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Results: Sixty patients were included in the analysis. Among them, 48 patients showed

sound images, 4 different patterns were identified: [1] Heterogeneous, characterized

heterogeneous way. This pattern is associated with healthy skin/subcutaneous cel-
lular tissue and with fully integrated HA fillers. [2] Fine grain snowfall, characterized
by alternating hyperechoic imaging, with posterior echogenic shadows. It is typical
of liquid injectable silicone. [3] Coarse grain snowfall, characterized by hyperechoic
images distributed all over the tissue. This is typical of calcium hydroxyapatite and
polymethyl methacrylate-based fillers. [4] Globular, typical "cystic" imaging, with an-
echoic images indicative of liquid semi-liquid content. This pattern is characteristic
of polyalkylamides and polyacrylamides, and HA-based fillers immediately after their
injection. The presence of "mixed" patterns is mainly due to different aesthetic proce-
dures performed at different times.

Conclusions: Ultrasound imaging may be a valuable tool for assessing the nature of
former dermal filler procedures in daily practice. The identification of these patterns
will allow specialists to choose the best therapeutic approach in patients who under-

went previous aesthetictreatments.
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1 | INTRODUCTION

Over the last several years, the demand for minimally invasive aes-
thetic procedures has experienced an unprecedented increase.!
According to the data of the International Society of Aesthetic
Plastic, hyaluronic acid (HA) injection procedures, increased 13.1%
in 2018 compared to 2017. This rise in the use of HA fillers in recent
years is a testament to their safety and efficacy.2

Despite HA fillers are the most widely used worldwide, other
dermal fillers exist, such as collagen (either purified bovine or
human); poly-L-lactic acid (PLLA); Calcium hydroxyapatite (CaHa);
polymethyl methacrylate (PMMA) microspheres; polyacrylamide
hydrogel; silicone; carboxymethyl cellulose; autologous fat,
etc.?® Although there are different methods for categorizing
dermal fillers, they can be classified in two major types: tempo-
rary and permanent.2 Each type of filler has specific requisites
and treatment choice depends on the desired result and product
longevity. Temporary includes HA-based fillers, CaHA-based fill-
ers, poly-L-lactic acid (PLLA), and polycaprolactone (PCL). Among
them, may be identified a subgroup of biostimulators, which use
neocollagenesis as main modus operandi, such as CaHA, PLLA,
and PCL.

Permanent injectable fillers include PMMA, polyacrylamide,
polyalkylamides, and liquid injectable silicone (LIS), among others.?

Different techniques for assessing filler performance are mostly
focusing on skin surface topography but do not provide informa-
tion to what is happening to the filler beneath the skin surface.
Ultrasound examination is a non-invasive, convenient, and rapid
technique for the assessment of filler performance. Fillers are recog-
nizable on ultrasound and generate different patterns of echogenic-
ity and posterior acoustic artifacts.*”

Due to the increasing number of dermal filler procedures per-
formed worldwide,i'8 more and more aesthetic specialists are
receiving previously treated patients, without these patients pro-
viding neither exact details of the procedure nor the agent used.
For these situations, ultrasound examination may be an effective
and reliable tool for clinical practice assessment of the type of filler,
its location, and the possibility or need of extraction by different
procedures‘9

This study aimed to evaluate and determine the ultrasound pat-
terns corresponding to different dermal fillers.

2 | METHODS

2.1 | Design
Descriptive, retrospective, and bi-center study.

This study adhered to the tenets of the Declaration of
Helsinki. The study protocol was approved by an independent
ethics committee, which waives the need of informed consent

for this study.

2.2 | Patients
Consecutive patients who attended the study centers, between
January 2017 and January 2020, for assessment of previous facial
aesthetic filler procedures (either diagnosis or removal) were in-
cluded in the study.

Those subjects who, in addition to filler treatment, underwent
any other aesthetic procedure (either surgical or non-surgical), such
as botulinum toxin A injection, Laser, radiofrequency, or intense
pulse light were excluded of the analysis.

Most of the patients were unaware of the nature of the im-
planted material and did not present any document, report, or in-
voice that could clarify, to a greater or lesser extent, the nature of
the filler. Nevertheless, many subjects said that they were "verbally
informed" about the fact that the dermal filler injected was "natural"
or "resorbable".

2.3 | Ultrasounds
Ultrasound examinations were performed by three experienced ob-
servers (FU; FDF; and IB). Three different ultrasound devices were
used in the study: Samsung HT 30 ultrasound machine (Samsung
Healthcare Global, Gangwon; South Korea) with a 12 MHz linear
array transducer; General Electric Logiq S8 DX Clear and General
Electric Logiq E (General Electric Healthcare, Chicago, IL; USA) with
18 MHz linear probe.

Ultrasound examinations were performed from 4 months to
15 years after treatment.

Ultrasound patterns of the different dermal fillers, as well as skin

and subcutaneous cellular tissue, were evaluated.

3 | RESULTS

Of the total 90 screened patients, 60 patients (46 women and 14
men) fulfilled the demands of the inclusion/exclusion criteria.

Regarding the nature of the dermal fillers, study sample had
been injected with HA, CaHa, PMMA, PLLA, polyalkylamide, poly-
acrylamide, silicone, carboxymethylcellulose, and PCL-based fillers.
Thirty (50%) patients had received treatment with permanent fillers
(PMMA-, polyacrylamide-, or polyalkylimide-based fillers).

Forty-eight (80%) patients exhibited a “well-defined” ultrasound
pattern, while 12 (20.0%) patients exhibited "mixed" patterns.

Some patients showed different ultrasound patterns according
to the treated area, for example, one filler in lips (for example, sili-
cone oil), and another totally different in cheek or lower third (Like a
HA filler) (Figure 1).

Four "well-defined" ultrasound patterns were defined (Table 1).

e Heterogeneous pattern: This is the characteristic pattern of

healthy skin and subcutaneous cellular tissue (Figure 2). This
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FIGURE 1 Combine or complex
pattern. It is possible to see a combination
of a “Fine-grain snowfall” characteristic
of silicone and a “globular pattern”

typical of hyaluronic acid filler injected
recently. 1: Epidermis; 2: Dermis; 3:
Fine-grain snowfall pattern; 4: Globular
pattern

TABLE 1 Overview of the ultrasound

patterns of the different dermal fillers Pattern

Heterogeneous

Fine-grain snowfall

Coarse grain
snowfall

Globular

pattern is characterized by alternating hyperechoic and anechoic
areas, which are visualized in the tissue in a heterogeneous way.
Additionally, this pattern is observed typically after integration
of tissue resorbable materials, such as HA fillers (Figure 3B). This
pattern is associated with those fillers that, due to their chemical
characteristics, integrate into the tissues.

e Fine-grain snowfall pattern: This pattern is characterized
by alternating hyperechoic imaging, with posterior echo-
genic shadows. This type of pattern is typical of silicone- or
biopolymers-based fillers. This pattern is frequently associated
with lip injections and its high echogenic density prevents or, at

Journal of
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Ultrasound findings

Presence of alternating anechoic/hyperechoic images, which that are
visualized in the tissue in a heterogeneous way. This pattern is
characteristic of healthy skin and subcutaneous cellular tissue.

Additionally, it is observed after tissue biointegration of resorbable
fillers, like hyaluronic acid-based fillers. This pattern allows to see
those fillers that, due to their chemical characteristics, are not
collected and remain diffused into the tissue, causing fibrosis and
hyperechoic images to varying degrees.

Presence of hyperechoic images with posterior echogenic shadow.
This pattern is characteristic of oily silicone and biopolymers. There
is an important infiltration of the tissue, which causes posterior
reverberations.

Presence of multiple hyperechoic images distributed into the tissue
in a homogeneous way, which gives its typical coarse grain snowy
appearance. Echogenic shadow is usually lower than in the "fine-
grain snowfall pattern”, since the infiltration of the tissue by the
material is usually less. This pattern is characteristic of calcium
hydroxylapatite and polymethyl methacrylate.

Presence of cysts, with content of an anechoic nature to a greater or
lesser extent, surrounded by a capsule of variable thickness. There
is posterior reinforce suggestive of liquid or semi-liquid content
in the cyst, which causes a typical hyperechoic imaging. This
pattern is characteristic of polyalkylamides and polyacrylamides
(non-resorbable materials that behave like a Endoprosthesis). In
addition, this pattern is also observed in hyaluronic acid-based filler
immediately after their injection.

least makes difficult, to see the teeth. The high tissue infiltration
of the filler causes the characteristic fine grain snowy imaging
(Figure 4).

e Coarse grain snowfall pattern: It is characterized by hyperechoic
images distributed all over the tissue, which give an imaging of
snowfall, but with a coarse grain. Grains are more defined and
have a higher brightness than those of the fine-grain snowfall
pattern. This is specific for particulate fillers, such as CaHa and
PCL-based fillers (Figure 5).

e Globular pattern: Typical "cystic" imaging, with anechoic im-
ages indicative of liquid content. It is possible to see a posterior
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FIGURE 2 Heterogeneous pattern of
healthy skin and subcutaneous cellular
tissue. 1: Epidermis; 2: Subepidermal
low-echogenic band; 3: dermis; 4:
Subcutaneous cellular tissue; 5:
hyperechoic images;6: anechoic images; 7:
Periosteum

FIGURE 3 Heterogeneous pattern of a patient injected with hyaluronic acid filler. (A) Immediately after treatment. Poorly defined
globular ultrasound pattern, with anechoic images indicative of liquid content. 1: Epidermis; 2: dermis; 3: Subcutaneous cellular tissue;

4: anechoic images; 5: Posterior echogenic reinforcement. (B) 1 month after treatment. Typical heterogeneous pattern, without residual
anechoic areas, which was indicative of a total integration of Hyaluronic acid filler. 1. Epidermis; 2: Dermis; 3: Subcutaneous cellular tissue; 4:

Heterogeneous pattern

echogenic reinforcement, due mainly to the liquid semi-liquid cyst
content, which causes a typical hyperechoic imaging. These im-
ages are indicative of polyalkylamides and polyacrylamides, as well
as non-resorbable materials that behave like an Endoprosthesis
(Figure 6). Additionally, HA-based fillers may exhibit this pattern
immediately after injection (Figure 3A).

In the 12 patients who showed mixed patterns, ultrasound pat-
tern varied according to the treated area; due mainly to successive
treatments with a combination of fillers of different nature over time

(Figure 1).

Ultrasound imaging also showed hyperechoic images, with dif-
ferent degrees of hyperechogenicity, which clearly suggested the
presence of different amount of fibrosis at the reticular dermis and
subcutaneous cellular tissue levels. These hyperechoic images were
more perceptible in those material-oriented mainly to induce fibrosis,
such as CaHa, PLLA, PCL, and carboxymethylcellulose; than in those
focusing on hydrating and volumizing treated areas, like HA-based
fillers (Figure 7).

The typical heterogeneous pattern, characteristic of the health
skin, points to either anechoic or hyperechoic depending on the

amount of fibrosis induced by the product.
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FIGURE 4 Fine-grain snowfall patter
in a patient who underwent a liquid
injectable silicone. 1: Epidermis; 2:
Subepidermal low-echogenic band; 3:
Dermis; 4: fine grain snowy pattern; 5:
Posterior echogenic shadow

FIGURE 5 Coarse-grain snowfall
pattern in a patient who was injected with
Calcium hydroxylapatite-based fillers.

1: Epidermis; 2: Dermis; 3: Coarse-grain
snowfall pattern; 4: Periosteum

FIGURE 6 Globular patternina
subject who underwent treatment with
polyalkylamides and polyacrylamides. 1:
Epidermis; 2: dermis; 3: Subcutaneous
cellular tissue; 4: Cysts; 5: Cyst wall; 6:
Posterior echogenic reinforcement
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FIGURE 7 Combine heterogeneous pattern (hyperechoic/anechoic) in subcutaneous cellular tissue. (A) 56-years-old patient with
hyperechoic/anechoic balance, with hyperechoic predominance in subcutaneous cellular tissue. 1. Epidermis; 2: Subepidermal low-
echogenic band; 3: dermis; 4: Subcutaneous cellular tissue; 5: hyperechoic/anechoic balance predominantly hyperechoic; 6: Periosteum.
(B) Heterogeneous pattern in a patient treated with poly-L-lactic acid with hyperechoic/anechoic balance, with hyperechoic-fibrotic
predominance subcutaneous cell tissue. 1. Epidermis; 2: dermis; 3: Subcutaneous cellular tissue; 4: hyperechoic/anechoic balance

predominantly hyperechoic-fibrotic; 5: Periosteum

4 | DISCUSSION

Ultrasound examination is a non-invasive imaging method capable to
obtain real-time visualization of patients' anatomy. Skin ultrasound
examinations are used both for assessing healthy skin and for evalu-
ating pathological lesions.’®!! Moreover, the development of more
sensitive, accurate, and reliable ultrasound devices has allowed dy-
namic skin examinations.%!

The increasing number of minimally invasive aesthetic proce-
dures, particularly dermal filler injections, makes necessary to have
sensitive and reliable tools that allow the evaluation, in real-time,
of their results in daily clinical practice.*® Furthermore, ultrasound
devices for skin examinations more and more frequently constitute
an integral element of the equipment used in aesthetic medicine.!®!
Regarding aesthetics, ultrasound examinations are mainly fo-

cusing on two aspects: Monitoring the changes induced by aes-

thetic treatments, in this case, dermal fillers!®!; and to evaluate
and prevent the potential complications occurring with these
treatments. 271

Because ultrasounds allow the study of skin and the underlying
tissues, its use provides the capability to make a reliable and accu-

rate assessment of facial anatomy.4%

Besides diagnosis and prevention of potential adverse events, >4
ultrasounds have been successfully used for managing such compli-
cations. Since fillers are easily seen in ultrasounds, it is possible to
perform an ultrasound-guided approach for addressing overcorrec-
tions, dislocations, or vascular adverse events (either intravascular
injection or vascular compression).>1413

According to the results of this study, it is possible to identify 4
"well-defined" ultrasound patterns associated with the use of dermal
fillers. These ultrasound patterns allow clinicians to identify the na-
ture and behavior of the injected filler.

The fact that aesthetic filler injections are recognizable on ultra-
sound and generate different patterns of echogenicity and posterior

acoustic artifacts is not new.*”

However, identification of such fillers was related more with ap-

pearance of adverse events®12

than with the possibility of per-
forming a patient-tailored new therapy.

Because patients who had previous filler treatments may not al-
ways remember the type of filler, and the place or plane of injection;
an accurate diagnostic strategy that allows us to identify the nature
of such filler/s is essential for achieving good and predictable aes-
thetic outcomes.

It was recently published a paper that proposed a standard nomen-
clature for the different ultrasound patterns generated by the differ-
ent dermal fillers.” Description of dermal fillers was based on different
ultrasound parameters, which included echogenicity, texture, border,
shape, diameter, quantity, internal characteristics, and artifacts.”

Despite the contribution made by Schelke et al was extremely
important, they were much focused on describing the different
ultrasound identity characteristics of the fillers (to describe “well-
defined” ultrasound patterns), while we were more focused on at-
tempting to identify different ultrasound patterns and to stablish a
relationship between them and the filler injected. Thus, for example,
Shelke et al described the ultrasound pattern of the HA filler as: "Well-
defined oval- or round-shaped anechoic homogeneous deposits without
any signs of internal echoes".” In our study, we have seen this pattern
in HA-based fillers immediately after their injection. However, when
HA-based fillers are integrated their ultrasound pattern is similar to
that observed in the healthy skin/subcutaneous tissue.

Moreover, due to the increasing number of patients undergoing
minimally invasive procedures with dermal fillers, it is more common
to receive patients who have undergone aesthetic treatments with
different types of fillers and at different times. This fact makes it
increasingly difficult to find “well-defined” ultrasound patterns.

In our study, 12 (20.0%) patients exhibited "mixed" patterns,
which means that they either were treated with different types
of filler; were treated with the same type of filler, but at different
times; or were treated with different types of fillers at different
times.
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Cosmetic fillers are biodegradable or nonbiodegradable (syn-
thetic) biologically inert nanoparticles (1-100 nm in size) injected
mainly to fill wrinkle or cutaneous defects, and for restoring/creat-
ing lost volumes.’®"® Therefore, the commonly used term “dermal
fillers” is confusing or, at least imprecise, because the injected mate-
rial is detected mostly in the subcutaneous tissue.

Hyaluronic acid-based dermal fillers are the most widely used
worldwide, with more than 3.7 million procedures during 2018, fol-
lowed, at a great distance, by CaHa-based fillers (129 038 proce-
dures), and PLLA-based fillers (72 756).1

Different non-reasorbable fillers have been or are currently
used, among them silicone (in pure or oily formulation), and PMMA
may be considered as the main ones.

Although pure silicone is anechoic on ultrasound, oily silicone
shows hyperechoic images, with posterior reverberations.”*’ In
our study, silicone oil ultrasound pattern was defined as "fine-grain
snowfall", which was characterized by alternating hyperechoic imag-
ing, with posterior echogenic shadows.

The pattern of the PMMA-based fillers was previously defined as
hyperechoic dots with a mini-tail reverberation artifact.”*” However,
in our study, PMMA-based fillers were associated with a "course-
grain snowy" pattern, which is characterized by hyperechoic images
distributed all over the tissue, associated with posterior echogenic
shadow.

Calcium hydroxyapatite-based fillers appear sonographically as
hyperechoic bands projecting posterior acoustic shadowing.”*’ In
our study, CaHa-based fillers were associated with a “coarse-grain
snowfall” pattern, with alternating hyperechoic imaging, with poste-
rior echogenic shadows.

Regarding HA-based fillers, ultrasound pattern depends on
time elapsed from injection. A recent study published by our group
evaluated, by means ultrasound examinations, tissue biointegra-
tion of an HA-based dermal filler (VYC-25L, Juvéderm Vqux®;
Allergan plc, Dublin, Ireland).?% The results of this found that, im-
mediately after treatment, ultrasound images were characterized
by a globular and poorly define pattern, with anechoic images in-
dicative of liquid content. Nevertheless, 1-month after treatment,
ultrasound images showed a typical complete heterogeneous pat-
tern, which indicated a total integration of the VYC-25L into the
tissue.2°

The HA-based fillers ultrasound pattern found immediately after
injection is similar to that described by Schelke et al.” However, the
ultrasound pattern exhibited by HA-based fillers once integrated
into the tissue was totally different, becoming similar to the healthy
skin/subcutaneous tissue pattern.

As far as we know, this is one of the first papers describing the
ultrasound pattern of different dermal fillers used in minimally in-
vasive aesthetic procedures. Despite we were able to identify four
well-defined ultrasound patterns, some patients exhibited "mixed"
patterns, which indicated mainly the existence of different treat-
ments, with different fillers, performed at different times.

This study is not free of limitations. The first one is its de-
sign. Retrospective observational studies have selection bias and

Journal of
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confounding factors that need to be taken into consideration
when interpreting the results. An additional limitation is the lim-
ited sample size. Another limitation is the lack of reproducibility
studies among the three investigators. Finally, it should be men-
tioned that ultrasound examinations were no performed with the
same device, but three devices were used (one by investigator).
Nevertheless, ultrasound examinations precisely reflect structural

changes in the skin.?!

5 | CONCLUSIONS

Ultrasound imaging may be considered as a valuable tool for evalu-
ating the nature of former dermal filler procedures in daily clinical
practice. The presence of "combine or complex" patterns is mainly
due to different aesthetic procedures performed at different times.

The identification of these patterns will allow aesthetic special-
ists to choose the best therapeutic approach in patients who un-
derwent previous aesthetic treatments. Drawing an ultrasound map
of previous dermal filler procedures (nature and place of filler) will
be essential for selecting the best HA-based filler for avoiding or
minimizing the incidence of complications. An HA-based filler prod-
uct that shows good biointegration is crucial for achieving good aes-
thetic outcomes.
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