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Changes in the Common Carotid Artery after Radiotherapy:
Wall Thickness, Calcification, and Atherosclerosis

Bum Joon Kim?

Hyun Goo Kang® Background and Purpose Since the long-term survival rate has improved in laryngeal can-

cer patients who receive radiotherapy, concerns about postradiation complications (including

Sang-wook Lee® carotid atherosclerosis) have increased. We followed changes in the common carotid artery
Jinhong Jung® (CCA) after radiotherapy and identified the underlying risk factors.
Min-Hwan Lee" Methods Consecutive patients with laryngeal cancer who underwent radiotherapy between
Dong-Wha Kang® January 1999 and December 2009 and who had received computed tomography (CT) both
Jong S. Kim® pre- and postradiotherapy were enrolled. Changes in the wall thickness and in the vessel and
Sun U. Kwon® lumen areas as well as the presence of calcification or atherosclerosis were investigated. Demo-
graphics and risk factors were compared between patients with and without atherosclerosis at
*Department of Neurology, follow-up CT.

Kyung Hee University Hospital,

Kyung Hee University Results In total, 125 patients were enrolled. The wall thickness had increased and the lumen

School of Medicine, Seoul, Korea area had decreased several months after radiotherapy. These changes were not associated
*Department of Neurology, with vascular risk factors and were not progressive. Calcification and atherosclerosis were ob-
Chosun University Hospital, served in 37 (29.6%) and 71 (56.8%) patients, respectively. Diabetes was associated with calci-

Gwangju, Korea it _ .. . . . . . .
cation (p=0.02). The prevalence of hyperlipidemia was higher in patients with atherosclerosis
“Departments of Radiation Oncology and (P ) P yperup w 8 P w

“Neurology, Asan Medical Center, (28.2% vs. 11.1%, p=0.02) and for a longer period postradiation [62.7+32.1 vs. 40.0£24.2
University of Ulsan College of Medicine, months (meantSD), p<0.001]. Atherosclerosis occurred mostly in the middle portion of the
Seoul, Korea CCA (n=31, 24.6%), followed by the proximal CCA at the intrathoracic level (1=26, 20.6%) and

the distal CCA (n=6, 4.8%). Positive remodeling was also observed, but this was less common
in patients with calcification (p=0.02).

Conclusions Various types of postradiation changes occur in the CCA and can be easily ob-
served in postradiation CT. The prevalence and burden of postradiation atherosclerosis increased
in a close relationship with baseline cholesterol levels and the time after radiotherapy. Postradia-
tion atherosclerosis was observed at unusual sites of the CCA.
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INTRODUCTION

Laryngeal cancer is one of the most common types of malignant tumor of the head and

, . . . L .
Received  June 23,2017 neck area.' Radiotherapy is used in most of these patients,” and treatments and survival

Revised  August 25,2017 rates for laryngeal cancer have improved recently. However, concerns about late complica-
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arterial fibrosis around the adventitia,” calcification of the inti-
ma and media, and increased endothelial permeability allow-
ing monocyte invasion. The invaded monocytes differentiate
into foam cells that scavenge serum cholesterol.® However,
there have been few long-term studies focusing on these diverse
CCA changes after radiotherapy, and so the optimal manage-
ment strategy for patients with extensive postradiation CCA
changes has yet to be established.

Medications that prevent the progression of atherosclerosis
have improved in recent decades, and the treatment strate-
gies for carotid artery stenosis have changed accordingly.”'
Since the disease course in carotid atherosclerosis can be modi-
fied by medical treatment," the early identification of high-
risk patients is critical. We attempted to further characterize
postradiotherapy changes in the CCA using computed tomog-
raphy (CT) and identify potential therapeutic targets for pre-
venting these changes.

METHODS

Patients and design

Patients with laryngeal cancer who began radiotherapy be-
tween January 1999 and December 2009 were consecutively
reviewed from a prospectively obtained database. Patients
who received CT of the neck area before and after radiothera-
py were enrolled. Patients with nonatherosclerotic carotid dis-
ease (e.g., Takayasu’s arteritis, giant-cell arteritis, or fibro-
muscular dysplasia) were excluded. Clinical factors, such as
demographics, conventional risk factors for atherosclerosis,
and medication use, were obtained from the patient medical
records. The total cholesterol levels as measured at the initia-
tion of radiotherapy were also assessed. The treatment of choice
for each patient was discussed at a multidisciplinary team meet-
ing involving an otorhinolaryngologist and oncologist, along
with radiation oncologists and radiologists. All patients were
treated with a curative intent.

Radiotherapy was typically administered by three-dimen-
sional conformal radiotherapy using four to nine radiation
fields and two-dimensional image guidance in daily fractional
doses, on 5 days per week for approximately 7 weeks. The cu-
mulative radiation doses administered ranged from 27 to 82.6
Gy (2.0-2.25 Gy/fraction). The total dose and field of radia-
tion were determined based on the staging of the laryngeal
cancer by a radiation oncologist. The primary tumor site
and neck region including the whole CCA area were includ-
ed within the radiation field. The Institutional Review Board
of our local center approved this study (approval no. AMC
2014-0770) and waived the requirement for written informed
consent because of its retrospective design.
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Imaging analysis

Laryngeal cancer was evaluated by contrast-enhanced CT us-
ing a Somatom Sensation 16 scanner (Siemens Medical So-
lution, Forchheim, Germany) or a LightSpeed QX/i scanner
(GE Medical Systems, Milwaukee, WI, USA) with a recon-
structed slice thickness of 3 mm or less. For contrast en-
hancement, 90 mL of iodinated contrast agent (Ultravist 300,
Schering, Berlin, Germany) was injected intravenously at 3
mL/sec. CT was performed at least twice. The initial CT scan
was performed within 3 months before the initiation of radia-
tion therapy; and the follow-up CT scan, which was performed
at least 6 months after initiating radiotherapy, was used to avoid
hyperacute changes induced by radiation therapy. In cases with
multiple follow-up CT scans, the last scan was used to evalu-
ate postradiation changes.

Postradiotherapy changes in the CCA were evaluated ex-
tensively using the following nine parameters: 1) wall thick-
ness, 2) lumen area, 3) calcification, 4) atherosclerosis, 5) ves-
sel area, 6) area of the original arterial lumen, 7) residual
lumen area, 8) degree of stenosis, and 9) remodeling ratio.
The wall thickness (Fig. 1A) was measured at baseline and
follow-up from the posterior-medial aspect of the CCA in
order optimize the visualization (blue line in Fig. 1A). The
difference between baseline and follow-up was calculated, and
the proportions of patients with any increase or decrease in
wall thickness or lumen area (red circle in Fig. 1A) were de-
termined. A scout film and the lower border of the thyroid
cartilage were used as an indicator to find the identical loca-
tion at follow-up (Fig. 1A). The presence of calcification (Fig.
1B) and atherosclerosis (Fig. 1C) were investigated through-
out the right and left CCAs. Calcification was defined as a
high-density lesion at the vessel wall confirmed in both
non-contrast-enhanced and contrast-enhanced CT. Athero-
sclerosis was defined as a low-density lesion with an eccentric
involvement of the vessel wall."

In patients with atherosclerosis at follow-up, additional
parameters were measured at the location of the greatest ste-
nosis (Fig. 1C). The first slice was chosen based on a visual
inspection, and the degree of stenosis was measured both
there and in the two adjacent slices, with the slice with the
greatest stenosis then used for subsequent measurements. The
vessel area quantified as the outer contour of the CCA (orange
line in Fig. 1C), the area of the original arterial lumen (in-
cluding both the luminal area and atherosclerotic plaque, as
indicated by the blue line in Fig. 1C), and the residual lumen
area (the area filled with contrast, as indicated by the red line
in Fig. 1C) were measured. These parameters were used to
calculate the degree of stenosis [as 1-(luminal area/original
artery lumen)] and the positive remodeling ratio, based on a
modified version of a method applied to the coronary artery.”



All measurements were made at baseline and again at fol-
low-up using an embedded program in the picture archiving
and communication system of Asan Medical Center by a vas-
cular neurologist who was blind to the clinical data. The wall
thickness and luminal area were measured twice at baseline
to validate the measurement, which indicated acceptable in-
trarater agreement (96.8% and 96.0% of measures within 2
SDs in a Bland-Altman plot of the wall thickness and lumen
area, respectively).

Statistical analysis

The proportion of patients with each change was investigat-
ed. The wall thickness and luminal area before and after ra-
diotherapy were compared using paired-samples ¢-tests in
each CCA. Factors associated with these changes were also
studied. Patients were then divided into two groups: those
with and without atherosclerosis at follow-up. Clinical factors
and factors associated with radiotherapy were compared be-
tween these two groups. Multivariate analysis was performed
to identify independent risk factors for the development of
atherosclerosis. Known risk factors and factors that were po-
tentially associated from the univariate analysis (p<0.10) were
entered into a multivariate analysis. Since preexisting athero-
sclerosis may affect postradiation atherosclerosis,'* we addi-
tionally investigated the factors associated with newly devel-
oped atherosclerosis, after excluding those with atherosclerosis
before radiotherapy.

A similar statistical analysis was carried out to identify
factors associated with calcification. Correlations between
the degree of stenosis and various factors were also investi-
gated. The chi-square test, Students ¢-test, and Mann-Whit-
ney U test were used as appropriate. Pearson’s correlation
coefficient was used in the correlation analyses. A threshold
of p<0.05 was used to define statistical significance. All statis-
tical analyses were performed using SPSS for Windows (ver-
sion 17.0, SPSS, Chicago, IL, USA).
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RESULTS

Radiotherapy was applied to 152 laryngeal cancer patients
during the study period. Eight of these cases did not undergo
a CT scan of the neck prior to radiotherapy, and 19 did not
undergo a follow-up CT scan at 6 months after the initiation
of radiotherapy, and so a cohort of 125 patients was ultimately
enrolled. The age of the enrolled patients at the initiation of
radiotherapy was 61.519.7 years (mean*SD; range, 24-83
years), and only 3 (2.4%) of the 125 patients were female. The
follow-up duration for CT scans of the neck after initiating
radiotherapy was 4.351+2.55 years.

Changes in the CCA wall and lumen after
radiotherapy

The wall thicknesses of the right and left CCAs were 1.06+
0.31 mm and 1.12+0.33 mm, respectively, at baseline, and
increased significantly to 1.47+0.61 mm and 1.60£0.57 mm
after radiotherapy (p<0.001 for both CCAs). Based on differ-
ences between the initial and follow-up CT scans, the thick-
ness of the CCA wall had increased in 104 (83.2%) patients
in the right CCA and in 95 (76.0%) patients in the left CCA.
Demographics, risk factors, and radiation doses were not as-
sociated with changes in the CCA wall thickness. The changes
in the wall thicknesses of the right and left CCAs were found
to be correlated with each other (r=0.476, p<0.001), but there
was no significant association between the change in wall
thickness and the time after radiotherapy (r=0.001, p=0.99)
(Fig. 2A).

The luminal areas of the right and left CCAs were 39.3%
11.1 mm? and 37.6£10.4 mm?, respectively, at baseline, and
decreased significantly to 35.7+10.8 mm® and 33.1+9.0 mm*
after radiotherapy (p<0.001 for both CCAs). The luminal
area of the right CCA decreased in 91 (72.8%) patients, while
that of the left CCA decreased in 97 (77.6%) patients. Demo-
graphics, risk factors, and radiation doses were not found to

Calcification

Wall thickness and luminal area A

Postradiation

Preradiation

Preradiation

Orange line: vessel area Blue line: wall thickness Orange line: vessel area

Red line: luminal area Red line: luminal area

Blue line: calcification

Atherosclerosis C

Al

Postradiation Preradiation Postradiation

Orange line: vessel area Blue line: original artery lumen

Red line: luminal area =(luminal area+plaque)

Fig. 1. Measurements of pre- and postradiotherapy changes in the common carotid artery: vessel wall thickness, vessel area, and lumen area (A),

calcification (B), and degree of stenosis (C).
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Fig. 2. Factors affecting postradiation changes in the common carotid artery (CCA). Postradiation changes in the CCA according to the time after
radiotherapy, including changes in the vessel wall thickness and lumen area (A) and the vessel area and degree of stenosis at the location of maxi-
mum stenosis resulting from atherosclerosis (B). Factors associated with the degree of stenosis (C).

38 J Clin Neurol 2018;14(1):35-42



be associated with changes in the CCA lumen area. The
changes in the right and left CCA lumen areas were also cor-
related with each other (r=0.523, p<0.001), but these changes
were not correlated with the time after radiotherapy (r=-0.068,
p=0.45) (Fig. 2A).

Atherosclerosis and calcification after radiotherapy
Among the current 125 laryngeal cancer patients who received
radiotherapy, 71 (57%) had atherosclerosis at the follow-up
CT: 51 (71.8%) in bilateral CCAs, 18 in the left CCA, and 2
in the right CCA. While the luminal area decreased at the
location of maximum stenosis, the vessel area increased and
the remodeling ratio in the slice with the atherosclerotic
plaque was 1.17£0.21. Finally, the positive remodeling ratio
(r=0.247, p=0.04) and the degree of stenosis (r=0.289, p=
0.02) increased with time after radiotherapy (Fig. 2B).
There were no differences in the demographic characteris-
tics or vascular risk factors between patients with and with-
out atherosclerosis of the CCA, with the exception of patients
with atherosclerosis at follow-up showing a higher incidence
of hyperlipidemia (Table 1). Patients with atherosclerosis
also demonstrated a higher baseline level of total cholesterol
(18138 mg/dL vs. 157£36 mg/dL, p=0.001) and a longer time
after radiotherapy (62.7£32.1 months vs. 40.0124.2 months, p<
0.001). Based on multivariate analyses, the baseline levels of
total cholesterol [odds ratio (OR)=1.024, 95% confidence in-
terval (CI)=1.012-1.037, p=0.01] and the time after radiother-
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apy (OR=1.031, 95% CI=1.014-1.048, p<0.001) were both
independently associated with the presence of atherosclero-
sis at follow-up.

Baseline CT revealed atherosclerosis in 21 patients. Anoth-
er atherosclerotic lesion in addition to the initial atheroscle-
rosis was identified in 2 of these patients, while the remaining
19 patients showed progression of preexisting atherosclerosis.
After excluding these 21 patients with atherosclerosis at the
initial CT, 50 (48.1%) of 104 patients demonstrated newly
developed atherosclerosis. The baseline cholesterol level (OR
=1.021, 95% CI=1.007-1.035, p=0.004) and time after radio-
therapy (OR=1.036, 95% CI=1.017-1.055, p<0.001) were
independently associated with newly developed atheroscle-
rosis.

Among the 71 patients with CCA atherosclerosis after ra-
diotherapy, the degree of stenosis showed a weak but signifi-
cant correlation with the initial total cholesterol level (r=0.274,
p=0.02), and a moderate correlation with the time after radio-
therapy (r=0.342, p=0.004) (Fig. 2C). However, the degree of
stenosis was not associated with the patient’s age. Atheroscle-
rosis occurred mostly in the middle portion of the CCA
(n=31, 24.6%), followed by the proximal CCA at the intratho-
racic level (n=26, 20.6%) and the distal CCA (n=6, 4.8%).

Vascular calcification was observed in 37 (29.6%) of the
125 patients. The detection of vascular calcification at follow-
up CT was associated with the presence of diabetes (24.3%
vs. 9.1%, p=0.02) (Table 2). Neither the time after radiother-

Table 1. Differences between laryngeal cancer patients with and without common carotid artery atherosclerosis after radiation therapy

Radiation-induced atherosclerosis (+)

Radiation-induced atherosclerosis (-)

(n=71) (n=54) P

Age (years) 6110 6219 0.49
Male 70 (98.6) 52 (96.3) 0.50
Hypertension 26 (36.6) 21(38.9) 0.80
Diabetes 9(127) 8 (14.8) 0.73
Hyperlipidemia 20 (28.2) 6(11.1) 0.02
Smoking 51(71.8) 37 (68.5) 0.69
Medication

Antiplatelet 6(8.5) 6(11.1) 0.62

ACE inhibitor 6(8.5) 4(7.4) 0.83

Calcium-channel blocker 9(127) 11 (20.4) 0.25

Statin 1(1.4) 3(5.6) 0.19
Chemotherapy 23(32.4) 24 (44.4) 0.17
Total cholesterol (mg/dL) 181438 157£36 0.001
Time after radiotherapy (months) 62.7132.1 400+24.2 <0.001
Radiation dose (Gy) 65.4+85 65.319.9 094
Atherosclerosis before radiotherapy 21 (29.6) 0(0.0) <0.001
Calcification before radiotherapy 10 (14.1) 11 (20.4) 0.35
Calcification at follow-up 22 (31.0) 14 (25.9) 0.54

Data are n (%) or mean®SD values.
ACE: angiotensin-converting enzyme.
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apy (55.5+31.0 months vs. 51.9131.1 months, p=0.56) nor
the presence of atherosclerosis (62.2% vs. 54.5%, p=0.43) dif-
fered between patients with and without vascular calcification.
Among the 71 patients with atherosclerosis, the vessel area
at the location of maximum stenosis changed less in patients
with vascular calcification than in those without calcification
(6.00+ 7.97 mm?® vs. 13.50£13.81 mm?, p=0.02), and the re-
modeling ratio was lower in patients with calcification (1.09+
0.13 vs. 1.21+ 0.22, p=0.02) (Table 2). Based on the results of
multivariate analysis and after adjusting for potential con-
founding factors, the presence of diabetes was independently
associated with vascular calcification (OR=3.375, 95% CIl=
1.184-9.618, p=0.02). After excluding patients with prior cal-
cification before radiotherapy, 17 (16.3%) of 104 patients dem-
onstrated newly developed calcification. The presence of dia-
betes was independently associated with newly developed
calcification (OR= 4.884, 95% CI=1.303-18.307, p=0.019).

DISCUSSION

This study investigated the changes in the vessel wall, lumen,
vascular calcification, and atherosclerosis of the CCA after
radiotherapy in patients with laryngeal cancer. The CCA thick-
ness increased and the lumen area decreased after radio-
therapy. These changes occurred in the early phase of treat-

ment and did not differ with the time after radiotherapy, but
stenosis resulting from atherosclerosis was more severe in
those with a longer time after radiotherapy. The occurrence
of atherosclerosis was independently associated with the
presence of hyperlipidemia, whilst more-severe atheroscle-
rotic stenosis was associated with both the baseline choles-
terol level and the time after radiotherapy.

Several distinct patterns of changes in the CCA after ra-
diotherapy were observed on the follow-up CT scans. First,
the vessel wall became concentrically thicker and the lumen
area decreased. These changes were not associated with the
time after radiotherapy and were observed consistently,
even on CT scans performed within a year after radiothera-
py. High-resolution magnetic resonance imaging (MRI) has
revealed changes similar to vasculitis in the intracranial ar-
tery."” However, the pathologies that we observed were much
more chronic since they were sustained without progression
or regression, so they may represent periarterial fibrosis.'
Further pathological studies may be helpful for verifying the
exact pathological changes observed after radiotherapy and
understanding the underlying mechanisms. Second, vascular
calcification was also observed in one-third of the patients
who received radiotherapy, but its presence was not associ-
ated with the time after radiotherapy. Only diabetes, which
is a well-known risk factor for vascular calcification,"” has

Table 2. Differences between the laryngeal cancer patients with and without common carotid artery calcification after radiation therapy

Radiation-induced calcification (+)

Radiation-induced calcification (-)

(n=37) (n=88) p

Age (years) 61.3£10.8 61.7193 0.84
Male 36(97.3) 86 (97.7) 0.66
Hypertension 16 (43.2) 31(35.2) 0.40
Diabetes 9 (24.3) 8(9.1) 0.02
Hyperlipidemia 7(18.9) 19 (21.6) 0.74
Smoking 26 (70.3) 62 (70.5) 098
Medication

Antiplatelet 6(16.2) 6(6.8) 0.10

ACE inhibitor 2 (5.4) 8(9.1) 0.49

Calcium-channel blocker 9(24.3) 11 (12.5) 0.10

Statin 0(0.0) 4(45) 0.19
Chemotherapy 15 (40.5) 32 (36.4) 0.66
Total cholesterol (mg/dL) 166140 177+38 0.17
Time after radiotherapy (months) 55.5+31.0 51.9+31.1 0.56
Radiation dose (Gy) 63.3+10.7 66.3+ 8.2 0.14
Calcification before radiotherapy 20 (54.1) 1(1.1) <0.001
Atherosclerosis before radiotherapy 9(24.3) 12 (13.6) 0.15
Degree of stenosis* 0.4210.13 0.4310.16 0.75
Remodeling ratio® 1.0910.13 1.12+£0.22 0.02

Data are n (%) or mean£SD values.

*The degree of stenosis and remodeling ratio were calculated from 71 patients with atherosclerosis.

ACE: angiotensin-converting enzyme.
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been reported to be independently associated with vascular
calcification after radiotherapy.'®

Finally, atherosclerosis, a low-density lesion that is eccen-
trically located inside the lumen, was observable in a CT
scan, after radiotherapy. However, atherosclerosis was found
in the current analysis to be more closely associated with the
postradiation time than were changes in wall thickness and
calcification. Radiation induces endothelial dysfunction,
which can increase the vascular permeability for plasma li-
poproteins, resulting in progressive lipid accumulation in the
vessel wall."” Following radiotherapy, positive remodeling
of the CCA was also observed in the present cohort. A par-
ticularly interesting finding was that positive remodeling was
less frequent in the current patients with vascular calcifica-
tion, which is consistent with the findings of previous stud-
ies that examined other vascular beds.” The degree of ath-
erosclerotic stenosis was also strongly correlated with the
baseline total cholesterol levels in the current study. Our find-
ings are thus consistent with previous reports of an associa-
tion between baseline cholesterol levels and increases in the
intima-media thickness (IMT) or plaque scores as measured
by duplex sonography.”

Carotid duplex sonography is a noninvasive technique for
detecting changes that occur after radiotherapy. However,
the predictive value of the IMT for cardiovascular events
remains controversial,” and carotid duplex sonography can
only explore a spatially limited range of the CCA. Compared
to atherosclerosis typically mostly affecting the distal CCA
near its bifurcation, radiation-induced atherosclerosis most
frequently appears in the middle portion of the CCA fol-
lowed by the proximal intrathoracic CCA, and atherosclerot-
ic stenosis can be difficult to detect by duplex sonography in
these locations. Compared to duplex sonography, neck CT
usually includes the full length of the CCA, and even the in-
trathoracic level can be screened for postradiation changes.
Moreover, CT is usually performed in laryngeal cancer pa-
tients to follow up the prognosis of cancer itself. Hence, neck
CT and duplex sonography may be informative and comple-
mentary methodologies for detecting atherosclerotic chang-
es after radiotherapy.

Statin treatment has been shown to be effective in stroke
patients with atherosclerosis, and is now considered to be an
essential component of carotid artery disease management.'**
Some studies have suggested that radiation-induced athero-
sclerosis differs from typical atherosclerosis.** However, the
present findings indicate that cholesterol remains one of the
most important risk factors for the development of postra-
diation atherosclerosis. Statins are thought to exert benefi-
cial pleiotropic effects on radiation-induced tissue damage
by reducing endothelial activation, limiting acute inflamma-
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tory responses, and protecting against delayed fibrotic tissue
remodeling and cell death.” Statins could therefore be con-
sidered as part of the therapeutic strategy for managing head
and neck cancer patients treated with radiation therapy who
are at a high risk of CCA atherosclerosis.

The present study was subject to some notable limitations.
First, the changes observed using follow-up CT were not con-
firmed pathologically. Second, we used data from routine
neck CT follow-ups, which may have a lower spatial resolu-
tion than CT angiography. Future studies utilizing the source
images of CT angiography or high-resolution MRI may be
helpful for confirming our findings. Third, this study had a
retrospective design, the levels of cholesterol were not mea-
sured throughout the study period, and the radiation fields
were not characterized in detail. These features make it difhi-
cult to draw conclusions about the importance of lipid man-
agement throughout the postradiation period or identifying
a less-atherogenic method of radiation therapy. However,
our findings may help in the future identification of patients
at a high risk of postradiation atherosclerosis.

In conclusion, various types of postradiation changes can
be observed on CT scans of laryngeal cancer patients. Among
these changes, atherosclerosis develops in patients with hy-
percholesterolemia and the degree of stenosis is associated
with the baseline cholesterol level and the time after radio-
therapy. Furthermore, radiation-associated atherosclerosis
is located at unusual sites such as the middle portion of the
CCA and the intrathoracic CCA. CT may be effective in
complementing carotid sonography to detect atherosclero-
sis in these locations. Identifying patients who are at a high
risk of developing postradiotherapy atherosclerosis and de-
tecting such cases in the early stages of atherosclerosis with
postradiation CT may therefore be important.
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