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Background and Objectives. The no-reflow phenomenon is a poor prognosis for patients with ST-elevation myocardial infarction
(STEMI) who underwent percutaneous coronary intervention (PCI). The purpose of this study was to identify the risk factors for
no-reflow in patients with STEMI who underwent PCI. Methods. This case-control study retrospectively reviewed the medical data
of patients treated with primary percutaneous coronary intervention within 12h after STEMI onset between January 2010 and
January 2013 at the Department of Cardiology of the Beijing Anzhen Hospital. Results. A total of 902 patients were included in the
analysis. The basic characteristics between the reflow and no-reflow groups were similar, except for time-to-hospital admission,
heart rate, plasma glucose, high-sensitivity C-reactive protein (hsCRP)/prealbumin (PAB), neutrophil count, intraaortic balloon
pump, and aspiration thrombectomy. The multivariable analysis showed that hsCRP/PAB (OR =1.003, 95% CI: 1.000-1.006,
P =0.022), neutrophil count (OR=1.085, 95% CI: 1.028-1.146, P = 0.003), plasma glucose levels (OR=1.086, 95% CI:
1.036-1.138, P = 0.001), diabetes mellitus (OR =0.596, 95% CI: 0.371-0.958, P = 0.033), Killip classification >1 (OR =2.002, 95%
CI: 1.273-3.148, P = 0.003), intraoperative intraaortic balloon pump (IABP) use (OR =3.257, 95% CI: 1.954-5.428, P = 0.001),
and aspiration thrombectomy (OR=3.412, 95% CI: 2.259-5.152, P = 0.001) were independently associated with no-reflow.
Conclusion. hsCRP/PAB, neutrophil count, plasma glucose levels, diabetes mellitus, Killip classification, intraoperative IABP use,

and aspiration thrombectomy were independent risk factors for no-reflow in patients with STEMI.

1. Introduction

In patients with myocardial ischemia symptoms, ST-ele-
vation myocardial infarction (STEMI) is defined as the
combination of persistent ST-segment elevation and the
release of biomarkers of myocardial necrosis [1]. Percuta-
neous coronary intervention (PCI) is the main reperfusion
strategy for eligible patients with STEMI [1, 2], but the no-
reflow phenomenon is an important cause of adverse PCI
outcomes, ventricular remodelling, and poor cardiac func-
tion recovery after ischemia-reperfusion [3]. No-reflow
significantly increases hospitalization and mortality rates. To
date, there is no clear evidence of the reversal of the no-
reflow phenomenon, but early monitoring and screening for

high-risk patients before PCI could reduce the occurrence of
no-reflow events [4, 5]. The specific mechanisms of the no-
reflow occurrence are not completely clear but might include
distal microvascular embolization and reperfusion-related
injury [6]. Inflammatory factors, such as platelets, neutro-
phils, endothelial cells, tissue factors, and vasoconstrictors,
are involved in the process of no-reflow (7, 8].

At present, there is no single effective treatment for no-
reflow, so prevention is very important. Identifying patients
with the greatest risk is the first step in preventing no-reflow
[9, 10]. It is necessary to detect available blood biomarkers
and other clinical indicators to predict the risk of no-reflow
and reduce the incidence of this phenomenon at an early
stage. Therefore, this study obtained the basic data of
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patients, blood biomarker indices, and specific indices in the
process of coronary intervention for the comparative study
to provide a clinical basis for the study of no-reflow.

2. Methods

2.1. Study Design and Population. This case-control study
involved patients admitted to the Department of Cardiology
of the Beijing Anzhen Hospital within 12 h after the onset of
STEMI and treated with primary PCI (pPCI) between
January 2010 and January 2013. The inclusion criteria were
as follows: 18-85 years of age, STEMI onset within 12 h, and
pPCL The exclusion criteria were as follows: emergency or
conventional coronary artery bypass graft (CABG) surgery,
thrombolysis, or incomplete medical records (Figure 1). The
study was approved by the Ethics Committee of the Beijing
Anzhen Hospital (2018066X). The requirement for informed
consent was waived because of the retrospective nature of
this study.

2.2. Data Collection and Definition. The data collected from
the medical records included age, sex, smoking, hyperten-
sion, diabetes mellitus, prior PCI, preinfarction angina,
medication before MI, time-to-hospital admission, physical
findings on admission, systolic blood pressure, diastolic
blood pressure, heart rate, plasma glucose, hsCRP, PAB,
hsCRP/PAB, albumin, hsCRP/albumin, neutrophil count,
LDL-C, triglycerides, Killip classes, treatment before/during
procedure, glycoprotein IIb/IIla inhibitor, intraaortic bal-
loon pump, angiography, multivessel disease, infarct-related
artery, left main artery, left anterior descending artery, left
circumflex artery, right circumflex artery, aspiration
thrombectomy, after dilation, stent diameter, and total stent
length.

STEMI was defined as the presence of new ST-elevation
at the J-point in two contiguous leads with the following
cutoff points: >0.25mV in men <40 years old, >0.2mV in
men >40 years old, >0.15mV in women in leads V2-V3, and/
or >0.1mV in other leads, or presumed new left bundle-
branch block; and creatine kinase-MB (CK-MB) levels above
the normal levels in patients who had prolonged chest pain
lasting for >30 min [11]. Cardiac symptoms that persisted
for >30 min within 48 h before the onset of infarction were
defined as preinfarction angina.

The time of the first demonstration of the presence and
severity of heart failure was categorized according to the
Killip classification [12, 13]. The perfusion status of the
infarct-related artery was evaluated based on the myocardial
blush grade (MBG) [14, 15]. No-reflow angiography was
defined as thrombolysis in myocardial infarction (TIMI)
flow grade <3 or 3 with an MBG of 0-1 [16]. The two
cardiologists who evaluated the presence of reflow made
their evaluations independently. A consensus had to be
reached in cases of disagreement.

2.3. Statistical Analysis. Statistical analysis was performed
using SPSS 19.0 (IBM, Armonk, NY, USA). Continuous
data were tested for normal distribution using the
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FiGUre 1: Flowchart.

Kolmogorov-Smirnov test and are shown as the mean-
s + standard deviations (SD) or medians (25%-75% per-
centiles). Continuous variables were analysed using the
Mann-Whitney U test or Student’s t-test. Categorical
variables are presented as n (%) and were analysed using
the chi-square test. Univariable and multivariable stepwise
logistic regression analyses were performed with adjust-
ment for diabetes mellitus, age, hypertension, smoking,
preinfarction angina, prior PCI, time from pain to pPCI,
Killip class, use of cardiovascular medication before
STEMI, pPCI as reperfusion therapy, physical findings,
electrocardiographic findings, stenting methods, post-
dilation, stents, stent diameter, thrombolysis before PCI,
intraaortic balloon pump (IABP) use, tirofiban use, and
aspiration thrombectomy. Candidate variables with
P <0.20 were eligible for conditional stepwise multivariable
logistic regression. A threshold with a significant odds ratio
(OR) for predicting no-reflow was identified using a
threshold of P <0.05.

3. Results

A total of 914 patients were screened. One patient was
excluded due to thrombolysis, six due to CABG, and five due
to incomplete data. Finally, 902 patients were included for
analysis. Among them, 184 (20.4%) had no-reflow. The basic
characteristics between patients with no-reflow and reflow
tended to be similar, except for time-to-hospital admission
(P<0.001), heart rate (P<0.001), plasma glucose
(P<0.001), hsCRP (P =0.004), PAB levels (P = 0.008),
hsCRP/PAB (P <0.001), hsCRP/albumin (P = 0.028), neu-

trophil count (P<0.001), intraaortic balloon pump
(P<0.001), and aspiration thrombectomy (P <0.001)
(Table 1).
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TasLE 1: Clinical, angiographic, and procedural data for no-reflow.
Characteristics Reflow (n=718) No-reflow (n=184) P
Clinical data
Age (years) 57+11 59+11 0.051
Male sex, 1 (%) 591 (82.3) 147 (79.9) 0.448
Hypertension, n (%) 367 (51.1) 88 (47.8) 0.426
Diabetes mellitus, 7 (%) 192 (26.7) 43 (23.4) 0.353
Smoking, n (%) 488 (68.0) 126 (68.5) 0.923
Prior PCL n (%) 28 (3.9) 11 (6.0) 0.216
Preinfarction angina, n (%) 420 (58.5) 101 (54.9) 0.377
Medication before MI, n (%)
Aspirin 62 (8.6) 18 (9.8) 0.625
ACEI 99 (13.8) 21 (11.4) 0.397
B-Blocker 59 (8.2) 10 (5.4) 0.205
Calcium channel blockers 177 (24.7) 42 (22.8) 0.606
Statin 24 (3.3) 5(2.7) 0.668
Physical findings on admission
Systolic blood pressure (mmHg) 120£21 118 £21 0.209
Diastolic blood pressure (mmHg) 75+13 75+13 0.992
Heart rate (bpm) 75 (66, 82) 78 (70, 92) <0.001
Time-to-hospital admission (hours) 8.0 (5.0, 24.0) 7.0 (4.0, 12.0) <0.001
Laboratory indicators
Plasma glucose (mmol/L) 8.08 £4.83 10.11+5.48 <0.001
hsCRP (mg/L) 7.21 (2.89, 13.79) 9.36 (3.74, 18.57) 0.004
PAB (g/L) 0.25+0.06 0.23+0.06 0.008
hsCRP/PAB 29.72 (11.30, 65.96) 38.18 (14.97, 99.08) <0.001
Albumin (g/L) 41.43+7.53 41.19+7.58 0.701
hsCRP/albumin 0.27 £0.37 0.33+£0.31 0.028
Neutrophil count (x10°/L) 8.14+3.25 10.01 +£3.33 <0.001
LDL-C (mmol/L) 3.40+12.62 2.93+0.92 0.614
Triglycerides (mmol/L) 2.04+1.74 2.13+£4.60 0.655
Killip classes, n (%) 0.064
1 191 (26.6) 35 (19.0)
2 497 (69.2) 140 (76.1)
3 19 (2.6) 3 (1.6)
4 11 (1.5) 6 (3.3)
Treatment before/during procedure, n (%)
Glycoprotein IIb/IIIa inhibitor 101 (14.1) 17 (9.2) 0.083
Intraaortic balloon pump 43 (6.0) 44 (23.9) <0.001
Angiography
Multivessel disease 202 (28.1) 46 (25.0) 0.396
Infarct-related artery, n (%) 0.148
Left main artery 2 (0.3) 1 (0.5)
Left anterior descending artery 363 (50.6) 103 (56.0)
Left circumflex artery 110 (15.3) 17 (9.2)
Right circumflex artery 243 (33.8) 63 (34.2)
Procedure
Aspiration thrombectomy, n (%) 338 (47.1) 144 (78.3) <0.001
After dilation, n (%) 375 (52.2) 84 (45.7) 0.111
Stent diameter (mm) 29+0.7 3.0+0.9 0.334
Total stent length (mm) 32.7+15.5 33.1+15.9 0.753

Continuous data are shown as means + standard deviations (SD) or median (25"-75" percentiles). PCI, percutaneous coronary intervention; MI, myocardial
infarction; ACEI, angiotensin-converting enzyme inhibitor; hsCRP, high-sensitivity C-reactive protein; PAB, prealbumin; LDL-C, low-density lipoprotein

cholesterol.

Univariable analyses showed that heart rate, plasma glucose
levels, hsCRP levels, PAB levels, hsCRP/PAB, neutrophil count,
Killip classification >1, intraoperative IABP use, infarct-related
artery, time-to-hospital admission, and aspiration thrombec-
tomy were potential risk factors for no-reflow (Table 2).
Furthermore, the multivariable analysis showed that hsCRP/

PAB (OR =1.003, 95% CI: 1.000-1.006, P = 0.022), neutrophil
count (OR=1.085, 95% CI: 1.028-1.146, P = 0.003), plasma
glucose levels (OR=1.086, 95% CI: 1.036-1.138, P = 0.001),
diabetes mellitus (OR=0.596, 95% CI: 0.371-0.958,
P =0.033), Killip classification >1 (OR=2.002, 95% CL
1.273-3.148, P = 0.003), intraoperative IABP use (OR = 3.257,
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TaBLE 2: Univariable analysis for no-reflow. TaBLE 3: Multivariable analysis for no-reflow.
. Univariable analysis . Multivariable analysis
Variables Variables
OR (95% CI) p OR (95% CI) p
Clinical data Diabetes mellitus 0.596 (0.371-0.958) 0.033
Age 1.015 (1.000-1.030)  0.052 Heart rate 1.019 (1.007-1.031) 0.002
Male 1.171 (0.779-1.762)  0.448 Plasma glucose 1.086 (1.036-1.138) 0.001
Hypertension 1.141 (0.825-1.577)  0.426 hsCRP/PAB 1.003 (1.000-1.006) 0.022
Diabetes mellitus 1.197 (0.819-1.749)  0.353 Neutrophil count 1.085 (1.028-1.146) 0.003
Smoking 0.983 (0.694-1.393)  0.923 Killip classes >1 2.002 (1.273-3.148) 0.003
Prior PCI 0.638 (0.312-1.307)  0.220 Intraaortic balloon pump 3.257 (1.954-5.428) <0.001
Preinfarction angina 1.158 (0.836-1.605)  0.377 Procedure
Medication before MI Aspiration thrombectomy 3.412 (2.259-5.152) <0.001
Aspirin 0.872 (0.502-1.513)  0.625 hsCRP, high-sensitivity C-reactive protein; PAB, prealbumin.
ACEI 1.241 (0.752-2.050)  0.398
B-Blocker 1.558 (0.781-3.108)  0.208
Calcium channel blockers 1.106 (0.754-1.624)  0.606 patients with acute ST-segment elevation myocardial in-
Statin 1.238 (0.466-3.290)  0.669 farction after PCI, which seriously affects the short-term and
Time-to-hospital admission 0.985 (0.976-0.995)  0.002 long-term prognoses [17]. No-reflow is a complication that
Physical findings on admission increases the incidence of adverse cardiac outcomes and
Systolic blood pressure 0.995 (0.987-1.003)  0.209 hospital deaths [18]. At present, ischemia-reperfusion injury
Diastolic blood pressure 1.000 (0.987-1.013)  0.992 is the main mechanism of no-reflow and is the result of the
Heart rate 1.026 (1.016-1.037) <0.001  joint actions of platelets, neutrophils, endothelial cells, and
Laboratory indicators tissue factors [19]. Reperfusion injury causes inflammation
Plasma glucose 1.088 (1.042-1.135)  <0.001  and immune activation, leading to complex interactions

hsCRP 1.024 (1.009-1.039)  0.001
PAB 0.026 (0.002-0.385)  0.008
hsCRP/PAB 1.005 (1.003-1.008)  <0.001
Albumin 0.995 (0.973-1.019)  0.701
hsCRP/albumin 1.551 (0.963-2.499)  0.071
Neutrophil count 1.172 (1.117-1.229)  <0.001
LDL-C 0.989 (0.930-1.052)  0.733
Triglycerides 1.013 (0.958-1.070)  0.659
Killip classes >1 0.648 (0.433-0.970)  0.035
Treatment before or during the procedure
Glycoprotein IIb/ITa inhibitor 1.608 (0.936-2.764)  0.086
Intraaortic balloon pump 0.203 (0.128-0.320) <0.001
Angiography
Multivessel disease 1.174 (0.710-1.702)  0.396
Infarct-related artery 0.557 (0.325-0.954)  0.033
Procedure
Aspiration thrombectomy 0.247 (0.169-0.361)  <0.001
After dilation 1.302 (0.940-1.801) 0.112
Stent diameter 1.114 (0.894-1.388) 0.334
Total stent length 1.002 (0.991-1.012)  0.752

PCI, percutaneous coronary intervention; MI, myocardial infarction; ACEIL,
angiotensin-converting enzyme inhibitor; hsCRP, high-sensitivity C-re-
active protein; PAB, prealbumin; LDL-C, low-density lipoprotein
cholesterol.

95% CI: 1.954-5.428, P = 0.001), and aspiration thrombec-
tomy (OR=3.412, 95% CI: 2.259-5.152, P = 0.001) were in-
dependent risk factors for no-reflow (Table 3).

4, Discussion

Acute myocardial infarction is one of the most serious
clinical manifestations of coronary heart disease. The main
international heart guidelines still recommend PCI as the
first choice for reperfusion therapy in patients with acute
myocardial infarction [2]. However, no-reflow can occur in

between inflammatory mediators, platelets, neutrophils, and
oxygen free radicals [20-22]. The results of this study
showed that hsCRP/PAB, neutrophil count, blood glucose
level, diabetes, Killip classification, IABP, and thrombus
removal were independent risk factors for reflow in STEMI
patients.

C-reactive protein (CRP) is a classic marker of in-
flammation and the most reliable inflammatory marker of
atherosclerosis [23]. Karabag et al. [24] showed that high-
sensitivity CRP (hsCRP) can predict no-reflow. Clinical and
experimental studies have shown that blood hsCRP levels are
an independent risk factor without reflow [25, 26]. In this
study, the CRP levels were significantly associated with no-
reflow after PCI. Prealbumin (PAB) is a negative acute phase
reactive protein synthesized by the liver that is closely related
to the occurrence and development of atherosclerosis [27].
Recent studies have shown that the hsCRP/PAB ratio can
predict the prognosis of patients in various situations, such
as acute renal injury [28], parenteral nutrition [29], fistula
[30], and organ dysfunction [31]. Zhang et al. [32] examined
the severity of acute coronary syndrome using PAB and
hsCRP/PAB and found that PAB and hsCRP/PAB were
significantly correlated with the Gensini score. Wang et al.
[33] reported that the hsCRP/PAB ratio was associated with
major adverse coronary events after STEMI. In this study,
the hsCRP/PAB ratio was independently correlated with no-
reflow after PCI, indicating that it was correlated with a poor
prognosis for coronary artery disease. The possible mech-
anism was related to the expansion of the local infarct area,
aggravation of the inflammatory response and reperfusion
injury.

Hyperglycemia significantly affects the prognosis of STEMI
patients. Yildiz et al. [34] evaluated TFC (thrombolytic frame
count of myocardial infarction) of 121 STEMI patients after
pPCL It was found that TFC of hyperglycemia patients
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increased significantly, and the incidence of no-reflow in the
hyperglycemia group was higher than that in the normal blood
glucose group. Multiple linear regression analysis showed that
admission hyperglycemia was an independent predictor of
high TFC. Mone et al. [35] found that the risk of stent
restenosis after pPCI was significantly increased in STEMI
patients with hospitalized hyperglycemia.

This study found that there was a significant correlation
between hyperglycemia and no-reflow, which was consistent
with previous studies [36]. The underlying pathophysio-
logical mechanisms that may lead to the adverse prognostic
effects of hyperglycemia are unclear, but the following
common understanding exists. First, hyperglycemia will
aggravate leukocyte blockage in microcirculation, and acute
hyperglycemia will increase the level of intercellular adhe-
sion molecule-1 or P-selectin [37]. This will increase leu-
kocyte blockage in capillaries and may further lead to the no-
reflow phenomenon. Hyperglycemia may also increase
thrombosis. A clinical study showed that microthrombosis
in capillaries plays a key role in no-reflow after AMI. Hy-
perglycemia is an independent predictor of platelet-de-
pendent thrombosis, and ischemic preconditioning is an
independent predictor of the no-reflow phenomenon [38].
Hyperglycemia may weaken the effect of ischemic pre-
conditioning by reducing the activation of potassium
channels regulated by mitochondrial adenosine triphos-
phate [39]. This would thereby reduce collateral circulation
to risk areas, resulting in greater myocardial injury before
reperfusion that is followed by no-reflow. Finally, hyper-
glycemia may be related to reperfusion injury. In the rat
heart, diabetic blood enhances myocardial reperfusion in-
jury by enhancing cell adhesion to capillaries and the
generation of free radicals [40]. Previous studies have shown
that the incidence of ST-segment reelevation after coronary
reperfusion in the hyperglycemia group is higher, suggesting
the occurrence of myocardial reperfusion injury.

At present, some studies have discussed how to reduce
thrombus load, improve endothelial cell function, and ex-
pand coronary artery by local administration of IIb/IIIa
inhibitor through intracoronary route [41] and intravenous
infusion of adenosine [42], so as to improve myocardial
perfusion, increase coronary blood flow, reduce the inci-
dence of no-reflow, and improve the long-term prognosis of
STEMI patients with hyperglycemia, However, large sample
research and in-depth discussion are still needed.

This study found that 184 cases (20.4%) had no-reflow.
The neutrophil count in the no-reflow group was signifi-
cantly higher than that in the normal reflow group. Neu-
trophil count was an independent predictor of no-reflow. A
previous meta-analysis [43] showed that the high and middle
neutrophil count groups had a higher risk of no-reflow than
the low neutrophil count group. The underlying mechanism
of neutrophil participation in no-reflow is complex. Ische-
mic injury of cardiomyocytes manifests as cardiomyocyte
swelling and interstitial oedema. Pathological changes in
cardiomyocytes increase the compression of intramural
vessels and induce neutrophil blockage and activation in
coronary microcirculation. Oxygen free radicals released by
activated neutrophils contribute to endothelial injury and

reperfusion injury. During reperfusion, due to the excessive
production of reactive oxygen species, neutrophils adhere to
endothelial cells and then activate NF-xB cascade. The
structural lumen obstruction of microvessels is caused by
microaggregates formed by neutrophils and platelets, which
aggravate reperfusion injury [44]. In addition, due to the
increase in vascular permeability, neutrophil infiltration in
vulnerable myocardium enhances interstitial oedema and
extravascular mechanical compression, resulting in the no-
reflow pathological process [45].

In this study, we found that a Killip classification >1 was
associated with no-reflow. Patients without reflow had a
higher Killip grade, which is consistent with the results of
Zhou et al. [46]. The higher Killip grade in patients without
reflow may be related to larger infarct size and reduced
coronary perfusion pressure. The decrease in coronary
artery pressure accelerates the blockage of microvessels by
neutrophils, resulting in no-reflow.

This study has some limitations. The sample size was
relatively small and limited to a single hospital. Furthermore,
the evaluation of no-reflow after pPCI was visually assessed
based on angiograms without echocardiography and cardiac
magnetic resonance examinations.

5. Conclusion

HsCRP/PAB, neutrophil count, plasma glucose levels, dia-
betes mellitus, Killip classification, intraoperative IABP use,
and aspiration thrombectomy are the independent risk
factors for no-reflow after pPCI.

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Authors’ Contributions

Ying Yu and Xianyi Wu contributed equally to this work.

References

[1] J. P. Collet, H. Thiele, E. Barbato et al., “ESC guidelines for the

management of acute coronary syndromes in patients pre-

senting without persistent ST-segment elevation,” European

Heart Journal, vol. 42, no. 14, pp. 1289-1367, 2020.

B. Vogel, B. E. Claessen, S. V. Arnold et al, “ST-segment

elevation myocardial infarction,” Nature Reviews Disease

Primers, vol. 5, no. 1, p. 39, 2019.

[3] R. Partow-Navid, N. Prasitumkum, A. Mukherjee,
P. Varadarajan, and R. G. Pai, “Management of ST elevation
myocardial infarction (STEMI) in different settings,” The
International Journal of Angiology: Official Publication of the
International College of Angiology, vol. 30, no. 1, pp. 67-75,
2021.

[4] J. L. Ciofani, U. K. Allahwala, R. Scarsini et al., “No-reflow
phenomenon in ST-segment elevation myocardial infarction:

[2



[5

[6

[7

(10]

(11

[12

(13]

(14]

(15]

(16

(17]

(18]

still the Achilles’ heel of the interventionalist,” Future Car-
diology, vol. 17, no. 2, pp. 383-397, 2021.

A. Feher, S. Y. Chen, Z. Bagi, and V. Arora, “Prevention and
treatment of no-reflow phenomenon by targeting the coro-
nary microcirculation,” Reviews in Cardiovascular Medicine,
vol. 15, no. 1, pp. 38-51, 2014.

S. H. Rezkalla, R. V. Stankowski, J. Hanna, and R. A. Kloner,
“Management of no-reflow phenomenon in the catheteriza-
tion laboratory,” JACC: Cardiovascular Interventions, vol. 10,
no. 3, pp. 215-223, 2017.

G. Kaur, P. Baghdasaryan, B. Natarajan et al., “Pathophysi-
ology, diagnosis, and management of coronary no-reflow
phenomenon,” The International Journal of Angiology: Official
Publication of the International College of Angiology, vol. 30,
no. 1, pp. 15-21, 2021.

T. Reffelmann and R. A. Kloner, “The “no-reflow” phe-
nomenon: basic science and clinical correlates,” Heart, vol. 87,
no. 2, pp. 162-168, 2002.

R. A. Montone, M. Camilli, M. G. Del Buono et al., “(No-
reflow: update on diagnosis, pathophysiology and therapeutic
strategies),” Glomale Italiano di Caradiologia (2006), vol. 21,
no. 6 Suppl 1, pp. 4s-14s, 2020.

A. Durante and P. G. Camici, “Novel insights into an “old”
phenomenon: the no reflow,” International Journal of Car-
diology, vol. 187, pp. 273-280, 2015.

P. G. Steg, S. K. James, D. Atar et al., “ESC Guidelines for the
management of acute myocardial infarction in patients pre-
senting with ST-segment elevation,” European Heart Journal,
vol. 33, no. 20, pp. 2569-2619, 2012.

B. Ibanez, S. James, S. Agewall et al., “2017 ESC guidelines for
the management of acute myocardial infarction in patients
presenting with ST-segment elevation: the task force for the
management of acute myocardial infarction in patients pre-
senting with ST-segment elevation of the European Society of
Cardiology (ESC),” European Heart Journal, vol. 39, no. 2,
pp. 119-177, 2018.

M. F. Piepoli, A. W. Hoes, S. Agewall et al., “2016 European
guidelines on cardiovascular disease prevention in clinical
practice: the sixth joint task force of the European society of
Cardiology and other societies on cardiovascular disease
prevention in clinical practice (constituted by representatives
of 10 societies and by invited experts): developed with the
special contribution of the European association for cardio-
vascular prevention & rehabilitation (EACPR),” European
Journal of Preventive Cardiology, vol. 23, pp. 1-96, 2016.

J. P. S. Henriques, F. Zijlstra, A. W. J. van’t Hof et al,,
“Angiographic assessment of reperfusion in acute myocardial
infarction by myocardial blush grade,” Circulation, vol. 107,
no. 16, pp. 2115-2119, 2003.

A. W. van ’t Hof, A. Liem, H. Suryapranata, J. C. Hoorntje,
M. J. de Boer, and F. Zijlstra, “Angiographic assessment of
myocardial reperfusion in patients treated with primary an-
gioplasty for acute myocardial infarction: myocardial blush
grade. Zwolle Myocardial Infarction Study Group,” Circula-
tion, vol. 97, no. 23, pp. 2302-2306, 1998.

G. Niccoli, F. Burzotta, L. Galiuto, and F. Crea, “Myocardial
no-reflow in humans,” Journal of the American College of
Cardiology, vol. 54, no. 4, pp. 281-292, 2009.

C. Bouleti, N. Mewton, and S. Germain, “The no-reflow
phenomenon: state of the art,” Archives of Cardiovascular
Diseases, vol. 108, no. 12, pp. 661-674, 2015.

G. Caiazzo, R. L. Musci, L. Frediani et al., “State of the art,”
Cardiology Clinics, vol. 38, no. 4, pp. 563-573, 2020.

(19]

[20

(21]

(22]

(23]

[24]

(25]

(26]

(27]

(28]

(29]

(30]

(31]

(32]

(33]

Cardiology Research and Practice

M. van Kranenburg, M. Magro, H. Thiele et al., “Prognostic
value of microvascular obstruction and infarct size, as mea-
sured by CMR in STEMI patients,” Journal of the American
College of Cardiology: Cardiovascular Imaging, vol. 7, no. 9,
pp. 930-939, 2014.

Z.Wang, L. Ren, N. Liu, and J. Peng, “Utility of hematological
parameters in predicting no-reflow phenomenon after pri-
mary percutaneous coronary intervention in patients with ST-
segment elevation myocardial infarction,” Clinical and Ap-
plied Thrombosis, vol. 24, no. 7, pp. 1177-1183, 2018.

Z. Wang, L. Ren, L. Lei, H. Ye, and J. Peng, “The relationship
between neutrophil counts on admission and angiographic
no-reflow after primary percutaneous coronary intervention
in patients with ST-segment elevation myocardial infarction,”
Acta Cardiologica, vol. 71, no. 2, pp. 241-246, 2016.

G. Heusch, “The coronary circulation as a target of car-
dioprotection,” Circulation Research, vol. 118, no. 10,
pp. 1643-1658, 2016.

W.-K. Lo, “Serum parameters, inflammation, renal function
and patient outcome,” Contributions to Nephrology, vol. 150,
pp. 152-155, 2006.

Y. Karabag, M. Cagdas, I. Rencuzogullari et al., “Usefulness of
the c-reactive protein/albumin ratio for predicting no-reflow
in ST-elevation myocardial infarction treated with primary
percutaneous coronary intervention,” European Journal of
Clinical Investigation, vol. 48, no. 6, Article ID €12928, 2018.
M. Liu, T. Liang, P. Zhang, Q. Zhang, L. Lu, and Z. Wang,
“hsCRP and ET-1 expressions in patients with no-reflow
phenomenon after percutaneous coronary intervention,”
Pakistan Journal of Medical Sciences, vol. 33, no. 4, pp. 920-
925, 2017.

W. B. Liu, Z. P. Zou, H. P. Jiang et al., “Clinical significance of
dynamic changes in hs-CRP and ADAMTS13 levels in the
blood serum of patients with no-reflow after PCI operation,”
European Review for Medical and Pharmacological Sciences,
vol. 20, no. 19, pp. 4148-4155, 2016.

N. J. Cano, “Metabolism and clinical interest of serum
transthyretin (prealbumin) in dialysis patients,” Clinical
Chemistry and Laboratory Medicine, vol. 40, no. 12,
pp. 1313-1319, 2002.

Q. Xie, Y. Zhou, Z. Xu et al., “The ratio of CRP to prealbumin
levels predict mortality in patients with hospital-acquired
acute kidney injury,” BMC Nephrology, vol. 12, no. 1, p. 30,
2011.

J. Llop-Talaveron, M. B. Badia-Tahull, and E. Leiva-Badosa,
“An inflammation-based prognostic score, the c-reactive
protein/albumin ratio predicts the morbidity and mortality of
patients on parenteral nutrition,” Clinical Nutrition, vol. 37,
no. 5, pp. 1575-1583, 2018.

S. Harriman, N. Rodych, P. Hayes, and M. A. J. Moser, “The
C-reactive protein-to-prealbumin ratio predicts fistula clo-
sure,” The American Journal of Surgery, vol. 202, no. 2,
pp. 175-178, 2011.

J. C. Pinilla, P. Hayes, W. Laverty, C. Arnold, and V. Laxdal,
“The C-reactive protein to prealbumin ratio correlates with
the severity of multiple organ dysfunction,” Surgery, vol. 124,
no. 4, pp. 799-806, 1998.

C. Zhang, P. Liu, K. Xia et al., “Association of serum pre-
albumin with angiographic severity in patients with acute
coronary syndrome,” Medical Science Monitor, vol. 23,
pp. 4041-4049, 2017.

W. Wang, D. Ren, C.-S. Wang, T. Li, and H.-C. Yao, “High
sensitivity =~ C-reactive protein to prealbumin ratio



Cardiology Research and Practice

(34]

(35]

(36]

(37]

(38]

(39]

(40]

(41]

(42]

(43]

(44]

(45]

(46]

measurement as a marker of the prognosis in acute coronary
syndrome,” Scientific Reports, vol. 9, no. 1, Article ID 11583,
2019.

A. Yildiz, A. Arat-Ozkan, C. Kocas et al., “Admission hy-
perglycemia and TIMI frame count in primary percutaneous
coronary intervention,” Angiology, vol. 63, no. 5, pp. 325-329,
2012.

P. Mone, J. Gambardella, F. Minicucci, A. Lombardi,
C. Mauro, and G. Santulli, “Hyperglycemia drives stent
restenosis in STEMI patients,” Diabetes Care, vol. 44, no. 11,
pp. €192-e193, 2021.

K. Iwakura, H. Ito, M. Ikushima et al., “Association between
hyperglycemia and the no-reflow phenomenon inpatients
with acute myocardial infarction,” Journal of the American
College of Cardiology, vol. 41, no. 1, pp. 1-7, 2003.

G. Booth, T. J. Stalker, A. M. Lefer, and R. Scalia, “Elevated
ambient glucose induces acute inflammatory events in the
microvasculature: effects of insulin,” American Journal of
Physiology-Endocrinology and Metabolism, vol. 280, no. 6,
pp. E848-E856, 2001.

M. Shechter, C. N. Bairey Merz, M. J. Paul-Labrador, and
S. Kaul, “Blood glucose and platelet-dependent thrombosis in
patients with coronary artery disease,” Journal of the Amer-
ican College of Cardiology, vol. 35, no. 2, pp. 300-307, 2000.
J. R. Kersten, M. W. Montgomery, T. Ghassemi et al., “Di-
abetes and hyperglycemia impair activation of mitochondrial
KATP channels,” American Journal of Physiology-Heart and
Circulatory Physiology, vol. 280, no. 4, pp. H1744-H1750,
2001.

P. F. McDonagh, J. Y. Hokama, J. G. Copeland, and
J. M. Reynolds, “The blood contribution to early myocardial
reperfusion injury is amplified in diabetes,” Diabetes, vol. 46,
no. 11, pp. 1859-1867, 1997.

A. Kirresh, L. Candilio, and G. W. Stone, “Intralesional de-
livery of glycoprotein IIb/IIla inhibitors in acute myocardial
infarction: review and recommendations,” Catheterization ¢
Cardiovascular Interventions, vol. 99, no. 3, 2021.

P. Mone, A. Pansini, M. Rizzo, F. Minicucci, and C. Mauro,
“ST-elevation myocardial infarction patients with hypergly-
cemia: effects of intravenous adenosine,” The American
Journal of the Medical Sciences, vol. 363, 2022.

J. Tian and Y. Liu, “Prognostic association of circulating
neutrophil count with no-reflow in patients with ST-segment
elevation myocardial infarction following successful primary
percutaneous intervention,” Disease Markers,
vol. 20179 pages, Article ID 8458492, 2017.

K. Distelmaier, M.-P. Winter, F. Dragschitz et al., “Prognostic
value of culprit site neutrophils in acute coronary syndrome,”
European Journal of Clinical Investigation, vol. 44, no. 3,
pp. 257-265, 2014.

D. J. Hausenloy and D. M. Yellon, “Targeting myocardial
reperfusion injury-the search continues,” New England
Journal of Medicine, vol. 373, no. 11, pp. 1073-1075, 2015.
H. Zhou, X.-Y. He, S.-W. Zhuang et al., “Clinical and pro-
cedural predictors of no-reflow in patients with acute myo-
cardial infarction after primary percutaneous coronary
intervention,” World Journal of Emergency Medicine, vol. 5,
no. 2, pp. 96-102, 2014.



