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ABSTRACT

Objective: Considering that atherosclerosis and Achilles tendon thickening share common mechanisms, the aim of this study to reveal the 
relationship between Achilles tendon thickness (ATT) and carotid in-stent restenosis (ISR).

Methods: In this study, 89 patients who had carotid stenting for carotid artery disease at our institute between 2016 and 2020 were 
included. Subjects were divided into two groups as restenosis (+) and restenosis (-) based on the ultrasonographic and/or angiographic 
findings. The development of 50% or more restenosis in the carotid stent was defined as ISR. Bilateral ATT was measured for all patients 
who satisfied the inclusion criteria.

Results: In our study, 16 (17.9%) patients constituted the restenosis group and 73 (82%) the no-restenosis group. ATT values were similar 
between groups (4.9±0.8 vs 4.7±0.6, p=.27). However, in the marginal effect graphic, it has been demonstrated that the probability of carotid 
stent restenosis increases with the increase in the mean ATT. The probability of restenosis was 14% when the mean ATT value was 4.16 mm 
(mean – 1 SD) and the probability of restenosis was 22% when the mean ATT value was 5.36 mm (mean +1 SD).

Conclusion: No significant difference was found in ATT between the restenosis and no-restenosis group, however, the probability of 
restenosis increased with increasing ATT. In addition, ultrasonographic measurement of ATT is an easy, inexpensive and safe method that 
can be used to identify patients at high risk for carotid stent restenosis.
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The Relationship Between Achilles Tendon Thickness and 
Instent Restenosis in Patients with Carotid Stents

1. INTRODUCTION

Advances in catheter-based techniques have allowed 
symptomatic carotid artery patients and asymptomatic 
patients at increased risk of stroke to be treated with 
results similar to conventional carotid endarterectomy. 
Carotid artery stenting (CAS) is an alternative to carotid 
endarterectomy (CEA). Despite advances in stent technology, 
carotid in-stent restenosis (ISR) continues to occur at a rate 
of approximately 10% (1–3).

Restenosis can be defined as measuring the degree of 
recurrent stenosis ≥50% (moderate) or ≥70% (severe) in the 
treated artery (4). While half of the cases are seen in the 
first 6 months, data on stent restenosis are limited in long-
term follow-ups (5). Female gender, advanced age, diabetes 
mellitus (DM), hyperlipidemia, smoking, history of radiation 

to the neck, type of stent used, and residual stenosis after 
CAS are the most important risk factors (6).

Two important mechanisms have explained the development 
of carotid restenosis. Early carotid restenosis that develops 
within 12 months after the procedure is associated with neo-
intimal hyperplasia (7,8). As a result of the force applied 
by the stent to the vessel wall, there is smooth muscle and 
fibroblast migration from the media layer to the intima in 
response to the damage to the intima layer. Activation of 
platelets and lymphocytes causes the release of cellular 
mediators. These mediators result in smooth muscle cell 
and collagen matrix proliferation, resulting in neointimal 
hyperplasia. Damage from stenting causes a more severe 
reaction compared to angioplasty (9,10). Carotid restenosis 
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that developed after 12 months after stenting was associated 
with progressive neo-atherosclerosis (11).

Achilles tendon thickness (ATT) has been identified as an 
independent predictor of coronary artery disease (CAD) 
and atherosclerosis (12–16). Especially in patients who are 
genetically predisposed to hypercholesterolemia, lipid and 
connective tissue accumulation occurs in the extracellular 
matrix of tendons. Lipid deposition in tendons appears 
clinically as a tendon xanthoma and is often seen in the Achilles 
tendon. The initial form of xanthomas is the thickening of the 
tendon. This is not usually reflected in the clinic, but can be 
viewed via ultrasonography or magnetic resonance imaging 
(MRI). In fact, xanthomas are accumulations of lipid-laden 
macrophages (foam cells) in the tendon matrix. Xanthomas 
and cardiovascular diseases, beyond being related to each 
other, share common pathophysiological mechanisms (17). 
The purpose of this study was to examine the relationship 
between ATT and carotid stent restenosis.

2. METHODS

In this study, 89 patients who had carotid stenting for carotid 
artery disease at our institute between 2016 and 2020 were 
included. The study was constituted in accordance with the 
Declaration of Helsinki and protocol of study was approved by 
own ethics committees of our institution. The patients who 
signed the informed consent form were included in our study 
population. The patients with severe stroke sequelae that 
cannot be mobilized, Achilles tendon rupture, foot deformity 
that may affect image quality, a history of amputation owing 
to peripheral artery disease, rheumatoid arthritis, ankylosing 
spondylitis, Achilles tendinitis or tenosynovitis, bursitis, 
tuberculum attriticum, and Achilles patients with conditions 
that will affect the thickness of the Achilles tendon, such as 
tendon surgery were excluded.

2.1. Measurement of Achilles Tendon Thickness

Bilateral ATT was measured for all patients who satisfied the 
inclusion criteria. The measurement of thickness and width 
of the Achilles tendons of the patients was performed blindly 
by an experienced radiologist. A high-resolution B-mode 
ultrasonography device (Hitachi Medical Systems – HiVision 
Preirus) with a 7 MHz linear probe was used in measurement. 
The Achilles tendon was imaged with the patient lying prone 
(prone position) and ankles extended from the examination 
stretcher(Fig. 1(A)). The ankle was slightly bent by 90 degrees 
to increase the contact between the probe and tendon (Fig. 
1(B)). The thickness and width of a tendon; they measured 
bilaterally by taking the mean of three measurements at 
the medial malleolus level in transverse scans above the 
tuber calcaneus insertion site, and the mean values   were 
taken (Fig. 1(C),1(D)).Ultrasonographically measured ATT 
and Achilles tendon width (ATW) were measured as right 
and left for both extremities, mean values   were obtained 
by summing the right and left measurements and dividing 
them into two. Average measurements were divided by body 

surface area (BSA) and average Achilles tendon thickness and 
width were indexed. BSA was calculated using the formula 
BSA = 0.007184 x Height0.725 x Weight0.425.

2.2. Carotid Duplex Ultrasonography (DUS)

The primary outcome of our study was carotid stent restenosis. 
The development of 50% or more stenosis in the stent is 
defined as stent restenosis (18). In the Radiology and Imaging 
Center of our hospital, Peak Systolic Velocity (PSV) and B Mode 
imaging are used in the grading of carotid stent restenosis. 
As described by Setacci et al., gradients above 3 m/s were 
defined as significant restenosis (18). Carotid Doppler USG 
was performed on the patients at the 1st and 6th months, 
1st year and then annually after CAS, and it was evaluated 
whether there was an ISR. Patients diagnosed with restenosis 
ultrasonographically were confirmed by angiography.

2.3. Statistical analysis

The distribution of numerical data was evaluated with 
a histogram and Shapiro-Wilks test. Numerical baseline 
characteristics were evaluated by the Mann-Whitney-u test 
and independent t-test, and according to the distribution of 
variables, categorical ones were evaluated by the chi-square 
test. Normally distributed numerical variables were expressed 
as mean±standard deviation, and categorical variables were 
expressed as absolute numbers and percentages. A p value of 
<.05 was identified as significant. For carotid stent restenosis, 
which is the main outcome, the Achilles tendon thickness 
parameter, which is the parameter we are interested in, was 
added to the regression model, except for the parameters taken 
in previous studies (variables such as age, gender, creatinine). 
The predicted probability model was checked for the best 
explanatory model. In addition, the explanatory feature of 
Achilles tendon thickness was shown with the marginal mean.

3. RESULTS

89 patients who underwent CAS due to carotid artery 
disease were enrolled in our study. In the study population, 
restenosis was found in 16 (17.9%) patients. The mean age 
of the study population was 65.9±7.2 years. Comparisons of 
clinical, demographic and laboratory features according to 
the presence of restenosis are shown in Table 1. Variables 
such as age, DM, hypertension (HT), CAD, lower extremity 
peripheral arterial disease, smoking, statin use, low or high 
dose statin use were similar between groups. The association 
between thickness and width of the Achilles tendon and 
carotid stent restenosis, is shown in Table 2. When the right 
ATT measurements were 5±0.9 mm in the restenosis group, 
it was 4.8±0.6 mm in the non-restenosis group (p=.21). When 
the left ATT was 4.8±0.7 mm in patients with restenosis, it 
was 4.7±0.6 mm in patients without restenosis (p=.41). 
The mean ATT values were 4.9±0.8 mm and 4.7±0.6 mm in 
patients with restenosis and without restenosis, respectively. 
There was no remarkable difference between the groups 
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(p=.27). In addition, ATT was indexed to BSA but, results 
were similar between restenosis and no-restenosis groups 
(2.6±0.5 mm/m2 vs 2.5±0.4 mm/m2, p=.37, respectively). 
Additionally, measurements of Achilles tendon width did not 
differ between groups.

Table 1. Comparison of clinical and laboratory characteristics 
according to the presence of restenosis.

Variables
Restenosis 

(-)
(N:73)

Restenosis 
(+)

(N:16)

All 
patients 
(N:89)

p 
value

Age, year 65.7±7.2 66.6±7.7 65.9±7.2 .64
BMI, kg/m2 27.8±4.06 28.2±4.40 27.8±4.1 .80
BSA, m2 1.9±0.2 1.9±0.2 1.9±0.2 .97
DM, n (%) 31.0 (42.5) 7.0 (43.8) 38.0 (42.7) .92
HT, n (%) 63.0 (86.3) 11.0 (68.8) 74.0 (83.1) .089
HL, n (%) 52.0 (71.2) 14.0 (87.5) 66.0 (74.2) .178
CAD n (%) 55.0 (75.3) 12.0 (75) 67.0 (75.3) .97
Smoking, n (%) 42 (57.5) 8 (50) 50 (56.2) .58
Peripheral artery 
disease, n (%)

16 (21.9) 4 (25) 20 (22.5) .079

Statin therapy, n (%)
Not using
Low dose
High dose

25 (34.2)
27 (37)

21 (28.8)

6 (37.5)
6 (37.5)
4 (25)

31 (34.8)
33 (37.1)
25 (28.1)

.95

Total cholesterol, mg/dl 168 ±44 182±57 171±46 .26
HDL cholesterol mg/dl 44±11 46±11 45±11 .57
LDL cholesterol, mg/dl 91±38 103±47 93±40 .25
Triglyceride, mg/dl 164±87 164±61 164±82 .99
Creatinin, mg/dl 1.2±1.1 1.1±0.4 1.2±1 .75
CRP, mg/L 8.2±25 7.5±8.9 8.1±23 .90
Albumin, g/dl 6±8.1 4.2±0.5 5.6±7.4 .38
WBC, 103/μL 8.6±2.6 7.4±1.1 8.4±2.4 .08
Neutrophil, 103/μL 5.2±2.3 4.7±0.8 5.1±2.2 .38
Lymphocyte, 103/μL 2.3±0.8 1.8±0.6 2.2±0.7 .02
Hemoglobin, g/dl 13.5±2.1 12.8±2.3 13.4±2.2 .25
Platelet, 103/μL 267±75 244±63 263±73 .26

BSA, body surface area; BMI, body mass index; DM, Diabetes mellitus; HT, 
Hypertension; HL, hyperlipidemia; CAD, Coronary artery disease; HDL, High 
Density lipoprotein; LDL, low density lipoprotein; CRP, C-reactive protein; 
WBC, white blood cell.

Table 2.  Comparison of Achilles tendon thickness and Achilles 
tendon width according to the presence of restenosis.

Variables Restenosis (-)
(N:73)

Restenosis (+)
(N:16)

All patients
(N:89)

p 
value

Right ATT, mm 4.8±0.6 5±0.9 4.8±0.7 .21
Left ATT, mm 4.7±0.6 4.8±0.7 4.7±0.6 .41
Mean ATT, mm 4.7±0.6 4.9±0.8 4.8±0.6 .27
Mean ATT 
index, mm/m2

2.5±0.4 2.6±0.5 2.5±0.4 .37

Right ATW, mm 16.3±2.1 17±2.5 16.5±2.2 .26
Left ATW, mm 16±1.8 16.1±2.7 16±2 .74
Mean ATW, 
mm

16.1±1.9 16.6±2.5 16.2±2 .44

Mean ATW 
index, mm/m2

8.5±1.3 8.7±1.4 8.5±1.3 .61

ATT, Achilles tendon thickness; ATW, Achilles tendon width.

The distribution of ATT values   in subjects with and without 
restenosis is shown in Figure 2. After correcting for age, the 
probability of restenosis was 14% when the mean ATT value 
was 4.16 mm (Mean-1 SD), while the probability of restenosis 
was 22% when the mean ATT value was 5.36 mm (mean + 1SD) 
(Table 3). This value suggests that ATT may be associated with 
the possibility of restenosis. The marginal effect graph showing 
the relationship between ATT and the probability of restenosis 
is shown in Figure 3. In this graph, when the ATT value is 5.7 
mm, the probability of restenosis is 25%, when the ATT value 
is 6.8 mm, the probability reaches 37.5%.

Table 3. Mean Achilles tendon thickness and probability of 
restenosis.

ATT Probability of restenosis Standard error

Mean – 1 SD 4.16 0.14 0.05

Mean 4.76 0.18 0.04

Mean +1 SD 5.36 0.22 0.06

SD, standard deviation; ATT, Achilles tendon thickness.

Figure 1. Position of patient and probe in Achilles tendon 
thickness measurement. (A). Achilles tendon imaging was 
performed with the patient prone position and ankles extended 
from the examination stretcher. (B). To facilitate contact between 
the probe and the tendon, the probe was positioned by bending 
the ankle slightly by 90 degrees. (C). Measurement of Achilles 
tendon thickness (5.3 mm) and width (15.8 mm) in transverse 
section. (D). Achilles tendon ultrasonography of a patient with 
familial hypercholesterolemia and stent restenosis on carotid 
DUS. The thickness (8 mm) and width (23.5 mm) of the Achilles 
tendon have increased, the fibrillar structure of the tendon has 
deteriorated, and a type 3 sonographic pattern with nodular 
xanthomatous appearance is observed.
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Figure 2. Bar graph showing the distribution of mean ATT values   
with standard error in patients with and without restenosis.

Figure 3. Marginal effect plot showing the relationship between 
the mean Achilles tendon thickness (ATT) and the probability of 
restenosis (P).

4. DISCUSSION

ATT, which shares common mechanisms with atherosclerosis, 
has been identified as an independent predictor of CAD and 
atherosclerosis (12,13,15,17). In present study, we revealed 
that mean ATT values were similar in subjects with and 
without restenosis. However, according to marginal effect 
graphic (Figure 3), the probability of carotid stent restenosis 
may tend to be increased when the ATT level increased.

Identification of predictors of ISR is clinically important. 
However, there is no study in the literature determining the 
relationship between carotid ISR and ATT, hence our study 
is the first. The association of ATT with restenosis has been 
attributed to atherosclerosis, but the relationship of ATT to 
neo-intimal hyperplasia is unclear.Perhaps this uncertainty 
can be investigated in more comprehensive and larger 
studies. Our findings showed that the right, left, mean 
ATT and mean indexed ATT were not different in patients 
with and without restenosis. However, the probability 
of carotid stent restenosis increased with the increase in 

mean ATT (Figure 3). It might suggest that ATT value may be 
associated with carotid stent restenosis. Currently, several 
studies have evaluated the association between ATT and 
carotid artery disease. A previous study revealed that a 
remarkable correlation occurred between ATT and carotid 
intima media thickness in patients diagnosed with familyal 
hyperlipidemia (19). In another study, ATT was identified as 
an independent predictor of atherosclerosis in carotid artery 
(20). ATT, which was discovered that it has a relationship with 
carotid plaque burden, was found significantly increased in 
patients with carotid stenosis. It has been discovered that 
when ATT reaches to ³5.07 mm, predicting the presence 
of atherosclerotic plaques in the carotid arteries might be 
possible (sensitivity: 68.3% and specificity: 62.5%) (20). 
Similarly, the mean ATT value of 89 patients who underwent 
CAS in our study was measured as 4.76 mm. At this value, 
the probability of carotid stent restenosis was 18% with a 
standard error of 0.04. With an increase in this value, the 
probability of restenosis increases. Although a cut-off value 
for ATT required for restenosis is not clear in the literature, 
these results suggest that the Achilles tendon must reach a 
certain thickness for restenosis to occur.

Several studies evaluated the relationship between ATT and 
CAD (12–15,21,22) in literature. In our study, 67 (75.3%) 
patients were diagnosed with CAD and 12 (75%) patients 
with carotid stent restenosis had CAD. CAD was more 
widespread in patients with increased ATT, and also they have 
more left main coronary artery (LMCA) disease and more 
advanced and/or vulnerable plaque structure (14). Thus, it 
has been claimed that ATT may be a marker to identify high-
risk patients. Hirobe et al. reported that ATT was thicker 
in patients diagnosed with familial hyperlipidemia with 
CAD than without CAD (22). ATT was found to be higher in 
diabetic patients and patients with a Syntax score >23, in 
a study included patients who underwent percutaneous 
coronary procedure (12). It has been also discovered a linear 
relationship between tendon xanthomas and coronary 
calcium score (15). These studies demonstrated that ATT is 
an independent predictor of CAD and atherosclerosis.

ATT is a clinical marker to identify patients who have a high 
risk for cardiovascular diseases and elevated LDL cholesterol 
levels (23). A few studies showed that tendon xanthomas 
regress after drugs such as statin, ezetimibe, and PCSK-9 
inhibitors are used in the treatment of hyperlipidemia 
(24,25). As we showed in our study, while the increase in 
the mean ATT value increases the probability of restenosis, 
when we think in the opposite direction, it seems possible 
to decrease the probability of restenosis with the decrease 
in the mean ATT value. Reducing Achilles tendon thickness 
with lipid-lowering therapy might be an affective method 
to reduce the possibility of restenosis. Nonetheless, the 
relationship between the use of lipid-lowering therapy and 
the possibility of restenosis could not be demonstrated in 
our study. The small size of patient population and the low 
persistence on statin therapy might make the clinical impact 
of statin therapy uncertain.
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Recently, also a relationship between ATT and, diabetes, 
hyperuricemia,obesity has been revealed (26). In particular, 
ATT has been associated with diabetes in many studies 
(26,27). It is well known that DM is also a risk factor for 
carotid stent restenosis. This association can be attributed 
to diabetes being a strong predictor of atherosclerosis. 
Interestingly, significant difference was not occured between 
DM and restenosis in our study.

In diabetic patients, ATT has increased in male patients with 
retinopathy or neuropathy compared to the group without 
these complications (26). When the relationship between 
DM, HT or obesity and ATT was evaluated, no significant 
difference was found in our study. This results can be 
explained by the fact that our patient group consists of very 
high-risk patients. However, the examination of the ATT is 
important in determining the high-risk group that will be 
exposed to the complications of diabetes (26).

Consequently, ultrasonographic measurement of ATT is an 
easily accessible, inexpensive and applicable method to 
determine the high-risk group for carotid stent restenosis. 
Our study has some limitations: 1) In our small sample group 
with very high cardiovascular risk, DM and multiple drug use 
may have affected ATT; 2) The single-center design of our 
study may prevent the generalization of the study results; 
3) Evaluation with Doppler USG and B mode requires user 
experience, in our study, the measurements were made 
blindly by a radiologist. If the measurements were made 
blindly by two different users, more reliable results could be 
obtained.

5. CONCLUSION

To our best knowledge, our study is the first single 
institutional study evaluated the association of ATT with 
carotid stent restenosis. No significant difference was 
found in ATT between the restenosis and the no-restenosis 
group. However, the probability of restenosis increased with 
increasing ATT. In addition, ultrasonographic measurement 
of ATT is an easy, inexpensive and safe method to identify 
patients at increased risk for carotid stent restenosis. Further 
large-scale multicenter studies are required to accept 
ATT, which is considered a marker of atherosclerosis, as a 
predictor of carotid stent restenosis.
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