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ST-segment elevation myocardial infarction (STEMI) and chronic total occlusion (CTO) of coronary artery are well-
known atherosclerotic vascular diseases. However, the difference of intima-media thickness and plaque characteristics 
of carotid arteries between STEMI and CTO patients were not directly compared in previous studies. Medical records 
of a total of 158 (101 STEMI, 57 CTO) patients, who underwent carotid artery ultrasonography, were selected for the 
analysis. The baseline characteristics, ultrasonography findings, and clinical outcomes of the two groups were compared. 
The prevalence of hypertension, diabetes mellitus, and dyslipidemia was significantly higher in CTO patients. Carotid 
intima-media thickness (0.97 ± 0.13 vs. 0.78 ± 0.17 cm, P < 0.0001) and number of plaques (2.2 ± 1.0 vs. 1.7 ± 
1.2, P < 0.0001) were greater in CTO than STEMI patients. Multiple (≥ 3) or echogenic plaques were more frequently 
observed in CTO patients. During the median follow-up duration of 27 months, major adverse cardiovascular events 
occurred in 31% of CTO and 14% of STEMI patients (P = 0.008). We found that, compared with STEMI, CTO patients 
have higher burden of carotid artery atherosclerosis associated with more comorbid diseases and poor clinical outcomes. 
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INTRODUCTION 

 
High resolution ultrasonography of carotid artery provides 

a noninvasive assessment of atherosclerosis burden (Heiss 
et al., 1991; Wendelhag et al., 1992; Salonen and Salonen, 
1991). Increased intima-media thickness and complex plaque 
characteristics of carotid arteries are well-known risk factors 
for cardiovascular or cerebrovascular diseases (O'Leary et 
al., 1992; Mannami et al., 1997; Bots et al., 1992). Although 
intima-media thickness and plaque complexity are closely 

related with each other (O'Leary et al., 1992), they reflect 
different pathological processes and aspects of atherosclerosis 
progression. Increased intima-media thickness, especially in 
its early developmental stage, reflects a hypertrophic response 
of the carotid artery medial cells to high blood pressure 
(Mannami et al., 1997; Bots et al., 1992) and is generally 
regarded as a part of the arterial remodeling observed in 
early stage of atherosclerosis (O'Leary et al., 1996; Amato et 
al., 2007; Aldridge et al., 2013). In contrast, the presence of 
arterial plaques represents atherosclerosis in advanced stage 
(Hegele, 1996), and is regarded as a more powerful pre- 
dictor of cardiovascular events than intima-media thickness 
(Spence et al., 2002; Johnsen et al., 2007). 

ST-segment elevation myocardial infarction (STEMI) is 
one of the most fatal cardiac diseases caused by acute rupture 
of atherosclerotic plaque and thrombotic total occlusion of 
coronary artery (Tsujita et al., 2010; Dohi et al., 2010). In 
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contrast, chronic total occlusion (CTO) of coronary artery 
is regarded as relatively benign cardiac disease caused by 
gradual total atherosclerotic obstruction by large burdens of 
plaques. CTO is characterized by collateral circulation vessels, 
which mean the presence of significant obstruction over 3 
months (Fig. 1). It is well known that pathogenesis and 

clinical manifestation of the two diseases are different. While 
STEMI is acute event associated with thrombosis, CTO is 
a chronic progressive pathologic condition associated with 
heavy atherosclerotic plaque burden. Coronary artery CTO 
is differentiated from STEMI clinically by stable symptoms, 
long standing coronary artery obstruction over 3 months, 

Fig. 1. Coronary artery angiography findings. A 65-year-old male patient visited cardiology outpatient clinic for recurrent squeezing chest
pain aggravated during physical activities. (A) Right coronary angiography shows a total occlusion (empty arrow) of the proximal portion
of the right coronary artery with a thin tortuous bridging collateral circulation vessel, which is connecting proximal and distal portions of the
occluded right coronary artery. (B) Left coronary angiography shows a well-developed collateral circulation vessel (arrowheads) connected
to a distal branch or the right coronary artery. A significant narrowing (arrow) of the left anterior descending coronary artery is noted. A
38-year-old male patient visited emergency room for persistent squeezing chest pain. (C) Right coronary angiography shows no significant
occlusive lesion or collateral circulation vessel. (D) However, left coronary angiography shows a total occlusion (empty arrow) with abrupt
cut-off suggesting the presence of thrombus. 
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and well developed collateral circulations (Stone et al., 2005). 
Although STEMI and coronary artery CTO are regarded to 
be in different stages of atherosclerosis, the differences of 
carotid artery intima-media thickness and plaque charac- 
teristics were not compared directly in previous studies. So 
we conducted a retrospective analysis to know whether the 
burden of carotid artery atherosclerosis is different between 
STEMI and CTO patients. 

 
MATERIALS AND METHODS 

Study population 

All patients were recruited from the coronary artery 
disease database of Dong-A University Medical Center, 
Busan, Republic of Korea. Of the patients who underwent 
diagnostic coronary angiography for STEMI or CTO from 
2007 to 2014, those patients undergoing carotid artery ultra- 
sonography were selected for the analysis. Their medical 
records were reviewed retrospectively. Parameters of clinical 
characteristics, carotid artery and cardiac ultrasonography, 
and clinical outcomes were analyzed. 

Cardiac and carotid artery ultrasonography measure- 
ments 

Cardiac ultrasonography was performed using an iE33 
ultrasound system and 2.5 MHz transducers (Philips Ultra- 
sound, Andover, MA, USA). Standard M-mode, 2-dimensional, 
and Doppler echocardiography were routinely performed 
according to American Society of Echocardiography recom- 
mendations. The measurements of carotid intima-media 
thickness were performed using iE33 ultrasound system 
and 7.5 MHz real-time B-mode transducers (Philips Ultra- 
sound, Andover, MA, USA). The patients were asked to lie 
supine with their necks gently extended and rotated laterally 
slightly. Then, sonographers scanned the carotid artery 
beneath the surface of the neck. Common carotid artery, 
bulb, internal and external carotid arteries were examined 
bilaterally. Carotid intima-medial thickness was defined as 
the distance from the front edge of the first echogenic line 
(lumen-intima interface) to the front edge of the second 
line (media-adventitia interface) on B-mode ultrasonography 
images (Fig. 2). Carotid intima-media thicknesses were 

measured at common carotid artery 1~2 cm below the bifur- 
cation of bulb bilaterally. The mean intima-media thickness 
was defined as an average of maximal values measured at 
both carotid arteries (Su et al., 1999). Carotid artery plaque 
was defined as a focal vascular structure encroaching into 
the arterial lumen over at least 0.5 mm or 50% of the 
surrounding intima-media thickness, or as thickened intima-
media thickness greater than 1.2 mm (Belcaro et al., 1996). 
Echolucent plaque was defined as a plaque with low echo- 
genicity similar with carotid artery lumen. Echogenic plaque 
was defined as a plaque with high echogenicity similar 
with the bright echo zone produced by the media-adventitia 
interface. Plaques in common carotid artery, bulb, internal 
and external carotid arteries were assessed bilaterally. 

Clinical outcome parameters and definitions 

Major adverse cardiac events were defined as a composite 
of all causes of death, non-fatal acute myocardial infarction, 
non-fatal stroke (cerebral or cerebellar infarction, intracranial 
hemorrhage, and subarachnoid hemorrhage), and repeated 
revascularization by percutaneous coronary artery intervention 
or bypass surgery. 

Statistical analysis 

Continuous variables are expressed as means ± standard 
deviations and were analyzed using Student's t-test. Cat- 
egorical variables were summarized in terms of number and 
percentages, and were analyzed by using chi-square test or 
Fisher exact test. Survival data were estimated according to 
the Kaplan-Meier method, and the differences between two 
groups were compared with the log-rank test (using MedCalc 
Version 12.2.1, MedCalc software, Mariakerke, Belgium). 
A P value < 0.05 was considered to indicate statistical 
significance. Statistical analyses were performed using SPSS 
version 18.0 (SPSS Inc., Chicago, IL, USA). 

Ethical review 

The present study protocol was reviewed and approved 
by the internal review board of Dong-A University Hospital. 
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RESULTS 

Characteristics of the study patients 

Baseline characteristics of the studied patients are sum- 
marized in Table 1. Among the screened 603 STEMI and 
410 CTO patients, total 158 patients with 101 (64%) STEMI 
and 57 (36%) CTO patients were finally selected for the 
analysis. Their mean age was 60 ± 12 years, and CTO 
patients were older than those with STEMI patients. 130 
(82%) of total patients were male. The prevalence of 

comorbid diseases including hypertension, diabetes mellitus 
and dyslipidemia was consistently higher in CTO patients. 
The proportions of patients who were taking anti-platelet 
agents or statins before angiographic diagnosis of STEMI 
or CTO were also higher in CTO patients. In the angiography 
finding, the number of coronary arteries with significant (> 
50% of lumen diameter) stenotic region was greater in CTO 
than STEMI patients. The systolic blood pressure was also 
higher in CTO patients. However, the proportion of smoker 
and low density lipoprotein level were higher in STEMI 
patients. There were no significant between-group differences 

Fig. 2. The measurements and plaque characteristics of carotid artery ultrasonography. (A) Carotid artery ultrasonography shows
carotid artery anatomy. Carotid intima-media thicknesses were measured at common carotid artery 1~2 cm below the bifurcation of bulb
bilaterally. (B) Carotid intima-media thickness was measured the distance from the front edge of the first echogenic line (lumen-intima
interface) to the front edge of the second line (media-adventitia interface). (C) The echolucent plaque (white asterisk) is presented in internal
carotid artery of STEMI patient. (D) The calcified echogenic plaque (black asterisk) is presented in common carotid artery of CTO patients.
ICA, internal carotid artery; ECA, external carotid artery; CCA, common carotid artery. 
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in other demographic and clinical characteristics. 

Cardiac and carotid artery ultrasonography findings 

The left ventricular ejection fraction were lower in STEMI 
patients, however there was no significant difference in low 
ejection fraction (< 45%) between the two groups. The left 
ventricular hypertrophy were higher in CTO patients, this 
result is associated with high systolic blood pressure of CTO 

patients. There were no significant differences in other car- 
diac ultrasonography findings. Carotid intima-media thickness 
was increased in CTO patients, and the proportion of patients 
with increased intima-media thickness (> 0.9 cm) was higher. 
Also, although the prevalence of carotid artery plaque was 
similar between the two groups, number of plaques, the pro- 
portions of patients with multiple plaques (≥ 3) and echo- 
genic plaques were consistently higher in CTO patients. 

Table 1. Baseline characteristics of the studied patients 

Clinical parameters STEMI 
(n = 101) 

CTO 
(n = 57) P 

Age, years  59 ± 12  65 ± 10 0.001 
20~39 years, n (%) 6 (6) 0 (0) 0.063 
40~59 years, n (%) 49 (48) 20 (34) 0.063 
60~79 years, n (%) 45 (44) 38 (64) 0.009 
> 80 years, n (%) 3 (3) 1 (2) 0.537 

Male sex, n (%) 84 (83) 46 (81) 0.426 
Body mass index, Kg/m2 24 ± 3 25 ± 3 0.173 
Body surface area, m2  1.8 ± 0.2  1.8 ± 0.2 0.826 
Systolic BP, mm Hg 126 ± 27 139 ± 22 0.002 
Diastolic BP, mm Hg  76 ± 18  77 ± 13 0.826 
Comorbid diseases    

Hypertension, n (%) 46 (46) 44 (77) < 0.0001 
Diabetes mellitus, n (%) 28 (28) 25 (44) 0.030 
Dyslipidemia, n (%) 16 (16) 21 (37) 0.003 
Prior cerebral infarction, n (%) 9 (9) 10 (18) 0.091 
Chronic kidney disease in stage 4 or 5, n (%) 11 (11) 4 (7) 0.310 

Smoking, n (%) 55 (55) 13 (23) < 0.0001 
Current medications    

Antiplatelet agent, n (%) 2 (2) 11 (19) < 0.0001 
Acetylsalicylic acid, n (%) 15 (15) 19 (32) 0.008 
Statins, n (%) 3 (3)  9 (15) 0.006 

Laboratory findings    
Low density lipoprotein cholesterol, mg/dL 108 ± 37  94 ± 27 0.011 
High density lipoprotein cholesterol, mg/dL  47 ± 17  44 ± 12 0.274 
Hemoglobin A1c (%)  6.5 ± 1.4  6.6 ± 1.1 0.679 
Creatinine, mg/dL  2.5 ± 8.7  1.1 ± 0.5 0.248 
Estimated glomerular filtration rate, mL/min/1.7 m2  80 ± 28  76 ± 23 0.471 

Angiography findings    
Number of vessels with significant stenotic lesion  1.3 ± 0.6  2.4 ± 1.1 < 0.0001 

Values are presented as mean ± standard deviation or number (%). STEMI, ST-segment elevation myocardial infarction; CTO, chronic 
total occlusion. 
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Cardiac and carotid artery ultrasonography findings of the 
studied patients were summarized in Table 2 and Fig. 3. 

Clinical outcomes 

All evaluated patients were followed up for at least 30 
days, and the median follow-up duration was 27 (interquartile 
range: 16~47) months. Over the entire follow-up duration, 
major adverse cardiovascular events newly occurred in 18 
(32%) CTO and 14 (14%) STEMI patients (P = 0.008). 
Kaplan-Mayer survival curve for cumulative major adverse 
cardiovascular events were shown in Fig. 4. The non-fatal 
acute myocardial infarction newly occurred in 5 (9%) CTO 
and 1 (1%) STEMI patients (P = 0.013). However, there 
was no significant differences of newly developed all-cause 
death (4 vs. 2%, P = 0.457), non-fatal stroke (9 vs. 6%, P = 
0.079), and repeated revascularization (5 vs. 5%, P = 0.602) 

in CTO and STEMI patients. 
 

DISCUSSION 
 
Carotid artery ultrasonography can provide important 

information to clinicians for the status of vascular athero- 
sclerosis by the direct visualization of intima-media thickness 
or characteristics of atherosclerotic plaques. It is well known 
that, while increased intima-media thickness reflects early 
vascular atherosclerotic changes, the presence of plaques 
specifies more advanced status of vascular atherosclerosis. 
Clinical studies also reported that increased carotid intima-
media thickness with or without plaques was associated 
with the occurrences of cardiovascular or cerebrovascular 
events (O'Leary et al., 1999; Lorenz et al., 2007). However, 
the differences of carotid intima-media thickness and plaque  

Table 2. Cardiac and carotid artery ultrasonography findings 

Unltrasonograhic parameters STEMI 
(n = 101) 

CTO 
(n = 57) P 

Cardiac ultrasonography findings    
Left ventricular ejection fraction, %  50 ± 10  54 ± 12 0.034 
Left ventricular ejection fraction < 45%, n (%) 24 (23) 12 (20) 0.409 
Left ventricular end-diastolic dimension, mm 49 ± 6 51 ± 6 0.076 
Left ventricular mass index, g/m2  95 ± 25 101 ± 25 0.232 

Left ventricular hypertrophy, n (%)* 19 (21) 19 (36) 0.046 
Mitral E/e' 10.1 ± 5.1  9.8 ± 3.5 0.610 

Diastolic dysfunction, n (%)** 8 (9) 2 (4) 0.222 
Carotid ultrasonography findings    

Carotid artery intima-media thickness, cm  0.78 ± 0.17  0.97 ± 0.13 < 0.0001 
Increased intima-media thickness, n (%)*** 33 (33) 48 (84) < 0.0001 

Presence of plaque, n (%) 82 (81) 52 (91) 0.069 
Number of plaques, n  1.7 ± 1.2  2.2 ± 1.0 < 0.0001 
Number of plaques ≥ 3, n (%) 34 (34) 31 (54) 0.030 
Maximal diameter of plaque, cm  2.3 ± 1.0  2.6 ± 1.0 0.073 
Echogenic, n (%) 29 (29) 34 (60) 0.001 
Echolucent, n (%) 53 (65) 18 (32) 0.001 

Values are presented as mean ± standard deviation or number (%). STEMI, ST-segment elevation myocardial infarction; CTO, chronic 
total occlusion. 
  *Left ventricular hypertrophy was defined as echocardiographically measured left ventricular mass index greater than 115 g/m2 for 

males and 95 g/m2 for females (Lang RM et al., 2005). 
 **Diastolic dysfunction was defined as echocardiographically measured mitral E/e' greater than 15 (Ommen SR et al., 2000). 
***Increased carotid artery intima-media thickness was defined as echocardiographically measured intima-media thickness greater than 

0.9 cm (Mancia G et al., 2007). 
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Fig. 3. The differences of carotid intima-media thickness and plaques between STEMI and CTO patients. (A) The carotid intima-media
thickness was increased in CTO compared with STEMI patients. (B) The proportion of increased intima-media thickness (> 0.9 cm) was also
higher in CTO patients. (C) The numbers of total carotid plaques were more in CTO than STEMI patients. (D) The proportion of patients with
multiple plaques (number ≥ 3) was higher in CTO patients. (E and F) The proportion of patients with echolucent and echogenic plaques was
higher in STEMI and CTO respectively. CTO, chronic total occlusion; STEMI, ST-segment elevation myocardial infarction; IMT, intima-
media thickness. 
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characteristics between STEMI and CTO were not compared 
in previous studies. 

In this study, we found that carotid intima-media thick- 
ness and plaque characteristics were significantly different 
between STEMI and CTO patients. Considering that the 
increased IMT was defined as > 0.9 cm (Mancia et al., 2007), 
the proportion of patients with increased intima-media 
thickness were significantly higher in CTO patients. Ultra- 
sonographic characteristics of carotid artery plaques were 
also more complex in CTO patients. Numbers of plaques 
were greater, and multiple (≥ 3) or calcified echogenic 
plaques were more commonly observed in CTO patients. 
In addition, as shown in Table 1, CTO patients were older 
and had more vascular atherosclerosis risk factors than 
STEMI patients. These findings suggest that, although CTO 
is regarded as a relatively benign coronary artery athero- 
sclerotic disease when compared with STEMI, the burden 
of vascular atherosclerosis is much higher in CTO patients. 
In contrast, the proportions of patients with normal intima-
medial thickness and non-calcified echolucent plaques were 
higher in STEMI. These findings suggest that, although 
STEMI is one of the most common fatal coronary artery 
atherosclerotic diseases, STEMI can develop in conditions 

without significant vascular atherosclerotic burden. In STEMI 
patients, the proportion of smoker and the level of low 
density lipoprotein cholesterol were also higher. It is well 
known that both smoking and increased low density lipo- 
protein cholesterol level are associated with the development 
of unstable atherosclerotic plaque, which can result in acute 
rupture and subsequent total occlusive thrombosis of coronary 
artery (Tsujita et al., 2010; Dohi et al., 2010). 

Furthermore, we compared the incidences of newly 
developed major adverse cardiac events in STEMI and CTO 
patients. Although CTO is usually regarded as a relatively 
benign disease when compared with STEMI, overall major 
adverse cardiac events occurred more frequently in CTO 
patients during entire follow-up duration due to higher 
incidence of non-fatal acute myocardial infarction. Higher 
incidence non-fatal acute myocardial infarction in CTO 
patients can be explained by the higher numbers of diseased 
vessels and significant stenotic lesions documented by initial 
coronary angiography in these patients. 

The present study has major limitations. First, because 
this is a single center for a limited number of patients who 
underwent carotid artery ultrasonography, the possibility of 
patient selection bias cannot be excluded, and the study 
results should not be generalized for all CTO and STEMI 
patients. Second, this is a cross-sectional study and there- 
fore it is difficult to know the causal relationship between 
carotid artery atherosclerosis burdens and newly developed 
major adverse cardiac events. In addition, because this 
analysis was performed based on retrospective review of 
medical records, the completeness of data collection cannot 
be guaranteed. Therefore, the study results especially for 
clinical outcomes should be interpreted cautiously. So, further 
prospective studies with a large number of patients are 
necessary to clarify the differences of carotid ultrasonography 
findings and clinical outcomes between STEMI and CTO 
patients. 

In conclusion, we found that carotid ultrasonography 
findings were significantly different between STEMI and 
CTO patients. The CTO patients had relatively higher carotid 
artery atherosclerosis burdens manifested as increased intima-
media thickness and complex plaque characteristics in- 
cluding echogenic plaques. In contrast, STEMI patients have 

Fig. 4. Kaplan-Mayer analysis for major adverse cardiovascular
events. During median follow up of 27 (interquartile range, 16~47)
months, cumulative major adverse cardiovascular events defined as
death of all causes, cerebral infarction, non-fatal acute myocardial
infarction and repeated cardiac revascularization were higher in
CTO patients. CTO, chronic total occlusion; STEMI, ST-segment
elevation myocardial infarction. 
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relatively lower atherosclerosis burdens manifested by not 
increased intima-media thickness and echolucent plaques. 
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