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Abstract

Background: Chronic total occlusion (CTO) is an angiographic pic-
ture of total occlusion without blood flow which is estimated to have
lasted at least 3 months. This study attempted to provide an overview
of the levels of matrix metalloproteinase-9 (MMP-9), soluble sup-
pression tumorigenicity 2 (sST2), and N-terminal pro-B-type natriu-
retic peptide (NT-pro-BNP) as remodeling, inflammatory, and athero-
sclerotic markers, as well as changes in the angina severity in patients
with CTO who underwent percutaneous coronary intervention (PCI)
compared to those without PCIL.

Methods: This study is a preliminary report with quasi-experimental
design study with a pre-test and post-test approach to compare PCI’s
effect in CTO patients towards changes in MMP-9, sST2, NT-pro-
BNP levels, and changes in the angina severity. Twenty subjects un-
derwent PCI and 20 subjects with optimal medical therapy, who were
then assessed at baseline and 8 weeks after intervention.

Results: The results of this preliminary report showed that decreased
MMP-9 (pre-test: 12.07 + 1.27 ng/mL vs. post-test: 9.91 + 5.19 ng/
mL, P = 0.049), sST2 (pre-test: 37.65 + 20.00 ng/mL vs. post-test:
29.74 £ 15.17 ng/mL, P = 0.026) and NT-pro-BNP (pre-test: 0.63 +
0.23 ng/mL vs. post-test: 0.24 = 0.10 ng/mL, P < 0.001) levels were
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found after 8 weeks of PCI compared to those without such interven-
tion. The levels of NT-pro-BNP were lower in the PCI group (0.24
+ 0.10 ng/mL) than in the non-PCI group (0.56 = 0.23 ng/mL; P <
0.001). Moreover, there was an improvement of angina severity in
PCI group than without PCI (P < 0.039).

Conclusions: Although this preliminary report found a significant
decrease in MMP-9, NT-pro-BNP, and sST2 levels in CTO patients
who had undergone PCI compared to those without PCI, as well as
improved angina severity in these patients, this study still has limita-
tions. The number of samples was so small that similar studies with
larger sample sizes or multicenter investigations are required to de-
liver more trustworthy and useful results. Nevertheless, we encourage
this study as a preliminary baseline for further studies in the future.

Keywords: Coronary intervention; Chronic total obstruction; MMP-
9; NT-pro-BNP; sST2

Introduction

Chronic total occlusion (CTO) is an angiographic picture of
total occlusion without blood flow or thrombolysis in myocar-
dial infarction score of 0 (TIMI 0), which is estimated to have
lasted at least 3 months [1]. CTO incidence is found in 20-
30% of coronary heart disease patients who undergo coronary
angiography examination, and the majority of CTO patients
have no history of myocardial infarction [2]. The formation of
collateral vessels to compensate for worsening arterial occlu-
sion appears to reduce myocardial damage so that it causes no
symptoms or only mild clinical symptoms [3].
Histopathologically, thrombotic lesions that clog arteries
develop over time from “soft” plaques to “hard” lesions [4]. The
severity and extent of hard plaque calcification increase with
the duration of CTO formation [4]. Collagen, which is the main
component of fibrous tissue that acts as an occlusive barrier, will
also increase over time; and this is one of the reasons for the
technical difficulties involved in percutaneous coronary inter-
vention (PCI) procedures with high failure (15-32%) compared
to procedures for non-occlusive lesions (around 3%) [5-7].
Therapy using a PCI approach in CTO patients is still a
needed technique and is considered at the forefront of coronary
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intervention. Referrals of patients with CTO to undergo PCI
are still low in many countries, although success rates have
reached more than 80% in Japan, USA, and Europe [8]. The
benefits of PCI in CTO are considered controversial for three
main reasons. First, PCI at CTO is considered technically dif-
ficult by interventional cardiologists, with a lower success rate
than other coronary lesions. Second, the Occluded Artery Trial
(OAT) clinical trial demonstrated a little benefit of PCI over
medical therapy in patients with occluded arteries after acute
myocardial infarction (AMI) [9]. Third, the PCI procedure
can last several hours with high radiation exposure, contrast
agents, and costs. In patients with CTO, the indication for
coronary angiography and interventional revascularization is
associated with clinical symptoms experienced [10].

Measurement of biomarker levels can be used to deter-
mine the prognosis of CTO patients and risk stratification in
patients with cardiovascular disease. Biomarkers that play
a role in markers of the disease course of CTO vary widely.
There are remodeling and inflammatory markers (matrix met-
alloproteinase (MMP), C-reactive protein, N-terminal pro-B-
type natriuretic peptide (NT-pro-BNP), and interleukin (IL)-2)
and atherogenesis and remodeling markers (soluble suppres-
sion tumorigenicity 2 (sST2)). These biomarkers are important
markers in the pathogenesis and prognostic factors of cardio-
vascular disease mortality, development of CTO lesions, and
the acute incidence of myocardial infarction [11].

B-type natriuretic peptide (BNP) is a biomarker that has
been used as a new biomarker to detect coronary heart disease
in the last decade. BNP levels greatly increase in acute coronary
syndromes due to increased ventricular wall stress caused by
ischemia or infarction [10]. NT-pro-BNP is known as the N-
terminal form of circulating BNP that circulates longer in the
blood and is a biomarker that has prognostic value in predict-
ing death from cardiovascular disease [12]. A revascularization
study found findings supporting an increase in the NT-pro-BNP
biomarker due to ischemia as evidenced by a transient increase
in balloon inflation through the PCI intervention (when is-
chemia occurs), and a decrease in NT-pro-BNP levels when
ischemia resolves [13]. In the research conducted by Gupta et
al, regarding the role of NT-pro-BNP biomarkers in patients
with stable coronary heart disease undergoing PCI procedures,
it was shown that there was a change in the NT-pro-BNP value
at 8 weeks post-PCI (pre-test: 224.36 pg/mL; post-test: 168.68;
P = 0.016). However, in this study, there was still no change
in cardiac function from echocardiographic parameters such as
ejection fraction, ventricular filling function, and ventricular
mass which were examined before and 8 weeks after PCI [10].

MMP function is to degrade the extracellular matrix and
reduce plaque stability. Increased MMP expression has been
found in atherosclerotic lesions and plays an important role in
extracellular remodeling, atheroma formation, and plaque rup-
ture [14]. In particular, MMP-2 and MMP-9 are associated with
coronary atherosclerotic plaque remodeling [15]. More specifi-
cally, MMP-9 has a role in the degradation of coronary artery
plaque, making it easier for it to undergo a rupture and subse-
quent remodeling to become a chronic obstructive lesion [15]. A
15-year cohort study conducted by Eldrup et al on the role of the
MMP-9 biomarker on the risk of AMI and unstable angina pec-
toris found that MMP-9 values greater than 37 ng/mL were as-
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sociated with a 38% greater risk of developing AMI, compared
with people whose MMP-9 is lower than the predefined cut-off
value [16]. Patients with CTO were found to have elevated lev-
els of NT-pro-BNP and MMP-9 in the blood. This condition
characterizes the presence of recurrent ischemic episodes, and
the high levels of these two biomarkers can be used to predict
the patient’s clinical outcome. Various medical interventions or
therapies that can reduce NT-pro-BNP and MMP-9 are logically
able to improve clinical outcomes in patients with CTO [17].
sST2 is a recent biomarker in coronary heart disease that
can act as a decoy receptor and abolish the effects of the IL-
33/ST2L complex, thereby causing loss of cardioprotective
effects, which leads to heart fibrosis, accelerated atherogen-
esis, and inflammation [18]. A study by Dieplinger et al who
examined serum sST2 in patients with stable coronary artery
disease, found higher serum sST2 in the deceased group than
in the survival group (21.4 vs. 18.5 ng/mL, P <0.001); and se-
rum sST?2 greater than 24.6 ng/mL was associated with a 60%
chance of 12-year survival compared with patients who had an
sST2 < 15.6 ng/mL, i.e., with a 90% survival probability [19].
It suggests a significant role of sSST2 in coronary heart disease.

The presence of total chronic blockage causes total ob-
struction of the coronary artery pathways, which causes tissue
ischemia; this will cause a symptom of refractory chest pain
(refractory angina), which is very common and provides dis-
comfort. It contributes to the decreased quality of life of CTO
patients [20]. PCI procedure is known to be beneficial in pa-
tients with CTO. At the vascular level, PCI is able to overcome
obstruction that occurs in the coronary arteries and at the tissue
level. PCI is able to improve ischemia conditions that occur so
that it will lead to improvement of heart function, chronic in-
flammation, and remodeling in cardiomyocytes. A study con-
ducted by Hirai et al, who assessed changes in quality of life
in CTO patients with refractory angina (angina that did not go
away with medical therapy) evaluated by the Seattle Angina
Questionnaire (SAQ), found that the PCI group had improve-
ments in angina frequency, quality of life, and satisfaction with
therapy taken compared to the group without CTO [21].

The current studies on CTO patients comparing the ben-
efits of PCI and other medical therapies are still limited to
evaluating changes in echocardiographic parameters, mortal-
ity, recurrence of infarction, chest pain symptoms, and qual-
ity of life. There are still no studies evaluating the levels of
MMP-9, sST2, and NT-pro-BNP as remodeling, inflammatory,
and atherosclerotic biomarkers in CTO cases. Based on the de-
scription above, this study aims to fill the knowledge gap at the
bio-molecular level by comparing the levels of these biomark-
ers in CTO patients, who received PCI with patients without
PCI and comparing the improvement in the quality of life of
patients with angina components.

Materials and Methods

Ethical clearance

All procedures performed in this study were reviewed and ap-
proved by the ethical committee standard of Prof. .G.N.G.
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Ngoerah General Hospital following the Declaration of Hel-
sinki (2013) (letter of exemption with approval number: 2567/
UN14.2.2.VIL.14/LT/2020).

Population subject

It is a preliminary report with a quasi-experimental design, and
with a pre-test and post-test approach to compare the effect
of PCI in CTO patients. Forty subjects were recruited from
January through June 2019. The inclusion criteria in this study
were: 1) coronary heart disease (CHD) patients who showed
CTO on coronary angiography that involved only one coro-
nary artery branch occlusion; 2) patients who were willing
to sign the informed consent of the study to undergo elective
PCI; 3) patients who did not have heart failure abnormalities;
4) age between 40 and 70 years; 5) not in the acute phase of
myocardial infarction; 6) not having abnormalities on the 12-
lead electrocardiography (ECG) (signs of acute ischemia in
the form of ST-elevation or ST depression); 7) left ventricular
ejection fraction (LVEF) > 50%; 8) angiography with critical
stenosis > 90%; and 9) normal valvular function. Based on the
included samples, patients who were: 1) with multi-vessel dis-
ease; 2) with stage V renal failure requiring regular hemodialy-
sis; 3) with malignancy; 4) with conditions that do not allow
elective PCI intervention; and 5) with diastolic dysfunction (>
grade 1) on echocardiography, should be excluded from the
study sample.

Data collection

The selected sample was divided first into the PCI group
and the non-PCI group (undergoing optimal medical therapy
(OMT)). After signing the informed consent, the patient who
will undergo PCI performs a preoperative procedure in which
the first blood collection is carried out and then stored before
PCI to measure the levels of MMP-9, sST2, and NT-pro-BNP;
while blood collection of patients without PCI was carried out
at the Clinical Pathology Laboratory, Prof. . G.N.G. Ngoerah
General Hospital. Blood samples obtained for examination of
NT-pro-BNP, sST2, and MMP-9 were centrifuged at 1,550 g for
10 min, then stored at a temperature of -30 °C until the assay is
carried out. This examination was performed using an analyzer
(Roche Diagnostic, Manheim, Germany) and enzyme-linked
immunosorbent assay (ELISA) kit for human NT-pro-BNP,
sST2, and MMP-9 (Elabsciences, Houston, Texas). The PCI
procedure was carried out in the Catheterization Laboratory of
the Integrated Cardiac Service Unit, Prof. I.G.N.G. Ngoerah
General Hospital, which was taken by a consultant in interven-
tional cardiology at Prof. I.G.N.G. Ngoerah General Hospital,
Denpasar. The procedure was performed through access to the
radial/femoral artery, which was preceded by coronary angiog-
raphy to determine the location of the CTO. The CTO lesion
was then mechanically broken using CTO wire escalation. PCI
was considered successful by confirming coronary angiogra-
phy where residual stenosis < 20% was found, stent deploy-
ment was successful, and no complications. The stent was
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placed using several PCI balloons during the PCI procedure,
and a drug-eluting stent was inserted; optimum medical treat-
ment was performed using an angiotensin-converting enzyme
(ACE)-inhibitor, beta-blocker, and dual antiplatelet, statin, and
mineralocorticoid receptor antagonist (MRA) following the
OMT procedure. Patients who failed the PCI procedure (the
wire did not penetrate the lesion and the stent deployment was
not successful) would be included in the group without PCI.

In patients without PCI (patients who refused PCI and
failed PCI), optimal medical treatment was carried out us-
ing ACE-inhibitors, beta-blockers, dual antiplatelets, statins,
nitrates, and aldosterone receptors antagonists according to
OMT management procedures. Follow-up was carried out eve-
ry 2 weeks in outpatient clinic conditions; this effort reduces a
loss to follow-up. At week 8, after the phase I measurement of
the biomarker, the patient was again called for a phase II meas-
urement. Re-measurement of levels of MMP-9, sST2, NT-pro
BNP, and quality of life, 8 weeks after phase I measurements
were taken, in the PCI group, either electively or without PCI
(OMT) at the Clinical Pathology Laboratory, Prof. .G.N.G.
Ngoerah General Hospital.

Statistical analysis

Statistical data analysis was performed using SPSS 23 soft-
ware (Armonk, NY: IBM Corp.). We used Chi-square to ana-
lyze the categorical data and used #-test and Mann-Whitney
to compare the numerical data in two groups for the bivariate
analysis.

Results

In this study, 40 research subjects were included, consisting of
groups of successful PCI and without PCI in the same amount,
namely 20 people each. Characteristics of the study subject are
described in Table 1.

Furthermore, the basic blood laboratory parameters were
also examined, which can be seen in Table 2. The character-
istics of laboratory parameters in this study did not show any
significant differences in the components of hemoglobin, total
cholesterol, high-density lipoprotein (HDL) cholesterol, low-
density lipoprotein (LDL) cholesterol, triglycerides, urea, and
creatinine between the PCI and without PCI groups (P > 0.05).

The levels of MMP-9, NT-pro-BNP, and sST2 were ex-
amined at initial conditions and 8 weeks afterward. In baseline
conditions, serum MMP-9, sST2, and NT-pro-BNP levels in
the PCI group (12.07 + 1.27 ng/mL; 37.65 + 20.00 ng/mL;
and 0.63 = 0.23 ng/mL, respectively) were not significantly
different compared to the group without PCI (11.36 = 1.51 ng/
mL; 37.63 + 15.39 ng/mL; and 0.49 + 1.93 ng/mL, respec-
tively) (P> 0.05), (Table 3). After 8 weeks, the three biomarker
parameters were measured again. The results showed that the
mean level of MMP-9 in the PCI group was 9.91 + 5.19 ng/
mL, and in the group without PCI 11.69 + 6.51 ng/mL (P =
0.045). Significant differences (P < 0.05) were also found in
the mean levels of sST2 and NT-pro-BNP in the PCI group
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Table 1. Baseline Characteristics of the Subject

Characteristics PCI (n =20) Without PCI (n = 20) P value
Age (years) (mean + SD) 56.70 £2.20 59.70 £ 1.73 0.284
Gender (n, %)
Male 17 (47.2%) 19 (52.8%) 0.292
Female 3 (75%) 1 (25%)
Weight (kg) (mean + SD) 62.70 £ 1.07 64.95+1.49 0.230
Height (cm) (mean + SD) 159.55+0.93 158.75+0.97 0.555
Body mass index (n, %)
Normal 11 (61.6%) 7 (38.9%) 0.314
Overweight 9 (42.9%) 12 (57.1%)
Obesity 0 (0.0%) 1 (100%)
CTO blood vessel (n, %)
LAD 15 (68.2%) 7 (31.8%) 0.028*
LCx 0 (0.0%) 2 (100%)
RCA 5(31.3%) 11 (68.8%)
LVEF (%) (mean + SD) 57.40 +1.45 59.89 +1.40 0.243
Comorbidity
Hypertension 16 (47.1%) 18 (52.9%) 0.376
Dyslipidemia 3 (37.5%) 5 (62.5%) 0.429
Type 2 DM 3 (37.5%) 5(67.5%) 0.429
Therapy
COX-1 inhibitor 20 (50%) 20 (50%) -
ADP receptor antagonist 20 (50%) 20 (50%) -
ACE-I 9 (42.9%) 12 (57.1%) 0.342
ARBs 11 (55%) 9 (45%) 0.527
Beta-blocker 20 (50%) 20 (50%) -
Statin 20 (50%) 20 (50%)
Nitrate 13 (44.8%) 16 (55.2%) 0.288
CCB 3 (33.3%) 6 (66.7%) 0.256
Trimetazidine 3 (60%) 2 (40%) 0.633

*Significance level of P < 0.05. CTO: chronic total obstruction; CCB: calcium channel blockers; ACE-I: ACE-inhibitors; ARBs: angiotensin receptors
blocker; COX: cyclooxygenase; LAD: left anterior descending artery; RCA: right coronary artery; LCx: left circumflex; ACE: angiotensin-converting
enzyme; PCI: percutaneous coronary intervention.

Table 2. Blood Laboratory Test

Parameter PCI (n =20) Without PCI (n = 20) P

Hb (g/dL) 13.91+0.27 13.94 +0.28 0.942
Total cholesterol (g/dL) 161.90 + 6.29 166.5 +9.65 0.692
HDL-C (g/dL) 38.60 +£2.34 39.15+1.90 0.856
LDL-C (g/dL) 101.45 +6.26 110.45+7.21 0.352
Triglyceride 159.30 +17.13 143.65 + 14.79 0.494
Urea (mg/dL) 15.31 £1.89 13.08 £1.23 0.329
Creatinine (mg/dL) 1.66 +0.59 1.02 +0.06 0.297

Hb: hemoglobin; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; PCI: percutaneous coronary intervention.
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Table 3. Baseline Level of Serum MMP-9, sST2, and NT-pro-BNP in PCI and Without PCI Groups

Biomarker level PCI Without PCI Mean difference 95% CI P value
MMP-9 (ng/mL) 12.07 £1.27 11.36+1.51 1.11 -2.3-5.73 0.394
sST2 (ng/mL) 37.65 +20.00 37.63 +£15.39 0.02 -11.39-11.45 0.996
NT-pro-BNP (ng/mL) 0.63+0.23 0.49+1.93 0.14 -0.2-0.31 0.099

MMP-9: matrix metalloproteinase-9; sST-2: soluble suppression of tumorigenesis-2; NT-pro-BNP: N-terminal pro-B-type natriuretic peptide; PCI:

percutaneous coronary intervention; Cl: confidence interval.

Table 4. Serum MMP-9, sST2, and NT-pro-BNP Levels in PCIl and Without PCI Groups 8 Weeks Later

Biomarker level PCI Without PCI Mean difference 95% CI P value
MMP-9 (ng/mL) 9.91+5.19 11.69 £6.51 2.78 1.01-5.98 0.045*
sST2 (ng/mL) 29.74 £15.17 34.03 +£20.24 5.65 1.75-7.15 0.045*
NT-pro-BNP (ng/mL) 0.24+0.10 0.56 £ 0.23 0.31 0.20-0.4 <0.001*

*Significant (P < 0.05). MMP-9: matrix metalloproteinase-9; sST-2: soluble suppression of tumorigenesis-2; NT-pro-BNP: N-terminal pro-B-type
natriuretic peptide; PCI: percutaneous coronary intervention; Cl: confidence interval.

(29.74 £ 15.17 ng/mL and 0.24 £ 0.10 ng/mL, respectively)
and in the group without PCI 34.03 + 20.24 ng/mL, P = 0.045;
and 0.56 + 0.23 ng/mL, P < 0.001, respectively (Table 4). The
schematic differences in the levels of the three biomarkers can
be seen here (Figs. 1-3).

The components of physical activity limitation, angina se-
verity, therapy satisfaction, and quality of life were assessed
using the SEATLE Angina questionnaire. At the initial assess-
ment, there were no differences in physical activity limitation,
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MMP-9 pre

= PCI
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angina severity, treatment satisfaction, and quality of life be-
tween the PCI and non-PCI groups (P =0.061, P=0.529, P =
0.151, P=0.663, respectively). The same evaluation was car-
ried out 8 weeks later on the same components. Significant dif-
ferences between the two groups of subjects were only found
in the variable of angina severity, in which the PCI group was
found to have a higher score than the group without PCI (56.1
+ 3.75 vs. 52.85 £ 4.12, P = 0.039). Assessment of physical
activity limitations found no significant difference between

MMP-9 post

s Without PCI
»+»+---= Linear (Without PCI)

Figure 1. Comparison of MMP-9 levels at baseline and 8 weeks later (pre-/post-test) between the PCI and without PCI groups.
Bars show the mean, and the black lines show the standard deviation. PCI: percutaneous coronary intervention; MMP-9: matrix

metalloproteinase-9.
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Figure 2. Comparison of sST2 levels at baseline and 8 weeks later (pre-/post-test) between the PCI and without PCI groups.
Bars show the mean, and the black lines show the standard deviation. PCI: percutaneous coronary intervention; sST2: soluble
suppression tumorigenicity 2.
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Figure 3. Comparison of NT-pro-BNP levels at baseline and 8 weeks later (pre-/post-test) between the PCl and without PCI
groups. Bars show the mean, and the black lines show the standard deviation. PCI: percutaneous coronary intervention; NT-pro-
BNP: N-terminal pro-B-type natriuretic peptide.
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Table 5. Comparison of Physical Activity Limitation, Angina Severity, Therapy Satisfaction, and Quality of Life Between the PCI and

Without PCI Groups at Baseline and After 8 Weeks

Variable PCI Without PCI Mean difference 95% CI P value
Week 0
Physical activity limitation 69.95 + 8.30 66.05 + 8.24 39 - 0.061
Angina severity 50.00 +3.53 50.85+4.12 0.85 - 0.529
Therapy satisfaction 52.80+4.12 50.75 +4.71 2.05 0.78 - 4.88 0.151
Quality of life 49.85+9.19 48.15+7.01 1.70 - 0.663
Week 8
Physical activity limitation 68.81 +8.14 64.10 +8.12 3.72 - 0.063
Angina severity 52.85+4.12 56.1 +3.75 3.25 - 0.039%*
Therapy satisfaction 53.30+3.97 51.35+4.79 1.95 0.86-4.76 0.169
Quality of life 50.80 +9.34 49.1+7.19 1.43 - 0.678

*Significance level of P < 0.05. PCI: percutaneous coronary intervention; Cl: confidence interval.

groups (68.81 + 8.14 in PCI group vs. 64.10 + 8.12 in non-
PCI group, P = 0.063). Likewise, the assessment of therapy
satisfaction and quality of life showed no significant difference
between groups (53.30 £3.97 in PCI group vs. 51.35+4.79 in
non-PCI group; P=0.169; 50.80 + 9.34 in PCI group vs. 49.1
+ 7.19 in non-PCI group; P = 0.678). Table 5 compares the
patients’ quality of life between the two groups.

Discussion

Effects of PCI on lowering MMP-9, sST2, and NT-pro-BNP
levels in CTO patients

The overexpression and activity of MMP-9 cause instability in
atherogenic plaques through extracellular matrix degradation,
proliferation, and migration of vascular smooth muscle cells
[22]. Although PCI can be performed on unstable atherogenic
plaques, it also impacts MMP-9 levels. In this study, it was
found that there was a decrease in MMP-9 levels before PCI
compared with 8 weeks after PCI. In addition, there was a sig-
nificant difference in MMP-9 levels after 8 weeks in the group
that received the PCI procedure and the group that did not get
the PCI procedure. MMP-9 levels in the eighth week after PCI
were lower than that in the group without PCI. The PCI pro-
cedure, which eliminates the chronic ischemic burden in CTO
patients, will certainly impact MMP-9. It is well known that
MMP-9 has a role in continuous remodeling at the vascular and
cardiomyocyte levels through four phases: 1) degradation of
the extracellular matrix injured by preexisting ischemic injury;
2) cell migration and angiogenesis; 3) remodeling of the extra-
cellular matrix and scar tissue formation with a decreased force
of contraction; and 4) release of cytokines and chemokines that
cause further inflammatory conditions for tissue remodeling
and cause ventricular dilatation and degradation of atheroscle-
rotic plaques [23]. The loss of ischemic load due to PCI in this
study was able to eliminate the cause of the remodeling cascade
caused by MMP-9 (i.e., chronic ischemic load) through the four
stages mentioned above, which in this study were characterized
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by decreased MMP-9 levels and MMP-9 levels which were
lower in the PCI than in non-PCI group.

The study results found that the sST2 level in the group
receiving PCI treatment was significantly lower than that with-
out PCI. It indicates that PCI treatment can reduce serum sST2
levels in CTO patients. The results of this study are in line with
the results of several previous studies. The study of Zhang et
al, which evaluated the relationship of sST2 levels with the
no-reflow phenomenon and long-term prognosis in non-ST-
segment elevation acute coronary syndrome (NSTE-ACS)
patients who received PCI, showed that the majority (76.5%)
of patients had low sST2 levels (< 34.2 ng/mL) after under-
went PCI. This study involving 205 NSTE-ACS patients also
showed that high sST2 levels (> 34.2 ng/mL) were predictive
factors for patient prognosis at 1 year (area under the ROC
curve (AUC): 0.84; 95% confidence interval (CI): 0.75 - 0.93;
P value < 0.001) with a sensitivity and specificity of 72% and
84%, respectively. This study explains that a successful PCI
procedure can reduce sST2 levels and prevent the no-reflow
phenomenon caused by inadequate reperfusion, associated
with high levels of sST2 and poor long-term and short-term
prognosis [24]. Similar results were also found in the study
of Somuncu et al, which described that the increase in sST2
levels after PCI in ST-segment elevation myocardial infarction
(STEMI) patients described the no-reflow phenomenon. This
study showed that there were 60 (15.8%) patients who expe-
rienced complications of PCI in the form of a no-reflow phe-
nomenon, whereas, in the group of patients who experienced
the no-reflow phenomenon, higher sST2 levels were found
(14.2 + 4.6 ng/mL) compared to the group of patients who did
not experience the no-reflow phenomenon (11.3 £ 5.0 ng/mL).
This study found that several factors that increase the risk of
the no-reflow phenomenon include diabetes mellitus (DM)
(odds ratio (OR): 2.12; 95% CI: 1.09 - 4.12, P value = 0.026)
and a high thrombus burden in blood vessels experiencing oc-
clusion (OR: 2.73; 95% CI: 1.46 - 5.11; P value = 0.002) [25].

One study investigating only CTO patients showed that
poorly collateralized coronary arteries were associated with
significantly higher serum NT-pro-BNP levels compared with
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well-developed collateral coronary arteries. It is caused by the
protection against myocardial ischemia provided by devel-
oping collaterals; and increased levels of NT-pro-BNP may
simply reflect the humoral status required for stimulation of
angiogenesis in patients with poor collateral arteries [26, 27].
Our study results showed that the mean level of NT-pro-BNP
in patients undergoing PCI was lower than in patients who did
not undergo PCI (0.24 £ 0.10 ng/mL vs. 0.56 £+ 0.23 ng/mL,
95% CI: 0.20 - 0.4, P < 0.001). These findings indicate a sig-
nificant difference in serum NT-pro-BNP levels between the
group undergoing PCI and the group not undergoing PCI. The
results in this study are also in line with the research conducted
by Diao et al, who studied the levels of NT-pro-BNP and D-
dimer in predicting no-reflow events in acute coronary syn-
drome patients undergoing PCI. NT-pro-BNP levels was lower
at 2 h to 6 months after PCI compared to that before PCI. This
study also found that NT-pro-BNP levels were higher in the
no-reflow group than in the reflow group. The findings in this
study indicate that preoperative levels of NT-pro-BNP in com-
bination with D-dimer can also be used as predictive biomark-
ers for the incidence of no-reflow after PCI [28].

PCI improves the quality of life of CTO patients, espe-
cially in angina severity

When compared to the group without PCI, the difference of
quality of life in patients receiving PCI of this study was not
statistically significant (P > 0.05). The results of this study are
in contrast to the study conducted by Weintraub et al, who re-
ported an improvement in quality of life in patients who re-
ceived PCI compared to those who did not, and the difference
between the two groups was statistically significant. However,
a significant difference was only found in the first to sixth post-
operative month (P <0.001), whereas at 12 to 36 months, there
was no significant difference between the two groups [29].

Another study that summarized the results of evaluating
the effectiveness of PCI compared to medication in patients
with stable ischemic heart disease for 5 - 8 years has reported
that PCI is more effective than OMT in improving the quality
of life of patients, as measured by increasing the patient’s activ-
ity capacity and the severity of occurring angina [30]. Despite
having the same outcome, the process to achieve complete re-
lief of angina symptoms in patients treated with medication
takes longer than in the PCI group. The presence of angina will
impact limitations and even a decrease in inpatient activity. A
recent study conducted in 2021 also confirmed that the quality
of life in chronic coronary syndrome (CCS) patients was bet-
ter in the group with PCI + OMT than in the group receiving
OMT only (P=0.007) [31]. In this study, only an improvement
in angina symptoms was found; this could be due to a shorter
observation time (8 weeks) on the quality of life in patients
with CTO, which is generally assessed at 6 months.

Study limitation

The study we conducted has drawbacks. Our study has a lim-
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ited time span, namely from January to June 2019. Within this
limited period, we were only able to get 40 subjects in this
study, which could cause subject bias. It can also affect the
external validation of data if a similar study is conducted with
a much larger study population. Thus, similar follow-up stud-
ies with larger sample sizes or multicenter studies need to be
conducted to provide more valid and generalizable results. As
a result of the limited time of the study, the parameters we
examined on research subjects, which is quality of life and
other related parameters, can also potentially cause bias. This
is because the assessment of quality of life requires a longer
time more than 8 weeks, as we did in our study. However, this
research can still provide an initial picture of how PCI plays a
role in improving angina severity score. In addition, this study
was not blinded so that it has the potential to cause bias in
sample selection.

Conclusions

Based on the results of this preliminary report, there are dif-
ferences in the biomarkers of MMP-9, sST2, NT-pro-BNP,
and quality of life in CTO patients undergoing PCI compared
to those without PCI. In CTO patients, PCI reduced MMP-9,
sST2, and NT-pro-BNP levels significantly, compared to non-
PCI. Performing PCI surgery was also found to improve the
quality of life of CTO patients, especially in angina severity
compared to patients without PCI. Although this preliminary
report found a significant decrease in those markers and im-
provement in angina severity score in CTO patients who had
undergone PCI compared to those without PCI, this study still
has limitations; namely, the sample size is so small. In order to
provide more reliable and applicable results, similar follow-up
studies with bigger sample numbers or multicenter studies are
required.
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