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Abstract

Background: Revascularized patients still experience adverse cardiovascular events. This is particularly true for elderly patients over the
age of 65, as they often have more co-morbid vascular conditions. It is important to develop a tool to assist clinicians in comprehensively
assessing these patients’ prognosis. The objective of this study is to create a comprehensive visual nomogram model combining clinical
and physiological assessments to predict outcomes in elderly patients undergoing percutaneous coronary intervention (PCI).Methods:
This study is a retrospective investigation of patients who underwent PCI between January 2016 and December 2017. A total of 691
patients with 1461 vessels were randomly divided into a training (n = 483) and a validation set (n = 208). A multivariate Cox regression
model was employed using the training set to select variables for constructing a nomogram. The performance of the nomogram was
assessed through the receiver operating characteristic curve (ROC) and calibration curves to evaluate its discrimination and predictive
accuracy. To further assess the clinical usefulness, Kaplan–Meier curve analysis and landmark analysis were conducted. Results: In-
dependent risk factors, including diabetes mellitus (DM), post-PCI quantitative flow ratio (QFR), previous myocardial infarction (MI),
and previous PCI, were contained in the nomogram. The nomogram exhibited a good area under the curve (AUC) ranging from 0.742 to
0.789 in the training set, 0.783 to 0.837 in the validation set, and 0.764 to 0.786 in the entire population. Calibration curves demonstrated
a well-fitted curve in all three sets. The Kaplan–Meier curves showed clear separation and the patients with higher scores in the nomo-
gram model exhibited a higher incidence of target vessel revascularization (TVR) (7.99% vs. 1.24% for 2-year, p < 0.001 and 13.54%
vs. 2.23% for 5-years, p < 0.001, respectively). Conclusions: This study has developed the visually intuitive nomogram to predict the
2-year and 5-year TVR rates for elderly patients who underwent PCI. This tool provides more accurate and comprehensive healthcare
guidance for patients and their physicians.

Keywords: nomogram; target vessel revascularization; percutaneous coronary intervention; coronary artery disease; quantitative flow
ratio

1. Introduction
The presence of myocardial ischemia greatly affects

the prognosis of patients with coronary artery disease
(CAD), leading to higher mortality and increased complica-
tions. Percutaneous coronary intervention (PCI) is widely
recognized as an effective approach to improve patient out-
comes in patients with CAD. Previous randomized con-
trolled trials (RCTs) have further reinforced the clinical ac-
ceptance of PCI as a suitable therapeutic method for man-
aging CAD [1–4]. However, even after successful revas-
cularization, patients still experience various adverse car-
diovascular events, including death, myocardial infarction
(MI), target vessel revascularization (TVR), and target ves-
sel failure (TVF) [5–7].

Elderly adults, specifically those aged 65 years and
above, are particularly vulnerable to developing CAD. In

a study conducted by Gupta et al. [8] and Chen JL et al.
[9], it was revealed that this age group experiences signif-
icantly higher rates of MI and mortality within the CAD
population. As a result, elderly patients are recognized as
a high risk group, and their management and the prediction
of their prognosis is important for not only prolonging their
lifespan, but also enhancing their quality of life [10].

Previous research shows that clinical prognosis is in-
fluenced by both physiological assessments and systemic
factors such as gender, age, race, and diabetes mellitus
(DM) [11–13]. Most studies have primarily focused on pre-
dicting prognosis based on either clinical characteristics or
coronary artery pathology. However, it is worth consider-
ing whether a more effective approach would be to integrate
both clinical characteristics and physiological assessments
in order to predict clinical prognosis. This approach may
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provide more accurate and comprehensive predictions for
patients with coronary artery disease.

In light of the above, this study aims to develop a prog-
nostic nomogram model to enhance TVR prediction in el-
derly PCI patients and validate its reliability and utility.

2. Materials and Methods
2.1 Study Population

A retrospective analysis was conducted on consecu-
tive patients from January 2016 to December 2017 at Fu-
jian Medical University Union Hospital. The study fo-
cused on patients who were 65 years or older and under-
went PCI, with a 5-year clinical follow-up period. The ex-
clusion criteria for the study were: (1) patients who were
under 65 years old, (2) acute myocardial infarction (AMI)
within 7 days [14], (3) lack of follow-up data, (4) situations
where quantitative flow ratio (QFR) calculation could not
be performed, including an interrogated lesion involving a
myocardial bridge or bypass graft; severe overlap in the
stenosed segment or severe tortuosity of any interrogated
vessel; and poor angiographic image quality.

2.2 QFR Computation and Quantitative Coronary
Angiography (QCA)

The QFR computations and QCA analyses were per-
formed by two independent investigators blinded to the
clinical data using the AngioPlus system (Pulse Medical
Imaging Technology Shanghai, China) according to stan-
dard operating procedures. The three-dimensional (3D) re-
constructions of three main vessels were performed based
on the automated contouring of two angiographic projec-
tions captured at 15 frames/s and at least 25° apart. Af-
ter 3D reconstruction, QFRs were computed using contrast
flow velocity models [15]. In this study, QFR was com-
puted in each participant at the time of pre-PCI and post-
PCI. Post-PCI QFR, defined as including at least one le-
sion treated with PCI, was retrospectively computed in all
eligible vessels [16]. The QCA information of all vessels
consisted of blood flow resistance (BFR), percent diame-
ter stenosis (DS%) and the percent of area stenosis (AS%).
Furthermore, the QFR and QCA data for patients with mul-
tiple lesions are presented as the mean of those values.

2.3 Data Collection and Follow-up
An electronic medical record system was utilized to

retrospectively gather relevant clinical data of the patients
at the time of their first hospitalization. This allowed the
researchers to access and analyze the necessary informa-
tion for their analysis. Laboratory indices during the initial
hospitalization such as low-density lipoprotein cholesterol
(LDL-C), creatinine, N-terminal pro brain natriuretic pep-
tide (NT-proBNP), and high-sensitivity C-reactive protein
(hs-CRP) were calculated using standard laboratory tech-
niques. Echocardiography was employed to determine left
ventricular ejection fraction (LVEF) and E/E’. E/E’ is the

ratio of peak mitral early filling velocity (E) to early di-
astolic mitral annular velocity (E’), an indicator of dias-
tolic cardiac function. All patients received standard phar-
macological treatment according to clinical guidelines, and
the information on medications used, including statins, an-
tiplatelet agents, angiotensin-converting-enzyme inhibitors
(ACEIs), and angiotensin-receptor blockers (ARBs), was
reported. Information of other atherosclerosis-related dis-
eases, such as the atherosclerosis of the carotid arteries and
strokes, and in patients with atrial fibrillation and their use
of anticoagulants, was also obtained.

Target vessel revascularization (TVR) was defined as
any subsequent PCI or surgical bypass involving any seg-
ment of the target vessel, including the target lesion and
non–target lesions that underwent revascularization. Tar-
get vessel and non-target lesion revascularization was de-
fined as any repeat percutaneous intervention or surgical
bypass of the target vessel for pre-existing disease, disease
progression or other reasons unrelated to the target lesion.
Additionally, the definition of target vessel was the entire
major intervened coronary vessel, including side branches
[17]. We analyzed patients with TVR as our endpoint. Fur-
thermore, TVR was performed through detecting the sig-
nificant stenosis by angiography based on whether patients
suffered from chest pain or other symptoms. And those who
required repeat revascularization were also included in the
TVR groups.

2.4 Statistical Analysis

Continuous variables were presented as mean ± stan-
dard deviation (SD) or median (interquartile range, IQR)
and compared using appropriate statistical tests such as the
2-sample Student’s t-test, Welch’s t-test, or Mann-Whitney
U test. Categorical variables were presented as numbers
and percentages and compared using the chi-squared test or
Fisher’s exact test.

To develop the overall survival nomogram, a multi-
variable Cox regression model was chosen in a training
set. Initially, univariable Cox regression was performed,
and variables with a p-value< 0.10 were selected as candi-
date variables. The nomogram’s performance was assessed
through discrimination and calibration in both the training
set and the validation set. The receiver operating character-
istic curve (ROC) was used to measure the area under the
curve (AUC). The optimal threshold was determined using
the Youden index derived from the ROC curve. Model per-
formance was further evaluated through survival analysis
using Kaplan–Meier curves and landmark analysis. Cali-
bration plots were used to compare the actual Kaplan–Meier
survival estimates with the predicted probability of freedom
from 2-year and 5-year TVR, and C-index was used to as-
sess the performance of the nomogram.

In this study, the death is a competing risk data, which
affect the incidence of TVR during follow-up. Fine-Gray
model was performed to analysis this phenomenon. We cat-
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Fig. 1. Study flow chart. PCI, percutaneous coronary intervention; QFR, quantitative flow ratio.

egorized the population into three groups: the deceased in-
dividuals as the competitive risk subgroup, those experienc-
ing TVR as the risk group, and the rest of the population as
the control group. Subsequently, we performed Fine-Gray
analysis over a 5-year follow-up, plotted the curves, and
meticulously observed the outcomes.

All statistical analyses were performed using SPSS
25.0 (IBM Inc., New York, NY, USA) and R version 4.2.2
(R Foundation for Statistical Computing, Vienna, Austria).

3. Results
3.1 Study Population, Baseline Characteristics and
Outcomes

From January 2016 to December 2017, the angio-
graphic data of 3328 vessels from 1570 patients were
screened. A total of 448 vessels in 195 patients were ex-
cluded due to a failure in computing QFR, 1419 vessels in
684 patients were excluded due to unsuitable clinical con-
ditions, resulting in 1461 vessels from 691 patients being
included in the final analysis. The enrolled patients were
randomly stratified into a training set and a validation set
at a 7:3 ratio. Finally, 483 patients with 1014 lesions were
divided into a training set, and 208 patients with 447 lesions
were divided into a validation set (Fig. 1).

Tables 1,2 provided baseline characteristics and angio-
graphic data of the training set and validation set. There
were no statistically significant differences in the general
clinical and angiographic data between both sets. During
the follow-up period of 2 and 5 years, the mean of the over-

all observation period was 56 months. Additionally, 61 pa-
tients died during following up, and the remaining popu-
lation had an average follow-up period of 58.3 months. A
total of 28 patients during 2 years and 48 patients within 5
years experienced TVR. The rates of TVR were 4.05% and
6.95%, respectively. In the training set, the TVR rates af-
ter 2 years and 5 years were 4.55% and 7.66% respectively.
Similarly, in the validation set, the TVR rates after 2 years
and 5 years were 2.88% and 5.29% respectively. No signif-
icant differences were observed between the two groups in
terms of TVR rates (all p > 0.05).

3.2 Development of the Multivariate Prognostic
Nomogram to Predict TVR

Appropriate variables from patients in the training set
were selected to develop the nomogrammodel. The clinical
characteristics and angiographic data of the training set are
shown in Tables 3,4. Patients in the training set were further
stratified into a control group and a TVR group. Patients
in the TVR group experienced higher rates of DM, previ-
ous MI, and previous PCI compared to the control group
(56.76% vs. 37.44%, p = 0.021; 32.43% vs. 5.83%, p <

0.001; 40.54% vs. 9.64%, p < 0.001). There were no sig-
nificant differences in the QCA analysis in the pre-PCI (all
p> 0.05). The conditions of the vessels after PCI were sim-
ilar but the QFR of the TVR group was less than the control
group (0.93 ± 0.08 vs. 0.96 ± 0.06, p = 0.001).

According to the above baseline characteristics, an-
giographic data and risk factors of cardiovascular hazard
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Table 1. Clinical characteristics.

Variable
Overall Training set Validation set

p-value
(N = 691) (N = 483) (N = 208)

Study population
Age, year 73.00 ± 5.88 73.10 ± 5.99 72.77 ± 5.63 0.655
Male 490 (70.91%) 349 (72.26%) 141 (67.79%) 0.236

Clinical presentation
Unstable angina 405 (58.61%) 279 (57.76%) 126 (60.58%) 0.491
STEMI 95 (13.75%) 67 (13.87%) 28 (13.46%) 0.886
NSTEMI 130 (18.81%) 95 (19.67%) 35 (16.83%) 0.381
Stable angina 60 (8.68%) 41 (8.49%) 19 (9.13%) 0.782
Atrial fibrillation 22 (3.18%) 15 (3.11%) 7 (3.37%) 0.676
Strokes 33 (4.78%) 23 (4.76%) 10 (4.81%) 0.889
Other atherosclerosis diseases 13 (1.88%) 9 (1.86%) 4 (1.92%) 0.279

Cardiovascular risk factor
Hypertension 523 (75.69%) 362 (74.94%) 161 (77.40%) 0.490
Diabetes mellitus 264 (38.21%) 188 (38.92%) 76 (36.53%) 0.554
Current smoker 301 (43.56%) 208 (43.06%) 93 (44.71%) 0.689
Previous MI 61 (8.83%) 38 (7.87%) 23 (11.06%) 0.175
Previous PCI 85 (12.30%) 58 (12.01%) 27 (12.98%) 0.721

Laboratory indices
NT-proBNP, pg/mL 1561.24 ± 4199.68 1488.20 ± 3884.60 1732.43 ± 4865.96 0.630
Hs-CRP, mg/L 12.28 ± 26.88 11.80 ± 25.95 13.39 ± 28.98 0.695
Cr, umol/L 91.45 ± 67.40 89.42 ± 61.76 96.16 ± 78.93 0.107
LDL-C, umol/L 2.76 ± 0.98 2.77 ± 0.99 2.72 ± 0.97 0.497
LVEF, % 59.63 ± 11.81 59.29 ± 12.07 60.40 ± 11.19 0.335
E/e’ 14.51 ± 5.86 14.51 ± 5.91 14.50 ± 5.76 0.966

Medication
Statin 680 (98.41%) 475 (98.34%) 205 (98.56%) 0.999
Antiplatelet 690 (99.86%) 482 (99.79%) 208 (100%) 0.999
ACEIs or ARBs 460 (66.57%) 325 (67.29%) 135 (64.90%) 0.236
Anticoagulants 20 (2.89%) 14 (2.90%) 6 (2.88%) 0.776

TVR rates
2-year 28 (4.05%) 22 (4.55%) 6 (2.88%) 0.307
5-year 48 (6.95%) 37 (7.66%) 11 (5.29%) 0.261

Values are mean± SD, n (%) or median (interquartile range). MI, myocardial infarction; PCI, percutaneous coronary
intervention; STEMI, ST-segment elevation myocardial infarction; NSTEMI, non-ST segment elevation myocardial
infarction; ACEIs or ARBs, angiotensin-converting-enzyme inhibitors or angiotensin-receptor blockers; LDL-C,
low-density lipoprotein cholesterol; NT-proBNP, N-terminal pro brain natriuretic peptide; Hs-CRP, high-sensitivity
C-reactive protein; LVEF, left ventricular ejection fraction; Cr, creatinine; TVR, target vessel revascularization; SD,
standard deviation; E/e’, ratio of early diastolic mitral flow velocity to early diastolic mitral ring motion velocity.

events, 13 variables were selected into the univariate Cox
regression analysis (Table 5). 5 candidate variables were
found to satisfy the threshold of p< 0.10. The multivariate
Cox regression analysis indicated that DM, previous MI,
previous PCI, and post-PCI QFR were significant indepen-
dent predictors of the rate of TVR in the training set (p <

0.05). We eventually created a nomogram for TVR pre-
diction by using these factors (Fig. 2). Each predictor cor-
responded to a specific point by drawing a straight line up-
wards to the axis point. Scores for each variable were added
and located on the “Total Points” axis. Finally, a vertical
line was drawn straight down from the plotted total axis

point to the 2-year or 5-year TVR probability axis to de-
termine the probability of TVR. The Nomogram score was
calculated using the following formula:

Nomogram score = [200 + (–200 × post-PCI QFR)]
+ (51.41004× previous PCI) + (46.5815× previous MI) +
(18.14027 × DM)

3.3 Assessment and Validation of the Nomogram’s
Performance

The calibration plots of predictions from the nomo-
gram model in the training set, validation set and total pop-
ulation are displayed in Fig. 3. The C-index was used to as-
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Table 2. Angiographic characteristics and QFR analysis.

Variable
Overall Training set Validation set

p-value
(Nv = 1461) (Nv = 1014) (Nv = 447)

Pre-PCI
LAD 568 (38.88%) 394 (38.86%) 174 (38.93%)
LCX 428 (29.30%) 301 (29.68%) 127 (28.41%)
RCA 465 (31.83%) 319 (31.46%) 146 (32.66%)
AS% 48.05 ± 16.23 47.78 ± 16.18 48.66 ± 16.35 0.449
DS% 67.39 ± 17.53 67.05 ± 17.78 68.17 ± 16.93 0.443
QFR 0.77 ± 0.18 0.77 ± 0.18 0.76 ± 0.19 0.260
BFR, mmHg×s/m 187.46 ± 112.71 186.54 ± 112.64 189.55 ± 112.98 0.596

Post-PCI
AS% 15.70 ± 15.38 16.01 ± 15.52 15.00 ± 15.08 0.272
DS% 23.70 ± 23.30 24.17 ± 23.45 22.64 ± 22.96 0.215
QFR 0.96 ± 0.06 0.95 ± 0.07 0.96 ± 0.06 0.745
BFR, mmHg×s/m 124.66 ± 127.11 123.41 ± 126.84 127.66 ± 127.96 0.384

Values are mean ± SD. PCI, percutaneous coronary intervention; DS%, diameter stenosis per-
centage; AS%, area stenosis percentage; BFR, blood flow resistance; QFR, quantitative flow
ratio; LAD, left anterior descending artery; LCX, left circumflex artery; RCA, right coronary
artery; Nv, number of vessels; SD, standard deviation.

Fig. 2. Nomogram for predicting 2-year and 5-year TVR. Points were composed of diabetes mellitus, post-PCI QFR, previous MI
and previous PCI. The score for each value was assigned by drawing a line upward to the points line, and the sum of the four scores was
plotted on the total points line. Finally, the probability line was used to determine the probability of freedom from 2-year and 5-year TVR.
MI, myocardial infarction; QFR, quantitative flow ratio; TVR, target vessel revascularization; PCI, percutaneous coronary intervention.

sess the performance of the nomogram model. The results
revealed that the C-index were 0.771 and 0.736 in the train-
ing set during the 2-year and 5-year periods (Fig. 3A,B),
0.846 and 0.801 in the validation set (Fig. 3C,D), 0.774 and
0.758 in the total population (Fig. 3E,F), respectively.

The ROC analysis indicates that the nomogram had an
excellent performance for predicting TVR in the training,

validation and whole population sets (Fig. 4). The nomo-
gram yielded an AUC of 0.742 and 0.789 for predicting 2-
year to 5-year TVR risk in the training set (Fig. 4A,B) and
0.837 and 0.783 in the validation set (Fig. 4C,D). Addition-
ally, the AUC of the nomogram in the total population for
predicting 2-year and 5-year TVR were 0.764 and 0.786,
respectively (Fig. 4E,F).
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Table 3. Clinical characteristics for training set.

Variable
Overall Control group TVR group

p-value
(N = 483) (N = 446) (N = 37)

Study population
Age, year 73.10 ± 5.99 73.10 ± 6.04 73.00 ± 5.47 0.858
Male 349 (72.26%) 320 (71.75%) 29 (78.38%) 0.387

Clinical presentation
Diabetes mellitus 188 (38.92%) 167 (37.44%) 21 (56.76%) 0.021
Hypertension 362 (74.94%) 333 (74.66%) 29 (78.38%) 0.616
Current smoker 208 (43.06%) 188 (42.15%) 20 (54.05%) 0.160
Previous MI 38 (7.87%) 26 (5.83%) 12 (32.43%) <0.001
Previous PCI 58 (12.01%) 43 (9.64%) 15 (40.54%) <0.001

Cardiovascular risk factor
Unstable angina 279 (57.76%) 261 (58.52%) 18 (48.65%) 0.243
STEMI 67 (13.87%) 60 (13.45%) 7 (18.91%) 0.355
NSTEMI 95 (19.67%) 90 (20.18%) 5 (13.51%) 0.327
Stable angina 41 (8.49%) 34 (7.62%) 7 (18.92%) 0.028
Atrial fibrillation 15 (3.11%) 14 (3.14%) 1 (2.70%) 0.279
Strokes 23 (4.76%) 21 (4.71%) 2 (5.41%) 0.146
Other atherosclerosis diseases 9 (1.86%) 8 (1.79%) 1 (2.70%) 0.221

Laboratory indices
NT-proBNP, pg/mL 1488.20 ± 3884.60 1473.67 ± 3671.50 1663.00 ± 5951.61 0.980
Hs-CRP, mg/L 11.80 ± 25.95 12.39 ± 26.90 4.88 ± 5.53 0.184
Cr, umol/L 89.42 ± 61.76 88.46 ± 55.43 101.01 ± 113.75 0.795
LDL-C, umol/L 2.77 ± 0.99 2.78 ± 0.98 2.66 ± 1.02 0.351
LVEF, % 59.29 ± 12.07 59.60 ± 12.01 55.61 ± 12.35 0.057
E/e’ 14.51 ± 5.91 14.47 ± 5.94 14.91 ± 5.63 0.660

Medication
Statin 475 (98.34%) 438 (98.21%) 37 (100%) 0.999
Antiplatelet 482 (99.79%) 445 (99.78%) 37 (100%) 0.999
ACEIs or ARBs 325 (67.29%) 300 (67.26%) 25 (67.57%) 0.970
Anticoagulants 14 (2.90%) 13 (2.91%) 1 (2.70%) 0.992

Values are mean ± SD or n (%) or median (interquartile range). MI, myocardial infarction; PCI, percutaneous
coronary intervention; STEMI, ST-segment elevation myocardial infarction; NSTEMI, non-ST segment elevation
myocardial infarction; ACEIs or ARBs, angiotensin-converting-enzyme inhibitors or angiotensin-receptor blockers;
LDL-C, low-density lipoprotein cholesterol; NT-proBNP, N-terminal pro brain natriuretic peptide; Hs-CRP, high-
sensitivity C-reactive protein; LVEF, left ventricular ejection fraction; Cr, creatinine; TVR, target vessel revascular-
ization; SD, standard deviation; E/e’, ratio of early diastolic mitral flow velocity to early diastolic mitral ring motion
velocity.

The distribution of the nomogram score in three sets
was shown in Supplementary Fig. 1. Based on the 2-year
and 5-year ROC analysis, a prognostic score cut-off point
of 20.07 was determined. The patients were then divided
into two groups: Group A (score ≤20.07) and Group B
(score >20.07). Kaplan–Meier curves were recorded and
a landmark analysis was performed and implemented at 1
year (Fig. 5A,B). The results showed there was no signifi-
cant difference between the two groups in the incidence of
TVRwithin the first year (log-rank p = 0.406) and the curve
appeared to be well separated after one year, implying rea-
sonable discrimination (log-rank p < 0.001).

3.4 Analysis of Competing Risks between Death and TVR
During the follow-up period, we encountered compet-

ing risks between the occurrence of death and our primary
endpoint, TVR. To further investigate and analyze this sit-
uation, we employed the Fine-Gray model, as depicted in
Supplementary Fig. 2. The results revealed no significant
difference in the percentage of death between the groups
with scores ≤20.07 and scores >20.07. The incidence of
TVR remained higher in the groups with scores >20.07
compared to those with scores ≤20.07 even after account-
ing for competing risks (p < 0.001).
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Table 4. Angiographic characteristics and QFR analysis for training set.

Variable
Overall Control group TVR group

p-value
(Nv = 1014) (Nv = 931) (Nv = 83)

Pre-PCI
LAD 394 (38.86%) 364 (39.10%) 30 (36.14%)
LCX 301 (29.68%) 275 (29.53%) 26 (31.33%)
RCA 319 (31.46%) 292 (31.36%) 27 (32.53%)
AS% 47.78 ± 16.18 48.00 ± 16.12 45.30 ± 16.79 0.240
DS% 67.05 ± 17.78 67.34 ± 17.61 63.76 ± 19.45 0.128
QFR 0.77 ± 0.18 0.77 ± 0.18 0.78 ± 0.18 0.744
BFR, mmHg×s/m 186.54 ± 112.64 186.07 ± 113.16 191.79 ± 107.16 0.492

Post-PCI
AS% 16.01 ± 15.52 15.73 ± 15.38 19.20 ± 16.74 0.067
DS% 24.17 ± 23.45 23.68 ± 23.22 29.57 ± 25.38 0.055
QFR 0.95 ± 0.07 0.96 ± 0.06 0.93 ± 0.08 0.001
BFR, mmHg×s/m 123.41 ± 126.84 121.54 ± 127.28 142.88 ± 121.70 0.163

Values are mean ± SD. PCI, percutaneous coronary intervention; DS%, diameter stenosis per-
centage; AS%, area stenosis percentage; BFR, blood flow resistance; QFR, quantitative flow
ratio; LAD, left anterior descending artery; LCX, left circumflex artery; RCA, Right coronary
artery; TVR, target vessel revascularization; Nv, number of vessels; SD, standard deviation.

Fig. 3. The calibration plots for predicting 2-year and 5-year TVR probability. (A) 2-year TVR in the training set. (B) 5-year TVR
in the training set. (C) 2-year TVR in the validation set. (D) 5-year TVR in the validation set. (E) 2-year TVR in the whole population.
(F) 5-year TVR in the whole population. TVR, target vessel revascularization.

4. Discussion

In our cohort of 691 patients aged 65 or older, encom-
passing a total of 1461 lesions, we have successfully devel-
oped and validated a nomogram model. This model more
accurately predicts the risk of TVR at 2 years and 5 years.
To the best of our knowledge, this is a risk prediction model

that integrates both clinical characteristics and physiologi-
cal assessment values for patients. By incorporating these
factors, our model has the potential to serve as a valuable
and objective tool, offering insights into the overall condi-
tion of patients in clinical practice.
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Table 5. Independent predictors of 5-year TVR.
Univariate model Multivariate model

HR 95% CI p-value HR 95% CI p-value

Age 0.99 0.95–1.06 0.982
Male 1.43 0.65–3.13 0.371
Current smoker 1.60 0.84–3.04 0.157
Stable angina 2.26 1.12–5.83 0.025 1.18 0.46–2.43 0.717
Previous MI 6.43 3.23–12.81 <0.001 3.13 1.34–7.33 0.009
Previous PCI 5.41 2.81–10.44 <0.001 3.47 1.54–7.81 0.003
Diabetes mellitus 2.12 1.11–4.07 0.023 1.85 1.04–3.29 0.038
Hypertension 1.24 0.57–2.71 0.591
Post-PCI QFR 0.01 0.01–0.35 0.010 0.01 0.01–0.53 0.021
Atrial fibrillation 1.33 0.89–1.77 0.125
Strokes 1.47 0.88–2.79 0.323
Other atherosclerosis diseases 1.17 0.44–1.91 0.119
Anticoagulants 0.88 0.76–1.10 0.203
MI,myocardial infarction; PCI, percutaneous coronary intervention; QFR, quantitative flow ratio;
TVR, target vessel revascularization; HR, hazard ratio; CI, confidence interval.

Fig. 4. The ROC curves for comparisons of different variable. (A) The ROC curves to predict 2-year TVR in training set. (B) The
ROC curves to predict 5-year TVR in training set. (C) The ROC curves to predict 2-year TVR in validation set. (D) The ROC curves to
predict 5-year TVR in validation set. (E) The ROC curves to predict 2-year TVR in whole population. (F) The ROC curves to predict
5-year TVR in the whole population. ROC, receiver operating characteristic curve; AUC, area under curve; MI, myocardial infarction;
QFR, quantitative flow ratio; LVEF, left ventricular ejection fraction; TVR, target vessel revascularization; PCI, percutaneous coronary
intervention.

The nomogram model has been utilized extensively
in predicting the risk of adverse cardiovascular events [18–
20]. In our research, TVR is acknowledged as an endpoint
that has a negative impact on patient prognosis. Among pa-
tients who underwent PCI, the occurrence of restenosis or
stent thrombosis can adversely affect the long-term patency

of the affected blood vessels. Consequently, this necessi-
tates target lesion revascularization or TVR. Furthermore,
it is important to note that patients who experience TVR are
at a heightened risk for reinfarction and stent thrombosis,
further underscoring the importance of effectively predict-
ing and managing this outcome [21].
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Fig. 5. The Kaplan–Meier curves and landmark analysis to predict TVR. (A) The Kaplan–Meier curves to predict 2-year TVR and
landmark analysis at one year. (B) The Kaplan–Meier curves to predict 5-year TVR and landmark analysis at one year. Group A: score
≤20.07; Group B; score >20.07. The cut-off points of 2-year and 5-year ROC are 20.07. ROC, receiver operating characteristic curve;
TVR, target vessel revascularization.
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To evaluate the reliability of the nomogrammodel, we
conducted discrimination and calibration analyses in both
the training and validation sets. The calibration plots exhib-
ited favorable calibration across the training set, validation
set, and the entire population. The histogram of the nomo-
gram scores showed a concentration of lower scores, and
the majority of cases in the calibration plots had predicted
values falling within the range of 0.7–1.0. We speculate
that this observation can be attributed to the fact that the
patients included in this study have undergone PCI, result-
ing in an overall improvement in their vascular function to
some extent. As a result, most cases exhibit relatively low
risk scores.

Moreover, the AUC for predicting the risk of TVR
at 2 years and 5 years consistently exceeded 0.70 and ap-
proached 0.80, indicating good discriminative ability.

However, when comparing the calibration plots and
the ROC curves between the 2-year and 5-year predictions,
the results for predicting 5-year TVR risk were weaker.
This suggests that the model may underestimate the risk
of TVR over a longer time period. It is possible that the
angiographic results and clinical parameters after PCI are
similar and suffer slight changes in the short-term, but the
indices of patients may vary as time goes on, leading to the
observed differences in prediction accuracy.

In this study, the four most important factors—DM,
post-PCI QFR, previous MI and previous PCI—contained
the greatest prognostic value and were selected into the
nomogram model.

DM is a significant risk factor for cardiovascular dis-
eases, contributing to the development of endothelial dys-
function, vascular inflammation, arterial remodeling, and
atherosclerosis. Furthermore, DM is associated with a
higher burden of atherosclerosis and is linked to inferior
outcomes in patients with CAD [22,23]. Previous studies
have consistently shown that individuals with preexisting
diabetes are more prone to experiencing worse outcomes
and higher rates of comorbidities. Furthermore, they often
display a more severe cardiovascular risk profile [24,25].
It is crucial to effectively manage and control diabetes in
order to mitigate the risk of cardiovascular diseases.

QFR is a novel method to assess vascular physiology
with the advantage of omitting extra invasive procedures,
and is faster, more efficient, and cost-effective compared to
fractional flow reserve (FFR) [26]. Previous studies con-
firmed the feasibility of QFR calculation in clinical prac-
tice, and showed that it was related to higher revascular-
ization and worse adverse cardiac events [27–29]. Further-
more, Pijls et al. [6] concluded that negative correlations
were found between post-PCI FFR values and adverse clin-
ical events, and post-PCI FFR was the most significant in-
dependent predictor of clinical events. A PANDA III trial
revealed that a higher post-PCI QFR was correlated with a
better short-term prognosis [16]. Furthermore, according to
nomogrammodel and cut-off value, we recommend aiming

for a post-PCI QFR value above 0.9, in addition to consid-
ering other risk factors. By doing so, the patient’s score
will be minimized, leading to a lower rate of target vessel
revascularization events.

A history of prior MI is another predictor in the cur-
rent study. Zaman et al. [30] concluded that patients with
a history of CAD are at higher risk despite normal myocar-
dial perfusion. Numerous studies have shown that patients
with prior MI experienced a higher risk of MACE or car-
diovascular events and history of CAD may be especially
important for risk stratification [31–33]. In this study, pre-
vious MI was a stronger risk factor to predict TVR, consis-
tent with previous investigations.

Patients with previous PCI are also at high risk for
multiple types of coronary events [34]. A study revealed
that an increase in the rates of older and male in the preva-
lence of atherosclerotic risk factors was found in patients
undergoing PCI, and the percentage of revascularization for
MI were higher, which may due to the progression of de
novo lesions at other locations [35,36]. Thus, in our study,
previous PCI was also a notable risk factor for adverse out-
comes and was therefore chosen to be included into the
model.

The ROC curve was utilized to determine the opti-
mal prognostic score cut-off value. A prognostic score of
≤20.07was classified as low risk, while a score>20.07was
classified as high risk. Kaplan–Meier curves and landmark
analysis demonstrated that the rates of TVRwithin one year
were similar in both groups. This may be attributed to the
fact that successfully revascularized vessels tend to exhibit
a similar short-term vascular profile, as indicated in Table 2.
It is likely that the adverse effects take time to accumulate,
resulting in the gradual separation of the curves after one
year.

In this study, death was regarded as a competing risk
for TVR. To evaluate whether this factor influences the
model’s accuracy, we employed the Fine-Gray model. The
results indicated that the performance of the nomogramwas
not impacted by the incidence of death. These findings sug-
gest that the nomogram model possesses excellent clinical
practicality.

This model provides a visual representation of risk and
is suitable for managing one’s own health proactively. El-
derly patients, who are more vulnerable in terms of vascular
conditions and overall health, should pay extra attention to
their health, effectively control underlying diseases, and un-
dergo regular check-ups if their nomogram score is higher.

Limitations
Our study has several limitations. First, the present

study is a retrospective, single-center analysis, with small
a sample size. Therefore, the findings need to be con-
firmed by further prospective multicenter cohort studies.
Data from other centers are also required to access the cur-
rent model in more external validation sets. Second, not all
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screened patients were included in the final analysis, which
inevitably introduces selection bias. Finally, model perfor-
mance is not extremely perfect, the prediction of this nomo-
gram is properly performed in lower- risk patients in most
cases, and there is room for improvement.

5. Conclusions
This study has developed a prognostic nomogram

model that incorporates physiological assessment values
and three clinical variables: post-PCI QFR, DM, previous
MI, and previous PCI. This model provides clinicians with
a visualized approach to assess the risk of TVR over a pe-
riod of two and five years in elderly patients. Moreover,
it offers patients more objective and comprehensive health
guidance.

Availability of Data and Materials
All data generated or analyzed during the current study

are included in this article.

Author Contributions
QC: conceptualization, investigation, acquisition or

interpretation of data, methodology and writing-review.
YXC: drafted the first version of the manuscript, con-
tributed to acquisition, analysis, or interpretation of data,
writing-review, concept and design. RJH: investigation, ac-
quisition of data, methodology and performed critical re-
view of the manuscript. JXZ, LHC and YMY: investi-
gation and acquisition of data and writing-review. LLC
and YKL: conceptualization, methodology, supervision,
writing-review, editing and project administration. All au-
thors read and approved the final manuscript. All authors
have participated sufficiently in the work and agreed to be
accountable for all aspects of the work.

Ethics Approval and Consent to Participate
The baseline study, angiographic characteristics and

QFR analysis and the follow-up analysis, were approved by
the Ethics Committee of Fujian Medical University Union
Hospital (No.2020KY098). The requirement for written in-
formed consent is waived in this study due to its retrospec-
tive nature.

Acknowledgment
All the authors fully contribute to this article.

Funding
Open Access funding for this article was supported

by Joint Funds for the Innovation of Science and Technol-
ogy, Fujian province (Grant number: 2020Y9098), Fujian
Provincial Health Technology Project (2021GGB004), Fu-
jian Provincial Health Technology Project (2022CXB005).

Conflict of Interest
The authors declare no conflict of interest.

Supplementary Material
Supplementary material associated with this article

can be found, in the online version, at https://doi.org/10.
31083/j.rcm2505155.

References
[1] Bangalore S, Maron DJ, Stone GW, Hochman JS. Routine

Revascularization Versus Initial Medical Therapy for Stable Is-
chemic Heart Disease: A Systematic Review andMeta-Analysis
of Randomized Trials. Circulation. 2020; 142: 841–857.

[2] Mancini GBJ, Hartigan PM, Shaw LJ, Berman DS, Hayes SW,
Bates ER, et al. Predicting outcome in the COURAGE trial
(Clinical Outcomes Utilizing Revascularization and Aggressive
Drug Evaluation): coronary anatomy versus ischemia. JACC.
Cardiovascular Interventions. 2014; 7: 195–201.

[3] Mäkikallio T, Holm NR, Lindsay M, Spence MS, Erglis A,
Menown IBA, et al. Percutaneous coronary angioplasty versus
coronary artery bypass grafting in treatment of unprotected left
main stenosis (NOBLE): a prospective, randomised, open-label,
non-inferiority trial. The Lancet (London, England). 2016; 388:
2743–2752.

[4] Stone GW, Sabik JF, Serruys PW, Simonton CA, Généreux P,
Puskas J, et al. Everolimus-Eluting Stents or Bypass Surgery for
Left Main Coronary Artery Disease. The New England Journal
of Medicine. 2016; 375: 2223–2235.

[5] Bech GJ, Pijls NH, De Bruyne B, Peels KH, Michels HR, Bon-
nier HJ, et al. Usefulness of fractional flow reserve to predict
clinical outcome after balloon angioplasty. Circulation. 1999;
99: 883–888.

[6] Pijls NHJ, Klauss V, Siebert U, Powers E, Takazawa K, Fearon
WF, et al. Coronary pressuremeasurement after stenting predicts
adverse events at follow-up: a multicenter registry. Circulation.
2002; 105: 2950–2954.

[7] Li SJ, Ge Z, Kan J, Zhang JJ, Ye F, Kwan TW, et al. Cutoff Value
and Long-Term Prediction of Clinical Events by FFR Measured
Immediately After Implantation of a Drug-Eluting Stent in Pa-
tients with Coronary Artery Disease: 1- to 3-Year Results From
the DKCRUSH VII Registry Study. JACC. Cardiovascular In-
terventions. 2017; 10: 986–995.

[8] Gupta R, Kaufman S. Cardiovascular emergencies in the elderly.
Emergency Medicine Clinics of North America. 2006; 24: 339–
370.

[9] Chen JL, Hsiao CH, Yen CC. Prognostic value of cardiac
troponin in elderly patients with paroxysmal supraventricular
tachycardia: A multicenter study. The American Journal of
Emergency Medicine. 2023; 69: 167–172.

[10] Noale M, Limongi F, Maggi S. Epidemiology of Cardiovascular
Diseases in the Elderly. Advances in ExperimentalMedicine and
Biology. 2020; 1216: 29–38.

[11] Tahhan AS, Vaduganathan M, Greene SJ, Alrohaibani A, Raad
M, Gafeer M, et al. Enrollment of Older Patients, Women, and
Racial/Ethnic Minority Groups in Contemporary Acute Coro-
nary Syndrome Clinical Trials: A Systematic Review. JAMA
Cardiology. 2020; 5: 714–722.

[12] Lüscher TF, Miller VM, Bairey Merz CN, Crea F. Diversity is
richness: why data reporting according to sex, age, and ethnicity
matters. European Heart Journal. 2020; 41: 3117–3121.

[13] Bangalore S, Bhagwat A, Pinto B, Goel PK, Jagtap P, Sathe S, et
al. Percutaneous Coronary Intervention in Patients with Insulin-
Treated and Non-Insulin-Treated Diabetes Mellitus: Secondary

11

https://doi.org/10.31083/j.rcm2505155
https://doi.org/10.31083/j.rcm2505155
https://www.imrpress.com


Analysis of the TUXEDO Trial. JAMA Cardiology. 2016; 1:
266–273.

[14] Tang J, Chu J, Hou H, Lai Y, Tu S, Chen F, et al. Clinical im-
plication of QFR in patients with ST-segment elevation myocar-
dial infarction after drug-eluting stent implantation. The Interna-
tional Journal of Cardiovascular Imaging. 2021; 37: 755–766.

[15] Tu S, Westra J, Yang J, von Birgelen C, Ferrara A, Pellicano M,
et al. Diagnostic Accuracy of Fast Computational Approaches to
Derive Fractional Flow Reserve from Diagnostic Coronary An-
giography: The International Multicenter FAVOR Pilot Study.
JACC. Cardiovascular Interventions. 2016; 9: 2024–2035.

[16] Zhang R, Wu S, Yuan S, Guan C, Zou T, Qiao Z, et al. Effects
of diabetes mellitus on post-intervention coronary physiological
assessment derived by quantitative flow ratio in patients with
coronary artery disease underwent percutaneous coronary inter-
vention. Diabetes Research and Clinical Practice. 2022; 186:
109839.

[17] Garcia-Garcia HM, McFadden EP, Farb A, Mehran R, Stone
GW, Spertus J, et al. Standardized End Point Definitions
for Coronary Intervention Trials: The Academic Research
Consortium-2 Consensus Document. European Heart Journal.
2018; 39: 2192–2207.

[18] Ó Hartaigh B, Gransar H, Callister T, Shaw LJ, Schulman-
Marcus J, Stuijfzand WJ, et al. Development and Validation
of a Simple-to-Use Nomogram for Predicting 5-, 10-, and 15-
Year Survival in Asymptomatic Adults Undergoing Coronary
Artery Calcium Scoring. JACC. Cardiovascular Imaging. 2018;
11: 450–458.

[19] Cai Z, Wang Y, Li L, Wang H, Song C, Yin D, et al. Develop-
ment and Validation of a Nomogram for Predicting the Risk of
Adverse Cardiovascular Events in Patients with CoronaryArtery
Ectasia. Journal of Cardiovascular Development and Disease.
2021; 8: 186.

[20] Ma Q, Ma Y, Wang X, Li S, Yu T, Duan W, et al. A radiomic
nomogram for prediction of major adverse cardiac events in ST-
segment elevation myocardial infarction. European Radiology.
2021; 31: 1140–1150.

[21] Brener SJ, Ertelt K,Mehran R, Genereux P, XuK,Witzenbichler
B, et al. Predictors and impact of target vessel revascularization
after stent implantation for acute ST-segment elevation myocar-
dial infarction: lessons fromHORIZONS-AMI. AmericanHeart
Journal. 2015; 169: 242–248.

[22] Cordero A, López-Palop R, Carrillo P, Moreno-Arribas J,
Bertomeu-González V, Frutos A, et al. Comparison of Long-
Term Mortality for Cardiac Diseases in Patients with Versus
Without Diabetes Mellitus. The American Journal of Cardiol-
ogy. 2016; 117: 1088–1094.

[23] Petrie JR, Guzik TJ, Touyz RM. Diabetes, Hypertension, and
Cardiovascular Disease: Clinical Insights and Vascular Mecha-
nisms. The Canadian Journal of Cardiology. 2018; 34: 575–584.

[24] De Luca G, VerdoiaM, Savonitto S, Piatti L, Grosseto D, Morici
N, et al. Impact of diabetes on clinical outcome among elderly
patients with acute coronary syndrome treated with percuta-
neous coronary intervention: insights from the ELDERLY ACS
2 trial. Journal of Cardiovascular Medicine (Hagerstown, Md.).
2020; 21: 453–459.

[25] Echouffo-Tcheugui JB, Kolte D, Khera S, Aronow HD, Abbott
JD, Bhatt DL, et al. Diabetes Mellitus and Cardiogenic Shock
Complicating Acute Myocardial Infarction. The American Jour-
nal of Medicine. 2018; 131: 778–786.

[26] Xu B, Tu S, Qiao S, Qu X, Chen Y, Yang J, et al. Diagnostic
Accuracy of Angiography-Based Quantitative Flow Ratio Mea-
surements for Online Assessment of Coronary Stenosis. Journal
of the American College of Cardiology. 2017; 70: 3077–3087.

[27] Tang J, Lai Y, Tu S, Chen F, Yao Y, Ye Z, et al. Quantitative flow
ratio-guided residual functional SYNTAX score for risk assess-
ment in patients with ST-segment elevation myocardial infarc-
tion undergoing percutaneous coronary intervention. EuroInter-
vention: Journal of EuroPCR in Collaboration with the Working
Group on Interventional Cardiology of the European Society of
Cardiology. 2021; 17: e287–e293.

[28] Bär S, Kavaliauskaite R, Ueki Y, Otsuka T, Kelbæk H, En-
gstrøm T, et al. Quantitative Flow Ratio to Predict Nontarget
Vessel-Related Events at 5 Years in Patients With ST-Segment-
Elevation Myocardial Infarction Undergoing Angiography-
Guided Revascularization. Journal of the American Heart As-
sociation. 2021; 10: e019052.

[29] Zhang R, Song C, Guan C, Liu Q,Wang C, Xie L, et al. Prognos-
tic Value of Quantitative FlowRatio Based Functional SYNTAX
Score in Patients with Left Main orMultivessel Coronary Artery
Disease. Circulation. Cardiovascular Interventions. 2020; 13:
e009155.

[30] ZamanMU, Fatima N, Zaman U, Zaman A, Balcoh DJ, Rasheed
SZ. Higher event rate in patients with known CAD despite a nor-
mal myocardial perfusion scan. Cardiovascular Diagnosis and
Therapy. 2014; 4: 232–237.

[31] Furtado RHM, Bonaca MP, Raz I, Zelniker TA, Mosenzon O,
Cahn A, et al. Dapagliflozin and Cardiovascular Outcomes in
Patients with Type 2 Diabetes Mellitus and Previous Myocardial
Infarction. Circulation. 2019; 139: 2516–2527.

[32] Chiang CE, Schwartz GG, Elbez Y, Szarek M, Bhatt DL, Bittner
VA, et al. Alirocumab and Cardiovascular Outcomes in Patients
with Previous Myocardial Infarction: Prespecified Subanalysis
From ODYSSEY OUTCOMES. The Canadian Journal of Car-
diology. 2022; 38: 1542–1549.

[33] Miller RJH, Klein E, Gransar H, Slomka PJ, Friedman JD,
Hayes S, et al. Prognostic significance of previous myocardial
infarction and previous revascularization in patients undergoing
SPECTMPI. International Journal of Cardiology. 2020; 313: 9–
15.

[34] Furtado RHM, Fagundes AA, Jr, Oyama K, Zelniker TA, Tang
M, Kuder JF, et al. Effect of Evolocumab in Patients with Prior
Percutaneous Coronary Intervention. Circulation. Cardiovascu-
lar Interventions. 2022; 15: e011382.

[35] Scirica BM, Bergmark BA, Morrow DA, Antman EM, Bonaca
MP, Murphy SA, et al. Nonculprit Lesion Myocardial Infarction
Following Percutaneous Coronary Intervention in Patients with
Acute Coronary Syndrome. Journal of the American College of
Cardiology. 2020; 75: 1095–1106.

[36] Alkhouli M, Alqahtani F, Kalra A, Gafoor S, Alhajji M, Al-
reshidan M, et al. Trends in Characteristics and Outcomes of
Patients Undergoing Coronary Revascularization in the United
States, 2003-2016. JAMA Network Open. 2020; 3: e1921326.

12

https://www.imrpress.com

	1. Introduction
	2. Materials and Methods
	2.1 Study Population
	2.2 QFR Computation and Quantitative Coronary Angiography (QCA)
	2.3 Data Collection and Follow-up
	2.4 Statistical Analysis

	3. Results
	3.1 Study Population, Baseline Characteristics and Outcomes
	3.2 Development of the Multivariate Prognostic Nomogram to Predict TVR
	3.3 Assessment and Validation of the Nomogram's Performance
	3.4 Analysis of Competing Risks between Death and TVR

	4. Discussion
	Limitations

	5. Conclusions
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest
	Supplementary Material

