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Abstract: Background: Carotid artery temperature heterogeneity (ΔΤ) measured by microwave radiometry (MWR)
has been associated with future cardiovascular events including acute coronary syndromes. The vulnerable plaques
of the coronary arterial tree, that can be ideally depicted by intracoronary imaging such as optical coherence tomography (OCT) have anatomical characteristics such as the thin fibrous cap (TCFA), that make them vulnerable to
rupture. The scope of the study was to assess the implication of the carotid artery temperature heterogeneity on the
culprit coronary plaque morphology in patients presenting with acute myocardial infarction. Methods: 34 patients
presented with an acute myocardial infarction were enrolled in the study. All patients underwent percutaneous coronary intervention (PCI) and OCT for the evaluation of the anatomical characteristics of the culprit lesion. After the
completion of the PCI all patients underwent carotid ultrasound and MWR of both carotid arteries and thermal heterogeneity of the carotid arteries was assessed. Blood samples were collected for high sensitivity C-reactive protein
(CRP) analysis. Results: Thirty four patients, 21 with STEMI (61.76%) and 13 (38.23%) with NSTEMI, were included
in the study. Patients with ruptured plaques had significantly increased hsCRP compared to patients that did not
have a ruptured plaque (14.41±4.02 vs 9.9±2.5, P<0.005). Thermal heterogeneity, was significantly increased in
ruptured plaques compared to no ruptured ones (1.01±0.31 vs 0.51±0.14°C, P=0.001), and in plaques with TCFA
compared to those without a TCFA (0.82±0.37 vs 0.60±0.05°C, P=0.001). Diabetes mellitus, ΔΤ and hsCRP, were
entered in the multivariate analysis, from which DM (OR 4.12; 95% CI 0.77-22.07; P=0.07) and ΔΤ (OR for 0.1°C
increase 1.43; 95% CI 1.03-1.98; P=0.03) remained in the final analysis, and only ΔΤ was independently associated
with the presence of the TCFA. Regarding plaque rupture, STEMI, hsCRP, and ΔT were entered in the multivariate
analysis from which hsCRP (OR 1.51; 95% CI 0.99-2.28; P=0.051) and ΔΤ (OR for 0.1°C increase 3.40; 95% CI 1.298.96; P=0.013) remained in the final analysis with the ΔT being the only variable.
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Introduction
The vulnerable plaques of the coronary arterial
tree, have anatomical characteristics such as
the thin fibrous cap (TCFA), that make them
prone to rupture in the presence of a specific
stimulus such as the increased shear stress or
inflammation. Inflammation is implicated both
in the progression and the instability of atheromatic plaques [1-5]. Previous studies have
demonstrated that both local and widespread
(systemic) inflammatory activation are correlat-

ed with the temperature of the atheromatic
plaques and the diffuse destabilization of atherosclerotic plaques [2, 3, 5-11].
Although it is well established that inflammation has a pivotal role in all phases of atherosclerosis, from the initiation of atherosclerosis
in the early years of life to the culmination in
acute coronary syndromes, the majority of these data are derived from nonspecific marker of
systemic inflammation, present in all grades
and kinds of inflammation [12-14]. Microwave

Accosiation between carotid microwave radiometry and coronary OCT findings
radiometry (MWR) that is an non-invasive method for assessing local inflammation by detecting the temperature of the tissues, has
been associated to future coronary events or
need for revascularization in a specific group
of high risk patients, however no data exist
regarding the possible direct relation to the
morphological characteristics of the coronary
arteries [15, 16].
Optical coherence tomography (OCT) due to its
high resolution (~15 μm) can in vivo identify the
majority of the morphological characteristics
of coronary vulnerable plaques, including precise measurement cap thickness of the TCFA
[4, 14, 17-19]. In patients with acute coronary
syndrome, the presence of plaque rupture and
TCFA detected by OCT has been related to systemic inflammatory markers as well as to metabolic syndrome [14, 20].
The scope of the study was to assess the implication of the carotid artery temperature heterogeneity on the culprit coronary plaque morphology on patients presenting with acute myocardial infarction.
Methods
Studied population
We enrolled 37 patients that underwent percutaneous coronary intervention (PCI) due to an
acute myocardial infarction and had an identifiable denovo culprit lesion in a native coronary
artery. The definition of non-ST-elevation myocardial infarction (NSTEMI) and ST elevation
myocardial infarction (STEMI) was according to
the current guidelines. More specific NSTEMI
was defined as continuous chest pain in combination with the presentation of elevated levels of troponin T combined with the absence of
ST-segment elevation ≥0.1 mV in ≥2 contiguous leads on 12-lead electrocardiogram. Exclusion criteria included cardiogenic shock, multivessel disease, previous CABG, and significant
carotid artery stenosis. Also, patients treated
with corticosteroids or nonsteroidal anti-inflammatory drugs, except for aspirin as well as
patients with an inflammatory or neoplastic
condition were excluded.
Percutaneous coronary intervention and imaging
All patients with NSTEMI underwent PCI and
OCT study within 12 h since symptom onset.
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Similarly STEMI was defined as continuous
chest pain combined with elevation of the STsegment more than 0.1 mV in more than 2 contiguous leads on the ECG. Patients with STEMI
were deferred to the catheterization laboratory
immediately upon hospital arrival and underwent OCT study before performance of primary
PCI. We used the combination of the diagnostic
coronary angiography, the ECG findings or the
local wall motion abnormalities in order to identify the culprit lesion. We used the LightLab
OCT wire (Image-wire™; LightLab Imaging, Westford, MA) to perform the OCT study. Acquired
images were analyzed by 2 independent investigators using previously validated criteria for
OCT plaque characterization [21, 22].
Microwave radiometry imaging
The MRW measurements were performed with
the RTM 01 RES microwave computer based
system (Bolton, UK) as previously described [1,
23, 24]. Microwave radiometry measurements
were obtained within 12 hrs after PCI and they
were guided by carotid ultrasound. The carotid
arteries were scanned from their point of origin, throughout their whole length. The external
and the internal carotid artery were assessed
in both transverse and longitudinal sections,
while the plaque morphology and plaque consistency were estimated by using B-mode ultrasound. Carotid plaques were categorised as
fatty, mixed or calcified according to previously
published criteria [24]. We excluded patients
with significant carotid stenosis.
The basic principles of MRW have been previously described [1, 24-26]. Microwave radiometry has an antenna with a sensor that measures with an accuracy of 0.20°C the ‘volume
under investigation’ as a rectangular area of 3
cm in width, 2 cm in length, and 3-7 cm in depth
depending on the water content of the body.
Segments of 20 mm in length, were analysed
as MRW measured temperature in a length of 2
cm. In order to obtain the measurement the
antenna was held for 10 sec at this position for
10 sec, which is the necessary time for the
receiver to integrate the microwave emission
and to convert the measured signal to temperature by a microprocessor. Temperature difference (ΔT), that actually shows the thermal
heterogeneity of the specific tissue was calculated as the temperature of the segment under
investigation minus the minimal temperature of
each carotid (reference temperature).
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Table 1. Baseline Characteristics of the studied population
Age (years)
Gender (male); n, (%)
Hypertension; n, (%)
Diabetes mellitus; n, (%)
Dyslipidaemia; n, (%)
Active smoking; n, (%)
Family history of CAD; n, (%)
Statins
ACE inh or ARBs
Clinical syndrome; n, (%)
ST-elevation myocardial infarction
Non-ST-elevation myocardial infarction

Plaque rupture (n=20)
61.9±6.7
17 (85.0)
11 (55.0)
8 (40.0)
8 (40.0)
6 (30.0)
7 (35.0)
10 (50.0)
8 (40.0)

Non-rupture (n=14)
63.5±8.1
12 (85.7)
5 (37.71)
6 (42.85)
7 (50.0)
6 (42.85)
5 (35,71)
7 (50.0)
7 (50.0)

15 (75.0)
5 (25.0)

6 (42.9)
8 (57.1)

p-value
0.52
0.99
0.44
>0.99
0.72
0.48
0.96
0.98
0.77
0.08

CAD: coronary artery disease, ACE: Angiotensin converting enzyme, ARB: Angiotensin receptor blocker.

Table 2. Type of carotid artery plaques stratified according to optical coherence findings at the coronary arteries. Percentages are in brackets

Rupture
No Rupture

No plaque
(n=11)
6 (54.54)
5 (45.45)

Fatty plaques
(n=7)
5 (71.42)
2 (28.57)

All patients signed an informed consent form.
The study protocol conforms to the ethical guidelines of the 1975 Declaration of Helsinki as
reflected in a priori approval by the institution’s
human research and ethical committee (152/
202-13).
Statistical analysis
Statistical analysis was performed with SPSS
25 statistical software (SPSS Inc., Chicago,
Illinois). Quantitative data are presented as
rates or mean value ± SD. Probability values
are two-sided from the Student t-test for continuous variables were compared and Analysis
of variance (ANOVA) test for more than 2 categories. Non-continuous values were compared
by χ2 test. A value of P<0.05 was considered
significant.
Results
Baseline characteristics, and univariate analysis
Our study included 34 patients with acute myocardial infarction, 13 patients (38.23%) with
NSTEMI and 21 with STEMI (61.76%). Table 1
depicts the baseline characteristics of the studied population. There was no significant defer362

Mixed plaques
(n=9)
5 (55.55)
4 (44.44)

Calcified plaques
(n=7)
4 (57.14)
3 (42.81)

P value
P=0.89

ence between the baseline characteristics of
patients with ruptured and patients with no
ruptured coronary plaque.
Thin cap fibro atheroma (TCFA) was present in
31 patients (91.1%), significantly more in ruptured plaques compared in non-ruptured plaques (100% vs 78.85%, P=0.03). There was no
association between the type of carotid plaque
and the presence of coronary artery rupture
(Table 2). Similarly there was no significant association between the type of carotid plaque
and thermal heterogeneity detected by MWR
(Figure 1). Patients with ruptured plaques had
significantly increased hsCRP compared to patients that did not have a ruptured plaque
(14.41±4.02 vs 9.9±2.5, P<0.005). Thermal
heterogeneity expressed as Mean ΔΤ, was significantly increased in ruptured plaques compared to no ruptured ones (1.01±0.31 vs 0.51±
0.14°C, P=0.001), and in plaques with TCFA
compared to those without a TCFA (0.82±0.37
vs 0.60±0.05°C, P=0.001) (Tables 3 and 4).
Predictors of plaque rupture and presence of
TCFA
Diabetes mellitus, ΔΤ and hsCRP, were entered
in the multivariate analysis, from which DM (OR
4.12; 95% CI 0.77-22.07; P=0.07) and ΔΤ (OR
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characteristics of the carotid
arteries. According to our results, local inflammation expressed as thermal heterogeneity and detected by MRW
was found to be an independent predictor of the presence
of TCFA or ruptured plaque in
the coronary arteries of patients admitted with acute coronary syndrome.
The role of inflammation in
the initiation of atherosclerosis and triggering of an ACS is
Figure 1. Mean ΔT values of carotid plaques detected by microwave
radiometry compared to the type of carotid plaque.
still a challenging topic in current pathophysiology. Although its role in both situations
Table 3. Correlation of TCFA with the demographic factors and
is well established, its actual
inflammatory markers
mechanism is still the subject
OR
95% CI
p-value
of current research. The most
Male gender
0.41
0.04-4.15
0.45
acceptable theory for the initiAge (years)
1.04
0.94-1.14
0.47
ation of an ACS, involves the
STEMI
1.25
0.30-5.27
0.76
destabilization of the endothelium and the stable plaDM
3.00
0.70-12.88
0.14
que, and the final rupture or
Hypertension
0.48
0.12-0.54
0.38
erosion of the plaque that has
Dyslipidaemia
0.38
0.16-1.31
0.36
become vulnerable. The local
Smoking
0.48
0.10-2.29
0.36
activation of inflammatory caFamily history of CAD
1.00
0.25-4.08
0.99
scade in the pathogenesis of
ΔT (for 0.1°C increase)
1.37
1.02-1.84
0.04
ACS results in the final initiahsCRP
1.20
0.98-1.46
0.07
tion and promotion of thromCAD: Coronary artery disease, TCFA: Thin cap fibroatheroma, STEMI: ST elevation
bus formation. Similarly the
myocardial infarction, DM: Diabetes mellitus.
theory of widespread inflammation comes to support the
for 0.1°C increase 1.43; 95% CI 1.03-1.98;
hypothesis that destabilization and thrombus
P=0.03) remained in the final model, with ΔΤ
formation are promoted and maintained by
being the only variable independently associatboth innate and adaptive immune responses
ed with the presence of the TCFA. Similarly
through complex interactions [27]. The recent
regarding plaque rupture, STEMI, hsCRP, and
finding that systemic inflammation has an unΔT were entered in the multivariate analysis
favourable effect on in hospital complications
from which hsCRP (OR 1.51; 95% CI 0.99-2.28;
and mortality of patients with acute coronary
P=0.051) and ΔΤ (OR for 0.1°C increase 3.40;
syndrome and no signs of congestive heart fail95% CI 1.29-8.96; P=0.013) remained in the
ure, has targeted it as a recent promising therafinal model, with the ΔT being the only variable
peutic strategy for ACS patients [28]. Although
independently associated with the presence of
some recent clinical trials on anti-inflammatory
rupture.
treatments in patients presenting with ACS
have showed satisfactory results; most of them
Discussion
have failed to complete resolve the mystery
from the theoretical aspect into quantifiable
The main finding of the study is that in patients
benefits [29]. In most of the studies, inflammawith myocardial infarction, there is an associatory activation has been assessed by several
tion between the morphological characteristics
of the vulnerable plaque with the functional
nonspecific pro-inflammatory cytokines and in-
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Table 4. Correlation of plaque rupture with
the demographic factors and inflammatory
markers
OR
Male gender
0.94
Age (years)
0.97
STEMI
4.00
DM
1.13
Hypertension
0.32
Dyslipidaemia
1.50
Smoking
1.75
Family history of CAD
1.00
ΔT (for 0.1°C increase) 3.61
hsCRP
1.42

95% CI
p-value
0.14-6.55
0.95
0.88-1.07
0.50
0.93-17.30 0.06
0.28-4.50
0.87
0.21-0.39 0.010
0.38-5.95 0.56
0.42-7.29
0.44
0.26-0.39 0.99
1.47-8.89 0.005
1.11-1.81 0.005

CAD: Coronary artery disease, STEMI: ST elevation myocardial infarction, DM: Diabetes mellitus.

flammatory markers with hsCRP to the most
popular and widely used marker.
According to the current knowledge, there is
a correlation between the morphological and
functional characteristics (thermal heterogeneity and inflammation) of the coronary vulnerable plaque indicating a direct role of inflammation on the destabilization of the vulnerable
plaque, however these studies were performed
with the use of invasive techniques IVUS, OCT
or intravascular thermography [30-34]. Moreover systemic inflammation has been correlated to coronary plaque vulnerability by using
nonspecific markers of inflammation such as
CRP. In the current study we investigated the
role of local and systemic inflammation on the
coronary plaque destabilization and initiation
of a myocardial infarction. For the first time we
correlated in vivo, two relatively new modalities, OCT and MWR. Optical Coherence tomography is the optimal method for the identification of the anatomical characteristics of the
coronary vulnerable plaque as it has the highest resolution for the detection of plaque rupture, thin cap fibroatheroma and thrombus, and
MWR can noninvasively measure the functional
characteristics of peripheral arteries, such as
thermal heterogeneity in the carotid arteries.
We also correlated the findings of the two techniques with hsCRP, in order to link the functional and morphological characteristics of the
arterial plaques with the most commonly used
inflammatory marker. Although OCT is an inva-
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sive method that requires the catheterization
of the patient, microwave radiometry is a safe,
noninvasive method that can be applied as an
outpatient, which does not need hospitalization and requires minimal learning curve and
skills.
Our study showed that, carotid inflammation
was the only independent predictor of plaque
rupture and presence of TCFA, while hsCRP
was predictor of both TCFA and plaque rupture
only in the univariate analysis. In contrast to
previous studies performed with the use of
intravascular imaging, we showed that carotid
thermal heterogeneity performed with a noninvasive method such as MWR has better accuracy compared to hsCRP in predicting the presence of the characteristics of vulnerable plaque
such as TCFA and plaque rupture [20, 35]. This
can be attributed to the fact that CRP is a non
specific inflammatory marker, while MWR can
assess local inflammation in the arterial system that probably has more specificity compared to CRP in detecting inflammatory activation in the arteries [1, 26, 36]. The anatomical
characteristics of the carotid plaques had no
relation either to the presence of coronary rupture or to the presence of thermal heterogeneity indicating that this local inflammatory activation is possible to reflect a panarteritis rather
than an isolated local event caused by a carotid
plaque. This difference compared to previous
studies can be explained from the exclusion of
patients with carotid artery stenosis and from
the increased percentage of patients with no
carotid plaques that reached 33% of the studied population [19]. Moreover, recent studies
performed with MWR and PET/CT in patients
with carotid endarterectomy confirmed that
carotid artery structural changes cannot predict inflammatory process and this is in concordance with the results of the current study [36].
Clinical implication: The better correlation of
carotid inflammation with the presence of TCFA
compared to systemic hsCRP may contribute to
the early recognition of patients that have vulnerable coronary plaques that are prone to rupture. By using the non invasive method of MWR
we may also recognize a subgroup of patients
with high risk for ACS that require more aggressive therapy based on medications that have
anti-inflammatory effect such as statins. This
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possible favorable prognostic effect should be
examined in large, prospective randomized studies.
In conclusion, carotid thermal heterogeneity is
associated with the presence of TCFA and
plaque rupture in patients with acute myocardial infarction. Large scale randomized studies are necessary to further support this hypothesis.
Disclosure of conflict of interest

[6]

[7]

[8]

None.
Address correspondence to: Dr. Andreas Synetos,
First Department of Cardiology, Hippokration Hospital, University of Athens, Greece. Tel: 30-2132088000; E-mail: synetos@yahoo.com

References
[1]

[2]

[3]

[4]

[5]

365

Toutouzas K, Grassos H, Synetos A, Drakopoulou M, Tsiamis E, Moldovan C, Agrogiannis G,
Patsouris E, Siores E and Stefanadis C. A new
non-invasive method for detection of local inflammation in atherosclerotic plaques: experimental application of microwave radiometry.
Atherosclerosis 2011; 215: 82-89.
Stefanadis C, Diamantopoulos L, Vlachopoulos
C, Tsiamis E, Dernellis J, Toutouzas K, Stefanadi E and Toutouzas P. Thermal heterogeneity
within human atherosclerotic coronary arteries
detected in vivo: a new method of detection by
application of a special thermography catheter. Circulation 1999; 99: 1965-1971.
Toutouzas K, Drakopoulou M, Markou V, Karabelas I, Vaina S, Vavuranakis M, Tsiamis E,
Tsioufis C, Androulakis A and Stefanadis C.
Correlation of systemic inflammation with local
inflammatory activity in non-culprit lesions:
beneficial effect of statins. Int J Cardiol 2007;
119: 368-373.
Toutouzas K, Tsiamis E, Karanasos A, Drakopoulou M, Synetos A, Tsioufis C, Tousoulis D,
Davlouros P, Alexopoulos D, Bouki K, Apostolou
T and Stefanadis C. Morphological characteristics of culprit atheromatic plaque are associated with coronary flow after thrombolytic therapy: new implications of optical coherence
tomography from a multicenter study. JACC
Cardiovasc Interv 2010; 3: 507-514.
Casscells W, Hathorn B, David M, Krabach T,
Vaughn WK, McAllister HA, Bearman G and
Willerson JT. Thermal detection of cellular infiltrates in living atherosclerotic plaques: possible implications for plaque rupture and thrombosis. Lancet 1996; 347: 1447-1451.

[9]

[10]

[11]

[12]
[13]
[14]

[15]

[16]

Toutouzas K, Synetos A, Nikolaou C, Stathogiannis K, Tsiamis E and Stefanadis C. Microwave radiometry: a new non-invasive method
for the detection of vulnerable plaque. Cardiovasc Diagn Ther 2012; 2: 290-297.
Zairis MN, Ambrose JA, Papadaki OA, Manousakis SJ, Stefanidis AS, DeVoe MC, Handanis
SM, Olympios CD and Foussas SG. C-reactive
protein and ST-segment monitoring by continuous 12-lead electrocardiogram in patients with
primary unstable angina pectoris. Am J Cardiol
2003; 91: 600-603.
Zairis MN, Manousakis SJ, Stefanidis AS, Papadaki OA, Andrikopoulos GK, Olympios CD,
Hadjissavas JJ, Argyrakis SK and Foussas SG.
C-reactive protein levels on admission are associated with response to thrombolysis and
prognosis after ST-segment elevation acute
myocardial infarction. Am Heart J 2002; 144:
782-789.
Eggers KM, Lindhagen L, Baron T, Erlinge D,
Hjort M, Jernberg T, Johnston N, Marko-Varga
G, Rezeli M, Spaak J and Lindahl B. Sex-differences in circulating biomarkers during acute
myocardial infarction: an analysis from the
SWEDEHEART registry. PLoS One 2021; 16:
e0249830.
Montarello NJ, Nguyen MT, Wong DTL, Nicholls
SJ and Psaltis PJ. Inflammation in coronary
atherosclerosis and its therapeutic implications. Cardiovasc Drugs Ther 2020; [Epub
ahead of print].
Prati F, Marco V, Paoletti G and Albertucci M.
Coronary inflammation: why searching, how to
identify and treat it. Eur Heart J Suppl 2020;
22: E121-E124.
Hansson GK and Libby P. The immune response in atherosclerosis: a double-edged
sword. Nat Rev Immunol 2006; 6: 508-519.
Ross R. Atherosclerosis--an inflammatory disease. N Engl J Med 1999; 340: 115-126.
Synetos A, Papanikolaou A, Toutouzas K, Georgiopoulos G, Karanasos A, Drakopoulou M,
Latsios G, Papaioannou S, Tsiamis E and Tousoulis D. Metabolic syndrome predicts plaque
rupture in patients with acute myocardial infarction. An optical coherence study. Int J Cardiol 2016; 209: 139-141.
Tzanis G, Bonou M, Benetos G, Biliou S, Liatis
S, Kapelios C, Toutouzas K, Tousoulis D and
Barbetseas J. Thermal heterogeneity of carotid
arteries as a novel biomarker in patients with
diabetes mellitus assessed for coronary artery
disease. Int J Cardiol 2018; 262: 20-24.
Toutouzas K, Benetos G, Karanasos A,
Chatzizisis YS, Giannopoulos AA and Tousoulis
D. Vulnerable plaque imaging: updates on new
pathobiological mechanisms. Eur Heart J
2015; 36: 3147-3154.

Am J Cardiovasc Dis 2021;11(3):360-367

Accosiation between carotid microwave radiometry and coronary OCT findings
[17] Toutouzas K, Karanasos A, Riga M, Tsiamis E,
Synetos A, Michelongona A, Papanikolaou A,
Triantafyllou G, Tsioufis C and Stefanadis C.
Optical coherence tomography assessment of
the spatial distribution of culprit ruptured
plaques and thin-cap fibroatheromas in acute
coronary syndrome. EuroIntervention 2012; 8:
477-485.
[18] Johnson TW, Raber L, Di Mario C, Bourantas
CV, Jia H, Mattesini A, Gonzalo N, de la Torre
Hernandez JM, Prati F, Koskinas KC, Joner M,
Radu MD, Erlinge D, Regar E, Kunadian V,
Maehara A, Byrne RA, Capodanno D, Akasaka
T, Wijns W, Mintz GS and Guagliumi G. Clinical
use of intracoronary imaging. Part2: acute coronary syndromes, ambiguous coronary angiography findings, and guiding interventional decision-making: an expert consensus document
of the European Association of Percutaneous
Cardiovascular Interventions. EuroIntervention
2019; 15: 434-451.
[19] Tomaniak M, Katagiri Y, Modolo R, de Silva R,
Khamis RY, Bourantas CV, Torii R, Wentzel JJ,
Gijsen FJH, van Soest G, Stone PH, West NEJ,
Maehara A, Lerman A, van der Steen AFW,
Luscher TF, Virmani R, Koenig W, Stone GW,
Muller JE, Wijns W, Serruys PW and Onuma Y.
Vulnerable plaques and patients: state-of-theart. Eur Heart J 2020; 41: 2997-3004.
[20] Bouki KP, Katsafados MG, Chatzopoulos DN,
Psychari SN, Toutouzas KP, Charalampopoulos
AF, Sakkali EN, Koudouri AA, Liakos GK and
Apostolou TS. Inflammatory markers and
plaque morphology: an optical coherence tomography study. Int J Cardiol 2012; 154: 287292.
[21] Prati F, Guagliumi G, Mintz GS, Costa M, Regar
E, Akasaka T, Barlis P, Tearney GJ, Jang IK, Arbustini E, Bezerra HG, Ozaki Y, Bruining N,
Dudek D, Radu M, Erglis A, Motreff P, Alfonso F,
Toutouzas K, Gonzalo N, Tamburino C, Adriaenssens T, Pinto F, Serruys PW and Di Mario
C; Expert’s OCT Review Document. Expert review document part 2: methodology, terminology and clinical applications of optical coherence tomography for the assessment of
interventional procedures. Eur Heart J 2012;
33: 2513-2520.
[22] Jang IK, Tearney GJ, MacNeill B, Takano M,
Moselewski F, Iftima N, Shishkov M, Houser S,
Aretz HT, Halpern EF and Bouma BE. In vivo
characterization of coronary atherosclerotic
plaque by use of optical coherence tomography. Circulation 2005; 111: 1551-1555.
[23] Mizushina S, Shimizu T and Sugiura T. Non-invasive thermometry with multi-frequency microwave radiometry. Front Med Biol Eng 1992;
4: 129-133.

366

[24] Toutouzas K, Drakopoulou M, Aggeli C, Nikolaou C, Felekos I, Grassos H, Synetos A, Stathogiannis K, Karanasos A, Tsiamis E, Siores E
and Stefanadis C. In vivo measurement of
plaque neovascularisation and thermal heterogeneity in intermediate lesions of human carotid arteries. Heart 2012; 98: 1716-1721.
[25] Toutouzas K, Drakopoulou M, Aggeli C, Nikolaou C, Felekos I, Grassos H, Synetos A, Stathogiannis K, Karanasos A, Tsiamis E, Siores E
and Stefanadis C. In vivo measurement of
plaque neovascularisation and thermal heterogeneity in intermediate lesions of human carotid arteries. The authors’ reply. Heart 2014;
100: e1.
[26] Toutouzas K, Grassos C, Drakopoulou M, Synetos A, Tsiamis E, Aggeli C, Stathogiannis K,
Klettas D, Kavantzas N, Agrogiannis G, Patsouris E, Klonaris C, Liasis N, Tousoulis D, Siores E and Stefanadis C. First in vivo application
of microwave radiometry in human carotids: a
new noninvasive method for detection of local
inflammatory activation. J Am Coll Cardiol
2012; 59: 1645-1653.
[27] Libby P and Hansson GK. From focal lipid storage to systemic inflammation: JACC review
topic of the week. J Am Coll Cardiol 2019; 74:
1594-1607.
[28] Fosco MJ, Ceretti V and Agranatti D. Systemic
inflammatory response syndrome predicts
mortality in acute coronary syndrome without
congestive heart failure. West J Emerg Med
2010; 11: 373-378.
[29] Wang H, Liu Z, Shao J, Lin L, Jiang M, Wang L,
Lu X, Zhang H, Chen Y and Zhang R. Immune
and inflammation in acute coronary syndrome:
molecular mechanisms and therapeutic implications. J Immunol Res 2020; 2020: 4904217.
[30] Toutouzas K, Synetos A, Stefanadi E, Vaina S,
Markou V, Vavuranakis M, Tsiamis E, Tousoulis
D and Stefanadis C. Correlation between morphologic characteristics and local temperature
differences in culprit lesions of patients with
symptomatic coronary artery disease. J Am
Coll Cardiol 2007; 49: 2264-2271.
[31] Toutouzas K, Stathogiannis K, Synetos A, Karanasos A and Stefanadis C. Vulnerable atherosclerotic plaque: from the basic research
laboratory to the clinic. Cardiology 2012; 123:
248-253.
[32] Toutouzas K, Synetos A, Nikolaou C, Tsiamis E,
Tousoulis D and Stefanadis C. Matrix metalloproteinases and vulnerable atheromatous
plaque. Curr Top Med Chem 2012; 12: 11661180.
[33] Lerakis S, Synetos A, Toutouzas K, Vavuranakis M, Tsiamis E and Stefanadis C. Imaging of
the vulnerable plaque: noninvasive and inva-

Am J Cardiovasc Dis 2021;11(3):360-367

Accosiation between carotid microwave radiometry and coronary OCT findings
sive techniques. Am J Med Sci 2008; 336:
342-348.
[34] Fracassi F, Niccoli G, Vetrugno V, Russo M, Rettura F, Vergni F, Scalone G, Montone RA, Vergallo R, D’Amario D, Liuzzo G and Crea F. Optical coherence tomography and C-reactive
protein in risk stratification of acute coronary
syndromes. Int J Cardiol 2019; 286: 7-12.
[35] Bourantas CV, Garcia-Garcia HM, Farooq V,
Maehara A, Xu K, Genereux P, Diletti R, Muramatsu T, Fahy M, Weisz G, Stone GW and Serruys PW. Clinical and angiographic characteristics of patients likely to have vulnerable
plaques: analysis from the PROSPECT study.
JACC Cardiovasc Imaging 2013; 6: 1263-1272.

367

[36] Toutouzas K, Koutagiar I, Benetos G, Aggeli C,
Georgakopoulos A, Athanasiadis E, Pianou N,
Trachanellis S, Patelis N, Agrogiannis G, Kafouris P, Filis K, Bessias N, Klonaris C, Spyrou G,
Tsiamis E, Siores E, Patsouris E, Cokkinos D,
Tousoulis D and Anagnostopoulos CD. Inflamed human carotid plaques evaluated by PET/
CT exhibit increased temperature: insights
from an in vivo study. Eur Heart J Cardiovasc
Imaging 2017; 18: 1236-1244.

Am J Cardiovasc Dis 2021;11(3):360-367

