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ABSTRACT

BACKGROUND

A previous analysis in this trial showed that among patients with severe, symptom-
atic aortic stenosis who were at low surgical risk, the rate of the composite end point
of death, stroke, or rehospitalization at 1 year was significantly lower with trans-
catheter aortic-valve replacement (TAVR) than with surgical aortic-valve replacement.
Longer-term outcomes are unknown.

METHODS

We randomly assigned patients with severe, symptomatic aortic stenosis and low
surgical risk to undergo either TAVR or surgery. The first primary end point was
a composite of death, stroke, or rehospitalization related to the valve, the proce-
dure, or heart failure. The second primary end point was a hierarchical composite
that included death, disabling stroke, nondisabling stroke, and the number of re-
hospitalization days, analyzed with the use of a win ratio analysis. Clinical, echo-
cardiographic, and health-status outcomes were assessed through 5 years.

RESULTS

A total of 1000 patients underwent randomization: 503 patients were assigned to
undergo TAVR, and 497 to undergo surgery. A component of the first primary end
point occurred in 111 of 496 patients in the TAVR group and in 117 of 454 patients
in the surgery group (Kaplan—Meier estimates, 22.8% in the TAVR group and
27.2% in the surgery group; difference, —4.3 percentage points; 95% confidence
interval [CI], =9.9 to 1.3; P=0.07). The win ratio for the second primary end point
was 1.17 (95% CI, 0.90 to 1.51; P=0.25). The Kaplan—Meier estimates for the com-
ponents of the first primary end point were as follows: death, 10.0% in the TAVR
group and 8.2% in the surgery group; stroke, 5.8% and 6.4%, respectively; and
rehospitalization, 13.7% and 17.4%. The hemodynamic performance of the valve,
assessed according to the mean (£SD) valve gradient, was 12.8+6.5 mm Hg in the
TAVR group and 11.7£5.6 mm Hg in the surgery group. Bioprosthetic-valve failure
occurred in 3.3% of the patients in the TAVR group and in 3.8% of those in the
surgery group.

CONCLUSIONS
Among low-risk patients with severe, symptomatic aortic stenosis who underwent
TAVR or surgery, there was no significant between-group difference in the two
primary composite outcomes. (Funded by Edwards Lifesciences; PARTNER 3
ClinicalTrials.gov number, NCT02675114.)
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RANSCATHETER AORTIC-VALVE REPLACE-

ment (TAVR) has been increasingly used

as an alternative to surgery for treating
patients with severe, symptomatic aortic steno-
sis.’? Randomized trials of both balloon-expand-
able and self-expanding TAVR valves have shown
that in patients at intermediate or high risk for
death by 30 days after surgery, TAVR was either
noninferior or superior to surgical aortic-valve
replacement at 5 years of follow-up.>' In two
randomized trials involving younger patients who
were at low surgical risk, TAVR was either non-
inferior or superior to surgery at 2 or 3 years.!*"
The Placement of Aortic Transcatheter Valves
(PARTNER) 3 trial showed that the rate of the
composite end point of death, stroke, or rehos-
pitalization at 1 and 2 years was significantly
lower with TAVR than with surgery.*** Here, we
report the 5-year outcomes in this trial.

METHODS

TRIAL DESIGN AND OVERSIGHT

This multicenter, randomized trial compared the
use of the SAPIEN 3 transcatheter heart valve
(Edwards Lifesciences) with surgical aortic-valve
replacement in patients with severe, symptom-
atic aortic stenosis who were at low surgical risk.
The trial design, details regarding oversight, and
results at 1 and 2 years have been published
previously.”>® The trial protocol (available with
the full text of this article at NEJM.org) was
designed by the sponsor (Edwards Lifesciences),
with input from the trial steering committee and
the Food and Drug Administration, and was ap-
proved by the institutional review board at each
site. The sponsor funded all trial-related activi-
ties and participated in site selection, data col-
lection, monitoring, and statistical analysis. The
trial leadership had unrestricted access to all the
data, prepared all the drafts of the manuscript,
and vouch for the accuracy and completeness of
the data and for the fidelity of the trial to the
protocol.

PATIENTS

Patients were eligible for inclusion if they had se-
vere, symptomatic aortic stenosis and were consid-
ered to be at low surgical risk on the basis of
clinical and anatomical assessment, including a
Society of Thoracic Surgeons Predicted Risk of
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Mortality (STS-PROM) score of less than 4%
(with scores ranging from 0 to 100% and higher
scores indicating a greater risk of death within
30 days after the procedure) and on the basis of
assessment by the heart team. Patients also had
to be eligible for TAVR through transfemoral
access. The eligibility of all the patients was re-
viewed and approved by a case review board. Key
anatomical and clinical exclusions have been
reported previously and are provided in the Sup-
plementary Appendix, available at NEJM.org."®
Details about the representativeness of the pa-
tients in the trial are also provided in the Sup-
plementary Appendix.

RANDOMIZATION, PROCEDURES, AND FOLLOW-UP
Patients were assigned in a 1:1 ratio to undergo
either TAVR with a SAPIEN 3 valve or surgical
aortic-valve replacement with a commercially avail-
able bioprosthetic valve. The SAPIEN 3 system
and the procedures for TAVR and surgery have
been described previously.® Clinical outcomes and
transthoracic echocardiography data were assessed
at baseline, after the implantation procedure, at
hospital discharge, 30 days, 6 months, 1 year, and
then annually to 5 years.

END POINTS

The original primary end point, assessed at 1 year,
was a nonhierarchical composite of death from
any cause, stroke, or rehospitalization related to
the procedure, the valve, or heart failure (see the
Supplementary Appendix). A time-to-first-event
analysis was used to evaluate this end point.
However, some patients had more than one end-
point event or more than one rehospitalization
over the 5-year period. To better reflect the patient
outcomes through 5 years, two primary end
points were prespecified in the 5-year extension
statistical analysis plan: the original nonhierar-
chical composite end point and a hierarchical
composite end point that included death from
any cause, disabling stroke, nondisabling stroke,
and the number of rehospitalization days (see the
Supplementary Appendix). Secondary end points
of interest at 5 years were death or disabling
stroke, new-onset atrial fibrillation, aortic-valve
reintervention, endocarditis, and clinically signifi-
cant valve thrombosis; definitions are provided
in the Supplementary Appendix. Valve thrombosis
was defined according to Valve Academic Re-
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search Consortium 3 (VARC-3) criteria as clini-
cally significant bioprosthetic-valve dysfunction
as assessed with echocardiography or contrast-
enhanced computed tomography with either no
(stage 1), moderate (stage 2), or severe (stage 3)
hemodynamic valve deterioration.’® A clinical
events committee adjudicated key 5-year clinical
outcomes, including all components of the pri-
mary end points, valve thrombosis, and valve
reintervention. Other secondary end points in-
cluded functional status and quality of life as
assessed with the Kansas City Cardiomyopathy
Questionnaire—Overall Summary (KCCQ-OS).
KCCQ-OS scores range from 0 to 100, with
higher scores indicating better health status. The
secondary end point of alive with a KCCQ-OS
score of 75 or higher indicated the status of be-
ing alive and well.

ECHOCARDIOGRAPHIC ASSESSMENTS

All echocardiograms were assessed by a core
laboratory with the use of standard hemody-
namic measures. Total aortic regurgitation and
paravalvular aortic regurgitation were assessed
with the use of a multiparametric integrative ap-
proach.!® Valve durability was assessed with the
use of the VARC-3 definition of bioprosthetic-
valve failure, which includes the occurrence of
valve reintervention, valve-related death, or dete-
rioration in hemodynamic valve function between
the day 30 and follow-up echocardiograms. All
potential cases of bioprosthetic-valve failure were
adjudicated by a group of three experts for con-
firmation of the presence, stage, and cause of
valve failure.’

STATISTICAL ANALYSIS

For the first primary end point (a nonhierarchi-
cal composite of death from any cause, stroke,
or rehospitalization), we used the Wald test" to
determine the superiority of TAVR to surgery;
the percentage of patients with an event in each
group at 5 years was estimated with the Kaplan—
Meier method, and Greenwood’s formula was used
to estimate standard errors. The odds ratio and
95% confidence interval from the time-adjusted
logistic-regression model were also calculated.
The second primary end point (a hierarchal com-
posite that included death from any cause, dis-
abling stroke, nondisabling stroke, and the num-
ber of rehospitalization days) was tested with the
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use of the win ratio method (see the Supplemen-
tary Appendix).’® The type I error was controlled
between the two primary end points with the
use of the Hochberg method."

Time-to-event analyses from baseline to 1 year,
1 to 5 years (landmark analysis), and baseline to
5 years were performed, and hazard ratios and
95% confidence intervals were calculated for the
clinical end points (see the Supplementary Ap-
pendix). If there was clear evidence of nonpro-
portionality of hazards, the odds ratio and 95%
confidence interval from the time-adjusted lo-
gistic-regression model were also reported.* For
continuous variables, the means and the differ-
ence between the means, along with the 95%
confidence intervals, were reported. For categor-
ical variables, the percentage of patients in each
trial group, the difference in the percentages,
and the 95% confidence intervals were reported.
The widths of the confidence intervals for con-
tinuous and categorical variables have not been
adjusted for multiplicity and should not be used
to infer definitive treatment effects. Additional
methods are described in the Supplementary Ap-
pendix.

All clinical end-point analyses were performed
in the as-treated population, which included the
patients who had undergone randomization and
in whom the index procedure was initiated (see
the Supplementary Appendix). Echocardiographic
end-point analyses were performed in the valve-
implant population, which included the patients
in whom the intended valve was implanted. All
statistical analyses were performed with the use
of SAS software, version 9.4 (SAS Institute).

RESULTS

PATIENTS, PROCEDURES, AND FOLLOW-UP

A total of 1000 patients underwent randomiza-
tion at 71 clinical sites: 503 patients were assigned
to undergo transfemoral TAVR and 497 to undergo
surgery. The as-treated population included 496
patients in the TAVR group and 454 in the sur-
gery group. A total of 948 patients (495 in the
TAVR group and 453 in the surgery group) received
the intended valve. Details regarding the implanted
valve sizes and surgical valve types were pub-
lished previously* and are provided in Figure S1
and Table S1 in the Supplementary Appendix. The
mean age of the patients was 73 years, 69.3% of
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the patients were men, and the mean STS-PROM
score was 1.9% (Table S2). Details regarding ran-
domization and follow-up through 5 years are
shown in Figure 1. Follow-up data through 5 years

were available for 91.6% of the patients, with a
disproportional loss to follow-up in the surgery
group; follow-up data were available for 469 of
496 patients (94.6%) in the TAVR group and 401

1000 Patients underwent randomization

503 Were assigned to undergo transcatheter
aortic-valve replacement

497 Were assigned to undergo surgery

7 Did not receive intervention
1 Was found to have met
exclusion criteria after -
randomization
6 Withdrew

43 Did not receive intervention
8 Were found to have met

= exclusion criteria after
randomization

35 Withdrew

496 Were included in the as-treated population

454 Were included in the as-treated population

1 Withdrew -~

11 Withdrew
1 Was lost to follow-up

\

495 (99.8%) Were included in the
1-yr follow-up

442 (97.4%) Were included in the
1-yr follow-up

3 Withdrew -

12 Withdrew
3 Were lost to follow-up

492 (99.2%) Were included in the
2-yr follow-up

427 (94.1%) Were included in the
2-yr follow-up

2 Withdrew
3 Were lost to follow-up

7 Withdrew
2 Were lost to follow-up

487 (98.2%) Were included in the
3-yr follow-up

418 (92.1%) Were included in the
3-yr follow-up

2 Withdrew
5 Were lost to follow-up

6 Withdrew
3 Were lost to follow-up

480 (96.8%) Were included in the
4-yr follow-up

409 (90.1%) Were included in the
4-yr follow-up

4 Withdrew
7 Were lost to follow-up

6 Withdrew
2 Were lost to follow-up

469 (94.6%) Were included in the
5-yr follow-up

401 (88.3%) Were included in the
5-yr follow-up

Figure 1. Randomization and Follow-up.

sweep are not shown.

Patients who met the composite primary end point of death, stroke, or rehospitalization related to the valve, the
procedure, or heart failure but who withdrew or were lost to follow-up are considered to have completed follow-up
because they had already died, had a stroke, or had rehospitalization before trial exit. Data from the vital-status
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of 454 (88.3%) in the surgery group. A vital-status
sweep yielded data for 66 of 95 patients who had
been lost to follow-up or had withdrawn from
the trial (21 patients assigned to the TAVR group
and 45 assigned to the surgery group) (Fig. S2).
Therefore, vital status could be determined for
486 of 496 patients (98.0%) in the TAVR group
and 441 of 454 patients (97.1%) in the surgery

group.

TAVR IN LOW-RISK PATIENTS

PRIMARY END POINTS
The composite of death, stroke, or rehospitaliza-
tion related to the valve, the procedure, or heart
failure (the first primary end point) occurred in
111 of 496 patients in the TAVR group and in
117 of 454 patients in the surgery group. The
Kaplan—Meier estimates were 22.8% in the TAVR
group and 27.2% in the surgery group (difference,

—4.3 percentage points; 95% confidence interval

A Death from Any Cause, Stroke, or Rehospitalization

B Death from Any Cause

1009309 Hazard ratio, 0.79 (95% C1, 0.61-1.02) -, 1009 309 Hazard ratio, 1.23 (95% Cl, 0.79-1.90)
904 25- P=0.07 22.8 904 254
o 804 20 Surgery ' o 804 20
& 70 15 TAVR 8 70 15
£ i i s i i TAVR
3-5 60 10 3-5 60 10 18;‘2’
o 509 54 o 504 54 <
80 1) urgery
-ag 40 0 T T T T 1 -g 40+ 0 T T T T 1
g 30 0 12 24 36 48 60 g 30 0 12 24 36 43 60
7 [
[ A 20
10 10
0 T T T T 1 0 T T T T 1
0 12 24 36 48 60 0 12 24 36 48 60
Months since Procedure Months since Procedure
No. at Risk No. at Risk
Surgery 454 372 349 328 309 276 Surgery 454 427 409 394 379 346
TAVR 496 453 434 415 391 353 TAVR 496 490 478 460 438 405
C stroke D Rehospitalization
1009 304 Hazard ratio, 0.87 (95% Cl, 0.51-1.48) 1009 304 Hazard ratio, 0.75 (95% Cl, 0.54-1.05)
904 25 904 25
804 204 804 20
g % Surgery 17.4
,ﬁ 70 154 .ﬁ 70 15 13.7
a 604 10 o 604 10
s Surgery 6.4 s TAVR
g 504 54 TAVR 58 g 504 5
% 40 0 T T T T 1 *g 40+ 0 T T T T 1
g 304 0 12 24 36 48 60 & 30- 0 12 24 36 48 60
(7] (7]
a 20 a 20
10 10
0 T T T T 1 0 T T T T 1
0 12 24 36 48 60 0 12 24 36 48 60
Months since Procedure Months since Procedure
No. at Risk No. at Risk
Surgery 454 416 397 378 361 329 Surgery 454 381 359 339 321 289
TAVR 496 486 468 450 428 391 TAVR 496 455 439 419 396 361

Figure 2. Kaplan—Meier Curves for the First Primary End Point and Its Components.

Panel A shows the Kaplan—Meier estimates of the first composite primary end point of death from any cause, stroke, or rehospitaliza-
tion, and Panels B, C, and D show the estimates for the components. Rehospitalization was defined as rehospitalization related to the
procedure, the valve, or heart failure. According to the statistical analysis plan, the analysis of the composite primary end point involved
the difference in the Kaplan—Meier estimates between the transcatheter aortic-valve replacement (TAVR) group and the surgery group,
calculated on the basis of the Wald test (difference, -4.3 percentage points; 95% Cl, -9.9 to 1.3; P=0.07). The odds ratio and 95% confi-
dence interval for death from any cause were calculated because there was evidence of nonproportionality of hazards from baseline to 5
years (odds ratio, 1.24; 95% Cl, 0.79 to 1.97). The inset in each panel shows the same data on an enlarged y axis.

N ENGL J MED

NEJM.ORG

The New England Journal of Medicine
Downloaded from nejm.org by Tiago Bignoto on October 26, 2023. For personal use only. No other uses without permission.
Copyright © 2023 Massachusetts Medical Society. All rights reserved.




The NEW ENGLAND JOURNAL of MEDICINE

"aulaseq 1k 1uasaid a1am ey} siaxewaded pue uole

qly |ElIB 9PN|IXd S2141031ED ISAY|

‘uonjezijeydsoy Sunsixs jo uonneduojoid Jo uonezijelidsoy ur pa}nsal IO ‘UOIUIAIIUI [EDIZINS JO [BDIPSW UI PAY|NSA ‘JUSLU

-iredwi usuewiad Jo ‘Ainfur ‘ssau||i Sulua1eaIYI-941| Ul P9 NSDI {JUSAS SNOLISS JSLYIOUE IO Y1eap 03 P3| 1BY} SIUSAS papn(oul 3uipaa|q sNoLI3S "d1is (el 3yl Aq papiodal sem sawodino ay| |

"BLI9ILD ¢ WINIIOSUOD) UYDJBasay DILWPEDY dAJEA 01 SUlpiodde paledipnipe sem sisoquuoiyl dAjeA  [p
(18T 03 ££°0 ‘ID %56) 8T°T ‘0.3 Bul|qesIp 4O Lj1eap 10 Ol1eJ SPPO PUE {(£6°Z 01 ¥£°0 ‘1D %56) 8¥'T

‘S9SNED JB[NDSBAOIPIEDUOU LUOJ) Y1ESP 10} Ol SPPO {(G6°T 01 09°0 ‘1D %G6) 80'T ‘SISNED JENDSBAOIPIED WO Y1ESP J0J O11ES SPPO {(£6°T 01 6£°0 ‘1D %56) #T'T ‘9SNned Aue wouj yeap
10} Ol1BJ SPPO :G JB3K 0] BUI|9SEq WO} SpJezey Jo Ajjeuoiiodoiduou Jo adUpIAS pamoys 1yl sjulod pua Joj PaIe|ND|eD SU9M S|BAISIUI 9DUSPIUOD 9466 YIM Soljes sppo Suimojjojayl  §

(£0°0=d ‘€T 01 6°6- ‘1D %56 ‘siutod a3ejuadiad ¢'y— ‘@2UaIaYIP) 1591 P|EA dY1 JO SISEQ 3yl Uo paje|ndjed ‘dnoud Aiadins

ay1 pue dnoud YAYL ay1 usamiaq salewlsa Jala|\—-ue|dey syl ul 9duaIaYIp ay1 paajoul syulod pus Aiewid ayisodwod omy ays jo siskjeue ayy ‘ueld sisk|eue |edi3siels ayy o3 uipioddy I
"a.n|iey 1eaYy Jo ‘ainpadoid ay) ‘aAjeA ay) 0] paje|a. uolezielidsoyas se paulyap sem uoljezijelidsoyay

‘Jusawade|d

-9 9A|BA-DI1IOE U9]9YledSUBI] Salouap YAYL ‘|eAlalul syl Jo MC_CC_wwL 9yl 1€ Yieap J0) s je mucw_wma JO Jaquinu syl mucwmw._aw._ Jspesay uwin|od ydes ul mnt.\_w_“—ma J0 Jequinu |e101 9yl

= 0 (o)1 ($8'1-£0°0) 9€°0 (1) s (s0) z Bunyeud ssedAq Aiatie-Kieuoio)
(8£°1-5€°0) 8£°0 (ze)zt (sa) 11 (7€' 1-9£°0) 69°0 (6'%) 0T (s¢) o1 uorjuaAIa3UL A1BUOIOD SNO3UEINDIR
(88'1-8€°0) $8°0 (e zt (td (60'1-2£°0) 650 (09) sz (2¢) 21 |uoneziienosenay
(17" 1-61°0) 150 (92) o1 (€1)9 (s0°1-2Z°0) 8+°0 (v) 81 (T2 ot |uonoaeyur [eipies0Ay
(TTz-€9°0) ST'T (T) 81 (979) sz (56°0-5°0) 59°0 (8v1) ¥9 (zo1) 6 |8uipaajq snouas
¥zz-190) 1 (6'%) 81 (T9) sz (96'1-06°0) €€°T (¥o1) v (s€1) €9 w42 eWDOEd MON
(01°9-£8°0) 05T (92 s (09) 12 (r€0-61°0) $2°0 (rzp) sst (£€1) s x| UOIE||LIQY [BLIIE J9SUO-MIN
(zr89-z11) 228 (o)1 (T2 o1 (£6'08—£€'T) 2§°0T (o1 (s zt sisoquioiys aajep
(sez—zzo) 2L0 (1) 9 (1 s (£8'1-£7°0) $9°0 (028 (1) 9 siipedopu3
(06°T-1€°0) ££°0 (92) o1 (0d 6 (z61-6£°0) 98°0 (0¢) zt (92 a1 UOIJUSAIRIUIRI SA[BA-DILOY
(69'1-£50) 86°0 (679) ¥Z (679) 67 (s0'1-+$°0) 52°0 (21 v (2:€1) 59 luonezijeyndsoyay
(s5'7-001) 09°T (69) 12 (9°01) 05 §(s2'1-82°0) £LT'T (8°6) 7 (s11) 5§ 2j043s Bul|qesip 4o yieaq
(68°€-15°0) TH'T (519 (zd ot (s9°1-0%°0) Z8°0 (2¢) ot (z¢) st (0435 3ul|qesipuoN
(197590 €21 (91) 9 (tda (0£77-9%°0) €01 (D11 (62 €1 015 Buljqesig
(z0€—€£°0) 64T (z¢) zt (9%) 12 (8¥°1-15°0) £8°0 (¥9) 22 (876) L2 »0as
(v e-6£70) 9T (82 11 (9%) 12 §(06'z-v£70) 9’1 (€¢) €1 (8) 7z S3SNED JE|NDSBAOIPIEIUOU W04 Y1ead
(61°¢-82°0) 85°T (Te)zt (tv) ez §(z6'1-19°0) 80T (o) 12 (s9) 9z SISNED JB|NDSEAOIPIED WO L{1E3Q
(£97-£60) 19T (67¢) £ (T6) £ §06'1-6£70) €T'T (z8) ve (001) 8 asned Aue woly yieaQ
(0£1-18°0) £T'T (£€1) ¥ (£'s1) 69 F(zo'1-19°0) 620 (z2) L11 (8'za) 111 Luoneziendsoyai 1o ‘@joiis ‘Yreaq

(% ‘2101352 J212)\—Ub|dD)]) (% ‘21041953 J212)\—UD|dDY])

1242 Y1im &:w:am%o ‘ou 14242 Y1im &:w:a&lﬁo ‘ou
(1> 9%56) (tzv=N) (06¥=N) (1D 9%56) (#S¥=N) (967=N)

oljey piezeH £1984ng UAYL oljey piezeH K198insg YAVL
SIed\ G 0} JBdA T siea) G 0} auljaseg jlod pug
#'SIUI0g pug [ediul]d Aoy *T 3|qeL

NEJM.ORG

N ENGL J MED

The New England Journal of Medicine
Downloaded from nejm.org by Tiago Bignoto on October 26, 2023. For personal use only. No other uses without permission.

Copyright © 2023 Massachusetts Medical Society. All rights reserved.



TAVR IN LOW-RISK PATIENTS

[CI], =9.9 to 1.3; P=0.07; hazard ratio, 0.79; 95%
Cl, 0.61 to 1.02) (Fig. 2A and Table 1). These
findings appeared to be consistent in all major
subgroups (Fig. S3). The win ratio for the second
primary end point (a hierarchical composite that
included death, disabling stroke, nondisabling
stroke, and the number of rehospitalization days)
was 1.17 (95% CI, 0.90 to 1.51; P=0.25) (Fig. 3).
The results of a sensitivity analysis that used mul-
tiple imputation for missing data and was adjusted

for nonproportional hazards seemed to be con-
sistent with those of the primary analysis (Table
$3). In a landmark analysis of years 1 to 5, a total
of 69 of 453 patients in the TAVR group and 47
of 372 patients in the surgery group had died or
had had a stroke or rehospitalization. The Kaplan—
Meier estimates were 15.7% in the TAVR group
and 13.7% in the surgery group (hazard ratio,
1.17; 95% CI, 0.81 to 1.70) (Table 1 and Fig. S4).
The restricted mean event-free survival in the

TAVR Surgery
(N=496) (N=454)
496x454=225,184 Patient pairs
TAVR Wins Ties Surgery Wins
Hierarchical
Components: l i
1. Death from Any 6.9% 34.7% 8.4%
Cause
2. Disabling Stroke 1.4% 82.1% 1.2%
3. Nondisabling Stroke 2.9% 77.2% 2.0%
4. Rehospitalization 10.9% 58.9% 7.4%
Days
Total Wins 22.1% 19.0%

22.1
Win Ratio=
19.0

=1.17 (95% Cl, 0.90-1.51)

P=0.25

the procedure, or heart failure).

Figure 3. Win Ratio Diagram for the Second Primary End Point.

Shown are the results of the win ratio analysis of the second primary end point (a hierarchical composite that in-
cluded death, disabling stroke, nondisabling stroke, and the number of rehospitalization days related to the valve,
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analysis of the first primary end point at 5 years
was longer by 103 days (95% CI, 26 to 180) with
TAVR than with surgery (Table S4).

With respect to the individual components of
the first primary end point at 5 years, the Kaplan—
Meier estimates were as follows: death from any
cause, 10.0% in the TAVR group and 8.2% in the
surgery group (odds ratio, 1.24; 95% CI, 0.79 to
1.97); stroke, 5.8% and 6.4%, respectively (haz-
ard ratio, 0.87; 95% CI, 0.51 to 1.48); and rehos-
pitalization, 13.7% and 17.4% (hazard ratio, 0.75;
95% CI, 0.54 to 1.05) (Fig. 2B, 2C, and 2D and
Table 1). The Kaplan—Meier estimates at 1 year
are provided in Table S5. There were 82 deaths
through 5 years of follow-up: 48 in the TAVR
group (26 from cardiovascular causes and 22 from
noncardiovascular causes) and 34 in the surgery
group (21 from cardiovascular causes and 13 from
noncardiovascular causes) (Fig. S5 and Tables S6
and S7). Three patients in the TAVR group and
1 patient in the surgery group died from corona-
virus disease 2019 (Covid-19). The 5-year mortal-
ity was 10.2% in the TAVR group and 9.0% in
the surgery group when additional patient infor-
mation obtained from the vital-status sweep was
included. Figure S6 shows the Kaplan—-Meier
curves for the landmark analysis at 1 year for
death from any cause, death from any cause with
the inclusion of data from the vital-status sweep,
death from cardiovascular causes, and death from
noncardiovascular causes. Additional 5-year data
— including data for stroke, disabling stroke,
death, and rehospitalization — are provided in
Table 1, Tables S5 through S8, and Figures S0,
S7, and S8.

SECONDARY END POINTS

Data regarding aortic-valve reintervention and
endocarditis are provided in Table 1 and Table
$10. New-onset atrial fibrillation occurred in 55
patients in the TAVR group and in 155 patients
in the surgery group (Kaplan—Meier estimates,
13.7% and 42.4%, respectively). Serious bleeding
occurred in 49 patients in the TAVR group and
in 64 patients in the surgery group. A new per-
manent pacemaker was implanted in 13.5% of
the patients in the TAVR group and in 10.4% of
those in the surgery group (Table 1). Clinically
significant valve thrombosis, according to VARC-3
criteria, occurred in 12 patients (2.5%) in the TAVR
group and in 1 patient (0.2%) in the surgery
group (Table 1). None of the patients with valve
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thrombosis died. Of the 12 patients in the TAVR
group with thrombosis, hemodynamic valve de-
terioration was absent (stage 1) in 4 patients, was
moderate (stage 2) in 5 patients, and was severe
(stage 3) in 3 patients (Table S11). Of the 13 pa-
tients with thrombosis, 7 had shortness of breath
or dyspnea on exertion, 3 had a stroke (1 disabling
and 2 nondisabling), and 3 had no symptoms.
The patient with thrombosis in the surgery group
had no hemodynamic valve deterioration (stage
1) and had dyspnea on exertion. The percentages
of patients who received anticoagulation therapy
are provided in Table S12.

ECHOCARDIOGRAPHIC FINDINGS

At 5 years, the mean (+SD) aortic-valve gradient
according to echocardiography was 12.8+6.5
mm Hg in the TAVR group and 11.7+5.6 mm Hg
in the surgery group; the mean aortic-valve area
was 1.9+0.5 cm? and 1.8+0.5 cm? in the two
groups, respectively (Fig. 4A and 4B). At 5 years,
aortic regurgitation of mild or greater severity
was present in 81 of 331 patients (24.5%) in the
TAVR group and in 18 of 284 patients (6.3%) in
the surgery group; paravalvular aortic regurgita-
tion of mild or greater severity was present in 69
of 331 patients (20.8%) in the TAVR group and
in 9 of 283 patients (3.2%) in the surgery group
(Fig. S9). In the TAVR group, 5-year mortality
was 9.1% among patients with no or trace para-
valvular aortic regurgitation at 30 days after the
procedure and 11.1% among those who had
mild paravalvular aortic regurgitation at 30 days
after the procedure (hazard ratio, 0.78; 95% CI,
0.42 to 1.45) (Fig. S10). The Kaplan—Meier esti-
mates of bioprosthetic-valve failure of any cause
were 3.3% in the TAVR group and 3.8% in the
surgery group. The estimates of irreversible
stage 3 (severe) structural or hemodynamic valve
deterioration were 1.1% in the TAVR group and
1.0% in the surgery group. The estimates of
aortic-valve reintervention were 2.2% and 2.6%,
respectively. The estimates of valve-related death
were 0.0% in the TAVR group and 0.2% in the
surgery group (Fig. 4C and 4D). The incidence of
bioprosthetic-valve failure related to structural
valve deterioration was 1.4% in the TAVR group
and 2.0% in the surgery group (Table S13). At 5
years, 392 of 454 patients (86.3%) in the TAVR
group and 334 of 382 patients (87.4%) in the
surgery group were alive and had a normally
functioning valve.
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FUNCTIONAL AND HEALTH STATUS

Functional outcomes appeared to be similar in
the two groups. A total of 84.4% of the patients
in the TAVR group and 86.0% of those in the
surgery group were alive and had New York Heart
Association (NYHA) class I or II heart failure at
5 years (Fig. S11). Disease-specific health status
appeared to be similar in the two groups, with
a mean KCCQ-OS score of 86.2 in the TAVR
group and 85.9 in the surgery group (Fig. 4E). At
5 years, 284 of 400 patients (71.0%) in the TAVR
group and 238 of 331 patients (71.9%) in the
surgery group were alive with a KCCQ-OS score
of 75 or higher (Fig. 4F).

DISCUSSION

In this 5-year follow-up of the PARTNER 3 trial,
the incidence of the composite end point of
death, stroke, or rehospitalization was similar in
the TAVR group and the surgery group; the inci-
dence of the individual components of the pri-
mary end points (including death from any cause,
disabling stroke, nondisabling stroke, and re-
hospitalization) was also similar in the two groups.
The restricted mean event-free survival time over
5 years was longer in the TAVR group than in
the surgery group, a result driven mainly by the
between-group difference in rehospitalization.
Aortic-valve durability according to VARC-3 defi-
nitions of bioprosthetic-valve failure appeared to
be similar in the two groups at 5 years. Among
the secondary end points, atrial fibrillation and
bleeding appeared to be less frequent in the
TAVR group than in the surgery group, whereas
paravalvular aortic regurgitation, valve thrombo-
sis, and pacemaker implantation appeared to be
less frequent in the surgery group. Functional
and health-status outcomes assessed according
to NYHA class, KCCQ-OS score, and the percent-
age of patients who were alive and well at 5 years
appeared to be similar in the two groups.
TAVR has been widely adopted over the past
decade largely owing to an abundance of clinical
evidence from randomized trials, resulting in
twice as many patients with severe aortic steno-
sis being treated as compared with a decade
ago.!*?>2 Comparative outcomes between TAVR
and surgery among patients who were followed
for 5 years and beyond have shown similar find-
ings in high-risk and intermediate-risk pa-
tients.>™ With respect to low-risk patients, out-
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comes from the PARTNER 3 trial were reported
at 1 year and 2 years, and outcomes from a trial
of TAVR with a self-expanding valve as com-
pared with surgery were reported at 1 and 3
years.”*®> Those reports showed that TAVR re-
sulted in similar or better early outcomes as
compared with surgery. Because low-risk pa-
tients are typically younger than high-risk pa-
tients, longer-term results are critical to inform
clinical decision making. We report the longer-
term follow-up of low-risk patients undergoing
TAVR or surgery, with adjudicated clinical and
echocardiographic outcomes.

After the first year, there was an attenuation
of the differences between the TAVR group and
the surgery group with respect to the nonhierar-
chical composite primary end point, which had
previously favored TAVR. There was a greater
number of deaths among patients assigned to
TAVR than among those assigned to surgery
from year 1 to year 5; these deaths were due to
both cardiovascular and noncardiovascular causes
(Tables S6 and S7). Whether follow-up during the
Covid-19 pandemic disproportionately affected
adverse outcomes could not be definitively deter-
mined. The incidence of stroke at 5 years ap-
peared to be similar in the two groups, as was
the incidence of disabling and nondisabling
strokes, with most strokes being ischemic in
origin. Although the incidence of stroke at 5 years
was low, stroke remains one of the most serious
complications of aortic-valve replacement.**

Valve durability is of critical importance, es-
pecially in younger patients. Hemodynamic valve
performance of both TAVR and surgical valves
seemed to be similar to that reported previously
at 2 years.?® The incidence of bioprosthetic-valve
failure and of the need for reintervention was
similar in the two groups at 5 years; these results
are consistent with reported findings in inter-
mediate-risk patients.””?® A higher percentage of
patients in the TAVR group than in the surgery
group had paravalvular aortic regurgitation of
mild or greater severity; however, mild aortic
regurgitation was not associated with higher
mortality at 5 years in the TAVR group.?**

Observed improvements in functional status
and quality of life in the first year were greater
in the TAVR group than in the surgery group, a
finding most likely attributable to the more in-
vasive nature of surgery and the longer recovery
time. By 1 year, both groups had similar im-
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Figure 4 (facing page). Echocardiographic Outcomes,
Bioprosthetic-Valve Failure, and Quality-of-Life Out-
comes.

The mean aortic-valve gradients, shown in Panel A,
and the mean aortic-valve areas, shown in Panel B,
were assessed by an echocardiography core laborato-
ry. I bars indicate standard deviations. Kaplan—Meier
estimates for bioprosthetic-valve failure, adjudicated
according to Valve Academic Research Consortium 3
criteria, are shown in Panel C. The inset in Panel C
shows the same data on an enlarged y axis. The com-
ponents of bioprosthetic-valve failure at 5 years are
shown in Panel D. The mean Kansas City Cardiomyop-
athy Questionnaire—Overall Summary (KCCQ-OS)
scores are shown in Panel E, and the percentage of
patients who were alive with a KCCQ-OS score of

75 or higher are shown in Panel F. KCCQ-OS scores
range from 0 to 100, with higher scores indicating
better health status.

provements in NYHA functional class and mean
KCCQ-OS scores that were sustained to 5 years.
Furthermore, the percentage of patients who were
alive with a KCCQ-OS score of 75 or higher (in-
dicative of being well) appeared to be similar in
the two groups.

Clinically significant valve thrombosis was
rare but occurred in more patients in the TAVR
group than in the surgery group over the course
of 5 years. The reasons for the greater incidence
of valve thrombosis among TAVR patients re-
main speculative, but this event did not appear
to affect valve durability at 5 years. It is possible
that the differences between the groups in the
use of anticoagulation therapies during the first
years after the procedure may have contributed
to the higher incidence of thrombosis in the
TAVR group, but this is also unknown. Patients
in this trial will continue to be followed for 10

years to shed further light on the durability of
both the transcatheter and surgical bioprosthetic
valves.

The main limitations of this trial have been
discussed previously.’>” This report addresses
some of those limitations by focusing on longer-
term clinical outcomes and valve durability. How-
ever, other limitations remain, including the
constraints of a carefully defined trial popula-
tion, which excluded patients with poor trans-
femoral access, bicuspid aortic valves, or other
anatomical or clinical factors that increased the
risk of complications associated with either TAVR
or surgery. It is important to note, as reported
previously, that more patients who underwent
surgery than who underwent TAVR withdrew
from the trial, which potentially biased the find-
ings. To help address missing vital-status data, a
vital-status sweep was conducted to obtain in-
formation about the patients who withdrew or
were lost to follow-up; the data from this sweep
reduced the mortality difference between the
two groups. However, these data cannot correct
for possible bias in underreporting of nonfatal
events. Last, missing data regarding NYHA class,
KCCQ-OS score, and follow-up echocardiogra-
phy could not be fully accounted for with multiple
imputation.

Among patients with severe, symptomatic aor-
tic stenosis at low surgical risk who underwent
TAVR or surgery, the incidence of the two primary
composite end points appeared to be similar in
the two groups at 5 years of follow-up.
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