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Abstract
Impact Statement

The study demonstrated that Lown grade was posi-
tively correlated with the serum HIF-1a and VEGF
concentrations.

Percutaneous coronary intervention (PCl) has been widely used in the alleviation of
myocardial ischemia in patients with acute coronary syndrome (ACS). However, the
incidence of reperfusion arrhythmia (RA) after PCI is high, which seriously affects
the prognosis of ACS patients. Therefore, this study aimed to study the predictive
value of serum HIF-1a and VEGF levels before PCI for RA in ACS patients post

PCI. A total of 200 ACS patients who underwent PCl were selected and divided
into those with RA after PCI (RA, n=93) and those without RA after PCI (non-RA,

n=107) according to Lown grade. Spearman correlation analysis was applied for the relationship between serum hypoxia inducible
factor-1a (HIF-1a) and vascular endothelial growth factor (VEGF) levels and Lown grade. Patients with RA after PCl tended to have
higher levels of creatine kinase muscle and brain isoenzyme (CK-MB), serum HIF-1a and VEGF before surgery. Low left ventricular
ejection fraction (LVEF), high CK-MB, high serum VEGF and HIF-1a were risk factors for RA in ACS patients within 24 h after PCI.
Receiver operating characteristic (ROC) analysis revealed that serum HIF-1a and VEGF levels could predict RA in ACS patients
after PCI, and the combined detection could increase the sensitivity of single HIF-1a detection and the specificity of single VEGF
detection. Lown grade was positively correlated with the serum HIF-1a and VEGF concentrations. In conclusion, serum HIF-1a. and
VEGF levels before PCI are risk factors for the occurrence of RA in ACS patients after PCI, and have certain predictive values for

the occurrence of RA in ACS patients after PCI.
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Introduction

Acute coronary syndrome (ACS) is related to the rupture of
unstable plaques in coronary artery sclerosis.!> The clinical
manifestations of ACS are episodic chest tightness and chest
pain.? In severe cases, heart failure and even sudden death
may occur.’ At present, percutaneous coronary intervention
(PCI) is a common method to improve myocardial ischemia
in patients with ACS.# It could effectively dredge occluded
blood vessels and improve myocardial perfusion of patients.?
However, after coronary recanalization, ACS patients have
a high probability of reperfusion arrhythmia (RA), which
seriously affects the prognosis of PCL¢ Relevant studies have
shown that RA could increase the risk of re-infarction after
PCI in patients with myocardial infarction, and even lead
to death.” Therefore, exploring the factors related to RA in
patients with ACS after PCI is conducive to early interven-
tion to reduce the occurrence of complications after PCL
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Hypoxia-inducible factor-1 (HIF-1) is a heterodimeric
transcription factor composed of a constitutively expressed
B subunit (HIF-1B) and an oxygen-dependent a subunit
(HIF-10).8 Among them, HIF-1a is the main regulator of
hypoxia signaling pathway.” HIF-1a degradation is blocked
under hypoxia, resulting in rapid accumulation.'” Numerous
studies have confirmed that HIF-1a is widely expressed
in cardiovascular dysfunctions, such as acute myocardial
infarction and cardiomyopathy, and plays an important role
in regulating cellular oxygen supply and energy metabolism,
cell proliferation and apoptosis, and new angiogenesis.!!-1?
HIF-1a regulates a variety of downstream genes involved
in multiple physiological and pathological processes,!314
including vascular endothelial growth factor (VEGF). VEGF
plays a critical role in promoting the blood vessels genera-
tion and is important in the pathological process of ACS.1?
Currently, it has been revealed that there was a correlation
between serum HIF-1o. and VEGFa levels and myocardial
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injury,'® but few studies have been done on the correlation
between ACS patients with RA after PCI. In view of this,
this study explored the predictive value of serum HIF-1a
and VEGF levels before PCI for RA in ACS patients post PCL.

Materials and methods
Patients

A total of 200 ACS patients were selected. This study was
approved by the ethics committee of Wuxi No.2 People’s
Hospital. All diagnosis and treatment measures were col-
lected from patients and their families with informed con-
sent and signed informed consent.

The diagnostic criteria of ACS refer to the “2015 China
Emergency Acute Coronary Syndrome Clinical Practice
Guidelines Diagnostic Criteria.”

ST-segment elevation myocardial infarction (STEMI):
severe chest pain lasting >30min; ST-segment arched dor-
sal elevation on ECG; cardiac troponin T or I positive; hybrid
creatine kinase isoenzyme level >2 times of the reference
value.

Diagnosis of non-ST-segment elevation myocardial
infarction (NSTEMI): persistent chest pain; transient or
new ST-segment depression, or T wave inversion and flat-
tening on ECG; cardiac troponin T or I positive; hybrid
creatine kinase isoenzyme levels >2 times of the reference
value.

Diagnosis of unstable angina (UA): chest pain; ST-segment
depression or T wave inversion and flattening on ECG; car-
diac troponin T or I negative; hybrid creatine kinase isoen-
zyme levels may be elevated but <2 times of the reference
value.

Inclusion criteria: patients diagnosed with ACS by the
above diagnostic criteria for the first time; the time from
onset to admission was <48h; PCI was performed; informed
consent was given. Exclusion criteria: old myocardial infarc-
tion; associated with heart failure, valvular heart disease and
other heart diseases; contraindications to PCI; history of pre-
operative arrhythmia; arrhythmia or taking antiarrhythmic
drugs at admission; infection, autoimmune disease, malig-
nant tumor, and abnormal liver and kidney function.

Lown grade

All patients underwent 24-h Holter monitoring during PCI
to monitor the occurrence of RA at any time. RA was graded
using the Lown grading methods. In this study, patients with
RA were classified as Lown grade =1.

Grade 0: normal;

Grade 1: Occasional premature ventricular contractions
with a frequency of less than 30 beats/h or 6 beats/min;
Grade 2: Premature ventricular contractions frequently
occur, with a frequency of more than 30 times/h or 6
times/min;

Grade 3: Occurrence of polygenic or polymorphic pre-
mature ventricular contractions;

Grade 4: Frequent paired premature ventricular contrac-
tions or recurrent ventricular tachycardia;

Grade 5: Ron T or ventricular fibrillation occurs.

Determination of serum HIF-1a and VEGF levels

Before PCI, 3 mL of fasting venous blood was collected
from ACS patients, and was placed in a vacuum anticoagu-
lation tube. Serum HIF-1a and VEGF concentrations were
measured using the enzyme-linked immunosorbent assay
(ELISA) following standard instructions. Human/Mouse
HIF-1a ELISA Kit was purchased from Beyotime (PH368,
Shanghai, China) and Human VEGF ELISA Kit (ab222510)
was purchased from Abcam (Cambridge, MA).

Statistical methods

The data presented are mean * standard deviation (SD)
or n (percentage). The comparisons of data were done by
Mann-Whitney test or Fisher’s exact test or chi-square test.
Anderson-Darling test, D’ Agostino & Pearson test, Shapiro—
Wilk test and Kolmogorov-Smirnov test were used to test
the normality of the data before analysis. Multivariate logis-
tic regression analysis was used to analyze the risk factors of
RA in patients with ACS after PCI. P <0.05 was regarded as
statistically significant.

Results

Baseline characteristics of ACS patients before
PCI with or without RA onset

A total of 200 patients with ACS who underwent PCI were
included in this study. All patients underwent 24 h dynamic
electrocardiography during PCI to monitor the occurrence
of RA. The patients with RA were classified by the Lown
grading method. In this study, the patients with RA were
considered to have a Lown grading=1. According to this
grading standard, we divided patients into those with RA
after PCI (RA, n=93) and those without RA after PCI (non-
RA, n=107). We then compared the demographic data of
ACS patients before PCI (Table 1). No significant differences
were found between the two groups in age (56.8 + 9.2 versus
57.6+9.9, P=0.217), gender (47.7% versus 55.9%, P=0.259),
ACS type (P=0.555), BMI (23.45 +3.92 versus 24.01 =4.13,
P=0.183), smoking history (41.1% versus 52.7%, P=0.119),
diabetes history (26.2% versus 37.6%, P=0.094), hyperten-
sion (29.9% versus 41.9%, P=0.103), and hyperlipidemia
(40.2% versus 50.5%, P=0.156). In addition, there were no
significant differences in heart rate (76.81 = 13.29 versus
79.32 +14.46, P=0.139), blood pressure (128.47 + 24.96 versus
135.28 +26.72, P=0.269), high density lipoprotein cholesterol
(1.52%0.63 versus 1.35+0.74, P=0.219), low density lipo-
protein cholesterol (2.81 = 1.02 versus 3.07 +0.94, P=0.132),
and total cholesterol (3.81 = 1.21 versus 4.19 = 1.37, P=0.224)
before PCI. However, there were significant differences
between the two groups in left ventricular ejection fraction
(LVEF) (58.97 £ 8.68 versus 51.25*+9.16, P<0.001), creatine
kinase muscle, and brain isoenzyme (CK-MB) (118.95 +45.73
versus 205.44 = 51.26, P <0.001), HIF-1a (328.43 = 133.41 ver-
sus 422.54 +163.51, P <0.001), and VEGF (61.62 +24.37 ver-
sus 75.33 +29.90, P <0.001) levels.

Risk factors for RA in ACS patients after PCI

We then used multivariate logistic regression analysis to
analyze the risk factors for RA within 24 h post PCIL. The
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Table 1. Baseline characteristics of ACS patients with and without arrhythmia (RA) onset after percutaneous coronary intervention (PCI).

Non-RA (n=107) RA (n=93) P value
Age (years) 56.8+9.2 57.6+9.9 0.217
Gender
Male 51 (47.7%) 52 (55.9%) 0.259
Female 56 (52.3%) 41 (44.1%)
Body mass index (kg/m?) 23.45+3.92 24.01+4.13 0.183
Prior or current smoke 44 (41.1%) 49 (52.7%) 0.119
Prior or current diabetes mellitus 28 (26.2%) 35 (37.6%) 0.094
Prior or current hypertension 32 (29.9%) 39 (41.9%) 0.103
Prior or current hyperlipidemia 43 (40.2%) 47 (50.5%) 0.156
Heart rate (b.p.m.) 76.81+13.29 79.32+14.46 0.139
LVEF (%) 58.97 + 8.68 51.25+9.16 <0.001
SBP (mmHg) 128.47 +24.96 135.28 =26.72 0.296
DBP (mmHg) 87.16 £ 15.95 91.98 +£17.26 0.382
HDL-C (mmol/L) 1.52+0.63 1.35+0.74 0.219
LDL-C (mmol/L) 2.81+1.02 3.07+0.94 0.132
TC (mmol/L) 3.81+1.21 419+1.37 0.224
TG (mmol/L) 1.47 £0.63 1.73+0.71 0.118
CK- MB (ng/mL) 118.95+45.73 205.44+51.26 <0.001
Serum HIF-1a (pg/mL) 328.43 +133.41 422.54 +163.51 <0.001
Serum VEGF (pg/mL) 61.62+24.37 75.33£29.90 <0.001
ACS classification
STEMI 20 (18.7%) 23 (24.7%) 0.555
NSTEMI 45 (42.1%) 38 (40.9%)
UA 42 (39.2%) 32 (34.4%)

RA: reperfusion arrhythmia; LVEF: left ventricular ejection fraction; SBP: systolic blood pressure; DBP: diastolic blood pressure; HDL-C: high density lipoprotein
cholesterol; LDL-C: low density lipoprotein cholesterol; TC: total cholesterol; TG: triglyceride; CK-MB: creatine kinase-muscle/brain; HIF-1a.: hypoxia inducible factor 1a;
VEGF: vascular endothelial growth factor; ACS: acute coronary syndrome; STEMI: ST-elevation myocardial infarction; NSTEMI: non-ST-elevation myocardial infarction;

UA: unstable angina; SD: standard deviation.

The data presented are mean = SD or n (percentage). The comparisons of data were done by Mann—Whitney test or Fisher’s exact test or Chi-square test.

Table 2. Multivariate logistic analysis of predictors for arrhythmia in
acute coronary syndrome (ACS) patients after percutaneous coronary
intervention (PCI).

OR 95% ClI P value
Low LVEF (%) 2.794 2.164 to 4.693 <0.001
High CK-MB 1.968 1.216 to 3.023 0.002
High serum HIF-1a 1.428 1.119t0 1.907 0.015
High serum VEGF 1.652 1.085 to 2.273 0.006

OR: odds ratio; Cl: confidence interval; LVEF: left ventricular ejection fraction;
CK-MB: creatine kinase-muscle/brain; HIF-1a.: hypoxia inducible factor 1a;
VEGF: vascular endothelial growth factor.

occurrence of RA (0=no, 1 =yes) was used as the dependent
variable, the detection indicators in Table 1 were used as
independent variables, and the stepwise method was used to
exclude irrelevant items (P >0.05). The results showed that
low LVEF (OR=2.794, 95% CI 2.164 to 4.693, P <0.001), high
CK-MB (OR=1.968, 95% CI 1.216 to 3.023, P=0.002), high
serum HIF-1a (OR=1.428, 95% CI 1.119 to 1.907, P=0.015),
and high serum VEGF (OR=1.428, 95% CI 1.119 to 1.907,
P=0.006) concentrations were risk factors for RA in ACS
patients within 24 h after PCI (Table 2).

Correlation of serum HIF-1a and VEGF
concentrations in ACS patients

Compared with patients without RA, HIF-1a (Figure 1(a),
P <0.001) and VEGEF (Figure 1(b), P <0.001) were significantly

increased in patients with RA. A statistical positive correla-
tion was revealed on HIF-1a and VEGF concentrations in all
ACS patients (Figure 1(c), r=0.44, P <0.001).

Predictive values of serum HIF-1a, VEGF, and their
combination at admission for RA onset after PCl in
ACS patients

We explored the predictive value of serum HIF-1a. and VEGF
concentrations at admission and their combined detec-
tion for the occurrence of RA within 24 h after PCI in ACS
patients undergoing PCI by ROC analysis (Figure 2(a) to (c)).
As shown in Table 3, the area under curve (AUC) of HIF-1a
level predicting AR after PCI in ACS patients was 0.66 (95%
CIL, 0.59 to 0.74, sensitivity 44.09%, specificity 85.05%, Youden
index 0.29, P <0.001). The AUC of serum VEGF level predict-
ing AR after PCI in ACS patients was 0.64 (95% CI, 0.56 to
0.72, sensitivity 68.82%, specificity 57.01%, Youden index
0.26, P <0.001). The AUC of serum HIF-1a. combined VEGF
level predicting AR after PCI in ACS patients was 0.72 (95%
CIL, 0.65 to 0.79, sensitivity 70.97%, specificity 67.29%, Youden
index 0.38, P <0.001).

Correlation of serum HIF-10/VEGF concentrations
and Lown grade in ACS patients following RA
onset after PCI

In this study, the Lown grading method was used to clas-
sify the arrhythmia of patients. The higher the grade, the
more serious the arrhythmia. Therefore, we analyzed the
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Figure 1. Comparisons of serum HIF-1a (a) and VEGF (b) at admission between ACS patients with RA (RA, n=93) and without RA (non-RA, n=107) onset after PCI.
Data were shown with median (interquartile range). The comparisons of data were done by Mann—Whitney test. (c) Spearman correlation analysis of serum HIF-1a

with VEGF at admission in ACS patients (n=200).
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Figure 2. ROC analysis of predictive values of (a) serum HIF-1a., (b) VEGF and (c) their combination at admission for RA onset after PCI in ACS patients.

Table 3. Predictive values in ROC analysis.

AUC (95% ClI) Sensitivity (%) Specificity (%) P Youden index
Serum HIF-1a 0.66 (0.59 to 0.74) 44.09 85.05 <0.001 0.29
Serum VEGF 0.64 (0.56 to 0.72) 68.82 57.01 <0.001 0.26
HIF-1a.+ VEGF 0.72 (0.65 t0 0.79) 70.97 67.29 <0.001 0.38

ROC: receiver operating characteristic; AUC: area under curve; Cl: confidence interval; HIF-1a.: hypoxia inducible factor-1a; VEGF: vascular endothelial growth factor.

correlation between the Lown grade and HIF-1o. and VEGF
concentrations at admission in 93 patients who developed
RA after PCI. With the increase of Lown grade, the serum
HIF-1a (Figure 3(a), ¥=0.31, P=0.002) and VEGF (Figure
3(b), r=0.29, P=0.005) concentrations also increased gradu-
ally at admission, showing a significant positive correlation.

Discussion

RA is a common complication caused by myocardial
reperfusion injury during PCI in ACS patients.!” During
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Figure 3. Spearman correlation analysis of Lown grade in ACS patients
following RA (n=93) onset after PCI with their (a) serum HIF-1a and (b) VEGF

at admission.



recanalization of diseased coronary vessels during PCI, due
to the influence of energy metabolism disorder, calcium
iron overload, inflammatory reaction, formation of oxy-
gen free radicals, and other factors, myocardial damage is
not improved but aggravated, which will induce RA.!8 The
occurrence of RA indicates that the myocardium of ACS
patients is further damaged, which predicts the poor prog-
nosis of the patients.!” Therefore, preventive treatment for
high-risk RA patients is required before PCI to reduce the
incidence of RA and ensure a good prognosis for patients.
At present, there is a lack of clinical serum markers that
could assess the risk of RA in patients with ACS during
PCI. This study selected 200 ACS patients admitted to our
hospital from December 2020 to March 2022, and evalu-
ated the correlation between HIF-1o. and VEGF concentra-
tion at admission and RA onset in ACS patients after PCL
We wanted to demonstrate the predictive effect of the two
indicators and their combined detection on the occurrence
of RA, so as to provide reasonable suggestions for the early
intervention of RA after PCI in patients with ACS.

HIF-1a is a heterodimer composed of an o subunit
precisely regulated by oxygen concentration and a stably
expressed B subunit.? The half-life of HIF-1a protein in most
cells is only 5-10 min.2! Its proline residue is hydroxylated by
proline hydroxylase (PHD), which is rapidly degraded by the
oxygen-dependent-ubiquitin protease pathway.?? Therefore,
HIF-1a protein is maintained at lower levels in cells under
normal conditions.?? Hypoxic environment leads to inhibi-
tion of PHD activity.?> HIF-1a begins to express stably and
migrates from the cytoplasm to the nucleus, where it com-
bines with HIF-1B in the nucleus to form an active dimer.2*
The activated HIF-1 binds to the hypoxia response element
and transcriptional coactivator p30 in the regulatory region
of the target gene to form a transcription initiation com-
plex and induce the expression of downstream genes.?* The
number of genes regulated by HIF-1a exceeds 1000, includ-
ing erythropoietin, VEGEF, inducible nitric oxide synthase
(iNO), glucose transporter 1 (GLUT1), endothelin-1 (ET-1),
and so on.? In terms of heart disease, HIF-1a could increase
myocardial glucose uptake and transport by regulating the
expression of myocardial GLUT4 and pyruvate kinase M2
isoform (PKM2) to continuously provide compensatory
energy supply.?® In addition, HIF-1a regulates the expression
of GLUT1 by targeting in the process of cardiac ischemia and
hypoxia, which increases the transport of peripheral blood
glucose to vascular endothelial cells, and participates in the
protection of mitochondrial function of vascular endothe-
lial cells in hemorrhagic shock.?” In this research, we found
that HIF-1a. was remarkably elevated in patients with RA,
and in all ACS patients, HIF-1a. and VEGF concentrations
were significantly positively correlated, which is consistent
with our description of other studies above. Innovatively,
we demonstrated that HIF-1o concentrations at admission
in ACS patients undergoing PCI have a statistically predic-
tive value for the occurrence of RA within 24 h after surgery.

VEGF plays important physiological functions by
binding to related receptors.?® VEGF has important roles
such as inducing endothelial cell migration and prolif-
eration, increasing vascular permeability, and regulating
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thrombosis.?’ Previous researches have revealed that VEGF
plays a role in the occurrence and development of certain
cardiovascular diseases.® Inhibition of VEGFs and the recep-
tors can cause a variety of cardiovascular disease complica-
tions.®® The more severe the lesion, the higher the level of
VEGE.* The concentration of serum VEGF was positively
correlated with myocardial oxidative damage indicators
such as myeloperoxidase and advanced oxidation protein
products, suggesting that VEGF can accurately reflect the
degree of myocardial damage in ACS. In addition, a study
indicated that the isoform of VEGF-A, VEGF-A165b, has
anti-angiogenic effects, and the ratio of VEGF-A to VEGF-A
may be a tool for predicting cardiovascular dysfunctions in
patients with AMI after PCIL.3!

VEGF and HIF-la have been studied extensively in
the context of cardiovascular disease. Both molecules are
involved in the regulation of angiogenesis and are upreg-
ulated in various cardiovascular diseases.?? Studies have
shown that both molecules are involved in the regulation of
cardiac remodeling and can protect the heart from ischemic
injury.®® In addition, VEGF and HIF-1a can induce cardio-
myocyte proliferation and protect the heart from ischemic
injury. Many studies have focused on the role of VEGF and
HIF-1a in the context of cardiac disease.3* For example, a
recent study has demonstrated that VEGF and HIF-1la can
induce cardiomyocyte proliferation and protect the heart
from ischemic injury in a mouse model of myocardial infarc-
tion.® In this study, we demonstrated that patients who
developed RA after PCI tended to have higher levels of
serum VEGF and HIF-1a preoperatively, which is consist-
ent with the statistical findings of previous studies in blood
samples from patients with other cardiovascular diseases.
More importantly, we demonstrated that with increasing
Lown grade, serum VEGF and HIF-la levels tended to
increase in patients on admission, showing a significant
positive correlation. Our data suggest that the higher the
serum HIF-1a and VEGF concentration at admission, the
more severe the RA after PCI. In addition, our results sug-
gest that combined detection could increase the sensitivity
of single HIF-1a detection and the specificity of single VEGF
detection.

In conclusion, we found that preoperative serum HIF-1a
and VEGF levels were significantly elevated in ACS patients
with RA after PCI compared with patients without arrhyth-
mias. We demonstrated that HIF-1lo. and VEGF were risk
factors for RA within 24 h after emergency PCI in patients
with ACS.
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