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ABSTRACT

OBJECTIVE To formulate a nomogram to predict the risk of one-year mortality after percutaneous coronary intervention (PCI)
based on a large-scale real-world Asian cohort.

METHODS  This study cohort included consecutive patients undergoing PCI in the National Center for Cardiovascular Dise-
ases of China. The endpoint was all-cause mortality. Least absolute shrinkage and selection operator Cox regression and backw-
ard stepwise regression were used to select potential risk factors. A nomogram based on the predictors was accordingly const-
ructed to predict one-year mortality. The performance of the nomogram was evaluated. Patients were stratified into low-, inter-
mediate- and high-risk groups according to the tertile points in the nomogram and compared by the Kaplan-Meier analysis.

RESULTS A total of 9603 individuals were included in this study and randomly divided into the derivation cohort (60%) and
the validation cohort (40%). Six variables were selected to formulate the nomogram, including age, renal insufficiency, cardiac
dysfunction, previous cerebrovascular disease, previous PCI, and TIMI 0-1 before PCI. The area under the curve of this nomo-
gram regarding one-year mortality risks were 0.792 and 0.754 in the derivation cohort and validation cohort, respectively. Kap-
lan-Meier curve successfully stratified the patients according to three risk groups. This nomogram calibrated well and exhibited
satisfactory clinical utility in the decision curve analysis.

CONCLUSIONS This study developed and validated a simple-to-use nomogram predicting one-year mortality risk in Asian
patients undergoing PCI and could help clinicians make risk-dependent decisions.

oronary heart disease (CHD) is a global he-

alth burden. The estimated prevalence of

CHD is approximately 4%-6% among the
general population."! CHD is the leading cause of
death around the world. Approximately 10 million
people die from CHD yearly, accounting for 16% of
deaths worldwide.” The prognosis of CHD has im-
proved as its therapeutic strategies developed. Pe-
rcutaneous coronary intervention (PCI) is one of the
most frequent treatments for CHD. Compared to thr-
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ombolytic therapy, PCI further decreases mortality.
Nowadays, PCl is one of the first-line treatments for
CHD in the guideline.”) However, mortality after
PCI still exists, especially in high-risk patients.!”! The-
refore, evaluating the personalized condition of each
patient and identifying high-risk individuals are es-
sential and could prevent mortality after PCI. The
risk prediction model will provide patients and cli-
nicians with a personalized risk evaluation and help
them make clinical decisions.
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Several risk models predicting the prognosis of
PCI patients have been developed,” most of which
were derived from American and European people
and were rarely validated in Asian populations. The
coefficients and predictive values of the parameters
in the model might vary between races, such as the
thrombogenic and inflammatory activities.""""! The
prognosis of PCI also altered between distinct ra-
ces.'>1! Therefore, risk models derived from Amer-
ican and European people may have limited applic-
ability in Asian population. And it is meaningful to
develop risk models based on the Asians. Besides,
previous risk scores focused on the in-hospital or 30-
day mortality after PCI. Few risk models have been
established to evaluate long-term mortality in pati-
ents undergoing PCL

Nomogram is a graphic prediction tool integrat-
ing selected risk factors.""" It evaluates the risk pro-
bability by the total score, which is calculated acco-
rding to the scores of each included variable. Com-
pared to the traditional point-based risk models, a
nomogram could evaluate the risk probability of each
individual according to the length of the line segm-
ent corresponding to the variable, which is easier to use
for clinicians and easier to understand for patients.

In current personalized and precision medicine,
predicting mortality after PCI in accuracy is vital for
the joint decision-making of physicians and patients.
Therefore, this study aimed to establish and valid-
ate a nomogram predicting the one-year mortality risk
of patients undergoing PCI based on the data from
a large-scale real-world cohort.

METHODS

Study Population

A total of 10,724 patients who underwent PCI in
the National Center of Cardiovascular Diseases of
China were enrolled between January 2013 and De-
cember 2013. The patients were excluded if their an-
giographies were for follow-up. Finally, 9603 indi-
viduals were included in this study. The clinical data
were prospectively collected, including body mass
index, diastolic blood pressure, systolic blood press-
ure, age, gender, smoking, previous myocardial in-
farction, SYNTAX score, diabetes mellitus, hyper-
lipidemia, hypertension, previous cerebrovascular di-
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sease, previous vascular disease, chronic obstructive
pulmonary disease, previous PCI, previous coron-
ary artery bypass graft, PCI duration, radial or fem-
oral access, intermediate to severe calcification, le-
gion diameter, legion length, multivessel disease,
left main artery disease, acute coronary syndrome,
ST-segment elevation myocardial infarction, new-
generation drug-eluting stent, chronic total occlu-
sion, Thrombolysis in Myocardial Infarction (TIMI)
0-1 before PCI, TIMI 0-2 after PCI, left ventricular eje-
ction fraction and estimated glomerular filtration
rate. Hypertension was defined as a systolic blood
pressure > 140 mmHg or a diastolic blood pressure =
90 mmHg and/or the current use of antihypertens-
ive medication. Type 2 diabetes mellitus was con-
sidered fasting plasma glucose > 126 mg/dL, two-
hour oral glucose tolerance test value > 200 mg/dL,
hemoglobin Alc = 6.5%, or random plasma glucose >
200 mg/dL with classic symptoms of hyperglycemia.
Hyperlipidemia was defined as low-density lipopro-
tein cholesterol = 140 mg/dL, high-density lipopro-
tein cholesterol < 40 mg/dL, or triglyceride > 150
mg/dL. Left ventricular ejection fraction < 50% was
defined as cardiac dysfunction,"® and estimated glo-
merular filtration rate < 30 mL/min per 1.73 m* was
defined as renal insufficiency.!"”! This study was
approved by the Ethics Committee of the National
Center of Cardiovascular Diseases (N0.2012-431), and
each individual signed the informed consent.

Follow-up and Endpoints

Follow-up was conducted by the professional st-
aff by telephone calls and outpatient visits at 30 days,
6 months, and every year after PCI. All-cause mor-
tality was considered the primary endpoint. If no ev-
ents occurred during follow-up, the follow-up was con-
sidered complete at the two years juncture.

Model Establishment and Model Performance

A total of 9603 individuals were randomly divi-
ded into the derivation cohort (60%) and the valida-
tion cohort (40%). The least absolute shrinkage and
selection operator (LASSO) method was adopted
for variable selection. Variables with nonzero coeffi-
cients in the LASSO Cox regression model were se-
lected as potential predictors. Then these potential
predictors were included in multivariable Cox regre-
ssion analysis followed by a backward stepwise re-
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gression, in which variables with P-value < 0.05 were
identified and incorporated in the nomogram for
predicting one-year mortality after PCI. And the no-
mogram was validated in the validation cohort. The
C-index and area under the curve (AUC) of the recei-
ver operating characteristic curves were calculated
to assess the discrimination ability of the nomogram.
The accuracy of the nomogram was evaluated by cal-
ibration plots. Patients were stratified into low-, in-
termediate-, and high-risk groups based on the tert-
ile points in the nomogram, and the comparison bet-
ween the three groups was evaluated by Kaplan-Me-
ier analysis. Decision curve analysis (DCA) was per-
formed to measure the clinical net benefit of the nom-
ogram.™®!

Statistical Analysis

Continuous variables were presented as mean *
SD and compared with the independent Student’s ¢
test, and categorical variables were presented as co-
unts (percentages) and compared by the Pearson’s
chi-squared test. Two-sided P-value < 0.05 were con-
sidered statistically significant. Statistical analysis
was performed using SPSS 24.0 (SPSS Inc., IBM, Chi-
cago, IL, USA) and R statistical software 4.0.3 (https://
Www.r-project.org).

RESULTS

Baseline Characteristics

This study included 9603 individuals for the final
analysis. All individuals were divided into the de-
rivation cohort (60%) and the validation cohort (40%).
Table 1 shows the baseline characteristics of the de-
rivation cohort and the validation cohort. The deriv-
ation cohort comprised 5762 individuals with an av-
erage age of 58.6 years. The validation cohort consis-
ted of 3841 individuals with an average age of 58.4
years. The two cohorts had no significant difference
in baseline characteristics. There were 99 events (1.7%)
in the derivation cohort and 44 events (1.1%) in the
validation cohort.

Feature Selection and Model Development

Thirty-five features were reduced to ten candid-
ate predictors with non-zero coefficients in the LA-
5SSO Cox regression model (Figure 1). Ten candid-
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ate predictors included age, previous myocardial in-
farction, renal insufficiency, cardiac dysfunction, pre-
vious cerebrovascular disease, chronic obstructive
pulmonary disease, previous PCI, bare-mental stent,
new-generation drug-eluting stent, and TIMI 0-1
before PCI. These candidate variables were then in-
cluded in a multivariable Cox regression analysis fo-
llowed by a backward stepwise regression. Finally, six
variables with P < 0.05 in multivariable analysis, inc-
luding age, renal insufficiency, cardiac dysfunction,
previous cerebrovascular disease, previous PCI, and
TIMI 0-1 before PCI, were used to establish the nomo-
gram to predict one-year mortality after PCI (Table 2 &
Figure 2).

Predictive Ability and Performance of the Nom-
ogram

The predictive value of the nomogram was evalu-
ated by the AUC. The AUC regarding one-year mort-
ality was 0.792 (95% ClI: 0.717-0.868) and 0.754 (95% ClI:
0.648-0.861) in the derivation cohort (Figure 3A) and
the validation cohort (Figure 3B), respectively. The
calibration plots proved good reliability of the nom-
ogram predicting survival rates at one year in the de-
rivation cohort and the validation cohort (Figure 4).

The cohorts were divided into low-, intermediate-
and high-risk groups according to the tertile points
(54 and 69) in the derivation cohort. The discrimina-
tion of the nomogram was assessed by Kaplan-Me-
ier survival analysis, the survival rates were distin-
guishable between the three risk groups in the de-
rivation cohort and the validation cohort (P < 0.0001,
Figure 5). The DCA demonstrated that the nomog-
ram predicting one-year mortality confers a net be-
nefit than the “full treatment” and “no treatment”
strategy in the derivation cohort and the validation
cohort (Figure 6).

DISCUSSION

This study is the first nomogram explicitly deri-
ved from Asians to identify patients at risk of one-
year death after PCI. This nomogram integrated six
variables: age, renal insufficiency, cardiac function,
previous PCI, previous cerebrovascular disease, and
TIMI 0-1 before PCI. This graphic nomogram can ev-
aluate the risk of each individual.

This nomogram exhibited good discrimination

http:/ /www jgc301.com; jgc@jgc301.com
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Table1 Baseline characteristics.

Variables Derivation cohort (n = 5762) Validation cohort (n = 3841) P-value
Age, yrs 58.6 £10.3 58.4+10.3 0.361
Male 4415 (76.6%) 2966 (77.2%) 0.513
Body mass index, kg/m’ 259+3.2 25.9+3.2 0.728
Systolic blood pressure, mmHg 126.9£16.6 1269 £16.7 0.981
Diastolic blood pressure, mmHg 773 £10.4 77.5+10.4 0.488
Smoking 3278 (56.9%) 2188 (57.0%) 0.959
Hypertension 3671 (63.7%) 2495 (65.0%) 0.22
Hyperlipidemia 3842 (66.7%) 2590 (67.4%) 0.456
Diabetes mellitus 1774 (30.8%) 1146 (29.8%) 0.332
Previous cerebrovascular disease 606 (10.5%) 426 (11.1%) 0.392
Previous vascular disease 149 (2.6%) 102 (2.7%) 0.885
Chronic obstructive pulmonary disease 120 (2.1%) 104 (2.7%) 0.055
Previous PCI 1454 (25.2%) 932 (24.3%) 0.292
Previous coronary artery bypass grafting 242 (4.2%) 144 (3.7%) 0.294
Renal insufficiency 102.6 (22.8%) 102.3 (22.1%) 0.545
Cardiac dysfunction 62.8 (7.4%) 62.8 (7.1%) 0.994
SYNTAX score 121+£78 121+£79 0.802
PCI time, min 35.0+31.9 34.2+28.0 0.235
Lesion diameter, mm 3.2+£23 3.2+28 0.438
Lesion length, mm 28.8 +18.8 28.8 +19.8 0.888
Radial artery access 5265 (91.4%) 3486 (90.8%) 0.315
Coronary artery calcification 890 (15.4%) 612 (15.9%) 0.538
New-generation drug-eluting stent 4929 (85.5%) 3320 (86.4%) 0.23
Chronic total occlusion 440 (7.6%) 321 (8.4%) 0.214
TIMI 0-1 before PCI 1165 (20.2%) 826 (21.5%) 0.134
TIMI 0-2 after PCI 200 (3.5%) 120 (3.1%) 0.384
Chronic total occlusion 440 (7.6%) 321 (8.4%) 0.214
Left main artery disease 235 (6.1%) 361 (6.3%) 0.803
Multivessel disease 2844 (74.0%) 4300 (74.6%) 0.537

Data are presented as means * SD or n (%). PCI: percutaneous coronary intervention; TIMI: Thrombolysis in Myocardial Infarction.

and calibration. The discrimination was assessed by
an AUC of 0.779 for one-year mortality in the whole
population. The calibration plots demonstrated a go-
od consistency between our nomogram and actual
predictive probability. The Kaplan-Meier survival cu-
rve successfully stratified the patients based on the
tertile points in the derivation cohort and the valid-
ation cohort. The DCA ensured the clinical benefits
in both derivation and validation sets. Based on the
good performance of our nomogram, we advocated
the use of this nomogram for evaluating one-year mo-
rtality after PCI.

http:/ /www .jgc301.com; jgc@jgc301.com

Nomogram is an integral part of modern medical
decision-making. It has been frequently used in pre-
dicting outcomes of cancer and surgery."**" Nomo-
gram is also gradually being used in the cardiovas-
cular area for risk prediction. A nomogram was de-
rived from the Multi-Ethnic Study of Atherosclero-
sis study to predict 10-year CHD risk.” O Hartaigh,
et al” established a nomogram predicting 5-, 10-
and 15-year survival in asymptomatic adults under-
going cardiac risk factors screening. Previous stud-
ies have formulated nomograms predicting in-hos-

pital mortality of elderly patients undergoing PCI,**
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Figurel LASSO Cox regression model to select candidate variables associated with one-year mortality after percutaneous coronary
intervention. (A): Plot of 10-fold cross-validation via minimum criteria for selection of the optimal value of tuning parameter (). Dot-
ted vertical lines were drawn at the value with the minimum criteria and one standard error of the minimum criteria; and (B): LASSO
coefficient profiles of 35 clinical features associated with one-year mortality after percutaneous coronary intervention. A dotted vertical
line is drawn at the optimal X value of ten nonzero coefficients through 10-fold cross-validation. LASSO: least absolute shrinkage and
selection operator.

Table 2 Multivariable Cox regression analysis.

Hazard ratio 95% CI P-value
Age 1.08 1.06-1.11 <0.0001
Renal insufficiency 11.6 2.76-48.8 0.001
Cardiac dysfunction 3.59 2.18-5.91 <0.0001
Previous cerebrovascular disease 1.66 1.02-2.7 0.042
Previous PCI 1.61 1.07-2.42 0.022
TIMI 0-1 before PCI 1.82 1.19-2.8 0.006

PCI: percutaneous coronary intervention; TIMI: Thrombolysis in Myocardial Infarction.
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Figure 2 Nomogram predicting one-year mortality after PCI. Each clinical variable has a certain number of points. The sum of points
of each variable was related to the probability of mortality at specific timepoints. For each covariate, please draw a vertical line upwards
and note down the corresponding points. This is repeated for each covariate ending with a total score that corresponds to a predicted
one-year mortality at the bottom of the nomogram. PCI: percutaneous coronary intervention; TIMI: Thrombolysis in Myocardial Infarc-
tion.
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Figure 3 The AUC of the nomogram predicting one-year mortality after percutaneous coronary intervention in the derivation coh-

ort (A) and the validation cohort (B). AUC: area under the curve.
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Figure 4 Calibration plots of the nomogram predicting one-year mortality after percutaneous coronary intervention in the deriva-

tion cohort (A) and the validation cohort (B).
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Figure5 Kaplan-Meier analysis of the nomogram predicting one-year mortality after percutaneous coronary intervention in the de-

rivation cohort (A) and the validation cohort (B).

and in-hospital major adverse cardiovascular and
cerebrovascular events in acute coronary syndrome
patients undergoing PCL.* However, current nom-
ograms predicting mortality risk after PCI mainly
concentrate on in-hospital mortality rather than lo-
ng-term outcomes. This nomogram can evaluate the
one-year mortality risk after PCI. As an example, an
individual age 55 years who has renal insufficiency

: http:/ /www .jgc301.com; jgc@jgc301.com

and cardiac dysfunction, has a history of cerebrov-
ascular disease and PCI, with TIMI 0-1 before PCI,
will have a total risk score of 143 points, which corres-
ponds to a one-year mortality risk of 37%. This nom-
ogram is easy to understand and use, and patients
can calculate it themselves.

This nomogram included clinical characteristics
(age, cardiac dysfunction, renal insufficiency, previous
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Figure 6 Decision curve analysis of the nomogram predicting one-year mortality after percutaneous coronary intervention in the de-

rivation cohort (A) and the validation cohort (B).

cerebrovascular disease, and previous PCI) and an-
giographic characteristics (TIMI 0-1 before PCI).
These variables are routinely collected by clinical
evaluation and can comprehensively evaluate the fe-
atures of patients and reflect the actual status of pa-
tients. Age is almost included in all risk models pr-
edicting mortality after PCI, including EuroScore,”
New York risk score, Mayo risk score,® and Nati-
onal Cardiovascular Data Registry risk model.”” It’s
widely accepted that the risk of death after PCl is ele-
vated as age increases. Among patients hospitali-
zed for acute myocardial infarction, mortality was
much higher in patients with age > 65 years than pa-
tients with age < 65 years, both in males and fema-
les." Cardiac dysfunction and renal insufficiency
are closely related to the prognosis after PCI and are
included in most previous risk models.”** It has
been proved that patients with reduced ejection fra-
ction exhibited an increased rate of all-cause death
compared to patients with preserved left ventricu-
lar ejection fraction. This result is consistent in pa-
tients with left main coronary artery disease, stable
CHD, acute coronary syndrome, and chronic coron-
ary occlusion.”” Renal insufficiency can improve
cardiovascular disease prediction accuracy beyond
traditional risk factors.’ Previous studies revealed
that chronic kidney disease was associated with a
solid and independent risk of major adverse cardi-
ovascular events, not affected by lesion type, com-
plication, stent type, and anti-platelet therapy pat-
terns.””*" Previous PCI is still a standard variable
presented in previous risk models, the NHLBI dy-
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namic registry demonstrated that patients with pri-
or PCI had more adverse baseline characteristics, ca-
rdiovascular risk factors, and increased risk of repe-
ated revascularization than those without previous
PCL" Previous cerebrovascular disease is a progn-
ostic effector after PCI as well. EXCEL study found
that patients with left main coronary artery disease
and previous cerebrovascular disease had higher
stroke rates and reduced event-free survival after
PCI compared to those without previous cerebrov-
ascular disease.”” Natsuaki, et al.** found that pa-
tients with previous cerebrovascular disease had an
increased risk for intracranial hemorrhage and isc-
hemic events compared to those with no previous ce-
rebrovascular disease. TIMI 0-1 before PCI is an an-
giographic variable. Few studies incorporated an-
giographic variables."*! A recent study found that
all-cause death and cardiac death were significantly
higher in pre-PCI TIMI 0-1 patients than in pre-PCI
TIMI 2-3 patients with non-ST-segment elevation
myocardial infarction."*! All variants incorporating
the nomogram are all risk factors for adverse events
after PCI. Therefore, individuals with more risk fa-
ctors would have higher risk scores. Kaplan-Meier
analysis proved that high risk scores were associa-
ted with increased mortality risk after PCI. There-
fore, compared to the low-risk patient, intermediate-
and high-risk patients should be more serious about
lifestyle change, standardized medication, and reg-
ularly revisit after PCL

Previous risk models predicting short-term or
long-term mortality after PCI,****! such as Global

http:/ /www.jgc301.com; jgc@jgc301.com /*
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Registry of Acute Coronary Events scores, were de-
rived from the patients treated with therapeutic st-
rategy at old time, which was different from current
standard therapy."*”! Therefore, these models have
less applicability because of the improvement of st-
ent technology and the utility of dual antiplatelet the-
rapy in the last twenty years. Some risk models are
derived from updated cohorts, such as the EuroHe-
art score and New York risk score. However, they in-
cluded more than ten variables. Too many variables
may decrease the accuracy of coefficient estimation
and response prediction, which leads to reduced ut-
ility.[*”? NCDR CathPClI risk score was derived from
588,398 procedures in America. Therefore, data ac-
curacy and quality may be affected by reporting bi-
as and errors in data collection and center-level var-
iation of different medical centers.”” Sorin J Brener’s
score was derived from 21 randomized controlled tr-
ials, but compared to our nomogram, Sorin ] Brener’s
score did not include cardiac function and renal fu-
nction, which may abate the predictive value itself."*"

Most importantly, no nomogram predicting mor-
tality after PCI was specified for the Asian popula-
tion. The risk models mentioned previously were
all derived from American and European people.
Geography differences in lifestyle, population gen-
omics, medical standards, and clinical strategies con-
tribute to the diversity of prognosis after PCI in dis-
tinct races. The performance of risk models derived
from the American and European people is uncertain
in Asians. This nomogram is derived from a large-
scale real-world study in Asia, which may be more ap-
plicable to the Asian population. At the same time,
we advocate the validation of our nomogram in the
American and European people to improve its utility.

LIMITATIONS

The present study has some limitations that sho-
uld be acknowledged. Firstly, this study is a single-
center study, which may reduce the generalizabil-
ity of the nomogram. The multi-center study is in
need for further investigation. Secondly, although
the internal validation exhibited good discrimina-
tion, a lack of external validation led to an uncertain
generality of the nomogram in other populations. The-
refore, external validation is necessary for the future
utility of our nomogram.

| http://www jgc301.com; jgc@jgc301.com

CONCLUSIONS

This nomogram incorporated six routinely collec-
ted characteristics to predict one-year mortality of pa-
tients undergoing PCI. This nomogram provides cli-
nicians with a simple-to-use clinical tool to identify
individuals with high mortality risk after PCI and gu-
ideline preventive therapy.
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