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Abstract

Aim: The radiation can induce vessel injury. The result of this injury can be severe and life-threatening. There are a few studies
demonstrating an increase in intima-media thickness (IMT) of the common carotid artery (CCA) after radiotherapy, especially in head
and neck cancers. We evaluated the effect of 131 to the IMT of the CCA in the patients who were treated for hyperthyroidism.
Methods: 38 patients (25M, 13W) referred to our department for radioiodine treatment with the diagnosis of nodular goitre (25
patients) and diffuse hyperplasia (Graves disease (GD), 13 patients) were included to the prospective study. An USG was performed for
all the patients before therapy, 3, 6 and 12 months after radioiodine therapy in order to measure IMT of CCA and the femoral artery
(FA). The IMT was measured at the level of proximal part of bulbus anteriorly on the left and right side. The IMT of FA was measured
just before the bifurcation.

Results: There was a statistically significant increase in IMT of both CCA and FA bilaterally in nodular hyperthyroid patients. However,
in the patients with Graves disease, there was only statistically significant increase in the left IMT of CCA at 0-3rd, 0-6th month
measurements and in the right IMT of FA at 0-3rd month measurements.

Conclusion: Though the limitation of the study is the interobserver and intraobserver variability, it was seen that 131 therapy might
affect the IMT of CCA in the patients with NG. 131 effect on the IMT of CCA in patients with nodular goitre was higher than the IMT
of CCAin patients with GD. I-131 effect on the IMT of CCA might be due to administered dose and adjacency. The interesting point
of our study was the increased thickness of IMT in FA. We think that the increase in IMT is due to the systemic effect of radioactivity
circulating in the blood vessel. 131 effect on the IMT of FA in patients with nodular goitre was higher than the IMT of FA in the
patients with GD due to I-131 uptake of thyroid gland. Because I-131 uptake was lower in patients with nodular goitre, 131 in
systemic circulation was higher.
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Ozet

Amag: Radyasyon damar hasarina neden olabilir. Bu hasar ciddi ve yasami tehdit edici olabilir Ozellikle bas ve boyun kanserlerinde
radyoterapi sonrasi karotid arterin (KA) intima-media duvarinin kalinliginin (IMT) arttigini gésteren az sayida ¢alisma vardir. Biz hipertiroidi
nedeniyle radyoaktif iyot ile tedavi edilen hastalarda I-131'in KA'in IMT'na olan etkisini arastirdik.

Yontemler: Noduler guatr (25 hasta) ve diffliz hiperplazi (Graves hastaligi (GD), 13 hasta) tanisi ile radyoaktif iyot tedavisi icin
klinigimize basvuran 38 hasta (25 erkek, 13 kadin) calismaya dahil edildi. Tim hastalara tedavi 6ncesi ve tedavi sonrasi 3, 6 ve 12.
aylarda ultrasonografi (USG) yapildi. USG ile her iki sag/sol KA ve femoral arter (FA)'lerin IMT leri &l¢lldu. CA ‘in IMT 6lcim bulbusun
proksimal dlizeyinden, FA'in IMT 6lcimU biflrkasyondan hemen once yapildi.

Bulgular: Nod(ler hipertiroidi hastalarinda, her iki taraf KA ve FA" in IMT lerinde istatistiksel olarak anlamli bir artis saptanirken, Graves
hastalarinda sadece sol KA'in IMT'si 0-3 ve 0-6. ay arasinda, sag KA'in ise sadece 0-3. ay arasinda istatistiksel olarak anlamli bir artis
saptand..
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Sonug: interobserver and intraobserver variabilite calismamizin limitasyonu olmasina ragmen, 1-131 tedavisinin NG hastalarinda KA'in
IMT'sini etkileyebilecegi dngdrilmustir. NG hastalarinda I-131'in KA'in IMT'ye etkisi Graves hastalarindan daha yiksekti. 131 KA'e
etkisi uygulanan doz ve komsuluk nedeniyle olabilir. Calismamizdaki ilging nokta ise FA'deki IMT artisi oldu. Bu artisin dolasimdaki
radyoaktif iyotun sekonder sistemik bir etkisi olabilecedi diislintldu. FA'da I-131'in etkisi NG hastalarinda Graves hastalarindan daha
fazlaydi. Bu etkinin I-131 uptake’inin NG hastalarinda daha distk olmasi ve dolayisiyla, sistemik dolasimdaki I-131 daha yiiksek olmasina

sekonder olabilecedi diistintldu.

Anahtar kelimeler: Hipertiroidi, Karotis i¢-orta kalinlig, lyot radyoizotoplari

Introduction

It was shown that therapeutic radiation exposure cause
damage to the carotid and other large vessels in the world
literature since the 1950s (1-3). The characteristics of
damage and pathological changes for atherosclerosis were
demonstrated in the animals (4, 5). In the literature, acute
thrombosis, carotid rupture, carotid wall thickening and
rapidly progressive atherosclerosis were reported due to
radiation exposure in the carotid vessels (1-3, 6, 7). A higher
incidence of significant extracranial carotid artery stenosis
was shown in patients who received external irradiation to
the head and neck area for any kind of malignancy.

Radioiodine therapy is a useful option for the treatment
of hyperthyroidism with antithyroid drugs (ATDs) and
surgery. lodine-131 penetrates to the tissue due to beta
radiation resulting in cell death. Radioiodine is in most cases
the first-line treatment for solitary hyperfunctioning thyroid
nodules. It is also used in uncontrolled hyperthyroidism and
Graves' disease. Our hypothesis is beta radiation can cause
damage to the adjacent vessels of thyroid lobe while killing
hyperfunctioning thyroid cells. We investigated the effect
of radioiodine on the intima media thickness (IMT) of the
carotid artery. This is the first prospective study to evaluate
the effects of radioiodine on the carotid artery wall in the
literature.

Materials and Methods

The research protocol was approved by the local ethics
committee of clinical and laboratory research in Dokuz EylUl
University School of Medicine and informed consents were
obtained from all patients.

Patients

All patients with nodular goitre and diffuse hyperplasia
which were referred to our clinic for I-131 therapy were
included in the study between July 2009 and January 2012.
The patients with diabetes, smoking, high blood pressure
and high blood cholesterol that can affect the vascular
tissue were excluded.

38 patients (25M, 13W) were included in the study.
25 of 38 patients were diagnosed as nodular goitre (NG),
13 of 38 patients were diagnosed as diffuse hyperplasia
(Graves disease (GD)). The average given dosage of lodine
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131 was 14.7 mCi (10-20 mCi). 36 patients were followed
up to 12 months in order to evaluate the therapy efficiency.
Two patients moved to another city, so, 12th month control
USGs were not performed. 4" and 24™ hour 1-131 uptakes
were measured for all patients before 1-131 therapy.

Intima-media thickness

The inner wall is usually expressed as the IMT. The IMT
was defined as the distance between the echogenic line
representing the blood-intima interface and the echogenic
line representing the media adventitia interface. An USG was
performed for all the patients before the radioiodine therapy
for basal IMT (0) and 3, 6, 12 months after radioiodine
therapy in order to observe any increment of IMT of CCA
and the femoral artery (FA). USG was performed by two
radiologists who had five years of experience in USG and
they did not know which patient had NG or GD and which
month is being measured. All scans were obtained with
Philips ATL5000 (Holland, Eindhoven), by using a 7.5 MHz
linear array transducer and standardized machine settings in
a preset carotid arterial and low extremity arterial imaging
program. Patients were examined in the supine position. The
IMT was measured at the level of proximal part of bulbus
anteriorly on the left and right side for CCA (Figure 1) and
just before the bifurcation for FA with the transducer head
perpendicular to the vessels. Measurements of the IMT
were performed on magnified static images with electronic
callipers. Measurements were recorded and averaged. A
description of the plaques was noted in the study.

Statistical analysis

SPSS for windows 11.0 program (SPSS® 11, Chicago,
IL, USA) was used for statistical evaluation and descriptive
analysis.  Significant difference between 0-3, 0-6, 0-12
months were evaluated with Friedman Test, Wilcoxon
Signed test, correlation between dosage of -131 and
increments of IMT, 4%-24 hour I-131 uptake and increments
of IMT were evaluated with Spearman’s rho test with a
statistical significance chosen at p<0.05.

Results

Patients

38 patients (25M, 13W) were evaluated for the IMT of
carotid and femoral artery. 25 of 38 (66%) patients had NG
and 13 of 38 (34%) patients had GD. 12 of 25 patients had



Suricl et al. Radioiodine Effect to Intima Media Thickness

Figure 1. The adjacency between the carotid artery, thyroid gland and
the possible accumulation of 131 in a nodule (hyperactive nodule) was
shown (Scintigraphic image with Tc 99m pertechnetate was obtained from
the Department of Nuclear Medicine in Dokuz Eylil University, School of
Medicine and picture in gray scale was obtained from the web site “http://
www.saglik.im/hipotiroidizm/”)

nodule in the left thyroid lobe, 9 of 25 patients had nodule
in the right thyroid lobe and 4 of 25 patients had nodules in
bilateral thyroid lobes. GD patients were treated with fixed
doses of 10 mCi, NG patients were treated with 15-20 mCi
lodine-131. Patient characteristics are summarized in Table 1.

Intima-media thickness

The average IMT of the carotid and femoral arteries are
shown in Table 2. The IMT of right carotid artery increased
from 0.84+0.20 to 0.90+0.20 (p=0.028); the IMT of left
carotid artery increased from 0.88+0.22 to 0.94+0.23
(p=0.033); the IMT of right femoral artery increased from
0.96+0.24 to 1.06+0.26 (p=0.001); the IMT of left femoral
artery increased from 0.97+0.26 to 1.07+0.25 (p=0.009) in
patients with NG at the end of 12" month. Statistical analysis
on the increment of IMT between 0-3, 0-6%, 0-12"" months
are shown in Table 2. It can be seen that there is a significant
increase in the IMT of carotid and femoral arteries between
314, 6™, 12" months and baseline measurements in patients
with NG. No significant difference was seen between the
dosage of I-131 and increments of IMT in all arteries and
between the 4"-24" hour |-131 uptake and increments of
IMT in all arteries for both groups.

Discussion

Our study demonstrates blood vessel injury in response
to I-131 treatment of hyperthyroidism. There is no study
about the effect of radioiodine on IMT of CCA in the

Table 1. Patient characteristics

literature. Our study showed that the radioiodine affect
the IMT of the arteries. Changes in the artery after
radiation exposure to the carotid artery are similar to
age-related atherosclerosis (8). It has been demonstrated
that radiotherapy induces acute endothelial injury. Animal
studies have shown fibrosis in the carotid arteries that was
secondary to radiotherapy in relationship with irradiation
dose and time (9). Histopathologic changes cause
atherosclerotic-like plaques resulting in vascular stenosis
and thromboembolic processes (10). Endothelial damage
causes endothelial proliferation (11,12), chronic fibrosis
of the intima media and occlusive changes in the vasa
vasorum of the adventitia that result in vascular stenosis
processes (10).

Our study is the first prospective study that the effect of
radioiodine is investigated in the literature. It demonstrates
that radioiodine effects IMT of the carotid and femoral
arteries. This effect can be a local effect to the CCA and/
or might be a systemic effect to the FA, because significant
increases were seen in IMT of both CCA and FA in the
patients with NG. High dose of I-131 (mean 17.4 mCi) was
given to the patients with NG while fixed dose (10 mCi) of
I-131 was given to the patients with GD. So, the statistical
difference in the CCA between the patients with NG and
GD can be due to the amount of I-131 dose. 4" and 24"
hour uptakes were higher in patients with GD than the
patients with NG. So, the amount of iodine was higher in
systemic circulation in patients with NG. Systemic effect of
I-131 might be due to high iodine in systemic circulation
and also the amount of iodine might cause the statistical
difference in FA in the patients with NG.

O’Leary and et al. (13) showed that an increment
of 0.55 mm in wall thickness had an approximate 40%
increased risk of stroke. The increase of IMT in any patient
can be a potential risk factor that causes stroke. However,
in our study the highest increment was 0.1 mm. So, this
increment may not be important clinically.

The limitation of the study was the interobserver and
intraobserver variability. In the literature, interobserver
and intraobserver variability in the selected studies were
reported between a mean difference of 0.02-0.66 mm and
0.01 and 0.65 (14). The measurements for IMT are so small
(mm) and the given I-131 dose is low. The interobserver
and intraobserver variability might affect the results and
the statistical difference might be obtained because of

Age (years)

All patients 57.5+15.7 14.7+4
NG (n:25) 60.8£14.7 17.243
GD (n:13) 51.2+16.2 10.040

Dosage (mCi)
3
2
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4h uptake (%) 24h uptake (%)

20.9+13.6 33.4£13.1
14.7+9.3 28.3+9.7
33.9£11.9 44.0+1.4
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Table 2. The average IMT of the carotid and femoral arteries (mm)

NG (n: 25) P values GD (n:13) P values
Right Carotid IMT
Basal 0.84+0.20 0.75+0.18
3rd m. 0.89+0.20 0.005* 0.76+0.16 0.705
6th m. 0.91+0.20 0.003* 0.77+0.16 0.429
12th m. 0.90£0.20 0.028* 0.80+0.20 0.719
Left Carotid IMT
Basal 0.88+0.22 0.76+0.19
3rd m. 0.94+0.23 0.007* 0.79£0.18 0.046*
6th m. 0.96+0.22 0.002* 0.83+0.19 0.047*
12th m. 0.94+0.23 0.033* 0.83+0.20 0.388
Right Femoral IMT
Basal 0.96+0.24 0.85+0.24
3rd m. 1.02+0.27 0.001* 0.89+0.24 0.025*
6th m. 1.05+0.29 0.000* 0.90+0.26 0.096
12th m. 1.06+0.26 0.001* 0.90+0.25 0.607
Left Femoral IMT
Basal 0.97+0.26 0.83+0.22
3rd m. 1.02+0.25 0.007* 0.87+0.23 0.059
6th m. 1.05+0.27 0.004* 0.92+0.29 0.084
12th m. 1.07£0.25 0.009* 0.94+0.28 0.257

these variabilities, however, the statistical difference has
occurred in all arteries in patients with NG..

On the other hand, age might also be a pitfall of the
study. The average ages were different in both groups
(60.8£14.7 and 51.2+16.2). The statistical difference in
patients with NG might be secondary to the older ages.
However, in a study with 2265 patients, it was demonstrated
that IMT increased 5.7 +/- 0.4 uym/year. In our study, the
IMT of right carotid artery increased from 0.84+0.20 to
0.90£0.20 (0.06 mm=60 pm); the IMT of left carotid artery
increased from 0.88+0.22 to 0.94+0.23 (0.06 mm=60 pym),
the IMT of right femoral artery increased from 0.96+0.24 to
1.06£0.26 (0.1 mm=100 pm); the IMT of left femoral artery
increased from 0.97+0.26 to 1.07+0.25 (0.Tmm=100 pm)
in NG group at the end of 12th month. So, the increments
in our study are higher than the age-related increments.
Thus, we thought that this effect can be due to radiation
(15).

It has been reported that radiation-related changes take
10 to 15 years to reach clinical significance (8). However,
animal studies demonstrated the effect of radiation in the
carotid artery within days of radiation exposure (4,5). Mean
thickness of the common carotid artery increases with age
at a rate of 0.008 mm/year (16). In a prospective study

involving 36 patients, Muzaffar et al. (8) demonstrated that
external irradiation significantly increases the carotid IMT
during the first year after irradiation. There is no statistical
difference between 6th and 12th months in IMT of CA for
the patients with NG. While the average right IMT of the
patients with NG is 0.91+0.20 in 6th month, it is 0.90+0.20
in 12th month. While the average left IMT of the patients
with NG is 0.96+0.22 in 6th month, it is 0.94+0.23 in 12th
month. According to our study, it was seen that the iodine
effects until the 6th month.

In conclusion, it appears that radioiodine effects the IMT
of carotid artery locally and FA systematically. Furthermore,
longitudinal prospective studies are needed to analyse
the local and systemic IMTchanges in large number of
patients that were treated with iodine-131 or in patients
with papillary thyroid cancer who received high dose of
iodine-131 in ablation therapy
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