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Background: This study assessed the association between a novel inflammatory marker, uric acid (UA)-to-albumin ratio
(UAR), and preprocedural intracoronary artery thrombus (ICAT) in ST elevation myocardial infarction (STEMI).
Material/Methods: A total of 171 STEMI patients treated by primary percutaneous coronary intervention between February and
December 2023 were evaluated prospectively in this cross-sectional study. The patients were stratified into 2
groups as low (grades 1 to 3) and high-(ICAT) groups (grades 4 and 5). To determine the independent predic-
tors of lower and higher ICAT, multivariate regression analysis was performed.
Results: C-reactive protein (CRP), UA, and UAR were significantly higher in the high ICAT group (1.11 (0.3-2.8) vs 0.80
(0.10-2.8), P=0.037; 5.4 (3.5-7.2) vs 4.9 (3.4-5.6), P<0.001; 1.78 (0.82-3) vs 1.48 (0.77-2.57), P<0.001, respectively).
However, albumin levels were similar between groups (3.1 (2.1-4.4) vs 3.3 (2.1-4.4), P=0.243). Higher UAR (OR:
3.95% Cl: 1.23-12.7, P=0.021), lower left ventricular ejection fraction (LVEF) (OR=0.802; 95% Cl 0.7537-0.872;
P<0.001), longer pain-wire crossing time (OR=1; 95% Cl: 1-1.02; P<0.001), and diabetes mellitus (OR=0.181;
95% Cl 0.46-0.7; P<0.001) were independent predictors of ICAT.
Conclusions: UAR, a marker of inflammation, is an independent predictor of ICAT in patients with STEMI.
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Introduction

Despite advancements in management, acute ST elevation myo-
cardial infarction (STEMI) continues to be an important disease.
Use of primary percutaneous coronary intervention (PCl) has
caused decrease in mortality, but proper management during
and after diagnosis is still quite important [1,2]. Defining the
patient’s risk at admission can help set appropriate medical
and interventional therapies to define discharge time and time
for follow-up and prevent adverse outcomes [2,3].

The role of inflammation in atherosclerosis and STEMI has been
shown in several studies [4-6]. Uric acid (UA), which is the fi-
nal product of purine metabolism, possesses antioxidant prop-
erties under normal conditions [7]. However, UA may act as a
pro-oxidant molecule and accelerate atherosclerosis in coro-
nary plaques and was reported to be related to coronary artery
disease (CAD) and mortality [8,9]. Serum albumin (SA) has an-
tioxidant and anticoagulant functions and performs many vi-
tal functions in the body [10]. During inflammation, SA levels
decrease because of synthesis-degradation imbalance in fa-
vor of degradation [11]. Several inflammatory parameters, in-
cluding uric acid (UA) to SA ratio (UAR), have been proposed
to predict cardiovascular adverse outcomes in patients with
STEMI [5,12]. In patients with acute coronary syndrome (ACS),
angiographic preprocedural intracoronary thrombus was re-
ported to be present in nearly one-fifth of patients. In addi-
tion, high preprocedural intracoronary artery thrombus (ICAT)
was shown to be significantly related to increased thrombot-
ic complications and death [13,14]. High ICAT has been dem-
onstrated to be associated with compromised microvascular
perfusion resulting from distal embolization, even after com-
plete reopening of the infarct-related artery [14]. Several stud-
ies have shown the relationship between inflammation and
ICAT [13,15,16]. In this study, our objective was to explore the
relationship between UAR and ICAT in STEMI patients who un-
derwent primary PCl treatment.

Material and Methods

Study Population and Design

The patients and their relatives were informed about the study
and provided written consent. This article was reviewed by the
Recep Tayyip Erdogan University Non-Interventional Clinical
Research Ethics Committee at its meeting held on 11.01.2024,
in accordance with the ethics committee directive, and was
found to be scientifically and ethically appropriate (approval
number 2024/09).

A total of 171 STEMI patients admitted to our emergency ser-
vice that were treated by primary PCI between February 2023
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and December 2023 were evaluated prospectively in this cross-
sectional study. The clinical and laboratory parameters were
documented upon admission. A comprehensive physical ex-
amination was conducted, collecting data on smoking status,
history of coronary artery disease (CAD), hypertension (defined
as systolic blood pressure [SBP] >140 mmHg and/or diastolic
blood pressure [DBP] 90 mmHg in at least 2 measurements or
the use of antihypertensive therapy), diabetes mellitus (DM),
family history of CAD, hyperlipidemia (HL), and extra-cardiac
conditions such as active or chronic infections, cancer, chron-
ic obstructive pulmonary disease, chronic autoimmune and
systemic inflammatory diseases, and chronic renal or hepatic
diseases. The current use of antiplatelets, beta blockers (BB),
statins, and angiotensin-converting enzyme inhibitors (ACEls)
was documented. Patients’ heart rate, systolic blood pressure
(SBP), and diastolic blood pressure (DBP) were recorded. To
diagnose STEMI, a standard 12-lead ECG was performed us-
ing an electrocardiography (ECG) device (Nihon Kohden, Tokyo,
Japan). The electrocardiographic and clinical diagnosis of STEMI
was established according to the fourth universal definition of
myocardial infarction (MI) criteria. STEMI diagnosis was based
on the following criteria according to the current guidelines: in
the presence of ischemic chest pain, 21 mm new ST-segment
elevation or more at the J point in 2 or more contiguous leads
in at least 2 contiguous anterior chest leads on electrocardi-
ography (ECG) [17] (Figure 1). The MI patterns were defined
as anterior and non-anterior, including inferior, high lateral,
and true posterior MI. The pain to wire crossing (PWC) time
was determined according to the latest STEMI guidelines as
the time in seconds between the onset of ischemic chest pain
and to wire crossing that provides reperfusion in culprit dis-
tal coronary artery [2,18,19]. Emergency transthoracic echo-
cardiography at admission with measurement of left ventric-
ular ejection fraction (LVEF) was performed in all patients (GE
VividTM 8 Ultrasound Machine; GE Healthcare, Piscataway, NJ,
USA) according to the current clinical practice guidelines [20].
Body mass index (BMI) was computed as weight in kilograms
divided by the square of height in meters. After the initial as-
sessment, each patient was transferred to the coronary cath-
eterization unit. We excluded patients with rheumatologic/
connective tissue diseases and gout, those who underwent
fibrinolytic therapy and required emergency coronary bypass
surgery, individuals with end-stage kidney disease and ma-
lignancy, and those with culprit lesions in the left main cor-
onary artery and myocardial infarction with non-obstructive
coronary arteries.

Blood Samples

Blood samples were drawn from the antecubital vein. Admission
hemoglobin (Hgb), troponin, C-reactive protein (CRP), albu-
min concentration (Abbott Architect 1600 Clinical Chemistry;
Abbott Core Laboratory, Germany, normal range: 3.5-5.5 g/dL),

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€945832-2




Duman H. et al:
Inflammatory markers and thrombus burden
© Med Sci Monit, 2024; 30: €945832

CLINICAL RESEARCH

Figure 1. STEMI diagnosis based on ECG.

and serum UA level (Roche Cobas C analyzer with colorimet-
ric uricase method [Roche Diagnostics, Indianapolis, IN, nor-
mal range: 1.5-7 mg/dL]) were measured with standard meth-
ods from the obtained blood specimens. UA, creatinine, SA,
and serum lipids, including total cholesterol (TC), low-density
lipoprotein (LDL), high-density lipoprotein (HDL), and triglyc-
erides (TG), were measured using an ARCHITECT c16000 clin-
ical chemistry analyzer (Abbott Laboratories, Abbott Park, IL,
USA). Complete blood count, including white blood cells (WBC)
and platelet counts (PLT), was assessed using a CELL-DYN Ruby
hematology analyzer (Abbott Laboratories). The UA- to-albu-
min ratio was determined by dividing the UA level by the SA
level. The glomerular filtration rate (GFR) was calculated us-
ing the Cockroft-Gault formula.

Coronary Angiographic Definitions and Primary PCI

Coronary angiography data were collected by reviewing the
saved images. The coronary angiography was performed
through either femoral or radial artery with a C-arm angiog-
raphy system (Siemens, Erlangen, Germany), and >50% ste-
nosis in a major coronary artery was accepted as significant

obstruction. The appropriate anticoagulant and antiplatelet
treatments were started at admission with 300 mg chewable
aspirin and a loading dose of 600 mg clopidogrel given. A stan-
dard heparin bolus of 70 U/kg was given before the procedure.
Intravenous tirofiban infusion was started at the discretion of
the physician with a bolus of 10 mg/kg and 0.15 mg/kg/min
maintenance dose. Percutaneous coronary intervention (PCI)
for the target artery and complete revascularization, when
required, were carried out by following current revasculariza-
tion guidelines [22]. To navigate through the coronary block-
age, 0.014-inch guidewires were employed. The angiograms
were reviewed by 2 experienced interventional cardiologists
who were blinded to the patients’ clinical data. In addition, all
patients were treated with the same medication and invasive
procedure, and none of patients received thrombolytic thera-
py during the follow-up.

Definition of High-Grade ICAT
Angiographic ICAT burden was classified as the following TIMI

grades: Grade 0: no thrombus, Grade 1: Possible thrombus,
Grade 2: the greatest dimension of thrombus is <1/2 of the

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€945832-3




CLINICAL RESEARCH

Duman H. et al:
Inflammatory markers and thrombus burden
© Med Sci Monit, 2024; 30: €945832

Figure 2. Thrombus burden classification. (A) No thrombus, (B) Possible thrombus, (C) thrombus <1/2 reference vessel diameter (RDV),
(D) thrombus >1/2 RDV <2RDV, (E) thrombus >2RDV, (F) total occlusion. The Thrombolysis In the Myocardial Infarction (TIMI)
thrombus classification consists of 6 grades from grade 0 (no thrombus) to grade 5 (total occlusion).

vessel diameter, Grade 3: The greatest dimension of throm-
bus is between >1/2 and <2 of vessel diameters, Grade 4: The
greatest dimension of thrombus is >2 of vessel diameters, and
Grade 5: total vessel occlusion due to the thrombus. Grade >4
was considered to be a high-grade ICT burden [23] (Figure 2).
ICAT assessment was done immediately after anterograde
flow was restored by guidewire passage or minor balloon in-
flation. Patients were categorized into low-ICAT (grades 1 to
3) and high-ICAT groups (grades 4 and 5) based on the final
thrombus score. To evaluate coronary no-reflow, the throm-
bolysis in myocardial infarction (TIMI) flow of the culprit ar-
tery was assessed. This was classified as TIMI 0 for complete
obstruction after the lesion, TIMI 1 if contrast reached the ob-
struction without distal contrast penetration, TIMI 2 if contrast
filled the entire artery but with slow flow, and TIMI 3 if nor-
mal perfusion was achieved. Coronary no-reflow was defined
as TIMI 0-1 flow in the culprit artery after balloon angioplas-
ty and stenting [24].

Statistical Analyses

The statistical analyses were performed with SPSS 18 (SPSS,
Inc, Chicago, Illinois). A P value of <0.05 was assumed to be

significant. Shapiro-Wilk test was used to determine the dis-
tribution of normality of continuous variables. The continuous
and categorical variables are presented as mean+standard de-
viation (+SD) and percentages (%), respectively. Median and
interquartile range (IQR) were used for variables with non-nor-
mal distribution. The categorical variables are presented as
percentages and numbers, and the chi-square test was used
to compare the groups. We used the t test or Mann-Whitney
U test to compare continuous variables between the groups,
depending on normal or non-normal distribution of these vari-
ables. The relationship between ICAT groups and other param-
eters was evaluated by logistic regression analysis. The vari-
ables with P value less than 0.05 in univariate analysis were
included in multivariate logistic regression analysis. To deter-
mine the independent predictors of lower and higher ICAT,
multivariate logistic regression analysis was performed by
using the variables that were determined in univariate anal-
ysis. According to the parameters that showed co-variability,
we formed 2 distinct models: UAR (model 1), and UA, albu-
min, and CRP (model 2). The predictive validities were quanti-
fied as the area under the ROC curve (c statistics) to estimate
sensitivity and specificity of the variables which had P value
<0.05 in univariate analysis [25].
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Table 1. Baseline clinical and laboratory characteristics according to ICAT.

All patients High TB

Variable (n=171) (n=114)

Age, years 59.9+10.8 59.5+10.8 60.2+10.8 0.703

B-blocker 12.9 14.0 12.3 0.810

ACE - angiotensin converting enzyme; ARB — angiotensin receptor blocker; BMI — body mass index; CAD — coronary artery disease;

CCB - calcium channel blocker; CRP — C-reactive protein; LVEF — left ventricular ejection fraction; GFR — glomerular filtration rate;

HDL - high-density lipoprotein; ICAT — intracoronary arterial thrombus; LDL — low-density lipoprotein; PWC — pain to wire crossing
time; SBP — systolic blood pressure; UA — uric acid; UAR — uric acid albumin ratio; WBC — white blood cell. * The normal cut-off value of
troponin in our laboratory <100 Ng/L.
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Table 2. Independent predictors of preprocedural intracoronary artery thrombus (ICAT) with multivariate P value, OR with 95% Cl.

Univariate
Variable

PWC time 1.01

1.01-1.02 <0.001 1

95% Cl P value 95% Cl P value

1-1.02 <0.001 1.01 1-1.02 <0.001

CRP — C-reactive protein; LVEF — left ventricular ejection fraction; ICAT — intracoronary arterial thrombus; PWC — pain to wire crossing;

UA — uric acid; OR — odds ratio; UAR — uric acid albumin ratio.

Results

Our study included a total of 171 consecutive patients diag-
nosed with STEMI. Table 1 summarizes the basic clinical, de-
mographic, and laboratory features of the study groups and
their comparisons. The patients were allocated into 2 groups
according to their ICAT category: 114 patients had high ICAT
and 57 had low ICAT. The mean age of the patients was 59.9
years and 42.1% were female. The demographic characteristics,
including age and sex, were similar between groups (P=0.753
and P=0.105, respectively). The family history and number of
hypertensives were also similar between groups (P=0.203 and
P=0.884, respectively). The number of diabetic patients were
higher in high ICAT group, without reaching statistical signifi-
cance (22.1% vs 10.7%, P=0.052). The systolic blood pressures
at admission were significantly lower in the high ICAT group
(135+11 vs 1414120, P=0.046). The Ml localizations were similar
between groups (55.3% anterior vs 44.7% non-anterior Ml in the
high ICAT group, P=0.109). The proportion of patients with no-
reflow was higher in the high ICAT group, without reaching sta-
tistical significance (5.3% vs 1.8%, P=0.275). PWC time was sig-
nificantly longer in the high ICAT group (341496 vs 265.7+127,
P<0.001). The troponin levels were significantly higher in the
high ICAT group [645 (100-7000) vs 480 (55-4000), P=0.003].
The serum levels of LDL (150415 vs 146+14, P=0.176), HDL
(30+13 vs 30+10, P=0.935), triglycerides (205471 vs 192+69,
P=0.702) and GFR (60.8+18 vs 63+17, P=0.460) were similar
between groups. CRP, UA, and UAR were significantly high-
er in the high ICAT group (1.11 (0.3-2.8) vs 0.80 (0.10-2.8),
P=0.037; 5.4 (3.5-7.2) vs 4.9 (3.4-5.6), P<0.001; 1.78 (0.82-3)
vs 1.48 (0.77-2.57), P<0.001, respectively). However, albumin
level was similar between groups (3.1 (2.1-4.4) vs 3.3 (2.1-4.4),

P=0.243). In univariate logistic regression analysis, age, diabe-
tes, CRP, and troponin levels did not reach statistical signifi-
cance. However, UA, UAR, LVEF, and PWC time had significant
association. Table 2 presents 2 distinct models in our multi-
variate analysis. Model 1 showed that higher UAR (odds ra-
tio (OR): 3.95% Cl: 1.23-12.7, P=0.021), lower LVEF (OR=0.802;
95% Cl 0.7537-0.872; P<0.001), longer PWC time (OR=1; 95%
Cl: 1-1.02; P<0.001), and diabetes (OR=0.181; 95% Cl 0.46-0.7;
P<0.001) had significant association with ICAT. Model 2 showed
significant association between higher UA and high ICAT
(OR=2.42; 95% Cl: 1.36-4.28; P=0.002), while a nonsignificant
association was found between SA and high ICAT (OR=0.912;
95% Cl: 0.38-2.17; P=0.836). The cutoff values of UAR, LVEF,
and PWC time in predicting high ICAT were 1.75 with a sen-
sitivity of 51.8% and a specificity of 82.5% (area under curve
(AUC), 0.680; 95% Cl, 0.604-0.749; P<0.001), 44% with a sen-
sitivity of 63.2% and a specificity of 84.2% (AUC, 0.806; 95%
Cl, 0.739-0.862; P<0.001), and 280 with a sensitivity of 94.7%
and a specificity of 63.2% (AUC, 0.846; 95% Cl, 0.783-0.896;
P<0.001), respectively, in the ROC curve analysis (Figure 3).

Discussion

The main finding in this study was that higher ICAT was sig-
nificantly related to CRP, UA, and UAR in patients with acute
STEMI. Higher UAR and UA, lower LVEF, longer PWC time, and
diabetes mellitus are independent predictors of ICAT.

STEMI, one of the most devastating presentations of acute cor-
onary syndromes, was reported to have an annual incidence of
750000, including new and recurrent admissions [26]. Besides
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Figure 3. The receiver operating characteristic (ROC) curve
comparison of uric acid-to-albumin ratio (UAR), pain to
wire crossing time and left ventricular ejection fraction
(LVEF) in the prediction of low-high preprocedural
intracoronary artery thrombus. (SPSS Statistics version
29.0.2.0.(20) IBM SPSS Statistics software).

medical therapy, prompt coronary intervention and recogni-
tion and treatment of complications remains the mainstay of
the management [26].

High ICAT in STEMI was reported to be related to larger infarct
size with increased risk of distal embolization, coronary no-
reflow, and death [27,28]. Inflammation and thrombosis are
closely related with a conjoint association, in which inflamma-
tion is both the cause and result [13]. After acute artery oc-
clusion, inflammatory molecules are released from endotheli-
um and ischemic myocardial tissue [13,29]. Inflammation has
been extensively studied in atherosclerosis and acute STEMI
[30]. Several inflammatory parameters play a role as surrogate
markers of atherosclerotic disease severity and help to discrim-
inate more extensive disease and individuals with higher risk
[5,13,15,16,25]. These may help clinicians to decide the ag-
gressiveness of medical and interventional therapies and dis-
charge time, as well as closer follow-up [28].

The prevalence of traditional risk factors, including male pre-
dominance, older age, presence of diabetes mellitus (DM), hy-
pertension (HT), smoking, dyslipidemia, and previous history of
coronary artery disease (CAD), were similar between our low
and high thrombosis burden groups. However, most of these
risk factors were present in the high ICAT group [31,32]. This

CLINICAL RESEARCH

finding may be an advantage in comparison of our inflam-
mation parameters between groups. The number of diabet-
ics was slightly higher in the high ICAT group, without reach-
ing statistical significance. Diabetes mellitus is an important
risk factor and was reported to be related to high thromboge-
nicity with increased recurrent ischemia risk even after treat-
ment by PCl and guideline-directed medical therapy in acute
coronary syndrome patients as compared to individuals with-
out DM [25,33]. This finding led us to include DM in our mul-
tivariate analysis, even though it was not significantly corre-
lated in our univariate analysis. In both multivariate analysis
models, DM was an independent predictor of high ICAT. The
admission SBPs were lower in the high ICAT group, which may
be explained by including more higher-risk individuals in this
group. In some studies, patients with higher admission SBP
were reported to have better outcomes in terms of major ad-
verse cardiovascular events and in-hospital mortality indepen-
dent of ICAT [34,35]. Admission CRP levels were higher in our
high ICAT group, which may indicate higher rates of inflam-
mation and more thrombotic risk in this group. In the study
of Kaplangoray et al, CRP-to-albumin ratio was reported to be
associated with high ICAT in patients with newly diagnosed
STEMI [36]. CRP was also previously demonstrated to be re-
lated to high ICAT in another study [37]. Significantly higher
troponin level in the high ICAT group is another finding simi-
lar to previous research [38]. Although they were found to be
similar between groups, moderately elevated LDL and TG lev-
els and lower HDL levels in our patients may reflect the fact
that dyslipidemia is a traditional risk factor for STEMI [1]. Our
findings showed that LVEF was significantly lower in the high
ICAT group and was an independent predictor of higher ICAT.
LVEF, as a prognostic marker in STEMI, is related to adverse
cardiovascular events, including heart failure and death [1]. A
very recent meta-analysis of randomized trials reported that
thrombus aspiration had favorable effects on myocardial re-
modeling and left ventricular function in STEMI [38]. The data
regarding the relationship between LVEF and ICAT presented
in our paper shows the important effect of ICAT on left ven-
tricular functions in STEMI. PWC time is crucial for salvage
of myocardium under risk [2,3,39]. The direct association of
ICAT and PWC time has not been reported previously. In this
study, we demonstrated significantly higher PWC times in the
high ICAT group. Additionally, PWC time was observed to be
an independent predictor of ICAT, with a cutoff value of 280
seconds to discriminate low and high ICAT, with sensitivity of
95% and 63% specificity. In our model-2 multivariate analy-
sis, UAR and UA were also found to be independent predic-
tors of high ICAT. This finding is remarkable since the role of
UA may be more important than albumin in prediction of high
ICAT. Although the albumin level was lower in the high ICAT
group, the difference was not statistically significant and did
not predict higher ICAT. This may be due to the similarity of
the ICAT groups in terms of traditional risk factors and GFR.
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However, a different relationship was reported in our previous
study [13] in which we found significant relationship between
the CRP-albumin ratio and high ICAT. We also reported a simi-
lar significant relationship between lower albumin levels and
high ICAT and found a significant difference in albumin levels
between our study groups [13]. Since albumin is also a nutri-
tional marker, its levels may have been affected by some other
uncontrollable parameters in our study [10,11]. Nevertheless,
our findings regarding UAR and UA are comparable with pre-
vious studies [5,8,9,25]. The association of several parameters
such as risk of development of new onset atrial fibrillation,
mortality, and no-reflow phenomenon with UAR in STEMI pa-
tients were studied recently [5,40,41]. UAR is a relatively nov-
el surrogate parameter that can be used to predict high ICAT
in STEMI. Along with clinical and angiographic findings, it can
help to select the optimal management in this patient cohort.
To the best of our knowledge, this is the first report of a rela-
tionship between UAR and high ICAT in patients with STEMI.
Further studies are needed to elucidate its validity in STEMI.

Our study has several limitations. The primary limitation is
that it was a single-center study with a relatively small num-
ber of patients. Another limitation is the lack of patient follow-
up due to the cross-sectional nature of our study. Additionally,
a control group was not included in this study.
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Conclusions

As an inflammatory marker, UAR, together with PWC time and
admission LVEF, may be related to the preprocedural high ICAT
in patients presenting with acute STEMI. These surrogate vari-
ables may be helpful to identify patients at higher risk and de-
termine which patients need more aggressive management.
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