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Background-—Scarce data exist about the outcomes after percutaneous coronary intervention (PCI) in old patients. This study
sought to provide an overview of PCI in elderly patients, especially nonagenarians, in a Japanese large prospective nationwide
registry.

Methods and Results-—We analyzed 562 640 patients undergoing PCI (≥60 years of age) from 1018 Japanese hospitals between
2014 and 2016 in the J-PCI (Japanese percutaneous coronary intervention) registry. Among them, 10 628 patients (1.9%), including
6780 (1.2%) with acute coronary syndrome (ACS) and 3848 (0.7%) with stable coronary artery disease, were ≥90 years of age. We
investigated differences in characteristics and in-hospital outcomes among sexagenarians, septuagenarians, octogenarians, and
nonagenarians. Older patients were more frequently women and had a greater frequency of heart failure and chronic kidney
disease than younger patients. In addition, older patients had a higher rate of in-hospital mortality, cardiac tamponade, cardiogenic
shock after PCI, and bleeding complications requiring blood transfusion. Nonagenarians had the highest risk of in-hospital mortality
(odds ratio, 3.60; 95% CI, 3.10–4.18 in ACS; odds ratio, 6.24; 95% CI, 3.82–10.20 in non-ACS) and bleeding complications (odds
ratio, 1.79; 95% CI, 1.35–2.36 in ACS; odds ratio, 2.70; 95% CI, 1.68–4.35 in non-ACS) when referenced to sexagenarians. More
important, transradial intervention was an inverse independent predictor of both in-hospital mortality and bleeding complications.

Conclusions-—Older patients, especially nonagenarians, carried a greater risk of in-hospital death and bleeding compared with
younger patients after PCI. Transradial intervention might contribute to risk reduction for periprocedural complications in elderly
patients undergoing PCI. ( J Am Heart Assoc. 2019;8:e011017. DOI: 10.1161/JAHA.118.011017.)
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B ecause populations in advanced nations, including Japan,
are aging thanks to the progress made in medical

science, the number of elderly patients with coronary artery
disease (CAD) undergoing percutaneous coronary intervention
(PCI) has been increasing.1–4 Previous studies have reported
that older patients have an increased risk for adverse outcomes
during and after PCI compared with younger patients.5,6

However, details on the characteristics and outcomes after

PCI in old patients, especially nonagenarians, remain uncertain,
as such patients are often excluded from major clinical trials of
cardiovascular interventions because of concerns about the
increased risk of adverse events and limited life expectancy.7 In
addition, older patients with CAD are less likely than younger
patients to receive invasive revascularization strategies, even in
current clinical practice.2,8–10 Consequently, the sample size of
this group of patients who underwent PCI was limited, and only
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dozens or hundreds of nonagenarians were included in previous
studies.11–22 Therefore, available data about outcomes after
PCI in nonagenarians have differed widely.23 In addition,
although some previous studies have investigated clinical
outcomes after PCI in nonagenarians with acute coronary
syndrome (ACS),2,3,12–17 few have specifically examined this
issue in patients with stable CAD.11,20

The purpose of the current study, which included one of
the largest cohorts of nonagenarians who underwent PCI
for both acute and elective indications, was to compare the
in-hospital outcomes among elderly patients, including
septuagenarians, octogenarians, and nonagenarians, in a
contemporary Japanese nationwide coronary intervention
registry.

Methods
The data, methods used in the analysis, and materials used to
conduct the research will not be made available to any
researchers for purposes of reproducing the results or
replicating the procedure.

The J-PCI (Japanese percutaneous coronary intervention)
registry is an ongoing, prospective, multicenter registry of the
Japanese Association of Cardiovascular Intervention and Ther-
apeutics, which was designed to record clinical characteristics
and outcomes of patients who undergo PCI.24–27 Since 2013, it
has been incorporated into the National Clinical Data system,
which is a nationwide prospective online registration system.
Each hospital has a data manager who is responsible for

collecting PCI data and entering them into a computer
database. The Japanese Association of Cardiovascular Inter-
vention and Therapeutics holds an annual meeting of data
managers to secure appropriate data collection and performs
random audits to check the quality of registered data. The study
protocol of the J-PCI registry was approved by the Institutional
Review Board Committee at the Network for Promotion of
Clinical Studies (a specified nonprofit organization affiliated
with Osaka University Graduate School of Medicine [Osaka,
Japan]) and complied with the principles contained within the
Declaration of Helsinki. Written informed consent was waived
because of the retrospective and observational study design.

The current study included patients who underwent PCI
and were recorded in the J-PCI registry between January 2014
and December 2016. Overall, the J-PCI registry contained
680 579 patients who underwent PCI in this study period. We
excluded 117 939 patients who were <60 years of age or had
missing data for age, diagnosis, and in-hospital complications.
As a result, a total of 562 640 patients ≥60 years of age who
underwent PCI for ACS and stable CAD from 1018 Japanese
hospitals were finally included in this study (Figure 1).
Sexagenarians, septuagenarians, octogenarians, and nonage-
narians were defined as patients between the age ranges of
60 to 69, 70 to 79, 80 to 89, and 90 to 99 years, respectively.
A small number of centenarians (≥100 years of age, n=102)
were included in the cohort of nonagenarians.

According to the J-PCI protocol, patients with ACS included
those with ST-segment–elevation myocardial infarction
(STEMI), non-STEMI, and unstable angina; and patients with
stable CAD included those with non-ACS CAD, such as stable
angina, old myocardial infarction, and silent ischemia.
Cardiogenic shock was defined as a sustained episode of
systolic blood pressure <80 mm Hg, a cardiac index of
<1.8 L/min per m2 determined to be secondary to cardiac
dysfunction, and/or the requirement for parenteral inotropic
or vasopressor agents or mechanical support, including an
intra-aortic balloon pump, to maintain blood pressure and a
cardiac index above the specified levels within 24 hours
before the PCI procedures. Acute heart failure was defined as
symptoms of heart failure within 24 hours before the PCI
procedures, including dyspnea on mild activity, orthopnea,
body fluid retention, moist rales, neck vein distention, and
pulmonary edema, which were equivalent to congestive heart
failure of New York Heart Association functional classification
class IV. Chronic kidney disease (CKD) in this registry was
defined as the presence of proteinuria, serum creatinine
≥1.3 mg/dL, or estimated glomerular filtration rate ≤60 mL/
min per 1.73 m2, according to guidelines from the Japanese
Society of Nephrology (https://cdn.jsn.or.jp/guideline/pdf/
CKDguide2012.pdf). Successful PCI was defined as achieve-
ment of TIMI (Thrombolysis in Myocardial Infarction) flow
grade III with a residual stenosis ≤25% in the target lesion.

Clinical Perspective

What Is New?

• Although populations in advanced nations are aging
because of advancements in medical science, details on
the characteristics and outcomes after percutaneous coro-
nary intervention in old patients, especially nonagenarians,
remain uncertain, because such patients are often excluded
from major clinical trials of cardiovascular interventions.

• This study provided an overview of percutaneous coronary
intervention in elderly patients (≥60 years of age), including
10 628 nonagenarians, in a Japanese large prospective
nationwide registry.

What Are the Clinical Implications?

• Older patients, especially nonagenarians, had a greater risk
of in-hospital death and bleeding than younger patients after
percutaneous coronary intervention.

• Transradial intervention might contribute to the reduction of
risk for periprocedural complications after percutaneous
coronary intervention in elderly patients.
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In-hospital complications included in-hospital death within
30 days after PCI, cardiac tamponade, cardiogenic shock
during and after PCI, emergency operations, bleeding compli-
cations, and other complications. A bleeding complication was
defined as a bleeding event during or after PCI requiring blood
transfusion, including access- and non–access-site bleeding.
The full definitions of these J-PCI variables are available online
(http://www.cvit.jp/registry/jpci_definition.pdf).

For statistical analysis, continuous variables are expressed
as mean�SD, and categorical variables are expressed as
frequency and percentage. For the comparison of baseline
clinical characteristics, angiographic data, procedural data,
and in-hospital complications among sexagenarians, septua-
genarians, octogenarians, and nonagenarians, continuous
variables were compared using ANOVA, and differences
between categorical variables were examined using Pearson’s
v2 test. Logistic random-effects regression models were used
to determine independent predictors of in-hospital mortality
and bleeding complications. In the ACS cohort, we included
the following variables: age (using sexagenarians as refer-
ence), female sex, history of heart failure, acute heart failure,
presentation or diagnosis (using unstable angina as refer-
ence), cardiogenic shock, diabetes mellitus, CKD, 3-vessel
disease, left main trunk (LMT) lesion, and access site (using
transfemoral intervention as reference). In the stable CAD
cohort, we included the following variables: age (using

sexagenarians as reference), female sex, history of heart
failure, diabetes mellitus, CKD, 3-vessel disease, LMT lesion,
and access site (using transfemoral intervention as refer-
ence). In addition, the precise relationships between age
(continuous variable) and in-hospital adverse outcomes were
summarized using cubic splines. We included institutes as a
random intercept in all multivariable models.

All variables had <3% missingness. To account for missing
data, single imputation was used for each variable: “male” for
sex, “STEMI” for type of myocardial infarction, “transradial
intervention” (TRI) for access site, and “no” for others. All
statistical calculations and analyses were performed using R
statistical software, version 3.3.3 (Free Software Foundation,
Boston, MA). P<0.05 was considered statistically significant.

Results
Baseline characteristics of the 562 640 study patients who
underwent PCI for ACS or stable CAD, stratified by age, are
shown in Tables 1 and 2. A total of 209 928 patients (37.3%)
underwent PCI for ACS and 352 712 patients (62.7%)
underwent PCI for stable CAD. Among them, 6780 patients
(1.2%) in the ACS cohort and 3848 patients (0.7%) in the
stable CAD cohort were nonagenarians.

Overall, older patients were more frequently women and
had a greater frequency of comorbidities, such as heart failure

Figure 1. Flow chart of study enrollment. J-PCI registry indicates Japanese percutaneous coronary intervention registry; PCI, percutaneous
coronary intervention.
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Table 1. Baseline Clinical Characteristics in Patients With ACS

Characteristics

Sexagenarians
(60–69 y)

Septuagenarians
(70–79 y)

Octogenarians
(80–89 y) Nonagenarians (≥90 y)

P Value(n=70 769) (n=79 992) (n=52 387) (n=6780)

Age, y 65.0�2.7 74.5�2.8 83.7�2.7 92.2�2.3 <0.001

Female sex 12 301 (17.5) 22 304 (28.0) 21 640 (41.5) 4078 (60.4) <0.001

Hypertension 48 506 (68.5) 58 410 (73.0) 40 053 (76.5) 5093 (75.1) <0.001

Hyperlipidemia 43 731 (61.8) 46 412 (58.0) 26 774 (51.1) 2530 (37.3) <0.001

Diabetes mellitus 28 451 (40.2) 32 306 (40.4) 18 344 (35.0) 1551 (22.9) <0.001

Current smoker 29 561 (41.8) 21 990 (27.5) 9027 (17.2) 643 (9.5) <0.001

History of percutaneous coronary intervention 19 864 (28.3) 25 506 (32.1) 16 374 (31.5) 1597 (23.8) <0.001

History of coronary artery bypass grafting 1727 (2.5) 2920 (3.7) 1891 (3.6) 107 (1.6) <0.001

History of heart failure 5256 (7.6) 8091 (10.4) 7802 (15.2) 1311 (19.8) <0.001

History of myocardial infarction 11 707 (16.8) 13 930 (17.7) 9289 (18.0) 1085 (16.4) <0.001

Peripheral artery disease 2500 (3.5) 4415 (5.5) 3411 (6.5) 357 (5.3) <0.001

Chronic obstructive pulmonary disease 917 (1.3) 1932 (2.4) 1629 (3.1) 156 (2.3) <0.001

Cardiogenic shock 4782 (6.9) 5434 (6.9) 4274 (8.3) 729 (10.9) <0.001

Acute heart failure 5294 (7.6) 6866 (8.7) 6185 (12.0) 1121 (16.8) <0.001

Chronic kidney disease 8650 (12.2) 12 933 (16.2) 10 943 (20.9) 1599 (23.6) <0.001

Dialysis 3651 (5.2) 3961 (5.0) 1926 (3.7) 132 (1.9) <0.001

Cardiopulmonary arrest on arrival 2904 (4.2) 2701 (3.4) 1582 (3.1) 184 (2.7) <0.001

Presentation or diagnosis

ST-segment–elevation myocardial infarction 33 072 (46.7) 33 484 (41.9) 22 129 (42.2) 3653 (53.9) <0.001

Non–ST-segment–elevation myocardial infarction 7916 (11.2) 9098 (11.4) 6720 (12.8) 769 (11.3) <0.001

Unstable angina 28 255 (39.9) 35 756 (44.7) 22 416 (42.8) 2196 (32.4) <0.001

Access site

Transfemoral intervention 26 432 (37.4) 30 176 (37.7) 20 527 (39.2) 2779 (41.0) <0.001

Transradial intervention 41 597 (58.8) 46 167 (57.7) 29 175 (55.7) 3616 (53.3)

Others 2739 (3.9) 3648 (4.6) 2685 (5.1) 385 (5.7)

No. of diseased vessels

1-Vessel disease 41 569 (58.7) 44 610 (55.8) 27 853 (53.2) 3500 (51.6) <0.001

2-Vessel disease 18 790 (26.6) 22 375 (28.0) 15 041 (28.7) 1975 (29.1) <0.001

3-Vessel disease 10 058 (14.2) 12 633 (15.8) 9222 (17.6) 1290 (19.0) <0.001

Left main trunk lesion 2868 (4.1) 4077 (5.1) 3112 (5.9) 398 (5.9) <0.001

Target coronary artery

Right coronary artery 25 291 (35.7) 29 170 (36.5) 19 340 (36.9) 2668 (39.4) <0.001

Left main trunk–left anterior descending artery 37 021 (52.3) 41 611 (52.0) 27 987 (53.4) 3782 (55.8) <0.001

Left circumflex artery 16 554 (23.4) 18 987 (23.7) 12 375 (23.6) 1399 (20.6) <0.001

Bypass graft 323 (0.5) 605 (0.8) 382 (0.7) 19 (0.3) <0.001

Devices

Stent use (drug-eluting stent and/or bare-metal stent) 63 085 (89.1) 70 537 (88.2) 46 088 (88.0) 6006 (88.6) <0.001

Drug-eluting stent (at least one drug-eluting stent) 58 584 (82.8) 66 005 (82.5) 42 949 (82.0) 5423 (80.0) <0.001

Bare-metal stent (at least one bare-metal stent) 4784 (6.8) 4804 (6.0) 3331 (6.4) 612 (9.0) <0.001

Continued
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and CKD, than younger patients. Conversely, younger patients
had a higher prevalence of traditional coronary risk factors,
such as hyperlipidemia, diabetes mellitus, and smoking habit.
In the ACS cohort, more than half of the nonagenarians (4078
patients [60.4%]) were women, and older patients were more
likely than younger patients to present with cardiogenic shock
and acute heart failure. More than half of the nonagenarians
(3653 patients [53.9%]) underwent PCI with a diagnosis of

STEMI in the ACS cohort. For angiographic data, older
patients had more complex lesions than younger patients,
including multivessel disease and LMT lesions, in both ACS
and stable CAD cohorts.

In-hospital outcomes in the ACS and stable CAD cohorts are
shown in Tables 3 and 4. Procedural success rate was lower in
older patients than in younger patients in the ACS cohort. In
addition, older patients had a higher rate of in-hospital

Table 1. Continued

Characteristics

Sexagenarians
(60–69 y)

Septuagenarians
(70–79 y)

Octogenarians
(80–89 y) Nonagenarians (≥90 y)

P Value(n=70 769) (n=79 992) (n=52 387) (n=6780)

Drug-coated balloon 3260 (4.6) 4124 (5.2) 2472 (4.7) 241 (3.6) <0.001

Rotational atherectomy 1072 (1.5) 1918 (2.4) 1549 (3.0) 171 (2.5) <0.001

Continuous variables are reported as mean�SD. Categorical variables are reported as number (percentage). For the comparison of characteristics among sexagenarians, septuagenarians,
octogenarians, and nonagenarians, continuous variables were compared using ANOVA, and differences between categorical variables were examined using Pearson’s v2 test. ACS
indicates acute coronary syndrome.

Table 2. Baseline Clinical Characteristics in Patients With Stable CAD

Characteristics

Sexagenarians (60–69 y)
Septuagenarians
(70–79 y)

Octogenarians
(80–89 y)

Nonagenarians
(≥90 y)

P Value(n=116 347) (n=157 073) (n=75 444) (n=3848)

Age, y 65.2�2.7 74.5�2.8 83.1�2.6 91.8�2.2 <0.001

Female sex 19 779 (17.1) 40 323 (25.8) 27 379 (36.4) 2000 (52.2) <0.001

Hypertension 88 089 (75.7) 122 890 (78.2) 60 587 (80.3) 3054 (79.4) <0.001

Hyperlipidemia 79 644 (68.5) 101 722 (64.8) 43 337 (57.4) 1773 (46.1) <0.001

Diabetes mellitus 58 934 (50.7) 73 835 (47.0) 30 255 (40.1) 1058 (27.5) <0.001

Current smoker 39 728 (34.1) 38 187 (24.3) 12 695 (16.8) 404 (10.5) <0.001

History of percutaneous coronary intervention 67 727 (59.1) 89 262 (57.8) 41 436 (55.7) 1926 (50.6) <0.001

History of coronary artery bypass grafting 5362 (4.7) 8420 (5.5) 3597 (4.8) 93 (2.4) <0.001

History of heart failure 14 798 (13.1) 21 305 (14.0) 15 612 (21.3) 1312 (35.1) <0.001

History of myocardial infarction 32 853 (28.8) 38 428 (25.0) 17 841 (24.2) 967 (25.8) <0.001

Peripheral artery disease 9002 (7.7) 15 224 (9.7) 8017 (10.6) 425 (11.0) <0.001

Chronic obstructive pulmonary disease 1666 (1.4) 3557 (2.3) 2221 (2.9) 104 (2.7) <0.001

Chronic kidney disease 18 583 (16.0) 27 739 (17.7) 16 065 (21.3) 923 (24.0) <0.001

Dialysis 10 712 (9.2) 10 648 (6.8) 3990 (5.3) 143 (3.7) <0.001

Presentation or diagnosis

Stable angina 71 882 (61.8) 100 274 (63.8) 48 217 (63.9) 2328 (60.5) <0.001

Old myocardial infarction 12 170 (10.5) 13 516 (8.6) 6364 (8.4) 354 (9.2) <0.001

Silent ischemia 32 295 (27.8) 43 283 (27.6) 20 863 (27.7) 1166 (30.3) 0.002

Access site

Transfemoral intervention 31 274 (26.9) 40 335 (25.7) 19 609 (26.0) 954 (24.8) <0.001

Transradial intervention 78 479 (67.5) 107 218 (68.3) 50 739 (67.3) 2553 (66.3)

Others 6594 (5.7) 9516 (6.1) 5094 (6.8) 341 (8.9)

Continued
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mortality, cardiac tamponade, cardiogenic shock after PCI, and
bleeding complications in both ACS and stable CAD cohorts.

The results of multivariable logistic regression analyses on
in-hospital mortality and bleeding complications in the ACS
and stable CAD cohorts are shown in Tables 5 and 6,
respectively. When the reference group comprised sexage-
narians, multivariable analyses showed that septuagenarians,
octogenarians, and nonagenarians were at greater risk of in-
hospital mortality and bleeding complications in both ACS and

stable CAD cohorts (Figure 2). Adjusted odds ratios (ORs)
increased gradually in the higher age groups, and nonagenar-
ians had the highest risk of in-hospital mortality (OR, 3.60;
95% CI, 3.10–4.18; P<0.001 in ACS; OR, 6.24; 95% CI, 3.82–
10.20; P<0.001 in non-ACS) and bleeding complications (OR,
1.79; 95% CI, 1.35–2.36; P<0.001 in ACS; OR, 2.70; 95% CI,
1.68–4.35; P<0.001 in non-ACS). In addition to the age
groups, female sex, acute heart failure, acute myocardial
infarction, cardiogenic shock, CKD, 3-vessel disease, and LMT

Table 2. Continued

Characteristics

Sexagenarians (60–69 y)
Septuagenarians
(70–79 y)

Octogenarians
(80–89 y)

Nonagenarians
(≥90 y)

P Value(n=116 347) (n=157 073) (n=75 444) (n=3848)

No. of diseased vessels

1-Vessel disease 74 429 (64.0) 99 845 (63.6) 46 376 (61.5) 2346 (61.0) <0.001

2-Vessel disease 29 041 (25.0) 39 745 (25.3) 19 849 (26.3) 1030 (26.8) <0.001

3-Vessel disease 12 541 (10.8) 16 986 (10.8) 9012 (11.9) 466 (12.1) <0.001

Left main trunk lesion 4126 (3.5) 6284 (4.0) 3403 (4.5) 180 (4.7) <0.001

Target coronary artery

Right coronary artery 38 998 (33.5) 51 969 (33.1) 24 994 (33.1) 1306 (33.9) 0.072

Left main trunk–left anterior descending artery 56 878 (48.9) 78 508 (50.0) 38 697 (51.3) 2113 (54.9) <0.001

Left circumflex artery 32 165 (27.6) 42 203 (26.9) 20 024 (26.5) 971 (25.2) <0.001

Bypass graft 854 (0.7) 1382 (0.9) 557 (0.7) 16 (0.4) <0.001

Devices

Stent use (drug-eluting stent and/or bare-metal stent) 100 022 (86.0) 134 740 (85.8) 65 873 (87.3) 3417 (88.8) <0.001

Drug-eluting stent (at least one drug-eluting stent) 97 853 (84.1) 131 504 (83.7) 64 080 (84.9) 3275 (85.1) <0.001

Bare-metal stent (at least one bare-metal stent) 2477 (2.1) 3670 (2.3) 2037 (2.7) 159 (4.1) <0.001

Drug-coated balloon 11 478 (9.9) 15 838 (10.1) 6712 (8.9) 266 (6.9) <0.001

Rotational atherectomy 4758 (4.1) 8051 (5.1) 4262 (5.6) 182 (4.7) <0.001

Continuous variables are reported as mean�SD. Categorical variables are reported as number (percentage). For the comparison of characteristics among sexagenarians, septuagenarians,
octogenarians, and nonagenarians, continuous variables were compared using ANOVA, and differences between categorical variables were examined using Pearson’s v2 test. CAD
indicates coronary artery disease.

Table 3. In-Hospital Outcomes in Patients With ACS

Outcomes

Sexagenarians (60–69 y) Septuagenarians (70–79 y) Octogenarians (80–89 y) Nonagenarians (≥90 y)

P Value(n=70 769) (n=79 992) (n=52 387) (n=6780)

Procedural success (final TIMI III flow) 69 510 (98.2) 78 426 (98.0) 51 156 (97.7) 6600 (97.3) <0.001

In-hospital mortality 864 (1.22) 1248 (1.56) 1383 (2.64) 351 (5.18) <0.001

Cardiac tamponade 78 (0.11) 160 (0.2) 175 (0.33) 20 (0.29) <0.001

Cardiogenic shock 1105 (1.56) 1404 (1.76) 1225 (2.34) 198 (2.92) 0.001

Emergency operation 111 (0.16) 140 (0.18) 94 (0.18) 4 (0.06) <0.001

Bleeding complications 242 (0.34) 400 (0.5) 404 (0.77) 76 (1.12) <0.001

Access-site bleeding 125 (0.18) 216 (0.27) 227 (0.43) 46 (0.68) 0.001

Non–access-site bleeding 124 (0.18) 199 (0.25) 190 (0.36) 30 (0.44) 0.172

Values are reported as number (percentage). For the comparison of in-hospital outcomes among sexagenarians, septuagenarians, octogenarians, and nonagenarians, Pearson’s v2 test was
used. ACS indicates acute coronary syndrome; TIMI, Thrombolysis in Myocardial Infarction.
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lesions were the independent predictors of in-hospital mor-
tality and bleeding complications in the ACS cohort, whereas
female sex, history of heart failure, CKD, and LMT lesions
were independently associated with these adverse outcomes
in the stable CAD cohort. More important, TRI was inversely

associated with in-hospital mortality (OR, 0.41; 95% CI, 0.37–
0.45; P<0.001 in ACS; OR, 0.27; 95% CI, 0.22–0.35; P<0.001
in non-ACS) and bleeding complications (OR, 0.38; 95% CI,
0.33–0.45; P<0.001 in ACS; OR, 0.13; 95% CI, 0.11–0.16;
P<0.001 in non-ACS).

Table 4. In-Hospital Outcomes in Patients With Stable CAD

Outcomes

Sexagenarians (60–69 y)
Septuagenarians
(70–79 y)

Octogenarians
(80–89 y)

Nonagenarians
(≥90 y)

P Value(n=116 347) (n=157 073) (n=75 444) (n=3848)

Procedural success (final TIMI III flow) 113 905 (97.9) 154 105 (98.1) 74 048 (98.1) 3777 (98.2) <0.001

In-hospital mortality 76 (0.07) 144 (0.09) 156 (0.21) 24 (0.62) <0.001

Cardiac tamponade 85 (0.07) 217 (0.14) 164 (0.22) 15 (0.39) <0.001

Cardiogenic shock 291 (0.25) 510 (0.32) 365 (0.48) 32 (0.83) <0.001

Emergency operation 48 (0.04) 83 (0.05) 55 (0.07) 4 (0.1) 0.83

Bleeding complications 154 (0.13) 276 (0.18) 259 (0.34) 21 (0.55) <0.001

Access-site bleeding 107 (0.09) 191 (0.12) 176 (0.23) 8 (0.21) <0.001

Non–access-site bleeding 48 (0.04) 92 (0.06) 85 (0.11) 13 (0.34) <0.001

Values are reported as number (percentage). For the comparison of in-hospital outcomes among sexagenarians, septuagenarians, octogenarians, and nonagenarians, Pearson’s v2 test was
used. CAD indicates coronary artery disease; TIMI, Thrombolysis in Myocardial Infarction.

Table 5. Multivariable Logistic Regression Analyses in Patients With ACS

Variable

In-Hospital Mortality Bleeding Complications

OR 95% CI P Value OR 95% CI P Value

Age

Sexagenarians (reference) ��� ��� ��� ��� ��� ���
Septuagenarians 1.29 1.17–1.42 <0.001 1.30 1.11–1.53 0.002

Octogenarians 1.99 1.80–2.19 <0.001 1.62 1.37–1.92 <0.001

Nonagenarians 3.60 3.10–4.18 <0.001 1.79 1.35–2.36 <0.001

Female sex 1.13 1.04–1.22 0.002 2.00 1.76–2.26 <0.001

History of heart failure 1.37 1.24–1.51 <0.001 1.18 1.00–1.39 0.056

Acute heart failure 2.52 2.30–2.75 <0.001 1.50 1.26–1.78 <0.001

Presentation

Unstable angina (reference) ��� ��� ��� ��� ��� ���
Non–ST-segment–elevation myocardial infarction 2.20 1.92–2.53 <0.001 1.50 1.23–1.83 <0.001

ST-segment–elevation myocardial infarction 3.35 3.00–3.75 <0.001 1.39 1.19–1.63 <0.001

Cardiogenic shock 7.08 6.47–7.75 <0.001 2.90 2.45–3.44 <0.001

Diabetes mellitus 1.02 0.95–1.10 0.587 0.84 0.74–0.95 0.007

Chronic kidney disease 1.50 1.38–1.63 <0.001 1.60 1.39–1.84 <0.001

3-Vessel disease 1.33 1.23–1.45 <0.001 1.30 1.13–1.50 <0.001

Left main trunk lesion 2.09 1.89–2.32 <0.001 2.28 1.93–2.70 <0.001

Access site

Transfemoral intervention (reference) ��� ��� ��� ��� ��� ���
Transradial intervention 0.41 0.37–0.45 <0.001 0.38 0.33–0.45 <0.001

Other 1.10 0.94–1.29 0.25 0.95 0.73–1.27 0.713

ACS indicates acute coronary syndrome; OR, odds ratio.
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Spline curves (Figure 3) demonstrated the nonlinear rela-
tionship between age and in-hospital adverse outcomes (in-
hospital death or bleeding). The risks of in-hospital adverse
outcomes rapidly increased at ≥80 years of age and further
escalated in nonagenarians (≥90 years of age) in both ACS
and stable CAD cohorts.

Discussion
This is the largest study to date reporting in-hospital
outcomes after PCI in old patients, such as octogenarians
and nonagenarians, compared with younger patients in both
ACS and stable CAD cohorts. The most important advantage
of this study was inclusion of the largest number of
nonagenarians who underwent PCI in a single contemporary
registry.

Of the advanced nations, Japan harbors the largest number
of older patients with CAD in a seriously aging society.
Previous studies reported that most nonagenarians under-
went PCI for ACS, especially with a diagnosis of STEMI.4,8,11

By contrast, our study results showed that PCI was performed
even in selected nonagenarians with either ACS or stable
CAD. The current Japanese situation may be related to the
increased life expectancy associated with advancements in
medical science. The Japanese national statistical survey from
the Ministry of Health, Labor, and Welfare reported that the
mean life expectancy of individuals who were 90 years old in
2015 was 4.38 years for men and 5.70 years for women

(https://www.mhlw.go.jp/english/database/db-hh/; Chap-
ter 2, Table 1-43). Taking these relatively long life expectan-
cies into account, it may be reasonable to perform PCI for
selected nonagenarians with either ACS or stable CAD.

Although advanced age itself is not a contraindication of
PCI, there are a paucity of data about the outcomes after
PCI in these patients. This is because old patients, such as
nonagenarians, are often excluded from major clinical trials
of cardiovascular interventions largely because of concerns
about the increased risk of adverse events and limited life
expectancy.7 In addition, PCI remains underused in elderly
patients, even in current clinical practice.2,8–10 Because none
of the randomized clinical trials on coronary intervention
have included sufficient numbers of nonagenarians, outcome
data of this high-risk patient group should be collected from
large-scale multicenter registries, as described in this study.1

Some previous small registry-based studies reported the
outcomes after PCI in dozens or hundreds of nonagenar-
ians.11–22 However, study results, particularly about out-
comes in nonagenarians after PCI, have differed widely
mainly because of limited sample sizes.23 The in-hospital
mortality of nonagenarians who underwent PCI has been
reported to vary from 4.1% to 34.2%,2–4,12,13,15–21 and major
bleeding complications in these patients range from 0% to
25.0%.2,12,16–19 Accordingly, the available data on the
outcomes after PCI in nonagenarians have significant
limitations and should be generalized to real-world practice
only with utmost caution.

Table 6. Multivariable Logistic Regression Analyses in Patients With Stable CAD

Variable

In-Hospital Mortality Bleeding Complications

OR 95% CI P Value OR 95% CI P Value

Age

Sexagenarians (reference) ��� ��� ��� ��� ��� ���
Septuagenarians 1.37 1.03–1.81 0.028 1.24 1.02–1.51 0.034

Octogenarians 2.58 1.95–3.43 <0.001 2.05 1.67–2.52 <0.001

Nonagenarians 6.24 3.82–10.20 <0.001 2.70 1.68–4.35 <0.001

Female sex 1.27 1.02–1.57 0.029 2.52 2.16–2.93 <0.001

History of heart failure 2.47 1.99–3.06 <0.001 1.25 1.05–1.49 0.013

Diabetes mellitus 0.87 0.71–1.07 0.184 0.84 0.72–0.98 0.024

Chronic kidney disease 1.94 1.56–2.41 <0.001 1.53 1.29–1.81 <0.001

3-Vessel disease 1.81 1.42–2.31 <0.001 1.19 0.97–1.47 0.097

Left main trunk lesion 1.80 1.30–2.51 <0.001 1.52 1.17–1.99 0.002

Access site

Transfemoral intervention (reference) ��� ��� ��� ��� ��� ���
Transradial intervention 0.27 0.22–0.35 <0.001 0.13 0.11–0.16 <0.001

Other 0.72 0.50–1.05 0.088 0.33 0.24–0.46 <0.001

CAD indicates coronary artery disease; OR, odds ratio.
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In the contemporary nationwide registry used herein, the
in-hospital mortality in nonagenarians who underwent PCI was
5.2% in the ACS cohort and 0.6% in the stable CAD cohort. In
this group of patients, bleeding complications requiring blood
transfusion occurred in 1.1% in the ACS cohort and 0.6% in
the stable CAD cohort. Although mortality and bleeding
events were observed more frequently in older than in
younger patients, these results might be acceptable in
comparison with previous studies.2–4,12,13,15–21 Recent devel-
opments in devices and techniques, including TRI, new-
generation drug-eluting stents, and smaller sheaths and
catheters, may be associated with the improvement in
procedural outcomes after PCI in elderly patients.4,11,12 In
fact, more than half of the patients in the ACS cohort and
approximately two thirds of those in the stable CAD cohort
underwent transradial PCI, with a high procedural success
rate in this registry. More important, on multivariate analyses,
TRI was an inverse-independent predictor for both in-hospital
mortality and bleeding complications in both ACS and stable
CAD cohorts. The relatively low incidence of bleeding
complications in this registry may also be related to the
frequent use of radial access in Japan.25 Taking these study
results into account, TRI plays a pivotal role in current PCI

practice and should be especially considered for elderly
patients with a high risk of bleeding.11,12,15

Although advancement in technologies may enable elderly
patients with multiple comorbidities to undergo invasive
treatment with acceptable outcomes, it must be recognized
that age is one of the strongest predictors of adverse
outcomes after PCI.5 Batchelor et al6 reported that there was
a curvilinear relationship between age and mortality rate,
ranging from 0.5% for patients <55 years old to nearly 5% for
patients >85 years old. Largely consistent with previous
studies, adjusted ORs for in-hospital mortality and bleeding
complications after PCI increased gradually in the higher age
groups in this study. The OR for in-hospital mortality was >3-
fold higher in nonagenarians compared with sexagenarians in
the ACS cohort, and >6-fold higher in the stable CAD cohort.
Because patients with ACS are at high risk regardless of age
and PCI is associated with better outcomes, even in elderly
patients,3,8,9,28 undergoing PCI in patients with presentation
of ACS may be reasonable, even in selected nonagenarians.
By contrast, taking the higher ORs for adverse outcomes in
nonagenarians into account, indications of PCI for stable CAD
in old patients should be considered carefully. In addition, in
old patients with stable CAD, it remains unclear whether PCI

Figure 2. Adjusted odds ratios for in-hospital mortality and bleeding complications in each age group. Separate multivariable logistic regression
analysis was performed for in-hospitalmortality and bleeding complications in each cohort. Adjustedmodels include age, female sex, history of heart
failure, acute heart failure, presentation or diagnosis, cardiogenic shock, diabetes mellitus, chronic kidney disease, 3-vessel disease, left main trunk
lesion, and access site in the acute coronary syndrome cohort (A and C); and age, female sex, history of heart failure, diabetes mellitus, chronic
kidney disease, 3-vessel disease, left main trunk lesion, and access site in the stable coronary artery disease cohort (B and D).
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is associated with better prognosis in comparison with
conservative treatment, such as optimal medical therapy.
Cubic spline curves also demonstrated that higher age
(particularly ≥80 years of age) was significantly associated
with a higher rate of in-hospital adverse outcomes, and this

rate further escalated in nonagenarians (≥90 years of age).
The decreased complication rates in patients with an
extremely high age (≥95 years of age) in the stable CAD
cohort were observed mainly because of the limited sample
size and selection bias in this group of patients.

Figure 3. Cubic spline models for in-hospital mortality and bleeding complications. Separate cubic spline modeling was performed for in-
hospital mortality and bleeding complications in each cohort. The smoothed spline plots are shown as a blue line, and the gray area represents
the 95% CIs. Adjusted models include age, female sex, history of heart failure, acute heart failure, presentation or diagnosis, cardiogenic shock,
diabetes mellitus, chronic kidney disease, 3-vessel disease, left main trunk lesion, and access site in the acute coronary syndrome cohort (A and
C); and age, female sex, history of heart failure, diabetes mellitus, chronic kidney disease, 3-vessel disease, left main trunk lesion, and access
site in the stable coronary artery disease cohort (B and D).
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The causes of poor outcomes after PCI in elderly patients
are considered to be multifactorial. First, older patients tend
to have a higher prevalence of comorbidities than younger
patients, especially CKD and heart failure, and these are
known predictors of adverse outcomes after PCI.1,9,11 Other
unmeasured confounders, including frailty, malnutrition, dis-
eased immunity, and cognitive impairment, may also affect
adverse outcomes. Second, older patients are more likely to
have complex CAD, including tortuous and calcified lesions,
multivessel disease, and significant LMT lesions.2,4,13,15,17,20

More important, in the ACS cohort of this study, older patients
were more likely than younger patients to present with
cardiogenic shock. These results are consistent with previous
studies that reported a strong association between shock
status and in-hospital mortality, even in nonagenari-
ans.1,4,18,19 Older patients with ACS tend to have atypical or
no symptoms more frequently than younger patients, which
may result in treatment delay and a higher prevalence of
cardiogenic shock on admission.15,22,28 Last, older patients
tend to receive fewer guideline-recommended medications,
including statins, renin-angiotensin system inhibitors, and b
blockers, than younger patients, largely because of concerns
for the increased risk of adverse effects.9,28,29

The management of old patients with CAD is still challeng-
ing, even in current clinical practice, and patient selection for
an invasive revascularization strategy is the most important
issue. The high-risk profiles of periprocedural complications,
including mortality and bleeding, along with clinical, functional,
and cognitive status of the patients should be considered
appropriately when performing PCI for elderly patients.

Study Limitations
This study had several important limitations. First, it was not a
randomized controlled trial but an observational clinical study.
Although this study included one of the largest numbers of
nonagenarians who underwent PCI in a single contemporary
registry, results should be cautiously interpreted to real-world
practice because of its observational nature. Second, we
analyzed data from patients who underwent PCI, but the J-PCI
registry did not include patients with CAD undergoing coronary
artery bypass grafting or receiving only conservative medical
therapy. In addition, we did not record data about activities of
daily living, cognitive function, financial status, and overall
frailty of the elderly patients.29 These factors might have
been associated with the selection of the patients for an
invasive revascularization strategy. Although we performed
multivariable logistic regression analyses to adjust for covariate
imbalances, residual confounding factors might not have been
completely adjusted for in our statistical models. Third, lack of
long-term follow-up results and lack of data about quality of life

after PCI were also important limitations. Fourth, the definition of
bleeding complications in this study was different from standard-
ized definitions, such as the definition from the Bleeding Academic
Research Consortium criteria,30 which may have resulted in an
underestimation of the actual incidence of bleeding complications
after PCI. Last, precise data about medical therapies, including
antithrombotic agents and the size of sheaths and catheters, were
lacking in this study. These factors might be associated with the
rate of complications after PCI, particularly bleeding events.

Conclusions
In current Japanese clinical practice, PCI is performed in old
patients, including selected nonagenarians, either with or
without ACS. Older patients, especially nonagenarians, carry a
greater risk of in-hospital death and bleeding after PCI than
younger patients. TRI might contribute to risk reduction for
periprocedural complications after PCI in elderly patients.

Appendix

J-PCI (Japanese Percutaneous Coronary
Intervention) Registry Investigators

Members of the Japanese Association of
Cardiovascular Intervention and Therapeutics
Scientific Committee
Kazushige Kadota (Kurashiki Central Hospital), Nobuo Shiode
(Hiroshima City Hospital), Nobuhiro Tanaka (Tokyo Medical
University), Tetsuya Amano (Aichi Medical University), Shiro
Uemura (Kawasaki Medical School), Takashi Akasaka
(Wakayama Medical University), Yoshihiro Morino (Iwate
Medical University), Kenshi Fujii (Sakurabashi Watanabe
Hospital), and Yutaka Hikichi (Saga University).

Members of the Japanese Association of
Cardiovascular Intervention and Therapeutics
Registry Subcommittee
Tetsuya Amano (Aichi Medical University), Kenshi Fujii
(Sakurabashi Watanabe Hospital), Shun Kohsaka (Keio Univer-
sity), Hideki Ishii (Nagoya University), Kengo Tanabe (Mitsui
Memorial Hospital), Yukio Ozaki (Fujita Health University),
Satoru Sumitsuji (Osaka University), Osamu Iida (Kansai Rosai
Hospital), Hidehiko Hara (Toho University Ohashi Medical
Center), Hiroaki Takashima (Aichi Medical University), Shinichi
Shirai (Kokura Memorial Hospital), Mamoru Nanasato (Nagoya
Daini Red Cross Hospital), Taku Inohara (Keio University),
Yasunori Ueda (Osaka National Hospital), Yohei Numasawa
(Japanese Red Cross Ashikaga Hospital), and Shigetaka Noma
(Saiseikai Utsunomiya Hospital).
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