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EDITORIAL COMMENT
Transcatheter Aortic Valve Replacement
Not for Everyone Yet?*
Poonam Velagapudi, MD, MS,a Susheel Kodali, MDb
S ince its inception, indications for transcatheter
aortic valve replacement (TAVR) for patients
with severe symptomatic aortic stenosis (SAS)

have expanded to include all risk categories. Indica-
tions have been based on results from RCTs (random-
ized controlled trials) demonstrating either superior
or equivalent results to surgical aortic valve replace-
ment (SAVR).1-5 Given patient preference for a less
invasive therapy, patients with indications originally
excluded from RCTs are now being offered TAVR
when deemed appropriate by the heart team. Though
there are no RCTs comparing outcomes of TAVR for
off-label vs on label indications, there are several early
observational studies that raised concerns. Frerker
et al6 reported that the 156 patients who received off-
label TAVR at a single center between 2008 and 2012
had a higher mortality at 30 days compared with 435
patients who received on label TAVR. Another study
using data from the multicenter TVT registry demon-
strated that the 2,272 patients who received off-label
TAVR between 2011 and 2014 had a higher adjusted
30-day mortality compared with 21,575 patients who
received on label TAVR.7 However, therewas no differ-
ence in the adjusted 1-year mortality.7 Importantly,
these studies only included a few off-label TAVR indi-
cations and also represented earlier experience with
TAVR and older generation devices. Since then,
TAVR valves and delivery systems have undergone
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several iterations and improvements with smaller
sheaths, better skirt seal to reduce paravalvular leak
(PVL), and better techniques of implantation to reduce
pacemaker risk and one may expect better outcomes
with these. Moreover, not all off-label TAVR can be
considered equal and the question remains whether
certain off-label indications may do better than others
when treated with TAVR.

In this issue of JACC: Advances, Ullah et al8 per-
formed a propensity score-matched (PSM) analysis
using data from the National Readmission Database
(NRD) between 2015 and 2019 to calculate the
adjusted odds ratio (aOR) of net adverse clinical
events (NACE) (composite of mortality, stroke, and
major bleeding) in patients undergoing clinical trial
excluded (CTE) vs clinical trial included (CTI)-TAVR.
The CTE-TAVR group included 41,408 patients who
underwent TAVR for 15 off-label conditions (bicuspid
aortic valve [BAV], aortic insufficiency, mitral valve
disease, hypertrophic obstructive cardiomyopathy,
bioprosthetic aortic valves [BPVs], cardiac masses,
infective endocarditis, recent use of mechanical cir-
culatory support, end-stage renal disease [ESRD],
end-stage liver disease, active peptic ulcer disease
[PUD], central arterial disease, morbid obesity,
leukopenia, and coagulopathy) that were excluded
from RCTs and are relative or absolute contraindica-
tions to TAVR. The average patients’ age was
w75 years with an even distribution of male (w50% in
each group) and female (w45% in each group) pa-
tients in both groups. Results showed an increase in
the annual CTE-TAVR volumes during the study
period with numerical decline in the proportion of
major outcomes. However, in any given year, the
outcomes of NACE and its individual components in
the CTE-TAVR group were worse than those of CTI-
TAVR. Overall, the adjusted odds of NACE [aOR:
1.83; 95% CI: 1.73-1.95] and its individual components
were significantly higher in CTE-TAVR compared with
https://doi.org/10.1016/j.jacadv.2023.100288
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CTI-TAVR at index hospitalization. Complications
such as valve leak (aOR: 1.68; 95% CI: 1.39-2.02), valve
migration (aOR: 2.79; 95% CI: 2.22-3.52), and device
thrombosis (aOR: 2.49; 95% CI: 1.59-2.49) were all
higher in the CTE-TAVR group. Outcomes varied
among individual contraindications to clinical trial
enrollment. At index hospitalization, all contra-
indicated conditions except BAV, mechanical circu-
latory support, PUD, and leukopenia had higher NACE
compared with CTI-TAVR. The 30- and 180-day
readmission rates were similar for BAV, PUD, and
leukopenia while they were higher for ESRD, BPV,
and coagulopathy compared with CTI-TAVR. These
results suggest, though TAVR for 15 off-label in-
dications as a group has worse outcomes compared
with TAVR for on label indications, certain off-label
indications such as BAV, PUD, and coagulopathy
may individually do well with TAVR.

This study has several strengths. It includes a large
sample size of w80,000 PSM matched real-world
patients with SAS from multiple centers in the
United States who were treated with TAVR. Thus, it
informs us about real world TAVR practices in the
United States. The majority of these procedures,
w90%, were performed in large metropolitan teach-
ing hospitals where one may expect to see experi-
enced high volume operators, well defined heart
teams, and TAVR pathways indicating that the data
is robust. It includes 15 off-label TAVR indications in
the CTE group, a number greater than what was
included in previously published observational
studies, making this the most comprehensive study
on the topic. Using PSM analysis, balanced and
matched groups of patients were obtained in the CTE
vs CTI-TAVR groups as well as each individual
component of CTE-TAVR vs CTI groups, thereby
minimizing confounding. The comparison of indi-
vidual components of CTE vs CTI-TAVI helps in un-
derstanding which off-label indications may or may
not benefit from TAVR. Since the study included data
from 2015 to 2019, a time period prior to approval of
TAVR for low-risk patients, the STS risk score of these
patients would approximate to 4% or greater. Though
greater than the mortality in the CTI group, the
observed mortality rate at 30-day readmission in the
CTE group was 4.4% which is reflective of the popu-
lation included in this study. The rate of stroke
remained low in both groups, w1.5% and need for
permanent pacemaker, though high at w9% to 10%,
was not different between groups. These are some-
what reassuring as those patients who may not have
gotten surgery for their SAS did as was expected with
TAVR. Though this data do not inform practice just
yet, it provides a basis to plan future RCTs to compare
select off-label TAVR indications that had comparable
outcomes to CTI-TAVI such as BAV, PUD, leukopenia
with SAVR.

Despite these strengths, there are several limita-
tions to this study. The results of this trial must be
interpreted with caution as it is observational in na-
ture utilizing registry data and carries the inherent
biases of the NRD database including a risk of un-
measured confounders. It includes site reported data
without any adjudication of the events by a core lab.
Moreover, events that occurred outside the hospital,
at home, or in the community are not captured
resulting in underreporting of some outcomes.
Although the study included an estimate of the risk of
mortality, the actual STS risk scores, and frailty are
missing, thus making it hard to compare the actual
surgical risks of the CTE and CTI groups. The patients
in the CTE group may have been sicker to begin with
because they were offered TAVR instead of surgery
for an off-label indication which may have translated
into worse outcomes. Moreover, the exact etiology of
mortality, whether related to the procedure itself or
to patients’ comorbidities is unknown. The NRD
database does not provide information regarding the
valve type or size and hence we cannot establish if
one valve type is better than the other for off-label
TAVR. In addition, there is no echocardiographic,
coronary tomography, or post procedure antith-
rombotic data to understand the reason for the worse
procedural outcomes such as device thrombosis or
device embolization. Finally, there are no details
regarding the complexity of the procedure or the ac-
cess site used that could throw light on the reasons
for the worse outcomes.

Overall, the safety of TAVR procedure has
increased and due to its less invasive nature
compared to SAVR, it has become an attractive option
for patients and heart teams, including off-label in-
dications. However, not all off-label indications for
TAVR are the same with regards to the risks of the
actual procedure and ensuing short- and long-term
outcomes. In some conditions, SAVR still remains
the first line therapy.9 Although there are no RCTs
comparing outcomes of TAVR and SAVR for each of
these CTE indications, there are observational data
for TAVR in some of these CTE indications. For
instance, outcomes of TAVR in selected patients with
BAV is comparable to TAVR in tricuspid valves10 or
SAVR11 while in other conditions like ESRD and BPV,
patients may have good results with the TAVR pro-
cedure but have a high long-term mortality due to the
underlying comorbidities.12,13 Some of these patients
may do worse with surgery due to their comorbid-
ities. Thus, the role of the heart team is extremely
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important in deciding between treatment options.14

In addition to surgical risk scores which provide an
estimate of short-term mortality and anatomy of the
annulus, aorta, and peripheral vasculature, heart
teams must consider the risks and benefits of other
available options, estimated long term outcomes, and
patient preferences for quality of life when making
treatment decisions for patients with SAS. Operating
teams must exert caution while performing TAVR in
patients with off-label indications and follow the
heart team approach for case selection.

In summary, this 4-year NRD database study in-
forms us that outcomes of CTE-TAVR are worse than
CTI-TAVR. However, the proportion of these out-
comes is decreasing over the study period indicating
increasing operator experience, better patient selec-
tion, and device improvements. In addition, these
outcomes may reflect the poor underlying prognosis
in some of these conditions. Although registry data
are not a substitute for RCTs, this data will serve as a
useful guide to plan more robust studies in future
comparing TAVR vs SAVR vs medical therapy for CTE
indications. Until then, TAVR is not for all and SAVR
still plays a role in some conditions8 as first line
therapy with a need for careful patient selection by
heart teams considering all options and patients’
quality of life.

FUNDING SUPPORT AND AUTHOR DISCLOSURES

Dr Velagapudi has served on the advisory boards of Abiomed and

Sanofi; has received speaking fees from Abiomed, Medtronic, Opsens,

and Shockwave Medical; and has served on the Speakers Bureau of

Abiomed, Medtronic, Opsens, and Shockwave Medical. Dr Kodali has

reported that he has no relationships relevant to the contents of this

paper to disclose.

ADDRESS FOR CORRESPONDENCE: Professor Poonam
Velagapudi, University of Nebraska Medical Center,
982265 Nebraska Medical Center, Omaha, Nebraska
68198, USA. E-mail: poonamchou@gmail.com.
RE F E RENCE S
1. Otto CM, Nishimura RA, Bonow RO, et al.
2020 ACC/AHA guideline for the management of
patients with valvular heart disease: a report of
the American College of Cardiology/American
Heart Association Joint Committee on Clinical
Practice Guidelines. J Am Coll Cardiol. 2021;77:
e25–e197.

2. Smith CR, Leon MB, Mack MJ, et al. Trans-
catheter versus surgical aortic-valve replacement
in high-risk patients. N Engl J Med. 2011;364:
2187–2198.

3. Leon MB, Smith CR, Mack MJ, et al. Trans-
catheter or surgical aortic-valve replacement in
intermediate-risk patients. N Engl J Med.
2016;374:1609–1620.

4. Mack MJ, Leon MB, Thourani VH, et al. Trans-
catheter aortic-valve replacement with a balloon-
expandable valve in low-risk patients. N Engl J
Med. 2019;380:1695–1705.

5. Popma JJ, Deeb GM, Yakubov SJ, et al. Trans-
catheter aortic-valve replacement with a self-
expanding valve in low-risk patients. N Engl J
Med. 2019;380:1706–1715.

6. Frerker C, Schewel J, Schewel D, et al. Expan-
sion of the indication of transcatheter aortic valve
implantation–feasibility and outcome in “off-la-
bel” patients compared with “on-label” patients.
J Invasive Cardiol. 2015;27:229–236.

7. Hira RS, Vemulapalli S, Li Z, et al. Trends and
outcomes of off-label use of transcatheter aortic
valve replacement: insights from the NCDR STS/
ACC TVT registry. JAMA Cardiol. 2017;2:846–854.

8. Ullah W, DiMeglio M, Sana MK, et al. Outcomes
after Transcatheter aortic valve implantation in
patients excluded from clinical trials. JACC: Adv.
2023;2(2):100271.

9. Velagapudi P, Bapat V, Kodali S. When excluded
from randomized clinical trials. J Am Coll Cardiol.
2021;77:124–127.

10. Makkar RR, Yoon S-H, Chakravarty T, et al.
Association between transcatheter aortic valve
replacement for bicuspid vs tricuspid aortic
stenosis and mortality or stroke among patients at
low surgical risk. JAMA. 2021;326:1034–1044.

11. Sanaiha Y, Hadaya JE, Tran Z, Shemin RJ,
Benharash P. Transcatheter and surgical aortic
valve replacement in patients with bicuspid aortic
valve stenosis. Ann Thorac Surg. 2023;115(3):611–
618.

12. Ogami T, Kurlansky P, Takayama H, et al. Long-
term outcomes of transcatheter aortic valve
replacement in patients with end-stage renal dis-
ease. J Am Heart Assoc. 2021;10:e019930.

13. Webb John G, Murdoch Dale J, Alu Maria C,
et al. 3-Year outcomes after valve-in-valve trans-
catheter aortic valve replacement for degenerated
bioprostheses. J Am Coll Cardiol. 2019;73:2647–
2655.

14. Batchelor Wayne B, Anwaruddin S, Wang Dee
D, et al. The multidisciplinary heart team in car-
diovascular medicine. JACC: Adv. 2023;2:100160.

KEY WORDS aortic stenosis, SAVR, TAVR

mailto:poonamchou@gmail.com
http://refhub.elsevier.com/S2772-963X(23)00043-1/sref1
http://refhub.elsevier.com/S2772-963X(23)00043-1/sref1
http://refhub.elsevier.com/S2772-963X(23)00043-1/sref1
http://refhub.elsevier.com/S2772-963X(23)00043-1/sref1
http://refhub.elsevier.com/S2772-963X(23)00043-1/sref1
http://refhub.elsevier.com/S2772-963X(23)00043-1/sref1
http://refhub.elsevier.com/S2772-963X(23)00043-1/sref1
http://refhub.elsevier.com/S2772-963X(23)00043-1/sref2
http://refhub.elsevier.com/S2772-963X(23)00043-1/sref2
http://refhub.elsevier.com/S2772-963X(23)00043-1/sref2
http://refhub.elsevier.com/S2772-963X(23)00043-1/sref2
http://refhub.elsevier.com/S2772-963X(23)00043-1/sref3
http://refhub.elsevier.com/S2772-963X(23)00043-1/sref3
http://refhub.elsevier.com/S2772-963X(23)00043-1/sref3
http://refhub.elsevier.com/S2772-963X(23)00043-1/sref3
http://refhub.elsevier.com/S2772-963X(23)00043-1/sref4
http://refhub.elsevier.com/S2772-963X(23)00043-1/sref4
http://refhub.elsevier.com/S2772-963X(23)00043-1/sref4
http://refhub.elsevier.com/S2772-963X(23)00043-1/sref4
http://refhub.elsevier.com/S2772-963X(23)00043-1/sref5
http://refhub.elsevier.com/S2772-963X(23)00043-1/sref5
http://refhub.elsevier.com/S2772-963X(23)00043-1/sref5
http://refhub.elsevier.com/S2772-963X(23)00043-1/sref5
http://refhub.elsevier.com/S2772-963X(23)00043-1/sref6
http://refhub.elsevier.com/S2772-963X(23)00043-1/sref6
http://refhub.elsevier.com/S2772-963X(23)00043-1/sref6
http://refhub.elsevier.com/S2772-963X(23)00043-1/sref6
http://refhub.elsevier.com/S2772-963X(23)00043-1/sref6
http://refhub.elsevier.com/S2772-963X(23)00043-1/sref7
http://refhub.elsevier.com/S2772-963X(23)00043-1/sref7
http://refhub.elsevier.com/S2772-963X(23)00043-1/sref7
http://refhub.elsevier.com/S2772-963X(23)00043-1/sref7
http://refhub.elsevier.com/S2772-963X(23)00043-1/sref8
http://refhub.elsevier.com/S2772-963X(23)00043-1/sref8
http://refhub.elsevier.com/S2772-963X(23)00043-1/sref8
http://refhub.elsevier.com/S2772-963X(23)00043-1/sref8
http://refhub.elsevier.com/S2772-963X(23)00043-1/sref9
http://refhub.elsevier.com/S2772-963X(23)00043-1/sref9
http://refhub.elsevier.com/S2772-963X(23)00043-1/sref9
http://refhub.elsevier.com/S2772-963X(23)00043-1/sref10
http://refhub.elsevier.com/S2772-963X(23)00043-1/sref10
http://refhub.elsevier.com/S2772-963X(23)00043-1/sref10
http://refhub.elsevier.com/S2772-963X(23)00043-1/sref10
http://refhub.elsevier.com/S2772-963X(23)00043-1/sref10
http://refhub.elsevier.com/S2772-963X(23)00043-1/sref11
http://refhub.elsevier.com/S2772-963X(23)00043-1/sref11
http://refhub.elsevier.com/S2772-963X(23)00043-1/sref11
http://refhub.elsevier.com/S2772-963X(23)00043-1/sref11
http://refhub.elsevier.com/S2772-963X(23)00043-1/sref11
http://refhub.elsevier.com/S2772-963X(23)00043-1/sref12
http://refhub.elsevier.com/S2772-963X(23)00043-1/sref12
http://refhub.elsevier.com/S2772-963X(23)00043-1/sref12
http://refhub.elsevier.com/S2772-963X(23)00043-1/sref12
http://refhub.elsevier.com/S2772-963X(23)00043-1/sref13
http://refhub.elsevier.com/S2772-963X(23)00043-1/sref13
http://refhub.elsevier.com/S2772-963X(23)00043-1/sref13
http://refhub.elsevier.com/S2772-963X(23)00043-1/sref13
http://refhub.elsevier.com/S2772-963X(23)00043-1/sref13
http://refhub.elsevier.com/S2772-963X(23)00043-1/sref14
http://refhub.elsevier.com/S2772-963X(23)00043-1/sref14
http://refhub.elsevier.com/S2772-963X(23)00043-1/sref14

	Transcatheter Aortic Valve Replacement
	Funding support and author disclosures
	References


