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Aims

We sought to perform a head-to-head comparison of contemporary 30-day outcomes and readmissions between
valve-in-valve transcatheter aortic valve replacement (VIV-TAVR) patients and a matched cohort of high-risk reoperative surgical aortic valve replacement (re-SAVR) patients using a large, multicentre, national database.

...................................................................................................................................................................................................
Methods
We utilized the nationally weighted 2012–16 National Readmission Database claims to identify all US adult patients
and results
with degenerated bioprosthetic aortic valves who underwent either VIV-TAVR (n = 3443) or isolated re-SAVR
(n = 3372). Thirty-day outcomes were compared using multivariate analysis and propensity score matching (1:1).
Unadjusted, VIV-TAVR patients had significantly lower 30-day mortality (2.7% vs. 5.0%), 30-day morbidity (66.4%
vs. 79%), and rates of major bleeding (35.8% vs. 50%). On multivariable analysis, re-SAVR was a significant risk factor for both 30-day mortality [adjusted odds ratio (aOR) of VIV-SAVR (vs. re-SAVR) 0.48, 95% confidence interval
(CI) 0.28–0.81] and 30-day morbidity [aOR for VIV-TAVR (vs. re-SAVR) 0.54, 95% CI 0.43–0.68]. After matching
(n = 2181 matched pairs), VIV-TAVR was associated with lower odds of 30-day mortality (OR 0.41, 95% CI 0.23–
0.74), 30-day morbidity (OR 0.53, 95% CI 0.43–0.72), and major bleeding (OR 0.66, 95% CI 0.51–0.85). Valve-invalve TAVR was also associated with shorter length of stay (median savings of 2 days, 95% CI 1.3–2.7) and higher
odds of routine home discharges (OR 2.11, 95% CI 1.61–2.78) compared to re-SAVR.

...................................................................................................................................................................................................
Conclusion
In this large, nationwide study of matched high-risk patients with degenerated bioprosthetic aortic valves,

VIV-TAVR appears to confer an advantage over re-SAVR in terms of 30-day mortality, morbidity, and bleeding
complications. Further studies are warranted to benchmark in low- and intermediate-risk patients and to adequately assess longer-term efficacy.
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readmissions for valve-in-valve transcatheter
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surgical aortic valve replacement: a
contemporary assessment of real-world
outcomes
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Introduction

Methods
Data source
This population-based, nationally representative study retrospectively
analysed the National Readmissions Database (NRD). This is a unique
and powerful database to allow for a national assessment of hospital inpatient stays and readmissions among patients of all ages and across all
payer types inclusive of private and government insurance and the uninsured. While the NRD contains verified patient identifiers to track individuals across hospital admissions within and across a state’s hospitals,18
this database contains completely de-identified data (i.e. no social security
numbers or patient-specific identifiers) using unique patient keys that are
tracked by the state. The NRD is drawn from the Agency for Healthcare
Research and Quality’s (AHRQ) state inpatient databases and contains
data from approximately 17 million discharges each year, representing 36
million discharges when weighted to yield national estimates of inpatient

... stays. This NRD is closely mandated and managed by AHRQ and is a col.. laborative effort between state data organizations, hospital associations,
..
.. private data organizations, and the federal government. National weights
.. are provided by AHRQ to account for available data derived from individ..
.. ual state inpatient claims. Because the NRD is a publicly available deidenti.. fied database, this study was exempt from review by our Institutional
.. Review Board.
..
..
.. Patient selection
..
.. We utilized nationally weighted 2012–16 NRD claims to identify all US
.. adult patients aged >_18 years with degenerated bioprosthetic aortic
..
.. valves who underwent either VIV-TAVR or isolated re-SAVR. We uti.. lized the following International Classification of Disease, Clinical
..
.. Modifications codes to isolate patients with failed or degenerated bio.. prostheses: ICD-9-CM (424.1 and 996.02) and ICD-10 codes (I35.x and
.. either T82.01XA or T82.02XA or T82.03XA or T82.09XA or T82.221A
..
.. or T82.222A or T82.223A or T82.228A or Z45.09 or Z95.2 or
.. T82.857A). Respective codes for TAVR and SAVR are highlighted in
..
.. Supplementary material online, Table e1. Patients with endocarditis, con.. comitant percutaneous coronary intervention or coronary artery bypass
.. grafting (CABG), or other valve surgery were excluded to ensure clinical..
.. ly comparable groups. Patients were also excluded if they underwent
.. both re-SAVR and VIV-TAVR in same hospitalization or if there were
..
... missing data on sex or mortality during hospitalization. Among otherwise
.. eligible patients, zero was missing information on sex and only n = 3 were
.. missing information on mortality.
..
..
.. Variables and outcomes of interest
.. We utilized relevant ICD-9-CM and ICD-10-CM codes to identify patient
..
.. baseline characteristics, in-hospital procedures, and outcomes
.. (Supplementary material online, Table e1). The primary outcomes were
..
.. 30-day mortality, 30-day readmissions, and 30-day morbidity which was
.. defined as a composite outcome of pneumonia, pulmonary embolism,
.. renal failure, cerebrovascular accident, myocardial infarction, cardiac ar..
.. rest, adult respiratory distress syndrome, sepsis, and septic shock.19
.. Secondary outcomes included post-operative complications [stroke,
..
.. renal failure, permanent pacemaker placement (PPM), complete heart
.. block, and major bleeding], hospitalization length of stay (LOS), routine
..
.. home discharges, and total index hospitalization costs. Costs were
.. obtained from reported total hospital charges and converted to costs
.. using cost: charge ratios and adjusted for inflation to be reported in 2019
..
.. USD. Causes of readmissions were classified as cardiac (e.g. heart failure,
.. arrhythmias/conduction disorders) and non-cardiac (e.g. respiratory, in..
.. fectious, bleeding, trauma). Routine home discharge was defined as any
.. discharge to home following the index admission. Relevant ICD codes
.. are highlighted in Supplementary material online, Table e2. Potential con..
.. founders calculated/abstracted from the data included age gender, dyslipi.. daemia, hypertension, diabetes mellitus, peripheral vascular disease,
..
.. cerebrovascular disease, stroke/transient ischaemic attack (TIA), chronic
.. obstructive pulmonary disorder, chronic kidney disease without dialysis,
.. coronary artery disease, atrial fibrillation, previous myocardial infarction,
..
.. congestive heart failure, prior percutaneous coronary intervention, and
.. prior CABG.
..
..
.. Statistical analysis
..
.. Patient characteristics and comorbidities between both groups were first
.. compared prior to matching using descriptive statistics: one-way analysis
..
.. of variance for normally distributed continuous variables and v2 tests for
.. categorical variables (Table 1). Differences in outcomes were compared
.. using unadjusted logistic regression for dichotomous outcomes
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Over the last decade, we have witnessed a momentum shift in the
utilization of transcatheter aortic valve replacement (TAVR) among
patients with symptomatic aortic stenosis to commensurate with the
US Food and Drug Administration approval starting with high- and
extreme-risk patients to the most recent low-risk patients.1–5
Technical refinements in device technologies and improved patient
selection via the use of multidisciplinary structural heart teams have
further contributed towards improved patient outcomes.6,7 These
changes have brought a substantial interest in valve-in-valve TAVR
(VIV-TAVR) for patients with degenerated aortic bioprostheses.
Conventional reoperative surgical aortic valve replacement (reSAVR) is regarded as the gold standard approach for these patients
because long-term outcomes are well-established.8–10 On the other
hand, a number of studies have demonstrated the feasibility and
safety of VIV-TAVR in appropriately selected patients.9,11–14 Midterm outcomes have further demonstrated improved haemodynamic
status and excellent functional outcomes.15,16
These reports lead to the FDA approval of VIV-TAVR in March of
2015. The use of VIV-TAVR is increasing, and this increasing trend
can be attributed to its less invasive nature, which is more appealing
to patients, and given that re-SAVR has a reported operative mortality ranging from 4% to as high as 9%,8,10 and high overall morbidity,
such as stroke, vascular complications, and permanent pacemaker implantation.8,10 Although head-to-head assessment of contemporary
outcomes between the two procedures have been previously
reported, they are limited by either their small sample sizes or singlecentre design.9,11,12,17 Understanding contemporary outcomes of
VIV-TAVR vs. re-SAVR are key for several reasons. First, to provide
us with a framework to establish comparative benchmarks to help in
the design of future clinical trials, and second, to provide real-world
data to help in decision-making, patient counselling, and riskstratification. Because VIV-TAVR is only approved as the alternative
therapy as opposed to re-SAVR in patients who are at high risk for
complications related to reoperation, in this large, multicentre, nationwide study, we perform a head-to-head comparison of 30-day
outcomes and readmissions between VIV-TAVR patients and a comparable cohort of high-risk re-SAVR patients.

S. Hirji et al.

3

Comparison of in-hospital outcomes and readmissions for VIV-TAVR vs. re-SAVR

Before matching

............................................................................
Re-SAVR
(N 5 3372)

VIV-TAVR
(N 5 3443)

P-value

Std. diff.

After matching

............................................................................

Re-SAVR
(N 5 2181)

VIV-TAVR
(N 5 2181)

P-value

Std. diff.

....................................................................................................................................................................................................................
Age (years), mean ± SD
Age (years), median (IQR)
Female
Comorbidities

70.0 ± 14.0

75.2 ± 11.8

72 (62–80)

78 (69–84)

1271 (37.7%)

1446 (42.0%)

<0.001
—

0.397
—

0.075

0.076

72.9 ± 12.2

72.5 ± 12.0

75 (66–82)

74 (66–81)

833 (38.2%)

848 (38.9%)

0.316

-0.042

—

—

0.709

0.016

Dyslipidaemia

1888 (56.0%)

2069 (60.1%)

0.064

0.096

1244 (57.0%)

1265 (58.0%)

0.641

0.020

Hypertension
Diabetes mellitus

1875 (55.6%)
867 (25.7%)

1901 (55.2%)
854 (24.8%)

0.869
0.682

-0.019
-0.043

1214 (55.7%)
548 (25.1%)

1228 (56.3%)
604 (27.7%)

0.761
0.161

0.013
0.059

Peripheral vascular disease

958 (28.4%)

895 (26.0%)

0.260

-0.039

575 (26.4%)

560 (25.7%)

0.714

-0.015

Cerebrovascular disease
Stroke/transient ischaemic attack

152 (4.5%)
263 (7.8%)

96 (2.8%)
234 (6.8%)

0.067
0.372

-0.057
-0.017

86 (3.9%)
156 (7.2%)

77 (3.5%)
140 (6.4%)

0.615
0.506

-0.021
-0.028

COPD

985 (29.2%)

1078 (31.3%)

0.339

0.064

674 (30.9%)

683 (31.3%)

0.833

0.009

CKD without dialysis
Coronary artery disease

900 (26.7%)
236 (7.0%)

1157 (33.6%)
182 (5.3%)

0.008
0.115

20.080
20.144

135 (6.2%)
770 (35.3%)

135 (6.2%)
743 (34.1%)

0.991
0.540

0.001
-0.026

Atrial fibrillation

1197 (35.5%)

967 (28.1%)

0.002

0.158

655 (30.0%)

645 (29.6%)

0.812

-0.010

Previous myocardial infarction
Congestive heart failure

287 (8.5%)
1976 (58.6%)

382 (11.1%)
2579 (74.9%)

0.066
<0.001

0.109
0.367

205 (9.4%)
1458 (66.9%)

231 (10.6%)
1471 (67.4%)

0.339
0.767

0.040
0.012

Prior PCI

175 (5.2%)

155 (4.5%)

0.525

-0.008

115 (5.3%)

119 (5.5%)

0.834

0.009

Prior CABG

486 (14.4%)

799 (23.2%)

<0.001

0.246

361 (16.5%)

337 (15.5%)

0.482

-0.030

Two-sided P-values were taken from v2 tests for categorical variables, and one-way ANOVA for age. Boldface values denote statistical significance.
1:1 propensity score matching was performed with an allowed caliber on the ln-odds of 0.005 (logistic model) and no replacement over common support (overlapping P-scores
in ln-odds range).
CABG, coronary artery bypass grafting; CKD, chronic kidney disease; IQR, interquartile range; PCI, percutaneous coronary intervention; SD, standard deviation.

(mortality, readmission, complications, discharge destination) and quantile/median regression for non-normally distributed LOS and total index
hospital costs in 2019 USD. The latter approach was chosen since LOS
and cost are inherently skewed precluding the ability to run linear regression. Ln-transforming does not resolve the issue and while more complicated methods (gamma or ln-binomial modelling) can be used, quantile
regression (aka median regression) is an efficient and understandable
means of modelling non-normal continuous data. Odds ratios (ORs) are
presented with 95% confidence intervals (CIs) (median differences and
95% CI for quantile regression).
In order to address potential confounding related to the study outcomes and treatment assignment, differences in outcomes were further
assessed using risk-adjusted logistic/quantile regression and 1:1 propensity score matching. Multivariable logistic regression (quantile/median regression for LOS and cost) models were risk-adjusted for: age
(continuous), gender, dyslipidaemia, hypertension, diabetes mellitus, peripheral vascular disease, cerebrovascular disease, stroke/TIA, chronic obstructive pulmonary disorder, chronic kidney disease without dialysis,
coronary artery disease, atrial fibrillation, previous myocardial infarction,
congestive heart failure, prior percutaneous coronary intervention, and
prior CABG. 1:1 matching was performed without replacement using the
same variables with an allowable caliber for the underlying logistic regression model of a 0.005 unit difference in the propensity score ln-odds between neighbouring pairs. All matches were required to be ‘on support’
falling within the overlap of both groups’ baseline distributions prior to
matching. Distributions of scores (Supplementary material online,

..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..

Figure e1) and potential confounders (Table 1) were virtually identical
after the match (Hosmer–Lemeshow for the underlying logistic model
assuming 10 groups: v2 = 23.65, P = 0.003).
Factors that were present on primary admission that were associated with 30-day morbidity after each procedure were also examined
using multivariable logistic regression. Additional statistical analysis was
limited to 30-day morbidity given power constraints on 30-day mortality and 30-day readmission events, which occurred less commonly.
To account for changes in coding from ICD-9 to ICD-10 from
October 2015, the learning curve as well as changes in device technology, we performed an additional sensitivity analysis using a contemporary cohort of patients based who were isolated based on ICD-10
codes only (unadjusted and multivariable regression results are
reported). Survey data analysis tools were utilized to generate
weighted national estimates and variances that accounted for design
weights in NRD and clustering of patients within hospitals; all data
were analysed using robust standard errors. Variables with cell sizes
<10 were not reported given NRD reporting guidelines. In total, less
than 0.5% of eligible patients were removed, combining any missing of
>_1 variable together. All analyses were conducted using STATA
Version 16.0 (StataCorp LP, College Station, TX, USA) with twosided P-values <0.05 as the criterion for significance. The study was
reported in accordance with the STROBE (STrengthening the
Reporting of OBservational studies in Epidemiology) recommendations, and its checklist is included in the Supplementary material
online.
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Results
Baseline patient characteristics in the
overall cohort
Patient selection is outlined in the study flow diagram (Figure 1). The
final cohort comprised of 6815 procedures (3443 VIV-TAVR and
3372 re-SAVR). Distributions of demographic parameters before
matching are presented in Table 1. Before matching, the baseline
mean ages in the VIV-TAVR and re-SAVR groups were 75.2 and
70 years, respectively (P < 0.05). Patients between the ages of 75–
84 years accounted for the majority of patients (Supplementary material online, Table e3). While the VIV-TAVR cohort included more
patients with chronic kidney disease (33.6% vs. 26.7%), congestive
heart failure (74.9% vs. 58.6%), and prior CABG (23.2% vs. 14.4%; all
P < 0.001).

Unadjusted outcomes in the overall
cohort
Compared to re-SAVR patients, VIV-TAVR patients had significantly
lower 30-day mortality (2.8% vs. 5.0%; OR 0.55, 95% CI 0.33–1.91),
30-day morbidity (66.4% vs. 79%; OR 0.52, 95% CI 0.41–0.66), and
rates of major bleeding complications (35.8% vs. 49.9%; OR 0.56,
95% CI 0.44–0.71; Table 2). Valve-in-valve TAVR patients also had
shorter hospital LOS (7 vs. 9 days, mean savings of 2 days, 95% CI
1.4–2.6) and were more likely to be discharged to home (45.9% vs.
34.2%; OR 1.57, 95% CI 1.28–1.93). However, there were no significant differences in the rates of post-operative stroke, renal failure,
PPM, and complete heart block, as well as total index hospitalization
costs between the two procedures (all P > 0.05). The 30-day readmission rates were similar between VIV-TAVR and re-SAVR

.. (10.6% vs. 10.5%; OR 0.99, 95% CI 0.75–1.32), and the majority of
..
.. the readmissions were largely due to non-cardiac causes (75.7% and
.. 75.3%, respectively; Supplementary material online, Table e4).
..
..
..
.. Multivariable regression analysis
..
.. On multivariable analysis, re-SAVR was a significant risk factor for
.. both 30-day mortality [adjusted odds ratio (aOR) of VIV-SAVR (vs.
..
.. re-SAVR) 0.48, 95% CI 0.28–0.81] and 30-day morbidity [aOR for
..
.. VIV-TAVR (vs. re-SAVR) 0.54, 95% CI 0.43–0.68; Table 3]. In addition,
.. VIV-TAVR patients had a 41% lower odds of major bleeding and 86%
..
.. higher odds of routine home discharges. A similar finding was
.. observed for hospital LOS with median savings of 2.4 days for VIV..
.. TAVR patients. In our subgroup analysis, the presence of preopera.. tive heart failure was more likely to be associated with higher 30-day
..
.. morbidity among the re-SAVR cohort (Figure 2). Although not statis..
.. tically significant, there also appeared to be a clinical trend towards
.. higher 30-day morbidity in patients with advanced age (ages
..
.. >84 years: aOR 3.09; 75–84 years: aOR 1.33; reference group: 65–
.. 74 years).
..
..
..
.. Propensity-matched analysis
..
.. There are a total of 2181 matched pairs analysed. There were no sig.. nificant differences in baseline characteristics between the two
..
.. groups after matching (Table 1). Even after matching, our finds
..
.. remained robust: VIV-TAVR was associated with lower odds of 30.. day mortality (OR 0.41, 95% CI 0.23–0.74), 30-day morbidity (OR
..
.. 0.53, 95% CI 0.43–0.72), and major bleeding (OR 0.66, 95% CI 0.51–
.. 0.85). Valve-in-valve TAVR was also associated with shorter LOS
..
. (median savings of 2 days, 95% CI 1.3–2.7) and higher odds of routine
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Table 2

Bivariate comparison in-hospital outcomes between re-SAVR and VIV-TAVR
Bivariate comparison

......................................................................................................................
Re-SAVR

VIV-TAVR

P-value

....................................................................................................................................................................................................................
30-day mortality

5.0%

2.8%

30-day readmission

10.6%

10.5%

0.959

30-day morbidity
In-hospital outcome(s)

79.0%

66.4%

<0.001

0.9%

0.6%

0.487

22.7%
8.5%

20.7%
10.9%

0.341
0.089

Stoke/TIA
Renal failure
PPM placement

0.018

Complete heart block

11.2%

12.4%

0.432

Major bleeding
Routine discharge (home)

49.9%
34.2%

35.8%
45.9%

<0.001
<0.001

Length of stay (days), median (IQR)

9 (5–17)

Total index hospital costs (2019 USD), median (IQR)

<0.001

7 (3–13)

59 862 (44 649–83 274)

58 997 (44 265–82 521)

0.584

Two-sided P-values were taken from v2 tests for categorical variables. Boldface values denote statistical significance.
Non-normally distributed continuous outcomes reported as median and interquartile range.
Two-sided P-values for continuous outcomes taken from comparison of median values using quantile regression.
TIA, transient ischaemic attack.

Table 3 Comparison of unadjusted and risk-adjusted in-hospital outcomes using multivariable regression and propensity score matching between VIV-TAVR and re-SAVR
Outcomes

Unadjusted (Ref: re-SAVR)

......................................................

OR

95% CI

Multivariable Regression

..............................................
OR

95% CI

Propensity-score matched

................................................
OR

95% CI

....................................................................................................................................................................................................................
30-Day mortality

0.55

0.33–1.91

0.48

0.28–0.81

0.41

0.23–0.74

30-Day readmission
30-Day morbidity

0.99
0.52

0.75–1.32
0.41–0.66

0.95
0.54

0.71–1.29
0.43–0.68

0.94
0.56

0.67–1.31
0.43–0.72

Stoke/TIA
Renal failure

0.71
0.89

0.26–1.89
0.70–1.13

1.08
0.80

0.31–3.78
0.61–1.05

1.25
0.79

0.43–3.64
0.58–1.07

PPM placement

1.33

0.95–1.83

1.29

0.93–1.80

1.13

0.76–1.69

Complete heart block
Major bleeding

1.12
0.56

0.84–1.49
0.44–0.71

1.08
0.59

0.80–1.47
0.47–0.75

1.08
0.66

0.76–1.55
0.51–0.85

In-hospital outcome(s)

Routine discharge (to home)

1.57

1.28–1.93

1.86

1.47–2.33

2.11

1.61–2.78

Index Length of stay (days)
Total index hospital costs

(median diff.) 22.0
(median dif.) 2962

-2.6 to -1.4
-4537 to 2613

-2.4
2500

-3.0 to -1.7
-1161 to 6162

22.0
2904

22.7 to 21.3
25118 to 3310

(2019 USD)
Results of unadjusted and multivariable regression are based on the entire cohort. There were a total of 2181 matched-pairs. Boldface values denote statistical significance.
Quantile/median regression was used to account for the non-normal nature of the continuous outcome data (LOS, cost).
Multivariable logistic regression (quantile/median regression for LOS and cost) models were risk-adjusted for: age (continuous), gender, dyslipidaemia, hypertension, diabetes
mellitus, peripheral vascular disease, cerebrovascular disease, stroke/TIA, chronic obstructive pulmonary disorder, chronic kidney disease without dialysis, coronary artery disease, atrial fibrillation, previous myocardial infarction, congestive heart failure, prior percutaneous coronary intervention, and prior coronary artery bypass grafting.
1:1 propensity score matching was performed using the same variables with an allowed caliber on the ln-odds of 0.005 (logistic model) and no replacement over common support (overlapping p-scores in ln-odds range). This resulted in n = 1126 matched pairs (n = 2181 when nationally weighted).
Models were weighted to account for National Readmission Database sampling stratum, design weights, and clustering of patients within hospitals. They were analysed using robust standard errors.
TIA, transient ischaemic attack.
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Figure 2 Forest plot demonstrating the independent predictors of 30-day morbidity following re-surgical aortic valve replacement and valve-in-

Comparison of in-hospital outcomes and readmissions for VIV-TAVR vs. re-SAVR

Sensitivity analysis
For our sensitivity analysis, we separately analysed a cohort of 4566
patients (2441 VIV-TAVR and 2125 re-SAVR) who were isolated
based on ICD-10 coding only. Our overall findings persisted even
after multivariable risk-adjustment. For instance, re-SAVR patients
had a 59% higher odds of 30-day mortality, 63% higher odds of 30day morbidity, and 71% higher odds of major bleeding
(Supplementary material online, Table e5). Valve-in-valve TAVR
patients had a 3.9-fold higher odds of routine home discharges.

Discussion
This large, nationally representative analysis of 2181 matched pairs,
which is the largest series to date directly comparing VIV-TAVR and
re-SAVR, has several key findings: first, we demonstrate that compared to re-SAVR patients, VIV-TAVR patients had significantly lower
30-day mortality, 30-day morbidity, and rates of major bleeding.
Second, VIV-TAVR patients had shorter hospital LOS and increased
the likelihood of home discharges but there were no significant differences in other post-operative complications as well as 30-day readmissions. Importantly, our findings remained robust in both the
multivariate analysis and propensity-score matched analysis as well as
in our sensitivity analysis which accounted for changes in ICD coding
and reflected a more contemporary cohort.
In recent years, interest in VIV-TAVR has grown in light of the success of TAVR in native valves. According to a recent analysis of the
The Society of Thoracic Surgeon’s (STS)/American College of
Cardiology (ACC) registry, the 30-day mortality rate was 2.9%.13
Previously reported 30-day mortality rates, such as those in the
Global VIV registry were much higher (8.4%), likely explained by differences in patient characteristics and valve technologies.14 In our
study, the overall VIV-TAVR 30-day mortality was 2.8%, in line with
these studies. Likewise, Kaneko et al.8 reported the STS database outcomes in a series of 3380 re-SAVR patients from 2011 to 2013. The
operative mortality was 4.6%. which is consistent with our findings of
5%. In terms of PPM, our series reported rates of 10.9% for VIVTAVR and 8.5% for re-SAVR (P = 0.089), which are similar to previous studies.8,9 We anticipate that these rates will improve with further advances in procedural techniques, post-operative management,
and patient selection.
Importantly, our study adds to the growing number of small comparative effectiveness studies of VIV-TAVR and re-SAVR, albeit with
a larger cohort and a more nationally representative, multiinstitutional sample.9,12 A recent meta-analysis of five observational
studies (n = 342 patients) demonstrated no significant differences in
procedural mortality (relative risk (RR) 0.74, 95% CI 0.18–2.97) and
30-day mortality (RR 1.29, 95% CI 0.44–3.78) although VIV-TAVR
was associated with shorter intensive care unit stay and the hospital
say (P = 0.02).12 Our study corroborates these findings by demonstrating significantly shorter hospital LOS (median savings of 2 days)
with VIV-TAVR. In contrast, VIV-TAVR was associated with lower
30-day mortality (absolute difference of -2.1%; 59% lower odds) and
30-day morbidity (absolute difference of -13%, 44% lower odds). The
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lack of significance in the smaller studies is likely due to low power.
The finding of higher bleeding rates with re-SAVR is not surprising
since reoperative chest surgery is high risk in itself.
In lieu of a randomized control trial comparing VIV-TAVR and reSAVR, this present head-to-head comparative study provides the
best available benchmarking evidence on the current practices and favourable short-term outcomes with VIV-TAVR, in line with existing
guideline recommendations.20 According to the 2017 European
Society of Cardiology EACTS - European European Association for
Cardio-Thoracic Surgery (ESC/EACTS) guidelines, the choice of
intervention must be individualized based on careful assessment of
clinical characteristics and anatomic/technical aspects by the multidisciplinary Heart Team (Class I).20 For instance, TAVR may be favourable in patients with prior cardiac surgery and those with severe
comorbidities, whereas SAVR may be more suitable in patients with
unfavourable anatomy. Furthermore, VIV-TAVR should be considered depending on the risk of reoperation and the type and size of
prosthesis (Class IIa).20 However, this data must be interpreted with
several cautions. The FDA approved the self-expandable Medtronic
CoreValve (Medtronic, Inc., MN, USA) for VIV-TAVR in March 2015
and later the balloon-expandable Edwards Sapien XT (Edwards
Lifesciences Ltd, Irvine, CA, USA) in October 2015, Since all the procedures done prior to these approvals were off-label procedures,
they were likely done in high-risk patients. Hence, the findings of this
matched study are only applicable to high-risk patients.
Importantly, this analysis does not include clinical and anatomical data on several issues that are closely linked to the clinical efficacy of VIV-TAVR. First, is the issue of clinical valve thrombosis
and structural valve deterioration. Clinical valve thrombosis,
defined as either a combination of new valve dysfunction and
imaging evidence of leaflet thrombosis, is a significant complication
following bioprosthetic valve implantation and is associated with
increased risk of cerebrovascular complications.21 The incidence
of this entity has previously been thought to be low, but increasing research in the TAVR era has shown that the rate of thrombus formation (in particular subclinical thrombus) has been
underestimated.22 The issue of TAVR valve durability remains another central concern.23 While surgical bioprostheses have been
extensively studied, long-term structural valve deterioration data
in the TAVR and VIV-TAVR population is lacking. Further prospective research including echocardiographic follow-up is needed
to comment on these above entities.
The second concern with VIV-TAVR is that of residual gradient
and patient–prosthesis mismatch, which likely stems from the underexpansion of TAVR valve limited by the surgical rings.13,24
Bioprosthetic valve fracture with either a balloon-expandable or selfexpanding valves has been described, however this is not performed
routinely.25 The third and major concern for VIV-TAVR is that of coronary obstruction, and the risk of coronary obstruction markedly differs according to the type of initial bioprosthesis. The risk is markedly
higher for VIV-TAVR in a stentless prosthesis or stented prosthesis
with externally mounted leaflets.26 The BASILICA procedure may
provide an effective and safe option in patients who are at high risk
for coronary obstruction.27 Likewise, valve commissure alignment
during initial TAVR deployment may help facilitate leaflet splitting and
mitigate the risk of future coronary obstruction.28 This cannot be
analysed in the present study due to the lack of information on the
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home discharges (OR 2.11, 95% CI 1.61–2.78) compared to re-SAVR
(Table 3).
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Conclusion
In this large, nationwide study of matched high-risk patients with
degenerated bioprosthetic aortic valves, VIV-TAVR appears to confer an advantage over re-SAVR in terms of 30-day mortality, morbidity, and bleeding complications. Further studies are warranted to
benchmark in low- and intermediate-risk patients and to adequate assess longer-term efficacy.

Supplementary material
Supplementary material is available at European Heart Journal online.
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type of prosthesis but should be addressed in the discussion. Given
the high mortality of coronary obstruction (around 50%), this complication is likely to influence the short-term outcome.14 The NRD
does not provide information on the anatomy or the valve-type used,
therefore, these questions cannot be answered. Larger series with
detailed computed tomography information and prosthesis type is
needed to answer these extremely important questions.
Other limitations of this study are the following: first, NRD is an
administrative database and there is potential for miscoding, miscoded events and missing observations within the database.
However, the AHRQ has quality control measures to ensure best
practices for coding, ensure linkages to state-level data are verified
and reliable, and also ensure internal validation of diagnosis codes
through continuous audits.18 The NRD lacks information on access
type, echocardiographic variables, individual patient risk scores, medication use, type of anaesthesia, and post-procedural paravalvular
leaks. Second, although matching was used to adjust for differences in
baseline characteristics, it does not address anatomic bias in the
study. ICD coding does not differentiate between previous TAVR or
SAVR. Thus, given the nature of the database, the type, or size of initial prosthesis was not identifiable, and may create bias but we suspect the numbers for initial TAVR are likely small based on our
clinical experience and lack of existing published data. In addition, we
could not determine the timing of operation between biosprosthesis
failure and subsequent procedure. Information on STS PROM scores
was also not available. Causes of readmission were based on ICD
coding and may be subject to misattribution. Nonetheless, NRD is
robust in evaluating cardiac and non-cardiac causes and cost-analysis,
as previously described.8 Finally, we could not examine mid-term and
long-term outcomes in these patients. Likewise, the sampling design
of NRD precludes robust and complete analysis of hospital-level procedure volume–outcome relationships in the context of VIV-TAVR.
Both these aspects warrants an additional study.
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