0.08 <.001

Renal failure 32.3% [30.2%,34.4%] 37.0% [36.7%,37.2%] −0.10 <.001

Liver disease 1.6% [1.1%,2.3%] 2.6% [2.5%,2.6%] −0.07 0.007

Peptic ulcer disease (excluding 
bleeding)

0.1% [0.0%,0.4%] 0.5% [0.4%,0.5%] −0.06 0.022

AIDS/HIV 0.0% [0.0%,0.2%] 0.0% [0.0%,0.0%] −0.02 0.438

Lymphoma 0.6% [0.3%,1.1%] 1.1% [1.0%,1.2%] −0.05 0.041

Metastatic cancer 0.0% [.%,0.2%] 0.6% [0.5%,0.6%] −0.10 <.001

Solid tumor without metastasis 0.8% [0.5%,1.3%] 2.3% [2.3%,2.4%] −0.12 <.001

Rheumatoid arthritis/collagen 
vascular diseases

4.2% [3.4%,5.2%] 4.9% [4.8%,5.0%] −0.03 0.170

Coagulopathy 24.6% [22.7%,26.5%] 17.2% [17.0%,17.4%] 0.18 <.001

Obesity 13.3% [11.8%,14.8%] 17.0% [16.8%,17.2%] −0.11 <.001

Weight loss 7.6% [6.5%,8.8%] 4.2% [4.1%,4.3%] 0.14 <.001

Fluid/electrolyte disorders 31.5% [29.5%,33.5%] 20.1% [19.9%,20.3%] 0.26 <.001

Blood loss anemia 1.0% [0.6%,1.5%] 1.3% [1.2%,1.3%] −0.03 0.281

Deficiency anemia 25.6% [23.7%,27.5%] 23.3% [23.1%,23.5%] 0.05 0.017
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Subject Characteristic
Trial [95% CI] (N = 2026 

Subjects)
Real-world [95% CI] (N = 

135112 Subjects)
Standardized 

Difference p-value*

Alcohol abuse 0.1% [0.0%,0.4%] 0.8% [0.8%,0.9%] −0.10 <.001

Drug abuse 0.0% [.%,0.2%] 0.2% [0.2%,0.2%] −0.06 0.058

Psychoses 0.4% [0.2%,0.8%] 0.7% [0.7%,0.8%] −0.04 0.078

Depression 6.7% [5.6%,7.8%] 7.5% [7.4%,7.7%] −0.03 0.130

Frailty Index †

 Mean ± SD −0.1±1.0 (2026) 0.0±1.0 (135112) −0.12 <.001

 95% CI [−0.2,−0.1] [−0.0,0.0]

Frailty Percentile †

 Mean ± SD 47.2±28.6 (2026) 50.5±28.9 (135112) −0.12 <.001

 95% CI [45.9,48.4] [50.4,50.7]

The 3 CoreValve pivotal trials (Extreme Risk, High Risk, and SURTAVI) were pooled together based on the real-world proportion of TAVR volume 
in each of these risk categories.

CI=confidence interval; AIDS=acquired immunodeficiency syndrome; HIV=human immunodeficiency virus

*
Student’s T-tests for continuous variables and Pearson Chi-square tests for categorical variables.

†
Mean (standard deviation) presented.
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Table 2.

Cumulative incidence of outcomes at 1 year in trial participants receiving TAVR and reweighted trial 

participants representing real-world patients receiving TAVR

Outcome Trial [95% CI] Reweighted trial representing real-world patient characteristics* [95% CI]

Death or Stroke 20.93% [18.24%, 23.62%] 19.63% [16.60%, 22.66%]

Death 18.19% [15.64%, 20.74%] 16.98% [14.11%, 19.84%]

Stroke 4.95% [3.46%, 6.45%] 4.83% [3.14%, 6.53%]

Aortic valve reintervention 1.07% [0.36%, 1.78%] 1.14% [0.30%, 1.98%]

Pacemaker placement 20.18% [17.48%, 22.87%] 19.90% [16.80%, 22.99%]

*
Reweighted trial outcomes are calculated by employing an inverse-probability weighting (IPW) method to reweight the cumulative incidence of 

events observed in the trial cohort who received TAVR, based on the distribution of characteristics in the real-world TAVR cohort.

CI = confidence interval
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Table 3.

Comparison of trial and estimated real-world treatment effects

Outcome Trial treatment effect (95% CI) Estimated real-world treatment effect (95% CI) Difference (95% CI)

Death or stroke 8.38% [4.62%, 11.91%] 11.37% [7.50%, 14.92%] 2.99% [0.82%, 5.53%]

Death 6.95% [3.73%, 10.31%] 8.74% [5.20%, 12.32%] 1.79% [−0.43%, 4.12%]

Treatment effect is based on comparison with SAVR for intermediate and high risk patients and comparison with medical therapy for extreme risk 
patients.
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