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Nowadays, cosmetic fillers are widely used and the reports of complications are ris-
ing. Therefore, the possibility to detect and identify noninvasively new fillers can
provide a potent tool for managing complications. The objective of this study was
to assess the ultrasound morphology of polycaprolactone. First, polycaprolactone
was injected into porcine skin and this sonographic morphology was prospectively
compared with the one observed in patients injected with this filler. On sonography,
polycaprolactone shows as hypoechoic deposits that present multiple bright hyper-
echoic spots with mini-comet-tail artifact. This morphology differs from the ultra-
sound appearance of other common fillers.

Key Words—cosmetic ultrasound; dermatologic ultrasound; dermatology;
fillers; fillers sonography; fillers ultrasound; polycaprolactone; polycaprolactone
ultrasound; skin ultrasound

microspheres and a carboxymethylcellulose hydrogel." Tt has

been used widely for treating wrinkles and for soft tissue aug-
mentation of the face and hands."” Even though some types of cos-
metic fillers are not available in all countries, the fact that there are
millions of people traveling across the world can increase the expo-
sure of imaging specialists to the different types of fillers.

Sonography can detect and identify common cosmetic fillers as
well as show the skin layers and the anatomical changes in frequent
dermatologic conditions with good definition.>

Regarding cosmetic fillers, it has been described that ultrasound
can confirm their presence, discriminate the most common types, and
locate, measure, and monitor over time the filler deposits.3 Therefore,
sonography has been reported as the first-line imaging modality for
assessing complications arising from the use of cosmetic fillers.®

To date, the ultrasound appearance of polycaprolactone has not
been reported, and knowledge of its sonographic morphology may sup-
port the management of potential complications. Moreover, this may
become particularly relevant in cases that have been injected with more
than one type of filler in the same region and present adverse reactions.

The objective of this study was to assess the ultrasound mor-
phology of polycaprolactone.

P olycaprolactone is a cosmetic filler consisting of 25 to S0

Materials and Methods

For assessing the ultrasound appearance, polycaprolactone (Ellansé
kit with 1-mL prefilled syringe, AQTIS Medical, Utrecht, Nether-
lands) was injected into freshly cut porcine skin pieces (Video 1).
This sonographic morphology was prospectively compared with the
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one observed in the deposits of patients injected with
polycaprolactone.

The ultrasound appearance of polycaprolactone
detected in porcine skin was then compared with the
one observed in human skin. For this purpose, a group
of patients was prospectively studied according to the fol-
lowing inclusion and exclusion criteria. The inclusion cri-
teria included patients with history of injection with
polycaprolactone that were evaluated and derived by der-
matologists to a color Doppler ultrasound examination
due to cutaneous abnormalities, and the corresponding
ultrasound examinations performed between January
2015 to October 2016. Exclusion criteria included a clini-
cal history of injection of other types of cosmetic fillers,
and the sonographic identification of other types of cos-

metic fillers in concomitance with polycaprolactone.

Sonographic Evaluation

All of the ultrasound examinations were performed and
interpreted by the same radiologist with training in der-
matologic ultrasound. These sonographic studies fol-
lowed the guidelines for performing dermatologic
ultrasound examinations,® which included gray scale and
color Doppler in at least two perpendicular axes of the
affected areas. In all cases, the same equipment (Logic E9
XD Clear, General Electric Health Systems, Waukesha,
WI) working with a high-frequency compact linear probe
(7-18 MHz) was used, and the study was performed fol-
lowing the Helsinki principles of medical ethics. The
institutional review board approved the study and waived
the need for an informed consent from the patients.

Results

Comparison of Sonographic Morphology of
Polycaprolactone Between Porcine and Human Skin
The ultrasound morphology of polycaprolactone in por-
cine and human skin was similar and showed a matrix
with hypoechoic deposits that contains bright hypere-
choic spots with a mini-comet-tail artifact (Figure 1).

Sonographic Characteristics of Patients Injected With
Polycaprolactone

The patient group consisted of 7 females (mean age: 33
years; standard deviation 11; range 27 to 57 years). In all
patients, polycaprolactone was detected in the hypoder-
mis. In 86% (n=6) of cases, polycaprolactone was
found in the tip of the nose and also involved the upper
lip in one case. In 14% (n=1) of patients,

2612

polycaprolactone was detected in the nasofold lines (Fig-
ure 2; Videos 2 and 3). The time between the injection
of polycaprolactone and the ultrasound examination var-
ied between 4 months and 3 years.

Discussion

The ultrasound morphology of polycaprolactone was
different from the sonographic appearance of other com-
mon cosmetic fillers, such as hyaluronic acid, which is

Figure 1. Polycaprolactone in porcine and human skin. A, Porcine
skin ultrasound (gray scale) showing deposits of polycaprolactone. B,
Human skin. Twenty-eight-year-old woman with polycaprolactone in
the upper lip (transverse view; upper lip, level close to the nasal
region). A similar morphology of the porcine and human deposits
shows hypoechoic matrix (* and between markers) and multiple
bright hyperechoic spots with mini-comet-tail artifact (arrowheads) in
(A) and (B).

porcine skin

upper lip
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anechoic or hypoechoic and does not contain bright
hyperechoic spots (Figure 3).

The hyperechoic spots with mini-comet-tail artifact
that we described in polycaprolactone have been also
reported in polymethylmethacrylate®; however, the
echogenicity of the matrix of polycaprolactone is hypoe-
choic, and in polymethylmethacrylate, the matrix of the
deposits is hyperechoic (Figure 4). Probably, the pres-
ence of these bright hyperechoic spots with mini-comet-
tail artifact can be related to the microspheres present in
both types of cosmetic fillers.

The hypoechogenicity of the matrix of the deposits
of polycaprolactone may be due to its hydrogel nature,
and we confirmed its presence in patients with history of
injection of this filler up to 3 years.

It may be important to know this sonographic mor-
phology for assessing the location and duration of poly-
caprolactone under real-world conditions. So far, this
filler has been suggested to be reabsorbed in up to 4
yearsl’z; however, to date it is unclear whether this
potential reabsorption takes place in all components of
the filler (microspheres and hydrogel) or only in its
hydrogel part. Thus, this process can be monitored by a
noninvasive imaging technique with a wide field of view
such as ultrasound.

In contrast to clinical reports that mention that the
deposits of polycaprolactone are located in the dermis,"*
we found this filler primarily in the hypodermis in all
patients. This coincides with previous reports that demon-
strate the sonographic presence of common types of cos-
metic fillers in the hypodermis.*® Hence, the latter finding
is not surprising, and in addition to the skills and training
of the operator, it may be the result of normal anatomical
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conditions such as the thin dermis of the face and the
length of the needle that comes with the kits of the fillers,
because usually the needle is longer than the thickness of
the facial dermis.> Whatever the reason, these factors can
facilitate the hypodermal presence of polycaprolactone.

Patients who provide an unclear history of cosmetic
procedures or present a background with several cos-
metic procedures are not uncommon these days. There-
fore, sonography can support the identification of the
potential causes of complications or adverse reactions to
fillers. Besides, these sonographic findings can be critical
in patients with more than one type of cosmetic filler in
the same corporal region such as the face.

Regarding the injection of fillers, there are circumstan-
ces that may increase the difficulty of obtaining a clear and
precise clinical history of cosmetic procedures. These condi-
tions include the wide range of operators, such as physicians
from different specialties or nonmedical personnel who
belong to different institutions, cities or countries, which
can prevent the proper exchange of this medical informa-
tion. Moreover, a large number of these procedures are per-
formed in medical offices and without ultrasound guidance.

In spite of the circumstances, ultrasound can support
the identification and quantify the extent of the deposits
of polycaprolactone and other common cosmetic fillers.
Furthermore, color Doppler ultrasound can unveil the
presence of inflammation through the detection of
increased blood flow in the periphery of the deposits.”

Currently, the identification of polycaprolactone by
computed tomography (CT) and magnetic resonance
imaging (MRI) has not been reported. Valuable attempts
have been made to identify cosmetic fillers on MRI, mostly
in small case series with few types of fillers and supposedly

Figure 2. Polycaprolactone in human skin. Fifty-nine-year-old woman with two deposits of polycaprolactone (arrows) located in the hypodermis
of the right nasofold line (gray scale ultrasound; transverse view). Notice the hypoechoic matrix of deposits with prominent hyperechoic bright

spots that show mini-comet-tail artifact.
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well-known injection episodes.” In these cases, very good
inter-rater agreement has been reported for identifying
hydrophilic fillers; however, the rest of substances have

Figure 3. Comparison  of  sonographic  morphology  between
polycaprolactone versus hyaluronic acid. A, Polycaprolactone. Fifty-
seven-year-old woman with polycaprolactone at the tip of the nose (gray
scale ultrasound; longitudinal view). The filler consists of a matrix with
hypodermal hypoechoic deposits (*) that contain bright hyperechoic
spots with mini-comet-tail artifact (arrows). B, Hyaluronic acid. Sixty-year-
old woman with hyaluronic acid in the left cheek (gray scale ultrasound;
transverse view) demonstrates multiple hypodermal deposits conformed
by oval-shaped, anechoic pseudocystic structures. Notice that there are
no bright hyperechoic spots within the deposits (o).

polycaprolactone

hyaluronic acid
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showed a great disparity of inter-rater agreement.” A recent
report” included the MRI identification of polyacrylamide
in 50% of cases (7 of 14) and hyaluronic acid in 15% (3 of
14), besides silicone and collagen, after an average time of
51 days after injection. Nevertheless, this situation may be
distant from real-world conditions, in which the multiple
variants of hyaluronic acid lead the numbers of cosmetic
procedures. Besides, there are patients with both

Figure 4. Comparison  of sonographic  morphology  between
polycaprolactone versus polymethylmethacrylate. A, Polycaprolactone.
Twenty-seven-year-old woman with polycaprolactone at the tip of the
nose (gray scale ultrasound; transverse view). The matrix with hypoder-
mal hypoechoic deposits (between yellow markers) contains bright
hyperechoic spots with mini-comet-tail artifact (arrows). B, Polymethyl-
methacrylate. Forty-five-year-old woman with polymethylmetacrylate at
the right nasofold line (gray scale ultrasound; transverse view) demon-
strates an hypodermal hyperechoic matrix of deposits that presents
bright hyperechoic spots with mini-comet-tail artifact (arrows).

hypodermis

polycaprolactone

hypodermis_ .
-

polymethylmetacrylate
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degradable and synthetic agents in the same region and dif-
ficulties to clinically confirm the history of these proce-
dures. Furthermore, in our experience, most of the referrals
for ultrasound studies tend to increase 2 to 4 months after
injection, because adverse reactions to the most commonly
injected fillers such as the new families of hyaluronic acid
are reported to appear during that period.® However, this
imaging referral can vary widely from immediately after
injection to 8 to 10 years after injection in synthetic fillers.>
Therefore, to date, the endeavor of identification of a filler
on MRI appears to strongly need confirmation of an his-
tory of injection.””'" In contrast, in spite of whether the
patient remembers, if there is an unclear clinical history of
cosmetic procedures or the amount of time that has passed
after injection, ultrasound can usually identify the presence
and type of the most common cosmetic fillers by assessing
the different sonographic patterns and using the same der-
matologic examination protocol.

To date, only pure silicone presents a dedicated
sequence on MRI, called silicone-only, which has been
described in the study of breast implants."" Nevertheless,
pure silicone has not been FDA-approved for skin injec-
tions or cosmetic purposes.

In contrast, the MRI identification algorithms for
fillers appear to show neither big differences in the
appearance of hydrophilic substances nor clear character-
istic patterns in nonhydrophilic agents, by using the
most commonly reported sequences (T with and with-
out contrast, T, and T, and T, with fat saturation).”* !

Thus, MRI can be useful for studying complications
of fillers such as nodules, inflammation or abscesses,
after a well-documented episode of filler injection has
been confirmed, which may also be controversial under
real-world conditions because of its high cost, time-
consuming nature, and need of intravenous contrast."?

In addition, CT may support the identification of
calcium hydroxyapatite because of its calcium compo-
nent"; however, to date, patterns of identification of
other types of cosmetic fillers have not been reported,
and its use is mostly limited to study complications.

Importantly, knowledge of the sonographic appear-
ance of polycaprolactone and other cosmetic fillers may
avoid discriminating false positive results in the staging of
malignant tumors by positron emission tomography
(PET) CT, because filler deposits have shown hyperme-
tabolism on PET-CT.">'*

Limitations to this work may be the small number
of patients; however, the appearance of polycaprolactone
was consistently similar in all cases.
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In conclusion, ultrasound can be a useful imaging
tool for detecting and identifying the deposits of poly-
caprolactone, which can support a more precise diagno-
sis and follow-up. This could be particularly relevant in
cases with adverse reaction to fillers, or may help to clar-
ify the diagnosis in patients undergoing other imaging
studies such as CT, PET-CT, or MRL
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