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Background: Despite several previous studies that have explored the predictors of high morbidity in 
coronary artery disease (CAD) and developed nomograms for CAD patients prior to coronary angiography 
(CAG), there is a lack of models available to predict chronic total occlusion (CTO). The aim of this study is 
to develop a risk model and a nomogram for predicting the probability of CTO prior to CAG. 
Methods: The study included 1,105 patients with CAG-diagnosed CTO in the derivation cohort and  
368 patients in the validation cohort. Clinical demographics, echocardiography results, and laboratory 
indexes were analyzed using statistical difference tests. Independent risk factors affecting the CTO 
indication were selected using least absolute shrinkage and selection operator (LASSO) and multivariate 
logistic regression analysis. A nomogram was built and validated based on these independent indicators. 
The performance of the nomogram was evaluated using area under the curve (AUC), calibration curve, and 
decision curve analysis (DCA). 
Results: LASSO and multivariate logistic regression analysis revealed that 6 variables, including sex (male), 
lymphocyte percentage (LYM%), ejection fraction (EF), myoglobin (Mb), non-high-density lipoprotein 
cholesterol (non-HDL), and N-terminal pro-B-type natriuretic peptide (NT-proBNP), were independent 
predictors of CTO. The nomogram constructed based on these variables showed good discrimination (C 
index of 0.744) and external validation (C index of 0.729). The calibration curves and DCA demonstrated 
high reliability and precision for this clinical prediction model. 
Conclusions: The nomogram based on sex (male), LYM%, EF, Mb, non-HDL, and NT-proBNP could 
be used to predict CTO in CAD patients, enhancing the ability to predict their prognosis in clinical practice. 
Further research is needed to validate the efficacy of the nomogram in other populations.
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Introduction

Chronic total occlusion (CTO) refers to a complete 
blockage in the coronary artery that has been present for 
over three months and is a common occurrence in patients 
with coronary artery disease (CAD) during a coronary 
angiography (CAG) procedure (1). Due to the complexity 
of the blocked lesion, CTO is considered to be the “last 
fortress” of percutaneous coronary intervention (PCI), 
which may result in lower procedural success rates and 
higher rates of restenosis. Studies have shown that around 
20% of patients with CAD have at least one CTO lesion 
at the same time (2). Recent advancements in new crossing 
equipment, techniques, and improved operator skills have 
led to a gradual increase in procedural success (3). Effective 
CTO revascularization has been demonstrated to improve 
symptoms and enhance patients’ quality of life (4). 

Strati fying patients ’  r isk for CTO has become 
increasingly important in the field of CAD management. 
Despite several studies having explored the predictors 
of high morbidity for CAD and developed relevant 
nomograms for patients prior to CAG, there is still a lack of 
models available for predicting CTO (5). The presence of 
multiple risk factors, such as male gender, smoking, chronic 
kidney disease, diabetes, and dyslipidemia, contribute to 
the development of CTO (6). Developing a predictive 
model based on preoperative demographic and laboratory 
data might help clinicians identify high-risk patients and 
improve treatment strategies.

In this study, we collected the clinical characteristics of 
patients diagnosed with CTO through CAG, developed 
a risk model based on the clinical data, and analyzed 
the factors influencing the diagnosis of CTO. We then 
evaluated the accuracy of the nomogram in predicting 
CTO patients, with the aim of providing additional useful 
information for the clinical prediction of the disease. 
We present the following article in accordance with the 
TRIPOD reporting checklist (available at https://cdt.
amegroups.com/article/view/10.21037/cdt-22-466/rc). 

Methods

Study cohort

In this retrospective study, we enrolled a total of 1,105 
patients with unstable angina pectoris from Beijing Anzhen 
Hospital, Capital Medical University, between January 2019 
and December 2019. This group served as the derivation 
cohort, with 235 patients diagnosed with CTO and  
870 patients without CTO. Another group of 368 patients 
was enrolled between January 2020 and December 2020, 
consisting of 82 CTO patients and 286 non-CTO patients, 
and served as the validation cohort. All patients underwent 
CAG and were classified into either the CTO group (n=317) 
or the non-CTO group (n=1,156). CTO was diagnosed 
based on the presence of a grade 0 TIMI occlusion lasting 
for more than three months, as determined by the onset 
of angina pectoris, previous angiograms, or previous 
infarctions. Non-CTO was defined as a stenosis in a major 
coronary artery branch with a diameter reduction of over 
50%. The study protocol was approved by the Human 
Research Ethics Committee of the Beijing Anzhen Hospital, 
Capital Medical University, Beijing, China (No. 2022177X), 
and the study adhered to the principles of the Declaration 
of Helsinki (revised in 2013). As a retrospective study, 
informed consent was waived by the Human Research 
Ethics Committee of the Beijing Anzhen Hospital, Capital 
Medical University, Beijing, China.

Data collection

The collected data included demographic information such 
as age, gender, and medical history, as well as laboratory test 
results such as lipid profile, glucose level, kidney function, 
and others. The echocardiogram results were also recorded 
to provide additional information on the patient’s heart 
function. All laboratory indices were analyzed using an 
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automated biochemical analyzer to ensure accurate and 
consistent results.

Regression analysis

To identify factors associated with CTO prediction, we 
conducted a least absolute shrinkage and selection operator 
(LASSO) regression analysis using 10-fold cross-validation 
to select Lambda values. Subsequently, a multivariate 
logistic regression analysis was performed, including factors 
selected from the LASSO regression analysis with a P value 
of 0.05 as the inclusion criterion.

Model development

The final model was determined based on the receiver 
operating characteristic (ROC) curves and the Harrell 
concordance index (C-index). The resulting nomogram was 
created from this final model.

Performance of the nomogram

The external validation of the model was performed 
by using all the data from the validation cohort. The 
discriminatory performance was measured by the C-index. 
The calibration was assessed through a 1,000 re-sample 
bootstrapping calibration plot, which determined the level 
of agreement between the actual and predicted CTO cases 
according to the nomogram.

Clinical usage

The nomogram developed in this study was evaluated for 
its clinical utility using decision curve analysis (DCA), with 
statistical significance set at a P value less than 0.05. The 
methodology of DCA has been previously described in 
detail (7). 

Statistical analysis

Continuous variables were reported as mean ± standard 
deviation (SD), while categorical variables were presented 
as numbers (percentage). The Mann-Whitney U test was 
used to assess differences in continuous variables between 
groups, while the Chi-square test or Fisher’s exact test was 
performed for categorical variables, depending on their 
sample size. A two-tailed P value of less than 0.05 was 
considered statistically significant. SPSS version 23.0 (SPSS 

Inc., Chicago, IL, USA) was used for all statistical analyses. 
Nomogram analysis and calibration curve were conducted 
using R software version 4.2.0 (http://www.R-project.org, R 
Foundation for Statistical Computing, Vienna, Austria).

Results

Population clinical characteristics of the derivation and 
validation cohort

Table 1 presents the clinical characteristics of the derivation 
(n=1,105) and validation cohort (n=368). There were no 
significant differences in demographic factors such as sex, 
age, current tobacco use, alcohol consumption, body mass 
index (BMI), systolic blood pressure (SP), and diastolic 
blood pressure (DP) between the two groups (all P>0.05). 
The incidence of hypertension, diabetes, dyslipidemia, and 
stroke was also not significantly different between both 
groups (all P>0.05). Echocardiography and laboratory 
indices did not show significant differences between the two 
groups (all P>0.05).

Comparison of the baseline characteristics of the derivation 
cohort between the CTO and non-CTO Groups

The baseline characteristics of the patients in the derivation 
cohort were described in Table 2. Compared to patients 
without CTO, patients with CTO were more likely to 
be male (85.5% vs. 68.3%; P<0.001) and smokers (55.7% 
vs. 43.8%; P=0.001). Surprisingly, they have lower SP 
(129.013±17.1 vs. 132.514±16.672 mmHg; P=0.001) and 
DP (76.796±11.163 vs. 78.336±10.697 mmHg; P=0.018), 
but the prevalence of hypertension is comparable (63.8% 
vs. 64.3%; P=0.904). Additionally, patients with CTO had 
a higher frequency of decreased ejection fraction (EF) 
(60%±9 % vs. 63%±6%; P<0.001) and an increased left 
ventricular end diastolic diameter (LVEDD) (85.5% vs. 
68.3%; P<0.001). For the laboratory indices, the CTO 
group had significantly higher levels of white blood cell 
(WBC) (×1012/L) (7.673±2.365 vs. 6.97±1.922; P<0.001), 
neutrophil (NE) (×109/L) (5.258±2.156 vs. 4.504±1.613; 
P<0.001), glycosylated hemoglobin type A1C (HbA1C) 
(6.515%±1.204% vs. 6.384%±1.186%; P=0.040), triglyceride 
(TG) (164.294±102.854 vs. 147.373±86.962 mmol/L; 
P=0.007), high-density lipoprotein (HDL) (1.063±0.252 
vs. 1.141±0.278 mmol/L; P<0.001), homocysteine (Hcy) 
(17.386±8.884 vs. 15.822±8.882 mmol/L; P=0.001), 
creatinine (Cr) (79.277±21.542 vs. 72.959±17.327 μmol/L; 
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Table 1 The baseline clinical characteristics of both the derivation and validation cohort

Variable Overall (n=1,473) Derivation cohort (n=1,105) Validation cohort (n=368) P value

Clinical demographic

Gender (male), n (%) 1,049 (71.2) 795 (71.9) 254 (69.0) 0.28

Age (years) 60.3±9.4 60.4±9.3 60.0±9.6 0.87

Current tobacco use, n (%) 697 (47.3) 512 (46.3) 185 (50.3) 0.19

Alcohol consumption, n (%) 479 (32.5) 370 (33.5) 109 (29.6) 0.17

BMI (kg/m2) 25.9±3.2 25.8±3.2 26.0±3.3 0.47

SP (mmHg) 131.6±16.8 131.8±16.8 130.9±16.7 0.30

DP (mmHg) 78.0±10.9 78.0±10.8 77.9±11.0 0.97

Hypertension, n (%) 940 (63.8) 709 (64.2) 231 (62.8) 0.63

Diabetes mellitus, n (%) 475 (32.2) 358 (32.4) 117 (31.8) 0.83

Dyslipidemia, n (%) 1,163 (79.0) 877 (79.4) 286 (77.7) 0.50

Prior stroke, n (%) 133 (9.0) 93 (8.4) 40 (10.9) 0.16

Echocardiography

EF (%) 62.6±7.1 62.8±7.0 62.3±7.5 0.42

LVEDD (mm) 30.9±5.3 30.9±5.3 31.0±5.4 0.84

Laboratory indexes

WBC (×1012/L) 7.1±2.0 7.1±2.0 7.1±1.9 0.62

RBC (×1012/L) 4.5±0.5 4.5±0.5 4.6±0.5 0.66

Hb (g/L) 139.6±16.0 139.7±15.7 139.4±16.6 0.92

HCT (%) 40.4±4.3 40.4±4.3 40.4±4.5 0.99

PLT (×109/L) 220.1±57.3 219.9±56.5 220.7±59.7 0.96

NE (×109/L) 4.7±1.7 4.7±1.8 4.6±1.7 0.83

LYM (×109/L) 1.9±0.6 1.9±0.6 1.9±0.6 0.71

LYM% 0.3±0.1 0.3±0.1 0.3±0.1 0.92

MONO (×109/L) 0.4±0.1 0.4±0.1 0.4±0.1 0.25

Glu (mmol/L) 6.6±2.5 6.6±2.6 6.6±2.2 0.33

HbA1C (%) 6.4±1.2 6.4±1.2 6.5±1.3 0.30

TG (mmol/L) 1.7±1.0 1.7±1.0 1.7±1.0 0.08

TC (mmol/L) 4.2±1.0 4.2±1.0 4.1±1.0 0.14

HDL (mmol/L) 1.1±0.3 1.1±0.3 1.1±0.2 0.09

LDL (mmol/L) 2.4±0.9 2.4±0.8 2.4±0.9 0.19

FFA (mmol/L) 0.5±0.3 0.5±0.3 0.5±0.2 0.95

Non-HDL (mmol/L) 3.0±1.0 3.0±1.0 3.0±1.0 0.34

sdLDL (mmol/L) 0.7±0.4 0.7±0.4 0.7±0.4 0.93

Hcy (mmol/L) 16.0±8.8 16.2±8.9 15.4±8.3 0.29

Table 1 (continued)
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Table 1 (continued)

Variable Overall (n=1,473) Derivation cohort (n=1,105) Validation cohort (n=368) P value

UA (mmol/L) 340.9±86.0 340.7±86.5 341.6±84.7 0.95

Cr (μmol/L) 74.4±18.4 74.3±18.5 74.6±18.2 0.75

eGFR (CKD-EPI) 91.5±14.9 91.6±14.9 91.2±15.2 0.76

BNP (pg/mL) 85.6±166.3 82.7±162.9 94.3±176.3 0.19

NT-proBNP (pg/mL) 306.3±678.7 290.4±657.9 354.2±736.5 0.04

hs-CRP (mg/L) 2.0±2.6 2.0±2.5 2.0±2.6 0.88

Mb (ng/mL) 79.3±157.6 75.7±149.7 90.0±179.1 0.96

TnI (μg/L) 0.2±0.8 0.2±0.8 0.3±0.8 0.84

Data are shown as n (%) or mean ± SD. BMI, body mass index; SP, systolic blood pressure; DP, diastolic blood pressure; EF, ejection 
fraction; LVEDD, left ventricular end diastolic diameter; WBC, white blood cell; RBC, red blood cell; Hb, hemoglobin; HCT, hematocrit; 
PLT, platelet; NE, neutrophil; LYM, lymphocyte; LYM%, lymphocyte percentage; MONO, monocyte; Glu, glucose; HbA1C, glycosylated 
hemoglobin type A1C; TG, triglyceride; TC, total cholesterol; HDL, high-density lipoprotein; LDL, low-density lipoprotein; FFA, free fatty 
acids; sdLDL, small dense low density lipoprotein; Hcy, homocysteine; UA, uric acid; Cr, creatinine; eGFR, estimated glomerular filtration 
rate; CKD-EPI, chronic kidney disease epidemiology collaboration; BNP, brain natriuretic peptide; NT-proBNP, N-terminal pro-B-type 
natriuretic peptide; hs-CRP, high-sensitivity C-reactive protein; Mb, myoglobin; TnI, troponin I; SD, standard deviation.

Table 2 Clinical characteristics of the derivation cohort

Variable Overall (n=1,105)
CTO

P value
Yes (n=235) No (n=870)

Clinical demographic

Gender (male) 795 (71.9) 201 (85.5) 594 (68.3) <0.01

Age (years) 60.4±9.3 60.2±10.2 60.4±9.1 0.84

Current tobacco use, n (%) 697 (63.1) 131 (55.7) 381 (43.8) <0.01

Alcohol consumption, n (%) 370 (33.5) 81 (34.5) 289 (33.2) 0.72

BMI (kg/m2) 25.8±3.2 26.0±3.2 25.8±3.2 0.29

SP (mmHg) 131.8±16.8 129.0±17.1 132.5±16.7 <0.01

DP (mmHg) 78.0±10.8 76.8±11.2 78.3±10.7 0.02

Hypertension, n (%) 709 (64.2) 150 (63.8) 559 (64.3) 0.90

Diabetes mellitus, n (%) 358 (32.4) 87 (37.0) 271 (31.1) 0.09

Dyslipidemia, n (%) 877 (79.4) 184 (78.3) 693 (79.7) 0.65

Prior stroke, n (%) 93 (8.4) 20 (8.5) 73 (8.4) 0.95

Echocardiography

EF (%) 62.8±7.0 60.2±9.2 63.5±6.1 <0.01

LVEDD (mm) 30.9±5.3 32.8±6.6 30.3±4.7 <0.01

Table 2 (continued)



Cardiovascular Diagnosis and Therapy, Vol 13, No 3 April 2023 501

© Cardiovascular Diagnosis and Therapy. All rights reserved. Cardiovasc Diagn Ther 2023;13(3):496-508 | https://dx.doi.org/10.21037/cdt-22-466

Table 2 (continued)

Variable Overall (n=1,105)
CTO

P value
Yes (n=235) No (n=870)

Laboratory indexes

WBC (×1012/L) 7.1±2.0 7.7±2.4 7.0±1.9 <0.01

RBC (×1012/L) 4.5±0.5 4.5±0.6 4.6±0.5 0.29

Hb (g/L) 139.7±15.7 137.8±16.7 140.2±15.4 0.18

PLT (×109/L) 219.9±56.5 212.8±57.5 221.9±56.1 0.02

NE (×109/L) 4.7±1.8 5.3±2.2 4.5±1.6 <0.01

LYM (×109/L) 1.9±0.6 1.8±0.7 1.9±0.6 0.07

LYM% 0.3±0.1 0.2±0.1 0.3±0.1 <0.01

MONO (×109/L) 0.4±0.1 0.4±0.2 0.4±0.1 0.07

Glu (mmol/L) 6.6±2.6 6.7±2.7 6.5±2.6 0.11

HbA1C (%) 6.4±1.2 6.5±1.2 6.4±1.2 0.04

TG (mmol/L) 151.0±90.8 164.3±102.9 147.4±87.0 0.01

TC (mmol/L) 4.2±1.0 4.2±1.1 4.1±1.0 0.46

HDL (mmol/L) 1.1±0.3 1.1±0.3 1.1±0.3 <0.01

LDL (mmol/L) 2.4±0.8 2.5±0.9 2.4±0.8 0.28

FFA (mmol/L) 0.5±0.3 0.5±0.3 0.5±0.3 0.40

Non-HDL (mmol/L) 3.0±1.0 3.1±1.1 3.0±0.9 0.11

sdLDL (mmol/L) 0.7±0.4 0.7±0.4 0.7±0.4 0.64

Hcy (mmol/L) 16.2±8.9 17.4±8.9 15.8±8.9 <0.01

UA (mmol/L) 340.7±86.5 350.6±90.8 338.0±85.1 0.12

Cr (μmol/L) 74.3±18.5 79.3±21.5 73.0±17.3 <0.01

eGFR (CKD-EPI) 91.6±14.9 89.9±16.6 92.1±14.3 0.09

BNP (pg/mL) 82.7±162.9 128.6±199.3 70.2±149.3 <0.01

NT-proBNP (pg/mL) 290.4±657.9 518.1±889.9 228.9±564.6 <0.01

hs-CRP (mg/L) 2.0±2.5 2.3±2.7 2.0±2.5 0.10

Mb (ng/mL) 75.7±149.7 109.9±175.0 66.4±140.8 <0.01

TnI (μg/L) 0.2±0.8 0.2±0.8 0.2±0.8 0.01

Data are shown as n (%) or mean ± SD. BMI, body mass index; SP, systolic blood pressure; DP, diastolic blood pressure; EF, ejection 
fraction; LVEDD, left ventricular end diastolic diameter; WBC, white blood cell; RBC, red blood cell; Hb, hemoglobin; HCT, hematocrit; 
PLT, platelet; NE, neutrophil; LYM, lymphocyte; LYM%, lymphocyte percentage; MONO, monocyte; Glu, glucose; HbA1C, glycosylated 
hemoglobin type A1C; TG, triglyceride; TC, total cholesterol; HDL, high-density lipoprotein; LDL, low-density lipoprotein; FFA, free fatty 
acids; sdLDL, small dense low density lipoprotein; Hcy, homocysteine; UA, uric acid; Cr, creatinine; eGFR, estimated glomerular filtration 
rate; CKD-EPI, chronic kidney disease epidemiology collaboration; BNP, brain natriuretic peptide; NT-proBNP, N-terminal pro-B-type 
natriuretic peptide; hs-CRP, high-sensitivity C-reactive protein; Mb, myoglobin; TnI, troponin I; CTO, chronic total occlusion; SD, standard 
deviation.
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P<0.001), brain natriuretic peptide (BNP) (128.63±199.296 
vs. 70.238±149.258 pg/mL; P<0.001), N-terminal pro-B-
type natriuretic peptide (NT-proBNP) (518.068±889.899 
vs. 228.9±564.628 pg/mL; P<0.001), and myoglobin (Mb) 
(109.876±174.986 vs. 66.443±140.778 ng/mL; P<0.001), 
but lower platelet (PLT) (×109/L) (212.809±57.495 vs. 
221.878±56.051; P=0.016), lymphocyte percentage 
(LYM%) (0.248±0.078 vs.  0.283±0.080;  P<0.001), 
high-density l ipoprotein (HDL) (1.063±0.252 vs .  
1.141±0.278 mmol/L; P<0.001), and troponin I (TnI) 
(0.187±0.763 vs. 0.216±0.812 μg/L; P=0.011).

LASSO regression analysis

The LASSO regression is a technique used to identify 
important predictors in a set of variables. In this case, 40 
related variables were initially considered for the LASSO 
regression and the selection of predictors was performed 
through a 10-fold cross-validation process. The results 
showed that 10 potential factors with non-zero coefficients 
were selected as the predictors for CTO. As shown in 
Figure 1A, 10 potential factors with non-zero coefficients 
were selected: sex (coefficient, 0.0140), LYM% (coefficient, 
−0.9614), NE (coefficient, 0.0654), HDL (coefficient, 
−0.0807), LVEDD (coefficient, 0.0102), EF (coefficient, 
−0.0191), Cr (coefficient, 0.0004), Mb (coefficient, 
0.0004), non-HDL (coefficient, 0.0236), and NT-proBNP 

(coefficient, 0.0002). Figure 1B depicted the changes in the 
LASSO coefficients.

Multivariate logistic regression analysis

The multivariate logistic regression analysis, which aimed to 
identify independent indicators for predicting CTO before 
CAG, resulted in six variables being included in the final 
model out of ten selected by LASSO regression analysis 
in Table 3. The figure displayed the odds ratios (OR), 95% 
confidence intervals (CI), and P values for each variable. 
The variables were: sex (OR: 2.054; 95% CI: 1.419–2.972; 
P<0.001), LYM% (OR: 17.455; 95% CI: 1.912–159.342; 
P=0.011), NE (OR: 0.915; 95% CI: 0.831–1.007; P=0.069), 
HDL (OR: 1.959; 95% CI: 0.935–4.104; P=0.075), LVEDD 
(OR: 0.987; 95% CI: 0.953–1.022; P=0.466), EF (OR: 
1.030; 95% CI: 1.003–1.057; P=0.029), Cr (OR: 0.998; 
95% CI: 0.991–1.005; P=0.579), Mb (OR: 0.999; 95% CI: 
0.998–1.000; P=0.006), non-HDL (OR: 0.792; 95% CI: 
0.681–0.921; P=0.002), and NT-proBNP (OR: 1.000; 95% 
CI: 0.999–1.000; P=0.002).

Construction of a novel nomogram scoring system

A novel nomogram scoring system was constructed using 
the results of the multivariate logistic regression analysis 
(Figure 2), which predicts the likelihood of CTO based on 
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Table 3 Multivariate logistic regression analysis to identify predictors of CTO 

Variables
Multivariate logistic regression

β Standard error OR 95% CI P

Gender (male) 0.720 0.189 2.054 1.419–2.972 0.000

LYM% 2.860 1.128 17.455 1.912–159.342 0.011

NE (×109/L) −0.089 0.049 0.915 0.831–1.007 0.069

HDL (mmol/L) 0.672 0.377 1.959 0.935–4.104 0.075

LVEDD (mm) −0.013 0.018 0.987 0.953–1.022 0.466

EF (%) 0.029 0.013 1.030 1.003–1.057 0.029

Cr (μmol/L) −0.002 0.004 0.998 0.991–1.005 0.579

Mb (ng/mL) −0.001 0.000 0.999 0.998–1.000 0.006

Non-HDL (mmol/L) −0.233 0.077 0.792 0.681–0.921 0.002

NT-proBNP (pg/mL) 0.000 0.000 1.000 0.999–1.000 0.002

CTO, chronic total occlusion; OR, odds ratios; CI, confidence interval; LYM%, lymphocyte percentage; NE, neutrophil; HDL, high-density 
lipoprotein; LVEDD, left ventricular end diastolic diameter; EF, ejection fraction; Cr, creatinine; Mb, myoglobin; non-HDL, non-high-density 
lipoprotein; NT-proBNP, N-terminal pro-B-type natriuretic peptide. 
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Figure 2 A nomogram prediction model to predict the probability of CTO. LYM%, lymphocyte percentage; EF, ejection fraction; CK-MB, 
creatine kinase-MB; non-HDL, non-high-density lipoprotein; NT-proBNP, N-terminal pro-B-type natriuretic peptide; CTO, chronic total 
occlusion. 
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six independent predictors: male sex, LYM%, EF, Mb, non-
HDL, and NT-proBNP. Each predictor was assigned a 
score, and the total score was plotted on the prediction axis 
to indicate the patient’s risk of having CTO. For example, 
a patient who is male (33 points), has a LYM% of 35%  
(31 points), an EF of 40% (58 points), Mb of 500 ng/mL 
(23 points), non-HDL of 3.0 mmol/L (30 points), and NT-
proBNP of 1,000 pg/mL (12 points) would have a total score 
of 187 and an estimated 50% probability of having CTO.

Evaluation and validation of the nomogram

To assess the validity of the model, a separate cohort 

of 368 patients from January to December 2020 was 
utilized for validation. The calibration of the model was 
evaluated through calibration curves for both the derivation  
(Figure 3A) and validation (Figure 3B) cohorts. The 
discrimination of the model was also analyzed using receiver 
operating characteristic (ROC) curve analysis, with the 
areas under the curve (AUC) being 0.744 and 0.729 for the 
derivation and validation cohorts, respectively (Figure 4). 
The findings revealed that the new nomogram had higher 
clinical utility, as demonstrated by the DCA curves (Figure 5).

Discussion

In this study, various baseline demographic, echocardiography, 
and laboratory indices were gathered to explore the link 
between these predictors and the diagnosis of CTO. 
We developed a novel predictive model using LASSO 
regression analysis and multivariate logistic regression 
analysis, which was subsequently constructed and validated 
a nomogram. The resulting nomogram included sex (male), 
LYM%, EF, Mb, non-HDL, and NT-proBNP as predictors, 
and may provide important clues for the evaluation and 
diagnosis of CTO (Figure 2). Overall, our study offers a 
unique perspective on indicators that have a relatively high 
discriminatory power.

In our previous work, we developed a nomogram 
using logistic regression analysis (8). However, we found 
that LASSO regression analysis is a superior method to 
univariate logistic regression analysis as it accounts for 
multicollinearity between variables. Therefore, we replaced 
the univariate logistic regression analysis with LASSO 
regression analysis to identify better risk factors for CTO 
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patients. This approach selected more relevant risk factors 
while using fewer variables.

Despite the well-established association between 
conventional risk factors and CAD, such as male sex and 
lipid metabolism, their role in the etiology of CTO remains 
unclear (9,10). Previous studies have primarily focused on 
individuals with stable CAD or acute coronary syndrome, 
with limited research on the risk factors for CTO (11). 
Furthermore, there is currently no reliable model for 
predicting the likelihood of CTO before CAG. By analyzing 
clinical and demographic data, we have gained new insights 
into the traditional risk factors associated with CTO and 
developed a nomogram that can provide relatively accurate 
predictions of CTO likelihood prior to CAG (12). This tool 
may be useful in effectively stratifying cardiovascular risks, 
as the recanalization of completely occluded vessels can be 
time-consuming and costly (13). 

Despite the fact that CTO and CAD share similar 
pathological processes, the mechanism by which coronary 
arteries progress from stenosis to complete obstruction is 
not yet fully understood (14). Therefore, we recruited two 
groups of patients, in order to identify any differences in 
their clinical features and potentially shed some light on the 
distinct mechanisms underlying each condition (15). 

In our study, we found that the occurrence of CTO 
in patients was linked to male sex and lipid metabolism, 
which is consistent with prior studies (16,17). However, it is 
noteworthy that predictive model developed using LASSO 
regression analysis included non-HDL rather than LDL, 
which has long been considered a secondary target of lipid-
lowering therapy in CAD or in patients at high risk (18). 
Non-HDL includes several types of lipoprotein cholesterol, 

such as LDL, very low-density lipoprotein cholesterol 
(VLDL), intermediate-density lipoprotein cholesterol 
(IDL), lipoprotein(a), and chylomicrons (19). Increasingly, 
researchers have confirmed that new lipoprotein cholesterol, 
such as lipoprotein(a), plays a crucial part in CAD (20). 
The superiority of non-HDL over LDL in the nomogram 
may be due to its ability to reflect the features of CTO 
that distinguish it from CAD (21). Alternatively, LDL may 
be a common risk predictor for CAD and CTO, but non-
HDL may be a more accurate marker reflecting the specific 
features of CTO that distinguish it from CAD (22).

Recent evidence suggested that cholesterol may also 
regulate immune cell function by activating immune 
signaling pathways, which can enhance antitumor 
effectiveness (23). In patients with CAD, lymphocytopenia 
has been associated with neurohormonal activation 
and is considered a marker for the physiologic stress  
response (24). A low percentage of lymphocytes has also 
been independently and significantly related to CAD 
and is considered an indicator of a poorer prognosis (25). 
Therefore, the inclusion of LYM% in the predictive 
nomogram is reasonable.

In addition to CAD-related risk factors, our study found 
that heart-related laboratory indexes, including Mb, EF, 
and NT-proBNP, were independent positive predictors of 
CTO. Undiagnosed acute myocardial infarction can cause 
CTO in some cases. CTO lesions may develop from an 
undetected acute myocardial infarction (26). Therefore, 
Mb, EF, and NT-proBNP may predict the likelihood of 
CTO in patients with CAD (27). 

Based on the available information, we previously 
constructed a nomogram using logistic regression  
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analysis (8). To address the issue of multicollinearity between 
variables, we used LASSO regression analysis instead of 
univariate logistic regression analysis, which enabled us 
to identify relevant risk factors for CTO patients. This 
approach allowed us to select a smaller number of variables 
while still maintaining the predictive power of the model.

In summary, the use of non-invasive testing has 
become more prevalent in the evaluation of patients with 
suspected illnesses (28). Consequently, the development 
of nomograms for various diseases that offer greater 
accuracy in predicting prognoses than conventional staging  
systems (29). This study has demonstrated the utility of a 
nomogram for improving our understanding of CTO risk 
factors and predicting the diagnosis of CTO prior to CAG.

Limitations

Our study has some limitations that should be taken into 
account. Firstly, the study only included Asian patients, 
and therefore the results may not be generalizable to other 
populations. Secondly, as a single-center retrospective study, 
selection bias may be present. However, the hospital where 
the study was conducted is the largest cardiac intervention 
center in China, with the largest number of CTO patients. 
Finally, although external validation was conducted, the 
validation cohort was smaller than the derivation cohort. 
Therefore, it is crucial to conduct multicenter validation 
studies with larger, diverse populations to obtain more 
robust conclusions and develop more accurate predictive 
models.

Conclusions

In conclusion, a clinical nomogram was developed and 
validated in this study that can predict the likelihood of 
CTO in patients with CAD with reasonable accuracy. The 
findings suggest that the nomogram may be a valuable 
tool for clinicians in developing a preoperative risk factor 
nomogram, which could aid in the detection of CTO in 
CAD patients. However, further validation studies involving 
larger, diverse patient populations from multiple centers are 
needed to confirm the accuracy and generalizability of the 
nomogram.
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