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Abstract

Complex revascularization strategies, particularly complete revascularization, are
controversial in coronary artery disease (CAD), and data supporting routine
revascularization in stable CAD is lacking. The importance of percutaneous coronary
intervention (PCI) in CAD and N-terminal pro-brain natriuretic peptide (NT-proBNP),
which has been studied as a predictor of major advanced cardiovascular events (MACE)
in CAD patients, still requires further research. The aim of this study was to determine the
association between NT-proBNP levels and the number of stents with MACE incidence in
CAD cases. A prospective cohort study was conducted in both types of CAD (acute
coronary syndrome (ACS) and chronic coronary syndrome (CCS)). The NT-proBNP levels
were measured pre- and post-PCI using fluorescence immunoassay, while MACE was
assessed three months post-PCI. The Student t-test was used to compare the levels of NT-
proBNP between pre- and post-PCI and between those who had MACE and did not; both
in patients treated with single or multiple stenting groups. A total of 32 CAD patients were
recruited, consisting of 20 ACS cases and 12 CCS cases. NT-proBNP levels post-PCI
increased significantly in both ACS and CCS patients compared to pre-PCI either among
those treated with single and multiple stentings. MACE occurred in 4 (12.5%) out of a total
of 32 patients, all of which occurred in ACS patients treated with multiple stentings. Those
who had MACE had higher post-PCI NT-proBNP levels compared to those who did not
have MACE (23,703.50 vs 11,600.17 pg/mL, p=0.013). This study highlights the
association between elevated NT-proBNP levels and multiple stenting with the presence
of MACE in CAD patients, particularly in ACS cases.
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Introduction

e

Coronary artery disease (CAD) is characterized by compromised heart function due to
BY C

insufficient oxygen supply to the heart muscle resulting from the narrowing of coronary blood
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vessels [1]. CAD stands as the leading cause of global mortality in 2022 with an annual mortality
rate of nine million individuals out of 126 million affected by CAD worldwide [2]. In Indonesia,
heart disease is a major health issue, affecting 0.5% in 2013 and increasing to 1.5% in 2018, with
prevalence rates in over 15 provinces surpassing the national average [3].

In efforts to reduce CAD mortality rates, percutaneous coronary intervention (PCI) was
introduced, a minimally invasive procedure that has proven effective in decreasing mortality,
myocardial infarctions, and strokes [4]. Over 50% of CAD patients have multivessel disease,
straining healthcare finances [3]. Although PCI relieves symptoms, the risk of post-procedural
events emphasizes the delicate balance between patient quality of life and major advanced
cardiovascular events (MACE) [5-7]. Outcomes are intricately influenced by factors such as age,
gender, hypertension, chronic heart failure, smoking, stent count, multivessel CAD, and
glomerular filtration rate [8]. Studies have highlighted a correlation between the number of stents
implanted during PCI procedures and higher mortality rates, underscoring the multifaceted
nature of ischemic-reperfusion injury and endothelial dysfunction in shaping the outcomes of PCI
[9,10].

In the complex strategies of managing CAD, the use of N-terminal pro-brain natriuretic
peptide (NT-proBNP), one of the cardiac enzymes, stands out as a potential marker for predicting
MACE in CAD patients who undergo PCI. Early studies suggested that considering NT-proBNP
alongside factors like age and ejection fraction holds promise for early detection and risk
assessment in CAD patients undergoing PCI [11]. However, more extensive studies are necessary
to understand the detailed relationship between NT-proBNP levels and other factors, such as the
number of stents used and MACE, particularly in cases of both stable and unstable multivessel
CAD [11]. The aim of this study was to assess the correlation of NT-proBNP levels and the number
of stents with MACE in patients with multivessel coronary artery disease undergoing PCI.

Methods

Study design and patients
A prospective cohort study including following up was undertaken in Dr. Zainoel Abidin Hospital,
Banda Aceh, Indonesia, from May 2023 until September 2023. This study included patients aged
18—75 years, with CAD diagnosed by a cardiologist and undergoing PCI with stent placement, and
experiencing multivessel disease (=2 vessels with a minimum 70% stenosis based on coronary
angiography) [13]. Patients diagnosed with heart failure, post-coronary artery bypass graft
(CABG) phase, and experiencing cardiogenic shock were excluded from the study. Patients with
chronic kidney failure, chronic obstructive pulmonary disease (COPD), and other chronic lung
diseases were considered eligible [14]. The study also considered individuals with cancer, history
of stroke, and valve heart disease, whether congenital or acquired.

To determine the sample size, the Slovin formula was used and a minimum sample size of
31 was required. The number of samples was rounded up to 32, consisting of 16 CAD patients
with single stent and 16 CAD patients with multiple stents. A quota sampling method was used to
recruit the samples in the study.

Percutaneous coronary intervention (PCI) procedure

Patients with multiple vessel diseases, defined as having at least two stenoses out of a total of
three coronary arteries of the heart (those with only one stenosis then the patient were excluded)
underwent the PCI procedure in the Cardiac Catheterization Lab at Dr. Zainoel Abidin Hospital,
Banda Aceh, Indonesia. To identify patients with multiple vessel disease, coronary angiography
(a non-invasive diagnostic measure) was performed to ensure a patient was eligible for the study.
During PCI, patients may receive either a single stent or multiple stents.

Data collection

Data collection was performed on CAD patients diagnosed with both acute coronary syndrome
(ACS) and chronic coronary syndrome (CCS). Patients categorized as ACS presented with
unstable angina pectoris, non-ST elevation myocardial infarction, and ST elevation myocardial
infarction, while CCS patients were characterized by stable angina pectoris. All CAD patients who
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met the criteria signed informed consent and provided contact details. Subsequently, blood
samples were collected from the brachial vein within one day before PCI for NT-proBNP
examination. The blood samples were then placed in a pre-cooled tube containing
ethylenediaminetetraacetic acid (EDTA) for NT-proBNP level measure using a fluorescence
immunoassay (FIA) method with the Ichrom NT-proBNP kit (Boditech Med Inc., Gang-won-do,
Korea), following the manufacturer’s instructions. A second blood collection from the brachial
vein was performed 12—24 hours after PCI, and NT-proBNP levels were re-measured. Normal
NT-proBNP levels were considered less than 300 pg/mL.

Follow-up assessments were performed three months post-PCI to evaluate MACE, which
included all-cause mortality, cardiac-related mortality, heart failure, fatal myocardial disorders,
severe arrhythmias, and recurrent cardiac interventions.

Study variables

In this study, the independent included the number of stents (single or multiple stents (2 stents))
and the level of NT-proBNP, while the dependent variable was the incidence of MACE (present
or absent).

Statistical analysis

The Student t-test and Chi-squared test were used to compare the clinical variables and NT-
proBNP levels between ACS and CCS. The paired Student t-test was employed to compare the
levels of NT-proBNP between pre- and post-PCI. To compare the levels of NT-proBNP between
patients with and without MACE, the Student t-test was also used. All statistical analyses were
performed using the statistical software SPSS version 25 (IBM SPSS., Chicago, USA). Statistical
significance was considered at p<0.05.

Results

Characteristics of patients

A total of 32 patients with CAD were included in the study, and the characteristics are presented
in Table 1. Most of the patients were male (87.5%) with the mean age of 58 years old. The mean
systolic blood pressure was 133.15 mmHg in ACS patients and 124.25 mmHg in CCS patients.
Four MACE incidences were reported in the ACS patients (12.5%).

Our data indicated that systolic and diastolic blood pressure and mean arterial pressure were
significantly higher in ACS in contrast to CCS. In addition, the levels of the NT-proBNP were
significantly higher in ACS compared to CCS both during pre-PCI (6,054.65 pg/mL vs 1,326.33
pg/mL, p<0.001) and post-PCI (12,607.95 pg/mL vs 2,775.00 pg/mL, p<0.001) (Table 1).

Table 1. Characteristics, NT-proBNP levels and incidence of MACE between two types of
multivessel coronary artery disease (CAD) (n=32)

Characteristics Total (n=32) CAD type (mean+SD) p-value
Mean+SD Acute coronary Chronic coronary
syndrome (n=20) syndrome (n=12)
Age (years) 58.19+9.62 58.20+10.98 58.17+7.23 0.9922
Gender, n (%) 0.534°
Male 28 (87.5) 18 (90.0) 10 (83.3)
Female 4 (12.5) 2 (10.0) 2 (16.6)
Weight (kg) 80.2+12.08 80.40£11.49 79.92+13.52 0.9192
Height (cm) 168.47+8.55 167.85+9.13 169.50+7.76 0.5912
Body mass index (kg/m?2) 28.10+2.49 28.38+2.13 27.62+3.05 0.4592
Systolic blood pressure 129.81+10.44 133.15+9.65 124.25+9.59 0.018"
(mmHg)
Diastolic blood pressure 84.44+7.72 87.00+7.39 80.17+6.45 0.011"
(mmHg)
Mean arterial pressure 99.56+8.41 102.38+7.95 94.86+7.17 0.011"
(mmHg)
Heart rate (beats/minute) 83+10.98 84+13.0 80+8.0 0.269?
Number of stents 1.50£0.51 1.50+0.51 1.50£0.52 0.2602
Number of stents, n (%) 0.759P
Single 16 (50.0) 10 (50.0) 6 (50.0)
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Characteristics Total (n=32) CAD type (mean+SD) p-value
Mean+SD Acute coronary Chronic coronary
syndrome (n=20) syndrome (n=12)
Multiple 16 (50.0) 10 (50.0) 6 (50.0)
NT-proBNP (pg/mL)
Pre-PCI 4,281.5+4478.3  6,054.6+4,802.4 1,326.33+1,200.0  <0.0012"
Post-PCI 8,920.5+£9618.0  12,607.9+£10,396.2 2,775.004£2,844.6  <0.0012™"
MACE, n (%) 0.400P
Yes 4 (12.5) 4 (20.0) 0 (0.0)
No 28 (87.5) 16 (80.0) 12 (100.0)

a Analyzed using Student t-test

b Analyzed using Chi-squared test

* Statistically significant at p=0.05
** Statistically significant at p=0.001

Comparison of NT-proBNP levels based on stenting number in CAD patients
Our data indicated that the levels of NT-proBNP were significantly higher in post-PCI compared
to pre-PCI in ACS patients, observed in both single stenting (p=0.006), multiple stentings
(p=0.004) and combined single and multiple stent groups (p<0.001). However, NT-proBNP
levels were only significantly higher in post-PCI compared to pre-PCI in CCS patients who had
single stenting (p=0.004) (Table 2).

Table 2. Comparison of NT-proBNP level based on number of stents in patients with multivessel
coronary artery disease (CAD) (n=32)

CAD type Category NT-proBNP Level of NT-proBNP (mean+SD) p-value @
ACS Single stenting Pre-PCI 5,311.00+4,808.35 0.006"
Post-PCI 8,774.40+7,580.05
Multiple stenting Pre-PCI 6,798.30+4,933.51 0.004"
Post-PCI 16,441.50+11,749.78
CCS Single stenting Pre-PCI 956.83+836.56 0.004"
Post-PCI 1,320.00+1,008.91
Multiple stenting Pre-PCI 1,695.83+1,463.09 0.052
Post-PCI 4,230.00£3,420.98

ACS: acute coronary syndromes; CAD: coronary artery disease; CCS: chronic coronary syndromes
a Analyzed using Student t-test
* Statistically significant at p=0.05

Association between post-PCI NT-proBNP level and MACE in CAD patients

As reported, MACE occurred among ACS patients, comprising four patients (12.5%). No MACE
incidents were observed among ACS patients treated with single stenting, whereas among ACS
patients with multiple stenting (n=10), MACE occurred in 40% (4/10) of patients. Our data
indicated that NT-proBNP levels post-PCI were significantly higher among those who had MACE
compared to those who did not (23,703.50 vs 11,600.17 pg/mL, p=0.013) (Table 3).

Table 3. Association between the level of NT-proBNP post-percutaneous coronary intervention
(PCI) and the incidence of major advanced cardiovascular events (MACE) in patients with acute
coronary syndrome (ACS) (n=12)

Groups MACE Post-PCI NT-proBNP level p-value
Single stenting (n=10) NA
Yes (n=0) NA
No (n=10) 8,774.40+7580.05
Multiple stenting (n=10) 0.013
Yes (n=4) 23,703.50£14514.48
No (n=6) 11,600.17+7196.20

NA: not available
a Analyzed using Student t-test
* Statistically significant at p=0.05

Discussion

Our study found that NT-proBNP levels increased in ACS patients. In ACS patients with ST-
segment elevation myocardial infarction (STEMI), the increase in NT-proBNP levels is
attributable to acute myocardial infarction, which induces the release of NT-proBNP from the
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ventricles due to elevated stress on the left ventricular wall [15-18]. NT-proBNP levels can also be
used to assess silent myocardial ischemia [19,20]. NT-proBNP is also associated with the
regulation of various physiological functions that control energy metabolism, myocardial
ischemia, and the development of organ damage, including left ventricular hypertrophy and
peripheral artery disease. Additionally, an increase in NT-proBNP levels can also reflect
subclinical left ventricular dysfunction or diastolic dysfunction, vascular dysfunction, and renin-
angiotensin-aldosterone system (RAAS) activation [21,22].

In ACS, atherosclerosis progresses over time and is exacerbated by plaque rupture, leading
to acute events. This process is associated with an increase in levels of IL-6, leptin, blood
homocysteine, cystatin-c (CYS-C), and c-reactive protein, indicating the presence of chronic
inflammation related to MACE [23]. The elevation of left ventricular end-diastolic pressure
(LVEDP) is closely correlated with the overall ventricular function and directly proportional to
the left ventricular remodeling process [24]. LVEDP reflects ventricular compliance, thereby
being linked to MACE. During post-PCI, LVEDP may increase in patients experiencing MACE
[25]. Our study reported four incidents of MACE in ACS patients. Even in cases where there is no
immediate decline in left ventricular ejection fraction (LVEF) and signs of heart failure, LVEDP
tends to rise in the acute phase following PCI, which can provoke MACE. Therefore, the
assessment of the LVEF/LVEDP ratio is more indicative of heart failure events post-PCIL.
Impaired epicardial blood flow, particularly in the infarct-related artery, triggers an increase in
LVEDP. This is also correlated with the extent of myocardial infarction, serving as an independent
predictor in post-PCI patients [26].

Our study found that the multiple stenting groups had increased levels of NT-proBNP in
both ACS and CCS groups. This suggests that patients undergoing multiple stenting would have
a significant increase in NT-proBNP levels post-PCI, thereby elevating the risk of MACE. These
findings contrast with the outcomes of the complete revascularization with multivessel PCI for
myocardial infarction (COMPLETE) [26] and complete versus lesion-only primary PCI Trial
(CVLPRIT) studies [27], which revealed that complete revascularization STEMI can reduce
mortality. While both of these significant studies demonstrated that directly performed complete
revascularization versus the staged approach showed no significant difference, findings also
revealed a lower rate of MACE in directly performed complete revascularization compared to the
staged approach. We also found no MACE reported in the single stenting group. This could be
because of the limited post-PCI observation, given that the large studies like COMPLETE and
CvLPRIT assessed MACE outcomes after at least one year [26]. Meanwhile, other studies
reported that MACE was observed in subjects who received multiple stents and exhibited a more
than a threefold increase in NT-proBNP levels [28-30].

Conclusion

Our data suggested that the levels of NT-proBNP were significantly higher in ACS compared to
CCS patients either pre- and post-PCI. NT-proBNP levels significantly increased after PCI in both
types of multivessel CAD patients (ACS and CCS) treated either with single or multiple stenting.
Our data also indicated that multiple stentings were associated with an increased risk of MACE
incidence in patients with ACS.
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