Circulation Journal
Circ J 2019; 83: 1944-1953
doi:10.1253/circj.CJ-19-0247

ORIGINAL ARTICLE
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Reasons for Choosing Conservative Management in
Symptomatic Patients With Severe Aortic Stenosis

— Observations From the CURRENT AS Registry —
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Background: There has not been a previous report on the long-term outcomes of those patients who refuse aortic valve replace-
ment (AVR) despite physicians’ recommendations.

Methods and Results: Among 3,815 consecutive patients with severe aortic stenosis (AS) enrolled in the CURRENT AS registry,
the study population comprised 2,005 symptomatic patients, who were subdivided into 3 groups by their treatment strategy and the
reasons for conservative strategy (Initial AVR group: n=905; Patient rejection group: n=256; Physician judgment group, n=844). The
primary outcome measure was a composite of aortic valve-related death and heart failure hospitalization. Patients in the patient
rejection group as compared with those in the physician judgment group were younger, and had less comorbidities, and lower surgi-
cal risk scores. The cumulative 5-year incidence of the primary outcome measure in the patient rejection group was markedly higher
than that in the initial AVR group, and was similar to that in the physician judgment group (60.7%, 19.0%, and 66.4%, respectively).

Conclusions: Patient rejection was the reason for non-referral to AVR in nearly one-quarter of the symptomatic patients with severe AS
who were managed conservatively. The dismal outcome in patients who refused AVR was similar to that in patients who were not
referred to AVR based on physician judgment despite less comorbidities and lower surgical risk scores in the former than in the latter.
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disease and its incidence is increasing with the aging
of the population.! In symptomatic patients with
severe AS, the current guidelines strongly recommend sur-
gical aortic valve replacement (AVR) or transcatheter aor-
tic valve implantation (TAVI).25 However, previous studies

!- ortic stenosis (AS) is the most frequent valvular heart

consistently report that a substantial proportion of symp-
tomatic patients do not undergo AVR despite the fact that
symptomatic patients with severe AS have an extremely
unfavorable prognosis with impaired quality of life and
high short-term mortality rate if not treated by AVR,%3
which can now be performed with relatively low mortality
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Study population
3,815 patients with severe AS

Symptomatic Asymptomatic
2,005 patients 1,808 patients
Initial AVR group Conservative Initial AVR group Conservative
905 patients group 291 patients group
1,100 patients 1,517 patients

l—;\

Patient rejection Physician judgment
group group
256 patients 844 patients

Figure 1. Study flow chart. AS, aortic stenosis; AVR, aortic
valve replacement.

rates even in elderly patients.!?1® Previous studies have
reported advanced age, frailty, the presence of multiple coex-
isting conditions, or patient rejection as the reasons for
non-referral to AVR.1-15 However, there is a scarcity of
data on the relation between the reasons for non-referral
to AVR and the long-term outcomes in these patients with
severe AS who are managed conservatively despite symp-
toms.16 More specifically, there has not been a previous report
on the long-term outcomes of these patients who refuse
AVR despite recommendations by physicians. Therefore,
we aimed to investigate the baseline characteristics and long-
term clinical outcome in symptomatic patients who denied
AVR in comparison with those conservatively managed
patients based on physician judgment in a large Japanese
multicenter registry of consecutive patients with severe AS.

Methods

Study Population

The CURRENT AS (Contemporary outcomes after
sURgery and medical tREatmeNT in patients with severe
Aortic Stenosis) registry is a retrospective, multicenter regis-
try enrolling consecutive patients with severe AS from among
27 centers (of which 20 had an on-site surgical facility) in
Japan between January 2003 and December 2011. The design,
patient enrollment, and outcomes of the registry were pre-
viously reported in detail.!” In brief, we searched the hos-
pitals’ databases of transthoracic echocardiography, and
enrolled consecutive patients who met the definition of
severe AS (peak aortic jet velocity [Vmax] >4.0m/s, mean aor-
tic pressure gradient [PG] >40mmHg, or aortic valve area
[AVA] <1.0cm?) for the first time during the study period.?
We excluded patients with a history of aortic valve surgery

1945
Table 1. Reasons for Choosing Conservative Strategy
Despite Symptomatic Severe Aortic Stenosis
Reasons No. of patients
Patient rejection 256
Physician judgment 844
Too advanced age 443
Improved symptoms by medications 204
Prohibitive surgical risk 168
Dementia/Frailty 142
Symptoms related to CAD 54
Limited life expectancy 51
Other 13

The individual reasons for physician judgment were not mutually
exclusive. Prohibitive surgical risk included cardiac dysfunction,
renal dysfunction, liver cirrhosis, respiratory dysfunction, thoracic
deformity and previous open cardiac surgery. Other includes
referral to another hospital in 3 patients, cardiopulmonary arrest
before further examination in 1 patient, need for non-cardiac
surgery in 1 patient, and unknown in 8 patients. CAD, coronary
artery disease.

or percutaneous aortic balloon valvuloplasty. The institu-
tional review boards of all 27 participating centers approved
the protocol. Written informed consent from each patient
was waived in this retrospective study, because we used
clinical information obtained during routine clinical prac-
tice, and no patients refused to participate in the study
when contacted for follow-up.

Among 3,815 patients enrolled in the registry, there were
2,005 patients with and 1,808 patients without symptoms
related to AS at the time of the index echocardiography,
excluding 2 patients whose symptomatic status were not
available. In the present analysis, 2,005 symptomatic patients
with severe AS were divided into the initial AVR (n=905)
and conservative (n=1,100) groups. Patients in the conser-
vative group were further subdivided into 2 subgroups
according to the main reasons for not choosing the initial
AVR strategy after the index echocardiography, namely,
patient rejection and physician judgment (Figure 1). We
evaluated the baseline characteristics, AVR/TAVI during
follow-up, and long-term clinical outcomes in the 2 subgroups
of the conservative group with the initial AVR group used
as the reference (Figure 1).

Data Collection and Definitions

Collection of baseline clinical information was conducted
through review of the hospital charts or database. Angina,
syncope, or congestive heart failure (HF) were regarded as
symptoms related to AS. The presence of HF was determined
as acute HF requiring hospitalization, or chronic exertional
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dyspnea. There was a specific data field for the reasons the
patient was not referred to AVR despite the presence of symp-
toms. Site investigators entered the data field by searching
the hospital chart for the notes regarding recommendation
for AVR, the responses of the patient to the recommenda-
tion, and the reasons for no recommendation for AVR. All
patients underwent comprehensive 2-D and Doppler echo-
cardiographic evaluation in the participating centers. Vmax
and mean PG were obtained with the use of the simplified
Bernoulli equation. AVA was calculated by standard con-
tinuity equation, and indexed to body surface area.!® Fol-
low-up information was mainly collected through review
of the hospital charts and additional information was col-
lected through contact with patients, relatives, and/or refer-
ring physicians by mailing a questionnaire regarding survival,

symptoms and subsequent hospitalizations.

The primary outcome measure in the current analysis was
a composite of aortic valve-related death and HF hospital-
ization. Secondary outcome measures included the individ-
ual components of the primary outcome measure: all-cause
death, and non-cardiac death. The causes of death were clas-
sified according to the Valve Academic Research Consortium
(VARC) definitions and were adjudicated by a clinical event
committee.!®2? Sudden death was defined as unexplained
death in a previously stable patient. Aortic valve-related death
included aortic procedure-related death, sudden death, and
death attributed to HF that was possibly related to the
aortic valve. HF hospitalization was defined as hospitaliza-
tion attributed to worsening HF that required intravenous
drug therapy.

Initial AVR
group
(n=905)
Clinical characteristics
Age, years 73.9+8.9
>75 years, n (%) 478 (52.8)
Women, n (%) 524 (57.9)
BMI 22.4+3.6
<22, n (%) 476 (52.6)
BSA (m?) 1.49+0.18
Hypertension, n (%) 618 (68.3)
Current smoking, n (%) 240 (26.5)
Dyslipidemia, n (%) 360 (39.8)
On statin therapy, n (%) 267 (29.5)
Diabetes mellitus, n (%) 217 (24.0)
On insulin therapy, n (%) 47 (5.2)
Prior Ml, n (%) 46 (5.1)
Prior PCI, n (%) 82 (9.1)
Prior CABG, n (%) 8 (3.1)
Prior open cardiac surgery, n (%) (4 2)
Prior symptomatic stroke, n (%) 82 (9.1)
Atrial fibrillation, n (%) 168 (18.6)
Aortic/peripheral vascular disease, n (%) 125 (13.8)
Serum creatinine (mg/dL) 0.84 (0.70-1.16)
Creatinine level >2mg/dL, n (%) 116 (12.8)
Hemodialysis, n (%) 103 (11.4)
Anemia, n (%) 499 (55.1)
Liver cirrhosis (Child-pugh B or C), n (%) 3(0.3)
Malignancy, n (%) 7 (10.7)
Malignancy currently under treatment, 17 (1.9)
n (o/o)
Chest wall irradiation, n (%) 6 (0.7)
Immunosuppressive therapy, n (%) 27 (3.0)
Chronic lung disease, n (%) 114 (12.6)
Chronic lung disease (moderate or 17 (1.9)
severe), n (%)
CAD, n (%) 330 (36.5)
Logistic Euro Score, % 7.6 (4.8-12.6)
Euro Score, % 2.5(1.5-4.1)
STS score (PROM), % 3.1 (1.9-5.2)

Table 2. Baseline Clinical and Echocardiographic Characteristics

. . P value P value
reie;?c:l:gtroup iud::yesr:flgallup 3-wa Physician
(n=256) (n=844) comparison  judgment vs.
atient rejection
80.0+7.8 83.2+9.0 <0.0001 <0.0001
201 (78.5) 711 (84.2) <0.0001 0.04
178 (69.5) 590 (69.9) <0.0001 0.91
21.4+3.9 20.7+3.8 <0.0001 0.02
171 (66.8) 621 (73.6) <0.0001 0.04
1.42+0.18 1.39+0.19 <0.0001 0.07
187 (73.1) 613 (72.6) 0.09 0.90
50 (19.5) 138 (16.4) <0.0001 0.24
78 (30.5) 241 (28.6) <0.0001 0.56
60 (23.4) 179 (21.2) 0.0003 0.45
55 (21.5) 191 (22.6) 0.65 0.70
10 (3.9) 40 (4.7) 0.68 0.57
22 (8.6) 104 (12.3) <0.0001 0.09
22 (8.6) 112 (13.3) 0.009 0.04
16 (6.3) 60 (7.1) 0.0004 0.63
22 (8.6) 94 (11.1) <0.0001 0.22
32 (12.5) 135 (16.0) <0.0001 0.16
65 (25.4) 257 (30.5) <0.0001 0.12
25 (9.8) 130 (13.8) 0.06 0.02
0.92 (0.70-1.38) 1.00 (0.73-1.59) <0.0001 0.29
34 (13.3) 144 (17.1) 0.04 0.14
19 (7.4) 76 (9.0) 0.09 0.42
149 (58.2) 606 (71.8) <0.0001 <0.0001
1(0.4) 17 (2.0) 0.003 0.08
24 (9.4) 119 (14.1) 0.04 0.04
3(1.2) 35 (4.2) 0.004 0.01
2 (0.8) 5 (0.6) 0.95 0.75
7 (2.7) 37 (4.4) 0.22 0.22
27 (10.6) 98 (11.6) 0.62 0.64
9 (3.5) 43 (5.1) 0.0009 0.28
64 (25.0) 252 (29.9) 0.0004 0.13
11.8 (7.9-19.3)  16.3 (10.5-27.1) <0.0001 <0.0001
3.8 (2.6-6.1) 5.3 (3.3-8.5) <0.0001 <0.0001
4.6 (2.8-7.9) 6.6 (10.8-3.9) <0.0001 <0.0001
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. i . P value P value
Initial AVR Patient Physician —
group rejection group  judgment group 3-way juzg\r(::r:':fCS.
(n=905) (n=256) (n=844) comparison  p_vient rejection
Symptoms
Angina, n (%) 291 (32.2) 5 (21.5) 152 (18.0) <0.0001 0.22
Syncope, n (%) 110 (12.2) 9 (11.3) 59 (7.0) <0.0001 0.03
HF, n (%) 659 (72.8) 212 (82.8) 732 (86.7) <0.0001 0.12
Acute HF requiring hospitalization, n (%) 270 (29.8) 93 (36.3) 427 (50.6) <0.0001 0.0002
Etiology of aortic stenosis <0.0001 0.87
Degenerative, n (%) 753 (83.2) 241 (94.1) 796 (94.3)
Congenital, n (%) 100 (11.1) 4 (1.6) 14 (1.7)
Rheumatic, n (%) 44 (4.9) 9 (3.5) 31(3.7)
Infective endocarditis, n (%) 3(0.3) 0 (0.0) 0(0)
Other, n (%) 5(0.6) 2(0.8) 3(0.4)
Echocardiographic variables
LV end-diastolic diameter (mm) 47.8+7.4 46.8+7.4 46.2+7.8 <0.0001 0.25
LV end-systolic diameter (mm) 32.1+9.0 31.6+8.8 31.8+8.7 0.76 0.75
LVEF (%) 61.4+14.9 60.5+14.8 58.1+14.8 <0.0001 0.03
LVEF <40%, n (%) 99 (10.9) 24 (9.4) 113 (13.4) 0.12 0.08
LVEF <50%, n (%) 186 (20.6) 53 (20.7) 212 (25.1) 0.057 0.14
IVST in diastole (mm) 11.9+2.4 11.8+2.4 11.1+2.3 <0.0001 <0.0001
PWT in diastole (mm) 11.6+2.1 11.3+1.9 10.7+2.0 <0.0001 0.0002
Peak aortic jet velocity (m/s) 4.7+0.8 4.5+0.9 3.9+0.9 <0.0001 <0.0001
Peak aortic jet velocity =4 m/s 748 (82.7) 195 (76.2) 377 (44.7) <0.0001 <0.0001
Peak aortic jet velocity =5m/s 314 (34.7) 71 (27.7) 105 (12.4) <0.0001 <0.0001
Peak aortic pressure gradient (mmHg) 90.3+31.2 84.0+31.6 63.1+29.9 <0.0001 <0.0001
Mean aortic pressure gradient (mmHg) 53.4+19.2 48.5+21.1 35.6+18.8 <0.0001 <0.0001
AVA (equation of continuity) (cm?) 0.64+0.18 0.64+0.20 0.71+0.19 <0.0001 <0.0001
AVA index (cm2/m?2) 0.43+0.12 0.46+0.13 0.52+0.14 <0.0001 <0.0001
Any combined valvular disease 397 (43.9) 144 (56.3) 456 (54.0) <0.0001 0.53
(moderate or severe)
Moderate or severe AR, n (%) 238 (26.3) (27.3) 189 (22.4) 0.1 0.11
Moderate or severe MS, n (%) 44 (4.9) (3.1) 32 (3.8) 0.35 0.61
Moderate or severe MR, n (%) 201 (22.2) (35.6) 258 (30.6) <0.0001 0.14
Moderate or severe TR, n (%) 125 (13.8) 54 (21.1) 233 (27.6) <0.0001 0.03
TR pressure gradient 240 mmHg 159 (17.6) 73 (28.5) 201 (23.8) 0.0001 0.13

BMI was calculated as weight in kilograms divided by height in meters squared. Anemia was defined by the World Health Organization criteria
(hemoglobin <12.0g/dL in women and <13.0g/dL in men). AR, aortic regurgitation; AVA, aortic valve area; AVR, aortic valve replacement;
BMI, body mass index; BSA, body surface area; CABG, coronary artery bypass grafting; CAD, coronary artery disease; HF, heart failure;
IVST, interventricular septum thickness; LV, left ventricular; LVEF, left ventricular ejection fraction; MI, myocardial infarction; MR, mitral regur-
gitation; MS, mitral stenosis; PCI, percutaneous coronary intervention; PROM, predicted risk of mortality; PWT, posterior wall thickness; STS,

Society of Thoracic Surgeons; TR, tricuspid regurgitation.

Statistical Analysis

We present continuous variables as the meantstandard
deviation for normal distribution or median with interquar-
tile range (IQR) for non-normal distribution and categori-
cal variables as number and percentage. We compared
continuous variables using ANOVA or the Kruskal-Wallis
test according to their distributions. We analyzed categorical
variables with the chi-squared test. We used the Kaplan-
Meier method to estimate the cumulative incidences of clin-
ical events and assessed intergroup differences with the
log-rank test. The outcomes of the initial AVR group and
physician judgment group were compared with those of
the patient rejection group in the univariate and multivari-
able Cox proportional hazard models. Consistent with our
previous report, we used the 21 clinically relevant risk-
adjusting variables in the Cox proportional hazard models
(age, male, body mass index (BMI) <22 kg/m?, peak aortic

jet velocity >4 m/s, coronary artery disease (CAD), creati-
nine level >0.83mg/dL, malignancy current under treat-
ment, anemia, ejection fraction (EF) <68%, chronic lung
disease, hypertension, diabetes mellitus on insulin therapy,
current smoking, prior myocardial infarction (MI), prior
symptomatic stroke, atrial fibrillation or flutter, aortic/
peripheral vascular disease, hemodialysis, liver cirrhosis,
any combined valvular disease, and tricuspid regurgitation
(TR) PG 240mmHg) as indicated in Table 2. We assigned
dummy variables for both the initial AVR and physician
judgment groups compared with the patient rejection group
and estimated hazard ratios (HR) and their 95% confidence
intervals (CI). We also estimated the overall P values among
the 3 groups. We performed a subgroup analysis based on
age (<75 years or 275 years) for the primary outcome mea-
sure, because age is one of the most relevant factors for the
choice of initial treatment strategy. The predictors of AVR/
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Years after diagnosis

interval 0-day 30-day 1-year 3-year 5-year
Physician judgment group
N of patients with at least 1 event 0 41 88 102
N of patients at risk 844 767 499 222 54
Cumulative incidence 0.0% 6.5% 17.9% 25.2%
N of patients with at least 1 event 1 29 63 7
N of patients at risk 256 234 170 75 29
Cumulative incidence 0.4% 13.8% 33.9% 44.7%
N of patients with at least 1 event 423 883 886 886
N of patients at risk 905 483 8 4 1
Cumulative incidence 46.9%  98.8%  99.5%  99.5%
Figure 2. Kaplan-Meier curves for AVR or TAVI showing
cumulative incidence of events. AVR, aortic valve replace-
ment; TAVI, transcatheter aortic valve implantation.

TAVI during follow-up were estimated by univariate and
multivariable logistic regression models. Based on the results
of the univariate analyses, we incorporated 16 clinically rel-
evant potential independent predictors in the logistic regres-
sion models (age, male, BMI <22kg/m?, peak aortic jet
velocity 24m/s, CAD, creatinine level >0.83 mg/dL, malig-
nancy current under treatment, anemia, EF <68%, chronic
lung disease, dyslipidemia, prior MI, prior symptomatic
stroke, aortic/peripheral vascular disease, any combined
valvular disease, and TRPG 240mmHg) as indicated in
Supplementary Table 1. We evaluated the effect of AVR/
TAVI during follow-up on the primary outcome measure.
We incorporated AVR/TAVI during follow-up as the time-
updated covariate together with the same 21 risk-adjusting
variables used in the main analysis into the multivariable
Cox proportional hazard model and estimated the HR of
AVR/TAVI during the follow-up for the primary outcome
measure.

All statistical analyses were conducted by a physician
using JMP 13.0.0 (SAS Institute Inc., Cary, NC, USA) or
SPSS version 25.0.0.2 (IBM Corp.) in collaboration with a
statistician. All reported P-values are 2-tailed, and P<0.05
was considered statistically significant.

Results

Reasons for Not Choosing the Initial AVR Strategy

In symptomatic patients with severe AS, the 2 main rea-
sons for not choosing the initial AVR strategy were patient
rejection despite physician recommendation for AVR (patient
rejection group: n=256) and physician judgment consider-
ing the risk-benefit balance of the AVR procedure (physi-
cian judgment: n=844). In the physician judgment group,

the dominant reasons included very advanced age, improve-
ment of symptoms by medications, prohibitive surgical risk,
and dementia/frailty (Table 1). Dementia/frailty accounted
for 16.8% of the physician judgment group. Prohibitive sur-
gical risk included cardiac dysfunction, renal dysfunction,
liver cirrhosis, respiratory dysfunction, thoracic deformity
and previous open cardiac surgery.

Baseline Characteristics

The baseline characteristics of the 2 conservative subgroups
were much different from those of the initial AVR group,
with advanced age, preponderance of women, lower BMI,
more comorbidities, higher prevalence of HF symptoms,
and higher surgical risk scores (Table 2). Patients in the
patient rejection group were younger, and had less comor-
bidities, less acute HF, and lower surgical risk scores than
those in the physician judgment group (Table 2). The sever-
ity of AS evaluated by Vmax was greater in the initial AVR
than in the patient rejection group and was greater in the
patient rejection than in the physician judgment group
(Table 2).

Clinical Qutcomes

Median follow-up interval of the surviving patients was 1,294
(IQR: 973-1,710) days. During follow-up, patients in the
patient rejection group more often underwent AVR or
TAVI than those in the physician judgment group (cumu-
lative 5-year incidence: 44.7% and 25.2%, respectively),
while the vast majority of patients in the initial AVR group
actually underwent AVR within 6 months of the index
echocardiography (Figure 2). In the logistic regression
analyses for the predictors of AVR/TAVI during follow-up
in the entire cohort, the independent predictors included
patients with advanced age, low BMI, peak aortic jet veloc-
ity >24m/s, CAD, anemia, and EF <68% (Supplementary
Table 1). The cumulative 5-year incidence of the primary
outcome measure (aortic valve-related death or HF hospi-
talization) in the patient rejection group was markedly
higher than that in the initial AVR group, and was similar
to that in the physician judgment group (60.7%, 19.0%,
and 66.4%, respectively) (Figure 3). After adjusting for
potential confounders, the excess risk of the patient rejec-
tion group relative to the initial AVR group for the pri-
mary outcome measure remained significant, while the risk
of the patient rejection group for the primary outcome
measure was comparable to that of the physician judgment
group (Table 3). The cumulative 5-year incidences of all-
cause death and non-cardiac death in the patient rejection
group trended to be lower than those in the physician judg-
ment group (Figure 3). In the patient rejection group,
almost 80% of patients who underwent AVR/TAVI did so
within 2 years of the index echocardiography, and the
mortality rate was much higher in patients without AVR/
TAVI than in patients with AVR/TAVI (Supplementary
Figures 1,2). The cumulative incidence of death after AVR/
TAVI was similar across the 3 groups (patient rejection/
physician judgment/initial AVR) (Supplementary Figure 3).

Subgroup Analysis Based on Age

In the subgroup analysis stratified by age, the proportion

of ‘patient rejection” among those managed conservatively

was numerically higher in patients <75 years of age (29%)

than in patients 275 years of age (22%) (Table 4).
Cumulative 5-year incidence of the primary outcome mea-

sure for patient rejection was markedly higher than in the
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Figure 3. Kaplan-Meier curves for clinical out-
comes: (A) aortic valve-related death or heart
failure hospitalization (primary outcome mea-
sure), (B) all-cause death, (C) aortic valve-
related death, (D) non-cardiac death, and (E)
heart failure hospitalization. The cumulative inci-
dence of events was estimated by the Kaplan-
Meier method. AVR, aortic valve replacement.
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Table 3. Risk of the Patient Rejection and Physician Judgment Groups Relative to the Initial AVR Group for the Primary and
Secondary Outcome Measures

No. of patients Unadjusted Adjusted
with event
Variables Comea’® WA 9%t Puawe O yp  es%cl Puae QVeral
incidence, %)
Composite of aortic
valve-related death or
HF hospitalization
Initial AVR group 142 (19.0) 0.23  0.18-0.30 <0.0001 0.28  0.22-0.36 <0.0001
Patient rejection group 132 (60.7) 1 (Ref.) <0.0001 1 (Ref.) <0.0001
Physician judgment group 407 (66.4) 1.14  0.94-1.39 0.19 093 0.76-1.15 0.52
All-cause death
Initial AVR group 196 (25.6) 0.36  0.29-0.44 <0.0001 0.44  0.35-0.56 <0.0001
Patient rejection group 138 (54.3) 1 (Ref.) <0.0001 1 (Ref.) <0.0001
Physician judgment group 532 (69.2) 1.48 1.23-1.80 <0.0001 1.07 0.88-1.31 0.49
Aortic valve-related death
Initial AVR group 55 (6.3) 0.17  0.12-0.23 <0.0001 0.21 0.15-0.30 <0.0001
Patient rejection group 84 (36.0) 1 (Ref.) <0.0001 1 (Ref.) <0.0001
Physician judgment group 260 (43.7) 1.16  0.91-1.49 0.25 0.90 0.69-1.18 0.46
Non-cardiac death
Initial AVR group 70 (10.8) 0.47  0.32-0.71 0.0004 0.58 0.38-0.88  0.01
Patient rejection group 37 (19.0) 1 (Ref.) <0.0001 1 (Ref.) 0.001
Physician judgment group 155 (30.9) 1.65 1.17-2.40 0.004 1.08 0.73-1.58 0.71
HF hospitalization
Initial AVR group 92 (14.2) 0.18  0.14-0.24 <0.0001 0.22 0.16-0.29 <0.0001
Patient rejection group 106 (55.3) 1 (Ref.) <0.0001 1 (Ref.) <0.0001
Physician judgment group 320 (60.1) 114 0.92-1.43 0.283 094 0.74-1.19 0.63

Aortic valve-related death included aortic procedure-related death, sudden death, and death from HF. HF hospitalization was defined as hospi-
talization for worsening HF requiring intravenous drug therapy. AVR, aortic valve replacement; Cl, confidence interval; HF, heart failure; HR,
hazard ratio.

Table 4. Risk of the Patient Rejection and Physician Judgment Groups Relative to the Initial AVR Group on the Primary Outcome
Measure Stratified by Age

No. of events Unadjusted Adjusted
. Cumulative
Variables ( Overall Interaction Overall Interaction
5-year
incideynce, % HR 95% Cl P value Pvalue P value HR 95% Cl P value Pvalue P value
0.32 0.39

Age <75 years

Initial AVR

group (n=427) 54 (13.0) 0.33 0.20-0.55 <0.0001 0.29 0.17-0.49 <0.0001

Patient

rejection 22 (40.7) 1 (Ref) 1 (Ref.)

group (n=55) <0.0001 0.0006
Physician

judgment 45 (41.7) 1.03 0.62-1.75 0.92 0.52 0.30-0.93 0.03

group (n=133)
Age =75 years

Ll 88 (25.9) 0.24 0.18-0.32 <0.0001 0.26 0.20-0.36 <0.0001

group (n=478)

Patient

rejection 110 (67.2) 1 (Ref.) 1 (Ref.)

group (n=201) <0.0001 <0.0001
Physician

judgment 362 (72.4) 1.09 0.89-1.36  0.41 1.07 0.85-1.35 0.55

group (n=711)

Aortic valve-related death included aortic procedure-related death, sudden death, and death from HF. HF hospitalization was defined as hospi-
talization for worsening HF requiring intravenous drug therapy. Abbreviations as in Table 3.
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Age <75 Aortic valve related death or Age >=78 Aortic valve related death or
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N of patients with at least 1 event 5 18 37 44 N of patients with at least 1 event 42 217 321 355
N of patients at risk 133 126 104 61 23 N of patients at risk 711 621 355 148 32
Cumulative incidence 3.8% 14.3% 31.2% _ 41.7% Cumulative incidence 6.2% 34.9% _ 56.8% __724%
N of patients with at least 1 event 0 8 16 19 N of patients with at least 1 event 10 51 93 104
N of patients at risk 55 54 45 29 20 N of patients at risk 201 178 124 53 17
Cumulative incidence 0.0% 15.3% 31.8%  40.7% Cumulative incidence 5.2% 281%  54.8%  67.2%
N of patients with at least 1 event 4 31 M 46 N of patients with at least 1 event 8 43 69 83
N of patients at risk 427 422 365 265 104 N of patients at risk 478 469 392 240 57
Cumulative incidence 0.9% 7.5% 10.3% 13.0% Cumulative incidence 1.7% 9.3% 16.2% 25.9%
Figure 4. Kaplan-Meier curves for the primary outcome measure according to age: (A) <75 years, and (B) 275 years. The cumu-
lative incidence of events was estimated by the Kaplan-Meier method. AVR, aortic valve replacement.

initial AVR group and was similar to that in the physician
judgment group regardless of the age category (age < or
>75 years) (Figure 4, Table 4, Supplementary Figures 4-8).
After adjusting for potential confounders, the excess risk
of the patient rejection group relative to the initial AVR
group for the primary outcome measure remained signifi-
cant regardless of the age category (Table 4). There was no
significant interaction between the age category and the
risk of the initial AVR group relative to the patient rejec-
tion group for the primary outcome measure (Table 4).
The adjusted risk of the patient rejection group for the
primary outcome measure was significantly higher than
that of the physician judgment group in the <75 years age
category and was similar to that of the physician judgment
group in the >75 years age category (Table 4).

Eftect of AVR/TAVI During Follow-up on Clinical Outcomes
In the Cox hazard model incorporating AVR/TAVI during
follow-up as a time-dependent covariate, AVR/TAVI dur-
ing the follow-up group was associated with a significantly
lower risk for the primary outcome measure compared
with the never AVR/TAVI group (HR 0.27, 95% CI 0.16—
0.44, P<0.001; Supplementary Table 2).

Discussion

The main findings in the present study were: (1) patient
rejection was the reason for non-referral to AVR in nearly
one-quarter of the symptomatic patients with severe AS
who were managed conservatively; and (2) the dismal out-
come in patients who refused AVR was similar to that in
patients who were not referred to AVR based on physician
judgment despite less comorbidities and lower surgical risk

scores in the former than in the latter.

In the present study, a conservative management strategy
was chosen for more than half of the symptomatic patients
with severe AS, which is consistent with previous reports.24
Obviously, symptomatic patients with severe AS who are
managed conservatively have markedly worse adjusted
aortic valve-related clinical outcomes than those who are
managed with an initial AVR strategy. The dominant rea-
son for non-referral to AVR was physician judgment based
on factors such as very advanced age, improvement of
symptoms by medication, prohibitive surgical risk, demen-
tia/frailty, symptoms considered to be related to CAD, and
limited life expectancy, etc. Frailty is reported to be associ-
ated with a higher rate of poor outcome after both AVR and
TAVR.21.2 However, consistent with previous reports,!6
patient rejection was the reason for non-referral to AVR in
nearly one-quarter of the symptomatic patients with severe
AS who were managed conservatively in the present study.
It was somewhat surprising that the proportion of ‘patient
rejection’ among those managed conservatively was numer-
ically higher in patients aged <75 years than in patients
aged >75 years. The dismal outcome in patients who refused
AVR was similar to that in patients who were not referred
to AVR based on physician judgment, despite less comor-
bidities and lower surgical risk scores in the former than in
the latter. We might reasonably speculate that the propor-
tion of patients who were truly contraindicated for AVR
was smaller in the patient rejection group than in the phy-
sician judgment group. Indeed, the proportion of patients
who underwent AVR later during follow-up was higher in
the patient rejection group than in the physician judgment
group (45% and 25%, respectively). Delaying AVR in symp-
tomatic patients with severe AS might have a detrimental
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effect on prognosis.1”22 However, in the patient rejection
group of this study, almost 80% of patients who underwent
AVR/TAVI did so within 2 years after the index echocar-
diography. Death after AVR/TAVI in the patient rejection
group was similar to that in the initial AVR group. There-
fore, the high mortality of patients in the patient rejection
group was largely driven by the very high mortality of
those patients who ultimately did not undergo AVR/
TAVI. It is also be important to note that the dismal out-
come of patients who refused AVR was consistently seen
regardless of the age category (age < or =75 years).

Patients refuse AVR for many reasons, which might dif-
fer according to age, and social environment. The intro-
duction of TAVI might have already substantially changed
patients’ decisions.?* Patients in the patient refusal group
were heterogeneous in terms of their risk for AVR. TAVI
has already become the firstline treatment in patients with
high surgical risk who have refused surgical AVR (SAVR).
Recently, 2 randomized trials that enrolled low surgical
risk patients clearly demonstrated non-inferiority or even
superiority of TAVI relative to SAVR in terms of the hard
clinical endpoints.?526 Considering its less invasive nature,
TAVI would also be the preferred option in patients with
low surgical risk who refuse SAVR. Nevertheless, the pres-
ent study results are important because they highlight the
profound risk of patient rejection for AVR as well as the
risk of delaying AVR, which should be adequately informed
to the patients and the family members.

Study Limitations

This study has several important limitations. First, the pres-
ent analysis was a post-hoc substudy from the retrospective
CURRENT AS registry. We did not collect information
on the severity of symptoms, frailty, frailty scores such as
Clinical Frailty Scale,?” or activities in daily living, all of
which would be important in the decision making for the
treatment strategy. Second, in this retrospective registry it
might sometimes have been very difficult to make a clear
distinction between patients who refused AVR and those
whom the physician did not recommend AVR. Further-
more, those patients who rejected AVR may have recog-
nized their own morbidities not captured in the database
that would make AVR high risk. Third, we do not know
the specific reasons for patient rejection, or how strongly
the physician recommended AVR. Fourth, we should be
cautious in extrapolating the present study results to cur-
rent clinical practice after the introduction of TAVI.

Conclusions

Patient rejection was the reason for non-referral to AVR in
nearly one-quarter of the symptomatic patients with severe
AS who were managed conservatively in this retrospective
registry. The dismal outcome in patients who refused AVR
was similar to that in patients who were not referred to
AVR based on physician judgment, despite less comor-
bidities and lower surgical risk scores in the former than in
the latter.
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Supplementary Figure 5
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Supplementary Figure 6
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Supplementary Figure 8
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Supplementary Figure 8
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Supplementary Figure Legends

Supplementary Figure 1. Kaplan-Meier curves showing the timing of AVR/TAVI
during follow-up across the 3 study groups. The cumulative incidence of events was
estimated by the Kaplan-Meier method. AVR, aortic valve replacement; TAVI,

transcatheter aortic valve implantation.

Supplementary Figure 2. Kaplan-Meier curves for all-cause death in the patient
rejection group stratified by AVR/TAVI during follow-up. The cumulative incidence of
events was estimated by the Kaplan-Meier method. AVR, aortic valve replacement;
TAVI, transcatheter aortic valve implantation.

Supplementary Figure 3. Kaplan-Meier curves for all-cause death after AVR/TAVI
across the 3 study groups. The cumulative incidence of events was estimated by the
Kaplan-Meier method. AVR, aortic valve replacement; TAVI, transcatheter aortic
valve implantation.

Supplementary Figure 4. Kaplan-Meier curves for AVR or TAVI according to age
(A) <75 years, and (B) >75 years. The cumulative incidence of events was estimated
by the Kaplan-Meier method. AVR, aortic valve replacement; TAVI, transcatheter
aortic valve implantation.

Supplementary Figure 5. Kaplan-Meier curves for all-cause death according to age
(A) <75 years, and (B) >75 years. The cumulative incidence of events was estimated
by the Kaplan-Meier method. AVR, aortic valve replacement.

Supplementary Figure 6. Kaplan-Meier curves for aortic valve-related death
according to age (A) <75 years, and (B) >75 years. The cumulative incidence of events

was estimated by the Kaplan-Meier method. AVR, aortic valve replacement.

Supplementary Figure 7. Kaplan-Meier curves for non-cardiac death according to
age (A) <75 years, and (B) >75 years. The cumulative incidence of events was

estimated by the Kaplan-Meier method. AVR, aortic valve replacement.

Supplementary Figure 8. Kaplan-Meier curves for heart failure hospitalization
according to age (A) <75 years, and (B) >75 years. The cumulative incidence of events
was estimated by the Kaplan-Meier method. AVR, aortic valve replacement.



Supplementary Table 1. Logistic regression analyses for predictors of AVR/TAVI

Patient rejection & Physician

Patient rejection Physician judgment judgment

OR 95% CI Pvalue OR 95% CI Pvalue OR 95% CI P value
Age 0.90 0.86-0.95 0.0002 090  0.88-0.93 <0.0001  0.90 0.88-0.92 <0.0001
Women 1.41 0.62-3.18 0.41 1.42 0.83-2.43 0.20 1.42 0.92-2.19 0.11
BMI <22 0.50 0.25-0.99 0.048 0.47 0.29-0.77 0.003 0.47 0.32-0.70 0.0002
Peak aortic jet velocity 24 m/s 1.48 0.66-3.33 0.34 1.63 0.999-2.67 0.051 1.82 1.23-2.70 0.003
Coronary artery disease 0.78 0.32-1.92 0.59 2.93 1.65-5.19 0.0002 1.80 1.13-2.87 0.01
Creatinine level >0.83 mg/dl 1.04 0.49-2.20 0.91 0.82 0.49-1.36 0.44 0.85 0.57-1.27 0.43
Malignancy current under treatment 1.47 0.09-23.1 0.78 0.13 0.01-1.07 0.06 0.24 0.05-1.13 0.07
Anemia 0.50 0.25-1.03 0.06 0.74 0.44-1.24 0.26 0.60 0.40-0.90 0.01
Ejection fraction <68% 0.55 0.28-1.09 0.09 0.64  0.39-1.07 0.09 0.57 0.39-0.85 0.005
Chronic lung disease 5.62 1.05-30.0 0.04 0.64  0.20-2.03 0.45 1.24 0.56-2.78 0.59
Dyslipidemia 1.84 0.91-3.72 0.09 099  0.59-1.65 0.96 1.25 0.83-1.87 0.28
Prior myocardial infarction 0.87 0.19-4.02 0.86 0.44  0.19-0.99 0.047 0.53 0.26-1.09 0.08
Prior symptomatic stroke 0.46 0.13-1.62 0.23 1.14 0.59-2.20 0.69 0.89 0.50-1.56 0.67
Aortic/peripheral vascular disease 0.90 0.15-5.52 0.91 0.60 0.24-1.52 0.28 0.66 0.30-1.47 0.31
Any combined valvular disease 0.63 0.31-1.29 0.21 1.15 0.69-1.90 0.59 0.91 0.61-1.35 0.64
TR pressure gradient 240 mmHg 1.47 0.67-3.20 0.34 0.80  0.43-1.47 0.47 1.05 0.67-1.67 0.82




Based on the results of univariate analyses, we used the 16 clinically relevant risk-adjusting variables in the logistic regression models (age, male, body
mass index (BMI) <22 kg/m?, peak aortic jet velocity >4 m/s, coronary artery disease, creatinine level >0.83 mg/dl, malignancy current under treatment,
anemia, ejection fraction <68%, chronic lung disease, Dyslipidemia, prior myocardial infarction, prior symptomatic stroke, aortic/peripheral vascular
disease, any combined valvular disease, and tricuspid regurgitation pressure gradient >40 mm Hg).

BMI was calculated as weight in kilograms divided by height in meters squared.

Anemia was defined by the World Health Organization criteria (hemoglobin <12.0 g/dL in women and <13.0 g/dL in men).

AVR=aortic valve replacement; TAVI=transcatheter aortic valve implantation; BMI=Body mass index; TR=tricuspid regurgitation; and OR=odds ratio.

Supplementary Table 2. Effects of AVR/TAVI during the follow-up group on primary endpoint

Time-updated covariate Adjusted HR  95% CI P-value

AVR/TAVI during the follow-up 0.27 0.16-0.44 <0.001

Adjusted HR and 95%CI for primary endpoint was estimated by the multivariable Cox proportional hazard model. We incorporated the time-updated covariate as well
as the same 21 clinically relevant factors as the main analysis into the multivariable Cox proportional hazard model, and estimated the hazard ratio of AVR/TAVI
during the follow-up for the primary endpoint.

HR=hazard ratio; CI=confidence interval; AVR=aortic valve replacement; TAVI=transcatheter aortic valve implantation.



