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Abstract

Background: Radial artery (RA) atherosclerosis in acute coronary syndrome (ACS) patients has not been system-
atically observed in vivo. The study aims to characterize plague morphology and intimal hyperplasia of the RA in
patients with ACS, using optical coherence tomography (OCT).

Methods: In this retrospective study involving 239 ACS patients underwent RA OCT without guidewire shadow,

3 groups were divided according to the following criteria: radial artery plague (RAP) group included patients with
fibrous, lipid or calcified plaque; patients without RAP were further classified into radial intimal hyperplasia (RIH) group
(intima media thickness ratio [IMR] > 1) or normal group (IMR < 1). The presence and characteristics of RAP and its
related risk factors were identified.

Results: The RAP, RIH and normal groups included 76 (31.8%), 69 (28.9%) and 94 (39.3%) patients, respectively.
Patients in RAP group were the oldest, compared with those in the RIH and normal groups (p <0.001), and more fre-
quently had triple vessel disease (p =0.004). The percentage of plaque rupture (72.4% vs. 56.4%, p=0.018) and calci-
fication (42.1% vs. 27.6%, p =0.026) at culprit lesion were significantly higher in patients with RAP than those without
RAP. A total of 148 RAP were revealed by OCT, including fibrous (72, 48.6%), lipid (50, 33.8%) and calcified plaques (26,
17.6%). The microvessels were also frequently observed in the RAP group than that in RIH and normal groups (59.2%
vs. 8.7% vs. 9.6%, p < 0.001). Multivariate logistic regression analysis showed that age, diabetes, and smoking history (all
p <0.05) were independent risk factors for RAP.

Conclusions: In terms of insights gained from OCT, RA atherosclerosis is not uncommon in ACS patients by OCT,
sharing several morphological characters with early coronary atherosclerosis. Aging, diabetes, and smoking are risk
factors for RAP.
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Background

Atherosclerosis is a systemic disease that may involve
multiple vessels such as the carotid, coronary, and
peripheral arteries. As a manifestation of systemic ather-
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represents a potentially useful window for in vivo evalu-
ation of systemic atherosclerosis [2—5]. Limited evidence
from small histopathological and ultrasound studies
has shown that intimal hyperplasia and atherosclero-
sis burden in the RA is associated with several tradi-
tional cardiovascular risk factors and confer diagnostic
and prognostic information on coronary artery disease
(CAD) [2, 3, 6-10]. However, the presence of atheroscle-
rosis and plaque components in the RA of acute coro-
nary syndrome (ACS) patients might be underestimated
because of limited diagnostic modalities. Intraluminal
optical coherence tomography (OCT) provides real-time
visualization of arterial structures and precise measure-
ments at near histological resolution, and is commonly
used for coronary artery observation [11, 12].

The present study employed OCT examination with-
out guide wire shadow to characterize plaque morphol-
ogy and the extent of intimal hyperplasia of the RA in
patients with ACS, and explored the association of RA
atherosclerosis with risk factors.

Methods

Study design and population

This was a retrospective, single-center study conducted
by reviewing the OCT database of the Beijing Luhe
Hospital between March 2019 and September 2020. A
total of 239 patients with ACS who underwent RA OCT
examination at the end of transradial OCT-guided coro-
nary intervention were enrolled. Exclusion criteria were
previous history of ipsilateral RA cannulation, abnormal
Allen test, poor image quality such as incomplete blood
washout, or data missing. The study flow chart is shown
in Additional file 1: Figure S1. The study was approved by
the ethics committees of Beijing Luhe Hospital, Capital
Medical University and is in accordance with the declara-
tion of Helsinki. Informed consent was obtained from all
subjects.

Patients with the occurrence of at least one visible
radial artery plaque (RAP) were classified as RAP group.
Patients without RAP were further divided into two sub-
groups according to intima-media thickness ratio (IMR)
[13, 14]: patients with intimal hyperplasia (denoted the
radial intimal hyperplasia [RIH] group, IMR>1) and
those with normal RA (normal group, IMR<1). Baseline
clinical parameters were compared among the normal,
RIH, and RAP groups.

OCT image acquisition

All procedures were performed by two experienced
high-volume interventional cardiologists. After success-
ful coronary procedure, RA angiography was used to
define the location of radioulnar bifurcation, by admin-
istering a cocktail consisting of 2.5 mg verapamil and
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0.2 mg nitroglycerin intra-arterially through the sheath.
Then the RA sheath (6F, external diameter 2.48 mm,
Terumo Co, Tokyo, Japan) was retracted from the RA,
leaving 2 cm inside the RA. An X-ray contrast ruler was
used to determine the correct starting position of OCT
to a distance 150 mm proximal to the actual sheath tip.
For imaging, the OCT catheter was advanced via angio-
plasty wire; once in position, the angioplasty wire was
withdrawn. Three OCT pullback recordings (20 mm/s)
including proximal (0-50 mm), middle (50-100 mm),
and distal (100-150 mm) portions were performed using
saline to flush the RA (Additional file 1: Figure S2A). The
OCT procedure was performed using a C7XR FD-OCT
system (St. Paul, MN, USA).

Definition and measurement

The OCT images were digitally stored and every single
frame (0.2 mm) analyzed offline by two experienced doc-
tors, who were blinded to the clinical data, using propri-
etary software (LightLab Imaging) with confirmation of
the correct calibration settings for Z-offset.

The OCT image interpretation was according to the
consensus guidelines [15-17]. The intimal hyperplasia
of the signal-rich layer nearest the lumen was defined by
IMR [7, 11, 14]. RAP was identified by OCT as segments
with a loss of the normal 3-layered structure of the vessel
wall [11, 15]. The plaque type was classified as: (1) fibrous
plaque (high backscattering and homogeneous signal-
rich regions); (2) lipid plaque (heterogenic, signal-poor,
highly attenuating intimal regions with diffuse or poorly
defined borders); and (3) calcified plaque (signal-poor
or heterogeneous region with a sharply delineated bor-
der). Additionally, microvessels were characterized by a
black hole that was sharply delineated for at least three
consecutive frames (diameter of 50-300 pm) (Fig. 1).
The number of atherosclerotic plaques and longitudinal
length of plaque involvement were recorded (Additional
file 1: Figure S3); two plaques were seen as separated
when their distance was more than 10 mm on the longi-
tudinal view. A diffuse lesion was defined as longer than
20 mm. The maximal lipid or calcified arc and the fibrous
cap thickness were recorded. The maximal depth of calci-
fied plaque was also determined. A detailed description
of coronary atherosclerotic plaques by OCT is included
in the Additional file 1.

The structural parameters included lumen diameter
and area, the internal and external elastic laminae area,
and intimal and medial thickness. Other indices of the
extent of intimal hyperplasia included (1) percentage of
luminal narrowing=(intimal area+ medial area)/exter-
nal elastic lamina area x 100; (2) intimal thickness index
(ITT) =intimal area/medial area; (3) IMR = maximal inti-
mal thickness (MIT)/width of media at maximal intimal
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Fig. 1 Representative optical coherence tomography images. A Normal RA with visible three-layer structure. B Concentric intimal hyperplasia in
RA: the intima was of uniform thickness, being thinner or only as thick as than the media. C RA with eccentric intimal hyperplasia at 7 to 9 o'clock
positions. D microvessels (arrowheads). E Fibrous plaque (arrowhead) without lipid or calcium component. A signal-rich, homogeneous region is
typical for fibrous tissue. F Lipid pool (dotted line) covered by thick fibrous cap. G-H Calcified plaque (asterisk). I Calcified protrusion (arrowhead).
RA, radial artery

thickness; and (4) intimal eccentricity index (IEI) = MIT/
minimum intimal thickness [6, 7, 13, 14] (Additional
file 1: Figure S2B). Measurements were only recorded in
the cross-sectional frames free of atherosclerotic plaque,
and near the designated site was considered a viable alter-
native if artifacts or side branches obscured a significant

portion (>90°). Measurements were repeated three times
and the mean values take for the final calculation.

Reproducibility of OCT RAP assessment
To assess interobserver variability, an author (TZ) who
was blinded to clinical, angiographical, and OCT data
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selected 50 cases, for which all annotations on the OCT
images were deleted. Two experienced OCT observers
(GJC and TZ) then interpreted the 50 OCT cases, and
an OCT observer (GJC) assessed them again at 4-week
intervals. The interobserver Kappa coefficients were
0.975 for the reproducibility of plaque occurrence, 0.919
for fibrous plaque, 0.751 for lipid plaque, and 0.963 for
calcified plaque. Any inconsistent results between the
two observers were settled by consensus.

Statistical analysis

Categorical variables were presented as numbers and
percentages and were compared using the Chi-square
tests or Fisher’s exact test, as appropriate. Continuous
variables were expressed as mean=standard deviation
(SD) for normally distributed variables and as median
[interquartile ranges (IQR)] for non-normally distributed
variables. The Kolmogorov—Smirnov test was performed
to assess data normality. For comparisons, two-sided
Student’s t-test, Mann—Whitney U test, or Kruskal-Wal-
lis test were used as appropriate, and analysis of vari-
ance was conducted among the three groups (normal,
RIH, and RAP groups) followed by post-hoc test, with an
overall significance level of 0.05. A Bonferroni correction
was used to control for multiple comparisons. Spearman
correlation coefficient was used for the determination of
correlations. Multivariate logistic regression analysis was
conducted to determine RAP predictors. The statistical
analyses were performed using statistical software (SPSS
version 23, Chicago, IL, USA).

Results

Baseline characteristics

The baseline characteristics of the 239 ACS patients
including RAP, RIH and normal groups are summarized
in Table 1. Compared with those in the RIH and nor-
mal groups, patients in the RAP group were the oldest
(p<0.001), and had a higher prevalence of diabetes mel-
litus, hypertension, and history of stroke. Patients in the
RAP group more commonly had myocardial infarction,
followed by the RIH and normal groups (94.7% vs. 92.8%
vs. 81.9%, p=0.032). Patients in the RAP group also
had more triple vessel disease (TVD) than those in the
RIH and normal groups (43.4% [RAP] vs. 24.6% [RIH],
p=0.017; 43.4% [RAP] vs. 21.3% [normal], p=0.002).
Other variables, including hyperlipidemia, family history
of CAD, prior myocardial infarction, and laboratory vari-
ables were comparable among the groups.

Incidence and characteristics of RAP

Patient level

Among the 76 (31.8%) subjects presenting with RAP,
67.1% had multiple segment involvement and 32.9% had

Page 4 of 11

single segment involvement. More patients presented
with RAP in the distal and proximal segments than in the
middle segment (20.9% vs. 19.7% vs. 11.7%, p=0.016),
especially for lipid plaque (p=0.008). The microves-
sels were frequently observed in the RAP group than
that in RIH and normal groups (59.2% vs. 8.7% vs. 9.6%,
p<0.001), which were more common present in the distal
(20.5%) segment, followed by the mid (12.6%) and proxi-
mal (6.7%) segments (p<0.001). (Table 2 and Additional
file 1: Table S1).

Plaque level

A total of 148 analyzable plaques (1.95+ 1.07 per patient)
were found in the RAP group, including 72 (48.6%)
fibrous, 50 (33.8%) lipid, and 26 (17.6%) calcified plaques.
RAP tended to cluster in the distal (42.6%) and proximal
(37.2%) segments; particularly, calcified plaques were
located more distally. Median plaque length was 4.9 (2.3—
8.3) mm and 8.8% showed diffuse lesions. Fibrous caps
had a median thickness of 220 (140-330) pum. Of the 25
lipid-rich plaques, 24 were thick-cap fibroatheroma and
one was thin-cap fibroatheroma. The quantitative analy-
sis of the plaques was comparable among the three seg-
ments except for the maximal depth of calcified plaque in
the distal segment, which was slightly higher (p=0.049)
(Table 2, Additional file 1: Table S1 and Figure S5).

Factors related to the presence of RAP

Using a stepwise multivariate logistic regression model,
we identified three significant predictors associated with
the development of RAP. Expressed as odds ratio (OR)
with a 95% confidence interval (CI), these were age (OR:
1.10; 95% CI 1.06-1.14; p<0.001), diabetes (OR: 2.12;
95% CI 1.04—4.33; p=0.038), and smoking history (OR:
3.44; 95% CI 1.40-8.45; p=0.007) (Table 3).

RAP and the severity of coronary atherosclerosis

A significant correlation between RAP present and the
number of coronary arteries with 50% stenosis on angi-
ography was observed (p=0.024), as shown in Fig. 2B.
Furthermore, compared with patients with non-TVD,
patients with TVD had a higher prevalence of lipid
plaques (24.3% vs. 13.0%, p=0.032) and more extensive
lipid involvement [7.10 (4.10-11.30) vs. 4.15 (2.53-6.60)
mm, p=0.049]. Microvessels were observed in 44.3%
of patients with TVD and 17.2% of non-TVD patients
(p<0.001) (Fig. 2C and Additional file 1: Table S2). Coro-
nary culprit lesion characteristics evaluated by OCT are
listed in Fig. 3 and Additional file 1: Table S5. Compared
with non-RAP patients, Patients with RAP have more
frequently plaque rupture (72.4% vs. 56.4%, p=0.018)
and more frequently calcification (42.1% vs. 27.6%,
p=0.026) at culprit lesion.



Li et al. BMC Cardiovascular Disorders (2022) 22:120 Page 5 of 11
Table 1 Patient CHARACTERISTICS (N=239)
Variable Normal group RIH group RAP group P
(n=94) (n=69) (n=76)
Age (years) 472+96 61.1+£104° 6424100 <0.001
Males 88 (93.6)°° 46 (66.7) 56 (73.7) <0.001
Body mass index (kg/mz) 265433 263433 259433 0472
Current or previous smoking 71 (45.5)° 3(21.2) 52 (33.3)¢ 0.001
Diabetes mellitus 17 (18.1) (27 5) 27 (35.5)P 0.036
Hypertension 39 (41.5) 40 (58.0)% 47 (61 8)'D 0.017
Hyperlipidemia 72 (76.6) 47 (68.1) 61(80.3) 0215
Previous stroke 101.1) 5(7.2) 10(13.2 )b 0.007
Previous MI 1(1.1) 0 1(1.3) -
Peripheral vascular disease 3(3.2) 2(2.9) 3(3.9) 1.000
Renal insufficiency 22.1) 22.1) 8(10.5) 0.051
Family history of CAD 17 (18.1) 9(13.0) 8(10.5) 0.359
Clinical presentation
M 77 (81.9) 62 (89.9) 72(94.7) 0.032
Unstable angina 17 (18.1) 7(10.1) 4(5.3)
Triple vessel disease 20(213) 7(24.6) 33 (43.3)P¢ 0.004
Multivessel disease 49 (52.1) 44 (63.8) 57 (75.0)° 0.009
Procedure characteristics
CAG 15(16.0) 6(8.7) 4(53) 0.064
PCl 93 (84.0) 64 (91.3) 57 (94.7)
Medications before admission
Antiplatelet 1(1.1) 4(5.8) 7(9.2)° 0.037
Statin 4(4.3) 3(43) 7(9.2) 0.394
CCB 20(21.3) 13(18.8) 17 (22.4) 0.901
Beta blocker 9(9.6) 2(29) 5(6.6) 0.248
ACEl or ARB 12(12.8) 14 (20.3) 18(15.8) 0425
Biochemistry data
LDL cholesterol (mg/dl) 122.8+349 1154+344 1145+£35.1 0233
Serum creatinine (ummol/L) 7714176 755+142 7694164 0.808
Procedure time, min 77.1+£286 8044317 7194324 0.285
Contrast media volume, ml 205467 203461 194476 0.581

ACE angiotensin-converting enzyme, ARB angiotensin Il receptor blocker, CAD coronary artery disease, CAG coronary angiogram, CCB Calcium channel blocker, LDL
low-density lipoprotein, MI myocardial infarction PC/ percutaneous coronary intervention, RIH radial artery intimal hyperplasia, RAP radial artery plaque, SD standard

deviation

Renal insufficiency: estimated glomerular filtration < 60 ml/min/1.73 m?
Values are mean £ SD, n (%), or median (25th, 75th percentiles)

p <0.05 for 2normal versus RIH; normal versus RAP; RIH versus RAP

Quantitative comparison among groups

Quantitative findings relating to structure are shown
in Table 4. The MIT, IMR, and IEI of all three segments
were higher in the RAP and RIH groups than the normal
group (p<0.001), but comparable between the RAP and
RIH groups. Patients in the RAP and RIH groups had a
larger intimal area (»<0.001), but lumen area, diameter,
and medial area were similar among the three groups.
Additionally, the RAP group presented with more severe
luminal narrowing, followed by the RIH and normal
groups (p =0.002). Details are shown in Additional file 1:

Table S3. Multivariate linear regression analysis con-
firmed that age and gender were independent predictors
of IMR (p<0.001 and p=0.016, respectively, Additional
file 1: Table S4). Scatterplot depicted an inverse relation-
ship between age and IMR (Spearman’s r: 0.613, p <0.001,
Fig. 2A).

Discussion

To our knowledge, this study represents the first system-
atic effort to use OCT to characterize the plaque mor-
phology of the RA in ACS patients. The major findings
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Table 2 Longitudinal distribution of atherosclerotic plague in RA
Variables All Segments P?
Proximal Middle Distal
0-50 mm 50-100 mm 100-150 mm
Patient-level
Plaque present 76 (31.8) 47 (19.7)° 28 (11.7) 50 (20.9) 0.016
Fibrous 50(20.9) 28(11.7) 18 (7.5) 24(10.0) 0.300
Lipid 39(16.3) 20 (84)° 6(2.5) 21 (88)° 0.008
Calcified 15(6.3) 5.1 6(2.5) 14 (5.9) 0.049
Total lesion length, mm 7.1(3.2-13.1) 49 (2.5-9.5) 54(2.1-99) 6.0(3.1-13.5) 0.394
Microvessel present 60 (25.1) 16 (6.7) 30(12.6)° 49 (20.5)°4 <0.001
Macrophage present 29(12.1) 7(2.9) 10 (4.2) 19 (7.9)4 0.033
Plaque-level
Number of Plaques 148 55(37.2) 30(20.3) 63 (42.6)
Plaque phenotype
Fibrous 72 (48.6) 29 (40.3) 18 (25.0) 25 (34.7)
Lipid 50 (33.8) 21 (42.0) 6 (12 23 (46.0)
Calcified 26 (17.6) 5(19.2) 6(23.1 15(57.7)
Quantitative analysis
Plague (mm) 9(23-83) 6(2.1-7.8) 5(21-7.8) .8 (3.0-84) 0.389
Fibrous (mm) 401.6-77) 3(1.3-8.1) 0(1.7-74) 1 (1.6~ 87) 0.841
Calcified (mm) .1(4.6-20.8) .3(20-19.1) 2 (43-29.5) 8(4.7-16.3) 0.806
Maximal depth (mm) 0.21(0.16-0.33) 6(0.12-0.22) 0.17 (0.14-0.23) 0.27 (0.18-0.56) 0.049
Maximum arc (°) 62.8 (43.2-101.7) 559(193 82.3) 702(449 19.6) 662(438 101.0) 0470
FCT (um) 120 (40-170) 60 (40-170) 90 (30-120) 0 (40-250) 0.389
Lipid (mm) 9(3.1-6.9) 9(2.6-6.7) 4(2.5- 90) 8(3.3-7.0) 0.812
FCT (um) 220 (140-330) 180 (120-280) 420 (210-640) 250 (140-340) 0.091
Maximum arc (°) 89.6 (78.3-127.3) 87.3(80.5-121.1) 6(102.7-127.9) 88.4 (70.0-128.0) 0462
FCT Fibrous cap thickness
Values are n (%) or median (25th, 75th percentiles)
p <0.05 for proximal versus middle versus distal; >proximal versus middle; “middle versus distal; Yproximal versus distal
Table 3 Univariate and multivariate logistic regression for RAP presence
Variables Univariate Multivariate
P value OR 95% Cl Pvalue OR 95% Cl
Age <0.001 1.089 1.058-1.120 <0.001 1.101 1.064-1.139
Males 0.131 0.606 0.317-1.160 0484 0.707 0.267-1.870
Smoker 0.485 1.229 0.688-2.195 0.007 3443 1.404-8.445
Body mass index 0.231 0.949 0.872-1.034 0.554 0.969 0.872-1.076
Diabetes mellitus 0.029 1.944 1.069-3.535 0.038 2124 1.043-4.329
Hypertension 0.055 1.723 0.989-3.003 0.296 1.443 0.725-2.873
Hyperlipidemia 0.227 1.504 0.775-2.916 0.105 1.955 0.870-4.394
Previous stroke 0.010 3.965 1.384-11.354 0.234 2167 0.607-7.733
Renal insufficiency 0014 4676 1.362-16.053 0.525 1630 0.362-7.347
Peripheral vascular disease 0.725 1.299 0.302-5.581 0.574 0614 0.112-3.359
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Fig. 2 Intimal hyperplasia and atherosclerosis of RA and its clinical correlation. A Scatterplots showing a significant positive correlation between
the intima media ratio of non-RAP regions and age, indicated by a filled square for each patient in normal (blue), RIH (purple) or RAP (red) groups. B
The Number of diseased coronary arteries is compared with RA groups. C The RA atherosclerotic lesion characters in patients with and without TVD.
RA, radial artery; RAP, radial artery plaque; RIH, radial artery intimal hyperplasia; TVD, triple vessel disease

are as followings: (1) RAP was present in 31.8% of ACS
patients, sharing similar characteristics with coronary
plaque, with plaque predominantly mild and focal in
nature but not uncommon and combined with obvious
intimal hyperplasia in non-RAP segments; (2) aging, dia-
betes, and smoking are independent risk factors for the
presence of RAP.

In vivo detection of RA atherosclerotic lesions

Previous studies have demonstrated that atherosclerosis
is a systemic process involving most artery types, includ-
ing RA [14, 18]. However, the limited tissue sampling
from autopsies and the discarded ends of grafts prob-
ably underestimates RA disease [6, 14, 19, 20]. Intravas-
cular ultrasound further revealed a higher percentage of
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Fig. 3 OCT characteristics of coronary artery culprit lesion in patients with or without RAP. Values are n (%). OCT, optical coherence tomography;
RAP radial artery plaque; TCFA, thin cap fibroatheroma

Table 4 Optical coherence tomography analysis of structure parameters

Normal group RIH group RAP group P

(n=94) (n=69) (n=76)
LA, mm? 6.60 (4.92-8.34) 6.58 (4.53-8.16) 5.71 (4.63-7.46) 0.349
MD, mm 2.87(251-3.22) 2.89(240-3.21) 2.68(2.42-3.05) 0313
MIT, mm 0.08 (0.05-0.10) 0.16 (0.13-0.19)* 0.17 (0.12-0.20)° <0.001
IMR 0.50(0.35-0.72) 1.33(1.11-1.90) 1.10(0.81-1.83)° <0.001
IEl 1.81 (1.50-2.31) 3.08 (2.75-3.51)" 3.05 (2.75-3.78)° <0.001
Tl 041 (0.35-0.50) 0.51(0.44-0.62)* 0.52 (042-0.67)° <0.001
%LN 25.94 (23.54-30.40) 26.83 (24.52-29.75) 29.19 (26.58-32.24)°¢ 0.002
Intima area, mm? 0.62 (0.49-0.84) 0.80 (0.58-0.96)* 0.82 (0.66-1.03)*° <0.001
Media area, mm? 1.58(1.35-1.93) 1.58(1.16-2.03) 1.54(1.31-1.81) 0.922

LA lumen area, MD mean diameter, MIT maximal intimal thickness, IMR intima/media thickness ratio, /E/ Intimal eccentricity index, /T intimal area/medial area, %LN
luminal narrowing index, others as in Table 1

Values are n (%), or median (25th, 75th percentiles)
p <0.05 for *normal versus RIH; Pnormal versus RAP; ‘RIH versus RAP

atheroma volume of the RA proximal portion in CAD
patients than in healthy controls [10], but was inadequate
for indicating subtle structural characteristics. High-res-
olution OCT is a feasible modality improving insight into
the RA in vivo [13, 21, 22]. In our study, OCT-defined

RAP was found in 31.8% of ACS patients, which was
higher than previous studies in which it ranged from 5.3
to 31.5% [9, 14, 19].This difference might be attributable
to differences in study population, evaluation methods,
and indexes. Additionally, in our study the angioplasty
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wire was removed before OCT imaging to avoid guide-
wire artifacts affecting image interpretation.

We observed that the RA atherosclerotic lesions shared
common features with coronary-type fibrous, lipid,
and calcified plaque, yet were free of plaque rupture or
obstructive lesion, behaving indolently and quiescently
relative to coronary artery atherosclerosis. Previous stud-
ies using OCT proved that patients with plaque rupture
share a common phenotype of more diffuse atheroscle-
rotic process and have a worse prognosis [23, 24]. Our
study indicated that patients with RAP exhibited more
frequently plaque rupture and calcification in culprit
lesion. Thus, the prognosis value of RAP in ACS patients
deserve further study.

The incidence of fibrous, lipid, and calcified plaque
in our study was 48.6%, 33.8%, and 17.6%, respectively.
Fibrous plaque was most common and was distributed
evenly among the three segments. Most of the lipid com-
position was located deep within the plaque, underneath
a poorly formed layer. However, vascular response assays
indicated that RA with mild or severe atherosclerotic
lesions undergoes altered vasoconstrictive response and
electrophysiological properties, both with reduced com-
pliance [25] and higher resting membrane potential [26]
compared with normal vessels. Brown et al. [27] reported
that detection of intimal lipids by OCT in the RA could
predict the extent of postoperative spasm of grafts.
Although calcium deposition was more frequently asso-
ciated with atherosclerosis and regarded as an excellent
marker for plaque burden, the calcified plaques in RA are
infrequent and comparable among patients with different
severity of coronary atherosclerosis. Interestingly, similar
patterns exist beyond coronary arteries such as calcified
nodules protruding into the RA lumen [28]. The mecha-
nism of calcium deposition in the RA and cardiovascular
physiology remains unclear.

Microvessels can also be visualized in the RA, confined
to the adventitia, and occur normally when the vessel
wall thickens, but are also stimulated by inflammation or
atherosclerosis [29]. The accelerated intimal hyperplasia
of the RA conduit is secondary to ischemia, reportedly
caused by deprivation of its vasa vasorum and lymphatic
drainage [30].

Underlying intimal hyperplasia in RA

The discontinuities of internal elastic lamina in RA were
related with the progressive intimal hyperplasia and ath-
erosclerosis [6]. Previous studies showed that excessive
intimal thickening is the first step in coronary pre-ather-
osclerosis, preceding lipid deposition [31-33]. Indetect-
able but important, therefore, the IMR has been widely
used for evaluating the severity of intimal hyperplasia
[13, 14, 34, 35].
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Notably, we identified a trend manifested as obvious
intimal hyperplasia combined with mature plaque involv-
ing the RA in patients presenting with overt coronary
disease. However, no differences in the media layer were
demonstrated among our three groups, a similar observa-
tion to that made using ultrabiomicroscopy in a compari-
son between patients with and without CAD [4]. Xu and
associates reported that RA intimal thickness measured
by ultrasound biomicroscopy could detect CAD indepen-
dently similarly to that of carotid intima-media thickness
[3]. Thus we support that investigating the intima sepa-
rately from the media layer rather than investigating the
intima-media complex may shed more light on the early
stages of atherosclerosis [3]. The intimal hyperplasia of
the eccentric pattern has been seen in coronary, carotid,
cerebral, and renal arteries, some of which coincides with
atherosclerosis susceptible regions [36]. We also found
such crescent-shaped intimal hyperplasia in RA.

Clinical characteristics of RA atherosclerosis

In general, the severity of arteriosclerosis increases with
advancing age in both coronary and peripheral arteries
and the RA is no exception [37]. In patients in the fifth
decade of life, RA atherosclerosis has progressed beyond
the early stages, yet no rational guidelines have been rec-
ommended on the applicable age for using the RA con-
duit until now. Moreover, RA provides the best vascular
access for hemodialysis, yet pre-existing intimal hyper-
plasia in patients with diabetes or old age may explain
the high incidence of radiocephalic arteriovenous fistula
failure [38]. Care should be taken when using the RA in
the elderly. In accordance with previous findings [6, 10,
39], smoking and diabetes were found in our study to
act as a trigger for accelerating RAP formation. Research
has stated that in smokers, the RA is less responsive to
acetylcholine and has enhanced reactive oxygen species
compared with the internal mammary artery [40]. Subtle
intimal defects caused by atherosclerosis provide poten-
tial risk of spasm and injury in revascularization, and
may even be a mechanism for late graft failure [41-43].
Our results indicated that the middle segment of the
RA is a relatively better selection for high-risk coronary
artery bypass graft (CABG) patients.

Limitations

The present study is limited by its observational nature,
so the possibility of bias exists. The study did not pro-
vide series observation of the whole RA and was not
controlled with healthy patients. Atherosclerosis is a
multifactorial disease, and genetic, ethnic, and lifestyle
issues cannot be ignored. In addition, the patients in
this study with dyslipidemia, hypertension, and diabe-
tes were being treated; that these treatments may have
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mitigated any potential effects on intimal hyperplasia
and plaque formation cannot be excluded. Hence, these
findings are insufficient to enable strong inferences to
be made about underlying pathophysiology. Although
we excluded patients with a history of transradial coro-
nary intervention (TRI) [44], the effect of acute changes
from invasive examination is still a limitation. Mean-
while, those excluded patients with repeat coronary
revascularization may have worse vasculature inde-
pendent of TRI-induced atherosclerosis. The applica-
tion of OCT is undeniably at the preliminary stage of
research. Currently, the classification of OCT-deter-
mined intimal change without differentiation from its
pathological counterpart may confuse the assessment
of atherosclerotic lesions.

Conclusions

This study demonstrates that OCT without guidewire
shadow is a promising modality for identifying plaque
and early intimal hyperplasia of the RA in vivo. RAP is
a not uncommon finding in patients with ACS, account-
ing for 31.8% of cases in the present study. In addition,
RA atherosclerotic lesions share some common charac-
teristics with coronary atherosclerosis and relate to the
severity of ACS. Care should be taken in patients with
advanced age, diabetes, and smoking history.

Abbreviations

ACS: Acute coronary syndrome; CAD: Coronary artery disease; IMR: Intima
media thickness ratio; OCT: Optical coherence tomography; PCl: Percutaneous
coronary intervention; RA: Radial artery; RAP: Radial artery plaque; RIH: Radial
artery intimal hyperplasia.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512872-022-02561-5.

Additional file 1. Table S1. OCT findings of atherosclerosis characters.
Table S2. OCT findings in patients with and without TVD. Table $3. OCT
structure parameters of RA in segment level. Table S4. Multivariate regres-
sion analysis of IMR. Table S5. OCT characteristics of coronary culprit
lesion in patients with or without RAP. Figure S1. Study flow. Figure

S2. Schematic representation of OCT observation of the RA. Figure S3.
Morphometric measurements of RA by OCT in segment level. Figure S4.
OCT imaging and measurements of crescent-shaped intimal hyperplasia.
Figure S5. The distribution of RA plaques.

Acknowledgements
Not applicable.

Authors’ contributions

ZL.and ZT. designed the study, analyzed, interpreted the data and wrote the
original manuscript. J.G. designed the study, analyzed, interpreted the data,
critically revised the manuscript and supported the work. YW, Z.L, GW., L.Z.
and Y.W. acquired the data and reviewed the manuscript. All authors contrib-
uted to the article. All authors have given their final approval of the version to
be published. All authors read and approved the final manuscript.

Page 10 of 11

Funding

This work was supported by Grant No. 2018-2-7082 from the Capital’s Funds
for Health Improvement and Research, and Grant No. 2020CX004-15 from the
TongZhou District Funds.

Availability of data and materials
The datasets used and analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

The study was approved by the ethics committees of Beijing Luhe Hospital,
Capital Medical University and is in accordance with the declaration of Hel-
sinki. Informed consent was obtained from all subjects.

Consent for publication
Not applicable.

Competing interests
All authors declare that they have no competing interests.

Author details

'Department of Cardiology, Beijing Luhe Hospital, Capital Medical University,
Beijing, China. 2Department of Cardiology, Beijing Anzhen Hospital, Capital
Medical University, Beijing, China.

Received: 28 October 2021 Accepted: 14 March 2022
Published online: 21 March 2022

References

1. Libby P, Buring JE, Badimon L, Hansson GK, Deanfield J, Bittencourt MS,
Tokgozoglu L, Lewis EF. Atherosclerosis. Nat Rev Dis Primers. 2019;5(1):56.

2. Eklund C, Omerovic E, Haraldsson |, Friberg P Gan LM. Radial artery
intima-media thickness predicts major cardiovascular events in patients
with suspected coronary artery disease. Eur Heart J Cardiovasc Imaging.
2014;15(7):769-75.

3. XuM, Zhang M, Xu J, Zhu M, Zhang C, Zhang P, Zhang Y. The independ-
ent and add-on values of radial intima thickness measured by ultrasound
biomicroscopy for diagnosis of coronary artery disease. Eur Heart J
Cardiovasc Imaging. 2019;20(8):889-96.

4. Myredal A, Osika W, Li Ming G, Friberg P, Johansson M. Increased intima
thickness of the radial artery in patients with coronary heart disease. Vasc
Med. 2010;15(1):33-7.

5. Eklund C, Friberg P, Gan LM. High-resolution radial artery intima-media
thickness and cardiovascular risk factors in patients with suspected
coronary artery disease—comparison with common carotid artery
intima-media thickness. Atherosclerosis. 2012;221(1):118-23.

6. Chowdhury UK, Airan B, Mishra PK, Kothari SS, Subramaniam GK, Ray
R, Singh R, Venugopal P. Histopathology and morphometry of radial
artery conduits: basic study and clinical application. Ann Thorac Surg.
2004,78(5):1614-21.

7. Kaufer E, Factor SM, Frame R, Brodman RF. Pathology of the radial and
internal thoracic arteries used as coronary artery bypass grafts. Ann
Thorac Surg. 1997,63(4):1118-22.

8. Nicolosi AC, Pohl LL, Parsons P, Cambria RA, Olinger GN. Increased
incidence of radial artery calcification in patients with diabetes mellitus. J
Surg Res. 2002;102(1):1-5.

9. Ruengsakulrach P, Brooks M, Sinclair R, Hare D, Gordon |, Buxton B. Preva-
lence and prediction of calcification and plaques in radial artery grafts by
ultrasound. J Thorac Cardiovasc Surg. 2001;122(2):398-9.

10. Moon KW, Kim JH, Yoo KD, Oh SS, Kim DB, Kim CM. Evaluation of
radial artery atherosclerosis by intravascular ultrasound. Angiology.
2013;64(1):73-9.


https://doi.org/10.1186/s12872-022-02561-5
https://doi.org/10.1186/s12872-022-02561-5

Li et al. BMC Cardiovascular Disorders

20.

21

22.

23.

24.

25.

26.

27.

(2022) 22:120

. Jang I-K, Bouma BE, Kang D-H, Park S-J, Park S-W, Seung K-B, Choi K-B,

Shishkov M, Schlendorf K, Pomerantsev E, et al. Visualization of coronary
atherosclerotic plaques in patients using optical coherence tomog-
raphy: comparison with intravascular ultrasound. J Am Coll Cardiol.
2002;39(4):604-9.

Prati F, Guagliumi G, Mintz GS, Costa M, Regar E, Akasaka T, Barlis P,
Tearney GJ, Jang IK, Arbustini E, et al. Expert review document part 2:
methodology, terminology and clinical applications of optical coherence
tomography for the assessment of interventional procedures. Eur Heart J.
2012,;33(20):2513-20.

Yonetsu T, Kakuta T, Lee T, Takayama K, Kakita K, Iwamoto T, Kawaguchi

N, Takahashi K, Yamamoto G, lesaka Y, et al. Assessment of acute injuries
and chronic intimal thickening of the radial artery after transradial
coronary intervention by optical coherence tomography. Eur Heart J.
2010;31(13):1608-15.

Ruengsakulrach P, Sinclair R, Komeda M, Raman J, Gordon |, Buxton B.
Comparative histopathology of radial artery versus internal thoracic
artery and risk factors for development of intimal hyperplasia and athero-
sclerosis. Circulation. 1999;100(19 Suppl):l1139-144.

Tearney GJ, Regar E, Akasaka T, Adriaenssens T, Barlis P, Bezerra HG, Bouma
B, Bruining N, Cho JM, Chowdhary S, et al. Consensus standards for acqui-
sition, measurement, and reporting of intravascular optical coherence
tomography studies: a report from the International Working Group for
Intravascular Optical Coherence Tomography Standardization and Valida-
tion. J Am Coll Cardiol. 2012;59(12):1058-72.

Yabushita H, Bouma BE, Houser SL, Aretz HT, Jang IK, Schlendorf KH,
Kauffman CR, Shishkov M, Kang DH, Halpern EF, et al. Characterization of
human atherosclerosis by optical coherence tomography. Circulation.
2002;106(13):1640-5.

Otsuka F, Joner M, Prati F, Virmani R, Narula J. Clinical classifica-

tion of plague morphology in coronary disease. Nat Rev Cardiol.
2014;11(7):379-89.

Vink A, Schoneveld AH, Poppen M, de Kleijn DP, Borst C, Pasterkamp

G. Morphometric and immunohistochemical characterization of the
intimal layer throughout the arterial system of elderly humans. J Anat.
2002;200(Pt 1):97-103.

Brzezinski M, Luisetti T, London MJ. Radial artery cannulation: a compre-
hensive review of recent anatomic and physiologic investigations. Anesth
Analg. 2009;109(6):1763-81.

Burris N, Schwartz K, Tang CM, Jafri MS, Schmitt J, Kwon MH, Toshinaga

O, Gu J, Brown J, Brown E, et al. Catheter-based infrared light scanner as a
tool to assess conduit quality in coronary artery bypass surgery. J Thorac
Cardiovasc Surg. 2007;133(2):419-27.

Di Vito L, Porto |, Burzotta F, Trani C, Pirozzolo G, Niccoli G, Leone AM, Crea
F. Radial artery intima-media ratio predicts presence of coronary thin-cap
fibroatheroma: a frequency domain-optical coherence tomography
study. Int J Cardiol. 2013;168(3):1917-22.

Brown EN, Burris NS, Gu J, Kon ZN, Laird P, Kallam S, Tang CM, Schmitt

JM, Poston RS. Thinking inside the graft: applications of optical coher-
ence tomography in coronary artery bypass grafting. J Biomed Opt.
2007;12(5):051704.

Niccoli G, Montone RA, Di Vito L, Gramegna M, Refaat H, Scalone G,
Leone AM, Trani C, Burzotta F, Porto |, et al. Plaque rupture and intact
fibrous cap assessed by optical coherence tomography portend differ-
ent outcomes in patients with acute coronary syndrome. Eur Heart J.
2015;36(22):1377-84.

Hoshino M, Yonetsu T, Usui E, Kanaji Y, Ohya H, Sumino Y, Yamaguchi M,
Hada M, Hamaya R, Kanno Y, et al. Clinical significance of the presence

or absence of lipid-rich plague underneath intact fibrous cap plaque in
acute coronary syndrome. J Am Heart Assoc. 2019;8(9):e011820.

Mueed |, Zhang Y, Aziz T, Chu V, Janssen LJ. Structural and electrophysi-
ological changes in atherosclerotic radial artery grafts account for impair-
ment of vessel reactivity. Atherosclerosis. 2009;206(2):405-10.

Zhang Y, Janssen L, Chu FV. Atherosclerosis of radial arterial graft may
increase the potential of vessel spasm in coronary bypass surgery. J
Thorac Cardiovasc Surg. 2005;130(5):1477-8.

Brown EN, Burris NS, Kon ZN, Grant MC, Brazio PS, Xu C, Laird P, Gu J,
Kallam S, Desai P, et al. Intraoperative detection of intimal lipid in the
radial artery predicts degree of postoperative spasm. Atherosclerosis.
2009;205(2):466-71.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Page 11 of 11

Arroyo-Ucar E, Torres Saura F, Vazquidnez R, Pizarro Sanchez G, Moreno

R, Ibafez B. Calcified plaques in the radial artery: OCT insight. REC Interv
Cardiol (Engl Edn) 2021.

Owusu J, Barrett E. Early microvascular dysfunction: is the vasa vasorum
a“missing link"in insulin resistance and atherosclerosis. Int J Mol Sci.
2021,22(14):7574.

van Son JA, Smedsts F, Vincent JG, van Lier HJ, Kubat K. Comparative ana-
tomic studies of various arterial conduits for myocardial revascularization.
JThorac Cardiovasc Surg. 1990,99(4):703-7.

Boren J, Chapman MJ, Krauss RM, Packard CJ, Bentzon JF, Binder CJ, Dae-
men MJ, Demer LL, Hegele RA, Nicholls SJ, et al. Low-density lipoproteins
cause atherosclerotic cardiovascular disease: pathophysiological, genetic,
and therapeutic insights: a consensus statement from the European Ath-
erosclerosis Society Consensus Panel. Eur Heart J. 2020;41(24):2313-30.
Subbotin VM. Excessive intimal hyperplasia in human coronary arteries
before intimal lipid depositions is the initiation of coronary athero-
sclerosis and constitutes a therapeutic target. Drug Discov Today.
2016;21(10):1578-95.

Guerri-Guttenberg R, Castilla R, Cao G, Azzato F, Ambrosio G, Milei J. Coro-
nary intimal thickening begins in fetuses and progresses in pediatric pop-
ulation and adolescents to atherosclerosis. Angiology. 2020;71(1):62-9.
Nakagawa K, Nakashima Y. Pathologic intimal thickening in human ath-
erosclerosis is formed by extracellular accumulation of plasma-derived
lipids and dispersion of intimal smooth muscle cells. Atherosclerosis.
2018;274:235-42.

McGovern E, Hosking MCK, Balbacid E, Voss C, Berger F, Schubert S, Harris
KC. Optical coherence tomography for the early detection of coronary
vascular changes in children and adolescents after cardiac transplanta-
tion: findings from the International Pediatric OCT Registry. J Am Coll
Cardiol Imaging. 2019;12(12):2492-501.

Stary HC, Blankenhorn DH, Chandler AB, Glagov S, Insull W Jr, Richardson
M, Rosenfeld ME, Schaffer SA, Schwartz CJ, Wagner WD, et al. A definition
of the intima of human arteries and of its atherosclerosis-prone regions. A
report from the Committee on Vascular Lesions of the Council on Arterio-
sclerosis, American Heart Association. Circulation. 1992;85(1):391-405.
Thijssen DH, Carter SE, Green DJ. Arterial structure and function in vascu-
lar ageing: are you as old as your arteries? J Physiol. 2016;594(8):2275-84.
Kim YO, Song HC, Yoon SA, Yang CW, Kim NI, Choi YJ, Lee EJ, Kim WY,
Chang YS, Bang BK. Preexisting intimal hyperplasia of radial artery is
associated with early failure of radiocephalic arteriovenous fistula in
hemodialysis patients. Am J Kidney Dis. 2003;41(2):422-8.

Choudhary BP, Antoniades C, Brading AF, Galione A, Channon K, Taggart
DP. Diabetes mellitus as a predictor for radial artery vasoreactivity in
patients undergoing coronary artery bypass grafting. J Am Coll Cardiol.
2007;50(11):1047-53.

Muller-Schweinitzer E, Muller SE, Reineke DC, Kern T, Carrel TP, Eckstein

FS, Grapow MT. Reactive oxygen species mediate functional differences
in human radial and internal thoracic arteries from smokers. J Vasc Surg.
2010;51(2):438-44.

Neumann FJ, Sousa-Uva M, Ahlsson A, Alfonso F, Banning AP, Benedetto
U, Byrne RA, Collet JP, Falk V, Head SJ, et al. 2018 ESC/EACTS guidelines on
myocardial revascularization. Eur Heart J. 2019;40(2):87-165.

Gaudino M, Benedetto U, Fremes S, Ballman K, Biondi-Zoccai G,
Sedrakyan A, Nasso G, Raman J, Buxton B, Hayward PA, et al. Associa-

tion of Radial Artery Graft vs saphenous vein graft with long-term
cardiovascular outcomes among patients undergoing coronary

artery bypass grafting: a systematic review and meta-analysis. JAMA.
2020;324(2):179-87.

Gaudino M, Di Franco A, Bhatt DL, Alexander JH, Abbate A, Azzalini L,
Sandner S, Sharma G, Rao SV, Crea F, et al. The association between
coronary graft patency and clinical status in patients with coronary artery
disease. Eur Heart J. 2021;42(14):1433-41.

Wakeyama T, Ogawa H, lida H, Takaki A, Iwami T, Mochizuki M, Tanaka T.
Intima-media thickening of the radial artery after transradial intervention.
An intravascular ultrasound study. J Am Coll Cardiol. 2003;41(7):1109-14.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	Assessment of radial artery atherosclerosis in acute coronary syndrome patients: an in vivo study using optical coherence tomography
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study design and population
	OCT image acquisition
	Definition and measurement
	Reproducibility of OCT RAP assessment
	Statistical analysis

	Results
	Baseline characteristics
	Incidence and characteristics of RAP
	Patient level
	Plaque level

	Factors related to the presence of RAP
	RAP and the severity of coronary atherosclerosis
	Quantitative comparison among groups

	Discussion
	In vivo detection of RA atherosclerotic lesions
	Underlying intimal hyperplasia in RA
	Clinical characteristics of RA atherosclerosis
	Limitations

	Conclusions
	Acknowledgements
	References


