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Abstract
Background Carotid atherosclerosis is common in post-radiotherapy (post-RT) patients and subjects with
cardiovascular risk factors (CVRFs). The associated development of carotid plaques (CPs), particularly
unstable plaques, is a major cause of cerebrovascular disease. Therefore, accurate detection and
evaluation of CP characteristics is of essence. This study investigated the feasibility of using a computer-
assisted method to evaluate and differentiate the CP characteristics in radiation-induced and non-
radiation-induced CA. Methods 107 post-RT NPC and 110 CVRF subjects were recruited. Each participant
had a carotid ultrasound examination of CPs and carotid intima-media thickness (CIMT). The carotid
plaque characteristics were evaluated for grey-scale median (GSM) and detailed plaque texture analysis
(DPTA) using speci�c computer software. In DPTA, �ve different intra-plaque components were color-
coded according to different grey scale ranges. Multivariate regression model was used to evaluate the
correlation of risk factors and carotid plaque characteristics. Results Post-RT NPC patients have
signi�cantly higher CIMT (748±15.1µm, p=0.001), more incidence of plaque formation (80.4%, p<0.001)
and larger number of plaques (2.3±0.2, p<0.001) than CVRF subjects (680.4±10.0µm, 38.2% and 0.5±0.1
respectively). Among the �ve intra-plaque components, radiation-induced carotid plaques had
signi�cantly larger area of calci�cation (4.8 ±7.7%, p=0.012), but lesser area of lipid (42.1%±16.9%,
p=0.034) when compared to non-radiation-induced CPs (3.0%±5.7% and 46.3%±17.9% respectively). Age,
radiation and number of CVRF were signi�cantly associated with the CA burden (p<0.001). Besides, age
was signi�cantly associated with the amount of lipid and calci�cation within CPs (p<0.001). Conclusions
Compared to CVRF subjects, post-RT NPC patients were more susceptible to carotid plaque formation
with less lipid content. Considering both CA burden and plaque component, both post-RT NPC patients
and individuals with CVRF have a high risk of cerebrovascular diseases.

Background
Nasopharyngeal carcinoma (NPC) is a common head and neck cancer in Southeast Asia. There were
129,079 new cases globally(1) in 2018, and Southeast Asia possessed the top nine countries with the
highest incidence of new NPC cases. Nodal metastasis is common in NPC patients, with about 60–90%
of the patients having neck lymph node metastasis. Radiotherapy (RT) is the common treatment for both
the primary tumour and metastatic neck lymph nodes for NPC, and chemotherapy may be used in
conjunction with RT for patients in advanced disease stages(2). Since extracranial carotid arteries are in
close proximity to neck lymph nodes, they are unavoidably irradiated during the RT of neck lymph
nodes(3, 4). Carotid atherosclerosis (CA) is a late post-RT complication in patients who received external
irradiation to head and neck. It is a chronic in�ammatory disease, which is identi�ed by the increased
carotid intima-media thickness (CIMT) and the formation of carotid atherosclerotic plaque(5, 6)
subclinically. Due to the progressive property of CA development, different characteristics of plaques
could represent different stages of atherosclerosis. Atherosclerosis is well-accepted to be initiated by the
endothelial dysfunction on the surface of blood vessel wall. The injured endothelium elicits the sub-
endothelial accumulation of cholesterol, namely oxidized low-density lipoprotein. Monocyte-derived
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macrophages and lymphocytes are then recruited at the intima, resulting in the formation of foam cells.
Meanwhile, smooth muscle cells migrate from the media and are recruited at the lesion site. The
accumulation of cells thickens the CIMT further, and activates the endothelium, resulting in severer
disturbance to the homeostasis on blood-tissue interface, and eventually leading to plaque(7–9).

The composition of CP is largely associated with the risk of stroke of patients. Advanced lesion may give
rise to the thrombus, which could occlude the blood vessel. Rupture and erosion of CP may cause emboli,
and induce the cerebrovascular events. Therefore, CA with the presence of CP increase the risk of
cerebrovascular diseases(8, 10–13).

Clinically, ultrasound, as a non-invasive equipment, is commonly used to evaluate CA by examining the
several related parameters (CIMT, carotid stenosis and carotid plaque morphology). However, assessment
of carotid plaque textures is not common in routine examinations. Therefore, we aimed to evaluate the
degree of CA in post-RT NPC patients and subjects with cardiovascular risk factors (CVRFs) by CIMT and
incidence of CP using ultrasonography; and also aimed to investigate the feasibility of using computer-
assisted ultrasound to study the difference in carotid plaque characteristics in radiation-induced and non-
radiation-induced CA.

Methods

Aim
This study investigated the feasibility of using a computer-assisted method to evaluate and differentiate
the carotid plaque characteristics in radiation-induced and non-radiation-induced carotid atherosclerosis.

Subject recruitment
Post-RT NPC patients treated with intensity-modulated radiation therapy were recruited in the Department
of Clinical Oncology of Queen Mary Hospital when the patients attended the follow up clinics. The
inclusion criteria of post-RT NPC patients were Chinese NPC patients, aged 18 years or above, received a
single course of RT for the primary tumour and neck lymph nodes, and a post-RT duration of 4 years or
more. The exclusion criteria were a known history of leukopenia, thrombocytopenia, severe hepatic or
renal dysfunction, an evidence for in�ammatory or other malignant diseases, and a known history of
carotid atherosclerosis prior to RT, previous carotid endarterectomy or stenting.

Patients with cardiovascular risk factor (CVRF) were recruited by poster advertisement in the Hong Kong
Polytechnic University. The inclusion criteria of CVRF subjects were Chinese, older than 40 years, and
have at least one CVRF, namely smoking, diabetes mellitus, hypertension, hypercholesterolemia or heart
disease. The criteria for identifying these CVRF were the same as described in our previous study(14).
The exclusion criteria for the recruitment of patients were previous RT, carotid endarterectomy or stenting.

Study design and ultrasound examination
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The Human Subject Ethics Subcommittee of the Hong Kong Polytechnic University
(HSEARS20160930001) and the Institutional Review Board of the University of Hong Kong/Hospital
Authority Hong Kong West Cluster approved this study (HA RE001F3). Each participant was provided an
information sheet with detailed information of the study and the rights of participants. Informed written
consent form was obtained from all participants before the commencement of the examinations. Medical
history of the post-RT NPC patients including post-RT duration, history of chemotherapy and
atherosclerotic diseases was obtained from archived clinical records of the patients. Individual face-to-
face interview was conducted with post-RT NPC patients and CVRF patients to obtain the demographical
information and history of CVRF.

All recruited participants had a carotid ultrasound examination. All ultrasound examinations were
performed using the Esaote MyLab™ Twice eHD CrystaLine ultrasound unit in conjunction with a 3–
13 MHz linear transducer (Esaote, Genoa, Italy). In order to ensure measurements were obtained with the
subjects at resting state, all subjects were allowed to rest for at least 10 minutes before the ultrasound
examination. In the carotid ultrasound examination, the subject lay supine on the examination couch with
the shoulders and neck supported by a pillow so that the neck was slightly extended and the head turned
away from the side under examination. On each side of the neck, the CIMT was evaluated using the
automated quanti�cation programs of the ultrasound unit: radiofrequency-based quality intima-media
thickness (RF-QIMT).

For each subject, the presence or absence of carotid plaque in the internal, external and common carotid
arteries was assessed. Carotid plaque was identi�ed as focal arterial wall thickening > 50% of the
adjacent intima-media layer(15). All identi�ed carotid plaque of each subject were included in the study,
and the characteristics of each carotid plaque were evaluated for grey-scale median (GSM) and detailed
plaque texture analysis (DPTA).

In the evaluation of GSM and DPTA, multiple longitudinal grey scale ultrasound images of the carotid
plaque were obtained. Archived digital images were reviewed and analysed using image-processing
software (Adobe Photoshop CS v.8.0, Adobe, San Jose, CA, United States; and Image Pro Plus v.6.0,
Media Cybernetics, Rockville, MD, United States).

For each carotid plaque, �ve longitudinal sonograms which clearly demonstrating the borders and
internal echotexture of the plaque were selected to evaluate the GSM and DPTA. Image normalization
was performed before the evaluations. With the use of the histogram facility of the software (Adobe
Photoshop CS, v.8.0, Adobe, San Jose, CA, United States), the grey scale value of two reference areas
(blood and adventitia) in the image were standardised 0 for blood and 190 for adventitia. All the pixels of
the image were adjusted accordingly based on the standard linear scale, and a normalized image was
produced.

For the evaluation of GSM, the carotid plaque was outlined manually on the normalized grey scale
ultrasound image using software Adobe Photoshop CS, v.8.0 (Adobe, San Jose, CA, United States) and
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then the software calculated the median of the grey scale value of pixels (i.e. GSM) within the region of
interest (ROI).

For the DPTA, the software Image Pro Plus v.6.0 (Media Cybernetics, Rockville, MD, United States) was
used to analyse the normalized grey scale ultrasound images. In this software, 4-connect pixels consist in
an “object”, and numbers of objects with de�ned grey scale ranges consist in a component. In the image
analysis, the different components of carotid plaque were color-coded by the software based on the
different grey scale ranges: yellow for blood (grey scale ranges 0–9), orange for lipid (10–31), red for
muscle (32–74), light blue for �brous tissue (75–111) and dark blue for calcium (112–255). The blood,
lipid and muscle appeared hypoechoic, while �brous tissue and calci�cation were hyperechoic(16). For
each carotid plaque component, the average pixel density, area percentage and integrated optical density
(IOD) were evaluated. Average pixel density was the mean value of pixel densities of each component.
Area percentage was the percentage that the area of each component relative to the area of the plaque.
IOD was the product of area and average pixel density, and it represented the integration of pixel density
of the plaque component.

Data analysis
Basic information of the subjects and plaque characteristics were expressed as mean ± SD or SEM for the
continuous data; counts and percentage were presented for categorical data. Normal distribution of the
data was evaluated by Shapiro-Wilk test. The difference between post-RT NPC group and CVRF group
were evaluated using Mann Whitney U tests for nonparametric variables (plaque number per subject,
CIMT and GSM), unpaired Student t-test for parametric variables (age), and chi-square tests for
categorical data (CVRFs, number of CVRFs, plaque presence). Comparisons among groups were
evaluated by one-way ANOVA. The effects of age, gender, number of CVRFs and exposure to radiation on
carotid plaque characteristics were analysed by multiple linear regression models. The risk factors
regarded as candidate variables were age, gender, number of CVRFs and radiation. We used multivariable
model to analyse the effects of different risk factors on plaque characteristics (CIMT, plaque presence,
number of plaques per subject, plaque components). All statistical analyses were performed using SPSS
22 (IBM Corporation, Armonk, NY, United States) and Prism 7.0 (GraphPad Software, San Diego, CA,
United States). P value < 0.05 was considered to be signi�cant.

Results

Demographical information
From April 2017 to May 2018, we recruited 111 post-RT NPC and 110 CVRF subjects. However, 4 post-RT
patients were excluded, as 2 of them lacked comprehensive clinical data and the other 2 were unsatis�ed
to the inclusion criteria. Eventually, 107 post-RT NPC and 110 CVRF subjects were analysed in the study.
The demographic and clinical information of the subjects are summarized in Table 1. The subjects in two
groups were similarly aged (58.4 ± 1.1 vs. 60.7 ± 0.7, p > 0.05), but with different gender ratio. There were
signi�cantly more male subjects in post-RT NPC group than CVRF group (68/107 vs. 44/110, p < 0.001).
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Amongst the post-RT NPC group, 57 subjects (53.3%) had no CVRFs, 31 (29.0%) had one CVRF and 19
(17.8%) had more than one CVRFs.

In CVRF group, 58 of them (52.7%) had only one CVRF, while the remainder had at least two CVRFs (52,
47.3%). The most prevalent CVRF was hypertension (74, 67.3%), followed by hyperlipidaemia (69, 62.7%),
diabetes (23, 20.9%) and cigarettes (9, 8.2%).

CIMT assessment
As shown in Supplemental Figure I and Table 2, post-RT NPC patients had higher CIMT (748 ± 15.1 µm)
than CVRF subjects (680 ± 10.0 µm, pT=0.001). Besides, both post-RT NPC patients with CVRFs (740.4 ± 
20.0 µm) and without CVRFs (756.7 ± 23.0 µm) had greater CIMT than CVRF subjects (680 ± 10.03 µm,
pM=0.004).

Carotid plaque assessment
Post-RT NPC subjects were prone to have plaques compared to CVRF subjects (80.4% vs. 38.2%,
pT<0.001), and had larger quantities (2.3 ± 0.2 vs. 0.5 ± 0.1, pT<0.001). Both post-RT NPC patients
with/without CVRFs had more plaques (2.6 ± 0.3/2.0 ± 0.2, pM<0.001) than CVRF group (Table 2).

However, no signi�cant difference of GSM was found between post-RT NPC and CVRF subjects (pT>0.05),
neither between post-RT NPC patients with/without CVRFs and CVRF group (pM>0.05).

Detailed plaque components assessment
The frequency of presence of different components within a plaque is shown in Supplemental Table I and
Table II. Plaque components were further evaluated through average pixel density, area percentage and
IOD. Differences were analysed between post-RT NPC patients and CVRF subjects, and among the groups
of post-RT NPC patients with/without CVRFs and CVRF (Table 3).

There was no signi�cant difference in the average pixel density of the �ve plaque components between
post-RT NPC and CVRF groups (pT>0.05).

The plaques of CVRF subjects were found to have more lipid and less calci�cation (Fig. 1, Table 3) with
larger area of lipid (46.3 ± 17.9%), compared to total post-RT NPC patients (42.1 ± 16.9%, pT=0.034) and
post-RT NPC patients having CVRF (40.5 ± 16.1%; pM=0.020). Conversely, plaques of CVRF subjects had
signi�cantly less amount of calci�cation (3.0 ± 5.7%) compared to post-RT NPC patients (4.8 ± 7.7%,
pT=0.012) and post-RT NPC patients with CVRF (4.4 ± 6.6%, pM=0.030). No signi�cant differences were
found between post-RT NPC and CVRF subjects in the area percentage of blood, muscle and �brous
tissue inside a plaque (p > 0.05).

IOD representing the product of pixel density and area of plaque component, the total post-RT NPC
patients had signi�cantly higher IOD than CVRF subjects in both muscle (3086 ± 3121 vs. 2392.0 ± 
1911.0, pT=0.043) and calci�cation (4073 ± 6667 vs. 2675 ± 6615, pT=0.007) (Table 3). CPs of post-RT
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NPC patients with CVRF had signi�cantly higher IOD of muscle (3416 ± 3106), compared to post-RT NPC
patients without CVRF (2712 ± 3108, p = 0.025) and CVRF subjects (2392 ± 1911, p = 0.012) (pM=0.004).
Additionally, CPs of post-RT NPC patients with CVRF had signi�cantly higher IOD of calci�cation (3767 ± 
5593) than CVRF subjects (2675 ± 6615, pM=0.018).

Relationship of plaque features and various risk factors
Table 4 summarises the effects of various risk factors on atherosclerosis related parameters. Post-RT
NPC patients were further divided into three subgroups (0 CVRF, 1 CVRF and ≥ 2 CVRFs). After
adjustment of age and gender, results showed that age and radiation were signi�cantly associated with
CIMT, presence of plaque and the number of plaque (p ≤ 0.001). Number of CVRFs were signi�cantly
associated with CIMT and number of plaques (p < 0.05). The aging subjects tended to have higher
CIMT(r = 0.36; [95% CI: 0.23 to 0.47]) and larger number of plaques (r = 0.25; [95% CI: 0.12 to 0.37], data
not show).

Among the mentioned risk factors, age played the most signi�cant role on lipid and calci�cation area of a
plaque (Table 5, p < 0.001) in an opposite trend. Advancing age was associated with less lipidic area
(r=-0.27; 95% CI [-0.43 to -0.10]), but more calci�c area (r=-0.29; 95% CI [0.12 to 0.44], data not show).
Additionally, radiation exerted signi�cantly import in�uence on IOD of muscle (p = 0.046), by radiation-
induced plaques having higher IOD value than non-radiation-induced plaques (Table 5).

However, the results indicated none of the risk factors played statistically signi�cant role on IOD of
calci�cation (Table 5. P value of age, gender, number of CVRFs, radiation were 0.064, 0.190, 0.143, 0.536
respectively).

Discussion
We investigated the difference in CIMT and carotid plaque components of radiation-induced and non-
radiation-induced. To unveil the plaque components characteristics, we used computer-assisted method
to assess the plaque GSM and DPTA. We also investigated the effects of several risk factors on plaque
components. The major �ndings of this study are as follows:

(a) Radiation-induced CA leads to higher CIMT, and is more likely to develop CPs than non-radiation-
induced CA; (b) No signi�cant difference of GSM was found between radiation-induced and non-
radiation-induced CPs; (c) DPTA indicates radiation-induced CPs tend to have more calci�cation, while
non-radiation-induced plaques are more lipid-rich and thus are more unstable; (d) The plaque constituents
are mainly effected by age and exposure to the radiation.

CIMT and incidence of plaque formation
CIMT and incidence of carotid plaque re�ected the degree of CA of patients. Much severer CA was
identi�ed with higher CIMT and more incidence of plaque formation. Few studies compared the plaque
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burden between radiation-induced atherosclerosis and spontaneous atherosclerosis caused by CVRFs.
Our group previously reported that no signi�cantly difference in CIMT existed in radiation-induced carotid
atherosclerosis (post-RT NPC patients) compared to non-radiation-induced CA (diabetes patients without
RT) (pcor=0.732), and higher CIMT was associated to male gender (pcor<0.01) and advanced age
(pcor<0.01)(12). In present study, radiation-induced atherosclerosis was with a higher CIMT and more
plaque numbers. Besides, radiation-induced atherosclerosis with or without the presence of CVRFs had a
higher CIMT and more plaques, compared to non-radiation-induced atherosclerosis. Further investigation
found that number of CVRFs and radiation had signi�cant in�uence on CIMT and the number of plaques.
Therefore, radiation played a dominate role in carotid wall thickening and progressing the atherosclerosis,
which was consistent with previous study(17).

The underlying causes could be explored from the biological responses of endothelial cells to ionizing
radiation. CIMT and plaque formation was the consequences of cell injury by radiation. Exposure to the
ionizing radiation caused DNA double strands damage of endothelial cells. When DNA damage repair
could not suppress the damage, the constant injury accumulated and induced the expression of adhesion
molecules, then promoting the atherosclerosis by facilitating the circulating immune cells anchoring on
the endothelium, and resulting the advanced atherosclerosis through in�ammation, cell apoptosis,
proliferation and �brosis (12, 18).

Evaluation of carotid plaque components
The stability of the plaque could partly be decided through plaque composition. Hypoechoic plaques were
more vulnerable plaques, being more unstable and having higher association with cerebrovascular
events. Carotid plaque rupture is higher associated with the components of the plaque. Vulnerable
plaques are characterized by larger volume, slim cap with lipid-rich necrosis core inside and highly
in�ammatory(19–21). Therefore, assessing the plaque components could evaluate the plaque
vulnerability and help treatment planning.

GSM is a common assessment for the overall plaque echogenicity for detecting plaque vulnerability, but
it is limited in distinguishing different plaque components within a plaque by its �rst-order statistic
value(22). Thus, to evaluate plaque vulnerability by the detailed plaque texture, GSM is more commonly
used in conjunction with other parameters such as degree of carotid artery stenosis and CIMT(11, 23–
25). A previous study demonstrated that there was no signi�cant difference in GSM between radiation-
induced plaques and non-radiation-induced plaques(11). Result of the present study was consistent with
the previous one. We found that the GSM of radiation-induced and non-radiation-induced CPs was not
signi�cantly different. Therefore, a DPTA was conducted in the present study subsequently to evaluate
the plaque composition in detail.

Numerous studies have reported various imaging techniques applying in plaque components analysis.
Magnetic resonance imaging (MRI) is a robust imaging tool for soft tissue examination and has been
used for evaluation of plaque composition(26–28). Intravascular ultrasound (IVUS) elastography(29, 30)
and acoustic radiation force impulse (ARFI) elastography ultrasound(31, 32) can be used to estimate the
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plaque stiffness and assess the plaque composition in a recent study based on the plaque mechanical
properties. Multi-detector computed tomography angiography (CTA) can assess plaque composition with
high sensitivities and inter-observer agreements(33–35). Meanwhile, some drawbacks should be aware in
these imaging modalities. MRI is not suitable for patients with metal implants or pacemakers. It is costly
in both expenses and time-consume. IVUS is an invasive procedure and the study of ARFI for
investigating the plaque composition is conducted on 4 patients in a pilot study. Thus, it is emerging, but
without solid evidences at this stage. CTA cannot distinguish intra-plaque haemorrhage and lipids, and
the examination involves radiation and administration of iodinated contrast agent which is not suitable
for patients with deteriorated renal function(21).

The �rst application of ultrasound to investigate plaque constituents preoperatively was reported in
1980’s(36). The study applied ultrasonography to classify the plaques as heterogeneous or
homogeneous and compared the ultrasound images with pathological �ndings. Lai et al.(37) assessed
the plaque constituents by analysing the pixel distribution of B-mode ultrasound imaging. They found
that the pixel distribution of the ultrasound image was highly correlation with the result of histological
sections (r = 0.53–0.86, 95% CI [0.03–0.92], p < 0.05). They set different pixel ranges according to
pathologic �ndings and applied the digital DPTA as an additional analysis combined with GSM in this
study. Subsequently, a Polish research group utilized the DPTA and �nd it was highly consistent with
visual assessment and histologic �ndings and effective in predicting neurological complications through
detecting microembolism(16). Therefore, computer-aided DPTA could be an e�cient method to assess
plaque vulnerability. Based on this, computer-aided DPTA was adopted to compare the plaque
composition characteristics between radiation-induced and non-radiation-induced atherosclerosis in this
study.

In the DPTA of CPs in the present study, more radiation-induced plaques have calci�cation than non-
radiation-induced plaques, and radiation-induced plaque tend to be more hyperechoic. Compared with
hypoechoic plaques in non-radiation-induced group, radiation-induced plaques are less vulnerable with
larger area of calci�cation. The results are consistent with the study of Fokkema et al. in which they used
MRI and found that radiation-induced carotid lesions were less in�ammatory with more �brosis tissue(38,
39). Toprak’s groups found the soft and dense present plaques turned calci�ed after receiving
radiotherapy in head and neck cancer patients(40). Similar studies also reported that
microcalci�cations(41), cardiovascular calci�cations(42), calci�cation in basal ganglia(43) and cerebral
calci�cation(44) could be found in thoracic and cranial cancer patients after therapeutic radiation.

The causes of radiation-induced atherosclerosis with more calci�cations may be resulted from the serial
responses of mesenchymal stem cells (MSC) after ionizing radiation. Radiation induces excessive
oxidative stress in the microenvironment of carotid vessel and induced the endothelial dysfunction, which
could create the cross-talk with MSC. When MSCs are exposed in an oxidative surroundings, necrosis and
apoptosis are being induced. Besides, its extreme low survivability makes it di�cult to recover by stem
cell therapy. Then, dead MSCs exert the residual in�uence on vascular calci�cation to propel the progress
constantly. Moreover, the differentiation of MSCs can be affected by the interacted cells. Under the
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progress of atherosclerosis, the existed osteo-like cells could induce the MSCs to differentiate into
calci�ed vascular smooth muscle cells, which attenuate the further vascular calci�cation. Although the
conditioned medium of MSCs plays the protective role by anti-in�ammation, anti-apoptosis, regulating
the Wnt signal in a negative way and inhibiting the combination of BMP2 signal(45), the excessive
oxidative stress could still trigger the ampli�ed atherosclerosis responses. Massive pathological cells are
recruited at the focal and release various in�ammatory factors to disturb the original medium created by
MSCs alone. The mentioned reasons may be the potential biological mechanism of radiation-induced
CPs showing more calci�cation compared to the non-radiation-induced ones.

Limitations
This study was a retrospective study. Further prospective studies should be conducted to investigate the
value of the present DPTA method in predicting the stroke risk of the post-RT NPC patients and CVRF
subjects. Secondly, based on the sample size of this study, the observed power of radiation (0.358) and
gender (0.172) are less than 0.6 in multivariate models, which may in�uence the statistical results.
Further studies with a larger sample size are suggested.

Conclusions
Though radiation-induced CPs are more prevalent, non-radiation-induced plaques have more lipid than
radiation-induced plaques. Considering both CA burden and plaque component, both post-RT NPC
patients and individuals with CVRF have a high risk of cerebrovascular diseases. Ultrasound aided by
computer is a deserved-considered modality for population, with the priority of non-invasive, inexpensive,
timesaving and informative for plaque texture analysis.
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Table 1. Basic information of the study subjects
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 post-RT NPC CVRF P Value

 (n=107) (n=110)  

Age, yrs 58.4 ± 1.1 60.7 ± 0.7 0.069

Gender(female/male), n 39/68 66/44 <0.001***

Chemotherapy, n (%) 59 (55.1) - -

Post-RT Duration 15 ± 8.9 - -

Number of CV† risk factors      

0, n (%) 57(53.3) - -

1, n (%) 31(29.0) 58(52.7) <0.001***

≥2, n (%) 19(17.8) 52(47.3) <0.001***

CV risk factors      

Hypertension, n (%) 40 (37.4) 74 (67.3) <0.001***

Hyperlipidaemia, n (%) 17 (15.9) 69 (62.7) <0.001***

Diabetes, n (%) 6 (5.6) 23 (20.9) <0.001***

Current Smoking, n (%) 6 (5.6) 9 (8.2) 0.455

Heart disease, n (%) 4 (3.7) - 0.041*

Values are expressed as mean ± SD;

†CV=cardiovascular; yrs=years

*P<0.05, ** P<0.01, ***P<0.001

Table 2. Plaque characteristics comparison in radiation-induced and non-radiation-induced carotid plaques
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 post-RT NPC (3) CVRF PT PM Dunnett
Post-
hoc 

 Total (1) With CVRFs
 

(2) Without
CVRFs

 

CIMT(µm), N 748.0 ± 15.1

N=107

740.4 ± 20.0,

N=50

756.7 ± 23.0,

N=57

680.4 ± 10.0,

N=110

0.001*** 0.004** 1 3*;

2 3*

Number of the subject with

Plaque (%), N†

86 (80.4),

N=107

- - 42(38.2),

 N=110

<0.001*** - -

 

Plaque numbers

Per subject, N

2.3 ± 0.2,

N=107

2.6 ± 0.3, N=50 2.0 ± 0.2,

N=57

0.5 ± 0.1,

N=110

<0.001*** <0.001*** 1 3***

2 3***

GSM of plaque, n 9.1 ± 18.0,

n=247

28.7 ± 16.7,

n=131

29.6 ± 19.4,

n=116

25.5 ± 15.0,

n=59

0.087 0.229 -

Values are mean ± SEM

†N = total number of subject in the corresponding analysis; n = total number of carotid plaque in the corresponding analysis; GSM=grey-scale

median

PT=Comparison between total post-RT NPC subjects and CVRF subjects.

PM=Multiple comparison among post-RT NPC subjects with CVRFs, without CVRFs and CVRF subjects.

*P<0.05, ** P<0.01, ***P<0.001

Table 3. Difference of plaque component characteristics between post-RT NPC group and CVRF group
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Component Post-RT NPC(n=247) CVRF (n=59) P valueT PvalueM Dunnett
Post-hoc

  Total
1. with CVRFs

n=131)
1. without CVRFs

n=116

(3)      

Average pixel density      

blood 7.5 ± 2.9 7.8 ± 3.9 7.2 ± 0.8 7.3 ± 1.0 0.316 0.160 -

lipid 22.1 ± 3.7 22.3 ± 4.0 21.9 ± 3.5 21.4 ± 4.5 0.432 0.259 -

muscle 44.6 ± 6.4 44.8  ± 6.5 44.4 ± 6.4 43.2 ± 6.4  0.072 0.167 -

fibrous tissue 86.6 ± 4.1 86.6 ± 3.8 86.5 ± 4.4 86.5 ± 4.7 0.973 0.994 -

calcification 129.5 ± 11.8 128.3 ± 10.6 131.0 ± 13.0 130.2 ± 13.36 0.851 0.432 -

Area percentage (%)      

blood 14.8 ± 14.1 15.9 ± 15.2 13.6 ± 12.8 15.0 ± 13.4 0.720 0.160 -

lipid 42.1 ± 16. 9 40.5 ± 16.1 43.8 ± 17.8 46.3 ± 17.9 0.034* 0.259 -

muscle 31.0 ± 13.4 31.3 ± 13.5 30.6 ± 13.4 29.2 ± 15.3 0.249 0.167 -

fibrous tissue 7.4 ± 7.6 7.8 ± 8.1 6.9 ± 7.1 6.6 ± 8.3 0.176 0.994 -

calcification 4.8 ± 7.7 4.4 ± 6.6 5.1 ± 8.8 3.0 ± 5.7 0.012* 0.432 -

IOD      

blood 224.4 ± 938.0 313.2 ± 1276.0 124.1 ± 148.1 143.3 ± 197.4 0.802 0.194 -

lipid 1986.0 ± 2157.0 1503.0 ± 1097.0 1581.0 ± 1171.0 2056.0 ± 1967.0 0.498 0.966 -

muscle 3086.0 ± 3121.0 3416.0 ± 3106.0 2712.0 ± 3108.0 2392.0 ± 1911.0 0.043* 0.004** 1 2*;

1 3**

fibrous tissue 1147.0 ± 1112.0 1299.0 ± 1334.0 975.3 ± 760.0 1090.0 ± 1181.0 0.278 0.065 -

calcification 4073.0 ± 6667.0 3767.0 ± 5593.0 4419.0 ± 7714.0 2675.0 ± 6615.0 0.007** 0.018* 1 3*

Values are presented as mean ± SD. TP value = Difference between total post-RT NPC patients and CVRF subjects. MP value = Difference

among post-RT NPC patients with/without CVRFs VS. CVRF subjects, *P<0.05, **P<0.01.

Table 4. Effects of various risk factors on plaque characteristics by multivariate analysis, with the adjustment of age and gender
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  Area percentage
lipid

Area percentage
calcification

IOD
muscle

IOD
calcification

  Partial
η2

F P Partial
η2

F p Partial
η2

F p Partial
η2

F p

Age 0.063 20.121 <0.001*** 0.056 17.802 <0.001*** 0.002 0.625 0.430 0.011 3.448 0.064

Gender 0.001 0.156 0.694 0.003 0.875 0.350 0.004 1.280 0.259 0.006 1.728 0.190

Number of

CVRFs

0.006 0.855 0.426 0.005 0.717 0.489 0.014 2.109 0.123 0.013 1.955 0.143

Radiation 0.012 3.699 0.055 0.002 0.750 0.387 0.013 4.012 0.046* 0.001 0.383 0.536

number of CVRFs were grouped by subjects without CVRF, with one CVRF or more than two CVRFs.*P<0.05, ** P<0.01, ***P<0.001

  CIMT Plaque presence Number of plaque

per subject

Overall

p value

  Partial

η2(df1,df2)

F p Partial

η2(df1,df2)

F p Partial

η2(df1,df2)

F p  

Age 0.181(1,210) 46.510 <0.001*** 0.136(1,210) 13.442 <0.001*** 0.060(1,210) 33.090 <0.001*** <0.001***

Gender 0.008(1,210) 1.717 0.192 0.004(1,210) 0.935 0.335 0.006(1,210) 1.341 0.248 0.346

Number of

CVRFs

0.029(2,210) 3.018 0.048* 0.006(2,210) 0.638 0.529 0.024(2,210) 2.616 0.075 0.025*

Radiation 0.052(1,210) 11.423  0.001** 0.143(1,210) 35.055 <0.001*** 0.260(1,210) 73.967 <0.001*** <0.001***

number of CVRFs were grouped by subjects without CVRF, with 1CVRF or ≥2 CVRFs. *P<0.05, ** P<0.01, ***P<0.001

 

Table 5. Effects of various risk factors on plaque components characteristics by multivariate analysis, with the adjustment of age and gender.

 

Figures
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Figure 1

The distribution of different plaque components Longitudinal sonograms show carotid plaques in the
carotid bifurcation of a post-RT NPC patient (A) and in the common carotid artery of a CVRF subject (B).
Images C and D show the detailed plaque texture analysis of the two carotid plaques. Noted the radiation-
induced carotid plaque has more calci�cation (C) than the non-radiation-induced carotid plaque (D).
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