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Abstract. Atherosclerosis is a cardiovascular disease that is 
pathologically associated with the growth of atherosclerotic 
plaques and vascular vulnerability. Intravascular ultrasound 
(IVUS) has been used to evaluate and treat cardiovascular 
diseases. Accumulating evidence has demonstrated that 
Gd2O3‑doped nanoparticles contrast can be applied for the 
diagnosis of human diseases. In the present study, eplerenone 
(EPL), a mineralocorticoid receptor antagonist, was first 
doped with Gd2O3 nanoparticles (Gd2O3‑EPL), following 
which its diagnostic efficacy for use in IVUS measurements 
(Gd2O3‑EPL‑IVUS) was evaluated for patients suspected 
with atherosclerosis. Gd2O3‑EPL‑IVUS presented with higher 
accuracy and sensitivity compared with IVUS in diagnosing 
188 patients with suspected atherosclerosis. Gd2O3‑EPL‑IVUS 
exhibited stronger signals associated with plaque morphology 
compared with aloe IVUS for patients with atheroscle‑
rosis. In addition, Gd2O3‑EPL‑IVUS application resulted 
in clearer arterial plaque images compared with IVUS by 
binding mineralocorticoid receptors. Atherosclerosis was 
subsequently confirmed in all patients using computerized 
tomography‑coronary angiography. Gd2O3‑EPL‑IVUS showed 
more accuracy in measuring vessel size, plaque burden and 
minimal lumen area compared with IVUS analysis alone. In 
conclusion, these outcomes suggest that Gd2O3‑EPL‑IVUS is 
a reliable tool for the evaluation of coronary lesions in patients 
with atherosclerosis.

Introduction

Atherosclerosis is a cardiovascular disease and a systemic 
chronic inflammatory disease that predominantly affects 

medium‑sized arteries (1). Atherosclerosis is characterized by 
autoimmune response damage to the arterial wall accompanied 
with the subintimal accumulation of lipids, vascular smooth 
muscle cells and immunocompetent cells, which is pathologi‑
cally associated with atherosclerotic plaque development and 
vascular vulnerability (2‑4). In particular, pathology analysis 
revealed that the crucial event in the initiation and develop‑
ment of atherosclerosis is endothelial injury (5‑7). Previous 
studies have suggested that atherosclerosis is a multifactorial 
disease triggered and sustained by a variety of risk factors 
including smoking, dyslipidemia, arterial hypertension and 
diabetes mellitus (4,8,9).

At present a number of techniques, including trans‑
esophageal echocardiography, epiaortic ultrasound, magnetic 
resonance imaging (MRI) and 3D ultrasound have been applied 
for diagnosis of atherosclerosis  (10). A study has summa‑
rized current evidence regarding the role of intracoronary 
imaging for the diagnosis and risk stratification of coronary 
atherosclerosis  (11). In addition, panoramic radiography 
offers a cost‑effective approach in which early carotid artery 
calcification diagnosis and subsequent interventions can be 
performed (5). Ultrasound imaging have been widely applied 
for the diagnosis of atherosclerosis  (12‑15). Intravascular 
ultrasound (IVUS) is a more often used technique compared 
with thoracic ultrasound for the diagnosis of coronary artery 
disease, myocardial infarction and carotid atherosclerosis (16). 
Although IVUS has proven to be a highly valuable tool for 
the evaluation of mild‑to‑moderate coronary lesions  (17), 
improvements in the diagnostic efficacy of IVUS imaging for 
patients with atherosclerosis is still required.

Contrast‑enhanced ultrasound can be used for the diagnosis 
of different types of human atherosclerosis diseases, including 
coronary artery disease and peripheral artery disease (18). Of 
interest, nanoparticle technology such as Gd2O3 incorporate a 
variety of agents including anticancer compounds, fluorescent 
dyes and metal ions through physical encapsulation, covalent 
coupling or affinity binding for therapeutic or diagnostic 
applications (19). In particular, Gd2O3‑albumin‑conjugating 
photosensitizers can generate clearer signals in vivo during 
MRI diagnosis when coupled with enhanced imaging contrast 
for the effective localization of tumors  (20). Additionally, 
Gd2O3 nanocrystal‑based nanocomposites have been reported 
to serve as an ideal dual‑mode contrast‑enhancing agent 
for MRI by improving longitudinal reflexivity  (21), which 
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may provide a versatile platform for molecular imaging and 
targeted drug delivery in ultrasound‑facilitated diagnosis for 
human diseases (22).

Mineralocorticoid receptors are downstream effectors 
of angiotensin‑II signaling in early atherosclerosis (23). A 
number of studies have recently found that mineralocorticoid 
receptor antagonists can regulate vascular function and/or 
contribute to vascular dysfunction (24‑26). Eplerenone (EPL) 
is a specific mineralocorticoid receptor antagonist which has 
been shown to strengthen endothelium‑dependent relax‑
ation and suppress angiotensin‑converting enzyme activity 
in the vasculature, thereby inhibiting the development of 
atherosclerosis (27).

In the present study, Gd2O3‑coated EPL (Gd2O3‑EPL) were 
used as the nanoparticles contrast to explore the diagnostic 
efficacy of Gd2O3‑EPL combined with IVUS for patients with 
suspected atherosclerosis. This study also analyzed differences 
in the data obtained regarding vessel size, plaque burden 
and minimal lumen area using IVUS and Gd2O3‑EPL‑IVUS 
techniques.

Materials and methods

Participants. A total of 188  patients (sex, 94 men and 
94 women; mean age, 54±12 years; age range, 47‑68) with 
suspected atherosclerosis were admitted to the Peking 
University International Hospital (Beijing, China) between 
April 2014 and May 2016 were recruited into the present study. 
The inclusion criteria are as follows: i) Age of individuals 
>25 years; ii) individuals exhibited hypertension, coronary 
heart disease and hyperlipidemia; and iii) individuals provided 
informed consent for participation. The exclusion criteria for 
all patients were as follows: i) Patients with history of cancer; 
ii)  patients who underwent coronary artery surgery; and 
iii) patients who underwent heart stent surgery. Following 
recruitment, all included patients underwent IVUS followed 
by Gd2O3‑EPL‑IVUS 4 weeks later. CT coronary angiography 
was then performed at four‑week intervals. The Ethical 
Committee of the Peking University International Hospital 
(approval no.  LK20131018) approved this study. Written 
informed consent was provided by all patients.

Contrast agent. The Gd2O3‑coated EPL contrast agents were 
synthesized as described previously (28). Briefly, cetyltrimeth‑
ylammonium bromide (C16TAB, 0.2 g) was first dissolved 
in distilled water (50 ml). NH3.H2O (2 ml 25%) and tetrae‑
thoxysilane (4.49 mmol) were then added and the subsequent 
mixture was stirred at room temperature for 10 min. Gd2O3 
(0.5 mmol) was added to this solution and stirred at 42˚C 
for 1 h before EPL (0.1 mmol) was added to the solution and 
stirred at room temperature for 1 h. Samples were calcined 
at 37˚C for 72 h before the Gd2O3‑EPL nanoparticles were 
harvested. The purity and chemical structure of Gd2O3‑EPL 
was determined by mass spectrometry as described previ‑
ously (29). This resultant nanoparticle contrasting agent would 
be used for visualization for IVUS. All individuals received 
intravenously injections of Gd2O3‑EPL contrast agents (0, 0.4, 
0.8, 1.2, 1.6, 2.0, 2.4, 2.8, 3.2, 3.6 and 4.0 mg/kg) 2 h prior 
to IVUS. The application of Gd2O3‑EPL contrast agents was 
approved by China Food and Drug Administration.

Biochemical Analysis. Blood samples (10 ml) were collected 
from each individual following overnight fasting for 12 h. 
Serum was obtained by centrifugation at 8,000  x  g for 
15 min at 4˚C. Total serum levels of triglyceride, cholesterol, 
low‑density lipoprotein (LDL) cholesterol and high‑density 
lipoprotein (HDL) cholesterol were measured using a 
TBA2000FR biochemical analyzer (Toshiba Corporation) 
as described previously  (30). Metabolism of Gd2O3‑EPL 
was then determined using inductively coupled plasma mass 
spectrometry (ICP‑MS; Elan DRC II; PerkinElmer, Inc.) 
according to a previous study (31).

Intravascular ultrasound virtual histology examination. IVUS 
examination was performed as described previously  (32). 
All patients received nonionic contrast medium Gd2O3‑EPL 
(1.2  mg/ml). IVUS was subsequently performed using a 
20 MHz catheter (2.9F monorail, 0.6 mm/s automatic pull‑
back) after injection using a dedicated IVUS console (Volcano 
Corporation; Philips Healthcare) 2 h following intracoronary 
administration of 10 µg nitroglycerin. The IVUS images were 
captured at 30 frames/s using a DVD‑Rom for subsequent 
offline analysis (Volcano Corporation; Philips Healthcare) and 
recorded into high‑resolution super VHS videotapes. Signal 
intensity was determined from digital imaging and commu‑
nications in medicine‑stored images using a new Medical 
Imaging Bench system (version 4.0; Echoplaque‑MIB; INDEC 
Medical systems, Inc.).

Acquisition of carotid ultrasound index. The carotid ultrasound 
index of individuals was analyzed using a Siemens ACUSON 
SequoiaTM Ultrasound system (Volcano Corporation; Philips 
Healthcare). The probe frequency was defined at 12 MHz. 
Ultrasound was performed to evaluate wall thickness in the 
carotid artery by an experienced professional sonographer. 
The mean intimal‑medial thickness (IMT) was measured 
and the number of plaques in left anterior descending (LAD) 
artery in all individuals was counted. During the ultrasound 
measurement, the systolic lumen diameter (Ds), the diastolic 
lumen diameter (Dd), the systolic pressure (Ps), and diastolic 
pressure (Pd) of the carotid artery were input. The arterial 
compliance (AC) was measured using the following formula: 
AC=π(Ds

2‑Dd
2)/[4 (Ps‑Pd)] (33). The degree of plaque was graded 

using the CHADS2 method on a scale from 0 to 3 (0, no observ‑
able plaque; 1, one small plaque <30% of lumen diameter; 2, 
one medium plaque 30‑50% of vessel diameter; 3, one large 
plaque 50% of vessel diameter) as described previously (34). 
Plaque volume was calculated from the IVUS images as the 
total volume of the external elastic membrane occupied by the 
atheroma. Plaque burden was calculated as plaque and media 
cross‑sectional area/external elastic membrane cross‑sectional 
area. Plaque morphology was assessed on IVUS images of the 
LAD. Velocity vector imaging (VVI) was performed using the 
VVI software (syngo® US workplace; Siemens Healthineers) 
to evaluate speed of blood flow and data were analyzed by two 
independent pathologists.

CHADS2 scoring. CHADS2 scores were used to predict the 
degree of carotid atherosclerosis. The percentage of excess risk 
as calculated using the CHADS2 scoring system was determined 
according to current guidelines as described previously (35).
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Coronary angiography. CT‑coronary angiography was 
performed using a dual‑source CT scanner (SOMATOM 
Definition Flash; Siemens AG) according to standard 
techniques as described previously (36). All patients received 
370 mg I/ml Ultravist® nonionic contrast medium (Schering 
AG) using a dual‑head power injector (SCT‑210; Medrad, Inc; 
Bayer AG). Measurements of vessel geometry, plaque burden 
and plaque morphology using coronary angiography images 
were performed according to a previous study (37). Coronary 
angiography images in LAD were analyzed using a quantitative 
coronary angiography program (version 2.0; Medis Medical 
Imaging Systems) by two independent investigators.

Statistical analysis. The pilot trial sample size of this study was 
determined using the following formula: N=(µα+µβ)2/12(1‑c)
(p'‑0.5)2 (µ, standard deviation; α, I error probability; β, II error 
probability; p, error probability; c, ration of group) (38). Data are 
presented as mean ± SD and statistical analyses were performed 
using SPSS 19.0 software (IBM Corp.). A receiver operator 
characteristic (ROC) curve was used to analyze sensitivity and 
specificity determined by Youden's index. The area under the 
curve (AUC) and the P‑values were obtained using the SPSS 
software. Relative risk was expressed as HR with 95% confidence 
intervals (95% CI) and global χ2‑analyzes utilized logistic 
regression and likelihood ratios test. Student's t‑test was used to 
compare two independent groups of data. P<0.05 was considered 
to indicate a statistically significant difference.

Results

Patients. The clinical characteristics of the patients in the 
present study are summarized in Table  I. There were no 

statistically significant differences in the baseline clinical 
parameters between male and female patients with suspected 
atherosclerosis. All patients exhibited symptoms of hyperten‑
sion, coronary heart disease, and hyperlipidemia.

Dose selection and detection time of Gd2O3‑EPL. Results 
identified 1.2 mg/kg Gd2O3‑EPL to be the optimal dose in 
diagnosing carotid atherosclerosis based on signal intensity 
as measured using IVUS (Fig. 1). In addition, the maximal 
concentration of Gd2O3‑EPL in the serum was attained 2 h 
following injection (Fig. 2). Therefore, 2 h post‑injection was 
chosen as the timepoint for performing IVUS imaging on 
patients with suspected atherosclerosis.

Diagnostic efficacy of Gd2O3‑EPL‑IVUS for patients with 
suspected atherosclerosis. The present study explored the diag‑
nostic efficacy of Gd2O3‑EPL‑IVUS in patients with suspected 
atherosclerosis. In total, Gd2O3‑EPL‑IVUS diagnosed 
142 patients out of 188 patients with suspected atherosclerosis, 
whilst IVUS diagnosed 124 patients out of 188 patients with 

Figure 1. Determination of the optimal dose of Gd2O3‑EPL in diagnosing 
carotid atherosclerosis based on signal intensity 2 h after injection. A range 
of doses of Gd2O3‑EPL between 0 and 4.0 mg/kg was tested in patients with 
suspected atherosclerosis. EPL, eplerenone.

Table I. Baseline clinical characteristics of patients with 
suspected atherosclerosis.

Characteristics	 Values

Male (n, %)	 94 (50%)
Female (n, %)	 94 (50%)
Age (years)	
  Mean	 54±12
  Range	 47‑68
Hypertension (n, %)	 134 (71.3%) 
	 (>120 mmHg)
Body mass index (kg/m2 ± SD)	 24.30±3.40
	 (healthy range, 18.5‑24.0)
Cholesterol (mmol/l ± SD)	 4.88±0.76
	 (healthy range, 3.0‑5.2)
HDL cholesterol (mmol/l ± SD)	 1.40±0.28
	 (healthy range, 1.0‑2.0)
LDL cholesterol (mmol/l ± SD)	 2.85±0.80
	 (healthy range, 2.0‑3.0)
Triglycerides (mmol/l ± SD)	 1.62±0.84
	 (healthy range, 3.5‑4.0)

HDL, high density lipoprotein; LDL, low density lipoprotein; SD, 
standard deviation.

Figure 2. Determination of the optimal time for Gd2O3‑EPL detection in 
diagnosing atherosclerosis after injection of 1.2 mg/kg of Gd2O3‑EPL. Serum 
levels of Gd2O3‑EPL in patients with suspected atherosclerosis was measured 
over a range of timepoints up to 6 h following injection with 1.2 mg/kg 
Gd2O3‑EPL. EPL, eplerenone.



ZHU et al:  DIAGNOSTIC EFFICACY OF Gd2O3-EPL-IVUS FOR ATHEROSCLEROTIC PATIENTS4

suspected atherosclerosis (Table II). ROC analysis also demon‑
strated that Gd2O3‑EPL‑IVUS exhibited higher accuracy and 
sensitivity compared with IVUS in diagnosing patients with 
suspected atherosclerosis (P<0.05; Fig. 3), since the AUC was 
0.870 for the Gd2O3‑EPL‑IVUS group (95% CI, 0.858‑0.882) 
and 0.782 for the IVUS group (95% CI, 0.772‑0.792). These 
data suggest that Gd2O3‑EPL‑IVUS can accurately diagnose 
atherosclerosis by binding mineralocorticoid receptors in 
arterial lesions.

Analysis of carotid ultrasound indices and VVI indices 
in patients diagnosed using IVUS and Gd2O3‑EPL‑IVUS. 
Carotid Ultrasound Indices and VVI indices were subsequently 
compared between IVUS and Gd2O3‑EPL‑IVUS groups. 
The mean IMT was calculated to be 0.302±0.045 versus 
0.273±0.030 diagnosed by IVUS and Gd2O3‑EPL‑IVUS, 
respectively. There were significant differences in the CHADS2 
scores between IVUS and Gd2O3‑EPL‑IVUS group (2.5±1.0 
vs. 3.0±1.5, P<0.05). The arterial compliance (AC) index was 
2.00±0.82 and 3.50±0.96 in patients diagnosed using IVUS 
and Gd2O3‑EPL‑IVUS, respectively (Table III).

Comparison of atherosclerotic plaque characteristics using 
Gd2O3‑EPL‑IVUS or IVUS. Multiple plaques were diagnosed 
on the same patient. The Gd2O3‑EPL‑IVUS technique observed 
stronger signals associated with the plaque morphology as 
determined by measuring signal intensity compared with IVUS 
in patients with atherosclerosis (Fig. 4). Gd2O3‑EPL‑IVUS 
resulted in clearer images of arterial plaques compared with 
IVUS (Fig. 5). Gd2O3‑EPL‑IVUS revealed arterial plaque 
lesions at higher frequencies compared with IVUS in the same 
patients with suspected atherosclerosis (Fig. 6).

Logistic regression to identify risk factors for atherosclerosis. 
According to the results of multivariate analysis, plaque index 

(OR, 1.062; 95% CI, 0.078‑0.096) and CHADS2 score (OR, 
0.462; 95% CI, 1.042‑1.684) was positively correlated with 
atherosclerosis diagnosis (Table IV). Taking either CHADS2 
scores or plaque index into consideration, Gd2O3‑EPL‑IVUS 

Table II. Diagnostic efficacy of Gd2O3‑EPL‑IVUS for patients with suspected atherosclerosis.

Patient	 IVUS (n, %)	 Gd2O3‑EPL‑IVUS (n, %)	 P‑value

Atherosclerosis	 124 (75.5)	 142 (66.0)	 0.048a

Non‑atherosclerosis	   64 (24.5)	   46 (34.0)	 0.035a

Statistical analysis was performed using Student's t‑test. IVUS, intravascular ultrasound; EPL, eplerenone. aP<0.05 vs. IVUS.

Figure 3. Receiver operating characteristic curve showing the accuracies 
and sensitivities of Gd2O3‑EPL‑IVUS and IVUS in diagnosing patients with 
suspected atherosclerosis. EPL, eplerenone; IVUS, intravascular ultrasound; 
AUC, area under the curve; CI, confidence interval.

Table III. Parameters diagnosed using Gd2O3‑EPL‑IVUS in 
patients with suspected atherosclerosis.

Parameter	 IVUS	 Gd2O3‑EPL‑IVUS	 P‑value

IMT (mm)	 0.302±0.045	 0.273±0.030	 0.030a

CHADS2	 2.5±1.0	 3.0±1.5	 0.042a

AC (mm2/kPa)	 2.00±0.82	 3.50±0.96	 0.016a

aStatistical analysis was performed using Student's t‑test. IMT, 
intimal‑medial thickness; IVUS, intravascular ultrasound; EPL, 
eplerenone; AC, arterial compliance.

Table IV. Logistic regression of Gd2O3‑EPL‑IVUS to identify 
risk factors for atherosclerosis.

Parameter	 OR	 95% CI	 P‑value

Plaque index (r)	 1.062	 0.078‑0.096	 0.024a

CHADS2 score (r)	 0.462	 1.042‑1.684	 0.020a

aStatistical analysis was performed using χ2‑test with logistic regres‑
sion data. P‑value was represented the statistical difference between 
Gd2O3‑EPL‑IVUS and IVUS. OR, odds ratio; CI, confidence interval; 
IVUS, intravascular ultrasound; EPL, eplerenone.

Figure 4. Signal intensity as derived from measurements of plaque burden 
and plaque volume in the coronary artery detected using Gd2O3‑EPL‑IVUS 
or IVUS in patients with atherosclerosis. **P<0.01. EPL, eplerenone; IVUS, 
intravascular ultrasound.
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was concluded to be a reliable method in predicting 
atherosclerotic lesions.

Confirmation of atherosclerosis in patients using coronary 
angiography. The atherosclerosis diagnosis in all patients 
as deduced using by Gd2O3‑EPL‑IVUS and IVUS were 
subsequently confirmed using coronary angiography. As 
shown in Fig. 7, representative coronary angiography images 
showed the presence of pathological atherosclerotic plaques 
in patients. Coronary angiography confirmed four false posi‑
tive cases in 142/188 patients and three false negative cases 
in 46/188 patients following the use of Gd2O3‑EPL‑IVUS, 

whilst eight false positive cases in 124/188 and 29 false 
negative cases in 64/188 were reported as a result of IVUS 
(Table V).

Pharmacodynamics of Gd2O3‑EPL in plasma concentration 
in patients with atherosclerosis. The serous metabolism of 
Gd2O3‑EPL was investigated in patients with atherosclerosis. 
Gd2O3‑EPL was fully metabolized within 12 h after injection 
(Fig. 8). No other side effects, including irritation on the injec‑
tion site, hypertension and nausea, were observed in patients 
with atherosclerosis. These data suggest that Gd2O3‑EPL is a 
safe contrast agent for use in IVUS in diagnosing patients with 
atherosclerosis.

Discussion

Early and accurate diagnosis of atherosclerosis is crucial for 
the treatment of this disease (12,39,40). The present study 
is the first to examine the diagnostic efficacy of Gd2O3‑EPL 
combined with IVUS for atherosclerosis in suspected patients, 
which provided evidence that Gd2O3‑EPL‑IVUS resulted 
in stronger signals associated with plaque morphology and 
generating clearer images of arterial plaques compared 
with IVUS alone. In addition, Gd2O3‑EPL‑IVUS uncovered 
higher frequencies of arterial plaque lesions and diagnosed 
atherosclerosis in patients with higher accuracy and sensitivity 
compared with IVUS alone.

Figure 6. Comparison of frequencies of arterial plaque lesions in the coro‑
nary artery as diagnosed using Gd2O3‑EPL‑IVUS or IVUS in patients with 
suspected atherosclerosis. *P<0.05. EPL, esplerenone; IVUS, intravascular 
ultrasound.

Figure 5. Images of atherosclerotic plaques taken using Gd2O3‑EPL‑IVUS or IVUS in the same patient with atherosclerosis. Magnification, x40 or x200. Color 
indicates the location of atherosclerosis inside the coronary artery. EPL, Eplerenone; IVUS, intravascular ultrasound.
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EPL is one of mineralocorticoid receptor antagonists 
where a previous study has found that EPL treatment reduced 
the sizes of lesions in early but not advanced atherosclerosis 
in Apolipoprotein E‑deficient mice (41). EPL strengthened 
the endothelium‑dependent relaxation and suppressed angio‑
tensin‑converting enzyme activity in the vasculature, which 
further prevented the development of atherosclerosis  (24). 
Another study has previously found that IVUS can produce 
qualitative and quantitative images with high accuracies of 
plaque morphology identification in atherosclerosis lesions (5). 
In the present study, Gd2O3‑EPL nanoparticles were introduced 
and it was found that the addition of Gd2O3‑EPL enhanced the 
IVUS signals in evaluating the revascularization decision of 
intermediate and ambiguous coronary lesions. Previously, 
poor characterization of toxicity in the use of Gd2O3‑SiO2 
core‑shell nanoparticles was proving to be an obstacle to the 
clinical deployment for its application in diagnosis using MRI 

in xenografted murine tumors, due to its the accumulation 
in tissues (42). In the present study, Gd2O3‑EPL and IVUS 
enhanced the diagnostic efficacy, independent of atheroscle‑
rosis severity. Specifically, data from the pharmacodynamics 
analysis in the present study suggest that Gd2O3‑EPL may be 
a safe contrast agent for IVUS diagnosis due to its metabolism 
within 12 h after injection.

IVUS can be to predict and discriminate acute coronary 
syndrome culprit lesion phenotypes, which may help to diag‑
nose active coronary plaques in preventing major adverse 
cardiac events in the future (43). In the present study, it was 
found that Gd2O3‑EPL‑IVUS enabled the accurate measure‑
ments of the vessel size, plaque burden and lumen area by 
binding with mineralocorticoid receptors. In addition, the 
application of Gd2O3‑EPL also reduced the incidences of false 
positives and false negatives of IVUS in diagnosing patients 
suspected with atherosclerosis.

In conclusion, the findings in the present study suggest 
that Gd2O3‑EPL‑IVUS is a reliable tool for the evaluation of 
coronary lesions in patients with atherosclerosis. In addition, 
positive associations were found between the CHADS2 scores 
and carotid ultrasound indicators and risk of atherosclerosis 
using data obtained from Gd2O3‑EPL‑IVUS in the present 
study, suggesting that images taken using Gd2O3‑EPL‑IVUS 
can reflect the degree of structural and functional impair‑
ment of atherosclerosis. Consequently, the application of 
Gd2O3‑EPL‑IVUS may contribute to the assessment of the 

Table V. Diagnostic efficacy of Gd2O3‑EPL‑IVUS for patients with suspected atherosclerosis.

Type	 IVUS (%)	 Gd2O3‑EPL‑IVUS (%)	 P‑value

False positive (n, %)	 8 (6.5)	 4 (2.8)	 0.034a

True positive (n, %)	 116 (93.5)	 138 (97.2)	 0.049a

False negative (n, %)	 29 (45.3)	 3 (6.5)	 <0.001a

True negative (n, %)	 35 (54.7)	 43 (93.5)	 <0.001a

aStatistical analysis was performed using χ2‑test. IVUS, intravascular ultrasound; EPL, eplerenone.

Figure 7. Confirmation of atherosclerosis diagnosis in different patients using 
computed tomography coronary angiography in the coronary artery. Arrows 
indicate the location of the atheromatous plaque. Magnification, x50.

Figure 8. Plasma levels of Gd2O3‑EPL in patients with suspected atheroscle‑
rosis over a time course of 12 h after injection of the contrast agent. EPL, 
Eplerenone; IVUS, intravascular ultrasound.
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severity of atherosclerosis and the design of subsequent treat‑
ment strategies.
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