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Clinical Investigation

Temporal trends in utilization of transcatheter ™
aortic valve replacement and patient
characteristics: A nationwide study

Jarl E. Strange, MD?, Caroline Sindet-Pedersen, MSc, PhD*", Gunnar H. Gislason, MD, PhD*"<,

Christian Torp-Pedersen, MD, DMSc %<, Kristian H. Kragholm, MD, PhD ¢, Camilla Lundahl, MB¢,

Emil L. Fosbgl, MD, PhD, Jawad H. Butt, MD, Lars Kgber, MD, DMSc’, Lars Sgndergaard, MD, DMSc’, and
Jonas B. Olesen, MD, PhD*® Hellerup, Denmark; Copenbagen, Denmark; Aalborg, Denmark

Aim To investigate trends in the utilization of transcatheter aortic valve replacement (TAVR) and changes in the character-
istics of patients undergoing firsttime TAVR.

Methods Using Danish nationwide registers, we included all patients undergoing TAVR between 2008 and 2020. To
compare patient characteristics, the study population was stratified according to calendar year of procedure: 2008-2010,
20112013, 20142016, and 2017-2020.

Results We identified 6,097 patients undergoing TAVR with year-by-year increases in TAVR penetration rate. Over time,
the age of the patients remained stable (2008-2010: median age 82 year [interquartile range (IQR): 77-86] vs 2017-2020:
median age 81 years [IQR: 77-85]). Moreover, there was an increase in male patients (2008-2010: 49.9% vs 2017-2020:
57.4%) and patients with diabetes (2008-2010: 14.2% vs 2017-2020: 19.2%). Conversely, a history of stroke (2008-2010:
15.8% vs 2017-2020: 13.1%), previous myocardial infarction (2008-2010: 22.4% vs 2017-2020: 10.0%), heart failure
(2008-2010: 40.5% vs 2017-2020: 25.2%), and peripheral artery disease (2008-2010: 14.8% vs 2017-2020: 10.4)
decreased among patients.

Conclusions TAVR utilization increased markedly in the years 2008-2020. Patients undergoing TAVR had less comor-
bidity over time while age remained stable. Thus, despite expanding to patients at lower surgical risk, TAVR is still offered
mainly to older patients. (Am Heart ] 2022;243:140-146.)

European guidelines list transcatheter aortic valve re-
placement (TAVR) as an option to treat symptomatic,
severe aortic stenosis in elderly patients at increased
surgical risk,! whereas in recent American guidelines,
TAVR is an acceptable option across all surgical risk
groups.” Randomized controlled trials (RCT) compar-
ing TAVR to surgical aortic valve replacement (SAVR) in
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high- % intermediate-,>® and low-risk’® patients have
been conducted. As such, the expansion of TAVR into
patients at lower surgical risk and younger age is an on-
going topic of interest. '’

However, due to the strict inclusion and exclusion cri-
teria of the RCT, these patients may not have been rep-
resentative of actual practice patterns for patients ulti-
mately undergoing TAVR and extrapolation of trial results
to patients seen in everyday clinical practice becomes
difficult. Importantly, a previous study highlighted the
exclusion criteria for patients likely to have poor out-
comes after TAVR in the low-risk RCT.!! Further, trans-
femoral TAVR is now an acceptable treatment option
for patients aged 65 to 80 considering the patient’s life-
expectancy and valve durability;?> however, the mean age
in the low-risk RCT were 79.2,” 74.1,” and 73.3 years,® re-
spectively. If TAVR expands to not only patients at lower
surgical risk, but also at younger age and longer life-
expectancy, valve durability, future access to coronary
arteries and complications such as conduction abnormal-
ities become increasingly important.'” This emphasises


http://crossmark.crossref.org/dialog/?doi=10.1016/j.ahj.2021.09.010&domain=pdf
mailto:Jarl.emanuel.strange.02@regionh.dk
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.ahj.2021.09.010

American Heart Journal
Volume 243

the need to conduct observational studies to facilitate
knowledge on how TAVR is implemented in clinical prac-
tice of unselected patients.

Results from registers have previously shown trends in
patient characteristics.'*!” However, only one of these
studies provides data beyond year 2015. Since 2015, re-
sults from intermediate- and low-risk trials have been
published. Therefore, it is largely unclear if clinical prac-
tice has changed.

The purpose of this study was to investigate temporal
trends in the utilization of TAVR and to examine changes
in patient characteristics of patients undergoing first-
time TAVR.

Methods

Data collection

All permanent Danish residents are assigned a unique
personal identification number allowing for crosslink-
ing at an individual level of information between the
following nationwide administrative registers: The Dan-
ish Civil Registration System,'® The Danish National Pa-
tient Register,'” The Danish National Prescription Reg-
istry.”" These registers have been described and used
previously.?! Lastly, a collective database with results of
blood samples from 4 out of the 5 regions in Denmark
was used: Provides data on hemoglobin, creatinine, and
albumin levels. All blood samples within 1 year prior of
TAVR procedure date were identified, and the result from
the closest sample was defined as baseline level.

Study design and population

In this observational study, all patients undergoing first-
time TAVR in Denmark between January 1, 2008 and the
December 31, 2020 were included. Patients were strat-
ified according to calendar year of procedure resulting
in the follow year groups: 2008-2010, 2011-2013, 2014-
2016, and 2017-2020.

Characteristics, comorbidities, comedication, and
mortality

Cohabitant status is evaluated quarterly and the latest
status prior to TAVR date was defined as baseline status.
Living alone was defined as the only inhabitant at the ad-
dress above the age of 18. Comorbidities 10 years prior
to date of TAVR were identified using International clas-
sification of Diseases - 10th edition (ICD-10) codes (see
Supplementary Table I for full list of diagnoses codes).
Cancer was defined as a hospital contact within 3 years.
Diabetes was defined as use of anti-diabetic drugs. Hyper-
tension was defined as a diagnosis of hypertension or use
of two or more blood pressure lowering drugs. Comedi-
cation was defined as prescription drugs dispensed 180
days prior to date of TAVR. Ninety-day mortality was eval-
uated for each year group.
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Statistical analyses

Baseline characteristics are presented with numbers
and percentages for categorical values and median and
interquartile range for numerical values. To compare the
different groups, the chi-squared test was used for cate-
gorical variable and the Kruskal-Wallis rank test was used
for continuous variables. To assess temporal trends in co-
morbidities of the patients, the Cochrane-Armitage trend
test was used for categorical values with 2 levels. For con-
tinuous variables such as blood sample values, a simple
linear regression model was used to assess the linear as-
sociation between the dependent variable (blood sam-
ple value) and independent ordered categorical variable
(calendar year). The P-values provided throughout the
manuscript are to be considered a support in the inter-
pretation of the test results. They reflect the degree of
unexpectedness of the observed test results under the
null hypothesis of no differences between groups com-
pared.*

Data management, statistical analyses, and figures were
managed, performed, and created in SAS version 9.4 and
inR.*

Results
Utilization of TAVR

Figure 1A illustrates procedure volume by calendar
year. In total, 6,097 patients underwent first-time TAVR
between 2008 and 2020 in Denmark. In 2008, 10.3 per
1,000,000 capita underwent TAVR compared with 167.0
per 1,000,000 capita in 2020.

Figure 1B shows access point for TAVR procedures.
Over time, there was a steady decrease in alternative
access from 40% in the 2008-2010 group to 10% in the
2017-2020 group. This decrease was due to a steady in-
crease in transfemoral approach from 60% in 2008-2010
to 90% in 2017-2020.

Overall, hospital length of stay of TAVR patients de-
creased. In 2008-2010 the median hospital length of stay
was 9 days (interquartile range [IQR]: 6-14) compared
with 3 days JQR: 2-5) in 2017-2020.

Patient characteristics, comorbidity burden, and
mortality

Table I shows the baseline characteristics of patients
according to calendar year group. During the study pe-
riod, there was no change in the patients’ age at first-time
TAVR. The patients in the 2008-2010 group had a median
age of 82 years (IQR: 77-86) compared with patients in
2017-2020 with a median age of 81 years (IQR: 77-85).
The proportion of patients younger than 70 years also
remained stable with 26 (6.6%) patients in 2008-2010
and 232 (7.0%) patients in 2017-2020 (P-value for trend:
.289). There was an increasing proportion of males re-
ceiving TAVR during the study period with 49.9% males
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Table 1. Baseline characteristics of TAVR patients by calendar year
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2008-2010 20112013 20142016 2017-2020 Total
No. 393 860 1,516 3,328 6,097
Male (%) 196 (49.9) 441 (51.3) 813 (53.6) 1,911 (57.4) 3,361 (55.1)
Age [y}, median [IGR] 82 [77-86] 82 [77-85] 82 [77-85] 81 [77-85] 81 [77-85]
Aged below 70 y 26 (6.6) 55 (6.4) 103 (6.8) 232 (7.0) 416 (6.8)
Living alone (%) 208 (53.2) 446 (51.9) 758 (50.2) 1,539 (46.8) 2,951 (48.5)
Missing (%) 2 (0.5) 1(0.1) 6 (0.4) 7 (0.5) 16 (0.3)
Hospital length of stay (median [IQR]) 9 [6-14] 7 [5-10] 5[37] 3 [2-5] 4 [2-7]
Comorbidities, No. (%)
Bioprosthetic aortic valve 5(1.3) 18 (2.1) 39 (2.9) 89 (2.7) 151 (2.5)
Stroke/systemic embolism 62 (15.8) 123 (14.3) 220 (14.5) 436 (13.1) 841 (13.8)
Myocardial infarction 88 (22.4) 134 (15.6) 192 (12.7) 334 (10.0) 748 (12.3)
Ischemic heart disease 267 (67.9) 491 (57.1) 794 (52.4) 1,322 (39.7) 2,874 (47.1)
Heart failure 160 (40.7) 308 (35.8) 481 (31.7) 839 (25.2) 1,788 (29.3)
Peripheral artery disease 58 (14.8) 130 (15.1) 186 (12.3) 345 (10.4) 719 (11.8)
Previous PCI 133 (33.8) 209 (24.3) 361 (23.8) 458 (13.8) 1,161 (19.0)
Previous CABG 44 (11.2) 81 (9.4) 63 (4.2) 97 (2.9) 287 (4.7)
Atrial fibrillation 134 (34.1) 336 (39.1) 560 (36.9) 1,105 (33.2) 2,135 (35.0)
Pacemaker 20 (7.4) 71 (8.3) 130 (8.6) 217 (6.5) 447 (7.3)
Diabefes 56 (14.2) 161 (18.7) 293 (19.3) 638 (19.2) 1,148 (18.8)
Chronic kidney disease 47 (12.0) 95 (11.0) 177 (11.7) 305 (9.2) 624 (10.2)
Previous bleeding 106 (27.0) 224 (26.0) 362 (23.9) 656 (19.7) 1,347 (22.1)
Chronic obstructive pulmonary disease 63 (16.0) 147 (17.1) 231 (15.2) 415 (12.5) 856 (14.0)
Cancer 29 (7.4) 73 (8.5) 137 (9.0) 361 (10.8) 600 (9.8)
Hemoglobin mmol/L {median [IGR]) 7.46.7-8.0] 7.5[6.7-8.2] 7.1 [6.47.9] 7.3[6.68.1] 7.3[6.58.1]
Missing 260 (66.2) 491 (57.1) 581 (38.3) 803 (24.1) 2,135 (35.0)
Creatinine pmol/L (median [IQR]) 91 [71-112] 84 [69-110] 91 [74-115] 88 [72-110] 88 [72-111]
Missing 258 (65.4) 486 (56.5) 579 (38.2) 801 (24.1) 2,124 (34.8)
Albumin g/L (median [IQR]) 40 [35-42] 41 [36-43] 36 [31-40] 36 [32-40] 36 [32-40]
Missing 316 (80.4) 635 (73.8) 702 (46.3) 1,092 (32.8) 2,745 (45.0)
Comedication, No. (%)
Oral anficoagulant 82 (20.9) 261 (30.3) 505 (33.3) 1,162 (34.9) 2,010 (33.0)
ADP receptor antagonist 104 (26.5) 177 (20.6) 379 (25.0) 837 (25.2) 1,497 (24.6)
Non-steroidal anti-inflammatory drug 46 (11.7) 92 (10.7) 135 (8.9) 234 (7.0) 507 (8.3)
Beta-blockers 209 (53.2) 488 (56.7) 806 (53.2) 1,536 (46.2) 3,039 (49.8)
Stafin 260 (66.2) 535 (62.2) 924 (60.9) 2,083 (62.6) 3.802 (62.4)
Caleium channel blockers 129 (32.8) 292 (34.0) 488 (32.2) 1,084 (32.6) 1,993 (32.7)
Renin-angiofensin system inhibitors 184 (46.8) 439 (51.0) 809 (53.4) 1,798 (54.0) 3,230 (53.0)
Diurefics 184 (46.8) 336 (39.1) 577 (38.1) 1,113 (33.4) 2.210 (36.2)

Abbreviations: ADP, adenosine diphosphate; CABG, coronary artery bypass grafting; PCI, percutaneous coronary intervention; TAVR, transcatheter aortic valve replacement.

in 2008-2010 vs 57.4% in 2017-2020 (P-value for trend:
<.00D).

Figure 2 illustrates changes in selected patient comor-
bidities over time. Overall, cardiovascular comorbidity
burden decreased among patients. Notably, the propor-
tion of patients with a history of myocardial infarction de-
creased significantly from 22.4% in 2008-2010 to 10.0%
in 2017-2020 (P-value for trend: <.001). A decrease was
observed in the proportion of patients with a history
of peripheral artery disease from 14.8% in 2008-2010 to
10.4% in 2017-2020 (P-value for trend: <.001). Lastly,
a history of heart failure also decreased from 40.7% in
2008-2010 to 25.2% in 2017-2020 (P-value for trend:
<.001). Consequently, significant decreases in revascu-
larization procedures were observed (Figure 2). No clin-
ically significant changes were observed for history of

atrial fibrillation or previous pacemaker implantation
(Figure 2).

Regarding non-cardiovascular diseases, there was a sig-
nificant increase in patients with diabetes (2008-2010:
14.2% vs 2017-2018: 19.4%, P-value for trend: .030). A
decrease in the proportion of patients with chronic ob-
structive pulmonary disease (COPD) was observed from
16.0% in 2008-2010 to 13.2% in 2017-2020 (P-value for
trend: .003). For baseline blood sample values, there
were no significant changes in hemoglobin and creati-
nine levels across year groups (hemoglobin P-value: .588,
creatinine P-value: .503). However, there was a decrease
in albumin levels across year groups (albumin P-value:
<.001).

Ninety-day mortality after TAVR decreased with 36/393
(9.2%), 64/860 (7.4%), 54/1,516 (3.6%), and 113/3,328
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Figure 1A and B,

A) Procedure volume per 1,000,000 capita by calendar year

167.0

Procedures per 1,000,000 capita

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Calendar year

" B) Access point for TAVR procedure

2008-2010

2011-2013  2014-2016
Year group

2017-2020

Access point ] Alternative ll Transfemoral

Procedure volume and access point. Utilization of franscatheter aor-
tic valve replacement showing TAVR penetration rate by calendar
year and access site by calendar year. TAVR, transcatheter aortic
valve replacement.

(3.4%) deaths in year groups 2008-2010, 2011-2013,
2014-2016, and 2017-2020, respectively.

Discussion

In this nationwide cohort study of unselected, first-
time TAVR patients, the main findings can be summa-
rized as: During the study period (i) TAVR penetration
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rate increased (ii) The proportion of males undergoing
TAVR increased, while the age of patients remained sta-
ble. (iii) The proportion of patients with cardiovascular
comorbidities and previous revascularization procedures
decreased except for atrial fibrillation which remained
stable. (iv) Hospital length of stay decreased and the pro-
portion of transfemoral access increased.

Comparison with other registries

Other registers'>!” have assessed trends in patient
characteristics of TAVR patients, however, trends beyond
year 2015 have only been sparsely investigated despite
the publication of pivotal RCT studies evaluating TAVR
vs SAVR in intermediate- and low-risk patients from 2015
t0 2019.%:%:8:9

The marked increase in TAVR procedure volume is con-
sistent with all other registries.'*!” The UK TAVI registry
recorded 3,980 total TAVR procedures with 2,9 proce-
dures per 1,000,000 capita performed in 2007-2008 and
20.0 procedures per 1,000,000 capita in 2012."> Utiliza-
tion in France also markedly increased with 21.3 pro-
cedures per 1,000,000 capita in 2010 (FRANCE 2) vs
64.6 procedures per 1,000,000 capita in 2015 (FRANCE
TAVD).!? The Swiss-TAVI registry recorded 26.2 pro-
cedures per 1,000,000 capita in 2011 vs 150.6 per
1,000,000 capita in 2015.'% In Germany, there was a 20-
fold increase between 2008 and 2014.'° Lastly, although
the STS/ACC TVT could not report exact numbers of
TAVR procedures citing regulatory concerns of TAVR
procedures performed as part of investigational trials,
14.6 procedures per 1,000,000 capita were recorded in
2012 compared to 222.4 per 1,000,000 capita in 2019."”
We only included first-time TAVR procedures and the to-
tal number of TAVR procedures in Denmark is therefore
slightly higher than what we report. Further increases in
utilization is likely even for areas with a current high uti-
lization rate as TAVR is now an acceptable option across
all surgical risk groups and new indications may be on
the horizon.”*?

A decreased hospital length of stay was observed dur-
ing our study period. Similar results have been reported
from Germany.'® However, as stated in a previous reply,
only data from 1 hospital stay was reported in Germany
and transfers to another hospital due to complications is
not reflected in the total hospital length of stay.”® Com-
pared to the respective time periods evaluated in the UK
TAVI registry, FRANCE 2 and FRACE TAVI registry and
STS/ACC TVT registry, the hospital length of stay was ei-
ther similar or slightly shorter in our study population.

We found a year-by-year increase in transfemoral ap-
proach and decrease in alternative accesses. While the
offset percentage of 60% being performed with a trans-
femoral access in 2008-2010 in our study was lower
compared to other studies, a trend toward increased
use of transfemoral sheath access was reported in Ger-
many (transfemoral in 2011: 63.3% vs 2014: 77.7%) and
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Figure 2A-C

A) Cardiac comorbidities at first-time TAVR
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B) Non-cardiac comorbidities at first-time TAVR
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Comorbidity burden at first time TAVR. Percentage of patients with a medical history of comorbidities and previous cardiac intervention by
calendar year. Pvalues are provided from the Cochrane-Armitage trend test. TAVR, transcatheter aortic valve replacement.

France (transfemoral in 2010: 75.2% vs 2015: 83.0%).'%1¢
Other registries report minor year-by-year increases and
decreases in the percentage of transfemoral TAVR pro-
cedures, however, in all studies the transfemoral access
strategy was the most common (UK TAVI, 76.1% in 2012;
STS/ACC TVT registry, 95.3% in 2019; Swiss-TAVI, 92.1%
in 2015).13:15.17

In our study, the proportion of patients with ischemic
heart disease, prior myocardial infarction, heart failure,

and peripheral artery disease decreased reflecting the
transition toward treating lower risk patients. Interest-
ingly, only the UK TAVI registry did not report changes
in these comorbidities nor overall Logistic EuroSCORE.'”
In the Swiss-TAVI registry, only the proportion of pa-
tients with COPD decreased, but patients trended to-
ward lower STS-PROM scores.'?

The importance of study periods becomes apparent
when considering comorbidity burdens; In the evalu-
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ated time periods of the respective registries, only re-
sults from the high-risk RCT trials were available except
for the STS/ACC TVT registry. Interestingly, overall me-
dian age decreased from 84 years from <2013 to 80 years
in 2019, while median STS-score decreased from 6.91 to
4.38 in the same period.!” It is also reported that the pro-
portion of males undergoing TAVR increased from 48.9%
from <2013 to 55.8% in 2019 which is consistent with
findings from our study. The study reported different co-
morbidities compared to our study making further com-
parisons of patient characteristics difficult.

Over time, 90-day survival increased among patients.
Although survival/mortality was evaluated at different
timepoints for the registers making direct comparisons
difficult, all studies reported increased survival through-
out the respective study periods. The lesser comorbidity
burden of patients, improvements to procedural devices,
and increased operator experience over time may all in-
fluence the results.

Trial patients vs patients in everyday clinical practice

The PARTNER 1A study was published in June 2011.°
In the TAVR arm, the median age was 84 years compared
to 82 years in the 2011-2013 group in our study. The pro-
portion of male sex was 57.8% in PARTNER 1A and 51.3%
in our study. Overall, patients had a higher comorbidity
burden in the PARTNER 1A with a higher proportion of
patients with a history of coronary artery disease (PART-
NER 1A: 74.9% vs our study: 57.1%), previous myocardial
infarction (PARTNER 1A: 26.8% vs our study: 15.6%), pe-
ripheral artery disease (PARTNER 1A: 43.0% vs our study:
15.1%), and COPD (PARTNER 1A: 43.4% vs our study:
17.1%), while atrial fibrillation was similar (PARTNER 1A:
40.8% vs our study: 39.1%). The US CoreValve High Risk
trial was published in 2014.* When comparing patients
in the TAVR arm to patients in this study in the 2014-2016
group, the mean age of patients in the trial was 83 years
compared to a median age of 82 years in our study. The
proportion of male sex was 53.6% in the trial and 53.6%
in our study. Again, trial patients had a higher comor-
bidity burden when compared to patients in our study
(coronary artery disease, trial 75.4% vs our study 52.4%;
previous myocardial infarction, trial 25.6% vs our study
12.7%; peripheral artery disease, trial 41.7% vs our study
12.3%; diabetes, trial 34.5% vs our study 19.3%). Some of
these differences might be explained by underreporting
in the registers used in our study.

The NOTION trial published in 2015 was the first trial
enrolling patients at lower operative risk.” When com-
paring patients in the TAVR arm to patients in this study
in the 2017-2020 group, NOTION patients were younger
(NOTION mean age 79 years vs our study median age 81
years) while sex composition were clinically similar (NO-
TION 54% males vs our study 57.4%). NOTION patients
had a lower comorbidity burden when compared to pa-
tients in our study with a lower proportion of patients
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with a history of myocardial infarction (NOTION: 5.5%
vs our study 10.0%), peripheral artery disease (NOTION
4.1% vs our study 10.4%), and atrial fibrillation/flutter
(NOTION 27.8% vs our study 33.2%). Patients were clini-
cally similar regarding history of COPD (NOTION 11.7%
vs our study 12.5%). However, the similarities of patients
in the NOTION trial and patients in our study can be par-
tially explained by the inclusion of patients represented
in both the NOTION trial and our study as the NOTION
trial included patients from Denmark and Sweden. The
impact of the findings from the NOTION trial on clini-
cal practice patterns in Denmark might explain, why pa-
tients in the intermediate risk trials (PARTNER 2A pub-
lished 2016° and SURTAVI published 2017°) had a higher
comorbidity burden than patients in our study in the
2017-2020 group.

More data are required to evaluate the impact of the
PARTNER 3A trial and the Evolut Low Risk trial both pub-
lished in May 2019.%-° As such, the transition to treat un-
selected low-risk patients with longer life-expectancy re-
mains to be implemented in clinical practice. This high-
lights the need to monitor trends in patient characteris-
tics and outcomes of unselected TAVR patients.

Limitations

Data on New York Heart Association and Canadian
Cardiovascular Society scores were not available which
could have provided insights in symptomatic trends of
patients. Smoking habits, body mass index, and clini-
cal measures of frailty were not available. Further, pre-
procedural echocardiography results were not available
and trends in valve type could not be assessed. Informa-
tion on surgical risk scores were unavailable in the reg-
isters used. Not all patients had an available sample for
hemoglobin, creatinine, and albumin values with high
proportions of missing data in early calendar years and
the values in these groups may not be representative of
all patients.

Conclusion

In this nationwide study, there was a significant year-
by-year increase in the utilization of TAVR. Patients had a
decreasing comorbidity burden most noticeable for car-
diovascular comorbidities, while the age of patients at
TAVR remained stable. Thus, despite expanding to pa-
tients at lower surgical risk, TAVR is still mainly offered to
elderly patients with limited life-expectancy. Future stud-
ies should continue to evaluate when younger, low-risk
patients are treated in everyday clinical practice and ex-
amine their characteristics.
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