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ABSTRACT

Objective: Transcatheter aortic valve replacement (TAVR) procedures were
introduced in 2011. Initially, procedures were limited to patients who were not
surgical candidates, but subsequently high-risk surgical candidates were consid-
ered for TAVR. The influence on aortic valve surgery in California is unknown.

Methods: The California Office of Statewide Health Planning and Development
hospitalized patient discharge database was queried for the years 2009 through
2014. isolated surgical aortic valve and aortic valve/coronary artery bypass graft
(SAVR) and TAVR procedures were identified by International Classification of
Diseases-9th revision clinical modification procedure codes. Seven TAVR pro-
grams were introduced in 2011, 12 in 2012, 3 in 2013, and 6 in 2014. SAVR pro-
cedure volumes were compared from the 2 years before institution with SAVR
volumes during the year(s) after institution of the TAVR program in these 28 hos-
pitals.

Results: Overall, surgical volumes increased during the first, second, and third
years after implementation of TAVR procedures. Among 7 hospitals with
4-year programs, surgical volumes increased to a maximum of 15.5% during
the third year, then began to decrease. The hospital performing the largest number
of TAVR procedures showed a marked decrease in SAVR volume by the fourth
year, suggesting a shift of SAVR candidates to TAVR. Among all hospitals with
4-year programs, TAVR exceeded SAVR procedures by the fourth year. In Cali-
fornia overall, SAVR increased during 2011 through 2013, due primarily to
increasing volume of isolated SAVR procedures. Statewide, isolated SAVR
increased from a yearly average of 3111 procedures during 2009-2010 to 3592
(+15.5%) in 2013, then decreased slightly in 2014. SAVR plus coronary artery
bypass graft procedures decreased during the same time period.

Conclusions: After implementation of TAVR, hospital SAVR volumes increased
moderately, then began to decrease by the fourth year, when TAVR volume ex-
ceeded SAVR. Surgical candidates may be identified during evaluation for
TAVR, resulting in increased SAVR volume. Increasing SAVR volume may
also be related to improved patient and provider awareness of aortic valve disease.
(J Thorac Cardiovasc Surg 2018;155:1447-56)
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TAVR compared with SAVR over 4 years in California.

Central Message

Transcatheter aortic valve replacement proced-
ure volume increased in California between
2011 and 2014.

Perspective

The increase in transcatheter aortic valve
(TAVR) procedures has had an unknown effect
on surgical aortic valve replacement (SAVR).
Our data show that, overall, SAVR volume re-
mains relatively unchanged; however, by year
4 in 5 out of 7 hospitals performing TAVR,
TAVR volume exceeded SAVR volume.

See Editorial Commentary page 1457.
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Severe aortic disease is estimated to affect anywhere from
2% to 5% of people older than age 75 years, and untreated
aortic stenosis is reported to have a mortality rate of 50%
within 24 to 60 months.' Traditionally, patients with severe

Scanning this QR code will take you
to the article title page.

1447


Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
mailto:smaximus@uci.edu
https://doi.org/10.1016/j.jtcvs.2017.07.092
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jtcvs.2017.07.092&domain=pdf

Adult: Aortic Valve: Transcatheter

Maximus et al

Abbreviations and Acronyms
SAVR = surgical aortic valve replacement
TAVR = transcatheter aortic valve replacement

aortic stenosis or with multiple comorbidities were not
considered candidates for surgical aortic valve replacement
(SAVR) due to their high surgical risk.” Transcatheter aortic
valve replacement (TAVR), was approved by the Food and
Drug Administration in 2011, and was considered an alter-
native for patients who were believed to be too high risk for
surgery.” In patients who were not candidates for surgery,
TAVR significantly reduced rates of death.”” Until
recently, TAVR has been reserved for high-risk patients;
however, recent studies have shown similar results in terms
of mortality and morbidity in intermediate-risk patients.°
The influence of TAVR on surgical volumes in California
is unknown, and we sought to examine the effect of
TAVR on SAVR and the trend in terms of procedural vol-
ume in California hospitals.

METHODS

The California Office of Statewide Health Planning and Development
Hospitalized Patient Discharge Database was queried for the years 2011
through 2014. The California Office of Statewide Health Planning and
Development collects inpatient discharge data from all licensed inpatient
hospitals in California. Each record in the dataset corresponds to an indi-
vidual inpatient hospital discharge.

We queried the database from January 1, 2009, to December 31, 2014,
for all patients undergoing a primary procedure of SAVR and TAVR. TAVR
data became available in 2011. These patients were identified by Interna-
tional Classification of Diseases, 9th revision, clinical modification proced-
ure codes. SAVR procedure volumes were compared from the 2 years prior
and to SAVR volumes in the year(s) after institution of the TAVR program
in these hospitals.

RESULTS

During 2011, a total of 5214 SAVR and 86 TAAVR pro-
cedures were performed in California hospitals (Table 1).
Initially, only 7 of these hospitals performed TAVR during
2011, which increased to 28 hospitals by 2014. The number
of total SAVR procedures remained steady each year, with a
slight decrease to 5185 in 2014. The number of TAVR pro-
cedures increased each year, with 86 TAVR procedures

TABLE 1. Total number of aortic valve procedures performed in
California, 2011-2014

Annual procedure volume

Procedure 2009-2010 2011 2012 2013 2014
Isolated SAVR 3111 3333 3359 3592 3430
SAVR + CABG 1929 1881 1738 1789 1755
SAVR (total) 5040 5214 5097 5381 5185
TAVR 0 86 821 1128 1833

SAVR, Surgical aortic valve replacement; CABG, coronary artery bypass graft; TAVR,
transcatheter aortic valve replacement.
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TABLE 2. Number of surgical aortic valve replacement procedures in
hospitals with 4-year transcatheter aortic valve replacement
programs, by year*

Hospital 2011 2012 2013 2014
1 222 143 156 99
2 59 74 71 76
3 19 29 34 23
4 284 310 319 344
5 71 102 119 91
[§ 84 66 67 54
7 85 81 99 124
Total 830 805 871 811

*2009-2010 average for all hospitals was 754 surgical aortic valve replacement pro-
cedures.

performed in 7 different hospitals during 2011, which
increased to 1833 TAVR procedures performed in 28
different hospitals by 2014 (Table 1). This represents a
0.6% decrease in SAVR volume compared with a 2131%
increase in TAVR over the 4-year time period.

Overall, surgical volumes remained relatively unchanged
in hospitals that implemented TAVR procedures during
2011 (Tables 2 and 3). Among the 7 hospitals with 4-year
TAVR programs, 2-year average before TAVR implementa-
tion was 754 SAVR procedures. SAVR volumes increased
to a maximum of 871 procedures during the third year
(15.5% increase), then decreased to 811 (7.6% increase
overall) by the fourth year. Tables 2 and 3 show individual
hospital numbers over this time period in regard to hospitals
that performed both SAVR and TAVR over 4 years. Hospital
1 performed the largest number of TAVR procedures (32 in
2011 and 377 in 2014 [1178% increase]), and had a marked
decrease in SAVR volume by the fourth year (from 222 to
99 [55.4% decrease]). Among all hospitals with 4-year pro-
grams, TAVR exceeded SAVR procedures by the fourth
year in 5 out of 7 hospitals. In California overall, SAVR
increased during 2011 through 2013, due primarily to
increasing the volume of isolated SAVR procedures. Over-
all procedure numbers from all hospitals from 2011-2014
for TAVR and SAVR are shown in Tables 4 and 5.

TABLE 3. Number of transcatheter aortic valve replacement (TAVR)
procedures in hospitals with 4-year TAVR programs, by year

Hospital 2011 2012 2013 2014
1 32 261 299 371
2 5 26 41 65
3 14 62 113
4 22 33 67
5 21 43 104
6 24 105 120 157
7 12 85 105 128
Total 86 534 702 1011
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TABLE 4. Number of surgical aortic valve replacement procedures in
hospitals with transcatheter aortic valve replacement programs

TABLE 5. Number of transcatheter aortic valve replacement
procedures by hospital, 2011-2014

Hospital 2011 2012 2013 2014 Hospital 2011 2012 2013 2014
1 222 143 156 99 1 32 261 299 371
2 59 74 77 76 2 5 26 41 65
3 19 29 34 23 3 3 14 62 113
4 284 310 319 344 4 22 33 67
5 71 102 119 91 5 21 43 104
6 84 66 67 54 6 24 105 120 157
7 85 81 99 124 7 12 85 105 128
8 - 108 87 83 8 - 17 23 31
9 - 71 53 60 9 - 17 18 49
10 - 226 243 183 10 - 35 97 162
11 - 35 36 27 11 - 6 6 14
12 - 45 69 71 12 - 7 10 7
13 - 66 65 58 13 - 3 6 18
14 - 165 217 246 14 - 36 58 75
15 - 84 90 83 15 - 11 23 39
16 - 133 155 137 16 - 37 30 32
17 - 64 68 56 17 - 22 29 67
18 - 146 168 165 18 - 28 33 73
19 - 45 59 50 19 - 32 41 68
20 - - 62 42 20 - - 3 23
21 - - 45 43 21 - - 2 39
22 - - 54 60 22 - - 10 22
23 - - - 49 23 - - - 35
24 - - - 30 24 - - - 10
25 - - - 33 25 - - - 8
26 - - - 78 26 - - - 20
27 - - - 152 27 - - - 23
28 - - - 45 28 - - - 7
Total 830 1993 2342 2562 Total 86 821 1128 1833

Table 6 shows the influence of TAVR on SAVR procedure
volumes by year after implementation of TAVR programs.
This is also illustrated in Figures 1 and 2. Overall surgical
volumes increased after implementation of TAVR proced-
ures. Among 7 hospitals with 4-year programs, surgical vol-
umes increased to a maximum of 15.5% during the third
year then began to decrease. In California overall, SAVR
increased during 2011 through 2013, due primarily to
increasing isolated SAVR procedures (Table 1). Statewide,
isolated SAVR increased from a yearly average of 3111 pro-
cedures during 2009-2010 to 3592 (4-15.5%) during 2013,
then decreased slightly in 2014. SAVR plus coronary artery
bypass graft procedures decreased during the same time
period (Table 1). Table 7 shows the mortality rate of the pro-
cedures. TAVR mortality decreased each year, with an
8.5% mortality rate in 2011, which decreased to a mortality
rate of 4.1% by 2014. Table 8 shows comorbidities of
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patients undergoing TAVR. Overall, comorbidities were
similar over the time period for most categories; however,
56% of patients undergoing TAVR during 2011 required
preoperative intra-aortic balloon pump, which decreased
to 11% of patients in 2014 (Table 9 shows that the majority
of patients undergoing TAVR were those in the age group
over 80).

DISCUSSION

We evaluated the influence of TAVR on SAVR volume by
analyzing the number of procedures of TAVR and SAVR in
the State of California. The data collected show that the
number of TAVR procedures increased from 86 procedures
to 1833 procedures over the time period 2011-2014. The
number of hospitals with TAVR programs went from 8 in
2011 to 28 in 2014. The overall influence of TAVR over
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TABLE 6. Surgical aortic valve replacement (SAVR) and SAVR + coronary artery bypass graft (CABG) procedure volumes by year(s) after

transcatheter aortic valve replacement (TAVR) program implementation

SAVR and SAVR + CABG

Hospitals (n) Previous 2-y average Year 1 Year 2 Year 3 Year 4 TAVR

28 2497.5 2566 (4+2.7%) 455 (y 1)
22 2084.5 2179 (+4.6%) 2260 (+8.4%) 994 (y 2)
19 1953.5 2018 (4+3.3%) 2115 (4+-8.3%) 2090 (47.0%) 1338 (y 3)
7 754 830 (+10.1%) 805 (+6.8%) 871 (+15.5%) 811 (+7.6%) 1011 (y 4)

SAVR, Surgical aortic valve replacement; CABG, coronary artery bypass graft; TAVR, transcatheter aortic valve replacement.

this time period on SAVR seems to be minimal, because the
number of SAVRs was 5214 in 2011 compared with 5185 in
2014, which represents a 0.6% change (Table 1).

Tables 2 and 3 show individual hospital numbers over this
time period in regard to 4-year programs with SAVR and
TAVR. As shown in these Tables, the hospital that per-
formed the most TAVR procedures in 2011-2014 showed
a marked decrease in SAVR procedures by the fourth
year, suggesting a shift of SAVR candidates to TAVR as in-
stitutions gain more experience with the procedure. This
finding may indicate that lower-risk patients are now under-
going TAVR, given the change in SAVR and TAVR volumes
seen in 4-year programs. Although most of the comorbid-
ities in patients undergoing TAVR were relatively constant
during this time period, the percentage of patients requiring
intra-aortic balloon pump decreased from 56% in 2011 to
11% in 2014. This significant reduction may be partly ex-
plained by the exponential increase in TAVR volume; how-
ever, this indicates that patients with lower risk profiles are
undergoing TAVR.

Reinohl and colleagues’ demonstrated similar findings to
our study in Germany, where they found that TAVR proced-
ures increased from 144 in 2007 to 9147 by 2013, with a
moderate decrease in SAVR from 8622 to 7048 over the
same time period. They found that TAVR patients tended
to be older (age > 75 years) had more comorbidities, and
were at higher procedural risk of periprocedural and post-
procedure morbidity and mortality. They attributed the in-
crease in TAVR without large decrease in SAVR
procedures to the fact that the patients undergoing TAVR
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FIGURE 1. California annual surgical aortic valve replacement (SAVR)
and transcatheter aortic valve replacement (TAVR) volume after TAVR
was initiated. CABG, Coronary artery bypass graft.
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would have been unlikely to undergo surgery due to their
age and high-risk profile.’” Hannan and colleagues®
analyzed the New York State Cardiac Surgery reporting sys-
tem over 2 years and found that the total number of aortic
valve replacements increased from 2291 in 2011 to 2899
in 2012 (27% increase). The volume of patients undergoing
SAVR increased from 1994 to 2135 (7.1%) and the volume
of TAVR patients increased from 297 to 764 (157%) over
the 1-year time period. The percentage of SAVR patients
who were higher risk (Society of Thoracic Surgeons score,
8%) decreased from 27% to 23%, and the percentage of
TAVR patients who were high risk decreased from 83%
to 76%. There was no significant difference in 1-year mor-
tality between the 2 groups over the 1-year time interval
analyzed.” The authors also believed that patients with se-
vere aortic stenosis were not considered surgical candidates
due to their high perioperative risk; however, given the shift
in the volume of TAVR procedures with moderate decreases
in SAVR, TAVR had become an option for these patients
and that this lead to the changes in procedural volume.
Multiple studies have shown short-term decreased mor-
tality with similar outcomes in high-risk patients undergo-
ing TAVR, which may explain the robust increase in the
amount of TAVR procedures performed in California
without a corresponding decrease in SAVR volume. Smith
and colleagues’ showed no difference in mortality at
1 year in a study of 348 TAVR and 351 SAVR patients
who were randomized at 25 different centers. They found
that the mortality rate was 24.2% in the TAVR group
compared with 26.8% in the SAVR group, which was not

400
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FIGURE 2. Hospital annual surgical aortic valve replacement (SAVR)
volume after transcatheter aortic valve replacement (TAVR) was initiated.
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TABLE 7. Mortality of surgical aortic valve replacement (SAVR) + coronary artery bypass graft (CABG), SAVR, and transcatheter aortic valve

replacement (TAVR) procedures

SAVR + CABG SAVR TAVR
Year N Mortality (%) N Mortality (%) N Mortality (%)
2009 1930 5.1 3141 34
2010 1829 5.7 3136 3
2011 1660 6.3 3260 2.6 86 8.5
2012 1738 6.2 3359 2.8 821 6.5
2013 1789 5.9 3592 2.7 1128 4.5
2014 1755 6 3430 2.4 1833 4.1

SAVR, Surgical aortic valve replacement; CABG, coronary artery bypass graft; TAVR, transcatheter aortic valve replacement.

statistically different.” Kodali and colleagues'’ showed
similar results in a 2-year period: a 34% TAVR mortality
rate compared with a 35% SAVR mortality rate. Adams
and colleagues'' showed a 1-year mortality rate of 14.2%
in TAVR patients versus 19.1% in SAVR patients.

Studies over longer time periods have also shown effi-
cacy of TAVR in high-risk patient populations. In a prospec-
tive, multicenter randomized trial of 750 high-risk patients
with severe aortic stenosis, TAVR patients were compared
with SAVR patients, and TAVR patients had less all-cause
mortality (32.9% vs 39.1% [P = .068]), all stroke
(12.6% vs 19.0% [P = .034]), and major adverse cardio-
vascular or cerebrovascular events (40.2% vs 47.9%,
[P = .025]). At 3 years, aortic valve hemodynamic param-
eters were better with TAVR patients (mean aortic valve
gradient, 7.62-3.57 mm Hg vs11.40-6.81 mm Hg in
SAVR [P < .001]), although moderate or severe residual
aortic regurgitation was higher in TAVR patients (6.8%

vs 0.0% in SAVR [P < .001]). There was no clinical evi-
dence of valve thrombosis in either group.'”

The Italian Observational Study of Effectiveness of
SAVR-TAVI Procedures for Severe Aortic Stenosis Treat-
ment (OBSERVANT) Study included 5707 SAVR patients
and 1911 TAVR patients. A matched population of
intermediate-risk patients was created that had a total of
650 patients for each group. At 1 year, the mortality rate
was 13.6% in the SAVR group and 13.8% in the TAVR
group (P = .936). Major cardiovascular and cerebrovascu-
lar events were similar: 17.6% and 18.2%, respectively
(P = .831). The authors did caution that more long-term
randomized trials needed to be done, but short-term results
did not show a statistical difference in mortality, cerebro-
vascular events, and rehospitalization. 13

A single-institution study done at the University of Ala-
bama analyzed the influence of TAVR on SAVR volumes.
The authors reported an overall 12% increase in SAVR

TABLE 8. Comorbidities of patients undergoing transcatheter aortic valve replacement

2011 2012 2013 2014
Comorbidity n % n % n % n %

Dialysis 1 1.09 7 0.85 18 1.60 32 1.70
Status of procedure urgent 0 0.00 2 0.24 3 0.27 7 0.37
Atrial fibrillation and flutter 31 33.70 316 38.49 401 35.55 709 37.73
Cardiogenic shock 1 1.09 7 0.85 10 0.89 16 0.85
Peripheral vascular disease 28 30.43 186 22.66 354 31.38 591 31.45
Chronic lung disease 25 27.17 181 22.05 270 23.94 381 20.28
Cerebrovascular disease 7 7.61 81 9.87 94 8.33 197 10.48
Diabetes 32 34.78 252 30.69 356 31.56 654 34.81
Renal failure 41 44.57 322 39.22 428 37.94 751 39.97
Cardiomyopathy 7 7.61 57 6.94 95 8.42 166 8.83
Heart failure 68 73.91 598 72.84 772 68.44 1289 68.60
Infectious endocarditis 0 0.00 4 0.49 1 0.09 2 0.11
Preoperative intra-aortic balloon pump 52 56.52 269 32.76 183 16.22 212 11.28
Acute myocardial infarction present at scheduled admission 0 0.00 8 0.97 11 0.98 22 1.17
Acute myocardial infarction present at unscheduled admission 2 2.17 16 1.95 14 1.24 29 1.54
Prior coronary artery bypass graft or valve surgery 15 16.30 168 20.46 270 23.94 413 21.98
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TABLE 9. Age groups of patients undergoing transcatheter aortic valve replacement procedures

2011 2012 2013 2014

Age at admission (y) n % n % n % n %

18-50 0 0.00 8 0.97 16 1.42 17 0.90
51-55 0 0.00 5 0.61 8 0.71 15 0.80
56-60 0 0.00 13 1.58 14 1.24 25 1.33
61-65 2 2.17 16 1.95 32 2.84 46 245
66-70 6 6.52 36 4.38 61 5.41 94 5.00
71-75 3 3.26 45 5.48 83 7.36 140 7.45
76-80 9 9.78 96 11.69 150 13.30 224 11.92
< 80 72 78.26 602 73.33 764 67.73 1318 70.14

volume 2.5 years after establishing a TAVR program. They
reported an increase of 266% in TAVR volume. Overall
volume increase of aortic valve replacements in both surgi-
cal and nonsurgical groups was attributed to the inclusion of
high-risk patients who may not have been evaluated before
TAVR program initiation.'*

Brennan and colleagues15 also showed similar results,
finding that overall SAVR increased by 16% in non-
TAVR hospitals compared with 22% increases in hospitals
with TAVR programs from 2008 to 2013. Other studies have
also shown increases in SAVR volume with initiation of
TAVR programs. A single-center study in the United
Kingdom'® reported a 37% increase in SAVR over 2 years
after implementation of a TAVR program, and another
single-center study in the United States'’ showed a 10%
reduction in the rate of unoperated aortic stenosis. The
data in our study shows a decrease in SAVR volume at
the 4-year mark, as well as TAVR volume exceeding
SAVR volume in 5 out of 7 hospitals with 4-year TAVR pro-
grams. Although the influence on SAVR may be subtle in
terms of overall volume, TAVR has a significant influence
on SAVR volume in individual centers.

Given the increase in overall aortic valve replacement
procedures, and the concomitant rise in SAVR procedures,
one can infer that patients who were not considered or
referred for aortic valve replacements are now being
referred for evaluation and treatment. The best treatment
modality for each individual is still in question, and more
data are needed to answer this question. In high-risk
surgical patients, TAVR has shown a benefit compared
with medical therapy. In low-risk patients, the data are not
as clear, and although TAVR patients may have comparable
early survival, low-risk SAVR patients may have improved
long-term survival and fewer complications.'® The
long-term durability of TAVR valves has also been brought
into question because recent data have shown that a
significant number of TAVR valves degenerate.'’
Kaplan-Meier estimates done by the investigators'’
estimated an 8-year structural valve degeneration rate of
50%. More long-term information is needed before
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expanding TAVR to low-risk patients, and the results of
long-term data may influence the role of TAVR in
intermediate-risk patients.

Limitations of this study are that the data from this
project come from an administrative data set that is depen-
dent on administrative and billing coding. Administrative
databases are designed for their own individual purposes
(eg, administrative claims) and not designed for clinician
inference.”” It is also unknown how many TAVR procedures
were part of a research protocol. Both commercial and trial
cases would have been possible during the time period of
this study; however, due to the fact that these data come
from an administrative dataset, it is not possible to ascertain
whether or not the procedure was part of a research protocol
or trial case without access to the original patient
information. Appropriate risk adjustment outcomes in
patients undergoing TAVR at 4-year programs would be
helpful to determine whether intermediate- and low-risk
patients are indeed undergoing TAVR as opposed to
SAVR at these institutions.

CONCLUSIONS

Overall, the increase in volume of aortic valve replace-
ment procedures in both surgical and nonsurgical groups
may be due to the inclusion of high-risk patients who may
not have been evaluated before TAVR program initiation.
As we have shown in our study, the TAVR volume exceeded
SAVR volume in 5 out of 7 hospitals with 4-year TAVR pro-
grams. The trends in this study show that although there is
an initial increase in the volume of SAVR procedures in in-
stitutions that initiate TAVR programs, the decrease in vol-
ume of SAVR at 4-year programs may indicate that patients
who present intermediate and low risk are being shifted to-
ward TAVR.

In high-risk surgical patients, TAVR has shown a benefit
compared with medical therapy. In low-risk patients, the
data are not as clear. Recent studies have questioned the
benefit of TAVR in low-risk surgical populations, and other
recent studies have indicated a significant long-term valve
degeneration rate.
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As TAVR procedures continue to increase in volume,
long-term investigation of the viability of TAVR is war-
ranted. The volume should continue to be tracked, as should
long-term outcomes of high-, intermediate-, and low-risk
patients.
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Discussion

Dr Michael Weyant. So we’ll now
begin Scientific Session II. There are
4 presentations during this session,
and I think it’s important to note that
all 4 of the presenters are candidates
for the Samson Award. First presenta-
tion is “Implementation of Transcath-
eter Aortic Valve Replacement in
California: Influence on Aortic Valve Surgery.” This will
be presented by Steven Maximus from UC Irvine.

Dr Steven Maximus (Orange, Calif). Good morning. I'd
like to thank the Association for the opportunity to present
our project. Traditionally, patients with severe aortic steno-
sis with multiple comorbidities were not considered candi-
dates for surgical aortic valve replacement (SAVR) due to
their high surgical risk. Transcatheter aortic valve replace-
ment (TAVR) was introduced in 2011 and was considered
an alternative for patients who were believed to be too
high-risk for surgery. In patients who are not candidates
for surgery, TAVR has significantly reduced rates of death
compared with medical management. Until recently,
TAVR has been reserved for high-risk patients; however,
recent studies have shown similar results in terms of mortal-
ity and morbidity in intermediate-risk patients. The influ-
ence of TAVR on surgical volumes in California is
unknown, and we sought to examine the effect of TAVR
on SAVR and the trends in terms of procedure volume in
California hospitals. We used the California Office of State-
wide Health Planning and Development Hospitalized Pa-
tient Discharge Database and we curated this from the
years 2011 to 2014. The California Office of Statewide
Health Planning and Development collects inpatient
discharge data form all licensed inpatient hospitals in Cali-
fornia. The year 2011 was the first year TAVR data were
available and we compared SAVR procedure volumes
from the 2 years before SAVR volumes in the years after
institution of the TAVR program in these hospitals. So these
are the results. In 2011, there were a total of 5214 SAVRs.
During that same year, there were 86 TAVRs. Initially, only
7 hospitals in California performed TAVRs in 2011, but by
2014, this increased to 28 hospitals. Statewide, isolated
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SAVR increased from a yearly average of 3111 procedures
in 2009 and 2010 to 3592 in 2013, which represents a 15%
increase, then decreased slightly in 2014. The SAVR plus
coronary artery bypass graft procedures remained about
the same during this time period. The total number of
SAVR procedures remains steady each year with a slight
decrease to 5185 in 2014. The number of TAVRSs increased
each year: 86 TAVRs in 7 different hospitals in 2011, which
increased to 1833 procedures in 20 different hospitals by
2014. This represents a 0.6% decrease in surgical volume
compared with more than a 2000% increase in TAVR pro-
cedures over the same 4-year time period. And again, this
is a chart showing the same thing, basically the number of
TAVR procedures increased each year as you can see
from 2011 to 2014. You’ve got 7 different hospitals in
2011 to 20 different hospitals in 2014. More than 1800
were performed in 2014. Again, that represents more than
a 2000% increase.

Breaking this down in terms of hospitals that have actu-
ally done TAVRs for the past 4 years, from 2011 to 2014,
the hospitals correspond to the same in terms of hospital 1
is the same on both charts and so forth. The first table shows
the number of SAVR procedures in hospitals with 4-year
TAVR programs. As you can see, hospital 1 performed the
largest number of TAVR procedures during 2014. They
went from 32 in 2011 to 377 in 2014—that’s a more than
1000% increase. They also had a marked decrease in their
SAVR volume by the fourth year. They went from 222 in
2011 to 99 in 2014, that’s a 55.4% decrease. Among all
the hospitals with 4-year programs, which are all listed
here, TAVR exceeded SAVR procedures in the fourth year
in 5 out of 7 hospitals. As shown in the table that I showed
before, the surgical volume for the state as a whole, in other
words, the overall influence of TAVR on SAVRs, seemed to
be minimal because the number of SAVRs was 5214 in
2011, compared with 5185 in 2014—that’s about a 0.6%
change—so barely a minimal change. However, when you
analyze these numbers by individual hospitals, you can see
these different trends. Again, the hospital that performed
the most TAVRs showed a marked decrease in SAVR pro-
cedures by the fourth year. This suggests a shift of SAVR
candidates to TAVR as institutions gain more experience
with the procedure. This finding may indicate that lower-
risk patients are now undergoing TAVR given the change
in the SAVR and TAVR volumes seen in 4-year programs.

These are mortality numbers. The surgical aortic valve
plus coronary artery bypass graft mortality was between
5.7% and 6.3% varied per year, overall pretty steady. The
TAVR mortality went from 8.5% in 2011 down to 4.1% in
2014, obviously the end number changed greatly here.
There’s a couple of reasons why the mortality numbers prob-
ably went down: the practitioner’s experience with the pro-
cedure improved, but also the decrease in isolated surgical
aortic valve mortality has been described in other studies
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as well, and this increase in surgical aortic valve volume
combined with decreased mortality is known as the halo ef-
fect and it’s described in other studies. Basically, the idea is
that you have sicker patients who are being evaluated for
TAVR who actually end up becoming surgical candidates,
so henceforth, the increase in surgical volume. This is
believed to be due to increased referral patterns for aortic
valve patients and high-risk surgical patients undergoing
TAVR.

Obviously, these data come from an administrative data-
set and data are only as good as the coding being done,
you need the ICD codes for diagnosis and now the ICD-10
codes because we’ve changed to that. We don’t have data
on patient demographic characteristics, comorbidities, or
risk factors, and we have limited outcome data, really just
mortality at this point. Analyzing the trend of the comorbid-
ity and risk profile of patients undergoing TAVR at 4-year in-
stitutions would have been helpful to determine whether
intermediate and low-risk patients are indeed undergoing
TAVR as opposed to SAVR at these institutions.

In conclusion, traditionally, patients with severe aortic
stenosis or with multiple medical comorbidities weren’t
considered candidates for SAVR due to their high surgical
risk. And again, it may be that the increase of aortic valve
replacements in both surgical and nonsurgical groups, may
be due to the inclusion of high-risk patients who weren’t pre-
viously evaluated before TAVR program initiation. TAVR
volume did exceed SAVR volume in 5 out of 7 hospitals’
4-year TAVR programs, and obviously, until recently,
TAVR has been reserved for high-risk patients; however,
recent studies have shown similar results in terms of mortal-
ity and morbidity in high-risk patients. The influence of
TAVR on surgical volumes in California has obviously
shown an overall steady balance in terms of the overall vol-
ume, but at the individual hospitals the volume has signifi-
cantly changed in hospitals with 4-year programs.
Obviously, needs to be more data on these patients in terms
of their long-term outcomes, in terms of the long-term
viability of the aortic valve, of the TAVRs compared with
SAVRs, and the characteristics of these patients. What
kind of patients are undergoing these procedures? Is it
high-risk patients, intermediate-risk patients, and low-risk
patients, or is it just high-risk and intermediate-risk patients?
These are the questions we hope to further analyze and get
the answers to in the future.

Dr Weyant. The discussion will be opened by Dr Joseph
Woo from Stanford.

Dr Woo. I’d like to thank the Association for the oppor-
tunity to discuss. I congratulate the authors on a well-
researched and presented analysis of California state data
on the influence of TAVR program implementation on
SAVR volumes. From the data, the authors conclude that af-
ter implementation of the TAVR program, the SAVR vol-
ume initially increases, plateaus, then decreases over time
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as TAVR volume increases. Regardless of the causes of this
volume shift, which we’ll discuss later, I congratulate the
authors on their efforts, which reinforce the importance of
active surgeon involvement in TAVR decision making, pro-
cedural performance, and research.

I have 3 questions. The first is, we postulate that the
changes in volume are due to a shift in SAVR candidates
to TAVR without specific individual clinical data and
referral information, which we cannot obtain from the
administrative dataset, as you commented. This is rather
difficult to prove. Might you comment on potential other
hypotheses such as that the SAVR pool of candidates and
the TAVR pool of candidates are somewhat independent
and that over time, what’s happening is that there are really
changes in what are viewed as potential candidates for sur-
gical AVR and transcatheter AVR, because both of these ca-
pabilities and technologies change.

Dr Maximus. Yeah. I agree. I think that the top cause for
the increase we see in overall volume is the referral patterns
of maybe practitioners, cardiologists, people who probably
weren’t being referred because it was believed that they
were probably too sick to undergo a surgical procedure
and probably the practitioner is saying, I can refer this
guy for a minimally invasive procedure and it turns out
now that they’re fully evaluated is that they can undergo a
surgical procedure, so I think that’s probably the reason
why you see that initial increase in the pool of candidates
for either TAVR and SAVR.

Dr Weyant. So on a more general level, as the early ex
vivo pulse duplicator data showed and more recently, as
recently as last month at EuroPCR, there is an early signal
that there may be advanced or accelerated structural valve
deterioration among TAVRs.

Dr Maximus. Correct.

Dr Weyant. If this early signal progresses and, in fact,
TAVRs are more prone to early deterioration, might there
be a shift in volume back toward SAVR?

Dr Maximus. Absolutely, and that’s a good point that
you bring up. An abstract actually from just a month
ago where they did a Kaplan-Meier analysis and they
thought that possibly there was up to a 50% degeneration
of the TAVR valves. I think that’s an excellent point. I
think in a high-risk patient, TAVR has already been shown
to be a great alternative to medical management. Howev-
er, a low-risk patient, you know, the 40-year-old who
needs a valve replacement, is a lot different from the
85-year-old who needs a valve replacement. So we don’t
know how long these valves are going to last, there just
aren’t enough data. So I think ultimately, depending on
what the long-term data show, that’s going to have a
huge influence on these volumes and these referral pat-
terns, ultimately.

Dr Weyant. So as a correlate to your answer, do low-risk
trials make sense at this point?
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Dr Maximus. I don’t think they make sense at this point.
I think you need more long-term data.

Dr Weyant. So then along the lines of examining state-
wide data, the Virginia Cardiac Surgery Quality Initiative
presented, or reported this year, that TAVR actually costs
almost double SAVR, and that this cost differential was
most pronounced in the intermediate-risk groups, so
because we’re all talking about valve and TAVR is so
much more expensive, particularly in the less risky groups,
does it make sense that perhaps at some point, SAVR actu-
ally becomes the value proposition and again shifts volume?

Dr Maximus. Absolutely. I think that’s very possible.
There’s actually another study, too, that came out that
used data from the Observational Study of Effectiveness
of SAVR-TAVI Procedures for Severe Aortic Stenosis
Treatment (OBSERVANT) trial and they actually showed
that TAVR...excuse me, that SAVR was superior in the
low-risk patient population, that was only based on, again,
3-year survival data so it was limited, but again, in terms
of cost, absolutely. If in these low-risk and intermediate-
risk patients it’s a cost benefit and we don’t know the
long-term outcomes, then I think surgical replacement is,
at this point, obviously a more viable option until we have
more data.

Dr Weyant. I congratulate you on a very balanced view
of the field.

Dr Maximus. Thank you.

Dr Weyant. Over here, Dr Conte?

Dr Conte. I would like to congratulate you as well on a
nice presentation of a very important topic.

Dr Maximus. Thank you.

Dr Conte. I'd like to reiterate what Dr Woo suggested. I
think it’s imperative that surgeons are very, very involved,
not only from the standpoint of doing the procedures, but
identifying the patients that truly benefit from TAVR, that
there are certainly patients who would benefit from surgery
and we have to be there because clearly, our experience in
treating aortic stenosis is far greater and our insights are
far greater than those of our cardiology colleagues. On the
other hand, I actually take some opposition to Dr Woo
because I don’t think there’s an economic argument.
Because our patients are going directly from the cath lab
to the floor and going home on postoperative day 1, and
the costs of valves are going down exponentially, we pay
less now, 50% less now for a valve clinically than we did
during any of the trials. There will be an economic advan-
tage to TAVR, so I don’t think that trying to make that argu-
ment will carry much weight. But the question I have for
you is what have you done at UCLA, I know this is state-
wide data, but just for perspective’s sake, what have you
guys done at UCLA to include residents trained in the
TAVR program, because this is going to be a part of what
we as surgeons do going forward, and what have you
done in cardiac surgery practice to make cardiac surgery
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more inviting; that is, have you done more hybrid proced-
ures, have you done more minimally invasive procedures?
Do you think that by making surgery more attractive from
that standpoint, no blood transfusions, discharge on day 3,
we will perhaps accentuate what I think will be durability
advantages to surgery for a variety of reasons on a much
quicker time scale?

Dr Maximus. I appreciate the questions, Dr Conte. I
have to correct you, I'm actually at UC Irvine, not
UCLA, Dr Shemin from UCLA was among the core-
searchers, but at UC Irvine, we don’t have a TAVR pro-
gram, yet I know they’re in the process of developing
that, to answer your question in terms of that. I have
been very involved with Dr Milliken who’s the cardiotho-
racic surgeon at UC Irvine and it has been a joint project in
terms of developing this program, getting insight from
both cardiothoracic surgery and cardiology for the reasons
you mention in terms of the cardiothoracic surgeons
should be involved in determining which patients are
going to be involved for TAVR. In terms of resident expo-
sure to TAVRs and these types of procedures, being a resi-
dent, a fifth-year surgery resident, I would say that is, you
know, the new technology is something that is interesting
to younger surgeons, I mean, that’s among the things that
attracts me to the different, attracted me to surgery
initially, was the evolving technology and I think that is
something that should be considered in terms of training,
you know, wire skills and things like that for cardiotho-
racic surgery training in the future, because I think this
is something that is going to be involved, whether we
like it or not.

Dr Cleveland. Enjoyed your presentation.

Dr Maximus. Thank you.
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Dr Cleveland. My question has to do with how you can,
again, maybe get a more granular look at these data or not.
At least 2 of the hospitals, I'm guessing, were large contrib-
utors to intermediate-risk trials that may have, if you will,
different groups of patients. So if you look at those, can
you figure out if it’s possible that 1 of those patients who
had access to the intermediate trial, because we saw these
patients creep into the TAVR world. It is a possibility for
bias and perhaps who’s getting SAVR versus TAVR, we’ll
be able to look back.

Dr Maximus. Absolutely. We didn’t have access to
which hospital was involved with the intermediate trials—
that’s something we hope to gain access to. The other thing
we hope to gain or we’re working on getting is actually the
actual cost analysis to see how much these procedures cost
for each hospital and what the total cost was as well.

Dr Weyant. Dr Shemin, quick comment, please.

Dr Shemin. I just want to follow-up on John Conte’s
question. There is no doubt that cardiac surgeons need to
think of themselves as interventional cardiac surgeons.
Our specialty is going across the interventional world as
well as the open surgical world. Training programs need
to expose every resident to the heart team concept, how to
do joint evaluation, make decisions on different technolo-
gies, and what’s best for the patient evidence-based and as
the former chair of the board, Cam Wright, is here and
Dave Fullerton, the current director, I think the American
Board of Thoracic Surgery, when they start requiring the
case list, interventional procedures, and minimally invasive
cardiac surgery, we will finally have every training program
and every trainee actually getting the experience and indeed
be able to work in the current system in the future.

Dr Weyant. Thank you.
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