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Abstract

Background—With initiation of transcatheter aortic valve replacement (TAVR) programs,
centers may see changes in surgical aortic valve replacement (SAVR) populations and related
outcomes due to more high-risk patients undergoing TAVR rather than SAVR. Little data exists
on the potential changes in the risk profiles and outcomes of SAVR patients from the pre- to post-
TAVR eras. As such, this study sought to evaluate changes in the SAVR population at a tertiary
referral center following TAVR program initiation.

Methods—Using a single-center valve surgery database, annual volume, patient characteristics,
operative details, and predicted and observed mortality for patients undergoing isolated SAVR or
SAVR + CABG from 2006 to 2013 were evaluated. Patients were divided into 3 eras: 1) Pre-
TAVR (1/2006-6/2009), 2) Transition (7/2009-3/2011), and 3) TAVR (4/2011-6/2013). The
primary analysis compared predicted and observed mortality in Pre-TAVR and TAVR eras.

Results—From 2006 to 2013, 1,380 SAVR patients were identified with 505 (36.6%), 330
(23.9%), and 545 (39.5%) patients from the Pre-TAVR, Transition, and TAVR eras, respectively.
SAVR case volume increased from 131 to 256 cases/year (95.4% increase) pre- to post-TAVR.
Predicted risk of mortality (PROM) for SAVR patients from the Pre-TAVR to TAVR eras by the
STS-PROM was stable near 3.8% (p=0.82). Crude 30-day SAVR mortality trended down from
2.8% in the Pre-TAVR era to 1.5% post-TAVR (p=0.23).

Conclusion—Consistent with prior studies, initiation of a TAVR program was associated with
increased SAVR volume. Risk profiles for SAVR patients in the TAVR era remained similar by
STS-PROM, indicating generally stable risk among surgical patients after launching a TAVR
program. These data suggest that significant changes in the risk profiles of SAVR patients should
not be expected with the initiation of a TAVR program. Further research will need to re-evaluate
these changes once TAVR becomes more widely available.
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An aging population and increasing recognition of aortic valve disease have led to
substantial growth in aortic valve surgery over the last 10 years, with nearly 45,000 aortic
valve surgeries being performed in the United States in 2010 [1-3]. With the potential to
transform the landscape of aortic valve surgery, transcatheter aortic valve replacement
(TAVR) has generated significant uncertainty around the future of surgical aortic valve
replacement (SAVR) [4]. Over 7,000 TAVRs have been performed in the U.S. and captured
by the Society of Thoracic Surgeons/American College of Cardiology Transcatheter Valve
Therapy (STS/ACC TVT) Registry from 2011 to 2012. With the Edwards SAPIEN valve
demonstrating efficacy in several patient populations [5-7], the Medtronic CoreValve
recently approved, and multiple other industry studies beginning [8, 9], TAVR use in the
U.S. is set to expand dramatically over the next several years.

With initiation of a TAVR program, centers may see changes in their SAVR population due
to high-risk patients undergoing TAVR rather than SAVR. Alternatively, increased referral
of patients for TAVR who were not previously considered surgical candidates by outside
providers may lead to a larger pool of high-risk patients considered appropriate for surgery
by regional aortic valve referral centers. Studies from Europe, where TAVR has a longer
history, have already demonstrated the potential changes to the SAVR population; however,
these studies have been inconsistent and may not apply to U.S. centers [4, 10-12].

To examine the potential changes to SAVR that can be expected with the introduction of a
TAVR program, we examined our SAVR population prior to the start of our TAVR program
and after TAVR program initiation and evaluated differences in patient characteristics, risk
profiles, and surgical outcomes.

Patients and Methods

Institutional data

Using a prospective institutional dataset, all cases of surgical aortic valve replacement were
identified from January 2006 through June 2013. Patient characteristics, procedural details,
and operative outcomes were extracted from the Duke Valve Surgery Database, a clinical
registry of valve surgery patients at Duke University Medical Center (Durham, NC) with
data collection patterned after the STS-Adult Cardiac Surgery Database [13]. Long-term
mortality status was obtained through chart review, social security death index, and
DEDUCE guided query [14]. Although not the focus of this analysis, institutional TAVR
data was used to provide context on TAVR patients treated at our institution. Patient
selection for TAVR over SAVR relied upon interdisciplinary Heart Team evaluation who
collectively determined patient risk for aortic valve surgery in accordance with prior clinical
trials [15, 16]. Specifically, decisions were based on assessments beyond those captured in
traditional surgical risk assessment tools such as the STS Predicted Risk of Mortality (STS-
PROM) [16]. Two senior cardiac surgeons and one interventional cardiologist had to agree
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that the patient met risk criteria for TAVR, which included comorbidities, anatomic factors
unfavorable for surgical AVR such as aortic calcification, chest wall deformity, and hostile
mediastinum, frailty assessments, and disability assessments in addition to STS-PROM [16].
Due to concerns that the TAVR program would only impact risk profiles and outcomes of
patients with aortic stenosis, patients with aortic insufficiency were excluded in sensitivity
analysis. Institutional review board waived the need for informed consent.

Study period

Patients were divided into 3 eras based on initiation of our institutional TAVR program in
April, 2011: 1) Pre-TAVR period (January, 2006-June, 2009), 2) Transition period (July,
2009-March, 2011), and 3) TAVR period (April, 2011-June, 2013). The TAVR period was
defined by the start of our institutional TAVR program in April, 2011, while the Transition
period was developed based on concerns that patients were being referred differently due to
the anticipation of TAVR availability. Due to concerns that the Transition era would be
difficult to interpret with patients potentially being held back for TAVR, the primary
analysis compared the Pre-TAVR and TAVR periods.

Predicted Risk of Mortality and Outcomes

Using the STS-PROM models for isolated AVR and AVR + CABG (coronary artery bypass
grafting surgery) [17, 18], we calculated a predicted operative mortality for each patient
based on patient and surgical characteristics. These models estimate the risk of operative
mortality, defined as death during index hospitalization or within 30 days of index
procedure. Mortality at 30 days was the primary outcome of the analysis. 1-year, 3-year, and
time to all-cause mortality were also included as secondary outcomes.

Statistical analysis

Across the 3 time periods, patient, operative, and outcome variables were summarized using
frequency and percentages for categorical variables and median and interquartile range
(IQR) for continuous variables. Categorical variables were compared using Pearson’s Chi-
squared and Fisher’s exact test, as appropriate. Continuous variables were compared using
ANOVA. Baseline characteristics of SAVR and TAVR patients during the TAVR era were
compared with similar methods. To examine trends over time, case volume, observed
mortality, and mean predicted mortality were summarized based on year of surgery.

Observed to expected (O:E) mortality ratios were calculated using the observed mortality
divided by average predicted mortality from the STS-PROM. Generalized linear models
evaluated the differences in O:E ratios between Pre-TAVR and TAVR eras. Kaplan-Meier
methods and the log-rank test were used when estimating and comparing long-term
mortality. Patients in the TAVR and Transition eras were censored at 1 and 3 years
respectively due to small numbers. A p-value <0.05 was considered to represent a
statistically significant difference between groups. R (v. 3.02; R Foundation for Statistical
Computing, Vienna, Austria, 2008) was used when performing statistical analyses.
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From January 2006 through June 2013, 1,380 patients underwent isolated AVR or AVR
+CABG at our institution, with 36.6% (n=505) occurring during the Pre-TAVR period,
23.9% (n=330) occurring during the Transition period, and 39.5% (n=545) performed during
the TAVR period. Compared to patients in the Pre-TAVR period, patients undergoing
SAVR during the TAVR period were older (median age 74 vs. 69 years; p<0.001) and had
higher rates of previous sternotomy (21.1% vs. 14.7%; p=0.005) and preoperative atrial
fibrillation (25.9% vs. 13.7%; p<0.001); however, they were significantly less likely to have
a smoking history, peripheral vascular disease (PVD), chronic obstructive pulmonary
disease (COPD), New York Heart Association (NYHA) Class 1V heart failure, unstable
angina, or hypertension (Table 1).

When SAVR (n=545) and TAVR (n=141) patients from the TAVR era were compared, the
TAVR patients were older (82 vs. 74 years; p<0.001) and had significantly more
comorbidities, including history of smoking (28.4% vs. 17.2%; p=0.004), COPD (34.0 % vs.
6.8%; p<0.001), cerebrovascular disease (19.9% vs. 11.6%; p=0.014), and peripheral
vascular disease (24.8% vs. 6.1%; p<0.001; Table 2). STS-PROM was also significantly
higher in TAVR patients (9.3% vs. 3.8%; p<0.001). Reasons for not undergoing surgical
AVR for patients with an STS-PROM<12% included anatomic factors unfavorable for
surgical AVR, frailty, and disability assessments [16], among others (Table 2). 30-day
mortality was similar for TAVR and SAVR patients (2.8% vs. 1.5%; p=0.281) during the
TAVR era.

The annual volume of SAVR cases performed rose dramatically over the study period,
increasing from 131 cases in 2006 to 256 cases (95.4% increase) in 2012 (Figure 1).
Predicted risk of mortality in SAVR patients remained stable over the study period, with
mean predicted risk of mortality only varying between 3.5-3.8% by STS-PROM; however,
the risk profile decreased in patients undergoing TAVR during the 3 years evaluated, from
11.1% in 2011 to 7.0% in 2013. The annual crude observed SAVR mortality varied during
the study period from 0.8% to 4.7%, but did not demonstrate a temporal trend.

When comparing only the Pre-TAVR and TAVR periods, there was no significant
difference in predicted mortality for SAVR patients by STS-PROM (3.8% vs. 3.8%;
p=0.822). In addition, observed crude 30-day mortality did not differ significantly, (2.8% vs.
1.5%; p=0.230; Table 3). 1- and 3-year mortality rates were 9% and 15% in the overall
cohort, and overall survival did not differ significantly by group (p=0.143; Figure 2).
Observed to expected (O:E) ratios for 30-day mortality were below 1 for the STS-PROM
model during each study period, although this difference was only significant in the TAVR
era. There was a trend towards improved O:E mortality ratio when comparing the TAVR era
(O/E: 0.39; 95% CI: 0.17-0.76) to the Pre-TAVR era (O/E: 0.74; 95% CI: 0.41-1.23);
however, this improvement was not statistically significant (p=0.140). Sensitivity analysis
excluding patients with aortic insufficiency demonstrated similar results.
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Comment

The introduction of TAVR programs in the U.S. holds the potential to dramatically change
the landscape of SAVR, and it is unclear how patient populations will shift and institutional
outcomes may change with TAVR initiation. Examining institutional experience beginning
5 years prior to the start of our TAVR program and continuing 2 years beyond initiation, this
study found an increased SAVR case volume as the TAVR program was initiated. It also
demonstrated stable SAVR STS-PROM, indicating that the overall risk profile of SAVR
patients did not change dramatically with the initiation of TAVR. However, it should be
noted that patients with certain comorbid conditions such as COPD, NYHA class IV heart
failure, and peripheral vascular disease were significantly less likely to undergo SAVR in
the TAVR era. Siphoning off these higher risk patients may have been offset by the
significantly higher median age and greater frequency of redo-sternotomy among SAVR
patients in the TAVR era, thereby maintaining a stable overall risk profile of the cohort. This
change in patient demographics over time would suggest that some shifting of risk from
SAVR to TAVR was potentially occurring, however, and further highlights the
imperfections of the available preoperative risk models, as well as the continued necessity of
experienced cardiac surgeon involvement in the risk assessment process.

With U.S. Food and Drug Administration approval of TAVR devices for use, and the
subsequent decreased scrutiny around patient selection compared to that present during
clinical trials leading to approval, concerns have been raised over the possibility of “risk
creep” [4] and the extension of use into moderate-risk populations where TAVR has not
been approved and may potentially be inappropriate. Evidence from Europe, where TAVR
has a longer history of approved use, has demonstrated the potential of “risk creep.” The
German TAVR registry indicated that 13% of TAVR patients were undergoing the
procedure due to patient preference, despite a predicted mortality of less than 20% [12].
Similarly, research from the Netherlands showed that two-thirds of TAVR use had off-label
criteria [11]. On the contrary, a single institution study from the United Kingdom [10] found
no difference in the risk profiles of patients being referred for SAVR following the initiation
of a TAVR program, showing an increase in EuroSCORE from 7.4% to 7.9% predicted risk
of mortality. Similar to the current report, the UK study found a small, albeit non-
significant, decrease in the observed mortality rate and a substantial increase in SAVR
volume after starting a TAVR program.

Although the volume of SAVR in the U.S. has demonstrated dramatic growth over the last
decade [3], the near doubling of our institutional volume over a 5-year period is likely in
part due to the “halo effect” [19] of increased patient referral in response TAVR program
initiation. Many of these patients may have sought out TAVR as a possible therapy despite
their appropriateness for surgery, while others may not have been considered surgical
candidates and were only referred because TAVR was thought to be an acceptable risk.
Previous studies have demonstrated the overestimation of surgical risk and lack of referral of
patients who would actually be considered appropriate surgical candidates [20, 21];
therefore, the lure of TAVR may bring surgical candidates to the attention of cardiac
surgeons who would otherwise never see them. Single center studies have demonstrated this
increased referral of AS for surgery [22]. A recently published national study of the
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STS/ACC TVT registry demonstrated an overall increase in SAVR cases in the U.S.
following introduction of TAVR, with a 19% increase in SAVR volume at TAVR centers
compared to only a 9% increase in centers without TAVR [19], which further supports these
hypotheses.

Contrary to our expectation that the risk-profile of the SAVR patients would decrease with
the arrival of TAVR, we found stable STS-PROM from the pre-TAVR to TAVR eras.
However, certain patient risk factors did change significantly over this transition, with
decreasing rates of smoking, COPD, NYHA class IV heart failure, PVD, and other
comorbidities as mentioned above. This decrease in the comorbidity profile appears to have
been offset by the increasing age and greater incidence of prior cardiac surgery among the
SAVR cohort in the TAVR era. The increase in these patient characteristics is not
surprising, as advanced age or prior cardiac surgery may have led providers to withhold
referral prior to TAVR availability due to perceived surgical risk, and these patients only
came to surgical attention because of the possibility of a less invasive procedure. This
change in patient comorbidity profiles may reflect a risk shift that was simply not captured
by the STS-PROM, which was developed using data from 2004-2006. Although not
designed to examine this question, the aforementioned study using the STS/ACC TVT
registry indicated that decreased risk profiles may already be seen in the SAVR population.
Our center may have been insulated from these changes due to the draw of the TAVR
program on high-risk patients, loss of some low-risk patients with STS-PROM *“blind spots”
to TAVR, or increased referral of high-risk patients to a high volume, tertiary referral center.

Although not statistically significant, the observed trend towards improved crude and
adjusted SAVR outcomes over time in the current study may reflect this risk shift. Similar to
the improved adjusted outcomes for SAVR seen in the STS/ACC TVT registry [19], our
improved outcomes may be the result of the use of TAVR in the traditional high-risk cohort
as well as those patients with risk features not captured by the STS-PROM. It may also
simply reflect the continued improvements in surgical care over time and the lack of model
calibration for these improvements.

Of note, the risk profile of our TAVR population appeared to decrease dramatically over
time, going from 11.1% to 7.0% over a 3-year period (Figure 1). While this trend is
concerning and may represent so-called “risk creep” [4], it may also simply indicate the
increased use of this emerging technology in a patient population with risk factors not
captured by the STS-PROM. In a review of reasons for selecting TAVR over SAVR in the
lower risk TAVR population (STS-PROM <12%) (Table 2), the vast majority of patients
had indications that are known "blind spots” of the current STS risk model, including
anatomic factors unfavorable for surgical AVR, frailty, and disability assessments. Better
understanding of reasons for avoiding SAVR and comparing the outcomes of TAVR in
these lower STS-PROM subgroups will be critical to improving our understanding of
appropriate TAVR use.

While the current results provide important insights into the potential early changes that can
be expected with the initiation of a TAVR program, ongoing research will be needed to
monitor TAVR use and ensure that patients continue to be treated in accordance with
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evidence-based criteria utilizing a multidisciplinary “Heart Team” approach [23]. One
mechanism providing this ongoing monitoring is the increased scrutiny placed on TAVR by
Medicare through the STS/ACC TVT registry [24], and the corresponding robust research
infrastructure to assess trends in outcomes across the U.S. [25]. As a result of this scrutiny,
the post-approval U.S. TAVR experience may not match that of other devices or other
countries unless future research continues to demonstrate similar short- and longer term
outcomes to SAVR. However, with randomized data that only extends to 2-years [5], and
good long-term results with SAVR again demonstrated in the current study with 5-year
survival >70% (versus 23.7% overall 1-year mortality among patients undergoing TAVR in
U.S. clinical practice) [26], caution must be applied to extending the use of TAVR beyond
its approved patient population at present.

The current study has clear limitations. As a retrospective analysis, we cannot establish
causality when considering case volume or patient profile changes. With treatment selection
as the focus of the analysis, we examined an extensive number of potential confounders;
however, the risk of unmeasured confounders and bias persists. As a single tertiary referral
center with an early TAVR initiation in the context of a clinical trial [15, 16], our experience
may not be generalizable to other institutions. While the STS-PROM is a robust and well-
validated measure of predicted mortality, the original models were used and no calibration
was made for general improvements in care and outcomes over time.

In conclusion, the initiation of an institutional TAVR program was associated with a
substantial increase in SAVR volume, while predicted and observed SAVR mortality
remained similar prior to and after TAVR initiation. These data would suggest that
significant changes in SAVR patient risk profiles should not be anticipated with the
initiation of a TAVR program, and this institutional experience may provide some guidance
about expectations for other programs making similar changes. However, further research
will be needed to re-evaluate the impact of TAVR on the SAVR population to ensure
continued appropriate use as TAVR becomes a more accepted and widely used therapy.
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Figure 1.
Temporal trends in SAVR and TAVR predicted and observed mortality and institutional

SAVR case volume over the study period. Annual case volume is displayed on the right
axis, while annual mean predicted and observed mortality rates are on the left axis.
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Overall survival after SAVR stratified by study era. Patients in TAVR and Transition eras
were censored at 1 and 3 years due to low numbers. P-value by log-rank test represents
comparison of Pre-TAVR and TAVR populations.
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vessels
0
1
2

756 (54.8%)
188 (13.6%)
184 (13.3%)

281 (55.6%)
63 (12.5%)
70 (13.9%)

193 (58.5%)
41 (12.4%)
33 (10%)

282 (51.8%)
84 (15.4%)
81 (14.9%)

Table 1
Characteristics of SAVR patients by study period
Study Period
Overall Pre-TAVR  Transition  TAVR P-value

N 1,380 505 (36.6%) 330 (23.9%) 545 (39.5%)
Demographics
Age 71 (62, 79) 69 (60,77)  71(60,78)  74(65,82)  <0.001
Female 512 (37.1%) 185 (36.6%) 118(35.8%) 209 (38.3%)  0.717
Race/Ethnicity 0.362

White 1,200 (87%) 431 (85.3%) 286 (86.7%) 483 (88.6%)

Black 149 (10.8%) 58 (11.5%) 37 (11.2%) 54 (9.9%)

Other 31 (2.2%) 16 (3.2%) 7 (2.1%) 8 (1.5%)
BSA —m? 2(1.8,22) 2(1.8,22) 2(18,22) 2(18,22) 0.255
Comorbidities
EF -% 50 (50, 55) 55 (45,55) 50 (50,55) 50 (50, 50) 0.103
Creatinine —-mg/dL 1(0.8,1.2) 1(0.8,1.2) 1(0.8,1.2) 1(0.8,1.2) 0.529
Endocarditis (< 6 months) 68 (4.9%) 29 (5.7%) 19 (5.8%) 20 (3.7%) 0.219
History of smoking 332 (24.1%) 174 (345%) 65 (19.7%) 93 (17.2%)  <0.001
Dialysis 37 (2.7%) 17 (34%)  11(33%)  9(1.7%) 0.160
cvD 148 (10.7%) 47 (9.3%) 38 (115%) 63 (11.6%) 0.433
PVD 117 (8.5%) 54 (10.7%) 30 (9.1%) 33 (6.1%) 0.024
COPD -mild/moderate 91 (6.6%) 52 (10.3%) 9 (2.7%) 30 (5.5%) <0.001
COPD —severe 35 (2.5%) 19 (3.8%) 9 (2.7%) 7 (1.3%) 0.037
Diabetes -non-insulin dep. 372 (27%) 126 (25%) 104 (31.5%) 142(26.1%)  0.093
Diabetes -insulin dep. 57 (4.1%) 22 (4.4%) 12 (3.6%) 23 (4.2%) 0.870
Cardiogenic shock 22 (1.6%) 6 (1.2%) 5 (1.5%) 11 (2%) 0.581
Unstable angina 171 (12.4%) 92 (18.2%) 42 (12.7%) 37 (6.8%) <0.001
Left main disease 58 (4.2%) 20 (4%) 7 (2.1%) 31 (5.7%) 0.037
Hypertension 1,155 (83.7%) 436 (86.3%) 280 (84.8%) 439 (80.6%)  0.032
Pre-op atrial fibrillation 263 (19.1%) 69 (13.7%) 53 (16.1%) 141 (25.9%) <0.001
Pre-op IABP 5 (0.4%) 3 (0.6%) 1 (0.3%) 1(0.2%) 0.644
AS 1,212 (88%) 427 (84.6%) 292 (88.5%) 493 (90.8%)  0.008
AR (= moderate) 229 (16.6%) 83 (16.4%) 47 (14.2%) 99 (18.2%) 0.317
MS 51 (3.7%) 24(48%) 7 (2.1%) 20 (3.7%) 0.143
MR (= moderate) 38 (2.8%) 3(0.6%) 4 (1.2%) 31 (5.7%) <0.001
TR (= moderate) 19 (1.4%) 0 (0%) 3 (0.9%) 16 (2.9%) <0.001
Previous MI (<21 days) 156 (11.3%) 58 (11.5%)  38(11.5%) 60 (11%) 0.962
Number of diseased 0.242
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Study Period

Overall Pre-TAVR Transition TAVR P-value

3 251 (18.2%) 91 (18%) 63(19.1%) 97 (17.8%)
CHF (NYHA class I-111) 1,177 (85.3%) 401 (79.4%) 273 (82.7%) 503 (92.3%) < 0.001
CHF (NYHA Class IV) 197 (14.3%) 102 (20.2%) 55 (16.7%) 40(7.3%)  <0.001
Redo sternotomy 235 (17%) 74(147%) 46 (13.9%) 115 (21.1%)  0.005

Categorical data represented as frequency (%). Continuous data represented as median (IQR —interquartile range). Abbreviations as follows: SAVR
—surgical aortic valve replacement, TAVR —transcatheter aortic valve replacement, BSA —body surface area, EF —ejection fraction, CVD —
cerebrovascular disease, PVD —peripheral vascular disease, COPD —chronic obstructive pulmonary disease, IABP —intra-aortic balloon pump, AS -
aortic stenosis, AR —aortic regurgitation, MS —mitral stenosis, MR —mitral regurgitation, TR —tricuspid regurgitation, Ml -myocardial infarction,
CHF —congestive heart failure, NYHA —New York Heart Association. AS and MS were defined as any degree of stenosis.
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Table 2

Baseline characteristics of SAVR and TAVR patients during the TAVR era

Variable
N
Demographics
Age
Female
Race/Ethnicity

White

Black

Other
BSA
Comorbidities
EF
Creatinine
History of Smoking
CVvD
PVD
COPD
Diabetes
Hypertension
AS
AR (= moderate)
MR (= moderate)
CHF (NYHA class I-111)
CHF (NYHA class 1V)
Previous sternotomy
STS-PROM, mean (SD)
STS-PROM <12%

SAVR
545 (79.4%)

74 (64, 82)
209 (38.3%)

483 (88.6%)
54 (9.9%)

8 (1.5%)
2(1.8,2.1)

50 (50, 50)
1(08,1.2)
93 (17.2%)
63 (11.6%)
33 (6.1%)
37 (6.8%)
165 (30.3%)
439 (80.6%)
493 (90.8%)
99 (18.2%)
31 (5.7%)
503 (92.3%)
40 (7.3%)
115 (21.1%)
3.8% (2.8%)
535 (98.2%)

TAVR
141 (20.6%)

82 (77, 86)
62 (44.0%)

132 (93.6%)
8 (5.7%)
1(0.7%)
1.9 (1.7,2.1)

55 (46.2, 55)
1.2(1,1.4)
40 (28.4%)
28 (19.9%)
35 (24.8%)
48 (34%)

60 (42.6%)
122 (86.5%)
126 (98.4%)
15 (11.0%)
14 (10.3%)
120 (85.1%)
16 (11.8%)
68 (48.9%)
9.3% (5.3%)
87 (79.1%)

P-value

<0.001
0.262
0.248

0.163

0.451
0.4
0.004
0.014
<0.001
<0.001
0.008
0.130
0.002
0.062
0.082
0.013
0.132
<0.001
<0.001
<0.001

Reason for not getting SAVR among those with STS PROM<12%

Frailty

Severe pulmonary disease

Cirrhosis

Redo TAVR

Porcelain aorta

Hostile mediastinum
Outcomes

30-day mortality

NA
NA
NA
NA
NA
NA

8 (1.5%)

45 (51.7%)
10 (11.5%)
2 (2.3%)

3 (3.4%)
18 (20.7%)
9 (10.3%)

4 (2.8%)

0.281

Categorical data represented as frequency (%). Continuous data represented as median (IQR —interquartile range). Abbreviations as follows: SAVR
—surgical aortic valve replacement, TAVR —transcatheter aortic valve replacement, BSA —body surface area, EF —ejection fraction, CVD —
cerebrovascular disease, PVD —peripheral vascular disease, COPD —chronic obstructive pulmonary disease, AS —aortic stenosis, AR —aortic
regurgitation, MS —mitral stenosis, MR —mitral regurgitation, TR —tricuspid regurgitation, Ml —myocardial infarction, CHF —congestive heart
failure, NYHA —New York Heart Association. AS was defined as any degree of stenosis.
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Table 3

Predicted and observed outcomes for SAVR by study period

Study Period

Overall Pre-TAVR Transition TAVR P-value

N 1,380 505 (36.6%) 330 (23.9%) 545 (39.5%)
Predicted Mortality

STS-PROM (SD)  3.7% (3.2%) 3.8% (3.4%) 3.6% (3.4%) 3.8% (2.8%) 0.822
Observed mortality

30-day 32 (2.3%) 14 (2.8%) 10 (3.0%) 8 (1.5%) 0.230

1-year 89 (9%) 50 (10%) 21 (7.0%) 18 (8%) 0.341

3-year 36 (15%) 29 (17%) 7 (11%) NA

Observed to expected 30-day mortality (95% confidence intervals)
O/E 0.62 (0.43-0.87)  0.74 (0.41-1.23)  0.85(0.41-1.54)  0.39 (0.17-0.76) 0.140

P-values based on comparison of Pre-TAVR and TAVR eras only. The Transition period is displayed only for reference. For 1- and 3-year
mortality, Kaplan-Meier methods were used to compare overall survival, and p-values were based on log-rank test.
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