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Clinical Implications of Physical Function 
and Resilience in Patients Undergoing 
Transcatheter Aortic Valve Replacement
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Raj R. Makkar, MD; Tanvir Bajwa, MD; Neal Kleiman, MD; Axel Linke, MD; Dean J. Kereiakes , MD;  
Ron Waksman , MD; Dominic J. Allocco, MD; David G. Rizik, MD; Michael J. Reardon, MD;  
Brian R. Lindman , MD, MSc

BACKGROUND: Gait speed is a reliable measure of physical function and frailty in patients with aortic stenosis undergoing 
transcatheter aortic valve replacement (TAVR). Slow gait speed pre-TAVR predicts worse clinical outcomes post-TAVR. The 
consequences of improved versus worsened physical function post-TAVR are unknown.

METHODS AND RESULTS: The REPRISE III (Repositionable Percutaneous Replacement of Stenotic Aortic Valve Through 
Implantation of Lotus Valve System–Randomized Clinical Evaluation) trial randomized high/extreme risk patients to receive a 
mechanically-expanded or self-expanding transcatheter heart valve. Of 874 patients who underwent TAVR, 576 with complete 
data at baseline and 1 year were included in this analysis. Slow gait speed in the 5-m walk test was defined as <0.83 m/s. A 
clinically meaningful improvement (≥0.1 m/s) in gait speed 1 year after TAVR occurred in 39% of patients, 35% exhibited no 
change, and 26% declined (≥0.1 m/s). Among groups defined by baseline/1-year post-TAVR gait speeds, 1- to 2-year mortal-
ity or hospitalization rates were as follows: 6.6% (normal/normal), 8.0% (slow/normal), 20.9% (normal/slow), and 21.5% (slow/
slow). After adjustment, slow gait speed at 1 year (regardless of baseline speed) was associated with a 3.5-fold increase in 
death/hospitalization between 1 and 2 years compared with those with normal baseline/1-year gait speed. Patients whose 
slow gait speed normalized at 1 year had no increased risk. One-year, but not baseline, gait speed was associated with death 
or hospitalization between 1 and 2 years (adjusted hazard ratio, 0.83 per 0.1 m/s faster gait; 95% CI, 0.74–0.93, P=0.001).

CONCLUSIONS: Marked heterogeneity exists in the trajectory of physical function after TAVR and this, more than baseline func-
tion, has clinical consequences. Identifying and optimizing factors associated with physical resilience after TAVR may improve 
outcomes.

REGISTRATION: URL: https://www.clini caltr ials.gov; Unique identifier: NCT02202434.
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Over the past decade, several trials have com-
pared transcatheter and surgical approaches to 
valve replacement for patients with severe symp-

tomatic aortic stenosis (AS).1–6 Each of these trials has 
enrolled patients in a specific surgical risk category: 

extreme, high, intermediate, or low. Recognizing that 
an objective assessment of frailty and physical func-
tion is essential to properly determine procedural risk, 
several objective tests have been incorporated into 
these trials to assess and characterize this aspect of 
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a patient’s presentation.7–9 Chief and simplest among 
these measures has been the 5-m gait speed test, 
which has been recommended for clinical and re-
search use to characterize physical function and frailty 
and has been used in epidemiology studies to predict 
survival in older adults.10,11

Slow gait speed before transcatheter aortic valve 
replacement (TAVR) or surgical valve replacement is 
associated with increased postprocedure mortality 
and an overall poor outcome.12–15 Given its simplic-
ity and predictive value, assessment of gait speed 
is now routinely performed in all patients considered 
for TAVR and is a required data element in the TVT 
(Transcatheter Valve Therapies) registry. However, 
while its value in preprocedure risk assessment and 
planning has been demonstrated, what happens to 
physical function after TAVR is less clear. Accordingly, 
after the stressor of TAVR, we aimed to characterize 
the frequency of physical resilience (improvement in 
physical function as measured by gait speed) versus 
vulnerability (worsening of physical function) and the 
clinical implications of each of these trajectories.16,17 
Specifically, we evaluated gait speed at baseline and 
1  year after TAVR, the predictors of change in gait 
speed, and the associations with mortality and hos-
pitalizations between 1 and 2  years. Given the high 
proportion of patients undergoing TAVR with impaired 

physical function, knowing these trajectories of phys-
ical function after TAVR, predictors of them, and their 
clinical implications could inform patient selection and 
identify opportunities for adjunctive interventions tar-
geting impaired physical function to promote resilience 
and optimize patient outcomes.

METHODS
Study Population
The REPRISE III (Repositionable Percutaneous 
Replacement of Stenotic Aortic Valve Through 
Implantation of Lotus Valve System–Randomized 
Clinical Evaluation) randomized clinical trial compared 
treatment with a mechanically expanded versus a 
self-expanding valve in 912 high or extreme risk pa-
tients with severe symptomatic AS. The study design, 
definitions for clinical characteristics, and results have 
been published previously.18 For the current analysis, 
patients who had a transcatheter valve implanted with 
gait speed recorded both before and 1 year after TAVR 
were included. The study was approved by the institu-
tional review board at each participating center, and all 
subjects gave informed consent. The data and study 
protocol for this clinical trial may be made available 
to other researchers in accordance with the Boston 
Scientific Data Sharing Policy (http://www.bosto nscie 
ntific.com/en-US/data-shari ng-reque sts.html).

Gait Speed
All patients included in the current analysis completed 
a 5-m walk test at baseline (pre-TAVR) and 1  year 
after TAVR. Participants were asked to stand station-
ary with their feet behind a starting line marked with 
tape and then, after the examiner’s command of "Go," 
to walk at their usual pace over a 5-m course and to 
stop just past the finish line. Timing was started with 
the first foot fall and stopped when the participant’s 
first foot completely crossed the 5-m end line.19 Gait 
speed was calculated in m/s based on the 5-m walk 
time. Slow walker was defined as those with a gait 
speed <0.83 m/s, and normal walker was defined as 
a gait speed ≥0.83 m/s.12,13 Four groups were identi-
fied based on their gait speed at baseline and 1 year: 
Normal/Normal; Slow/Normal; Normal/Slow; and 
Slow/Slow. A clinically meaningful difference in gait 
speed is considered to be 0.1  m/s, which informed 
our categorization of the magnitude and direction of 
change in gait speed.10

Clinical End Points
The end points and outcomes of this trial were based 
on the Valve Academic Research Consortium (VARC) 
end points and definitions and were adjudicated by 

CLINICAL PERSPECTIVE

What Is New?
• After transcatheter aortic valve replacement, there 

is marked heterogeneity in the magnitude and di-
rection of changes in physical function of patients; 
these trajectories have implications for subse-
quent survival, hospitalizations, and quality of life.

What Are the Clinical Implications?
• Additional studies are needed to understand which 

patients are vulnerable to a decline in physical 
function after transcatheter aortic valve replace-
ment as well as which and how interventions can 
be successfully applied to improve physical resil-
ience after transcatheter aortic valve replacement.

Nonstandard Abbreviations and Acronyms

AS aortic stenosis
BMI body mass index
KCCQ  Kansas City Cardiomyopathy 

Questionnaire
TAVR transcatheter aortic valve replacement
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an independent clinical events committee.18,20 Our 
primary end point for this analysis was the com-
posite of all-cause death or hospitalization between 
1 and 2  years. Hospitalizations were counted in 
this trial if they were for valve-related symptoms or 
worsening congestive heart failure. The Kansas City 
Cardiomyopathy Questionnaire (KCCQ) was used to 
assess quality of life.21

Statistical Analysis
Continuous variables were summarized as mean (SD) 
and compared using the Student t test or ANOVA as 
appropriate. Discrete variables were reported as counts 
and percent, and differences were assessed using χ2 
or Fisher exact tests. Gait speeds for the whole popu-
lation are shown as a box and whisker plot (whiskers 
at 2.5 and 97.5 percentiles and box from 25th to 75th 
percentiles with line at median). To identify factors as-
sociated with 1-year gait speed, univariable linear re-
gression models evaluated the association between 
baseline and 30-day clinical and echocardiographic 
parameters and 1-year gait speed. Factors with a 
univariable association (P≤0.10) were considered for 
a multivariable model using backward selection with 
entry/exit criteria of 0.10. Survival curves for time-to-
event variables all-cause death and hospitalization, 
based on all available follow-up data, were prepared 
for events occurring between 1 and 2 years with the 
use of Kaplan–Meier estimates. Cox proportional haz-
ards models were used to estimate hazard ratios. To 
filter and reduce the number of adjustment variables, 
based on their known or hypothesized association 
with adverse outcomes after TAVR, we considered the 
following variables in a selection model for their asso-
ciation with the composite of all-cause death or hospi-
talization between 1 and 2 years: age, sex, body mass 
index, chronic obstructive pulmonary disease, Society 
of Thoracic Surgeons (STS) predicted risk of mortality 
score, immunosuppressive therapy, diabetes mellitus, 
New York Heart Association III/IV versus I/II, coronary 
artery disease, history of cerebrovascular disease, his-
tory of atrial fibrillation or flutter, baseline mean trans-
valvular gradient, baseline moderate or severe mitral 
regurgitation, the following events between the pro-
cedure and 1 year (stroke, life-threatening or disabling 
bleeding, major bleeding, acute kidney injury, major 
vascular complications), and moderate or severe total 
aortic regurgitation on the 30-day echocardiogram. 
Factors with a univariable association (P≤0.20) were 
considered for a multivariable model using stepwise 
selection with entry/exit criteria of 0.10. In addition to 
age and sex (both forced into the model), this process 
identified the following adjustment factors for all multi-
variable Cox models examining clinical events: immu-
nosuppressive therapy, history of chronic obstructive 

pulmonary disease, diabetes mellitus, baseline mean 
transvalvular gradient, and stroke through 1-year post-
TAVR. KCCQ overall summary scores were compared 
by using ANCOVA to adjust for baseline differences in 
KCCQ scores between groups. All statistical analyses 
were performed with SAS version 9.4 (SAS Institute 
Inc., Cary, NC).

RESULTS
Patient Population and Baseline 
Characteristics
A total of 874 patients underwent TAVR in the REPRISE 
III clinical trial. For the current analysis, 58 patients 
were excluded because of missing gait speed (n=6) 
or inability to complete the gait speed test (n=52) at 
baseline. Additionally, 240 patients were excluded be-
cause of death within 1  year (n=88) or missing gait 
speed (n=77) or inability to complete the gait speed 
test (n=75) at 1 year. After these exclusions, 576 pa-
tients had complete data and were included in the final 
analysis (Figure 1). A comparison of those included in 
the analytic cohort, those unable to complete the walk 
test at baseline or 1 year, and those with missing walk 
data is shown in Table S1.

Table  1 shows the baseline demographics, clin-
ical and frailty characteristics, baseline and 30-day 
echocardiographic characteristics, and early post-
TAVR complications according to 4 groups based 
on slow versus normal gait speed at baseline and 
1 year. Age, sex, measures of frailty, some comorbid-
ities, and STS score differed across the groups, but 

Figure 1. Patient selection flowchart for the current study.
ITT indicates intent-to-treat; and TAVR, transcatheter aortic valve 
replacement.
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Table 1. Baseline and 30-Day Characteristics According to Groups Defined by Gait Speed at Baseline and 1 Year

Normal/Normal 
(n=150)

Slow/Normal 
(n=114)

Normal/Slow 
(n=59)

Slow/Slow 
(n=253)

P Value 
(Overall)

Baseline clinical characteristics

Age, mean (SD), y 81 (8.3) 82 (7.1) 82 (8.0) 84 (6.6) 0.0003

Female sex, % 45 (30) 51 (45) 20 (34) 161 (64) <0.0001

Body mass index, mean (SD), kg/m2 28.4 (5.3) 28.5 (6.8) 28.4 (6.5) 29.8 (6.5) 0.06

Extreme risk, % 30 (20) 21 (18) 12 (20) 54 (21) 0.93

Society of Thoracic Surgeons score, mean (SD) 5.46 (2.93) 6.19 (3.38) 5.99 (4.13) 7.42 (4.24) <0.0001

Orthopedic disease, % 8/119 (6.7) 11/89 (12) 6/44 (13.6) 30/166 (18) 0.049

Frailty, % 32/119 (27) 81/89 (91) 17/44 (39) 158/166 (95) <0.0001

Gait speed, mean to walk 5 m (SD), s 5.09 (0.82) 8.65 (3.08) 5.46 (0.84) 10.08 (4.70) <0.0001

Maximal grip strength, mean (SD), kg 27.31 (11.12) 20.65 (8.10) 25.71 (9.63) 18.17 (7.89) <0.0001

Katz Index Activities of Daily Living Score mean (SD)* 5.88 (0.45) 5.81 (0.46) 5.83 (0.53) 5.54 (0.98) <0.0001

Mini-Cognitive Assessment for Dementia Score (SD)† 3.82 (1.34) 3.85 (1.27) 3.67 (1.42) 3.53 (1.42) 0.10

New York Heart Association Class III/IV, % 79 (53) 82 (72) 41 (70) 188 (74) 0.33

Medically treated diabetes mellitus, % 51 (35) 36 (34) 15 (25) 76 (30) 0.52

Currently taking immunosuppressive therapy, % 14 (9.3) 9 (8.0) 6 (10) 21 (8.3) 0.95

History of coronary artery disease, % 121 (81) 92 (81) 42 (71) 171 (68) 0.008

History of myocardial infarction, % 31 (21) 22 (19) 14 (24) 38 (15) 0.33

History of cerebrovascular accident, % 15 (10) 7 (6.2) 5 (8.5) 35 (14) 0.14

History of peripheral vascular disease, % 52 (35) 36 (32) 15 (26) 78 (31) 0.61

History of chronic obstructive pulmonary disease, % 32 (22) 34 (30) 15 (25) 96 (38) 0.004

Chronic obstructive pulmonary disease: Supplemental oxygen 
dependent, %

5 (3.4) 4 (3.5) 2 (3.4) 18 (7.2) 0.32

History of atrial fibrillation, % 40 (27) 34 (30) 12 (20) 103 (41) 0.003

Prior pacemaker implant, % 22 (15) 18 (16) 10 (17) 53 (21) 0.38

Baseline echocardiography

Aortic-valve area, mean (SD), cm2 0.74 (0.20) 0.66 (0.17) 0.72 (0.19) 0.69 (0.19) 0.005

Mean aortic-valve gradient, mean (SD), mm Hg 43.28 (11.31) 46.87 (15.37) 43.74 (13.94) 44.45 (12.16) 0.15

Left ventricular ejection fraction (SD), % 55.47 (12.00) 55.24 (12.27) 57.03 (11.79) 55.07 (10.93) 0.44

Moderate or greater aortic regurgitation, % 12 (8.3) 7 (6.4) 3 (5.5) 13 (5.6) 0.75

Moderate or greater mitral regurgitation, % 14 (10) 12 (11) 3 (5.8) 24 (11) 0.74

30-d echocardiography

Effective orifice area, mean (SD), cm2 1.73 (0.52) 1.69 (0.47) 1.69 (0.50) 1.71 (0.52) 0.93

Mean aortic-valve gradient, mean (SD), mm Hg 10.27 (5.17) 11.04 (6.05) 10.75 (5.54) 10.57 (6.62) 0.79

Left ventricular ejection fraction (SD), % 53.91 (11.37) 54.01 (11.48) 53.85 (11.54) 55.49 (10.41) 0.52

Moderate or greater aortic regurgitation, % 5 (3.4) 3 (2.8) 0 (0) 10 (4.1) 0.53

30-d clinical findings

New York Heart Association Class III/IV, % 6 (4.0) 11 (9.8) 2 (3.6) 27 (11) 0.04

Major vascular complications, % 7 (4.7) 5 (4.4) 0 (0) 11 (4.3) 0.43

Bleeding (life-threatening or disabling), % 7 (4.7) 8 (7.0) 4 (6.8) 11 (4.3) 0.64

Hospitalization for valve-related symptoms or worsening 
congestive heart failure, %

0 (0) 3 (2.6) 1 (1.7) 7 (2.8) 0.13

New pacemaker, % 52 (35) 35 (31) 11 (19) 84 (33) 0.13

New-onset atrial fibrillation or flutter, % 4 (2.7) 4 (3.5) 8 (13.6) 19 (7.5) 0.01

Values are mean (SD) or No. (%) in the implanted patient population.
*Scores independence in performance of bathing, dressing, toileting, transferring, continence, and feeding (1 point each); a score of 6 indicates full function, 

≤2 indicates severe functional impairment.
†A score to differentiate patients with dementia based on a clock drawing distractor test (0–2 points) and recall of words (0–3 points); scores above 3 (out of 

5) are considered negative for dementia.
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echocardiographic characteristics were similar. Rates 
of 30-day complications tended to be similar across 
the groups.

Gait Speed at Baseline and 1 Year
The mean gait speed was 0.72±0.26 m/s at baseline 
and increased to 0.77±0.27 m/s at 1  year (P<0.001). 
At baseline, 64% of patients were slow walkers, which 
decreased to 54% at 1 year (P=0.047). An overall in-
crease in gait speed for the whole population was 
observed despite the same median gait speed at 
baseline and 1 year because those with gait speeds 
above the median tended to be faster at 1 year than 

at baseline (Figure 2A and Table S2). Figure 2B shows 
the magnitude and direction of change in gait speed 
between baseline and 1 year for the whole population 
and for those who were slow versus normal speed 
walkers at baseline. Among all patients, 39% patients 
had a clinically meaningful improvement (≥0.10 m/s) in 
their gait speed at 1 year. A marked improvement of 
≥0.30 m/s was noted in 14% of the patients. No change 
(±0.10 m/s) was noted in 35% of the patients, and a 
clinically meaningful decline was observed in 26% of 
patients at 1  year (Figure  2B and Table  S3). Among 
those who were slow walkers at baseline, almost half 
(47%) experienced a clinically meaningful improvement 
in gait speed at 1 year (Figure 2B). Additional details 

Figure 2. Gait speed at baseline and 1 year and changes in between those time points.
Gait speeds at baseline and 1 year for the whole population are shown (whiskers at 2.5 and 97.5 percentiles 
and box from 25th to 75th percentiles with line at median) (A). The magnitude and direction of change 
in gait speed from baseline to 1 year is shown for the whole population and then according to whether 
baseline gait speed was slow or normal (B).
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for the data presented in Figure  2 can be found in 
Tables S2 and S3.

Predictors of Gait Speed at 1 Year
As gait speed at 1 year was associated with improve-
ment in clinical outcomes, we assessed the predictors 
of gait speed at 1 year. Table 2 outlines the univariate 
and multivariate baseline and postprocedure predic-
tors of gait speed at 1 year. Slower baseline gait speed, 

female sex, higher STS score, greater dependence for 
activities of daily living, New York Heart Association 
class III/IV at baseline, orthopedic disease, absence of 
coronary disease, history of chronic obstructive pul-
monary disease, and worse cognitive function were 
each independent predictors of slower gait speed at 
1  year. No echocardiographic parameters were as-
sociated with gait speed. The associations between 
baseline factors alone and gait speed at 1  year are 
shown in Table S4.

Table 2. Baseline and Postprocedural Predictors of 1-Year Gait Speed

Univariable Multivariable

β Estimate 
(95% CI) P Value

β Estimate 
(95% CI) P Value

Clinical factors (baseline)

Gait speed at baseline (per 0.1 m/s increase) 0.49 (0.41 to 0.56) <0.0001 0.38 (0.30 to 0.46) <0.0001

Max grip strength (per 1 kg increase) 0.09 (0.07 to 0.11) <0.0001

Female sex −1.47 (−1.90 to −1.04) <0.0001 −0.51 (−0.93 to −0.09) 0.02

STS score (per increase of 1) −0.17 (−0.23 to −0.12) <0.0001 −0.09 (−0.14 to −0.04) 0.0007

Katz ADLs (per 1 increase) 0.78 (0.49 to 1.06) <0.0001 0.28 (0.02 to 0.54) 0.03

NYHA III/IV at baseline −1.18 (−1.65 to −0.71) <0.0001 −0.49 (−0.90 to −0.07) 0.02

Orthopedic disease −1.47 (−2.14 to −0.81) <0.0001 −0.85 (−1.45 to −0.25) 0.005

Age (per 1-y increase) −0.06 (−0.09 to −0.03) <0.0001

History of coronary disease 0.85 (0.35 to 1.35) 0.001 0.50 (0.05 to 0.95) 0.03

History of COPD −0.77 (−1.25 to −0.28) 0.002 −0.40 (−0.82 to 0.02) 0.06

Mini-COG (per 1-point increase) 0.21 (0.05 to 0.37) 0.01 0.16 (0.01 to 0.30) 0.03

NYHA III/IV at 30 d −0.90 (−1.70 to −0.09) 0.03

New onset Afib between the procedure and 1 y −0.89 (−1.83 to 0.05) 0.06

History of Afib or flutter −0.44 (−0.91 to 0.03) 0.06

Stroke (any) between procedure and 1 y −0.92 (−1.99 to 0.14) 0.09

BMI (per increase of 1) −0.02 (−0.06 to 0.01) 0.21

Bleeding (life-threatening, disabling, or major) between the 
procedure and 1 y

−0.32 (−0.97 to 0.34) 0.35

Hospitalization for valve-related symptoms or worsening CHF 
between the procedure and 1 y

−0.36 (−1.16 to 0.44) 0.37

Moderate or severe mitral regurgitation at baseline −0.29 (−1.06 to 0.48) 0.46

History of PVD 0.17 (−0.31 to 0.66) 0.49

History of CVA −0.25 (−0.97 to 0.47) 0.49

Major vascular complication between the procedure and 1 y −0.32 (−1.37 to 0.73) 0.55

EF at 30 d (per 5% increase in EF) −0.02 (−0.13 to 0.09) 0.71

Diabetes mellitus (medically treated) −0.06 (−0.54 to 0.41) 0.79

New pacemaker between the procedure and 1 y 0.06 (−0.41 to 0.54) 0.80

Immunosuppressive therapy −0.08 (−0.88 to 0.72) 0.85

Mean pressure gradient (MPG) on 30-d echo (per 5-mm Hg 
increase)

−0.02 (−0.21 to 0.17) 0.85

Mean pressure gradient (MPG) at baseline (per 5 mm Hg increase) 0.01 (−0.08 to 0.09) 0.89

EF at baseline (per 5% increase in EF) 0.00 (−0.10 to 0.11) 0.96

Moderate or severe aortic regurgitation on 30-d echo 0.02 (−1.28 to 1.32) 0.98

Multivariable model R2=0.29. Afib indicates atrial fibrillation; BMI, body mass index; CHF, congestive heart failure; COPD, chronic obstructive pulmonary 
disease; CVA, cerebrovascular accident; EF, ejection fraction; Katz ADLs, Katz Index Activities of Daily Living Score; Mini-COG, Mini-Cognitive Assessment for 
Dementia Score; MPG, mean pressure gradient; NYHA, New York Heart Association; PVD, peripheral vascular disease; and STS, Society of Thoracic Surgeons 
score.



J Am Heart Assoc. 2020;9:e017075. DOI: 10.1161/JAHA.120.017075 7

Goel et al Physical Resilience and TAVR Outcomes

Gait Speed and Clinical Outcomes
Between 1 and 2  years, 47 (8.2%) patients died and 
45 (7.8%) were hospitalized. Compared with those with 
normal gait speed at baseline and 1 year, the rate of all-
cause death or hospitalization between 1 and 2 years 
was higher among those with slow gait speed at 1 year 
regardless of their baseline gait speed, but not higher 
for those whose slow gait speed at baseline normal-
ized at 1 year (Figure 3). Similar relationships were ob-
served for all-cause mortality and hospitalizations when 
each was examined individually (Figure 3). After adjust-
ment, compared with those with normal gait speed 
at baseline and 1 year, those with slow gait speed at 
both time points had an adjusted hazard ratio of 3.40 
(95% CI, 1.61–7.18, P=0.001) and those with normal gait 
speed at baseline but slow gait speed at 1  year had 
an adjusted hazard ratio of 3.64 (95% CI, 1.53–8.68, 
P=0.004) for all-cause death or hospitalization between 
1 and 2 years (Figure 3 and Table 3). Similar adjusted re-
lationships were observed when these end points were 
examined individually. There was no increased hazard 
observed for those with a slow baseline gait speed that 
normalized at 1 year for any end point. Adjusted analy-
ses are also shown in Table 3 for each end point based 
on the magnitude and direction of change in gait speed 
between baseline and 1 year. When both baseline and 
1-year gait speed were included in a multivariable model 
with adjustment for other clinical factors, only 1-year 
gait speed was associated with clinical outcomes be-
tween 1 and 2 years. A faster 1-year gait speed was 
associated with a lower adjusted hazard of mortality or 
hospitalization between 1 and 2  years (adjusted haz-
ard ratio, 0.83 for 0.1 m/s increase in gait speed, 95% 
CI, 0.74–0.93, P=0.001) (Table 3). This association was 
driven by the association with rates of hospitalization.

Gait Speed and Quality of Life
After adjustment for baseline KCCQ and baseline gait 
speed, faster gait speed at 1 year was associated with 
better quality of life at 1 year (+1.95 KCCQ points per 
increase of 0.1 m/s in gait speed, 95% CI, 1.32–2.56, 
P<0.001). KCCQ scores at baseline differed across the 
4 groups based on slow versus normal gait speed at 
baseline and 1 year (Table S5). Compared with those 
with normal gait speed at both time points, those with 
slow gait speed at 1 year had lower baseline KCCQ 
regardless of baseline gait speed. After adjustment for 
baseline KCCQ, 1-year KCCQ also differed between 
the groups and pairwise comparisons followed a simi-
lar pattern as at baseline (Table S5).

Inability to Perform the Gait Speed Test 
and Outcomes
Of the 874 patients with implanted valves, 110 unique 
patients were unable to complete the gait speed test at 

baseline or at 1 year: 75 patients were able to perform 
gait speed at baseline, but “became unable” at 1 year; 
12 patients were unable to complete gait speed at 
baseline, but “became able” at 1 year; and 23 patients 
were unable to perform the gait speed test at base-
line and at 1 year. Table S6 shows the rates of mortal-
ity or hospitalizations and each outcome individually 
between 1 and 2  years for each of these groups of 
patients. While the numbers are small, higher mortality 
and hospitalization rates were observed among those 
who were able to perform the gait speed test at base-
line but became unable at 1 year and no events were 
observed among those who were unable to perform 
the test at baseline but became able at 1 year.

DISCUSSION
Among high or extreme risk patients with severe symp-
tomatic AS treated with TAVR, the magnitude and di-
rection of change in physical function at 1 year after 
TAVR varied greatly, with 39% demonstrating a resil-
ient trajectory characterized by faster gait speed, 26% 
demonstrating a vulnerable trajectory characterized by 
slower gait speed, and 35% experiencing no change. 
There was variability in these trajectories regardless 
of whether baseline gait speed was slow or normal. 
Compared with patients with normal gait speed at 
baseline and 1 year, having a slow gait speed at 1 year 
was associated with an adjusted hazard ratio of 3.5 
for mortality or hospitalization between 1 and 2 years, 
regardless of whether a patient had normal or slow gait 
speed before TAVR. With the same comparator group, 
those with a slow gait speed before TAVR that nor-
malized at 1 year had no increased hazard for clinical 
events between 1 and 2 years. In line with this, when 
both baseline and 1-year gait speed were included in a 
model, 1 year but not baseline gait speed was associ-
ated with subsequent clinical outcomes. Associations 
with 1-year quality of life were similar to those for mor-
tality or hospitalization. Collectively, these data reveal 
there is marked heterogeneity in the trajectory of physi-
cal function after TAVR and that this trajectory—more 
so than baseline physical function—is clinically conse-
quential. Indeed, both directions of change—normal 
to slow and slow to normal gait speeds—were conse-
quential. Identifying and optimizing factors associated 
with physical resilience after TAVR may improve patient 
outcomes.

The prevalence of frailty in patients considered for 
and undergoing TAVR or surgical valve aortic replace-
ment is high, ranging from 26% to 68%, depending on 
the assessment tool used.9 Including objective assess-
ment of frailty in the evaluation of patients with AS has 
been helpful to identify patients who may not benefit 
from the procedure and to appropriately characterize 
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Figure 3. Clinical outcomes between 1 and 2 years based on gait speed at baseline and 1 year.
Kaplan–Meier curves are shown based on slow vs normal gait speed at baseline and 1 year for 1- to 
2-year death or hospitalization (A), death (B), and hospitalization (C).
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procedural risk for clinical trials and shared deci-
sion making.22 Indeed, the presence and severity of 
frailty is associated with worse outcomes after valve 
replacement.9

While the components and definition of frailty are 
debated, impaired physical function is widely ac-
cepted as a core feature.8 Assessment of gait speed 
is perhaps the most commonly utilized single test of 
physical function because of the ease of administra-
tion and prognostic value.10 As reported recently from 
the STS/American College of Cardiology TVT Registry, 
the median gait speed of patients undergoing TAVR is 
0.63 m/s, with only 24% able to walk at what is consid-
ered a normal pace (>0.83 m/s).13 Slower walkers had 
increased mortality, longer hospital stays, and lower 
probability of discharge to home.13 In a recent analysis 
of the STS database for patients undergoing cardiac 
surgery, slower gait speed before surgery was associ-
ated with lower survival at early (<30 days), intermedi-
ate (30 days–1 year), and longer (>1 year) timeframes 
after surgery.23

However, little is known about the degree to which 
frailty or, more specifically, physical function is respon-
sive to TAVR and the implications of its potential re-
versibility. This could have important ramifications for 
shared decision making and anticipated clinical benefit 
of TAVR for patients with significant impairment of phys-
ical function before TAVR. Some insights come from 
recent reports. Kim et al reported on functional status 

after TAVR by conducting serial phone interviews with 
patients or their proxy to assess the patient’s ability to 
perform 22 daily activities and physical tasks.24 They 
identified a spectrum of trajectories for functional sta-
tus as measured by disability burden after TAVR, and 
although baseline status influenced the trajectory it did 
not determine it. The implications of these trajectories 
for subsequent clinical events were not examined. 
Schoenenberger et al also reported rates of decline 
in activities of daily living after TAVR and predictors of 
it.25 Abdul-Jawad Altisent et al reported on changes in 
6-minute walk distance, a marker of aerobic fitness, 
at 6  months after TAVR and the clinical implications 
of these changes in functional capacity.26 They, too, 
showed a heterogenous response to TAVR in terms of 
magnitude and direction of change in walk distance 
and observed that these changes were associated 
with subsequent clinical outcomes. We extend these 
prior studies by showing for the first time specifically 
how physical function as measured by the gait speed 
test changes after TAVR and the clinical consequences 
of these changes. Although many factors associated 
with slower gait speed (Table  2) are also markers of 
worse survival, we adjusted for multiple factors indica-
tive of poor health status and showed that slower gait 
speed was independently associated with worse clini-
cal outcomes. As such, slower gait speed is not merely 
a marker of underlying comorbidities and known risk 
factors.

Table 3. Adjusted Association Between Gait Speed at 1 Year or Change From Baseline With Clinical Outcomes Between 1 
and 2 Years Post-TAVR

Mortality or Hospitalization Mortality Hospitalization

aHR (95% CI) P Value aHR (95% CI) P Value aHR (95% CI)
P 

Value

Adjusted models for normal vs slow gait speed at baseline and 1 y*

Normal baseline/normal 1 y (referent) 1.0 … 1.0 … 1.0 …

Slow baseline/normal 1 y 1.38 [0.54–3.50] 0.50 1.48 [0.51–4.28] 0.47 2.01 [0.48–8.48] 0.34

Normal baseline/slow 1 y 3.64 [1.53–8.68] 0.004 2.53 [0.88–7.27] 0.09 7.05 [1.86–26.69] 0.004

Slow baseline/slow 1 y 3.40 [1.61–7.18] 0.001 2.69 [1.11–6.51] 0.03 4.04 [1.18–13.92] 0.03

Adjusted models for magnitude and direction of change in gait speed between baseline and 1 y†

Large worsening in gait speed from baseline to 1 y 2.05 [1.06–3.99] 0.03 1.66 [0.67–4.10] 0.27 2.68 [1.15–6.27] 0.02

Small worsening in gait speed from baseline to 1 y 1.05 [0.48–2.30] 0.91 1.25 [0.48–3.25] 0.64 0.80 [0.23–2.76] 0.73

No change in gait speed from baseline to 1 y 1.0 … 1.0 … 1.0 …

Small improvement in gait speed from baseline to 1 y 0.50 [0.21–1.19] 0.12 0.47 [0.14–1.63] 0.24 0.45 [0.13–1.53] 0.20

Large improvement in gait speed from baseline to 1 y 0.65 [0.35–1.20] 0.17 0.92 [0.43–1.98] 0.84 0.52 [0.21–1.25] 0.14

Adjusted models for 1 y gait speed‡

1-y gait speed (per 0.1 increase) 0.83 [0.74–0.93] 0.001 0.91 [0.80–1.04] 0.18 0.76 [0.65–0.89] 0.0007

Baseline gait speed (per 0.1 increase) 0.96 [0.87–1.07] 0.48 0.97 [0.84–1.10] 0.61 0.99 [0.86–1.14] 0.85

aHR indicates adjusted hazard ratio; and TAVR, transcatheter aortic valve replacement.
*Each model adjusted for the variables in the selection model: age (at time of consent), subject currently taking immunosuppressive therapy, female sex, 

history of chronic obstructive pulmonary disease, medically treated diabetes mellitus, mean aortic valve gradient at baseline, and stroke through 365 days.
†Each model adjusted for variables in the selection model+baseline gait speed.
‡Each model adjusted for variables in the selection and included both baseline and 1 year gait speed.
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These findings highlight the opportunity for and 
importance of interventions to target impaired phys-
ical function as an adjunct to TAVR. We identified 
several factors associated with 1-year gait speed, 
which may help identify patients at risk for a de-
cline in physical function and may provide clues as 
to what interventions may promote improvements in 
physical function. However, many of them such as 
sex, STS risk score, orthopedic disease, history of 
lung disease, and underlying cognitive status are less 
modifiable. There is a need for additional studies to 
identify factors that are modifiable—behaviors, nutri-
tion, and biological pathways—associated with a re-
silient physical function trajectory after TAVR or other 
cardiovascular procedures.

While cardiac rehabilitation is known to improve 
clinical outcomes after cardiovascular procedures, 
only a small minority of patients participate for a va-
riety of reasons that are magnified in patients treated 
with TAVR who tend to be older with a higher burden 
of frailty.27 Accordingly, there is a push to consider 
alternative models of cardiac rehabilitation, including 
in-home or hybrid strategies.28 Reeves et al showed 
success in a pilot study employing a novel rehabilita-
tion intervention in older adults with heart failure and a 
high burden of frailty, and a larger study is under way.29 
There are also ongoing studies testing novel rehabilita-
tion strategies in patients undergoing TAVR, including 
ACTIVE AFTER TAVR (NCT03270124) and PERFORM-
TAVR (NCT03522454). Other strategies that may im-
prove postprocedure resilience and outcomes include 
prehabilitation (preprocedure conditioning), less proce-
dural sedation, early postprocedure ambulation, and 
shorter hospital stays.

Limitations
Our study has several limitations to consider. This was 
a post hoc secondary analysis of a device trial that 
was not focused on elucidating trajectories of physical 
function, so we lacked 30-day and 6-month gait speed 
data, which would have allowed us to look at trajecto-
ries of physical function at earlier postprocedure time 
points and their clinical consequences. Patients who 
died in the first year were excluded (n=88), introducing 
a survivor bias, and gait speed data were missing on 
83 patients at baseline or 1 year who were excluded 
from our analysis. These analyses were based on data 
that were collected in the context of a clinical trial, 
which may vary from a real-world analysis in some 
ways. However, the median gait speed in our study 
was 0.71 m/s and 34% had a normal gait speed, which 
is comparable to the nationally representative study 
from the STS/TVT database, which reported a median 
gait speed of 0.63 m/s and 24% of patients with a nor-
mal gait speed.13

CONCLUSIONS
In conclusion, frailty and, more specifically, impaired 
physical function are common in older adults with 
AS being considering for valve replacement. Further, 
after the stressor of TAVR, there is marked hetero-
geneity in the magnitude and direction of changes 
in physical function, and these trajectories have im-
plications for subsequent survival, hospitalizations, 
and quality of life. Additional studies are needed to 
clarify which patients are most vulnerable to a de-
cline in physical function and what interventions can 
be successfully and widely implemented to facilitate 
physical resilience and optimize patient outcomes 
after TAVR.
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Table S1. Baseline and 30 Day Characteristics in Patients of the Analytic Cohort, Patients Unable to Complete the Walk Test at Baseline 

or 1 year, and Patients with Missing Walk Data. 

 

Analytic Cohort  

(n=576) 

Patients Unable to 

Complete the Walk 

Test at Baseline 

and/or 1 Year 

(n=110) 

Patients with 

Missing Walk Test 

Data at Baseline or 

1 Year 

(n=98) 

p-value 

(overall) 

Baseline Clinical Characteristics     

Age, mean (SD), years 82 (7.4) 82 (8.1) 84 (6.1) 0.17 

Female sex 48.1% 58.2% 49.0% 0.15 

Body mass index, mean (SD), kg/m2 29.0 (6.3) 30.0 (8.0) 29.3 (8.7) 0.43 

Extreme risk 20.3% 31.8% 19.4% 0.02 

Society of Thoracic Surgeons score, mean (SD) 6.52 (3.84) 7.07 (3.97) 6.74 (3.93) 0.37 

Orthopedic disease 13.2% 34.8% 15.5% 0.049 

Frailty 68.9% 76.8% 76.1% 0.24 

Gait speed, mean to walk 5 m (SD), seconds 8.02 (4.08) 11.44 (7.63) 9.01 (4.97) <0.0001 

Maximal grip strength, mean (SD), kg 21.81 (9.86) 19.53 (10.04) 20.03 (11.17) 0.04 

Katz Index Activities of Daily Living Score mean 

(SD)* 5.71 (0.75) 5.21 (1.20) 5.44 (1.08) <0.0001 

Mini-Cognitive Assessment for Dementia Score (SD) 
† 

3.68 (1.37) 3.44 (1.27) 3.52 (1.43) 0.16 

New York Heart Association Class III/IV 70.4% 76.4% 68.4% 0.02 

Medically-treated diabetes mellitus 31.5% 43.6% 21.4% 0.003 

Currently taking immunosuppressive therapy 8.7% 8.2% 14.3% 0.20 

History of coronary artery disease 74.0% 66.1% 69.4% 0.19 

History of myocardial infarction 18.5% 22.9% 18.6% 0.55 

History of cerebrovascular accident 10.8% 19.1% 14.4% 0.05 

History of peripheral vascular disease 31.7% 25.7% 20.4% 0.05 

History of chronic obstructive pulmonary disease  31.1% 31.8% 33.0% 0.93 

Chronic obstructive pulmonary disease:  

Supplemental oxygen dependent 
5.1% 7.3% 10.3% 0.12 

History of atrial fibrillation 32.9% 30.0% 37.8% 0.48 

Prior pacemaker implant 17.9% 12.7% 22.4% 0.18 

Baseline Echocardiography     

Aortic-valve area, mean (SD), cm2 0.70 (0.19) 0.66 (0.20) 0.67 (0.19) 0.16 

Mean aortic-valve gradient, mean (SD), mm Hg 44.55 (12.87) 45.25 (17.05) 44.50 (10.44) 0.88 

Left ventricular ejection fraction (SD) 56.30 (11.58) 57.02 (10.09) 54.14 (12.01) 0.23 

Moderate or greater aortic regurgitation 6.5% 7.0% 7.6% 0.98 

Moderate or greater mitral regurgitation 9.2% 11.2% 10.0% 0.78 



 
 

 

Analytic Cohort  

(n=576) 

Patients Unable to 

Complete the Walk 

Test at Baseline 

and/or 1 Year 

(n=110) 

Patients with 

Missing Walk Test 

Data at Baseline or 

1 Year 

(n=98) 

p-value 

(overall) 

30-day Echocardiography      

Effective orifice area, mean (SD), cm2 1.71 (0.51) 1.71 (0.50) 1.74 (0.47) 0.91 

Mean aortic-valve gradient, mean (SD), mm Hg 10.60 (6.04) 10.44 (5.76) 10.63 (5.38) 0.97 

Left ventricular ejection fraction (SD) 54.61 (11.00) 55.22 (11.33) 52.60 (11.11) 0.31 

Moderate or greater aortic regurgitation 13.4% 11.2% 12.7% 0.82 

30-day Clinical findings     

NYHA III/IV 8.2% 9.7% 18.6% 0.03 

Major vascular complications 4.2% 5.5% 12.2% <0.0001 

Bleeding (life-threatening or disabling) 5.7% 4.5% 10.2% 0.15 

Hospitalization for valve-related symptoms or 

worsening congestive heart failure 
2.1% 3.6% 4.1% 0.23 

New pacemaker 31.6% 26.4% 18.4% 0.04 

New onset atrial fibrillation or flutter 6.1% 7.3% 2.0% 0.22 

Values are mean (SD) (n) or n (%) in the implanted patient population. *scores independence in performance of bathing, dressing, toileting, transferring, 

continence, and feeding (1 point each); a score of 6 indicates full function, ≤2 indicates severe functional impairment. †a score to differentiate patients with 

dementia based on a clock drawing distractor test (0-2 points) and recall of words (0-3 points); scores above 3 (out of 5) are considered negative for dementia. 



 
 

Table S2. Gait speed at baseline and 1 year. 

  

Baseline 

Gait Speed 

(n=576) 

1-year 

Gait Speed 

(n=576) 

Mean (m/s) 0.72 0.77 

Stdev (m/s) 0.26 0.27 

2.5 percentile (m/s) 0.25 0.32 

10 percentile (m/s) 0.45 0.45 

25 percentile (m/s) 0.56 0.56 

Median (m/s) 0.71 0.71 

75 percentile (m/s) 0.83 1.00 

90 percentile (m/s) 1.00 1.25 

97.5 percentile (m/s) 1.25 1.25 

   

  Out of 576 Out of 576 

n Fast walker (≥0.83 m/s) 209 264 

n Slow walker (<0.83 m/s) 367 312 

% fast walker 36.3% 45.8% 

% slow walker 63.7% 54.2% 
Gait speed was calculated in meters/second based on the 5-meter walk time. Slow walker was defined as those with 

a gait speed <0.83 m/s, and normal walker was defined as a gait speed 0.83 m/s. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

Table S3. Magnitude and Direction of Change in Gait Speed Between Baseline and 1 

Year. 

 
All patients 

(n=576) 

Slow Walkers  

at Baseline 

(n=367) 

Normal Walkers  

at Baseline 

(n=209) 

Change in gait speed from 

baseline to 1 year 
n % n % n % 

Improve ≥0.30 m/s 80 13.9 65 17.7 15 7.2 

Improve ≥0.20 - <0.30 m/s 74 12.8 59 16.1 15 7.2 

Improve ≥0.10 - <0.20 m/s 71 12.3 49 13.4 22 10.5 

No change ± 0.1 m/s 202 35.1 141 38.4 61 29.2 

Decline ≥0.10 - <0.20 m/s 60 10.4 29 7.9 31 14.8 

Decline ≥0.20 - <0.30 m/s 47 8.2 20 5.4 27 12.9 

Decline ≥0.30 m/s 42 7.3 4 1.1 38 18.2 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

Table S4. Baseline Predictors of 1 Year Gait Speed. 

 Univariable Multivariable 

  estimate 

(95% CI) 
p-value 

 estimate 

(95% CI) 

p-

value 

Clinical factors (baseline) 

Gait speed at baseline (per 0.1 m/s increase) 0.49 (0.41, 0.56) <0.001 0.38 (0.29, 0.46) <0.001 

Max grip strength (per 1 kg increase) 0.09 (0.07, 0.11) <0.001 0.03 (0.01, 0.05) 0.01 

Female sex -1.47 (-1.90, -1.04) <0.001   

STS score (per increase of 1) 
-0.17 (-0.23, -0.12) 

<0.001 

-0.09 (-

0.14, -0.03) 0.001 

Katz ADLs (per 1 increase) 0.78 (0.49, 1.06) <0.001 0.26 (-0.01, 0.52) 0.06 

NYHA III/IV at baseline 
-1.18 (-1.65, -0.71) 

<0.001 

-0.51 (-

0.93, -0.10) 0.02 

Orthopedic disease -1.47 (-2.14, -0.81) 
<0.001 

-0.91 (-

1.51, -0.32) 0.003 

Age (per 1-year increase) -0.06 (-0.09, -0.03) <0.001   

History of Coronary disease 0.85 (0.35, 1.35) 0.001 0.49 (0.05, 0.93) 0.03 

History of COPD -0.77 (-1.25, -0.28) 0.002 -0.40 (-0.82, 0.01) 0.06 

Mini-COG (per 1-point increase) 0.21 (0.05, 0.37) 0.01 0.14 (0.00, 0.28) 0.05 

History of Afib or flutter -0.44 (-0.91, 0.03) 0.06   

BMI (per increase of 1) -0.02 (-0.06, 0.01) 0.21   

Moderate or severe mitral regurgitation at 

baseline 
-0.29 (-1.06, 0.48) 

0.46   

History of PVD 0.17 (-0.31, 0.66) 0.49   

History of CVA -0.25 (-0.97, 0.47) 0.49   

Diabetes (medically-treated) -0.06 (-0.54, 0.41) 0.79   

Immunosuppressive therapy -0.08 (-0.88, 0.72) 0.85   

Mean gradient (MPG) at baseline (per 5 

mmHg increase) 
0.01 (-0.08, 0.09) 0.89 

  

Ejection fraction at baseline (per 5% 

increase) 
0.00 (-0.10, 0.11) 0.96 

  

 
Afib=atrial fibrillation, BMI=body mass index, COPD=chronic obstructive pulmonary disease, 

CVA=cerebrovascular accident, Katz ADLs=Katz Index Activities of Daily Living Score, Mini-COG=Mini-

Cognitive Assessment for Dementia Score, MPG=mean pressure gradient, NYHA=New York Heart Association, 

PVD=peripheral vascular disease, STS=Society of Thoracic Surgeons score 

Multivariable model R2 = 0.30 
 

 

 

 

 

 

 

 

 
 

 

 

 



 
 

Table S5. KCCQ According to Groups Defined by Gait Speed at Baseline and 1 Year. 

 Normal/ 

Normal 

 (n=150) 

Slow/ 

Normal 

(n=114) 

Normal/ 

Slow 

(n=59) 

Slow/ 

Slow 

(n=253) 

Overall 

p-value 

Baseline      

Subjects with KCCQ 

data 
148 114 59 252  

Median overall 

summary score 

(25th, 75th percentile) 

59.2 

(44.6, 78.7) 

54.8 

(42.7, 73.9) 

47.1 

(31.6, 62.9) 

49.1 

(34.4, 65.7) <0.001* 

p-value vs 

normal/normal* 
-- 0.16 0.0004 <0.0001  

1-year      

Subjects with KCCQ 

data 
150 111 59 252  

Median overall 

summary score 

(25th, 75th percentile) 

87.2 

(72.6, 97.0) 

85.9 

(76.6, 96.9) 

76.0 

(53.1, 93.2) 

73.9 

(56.9, 84.4) 
<0.001† 

p-value vs 

normal/normal† 
-- 

0.16 0.02 <0.001 
 

*P-value from two-sided from t test or ANOVA 

†P-value from ANOCOVA test 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

Table S6. Rate of mortality/hospitalization with inability to perform gait speed test. 

Outcomes from 1 Year  

through 2 Years 

Post-Procedure 

Stayed unable 

(N=23) 

Became Unable 

(N=75) 

Became Able 

(N=12) 

Mortality or Hospitalization 17.4% (4/23) 26.7% (20/75) 0% 

Mortality 8.7% (2/23) 17.3% (13/75) 0% 

Hospitalization 8.7% (2/23) 13.3% (10/75) 0% 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


