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Abstract

Aims: The aim of this study was to analyse the real-world national data on parallel utilisation of trans-
catheter (TAVR) and surgical (SAVR) aortic valve replacement.

KEYWORDS

® qortic stenosis
e clinical research

o« TAVI Methods and results: We queried an all-payer, administrative United States in-patient database to iden-

tify all AVR hospitalisations in patients aged >18 years from January 2012 to December 2016 and examined
the temporal changes in the number of AVR procedures and in-hospital mortality. A total of 463,675 AVRs
were performed — 363,275 (78.4%) SAVR and 100,400 (21.6%) TAVR. AVR linearly increased (from 78,985
in 2012 to 103,415 in 2016; +30.9%; p, . ,<0.001) largely due to a marked increase in TAVR (from 7,655
to 33,545; +338%; p,,,<0.001), whereas the absolute number of SAVRs remained relatively stable (from
71,330 to 69,870; ~1%; p,,,<0.001). The number of TAVRs increased in all pre-specified age groups (<75,
75-79, 80-85, and >85 years; p, <0.001 for all). In contrast, the number of SAVRs increased modestly in
patients aged <75 years (p, ,<0.001) and declined in those aged 75-79 years, 80-84 years, or >85 years
(Pyeng<0-001 for all). Age- and sex-adjusted in-hospital mortality after isolated (aOR 1.00 [0.95-1.05];
=0.96) or combined SAVR (aOR 1.01 [0.97-1.05]; p,,,=0.66) remained unchanged during the study

p trend

period, whereas in-hospital mortality after TAVR declined (aOR 0.75 [0.70-0.79]; p, ,<0.001). Similar

d
trends in in-hospital mortality were seen in the age subgroups.

Conclusions: The number of AVRs markedly increased in the USA from 2012 to 2016, mainly due to the
widespread adoption of TAVR, whereas the number of SAVRs remained relatively stable. In-hospital mor-
tality after TAVR declined, whereas that after SAVR has remained unchanged.
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Boston, MA 02115, USA. E-mail: dlbhattmd@post.harvard.edu
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Abbreviations

AS aortic stenosis
AVR aortic valve replacement
CABG coronary artery bypass grafting

ICD-9-CM International Classification of Diseases, Ninth
Edition, Clinical Modification

ICD-10-CM International Classification of Diseases, Tenth
Edition, Clinical Modification

NIS National Inpatient Sample

PPM permanent pacemaker

SAVR surgical aortic valve replacement
TAVR transcatheter aortic valve replacement

Introduction

Aortic stenosis (AS) is the second most common valvular heart dis-
ease in Western countries and its prevalence increases with age'.
Severe, symptomatic AS is associated with an adverse prognosis if
left untreated; the benefits and indications of aortic valve replacement
(AVR) are well defined in clinical practice guidelines’. However,
approximately one third of the patients with an indication for AVR are
denied surgical AVR (SAVR) due to an increased perioperative risk
related to advanced age, comorbidities, left ventricular dysfunction,
anatomical, and other factors’. In the last decade, transcatheter aortic
valve replacement (TAVR) has emerged as an alternative to SAVR in
patients considered at prohibitive, high, or intermediate risk for peri-
operative mortality after SAVR?. Recent data have established the
efficacy and safety of TAVR even in patients at low surgical risk. The
indication for TAVR is expected to be extended to this patient subset
in the near future®. Data from Germany suggest that the number of
TAVRSs has caught up with the number of SAVRs*’. It is important to
examine the impact of adoption of TAVR on the number of SAVRs
and overall number of AVRs in the USA. In this study, we aimed to:
1) assess the number of AVRs performed in the USA and changes
over time; 2) assess the adoption of TAVR and SAVR in age-stratified
subgroups; and 3) examine the temporal trends in in-hospital mortal-
ity after AVR by procedure type.

Methods

DATA SOURCE

Data were obtained from the National Inpatient Sample (NIS) data-
base files from January 2012 to December 2016. The NIS is a data-
base of hospital inpatient stays derived from billing data submitted by
hospitals to statewide data organisations throughout the USA. These
inpatient data include clinical and resource use information typically
available from discharge records. The NIS is an all-payer database and
currently includes data from 47 states of the USA, covering >97% of
the population of the USA. The NIS approximates a 20% stratified
sample of discharges from participating hospitals. Discharge weights
provided for each record can be used to generate national estimates®.

STUDY POPULATION
We used the International Classification of Diseases, Ninth Edition,
Clinical Modification (ICD-9-CM) or International Classification

AVR in the USA

of Diseases, Tenth Edition, Clinical Modification (ICD-10-CM)
procedure codes to identify all patients aged >18 years undergoing
TAVR or SAVR. The hospital administrative system in the USA
transitioned to use of ICD-10-CM codes beginning from October
2015; therefore, data from October 2015 onwards were extracted
using ICD-10-CM codes. We further categorised the SAVR group
to those undergoing isolated SAVR or combined SAVR (defined
as concomitant coronary artery bypass grafting [CABG]) or other
valvular surgery. The ICD-9-CM or ICD-10-CM procedure codes
used to identify the study population are provided in Table 1.

Table 1. ICD-9-CM and ICD-10-CM codes* used to identify study
population.

Variahle ‘ Codes

TAVR ICD-9CM | 35.05, 35.06

ICD-10CM | 02RF38Z, 02RF38H
SAVR ICD-9CM | 35.21, 35.22

ICD-10CM | 02RFOX
CABG ICD-9CM | 36.1x

ICD-10CM | 0210x, 0211x, 0212x, 0213x
Tricuspid valve | ICD-9-CM | 35.14, 35.27, 35.28
procedures ICD-10-CM | 02RJOx, 02QJOx
Pulmonic valve ICD-9-CM 35.13, 35.25, 35.26
procedures ICD-10-CM | 02RHOx, 02QHOX
Mitral valve ICD-9CM | 35.12, 35.23, 35.24
procedures ICD-10CM | 02RGOx, 02QGOX

*|CD-10-CM codes were used to identify study population from October
2015 onwards. CABG: coronary artery bypass grafting;

ICD-9-CM: International Classification of Diseases, Ninth Edition,
Clinical Modification; ICD-10-CM: International Classification of
Diseases, Tenth Edition, Clinical Modification; SAVR: surgical aortic
valve replacement; TAVR: transcatheter aortic valve replacement

BASELINE CHARACTERISTICS AND OUTCOMES
Baseline characteristics included were age and sex. Our study out-

come of interest was in-hospital mortality.

STATISTICAL ANALYSIS

Survey-specific techniques accounting for the multi-level nature
of the data were used for weighting to obtain national estimates,
as recommended by the Agency for Healthcare Research and
Quality’. Poisson regression analyses were used to examine the
changes in the number of AVRs over time in the overall study pop-
ulation and in pre-specified age subgroups (<75 years, 75-79 years,
80-84 years, and >85 years). Complex samples multivariable
logistic regression analysis was used to study the temporal trends
in age- and sex-adjusted in-hospital mortality. Statistical analysis
was conducted using SPSS, Version 23.0 (IBM Corp., Armonk,
NY, USA). All p-values are two-sided with a significance thresh-
old of <0.05. Odds ratios (OR) and 95% confidence intervals (CI)
were used to report the results of regression analyses.
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Results

BASELINE CHARACTERISTICS

Between January 2012 and December 2016, there was a total
of 463,675 AVRs performed in the USA: 363,275 (78.4%) were
SAVRs and 100,400 (21.6%) were TAVRs. SAVR was per-
formed in isolation in 192,475 patients (53.0% of all SAVRs),
whereas combined CABG was performed in 81,155 (22.3%) and
a concomitant valvular surgery in 48,025 (13.2%). Concomitant
CABG and other valvular surgery were performed in combina-
tion with SAVR in 41,620 patients (11.5% of all SAVRs). There
was a slight decrease in the mean age of patients undergoing
either TAVR (from 81.1 to 80.4 years; p,_ .<0.001) or isolated
SAVR (from 67.9 to 64.3 years; p, ,<0.001) during the study
period, whereas the mean age of patients undergoing combined
SAVR increased slightly (from 69.2 to 69.6 years; p__<0.001)
(Table 2).

trend

NUMBER AND TYPES OF AVRs

The total number of AVRs increased linearly during the study
period (from 78,985 in 2012 to 103,415 in 2016; OR 1.07
[1.06-1.07]; +30.9%; p,,,,<0.001). This was driven mainly by
a marked increase in the number of TAVRs (from 7,655 to 33,545;
+338%; OR 1.40 [1.39-1.40]; p, ,<0.001), whereas the number
of SAVRs remained relatively unchanged (from 71,330 to 69,870;
-1%; OR 0.997 [0.993-0.997]; p,.,,<0.001) (Table 2, Figure 1). Of
all AVRs, the proportion of TAVR increased from 9.7% in 2012
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Figure 1. Trends in number of AVRs performed by type from 2012 to
2016. p,<0.001 for all.

trend

to 32.4% in 2016 with an accompanying decrease in the propor-
tion of isolated (from 45.2% to 41.1%) or combined SAVR (45.1%
to 26.5%) (Figure 2).

The number of TAVRs increased in all age categories (<75,
75-79, 80-85, and =85 years; p, ,<0.001 for all). In contrast, the
number of SAVRs increased modestly in patients aged <75 years
(+11.3%; p,,,<0.001) and declined in those aged 75-79 years,
80-84 years, or >85 years (-7.2%, —34.5%, and —60.6%, respec-
tively; p,.,<0.001 for all) (Table 3, Figure 3). Of all patients
undergoing AVR, the proportion of those aged <75, 75-79,
or 80-84 years decreased, and that of patients aged >85 years
increased (Figure 4).

Table 2. Temporal trends in number of procedures, demographics, and in-hospital mortality.

Unadjusted | Adjusted OR

Overall OR per year | per year*
(95% Cl) (95% CI)
No. of procedures 1.40
s 100,400 | 7,655 | 13,525 | 19,845 | 25830 | 33545 | %P, - <0.001
Age, years 80.8:8.4 | 81.148.8 | 81.248.4 | 81.148.4 | 80.748.6 | 80.4+8.2 - - <0.001
Women 46.7% | 49.0% | 49.4% | 46.1% | 47.1% | 45.3% - - <0.001
In-hospital mortality 2.9% 5.0% 4.8% 3.6% 2.5% 1.7% 0.74 0.75_ | -0.001

Isolated SAVR

(0.70-0.79) | (0.70-0.79)

No. of procedures

No. of procedures 1.04

e 192475 | 35730 | 37,975 | 37,140 | 39170 | 42460 | ; 5:%'0s - <0.001
Age, years 66.6+13.3 | 67.9+13.6 | 67.9+13.2 | 67.2:13.1 | 66.2+13.0 | 64.3£13.2 - - <0.001
Women 383% | 409% | 388% | 389% | 37.9% | 354% - - <0.001
In-hospital mortality 2.2% 2.4% 2.2% 2.1% 2.3% 2.2% 0.98 Lo 0.96

Combined SAVR

(0.94-1.04) | (0.95-1.05)

0.95

(Weightad) 170800 | 35600 | 36035 | 37,535 | 34220 | 27,410 | (P - <0.001
Age, years 68.8:12.3 | 69.2:12.6 | 68.9:12.6 | 68.3+12.6 | 68.5:12.1 | 69.6+11.0 - - <0.001
Women 30.7% | 32.1% | 31.9% | 298% | 29.7% | 29.4% - - -

In-hospital mortality 5.0% 5.0% 4.9% 4.9% 5.1% 5.1% = L 0.66

(0.97-1.04) | (0.97-1.05)

*Adjusted for age and sex.
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Figure 2. Trends in the proportion of surgical aortic valve
replacement (SAVR) either isolated or combined and transcatheter
aortic valve replacement (TAVR) between 2012 and 2016.

AVR in the USA

IN-HOSPITAL MORTALITY

In-hospital mortality after TAVR decreased over the study period
(from 5.0% in 2012 to 1.7% in 2016; aOR 0.75 [0.70-0.79];
Pieng<0-001). In contrast, in-hospital mortality after isolated
SAVR (from 2.4% to 2.2%; aOR 1.00 [0.95-1.05]; p, . .=0.96)
or combined SAVR (from 5.0% to 5.1%; aOR 1.01 [0.97-1.05];
Pyens—0-60) remained unchanged (Table 2, Figure 5). Similar tem-
poral trends in age- and sex-adjusted in-hospital mortality were
seen in the age subgroups (Table 3, Figure 6).

Discussion

To our knowledge, our analysis is the most comprehensive
assessment of concomitant national trends in utilisation of TAVR
and SAVR in the USA. In the present study, we demonstrate an
~30% increase in the number of AVRs performed from 2012 to
2016. It is important to note that the dramatic temporal increase

Table 3. Age-stratified temporal trends in number of procedures and in-hospital mortality.

Overall

Age <75 years

Unadjusted OR
per year
(95% CI)

Adjusted OR
per year*
(95% CI)

TAVR No. of procedures (weighted) 19,925 1,440 2,390 3,640 5,090 7,365 1.48 (1.46-1.49) - <0.001
In-hospital mortality 2.7% 3.8% 54% 3.2% 2.0% 1.8% 0.75 (0.66-0.86) | 0.76 (0.66-0.87) | <0.001
Isolated SAVR | No. of procedures (weighted) | 133,295 22,775 24,600 25,230 27,925 32,765 1.09 (1.09-1.10) - <0.001
In-hospital mortality 1.8% 1.7% 1.8% 1.6% 2.0% 2.0% 1.05(0.98-1.12) |1.05(0.98-1.12) 0.18
Combined No. of procedures (weighted) | 107,695 21,595 22,285 24,010 22,295 17,510 0.96 (0.96-0.97) - <0.001
S In-haspital martality 45% | 48% | 42% | 41% | 48% | 49% | 1.02(097-1.07) | 1.02(0.97-108)| 039
Age 75-19 years
TAVR No. of procedures (weighted) 15,765 1,080 2,085 2,905 4,095 5,600 1.45 (1.43-1.47) - <0.001
In-hospital mortality 2.6% 4.2% 4.8% 3.8% 2.6% 0.9% 0.68 (0.59-0.78) | 0.68 (0.59-0.78) | <0.001
Isolated SAVR | No. of procedures (weighted) 28,330 5,385 5,955 5,740 5,655 51595 1.00(0.99-1.01) - 0.61
In-hospital mortality 2.5% 2.8% 2.7% 2.6% 2.2% 2.3% 0.94 (0.84-1.06) | 0.94 (0.84-1.06) 0.35
Combined No. of procedures (weighted) 30,710 6,435 6,450 6,600 5,855 5,370 0.96 (0.95-0.96) - <0.001
S In-hospital mortality 5.6% 54% 6.3% 52% 5.6% 54% 0.99 (0.91-1.07) |0.99 (0.91-1.07) 0.76
Age 80-84 years
TAVR No. of procedures (weighted) 24,050 1,775 3,260 4,800 6,130 8,085 1.40 (1.39-1.42) = <0.001
In-hospital mortality 2.7% 4.2% 3.1% 4.1% 2.4% 1.7% 0.80(0.71-0.91) |0.80(0.71-0.91) | <0.001
Isolated SAVR | No. of procedures (weighted) 21,570 5,035 4,940 4,265 4,035 3,295 0.90 (0.89-0.91) - <0.001
In-hospital mortality 3.6% 4.0% 3.4% 3.3% 3.3% 3.8% 0.98 (0.87-1.10) | 0.98 (0.87-1.11) 0.77
Combined No. of procedures (weighted) 23,225 5,175 5,145 5,100 4,410 3,395 0.91 (0.90-0.92) - <0.001
S In-hospital mortality 6.0% 6.4% 5.8% 6.9% 5.3% 5.3% 0.96 (0.88-1.05) | 0.97 (0.88-1.06) 0.43
TAVR No. of procedures (weighted) 40,660 3,360 5,790 8,500 10,515 12,495 1.34 (1.33-1.35) = <0.001
In-hospital mortality 3.3% 6.1% 5.5% 3.4% 2.7% 2.1% 0.74(0.67-0.81) | 0.74 (0.68-0.82) | <0.001
Isolated SAVR | No. of procedures (weighted) 9,310 2,535 2,480 1,905 1,585 805 0.79 (0.78-0.80) - <0.001
In-hospital mortality 3.6% 4.3% 3.0% 3.6% 4.1% 2.5% 0.94 (0.78-1.14) | 0.96 (0.80-1.17) 0.70
Combined No. of procedures (weighted) 9,170 2,395 2,155 1,825 1,660 1,135 0.85 (0.83-0.86) - <0.001
S In-hospital mortality 6.2% 3.5% 7.0% 1.1% 6.9% 6.6% 1.14 (1.01-1.29) | 1.17 (1.03-1.32) 0.02

* Adjusted for age and sex.
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Figure 3. Age-stratified trends in the number of AVRs performed by type from 2012 to 2016. Age <75 years: p
<0.001 for all AVR, SAVR, combined SAVR, and TAVR; p

Age 75-79 years: p, .

all. Age >85 years: p.  <0.001 for all.
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Figure 4. Changes in the age profile of patients undergoing AVR.

in the number of TAVRs (+338%) was accompanied by a rela-
tively unchanged trend in the number of SAVRs. These results
highlight a previously untreated or undertreated population of
patients who were not candidates for SAVR but are now being
treated with TAVR. These trends were most striking in patients
aged >85 years in whom AVR increased by ~74%, driven by an
almost fourfold increase in the number of TAVRs. Thus, TAVR
has addressed an unmet clinical need in these older patients
and helpfully complemented SAVR. Our results parallel the
recently reported AVR adoption trends in France. Similar to their
results, TAVR adoption in the USA lags behind countries such
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Figure 5. Trends in in-hospital mortality after AVR by type of
procedure. p, <0.001 for TAVR; p, =0.96 for isolated SAVR;
=0.66 for combined SAVR.

p trend

as Germany, where the number of TAVRs had already exceeded
isolated SAVRs as of 2014, possibly due to an earlier shift from
high- to lower-risk patients®!°.

The NIS, which is an all-payer database, offers a unique oppor-
tunity to examine the effect of the adoption of TAVR on SAVR
and overall AVR volumes in the USA. Other large administrative
or clinical registries such as Medicare or the TVT registry are lim-
ited by restriction to Medicare beneficiaries or to TAVR patients
only, respectively.

In parallel with these adoption trends, we observed a tempo-
ral decrease in age- and sex-adjusted in-hospital mortality after
TAVR. This probably reflects the improvements in TAVR techno-
logy including delivery system and valve design iterations, use of
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Figure 6. Age-stratified trends in in-hospital mortality afier AVR by type of procedure. Age <75 years:p
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<0.001 for TAVR; p,, =0.77 for isolated SAVR; p

SAVR. Age 80-84 years: p, |
TAVR; p,,. =0.70 for isolated SAVR; p, =0.02 for combined SAVR.

trend

alternative access in patients with prohibitive vascular anatomy,
operator experience, and better patient selection!!. In contrast,
in-hospital mortality after isolated or combined SAVR remained
unchanged during the study period. The temporal trends in SAVR
mortality are in contrast to the reported trends in France or Germany
where in-hospital mortality after SAVR has declined over time®!°.

Limitations

The NIS is an administrative database; important clinical vari-
ables to calculate validated scores such as the Society of Thoracic
Surgeons (STS) risk score or logistic EuroSCORE were not avail-
able. We did not have information on valve type, procedural suc-
cess, post-procedural haemodynamics, or paravalvular leak. The
U.S. hospital administrative data collection transitioned from ICD-
9-CM to ICD-10-CM coding from October 2015 onwards; there-
fore, the trend data in the number of AVR procedures are subject
to being affected by the coding transition. The comorbidity index
using ICD-10-CM codes has not yet been developed; therefore,
multivariable adjustment for changes in comorbidity burden over
time could not be performed. Lastly, NIS is an in-patient database;
post-discharge follow-up data are lacking.

Conclusions

The number of AVRs markedly increased in the USA from 2012 to
2016, mainly due to the widespread adoption of TAVR, whereas the
number of SAVRs remained relatively stable. The number of SAVRs
still exceeded TAVRs by twofold in 2016. In-hospital mortality after
TAVR declined, whereas that after SAVR has remained unchanged.
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Impact on daily practice

In this large observational study, we observed a linear increase
in the total number of AVRs performed in the USA that was
driven mainly by a marked diffusion of TAVR, whereas the
number of SAVRs remained relatively stable. The number of
TAVRs increased in all age categories. In contrast, the num-
ber of SAVRs increased modestly in those aged <75 years and
declined in the older age groups. Our results highlight a previ-
ously untreated or undertreated population of patients who were
not suitable candidates for surgery but are now being treated
with TAVR.
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