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Background: In this study, we investigated clinical prediction factors of nonchronic total occlusion lesion
(NCTOL) progression in patients who underwent percutaneous coronary intervention (PCI) for chronic total
occlusion (CTO) lesions.

Methods: In total, 450 patients with unstable angina (mean age = 57.1 + 9.2 years) who underwent PCI for CTO
lesions between January 2016 and December 2018 at Beijing Anzhen Hospital were enrolled in this study. A
clinical and angiographic follow-up examination was performed 12 months postoperatively. The patients were
divided into NCTOL progression (145 cases) and control (305 cases) groups based on the outcome of the 12-
month angiographic follow-up. The clinical and angiographic features of the participants were analyzed.
Resuits: The adenosine diphosphate-induced platelet aggregation (ADP-IPA) rate and levels of lipoprotein (a) (Lp
(a)) in the NCTOL progression group were significantly higher than those in the control group (51.89 + 14.81 vs.
39.63 + 17.12, P < 0.01; 0.22 + 0.26 vs. 0.14 + 0.18, P < 0.05, respectively). Logistic regression showed that
the ADP-IPA rate (odds ratio = 1.047, 95 % confidence interval: 1.014-1.082, P = 0.005) and Lp(a) (odds ratio
= 11.972, 95 % confidence interval: 1.230-116.570, P = 0.033) were independent predictors of NCTOL pro-
gression. Partial correlation analysis demonstrated that the ADP-IPA rate was positively correlated with NCTOL
progression (r = 0. 351, P < 0.001). Receiver operating characteristic curve showed that the boundary point of
the ADP-IPA rate to predict NCTOL progression was 30 % (sensitivity, 86.2 %; specificity, 68.9 %).
Conclusions: NCTOL progression is an important cause of recurrent PCI in patients with coronary artery disease
after PCI for CTO lesions. The ADP-IPA rate is a useful predictor for NCTOL progression in patients with unstable
angina who undergo PCI for CTO lesions.

including the introduction of dedicated CTO wires and balloons,
refinement of the operation technique, and appropriate selection of
patients, which have increased the success rate of PCI to 90 % in some
centers. Furthermore, it was recommended that the PCI for CTOs be

1. Background

Chronic total occlusion (CTO) lesion is defined as a coronary artery
lesion with thrombolysis observed in patients with a myocardial

infarction (TIMI) grade flow of O (true CTO) or 1 (functional CTO) for >
3 months. CTOs are common in patients with coronary artery disease
(CAD). Fefer et al. [1] reported that CTOs were detected in 14.7 % of
patients with CAD who underwent coronary angiography. The most
challenging treatment approach for CTOs is percutaneous coronary
intervention (PCI). However, there have been recent improvements,

categorized as class Ila according to the 2011ACCF/AHA/SCAI Guide-
line for Percutaneous Coronary Intervention.[2] Conversely, Park et al.
[3] reported that the progression rate of nonculprit lesions (NCL) in
patients who underwent PCI for culprit lesions was 7 % in 1 year, 14 % in
2 years, and 16 % in 3 years, thereby indicating that diffuse and active
inflammation can occur in both vulnerable and stable plaques of the

Abbreviations: NCTOL, nonchronic total occlusion lesion; PCI, primary percutaneous coronary intervention; ADP-IPA, adenosine diphosphate-induced platelet
aggregation; NCL, non-culprit lesion; CABG, coronary artery bypass grafting; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker.
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entire coronary tree and that NCL progression could be the most sig-
nificant factor affecting the prognosis of patients with CAD.

Recently, several studies have been conducted regarding PCI for CTO
lesions in patients with CAD. However, to the best of our knowledge, the
progression of nonchronic total occlusion lesion (NCTOL) in patients
with CAD who underwent PCI for CTO lesions has not been investigated.
In this study, we investigated the clinical prediction factors of NCTOL
progression in patients with CAD who underwent PCI for CTO lesions.

2. Methods

All the participants or their family members were informed
regarding the potential publication of their identities and images and
consent forms were obtained. All procedures and protocols were
approved by the ethics committee of Beijing Anzhen Hospital, Capital
Medical University, Informed consent was obtained by all the partici-
pants. The experiments were conducted in accordance with the Decla-
ration of Helsinki (1975 and subsequent revisions).

This retrospective study enrolled 450 patients with unstable angina
(350 men and 100 women) who underwent successful PCI treatment for
CTO lesions at Beijing Anzhen Hospital between January 2016 and
December 2018. A 12-month clinical and angiographic follow-up was
performed routinly for all patients. The inclusion criteria were as fol-
lows: (1) age > 18 years, (2) coronary angiography indicating an
occlusive (100 % stenosis) coronary lesion with anterograde TIMI flow
grade of O for at least 3 months, (3) only one NCTOL was detected in
each patient, with stenosis grade < 70 %, (4) successful PCI treatment
for CTO lesions, and (4) no contraindication for anticoagulation and
antiplatelet therapy.

The patients were divided into two groups according to the outcome
of the 12-month angiographic follow-up: NCTOL progression (n = 145)
and control (n = 305) groups (Fig. 1).

The main exclusion criteria included the following: previous PCI in
CTO artery (n = 6), CTO artery with excessive proximal tortuosity or
severe calcification (n = 14), left ventricular ejection fraction of < 35 %
(n = 15), lost to the clinical and angiographic follow-up (n = 26), in-
hospital death following PCI (n = 11), myocardial infarction within 2
weeks of PCI to exclude potential subacute stent thrombosis of the
intervened arterial segment (n = 9), and repeated PCI of CTO lesions for
restenosis or progression (n = 43).

Coronary angiography was performed using the Judkins method,
and coronary artery lesion classification was based on the American
College of Cardiology/American Heart Association guidelines.[3] Stents
were implanted using a routine method, and the procedure succeeded
with a residual stenosis of < 20 %, TIMI flow grade of 3, no acute
complications (death, myocardial infarction, or emergency coronary
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Fig. 1. Study flowchart. PCL: percutaneous coronary intervention, CTO:
chronic total occlusion, the progression group: patients with nonchronic total
occlusion lesion (NCTOL) progression, the control group: patients without
NCTOL progression.
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artery bypass grafting [CABG]), and no major adverse cardiac events
(cardiac death, myocardial infarction, or target vessel revasculariza-
tion). A 12-month clinical and angiography follow-up was performed.

Quantitative coronary angiography was performed during the first
angiography. Follow-up angiography was performed by two indepen-
dent investigators who were blinded to the study results. The lesions
were categorized in accordance with the guidelines of the American
College of Cardiology/American Heart Association based on the
morphological characteristics of lesions that cause significant stenosis of
the coronary arteries [3] into two classes: simple lesions (A or Bl le-
sions) and complex lesions (B2 or C lesions).

Demographic information, medical history, CAD risk factor status,
detailed coronary angiographic information, coronary atherosclerosis-
associated biomarkers at the time of baseline PCI, and coronary angio-
graphic information at the time of the angiographic follow-up were
collected.

All clinical, laboratory, and coronary angiographic data were eval-
uated by two independent investigators who were uninvolved in the
angiographic procedures.

NCTOL progression was defined as follows[3]: (1) a > 50 % stenosis
degree of the NCTOL at the time of baseline PCI and > 10 % at the time
of the angiographic follow-up; (2) < 50 % stenosis degree of the NCTOL
at the time of baseline PCI and > 30 % at the time of the angiographic
follow-up; (3) > 30 % stenosis degree of NCTOL progression and no
NCTOLs at the time of baseline PCI; and (4) NCTOL progression to total
occlusion.

SPSS 20.0 software was used for all statistical analyses. Count data
are expressed as cases and percentages, and the y? test was used for
analysis. Numerical data are expressed as the mean + standard devia-
tion. The Kolmogorov-Smirnov test was used to evaluate the normality
of distribution and a non-normal distribution, Numerical data were
compared using the Student ¢ test for data with a normal distribution or
the rank sum test for data with a non-normal distribution. Partial cor-
relation analysis was performed to evaluate the correlations between the
adenosine diphosphate-induced platelet aggregation (ADP-IPA) rate and
NCTOL progression. A log regression model for the risk factors associ-
ated with NCTOL progression was built (variables included baseline
clinical characteristics, angiographic characteristics of CTO lesions and
baseline morphological characteristics of NCTOL). A multivariate lo-
gistic regression analysis was performed for the variables with P < 0.05
in the y? and Student t tests to identify the risk factors associated with
NCTOL progression. Receiver operating characteristic (ROC) analysis
was performed to test the accuracy of the ADP-IPA rate in predicting
NCTOL progression. P values of < 0.05 were considered statistically
significant.

3. Results

Of the 450 patients with unstable angina who underwent PCI treat-
ment for CTO lesions, 450 (350 men and 100 women) were subjected to
the 12-month angiographic follow-up. Of them, 305 (235 men and 70
women) did not show evidence of NCTOL progression (control group)
and 145 (115 men and 30 women) exhibited NCTOL progression
(NCTOL progression group) during the 12-month angiographic follow-
up. In NCTOL progression group, 49 patients presented with acute
coronary syndrome, 63 patients developed chronic stable angina and 33
patients had no angina symptom.

Age, sex, BMI, current smoking status, hypertension, hyperlipidemia,
diabetes mellitus, prior myocardial infarction, prior PCI, prior CABG,
heart rate, systolic arterial pressure (mmHg), left ventricular ejection
fraction, triglyceride, total cholesterol, high-density lipoprotein choles-
terol, low-density lipoprotein cholesterol, homocysteine, C-reactive
protein, serum creatinine, uric acid, and the arachidonic acid-induced
platelet aggregation (AA-IPA) rate were not significantly different be-
tween the two groups (all P > 0.05). In contrast, Lp(a) and the ADP-IPA
rate were significantly different between the groups (all P < 0.0001)
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Table 1
Comparison of baseline clinical characteristics between the two groups (n =
450).
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Table 2
Comparison of angiographic characteristics of CTO lesions between the two
groups.

(n = 450) NCTOL progression The control P CTO lesion (n (%)) NCTOL progression The control group P
group (n = 145) group (n = 305) value group (n = 145) (n = 305) value

Age 56.24 + 11.5 56.44 + 8.2 0.833 LM 5(3.45) 10 (3.28) 0.851
Male 115 (79.3) 235 (77.0) 0.629 LAD 50 (34.48) 101 (33.12) 0.774
BMI 25.37 £ 2.72 25.84 + 3.57 0.161 LCX 35 (24.14) 75 (24.59) 0.917
Current smoking (%) 85 (58.6) 150 (49.2) 0.061 RCA 55 (37.93) 119(39.01) 0.825
Hypertension 85 (58.6) 195 (63.9) 0.277 Lesion length (mm) 26.38 +13.98 24.93 +10.97 0.232
Hypercholesterolemia 37 (25.5) 82(26.9) 0.758 Stent length (mm) 28.79 + 23.93 43.87 + 30.35 0.000*
Diabetes mellitus 35 (24.1) 85 (27.9) 0.403 CTO score > 2 (n 110 (75.9) 217 (71.1) 0.294
Prior myocardial 35 (24.1) 100 (32.8) 0.061 (%))

infarction (%) > 2 vessel lesionrate 100 (69.0) 189 (62.0) 0.148
Prior PCI (%) 50 (34.5) 90 (29.5) 0.287 (n (%))
Prior CABG (%) 5(3.4) 10 (3.9) 0.851 Retrograde approach 15 (10.3) 45 (14.8) 0.199
Aspirin 145 (100) 305 (100) (n (%))
Clopidogrel 10759 255 (83.6) ?'049 Values are the mean =+ standard deviation or n (%).
Ticagrelor 35 (24.1) 50 (16.4) 0.049*% LM: left main coronary artery, LAD: left anterior descending coronary artery,
p-blockers (%) 95 (65.2) 205 (67.2) 0.721 LCX: left circumflex artery, RCA: right coronary artery.
Calcium antagonists (%) 40(27.6) 88(28.9) 0.781 “ P < 0.05.
ACEI/ARB (%) 65 (44.8)80 190 (62.3)115 0.150
Statins (%) 145 (100) 305 (100)
Heart rate, beats/min 82 +11 80 + 12 0.091 Table 3
Sy(s[t;)i;gtenal pressure 132£21 133 £20 0.626 Baseline morphological characteristics of NCTOL.
LVEF (%) 62 + 10 63 +9 0.289 Type of lesion (n NCTOL progression The control group P value
TG (mmol/L) 1.86 +£1.27 2.01 + 2.54 0.502 (%)) group (n = 145) (n = 305)
TCHO (mmol/L) 4.07 £1.15 4.12 £1.70 0.748
HDL-C(mmol/L) 0.97 £ 0.22 0.99 + 0.22 0.368 A (n (%)) 70 (48.28 %) 151(49.51 %) 0.807
LDL-C(mmol/L) 2.42 +£1.04 2.40 £ 1.42 0.880 Bl (n (%)) 42 (28.97 %) 91(29.84 %) 0.850
Lp(a) 0.22 + 0.18 0.14 + 0.12 0.000* B2 (n (%)) 23(15.86 %) 48 (15.74 %) 0.974
Hey (umol/L) 16.97 + 5.48 15.77 + 7.54 0.088 CO) 10(6.89 %) 15(4.91 %) 0.392
CRP (mg/L) 5.50 + 4.73 5.93 + 4.21 0.542 Baseline stenosis 33.5+13.7 35.3+ 134 0.1868
Ser (umol/L) 68.35 + 14.83 66.30 + 1433  0.181 degree (%)
UA (umol/L) 330.68 + 102.44 326.88 + 77.72 0.143 Follow-up stenosis 79.4 +15.4 61.5+ 14.1 <0.001
AA-IPA rate (%) 11.57 + 9.24 10.96 + 8.93 0.503 degree (%)
ADP-IPA rate (%) 51.89 + 14.81 17.12 + 9.63 0.000*

Values are the mean 4 standard deviation or n (%).

BMI: body mass index, PCIL: percutaneous coronary intervention, CABG: coro-
nary artery bypass grafting, ACEL angiotensin-converting enzyme inhibitor,
ARB: angiotensin receptor blocker, LVEF: left ventricular ejection fraction, TG:
triglyceride, TCHO: total cholesterol, HDL: high-density lipoprotein, LDL-C: low-
density lipoprotein cholesterol, Lp(a): lipoprotein(a), Hcy: homocysteine, CRP:
C-reactive protein, Scr: serum creatinine, UA: uric acid, AA-IPA: arachidonic
acid-induced platelet aggregation, ADP-IPA: adenosine diphosphate-induced
platelet aggregation.

" P < 0.05.

(Table 1).

All of the patients were administered with similar doses of aspirin
(100 % vs. 100 %), p-blockers (65.2 % vs. 67.2 %), calcium antagonists
(27.6 % vs. 28.9 %), statins (100 % vs. 100 %), and angiotensin-
converting enzyme inhibitors (ACEIs)/angiotensin II receptor blockers
(ARBs) (44.8 % vs. 62.3 %) in each group (P > 0.05 for all). However, the
patients received different percents of clopidogrel (75.9 % vs. 83.6 %)
and ticagrelor (24.1 % vs. 16.4 %) in the two groups (P < 0.05 for all)
(Table 1).

The angiographic characteristics of CTO lesions were not signifi-
cantly different between the two groups, except for stent length, which
was shorter in the NCTOL progression group than in the control group
(28.79 + 23.93(mm) vs 43.87 + 30.35(mm), P < 0.05) (Table 2).

Baseline morphological characteristics of NCTOL were not signifi-
cantly different between the two groups, except for the degree of ste-
nosis at follow-up, which was higher in the NCTOL progression group
than in the control group (79.4 % + 15.)vs 61.5 % + 14.19 %, P < 0.001)
(Table 3).

Multivariate logistic regression analysis indicated that the ADP-IPA
rate (odds ratio [OR]: 1.047, 95 % confidence interval [CI]:
1.0141-1.082, P = 0.005) and Lp(a) (OR: 11.972, 95 % CIL
1.230-116.570, P = 0.033) were independent predictors of NCTOL

progression in patients who underwent PCI for CTO lesions (P < 0.05).
However, the stent length (odds ratio [OR]: 0.980, 95 % confidence
interval [CI]: 0.961-1.000, P = 0.054) was not independent predictor of
NCTOL progression in patients who underwent PCI for CTO lesions (P >
0.05).

Partial correlation analysis demonstrated a positive correlation of
the ADP-IPA rate with NCTOL progression (r = 0.351, P = 0.001).

ROC analysis for NCTOL progression predictors indicated that an
ADP-IPA rate of > 30 % may predict NCTOL progression with a sensi-
tivity of 86.2 % and specificity of 68.9 % (area under the curve: 0.726,
95 % CI: 0.611-0.840, P = 0.001) (Fig. 2).

4. Discussion

This retrospective study evaluated the medical data of 450 patients
who underwent a 12-month angiographic follow-up after PCI for CTO
lesions; of them, 145 showed NCTOL progression at a rate of 32.2 %.
This finding indicated the importance of NCTOL in the prognosis of
patients with CAD after successful PCI for CTO lesions. However, the risk
factors for NCTOL progression are unknown.

The pathophysiology and treatment (the treatment strategy for acute
myocardial infarction was emergency PCI, and the treatment strategy
for unstable angina was elective PCI) of acute myocardial infarction
were different from those of unstable angina and old myocardial
infarction. Therefore, we excluded patients with acute myocardial
infarction in the present study.

The present study showed that the ADP-IPA rate and LP(a) were
independent predictors of NCTOL progression in patients who under-
went PCI for CTO lesions.

Partial correlation analysis also indicated a positive correlation be-
tween the ADP-IPA rate and NCTOL progression (r = 0.351, P = 0.001),
ROC analysis for NCTOL progression predictors indicated that an ADP-
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Fig. 2. Receiver operating characteristic curve for NCTOL (nonchronic total occlusion lesion) progression. An ADP-IPA rate of > 30 % may predict NCTOL
progression with a sensitivity of 86.2 % and specificity of 68.9 % (area under the curve: 0.726, 95 % CI: 0.611-0.840, P = 0.001).

IPA rate of > 30 % may predict NCTOL progression with a sensitivity of
86.2 % and specificity of 68.9 % (area under the curve: 0.726, 95 % CL:
0.611-0.840, P = 0.001) (Fig. 2). the results indicated ADP-IPA rate may
be an important predict factor of NCTOL progression, and intensive dual
antiplatelet therapy (drug of choice, dosage and during) may be helpful
in these patients. The patients received different percents of clopidogrel
(75.9 % vs. 83.6 %) and ticagrelor (24.1 % vs. 16.4 %) between the two
groups and it may be the cause of different ADP-IPA rate between the
two groups, it indicated that ticagrelor may be useful for preventing
NCTOL progression.

ADP is one of the most important platelet activation agonists because
it induces changes in the platelet shape, exposure of fibrinogen binding
sites, aggregation, and influx and intracellular mobilization of Ca®*,
ADP-IPA is crucial for maintaining normal hemostasis and aberrant
platelet aggregation pathophysiologically manifests in myocardial
ischemia, stroke, and atherosclerosis. Clopidogrel is an ADP receptor
antagonist that can irreversibly inhibit ADP-IPA, and the long-term
administration of clopidogrel was associated with a modest but statis-
tically significant advantage over aspirin in reducing adverse cardio-
vascular outcomes in patients with CAD who undergo PCI. However, the
ADP-IPA rate was not adequately inhibited in 25 %-50 % of patients
with CAD who received clopidogrel therapy,(4] which may be associ-
ated with adverse cardiovascular outcomes. Li et al. [5] found that pa-
tients with CAD having a high ADP-IPA rate exhibited a greater risk of
major adverse cardiac and cerebrovascular events following PCI due to
the possibility of injury to endothelial cells, excessive smooth muscle cell
proliferation, and platelet adhesion and aggregation, leading to stenosis
and thrombosis. [6-8] Complex PCI may cause more severe injury to
endothelial cells than simple PCI. In patients who undergo complex PCI
(e.g., PCI for CTO lesions), platelet function should be monitored as
coronary artery lesions that are not fully covered by stents may cause
instant thrombus, which are in turn involved in platelet activation.[9,10]
In this study, the stent length in the NCTOL progression group was

shorter than that in the control group, indicating that the coronary artery
lesions not fully covered by stents may be involved in NCTOL
progression.

Baseline morphological characteristics of NCTOL were not signifi-
cantly different between the two groups (Table 3). This finding indicated
that baseline morphological characteristics of NCTOL were not involved
in NCTOL progression. Coronary plaque instability may not be fully
reflected by the morphological characteristics of coronary artery lesions.

This study showed that NCTOL progression is an important cause of
recurrent PCI in patients with CAD after PCI for CTO lesions and that it
may be the most critical factor affecting the prognosis of such patients.
The ADP-IPA rate can predict the progression of NCTOL in patients who
undergo PCI for CTO lesions. Furthermore, it is essential for detecting
platelet function and providing adequate antiplatelet therapy to such
patients. Assessment of Lp (a) levels and the ADP-IPA rate is routinely
performed in most major Chinese hospitals for preventing cardiovas-
cular complications in patients with coronary heart disease who un-
dergo PCI. Therefore, these results might be helpful to apply to clinical
practice.Intensive dual antiplatelet therapy (drug of choice, dosage and
during) and intensive lipid-lowering therapy may be helpful in these
patients.Ticagrelor may be useful for preventing NCTOL progression.

In our study, the culprit lesion was CTO lesions, only one NCTOL was
found, and the grade of stenosis of the NCTOL was < 70 %. Therefore,
intravascular imaging techniques (e.g., OCT and IVUS) were not applied to
assess the NCTOL, which is a limitation of the study, and inter- observer
variability was inevitable while calculating percentage stenosis. In
future studies, intravascular imaging techniques should be applied to assess
NCTOLs, and intravascular imaging characteristics of NCTOLs may pro-
vide more imaging information on NCTOL progression.

5. Conclusions

NCTOL progression is an important cause of recurrent PCI in patients



J. Wang et al.

with CAD after PCI for CTO lesions, and it may be the most critical factor
affecting the prognosis of such patients. The ADP-IPA rate is a useful
predictor of NCTOL progression in patients with unstable angina who
undergo PCI for CTO lesions.
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