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IMPORTANCE Functional status is a patient-centered outcome that is important for
a meaningful gain in health-related quality of life after aortic valve replacement.

OBJECTIVE To determine functional status trajectories in the year after transcatheter aortic
valve replacement (TAVR) and surgical aortic valve replacement (SAVR).

DESIGN, SETTING, AND PARTICIPANTS A prospective cohort study with a 12-month follow-up
was conducted at a single academic center in 246 patients undergoing TAVR or SAVR for
severe aortic stenosis. The study was conducted between February 1, 2014, and June 30,
2017; data analysis was performed from December 27, 2017, to May 7, 2018.

EXPOSURES Preoperative comprehensive geriatric assessment was performed and a
deficit-accumulation frailty index (CGA-FI) (range, 0-1; higher values indicate greater frailty)
was calculated.

MAIN OUTCOMES AND MEASURES Telephone interviews were conducted to assess
self-reported ability to perform 22 activities and physical tasks at 1, 3, 6, 9, and 12 months
after the procedure.

RESULTS Of the 246 patients included in the study, 143 underwent TAVR (74 [51.7%] women;
mean [SD] age, 84.2 [5.9] years), and 103 underwent SAVR (46 [44.7%] women; age, 78.1 [5.3]
years). Five trajectories were identified based on functional status at baseline and during the
follow-up: from excellent at baseline to improvement at follow-up (excellent baseline-
improvement), good (high baseline-full recovery), fair (moderate baseline-minimal decline),
poor (low baseline-moderate decline), and very poor (low baseline-large decline). After TAVR,
the most common trajectory was fair (54 [37.8%]), followed by good (33 [23.1%]), poor
(21 [14.7%]), excellent (20 [14.0%]), and very poor (12 [8.4%]) trajectories. After SAVR, the
most common trajectory was good (39 [37.9%]), followed by excellent (38 [36.9%]), fair
(20 [19.4%]), poor (3 [2.9%]), and very poor (1 [1.0%]) trajectories. Preoperative frailty level
was associated with lower probability of functional improvement and greater probability of
functional decline. After TAVR, patients with CGA-FI level of 0.20 or lower had excellent
(3 [50.0%]) or good (3 [50.0%]) trajectories, whereas most patients with CGA-FI level of 0.51
or higher had poor (10 [45.5%]) or very poor (5 [22.7%]) trajectories. After SAVR, most patients
with CGA-FI level of 0.20 or lower had excellent (24 [58.5%]) or good (15 [36.6%]) trajectories
compared with a fair trajectory (5 [71.4%]) in those with CGA-FI levels of 0.41 to 0.50.
Postoperative delirium and major complications were associated with functional decline after
TAVR (delirium present vs absent: 14 [50.0%] vs 11 [13.4%]; complications present vs absent:
14 [51.9%] vs 19 [16.4%]) or lack of improvement after SAVR (delirium present vs absent:
27 [69.2%] vs 31 [81.6%]; complications present vs absent: 10 [62.5%] vs 69 [79.3%]).

CONCLUSIONS AND RELEVANCE The findings suggest that functional decline or lack of
improvement is common in older adults with severe frailty undergoing TAVR or SAVR.
Although this nonrandomized study does not allow comparison of the effectiveness between
TAVR and SAVR, anticipated functional trajectories may inform patient-centered decision
making and perioperative care to optimize functional outcomes.
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A ortic stenosis (AS) has a negative association with sur-
vival, functional status, and quality of life in older
adults.1 With recent advances in surgical techniques,

more patients are undergoing transcatheter aortic valve re-
placement (TAVR)2 or surgical aortic valve replacement
(SAVR).3 Although procedural outcomes have improved over
time,2,3 functional decline is common owing to high opera-
tive risk and frailty.4-10 Since functional status can be more
meaningful than longevity in older adults,11 information on
functional status after the procedure is needed for patient-
centered decision making and perioperative care to improve
functional recovery.

Several clinical trials and observational studies have
demonstrated improvement in functional status after TAVR
and SAVR.12 However, the evidence based on the population
averages may be insufficient to individualize decision mak-
ing and clinical care in older adults with substantial heteroge-
neity in health status. These studies assessed functional limi-
tations due to heart failure using disease-specific measures
(eg, New York Heart Association [NYHA] class heart failure,
Kansas City Cardiomyopathy Questionnaire), rather than
adopting generic measures (eg, activities of daily living) ori-
ented toward capturing the overall effect of cardiac and non-
cardiac conditions.12 Furthermore, studies designed to exam-
ine a dichotomous definition of functional decline cannot
elucidate transitions in functional status. Examining func-
tional trajectories using a generic measure of functional sta-
tus may offer useful insights that are not captured by disease-
specific measures, yet are relevant for patient selection,
preventive care, and rehabilitation.

The objective of our study was to characterize functional
status change using data from 5 repeated assessments over
12 months after TAVR and SAVR. We aimed to provide infor-
mation on clinically meaningful trajectories of functional
status according to preoperative frailty level and postopera-
tive complications that can be useful for shared decision
making and clinical care.

Methods
Study Design and Participants
The Frailty Assessment Before Cardiac Surgery and Transcath-
eter Interventions study was a prospective cohort study of 1020
older patients undergoing aortic valve replacement at 14 cen-
ters in Canada, the United States, and France.9,13 The research-
ers at the Beth Israel Deaconess Medical Center, Boston,
Massachusetts, designed the Functional Outcomes Study, a
single-center substudy, to collect more detailed data to deter-
mine the longitudinal change in functional status via inter-
views at 1, 3, 6, 9, and 12 months after the procedure. This study
was approved by the institutional review board at Beth Israel
Deaconess Medical Center, and written informed consent was
obtained from the patients. The participants received finan-
cial compensation.

Eligible patients were adults 70 years or older undergoing
TAVR or SAVR for severe AS. Excluded were those who
required emergent surgery or surgery involving another

valve or aorta, were clinically unstable (eg, hemodynamic
instability, decompensated heart failure, or active myocardial
ischemia), had a severe neuropsychiatric impairment, or
were unable to communicate with the research team owing
to language barrier. Because the treatment decision was
made by our institution’s heart team without randomization,
the study should be considered as 2 independent cohort
studies of TAVR and SAVR; outcomes cannot be compared
between the 2 procedures.

Preoperative Comprehensive Geriatric Assessment
A research nurse or a trained research assistant (including E.L.)
interviewed the patient and reviewed medical records to col-
lect demographic characteristics; cardiac, noncardiac, and geri-
atric conditions; NYHA class heart failure; and echocardio-
graphic data (aortic valve area, ejection fraction). The Society
of Thoracic Surgeons–Predicted Risk of Mortality (STS-
PROM) was calculated.14 Depressive symptoms were defined
as 2 or more points on the 5-item Geriatric Depression Scale.15

Self-reported functional status, as described below; Mini-
Mental State Examination (MMSE) (0-30 points), usual gait
speed (meters per second) from a 5-meter walk, and time to
complete 5 chair stands (0-60 seconds; 60 seconds was as-
signed to those who could not complete the task) were mea-
sured. Based on these assessments, we calculated a compre-
hensive geriatric assessment–based frailty index (CGA-FI)
(range, 0-1; higher values indicate greater frailty) (eFigure 1 in
the Supplement); an online calculator is available.16 Accord-
ing to the standard deficit-accumulation approach,5 a CGA-FI
was defined as the proportion of abnormalities present. For ex-
ample, a patient with 12 deficits out of 48 items assessed has
a CGA-FI of 0.25. Although the theoretical maximum CGA-FI
is 1.0, several population-based studies demonstrated that few
individuals could survive with more than 60% to 70% of the
deficits.17 The administration time was approximately 30 to
45 minutes.

Postoperative Complications
Study physicians reviewed medical records to determine the
incidence of stroke or transient ischemic attack, myocardial

Key Points
Question How does functional status change in the year after
transcatheter and surgical aortic valve replacement?

Findings In this cohort study of 246 elderly patients (mean age,
78.1 years), the proportions of patients who had excellent, good,
fair, poor, and very poor functional trajectories were 14.0%, 23.1%,
37.9%, 14.7%, and 8.4%, respectively, after transcatheter aortic
valve replacement, and 36.9%, 37.9%, 19.4%, 2.9%, and 1.0%,
respectively, after surgical aortic valve replacement. Preoperative
frailty level as well as major complications and delirium were
associated with functional decline or lack of improvement.

Meaning Despite disease-specific benefits of aortic valve
replacement, functional decline or lack of functional improvement
is common in older patients with severe frailty; information on
functional trajectories may be useful for patient-centered decision
making and perioperative care to optimize functional outcomes.
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infarction, conduction disturbances, acute kidney injury, bleed-
ing, and vascular access complications according to the Valve
Academic Research Consortium–2 end point definitions.18 Data
on wound complications, prolonged ventilation, and reopera-
tion were collected. A composite variable of major complica-
tions was defined as any occurrence of the STS-PROM major
morbidity or mortality (operative mortality, stroke, acute
kidney injury, prolonged ventilation, deep sternal wound
infection, or reoperation)14 or the Valve Academic Research
Consortium–2 early safety end point (mortality, stroke,
life-threatening bleeding, acute kidney injury, coronary ar-
tery obstruction requiring intervention, major vascular com-
plication, or valve-related dysfunction requiring another
procedure).18

Delirium was assessed daily by trained research assis-
tants (including E.L.) using the Confusion Assessment Method
algorithm19 after administering the MMSE. Because the de-
lirium assessment was added to the study protocol 8 months
after the cohort began,20 delirium data were available in 110
patients with TAVR and 77 patients with SAVR. Although pa-
tients for whom delirium data were collected had a lower STS-
PROM level than 59 patients who were enrolled prior to de-
lirium assessment (median, 3.5% vs 5.3%), the groups had
otherwise similar characteristics, including AS severity
(median aortic valve area, 0.7 vs 0.7 cm2) and functional sta-
tus. Data on hospitalization and skilled nursing facility stay
were obtained from medical records and self-report from pa-
tients and their proxies at the time of follow-up interview.

Assessment of Functional Status
At 1, 3, 6, 9, and 12 months after the procedure, trained re-
search assistants (E.L.) conducted telephone interviews with
patients or their proxy to assess ability to perform 22 daily ac-
tivities and physical tasks. These activities included 7 activi-
ties of daily living, 7 instrumental activities of daily living, and
8 physical tasks (eg, ambulating, transferring, bathing, toilet-
ing, feeding, dressing, grooming, doing housework, making
telephone calls, using transportation, shopping, cooking, tak-
ing medications, managing money, pulling or pushing a large
object, lifting 4.5 kg, walking up and down a flight of stairs,
walking half a mile, doing heavy work around house, reach-
ing arms above shoulder, writing/handling small objects, stoop-
ing/crouching/kneeling) (eFigure 1 in the Supplement).21,22

A composite score (0-22 points) indicates the number of ac-
tivities that one can perform without help. To explore which
types of functional impairment before the procedure were as-
sociated with postoperative functional status trajectories, we
classified these activities into 9 cognitively demanding tasks
(feeding, dressing, grooming, making telephone calls, using
transportation, shopping, cooking, taking medications, and
managing money) and 13 remaining physically demanding
tasks according to the relative cognitive and physical de-
mands to perform each task.23

Statistical Analysis
We imputed missing data on preoperative variables (gait speed
had the largest missingness [n = 35]) and functional status scores
(for patients who did not respond to follow-up interviews) using

a multivariate imputation by chained equations24 based on avail-
able information on preoperative characteristics, procedure
type, complications, functional status, and mortality.

Group-based trajectory modeling25 was used to identify
clusters of patients who followed similar functional status tra-
jectories over 12 months after TAVR or SAVR. The functional
status composite scores during follow-up were modeled using
censored normal distribution (the score has a restricted range
from 0 to 22) after excluding 5 patients who died before the
1-month follow-up. We considered models with 3 to 6 trajec-
tories. We modeled each trajectory with intercept only or lin-
ear, quadratic, or cubic terms of time since the procedure to
achieve the best fit based on the Bayesian information
criterion.26 The number of trajectories was selected after con-
sidering the Bayesian information criterion and clinical inter-
pretation. Patients were assigned to a trajectory with the maxi-
mum probability. We assessed the proportions of patients with
excellent fit (probability >0.9) and poor fit (probability <0.7).
A sensitivity analysis that used only observed data before im-
putation did not affect the final number of trajectories.

According to the final trajectory model, we summarized
the distribution of trajectories in patients who underwent TAVR
and SAVR. Preoperative characteristics were compared among
patients with different trajectories using the Kruskal-Wallis test
for continuous variables and Fisher exact test for categorical
variables. We also summarized preoperative characteristics of
patients with varying CGA-FI levels (≤0.20, 0.21-0.30, 0.31-
0.40, 0.41-0.50, ≥0.51). To evaluate the role of preoperative
frailty assessment, we examined the proportion of different
trajectories in each CGA-FI category. To evaluate the role of
postoperative complications, we compared the frequency of
complications across trajectories using the Fisher exact test.
Owing to low numbers of individual complications, we as-
sessed how trajectories varied by the occurrence of any ma-
jor complication and delirium.

Analyses were performed from December 27, 2017, to May
7, 2018, with Stata, Release 14 (StataCorp). A 2-sided P value
<.05 was considered statistically significant.

Results
Between February 1, 2014, and March 31, 2016, we screened
446 consecutive patients, found 350 patients eligible, and en-
rolled 143 individuals who underwent TAVR and 103 who un-
derwent SAVR (eFigure 2 in the Supplement). Patients under-
going TAVR were older than those who received SAVR (mean
[SD] age, 84.2 [5.9] vs 78.1 [5.3] years) and more likely to be
women (74 [51.7%] vs 46 [44.7%]). The final follow-up was
completed on June 30, 2017. Response rates for follow-up in-
terviews among surviving patients were 89.2% to 97.9% in the
TAVR group and 82.0% to 88.1% in the SAVR group over the
12-month period (eFigure 2 in the Supplement).

Functional Status Trajectories
After Aortic Valve Replacement
Five trajectories were identified based on functional status at
baseline and during the follow-up: from excellent at baseline
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to improvement at follow-up (excellent baseline to improve-
ment, 58 [24.1%]), good (high baseline to full recovery, 72
[29.9%]), fair (moderate baseline to minimal decline, 74
[30.7%]), poor (low baseline to moderate decline, 24 [9.9%]),
and very poor (low baseline to large decline, 13 [5.4%])
(Figure 1). The median probability of trajectory assignment was
0.94 (interquartile range [IQR], 0.78-0.98), with 58.1% of
patients with excellent fit and 15.4% with poor fit. The 12-
month mortality rate was high in the group with very poor tra-
jectory (9 of 13 [69.2%]) compared with poor (6 of 24 [25.0%]),
fair (7 of 71 [9.9%]), good (2 of 70 [2.9%]), or excellent (2 of 57
[3.5%]) trajectories.

Patients who followed more favorable trajectories had
higher preoperative function than did those with less favor-
able trajectories (mean [SD] functional status composite score:
excellent, 18.9 [2.5]; good, 16.9 [2.9]; fair, 14.2 [2.8]; poor, 10.9
[4.4]; and very poor, 10.9 [4.8] trajectories). Function in those
with excellent or good trajectories declined at 1 month but re-
turned to the preoperative level by 3 months with minimal
change afterward. Patients with poor or very poor trajecto-
ries had a moderate or steep deterioration in function at
1 month and remained impaired. Except for patients with very
poor trajectory, disease-specific improvement was achieved
in most patients (NYHA class 3 or 4 heart failure at 12 months:
excellent, 4.0%; good, 24.1%; fair, 39.0%; poor, 55.6%; and very
poor, 100% trajectories).

By procedure (Figure 2), the most common trajectory after
TAVR was fair (54 [37.8%]), followed by good (33 [23.1%]), poor
(21 [14.7%]), excellent (20 [14.0%]), and very poor (12 [8.4%]) tra-
jectories. After SAVR, the most common trajectory was good (39
[37.9%]), followed by excellent (38 [36.9%]), fair (20 [19.4%]),
poor (3 [2.9%]), and very poor (1 [1.0%]) trajectories.

Preoperative Characteristics, Frailty,
and Functional Status Trajectories
There were statistically significant differences in preopera-
tive characteristics among patients with different trajectories
(Table 1). Compared with those who had excellent or good
trajectories, patients with poor or very poor trajectories were
older and more likely to have NYHA class 3 or 4 heart failure
(eg, excellent, 27 [46.6%] vs very poor, 13 [100%]), higher STS-
PROM level (eg, excellent, 2.4% [IQR, 1.7%-3.9%] vs very poor,
6.3% [4.4%-7.0%]), atrial fibrillation (eg, excellent, 19 [32.8%]
vs very poor, 7 [53.9%]), depressive symptoms (eg, excellent,
11 [19.0%] vs very poor, 6 [46.2%]), lower MMSE scores (eg, ex-
cellent, 28 points [IQR, 27-29 points] vs very poor, 23 points
[IQR, 20-24 points]), slower gait speed (eg, excellent, 1.0 m/s
[IQR, 0.8-1.2 m/s] vs 0.3 m/s [IQR,0.3-0.4 m/s]), more diffi-
culty completing 5 chair stands (eg, excellent, 14.1 seconds
[IQR, 10.9-17.2 seconds] vs very poor, 60.0 seconds [IQR, 60.0-
60.0 seconds]), greater activities of daily living (eg, excellent,
1 [1.7%] vs very poor, 6 (46.2%]) and instrumental activities
of daily living (eg, excellent, 20 [34.5%] vs very poor, 12
[92.3%]) disabilities. Dependence in physical tasks was pre-
sent in 77.6% to 100% of patients at baseline, regardless of their
functional trajectories, whereas dependence in cognitive tasks
varied widely in prevalence, from 15.5% to 95.8% across the
trajectories.

The CGA-FI, which summarizes the total burden of health
deficits, was associated with older age (eg, CGA-FI ≥0.51: 84 years
[IQR, 82-88 years] vs CGA-FI ≤0.20: 76 years [IQR, 73-81 years]),
comorbidities (eg, atrial fibrillation: CGA-FI ≥0.51, 11 [50%] vs
CGA-FI ≤0.20, 5 [10.6%]; chronic kidney disease: CGA-FI ≥0.51,
12 [54.6%] vs CGA-FI ≤0.20, 15 [31.9%]), lower cognitive func-
tion (eg, MMSE score: CGA-FI ≥0.51, 23 points [IQR, 21-25 points]
vs CGA-FI ≤0.20, 28 points [IQR, 26-30 points]), physical func-
tion (eg, gait speed: CGA-FI ≥0.51, 0.4 m/s [IQR, 0.3-0.5 m/s] vs
CGA-FI ≤0.20, 1.0 m/s [IQR, 0.9-1.2 m/s]), and disabilities
(eg, activities of daily living disability: CGA-FI ≥0.51, 17 [77.3%]
vs CGA-FI ≤0.20, 1 [2.1%]; instrumental activities of daily liv-
ing disability: CGA ≥0.51, 22 [100%] vs CGA-FI ≤0.20, 11 [23.4%])
(eTable 1 in the Supplement). Patients with higher CGA-FI
levels were more likely to undergo TAVR (6 [12.8%] in CGA-FI
≤0.20 and 22 [100%] in CGA-FI ≥0.51).

To evaluate the role of CGA-FI in predicting functional tra-
jectories, we examined the proportion of different trajecto-
ries across the CGA-FI range (Table 2). Increasing CGA-FI lev-
els were associated with lower risk of functional improvement
and greater risk of functional decline. After TAVR, patients with
CGA-FI levels of 0.20 or lower had excellent (3 [50.0%]) or good
(3 [50.0%]) trajectories, whereas most patients with a CGA-FI
level of 0.51 or higher had poor (10 [45.5%]) or very poor
(5 [22.7%]) trajectories. After SAVR, most patients with a CGA-FI
level of 0.20 or lower had excellent (24 patients [58.5%]) or
good (15 [36.6%]) trajectories compared with fair trajectory
(5 [71.4%]) in those with CGA-FI levels of 0.41 to 0.50.

Postoperative Complications
and Functional Status Trajectories
Major complications occurred in 24 patients (17.1%) who
underwent TAVR and 14 patients (13.9%) who underwent

Figure 1. Functional Status Trajectories in the Year
After Aortic Valve Replacement
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The functional status composite score represents the number of daily
activities and physical tasks that a patient could perform without assistance
(range, 0-22). Functional status trajectories were identified using a group-based
trajectory model based on functional status at baseline and during the
follow-up: excellent (excellent baseline to improvement) (n = 58; mortality,
3.5%), good (high baseline to full recovery) (n = 72; mortality, 2.9%), fair
(moderate baseline to minimal decline) (n = 74; mortality, 9.9%), poor
(low baseline to moderate decline) (n = 24; mortality, 25.0%), and very poor
(low baseline to large decline) (n = 13; mortality, 69.2%).
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SAVR. The frequency of individual complications and health
care use is presented in eTable 2 in the Supplement. Delirium
was the most common complication, affecting 28 of 108
(25.9%) patients in the TAVR group and 37 of 75 patients

(49.3%) in the SAVR group for whom delirium data were col-
lected. When functional status trajectories were examined
according to the occurrence of major complications or
delirium (Figure 3), patients in the TAVR group who devel-

Table 1. Preoperative Characteristics and Functional Status Trajectory After Transcatheter and Surgical Aortic Valve Replacementa

Characteristic
Excellent
(n = 58)

Good
(n = 72)

Fair
(n = 74)

Poor
(n = 24)

Very Poor
(n = 13) P Value

Age, median (IQR), y 77 (73-85) 81 (76-85) 84 (80-87) 85 (84-89) 85 (82-87) <.001

Women, No. (%) 19 (32.8) 40 (55.6) 42 (56.8) 12 (50.0) 5 (38.5) .04

White race, No. (%) 57 (98.3) 70 (97.2) 70 (94.6) 24 (100) 13 (100) .76

Aortic valve area, median (IQR), cm2 0.7 (0.6-0.9) 0.8 (0.6-0.9) 0.7 (0.6-0.8) 0.8 (0.6-0.8) 0.8 (0.7-0.8) .85

Ejection fraction, median (IQR), % 60 (55-65) 60 (55-65) 55 (45-60) 55 (48-60) 60 (45-60) .49

NYHA class 3 or 4, No. (%) 27 (46.6) 56 (77.8) 68 (91.9) 21 (87.5) 13 (100) <.001

STS-PROM, median (IQR), % 2.4 (1.7-3.9) 3.4 (2.6-5.8) 5.0 (3.1-6.0) 6.2 (4.4-8.7) 6.3 (4.4-7.0) <.001

Atrial fibrillation, No. (%) 19 (32.8) 18 (25.0) 32 (43.2) 15 (62.5) 7 (53.9) .006

Chronic kidney disease, No. (%) 23 (39.7) 34 (47.2) 32 (43.2) 11 (45.8) 7 (53.9) .86

COPD, No. (%) 10 (17.2) 22 (30.6) 28 (37.8) 9 (37.5) 4 (30.8) .10

Depressive symptoms, No. (%) 11 (19.0) 14 (19.4) 28 (37.8) 9 (37.5) 6 (46.2) .02

MMSE score median (IQR) 28 (27-29) 27 (24-28) 26 (23-27) 25 (23-27) 23 (20-24) <.001

Gait speed, median (IQR), m/s 1.0 (0.8-1.2) 0.8 (0.6-0.9) 0.5 (0.4-0.6) 0.4 (0.3-0.6) 0.3 (0.3-0.4) <.001

Chair stands, median (IQR), sb 14.1 (10.9-17.2) 17.2 (13.4-26.2) 31.0 (16.9-60.0) 60.0 (39.9-60.0) 60.0 (60.0-60.0) <.001

Grip strength, median (IQR), kg 27.7 (16.7-34.3) 18.7 (14.3-26.5) 15.8 (11.3-22.2) 12.2 (10.3-17.3) 11.3 (10.0-17.3) <.001

ADL dependence, No. (%) 1 (1.7) 3 (4.2) 6 (8.1) 12 (50.0) 6 (46.2) <.001

IADL dependence, No. (%) 20 (34.5) 40 (55.6) 64 (86.5) 23 (95.8) 12 (92.3) <.001

Dependence in physical tasks, No. (%)c 45 (77.6) 69 (95.8) 73 (98.7) 24 (100) 13 (100) <.001

Dependence in cognitive tasks, No. (%)c 9 (15.5) 26 (36.1) 55 (74.3) 23 (95.8) 11 (84.6) <.001

Abbreviations: ADL, activities of daily living; COPD, chronic obstructive
pulmonary disease; IADL, instrumental ADL; IQR, interquartile range;
MMSE, Mini-Mental State Examination; NYHA, New York Heart Association;
STS-PROM, Society of Thoracic Surgeons–Predicted Risk of Mortality.
a The functional status trajectory could not be determined in 5 patients who

died before the 1-month follow-up interview.
b Time to complete 5 chair stands was assigned as 60 seconds if the patient was

unable to complete them.

c Physical tasks include lifting 4.5 kg, pulling/pushing large objects, walking up
and down a flight of stairs, walking half a mile, doing heavy work around
house, ambulating, transferring, bathing, toileting, doing housework, reaching
arms above shoulder, writing/handling small objects, stooping/crouching/
kneeling; cognitive tasks include feeding, dressing, grooming, making
telephone calls, using transportation, shopping, cooking, taking medications,
managing money.

Figure 2. Functional Status Trajectories by Procedure

40

30

20

10

0

Pa
tie

nt
s,

 %

Functional Status

In-Hospital
Mortality

Very
Poor

Poor Fair Good Excellent

TAVR functional statusA

40

30

20

10

0

Pa
tie

nt
s,

 %

Functional Status

In-Hospital
Mortality

Very
Poor

Poor Fair Good Excellent

SAVR functional statusB

Functional status trajectories of patients after transcatheter aortic valve
replacement (TAVR) in 143 patients (A) and surgical aortic valve replacement

(SAVR) in 103 patients (B). In the absence of randomization, these results cannot
be used to compare the effectiveness of TAVR vs SAVR on functional status.
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oped major complications (n = 27) or delirium (n = 28) were
more likely to have trajectories of functional decline than
their counterparts (major complications present vs absent: 14

[51.9%] vs 19 [16.4%]; delirium present vs absent: 14 [50.0%]
vs 11 [13.4%]). Similarly, patients who underwent SAVR and
had major complications (n = 16) or delirium (n = 39) were

Table 2. Preoperative Frailty Index and Functional Status Trajectory After Aortic Valve Replacementa

CGA-FI

No. (%)
Total
(N = 241)

Excellent
(n = 58)

Good
(n = 72)

Fair
(n = 74)

Poor
(n = 24)

Very Poor
(n = 13)

TAVR

≤0.20 3 (50.0) 3 (50.0) 0 0 0 6

0.21-0.30 12 (35.3) 11 (32.4) 10 (29.4) 1 (2.9) 0 34

0.31-0.40 3 (6.8) 13 (29.6) 22 (50.0) 2 (4.6) 4 (9.1) 44

0.41-0.50 2 (5.9) 6 (17.7) 15 (44.1) 8 (23.5) 3 (8.8) 34

≥0.51 0 0 7 (31.8) 10 (45.5) 5 (22.7) 22

SAVR

≤0.20 24 (58.5) 15 (36.6) 1 (2.4) 1 (2.4) 0 41

0.21-0.30 14 (43.8) 13 (40.6) 4 (12.5) 1 (3.1) 0 32

0.31-0.40 0 10 (47.6) 10 (47.6) 1 (4.8) 0 21

0.41-0.50 0 1 (14.3) 5 (71.4) 0 1 (14.3) 7

≥0.51 0 0 0 0 0 0

Abbreviations: CGA-FI, comprehensive geriatric assessment–based frailty index;
SAVR, surgical aortic valve replacement; TAVR, transcatheter aortic valve
replacement.
a Five patients whose functional status trajectory could not be determined due

to in-hospital mortality were excluded. In the absence of randomization, these
results cannot be used to compare the effectiveness of TAVR vs SAVR on
functional status.

Figure 3. Functional Status Trajectories by Postoperative Complications
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A, Postoperative complications with
transcatheter aortic valve
replacement (TAVR) in patients with
(n = 27) and without (n = 116) major
complications and with (n = 28) and
without (n = 82) delirium.
B, Postoperative complications with
surgical aortic valve replacement
(SAVR) in patients with (n = 16) and
without (n = 87) major complications
and with (n = 39) and without
(n = 38) delirium. In the absence of
randomization, these results cannot
be used to compare the effectiveness
of TAVR vs SAVR on functional status.
A composite end point of major
complications was defined as any
occurrence of the Society of Thoracic
Surgeons major morbidity or
mortality (operative mortality, stroke,
acute kidney injury, prolonged
ventilation, deep sternal wound
infection, or reoperation) or the Valve
Academic Research Consortium-2
early safety end point (mortality,
stroke, life-threatening bleeding,
acute kidney injury, coronary artery
obstruction requiring intervention,
major vascular complication, or
valve-related dysfunction requiring
repeat procedure). Because delirium
assessment was added to the study
protocol 8 months after the cohort
began, delirium data were available in
110 TAVR and 77 SAVR patients.
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less likely to improve (major complications present vs absent:
10 [62.5%] vs 69 [79.3%] improved; delirium present vs
absent: 27 [69.2%] vs 31 [81.6%] improved).

Discussion
Functional status is increasingly emphasized as a patient-
centered outcome to evaluate the benefit of a medical inter-
vention in older patients, yet little information is available on
functional trajectory after AVR. Our study identified 5 clini-
cally meaningful functional trajectories in the year after TAVR
and SAVR. Patients who followed more favorable trajectories
had higher function before the procedure and recovered their
preoperative function within 3 months, whereas those who had
poor or very poor trajectories had lower preoperative func-
tion and remained persistently impaired. Functional trajec-
tories varied by procedure type, preoperative frailty, and post-
operative complications. Given the lack of randomization, these
results cannot be used to guide the procedure choice; how-
ever, our study suggests a wide range of functional trajecto-
ries that patients with different levels of frailty might experi-
ence after each procedure.

Previous research measured functional status using a dis-
ease-specific measure at limited time points (eTable 3 in the
Supplement). In many studies, disease-specific measures
improved within a month after transfemoral TAVR.10,27-32

The improvement was more gradual yet similar after trans-
apical TAVR28,33 and SAVR.28,29,31-33 The change in generic
measures of quality of life and functional status was not as
impressive,8,27-34 because these measures are less responsive
to change in disease severity targeted by the intervention.35,36

It is possible that generic measures are influenced by noncar-
diac or geriatric conditions, which are important for maintain-
ing independence and quality of life but may not improve with
the intervention. Previous studies estimated that 30% to 40%
of patients experience poor quality of life or death within 1 year
of TAVR.4-10 Preoperative functional limitations and cogni-
tive impairment were identified as predictors. However, reg-
istries had high dropout rates.8,10,34 Moreover, the studies were
not designed to explore heterogeneity and time course of func-
tional status change.

Our study contributes to the literature by showing how
function changes over time, rather than a dichotomous end
point of functional decline. After TAVR, functional ability in
about a quarter of the patients declined, while a third im-
proved and the remainder maintained their preoperative level
of function. In patients undergoing SAVR, who were rela-
tively healthier and had higher baseline function, functional
status improved in three-quarters, remained stable in approxi-
mately one-fifth, and declined in very few. Except for those
with very poor trajectory, disease-specific benefit (NYHA class
1 or 2 heart failure) was achieved in almost half of the patients
with poor trajectory and most of those with fair, good, and ex-
cellent trajectories.

Clinicians can calculate CGA-FI level using our online cal-
culator or approximate it based on clinical characteristics
(eTable 1 in the Supplement). Based on CGA-FI result, most

likely, best-case, and worst-case scenarios of functional sta-
tus can be communicated to the patient.37,38 For example, a
patient with a CGA-FI level of 0.55 is most likely to have a poor
trajectory after TAVR (45.5%). There is a nonnegligible chance
(22.7%) of a very poor trajectory for which nursing home–
level care is needed; functional improvement is unlikely (0%).
If the patient’s goal is to achieve disease-specific symptom re-
duction, there is a 44.4% chance to reach this goal, which may
be reasonable to some patients. If the goal is to recover inde-
pendence, the chance is slim. Although functional limita-
tions primarily caused by severe AS (as opposed to noncar-
diac comorbidities and frailty) may resolve after TAVR, such
distinction is not always straightforward in older adults with
multiple comorbidities. Our data suggest that patients with de-
pendence in physical tasks, but not in cognitive tasks, were
more likely to have favorable trajectories. These exploratory
findings should be confirmed in future research.

For frail patients, interventions can be considered to op-
timize health status before the procedure. Clinical trials
(NCT02219815, NCT02597985, NCT03107897) are under way
to evaluate the benefit of prehabilitation in older adults
undergoing cardiac surgery. Because major complications and
delirium are associated with an unfavorable functional
trajectory, efforts to reduce procedure-related complications
and delirium through better surgical techniques or devices,39

safer anesthesia methods,40 and prevention of delirium41 may
improve functional outcomes. After the procedure, cardiac
rehabilitation should be recommended. Despite its functional
and quality-of-life benefits,42,43 cardiac rehabilitation is
underused in older adults.44 Given that high-risk patients
undergoing TAVR have severe frailty, mobility impairment, and
cognitive impairment, traditional outpatient center–based
rehabilitation may not be feasible. Alternative modalities to
increase participation and adherence are needed.

Limitations
There are a few limitations to our study. First, our study was
conducted at a large academic center with high procedural vol-
ume and expertise. Most patients were white and underwent
TAVR with previous-generation transcatheter heart valves.
Caution is advised in applying our results to contemporary
populations and less-experienced centers that may provide
treatment for patients with a different frailty distribution. For
widespread clinical applications, our results should be regu-
larly updated using the latest data from a more representa-
tive population. Second, as a nonrandomized study, our study
precludes comparison of effectiveness between TAVR and
SAVR. Third, functional status was self-reported. Nonethe-
less, we believe that telephone interview was the most
feasible modality to achieve high response rates during fol-
low-up in this multimorbid population. Self-reported func-
tional status has been validated against objective measures.45

Fourth, our functional status trajectories represent the expe-
rience of surviving patients. Although we imputed func-
tional status scores for a small number of surviving patients
without functional status data, the trajectory results did
not change in sensitivity analysis using the observed data be-
fore imputation.
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Conclusions

These limitations notwithstanding, our study offers insight into
the role of frailty assessment in predicting heterogeneous func-
tional trajectories. Despite disease-specific benefits of TAVR

and SAVR, functional decline or lack of improvement is com-
mon in older adults, particularly in those with severe frailty.
Anticipated functional trajectories after the procedure should
inform patient-centered shared decision making about these
procedures and perioperative care to optimize functional
outcomes.
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