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Association of Plasma Marker of Oxidized
Lipid with Histologic Plaque Instability in
Patients with Peripheral Artery Disease

Kichun Kim," Cheong Lim,” Gilhyang Kim,” Jin-Haeng Chung,” Young-Seok Cho,”
Jun Hwan Cho,” Jae-Bin Seo,” Woo-Young Chung,” Se-Jin Oh,” Jae-Sung Choi,”
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Background: The association between oxidized low-density lipoprotein (OxLDL) and plaque
instability in coronary and carotid artery disease is well established. However, the association
between OxLDL and the histologic changes of plaque in peripheral artery disease has not
been clearly elucidated. This study aims to investigate the association between plasma OxLDL
and histologic plaque instability in patients with peripheral artery disease.

Methods: Prospectively obtained plaques from 48 patients who underwent endovascular athe-
rectomy (n = 20), surgical endarterectomy (n = 9), or bypass surgery (n = 19) for treatment of
atherosclerotic femoropopliteal artery disease were evaluated for histologic fibrosis, sclerosis,
calcification, necrosis, cholesterol cleft, and foamy macrophages using hematoxylin and eosin,
oil red O, and immunohistochemical staining. Unstable plaques were defined as plaques that
were positive for foamy macrophages and with lipid content of more than 10% of the total plaque
area. Plasma OxLDL levels were measured using an enzyme-linked immunosorbent assay
(Mercodia AB, Uppsala, Sweden).

Results: Of the 48 patients, 26 (54%) had unstable plaques. The unstable plaque group was
younger, had fewer angiographic total occlusions, less calcification, and more CD68-positive and
LOX-1-positive cells than the stable plaque group. Plasma OxLDL levels were significantly higher
in the unstable plaque group than in the stable plaque group (57.4 + 13.9 vs. 47.2 + 13.6 U/L,
P = 0.014). Multivariate analysis revealed that plasma OxLDL level, smoking, angiographic nontotal
occlusion, and statin nonuse were independent predictors of unstable plaque.

Conclusions: Among patients with peripheral artery disease, the histologic instability of femo-
ropopliteal plague was independently associated with high plasma OxLDL, smoking, nontotal oc-
clusion, and statin nonuse. Further large-scale studies are necessary to evaluate the role of
noninvasive OxLDL measurement for predicting plaque instability and future adverse vascular
event.
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INTRODUCTION

Atherosclerosis is a chronic progressive disease that
involves vascular endothelial dysfunction, lipid
infiltration, foam cell formation, and vascular
smooth muscle cell proliferation.' * In atheroscle-
rosis, the subendothelial retention of low-density li-
poproteins and their oxidative modification play a
critical role. Oxidized low-density lipoproteins
(OxLDLs) are considered one of the key factors in
the initiation and acceleration of atherosclerosis.”®

In a previous study, plasma OxLDL levels were
significantly correlated with coronary plaque insta-
bility and the severity of acute coronary syn-
dromes.” The association between OxLDLs and the
instability of carotid plaque® and ultrasonographic
morphology of common femoral plaque’ has also
been reported.

As the role of OxLDLs in atherosclerosis has been
well established, there have been many studies
focusing on how OxLDLs can act as predictors of car-
diovascular events. For instance, studies have
shown a positive correlation between serum OxLDL
levels and the incidence of future cardiovascular
events.'”” "’ Additionally, in an ultrasound study
regarding plaque ruptures, patients with ruptured
plaque in their iliofemoral arteries had higher inci-
dence rates of cardiac, cerebrovascular, and periph-
eral vascular events than patients without ruptured
plaque.'” A recent study has also shown that pla-
ques with lipid-rich necrotic cores in the superficial
femoral artery are associated with higher rates of pe-
ripheral artery disease (PAD) events.'’

Currently, most OxLDL studies are focused on
coronary and carotid artery disease, and relatively
few OxLDL studies have been done in relation to
PAD. We aimed to investigate the relationship be-
tween plasma OxLDLs and plaque instability via
the histologic evaluation of PAD patients.

METHODS
Study Subjects

We prospectively enrolled 48 patients with PAD
who underwent percutaneous transluminal angio-
plasty (PTA) with endovascular atherectomy, surgi-
cal endarterectomy, or bypass surgery, for treatment
of atleast 50% diameter stenosis of the femoropopli-
teal artery, at 2 South Korean university hospitals,
Seoul National University Bundang Hospital and
Seoul National University-Seoul Metropolitan Gov-
ernment Boramae Medical Center, between May
2012 and November 2016. Indications for revascu-
larizations include claudication, resting limb pain,
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or tissue loss not relieved by exercise therapy and
medical treatment, decreased ankle-brachial index,
and/or significant narrowing or occlusion in nonin-
vasive imaging studies such as Doppler ultrasound
or computed tomographic angiography. Patients
younger than 15 years, older than 90 years, those
already participating in other clinical trials, and
those with restenosis lesions and lesions caused by
disorders other than atherosclerosis, such as vascu-
litis, infection, or embolization, were excluded
from the study. Information regarding patients’
baseline characteristics and patients’ laboratory
and angiographic findings were collected from the
electronic medical records from each hospital.

Written informed consent was obtained from
each participant before PTA and surgery. Our study
protocol was approved by the Institutional Review
Board of each hospital. The study was performed
in accordance with the 1964 Declaration of Helsinki
and its later amendments.

Endovascular and Surgical Techniques

Endovascular atherectomy was performed in a stan-
dard manner with the SilverHawk™ catheter (Silver-
Hawk peripheral plaque excision system, Medtronic,
Plymouth, Minnesota, USA). A 7F guiding catheter
via the common femoral artery and 0.014-inch guide-
wire were used for the procedure. Unfractionated hep-
arin (100 IU/kg) Q1 was administered intravenously
before the insertion of the guidewire. The SilverHawk
LX-M was used for the common femoral artery and
the proximal superficial femoral artery in most pa-
tients, while the SilverHawk MX-M was used for the
distal superficial femoral artery and the popliteal ar-
tery. The first run of atherectomy was started in the di-
rection of angiography showing most significant
stenosis and with the 90° rotation of the angiographic
angle between each run; total 2 to 4 runs of atherec-
tomy were performed for a lesion to remove plaque
until a visually estimated residual diameter stenosis
of less than 30% was achieved or when significant
dissection occurred.

Surgical endarterectomy and bypass surgeries were
performed in standard fashion. For the endarterec-
tomy, after the common femoral artery was fully
dissected with minimal manipulation to avoid plaque
disruption or distal embolization, intravenous unfrac-
tionated heparin (100 IU/kg) Q1 was administered
before clamping, and the activated coagulation time
was maintained at over 200 sec. The intraluminal
atheroma was retrieved using a dissector by gently
peeling away along the sub-intimal plane, leaving
the adventitial layer intact. Thereafter, the arterial
lumen was cleaned using a heparinized normal saline
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solution. Arteriotomy incision was augmented using a
bovine pericardial strip after endarterectomy. Bypass
surgeries were performed using either graft made of
enhanced poly-tetrafluoroethylene or autologous
saphenous vein when appropriate. After careful selec-
tion of inflow and outflow site, graft anastomosis was
usually performed with monofilament polypropylene
sutures in continuous running or simple interrupted
manners by each surgeon’s preference. Specimens
were obtained in the same manner as the surgical
endarterectomy.

Measurement of Plasma OxLDL Levels

I total, 10 mL blood samples were taken from each
patient via arterial sheaths at the end of PTA and
surgery and were stored in heparin tubes. Plasma
was separated from blood samples via centrifugation
at 3,000 rpm for 10 min at 4°C. Then, 0.5 uL of 40
mg/mL butylated hydroxytoluene (Sigma-Aldrich,
St. Louis, USA) and 50 pL of 10 mg/mL glutathione
(Sigma-Aldrich, St. Louis, USA) were added to
500 pL of plasma to prevent in vitro oxidation dur-
ing the process of sample preparation, and stored
at —80°C. Plasma OxLDL levels were measured us-
ing an enzyme-linked immunosorbent assay (Mer-
codiaAB, Uppsala, Sweden).

Specimen Collection

Atherosclerotic plaque specimens obtained during PTA
or surgery were transferred to the laboratory within 1
hr and processed. Specimens from a lesion were
divided into 3 pieces and stored for histologic analysis.
Among several atherectomy specimens collected from
alesion, 3 largest specimens were selected for the anal-
ysis. The location of the lesion was identified from the
angiographic images performed during each run of
atherectomy. Regarding the orientation, in general,
the largest specimen was obtained from the first run
of atherectomy in the orientation of the most severe
stenosis. Among the 3 specimens, the largest one was
fixed using 10% formalin, another one was freshly
frozen at —80°C, and the last piece was fixed using
an optimal cutting temperature compound and stored
at —80°C. Formalin-fixed samples were cut into 4 pm
thickness and used for hematoxylin and eosin (H&E)
staining and immunohistochemical staining, whereas
the fresh-frozen samples were processed as a tissue sec-
tion of 5 pm thickness and then stained using the oil
red O stain.

Histologic Assessment

H&E staining was performed to evaluate each spec-
imen for fibrosis, sclerosis, calcification, necrosis,
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and cholesterol clefts. Oil red O staining was per-
formed to analyze specimens’ lipid contents. Immu-
nohistochemical analysis was performed using anti-
CD68 (1:200, clone KP1, Thermo Fisher Scientific,
Fremont, CA, USA) for identifying macrophages,
anti-lectin-like ~ OxLDL  receptor-1 (LOX-1)
(1:2000, ab60178, Abcam, Cambridge, UK) for iden-
tifying OXLDL receptors on macrophages (Fig. 1),
and anti-smooth muscle actin (1:500, 1A4, Cell
Marque, Rocklin, CA, USA) for identifying vascular
smooth muscle cells. Histologic examinations were
performed by 2 experienced pathologists (GK and
JHC). Among multiple slide sections for each stain
from a patient, one slide section with the largest
and most obvious plaque was used for histologic ex-
amination. Each component of histologic examina-
tion was measured as a percentage of the total
plaque area on the slide section. Unstable plaques
were defined as plaques with a lipid content of
more than 10% in the oil red O staining and with
the presence of foamy macrophages.®'®"'”

Statistical Analysis

Continuous  variables were expressed as
“mean = standard deviation” and medians with
interquartile ranges. Categorical data were summa-
rized as frequencies and proportions. Continuous
variables were compared using Student’s t-test
(parametric method) and the Mann—Whitney U
test (nonparametric method). Categorical variables
were compared using chi-square tests and Fisher’s
exact test when any cell count was less than 5 in a
2 x 2 contingency table. A logistic regression model
was applied to verify the predictors of unstable pla-
que. Variables found to be statistically significant in
the univariable analyses and factors already known
to be risk factors for PAD'® were included in the
multivariable model. Variables that were closely
related to other clinical variables were excluded
from the multivariable model due to possible multi-
collinearity. All statistical tests were two-sided. A P
of less than 0.05 was considered statistically signifi-
cant. SPSS 22.0 software (SPSS, Inc., IBM, Chicago,
IL, USA) was used for our analyses.

RESULTS
Baseline Characteristics

Study patients’ mean age was 70 years, and 77.1%
of patients were male (Table I). More than a third
of our patients had a Rutherford grade of 4 or
more symptom, 70.8% had diabetes mellitus
(DM), 43.8% were current smokers, 83.3% were
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Fig. 1. Representative histologic image of LOX-1 expres-
sion in plaque. Immunohistochemical staining of plaque
showing accumulation of LOX-1 proteins on present

taking statin, and angiographic total occlusion was
confirmed in 54.2% of patients. In terms of revascu-
larization treatment, 41.6% of the patients under-
went endovascular atherectomy, 18.8%
underwent surgical endarterectomy, and 39.6% un-
derwent bypass surgery. More than half (56.3%) of
the plaque specimens were obtained from the com-
mon femoral artery. One to three specimens were
collected from each patient. The average mass of
specimen per patient was 105 mg.

Of the 48 patients, 26 (54.2%) patients were clas-
sified into the unstable plaque group and the rest
were classified into the stable plaque group
(Table I). The unstable plaque group was signifi-
cantly younger (66.9 + 9.7 versus 73.8 + 7.4 years,
P = 0.009); had significantly fewer total occlusions
(38.5 versus 72.7%, P =0.018) and less calcification
(21.1 versus 76.9%, P = 0.002); and more prevalent
in specimens from endovascular atherectomy pro-
cedure than the stable plaque group (55.7 versus
22.7%, P=0.014). There were no statistically signif-
icant differences between the groups in terms of
other medical history, laboratory tests, and medica-
tion at admission.

Oxidized Lipid Marker and Histologic
Findings

Plasma OxLDL levels of the entire study population
showed normal distribution (Kolmogorov—Smir-
nov test Z = 0.087) and were significantly higher
in the unstable plaque group than in the stable pla-
que group (57.4 £ 13.9 versus 47.2 = 13.6 U/L,
P = 0.014) (Fig. 2A). Immunohistochemical
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o

macrophages (arrows in B) (A, magnification x100) (B,
magnification x400). LOX-1, lectin-like oxidized low-
density lipoproteins receptor-1.

staining using anti-LOX-1 and anti-CD68 also
showed significantly higher LOX-1 (56.2 = 38.3
versus 17.7 £ 37.5%, P = 0.002) and CD68
(71.9 £ 38.3 versus 14.1 £ 35.0%, P < 0.001)
expression rates, respectively, in unstable plaques
than in stable plaques (Fig. 2B) (Table II). Further-
more, there was less calcification in the unstable
plaque group than in the stable plaque group
(4.2 £ 6.1 versus 20.9 + 25.5%, P = 0.006), but 2
groups did not differ significantly from each other
in terms of other histologic findings. Representa-
tive histologic examples of unstable and stable pla-
que are shown in Figure 3.

Risk Factors for Unstable Plaque

The univariate analysis showed that younger ages,
higher plasma OxLDL levels, fewer angiographic to-
tal occlusions, lower degrees of stenosis, smaller
amounts of calcification, lower transatlantic inter-
society consensus lesion classifications, and speci-
mens from endovascular or surgical atherectomies
were significantly associated with unstable plaque
(Table III). The multivariate analysis revealed that
smoking (odds ratio [OR] = 10.207; 95% confidence
interval [CI], 1.480—70.230; P = 0.018) and high
plasma OxLDL levels (OR = 1.090; 95% (I,
1.021—1.165; P = 0.010) were significant indepen-
dent positive predictors of unstable plaque, whereas
angiographic total occlusion (OR = 0.044; 95% CI,
0.006—0.323; P = 0.002) and the baseline statin
use (OR = 0.099; 95% CI, 0.011-0.867;
P = 0.037) were significant independent negative
predictors of unstable plaque.
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Table I. Baseline characteristics of study subjects

Annals of Vascular Surgery

Unstable plaque

Stable plaque

Characteristic Total (n = 48) group (n = 26) group (n = 22) P
Age, year 70.1 £ 9.3 66.9 = 9.7 73.8+7.4 0.009
Sex, male, n (%) 37 (77.1) 19 (73.1) 18 (81.8) 0.473
Weight, kg 62.5+11.3 62.0 £ 12.0 63.1 + 10.6 0.986
BMI, kg/m? 23.6 + 4.0 23.5+4.6 23.8+34 0.778
Rutherford grading, #n (%) 0.454
0 (no symptom) 1(2.1) 1(3.8) 0 (0.0)
1—3 (claudication) 29 (62.1) 14 (53.8) 15 (68.2)
4 (resting pain) 12 (25) 6 (23.1) 6 (27.3)
5 (minor tissue loss) 6 (12.5) 5 (19.2) 1 (4.5)
6 (major tissue loss) 0 (0.0) 0 (0.0) 0 (0.0)
Critical limb ischemia, 7 (%) 18 (37.5) 11 (42.3) 7 (31.8) 0.454
Symptom onset, remote, month 31.2 +44.8 33.2+454 29.0 £ 45.2 0.765
Symptom onset, recent, month 11.6 £ 23.6 11.5 + 20.6 11.3 £ 26.9 0.979
Past medical history, n (%)
Diabetes mellitus 34 (70.8) 18 (69.2) 15 (68.2) 0.938
Duration of DM, year 12.0 £ 12.3 12.2 £ 10.1 12.6 £ 14.8 0.929
Use of insulin 19 (57.6) 11 (61.1) 8 (53.3) 0.653
Dyslipidemia 32 (66.7) 16 (61.5) 6 (72.7) 0.413
Current smoking 21 (43.8) 14 (53.8) 7 (31.8) 0.304
ESRD on dialysis 6 (12.5) 4 (15.4) 2 (9.1) 0.511
Acute coronary syndrome 14 (29.2) 6 (23.1) 8 (36.4) 0.313
Myocardial infarction 4 (8.3) 2 (7.7) 2 (9 1) 0.861
Cerebrovascular disease 11 (22.9 4 (15.4) 6 (27.3) 0.509
Prior endovascular revascularization of PAD 10 (20.8 4 (15.4) 6 (27.3) 0.478
Prior surgical revascularization of PAD 3 (6.3) 1(3.8) 2 (9.1) 0.587
Laboratory findings
BUN, mg/dL 4 (91.7) 25 (96.2) 19 (86.4) 0.221
Creatinine, mg/dL 1.1 £1.0 +1.4 1.0 + 0.7 0.755
eGFR, ml/min/m? 66.0 £ 36.5 58.8 + 34.1 74.5 + 38.2 0.139
Total cholesterol, mg/dL 152.3 + 38.7 160.2 + 40.4 142.9 + 35.1 0.123
Triglyceride, mg/dL 146.0 + 68.6 148.1 + 74.6 142.9 + 61.0 0.831
HDL cholesterol, mg/dL 39.0 + 8.0 39.0 + 12.0 39.5 + 10.0 0.309
LDL cholesterol, mg/dL 84.8 + 33.2 91.2 £ 36.3 75.2 £ 26.3 0.165
HbA1C, % 73 +1.2 + 1.6 7.0 £ 0.7 0.270
hs-CRP, mg/dL 1.7 £ 2.9 1.7+ 3.3 1.7+ 24 0.921
Urine microalbumin/creatinine ratio 59.1 £ 1,133.8 75.3 +1,122.7 31.0 £ 1,147.3 0.691
Ankle-brachial index 0.6 +0.3 0.7 £ 0.3 0.6 0.3 0.163
Medication at admission®, n (%)
Aspirin 38 (79.2) 19 (73.1) 19 (86.4) 0.259
Clopidogrel 21 (43.8) 11 (42.3) 10 (45.5) 0.827
Anti-coagulant 2 (4.2) 1 (3.8) 1 (4.5) 0.904
Cilostazol 13 (27.1) 10 (38.5) 9 (40.9) 0.863
Statin 40 (83.3) 16 (61.5) 18 (81.8) 0.124
Angiographic findings
Lesion length, cm 12.5 + 11.9 10.0 £ 0.3 154 + 13.2 0.136
Angiographic stenosis (%) 93.8 £ 8.9 91.1 £ 9.5 97.1 £ 7.0 0.019
Total occlusion, n (%) 26 (54.2) 10 (38.5) 16 (72.7) 0.018
Moderate to severe calcification, n (%) 14 (43.8) 3 (21.1) 10 (76.9) 0.002
Thrombus on angiography, n (%) 6 (14.6) 2 (8.7) 4 (22.2) 0.263
TASC femoropopliteal classification (C or D) 22 (48.9) 8 (32.0) 15 (68.2) 0.083
Popliteal involvement, n (%) 6 (12.5) 3 (11.5) 3 (13.6) 0.827
Popliteal P2/P3 involvement, n (%) 5 (10.4) 3 (11.5) 2 (9.1) 0.782
Endovascular atherectomy, n (%) 20 (41.6) 15 (57.7) 5 (22.7) 0.014
(Continued)
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Table 1. Continued
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Unstable plaque Stable plaque

Characteristic Total (n = 48) group (n = 26) group (n = 22) P
Surgical revascularization, n (%)
Endarterectomy 9 (18.8) 5 (19.2) 4 (18.2) 0.926
Bypass surgery with endarterectomy 4 (8.3) 1(3.8) 3 (13.6) 0.221
Bypass surgery without endarterectomy 15 (31.3) 5 (19.2) 10 (45.5) 0.051
Plaque collection location, # (%) 0.058
Common femoral artery 27 (56.3) 11 (22.9) 16 (33.3)
Proximal superficial femoral artery” 12 (25.0) 10 (20.8) 2 (4.2)
Distal superficial femoral artery 8 (16.7) 5(10.4) 3 (6.3)
Popliteal artery 1(2.1) 0 (0) 1 (4.5)

Categorical variables are depicted as the number of patients (percentage); continuous variables are depicted as medians (interquartile

ranges) or mean (standard deviations).

BMI, body mass index; DM, diabetes mellitus; ESRD, end-stage of renal disease; PAD, peripheral artery disease; BUN, blood urea
nitrogen; eGFR, estimated glomerular filtration rate by MDRD equation; HDL, high-density lipoprotein; LDL, low-density
lipoprotein; hs-CRP, high-sensitive C-reactive protein; TASC, TransAtlantic Inter-Society Consensus for the Management of

Peripheral Arterial Disease.

IMedication taking for at least 6 months at the time of admission were included.
"The division point for proximal and distal superficial artery was the center of the entire superficial femoral artery.

DISCUSSION

Our results showed that high plasma OxLDL levels
were significantly associated with histologically
distinguished unstable plaques in lower extremity
artery disease. To our knowledge, this is the first
study to report the relationship between histologi-
cally verified instability of femoropopliteal artery
plaque and plasma OxLDL levels. In addition, smok-
ing, angiographic nontotal occlusion, and nonuse of
statin were also significantly associated with histo-
logic unstable plaque.

OxLDL and Plaque Instability

OxLDLs play key roles in the initiation and progres-
sion of atherosclerosis,”® and previous studies have
shown a strong association between plasma OxLDLs
and plaque instability in coronary and carotid artery
disease.*'”"'” Our results are also consistent with those
of the previous studies that report a relationship be-
tween OxLDLs and occurrence or instability of com-
mon femoral artery plaque.”””?' Furthermore,
while all the previous studies have estimated plaque
instability by ultrasonographic echogenicity,” "'
our study is meaningful in that plaque instability is
directly assessed through histologic evaluation.

Plaque Instability and Future Vascular
Events

In previous histologic plaque studies, coronary ar-
tery plaques with lipid-rich cores and thin fibrous
caps were known to increase the risk of plaque
rupture and cause the development of acute coro-
nary syndrome and progression of coronary artery
atherosclerosis.”>** It has also been reported that

carotid and lower extremity artery plaques with
lipid-rich cores are associated with ischemic
stroke,?*?> cardiovascular events,”® and PAD
events,'’ suggesting that unstable plaque is a strong
risk factor for future vascular events. If plaque insta-
bility can be assessed with noninvasive measure-
ment of serum OxLDL, the risk of future adverse
vascular events may also be predicted, thereby
allowing for the implementation of intensifying pla-
que stabilizing therapy with statins and anti-
thrombotic agents, reinforcing the surveillance,
and performing earlier percutaneous or surgical
intervention. In this regard, we generate a hypothe-
sis that plasma OxLDLs could be one of the predic-
tive markers for plaque instability in patients with
PAD.

Other Independent Predictors of
Femoropopliteal Plaque Instability

Current smoking. Multivariate analysis of our
study revealed that current smoking, angiographic
nontotal occlusion, and nonuse of statins were inde-
pendent predictors of unstable plaque in the femo-
ropopliteal artery. A previous report on the
autopsy sample of coronary plaque from patients
of sudden death showed that plaque of the acute
thrombosis group was more significantly associated
with higher prevalence of smoking than stable pla-
que group.”’ Further, among patients with PAD,
presence of MRI-detected high-risk superficial
femoral artery plaque was independently predicted
by current smoking,”® showing similar results as
-those of the current study.

Angiographic nontotal occlusion. In coronary ar-
tery disease, unstable plaques are usually called as
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Fig. 2. Comparison of the plasma and histologic oxidized
lipid markers between the unstable plaque group and the
stable plaque group. The plasma OxLDL level is signifi-
cantly higher in the unstable plaque group than that in
the stable plaque group (A). The immunohistochemical

Unstable plaque
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P =0.002

17.7+ 375

Stable plaque

LOX-1 expression area is significantly greater in the un-
stable plaque group than that in the stable plaque group
(B). OxLDL, oxidized low-density lipoproteins; LOX-1,
lectin-like oxidized low-density lipoproteinreceptor-1.

Table II. Histologic findings in unstable and stable plaque

Findings Total (n = 48) Unstable plaque (7 = 26) Stable plaque (n = 22) P

Fibrosis (%) 56.6 £ 31.6 64.0 + 23.1 47.7 + 38.1 0.089
Sclerosis (%) 23.1 £ 21.7 21.7 £ 20.3 24.8 + 23.6 0.633
Calcification (%) 11.9 £ 19.5 4.2 + 6.1 20.9 £ 25.5 0.006
Necrosis (%) 23 +104 1.2 +£3.6 3.6 +£15.0 0.416
Cholesterol cleft (%) 2.4 +3.9 2.9 +3.8 1.8 +4.0 0.345
Oil red O (%) 43.8 + 26.6 45.8 + 22.8 41.4 + 31.1 0.596
CD68 (%) 45.4 + 46.6 71.9 + 38.3 14.1 + 35.0 <0.001
Smooth muscle actin (%) 85.9 +22.3 86.2 + 16.8 85.5 + 27.9 0.906
LOX-1 (%) 37.0 £42.2 56.2 + 38.3 17.7 £ 37.5 0.002

LOX-1, lectin-like oxidized low-density lipoprotein receptor-1.

Fibrosis, sclerosis, calcification, necrosis, cholesterol cleft, and oil red O were measured as a percentage of the total plaque area. CD68
and LOX-1 were measured as the ratio of positive macrophage in total macrophage in an H&E stain. Smooth muscle actin was
measured as the ratio of positive smooth muscle cell in total smooth muscle cell.

‘vulnerable plaque,’ characterizing the tendency for
plaque disruption and thrombus formation,”” which
can result in acute coronary syndrome. Several
angiographic studies showed that culprit lesions
responsible for myocardial infarction develop from
lesions with <50% diameter stenosis at baseline
angiography.’’°? In addition, it has been suggested
that most myocardial infarctions result from rup-
tures of mildly stenotic plaques, and most adverse
coronary events take place irrespective of the
severity of baseline angiographic luminal stenosis.’”

Furthermore, in a more recent, prospective large-
scale study of patients with acute coronary syn-
drome, initial nonculprit lesions responsible for
recurrent adverse events during follow-up were le-
sions with mild stenosis at baseline angiography.’*
In that prospective study, intravascular ultrasound
imaging done at baseline revealed that large plaque
burden and plaque morphology with thin cap and
large lipid core were main predictors of adverse

events.”” Therefore, for coronary artery disease, fea-
tures of vulnerable plaque could be evaluated by
intravascular imaging, rather than by angiographic
stenosis. One of the reasons for this discrepancy be-
tween angiographic stenosis and intravascular im-
aging is positive remodeling, which usually occurs
during coronary plaque progression, and which
can harbor high plaque burden without causing
luminal stenosis.””

Also, in most large-scale lipid-lowering trials,
there was much larger improvement in clinical
adverse cardiac events without improvement in
angiographic luminal stenosis.’® Furthermore, in
a coronary chronic total occlusion lesion, occluded
segment is mainly a fibrous tissue,”” and as the
duration of occlusion increases, the component of
the lesion changes, and there will be fewer macro-
phages and more fibrotic tissue,’® showing histo-
logic characteristics similar to those of a stable
plaque.
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A

Fig. 3. Representative histologic example of unstable
plaque (A, C and E) and stable plaque (B, D and F) in
common femoral artery (A, C and E) and proximal su-
perficial femoral artery (B, D and F). Hematoxylin and
eosin (H&E) stain showing the lipid-rich core (LC in
A), thin fibrous cap (FC in A), and foamy macrophage
(arrows in C) of unstable plaque (A, x100 magnification;

Oxidized lipid in peripheral artery plaque 561

C, x400 magnification, respectively).Thick fibrous tissue
and a small amount of lipids in an H&E stain from a sta-
ble plaque sample (B, x100 magnification; D, x400
magnification, respectively). Oil red O stain shows the
high density of lipid droplets in unstable plaque (E,
% 100 magnification). Oil red O stain shows no lipid drop-
lets in stable plaque (F, x100 magnification).
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Table III. Predictors for unstable plaque

Annals of Vascular Surgery

Univariate analysis

Multivariate analysis

Risk factor OR (95% CI) P OR (95% CI) P
Age, per year 0.903 (0.830—0.982) 0.018 0.964 (0.865—1.075) 0.511
Sex, male 0.603 (0.151—2.415) 0.475 0.523 (0.055—6.007) 0.643
BMI, per 1 kg/m? 0.979 (0.849—1.129) 0.772

Critical limb ischemia 0.747 (0.226—2.468) 0.632

Symptom onset, recent, per month 1.000 (0.975—1.026) 0.979

Hypertension 3.947 (0.380—3.947) 0.250

Diabetes mellitus 1.050 (0.309—3.571) 0.952 0.931 (0.068—12.720) 0.957
Use of insulin 0.727 (0.181—-2.914) 0.653

Duration of DM, per year 0.997 (0.945—1.053) 0.926

Dyslipidemia 0.600 (0.176—2.046) 0.414

Acute coronary syndrome 0.747 (0.226—2.468) 0.632

ESRD on dialysis 1.818 (0.300—11.023) 0.516

Current smoking 2.500 (0.766—8.160) 0.152 10.207 (1.480—70.230) 0.018
eGFR, per 1 mL/min/m? 0.988 (0.971—1.004) 0.141 0.998 (0.964—1.032) 0.889
Total cholesterol, per 1 mg/dL 1.013 (0.996—1.030) 0.129 1.003 (0.970—1.038) 0.853
HDL cholesterol, per 1 mg/dL 0.947 (0.873—1.027) 0.189

LDL cholesterol, per 1 mg/dL 1.016 (0.993—1.040) 0.168

OxLDL, per 1 U/L 1.058 (1.008—1.111) 0.023 1.090 (1.021—1.165) 0.010
hs-CRP, per 1 mg/dL 1.011 (0.823—1.241) 0.919

Ankle-brachial index, per 0.1 5.614 (0.466—67.637) 0.174

Urine albumin/creatinine ratio, 1.061 (0.752—1.497) 0.734

per 1 mg/g

Aspirin at admission 2.333 (0.523—10.400) 0.266

Clopidogrel at admission 1.136 (0.362—3.569) 0.827

Statin at admission 2.821 (0.736—10.751) 0.131 0.099 (0.011—0.867) 0.037
Angiographic total occlusion 0.234 (0.069—0.799) 0.020 0.044 (0.006—0.323) 0.002
Angiographic stenosis 0.907 (0.829—0.992) 0.033

Angiographic calcification 0.080 (0.015—0.437) 0.004

Thrombus on angiography 0.185 (0.017—2.024) 0.167

TASC femoropopliteal classification 0.220 (0.064—0.751) 0.016

(C or D)
Endovascular or surgical atherectomy 3.256 (1.309—8.423) 0.011 1.752 (0.100—30.803) 0.702

Logistic regression model with backward elimination: included variables were age, sex, diabetes mellitus, current smoking, eGFR, total
cholesterol, use of statin at admission, and those with P < 0.05 in univariate analysis.

Variables included in the multivariable analysis were age, sex, diabetes mellitus, current smoking, eGFR, total cholesterol, OXLDL,
angiographic total occlusion, use of statin at admission, and undergoing endovascular revascularization.

OR, odds ratio; CI, confidence interval; BMI, body mass index; DM, diabetes mellitus; ESRD, end-stage of renal disease; eGFR,
estimated glomerular filtration rate by MDRD equation; HDL, high-density lipoprotein; LDL, low-density lipoprotein; OxLDL,
oxidized low-density lipoprotein; hs-CRP, high-sensitive C-reactive protein; hs-CRP, high-sensitivity C-reactive protein; TASC,
TransAtlantic Inter-Society Consensus for the Management of Peripheral Arterial Disease.

Also, in PAD, in a pathology study with patients

with critical limb ischemia, most of chronic thrombi
were present in lesions with insignificant stenosis.””
By contrast, in carotid artery disease, the correlation
between stenosis severity and future risk of stroke is
well established.*’
Nonuse of statin. Regarding statin treatment, an
autopsy study showed significantly higher total
cholesterol level in the acute coronary thrombosis
group than that in the stable plaque group.””*"**

In intracoronary imaging studies, the use of statin
was associated with less plaque rupture,*” decreased

macrophage infiltration,** reduced lipid content,”’
and increased fibrous component in the plaque,*®
suggesting a plaque stabilizing effect of statins. In a
sub-analysis of a large, prospective, randomized trial
of statin treatment, in patients with PAD, the use of
statins reduced peripheral vascular events, irrespec-
tive of baseline cholesterol levels and other
factors.””

However, in an MRI study of patients with PAD,
statin nonuse did not result in an independent pre-
dictor of high-risk plaque, showing a conflicting
result to that obtained in our study.”®
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Factors Showing Insignificant
Differences between the Unstable Plaque
Group and the Stable Plaque Group

In our study, in agreement with other large-scale
studies regarding the nonsignificant relationship be-
tween the instability of the iliofemoral and ca-
rotid*®*? artery plaque and DM, DM was not an
independent risk factor of unstable plaque. More-
over, C-reactive protein, which is previously known
to be associated with the presence of coronary and
carotid  plaque, but not with plaque
morphology,’””' was not significantly associated
with instability of femoropopliteal plaque in our
study, either.

The relationship between symptom severity and
arterial plaque instability has been seen in patients
with acute coronary syndrome’” and symptomatic
carotid artery disease patients.”> However, there
have been no reports regarding the relationship be-
tween symptom severity and plaque instability in
PAD patients. Our study showed that there were
no significant differences in the PAD symptom
severity grades or clinical presentation between
the unstable plaque group and the stable plaque
group. Although it has not been clearly elucidated,
we cautiously speculate that symptom development
due to plaque instability might be more blunted or
much slower in PAD than that in coronary or carotid
artery disease.

Limitations

This study has a few limitations. Firstly, selection
bias may affect our results because, among the
endovascular revascularization subjects, only pa-
tients who underwent atherectomy were included.
However, more than half of the study population
consisted of consecutive patients who underwent
surgical revascularization, and this might have
decreased the degree of selection bias. Secondly,
our sample size is relatively small. Consequently,
substantial overlap was observed in OxLDL levels
in the unstable and stable plaque groups. However,
we enrolled consecutive patients from 2 referral
hospitals that were affiliated with the same univer-
sity, without changing the clinical practice policy,
thereby giving the study population more
homogeneity.

CONCLUSIONS

In this study, plasma OxXLDL levels showed a signif-
icant association with the histologic instability of
femoropopliteal artery plaque. Moreover, smoking,

Oxidized lipid in peripheral artery plaque 563

nontotal occlusion, and statin nonuse were also
significantly associated with unstable plaque. The
results of our study suggest that high OxLDL could
be one of noninvasive predictors of unstable plaque
in patients with PAD; however, this requires further
validation through large-scale studies.

E.J. Kim performed the laboratory experiments. H.Y. Shin and
H.A. Heo reviewed the medical records.

REFERENCES

1. Libby P. Inflammation in atherosclerosis. Arterioscler
Thromb Vasc Biol 2012;32:2045—51.

2. Di Pietro N, Formoso G, Pandolfi A. Physiology and patho-
physiology of oxLDL uptake by vascular wall cells in athero-
sclerosis. Vascul Pharmacol 2016;84:1—7.

3. Ross R. The pathogenesis of atherosclerosis: a perspective for
the 1990s. Nature 1993;362:801—9.

4. Ross R. Atherosclerosis—an inflammatory disease. N Engl J
Med 1999;340:115—26.

5. Li D, Mehta JL. Oxidized LDL, a critical factor in atherogen-
esis. Cardiovasc Res 2005;68:353—4.

6. Gomez M, Vila J, Elosua R, et al. Relationship of lipid oxida-
tion with subclinical atherosclerosis and 10-year coronary
events in general population. Atherosclerosis 2014;232:
134—40.

7. Ehara S, Ueda M, Naruko T, et al. Elevated levels of oxidized
low density lipoprotein show a positive relationship with the
severity of acute coronary syndromes. Circulation 2001;103:
1955—60.

8. Nishi K. Oxidized LDL in carotid plaques and plasma associ-
ates with plaque instability. Arterioscler Thromb Vasc Biol
2002;22:1649—54.

9. Sigurdardottir V, Fagerberg B, Wikstrand J, et al. Circulating
oxidized low-density lipoprotein is associated with echolu-
cent plaques in the femoral artery independently of hsCRP
in 61-year-old men. Atherosclerosis 2007;190:187—93.

10. Holvoet P, Van Cleemput J, Collen D, et al. Oxidized low
density lipoprotein is a prognostic marker of transplant-
associated coronary artery disease. Arterioscler Thromb
Vasc Biol 2000;20:698—702.

11. Meisinger C, Baumert J, Khuseyinova N, et al. Plasma
oxidized low-density lipoprotein, a strong predictor for acute
coronary heart disease events in apparently healthy, middle-
aged men from the general population. Circulation
2005;112:651—7.

12. Johnston N, Jernberg T, Lagerqvist B, et al. Oxidized low-
density lipoprotein as a predictor of outcome in patients
with unstable coronary artery disease. Int J Cardiol
2006;113:167—73.

13. Drogan D, Weikert C, Dierkes J, et al. Plasma gamma-
glutamyltransferase, cysteinyl-glycine, and oxidized low-
density lipoprotein: a pathway associated with myocardial
infarction risk? Arterioscler Thromb Vasc Biol 2010;30:
2053—-8.

14. Okura H, Asawa K, Kubo T, et al. Incidence and predictors of
plaque rupture in the peripheral arteries. Circ Cardiovasc
Interv 2010;3:63—70.

15. McDermott MM, Kramer CM, Tian L, et al. Plaque composi-
tion in the proximal superficial femoral artery and

Downloaded for Anonymous User (n/a) at Chung-Ang University from ClinicalKey.com by Elsevier on May 14, 2024.
For personal use only. No other uses without permission. Copyright ©2024. Elsevier Inc. All rights reserved.


http://refhub.elsevier.com/S0890-5096(19)30956-2/sref1
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref1
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref1
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref2
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref2
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref2
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref2
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref3
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref3
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref3
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref4
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref4
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref4
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref4
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref5
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref5
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref5
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref6
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref6
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref6
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref6
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref6
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref7
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref7
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref7
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref7
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref7
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref8
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref8
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref8
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref8
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref9
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref9
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref9
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref9
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref9
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref10
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref10
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref10
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref10
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref10
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref11
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref11
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref11
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref11
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref11
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref11
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref12
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref12
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref12
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref12
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref12
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref13
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref13
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref13
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref13
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref13
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref13
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref14
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref14
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref14
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref14
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref15
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref15

564 Kim et al.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

peripheral artery disease events. JACC Cardiovasc Imaging
2017;10:1003—12.

Nishi K, Uno M, Fukuzawa K, et al. Clinicopathological sig-
nificance of lipid peroxidation in carotid plaques. Athero-
sclerosis 2002;160:289—96.

Suzue A, Uno M, Kitazato KT, et al. Comparison between
early and late carotid endarterectomy for symptomatic ca-
rotid stenosis in relation to oxidized low-density lipoprotein
and plaque vulnerability. J Vasc Surg 2007;46:870—5.
Aboyans V, Ricco JB, Bartelink MEL, et al. 2017 ESC guide-
lines on the diagnosis and treatment of peripheral arterial
diseases, in collaboration with the European Society for
Vascular Surgery (ESVS): Document covering atheroscle-
rotic disease of extracranial carotid and vertebral, mesen-
teric, renal, upper and lower extremity arteries endorsed
by: the European Stroke Organization (ESO)the task force
for the diagnosis and treatment of peripheral arterial dis-
eases of the European Society of Cardiology (ESC) and of
the European Society for Vascular Surgery (ESVS). Eur
Heart J 2018;39:763—816.

Ehara S, Ueda M, Naruko T, et al. Pathophysiological role of
oxidized low-density lipoprotein in plaque instability in cor-
onary artery diseases. J Diabet Complications 2002;16:60—4.
Langlois MR, Rietzschel ER, De Buyzere ML, et al. Femoral
plaques confound the association of circulating oxidized
low-density lipoprotein with carotid atherosclerosis in a
general population aged 35 to 55 years: the Asklepios Study.
Arterioscler Thromb Vasc Biol 2008;28:1563—8.

Hulthe J, Fagerberg BR. Circulating oxidized LDL is associ-
ated with subclinical atherosclerosis development and in-
flammatory cytokines (AIR study). Arterioscler Thromb
Vasc Biol 2002;22:1162—7.

Schaar JA, Muller JE, Falk E, et al. Terminology for high-
risk and vulnerable coronary artery plaques. Report of a
meeting on the vulnerable plaque, June 17 and 18, 2003,
Santorini, Greece. Eur Heart J 2004;25:1077—82.

Virmani R, Burke AP, Farb A, et al. Pathology of the vulner-
able plaque. J Am Coll Cardiol 2006;47:C13—8.

Gronholdt ML, Nordestgaard BG, Schroeder TV, et al. Ultra-
sonic echolucent carotid plaques predict future strokes. Cir-
culation 2001;104:68—73.

Takaya N, Yuan C, Chu B, et al. Association between carotid
plaque characteristics and subsequent ischemic cerebrovas-
cular events: a prospective assessment with MRI-initial re-
sults. Stroke 2006;37:818—23.

Zavodni AE, Wasserman BA, McClelland RL, et al. Carotid
artery plaque morphology and composition in relation to
incident cardiovascular events: the Multi-Ethnic Study of
Atherosclerosis (MESA). Radiology 2014;271:381—9.
Burke AP, Farb A, Malcom GT, et al. Coronary risk factors
and plaque morphology in men with coronary disease
who died suddenly. N Engl J Med 1997;336:1276—82.
Polonsky TS, Liu K, Tian L, et al. High-risk plaque in the su-
perficial femoral artery of people with peripheral artery dis-
ease: prevalence and associated clinical characteristics.
Atherosclerosis 2014;237:169—76.

Muller JE, Abela GS, Nesto RW, et al. Triggers, acute risk
factors and vulnerable plaques: the lexicon of a new fron-
tier. J Am Coll Cardiol 1994;23:809—13.

Ambrose JA, Tannenbaum MA, Alexopoulos D, et al. Angio-
graphic progression of coronary artery disease and the
development of myocardial infarction. J Am Coll Cardiol
1988;12:56—62.

Giroud D, Li JM, Urban P, et al. Relation of the site of acute
myocardial infarction to the most severe coronary arterial

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Annals of Vascular Surgery

stenosis at prior angiography. Am J Cardiol 1992;69:
729-32.

Dacanay S, Kennedy HL, Uretz E, et al. Morphological and
quantitative angiographic analyses of progression of coro-
nary stenoses. A comparison of Q-wave and non-Q-wave
myocardial infarction. Circulation 1994;90:1739—46.

Falk E, Shah PK, Fuster V. Coronary plaque disruption. Cir-
culation 1995;92:657—71.

Stone GW, Maehara A, Lansky AJ, et al. A prospective
natural-history study of coronary atherosclerosis. N Engl J
Med 2011;364:226—35.

Glagov S, Bassiouny HS, Sakaguchi Y, et al. Mechanical de-
terminants of plaque modeling, remodeling and disruption.
Atherosclerosis 1997;131(Suppl):S13—4.

Topol EJ, Nissen SE. Our preoccupation with coronary lumi-
nology. The dissociation between clinical and angiographic
findings in ischemic heart disease. Circulation 1995;92:
2333-42.

Katsuragawa M, Fujiwara H, Miyamae M, et al. Histologic
studies in percutaneous transluminal coronary angioplasty
for chronic total occlusion: comparison of tapering and
abrupt types of occlusion and short and long occluded seg-
ments. J Am Coll Cardiol 1993;21:604—11.

Srivatsa SS, Edwards WD, Boos CM, et al. Histologic corre-
lates of angiographic chronic total coronary artery occlu-
sions: influence of occlusion duration on neovascular
channel patterns and intimal plaque composition. J Am
Coll Cardiol 1997;29:955—63.

Narula N, Dannenberg AJ, Olin JW, et al. Pathology of pe-
ripheral artery disease in patients with critical limb ischemia.
J Am Coll Cardiol 2018;72:2152—63.

MRC European Carotid Surgery Trial: interim results for
symptomatic patients with severe (70-99%) or with mild
(0-29%) carotid stenosis. European Carotid Surgery Tria-
lists” Collaborative Group. Lancet 1991;337:1235—43.
Nozue T, Yamamoto S, Tohyama S, et al. Statin treatment
for coronary artery plaque composition based on intravas-
cular ultrasound radiofrequency data analysis. Am Heart J
2012;163:191—199.¢el.

Kataoka Y, Puri R, Hammadah M, et al. Frequency-domain
optical coherence tomographic analysis of plaque micro-
structures at nonculprit narrowings in patients receiving
potent statin therapy. Am J Cardiol 2014;114:549—54.
Chia S, Raffel OC, Takano M, et al. Association of statin
therapy with reduced coronary plaque rupture: an optical
coherence tomography study. Coron Artery Dis 2008;19:
237—42.

Minami Y, Hoyt T, Phipps JE, et al. Lipid-lowering therapy
stabilizes the complexity of non-culprit plaques in human
coronary artery: a quantitative assessment using OCT bright
spot algorithm. Int J Cardiovasc Imaging 2017;33:453—61.
Underhill HR, Yuan C, Zhao XQ, et al. Effect of rosuvastatin
therapy on carotid plaque morphology and composition in
moderately  hypercholesterolemic  patients: a  high-
resolution magnetic resonance imaging trial. Am Heart J
2008;155:584.e1-8.

Libby P. How does lipid lowering prevent coronary events?
New insights from human imaging trials. Eur Heart J
2015;36:472—4.

Heart Protection Study Collaborative G. Randomized trial of
the effects of cholesterol-lowering with simvastatin on pe-
ripheral vascular and other major vascular outcomes in
20,536 people with peripheral arterial disease and other
high-risk conditions. J Vasc Surg 2007;45:645—54. discus-
sion 53-4.

Downloaded for Anonymous User (n/a) at Chung-Ang University from ClinicalKey.com by Elsevier on May 14, 2024.
For personal use only. No other uses without permission. Copyright ©2024. Elsevier Inc. All rights reserved.


http://refhub.elsevier.com/S0890-5096(19)30956-2/sref15
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref15
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref15
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref16
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref16
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref16
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref16
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref17
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref17
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref17
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref17
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref17
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref18
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref18
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref18
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref18
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref18
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref18
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref18
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref18
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref18
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref18
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref18
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref18
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref19
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref19
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref19
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref19
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref20
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref20
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref20
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref20
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref20
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref20
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref21
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref21
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref21
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref21
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref21
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref22
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref22
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref22
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref22
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref22
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref23
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref23
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref23
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref24
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref24
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref24
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref24
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref25
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref25
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref25
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref25
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref25
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref26
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref26
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref26
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref26
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref26
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref27
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref27
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref27
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref27
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref28
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref28
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref28
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref28
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref28
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref29
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref29
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref29
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref29
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref30
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref30
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref30
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref30
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref30
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref31
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref31
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref31
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref31
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref31
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref32
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref32
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref32
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref32
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref32
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref33
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref33
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref33
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref34
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref34
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref34
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref34
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref35
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref35
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref35
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref35
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref36
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref36
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref36
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref36
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref36
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref37
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref37
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref37
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref37
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref37
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref37
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref38
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref38
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref38
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref38
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref38
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref38
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref39
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref39
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref39
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref39
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref40
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref40
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref40
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref40
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref40
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref41
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref41
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref41
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref41
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref41
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref42
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref42
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref42
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref42
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref42
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref43
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref43
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref43
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref43
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref43
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref44
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref44
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref44
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref44
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref44
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref45
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref45
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref45
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref45
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref45
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref45
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref46
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref46
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref46
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref46
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref47
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref47
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref47
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref47
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref47
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref47
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref47

Volume 66, July 2020

48.

49.

50.

van Haelst ST, Haitjema S, de Vries JP, et al. Patients with
diabetes differ in atherosclerotic plaque characteristics and
have worse clinical outcome after iliofemoral endarterec-
tomy compared with patients without diabetes. J Vasc
Surg 2017;65:414—421.e5.

Scholtes VP, Peeters W, van Lammeren GW, et al. Type 2
diabetes is not associated with an altered plaque phenotype
among patients undergoing carotid revascularization. A his-
tological analysis of 1455 carotid plaques. Atherosclerosis
2014;235:418—23.

Cheng JM, Oemrawsingh RM, Garcia-Garcia HM, et al.
Relation of C-reactive protein to coronary plaque character-
istics on grayscale, radiofrequency intravascular ultrasound,
and cardiovascular outcome in patients with acute coronary

51.

52.

53.

Oxidized lipid in peripheral artery plaque 565

syndrome or stable
ATHEROREMO-IVUS
1497—503.
Halvorsen DS, Johnsen SH, Mathiesen EB, et al. The associ-
ation between inflammatory markers and carotid athero-
sclerosis is sex dependent: the Tromso Study. Cerebrovasc
Dis 2009;27:392—7.

Depré C, Wijns W, Robert AM, et al. Pathology of unsta-
ble plaque: correlation with the clinical severity of acute
coronary syndromes. J Am Coll Cardiol 1997;30:
694—702.

Carr S, Farb A, Pearce WH, et al. Atherosclerotic plaque
rupture in symptomatic carotid artery stenosis. J Vasc Surg
1996;23:755—65. discussion 65-6.

angina pectoris  (from the
study). Am J Cardiol 2014;114:

Downloaded for Anonymous User (n/a) at Chung-Ang University from ClinicalKey.com by Elsevier on May 14, 2024.
For personal use only. No other uses without permission. Copyright ©2024. Elsevier Inc. All rights reserved.


http://refhub.elsevier.com/S0890-5096(19)30956-2/sref48
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref48
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref48
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref48
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref48
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref48
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref49
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref49
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref49
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref49
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref49
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref49
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref50
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref50
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref50
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref50
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref50
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref50
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref50
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref50
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref51
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref51
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref51
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref51
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref51
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref52
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref52
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref52
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref52
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref52
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref52
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref53
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref53
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref53
http://refhub.elsevier.com/S0890-5096(19)30956-2/sref53

	Association of Plasma Marker of Oxidized Lipid with Histologic Plaque Instability in Patients with Peripheral Artery Disease
	Introduction
	Methods
	Study Subjects
	Endovascular and Surgical Techniques
	Measurement of Plasma OxLDL Levels
	Specimen Collection
	Histologic Assessment
	Statistical Analysis

	Results
	Baseline Characteristics
	Oxidized Lipid Marker and Histologic Findings
	Risk Factors for Unstable Plaque

	Discussion
	OxLDL and Plaque Instability
	Plaque Instability and Future Vascular Events
	Other Independent Predictors of Femoropopliteal Plaque Instability
	Current smoking
	Angiographic nontotal occlusion
	Nonuse of statin

	Factors Showing Insignificant Differences between the Unstable Plaque Group and the Stable Plaque Group
	Limitations

	Conclusions
	References


