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Abstract. – OBJECTIVE: Increased coro-
nary thrombus load is a strong predictor of ad-
verse cardiovascular (CV) outcomes. Identifying 
predictors of intracoronary thrombus burden 
may contribute to the management of ST-seg-
ment elevation myocardial infarction (STEMI). 
We aimed at evaluating the relationship between 
the atherogenic index (ATI) and coronary throm-
bus burden in patients presenting with STEMI. 

PATIENTS AND METHODS: 139 patients who 
presented with STEMI and underwent prima-
ry percutaneous coronary intervention were in-
cluded in this study. Angiographic thrombus 
burden was classified as previously defined in 
the myocardial infarction (TIMI) study group. 

RESULTS: The patients were divided into two 
groups as those with high and low thrombus 
load. Independent predictors of high thrombus 
burden were ATI (OR: 4.23, 95% CI: 2.38-7.5; 
p<0.001), serum creatinine level (OR: 17.4, 95% 
CI: 3.03-101.4; p=0.001) and non-LAD involve-
ment (OR: 0.363, 95% CI: 0.14-0.92; p=0.034). 
The association of ATI with thrombus load was 
independent from HDL and TGL levels. 

CONCLUSIONS: The atherogenic index can 
be used as a reliable marker for increased coro-
nary thrombus burden, which is associated with 
adverse CV outcomes.
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Introduction

Partial or complete occlusion of the infarct-re-
lated artery (IRA) by an intracoronary thrombus 
is the pathognomonic feature of patients pre-
senting with ST-elevation myocardial infarction 
(STEMI). In most cases, the source of throm-
bogenesis is the erosion of the atherosclerotic 

plaque, followed by the interaction of the throm-
bogenic subendothelial matrix and plaque with 
the circulating platelets1.

Thrombus load can be highly variable, but its 
presence increases the risk of distal embolization, 
no-reflow, sudden closure, stent thrombosis, revas-
cularization, myocardial infarction, and death2-5.

The atherogenic index of plasma (AIP), a loga-
rithmically converted ratio of triglyceride to HDL 
cholesterol, was shown to be a strong predictor 
for atherosclerosis and coronary heart disease6-9. 
AIP reflects the true relationship between protec-
tive and atherogenic lipoprotein10. An AIP value 
below 0.11 is associated with lower CVD risk, 
and values   between 0.11 and 0.21 and above 0.21 
are associated with moderate and increased risks, 
respectively6,10.

It is important to identify the determinants of 
intracoronary thrombus burden. Some studies11,12 
have identified a relationship between parameters 
such as bilirubin and red cell distribution width 
(RDW) and thrombus burden. However, there 
is no study in the literature evaluating the rela-
tionship between atherogenic index (ATI) and 
thrombus burden in patients with STEMI. We 
hypothesized that ATI might be associated with 
thrombus burden and aimed at revealing this in 
our study.

Patients and Methods

The Study Population
139 consecutive patients who presented to the 

emergency department between January 2020 
and May 2021 and underwent primary PCI with 
the diagnosis of STEMI were included in this 
prospective cross-sectional observational study. 
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The diagnosis and treatment of STEMI were per-
formed according to the recommendations of cur-
rent guidelines13. The study protocol was reviewed 
and approved by the Recep Tayyip Erdogan Uni-
versity Clinical Research Ethics Committee and 
performed according to the principles of the Dec-
laration of Helsinki. Details of the study were 
explained to patients and written informed consent 
was obtained from participations.

Exclusion Criteria
Patients who received thrombolytics before 

primary PCI, those with stent thrombosis, sys-
temic inflammatory diseases, anemia, malignan-
cy, chronic renal failure (eGFR < 30), chronic 
liver disease, hematological diseases, recent in-
fection, history of blood transfusion in the last 3 
months, and patients who underwent CABG were 
not included in the study.

Obtaining the Demographic Data
All patients were evaluated by an experi-

enced cardiologist and demographic data were 
recorded. Hypertension was defined as having 
a systolic blood pressure ≥ 140 mm Hg and/or 
diastolic blood pressure ≥ 90 mm Hg on repeat 
measurements or using any antihypertensive 
drug. Diabetes mellitus was defined as having a 
fasting plasma glucose level of > 126 mg/dL or 
> 200 mg/dL at any measurement or using any 
antidiabetic drug.

Laboratory Measurements     
Peripheral venous blood samples were ob-

tained from the patients at admission. Blood 
biochemical parameters including a basal lipid 
panel, fasting glucose, creatinine, and CRP levels 
were measured.

Samples were collected into tubes anticoagu-
lated with EDTA to measure hemoglobin, white 
blood cell, neutrophil, and platelet counts. Sam-
ples were run on an automated blood cell counter, 
the Beckman Coulter analyzer.

The atherogenic index was calculated by using 
the following formula: log10 (TG/HDL-C)7 and 
classified as follows: -0.3 to 0.1 indicated a low 
risk, 0.1 to 0.24 indicated a medium risk, and 
more than 0.24 indicated a high risk of CVD6.

Angiographic Data
All patients diagnosed with STEMI were giv-

en a loading dose of 300 mg aspirin and 600 mg 
clopidogrel on admission to the hospital, and 70 
IU/kg unfractionated heparin during the PCI 

procedure. Except for cardiogenic shock, prima-
ry PCI was performed only on the responsible 
artery. Standard Judkins technique and Siemens 
Axiom Sensis XP device (Siemens, Munich, Ger-
many) were used to perform basal coronary angi-
ography. The contrast agent used was iopromide 
(Ultravist-370 Schering AG, Berlin, Germany).

Thrombus grade was assessed after total oc-
cluded lesions had restored antegrade flow via 
guidewire or small balloon dilation. Angiograph-
ic thrombus burden was classified as previously 
defined in the myocardial infarction (TIMI) study 
group (12). The classification was performed by 
two invasive cardiologists unaware of research 
data, as follows: Grade 0 - No thrombus, Grade 1 
- Probable thrombus, Grade 2 - The largest size of 
thrombus < 1/2 vessel diameter, Grade 3 - Largest 
size > 1/2 to < 2x vessel diameter, Grade 4 - Larg-
est size > 2x vessel diameter and Grade 5 - Total 
vascular occlusion due to thrombus. Patients were 
classified as having low (Grade 1-3) and high 
thrombus load (Grade 4 and 5) according to the 
final thrombus score.

Statistical Analysis
Continuous variables were given as mean ± 

standard deviation, and categorical variables 
as percentages and logarithmic transformations. 
Visual (histograms, probability plots), and an-
alytical methods (Kolmogorov-Smirnov/Shap-
iro-Wilk’s test) were used to determine whether 
the data were normally distributed. The student 
t-test was used to compare normally distributed 
parameters among the two groups, while the 
Mann-Whitney U-test test was used to compare 
non-normally distributed parameters. A p-value 
lower than 0.05 was considered statistically sig-
nificant. Cross tabulations were used to compare 
the rates of patients with categorical variables. 
The Chi-square or Fisher’s exact test (when 
Chi-square test assumptions did not hold due to 
low expected cell counts) was used to compare 
two different groups. In multivariate analysis 
(forward conditional), the possible factors iden-
tified with univariate analysis were assessed 
with logistic regression analysis to assess the 
independent predictors of high-grade thrombus 
load. Hosmer-Lemeshow goodness of fit statis-
tics was used to evaluate model fit. A 5% type-I 
error level was used to infer statistical signifi-
cance. Statistical analyses were performed using 
the SPSS software (Version 19.0, IBM Corp., 
Armonk, NY, USA).
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Results

99 male and forty female patients with a mean 
age of 59.5 +12.9 years were included in the anal-
ysis. The patients were divided into two groups as 
those with high (n=67) and low (n=72) thrombus 
load (Table I). When compared with the uni-
variate analysis, hyperlipidemia (p=0.006), ATI 
(<0.001), WBC (p=0.041), fasting glucose level 
(0.024), serum creatinine level (0.004), triglycer-
ide level (p<0.001), and CRP (p=0.022) were 
significantly higher in the high thrombus load 
group. Thrombus load was higher in patients in 
whom the LAD was not the responsible vessel 
(p<0.001). Remarkably, HDL cholesterol levels 

were lower in those with high thrombus load 
(p=0.031). Although insignificant, there were 
more patients with a history of PCI among those 
with high thrombus load (p=0.080). Similarly, 
anemia and neutrophil levels were insignificantly 
higher in the high thrombus load group.

Parameters that were significant in univariate 
analysis were included in the multivariate lo-
gistic regression analysis, except for two (Table 
II). Since TGL and HDL levels used in the diag-
nosis of HPL were included in the multivariate 
analysis, HPL was not included. Also, because 
WBC and CRP are indicators of inflammation, 
only CRP was included after logarithmic trans-
formation. Multivariate analysis revealed that 

Table I. Univariate comparison of the two groups according to the presence of high-grade thrombus.

  High grade thrombus High grade thrombus
 Variables (-) (n = 72) (+) (n = 67) p-value

Laboratory and Demographic Parameters

Age (year) 58.3 ± 11.9 60.9 ± 13.9 0.246
BMI (kg/m2) 29.5 ± 3.03 29.8 ± 4 0.655
Gender (male) 49 (68.1) 50 (74.6) 0.479
Previous PCI n (%) 15 (20.8) 22 (32.8) 0.080
Previous MI n (%) 18 (25) 21 (31.3) 0.260
Type 2 DM n (%) 15 (20.8) 20 (29.9) 0.258
Hypertension n (%) 67 (93.1) 60 (89.6) 0.552
Current smoker n (%) 52 (72.2) 45 (67.2) 0.581
Hyperlipidemia n (%) 70 (97.2) 56 (83.6) 0.006
Diagnosis (STEMI) n (%) 55 (76.4) 52 (77.6) 0.864
IRA (LAD) 36 (50) 21 (31.3) 0.038
Atherogenic Index  1.7 ± 0.85 2.6 ± 0.7 < 0.001
WBC (103/µL) 11.3 ± 3.6 12.7 ± 4.4 0.041
Hemoglobin (g/L) 14.5 ± 1.6 13.9 ± 1.9 0.059
Platelet (103/µL) 234 ± 71.6 246 ± 117.6 0.481
Neutrophil (103/µL) 8.2 ± 3.7 9.6 ± 4.6 0.052
Glucose (Fasting) (mg/dL) 153.6 ± 74 188.2 ± 102 0.024
Serum creatinine (mg/dL) 0.88 ± 1.24 1.06 ± 0.46 0.004
Total Cholesterol (mg/dL) 208.08 ± 54.9 209 ± 54.8 0.922
LDL Cholesterol (mg/dL) 139.1 ± 44.6 135.2 ± 45.6 0.616
HDL Cholesterol (mg/dL) 43.5 ± 9.3 40.1 ± 9.3 0.031
Triglyceride (mg/dL) 132.1 ± 73 188 ± 98.9 < 0.001
*CRP (Ln) 2.1 ± 1.5 2.7 ± 1.3 0.022

Medication
Acetylsalicylic acid n (%) 70 (97.2) 67 (100) 0.266
Beta-Blocker n (%) 64 (88.9) 57 (85.1) 0.615
ACE Inh. n (%) 56 (77.8) 53 (79.1) 0.849
ARB n (%) 4 (5.6) 2 (3) 0.682
Statin n (%) 66 (91.7) 66 (98.5) 0.117
P2Y12 Inh. n (%) 69 (95.8) 66 (98.5) 0.621
OAD/Ins n (%) 15 (20.8) 20 (29.7) 0.152

IRA: Infarct related artery; BMI, Body mass index; HDL, High-density lipoprotein; LDL, Low-density lipoprotein; NS; not 
significant; PCI, Percutaneous coronary intervention; Inh: Inhibitor; ACE: Angiotensin-Converting Enzyme Inhb.; ARB: 
Angiotensin Receptor Blockers; OAD: Oral Antidiabetic Agents; WBC: White Blood Cell. Continuous variables were given as 
mean ± SD. *Since it is a nonparametric value, logarithmic transformation was performed.
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ATI (OR:4.23, p<0.001), serum creatinine level 
(OR:17.4, p=0.001), and non-LAD involvement 
(OR:0.363, p=0.034) were independent predictors 
of high thrombus load.

Discussion

This study showed that serum creatinine level, 
ATI, and non-LAD lesions were independent 
predictors of increased thrombus load in patients 
with STEMI treated with primary PCI. The asso-
ciation of ATI with thrombus load was indepen-
dent of HDL and TGL levels. As far as we know, 
the association of ATI with thrombus load in 
STEMI was first put forward in our study.

Coronary artery occlusion and thrombus fol-
lowing atherosclerotic plaque rupture are the 
main underlying causes of STEMI pathophysiol-
ogy. It is known that increased thrombus load in 
patients with ACS is associated with distal embo-
lization and no-reflow phenomenon, resulting in 
impaired coronary perfusion and decreased left 
ventricular ejection fraction after the procedure6. 
Despite some conflicting results in the litera-
ture14-16, increased thrombus load (≥ 2x vessel 
diameter) was consistently found to be a strong 
predictor of major adverse cardiac events.

Low-density lipoprotein cholesterol (LDL-C) 
is an independent risk factor and an important 
intervention target for CAD. However, even if 
LDL-C is reduced to the target values, 50% of the 
cardiovascular risk remains17-19. Lipid metabolism 
studies20,21 examine the size of small, low-density 
lipoprotein (sdLDL), which is one of the lower 
fractions of LDL. Small, low-density lipopro-
tein is more atherogenic than floating LDL21. 

Therefore, sdLDL is considered a risk factor for 
atherosclerosis and a predictor of CV disease21,22. 
However, sdLDL measurement is limited in clin-
ical practice due to its complexity and high cost. 
The atherogenic index of plasma (AIP) indirectly 
reflects sdLDL levels and is calculated using 
the log (TG/HDL-C) formula8,23. This value was 
determined as an index to predict plasma athero-
sclerosis and CAD6,23. In line with the previous 
studies8,21-23, we showed that it may be related to 
thrombus load.

The filling of the distal microvascular bed by 
the thrombus is one of the most important mech-
anisms of the pathophysiology of no-reflow. In a 
study investigating the relationship between AIP 
and no-reflow in patients with STEMI, AIP was 
an independent predictor of no-reflow24. In their 
study on male acute coronary syndrome (ACS) 
patients, Burke et al25 observed a significant re-
lationship between thrombosis caused by plaque 
rupture and high total cholesterol (TC), and high 
TC/HDL-C ratio. In our study, although total 
cholesterol and LDL values were similar, high 
TG and low HDL values were prominent among 
those with high thrombus burden. In a study26 
conducted in the Turkish population, high AIP 
values   were a strong risk factor for CAD among 
both females and males, which was also valid in 
patients with ACS.

Multiple cross-sectional studies27-29 have re-
ported that AIP is a strong predictor of CAD, 
independent of diabetes. Small low-density lipo-
protein is strongly associated with atherosclerotic 
risk markers such as inflammation, thrombosis, 
hematological markers, and prediabetes. This 
study supports the hypothesis that sdLDL-C is a 
promising CVD risk biomarker30.

Table II. Multivariate binary logistic regression analysis.

   Univariate   Multivariate

 Variables OR CI (95%) p-value OR CI (95%) p-value

HPL 0.145 0.031-0.683 0.031   
Atherogenic Index* 3.465 2.202-5.450 < 0.001 4.239 2.384-7.527 < 0.001
WBC 1.093 1.002-1.192 0.046   
Glucose* 1.005 1.001-1.009 0.033   
Serum Creatinine* 6.956 1.755-27.573 0.006 17.541 3.033-101.4 0.001
HDL Cholesterol* 0.959 0.923-0.997 0.034   
TGL* 1.009 1.004-1.0013 0.001   
CRP (Ln)* 1.312 1.036-1.665 0.025   
IRA (LAD)* 0.457 0.228-0.913 0.027 0.363 0.142-0.927 0.034

*The marked parameters were included in the multivariate logistic regression analysis, in which the forward conditional method 
was used.
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Sigirci et al31 analyzed thrombus aspiration mate-
rials in STEMI patients and showed that thrombus 
volume was significantly higher in hyperglycemic 
patients compared with normoglycemic patients.

Thrombus components were found to differ 
between coronary artery vessels. For example, 
thrombus in the left anterior descending (LAD) 
artery tends to be higher in platelets, whereas 
thrombus in the right coronary artery (RCA) 
tends to comprise erythrocytes, and thrombus in 
RCA results in high thrombus burden32. In our 
study, the thrombus burden was higher in non-
LAD vessels, consistent with the literature.

We found a significant relationship between 
high CRP values   and thrombus burden, similar 
to the previous studies33,34. In patients with a high 
thrombus burden, leukocytosis and neutrophil 
dominance were also significant, showing the 
effect of inflammation on the thrombus load. 
Thrombus burden was increased in patients with 
high serum creatinine values. It is known that 
reduced kidney function causes retention of va-
sotoxic substances and causes metabolic changes 
that lead to increased ROS. These changes are 
believed to have a significant role in creating an 
atherogenic environment35.

HDL-C has cardioprotective effects, and many 
studies36,37 have shown that HDL-C improves en-
dothelial function through its anti-inflammatory 
and antioxidative effects. In addition, HDL-C 
modulates monocyte activation, adhesion, and 
migration. The high thrombus burden in our 
study can be attributed to the lower HDL values 
in this group.

Limitations
The major limitations of this study include its 

single-center design and the small study popula-
tion. Since our study was cross-sectional, it was 
not possible to obtain data on adverse events and 
mortality. Also, we evaluated the thrombus bur-
den visually; a quantitative method would have 
yielded more objective results. 

Conclusions

The atherogenic index, which is a simple and 
inexpensive marker, can help predicting intra-
coronary thrombus burden and related adverse 
events, as well as identify patients at high risk 
among those with STEMI. The atherogenic index 
can also complement other predictors for the de-
tection of thrombus burden, if necessary.
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