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Possible Neoangiogenesis in Achilles Tendon Xanthoma with
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Abstract:

Achilles tendon xanthoma (ATX) is one of the typical features of familial hypercholesterolemia (FH). The
morphological evaluation of ATX by X-ray radiography is widely recognized; however, the utility of other
imaging modalities remains unclear. We herein report two cases of FH in which Doppler ultrasound imaging
demonstrated a microvascular flow in ATX that only rarely could be observed in normal Achilles tendons.
Neoangiogenesis accompanies chronic inflammation and it may play an important role in the deposition of
cholesterol crystals leading to ATX. In addition to the morphological evaluation of ATX, the assessment of

neoangiogenesis may therefore be essential for the evaluation of ATX.
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Introduction

Achilles tendon xanthoma (ATX) is one of the typical
features of familial hypercholesterolemia (FH) and it is
strongly associated with cardiovascular disease (1). The
morphological assessment of the Achilles tendon using X-
ray radiography is a widely recognized method to evaluate
ATX in the diagnosis and risk classification of FH (2, 3).
On the other hand, the mechanism underlying the develop-
ment of ATX remains to be elucidated. Pathologically,
chronic inflammation is indicated to be involved in the de-
velopment of ATX (4, 5). The infiltration of macrophages
and deposits of cholesterol crystals in ATX have been previ-
ously noted. However, the optimal clinical approach to the
pathological changes in ATX has not yet been reported. As a
result, we evaluated the pathological changes using ultra-
sonography (US) and magnetic resonance imaging (MRI) at-

tributable to ATX. We herein describe two cases of FH with
ATX in which the assessment of ATX by multimodality im-
aging was performed.

Case Reports

Case 1

A 51-year-old man without any prior medical history pre-
sented to our hospital with chest pain, and electrocardiogra-
phy showed an elevation of ST-segmentation in leads V1 to
V4. The patient was diagnosed to have ST-segmentation ele-
vation acute myocardial infarction and therefore underwent
emergent coronary angiography (CAG). CAG revealed a to-
tal occlusion of the proximal left anterior descending artery,
and subsequent percutaneous coronary intervention (PCI)
was performed with drug eluting stents. The patient had a
high low-density lipoprotein (LDL) cholesterol level (181
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mg/dL) and a small dense LDL cholesterol level (87.2 mg/
dL) without any lipid-lowering therapies. Additionally, X-ray
radiography showed thickened bilateral Achilles tendon
(Right; 11 mm, Left; 11 mm) (Fig. 1A). The patient did not
have any familial histories of premature cardiovascular dis-
eases and hypercholesterolemia. According to the Dutch
Lipid Network Criteria (DLNC) for the diagnosis of FH (1),
the patient was diagnosed with clinically definite FH.

Further assessment for the ATX with multimodality imag-
ing, including US and magnetic resonance imaging(MRI)
was performed. MRI, including T1-weighted image (T1WI)
and T2-weighted image with 3-point Dixon technique, was
obtained as previously reported (6). Sagittal TIWI showed
an enlargement of the Achilles tendon (Fig. 1B). Addition-
ally, an axial Dixon water image showed speckled high sig-
nal intensity in the Achilles tendon, whereas intermediate
signal on TIWI and Dixon in-phase image and low signal
on Dixon fat image were demonstrated (Fig. 1C-F). It was
conceivable that the findings indicated an increase in fluid
content in ATX. Notably, Superb Micro-Vascular Imaging
(SMI) (Cannon Medical Systems, Tochigi, Japan), an ultra-
sound imaging technique to enable the visualization of mi-
crovascular flow signal, and power Doppler imaging (PDI)
demonstrated a pulsative microvascular flow in the ATX
(Fig. 2C-F). Such a microvascular flow signal has only
rarely been Achilles
(Fig. 2G, H).

According to current guidelines (7), high-intensity statin
therapy was started, but the patient refused the administra-
tion of proprotein convertase subtilisin/kexin type 9 (PCSK
9) inhibitors.

observed in normal tendons

Case 2

A 49-year man who underwent emergent PCI for acute
myocardial infarction was diagnosed with clinically probable
FH by DLNC because of premature coronary artery disease
and bilateral Achilles tendon thickness (right: 10 mm, left:
10 mm). The patient had been treated with statin therapy,
and a high LDL cholesterol level was not observed on ad-
mission (LDL cholesterol: 110 mg/dL), and the LDL choles-
terol level before the statin therapy could not be confirmed.
The patient had his microvascular flow assessed by SMI in
the Achilles tendon xanthoma with high signal intensity on
the Dixon water MR image (Fig. 3); however, PDI was not
able to demonstrate the microvascular flow.

The patient started high-intensity statin therapy and was
carefully followed after discharge.

Discussion

The assessment of ATX is clinically important in patients
with prior histories of cardiovascular disease, especially
acute coronary syndromes (ACS). Recent reports showed
that the prevalence of ATX was higher in patients with ACS
than in the general population (8-10). Additionally, ATX is
strongly associated with a high risk of cardiovascular events

and an impaired clinical outcome (11, 12), and, therefore, it
is valuable to identify ATX among patients with cardiovas-
cular disease for risk-stratification and management. In con-
trast, the underdiagnosis of FH still remains a major prob-
lem that must be addressed (13). X-ray radiography has
been widely used for the measurement of Achilles tendon
thickness in Japan; however, it is also important to examine
the utility of other imaging tools for the assessment of ATX
to improve the diagnostic accuracy.

The utility of other imaging modalities, including US and
MRI, for the assessment of ATX has been recently re-
ported (14-16). The Achilles tendon thickness assessed by
US has a good relationship with the thickness assessed by
X-radiograph and it can predict the development of asymp-
tomatic atherosclerosis in coronary and carotid arter-
ies (15, 17). Thus, the morphological assessment of the
Achilles tendon by US or MRI has attracted attention as not
only a diagnostic tool, but also as a risk-stratification tool
for ATX.

Inflammatory reaction with the accumulation of extracel-
lular lipid has been reported to be associated with the devel-
opment of ATX (4,5). Neoangiogenesis
chronic inflammation and may play an important role in the
deposition of cholesterol crystals within the Achilles tendon,
which leads to glycosaminoglycan accumulation, chronic
tendon degeneration, and xanthoma formation. Griffith et al.
showed an elevation in signal intensity in ATX on the
Dixon-water images that indicated an increase in the water
content of the Achilles tendon (6), which was in line with
the findings in our two cases. The increase in water content
of ATX might be attributed in part to neoangiogenesis. In
contrast, the ultrasonographic assessment for the pathologi-
cal features in ATX has not been previously reported.

We experienced two patients in which the microvascular
flow was observed in ATX by Doppler ultrasound imaging.
The microvascular flow could indicate the presence of
neoangiogenesis in ATX, which was supported by the high
signal intensity on Dixon water images. To the best of our
knowledge, this is the first report of neoangiogenesis in
ATX with FH assessed by US. Neoangiogenesis in the
Achilles tendon can also be identified by US in Achilles
tendinopathy accompanying acute and high-grade inflamma-
tion (18, 19), but the two patients in this report had neither
any symptoms of Achilles tendinopathy, including pain, nor
a prior history of Achilles tendon injuries. Furthermore, the
MR images were different from those in Achilles tendinopa-
thy.

For the assessment of the neoangiogenesis, two Doppler
ultrasound techniques were used. PDI is a conventional
Doppler technique for the assessment of the microvascular
flow; however, it is difficult to detect low-velocity blood
flow signals in the tissue. SMI is a novel ultrasound imag-
ing technique that was developed to overcome the limita-
tions of conventional Doppler ultrasound which enables the
visualization of neovascularization without the use of intra-
venous contrast. The utility of SMI has been proved for
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Figure 1. X-ray radiography and magnetic resonance (MR) images for Case 1. A: Sagittal X-ray
radiography shows an enlarged Achilles tendon (arrowhead). B: Sagittal T1-weighted MR image (ar-
rowhead indicates Achilles tendon). C, C’: Axial T1-weighted MR image at level of arrowheads shows
intermediate signal intensity in Achilles tendon. D, D’: Axial Dixon in-phase MR image shows inter-
mediate signal intensity in Achilles tendon. E, E’: Axial Dixon water MR image demonstrates high
signal intensity in Achilles tendon. F, F’: Axial Dixon fat MR image shows low signal intensity. T1WI:
T1-weighted image
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Familial hypercholesterolemia (Case 1)

Figure 2. Ultrasonographic images for Case 1 and a healthy volunteer. A: Long-axis 2-dimentional
(2D) ultrasonographic (US) image. B: Short-axis 2D US image. C, D: Power Doppler imaging in long-
and short-axis view (arrow indicates microvascular flow from both superficial and deep sides into
Achilles tendon xanthoma). E: Power Doppler waveform. F: Superb Micro-Vascular Imaging (SMI)

in short-axis view. G, H: SMI in long- and short-axis view in a healthy volunteer.

evaluations of intra-plaque neoangiogenesis in carotid artery
plaque and the activity of rheumatoid arthritis (20, 21). The
microvascular flow signal in case 1 was observed by both
SMI and PDI, whereas the microvascular flow signal in case
2 was only seen by SMI. Considering the detective sensitivi-
ties for the blood flow signal of SMI and PDI, the flow ve-
locity of neoangiogenesis might have been lower in case 2
than in case 1.

Currently, the ultrasonographic assessment of ATX has
not yet been established. However, there has recently been a
growing interest in the assessment by US in Japan.
Michikura et al. reported the optimal cut-off value of Achil-
les tendon thickness assessed by US for Japanese patients
with FH (15). Therefore, the ultrasonographic measurements
can be an essential part of the assessment of ATX in Japan.

In addition, performing evaluations by Doppler ultrasound is
simple and it has high reproducibility, although further in-
vestigations are still needed to examine its effectiveness in
ATX. Thus, the Doppler ultrasound technique could be a
useful assessment tool for ATX
sonographic morphological measurements.

In contrast, the assessment by multi-modality imaging has
a disadvantage in the fact that there are some discrepancies
in the values and normal ranges between the modalities. Ac-
cording to a previous study (15), the normal range of Achil-
les tendon thickness in US is lower than that in X-ray radi-
ography. Compared to assessments by X-ray radiography,
the Achilles tendon thickness assessed by US in our two
cases was smaller, but still over the cut-off value of ATX in
US (5.8 mm in men) (Case 1: 10 mm in US vs. 11 mm in

in addition to ultra-
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Figure 3. X-ray radiography, magnetic resonance (MR) images, and ultrasonography for Case 2.
A: Sagittal X-ray radiography shows an enlarged Achilles tendon (arrowhead). B: A sagittal T1-
weighted MR image (the arrowhead indicates the Achilles tendon). C: An axial T1-weighted MR im-
age at the level of the arrowheads shows intermediate signal intensity in the Achilles tendon. D: An

axial Dixon in-phase MR image shows high signal intensity in the Achilles tendon. E: An axial Dixon

water MR image demonstrates high signal intensity in the Achilles tendon. F: An axial Dixon fat im-

age shows low signal intensity. G: A short-axis ultrasonographic image. H: Superb Micro-Vascular

Imaging in the short-axis view. TIWI: T1-weighted image

X-ray radiography; Case 2: 7.1 mm in US vs. 10.0 mm in
X-ray radiography). In addition, the Achilles tendon thick-
ness of the two cases assessed by MRI was 11.1 mm and
8.0 mm, respectively, although the normal range of MRI is
still unclear. Therefore, the optimal cut-off value of Achilles
tendon thickness as assessed by MRI still need to be investi-
gated.

Our case report is associated with several limitations.
First, we did not carry out any pathological validation of the

microvascular flow as assessed by US. Second, since we re-
ported a case series of two patients without any statistical
analyses, the clinical impact of neoangiogenesis in ATX on
cardiovascular disease and the prevalence of neoangiogene-
sis in patients with FH are still unclear. Therefore, further
investigation with a larger number of patients and histologi-
cal evaluations are called for to reveal the pathophysiology
and clinical impact of neoangiogenesis in ATX.
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Conclusion

We experienced two cases in which the microvascular
flow, possibly indicating neoangiogenesis, in ATX was ob-
served using a novel Doppler ultrasound technique. The
findings of the present report may therefore lead to improve-
ments in the evaluation of ATX and the management of pa-
tients with FH.
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