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Abstract

Background

Transcatheter aortic valve implantation (TAVI) is criticized by some as an expensive treat-

ment in super-elder patients with limited life expectancy. However, there is a knowledge gap

regarding the magnitude of clinical benefit provided by TAVI in comparison with conserva-

tive management in patients with severe aortic stenosis (AS) in real clinical practice, which

would be important in the decision making for TAVI.

Methods

We combined two independent registries, namely CURRENT AS and K-TAVI registries.

CURRENT AS was a multicenter registry enrolling 3815 consecutive patients with severe

AS irrespective to treatment modalities between January 2003 and December 2011. K-

TAVI was a multicenter, prospective registry including 449 consecutive patients with severe

AS, who underwent TAVI with SAPIEN XT balloon-expandable valves between October

2013 and June 2016. In these 2 registries, 449 patients received TAVI and 894 patients

were managed with conservative strategy. We conducted propensity score matching and

finally obtained a cohort of 556 patients (278 patients for each group) for the analysis. The

primary outcome measures were all-cause death and heart failure (HF) hospitalization at 2-

year.

Results

The cumulative 2-year incidences of all-cause death and HF hospitalization were signifi-

cantly lower in the TAVI group than in the conservative group (16.8% versus 36.6%,

P<0.001, and 10.7% versus 37.2%, P<0.001). After adjusting the residual confounders,

TAVI reduced the risks of all-cause death (HR, 0.46; 95%CI, 0.32–0.69; P = 0.0001) and HF

hospitalizations (HR, 0.25; 95%CI, 0.16–0.40; P<0.0001) compared with conservative strat-

egy. There was no difference in the cumulative incidence of non-cardiovascular death

between the 2 groups.

Conclusions

TAVI in the early Japanese experience was associated with striking risk reduction for all-

cause death as well as HF hospitalization as compared with the historical cohort of patients

with severe AS who were managed conservatively just before introduction of TAVI in Japan.

Introduction

In symptomatic patients with severe aortic stenosis (AS), surgical aortic valve replacement

(SAVR) had been the only option to improve the clinical outcomes, and has been recom-

mended as a class I indication in the guidelines [1–6]. However, one of the biggest drawbacks

in the management of patients with severe AS was that substantial proportion of symptomatic

patients with severe AS did not receive SAVR due to advanced age, severe comorbidities, or

patient rejection [7–9]. Transcatheter aortic valve implantation (TAVI) has already trans-

formed the treatment paradigm of symptomatic patients with severe AS. In severe AS patients

TAVI versus conservative management for severe AS
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with high or intermediate risk for SAVR, several randomized trials clearly demonstrated that

TAVI was associated with the long-term clinical outcomes at least comparable to SAVR [10–

14]. Furthermore, in patients with severe AS who were not suitable for SAVR, the PARTNER

(Placement of Aortic Transcatheter Valves) trial comparing TAVI with standard treatment

demonstrated better outcomes for TAVI up to 5-year follow-up [15–18]. Based on these land-

mark clinical trials, the proportion of symptomatic severe AS patients treated with aortic valve

replacement by either SAVR or TAVI clearly increased after introduction of TAVI [19].

However, there is a knowledge gap regarding how much clinical benefit could be provided

by TAVI in comparison with conservative management in patients with severe AS in real clini-

cal practice. The expected magnitude of clinical benefit would be important in the decision

making for TAVI in real world patients with severe AS. Against this background, we sought to

evaluate the clinical outcomes of patients who underwent TAVI in the early Japanese experi-

ence in comparison with the historical cohort of patients who were managed conservatively

just before introduction of TAVI in Japan.

Materials and methods

Study population

We combined two independent registries in Japan, K-TAVI (Kyoto University-related hospital

Transcatheter Aortic Valve Implantation) registry and CURRENT AS (Contemporary out-

comes after sURgery and medical tREatmeNT in patients with severe Aortic Stenosis) registry,

to make a historical comparison of the clinical outcomes between TAVI and conservative

management in patients with severe AS.

K-TAVI registry was a multicenter and prospective registry enrolling consecutive patients

with severe AS who underwent TAVI at 6 centers starting from October 2013. The selection of

patients and the procedures of the K-TAVI registry were previously reported [20]. For the

present analysis, we included 449 patients who underwent TAVI with SAPIEN XT (Edwards

Lifesciences, CA, USA) from October 2013 to June 2016 in the K-TAVI registry (Fig 1).

The CURRENT AS registry was a multicenter, retrospective registry that enrolled consecu-

tive patients with severe AS irrespective to treatment modalities from 27 centers (on-site surgical

facilities: 20 centers) just before introduction of TAVI in Japan from January 2003 to December

2011. All the 6 centers that participated in the K-TAVI registry had also participated in the CUR-

RENT AS registry. Severe AS was defined as peak aortic jet velocity (Vmax)>4.0m/s, mean aortic

pressure gradient (PG)>40mmHg, or aortic valve area (AVA)<1.0cm2. The detailed design

and results of the registry have been previously published [21]. Among 3815 patients enrolled in

the CURRENT AS registry, conservative management was initially chosen in 2618 patients. To

identify the patients with conservative management comparable to the patients in the K-TAVI

registry, we excluded those patients on hemodialysis (HD) in whom TAVI has not been yet

approved in Japan, and those asymptomatic patients with Vmax<5m/s and left ventricular ejec-

tion fraction (LVEF)> = 50%, who are regarded as candidates for watchful waiting according to

the guidelines [4]. We also excluded those patients who were regarded as contraindicated for

SAVR by the attending physicians (malnutrition, muscle weakness, cognitive impairment, and

expected poor prognosis), because these patients were considered to be contraindicated for

TAVI. Finally, we retrieved the data of 984 non-HD patients in the conservative group who were

symptomatic or asymptomatic but with Vmax�5 m/s, or with LVEF of<50% (Fig 1).

The follow-up was commenced on the day of TAVI in the K-TAVI registry and on the day

of index echocardiography in the conservative group from CURRENT AS registry. Follow-up

was censored at 2-year in both groups considering the minimal follow-up interval in the

K-TAVI registry. We obtained clinical follow-up data from the medical records and/or

TAVI versus conservative management for severe AS
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through mail exchanges and/or telephone interviews with the patients, families, or referring

physicians.

The relevant institutional review boards at all participating hospitals approved the study

protocols and were described in S3 Text. We performed the study in accordance with the

Fig 1. Study flowchart. CURRENT AS, Contemporary outcomes after sURgery and medical tREatmeNT in patients with severe Aortic Stenosis; K-TAVI, Kyoto

University-related hospital Transcatheter Aortic Valve Implantation; AVR, aortic valve replacement; HD, hemodialysis; Vmax, peak aortic jet velocity; TAVI,

transcatheter aortic valve implantation; LVEF, left ventricular ejection fraction.

https://doi.org/10.1371/journal.pone.0222979.g001

TAVI versus conservative management for severe AS
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Declaration of Helsinki. Written informed consent specific for the K-TAVI registry was

waived because patients undergoing TAVI provided written informed consent for the compul-

sory national clinical database registry, and it was also waived in the CURRENT AS registry

because of the retrospective study design.

Study outcomes

Valve implantation was regarded as successful, if the procedure was completed without valve

delivery failure, second valve implantation, annulus rupture and conversion to open heart sur-

gery. Device success and other procedural endpoints of TAVI was defined based on the Valve

Academic Research Consortium (VARC)-2 classification [22]. The primary outcome measures

of the current study were all-cause death and heart failure (HF) hospitalizations at 2-year. The

secondary outcome measures included aortic valve-related death, aortic valve procedure

death, cardiovascular death, sudden death, non-cardiovascular death, myocardial infarction,

stroke, major bleeding, infectious endocarditis, and a composite of aortic valve-related deaths

or HF hospitalization. Aortic valve-related death included aortic valve procedure death, sud-

den death, and death due to HF possibly related to aortic valve. HF hospitalization was defined

as hospitalization due to worsening HF requiring intravenous drug therapy. Major bleeding in

this study was defined as life-threatening/disabling or major bleeding in the VARC-2 classifi-

cation. Definitions of other clinical events are described in S4 Text. Clinical events were adju-

dicated by the clinical event committee (S1 Text) in the CURRENT AS registry, while site-

reported events were not adjudicated in the K-TAVI registry.

Statistical analysis

We expressed continuous variables as mean ± standard deviation or median with interquartile

range (IQR), and compared them using Student’s t-test or Wilcoxon rank sum test. We

expressed categorical variables as percentages and compared them using χ2 tests.

We used propensity score matching as the main analysis, because the patient characteristics

were different between the TAVI and conservative groups derived from the 2 separate registries.

Once we combined data of 984 patients from CURRENT AS registry and 449 patients from

K-TAVI registry, we used multivariable logistic regression model to develop propensity-score

for the choice of TAVI with 13 variables relevant to the choice of AVR used in our previous

study (Table 1) [21]. We multiplied these variables in each patient by the coefficients in the

model to calculate propensity score of each patient. The c-statistics was 0.818 and the coeffi-

cients of the independent variables were shown in S1 Table. We then calculated the propensity

score by summing up all coefficients multiplies corresponding variables (S1 Fig). To make pro-

pensity-score matched cohort, patients in the TAVI group were matched to those in the conser-

vative group using a 1:1 greedy matching technique [23]. We eliminated those patients without

counterparts with corresponding propensity score, and finally constructed the propensity

score-matched cohort of 556 patients (TAVI group 278 patients, and conservative group 278

patients), and used Kaplan-Meier curves to estimate cumulative incidences. Log-rank test was

used to assess the differences between groups. Because some variables were not well balanced

even after the propensity score matching, we performed further adjustment by using the Cox

proportional hazard models incorporating the risk-adjusting variables such as Society of Tho-

racic Surgeons (STS)-predicted risk of mortality (PROM), Vmax, and aortic valve area (AVA).

We evaluated hazard ratios (HRs) and their 95% confidence intervals (CIs) to assess the risk of

the TAVI group relative to the conservative group for each outcome measure.

As a sensitivity analysis, we constructed Cox proportional hazards models incorporating 18

clinically relevant risk-adjusting variables listed in Table 1 among the entire cohort of 1433

TAVI versus conservative management for severe AS
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Table 1. Baseline patient characteristics.

Entire cohort Propensity score-matched cohort

TAVI group Conservative group P-value TAVI group Conservative group P-value

(N = 449) (N = 984) (N = 278) (N = 278)

Clinical characteristics

Age, �y 85.2±5.3 82.1±9.1 <0.0001 84.6±5.7 85.1±7.0 0.41

�80 years† 399 (89) 644 (65) <0.0001 233 (84) 235 (85) 0.82

Men� ,† 161 (36) 288 (29) 0.01 80 (29) 81 (29) 0.93

BMI, kg/m2 22.0±3.5 21.2±3.9 0.0001 21.4±3.5 21.8±3.9 0.24

<22.0 kg/m2� ,† 235 (52) 689 (70) <0.0001 171(62) 171 (62) 1.00

BSA, m2 1.43±0.2 1.41±0.2 0.07 1.40±0.2 1.41±0.2 0.72

Hypertension� 349 (78) 717 (73) 0.05 211 (76) 211 (76) 1.00

Smoking� 82 (18) 173 (18) 0.75 46 (17) 47 (17) 0.91

Dyslipidemia 220 (49) 317 (32) <0.0001 140 (50) 105 (38) 0.003

Diabetes mellitus 123 (27) 206 (21) 0.008 81 (29) 61 (22) 0.05

On insulin therapy� 15 (3.3) 37 (3.8) 0.69 10 (3.6) 9 (3.2) 0.82

Prior MI� 18 (4.0) 129 (13) <0.0001 13 (4.7) 49 (18) <0.0001

Prior PCI 126 (28) 128 (13) <0.0001 75 (27) 46 (17) 0.003

Prior CABG 49 (11) 71 (7.2) 0.02 27 (9.7) 33 (12) 0.41

Prior heart surgery† 88 (20) 106 (11) <0.0001 45 (16) 41 (15) 0.64

Prior symptomatic stroke� ,† 55 (12) 131 (13) 0.58 30 (11) 24 (8.6) 0.39

Atrial fibrillation or flutter� 48 (11) 257 (26) <0.0001 31 (11) 55 (20) 0.005

Aortic/peripheral vascular disease� 71 (16) 130 (13) 0.19 45 (16) 35 (13) 0.23

Serum creatinine, mg/dL� 0.9 (0.7–1.2) 0.9 (0.7–1.3) 0.90 0.9 (0.7–1.2) 1.0 (0.7–1.3) 0.32

>2mg/dL† 15 (3.4) 81 (8.2) 0.0003 12 (4.3) 11 (4.0) 0.82

Anemia� ,† 344 (77) 621 (63) <0.0001 200 (72) 206 (74) 0.61

Malignancy� ,† 41 (9.1) 114 (12) 0.16 23 (8.3) 19 (6.8) 0.52

Immunosuppressive therapy† 21 (4.7) 36 (3.7) 0.37 11 (4.0) 10 (3.6) 0.82

Chronic lung disease 138 (31) 109 (11) <0.0001 72 (26) 29 (10) <0.0001

moderate or severe� ,† 51 (11) 44 (4.5) <0.0001 16 (5.8) 14 (5.0) 0.71

Coronary artery disease� 194 (43) 295 (30) <0.0001 114 (41) 100 (36) 0.22

STS score (PROM), % 6.4 (4.5–9.3) 5.1 (3.1–8.6) <0.0001 6.4 (4.5–9.2) 5.8 (4.0–9.5) 0.13

Etiology of aortic stenosis

Degenerative 445 (99) 916 (93) <0.0001 275 (99) 268 (96) 0.22

Congenital (unicuspid, bicuspid, or quadricuspid) 2 (0.5) 21 (2.1) 1 (0.4) 3 (1.1)

Rheumatic 1 (0.2) 43 (4.4) 1 (0.4) 5 (1.8)

Infective endocarditis 0 (0) 0 (0) 0 (0) 0 (0)

Other 1 (0.2) 4 (0.4) 1 (0.4) 2 (0.7)

Echocardiographic variables

Vmax, m/s 4.7±0.7 4.1±1.0 <0.0001 4.6±0.7 4.1±1.0 <0.0001

Vmax�5 m/s† 154 (34) 21 (21) <0.0001 80 (29) 67 (24) 0.23

Vmax�4 m/s� 385 (86) 526 (53) <0.0001 236 (85) 151 (54) <0.0001

Peak aortic PG, mmHg 87±28 70±33 <0.0001 84±26 72±35 <0.0001

Mean aortic PG, mmHg 52±17 40±21 <0.0001 51±17 42±22 <0.0001

AVA, cm2 0.62± 0.17 0.70±0.19 <0.0001 0.62±0.18 0.68±0.19 <0.0001

AVA index, cm2/m2 0.44±0.12 0.51±0.14 <0.0001 0.44±0.13 0.49±0.14 <0.0001

Eligibility for severe AS

Vmax >4 m/s or mean

aortic PG >40 mmHg

370 (82) 505 (51) <0.0001 225 (81) 147 (53) <0.0001

(Continued)

TAVI versus conservative management for severe AS
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patients (TAVI group, 449 patients, and conservative group, 984 patients). We also performed

another sensitivity analysis in the propensity score-matched cohort excluding those patients

who died within 30 days after the index echocardiography in the conservative group, because

enrollment date of K-TAVI registry was not the index echocardiography date but the TAVI

procedure date, and there was possibility that some patients scheduled for TAVI had died

before actually undergoing TAVI procedure.

We also performed subgroup analyses in terms of age, sex, STS score, LVEF, and high/low

gradient AS in the propensity-score matched cohort. Age and STS score were dichotomized by

the median values, while LVEF was dichotomized by> = 50% and<50%.

We considered a 2-sided P-value of<0.05 to be significant for all tests. All analyses were

performed using JMP 14.0.0 or SAS 9.4 software (SAS Institute, Cary, NC, USA).

Results

Patient characteristics

In the entire cohort, patients in the TAVI group were older than those in the conservative

group (Table 1). The age distribution in the range of> = 85 years of age was comparable in

Table 1. (Continued)

Entire cohort Propensity score-matched cohort

TAVI group Conservative group P-value TAVI group Conservative group P-value

(N = 449) (N = 984) (N = 278) (N = 278)

AVA <1.0 cm2 alone

with LVEF <50%

20 (4.5) 186 (19) <0.0001 16 (5.8) 42 (15) 0.0002

AVA <1.0 cm2 alone

with LVEF �50%

56 (12) 283 (29) <0.0001 36 (13) 86 (31) <0.0001

LVDd, mm 44±7 46 ± 7 <0.0001 44±7 44 ± 7 0.99

LVDs, mm 29±6 31 ± 8 <0.0001 29±7 30 ± 7 0.56

LVEF, %� 61±11 59 ± 15 0.005 60±12 61 ± 13 0.59

<40%† 21 (4.7) 123 (13) <0.0001 16 (5.8) 14 (5.0) 0.70

<50% 66 (15) 259 (26) <0.0001 50 (18) 59 (21) 0.35

IVST in diastole, mm 11±2 11 ± 2 0.13 11 ± 2 11 ± 2 0.81

PWT in diastole, mm 11±2 11 ± 2 0.46 11 ± 3 11 ± 2 0.55

Any combined valvular

disease (moderate or

severe)� ,†

81 (18) 509 (52) <0.0001 71 (26) 70 (25) 0.92

AR 33 (7.4) 234 (24) <0.0001 29 (10) 31 (11) 0.80

MS 16 (3.6) 39 (4.0) 0.72 5 (1.8) 14 (5.1) 0.03

MR 33 (7.4) 285 (29) <0.0001 30 (11) 43 (15) 0.11

TR 27 (6.0) 223 (23) 0.0001 24 (8.7) 34 (12) 0.17

Categorical variables were presented as number (%), and continuous variables were presented as mean ± SD, or median with interquartile range.

�Potential independent variables selected for Cox proportional hazards models in the unmatched cohort

† Potential independent variables selected for logistic regression model to develop propensity score for the choice of TAVI.

Anemia was defined as serum hemoglobin <12g/dl for women or <13g/dl for men.

TAVI, transcatheter aortic valve implantation; BMI, body mass index; BSA, body surface area; MI, myocardial infarction; PCI percutaneous coronary intervention;

CABG, coronary artery bypass grafting; HD, hemodialysis; STS, society of thoracic surgeons; PROM, predicted risk of mortality; Vmax, peak aortic jet velocity; PG,

pressure gradient; AVA, aortic valve area; AS, aortic stenosis; LVDd, left ventricular end-diastolic diameter; LVDs, left ventricular end-systolic diameter; LVEF, left

ventricular ejection fraction; LV, left ventricular; IVST, interventricular septum thickness; PWT, posterior wall thickness; AR, aortic regurgitation; MS, mitral stenosis;

MR, mitral regurgitation; TR, tricuspid regurgitation.

https://doi.org/10.1371/journal.pone.0222979.t001

TAVI versus conservative management for severe AS
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the TAVI group and the conservative group, while the proportion of patients with <85 years

of age was smaller in the TAVI group than in the conservative group (Fig 2A). Patients in the

TAVI group more often had dyslipidemia, anemia, coronary artery disease, and chronic lung

disease and had higher STS score, while patients in the conservative group more often had

prior myocardial infarction, atrial fibrillation or flutter, and creatinine levels >2 mg/dL

(Table 1). In terms of echocardiographic data, Vmax, mean aortic PG, and LVEF were greater

in the TAVI group than in the conservative group. The prevalence of combined valvular dis-

ease was much higher in the conservative group than in the TAVI group (Table 1).

In the propensity score-matched cohort, the baseline patient characteristics including STS

score were much better balanced between the TAVI and conservative groups (Table 1). Mean

age and the age distribution were comparable in the TAVI and conservative groups (Table 1

and Fig 2B). However, patients in the TAVI group still more often had dyslipidemia, prior per-

cutaneous coronary intervention, and chronic lung disease, while patients in the conservative

group more often had prior myocardial infarction, and atrial fibrillation or flutter (Table 1).

Echocardiographic severity of AS in terms of Vmax, mean PG, and AVA was greater in the

TAVI group than in the conservative group even after propensity score matching (Table 1).

Characteristics and procedural outcomes of TAVI

In terms of procedural characteristics in the TAVI group, trans-femoral approach was selected

only in 63% of patients, and the vast majority of patients underwent TAVI under general anes-

thesia. Successful valve implantation was achieved in 97.3% and device success rate was 92.0%

in the entire cohort. The major complications included annulus rupture (0.7%), conversion to

Fig 2. Distribution of age. (A) Entire cohort. (B) PS matched cohort (B) PS, propensity score; TAVI, transcatheter aortic valve implantation.

https://doi.org/10.1371/journal.pone.0222979.g002

TAVI versus conservative management for severe AS

PLOS ONE | https://doi.org/10.1371/journal.pone.0222979 September 26, 2019 8 / 17

https://doi.org/10.1371/journal.pone.0222979.g002
https://doi.org/10.1371/journal.pone.0222979


open surgery (0.9%), emergency coronary intervention (0.7%), major vascular complications

(4.5%), and permanent pacemaker implantation (4.5%). Median length of hospital stay after

TAVI was 12 (IQR: 9–18) days (S2 Table).

Clinical outcomes in the propensity score-matched cohort

In the propensity score-matched cohort, the cumulative 30-day incidence of all-cause death

was significantly lower in the TAVI group than in the conservative group (1.1% and 4.1%, log-

rank P = 0.03). The cumulative 30-day incidence of stroke trended to be higher in the TAVI

group than in the conservative group (1.8% and 0.4%, log-rank P = 0.11). Cumulative 30-day

incidence of major bleeding was significantly higher in the TAVI group than in the conserva-

tive group (4.3%, and 0.8%, log-rank P = 0.007) (S3 Table).

For the long-term follow-up in the propensity score-matched cohort, median follow-up

intervals of the surviving patients were 809 (IQR: 736–1118) days in the TAVI group and 1155

(IQR: 903–1590) days in the conservative group. During follow-up, 29 patients (10.4%) ulti-

mately underwent SAVR or TAVI in the conservative group.

The cumulative 2-year incidences of the primary outcome measures (all-cause death and

HF hospitalization) were significantly lower in the TAVI group than in the conservative group

(16.8%, and 36.6%, log-rank P<0.0001, and 10.7% and 37.2%, log-rank P<0.0001) (Table 2,

and Fig 3). The cumulative incidences of the secondary outcome measures such as

Table 2. Clinical outcomes: Propensity score-matched cohort.

TAVI group Conservative group Hazard Ratio (95% Confidence Interval)

(N = 278) (N = 278)

N of Patients with Event N of Patients with Event Crude P-value Adjusted P-value

(Cumulative 2-year

incidence)

(Cumulative 2-year

incidence)

All-cause death 45 (16.8%) 95 (36.6%) 0.40 (0.28–

0.57)

<0.0001 0.46 (0.32–

0.69)

0.0001

Cardiovascular death 21 (8.2%) 69 (28.0%) 0.26 (0.16–

0.42)

<0.0001 0.29 (0.17–

0.48)

<0.0001

Aortic valve-related death 6 (2.3%) 54 (23.0%) 0.09 (0.04–

0.20)

<0.0001 0.10 (0.04–

0.22)

<0.0001

Aortic valve procedure death 5 (1.9%) 2 (1.0%) 1.45 (0.36–

7.09)

0.60 N/A -

Sudden death 7 (2.8%) 15 (6.9%) 0.40 (0.15–

0.94)

0.04 N/A -

Non-cardiovascular death 24 (9.4%) 26 (12.0%) 0.78 (0.45–

1.36)

0.38 1.03 (0.55–

1.97)

0.92

Heart failure hospitalization 27 (10.7%) 85 (37.2%) 0.25 (0.16–

0.38)

<0.0001 0.25 (0.16–

0.40)

<0.0001

Composite of aortic valve-related death or heart failure

hospitalization

32 (12.4%) 103 (42.4%) 0.24 (0.16–

0.36)

<0.0001 0.25 (0.16–

0.37)

<0.0001

Myocardial infarction 1 (0.4%) 3 (1.5%) 0.29 (0.01–

2.30)

0.25 N/A -

Stroke 12 (4.8%) 11 (5.3%) 0.95 (0.42–

2.19)

0.90 N/A -

Major bleeding 26 (9.8%) 13 (5.7%) 1.88 (0.98–

3.78)

0.06 N/A -

Infective endocarditis 6 (2.4%) 1 (0.5%) 5.21 (0.89–

98.4)

0.07 N/A -

TAVI, transcatheter aortic valve implantation; N/A, not applicable.

https://doi.org/10.1371/journal.pone.0222979.t002
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cardiovascular death, aortic valve-related death, sudden death, and a composite of aortic valve-

related death or HF hospitalization were also significantly lower in the TAVI group than in the

conservative group (Table 2, and S2 and S3 Figs). The cumulative incidences of non-cardiovas-

cular death, aortic valve procedure death, stroke, and myocardial infarction were not signifi-

cantly different between the 2 groups (Table 2, and S3 and S4 Figs). The cumulative incidences

of major bleeding and infectious endocarditis trended to be higher in the TAVI group than in

the conservative group (Table 2, and S4 Fig).

After adjustment for the residual confounders, TAVI as compared with conservative man-

agement was associated with highly significant risk reduction for all-cause death and HF hos-

pitalization (HR 0.46, 95%CI, 0.32–0.69, P = 0.0001, and HR 0.25, 95%CI 0.16–0.40,

P<0.0001) (Table 2). The magnitude of risk reduction with TAVI relative to conservative

management for the aortic valve related outcome measure (a composite of aortic valve-related

death or HF hospitalization) was comparable to that for HF hospitalization (HR, 0.25, 95%CI,

0.16–0.37; P<0.0001) (Table 2).

Sensitivity analyses

In the entire cohort, median follow-up intervals of the surviving patients were 846 (IQR: 736–

1127) days in the TAVI group and 1294 (IQR: 980–1701) days in the conservative group. Dur-

ing follow-up, 134 patients (13.6%) ultimately underwent SAVR or TAVI in the conservative

group. The adjusted risks of the TAVI group relative to the conservative group for the primary

outcome measures in the entire cohort were fully consistent with those in the propensity

score-matched cohort (S4 Table, and S5–S8 Figs). The results were also consistent in another

Fig 3. Kaplan-Meier curves for the primary outcome measures comparing between the TAVI and conservative groups in the PS matched cohort. (A) all-cause

death. (B) heart failure hospitalization.

https://doi.org/10.1371/journal.pone.0222979.g003
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sensitivity analysis in the propensity score-matched cohort excluding those patients who died

within 30 days after the index echocardiography in the conservative group (S5 Table).

Subgroup analyses

In the subgroup analyses, there was no significant interaction between the subgroup factors

and the effect of TAVI relative to the conservative management for the primary outcome mea-

sures, except for the positive interaction between sex and the effect for all-cause death (S9 Fig).

Discussion

The main finding of the present study was that TAVI in the early Japanese experience was

associated with striking risk reduction for all-cause death as well as HF hospitalization as com-

pared with the historical cohort of patients with severe AS who were managed conservatively

just before introduction of TAVI in Japan.

TAVI is now widely accepted and has already revolutionized the treatment of severe AS.

TAVI have been has been adopted rapidly for patients who are at high surgical risk in the

world [24–27]. However, TAVI is criticized by some as an expensive treatment in super-elder

patients with limited life expectancy. Measuring the magnitude of benefit provided by TAVI as

compared with conservative management is essential to discuss the cost-effectiveness of TAVI.

In the PARTNER randomized trial, TAVI as compared with standard treatment was associ-

ated with relative 44% risk reduction for all-cause death and 59% risk reduction for re-hospi-

talization at 2-year follow-up in patients with severe AS who were not suitable for SAVR [16].

In the real clinical practice, however, conservative management had often been selected in

symptomatic severe AS patients who are high-risk but not unsuitable for SAVR, while TAVI

has often been chosen in this group of patients. Therefore, the magnitude of benefit provided

by TAVI as compared with conservative management could not be fully assessed in the PART-

NER randomized trial. However, there was no previous study exploring how much clinical

benefit could be provided by TAVI in comparison with conservative management in patients

with severe AS in the real clinical practice. The 2 registries analyzed in the present study, one

in the pre-TAVI era, and the other in the TAVI era, could present a unique opportunity to

assess the clinical impact of TAVI relative to conservative management in the real world

patients with severe AS. In the present propensity score matched analysis, TAVI as compared

with conservative management was associated with striking 54% risk reduction for all-cause

death and 75% risk reduction for HF hospitalization at 2-year follow-up. High rate of success-

ful valve implantation, low complication rate and very low 30-day mortality rate were also

striking, given the fact that this was the very early TAI experience using the prototype device

in Japan. Initial procedural risk is usually the tax to pay for the expected long-term benefit of

any invasive treatment. However, in the present study, 30-day mortality was significantly

lower in the TAVI group than in the conservative group, highlighting the low procedural risk

of TAVI as well as very poor prognosis of patients with severe AS when managed conserva-

tively. Furthermore, the 2-year mortality rate after TAVI was only 16.8% in the present study

as compared with 43.3% in the PARTNER trial, indicating that the life expectancy of patients

undergoing TAVI in the real world was not so short as shown among the inoperable patients

enrolled in the PARTNER trial. In line with the marked reduction of HF hospitalization by

TAVI in the present study, TAVI is also reported to be associated with marked improvement

of symptoms and quality of life [28–31]. The present study is not a formal cost-effectiveness

analysis of TAVI. Nevertheless, given the substantial mortality and morbidity benefit of TAVI,

the door to TAVI should not be closed due to the cost issues.
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There were some negative aspects for TAVI in the present study. Stroke and major bleeding

at 30-day were more frequent in the TAVI group than in the conservative group. The long-

term risk for infective endocarditis trended to be higher in the TAVI group than in the conser-

vative group. However, the observed mortality and morbidity benefit of TAVI far outweighed

these negative aspects for TAVI. The use of newer generation devices has already reduced the

incidence of peri-operative stroke and major bleeding [14,32].

There are several important limitations in this study. First, we combined 2 different regis-

tries for the present analysis. We developed the propensity-score for the choice of TAVI in the

data set derived from 2 different registries, which might not be a formal way of developing pro-

pensity-score. However, the sensitivity analysis using multivariable Cox proportional hazard

model in the entire cohort provided the fully consistent results with the propensity-score

matched analysis. Nevertheless, we could not exclude the possibility of unmeasured confound-

ing. Second, we conducted a comparison between the 2 registries that enrolled patients just

before and after introduction of TAVI in Japan, in which the limitations associated with his-

torical comparison were inevitable. However, we do not have good methodology other than

historical comparison to estimate the impact of TAVI in the real clinical practice. The 2 multi-

center observational studies conducted among the same group of investigators actually pro-

vided very unique opportunity to estimate the magnitude of benefit provided by TAVI. Third,

we did not know the number of patients who were turned down for TAVI during enrollment

in K-TAVI registry. However, we excluded those patients in the CURENT AS registry who

were regarded as contraindicated for SAVR by the attending physicians, because some of these

patients might also be contraindicated for TAVI. Fourth, we did not assess the symptomatic

status of patients in the K-TAVI registry. History of acute HF hospitalization, which would

have substantial prognostic impact, could not be adjusted in the comparison between TAVI

and conservative management. Fifth, patients who underwent TAVI were early experience

data in Japan, therefore about 37% of patients were selected alternative approach and almost

all patients underwent TAVI under general anesthesia. This is quite different from current

TAVI practice and this could not applicable to current TAVI practice. Finally, follow-up was

commenced at different time points in the 2 registries (TAVI group: the day of TAVI, and con-

servative group: the day of index echocardiography). Therefore, we conducted a sensitivity

analysis excluding those patients who died within 30 days after entry in the conservative

group, demonstrating results that are fully consistent with those in the main analysis.

Conclusions

TAVI in the early Japanese experience was associated with striking risk reduction for all-cause

death as well as HF hospitalization as compared with the historical cohort of patients with

severe AS who were managed conservatively just before introduction of TAVI in Japan.
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