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ABSTRACT
Objective Postprocedural ischaemic and bleeding risks 
after transcatheter aortic valve replacement (TAVR) remain 
a major concern. Nevertheless, no reliable risk models 
incorporating both possibilities are currently available. We 
aimed to assess the accuracy of percutaneous coronary 
intervention (PCI)- derived models and the performance 
of a recalibrated model that included variables more 
applicable to TAVR.
Methods This study included 26 869 patients who had 
been enrolled in a national registry. Ischaemic events 
were defined as myocardial infarction, stroke, transient 
ischaemic attack or peripheral embolism at 1 year. 
Bleeding events were defined as any bleeding based on 
the Valve Academic Research Consortium- 2 consensus 
document at 1 year. Patterns of Non- adherence to Anti- 
Platelet Regimen in Stented Patients (PARIS) and Coronary 
Revascularisation Demonstrating Outcome Study in Kyoto 
(CREDO- Kyoto) integer scoring systems were tested. The 
models were recalibrated by applying new variables using 
the Fine and Gray method.
Results The 1- year cumulative incidences for ischaemic 
and bleeding events were 2.7% and 3.1%. Patients with 
high PARIS and CREDO- Kyoto risk scores had higher 
incidences of both ischaemic (3.3% vs 2.4% vs 2.4%, 
p<0.001 and 2.8% vs 2.0% vs 0.8%, p<0.001) and 
bleeding events (3.3% vs 2.5% vs 0.8%, p<0.001 and 
3.7% vs 3.0% vs 2.4%, p<0.001) when compared with 
intermediate and low- risk patients. The receiver operating 
characteristic area under the curves for these models 
were 0.53, 0.58, 0.56 and 0.55, respectively. After the 
models were recalibrated to incorporate variables more 
applicable to TAVR, the performance of ischaemic and 
bleeding models modestly improved (0.58 and 0.61, 
respectively).
Conclusions The PCI- derived models demonstrated 
modest accuracy but was inadequate for risk stratification 
of TAVR patients at 1- year follow- up.
Trial registration number 3395.

INTRODUCTION
Transcatheter aortic valve replacement 
(TAVR) is an established treatment for severe 
aortic stenosis (AS), and current guidelines 
recommended for a primary option particu-
larly for elderly and comorbid population.1 2 
Since its introduction, the number of patients 
undergoing TAVR has been increasing, and it 
is estimated that 240 000 and 26 000 TAVR 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Ischaemic and bleeding complications after tran-
scatheter aortic valve replacement (TAVR) remain 
a major issue, known to impair patient survival. 
Although TAVR risk scoring systems have already 
been developed, they have focused predominantly 
on periprocedural bleeding events.

WHAT THIS STUDY ADDS
 ⇒ High Patterns of Non- adherence to Anti- Platelet 
Regimen in Stented Patients (PARIS) and Coronary 
Revascularisation Demonstrating Outcome Study 
in Kyoto (CREDO- Kyoto) risk score patients who 
received TAVR had experienced significantly more 
ischaemic and bleeding events. However, these 
models demonstrated low accuracy in stratifying 
ischaemic and bleeding events. The recalibrated 
model including PARIS and CREDO- Kyoto scoring 
model variables improved performance but re-
mained at a modest accuracy.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ Special attention should be paid to patients with the 
variables of ischaemic and bleeding risks. Further 
efforts are needed to enhance risk stratification of 
patients with TAVR in order to strengthen prognosis 
and avoid major detrimental events.
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procedures were performed in the USA and Japan, respec-
tively, by the end of 2019.3 However, despite the improve-
ment of technical procedures and patient management, 
ischaemic and bleeding complications after TAVR remain 
a major issue, known to impair patient survival.4 5

Precise risk assessment that incorporates the possibility 
of both events has become an essential part of the prepro-
cedural assessment process. To date, various ischaemic 
and bleeding risk algorithms have been proposed for 
patients undergoing percutaneous coronary intervention 
(PCI), some of which are well validated.6–8 Validated risk 
models have enabled better clinical decision- making in 
the prevention of ischaemic and bleeding events.9

This study was designed to assess the accuracy of PCI- 
derived models and the performance of a recalibrated 
model that included variables more applicable to TAVR 
for 1- year ischaemic and bleeding outcomes. Although 
TAVR risk scoring systems have already been developed,10 
they have focused predominantly on periprocedural 
bleeding events. Since 2013, the Japanese Transcatheter 
Valve Therapy (J- TVT) registry has collected data from 
patients undergoing TAVR. Unlike European patients 
undergoing TAVR, this study sample has unique charac-
teristics such as small body mass index and body surface 
area (BSA). This data are used to compare variables 
with the Transcatheter Valvular Therapy registry in the 
USA, providing a unique opportunity to test the above 
objective.

METHODS
Study design and samples
The J- TVT Registry was established by four academic 
societies (Japanese Circulation Society, The Society of 
Japanese Cardiovascular Surgery, Japanese Association 
for Thoracic Surgery and Japanese Association of Cardio-
vascular Intervention and Therapeutics) in collaboration 
with the Pharmaceuticals and Medical Devices Agency to 
develop a TAVR procedure database in Japan. Data collec-
tion began in September 2013 after the TAVR procedure 
was approved. Consecutive case registration is required 
for certification of the institutions and operators, and 
complete case registration is confirmed every 3 years for 
certification renewal. Data quality is ensured via an auto-
matic system validation, reporting of data completeness, 
training of site data managers and data auditing, which is 
overseen by members of the J- TVT Registry Committee. 
The conduct of the study was approved by the Institu-
tional Review Board of the Osaka University Graduate 
School of Medicine (Osaka, Japan) as well as National 
Clinical Database. This study was conducted in accord-
ance with the provisions of the Declaration of Helsinki 
and the ethical guidelines for epidemiological studies in 
Japan.

We included all patients who underwent TAVR from 
September 2013 to December 2019 in Japan. Cases from 
institutions that performed less than 20 cases annually 
were excluded to preclude the influence of outliers 

when modelling site variability. The study population 
included 25 819 patients. Those excluded comprised 629 
patients (2.3%) treated for non- AS, 80 patients (0.3%) 
without information on age and 341 patients (1.3%) with 
only periprocedural follow- up data. The assessment of 
scoring models was performed excluding 199 patients 
(0.7%) who lacked one or more components of the 
Patterns of Non- adherence to Anti- Platelet Regimen in 
Stented Patients (PARIS) or Coronary Revascularisation 
Demonstrating Outcome Study in Kyoto (CREDO- Kyoto) 
risk scoring models (figure 1). The PARIS and CREDO- 
Kyoto scores were developed from Western and Japanese 
patients undergoing PCI to individually assess ischaemic 
and bleeding risks. The PARIS score was externally vali-
dated using 2 years of thrombotic and bleeding events 
data from the Assessment of Dual Antiplatelet Therapy 
with Drug- eluting Stents registry.11 The CREDO- Kyoto 
score was externally validated based on 3 years of throm-
botic and bleeding events data from the Randomised 
Evaluation of Sirolimus- Eluting vs Everolimus- Eluting 
Stent Trial and the Nobori Biolimus- Eluting versus 
Xience/Promus Everolimus- Eluting Stent Trial.12 13 Both 
scoring models have moderate levels of discrimination 
and are generally used to predict the risks of ischaemic 
and bleeding events of patients undergoing PCI.

In the present study, ischaemic and bleeding risk scores 
were estimated based on the PARIS and CREDO- Kyoto 
risk score models. Exclusion criteria included clinical 
presentation of acute coronary syndrome and existence 
of a chronic total occlusion lesion, as these variables were 
not applicable to the study population (online supple-
mental figure 1). Patients with severe chronic kidney 
disease (CKD) were defined as those who required main-
tenance dialysis or with an estimated glomerular filtra-
tion rate of <30 mL/min per 1.73 m2, determined by 
serum creatinine levels using the Cockcroft- Gault equa-
tion. Patients with haemoglobin levels of <12 g/dL (men) 
and <11 g/dL (women) were defined as anaemic for 
PARIS risk scoring and <11 g/dL (men and women) for 
CREDO- Kyoto risk scoring. We categorised the patients 
into three risk groups (low, intermediate and high) 
based on the threshold value reported in the registry 

Figure 1 Study flowchart. CREDO- Kyoto, Coronary 
Revascularisation Demonstrating Outcome Study in Kyoto; 
PARIS, Patterns of Non- adherence to Anti- Platelet Regimen 
in Stented Patients; TAVR, transcatheter aortic valve 
implantation.
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data.6 7 Moreover, HAS- BLED and CHA2DS2- VASc scoring 
systems were also assessed as post hoc analyses.14 15 HAS- 
BLED is a scoring system to assess 1- year risk of major 
bleeding using 7 components; hypertension, abnormal 
renal and liver function, prior stroke, prior bleeding, 
labile INR, elderly, and drug usage such as antiplatelet 
agents. CHADS2- VASc is also a scoring system to assess 
annual risk of stroke using 7 components; congestive 
heart failure, hypertension, elderly, diabetes mellitus, 
prior stroke, vascular disease, and female. In this study, 
the presence or absence of liver disease to assess HAS- 
BLED scoring could not be confirmed due to insufficient 
data.

Clinical outcomes
Primary ischaemic events were defined as myocardial 
infarction, stroke, transient ischaemic attack and periph-
eral embolism within 1 year of the procedure. Myocar-
dial infarction, stroke and transient ischaemic attack 
were defined based on the Valve Academic Research 
Consortium- 2 (VARC- 2) consensus document.16 A 
peripheral embolism was defined as a suspected throm-
botic embolism. Contrast- enhanced CT confirmation 
was not required for the identification of valve- related 
thrombosis. A primary bleeding event was defined as 
any bleeding based on the VARC- 2 consensus document 
within 1 year of the procedure, including life- threatening 
or disabling, major or minor bleeding. Major bleeding 
was defined as any overt bleeding that resulted in a drop 
in haemoglobin level of 3.0 g/dL or greater, required 
transfusion or caused hospitalisation or permanent 
injury, or required surgery. A periprocedural drop in 
haemoglobin level above 3.0 g/dL was excluded except 
for overt bleeding. Minor bleeding was defined as any 
bleeding clinically deserved mention, such as life threat-
ening, disabling or major bleeding. Those adverse events 
that require hospitalisation for 1 year after the index 
procedure were surely recorded. The Society of Thoracic 
Surgeons (STS) V.2.73 was used for the calculation of 
STS- predicted risk of mortality.

Statistical analysis
For the unadjusted analyses, continuous variables are 
presented as mean±SD or as median with IQR. The 
Wilcoxon rank sum test was used to compare these values 
between groups. Categorical variables were compared 
using the χ2 test. The cumulative incidences of bleeding 
and ischaemic adverse events were estimated for 1 year 
based on risk score categories. Death was considered as a 
competing risk factor. Cumulative event incidences were 
compared across all the risk categories using the Gray’s 
test. Model discrimination was assessed using the C- sta-
tistic, estimated as the area under the time- dependent 
receiver- operating characteristics curve at 360 days. Multi-
variable Fine and Gray subdistribution hazard models 
were constructed to predict the outcomes of the variables 
included in the CREDO- Kyoto and PARIS score models 
in a randomly sampled 70% of the cohort. Discrimination 

of the model was assessed in the rest of the cohort using 
the C- statistic. All statistical analyses were performed 
using SAS V.9.4 (SAS Institute, Cary, North Carolina) 
and R V.4.1.2 (R Core Team 2021, Vienna, Austria). Two- 
tailed p values of less than 0.05 were considered statisti-
cally significant.

RESULTS
Baseline characteristics
The study patients were predominantly elderly (mean age 
84 years) and women (68%). The median STS score was 
6.0 (4.3–8.8). The femoral artery was the dominant access 
site (89%) and most patients were treated with balloon- 
expandable aortic valves (75%). A relatively small aortic 
valve size was selected for the study due to Asian- specific 
small physiques.

Patients who experienced ischaemic events within 1 
year after the procedure were older and had smaller BSA. 
There was also a higher prevalence of peripheral vessel 
disease, CKD, cerebrovascular disease and history of 
hypertension among these patients when compared with 
those who did not experience an ischaemic event. Conse-
quently, STS scores were significantly higher in patients 
who experienced ischaemic events than in those who did 
not. Additionally, self- expandable valves were more often 
necessary in patients who experienced ischaemic events. 
The transfemoral approach was more often performed in 
patients who had no ischaemic events than in those who 
did (table 1).

Patients who experienced bleeding events were more 
often women and had a small BSA. There was also a 
higher prevalence of CKD, anaemia, previous PCI, 
atrial fibrillation and history of peripheral vessel disease 
when compared with those who had no bleeding events. 
Notably, there was a significantly higher rate of prepro-
cedural aspirin or warfarin use observed in patients with 
bleeding events. The use of self- expandable valves was 
similar in patients with and without bleeding events. 
The transfemoral approach was more often performed 
in patients without bleeding events than in those with 
(table 1).

Clinical outcomes according to PARIS and CREDO-Kyoto risk 
scoring models
The cumulative 1- year incidence rates of bleeding and 
ischaemic events were 3.1% and 2.5%, respectively 
(figure 2). The mortality rate was 8.2%. According to 
PARIS scoring, patients were classified into high, inter-
mediate and low bleeding risk scores as follows: high was 
≥8 points (N=20 357, 79.5%), intermediate was from 4 to 
7 points (N=4999, 19.5%) and low was ≤3 points (N=264, 
1.0%). They were also classified into high, intermediate 
and low ischaemic risk scores scoring as follows: high was 
≥5 points (N=3582, 14.0%), intermediate was from 3 to 
4 points (N=8092, 31.6%) and low was ≤2 points (N=13 
946, 54.4%). The cumulative incidences of bleeding and 
ischaemic events over 1 year were significantly different 
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Table 1 Baseline characteristics in patients with and without 1- year ischaemic or bleeding events

IE
(n=633)

No- IE
(n=25 186) P value

MB
(n=784)

No MB
(n=25 035) P value

Age, years 85.0±5.1 84.4±5.2 0.004 84.8±5.6 84.4±5.2 0.06

BMI, kg/m2 22.0±3.7 22.4±5.1 0.02 21.6±4.0 22.4±5.1 <0.001

BSA 1.42±0.18 1.43±0.17 0.02 1.39±0.18 1.44±0.17 <0.001

Female 432 (68%) 17 211 (68%) 0.96 571 (73%) 17 072 (68%) 0.01

Smoking 96 (15%) 4005 (16%) 0.16 115 (15%) 3986 (16%) 0.34

Diabetes 0.57

  Non- insulin- treated 155 (25%) 5673 (23%) 0.25 187 (24%) 5641 (23%) 0.39

  Insulin- treated 32 (5%) 999 (4%) 0.18 34 (4%) 997 (4%) 0.58

  Hypertension 526 (83%) 19 885 (79%) 0.01 635 (81%) 19 776 (79%) 0.18

  Dyslipidaemia 328 (52%) 12 240 (49%) 0.11 374 (48%) 12 194 (49%) 0.58

  PVD 151 (24%) 2777 (11%) <0.001 123 (16%) 2785 (11%) <0.001

  Malignancy 61 (10%) 2318 (9%) 0.71 69 (9%) 2310 (9%) 0.68

  CHF 421 (67%) 15 832 (63%) 0.06 511 (65%) 15 742 (63%) 0.19

  CKD (CrCl<60) 585 (92%) 22 181 (88%) <0.001 716 (91%) 22 050 (88%) 0.01

  Severe CKD 237 (37%) 7468 (30%) <0.001 292 (37%) 7413 (30%) <0.001

  Anaemia 304 (48%) 11 969 (48%) 0.80 447 (57%) 11 826 (47%) <0.001

  Cerebrovascular disease 109 (17%) 2995 (12%) <0.001 103 (13%) 3001 (12%) 0.33

  COPD 202 (32%) 7387 (29%) 0.16 250 (32%) 7339 (29%) 0.12

  Previous PCI 168 (27%) 5778 (23%) 0.03 217 (28%) 5729 (23%) 0.002

  Previous CABG 28 (4%) 1137 (5%) 0.91 40 (5%) 1125 (5%) 0.42

  Permanent peacemaker 36 (6%) 1403 (6%) 0.90 45 (6%) 1394 (6%) 0.84

  Atrial fibrillation 124 (20%) 4274 (17%) 0.08 157 (20%) 4241 (17%) 0.02

  STS score 6.7 [4.6–9.6) 6.0 [4.2–8.7) <0.001 6.4 [4.5–9.7) 6.0 [4.2–8.7) <0.001

Preoperative medications

  Aspirin 308 (49%) 11 295 (45%) 0.06 394 (50%) 11 209 (45%) 0.002

  Thienopyridine 3 (0.5%) 154 (0.6%) 1.00 7 (0.9%) 150 (0.6%) 0.34

  Warfarin 28 (4%) 1399 (6%) 0.22 60 (8%) 1367 (6%)

  DOAC 71 (11%) 2690 (11%) 0.67 97 (12%) 2664 (11%)

  Triple therapy 6 (0.9%) 255 (1%) 0.87 13 (2%) 248 (1%)

  Aortic valve area 0.6 [0.5–0.8) 0.6 [0.5–0.8) 0.03 0.6 [0.5–0.7) 0.6 [0.5–0.8) 0.11

  Aortic valve gradient 46(36- 59) 46(38- 60) 0.33 46(36- 59) 46(38- 60) 0.16

  LVEF 64(55- 69) 64(56- 70) 0.24 64(57- 70) 64(56- 70) 0.61

  Moderate or severe AR 51 (8%) 1817 (7%) 0.42 48 (6%) 1820 (7%) 0.22

  Moderate or severe MR 49 (8%) 2052 (8%) 0.71 66 (8%) 2035 (8%) 0.77

  Bicuspid valve 17 (3%) 529 (2%) 0.86 14 (2%) 652 (3%) 0.15

Procedural characteristics

  Prosthesis type

   Balloon expandable 405 (64%) 18 975 (75%) <0.001 569 (73%) 18 811 (75%) 0.10

   Self- expandable 227 (36%) 6161 (24%) <0.001 209 (27%) 6179 (25%) 0.21

  Prosthesis size <0.001 0.92

   20 mm 23 (4%) 1290 (5%) 43 (5%) 1270 (5%)

   23 mm 254 (40%) 11 154 (44%) 337 (43%) 11 071 (44%)

   26 mm 227 (36%) 9168 (36%) 287 (37%) 9108 (36%)

   29 mm 128 (20%) 3524 (14%) 111 (14%) 3541 (14%)

  Transfemoral approach 532 (84%) 22 375 (89%) 0.002 650 (83%) 22 257 (89%) <0.001

AR, aortic regurgitation; BMI, body mass index; BSA, body surface area; CABG, coronary artery bypass grafting; CHF, congestive heart failure; CKD, chronic kidney disease; COPD, 
chronic obstructive pulmonary disease; DOAC, direct oral anticoagulant; IE, ischaemic events; LVEF, left ventricular ejection fraction; MB, major bleeding; MR, mitral regurgitation; 
PCI, percutaneous coronary intervention; PVD, peripheral vessel disease; STS, Society of Thoracic Surgery.
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between the three groups (3.3% vs 2.5% vs 0.8%, p<0.001 
and 3.3% vs 2.4% vs 2.4%, p<0.001) (figure 3). The 
receiver operating characteristic area under the curve 
(ROC- AUC) for bleeding and ischaemic risk scores was 
0.56 and 0.54, respectively.

According to CREDO- Kyoto risk scoring, patients were 
classified into high, intermediate and low bleeding risk 
scores as follows: high was ≥3 points (N=10 124, 39.5%), 
intermediate was from 1 to 2 points (N=10 612, 41.4%), 
and low was 0 points (N=4884, 19.1%). They were also 
classified into high, intermediate and low ischaemic risk 
scores as follows: high was ≥3 points (N=17 499, 68.3%), 
intermediate was from 3 to 4 points (N=8003, 31.2%) and 
low was ≤2 points (N=118, 0.5%). The 1- year cumulative 
incidences of bleeding and ischaemic events were signifi-
cantly different between the three groups (3.7% vs 3.0% 
vs 2.4%, p<0.001 and 2.8% vs 2.0% vs 0.8%, p<0.001) 

(figure 4). The ROC- AUC for bleeding and ischaemic 
risk scores was 0.55 and 0.58, respectively.

The populations according to HAS- BLED and CHA2DS2- 
VASc scoring systems are shown in online supplemental 
file 1. The ROC- AUC of HAS- BLED scoring for bleeding 
was 0.56 and that of CHA2DS2- VASc scoring for ischaemic 
events was 0.56.

Recalibrated risk stratification using PARIS and CREDO-Kyoto 
scoring
The point estimates and 95% CIs for each variables 
including PARIS and CREDO- Kyoto scoring models in a 
recalibrated model are shown in table 2. Peripheral vessel 
disease was the only independent predictor for bleeding 
events (adjusted HR 1.42, 95% CI 1.13 to 1.79, p=0.003). 
Peripheral vessel disease (adjusted HR 2.18, 95% CI 1.73 

Figure 3 One- year cumulative incidences of bleeding and ischaemic events according to PARIS scoring strata. PARIS, 
Patterns of Non- adherence to Anti- Platelet Regimen in Stented Patients.

Figure 2 One- year cumulative incidences of bleeding and ischaemic events.
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to 2.73, p<0.001), CKD (adjusted HR 1.56, 95% CI 1.07 
to 2.27, p=0.02) and severe CKD (adjusted HR 1.29, 95% 
CI 1.05 to 1.58, p=0.01) were independent predictors 
for ischaemic events. The ROC- AUC for the recalibrated 
model was 0.61 for bleeding events and 0.58 for ischaemic 
events (figure 5).

DISCUSSION
Primary findings from the nationwide prospective registry 
were as follows; (1) the cumulative 1- year incidences 
of bleeding and ischaemic events were 3.1% and 2.5%, 
respectively; (2) high PCI risk score patients who received 
TAVR had experienced significantly more ischaemic and 

Figure 4 One- Year cumulative incidences of bleeding and ischaemic events according to CREDO- Kyoto scoring strata. 
CREDO- Kyoto, Coronary Revascularisation Demonstrating Outcome Study in Kyoto.

Table 2 Independent predictors of ischaemic and bleeding events based on the recalibrated model

Composite of ischaemic events Bleeding events

Adjusted HR (95% CI) t statistic P value Adjusted HR (95% CI) t statistic P value

Age (≥75) 0.98 (0.58 to 1.65) 0.004 0.95

Anaemia 0.98 (0.80 to 1.19) 0.06 0.81

Previous PCI 1.10 (0.89 to 1.37) 0.77 0.38

Previous CABG 0.83 (0.53 to 1.31) 0.63 0.43

CKD 1.56 (1.07 to 2.27) 5.37 0.02

Non- insulin DM 1.10 (0.88 to 1.36) 0.68 0.41

Insulin DM 1.31 (0.85 to 2.02) 1.53 0.22

Severe CKD 1.29 (1.05 to 1.58) 6.01 0.01 1.19 (0.99 to 1.44) 3.35 0.07

PVD 2.18 (1.73 to 2.73) 45.0 <0.001 1.42 (1.13 to 1.79) 8.74 0.003

CHF 1.15 (0.94 to 1.41) 1.79 0.18 1.06 (0.89 to 1.27) 0.43 0.51

Atrial fibrillation 1.12 (0.80 to 1.19) 0.89 0.34 1.11 (0.90 to 1.38) 0.90 0.34

Age (<80) 0.97 (0.74 to 1.27) 0.05 0.82

BMI 1.01 (0.82 to 1.26) 0.01 0.91

Smoking 0.95 (0.75 to 1.20) 0.21 0.65

Malignancy 0.91 (0.68 to 1.23) 0.36 0.55

OMI 0.90 (0.61 to 1.33) 0.29 0.59

BMI, body mass index; CABG, coronary artery bypass grafting; CHF, congestive heart failure; CKD, chronic kidney disease; DM, diabetes; 
OMI, old myocardial infarction; PCI, percutaneous coronary intervention; PVD, peripheral vessel disease.
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bleeding events. However, these models demonstrated 
low accuracy in stratifying ischaemic and bleeding events. 
Moreover, PCI risk scoring models allow the identifi-
cation of patients who are at low risk of bleeding and 
ischaemic events but cannot be applied to small numbers 
of patients with TAVR and (3) the recalibrated model 
including PARIS and CREDO- Kyoto scoring model vari-
ables improved performance but remained modestly 
accurate and inadequate for risk stratification of TAVR 
patients at 1- year follow- up (figure 6).

In the pivotal trials for patients with low or interme-
diate surgical risks, the incidences of serious bleeding 
events for 1 year ranged between 3.2% and 15.2%.17–19 

Moreover, that was 18.2% in a prospective registry20 and 
the incidence of bleeding events was low in this study. 
Bleeding events often include the drop of haemoglobin 
in the endpoint definition of TAVR trials, but it was not 
included in this study, because whether it is obvious that 
bleeding was unknown in this registry data. In fact, the 
incidence of the in- hospital change in haemoglobin ≥3 
g/dL was nearly 15% in this study, although including the 
obvious bleeding events. Additionally, it was revealed that 
the transfemoral approach reduced the risk of periproce-
dural bleeding events by nearly 90% in this study. Those 
may have contributed to the reduced number of bleeding 
events.

Figure 5 ROC curve for a modified risk scoring model using PARIS and CREDO- Kyoto. AUC, area under curve; CREDO- 
Kyoto, Coronary Revascularisation Demonstrating Outcome Study in Kyoto; PARIS, Patterns of Non- adherence to Anti- Platelet 
Regimen in Stented Patients; ROC, receiver operating characteristic.

Figure 6 Validation of traditional ischaemic and bleeding risk scores in patients with transcatheter aortic valve replacement. 
AUC, area under curve; AF, atrial fibrillation; BMI, body mass index; CABG, coronary artery bypass grafting; CKD, chronic 
kidney disease; CHF, congestive heart failure; J- TVT, Japanese Transcatheter Valve Therapy; MI, myocardial infarction; OMI, 
old myocardial infarction; PCI, percutaneous coronary intervention; PVD, peripheral vessel disease; ROC, receiver operating 
characteristic; VARC- 2, Valve Academic Research Consortium- 2.
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The incidences of the ischaemic events for 1 year 
were also low in this study. Stroke after TAVR is the most 
important ischaemic adverse event, which has substantial 
impact on morbidity and mortality.4 It has been reported 
that the incidences of stroke for 1 year ranged between 
0.2% and 5.0%.17 19 21 Systemic embolism including throm-
botic stroke might be developed by the implanted valve as 
a consequence of delayed stent frame endothelialisation, 
tissue failure and changes in haemodynamics through 
the prosthetic valve. In addition to those embolic events, 
periprocedural myocardial infarction and delayed coro-
nary obstruction after TAVR have also been recognised 
potential complication and caused poor prognosis.22 
However, the incidences of those ischaemic events were 
very low particularly between 30 days and 1 year after the 
procedure, and it was similar to previous reports.17 19 21 It 
might mean the importance of identifying strong predic-
tors particularly for periprocedural ischaemic events and 
the focus on avoiding bleeding events.

PARIS and CREDO- Kyoto high bleeding risk score 
patients accounted for approximately 10% of patients in 
the studies on PCI, in which nearly half were classified as 
having a concomitant high thrombotic risk. The registry 
study samples had high bleeding risk patients accounting 
for approximately 80% of patients, as defined by the 
PARIS risk model or 40% when defined by the CREDO- 
Kyoto risk model (online supplemental figure 3). Patients 
undergoing TAVR were older with various comorbidities 
and greater potential risks of bleeding events. However, 
stratification based on PCI risk scoring had low accu-
racy. The variables included in the risk scoring models 
are important factors for predicting bleeding events; 
however, risk factors for patients with TAVR may be 
associated with additional comorbid conditions. The 
incidence of bleeding events was lower in patients who 
underwent PCI. In fact, bleeding events occurred mainly 
within 30 days after the procedure, and the Kaplan- Meier 
curve estimates were equivalent to other TAVR registry 
data.10 Recent guidelines have recommended postpro-
cedural antithrombotic therapy for patients undergoing 
TAVR in the form of antiplatelet or anticoagulant drug 
monotherapy.2 Differences in the participation of anti-
thrombotic therapies among the patients may have influ-
enced the incidence rate of bleeding events. Additionally, 
a greater number of elderly patients were included in 
the study when compared with the studies on PCI. Due 
to their age, they may have died before an ischaemic or 
bleeding event could have occurred, potentially resulting 
in lower event rates. Nevertheless, it has been reported 
that late bleeding events between 30 days and 1 year are 
associated with mortality.5 23

Only a few components applicable to TAVR, such as 
diabetes and renal impairment, were included in the 
PARIS and CREDO- Kyoto risk scores, most of which 
were discordant. Therefore, we developed a recali-
brated model to assess whether performance could be 
improved. However, the recalibrated model had only 
modest accuracy. It is well known that peripheral vessel 

disease and CKD are independent predictors for isch-
aemic and bleeding events in patients with TAVR.24 25 
However, the low event rates in this study made it difficult 
to create an accurate risk model. Machine learning that 
uses greater patient sample data may improve the perfor-
mance of risk- scoring models, but our findings suggest 
that it is difficult to create a long- term prediction model 
using preprocedural baseline data alone because patients 
undergoing TAVR are very old with various comorbid-
ities and their risk factors appear to change in a time- 
dependent manner after the procedure. Further studies 
are warranted to improve TAVR- specific tools used for 
detecting ischaemic and bleeding events and to clarify 
whether risk score- based decision- making can improve 
clinical outcomes in larger- scale patient cohorts.

Study limitations
The current study had several important limitations. 
First, this nationwide prospective registry was conducted 
on consecutive patients with TAVR but excluded those 
at institutions who performed less than 20 cases annu-
ally. Therefore, a selection bias was potentially present, 
and treatment strategies were based on each physician’s 
preference. Second, although the study was based on one 
of the largest nationwide TAVR registries, the number 
of bleeding and ischaemic events were small. Third, our 
study used risk scoring models designed for PCI, meaning 
some components of the scoring models were inappli-
cable for TAVR. Therefore, accurate risk scores were 
not always obtained. Finally, important data for assessing 
ischaemic and bleeding events, such as postprocedural 
antithrombotic therapy and history of bleeding events, 
were not available in this study, particularly, postproce-
dural antithrombotic therapy, which can affect clinical 
events. However, this study aimed to assess the associa-
tion between baseline characteristics and ischaemic and 
bleeding events within 1 year after the procedure. The 
actual need for antithrombotic therapy after TAVR and 
its duration are not well established, and further studies 
are warranted.

CONCLUSION
Patients who underwent TAVR with high validated PCI 
risk scores experienced significantly more ischaemic 
and/or bleeding events. This model demonstrated only 
modest performance for stratifying patients in relation to 
ischaemic and bleeding events, even after model recali-
bration. Further efforts are needed to enhance risk strat-
ification of patients with TAVR in order to strengthen 
prognosis and avoid major detrimental events.
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