
Articles © The authors   |   Journal compilation © Cardiol Res and Elmer Press Inc™   |   www.cardiologyres.org
This article is distributed under the terms of the Creative Commons Attribution Non-Commercial 4.0 International License, which permits 

unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited
144

Original Article Cardiol Res. 2024;15(3):144-152

Remnant Cholesterol and Carotid Intraplaque 
Neovascularization Assessed by Contrast-Enhanced 

Ultrasonography in Patients With Ischemic Stroke

Yan Songa, Ying Danga, Jun Fengb, Li Tao Ruana, c

Abstract

Background: We investigated the relationship between remnant cho-
lesterol and carotid intraplaque neovascularization (IPN) assessed by 
contrast-enhanced ultrasonography (CEUS) in patients with ischemic 
stroke.

Methods: This was a single-center study. Remnant cholesterol is cal-
culated as total cholesterol minus low-density lipoprotein cholesterol 
(LDL-C) minus high-density lipoprotein cholesterol (HDL-C). All 
patients underwent CEUS. IPN is graded according to the presence 
and location of microbubbles within each plaque.

Results: The cohort included 110 patients with ischemic stroke. Pa-
tients with an IPN grading of 2 had higher triglyceride (TG), non-
HDL-C, and remnant cholesterol concentrations than those with an 
IPN grading of < 2 (TG: 1.45 ± 0.69 vs. 0.96 ± 0.24 mmol/L, P < 
0.001; non-HDL-C: 2.63 ± 0.85 vs. 2.31 ± 0.64 mmol/L, P = 0.037; 
remnant cholesterol: 0.57 ± 0.23 vs. 0.44 ± 0.07 mmol/L, P < 0.001). 
The multivariate-adjusted odds ratio (95% confidence interval) for 
remnant cholesterol was 27.728 (2.714 - 283.253) for an IPN grad-
ing of 2 in the subset of patients with an optimal LDL-C concentra-
tion.

Conclusions: The remnant cholesterol concentration is significantly 
associated with carotid IPN on CEUS in patients with ischemic stroke 
with an optimal LDL-C concentration. Remnant cholesterol may be 
an important indicator of risk stratification in patients with ischemic 
stroke.

Keywords: Remnant cholesterol; Stroke; Neovascularization; Con-
trast-enhanced ultrasonography; Plaque

Introduction

Numerous studies have suggested that lowering low-density 
lipoprotein cholesterol (LDL-C) could significantly reduce the 
risk of cardiovascular disease [1]. However, despite the reduc-
tion in LDL-C achieved with statins, there is still a significant 
residual risk of recurrent cardiovascular events [2]. Part of this 
residual risk may be related to an increase in the concentra-
tion of remnant cholesterol [3], which refers to all triglyceride 
(TG)-rich lipoproteins. In the fasting state, remnant choles-
terol consists of chylomicron remnants, very-low-density lipo-
protein (VLDL), and intermediate-density lipoprotein (IDL), 
while in the non-fasting state, remnant cholesterol consists of 
only VLDL and IDL [4]. Recent studies have revealed a causal 
relationship between remnant cholesterol and both cardio-
vascular disease and all-cause mortality [5, 6]. A recent study 
noted that a high remnant cholesterol concentration was as-
sociated with an increased risk of ischemic stroke [7]. Possible 
reasons for the atherogenic risk of remnant cholesterol include 
retention of remnant cholesterol in the intima [8], direct uptake 
of remnant cholesterol by macrophages [9], and induction of 
an inflammatory state [10]. However, fewer studies have been 
conducted on the relationship between remnant cholesterol 
and the characteristics of vulnerable carotid plaques.

Carotid artery examination is invaluable for atherosclero-
sis screening. Intraplaque neovascularization (IPN) is one of 
the characteristics of vulnerable plaques [11], and evidence 
suggests that contrast-enhanced ultrasonography (CEUS) can 
be successfully employed to assess and quantify carotid IPN 
[12, 13], which has led to its widespread use. Studies have 
shown that carotid IPN assessed by CEUS can predict cardio-
vascular and cerebrovascular events [14-16]. Therefore, the 
aim of this study was to assess the association between rem-
nant cholesterol and carotid IPN using CEUS. We also investi-
gated the relationship between remnant cholesterol and carotid 
IPN in patients with optimal LDL-C concentrations.

Materials and Methods

Study design and patients

A total of 155 patients were enrolled at our institution from 
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2015 to 2018. All patients were hospitalized because of is-
chemic stroke or transient ischemic attack. All of the patients 
underwent brain computed tomography (CT) and/or magnetic 
resonance imaging (MRI) within 1 week. All of the patients 
also underwent CEUS within 1 week after admission. All of 
the patients had at least one carotid atherosclerotic plaque.

Forty-five patients without a fasting lipid profile < 7 days 
prior to CEUS were excluded. The remaining 110 patients were 
included in the analysis. Figure 1 presents the patient selection 
and study design. The inclusion criteria were as follows: 1) 
age ≥ 50 years; and 2) ischemic stroke or transient ischemic 
attack within 30 days before inclusion. Transient ischemic at-
tack is defined as transient neurological deficits caused by fo-
cal cerebral or retinal ischemia lasting less than 1 h without 
evidence of significant cerebral infarction [17]. The presence 
of transient ischemic attack was evaluated by clinicians. The 
exclusion criteria were as follows: 1) previous carotid endar-
terectomy; 2) cardiogenic shock, acute coronary syndrome, 
major surgery, pulmonary edema, serious infection or trauma 
in the previous 4 weeks, and severe liver disease.

All procedures performed in studies involving human 
participants were in accordance with the ethical standards of 
the institution. This study was approved by our hospital eth-
ics committee, and all participants provided written informed 
consent (XJTU1AF2020LSK-058).

Data collection

The data on clinical characteristics, lifestyle risk factors (cur-
rent smoking), medical history (stroke, hypertension, diabetes 
mellitus), medication use (antihypertensive and lipid-lowering 
medications), and ASCO (A = atherosclerosis; S = small-vessel 
disease; C = cardiac source; O = other cause) score [18] were 

collected. Three grades of likelihood are considered: grade 1, 
definitely a potential cause of the index stroke; grade 2, causal-
ity uncertain; grade 3, unlikely a direct cause of the index stroke 
(but disease is present). In addition, when no disease is present, 
patients are graded 0 [18]. Three blood pressure measurements 
were obtained at baseline by trained nurses according to the pro-
tocol adapted from procedures recommended by the American 
Heart Association [19]. Diabetes mellitus was defined as a he-
moglobin A1c of ≥ 6.5% or use of anti-diabetes medications.

Fasting blood samples were drawn from the patients 
within 24 h of hospital admission. Plasma glucose concentra-
tions were obtained using a modified hexokinase enzymatic 
method [20]. Serum lipids, including total cholesterol (TC), 
TG, and high-density lipoprotein cholesterol (HDL-C), were 
enzymatically measured on an automatic biochemical analyz-
er (LAbOSPECT 008AS; HITACHI, Japan) with commercial 
reagents. The LDL-C concentration was calculated using the 
Friedewald equation when the TG concentration was ≤ 4.5 
mmol/L, or it was directly measured when the TG concentra-
tion was > 4.5 mmol/L. Remnant cholesterol was calculated as 
the fasting TC concentration minus the HDL-C concentration 
minus the LDL-C concentration [3]. Non-HDL-C was calcu-
lated as the TC concentration minus the HDL-C concentration 
[3]. The optimal LDL-C concentration was defined by the 
guideline-recommended treatment target of < 1.8 mmol/L for 
patients at a very high risk of cardiovascular disease [21].

Standard carotid artery ultrasonography

Standard carotid ultrasonography was performed in all patients 
at the screening visit with an 11.0-MHz linear-array transducer 
(Prosound LOGIQ-E9; GE, Fairfield, CT, US). According to 
the Mannheim consensus, an atherosclerotic plaque represents 

Figure 1. Patient selection and study design. CEUS: contrast-enhanced ultrasonography; IPN: intraplaque neovascularization.
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a change in the local vessel structure resulting from invasion 
of the arterial wall of ≥ 1.5 mm in thickness [22]. The type of 
echo was classified according to the Gray-Weale echogenic-
ity grading classification criteria [23], as follows: uniformly 
echolucent (class I); predominantly echolucent (class II); pre-
dominantly echogenic (class III); or uniformly echogenic or 
extensively calcified (class IV). Plaque stenosis was divided 
into three groups according to the guidelines for blood flow 
velocity: < 50%, 50-69%, and 70-99% [24]. If the plaque was 
bilateral, the carotid plaque on the side consistent with stroke 
symptoms was analyzed. In the present study, all patients were 
diagnosed with stroke on only one side by CT or MRI. In pa-
tients with more than one separate plaque in the carotid artery 
on the side consistent with stroke symptoms, only the thickest 
plaque was studied.

CEUS and IPN analysis

CEUS was performed as described previously [25]. CEUS 
scans were performed and analyzed by two researchers with 
5 years of experience in CEUS. Carotid CEUS studies were 
performed with the same machine used for the standard stud-
ies, with the addition of a 9L probe with a 7-MHz transmis-
sion frequency. Carotid CEUS was performed with ultrasound 
contrast agent (Sonovue; Bracco, Milan, Italy) suspended in 5 
mL saline. A bolus of contrast agent (2.0 mL) was injected into 
the median cubital vein, followed immediately by 5 mL saline.

For semiquantitative analysis of neovascularization, the 
rapid movement of echogenic reflectors within the plaque was 
identified as neovascularization, which was graded as follows 
[13]: 0 = no visible microbubbles in the plaque; 1 = moder-

ate microbubbles confined to the shoulder and/or adventitial 
side of the plaque; 2 = extensive microbubbles throughout the 
plaque (Fig. 2).

The correlation between the semiquantitative assessments 
of neovascularization was conducted by two researchers. The 
IPN analyses of 20 random plaques performed by the two re-
searchers were compared using the Bland-Altman ± intraclass 
correlation coefficient (Fig. 3).

Statistical analysis

Statistical analyses were performed with IBM SPSS Statistics 
for Windows, version 20.0 (IBM, Armonk, NY, US). Normally 
distributed information is denoted as mean ± standard devia-
tion, and non-normally distributed information is denoted as 
interquartile range (25th and 75th percentiles). The parameters 
were compared between the low and high remnant cholesterol 
groups and between the IPN grading < 2 and IPN grading = 
2 groups using the Chi-square test or Fisher’s exact test for 
categorical variables and the unpaired t-test or the Mann-Whit-
ney U test for continuous variables, as appropriate. The cor-
relations between lipid parameters were assessed using Spear-
man’s rank correlation coefficient. The univariate analysis was 
performed to identify predictors of an IPN grading of 2 among 
the clinical and lipid variables. The multivariate logistic re-
gression analysis was performed in the subset of patients with 
an optimal LDL-C concentration to identify predictors of an 
IPN grading of 2. A P value of < 0.05 was considered statisti-
cally significant. In logistic regression, the odds ratio (OR) is 
used to measure the extent to which two values of an independ-
ent variable affect the dependent variable.

Figure 2. Semiquantitative analysis of neovascularization. IPN grading 0: no visible microbubbles in the plaque; IPN gradingg1: 
moderate microbubbles confined to the shoulder and/or adventitial side of the plaque; IPN grading 2: extensive microbubbles 
throughout the plaque. (a-c) Common carotid artery plaques in which the blue dotted line marks the plaque. (d-f) Contrast-en-
hanced ultrasonography images of the carotid artery. (d) IPN grading 0. (e) IPN grading 1. (f) IPN grading 2 (white arrow marking 
the continuous microbubble in the plaque (defined as IPN)). CCA: common carotid artery; IPN: intraplaque neovascularization.
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Results

Patients’ characteristics

A total of 110 patients were included in the study. The mean 
age of the patients was 68.78 ± 8.65 years, and 98 patients 
(89.1%) were male. The baseline characteristics of the patients 
according to an IPN grading of < 2 and an IPN grading of 2 
are presented in Table 1. At the time of CEUS, 102 patients 
(92.7%) were taking statins. The prevalence of existing statin 
therapy was not significantly different between patients with 
an IPN grading of < 2 and those with an IPN grading of 2.

The mean TG, non-HDL-C, and remnant cholesterol con-
centrations were 1.26 ± 0.61, 2.50 ± 0.79, and 0.52 ± 0.19 
mmol/L, respectively. The TG, non-HDL-C, and remnant cho-
lesterol concentrations were significantly higher in patients with 
an IPN grading of 2 than in those with an IPN grading of < 2 (Ta-
ble 1). The remnant cholesterol concentration was strongly cor-
related with the fasting TG concentration (r = 0.596, P < 0.001), 
poorly correlated with the non-HDL-C concentration (r = 0.217, 
P = 0.023), and inversely correlated with the HDL-C concentra-
tion (r = -0.314, P = 0.001). The LDL-C concentration was opti-
mal in 51 patients (46.4%), 47 of whom (92.2%) were on statins.

The baseline carotid plaque characteristics according to the 
IPN grading are presented in Table 1. Of the 110 patients, 83 
(75.5%) had bilateral carotid plaques, while the remainder had 
plaques on one side only, including 13 patients (11.8%) with 
plaques on the right side and 14 patients (12.7%) with plaques 
on the left side. Of the 110 patients, 56 (50.9%) had right-sid-
ed lesions and 54 (49.1%) had left-sided lesions according to 
the stroke onset side identified by CT or MRI. There were 17 
patients (15.5%) with mild stenosis, 12 patients (10.9%) with 
moderate stenosis, and 81 patients (60.9%) with severe stenosis 

on the onset side according to digital subtraction angiography. 
The mean plaque thickness on the onset side was 4.17 ± 1.02 
mm. No patients underwent carotid endarterectomy (CEA). A 
total of 61 patients underwent carotid artery stenting (CAS), in-
cluding 25 cases on the right side and 36 cases on the left side. 
All of the patients underwent CEUS. The average IPN (aIPN) 
grading of the carotid plaques on both sides was 1.39 ± 0.56. 
The aIPN was significantly higher in patients with an IPN grad-
ing of 2 than in those with an IPN grading of < 2.

Predictors of an IPN grading of 2

In the univariate analysis, an IPN grading of 2 defined by 
CEUS was associated with the TG, non-HDL-C, remnant cho-
lesterol, and glucose concentrations (Table 2). In the age- and 
sex-adjusted model, the OR (95% confidence interval (CI)) 
was 11.092 (3.980 - 30.908) for remnant cholesterol. After fur-
ther adjustment for smoking history, hypertension, and diabe-
tes mellitus in model 2, the OR (95% CI) was 12.221 (4.043 
- 36.940) for remnant cholesterol (Table 2).

In the univariate analysis of patients with an optimal LDL-
C concentration (n = 51), an IPN grading of 2 was associated 
with hypertension, TG concentration, and remnant cholesterol 
concentration (Table 3). In the age- and sex-adjusted model, the 
OR (95% CI) was 17.565 (3.172 - 97.269) for remnant choles-
terol. After further adjustment for smoking history, hyperten-
sion, and diabetes mellitus in model 2, the OR (95% CI) was 
27.728 (2.714 - 283.253) for remnant cholesterol (Table 3).

Discussion

In this retrospective study, the remnant cholesterol concentra-

Figure 3. Correlation coefficient of IPN between the two observers. The IPN analyses of 20 random plaques performed by the 
two researchers were compared using the Bland-Altman ± intraclass correlation coefficient. IPN: intraplaque neovascularization.
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Table 1.  Clinical Characteristics According to Carotid IPN < 2 and IPN = 2 of Stroke Onset Side

IPN < 2 (n = 43) IPN = 2 (n = 67) P
Clinical
  Age 69 (63 - 74) 70 (64 - 76) 0.478
  Sex (men), n (%) 36 (83.7) 62 (92.5) 0.21
  Hypertension, n (%) 24 (55.8) 42 (62.7) 0.551
  Diabetes mellitus, n (%) 12 (27.9) 23 (34.3) 0.534
  Smoking history, n (%) 22 (51.2) 38 (56.7) 0.695
  Systolic BP (mm Hg) 132.93 ± 15.19 135.24 ± 16.04 0.454
  Diastolic BP (mm Hg) 75 (71 - 80) 75 (71 - 80) 0.929
Lipids (mmol/L)
  TG (mmol/L) 0.96 ± 0.24 1.45 ± 0.69 < 0.001
  TC (mmol/L) 3.47 ± 0.94 3.71 ± 0.94 0.172
  LDL-C (mmol/L) 1.86 ± 0.65 2.06 ± 0.83 0.195
  HDL-C (mmol/L) 1.17 ± 0.30 1.08 ± 0.24 0.093
  Non-HDL-C (mmol/L) 2.31 ± 0.64 2.63 ± 0.85 0.037
  Remnant cholesterol (mmol/L) 0.44 ± 0.07 0.57 ± 0.23) < 0.001
  Glucose (mmol/L) 5.02 (4.37 - 5.70) 5.49 (4.55 - 7.29) 0.049
  Hemoglobin A1c 5.9 (5.5 - 6.6) 6.3 (5.6 - 8.1) 0.240
Medication use
  Aspirin, n (%) 38 (88.4) 65 (97.0) 0.108
  Beta-blocker, n (%) 6 (14.0) 8 (11.9) 0.776
  CCB, n (%) 15 (34.9) 36 (53.7) 0.077
  Statin, n (%) 38 (88.4) 64 (95.5) 0.258
  Oral hypoglycemic agent, n (%) 7 (16.3) 11 (16.4) 0.725
  Insulin, n (%) 6 (14.0) 8 (11.9) 0.477
Stroke subtyping (by ASCO criteria) 0.373
  A1 S0 C0 O0, n (%) 0 (0) 3 (4.5) -
  A1 S3 C0 O0, n (%) 19 (44.2) 34 (50.7) -
  A2 S1 C0 O0, n (%) 2 (4.7) 1 (1.5) -
  A2 S2 C0 O0, n (%) 1 (2.3) 0 (0) -
  A2 S3 C0 O0, n (%) 1 (2.3) 1 (1.5) -
  A3 S1 C0 O0, n (%) 10 (23.3) 19 (28.4) -
  A3 S2 C0 O0, n (%) 7 (16.3) 8 (11.9) -
  A3 S3 C0 O0, n (%) 3 (7.0) 1 (1.5) -
Bilateral carotid
  Bilateral carotid plaque, n (%) 30 (69.8) 53 (79.1) 0.364
  aIPN 1 (1 - 1.5) 2 (1.5 - 2.0) < 0.001
Stroke onset side
  Lesion side 0.558
  Right side, n (%) 20 (46.5) 36 (53.7) -
  Left side, n (%) 23 (53.5) 31 (46.3) -
Degree of carotid stenosis 0.302
  < 50%, n (%) 9 (20.9) 8 (11.9) -
  50-69%, n (%) 3 (7.0) 9 (13.4) -
  70-99%, n (%) 31 (72.1) 50 (74.6) -
Plaque thickness (mm) 4.3 (3.3 - 4.8) 4.4 (3.6 - 4.8) 0.745
Plaque echogenicity 0.837
  I 10 (23.3) 19 (28.4) -
  II 19 (44.2) 28 (41.8) -
  III 14 (32.6) 20 (29.9) -

BP: blood pressure; TG: triglyceride; TC: total cholesterol; LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol; 
CCB: calcium channel blockers; aIPN: average intraplaque neovascularization; IPN: intraplaque neovascularization.
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Table 2.  Univariable and Multivariable Analysis for IPN = 2 of Stroke Onset Side in the Study Population (N = 110)

Exp(B) 95% CI P
Univariable analysis
  Age 1.016 0.972 - 1.063 0.474
  Sex (man), n (%) 0.415 0.123 - 1.403 0.157
  Hypertension, n (%) 1.330 0.610 - 2.899 0.473
  Diabetes mellitus, n (%) 1.350 0.585 - 3.114 0.481
  Smoking history, n (%) 1.251 0.580 - 2.698 0.568
  Systolic BP (mm Hg) 1.010 0.985 - 1.036 0.451
  Diastolic BP (mm Hg) 0.998 0.948 - 1.050 0.928
  TG (mmol/L) 3.746 1.814 - 7.736 < 0.001
  TC (mmol/L) 1.377 0.869 - 2.181 0.173
  LDL-C (mmol/L) 1.423 0.834 - 2.429 0.196
  HDL-C (mmol/L) 0.285 0.064 - 1.264 0.099
  Non-HDL-C (mmol/L) 1.781 1.022 - 3.101 0.042
  Remnant cholesterol (mmol/L) 10.178 3.775 - 27.440 < 0.001
  Glucose (mmol/L) 1.356 1.052 - 1.748 0.019
Multivariable analysis
  Model 1a 11.091 3.980 - 30.908 < 0.001
  Model 2b 12.221 4.043 - 36.940 < 0.001

aModel 1: remnant cholesterol + age + sex. bModel 2: remnant cholesterol + age + sex + smoking history + hypertension + diabetes mellitus + 
glucose. IPN: intraplaque neovascularization; BP: blood pressure; TG: triglyceride; TC: total cholesterol; LDL-C: low-density lipoprotein cholesterol; 
HDL-C: high-density lipoprotein cholesterol.

Table 3.  Univariable and Multivariable Analysis for IPN = 2 of Stroke Onset Side in the Subset of Patients With Optimal LDL-C levels 
(N = 51)

Exp(B) 95% CI P
Univariable analysis
  Age 1.003 0.945 - 1.064 0.927
  Sex(men), n (%) 0.429 0.065 - 2.822 0.378
  Hypertension, n (%) 3.667 1.122 - 11.980 0.031
  Diabetes mellitus, n (%) 0.857 0.259 - 2.837 0.801
  Smoking history, n (%) 1.438 0.469 - 4.410 0.525
  Systolic BP (mm Hg) 1.015 0.979 - 1.052 0.424
  Diastolic BP (mm Hg) 1.019 0.945 - 1.099 0.620
  TG (mmol/L) 7.551 2.205 - 25.864 0.001
  TC (mmol/L) 0.901 0.288 - 2.817 0.858
  LDL-C (mmol/L) 0.854 0.109 - 6.710 0.881
  HDL-C (mmol/L) 0.114 0.011 - 1.169 0.067
  Non-HDL-C (mmol/L) 3.426 0.616 - 19.059 0.160
  Remnant cholesterol (mmol/L) 15.683 3.072 - 80.053 0.001
  Glucose (mmol/L) 1.465 0.945 - 2.272 0.088
Multivariable analysis
  Model 1a 17.565 3.172 - 97.269 0.001
  Model 2b 27.728 2.714 - 283.253 0.005

aModel 1: remnant cholesterol + age + sex. bModel 2: remnant cholesterol + age + sex + smoking history + hypertension + diabetes mellitus + 
glucose. IPN: intraplaque neovascularization; BP: blood pressure; TG: triglyceride; TC: total cholesterol; LDL-C: low-density lipoprotein cholesterol; 
HDL-C: high-density lipoprotein cholesterol.
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tion in patients with ischemic stroke was associated with ca-
rotid IPN assessed by CEUS. Furthermore, the relationship be-
tween the remnant cholesterol concentration and IPN persisted 
in patients with ischemic stroke who had an optimal LDL-C 
concentration. Our findings suggest that the fasting remnant 
cholesterol concentration is associated with plaque vulnerabil-
ity in patients with ischemic stroke. Therefore, the remnant 
cholesterol concentration may be an important indicator of risk 
stratification in patients with ischemic stroke.

The observational Copenhagen General Population Study 
involving 102,964 individuals suggested that a progressive in-
crease in remnant cholesterol was associated with a progres-
sive increase in the risk of ischemic stroke [7]. The association 
between the high remnant cholesterol concentration and the 
high risk of ischemic stroke may be related to the observa-
tion that remnant cholesterol can lead to atherosclerosis [26] 
and vulnerable plaque development. A previous study sug-
gested that vulnerable carotid plaques are strongly associat-
ed with the development of ischemic stroke [27]. To further 
investigate the relationship between remnant cholesterol and 
vulnerable plaques, Matsuo et al found that the remnant cho-
lesterol concentration, but not the LDL-C concentration, was 
highly correlated with the percentage of necrotic cores within 
vulnerable plaques in patients treated with statins [28]. Puri et 
al also found that the non-HDL-C concentration was strongly 
associated with the progression and regression of coronary 
atherosclerotic plaque volume, but not with LDL-C concentra-
tion [29]. These findings suggest that there may be a close re-
lationship between the remnant cholesterol concentration and 
plaque characteristics (e.g., vulnerability). We also revealed a 
correlation between the remnant cholesterol concentration and 
vulnerable carotid plaques.

Our results show significantly higher remnant cholesterol 
concentrations in patients with IPN-rich plaques than in those 
without IPN, and we also found that the remnant cholesterol 
concentration was strongly associated with IPN enrichment. 
Mechanistically, remnant lipoproteins can penetrate the arte-
rial wall and become trapped in the intima, and they may be 
bound and retained by the connective tissue matrix [8], leading 
to atherosclerosis [30]. Unlike LDL-C, remnant lipids can be 
taken up directly by macrophages without oxidation, leading to 
foam cell formation [9]. High remnant cholesterol concentra-
tions are also associated with low inflammation [31]. Bernelot 
Moens et al found that elevated remnant cholesterol caused an 
inflammatory response in the aortic and carotid artery walls. 
They also reported that individuals with very high remnant 
cholesterol concentrations showed increased bone marrow ac-
tivity, an increased number of monocytes, higher expression of 
integrins involved in adhesion to the arterial wall, and higher 
lipid accumulation in monocytes [10]. In turn, the progres-
sive formation of IPN is closely related to the inflammatory 
response within the arterial wall [32]. Therefore, local infiltra-
tion of remnant cholesterol and a multilevel inflammatory re-
sponse may explain the effects of remnant cholesterol on IPN 
in vulnerable plaques.

Previous studies have found an association between high-
er TG concentrations and a higher risk of ischemic stroke [33, 
34]. However, as TG is readily metabolized by most cells, the 
exact role of TG in mediating atherosclerosis remains contro-

versial [30]. Therefore, it is most likely that elevated TG is a 
marker of elevated remnant cholesterol, and it is the latter that 
contributes to atherosclerosis [3]. Therefore, focusing on rem-
nant cholesterol carries greater clinical value.

LDL-C reduction is effective in preventing recurrent car-
diovascular events in patients with ischemic stroke. The results 
of the SPARCL (Stroke Prevention by Aggressive Reduction 
in Cholesterol Levels) trial showed that reducing the LDL-C 
concentration to < 1.8 mmol/L reduced the risk of stroke re-
currence by 28% [35]. However, there remains a substantial 
residual risk of cardiovascular events. A prospective cohort 
study found that remnant cholesterol remained an important 
marker of cardiovascular events when the LDL-C concentra-
tion was controlled [36]. Nakamura et al [36] also reported 
that the remnant cholesterol concentration was independently 
associated with the coronary atherosclerotic burden in patients 
with coronary heart disease and an optimal LDL-C concentra-
tion. Our study also found a strong association between the 
remnant cholesterol concentration and IPN in patients with 
ischemic stroke with an optimal LDL-C concentration. This 
finding supports the role of the remnant cholesterol concentra-
tion in the risk of residual atherosclerosis.

Limitations

The present study has some limitations. First, the study design 
was cross-sectional and retrospective; therefore, the study is 
limited in its ability to demonstrate a causal relationship be-
tween remnant cholesterol and carotid plaque vulnerability. 
We did not collect follow-up information on IPN and cardio-
vascular events, which limited our prospective study of the 
effect of baseline remnant cholesterol on vulnerable plaque 
progression after ischemic stroke. Therefore, future prospec-
tive cohort studies are still needed to validate our conclusion. 
Second, we collected lipid data only in the fasting state. There-
fore, we were unable to explore the relationship between non-
fasting remnant cholesterol concentrations and carotid IPN. 
Third, we studied the largest atherosclerotic plaque in the ipsi-
lateral carotid artery, but no information was obtained from the 
other plaques. Thus, we might have missed possible vulner-
able plaques that caused stroke. Fourth, our analysis examined 
plaques without significant acoustic shadowing on ultrasound. 
Thus, our findings may not be applicable to the general popu-
lation with highly echogenic plaques who undergo carotid ar-
tery ultrasonography. Fifth, our study was single-center, retro-
spective study, and the sample size was small, with 45 patients 
being excluded due to lack of blood lipid panels Thus large-
sample, multi-center studies are needed to validate our results. 
Sixth, our study did not consider other causes like arrythmias 
which can be a factor for embolic phenomenon even while 
they may have underlying plaque. Therefore, future prospec-
tive cohort studies are still needed to validate our conclusion.

Conclusions

In this study, the remnant cholesterol concentration was sig-
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nificantly associated with carotid IPN assessed by CEUS in 
patients with ischemic stroke with an optimal LDL-C concen-
tration. Remnant cholesterol may be an important indicator of 
risk stratification in patients with ischemic stroke.
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