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Prologue

In 2006 | realized that permanent fillers gave rise to much more problems than anticipated. Also |
realized that in dealing with these problems, | should not make the same mistake that | and all other
doctors did when we started using these permanent fillers. We worked without a solid scientific basis!

Yet, in 2006 patients had problems with filler and had to be helped. | was willing to accept this challenge.
So, for the past thirteen years | have devoted much of my time in finding ways to improve the care for
patients with filler problems. First, off course, | faced the problems of diagnosis and treatment. After
introducing ILT, the ways to improve diagnostics became pressing. | dived further into ways ultrasound
can improve our diagnostic and therapeutic accuracy. Finally | realized that we can use ultrasound also in
prevention of problems with fillers.

Science in cosmetic medicine is still in its infancy. This partly because it is a relatively new area in
medicine. But also because of the nature of its subjects, who are not willing to allow experiments with
their exterior. This means that research in this field of medicine is largely exploratory, descriptive and
theory-building.

This thesis relates the scientific journey that | made from 2006 onwards.
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Chapter 1

Fillers

Cosmetic medicine is a continuously expanding field, including minimally invasive treatments with soft
tissue fillers. According to the American Society of Aesthetic Plastic Surgery, over 1.4 million filler
treatments were performed 20172, which is a 2,9% increase compared to 2016 and a 40,6% increase
compared to 2012. In the Netherlands the estimated number of filler injection treatments performed in
2016 was almost 140.0002.

There is a variety of fillers available 3. To subdivide them, different categories of filler types are being
proposed. The most common grouping is made in terms of biodegradable (moderate and long duration)
versus non-biodegradable fillers 3%°

Non-biodegradable fillers do not resorb. They are injected in small amounts to fill in superficial wrinkles.
They provoke a tight fibrotic reaction around the filler particles to keep them in place and to enhance the
permanent result. Examples of these type of fillers are silicon oil (medical grade, a polymer of

dimethylsiloxanes), polymethylmethacrylate (PMMA, Artecoll™) &7, hydroxyethyl methacrylate (HEMA,
Dermalive™), and dermapolymeren &,

Thereafter, permanent hydrogel fillers such as polyalkylimide and polyacrylamides came on the market
around 2000. They are meant to replace volume-loss and are injected in larger amounts subcutaneously.
Formation of fibrosis around the material occurs, which should keep the filler in place °.

Bio-degradable fillers are meant to break down in the body in a reasonable time. The first resorbable
fillers were collagen based fillers. Their effect lasted only for a few months. To prevent hypersensitivity,
skin testing was required . Hyaluronic acid fillers were brought onto the market in 2003 and are the
most commonly used fillers since then. Hyaluronic acid (HA) is a naturally occurring linear polysaccharide
composed of repeating disaccharide units of N-acetylglucosamine and D-glucuronic acid. HA fillers are
hydrophilic as they have the capacity to bind water 1. They are resorbable but depending on particle size
and cross-linking (mainly with butanediol diglycidyl,BDDE), the rate of degradation may vary from
months up to one and a half or two years’ time #*3, Hyaluronic acid fillers have the unique advantage of
reversibility when injected with hyaluronidase %1415,

There are significant differences among the different HA fillers. These include HA concentrations, cross-
link chemistry, quantity of cross-linkers, and amount of uncross-linked HA-all of which may play an
important role in the behavior of these materials during and after injection *°.

Fillers with biodegradable particles that stimulate the body to produce its own collagen have a longer
duration of effect; these type of fillers are also called bio-stimulatory products®*. They consist of
polyesters and stimulate fibroblast activity and collagen type 1 and 3 production, thereby thickening the
dermis, and are then degraded and removed by hydrolysis, solubilization, and phagocytosis by
macrophages . The most commonly used are poly lactic acid, polycaprolactone and calcium
hydroxyapatite 2. On average they are being resorbed after 18 -24 months 8. Chitosan, a linear
polysaccharide, is currently under investigation for use as a dermal filler!>2°,

Fillers currently being used in the Netherlands are hyaluronic acid fillers and the so-called bio-stimulatory
fillers such as poly lactic acid, polycaprolactone and calcium hydroxyl appetite. Outside Europe and the
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United Stated, the fillers mentioned in Table 1 are still being used?’. This should be kept in mind as this
may lead to unexpected side effects.

Table 1. Fillers substances currently in use worldwide.

Filler substance Bio-degradable Brand names

hyaluronic acid yes e.g. Hylaform, Restylane, Juvederm, Teosyal,
Stylage, Boletero, Princess, Perfectha, Matridur,
Hyacorps, Hyamax, Surgiderm, Esthelis,
Glytone, Prevelle Silk, Emervel, Visagel, Rofilan
Hylan Gel, Hydrafill, Puragen, Macrolane

Collagen yes Zyderm, Zyplast, Cosmoderm, Isolagen,
Evolance

poly-lactic acid yes New-Fill, Sculptra

calcium hydroxy apatite yes Radiesse

polycaprolactone yes Ellanse

polyvinyl alcohol yes Bio-in-blue

polyalkylimide no Bio-alcamid, Amazing Gel, Interfall, BeautiCal

polyacrylamide no Aguamid, Outline

dimethylsiloxane no Silikon 1000, SilSkin, PMS 350, Bioplastique

polymethyl methacrylate no Artecoll, Artefill, Metacrill

hydroxyethyl methacrylate | no Dermalive, Dermadeep

dermapolymeren no unknown

Regulation of soft tissue fillers

Fillers are classified as medical devices by Regulatory Agencies (the Medical Devices Directives in Europe
and the Food and Drug Administration in the US), as their primary intended action is mechanical ("filling
effect") #22. Medical devices are defined by the fact that they do not achieve their principal intended
action in or on the human body by pharmacological, immunological or metabolic means. It is important
to note that devices may be supported in their filling effect by these means.

In 1970, the Medical Devices Directive (MDD) was established. In the early years, supervision regarding
the quality control of this Directive was lacking. As this gave rise to safety problems regarding
pacemakers and artificial heart valves, the monitoring of safety and quality compliance was improved in
1993. However, the MDD is mainly based on the principle of “Good Manufacturing” instead of pre-
market approval. One of the reasons for this is the fact that out of the more than 500.000 different
medical devices, the largest part is of low risk, and safety and quality are warranted by a safe production
process. A pre-market approval requires a lot of investments and is thought to slow down

innovation?%23,
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Under the current system, Notified Bodies are responsible for reviewing CE Marking applications, and
grant approval for products to be placed on the market in Europe. This notification process is limited,
and requires only copies of labelling and approval certificates (CE and Declaration of Conformity)?%23,

After marketing, manufacturers need to comply with post marketing surveillance regulations. It is the
responsibility of the company how to obtain report data through post marketing surveillance. Reported
side effects and recalls are not publicly disclosed. A competent management of post-marketing
surveillance in reporting and monitoring of adverse events of fillers is still lacking, leading to a delay in
the reporting and publishing of adverse events?>?,

In 2005, dermal fillers were re-classified as class Il (the highest class) in the EU Medical Device
Directive®. In 2010, the MDD was reinforced with additional requirements, especially around the need
to demonstrate clinical effectiveness. Clinical data for safety and effectiveness should be sourced from 1)
clinical investigation(s) of the device concerned, 2) clinical investigations or other studies reported in the
scientific literature of a similar device for which equivalence to the device in question can be
demonstrated, 3) published and/or unpublished reports on other clinical experience of either the device
in question or a similar device for which equivalence to the device in question can be demonstrated. In
general, in the case of fillers clinical investigations should be performed unless it is duly justified to rely
on existing clinical data 2%,

Despite the modifications in 2005, there is still a need to strengthen the assessment, registration and
manufacturing quality of medical devices leading to better patient safety and outcomes 2. In the
Netherlands, the use of permanent fillers for cosmetic procedures was forbidden in 2015. A National
Implant Registry for cosmetic implant medical devices (as with the hip, knee and ankle registries) was
introduced in July 2017227,

New European requirements will be implemented in the Netherlands by 26 May 2020. Products
classified as high risk, including fillers, will need a stricter admissions procedure with enhancement of
clinical evaluation %8, The transparency and accountability for the management of post-marketing
surveillance will be improved by a European Database on Medical Devices (Eudamed)?.

In the United States, according to the Food and Drug Administration (FDA), fillers are also classified as
medical devices. Approval standards for devices were established by Congress in the Medical Device
Amendments of 1976. To obtain FDA approval, dermal fillers have gone through the controlled clinical
testing for safety and effectiveness required for high-risk devices. Pre-market testing is carried out on an
average of 120 patients, and many products are also subject to long-term safety studies after marketing.
In addition, the FDA maintains a publicly available database of all reported side effects and recalls.
Dermal fillers are approved for use in the US only by prescription. There are currently 10 dermal fillers on
the market in the US, compared to approximately 160 EU approved fillers?.

The minimal requirements in the EU for clinical efficacy and safety has given rise to unforeseen
complications caused by fillers. The lack of an adequate post marketing surveillance system has led to a
delay in identifying these complications. This has caused a substantial number of patients to suffer
serious complications from EU-approved dermal fillers. A survey conducted by the British Association of
Aesthetic Plastic Surgeons (BAAPS) reported 38,5% of plastic surgeons in the UK seeing patients in that

10
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year who had experienced complications with a permanent facial filler and 23% of plastic surgeons
reported having patients in that year who required surgery to correct the complications caused by
permanent fillers 3>31, Due to severe adverse events, in the Netherlands, the Inspection of Health forbid
the use of polyalkylimide hydrogels in 2007 and the use of a heavily cross-linked hyaluronic acid filler in
2012. Since 2015, the use of permanent fillers for cosmetic treatments is forbidden in the
Netherlands®23%34,

Complications

All dermal fillers have a potential risk of complications. These complications may be due to a product -

host interaction or caused by a wrong injection technique®?*.

Product - host interaction

Known adverse events due to the product - host interaction are allergic reactions, the formation of
foreign body granulomas and other types inflammatory responses such as abscesses or panniculitis %.

An allergic reaction is an early onset reaction. In literature, these type | hypersensitivity reactions have
been reported in hyaluronic acid fillers and collagen- based products. The onset of reaction occurs within
minutes or hours after injection due to an immunoglobulin E (IgE)-mediated immune response to the
dermal filler'®. This may manifest as erythema of any degree, induration, tenderness, or swelling with or
without pruritus, but after initial or repeated exposure, angioedema or anaphylactic reactions may occur
3. For collagen based fillers, to prevent hypersensitivity, skin testing is required. To date, approximately
3.0% of the patients tested have had a hypersensitivity reaction at implantation sites 8. For hyaluronic
acid based fillers (HA) skin testing is not necessary. In literature, a percentage of 0,8% is reported®.

Late onset adverse events associated with dermal fillers may manifest from weeks to many months, even
years, after an injection of a dermal filler!®2, Clinically these present as nodules with or without
apparent inflammatory reactions (figures 1-3), or as abscesses (figure 4).

Subcutaneously injected materials will always trigger the host’s innate immune system, resulting in a
(normal) foreign body reaction. This reaction consists of protein adsorption on the implant surface,
inflammatory cell infiltration, macrophage fusion into foreign body giant cells, fibroblast activation and
ultimately, if phagocytose will fail, fibrous encapsulation®’. The foreign body reaction is a complex
phenomenon and is not yet fully understood 32, It is described that macrophages and foreign body giant
cells may persist for the lifetime of the implant. With biocompatible materials, the composition of the
foreign body reaction in the implant site may be controlled by the surface properties of the biomaterial,
the form and the volume of the implant 3%4°

Over time, due to the degradation process or the chemical characteristics of the product, late onset
adverse events associated with dermal fillers may appear. The proposed hypothesis of foreign body
granulomas involves the host’s immune response to the amount, impurities or irregularities of the
injected material *. This systemic reaction may be caused due to the resistance of the enzymatic
breakdown or phagocytosis of filler material **. The engulfed material remains sequestered in a capsule

11
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of monocytes and macrophages, leading to the secretion of cytokines and inflammatory products to
attract more macrophages *2. These macrophages eventually fuse to form multinucleated foreign body
giant cells, characteristic of granulomas. As it is a systemic process, typically all injected sites at the time
are involved *3. Systemic granulomatous reactions are rather mediated by T-lymphocytes rather than
humoral antibodies. Previously reported incidences of granulomatous reactions were in the range 0.02—
2.8% 1>434% whereas granulomatous reactions are more frequent after treatment with permanent filler
materials %°.

Figure 1. Filler complication. A string of nodules is apparent along
the frown lines.

In recent years, as an alternative hypothesis, biofilms have been proposed to play a role in the formation
and progression of foreign body reactions “. Filler implants can be infected by injection of skin flora
directly into the material during the procedure, or they can be seeded with bacteria through contiguous
direct extension or hematological spread 4”8, Biofilms are heterogeneous structures that comprise
bacteria embedded within a strong extracellular matrix of secreted polysaccharides including hyaluronic
acid .® They function as self-maintaining organisms that grow, respond to stimuli, and maintain a
resistant homeostatic environment. Biofilms can present clinically as erythematous granulomas but can
also lead to localized pyogenic infections, presenting as deep abscesses or cellulitis **°° (figure xx)
Histologic examination is preferably performed to examine the nature of the implanted material,
characteristics of the inflammatory response, and even the bacterial species. The absence of bacteria
does not, however, preclude the possibility of a bio film formation. Although there are publications in
favor of a bio film proving the contamination of filler material with bacteria, some other publications
disagree with these findings. Whether the focus of chronic inflammation is a response to either a foreign
body or a collection of chronic bacteria has to be established % 4% 47505152,

12
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Figure 2. Filler complication. Two elastic nodes at both corners of the mouth.
No signs of inflammation are present.

Figure 3. Filler complication. Inflammatory reaction expressed as erythema
with a purplish hue. Also palpable subcutaneous nodules were present.

13
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Figure 4. Filler complication. An inflamed area on the right cheek
with edema, erythema and medio-caudally formation of an abscess.

Technique dependent complications

An incorrect injection technique may lead to adverse events such as overcorrection (figure 5),
accumulation of the filler (nodules), dislocation of the filler* (figure 6), edema especially in the malar
region and vascular adverse events 174354,

Prevention to avoid these complications is of utmost importance 8. Knowledge of facial anatomy is one
of the key points but one has to remember that induvidual variations do exist. Adequate injection
technique (slow injections, never too much pressure) and the use of safe materials such as cannulas is
also recommended *’.

Non-inflammatory nodules may appear caused by improper technique and placement of the filler %135,
This can result from injecting too superficially or injecting large volumes in one location without paying
attention to the dynamics of the underlying muscles, leading to accumulation or dislocation of the filler
material. The so called Tyndall effect, a bluish discoloration, may appear if hyaluronic acid fillers are
injected too superficially into the skin. The filler is a clear gel so when light reflects through the skin, a
bluish appearance may be visible %,

Malar edema is a chronic form of edema, reported with filler injections in the infraorbital hollow in the
lid/cheek junction area '’ .This reaction arises as a consequence of direct pressure of fillers on the
lymphatics and the patient’s pre-existing compromised lymphatic drainage in the suborbicularis oculi fat.
Malar edema can last from days to months, or be permanent and is often refractory to treatment. This
reaction can be prevented by using filler material that is less viscous, and by placing a small volume of
filler material deep into the malar septum (pre-periosteal level) to avoid severing the ligament which
may provoke edema. This technique requires expertise and a great knowledge of the local anatomy *.

14
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Figure 5. Filler complication. Numerous nodules in the upper and lower lip
are the result of overcorrection.

Figure 6. Filler complication. A horizontal thickening is observed right above
a deep mimical forehead line. This complication results from dislocation of
the filler product due to muscular activity.

Vascular adverse events may happen if material is injected into or compromising a vessel. It has been
suggested that the minor signs of vascular compression may be misinterpreted as injection related

15
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bruising, pain and swelling °®. In its most serious form, intravascular injection or vascular compression of
filler material can lead to skin necrosis or, in rare cases, blindness *’. The underlying mechanism is
thought to be related to high pressure intra-arterial injection, whereby the filler material is injected
proximal to the origin of the retinal artery®. Subsequent release of the pressure causes embolism of the
filler material into the central retinal artery or retrograde movement of filler material through collateral
arteries into the retinal arteries, blocking blood supply to the retina 8. In the Netherlands, the first
patient left with irreversible blindness of one eye after a filler treatment was reported in September
2016 *°.

Current treatment options

In general, two treatment regimens to treat filler complications are advised: medication (local or
systemic) >*7%1 or surgical removal of the material 77 %. An overview of these options is given in table 2.

Medication can be useful to suppress the adverse immune response towards the filler material but do
not remove the filler itself. Allergic reactions can be treated with a course of oral anti-histamine. In
severe episodes or cases of anti-histamine resistant cases, a short course of oral corticosteroid can be
used!®®%, In the rare case of an anaphylactic reaction, an emergency kit containing epinephrine pens
should be available in the treatment room.

Glucocorticoids have been used extensively to prevent the foreign body reaction due to their efficacy
and wide spectrum of activities as they target neutrophils, macrophages, mast cells, lymphocytes and
fibroblasts 6. Granulomas may be treated at first with high concentrations of intralesional steroids in the
nodules (20 to 40 mg/ml) at a 2- to 4 weeks interval > 1442 53 Skin depressions and pigmentary changes
may occur and the patient has to be aware of this side effect, which can be leveled temporarily with
collagen or hyaluronic acid fillers. Intralesional 5-fluorouracil (5FU) injection is advised as well. 5FU is
supposed to have an apoptotic effect on the inflammatory cells making up the infiltrate 1% %4,

However, recurrence after intralesional injections is common. Systemic granulomatous reactions are
often difficult to treat and often requires systemic corticosteroids treatment with or without removal of
the filler if possible®.

For other Inflammatory adverse events, the main treatment advice is to use antibiotics 3, preferably
from the macrolide group 1, as these will treat bacterial inflammatory reactions and suppress foreign
body responses by up-regulating the production of anti-inflammatory mediators®®®’. In addition, based
on this same two-fold principle, minocycline may be used in less severe inflammatory adverse events.
After the inflammatory response has disappeared, removal of the filler material may be considered.

In case of technique dependent complications, removal of the filler material is the best treatment
option. Hyaluronic acid fillers come with the advantage of being dissolvable with hyaluronidase **>. For
all other fillers, surgical excision may remove (parts of) the material but often with tissue damage and
scarring as a cosmetically undesirable result %8, Skin testing is recommended in the use of non-
recombinant animal-sourced hyaluronidase to avoid hypersensitivity reactions &4,

16
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As soon as any signs of vascular compromise are observed, filler injections should be stopped

immediately . The cardinal signs of vascular occlusion are pain and acute changes of skin color.

Blanching or pallor of skin tends to suggest an arterial occlusion, whereas red/bluish discoloration is

more indicative of venous congestion 3. Recommendations for treating HA filler-induced vascular

adverse events are to inject hyaluronidase in a high dose up to 1500 units. Hyaluronidase treatment

should be considered regardless of the fillers used as it can potentially reduce tissue edema and vessel-

occluding pressure. Further treatment suggestions are to massage vigorously, apply warm compresses

and topical nitroglycerin paste and start oral aspirin °7°%59606° |n the event of impending retinal

ischemia, it is advised to inject hyaluronidase also in the retrobulbar area °®°%. Despite several published

guidelines and recommendation, skin necrosis due to a vascular adverse event will often leave the

patient with scarred tissue. The outcome of retinal ischemia is even worse; out of 98 documented cases,
vision was restored in only 2 patients >/,

Table 2. Adverse events and their treatment options

Adverse event

Prevention

Treatment options

Allergic reaction

Skin testing

Systemic: antihistamine /
steroids

In case of HA*: intralesional
hyaluronidase

Malar edema

Respect contra-indication:
edema present in particular peri-
ocular

Manual lymphatic compression
In case of HA*: intralesional
hyaluronidase

Non-infectious inflammatory
response

Respect contra-indications: auto-
immune disease, active herpes
or viral infection.

Intralesional: steroids / SFU**
Systemic: steroids / minocycline
Remove filler if possible

Infectious inflammatory

Respect contra-indication: active

Systemic: antibiotics, macrolide

response current bacterial or viral Remove filler if possible, after
infection. inflammation is subsided
Sterile skin preparation

Dislocation Correct injection technique Remove filler if possible

Non-inflamed nodules

Correct injection technique

Remove filler if possible

Vascular adverse event: necrosis

Know your anatomy, avoid large
bolus, use a cannula instead of a
needle, inject slowly with
minimal pressure

In case of HA*: intralesional
hyaluronidase

For others fillers: remove filler if
possible

Vascular adverse event: visions
loss

Know your anatomy, avoid large
bolus, use a cannula instead of a
needle, inject slowly with
minimal pressure

Massage, hyaluronidase high
dose retrobulbar and at the site
(also for non-HA*),
nitroglycerine paste, warm
compresses, oral aspirin, refer to
ophthalmologist

*HA = hyaluronic acid fillers

** 5-Fluorouracil
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Aims of this thesis

The Department of Dermatology of the Erasmus Medical Center Rotterdam is the sole referral center for
dermal filler complications in the Netherlands. Since 2009 there is a specialized outpatient clinic. The
general aim of this thesis is to gain more knowledge about the diagnosis and treatment options of the
different filler complications that are referred here.

In Chapter 2 we report the different complications of a polyaklylimide hydrogel filler. This filler was
supposed to be safe when brought into the market but gave rise to severe complications years after
usage.

In Chapter 3 we examine the extruded polyalkylimide hydrogel histologically, as well as the type of
immune response and the change of filler substance over time. When we were able to remove this
products after years of being in vivo, the most striking observations was its change in color. At the time
of injection the polyalkylimide gel was transparent. When taken out, it was white or yellowish, anything
but transparent. Our hypothesis was that this would be a result of a foreign body reaction and that the
initial bio-compatibility was compromised.

Chapter 4 focuses on the efficacy of a new treatment modality, the intralesional laser therapy (ILT),
invented by the plastic surgeon Daniel Cassutto. Formerly, patients with problems of permanent filler
had to be treated by excision of the material. In a retrospective study we investigated the results of ILT in
our patient group from 2011-2016. Our hypothesis was that ILT is a viable initial treatment before
surgery should be considered.

In Chapters 5.1 — 5.4 we evaluate the use of ultrasound imaging as a diagnostic tool for filler detection
and as an improvement in the treatment of filler complications. For many dermatologists ultrasound
imaging is an almost daily used part of their practice for diagnosis and treatment of venous problems. In
our center for dermal filler complications we have used this modality since the start in 2011. In an effort
to relate our findings to colleagues via scientific journals, we detected that a uniform terminology was
lacking. Therefore, a nomenclature for sonographic description of filler images is being developed and
proposed in 5.4.

18
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Complications after Treatment with Polyalkylimide

LeoNIE W. SCHELKE, MD,* HELGA J. VAN DEN ELzEN, MD, PuD," Marpke CANNINGA, MD, PuD,* AxD
MarTiNo H.A. NEumMANN, MD, PHD®

BACKGROUND Polyalkylimide is a nonresorbable, biocompatible polymeric filler that has been used for
several years to treat soft tissue deficits. The literature has shown a minor complication rate. We noticed
that complications typically appear several years after injection.

OBJECTIVE To evaluate the complications reported after treatment with polyalkylimide.

METHODS AND MATERIALS We describe a retrospective evaluation, reported by members and candi-
date members of the Dutch Society of Cosmetic Medicine, of complications after use of polyalkylimide.

RESULTS In total, 3,196 patients were treated, and 4,738 treatments were performed, from which 154
complications (patient complication rate 4.8%, treatment complication rate 3.3%) were reported. The
most common complication was inflammation; other complications were hardening, migration, and
accumulation of the product. In some patients, skin biopsy followed by histologic examination was
performed.

CONCLUSION Treatments with polyalkylimide have been reported to give rise to complications years
after treatment. Even though the study described is a retrospective evaluation, we consider an overall
complication rate of 4.8%, the severity of the complications, and the difficulty in treating them too high a
risk for a cosmetic treatment. The Dutch Society of Cosmetic Medicine advises against the use of
polyalkylimide.

he Dutch Society of Cosmetic Medicine is a

society of physicians working in the cosmetic
field. One of the principles of the Society is that
registration of complications from fillers may lead to
better physician performance and greater safety for
patients, especially because European and Dutch
legislation do not require long-term studies or
follow-up for fillers to be registered and brought on
the market.

Polyalkylimide gel is a nonresorbable, biocompatible
polymeric gel that has been used for several years to
treat soft tissue deficits." It consists of 96%
apyrogenic water and 4% polyalkylimide. The com-
pound has a reticulated structure that resembles

the adipose tissue in which it is commonly implanted,;
it has a pH of 7 and an oxidative value of almost 0.

Polyalkylimide can be injected under the skin for
soft tissue replacement. Polyalkylimide is described
as an endoprosthesis; after implantation, a thin
membrane of 0.02 mm of collagen is formed around
the material, connecting it to the surrounding tissue
and keeping the material together. Even a long time
after implantation, the gel can be removed by
puncturing the membrane and squeezing the gel out.
In early publications and data, polyalkylimide is
described as a safe filler. Possible complications
mentioned are an infection rate of 0.06%.

In The Netherlands, starting from 2001, polyalkyli-
mide has been used for cosmetic treatments. As
complications after treatment with polyalkylimide
have been reported more often,>* members and
candidate members of the Dutch Society of Cosmetic

*Medisch Laser Centrum, Amsterdam, The Netherlands; TElzen Kliniek, Naarden, The Netherlands; j:Department of
Pathology, Academic Hospital, Utrecht, The Netherlands; SDepartment of Dermatology, Academic Hospital, Rotterdam,

The Netherlands

© 2009 by the American Society for Dermatologic Surgery, Inc. e Published by Wiley Periodicals, Inc. o
ISSN: 1076-0512 e Dermatol Surg 2009;35:1625-1628 ¢ DOI: 10.1111/j.1524-4725.2009.01340.x

26



Complications after Treatment with Polyalkylimide

Medicine were asked to evaluate all of the compli-
cations after treatment with polyalkylimide.

The aim of this study was to investigate the relative
risk of complications with treatment with
polyalkylimide for cosmetic reasons.

Materials and Methods

We describe a retrospective study of the complica-
tions reported after facial treatment with
polyalkylimide between October 2001 and March
2007. A questionnaire was sent to 40 physicians, all
members of the Dutch Society of Cosmetic Medicine.
They were asked for data including total number of
patients treated, total number of treatments per-
formed, and total number of complications. They
were also asked to specify complications: inflam-
mation (and if available cause of inflammation),
hardening of the capsule (autoimmune disease,
micro-inflammation), migration (area of migration),
accumulation of the material (area), or any other.

A subgroup consisted of lipodystrophy in patients
with human immunodeficiency virus (HIV).

Results

Forty questionnaires were sent; 20 (50%) were re-
turned. The number of patients treated varied be-
tween 0 and 1,051, with an average of 320. The
number of treatments varied between 0 and 1,051
with an average number of 474 treatments. In total,
154 complications were reported, with an average of
15 per physician. A total number of 3,196 patients
received 4,738 treatments, and 4.8% of the patients
developed a complication (Table 1).

Inflammation

The most common complication reported was in-
flammation (2.0%). Most were not directly related
to the injection procedure and did not occur within
days or weeks after the treatment, but years later,
mainly after surgical facial procedures in the face,

TABLE 1. Complications in 3,196 Patients and

4,738 Polyalkylimide Treatments

Amount Patients Treatments

Complications n % %

Total 154 4.8 88
Inflammation 63 2.0 18
Accumulation 31 1.0 0.7
Hardening of 31 1.0 0.7

the capsule

Migration 21 0.7 0.4
Other 8 0.3 0.2

such as dental procedures or infections in the head
and neck region (Figure 1).

Accumulation of the Product

The complication rate of accumulation of the
product was 1.0%. This typically occurs years after

treatment.

Hardening of the Capsule

Hardening of the capsule was seen in 1.0% of the
patients; this is generally a visible and disturbing
disfigurement for patients.

Migration

In 0.7% of the patients, migration was reported, and
it occurred mainly in the cheek area and the mari-
onette lines. In some case, the material was injected

Figure 1. Complication (infection) of polyalkylimide.
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TABLE 2. Complications in 270 Patients with Human

Immunodeficiency Virus Treated with Polyalkylimide

Complications Amount,n  Patients, %
Total 17 6.3
Inflammation <) &3
Accumulation 4 1.5
Hardening of the capsule 1 0.4
Migration 3 1.1

in the lower cheek and corners of the mouth and
migrated as far as the lower eyelid and tear trough.

Subgroup of Lipodystrophy

Polyalkylimide is used to treat medication-induced
lipodystrophy in patients with HIV. In The Nether-
lands, polyalkylimide used to be the first choice of
treatment because of its characteristics of perma-
nency and use for large-volume deficits and

patient costs. Complications reported in this patient
group showed a higher incidence of inflammation
(Table 2) and less hardening of the product.

Histology

Biopsies taken from lesions that developed at
polyalkylimide injection sites showed a mild chronic,
granulomatous inflammatory reaction with some

Figure 2. Histologic findings.
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histiocytes surrounding the material. There was little
or no acute inflammation, but some of the biopsies
showed fibrosis (Figure 2).

Discussion

Procedures and fillers used for cosmetic indications
should be as safe as possible. The patient complica-
tion rate of polyalkylimide in this retrospective study
was 4.8%. The treatment complication rate was
3.3%, because sometimes more than one treatment
per patient was performed.

These percentages may be considered too high,’ es-
pecially when taking into account the health risk of
inflammation and the difficulty of treating disfigur-
ing complications such as hardening and migration.

Inflammation was reported most frequently (2% per
patient) and was mostly not treatment related but
occurred 2 to 4 years later. Infections in the head and
neck region and surgical facial procedures such as
dental procedures or after a face lift were mentioned
as possible related events, but in half of the patients,
no possible cause of infection was found. Laboratory
evaluation of the material showed in most cases no
bacterial growth; in some cases Staphylococcus
aureus was found, suggesting a secondary infection
of Staphylococcus aureus.

Hardening of the capsule leaves the patient with
visible disfigurement. The cause of this complication
is not known. Causes of hardening of filler may be
micro-inflammation due to a biofilm of bacteria® or
an autoimmune response, but in most cases, no
known cause or trigger was reported.

Migration occurred especially in such areas as the
marionette lines and the cheeks. In several cases, the
material was injected in the lower cheeks and corners
of the mouth and migrated to the lower eyelid. The
distance of the product movement strongly suggests
migration. Muscle activity might be a factor in this
process.
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Although the gel can be removed by puncturing and
squeezing it out, in several cases of hardening and
inflammation, this was not a simple or sufficient
procedure to treat the complication.

Earlier literature describing treatments with
polyalkylimide report good results, with a minor
complication rate (inflammations, treatment
related).”” Current small studies mention compli-
cations of inflammation 1 year or longer after
treatment.”>*'° Because most complications are
reported years after implantation of the material,
numbers may be underestimated. The numbers given
are based on a simple retrospective evaluation with a
50% response rate to the questionnaire. Neverthe-
less, the (candidate) members felt that the compli-
cations reported were too frequent and severe to
ignore, leading to the advice of the Dutch Society of
Cosmetic Medicine not to use polyalkylimide.

Cosmetic medicine is a strongly developing speci-
ality. Every year, more treatments are performed.
Legislation and regulation of fillers used for these
procedures are not as strict as, for example, for
medication and are often lacking long-term clinical
trials and follow-up.

Fillers with a nonresorbable profile may lead to un-
foreseen complications that may be difficult to re-
store. In case of fillers indicated for volume loss,
larger amounts of product are being used, and al-
ternatives with a nonpermanent profile are available.
Physicians working in the cosmetic field should try
to cope with the lack of law by trying to work

together and share knowledge on complications on
an (inter)national level.
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Polyalkylimide: A Nonstable Filler Over Time

LeoNIE W. SCHELKE, MD,* PETER J. VELTHUIS, MD, PHD,* AND MARIJKE R. vaN D1jk, MD, PHD?

BACKGROUND Polyalkylimide hydrogel is supposed to be a permanent, biocompatible implant. However,
years after subcutaneous implantation clinical complications are seen.

OBJECTIVE To increase the understanding of the changes that occur over time in this subdermal implanted
filler.

MATERIALS AND METHODS The extruded filler material of 34 patients was evaluated by histologic exami-
nation.

RESULTS In most patients who had cosmetic disturbances but no complaints, histology showed no immune
cells in or around the filler material. In patients with an acute inflammatory response, giant cell invasion was
seen in and around the filler material. Patients with chronic complaints showed a neutrophilic cell influx in the
extruded filler. In all patients, degeneration and calcification of the material was noted. The polyalkylimide
hydrogel changed over time, both macroscopically and microscopically. As in most of the patients no immune
response was seen around the filler material, this may indicate that the material is biocompatible.

CONCLUSION The authors conclude that a dermal filler should not be judged solely on its biocompatible

characteristics but also on the degradation process over time in the human body.

The authors have indicated no significant interest with commercial supporters.

olyalkylimide (Bio-alcamid) is a nondegradable

hydrogel used for soft tissue replacement. This
filling substance is described as a biocompatible
endoprosthesis.! Polyalkylimide has been used on
a wide scale from approximately the year 2000
onward. In the Netherlands, its use has been
discouraged after the publication in 2007* and
a warning by governmental institutions® because of
the types and rate of complications. The Dutch
representative (AB Medical) stopped supplying the
substance shortly afterward.

In 2007, the frequency of complications in the
Netherlands was rated at 4.6%.> However, between
2007 and 2016, the authors have experienced a steady
influx of new patients with complications from the
substance to the outpatients’ clinic. The complication
rate is probably much higher than first described. In
a retrospective study published in 2012 looking back

for 7 years after treatment with polyalkylimide,
George and colleagues report a complication rate of
50%.¢ Complications described due to polyalkylimide
are inflammatory reactions, hardening, dislocation,
and accumulation of the product.*** The last 2 are
probably caused by dynamics of the underlying mus-
cles.” Two theories have been proposed about the
pathophysiology of the inflammatory reactions. Some
view this as a foreign body response others regard this
as a reaction to biofilm formation around the hydro-

philic gel.51°

Early tests with this substance suggested a favorable
biocompatibility.'! In vitro tests with the fresh product
showed a very low interference with cell viability,
absence of tissue necrosis,* and no involvement of
neutrophilic lymphocytes, monocytes, and

macrophages, such as is regularly seen in foreign body
responses.'? With subcutaneous injections in human

*Department of Dermatology, Academic Hospital, Rotterdam, the Netherlands; TDepartment of Pathology, Academic

Hospital, Utrecht, the Netherlands

© 2017 by the American Society for Dermatologic Surgery, Inc. Published by Wolters Kluwer Health, Inc. All rights reserved.
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skin, no significant changes were observed on cell
proliferation and cell function 12 weeks after place-
ment of the implant.'® At the present time, 16 years
after the introduction of polyalkylimide as an inject-
able filler, considering the high complications rate and
the type of complications, it must be concluded that
over a period of years, this substance is either
nonbiocompatible or nonstable; maybe even both
propositions apply.

To increase the understanding of the changes that
occur over time in this subdermal implanted filler, the
authors evaluated the material that they extruded
from patients with complications years after a treat-
ment of polyalkylimide.

Methods

During 2012 to 20135, all patients who consulted the
outpatient clinic and presented themselves with
complications due to polyalkylimide were evaluated
with ultrasound. Information about the amount of
product used, the location and depth of injection,
and the occurrence of an acute inflammatory reac-
tion was gathered. Taking into account the degree of
cosmetic disfiguration in a patient’s face and com-
plaints suggesting any (low grade) inflammatory
reaction such as itching, swelling, redness, tender-
ness or pain, and results from the ultrasound
examination, it was advised either to leave the filler
at rest or to evacuate the product by 18 G needle
puncture under ultrasound guidance. Filler material
was evacuated from 40 patients and sent for histo-
logic examination.

All patients gave informed consent for the material to
be examined. The material was fixed in formaldehyde
4% in phosphate buffer saline. The material was
stained with hematoxylin—eosin and examined by
light microscopy.

Results

A total of 41 samples of extruded materials were col-
lected. Seven of these were not included in this study
due to wrong handling or preparation of the material
or when it turned out to be a different product than

polyalkylimide. In the remaining 34 patients (7 men
and 27 women), the polyalkylimide gel fillers had been
injected more than 8 years before.

Macroscopically, the extruded filler has a different
aspect compared with the original transparent gel that
was injected years ago. None of the samples were
transparent. Some were whitish and gel-like, but most
of them were yellowish and creamy, much like

a purulent substance (Figure 1).

The histological findings are given in Table 1. In all the
polyalkylimide preparations examined, the material
collected showed some degree of degradation, varying
from mild to severe (Figure 2). The polyalkylimide
particles become smaller and show irregular edges,
making a dehydrated impression. In most samples,
dehydration and calcification in the degenerated gel
were seen. Calcification was not seen in the intact filler
parts.

Furthermore, 3 different types of immunological
reaction were seen. In all patients, the reaction toward
the polyalkylimide filler corresponded with the clinical
aspect of the patient in the following ways:

(1) A total of 25 patients with accumulation of
dislocation of the product and hardening of the
filler. These patients had no signs of inflamma-
tion; actually, they had no physical complication
at all besides a disturbing cosmetic aspect. In
these patients, no immune cells were seen in or
around the filler material. Calcification was seen

in the degenerated, dehydrated filler parts.

Figure 1. Nontransparent extruded filler.
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TABLE 1. Histology Related to Type of Complication

No. of Patients Type of Complication

Histology

25 Cosmetic disfiguration
5 Chronic response
4 Acute inflammatory response

Calcification and dehydration
Neutrophils, calcification, and dehydration
Giant cells, calcification, and dehydration*

*One of these 4 patients was HIV+ and besides giant cells, also neutrophils and bacterial influx (streptococci) were seen at histology.

(2) A total of 4 patients with an acute inflammatory
response, clinically visible as swelling, redness,
and pain. The material was collected at the time
of inflammation. Histologically, in and around
the filler, material giant cell invasion was seen.
No other immune cells were seen; calcification
was noticed (Figure 3, A and B).

A total of 5 patients with physical complaints of
the filler material as changing mild swelling,
tingling feeling, itching, and awareness of the
material when temperature drops. The extruded
filler material showed a neutrophilic cell influx,
and some giant cells but no other immune cells
were seen (Figure 4, A and B). Calcification was
seen in the material.

Discussion

Polyalkylimide hydrogel is supposed to be a perma-
nent, biocompatible implant. Yet, years after sub-
cutaneous implantation clinical complications are
seen, most commonly dislocation, accumulation,

Figure 2. Amorphous mass (polyalkylimide) showing
degeneration at the lower right site, no immune cells
present.

34

hardening, and more rarely, an acute inflammatory
response.

The former 2 the authors assume to be due to under-
lying muscular activity, leading to either upward
movement of the filler or spherical accumulation of the
filling substance at 1 central point. Today, these types
of complications are considered to be the result of
wrong placement of the filler. Subcutaneous injection
of volumizing implants is known to lead to these kind
of problems."® The extruded product of these patients
showed no immune cell reaction in or around the
implant. This is in concordance with the initial report
about polyalkylimide implants, where none or only

a very minor inflammatory response with a fibrotic
layer around the material was shown.'* This was
found 3 months after implantation'’; in this study
more than 8 years.

Degeneration of the product was seen in all patients,
although the degree of degeneration may vary. Even in
the same patient, with all the filler material injected at
the same time, different histological samples showed
a different degree of degeneration. This is in accor-
dance with the clinical aspect of the evacuated mate-
rial; per patient the filler material may have a different
aspect, varying from a purulent substance to a dry and
powdery material. Dehydration probably accounts for
the nontransparent appearance of the removed prod-
uct. Polyalkylimide hydrogels have a high capacity for
the exchange of water molecules with the surrounding
tissue.'® In vitro, dehydration and calcification of
hydrogels have been described.'”'® Hydrogels which
are dehydrated change in structure.'®2° It seems,
however, that this does not automatically lead to
complications because the authors observed some
degree of dehydration inside the gel in the histology of
all patients.



Polyalkylimide: A Nonstable Filler Over Time

Figure 3. (A) Amorphous mass (polyalkylimide) degenerated surrounded with giant cells exclusively. (B) Detail of panel (A).

The authors also observed calcium deposits in all
samples. The role of calcium in implants is unclear. In
some orthopedic biomaterials, calcium deposits are
appreciated for the stimulation of osteoclasts. In vitro
tests with other biomaterials show that it can act as

a potent stimulus of neutrophil activation, as well as
causing fibroblast cytotoxicity.'® Calcium phosphate
can drive an inflammatory response and should be
carefully monitored and controlled in biomaterials.'”
Although in vitro studies for biomaterials including
acrylate hydrogels are available, these are not specific
for dermal filler applications and in vitro studies can-
not be extrapolated to an in vivo situation.*”

Five patients in the group had chronic complaints. On
histological examination, they showed neutrophilic
influx around the filler material. As neutrophils are
assumed to be involved at the first stage of a foreign body
response, the authors suggest that these patients were
stable for a long time and developed an immune impulse
toward the filler as the result of an unknown stimulus.

Four patients who presented themselves with acute onset
of inflammatory response corresponded histologically
with a giant cell influx. It is known that dermal fillers will

induce a foreign body reaction where at first neutrophils
and later on macrophages and foreign body giant cells
may attach to the surface of the filler material.?'~*** It is
described that these macrophages and foreign body giant
cells may persist for the lifetime of the implant. With
biocompatible materials, the composition of the foreign
body reaction in the implant site may be controlled by the
surface properties of the biomaterial, the form, and the
volume of the implant.>>** Polyalkylimide was used
subcutaneously in large volumes for facial volume loss.
Size disparity between the biomaterial surface and the
attached cell may induce frustrated phagocytosis.'! This
process does not involve engulfment of the biomaterial
but does cause the extracellular release of leukocyte
products in an attempt to degrade the biomaterial. The
authors hypothesize that this may lead to an ongoing cell
infiltration in the hydrogel noticeable as a chronic giant
cell reaction. It is uncertain what causes the acute
inflammatory response and if a bacterial biofilm is
involved.?¢ Only 1 of 4 patients had a bacterial influx,
which explains the presence of neutrophils found in
histology.

The authors may conclude that in all patients the
polyalkylimide hydrogel filler changed over time, both

Figure 4. (A) Amorphous mass (polyalkylimide) surrounded by neutrophils exclusively. (B) Detail of panel (A).
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macroscopically and microscopically. This indicates
that the material is unstable over time. Furthermore,
on histological examination, different types of
immune reaction were seen corresponding to the dif-
ferent clinical presentations.

Why some patients do respond with (acute or chronic)
inflammation and others do not, remains unclear. A
possible explanation might be an immune response
caused by a sterile (secondary) inflammatory response
or a low grade biofilm.

In most of the patients, however, no immune response
was seen around the filler material, indicating that the
material is biocompatible. Other characteristics of the
product may be responsible for the complications
seen. The authors conclude that a dermal filler should
not be judged solely on its biocompatible character-
istics but also on the degradation process over time in
the human body.
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Intralesional Laser Treatment for Dermal
Filler Complications
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Background: For complications caused by filler treatments, in general, two
treatment regimens are advised: systemic drugs and surgical removal of the
material. Another possible treatment option would be removal of the material
by intralesional laser treatment.

Methods: Two hundred forty-two patients with complications caused by fillers
were treated with intralesional laser treatment.

Results: In the majority of patients, an improvement was achieved (92 per-
cent), in 9 percent the complication was resolved, and in 3 percent it was not
improved (unknown in the rest).

Conclusion: Considering the large number of patients treated until now and
the efficacy and good safety profile of this treatment, the authors plead that
intralesional laser treatment may be considered as a treatment option before

surgery.
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THERAPEUTIC

mal filler use and an increasing number of

treatments performed, much is unknown
about complications with regard to their rate, pos-
sible causes, and optimal treatment options. As
filler treatments are mainly performed as a cos-
metic treatment in healthy clients, not only the
treatment itself but also the options if any com-
plications occur should be safe and must avoid
severe side effects.

Looking at the literature, there is no con-
sensus about the nature of these complications
or treatment modalities." One hypothesis of the
cause of complications is a chronic foreign body
response?’; another theory is biofilm formation
around dermal fillers, probably consisting of skin
bacteria.*® Both are thought to cause an inflam-
matory response.

In general, two treatment regimens are
advised: systemic drugs'® and surgical removal of
the material.>” Drugs can be useful to suppress
the adverse reactions toward the filler mate-
rial but they do not remove the filler itself. The
drugs used are antibiotics, preferably from the
macrolide group 1, as these will treat bacterial

Although there is ongoing popularity of der-

From the Dermatology Department, Erasmus Medisch
Centrum; Alizonne Kliniek Molenbaan, and Lareb.
Received  for publication September 4, 2017; accepted
January 3, 2018.

Copyright © 2018 by the American Society of Plastic Surgeons

DOI: 10.1097,/PRS.0000000000004428

38

(Plast. Reconstr. Surg. 141: 1361, 2018.)
CLINICAL QUESTION/LEVEL OF EVIDENCE: Therapeutic, IV.

inflammatory reactions and suppress foreign
body responses by up-regulating the production
of antiinflammatory mediators.*® The latter can
also be treated with corticosteroids systemically
or injected intralesionally. Surgical excision may
remove (parts of) the material but often with tis-
sue damage and scarring as a cosmetically unde-
sirable result.

Another possible treatment option for filler
complications has been developed and described
by Cassuto et al.!®!" This treatment modality—
intralesional laser treatment—is capable of
removing the foreign substance in a microinvasive
manner. In this article, we describe our treatment
outcomes with intralesional laser treatment for
dermal fillers.

Disclosure: Dr. Velthuis is a trainer for Allergan
(hyaluronic acid and botulinum toxin), the other
authors have no financial interest to disclose. No
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Intralesional Laser Treatment for Dermal Filler Complications

PATIENTS AND METHODS

In the period between 2011 and 2016, 590
patients consulted our clinics for filler complica-
tions. Of these patients, 90 percent (n=531) were
women and 10 percent (n = 59) were men. Each
patient’s history was taken, especially complaints,
onset of adverse event, medication, and earlier
treatment regimens. All patients were evaluated
with ultrasound examination. With ultrasound,
information about the type of filler, the amount,
the injection technique, the location and disloca-
tion of the product, and the presence of an acute
inflammatory reaction was gathered. Taking into
account the degree of cosmetic disfiguration in a
patient’s face, the patient’s complaints, and results
from the ultrasound examination, patients were
advised either to leave the filler at rest or to have
the product evacuated (Fig. 1). All patients gave
informed consent for the treatment performed.
In 41 percent of the treatments, evacuation of
the product was performed with the aid of intra-
lesional laser treatment.

Intralesional Treatment

In our outpatient clinic, two types of lasers
are used: a 810-nm-wavelength diode laser and
a 1470-nm-wavelength diode laser (continuous
wave) (Quanta System, Milan, Italy). Both lasers
are developed and used for endovenous laser
treatments. The 810-nm laser targets hemoglobin,
and the 1470-nm laser heats water in blood and
vein wall, secondarily destroying the vein wall.

In endovascular laser treatment of varicose
veins, different wavelengths are used (810 and
1470 nm). Not the wavelength of the device but
the amount of energy and heat delivered to the
varicose veins is thought to be most important for
achieving success.'*!* This will probably account
for the intralesional treatment, and we found no

Treatment of patients

mILT 41% u Consult 20%

M Other treatment 39%

Fig. 1. Treatment of patients. LT, intralesional laser treatment.

obvious difference in efficacy for these two differ-
ent wavelengths.

The intralesional laser treatment procedure
for dermal fillers consists of inserting a fiberoptic
laser into the area of the product. The laser power
setting for both lasers depends on the diameter
of the fiber used and is on average 3 to 6 W for
the 810-nm laser and 0.6 to 0.8 W for the 1470-
nm laser, both in continuous-wave mode. Delicate
areas such as orbital regions, glabella, and loca-
tions that have been treated with corticosteroid
injections before were treated with reduced power
to avoid skin burns. The fiber diameter may vary
between 200 and 600 um; the smaller diameter is
preferable. If the product is not clinically easily
felt or seen, the fiber insertion can be performed
under ultrasound guidance. Intradermal anesthe-
sia at the skin entry point is commonly used in
all instances. As the pain sensation of the patient
is helpful to adjust the delivered energy into the
filler, anesthesia is limited to the skin entrance.
If too much heat is being delivered to the filler
material or if the fiber is not in the right place,
heat may be diffused into the surrounding tissues,
risking tissue damage or pigmentation."! The
patient is instructed to warn the operator if pain
or excessive heat is sensed. During the intrale-
sional laser treatment procedure, softening of the
product is noticed, which is used as an endpoint.
After the laser procedure, the heatliquefied filler
can be (partly) squeezed out by manual compres-
sion through an 18-gauge needle entry point or
through a small incision made by a no. 11 scalpel
(Fig. 2).

As we broadly follow the treatment regimen
proposed by Cassuto et al., we have made some
additions to their technique based on filler types:
hydrophobic and hydrophilic fillers. They behave
differently in tissue, but they have also been
injected differently into the tissue.

Hydrophilic Fillers

Almost all nonresorbable hydrophilic fillers
and resorbable hyaluronic acid fillers with large
particles are used as volumizers and are often
injected as a bolus. On ultrasound, they appear
as hypoechoic pockets or cysts. Known filler types
that give rise to complications in this category
are polyalkylimide and polyalkylimide fillers and
heavily cross-linked hyaluronic acids. Histologic
examination indicates that these fillers tend to
dehydrate over time. Dehydration may be one of
the explanations why these types of fillers are dif-
ficult to remove. Before introducing the fiber into
the filler, 1 to 10 ml (depending on the pocket
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Fig. 2. (Left) The laser fiber is inserted in the filler. (Right) The heat-liquefied filler is squeezed out.

size) of 0.9% sodium chloride is injected into the
filler depot, if needed under ultrasound guidance
(Fig. 3). During heat delivery by the intralesional
laser treatment fiber, the injected fluid is bub-
bling, also visible with ultrasound. [See Video,
Supplemental Digital Content 1, which demon-
strates the intralesional laser treatment procedure
including corresponding ultrasound imaging.
The intralesional laser treatment of a hydrophilic
filler (polyalkylimide) is shown. As it is done
under ultrasound guidance, the fiber tip can be
inserted accurately in the filler pocket. When the
clinical endpoint (softening of the product) is
reached, the heat-liquefied filler can be squeezed
out by manual compression, in this case through
an 18-gauge needle entry point, available in the
“Related Videos” section of the full-text article
on PRSJournal.com or, for Ovid users, available
at hitp://links.lww.com/PRS/C758.] After the laser
procedure, the pocket is irrigated again with

PHILIPS EERENBEEMT

Erasmus MC

Fig. 3. Injection in filler depot under ultrasound guidance.
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saline solution to mechanically flush out as much
material as possible.

Hydrophobic Fillers

The most commonly used hydrophobic fillers
are polymethylmethacrylate, hydroxyethylmeth-
acrylate, and silicone oil (polydimethylsiloxane).
The injection technique used is mainly infiltrating
small particles into the tissue, leading to a fibrotic
tissue response. The fiber is inserted into the
area of the material, by drilling small holes. Little

The laser fiber isinsertedin the'ler pocket.
p—— |

‘B Video Available Online

Video. Supplemental Digital Content 1 demonstrates the
intralesional laser treatment procedure including correspond-
ing ultrasound imaging. The intralesional laser treatment of a
hydrophilic filler (polyalkylimide) is shown. As it is done under
ultrasound guidance, the fiber tip can be inserted accurately in
the filler pocket. When the clinical endpoint (softening of the
product) is reached, the heat-liquefied filler can be squeezed
out by manual compression, in this case through an 18-gauge
needle entry point, available in the “Related Videos” section of
the full-text article on PRSJournal.com or, for Ovid users, avail-
able at http://links.lww.com/PRS/C758.
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Fig. 4. Little droplets of silicone oil after intralesional laser
treatment.

droplets dripping out of the insertion openings
show filler material (Fig. 4).

Posttreatment Recommendations

For hydrophobic fillers, heat compression fol-
lowed by gentle massage to push out more prod-
uct is advised for the first hours after treatment.
For hydrophilic fillers, because the skin entrance
is much larger (because of a stab incision with a
no. 11 blade or an 18-gauge needle), it is advised
to leave the skin at rest to prevent inflammatory

reactions. For all treatments, our postopera-
tive advice is not to apply any cream or makeup
until the entrance skin opening has healed, to
prevent any secondary infection. Oral macrolide
antibiotic treatment is given to patients at risk
such as patients under corticosteroid treatment
and immunocompromised patients (e.g., human
immunodeficiency virus). Downtime is normally 2
to 4 days after treatment. A sensitive area such as
the lips will give rise to a more pronounced swell-
ing and could take 5 days to heal.

RESULTS

From January of 2011 to September of 2016,
590 patients visited our clinic. Of these 590
patients, 242 patients (214 women and 28 men)
were treated with intralesional laser treatment.
The mean age of these patients was 52 years
(range, 25 to 78 years). On average, 1.7 treat
ments were performed per patient (Fig. 5).

Most complications treated with intralesional
laser treatment were caused by polyalkylimide.
Clinical symptoms to filler treatment complica-
tions were inflammatory reactions, visible lumps
and nodules, dislocation and accumulation of the
product, and hardening. In Figure 3, the compli-
cations treated with intralesional laser treatment
are listed per filler for the fillers used most often
(Fig. 6).
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Fig. 5. Fillers treated with intralesional laser treatment (/LT).
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Polyalkylimide gel

® Nodules 43% ® Inflammatory response 28% ® Fibrosis 12%

u Migration 10% m Malformation 5%

H Post treatment complication

Polyacrylamide gel

H Nodules 43% u Inflammatory response 33%

M Fibrosis 14% = Migration 3%
® Malformation 2% M Post treatment complication 2%

W Lipoma 2%

Hyaluronic acid

Polydimethylsiloxane

= Nodules 48% ® Inflammatory response 34%

u Fibrosis 7% = Migration 5%

m Malformation 3% ™ Post treatment complication 3%

Polymethylmethacrylate

® Nodules 47% ® Inflammatory response 32%

m Fibrosis 13% = Malformation 3%

® Post treatment complication 5%

Hyacorp

u Nodules 41%

o Inflammatory response 41%

o Fibrosis 5% u Migration 5%

m Malformation 4% M Post treatment complication 4%

Fig. 6. Complications per filler for the six most common fillers.

Itis interesting to note that 11 percent of the
patients visiting our polyclinic had a complica-
tion caused by injections with resorbable hyal-
uronic acid fillers. Half of these complications
are attributable to wrong injection techniques
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® Nodules 37% ® Inflammatory response 34%

o Fibrosis 17% = Malformation 6%

W Migration 3% ™ Post treatment complication 3%

resulting in dislocation of product caused by
dynamics of the underlying muscles, excessive
edema of the lower eye lid region, or inflamma-
tory responses when volumes that are too large
are injected (mostly hyaluronic acid products
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Outcome score ilt treatment

H Improved 83%
H Resolved 9% m Unknown 5%

Fig. 7. Outcome score of intralesional laser treatment (ilt).

® Not improved 3%

with a high viscosity and stiffness). The other 50
percent of the complications were attributable
to cross-linking (up to 63 percent) of some hyal-
uronic acid products that were too strong, thus
creating the same complications as seen with per-
manent fillers. In cases of volumes that are too
large and products with excessive cross-linking,
hyaluronidase alone was not successful in dissolv-
ing the filler, and intralesional laser treatment
followed by hyaluronidase injection was neces-
sary to remove it.

After treatment, patients were asked whether
the treatment improved their cosmetic and
physical complaints (Fig. 7). To stay in line with

i
e

the article by Cassuto et al., this was defined as
follows:

Resolved: All symptoms are completely cured
or judged tolerable by the patient.

Improved: Cosmetic disturbances and lump
visibility are reduced to a degree judged tol-
erable by the patient. Interrupting the ste-
roid therapy without recurrence is possible.

Not improved: no cosmetic and/or physical
improvement (Fig. 8).

The improvement can also be seen with a fol-
low-up ultrasound examination. Hydrophilic fill-
ers decrease in pocket size or disappear, although
fibrosis is mostly remaining (Fig. 9). The tight
fibrotic tissue formed around hydrophobic fillers
prevents ultrasound passage (shadowing). After
intralesional laser treatment, the visibility of the
tissue improves (e.g., teeth become visible again
with follow-up ultrasound examination) (Fig. 10).

Patients not improved are mostly patients with
an inflammatory reaction after intralesional laser
treatment who visited a first aid department of a
nearby hospital (not familiar with these types of
problems) and, because of the drain placed as a
treatment, without any follow-up or wound pro-
cedure management, were left with a scar in their
face. Furthermore, fillers injected in the orbital
region are more difficult to remove, leading to
less satisfying results (Fig. 11).

Fig. 8. (Left) Before intralesional laser treatment. (Right) Improvement after intra-

lesional laser treatment.
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Fig. 9. (Above) Hydrophilic filler (black pocket on screen)
before intralesional laser treatment. (Center) Hydrophilic filler
is squeezed out after intralesional laser treatment. (Below)
Decreased pocket size of hydrophilic filler on screen.

Complications Caused by Intralesional Laser
Treatment

Inflammatory reactions as a complication
caused by intralesional laser treatment are seen.
As there is still no consensus about the cause of
this reaction, a macrolide was given as treatment
to cover any bacterial infection and an acute
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inflammatory response as well. Ibuprofen was
given for its pain-reducing and antiinflammatory
characteristics. After a couple of days, the abscess
could be evacuated by puncture. Normally, this will
leave no visible scarring. Immunocompromised
patients are more prone to develop post—intrale-
sional laser treatment inflammatory responses.

One patient with large pockets of polyalkyl-
imide injected in the lower orbital region (under
the eyelids) was left with an open wound for
months. Because of an excess of heat applied into
this sensitive area, which had also been treated
with cortisone injections previously, damage was
done to the overlying skin. In combination with
the large amount of filler remaining, there was
a very slow healing response. If treating delicate
areas such as the periorbital region (lower eyelid
region), glabella, or skin treated previously with
cortisone injections, the temperature should be
adjusted lower.

One patient had persistent skin hyperpigmen-
tation after the intralesional laser treatment. This
can be prevented by making an insertion hole with
a no. 11 scalpel and then inserting the fiber into
the pocket of the filler, ensuring that no heat is
applied to the skin surface. Placing the tip of the
fiber on the skin and heating the fiber thereafter
may cause a slight burning reaction that should
be prevented in these cases and those with Fitzpat-
rick skin type III and higher.

DISCUSSION

There is still much to learn about complica-
tions caused by filler treatments. The relationship
between product and the host response at the
time of injection and during the degradation pro-
cess is still not clear'™'; thus, treatment options
are difficult to standardize. However, in case of
complications, it seems logical to at least remove
as much filler product as possible.

In 2009, a small number of patients (n = 20)
treated with intralesional laser treatment were
described by Cassuto et al.’ In 2016, the same
authors published an article regarding a large
number of treated patients (n = 219) who experi-
enced an improvement of their complaints.' We
underscore these outcomes with our data.

Almost all patients noted an improvement
after intralesional laser treatment, although not
always as much as they hoped for. There may be
remainders of the filler or of fibroses. Taking this
into account, the minimally invasive manner of
the treatment and the limited downtime add to
the attractiveness of this method. Considering



Intralesional Laser Treatment for Dermal Filler Complications

Fig. 10. (Above, left) Fibrotic tissue around silicone oil prevents most ultrasound wave passing through (shadowing).
(Above, right) After intralesional laser treatment, more ultrasound waves can pass through. (Below, left) Before intralesional
laser treatment of silicone oil. (Below, right) After intralesional laser treatment of silicone oil.

Fig. 11. (Left) Before intralesional laser treatment. (Right) After intralesional laser treatment,
showing less improvement in the orbital region.
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the large number of patients treated until now,
and the efficacy and good safety profile of this
treatment, we plead that intralesional laser treat-
ment should be considered as a treatment option
before surgery.

Leonie W. Schelke, M.D.

Department of Dermatology

Erasmus Medical Center

Postbus 2040

3000 CA Rotterdam, The Netherlands
Ischelke@outlook.com

PATIENT CONSENT
Patients provided written consent for the use of their

images.
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Chapter 5.1

Use of Ultrasound to Provide Overall Information on Facial
Fillers and Surrounding Tissue

LeoNiE W. ScHELKE, MD,* HeLGA J. VAN DEN ELzeN, MD, PuD," P.P.M. Erkamp," AND
H.A.M. Neumann, MD, PuD?

BACKGROUND Information on fillers and their behavior over time in the different layers of tissue is limited.
Ultrasound may be used to visualize these fillers and their surrounding tissue to broaden knowledge.

OBJECTIVE To evaluate the use of ultrasound as a diagnostic and research tool to obtain information on
facial fillers and their behavior in human tissue.

METHODS AND MATERIALS Patients with a history of facial filler treatment were examined using ul-
trasound in an outpatient setting.

RESULTS Seventy-two patients were examined. Hydrophilic fillers were echo visible, whereas tissue-
generating fillers, permanent and resorbable, could be detected according to their tissue-generating
reaction within the tissue. Filler characteristics such as longevity and reaction within the tissue and
complications such as migration and granulomas could be visualized.

CONCLUSION The use of ultrasound may provide information to broaden our knowledge of facial fillers

and may improve the performance and safety of filler treatments.

The authors have indicated no significant interest with commercial supporters.

n current clinical practice, rejuvenation of the face

with soft tissue fillers is increasingly shifting from
treating single lines and wrinkles toward volume
restoration and filling of larger facial areas to
enhance facial appearance.'™ Similarly, there is a
shift from volumetric correction of the dermis or
subcutaneous layers toward injections at a deeper
muscular and supraperiosteal level.*

Although some attention has been paid to the
different categories of fillers, their longevity, mode of
action, degradability, histological findings, and
clinical effect,”® our knowledge of their behavior
over time in the different layers of tissue and their
complications is limited.”®

Ultrasound is a noninvasive, easy-to-use, reproduc-
ible technique used to visualize subcutaneous body
structures.”'® Sound waves, produced using an

ultrasound transducer, travel into the body.
Whenever a sound wave encounters structures or
material with a different density, part of the sound
wave is reflected back to the transducer and is
detected as an echo. The strength of the reflection
determines the brightness; white for a strong
reflection or echo (hyperechogenic, as seen for gases
or bone), black for a weak echo (hypoechogenic,
e.g., fluids), and varying shades of gray for
everything in between (Table 1).

Because facial fillers have their own characteristics
and density, ultrasound may be used to visualize
these materials and provide information to broaden
our knowledge."!

The aim of this study was to assess the use of
ultrasound as a diagnostic tool to provide informa-
tion on filler dimensions such as echo visibility of

*Medisch Laser Centrum, Amsterdam, The Netherlands; 'Elzen Kliniek, Naqrden, The Netherlands; iX-my and
Ultrasound Department, Kliniek DeLairesse, Amsterdam, The Netherlands; SHead of Department of Dermatology,

Academic Hospital Rotterdam, The Netherlands

© 2010 by the American Society for Dermatologic Surgery, Inc. ® Published by Wiley Periodicals, Inc. o
ISSN: 1076-0512 o Dermatol Surg 2010;36:1843-1851 ¢ DOI: 10.1111/j.1524-4725.2010.01740.x
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TABLE 1. Glossary of Terms

Anechoic Echo free, the sound wave is
totally absorbed or totally
reflected by the material, and
its image appears totally black
on the monitor

An anechoic, well-defined, acous-
tic enhancement (e.g., any
fluid-filled structure, urinary
bladder)

Capable of producing echoes
Degree of brightness of a structure
displayed on the ultrasound
Fine-grained heterogeneous inter-
nal echoes within a structure

Cystic

Echogenic
Echogenicity

Finely textured

Heterogeneous  Nonuniform echo pattern
throughout the structure being
imaged

Homogeneous Uniform echo pattern throughout

the structure being imaged

Image echoes that are brighter
than surrounding tissue and
appear white on the monitor
(e.g., bone, fibrous tissue, cal-
cium hydroxyapatite)

Echoes that are not as bright as
surrounding tissue and appear
gray to dark on the monitor
(e.g., fluid-filled structures,
vessels)

Structures compared are of equal
echogenicity

Failure of the sound beam to pass
through an object so only sha-
dowing is seen behind it (e.g.,
bone, gas, calcifications, air)

Hyperechoic

Hypoechoic

Isoechoic

Shadowing

different fillers, the location of fillers over time,
degradation, and possible complications such as
migration and hardening.

Methods

In this study, patients were included as they
presented themselves to our outpatient clinic.
Seventy-two individuals with a history of filler
treatment(s), permanent and resorbable, were
examined. Before ultrasound examination, a history
was taken, and a clinical examination and palpation
of the face and, if possible, implanted filler was
performed.

During full-face ultrasound examination, skin and
tissue underneath were explored for (different)
fillers. Information was gathered on their echo
visibility, injected plane and location, and possible
tissue reaction. Furthermore, visibility of possible
complications, such as migration, granulomas, and

hardening, was assessed.

Two of 72 patients had their initial filler treatment,
including post-treatment visits, done under
ultrasound guidance.

The ultrasound (LOGIQ e B-mode, Linear

Probe 12L-RS, GE Healthcare, Chalfont St. Giles,
UK) 13 MHz, two-dimensional-mode imaging

with a linear array probe was used. For each patient,
the technician performing the ultrasound, the
physician examining the patient and interpreting the
results, and the ultrasound device being used were
the same.

Tissue and ultrasound markings (e.g., exact
location and scan angle) were established before
measurements took place and were noted to ensure
reproducibility.

Results

Seventy-two patients were examined (Table 2). Some
patients had received treatments with different types
of fillers. In all patients, the filler was visible. A
summary of the visibility of investigated fillers is

described in Table 3.

Hyaluronic Acid

Hyaluronic acid (HA) is a hydrophilic resorbable
gel. It may be used in the superficial layers of the
skin, as well as in the deeper layers, to treat
subcutaneous volume loss. In this study, we only
examined the latter. Because HA is a hydrophilic
gel, it is less reflective than the surrounding tissue
and is visible as a fairly distinct hypoechogenic
(black) lesion with some hyperechogenic (linear)
reflections.
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TABLE 2. Numbers of Different Fillers at Ultra-

sound Examination

Filler

Numbers at

Ultrasound Examination

Hyaluronic acid
Lipofilling

Calcium hydroxyapatite
Polylactic acid

Silicone oil
Polymethylmethacrylate
Polyalkylimide

7
2
2
2
3
2
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Lipofilling

Autologous body fat can be used to treat facial

volume loss. Fat implants are visible with ultra-

sound as a well-defined, compact, finely textured

area and are isoechogenic to slightly hyperechogenic

(Figure 1).

TABLE 3. Ultrasound Findings of Examined Fillers

Calcium Hydroxyapatite

Calcium hydroxyapatite is a biostimulator and

enhances collagen production. It may be

injected at the dermal and subcutaneous level,

where it will improve skin texture over time,

or on the supraperiosteal level to improve skeleton

volume loss. Calcium phosphate was injected

in the deep dermal and subcutaneous planes (first

upper mm of picture) approximately 3 months

previously (Figure 2). Ultrasound shows greater

density on the treated right area. The finely

textured, hyperechogenic tissue reflects most

sound waves back (possibly because of calcium),

preventing ultrasound penetration (shadowing).

On the left side, the transition toward greater

sound wave penetration is visible, marking the un-

treated skin.

Depth of Sites of Follow- Common Findings
Product Injection Injection ups, n on Ultrasound Characteristic
Bio-Alcamid Subcutaneous Cheeks, chin 3 Anechoic to hypo-  Hydrophilic
polyalkylimide echoic lesions
with distinct
echogenic walls
Voluma hyaluronic acid Subcutaneous,  Cheeks, 2 Hypoechogenic Hydrophilic
periosteal temple area with some
hyperechogenic
reflections
Lipofilling, autologous Subcutaneous Cheeks 1 Isoechogenic to Fatty tissue
slightly hyper-
echogenic
Sculptra polylactic acid Periosteal Temples 3 Indirect effect Tissue generat-
of increase of ing
tissue
Radiesse calcium Deep dermal Nasolabial Shadowing due Tissue generat-
hydroxyapatite folds, to calcium ing
cheeks particles?
Silicon oil Deep dermal Nasolabial 2 Shadowing due to  Induces a fibrotic
folds, lips dense fibrous tissue reaction
tissue
Artecoll polymethyl- Deep dermal Nasolabial 2 Shadowing due to  Induces a fibrotic
methacrylate folds dense fibrous tissue reaction
tissue

Bio-Alcamid, Polymekon, Brindisi, Italy; Voluma, Juvederm, Allergan, Irvine, CA; Sculptra, Dermik Laboratories, Bridgewater,
NJ; Radiesse, Merz Pharma, Frankfurt am Main, Germany; Artecoll, Rofil Medical, Breda, The Netherlands.
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lipofiling

Figure 1. Autologous fat implant in the cheeks.

Polylactic Acid

Polylactic acid (PLA) is a biostimulator and enhances
collagen production. It may be injected at the
subcutaneous or supraperiosteal level to improve
(skeleton) volume loss. PLA is a solid substance that
is diluted in water at the time of injection. The
water is absorbed within 2 weeks. PLA itself could
not be detected by ultrasound but its filling effect,
based on collagen production, may be visible over
time. One patient had received a first treatment of

radiesse

Figure 2. Hyperechogenic calcium phosphate, injected 3
months before in the deep dermal and subcutaneous
planes, prevents ultrasound penetration. In the untreated
skin on the left side, ultrasound penetration is visible.

polymelkzuur

Figure 3. Polylactic acid injected 7 weeks before above the
periosteal level of the temple. The distance between the skin
and the bone of the temple area was measured using ultra-
sound.

the temples with PLA 7 weeks previously. We
measured the distance between the skin and the bone
of the temple area with ultrasound (Figure 3, the
upper side of the picture is skin, the bottom is bone).
The patient returned 8 weeks after a second treat-
ment with PLA; ultrasound measurement shows an
increase in distance between the skin and the bone
(Figure 4), indicating a tissue-generating effect.

8 wkn na 2de beh sculptra

Figure 4. Follow-up ultrasound to measure the increase in
the distance between the skin and the bone 8 weeks after a
second treatment with polylactic acid.
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avergang pms [ lateraal

Figure 5. The tight fibrotic tissue due to silicon oil prevents
ultrasound passage. The borders of the fibrotic reaction are
clearly marked by echo waves passing through the un-
treated skin.

Silicone Oil

Silicone oil is injected using a microdroplet technique
into the skin and induces a fibrotic reaction

leading to nonresorbable, fibrotic tissue surrounding
the silicone oil. Figure 5 shows silicon oil, injected
more than 10 years previously in the nasolabial
fold. During clinical examination, there are no
visible signs of overcorrection or granulomas.

On palpation, firmer, homogeneous skin tissue can
be felt underneath the nasolabial fold. With
ultrasound, we cannot detect any product, but the
tight fibrotic tissue can be marked, because it

does not allow any sound wave to pass through,
leaving the structures and tissue underneath
unrevealed (shadowing). The borders of the

fibrotic reaction toward the right side of the
picture are clearly marked by echo waves

passing through the skin showing the deeper
structures.

Polymethylmethacrylate

Polymethylmethacrylate (PMMA) is a permanent
product that induces a fibrotic tissue reaction and is
mainly injected into the subcutaneous layer.
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artecoll

Figure 6. The tight fibrotic tissue due to polymethylmeth-
acrylate prevents ultrasound passage.

Figure 6 shows PMMA, injected more than 10 years
previously into the nasolabial fold. With examina-
tion, the fibrotic tissue reaction can be seen, and on
palpation, firmer, homogeneous skin tissue can be
felt underneath the nasolabial fold. Ultrasound
shows an image of shadowing due to the fibrotic
reaction similar to that seen with silicone oil.

Polyalkylimide

Most of the patients presented to our clinic with
complications after treatment with polyalkylimide.

Polyalkylimide is a nonresorbable, biocompatible,
hydrophilic gel consisting of 96% water and 4%
polyalkylimide. It can be injected subcutaneously to
correct volume loss. On ultrasound, the hydrophilic
polyalkylimide appears as an anechogenic (cystic)
black lesion with distinct, echogenic walls (left side
of Figure 7).

Complications

During facial ultrasound examination, the following
complications due to fillers were visible (Table 4).
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Figure 7. The hydrophilic polyalkylimide appears as a cystic
black lesion. Fibrotic hardening of the product can be seen
on the right side as a more grayish reflection around and
within the product.

Hardening of the Filler: During clinical examination,
hardening can be felt and is often visible. With
ultrasound, the fibrotic hardening of a product

will reflect more sound waves than polyalkylimide
alone and can be seen as a more grayish reflection
around and within the product (right side of

Figure 7).

Migration of Filler: Migration is a possible compli-
cation. In a patient treated with polyalkylimide to
correct volume loss in the cheeks, a disfiguration of
bulging appeared in the lower eyelid and was seen
and palpable (Figure 8). As shown in Figure 7,
with ultrasound we were able to identify the bigger,
original depot of polyalkylimide in both cheeks

followed by a droplet pattern of polyalkylimide
migrating upward toward the medial lower eyelid.

Granuloma Formation: A possible complication of
fillers based on tissue regeneration is a granuloma,
which can be noticeable in the skin and is palpable as
a hard nodule (Figure 9).

With ultrasound (Figure 6) a small, slightly more
echogenic oval shaped area is visible within the
fibrotic anechogenic tissue, indicating remaining

product.

Placement of Filler: One patient presented with
persistent swelling and irritation of the left lower
eyelid after treatment with HA in the deeper planes
of the orbital rim and cheekbones. Swelling had
initially been treated successfully with hyaluronidase
injections and prednisone orally but recurred after
stopping therapy.

With ultrasound, pockets of HA were located in the
deeper subcutaneous layers. The filler was placed
correctly, but one deeper pocket was seen to be
situated directly near a vessel on the ultrasound
(Figure 10). Hyaluronidase was injected under
ultrasound guidance in this pocket. At follow-up, the
swelling had disappeared, and the pocket of HA
had almost disappeared; declining pressure on the
vessels is visible with color flow (Figure 11).

In two patients, ultrasound examination was used
after the treatment filler procedure. Both patients
were treated with HA for volume restoration; one
patient was treated with 2 mL of HA in each temple;

TABLE 4. Ultrasound Findings of Adverse Events (AEs)

Product AE Ultrasound Finding Time Frame AE
Bio-alcamid (polyalkylimide) Migration Pattern of small, 2-6 years after
hypoechogenic droplets treatment
Bio-alcamid (polyalkylimide) Fibrotic Stronger fibrotic reflections 2-6 years after
hardening seen as a more grayish color treatment
around and within the filler
Voluma hyaluronic acid Wrong Compression of vessel Directly after treatment
placement
Artecoll polymethylmethacrylate Granuloma Slightly hyperechogenic Years after treatment

oval shaped area

53



Chapter 5.1

Figure 8. Hardening and migration of polyalkylimide from
the cheek to the area under the eyelid.

the other patient was treated with 2 mL of HA in
each cheek bone. Before treatment, exploration of
the treatment area was performed with ultrasound;
arteries and veins in the superficial and medial level
were located. No other fillers or abnormalities were
seen. The distance between the skin and the bone
was measured.

Just before injection, the tip of the needle was placed
on top of the periosteum. Ultrasound was performed
during the entire injection to ensure the material was
injected on the periosteum. After injection, correct
placement was seen, and the distance between the
skin and the bone was measured again directly after
treatment.

Figure 9. Visible fibrotic tissue reaction after polymethyl-
methacrylate injection in the nasolabial fold.
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Figure 10. High vessel pressure caused by a depot of in-
jected hyaluronic acid (black lesion).

During a control visit 3 months after treatment, a
follow-up ultrasound was performed in both pa-
tients, and the location of the product over time and
longevity was assessed by measurement of the dis-
tance between the skin and the bone (Figure 12).

Discussion

Current knowledge of fillers is mainly based on

12,13

product information, clinical examination, and

some histological findings. The latter is limited

Figure 11. Same vessel as in Figure 10. Normal pressure
after hyaluronidase injection in the hyaluronic acid (now al-
most disappeared).
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3 mnd na beh

Figure 12. Hyaluronic acid (hypoechogenic black lesions)
placed 3 months before just above the periosteal level of the
temple.

because most patients are reluctant to have a biopsy
taken from their facial skin, and even if a biopsy is
obtained, the information is limited to the area from
where the piece of skin was taken.'*

Adding the use of ultrasound to our clinical findings
may broaden our knowledge of fillers.

We realize that, in this study, the majority of ultra-
sounds performed were regarding polyalkylimide
and that most patients had ultrasounds because of
complications with regard to fillers.

We need more data to confirm different filler echo
densities in correlation to their characteristics. If
these are consistent, ultrasound examination may
add useful information such as degradation, the
location of fillers over time, and complications such
as migration. Used in clinical research, it may lead to
a better understanding of the product and increase
safety. For tissue-generating fillers, it would be
interesting to investigate whether ultrasound may
add useful information by measuring the volume
increase due to collagen production. Whether
ultrasound may add value in the treatment of
complications needs to be evaluated.

Good understanding of, and skills in, ultrasound are
necessary. Some structures in the tissue may have the
same echo visibility as fillers. By adding Doppler
ultrasound (which can detect and measure blood
flow) or looking at a different plane or angle,
differentiation between vessels, muscles, and fillers
was established. Ultrasound information can be
interpreted only in conjunction with adequate
history taking, clinical examination of the face, and

product knowledge.

We used the 13 MHz ultrasound. We may investigate
which resolutions between 13 and 20 MHz are
even more accurate to explore fillers in the
different layers of the skin and tissue underneath,
because skin examination using ultrasound

with a higher resolution (20 MHz) has recently been
described.’
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1 | INTRODUCTION

Cosmetic medicine is a continuously growing field, including mini-
mally invasive treatments with resorbable dermal fillers. Hyaluronic
acid fillers are the most commonly used products. According to the
American Society of Aesthetic Plastic Surgery, over 2.4 million treat-
ments were performed with hyaluronic acid fillers in 2016.

As most patients treated are healthy people looking for a cos-
metic improvement, the treatments performed should be as safe
as possible. Although these fillers are known for a reliable safety
profile, adverse events do occur.>® Complications can be caused
by the product itself (too strong cross-linking of the product),
the product-host interaction (allergic reactions, inflammatory
responses), or the injection technique performed (accumulation or
dislocation of the product due to muscle movement, intravascular
injection, or vascular compression of filler material).>* In its most

serious form, intravascular injection or vascular compression of

| Tom S. Decates® MD | Peter J. Velthuis® MD, PhD

Background: Hyaluronic acid fillers are known for a reliable safety profile, but com-
plications do occur, even serious vascular adverse events.

Objective: To improve the safety of hyaluronic acid filler treatments.

Methods: Ultrasound is used to image hyaluronic acid fillers.

Results: Before a filler treatment is performed with ultrasound, previous filler treat-
ments can be brought in to sight and vascular mapping can be performed. In case of
adverse events, the filler and the surrounding tissues are visible. Dislocation,
abscesses, and vascular adverse events can be seen. Under ultrasound guidance,
hyaluronidase can be injected directly into the filler deposit.

Conclusion: Ultrasound examination can be an important tool to improve the safety

of hyaluronic acid filler treatments.

complications, cosmetic dermatology, filler, hyaluronic acid, safety, ultrasound

filler material can lead to skin necrosis or, in rare cases, blind-
ness.> It has been suggested that the minor signs of vascular
compression may be misinterpreted as injection-related bruising,
pain, and swelling.”

Guidelines and other articles focused on hyaluronic acid fillers
are published in order to minimize potential damage to skin and
underlying tissue 81!

Hyaluronic acid fillers come with the advantage of being dissolv-
able with hyaluronidase in case of complications.*? If this is neces-
sary, identifying the location of the filler in the skin is important as
hyaluronidase should be injected into the filler mass. However, when
the filler is placed deep dermally, detection can be very difficult.

Doppler ultrasound (duplex) is commonly used in dermatology to
evaluate dermatological conditions of the skin and vascular structures,
1314 specifically in the diagnosis of venous disease of the lower leg.

Yet, it can also help to improve the safety of hyaluronic acid filler

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in

any medium, provided the original work is properly cited and is not used for commercial purposes.
© 2018 The Authors. Journal of Cosmetic Dermatology Published by Wiley Periodicals, Inc.
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injections in two distinct ways. First, it is possible to identify the filler in
case of a complication.*>*¢ Second, prevention of complications will be
improved by locating the important vascular structures and earlier filler

treatments in the projected area before a new treatment is performed.

2 | ULTRASOUND FOR FILLERS

An ultrasound device consists of a probe and a processor. The probe
will generate a sound wave that penetrates body tissue. Sound
waves interact with the tissue and become progressively weaker in
strength as the waves are absorbed or scattered. Part of the sound
waves is being reflected. The reflected sound waves, picked up by
the probe and directed to the processor, are transformed into a digi-
tal image. Based on echogenicity Table 1, a filler, or its reaction in
tissue, will be imaged as hyperechoic (white on the screen), hypoe-
choic (gray on the screen), and anechoic (black on the screen). Tis-
sues are isoechogenic if they show the same echogenicity as the
neighboring tissue, which makes these two tissues indistinguish-
able.r”

When a Doppler system is integrated with the ultrasound, the
device is named duplex. With a duplex machine, blood flow is made
visible on the screen in red and blue colors. Herewith, blood vessels
can be identified in conjunction with other dermal structures.

Fillers come in different formulae, but they have hydrophilic or
hydrophobic characteristics.

All hyaluronic acid fillers are able to bind water and are thus
hydrophilic. As water content does not reflect the sound waves, hya-
luronic acid appears black (an echogenic) or light gray hypoechoic)
on ultrasound Figure 1.28 The ubiquitously used hyaluronic acid fil-
lers come in different particle sizes, meant for different applications,
and are placed in different layers of the skin and subdermis.
Depending on the technique, a treading line of multiple dark depos-
its can be seen, specifically when a cannula is used Figure 1 or a
large dark deposit bolus injections for volume replacement) may be

visible Figure 2.

3 | ULTRASOUND TO IMPROVE THE
SAFETY OF HYALURONIC ACID FILLER
TREATMENTS

At our ambulant cosmetic university hospital clinic, we routinely use

ultrasound examination to minimize risks, but also to locate and

TABLE 1 Grayscale of echogenicity

Echogenicity The ability of a tissue or substance to reflect sound
waves and produce echoes

Anechoic No echoes, appears black on ultrasound

Hypoechoic  Less reflective and lower amount of echoes, appears as

varying shades of dark gray

Hyperechoic  Highly reflective and echo-rich when compared to
neighboring structures, appears as varying shades of

light gray

Isoechoic Having similar echogenicity to a neighboring structure

PRESET 1 LAS23

FIGURE 1 Multiple deposits of hyaluronic acid filler, two
anechoic deposits (black)and one hypoechoic deposit”

FIGURE 2 Oval-shaped hypoechoic single deposit of hyaluronic
acid

identify fillers in patients with side effects who are referred to us.
With ultrasound/duplex examination, skin, the underlying tissue
including muscles, veins, and arteries can be made visible. At the
same time, any filler can be brought into sight, measured in pocket
size, and the plane of injection can be seen. We experience that the
use of duplex provides an important improvement in the safety of

dermal filler treatments.

3.1 | Previous filler treatments

Not only hyaluronic acid but also all fillers are visible with ultra-
sound.*>? Patients who had previous filler treatments may not
always remember the type of filler and the place and plane of injec-
tion. Yet, different filler substances may give unwanted side effects,
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FIGURE 3 Inflammatory response of polymethylmethacrylate
after hyaluronic acid filler is injected in the corners of the mouth.
Note: the upper lip and chin are also responding

FIGURE 4 Polymethylmethacrylate visible with ultrasound

when mixed. Figure 3 shows the lower face of a 61-year-old woman.
She was previously injected with polymethylmethacrylate (PMMA).
After a hyaluronic acid filler was injected in the corners of the
mouth, she developed an inflammatory response of polymethyl-
methacrylate (PMMA). The upper lip and chin were also responding
with an inflammatory response, although not treated with hyaluronic
acid. Using ultrasound before a filler treatment can help to distin-
guish between the different types of fillers used previously and thus
to avoid complications Figure 4.
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FIGURE 5 Locating artery with duplex

FIGURE 6 Longitudinal view of corresponding artery

3.2 | Anatomical mapping

Serious complications of filler treatments are intravascular injection
or vascular compression of filler material leading to skin necrosis or,
in rare cases, blindness. As these vessels are not visible clinically,
prevention is extremely important. Guidelines advise to use an
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FIGURE 7 Under ultrasound guidance the needle is inserted in
the filler deposit top right

B F 12 MHz G 79% CFM F 6.6 MHZ G 76%
D 5 cm XV 1 PRF _1.4kHz

PRC 15-4-H PRS 3 PRC 2-L-H PRS 5
PST WF L

FIGURE 8 Vascular adverse event, hyaluronic acid filler deposit
compromises vessel

FIGURE 9 Crusting on under lip

FIGURE 10 Healing of the under lip, no scarring

adequate injection technique such as cannulas and to inject
slowly.+2%21 Most of all, anatomical knowledge of the face and the
course of veins and arteries is crucial. Unfortunately, individual varia-
tions in facial artery anatomy may exist.222* Ultrasound allows visu-
alization of the facial arteries and veins of the proposed treatment
area and is a noninvasive imaging tool for vascular mapping before
the treatment is started.

Vascular structures appear anechoic black, containing liquid) and
linear when the transducer is in the same line as the vessel, or circu-
lar when the transducer is placed on a section of the vessel. Duplex
sonography B-scan ultrasound combined with color Doppler ultra-
sound) helps to distinguish structures with movement, for example
blood moving within vessels. Color Doppler blue vs red) can also be
used to determine the direction of the blood flow when needed Fig-
ures 5 and 6.

3.3 | Treatment of adverse events with ultrasound

Recently publicized protocols and guidelines describe how to treat
unwanted adverse events.?* In our experience, dissolving the filler
will terminate most of the adverse events. As mentioned above, hya-
luronic acid fillers are easily seen with ultrasound. The pocket size
and the location of the filler can be brought into sight. Under ultra-
sound guidance, hyaluronidase can be injected directly into the filler
pocket causing the adverse event Figure 7.

Dislocation, overcorrection of product, and vascular adverse
events can be treated in this way to eliminate the cause of the prob-
lem. In case of an inflammatory response, temporary medication as
antibiotic treatment may be needed as adjuvant treatment. Special
attention is given to vascular adverse events as intravascular injec-
tion of filler material or vascular compression Figure 8 may lead to
severe complications as necrosis. The use of ultrasound is very help-
ful in the treatment of these complications and in the treatment out-
come. In Figure 9, the beginning of crusting as a result of a vascular
adverse event is seen. This was due to a hyaluronic acid filler treat-
ment in the right lower lip to obtain a lip augmentation. The
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prevention

ultrasound
examination

FIGURE 11 Ultrasound examination for filler treatment

referring physician described pain and blanching during injection.
Hyaluronidase (150U) was injected once under ultrasound guidance
in the hypoechogenic deposit. Immediate improvement was noted
by the patient, continuing throughout the day, with complete recov-
ery of her lip Figure 10.

4 | CONCLUSION

Ultrasound examination can be an important tool to improve the
safety of hyaluronic acid filler treatments. The amount, location, and
depth of the injected hyaluronic acid fillers can be identified. With
some practice, it makes a precise intralesional delivery of hyaluroni-
dase possible. As prevention, duplex ultrasound can be used to iden-
tify vascular structures in the proposed treatment areas Figure 11.

The learning curve to use and interpret duplex ultrasound pic-
tures is, in our experience, not too steep. Small probes with direct
connections to tablets are becoming more and more available for
reasonable prices. We feel that these devices should be available in
any office of a doctor using hyaluronic acid-based fillers.
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Abstract

Background: Hyaluronic acid fillers are known for a reliable safety profile, but complications do

occur, even serious vascular adverse events .

Objective: To improve the treatment outcome after an vascular adverse event safety of
hyaluronic acid filler treatments

Methods: Duplex / ultrasound is used to detect the hyaluronic acid filler causing the intra-
arterial obstruction

Results: If treated in time, one single treatment of ultrasound guided injections of hyaluronidase

into the filler deposit will prevent skin necrosis.

Conclusion: As the use of duplex / ultrasound adds extra essential information, its use may

become an integral part of the prevention and treatment of injection adverse events.
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Capsule summary

e Vascular adverse events caused by hyaluronic acid fillers may lead to skin necrosis. To prevent
necrosis, the use of hyaluronidase to dissolve the filler remains the first treatment option ¢ The
use of duplex / ultrasound adds essential information and should be a priority in the treatment
of vascular adverse events
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Introduction

The popularity of robust hyaluronic acid (HA) fillers for facial contouring has seen a dramatic rise
in the past years leading to their dominance in the aesthetic marketplace?. The hyaluronic acid
molecule itself is a high—-molecular weight polysaccharide, which, at physiologic pH, binds water
extensively, is completely resorbable., and therefore biochemically considered to be a safe
compound-3. However, even with safe degradable products, the techniques and treatment
protocols employed by physicians must portend a low rate of adverse events. The Department
of Dermatology, Erasmus Medical Centre, Rotterdam has established an out-patient clinic for
filler complications that treats patients referred for both product related (inflammatory
responses and allergic reactions) and injector related adverse events which include
overcorrection, injector nodules, malar edema, dislocation and accumulation of product (due to
underlying muscle movement), and vascular events #>%7, The frequency seen at the clinic of
intravascular complications leading to skin necrosis or blindness is as of this publication (April
2019) noted to be twice monthly . An increasing number of articles and guidelines have
recently been published regarding these disastrous complications, including a safety warning of

the FDA on its website in 2015 4+7.8910,11

One of the advantages of HA fillers is their dissolvability with hyaluronidase in the event of post-
injection complications. Commercially available hyaluronidases serve as endoglycosidases that
cleave the glycosidic bonds inducing depolymerization>*2 and a reduction of the normal high
viscosity and lubricating action associated with the various HA roles in tissues . The clinical
safety record in humans for hyaluronidase is well established, dating back more than 50 years,

with an allergic reaction as the most serious complication occurring at an incidence of 1:2000%4.

For a vascular adverse event leading to skin necrosis, the use of hyaluronidase (HAse) remains
the first line of treatment®'113, Hyaluronidase has been shown to penetrate through thin vessel
walls, but from a mechanical perspective will be limited in reaching the distal part of the HA
filler obstruction in the blocked vessel 161718 Therefore, the current leading guideline involves
the use of pulsed high-dose hyaluronidase in one hour intervals in order to bathe the obstructed

vessels in a concentration sufficient enough to diffuse across the arterial wall and then break
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down the HA filler particles to metabolic products small enough to pass through the capillary
system. For each ischemic area measuring 3 x 3 cms, a minimum of 500 iu of hyaluronidase is
advised. It has also been recommended to keep the patient in the clinic for observation
between pulses for anywhere from three to eight treatment sessions until normal skin color

returnsté.

The outcome from this high dose protocol has shown to be very effective, as the majority of
patients treated did not develop necrosis nor was there any residual scar tissue. However, there
are several important drawbacks that should be noted with this therapeutic approach. The
treating physician must rely purely on clinical observation, therefore the precise location of the
vessel obstruction within the zone of ischemia as well as the amount of filler is neither
detectable nor appreciated. The hourly, multiple pulsed injections of high dose hyaluronidase
over the ensuing hours has intendant skin trauma, is arduous, and often leads to exhaustion of
both the patient and the physician abandoning the treatment until the subsequent day*81°.
Finally, the high dose of hyaluronidase required to penetrate the vessel wall increases the risk of
possible retinal toxicity in the event of inadvertent intravascular deployment, especially in the

periorbital region.

It is with this understanding, that the use of a duplex/ultrasound (DUS) device was investigated
for vascular mapping in high risk zones pre-injection, as well as to determine both quantity and
location of the HA to guide treatment in those cases of vascular compromise?’. A comparison of

current hyaluronidase protocols and ultrasound-guided therapy is listed in Table 1.
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Table 1. Comparison of Current HAse Protocols and Ultrasound-Guided HAse Injections for
Intravascular HA Events

High dose protocol Ultrasound guided

Prior avoidance of vessels in No Yes

high risk areas by vascular

mapping

Amount/extent of filler No Yes

determined

Treatment timing Immediate Immediate

Dose interval Hourly for 3-8 hours Once

Hyaluronidase Dose High (>500iu) Low (35-50iu)

Ancillary Tx None None

Treatment Outcome Very Good (partial to full Excellent (full resolution if
resolution) performed early)

Special equipment necessary | No High frequency Doppler US

In our referral centre specialized in filler complications, the nine year plus experience with
ultrasound in detecting fillers and their complications has evolved to its implementation for the
emergency treatment of vascular adverse events. With high frequency ultrasound, the depth,
location and injectate size of all soft tissue fillers including hyaluronic acid fillers are visible and

can be differentiated as to their composition?%22:23:24,

HA fillers are extremely hydrophilic (water binding) and thus are visualized by DUS as anechoic
to hypoechoic lesions?1?42¢_ The injected hyaluronic acid depots are well defined. During
breakdown, the characteristics of fillers may change as does the appearance of fillers with
ultrasound?®®. HA fillers have an anechoic appearance immediate post-injection which gradually
changes to a more hypoechoic lesion over the ensuing months as the filler tends to integrate
into the surrounding tissue over time. It may then only by perceptible as a hypo to isoechoic

structure which is recognizable as it disturbs the normal architecture of its surroundings.
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Material and methods

Twenty one patients from July 2018 to May 2019 were enrolled in this retrospective study. All
were referred to the out-patients clinic of the Erasmus University Medical Centre for vascular
occlusion after hyaluronic acid injections in the face. Eligible patients were 18 years or older.
Exclusion criteria included earlier use of permanent facial fillers, a vascular occlusion caused by
a non-HA filler, pregnancy or intent for pregnancy or the presence of an inflammatory condition

of the face. Informed consent was obtained from all patients.

The location of intravascular injection, the time between onset of vascular adverse event and
treatment, the amount of HAse units of treatment were recorded. Furthermore, complete

recovery was labeled as positive when no obvious scarring was left after skin healing.

Upon arrival at our out-patient clinic, all patients underwent physical and DUS examination of
the affected area. After this the treating physician would attempt to inject 35-50 units of
hyaluronidase into the obstructing intravascular bolus of filler under ultrasound guidance.
Ancillary therapy instituted to increase blood flow were aspirin (ASA) and the application of
warm compresses. In those cases of delayed referrals where disruption of skin integrity was
visible or the presence of necrosis was evident, oral antibiotics were prescribed to prevent

superinfection.

Immediately after an intravascular deposition, the freshly injected hyaluronic acid is detectable
as a black (anechoic) well defined lesion. With the DUS in duplex mode, blood vessels can be
distinguished from the surrounding tissues as the blood flow is visible on the screen in pulsating
red and blue colors. In normal vessels, laminar flow as seen with duplex ultrasound relates to
successively higher velocities (a gradient) from zero at the walls to a maximum along the
centerline of the vessel. Most filler obstructions are not truly 100% obstructive, varying from
stenosis to near complete blockage. Both of these situations lead to disrupted laminar flow
with marked turbulence. This turbulence is depicted as a combination of red and blue colours

on the duplex ultrasound. Laminar flow recovers at some distance from the stenosis. (figure 1).
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Fig 1 Hyper vascular artery with hypoechoic pocket of hyaluronic acid filler
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Results

Twenty one patients referred with a vascular adverse event due to hyaluronic acid fillers were
treated with ultrasound-guided hyaluronidase injections ( Table 2). Vascular occlusions were
located at the lips (n=8), the nose (n=4), the forehead (n=3) and the chin (n=4), the cheek (n=2)
and . The involved arteries were the angular artery (n=3), the superior labial artery (n=9), the
submental artery (n=2), the inferior labial artery (n=2), the columellar artery (n=2) the
transverse facial artery (n=1), the superficial temporal artery (n=1), the supratrochlear artery

(n=3) and the facial artery (n=1).

Under ultrasound guidance, typically 35-50 units of hyaluronidase (Hyalase, 125 units per 1 ml)
were injected (minimum of 35 units and a maximum of 150 units).into the hyaluronic acid
deposits responsible for the occlusion (Table 2), resulting in immediate restoration of blood flow
(figure 3 ¢, 3d). Clinical improvement of the livedo reticularis aspect of the skin was noted after

restoring the blood flow.

Table 2. Patients and Outcomes

Location Artery Units of | Delay in Number of | Complete
HAse treatment | treatments | recovery
time
1 | Nose Angular artery 35 1 day 1 Yes
2 | Nose Angular artery 65 4 hours 1
Yes

3 | Nose Angular artery 35 1.5 days 2 Yes

4 | Nose Facial artery, superior | 60/60 | 1day 2 Yes
labial artery

5 | Lip Superior labial artery, | 45 /45 12 hours |1 Yes
columellar artery

6 | Lip Superior labial artery, | 40/40 3 hours 1 Yes
columellar artery

7 | Lip Superior labial artery | 40 4 hours 1 Yes

8 | Lip Superior labial artery | 50 3 days 1 Yes

9 |Lip Superior labial artery | 40 1 day 2 Yes

10 | lip Superior labial artery | 40 1 day
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11 | Forehead Supratrochlear artery | 35 4 hours 1 Yes
12 | Forehead Supratrochlear artery | 35 8 hours 1 Yes
13 | Forehead Supratrochlear artery | 150 2.5 days 1 Yes
14 | Chin Submental artery 50 4 days 1 Yes
15 | Chin Submental artery 75 1 day 1 Yes
16 | Chin Inferior labial artery 60 1.5 days 1 Yes
17 | Chin Inferior labial artery 50 8 weeks 1 No
18 | Parietal area | Superficial temporal 75/50 3 weeks 2
artery
19 | Lip Superior labial artery, | 45 /45 3 days 2 Yes
columellar artery
20 | Mandibula Transverse facial 80/50 3 days 2 Yes
artery,
21 | Lip Superior labial artery, | 40/40 3 days 2 Yes
columellar artery

In seven patients (3,4, 9, 18-21), a second treatment session was performed within 24 hours of
the initial treatment. The blood flow had been restored with the first treatment however the
second treatment was scheduled as an DUS checkup to clear some more defragmented
hyaluronic acid pockets known to stimulate angiogenesis 2. Two patients (3 and 9) with signs of
developing necrosis before DUS guided filler removal were advised to get hyperbaric oxygen
therapy as well. In these cases, we are not sure whether restoring the blood flow alone would
have been sufficient as a standalone treatment. Patient 4 with a vascular injection leading to
necrosis in the glabella area and the dorsum of the nose, had restored flow of the glabella area
after initial hyaluronidase treatment. The following day she developed some pustules over the
dorsum of her nose; ultrasound application at this time revealed another (sidetracked) pocket
of HA which was treated with HAse with resultant clearing of the ischemic area of the nasal
dorsum.

The remaining vascular adverse events (except for patient 17) were resolved with one DUS-
guided hyaluronidase injection (figure 2,3). Patient 17 was referred for treatment with a delay
of 8 weeks. She described pain during injection in her chin followed by pustules and necrosis.
She had been treated with one injection of hyaluronidase directly after filler treatment and had

recovered slowly with some scarring of her skin, but there was still a livedo aspect to the skin of
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her chin. With ultrasound, a hypervascular aspect to the inferior labial artery was visualized, still
surrounded by a hypoechoic well-defined homogeneous deposit of hyaluronic acid and

decreased distal flow. Multiple collaterals were visible as well. Ultrasound guided injection of

hyaluronidase cleared the persistent livedo aspect.

Patient No. 4 before (figure 2) treatment and one day following (figure 3) single treatment with

ultrasound-guided HAse injection.
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Discussion

Multiple hypotheses on the pathogenesis of filler-induced necrosis have been proposed, but the
exact mechanism for tissue ischemia is not fully understood. Current theories include arterial or
venous compression and intra-arterial injection leading to ischemia?°.

The vascular compression theory holds that a large volume of filler injected into a tight space or
scarred region, or as a consequence of intradermal bleeding or edema, may result in occlusion
of the vasculature and in subsequent ischemia3%3132, However, clinical and histopathologic
observations support the fact that the embolic consequence of intra-arterial filler injection is
the culprit in causing tissue ischemia and necrosis3'3* . The exact etiology of the ischemia
being due to embolization of filler particles into the end arterioles none-the-less has been
disputed based on the fact that crosslinked HA gels exhibit high bio stability 3> 3637, A further
participant in the occurrence of ischemia may be the phenomenon of arterial spasm.

The face has a very extensive vascularity with numerous communicating branches between
both direct and indirect linking vessels in the coronal, sagittal, and transverse planes3®3°. These
communicating branches consist of two quite distinct and different types of arteries. The first
type of interconnections is less frequent and consists of vessels that are constant in caliber: the
true anastomoses. The second and most common interconnections are formed by means of so-
called choke vessels#%42, These anastomotic vessels have the functional ability to go into spasm,
reducing their vessel caliber and by this, controlling blood flow. It is thought that this additional
protective mechanism will ensure vascular flow to the skin if needed, but on the other hand will
minimize flow to restrict necrosis in the event of damage. What triggers these vessels to go into
spasm, whether it is critical perfusion pressure, oxygen tension, reaction to a toxin, or anything
else, is unknown**2, Although well tolerated in skin, intravascular hyaluronic acid has shown to
be strongly irritant and to be very potent in inducing a strong inflammatory response within the
wall of blood vessels?. Thus, it is not improbable that an embolus of hyaluronic acid injected
into an artery will lead to inflammation of the vessel wall. This has been postulated to induce
spasm of the anastomotic connections around its anatomical perimeter in order to restrict
necrosis, provided that these vessels are reduced-caliber choke anastomoses®?.

The observations with DUS examination supports this intra-arterial choke hypothesis. The
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arteries before the obstruction are hypervascular with an absence of flow in the ischemic area
and most important, there is an immediate recovery of arterial flow after ultrasound guided
hyaluronidase injection into the HA filler deposit. In our cases studied above, only the filler
deposit causing the intravascular event was dissolved, followed in each case by a clinical
improvement of the livedo aspect. This may imply that the compromising perfusion at the level
of the capillary bed is the result of a filler deposit at the root of the bigger artery, leading to
protective spasm of the choke anastomoses rather than arteriolar occlusion due to filler
particles pushed through the capillary system. This would also explain the almost direct clearing
of livedo aspect once the filler deposit causing the vascular event is dissolved, as the spasm will

be neutralized.

However, if the connection by which the filler material is transported is a true anastomosis,
without the possibility of reduction of caliber, the filler may get sidetracked into other branches
of the vessel leading to a second ischemic area*?. Indeed, with DUS examination these
sidetracked filler depots can be visualized (No 4,5,6 table 2). For example, during a vascular
adverse event, filler material was found both in the superior labial artery and further away in
the columellar artery.. Undoubtedly, the use of DUS is a valuable source of critical information
on vascular adverse events, however, more extensive research in this area, as in the case of

ocular vascular events**, is definitely warranted.

The chemical composition and physical properties of HA fillers differ by HA concentration,
amount of cross-linking, particle size, extrusion force, and elastic modulus. Thus, the available
hyaluronidases have variable interactions in a time and dose dependent manner“°. Differences
in sensitivity of specific fillers to enzymatic degradation seem to affect tissue residence time and
the speed at which the product is dissolved*>#¢ . To overcome this issue in urgent cases of
intravascular occlusion, higher doses of hyaluronidase are recommended to compensate for
possible relative resistance of the gel to degradation #>-4°. However, with ultrasound-guided
injection of hyaluronidase, an average injected dose of 35-60 units per deposit was sufficient in

most cases, independent of the type of HA filler used. A possible explanation may be the precise
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injection into the targeted HA deposit requiring a lower amount of units.

As in all fields of therapeutic medicine, the development of initiatives to ensure safety in the
aesthetic arena is paramount for optimal patient outcomes. The use of DUS for facial arterial
mapping, safe deployment of hyaluronic acid and directed low-dose hyaluronidase reversal of
impending intravascular adverse events is a welcome technological advancement. Although
training in the use of ultrasound and its interpretation is required, the learning curve is rapid
and ongoing practice is necessary. As the use of DUS adds essential information, it is the
authors’ opinion that this modality will inevitably become mainstream as an integral part of the

prevention and treatment of injection adverse events.
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Abstract

Background: There is a steady increase in publications about the use of ultrasound
and filler treatments, written by physicians from different specialties. The terminol-
ogy used to describe the ultrasound images of fillers is not uniform, making the dif-
ferent articles difficult to compare. Standardization of the descriptions based on their
basic sonographic parameters is recommendable.

Aims: The purpose of this study is to propose a nomenclature for the sonographic
description and reporting of cosmetic fillers.

Methods: An assessment of articles indexed for MEDLINE/PubMed and Embed elec-
tronic database was conducted; in total of 39 articles could be included.

Results: All articles were investigated for their sonographic descriptions of soft tis-
sue fillers. Ten parameters used for describing and monitoring soft tissue fillers were
distinguished.

Conclusion: The proposed sonographic descriptions for cosmetic fillers may contrib-
ute to a better standardization and understanding fillers ultrasound images in the
reports or literature.

KEYWORDS

fillers, nomenclature, review, ultrasound

1 | INTRODUCTION

Modern era ultrasound devices are small, portable, practical, and in-
creasingly affordable. Probes connectable to tablets or smartphones
including software are available worldwide. The technique allows
direct interaction with the patient. We feel that in the near future
ultrasound will be an indispensable diagnostic tool in any dermatol-
ogists office.

The use of ultrasound for imaging soft tissue fillers, has been
reported and recommended in a growing number of publications
during the last decade.’” The use of ultrasound is being promoted
as it is a noninvasive imaging modality that provides a good defini-
tion for studying the skin and deeper layers in real time, including

blood flow.812
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Currently, ultrasound is considered the first-imaging technique for
dealing with fillers and managing their potential complications,***°
because it can detect and identify the most common types of cosmetic
fillers,*>” including their anatomical location, size, and depth.*>*8 In
cases where filler treatments have been performed previously, it can
be helpful in patients without a clear history of fillers.***> |n the
clinical practice setting, ultrasound examination can support the di-
agnosis and treatment of early and late complications.*®1*722 |n the
case of hyaluronic acid fillers, hyaluronidase can be placed with ultra-
sound-guided injections exactly into the filler deposit.**?®

The use of color Doppler, as in other indications of ultrasound,
has been strongly suggested.”*>?! This allows observation of the
anatomical variants of the main facial arteries before treatment is

performed.?!
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For research purposes, ultrasound examination provides valu-
able information on the behavior, longevity, and interaction of the
filler within the tissues.?*??

All articles published describe the good visibility of different
fillers and consider ultrasound as an asset for cosmetic medicine as
it improves the safety of filler treatments. These papers have been
published by physicians from different specialties and backgrounds;
therefore, there is a wide range of terminology in the ultrasound
description of the same type of filler. Interpreting these different
descriptions may be confusing. For new applications, nomenclature
should be unequivocal. Standardization of the descriptions based on
basic sonographic parameters may lead to a better mutual under-
standing and interpretation. This paper examines ultrasound glos-
sary for soft tissue fillers.

2 | METHODS

An assessment of articles indexed for MEDLINE/PubMed and
Embed electronic database was conducted according to the PRISMA
guidelines (Jan 2000-May 2018), which was restricted to papers
published in English, using the relevant keywords: ultrasound [or]
sonographic [and] dermal fillers, soft tissue filler, injectable filler,
tissue augmentation, hyaluronic acid, collagen, poly-L-lactic acid,
polycaprolactone, calcium hydroxyapatite, polyalkylimide, poly-
acrylamide, silicon oil, dimethylsiloxanes, polymethylmethacrylate,
hydroxyethyl methacrylate lipofilling, complications, and adverse
events.

As this topic is an innovative, developing area of cosmetic medi-
cine, all studies excluding case reports were selected.

3 | RESULTS

In this assessment, a total of 39 articles (19 published in a journal
for dermatology, 11 for plastic surgery, 9 for radiology) published
between 2009 and 2018 could be included. Of these 39 articles, 12
described the ultrasound as a tool for research purposes, 10 to de-
tect fillers and 17 articles mention the follow-up and treatment of
complications.

All of these articles were investigated for their sonographic de-
scriptions of soft tissue fillers and described in Table 1.

Furthermore, the main parameters used for describing and mon-
itoring soft tissue fillers were grouped. In total, ten parameters were
distinguished. Among these, echogenicity was the most common
parameter reported. Echogenicity is the characteristic reflection of
sound waves generated by a tissue expressed in the gray scale. Four
scales are being used as follows:

e Anechoic when there are no echoes and the structure appears
black on screen.

e Hypoechoic when there are low reflectiveness and density of
echoes; a structure will appear as varying shades of gray.

e Hyperechoic when there is highly reflectiveness and an echo rich
structure when compared to neighboring structures; it appears as
varying tones of white.

e |soechoic when the structure appears with similar echogenicity to
a neighboring structure.

The other nine parameters extracted from the articles were texture,
border, shape, quantity, diameter, artifacts, internal characteristics, an-
atomical location, and evolution. However, the descriptions of these
parameters differed widely in the reports.

For example, the sonographic glossary will use the term “homog-
enous” or “heterogeneous” to describe the texture of a structure.
However, some articles mention “regular” instead of homogeneous.
Furthermore, sharp regular borders or distinct walls were re-defined
as “well-defined”. Inner spots or an irregular inner pattern were cat-
egorized as “internal echoes”.

All articles mention the anatomical location of the soft tissue
filler identified with ultrasound and most of them describe the filler
changes over time. The ten parameters and their subtypes were ex-
tracted from literature and shown in Table 2.

3.1 | Sonographic parameters for identifying and
reporting fillers

As mentioned above, the following sonographic parameters were
commonly reported in the articles and may be relevant for identify-
ing, monitoring, and reporting fillers:

3.1.1 | Echogenicity

Soft tissue fillers present distinctive sonographic patterns of echo-
genicity.'® For example, water-based (hydrophilic) fillers will give a
different ultrasound image compared with hydrophobic fillers. All
hydrophilic fillers are able to bind water and are usually injected
as a gel; therefore, the sound waves will easily pass through and
they appear as anechoic (black) on screen. Most hydrophobic fill-
ers are made from synthetic materials and do not degrade in tissue.
Examples of these fillers are silicon oil and polymethylmethacrylate
(PMMA).?’ These type of fillers contain microspheres that provoke
variable degrees of intense reflection of the sound waves; therefore,
they appear as hyperechoic (white) on the screen.*° Some fillers may
change in echogenicity over time as their water-soluble gel vehicle
may be reabsorbed.

3.1.2 | Texture

The texture within the deposits may be homogeneous or
heterogeneous.

Homogeneous: the filler deposit is uniform in echogenicity.
Heterogeneous: the filler deposit is not uniform in echogenicity.
For example, silicone oil tends to appear as homogeneously hypere-
choic.®#%932 |n contrast, polycaprolactone shows a mixed echoge-
nicity with a hypoechoic matrix that contains hyperechoic spots.31
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TABLE 1 Ultrasound descriptions of cosmetic fillers reported in
the medical literature

Hyaluronic acid

Scattered anechoic round structures pseudocysts,? fairly distinct
hypoechogenic (black) lesion with some hyperechogenic (linear)
reflections,® anechoic or hypoechoic round or oval pseudocystic
structures,” well-defined regular hypoechoic mass without any
signs of internal echoes, 2% oblong, homogeneous papule, with
an isoechogenic aspect,® mixture of iso- and hypoechogenic
pools,®? dark nonechogenic zone,* oval-shaped anechoic pseu-
docystic structures,’” cross linked: heterogeneous echogeneous
appearance of papulae,'” monophasic: homogenous papule that
was as dense as the surrounding tissue,'” small anechoic pseudo-
cystic structures,?? hyaluronic acid depots,?” anechoic pearls,?®
anechoic bubble with diffuse margins,?® largely anechoic with
internal echoes called “the sparkly lake sign”,?’

regular hypoechoic mass or band,*® well-defined, hypoechoic

subcutaneous lesions without any signs of internal echoes,?

t %3 anechoic (black) and hypoechoic

a well-defined

hypoechoic pseudocys
deposit 34

Calcium hydroxyapatite

Hyperechogenic tissue (shadowing),® hyperechoic deposits with
variable degrees of acoustic shadowing due to calcium,?® hyper-
echoic deposits with posterior acoustic shadowing artifact,”??
hypoechoic but with denser areas inside 2*

Polycaprolactone

Bright hyperechoic spots with a mini-comet-tail artifact within a
hypoechoic matrix

Polyalkylimide (PAIG)

Anechoic with water-like aspect in recent implants and corpuscu-
lated in older ones,'® hyperechoic mass with a distinct edge from
surrounding tissues, with small echoes inside,'! anechoic oval
pseudo cystic structures,?® hyperechoic mass with inner spots,?
oval-shaped anechoic pseudocystic structures,??2® hyperechoic
pattern surrounded by a wall 2

Polyacrylamide (PAAG)

Anechoic to hypoechoic lesions with distinct echogenic walls,®
hyperechoic mass with inner spots,*>?! anechoic round or
oval-shaped pseudocystic structures,’” hyperechoic mass and
containing a spot of linear diffusion of the material?! increased
hypodermal echogenicity in the vicinity of the deposits,?? hyper-
echoic pattern surrounded by a wall®*

Silicon oil

Hyperechoic deposits (snow storm) with high degree of sound
scattering, shadowing due to tight fibrotic tissue,® snowstorm
pattern,'>?* hyperechoic deposits with a posterior reverber-
ance that produces a “snowstorm” artifact ” hyperechoic, with a
posterior reverberation artifact,”’ strong acoustic shadow?*

Pure silicon

Anechoic? Anechoic round or oval-shaped pseudocystic struc-
tures,” oval anechoic lacunar areas??

Polymethylmethacrylate (PMMA)

Multiple bright hyperechoic dots producing mini-comet tail
artifact, ' hyperechoic dots producing mini-comet tail shaped
artifact,?? shadowing due to tight fibrotic tissue,® large and old
deposits may show reverberance) after 6 mo: posterior acoustic
shadowing artifact!’

(Continues)
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TABLE 1 (Continued)

Hydroxyethyl methacrylate (HEMA)
Diffusely hyperechoic appearance®®
Lipofilling
A well-defined, compact, finely textured area and are isoecho-
genic to slightly hyperechogenic,® lobulated hypoechoic deposits
with some hyperechoic linear septa,'’ area of hyperechogenicity
with regular margins®!

3.1.3 | Border

Hydrophilic fillers have a well-defined border whereas hydrophobic
fillers tend to be ill-defined.3%3! Resorbable polymeric fillers such
as polycaprolactone may change in contour over time, as the hydro-
philic gel carrier is being reabsorbed, the polyesters alone may re-
main visible as bright hyperechoic spots.*?

3.1.4 | Shape

Hydrophilic fillers tend to have an oval or round shape. Some syn-
thetic fillers that come in a gel such as polyacrylamide tend to
maintain their oval or rounded shape, echogenicity, and size during
extended periods of time, usually years.>3'3% |n contrast, pure hya-
luronic acid (noncross-linked) deposits tend to modify their shape
over months.?*%% Other filler may have a different appearance as

band- or mass-like.

3.1.5 | Diameter

The most widely used hydrophilic filler is hyaluronic acid. This filler are
meant for different treatment applications and duration and are in-
jected in different depot sizes.*® The diameter can be measured during

ultrasound examination, and changes in size may be followed up.?¢*

3.1.6 | Quantity

Depending on the technique, one large dark bolus injected for vol-
ume or a line of multiple deposits may be visible in the path of the

injection.?2®

3.1.7 | Internal characteristics

Some hydrophilic fillers such as hyaluronic acid present variations in their
echogenicity over time due to the loss of the gel vehicle that contains
the deposits and may become more hypoechoic and/or may show inner
echoes.®?%7%8 Examples of this situation are the long-lasting or cross-

linking types of hyaluronic acid and polymeric fillers with gel vehicles.®*

3.1.8 | Artifacts

Most hydrophobic fillers are made from synthetic materials and
do not degrade in tissue. On sonography, they show different
patterns of posterior acoustic artifacts which can allow their



Nomenclature proposal for the sonographic description and reporting of soft tissue fillers

TABLE 2 Description of parameters of sonographic fillers

Parameter
Echogenicity

Texture

Border

Shape

Quantity: when the deposits
can be delimited or separated

into units

Diameter: measurements in mm

orcm

Artifacts

Internal characteristics

Anatomical location

Evolution

Description
Anechoic

Homogeneous: the filler deposit
is uniform in echogenicity

Well-defined
Oval
Single

Small deposits: a representa-
tive sample of the size of the
deposits can be taken

Posterior Reverberance “snow
storm”

Internal echoes

Shape

TABLE 3 Sonographic descriptions for cosmetic fillers

Hyaluronic acid

Calcium hydroxyapatite

Polycaprolactone

Polyalkylimide

Polyacrylamide

Silicon oil

Polymethylmethacrylate

Hydroxyethylmethacrylate

Lipofilling

Well-defined oval- or round-shaped
anechoic homogeneous depos-
its without any signs of internal
echoes.

Well-defined band-like hyperechoic
deposit with posterior acoustic
shadowing artifact

|ll-defined hypoechoic matrix that
contain bright hyperechoic spots
with a mini-comet tail artifact

Hypoechoic mass, hyperechoic
pseudocapsule, containing a spot of
linear, sometimes an irregular pat-
ter of hyperechoic material within
the mass

Well-defined, oval-shaped anechoic
homogeneous deposits that pro-
duce posterior acoustic

lll-defined, hyperechoic mass-like
deposits that produce diffuse pos-
terior reverberation (“snow storm
pattern”).

lll-defined, hyperechoic mass-like
deposits that produce mini-comet
tail artifacts

lll-defined, hyperechoic mass-like
deposits

Hypoechoic, heterogeneous well-de-
fined oval-shaped mass-like deposit
(marker 2) with some hyperechoic
linear septa

Description
Hypoechoic

Heterogeneous: The filler deposit
is not uniform in echogenicity

Ill-defined
Round
Multiple

Wide or diffuse dispersion of the
deposits

Mini-comet tail

Septa

Size

Description Description
Isoechoic Hyperechoic
Band-like Mass-like
Posterior acoustic

shadowing

Hyperechoic

calcifications

Echogenicity Content

FIGURE 1 hyaluronic acid; two anechoic, homogeneous, well-
defined oval-shaped deposits, one of them between markers

FIGURE 2 Polyalkylimide: an anechoic, homogeneous, well-
defined, oval-shaped single oval deposit (without internal echoes)
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FIGURE 3 Polyacrylamide: anechoic, homogeneous, and well-
defined, multiple deposits with a slight posterior reinforcement
artifact

FIGURE 4 Calcium hydroxyapatite: two hyperechoic, well-
defined band-like deposits (arrows) with posterior acoustic
shadowing artifact

FIGURE 5 Silicon oil: hyperechoic, heterogeneous, ill-defined,
mass-like deposits that produce diffuse posterior reverberation
artifact (“snow storm pattern”)

identification.!* Silicone oil produces a high reflection and a
diffuse posterior reverberance artifact called “snow storm.”
Other fillers such as polymethylmethacrylate generate a strong
and tiny posterior reverberance of the sound waves which is
called mini-comet tail artifact. Additionally, these fillers may gen-

erate a dense fibrotic reaction around the particles of the material
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FIGURE 6 Polycaprolactone: hypoechoic, heterogeneous and
ill-defined matrix (arrows) that contains multiple bright hyperechoic
spots that present a posterior mini-comet tail artifact

't‘*’ T o e

T
Al o

FIGURE 7 Polymethylmethacrylate (PMMA): hyperechoic,
heterogeneous, ill-defined, mass-like deposits (arrows) that produce
mini-comet tail artifacts

that can produce areas with posterior acoustic shadowing

artifact.>2°

3.1.9 | Anatomical location

Another important point to bear in mind is that fillers used for in-
creasing the volume will be injected on a deeper plane, usually close
to the bony margin. In contrast, fillers for treating wrinkles are in-

jected more superficially,3%32

3.1.10 | Evolution

The intrinsic characteristics of each filler will generate variations in
their ultrasound appearance. For example, hyaluronic acid deposits
tend to modify their shape, decrease in size and become more hypo-
echoic over time.?”%8

In Table 3 and the Figures 1-8 underneath, these parameters are

applied to the most commonly fillers used.
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FIGURE 8 Lipofilling: hypoechoic, heterogeneous well-defined

oval-shaped mass-like deposit (marker 2) with some hyperechoic
linear septa that disrupt the architecture of the neighboring fatty
tissue of the subcutis. Marker 1 is showing the distance from the
epidermal surface to the bottom of the fatty graft

4 | CONCLUSION

In this article, we examined the terminology and parameters used to
describe soft tissue fillers. One of the current shortcomings is that
data and patient numbers described in the existing publications are
limited. More extensive data and prospective series are necessary
to evaluate and if necessary adjust the proposed parameters in the

future.

Although sometimes lacking sonographic glossary, most articles

focus on the same parameters.

A proposal considering ten sonographic parameters for iden-
tifying, monitoring, and reporting these deposits on ultrasound is
herewith provided. We notice that incorporating these parameters
improves an accurate and uniform terminology. It may serve as a
guideline for dermatologists using ultrasonography in their offices.
Furthermore, it may contribute to standardize future literature and

reports and facilitate the comparison of research.
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Chapter 6

The research described in this thesis is the culmination of a mounting realization that in the past we as
physicians have not been fully aware of the potential dangers we may be exposing our patients to when
performing filler treatments. What seemed a very simple procedure with biocompatible and hence ‘safe
materials, is now known to have a much greater impact on tissue and patients than anticipated when
aesthetic treatments began around 20 years ago.

’

Even now, much research on filler treatments is still in its infancy. Most published papers, including the
contents of this thesis, are mainly descriptive. In all new medical fields research begins in this way. In
cosmetic medicine it is particularly difficult to proceed because of the nature of the patients involved
and their ‘problem’. The patient’s appearance is paramount and few are willing to participate in any
type of medical research.

Filler substances and social behavior

Among the medical community, the first indication that injected filler substances might cause problems
became evident when inflammatory reactions were observed with poly-alkylimide (Bio-Alcamid®). In
2009, we published data that this substance was associated with complications in 4.8 % of treated
patients, a much higher percentage than that claimed by the manufacturer when the filler entered the
market (0.06%). A decade later we believe that this first estimate was too low, and that the complication
rate is more likely around 50%.

While it may now seem naive, it was only then that the realization came that filler chemical composition
might alter over time in vivo and thus affect their behavior and effects on human tissue. When first
injected, poly-alkylimide does not exert much tissue reaction. In marketing terms it is ‘very
biocompatible’. However, this changes when the product remains in the tissue for a longer time.
Specifically, once surrounded by subcutaneous tissue, the poly-alkyl-imide gel dehydrates and attracts
inflammatory cells. Since 2015, the use of all non-resorbable fillers has been banned in the Netherlands,
but HA fillers, the most popular resorbable fillers, are also gel-based and could potentially succumb to
dehydration. At the present time, no data have been published on HA filler biochemistry after injection.

A number of other factors aside from dehydration have also been implicated in filler complications. For
example, it is known that the degradation products of HA fillers can have an inherent biological activity,
with low molecular weight chains exerting pro-inflammatory actions?. Indeed, delayed inflammatory
reactions (developing weeks or even months after injection) have been observed with some HA filler
treatments >3. There is also an increasing tendency among patients to begin filler injections at younger
ages. The skin tissues of these individuals, sometimes as young as 16, may be constantly exposed to HA
substances for many decades. From a scientific point of view, the long-term effects of such an exposure
cannot yet be assessed in terms of risks and safety and much research is required in this area.

On the positive side, out of a total of almost 140,000 yearly filler treatments in the Netherlands 4, the
number of new filler complications seen at the Erasmus Medical Center is relatively low, particularly for
the HA fillers. In a retrospective study, 10% of all referred patients was about HA related complications.
However, this probably represents only a minority of the total number of complications °.
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Qualifications and competence

Among the HA filler complications that are referred to Erasmus MC, we estimate that approximately
50% are technique related. Physician training would therefore seem an obvious way of increasing safety.
Many doctors begin to treat patients after receiving only a 1- or 2-day course hosted by the supplying
company. Although it may appear quite simple to inject small amounts of HA filler in the cutis and
subcutis, for optimal efficacy and safety outcomes physician knowledge and expertise is essential. Some
of the problems observed after treatments performed by inexperienced doctors are described in table 1.

More training would also be valuable to raise the threshold of doctors entering the field. The latter has
been recognized by the Dutch Authorities, who have subsidized the development of a training program
for doctors in cosmetic medicine. Initiated by the Minister of Health, the Dutch Society for Cosmetic
Medicine (Nederlandse Vereniging voor Cosmetische Geneeskunde, NVCG) has receive a certified status
in 2019 for a 2-year educational program to educate and train physicians from different backgrounds in
cosmetic treatments. Potential barriers to this program include the high costs and the lack of available

patients willing to undergo procedures by inexperienced residents "% The term, Cosmetic Physician (in
Dutch: Cosmetisch Arts), has become a protected title that is only awarded to doctors who successfully
complete the program. This is a major step forward as it allows consumers to immediately recognize
doctors with specific and thorough training in cosmetic medicine. While doctors can refer to themselves
by other titles, e.g. ‘aesthetic physician’, all healthcare professionals, by law, must register in the
Individual Healthcare Professions Act (BIG-register), which is available for public consultation. The BIG-
register provides clarity about the care provider’s qualifications and entitlement to practice.

Location Technical error suspected Complication

Lower face Filler injected in muscle Nodules due to accumulation
of product

Mid face Filler injected in muscle Nodules due to dislocation of
product

Tear trough Incorrect indication Malar edema

Whole face Filler placed too superficial or Nodules, Tyndall effect

in excessive amounts

Table 1. Complications seen at Erasmus Medical Center as a result of incorrect injection technique

Ultrasound imaging

Most of the patients referred to the out-patient clinic at Erasmus Medical Center present with visible
and palpable facial nodules. Ultrasound has proved indispensable for the examination of these lesions.
This technology enables us to perform a real time assessment of the structures. Features of the nodule
such as volume, depth, internal structure, subcutaneous interconnections, and reactive inflammation of
the surrounding tissues can all be visualized®®. This information allows us to identify the type of filler
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injected.

In cases of vascular complication, the exact location of the causative blocking agent can be determined
and targeted with precise ultrasound guided hyaluronidase injections (in patients treated with an HA
filler), leading to an immediate restoration of blood flow.

High variable-frequency ultrasound (HVFUS) ranging from 6 to 25 MHz combined with color doppler at
a frequency of 7 to 4 MHz has become available in the past several years. It is capable of clearly defining
skin layers and deeper structures as well as vascularization patterns in real time. Ultrasound with
frequencies of 15 MHz or higher penetrates only a few centimeter into the tissue. It renders very good
resolutions of superficial structures®®. Skin layer morphology including changes in epidermal thickness,
subcutaneous tissue and deep structures (muscles, tendons, bone margins and regional lymph nodes)
can be clearly defined. A basic knowledge of the principles of ultrasound is essential for correct image
interpretation. The ultrasound waves travel through the skin and diffuse in fluid and surrounding tissue.
The resultant echoes (back waves) reflected by these structures will return to the screen and produce
an image. The intensity of the echoes in the image is known as echogenicity. Images with high intensity
echoes are referred to as echogenic or hyperechoic, those with low intensity as hypoechoic, and those
with no echo as anechoic or echo lucent. What determines the echogenicity of each tissue is the speed
at which the sound wave passes through it, and the quantity and intensity of the echoes returned to the
device. Like all body structures, fillers have their own echogenicity*%*>14,

Doppler is based on the principle that sound waves emitted by the transducer and by the reflector
move in relation to each other. Thus, Doppler can be used to visualize moving structures, such as blood
flow. On color Doppler, blood flow is differentiated by colors, while power Doppler illustrates the flow
volumel®*, At present, the clinical efficacy of ultrasound use remains to be proven, i.e. validation of the
echogenicity of the different fillers needs to be confirmed.

A methodological framework to guide innovative research and to protect patients from the potential
harms of any novel procedures has been proposed by the Balliol collaboration, a collection of
methodologists and clinicians who held a series of conferences at Balliol College Oxford in 2007-2009
(published in the Lancet as a series of three papers on surgical innovation and evaluation) 1151, This
proposal is based on five stages: Idea, Development, Exploration, Assessment and Long-term study
(IDEAL, table 2).

Stages 0-1 Stage 2a Stage 2b Stage 3 Stage 4
Innovation Development Exploration Assessment Long term
Number Single digit, Few, selected | Many, mixed | Many, variable | Almost all
and types highly but not all
of patients selected
Number of Very few Few, Many Many, early Most, late
surgeons Innovators majority Majority
Ethics Sometimes Yes Yes Yes No
Learning curve | No Yes Yes Maybe No
in
human beings
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Table 2: Stages of surgical innovation (IDEAL paradigm)

In terms of the IDEAL recommendations, the use of ultrasound for filler examination is currently at the
end of stage 2b, facing stage 3. One of the first publications reporting on the visibility of dermal fillers
was published in 2008 (stage 1), followed by other articles describing the use of ultrasound as a
research tool and in the management of filler complications (stage 2a). To elevate the use of ultrasound
into stage 3, the device has to be integrated into the day-to-day practice of physicians performing filler
treatments. For this to occur, clinicians need to be trained in Doppler-ultrasound techniques and their
interpretation °. In the Erasmus Medical Center Department of Dermatology, dermatologists and
residents with an interest in soft tissue filler procedures are educated in ultrasound examination.
Experience indicates that the learning curve is not steep. To reach a larger audience, an educational
project has been developed in collaboration with a group of radiologists (Cutaneous). The devices used
range from 4-12 MHz and are suitable for filler ultrasound examinations in daily practice.

Stage 4 is concerned with long-term implementation and monitoring. As the value of long-term
monitoring also depends on the uniformity of data entry, nomenclature should be unequivocal. The use
of ultrasound for imaging soft tissue fillers has been reported in a growing number of publications
during the past decade. However, the data from these papers with their various terminologies are hard
to compare (and sometimes to understand). In the future, standardization of the sonographic
description of filler images will improve the ability to compare data. Our attempt to construct a
descriptive terminology will hopefully be adopted by others.

At the Erasmus Medical Center, doctors treating filler complications perform ultrasound analysis of the
face in every patient and recognize the importance of working with this technology. It is our hope that in
the near future every physician performing injectable filler treatments (and lipofilling for that matter) will
be able to precede patient treatment with mapping of important blood vessels in the target areas, and
have the ultrasound ready in case of a filler emergency.

Legal aspects

Medical devices do not achieve their principal intended action in or on the human body by
pharmacological, immunological or metabolic means. Fillers are classified as medical devices because

their primary intended action is mechanical ("filling effect") Y The European Legislation governing this
process is the Medical Devices Directive (MDD), established in 1970. It is principally based on “Good
Manufacturing Practice” and not pre-market approval. One of the reasons for this is that out of the
more than 500,000 different medical devices, the majority are low risk, and safety and quality are
guaranteed by a safe production process. A pre-market approval requires additional investments and is
thought to slow down innovation '#%°, Notified Bodies are responsible for reviewing CE Marking
applications and issuing the CE certificates required for entry into the European market. However, this
notification process is limited and only requires copies of labelling and approval certificates (CE and
Declaration of Conformity) 72° As a result, new fillers have a relatively low threshold to enter the
market, and companies can launch new products without much, if any, scientific supporting data?®?2?,

A similar situation is observed with other medical devices. For example, the Bjork-Shiley prosthesis was
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a second-generation mechanical cardiac valve that was implanted in a large patient population
worldwide from 1979. Subsequent reports of strut stresses and disc escape caused widespread concern
about the soundness and safety of the disc valve. The material component of the disc was later changed
to pyrolytic carbon, but the Bjérk-Shiley mechanical valve was eventually taken off the market in 1985%,
In another example, Poly Implant Protheses (PIP) used as breast implants were withdrawn from the
market in March 2010 after it was found that they had been fraudulently manufactured with
unapproved silicone gel, and were far more prone to rupturing ( 2 to 6 times) than other breast
implants. It has been estimated that around 47,000 women had PIP implants fitted, most of whom are
still living with them?*2°,

The low threshold for approval of medical devices also made it possible for an inferior product in the
form of the HA filler Hyacorp M2000 to gain a CE certificate and become available on the Dutch market
in 20112, It was withdrawn in 2014 after a series of complications. Bio-Alcamid was launched in 2001
with hardly any published papers about its biocompatibility.

New European requirements (Medical device Regulations, MDR) have been implemented in the
Netherlands by 26 May 2020 . With these medical devices classified as high risk, including fillers, need
stricter admissions procedures with more clinical evaluation ?°. Post-marketing clinical follow-up (PMCF)
will also be required, instead of the current post-market surveillance. A new European Database on
Medical Devices (Eudamed) listing all complications for each filler agent will also come into effect in
2020. This will be accessible by everyone (including consumers, doctors, manufacturers, governments),

further increasing transparency and accountability * These measures hopefully lead to earlier
identification of unforeseen adverse events. Although, many of the details of these new processes
remain to be established, this is a major step forward regarding filler safety.

Host—filler interactions

The pathogenesis of host—filler inflammatory reactions is currently a major research interest in our
department. Questions that need to be answered include whether the reactions are related to the filler
substance, host immune status or microbiological agents3®3” In the breast prosthesis field, where
capsular contraction is being researched in depth, no clear cause has yet been identified. In implant-
based breast reconstruction, the foreign body response results in a certain degree of fibrous
encapsulation 33, The capsule is important for maintaining the correct positioning of the implant, but
excess fibrosis and capsular contracture can lead to pain, hardening, extrusion, and deformity. It has
been shown that, as with soft tissue fillers, surface texture and volume have a linear relation to immune
system activation 3. At the same time, studies have also suggested that bacterial influx increases the
chances for capsular contracture®®*, Current research suggests the immune system is constantly active,
i.e. with activated macrophages that induce a cascade of signaling that eventually results in
differentiation of fibroblasts into myofibroblasts >%* However, despite the vast amount of microbial and
immunological data available, several important questions remain .
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A new indication for laser treatment

The introduction of lasers has profoundly changed therapeutics in dermatology. In particular, the

concept of selective photothermolysis (SP) 44, in which a laser beam with a specific wavelength can
destroy a target without damaging surrounding tissue, has proved to be a fertile ground for many laser

applications 5% Sp has been successfully applied to the treatment of pigmented lesions, including
exogenous pigment (tattoo ink), where it performs almost exactly as in theory. However, in the other
major laser indication in dermatology, i.e. visible facial capillaries, it soon became clear that the SP
concept would need some adjustment. The reason for this is that the intended target (blood vessel wall)

is different from the laser target (or chromophore), which is hemoglobulin ¥ The extended theory of
selected photothermolysis (ESP) was subsequently put forward, which sets out how different objects can

be destroyed by heat diffusion . Using this method, vessels can be destroyed through heat transfer via
blood #*°°, In phlebology, diode lasers (800 nm, 810 nm and 1470 nm) have been extensively used for
this purpose as their wavelengths can be guided through an optic fiber to deliver high temperatures at
the tip (endovascular laser treatment = EVLT). The same diode lasers with optic fibers are also used for
laser lipolysis. This technique, first described in 1990, is now widely used throughout Europe and the USA
5152 aser lipolysis is temperature-dependent using temperatures from 43°C up to 70°C to damage fat
tissue and trigger tightening of the dermis.

A new indication for diode lasers is the removal of unwanted dermal fillers. This procedure is known as
Intralesional Laser Therapy (ILT) and was first described by Cassuto in 2009. The 810 nm and 1470 nm
wavelength diode laser (continuous wave) are the most frequently used. As with EVLT and laser lipolysis
procedures, when using ILT it is not the wavelength of the device, but the amount of energy and heat

delivered to the implanted filler that is thought to be important for successful removal 5 LT s
active in the same tissue layers and using the same temperatures as laser lipolysis, but with decreased
power (0.5-1 W). There is a thermal therapeutic margin between the lesion melting and the pain
threshold elicited by excessive diffusion of heat into the surrounding tissues. Energy delivery is
modulated according to patient tolerance; if the patient shows excessive discomfort, power is reduced
or the treatment is stopped to prevent heat diffusing into the surrounding tissue.

When applying the IDEAL guidelines to this innovative use of ILT, the first step in the evaluation of
innovation (stage 1) was performed and described by Cassuto in 2009 and 2016 (20 and 219 patients,
respectively) * The technique is currently at stage 2a: the technical details of the laser procedure and
equipment have improved, but other details, such as the amount of energy per filler type or location is

required, have not been completely validated. Attempts to reliably replicate early results are being

published *> More studies, with increased numbers of patients are necessary, and randomized trials
would be the favored option at this stage. However, randomized trials are generally more difficult to
perform with interventional procedures than pharmaceuticals. The assessment of nonpharmacological
treatments entails specific challenges, such as difficulties in implementing blinding, procedure
standardization and operator dependency. Most patients would probably prefer a laser treatment with
less down time and no visible scarring before attempting surgery.

The implementation of standardized data collection for the type and amount of filler, treatment settings
and outcomes, and questionnaires would give more insight into the efficacy of ILT for dermal filler
removal.
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Concluding remarks

Research in cosmetic medicine is very much at a pioneering stage. As such, this thesis presents a largely
descriptive overview of research in this area. Nevertheless, important steps forward have been taken
both in delineating the problem and in discovering new methods of diagnosing and treating, as well as
preventing filler-related complications. Ongoing research and discoveries in this field will be to the
perpetual benefit of our patients.
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Summary

Cosmetic medicine is a continuously growing field, including minimally invasive treatments with dermal
fillers. As most patients treated are healthy people looking for a cosmetic improvement, the treatments
performed should be as safe as possible. This requires safe products and an adequate performed
injection technique. This thesis describes my work to improve filler safety over the past ten years.

The first part of this thesis focuses on the safety of the filler substances and their possible complications.
Under the current system, Notified Bodies are responsible to grant approval for dermal fillers to enter
the European market. Despite additional requirements throughout the years, regulations are still not
considered to be strict enough. New European legislation to improve the admission procedure will be
implemented this year. This includes enhanced clinical evaluation and a more transparent post-
marketing surveillance. The procedures did not require long term clinical data. This has led to the
situation that dermal fillers, especially the permanent ones, gave rise to more late onset adverse events
than anticipated

Chapter one is an introduction to the thesis. A description of the different types of dermal fillers
(permanent and resorbable) is given. The known direct and late onset adverse events and the current
treatment options are discussed.

Chapter two is about the long term adverse events of a hydrogel (poly-alkylimide). The first publications
about this permanent filler were very promising and reassuring. High biocompatibility of the product
after three months was shown. The only complication described (with a 0,06% chance) was an
inflammatory response, directly after treatment. This would be easy to treat with antibiotics. If desired
or needed, the product could be removed by puncturing into the gel and squeeze the product out.
However, long term clinical studies were lacking and years after injection a high percentages of late
onset adverse events as inflammation, dislocation and accumulation of the product leading to nodules
was noted. This led to the advice of the The Dutch Society of Cosmetic Medicine against the use of poly-
alkylimide.

In chapter three, we tried to find an explanation for the causes of the late onset complications due to
the permanent hydrogel poly-alkylimide. Clinically we observed that in most patienta with complications
a whitish-yellow could be squeezed out. Whereas the hydrogel was transparent at the time of injection.
Histological examination revealed dehydration and degeneration of the material in all patients. An influx
of neutrophilic cells was noted. In case of inflammation, giant cell invasion was seen. We conclude that a
dermal filler should not be judged solely on its biocompatible characteristics direct after production but
also after a degradation process in the human body over time.

In chapter four, an overview is given of the different types of filler complications seen at our policlinic.
The current treatment options (systemic drugs and surgical removal of the material) are being described.
The main interest of this article was a new treatment option for removal of filler material, named
intralesional laser treatment. Retrospectively data from 242 patients with complications caused by fillers
were reviewed, all treated with this intralesional laser treatment. In 92% an improvement was achieved.
The satisfaction rate was much lower. We concluded that intralesional laser treatment may be
considered as a treatment option before surgery

The second part of this thesis is concerned with adequate diagnosis of filler complications and the safety
to perform filler treatments. Aesthetic medicine is more and more recognized as a medical specialty.
Physicians performing these treatments should be competent in their field. In the Netherlands, the
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Dutch Society for Cosmetic Medicine (Nederlandse Vereniging voor Cosmetische Geneeskunde, NVCG)
has received in 2019 a certified status for a two-year educational program to train and educate
physicians from different backgrounds in cosmetic treatments. This is a big leap forward.

Additionally, safety can be enhanced with the use of duplex ultrasound prior to treatments. In chapter
5.1 we describe all the different fillers that can be visualized with ultrasound. Follow-up on filler
characteristics such as longevity and in situ behavior is possible. Filler complications such as migration
and inflammatory responses can be visualized. By this, the use of ultrasound may provide information to
broaden our knowledge of facial fillers. In future times this may improve the performance and safety of
filler treatments.

In chapter 5.2 specific notion is pointed towards hyaluronic acid fillers. Hyaluronic acid is the most used
fillers product worldwide. It is resorbable and known for its reliable safety profile. But complications,
even serious vascular adverse events, do occur. Hyaluronic acid deposits are easy to recognize with
ultrasound. Examination of the face with duplex ultrasound prior to filler treatment can bring previous
filler treatments into sight. Vascular mapping to identify individual variation in the course of arteries can
be performed. In case of adverse events, the filler and the surrounding tissues can be visualized.
Dislocation, abscess formation and vascular adverse events can be seen. Under ultrasound guidance,
hyaluronidase can be injected very precisely into the filler deposit to the product. Duplex ultrasound
examination is an important tool to improve the safety of hyaluronic acid filler treatments.

Chapter 5.3 focuses on one of the most serious adverse events of hyaluronic acid filler treatments,
vascular occlusion. This can lead to skin necrosis or very seldom, to blindness. Hyaluronic acid fillers
come with the big advantage that they can be dissolved with hyaluronidase. The current protocol to
treat vascular adverse events advises to flood the area with 1500 units every hour. However, using
duplex/ultrasound to detect the hyaluronic acid filler causing the intra-arterial obstruction and
subsequently ultrasound guided injections of hyaluronidase into the filler deposit proves to be an
excellent way to prevent skin necrosis. As this method is very precise, a low dose of hyaluronidase is
required and often one or two treatments are sufficient. Instant recurrence of blood flow is observed
and scarring is prevented. As the use of duplex ultrasound adds essential extra information, we conclude
that its use should become an integral part of the prevention and treatment of vascular adverse events

Chapter 5.4 is a proposal for a nomenclature for the sonographic description of dermal fillers and their
complications. As duplex ultrasound becomes a more integral part of daily practice around the world,
there is an increased number of publications about its use in combination with filler treatments. The
terminology used to describe the ultrasound images of fillers proves to be not uniform, making the
different articles difficult to compare. Standardization of the descriptions based on their basic
sonographic parameters is recommended. Hopefully this will contribute to a better standardization and
understanding fillers ultrasound images in the literature and in communication between physicians.

In Chapter 6 the overall results are discussed and recommendations for future research and
development of the medical cosmetic field are given. The start of the out-patient clinic for filler
complications at ErasmusMC in 2011 was an indirect result of our initial nativity as doctors regarding
filler products and the lack of clinical data before these products entered the market. With this clinic our
group became the referral center for the Netherlands. The numbers of patients we have seen
throughout the years have given us insight in how to recognize and manage all the diverse types of
complications caused by different types of fillers. As more awareness is growing globally about adverse
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events caused by fillers, our clinic now serves as an educational center for physicians from all over the
world. More important, it rises awareness that a lot of these complications could have been prevented if
a better insight in the patients anatomy and previous filler treatments would have been possible. With
new, good quality but affordable portable duplex ultrasound devices entering the market, we hope we
will be able to reach out for more physicians to start using these devices in their practices, make filler
treatments safer and improve the quality of their work.
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Samenvatting

De cosmetische geneeskunde, inclusief de minimaal invasieve filler behandelingen, laat jaarlijks een
toenemende groei in het aantal behandelingen zien. Aangezien de meeste patiénten die een
behandeling wensen gezond zijn, dienen de behandelingen zo veilig mogelijk en zoveel mogelijk
gespeend te zijn van bijwerkingen en complicaties. Dit vereist veilige producten en een adequaat
uitgevoerde injectie techniek. Dit proefschrift beschrijft mijn werk van de afgelopen tien jaar om de
veiligheid van fillers behandelingen zoveel mogelijk te verbeteren

Het eerste gedeelte van dit proefschrift focust op de veiligheid van het filler materiaal en de mogelijke
complicaties. In het huidige system beoordelen de Aangemelde Instanties (Notified Bodies) of filler
producten voldoen aan de regelgeving om toegelaten te worden op de Europese markt. Ondanks diverse
aanpassingen in die regelgeving afgelopen jaren, is deze nog steeds niet voldoende om de veiligheid van
fillers te waarborgen. Nieuwe Europese wetgeving die de toelatingseisen tot de markt aanscherpen
worden dit jaar ingevoerd. De vereisten zijn onder andere uitvoeren van langere termijn studies en een
transparant post-marketing surveillance systeem. Onder de huidige richtlijnen is dit niet verplicht. Dit
heeft geleid tot veel meer verlate en ernstige complicaties dan verwacht.

Hoofdstuk één is een introductie van dit proefschrift. De verschillende typen van dermale fillers (zowel
permanent als afbreekbaar) worden beschreven. De directe en late complicaties en de huidige behandel
opties worden besproken

Hoofdstuk twee gaat over de langere termijn complicaties van een hydrogel (poly-alkylimide). De eerste
publicaties die over deze permanente filler verschenen waren veelbelovend en geruststellend. De
aangetoonde bio compatibiliteit na drie maanden was goed. De enige complicatie was een inflammatoire
reactie (0,06% kans) aansluitend aan de behandeling. Deze kon goed behandeld worden met antibiotica.
Indien gewenst of nodig kon de gel worden verwijderd middels punctie en uitdrukken van het product.
Echter, lange termijn studies ontbraken. Pas jaren na behandeling werd een hoog percentage aan late
complicaties bekend zoals inflammatoire reacties, opeenhoping en migratie van het materiaal. Dit leidde
tot een negatief advies van de Nederlandse vereniging van Cosmetische Geneeskunde ten aanzien van
het gebruik van dit product.

In hoofdstuk drie proberen we een verklaring te vinden voor het ontstaan van deze late complicaties
veroorzaakt door de permanente hydrogel poly-alkylimide. Klinisch opvallend was het wit-gele aspect
van de gel bij verwijdering, terwijl ten tijde van injectie de gel transparant is. Histologisch onderzoek liet
bij alle patiénten degeneratie en dehydratie van het materiaal zien met een influx van neutrofiele cellen.
Indien er sprake was een inflammatoire reactie, waren reuscellen aantoonbaar. Conclusie was dat een
dermale filler niet allen beoordeeld dient te worden op de bio comptabiliteit direct na injectie maar ook
het degradatie proces over tijd beoordeeld moet worden.

In hoofdstuk vier wordt een overzicht gegeven van de verschillende soorten complicaties van fillers die
we op onze polikliniek behandelen. De huidige behandel opties ( systemische behandeling en
chirurgische verwijdering van het materiaal) worden besproken. Het belangrijkste aandachtspunt van dit
hoofdstuk is echter een nieuwe behandelmethode om fillers te verwijderen; de intralesionale laser
behandeling. Retrospectieve data van 242 patiénten met filler complicaties en behandeld met de
intralesionale laser werden beoordeeld. In 92% was er sprake van een verbetering. De mate van
tevredenheid was een stuk lager. We concludeerden dat de intralesionale laser behandeling een goede
behandel methode is alvorens chirurgie te overwegen.
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Het tweede gedeelte van dit proefschrift richt zich op de adequate diagnose stelling van filler
complicaties en de veiligheid bij het uitvoeren van een filler behandeling. Esthetische geneeskunde
wordt steeds meer gezien als een aparte medische specialisatie. Artsen die deze behandelingen
uitvoeren dienen competent te zijn in de uitoefening van dit vak. In 2019 is de Nederlandse Vereniging
voor Cosmetische Geneeskunde, (NVCG) met een door de KNMG gecertificeerde 2 jarige opleiding
gestart. Artsen met een verschillende medische achtergrond kunnen worden opgeleid en getraind in
cosmetische behandelingen. Dit is een grote stap voorwaarts.

Een andere verbetering van de veiligheid van filler behandelingen is de inzet van duplex echo onderzoek.
In hoofdstuk 5.1 beschrijven we dat alle verschillende soorten fillers met echo zichtbaar zijn. Filler
eigenschappen als levensduur en veranderingen in vivo kunnen in de tijd worden vervolgd. Filler
complicaties zoals migratie en inflammatoire reacties kunnen in beeld worden gebracht. Het gebruik van
duplex-echo verbreedt de kennis over fillers. In de toekomst zal dit mogelijk ook de veiligheid en
uitvoering van filler behandelingen ten goede komen

In hoofdstuk 5.2 wordt met name aandacht besteed aan hyaluronzuur fillers. Hyaluronzuur is het meest
gebruikte filler product wereldwijd. Het is een afbreekbaar product met een veilig risico profiel.
Desondanks kunnen (ernstige) complicaties voorkomen. Hyaluronzuur filler is makkelijk met de echo te
herkennen. Door een echo onderzoek uit te voeren vlak voor een fillerbehandeling, kunnen eerdere
(permanente) filler behandelingen in beeld worden gebracht. Vasculaire beeldvorming maakt de
individuele variatie van vaten zichtbaar. Bij eventuele complicaties kan zowel de filler, de locatie en de
complicatie (migratie, abcessen, vasculaire complicaties) in kaart worden gebracht. Onder echogeleide
kan hyaluronidase nauwkeurig in de hyaluronzuur filler worden geinjecteerd om deze op te lossen. Het
gebruik van duplex-echo onderzoek blijkt een belangrijke bijdrage aan de veiligheid van hyaluronzuur
filler behandelingen

Hoofdstuk 5.3 focust op één van de meest ernstige complicaties van hyaluronzuur filler behandelingen:
de vasculaire occlusie. Dit kan leiden tot huidnecrose en (zelden) tot blindheid. Een groot voordeel van
hyaluronzuur fillers is dat ze met hyaluronidase kunnen worden opgelost. Het huidige protocol voor
vasculaire occlusies adviseert het aangedane gebied ieder uur met 1500 eenheden te doordrenken.
Echter, het gebruik van duplex-echo onderzoek om de pocket hyaluronzuur te lokaliseren die de
obstructie veroorzaakt en deze vervolgens echo geleid op telossen met hyaluronidase, blijkt een zeer
geode manier om huid necrose te voorkomen. Deze methode is erg nauwkeurig waardoor slechts op één
of twee injecties met een lage dosering van hyaluronidase nodig is.

Hoofdstuk 5.4 is een voorstel voor een echografische filler nomenclatuur inclusief de betreffende
complicaties. Nu duplex echo wereldwijd steeds vaker bij filler behandelingen wordt ingezet, neemt ook
het aantal berichtgevingen en publicaties hier over toe. De gebruikte terminologie is onderling erg
verschillend wat onderling vergelijken van studies niet eenvoudig maakt. Standaardisatie van filler
omschrijvingen gebaseerd op hun sonografische parameters wordt dan ook aanbevolen. Hopelijk kan dit
bijdragen tot een betere onderlinge communicatie.

In Hoofdstuk 6 is een discussie over de resultaten van alle hoofdstukken en worden aanbevelingen
gedaan voor verder onderzoek en gewenste ontwikkelingen in de toekomst. Het opstarten van de
polikliniek voor filler complicaties kwam deels voort uit onze naiviteit ten aanzien van fillerproducten en
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het gebrek aan klinische data als deze producten beschikbaar komen voor gebruik. Door deze polikliniek
zijn we nu een de landelijke verwijspoli binnen Nederland geworden. De grote aantallen patiénten die
we afgelopen tien jaar hebben gediagnosticeerd en behandeld, hebben onze kennis over de
verschillende mogelijke complicaties bij diverse typen van filler producten vergroot. Nu ook wereldwijd
er steeds meer aandacht komt voor filler complicaties, is deze polikliek een kennis centrum geworden
voor andere artsen, nationaal en internationaal. Tevens wordt de aandacht gevestigd op het feit dat veel
complicaties voorkomen hadden kunnen worden als vooraf de individuele variatie en oudere
permanente filler behandelingen bekend en zichtbaar waren geweest. Nu kwalitatief goede en tevens
betaalbare mobiele echo apparaten beschikbaar komen, hopen we dat steeds meer artsen deze
apparaten zullen incorporeren in hun cosmetische praktijk. Dit zal de veiligheid en de kwaliteit van de
behandelingen ten goede komen.

112



Acknowledgements

Acknowledgements

This thesis has been established due to the following persons, who | would like to thank for their
time and involvement:

Prof. dr. H.A.M. Neumann for his open mind to new initiatives. He gave permission to start a
policlinic for filler complications and encouraged me to start writing articles.

Prof T.E.C. Nijsten for his generosity to take over former responsibilities in an area of descriptive
research where he is really a man of bigger numbers and facts. He was able to give new insights and
make me aware of some blind spots that | developed over time.

Dr. P.J. Velthuis. You need just one person to believe in your work and that person was Peter
Velthuis. Without his guidance and structure, | would not have finished this thesis at all.

Mw. F. van Santen for her ability to always improve the logistics.

113












List of co-authors

List of co-authors

Prof. dr. D. Cassuto plastic surgeon

Department of Plastic Surgery, Policlinico di Modena, University of Modena, Italy

T.S. Decates, cosmetic physician

Department of Dermatology, Erasmus MC, Rotterdam, the Netherlands

Prof. dr . M.R. van Dijk, pathologist

Department of Pathology, Academic Hospital, Utrecht, The Netherlands

Dr. H.J. van den Elzen, cosmetic physician, epidemiologist

Elzen Kliniek, Naarden, The Netherlands

Dr J. A. Kadouch, dermatologist

ReSculpt Clinic, Amsterdam, The Netherlands

C.I.M. van der Lugt, cosmetic physician

Alizonne Kliniek Molenbaan 35, 5768 RT Meijel, the Netherlands
G. de Mey, Medical student, Erasmus University, Rotterdam, The Netherlands
Prof. dr. H.A.M. Neumann, dermatologist, emeritus

L. Pelzer, medical biologist

Lareb, Goudsbloemvallei 7, 5237 MH ’s-Hertogenbosch, the Netherlands

117



Appendices

Dr. A. Swift, plastic surgeon

Westmount Institute of Plastic Surgery, Montreal, Canada

Dr. P.J. Velthuis, dermatologist

Department of Dermatology, Erasmus MC, Rotterdam, the Netherlands

X. Wortsman, radiologist

Department of Dermatology, Universidad de Chile, Santiago, Chile

118



List of publications

List of publications (2017-2020)

10.

11.

Schelke L, Decates T, Kadouch J, Velthuis P. Incidence of Vascular Obstruction After Filler
Injections. Aesthetic Surgery Journal 2020 (in press)

Velthuis P, Jansen O, Schelke L, Moon H, Ascher B, Cotofana S. A Guide to Doppler
Ultrasound Analysis of the Face in Cosmetic Medicine. Part 1: Standard Positions. Aesthetic
Surgery Journal 2020 (accepted for publication)

Velthuis P, Jansen O, Schelke L, Moon H, Ascher B, Cotofana S. A Guide to Doppler
Ultrasound Analysis of the Face in Cosmetic Medicine. Part 2: Vascular mapping. Aesthetic
Surgery Journal 2020 (accepted for publication)

Habib SM, Schelke LW, Onderdijk AJ, Velthuis PJ. Management of dermal filler (vascular)
complications using duplex ultrasound. Dermatologic Therapy 2020 (accepted for
publication)

Kadouch J, Schelke LW, Swift A. Ultrasound to Improve the Safety and Efficacy of Lipofilling
of the Temples. Aesthet Surg J. 2020 Mar 11. sjaa066. doi: 10.1093/asj/sjaa066.

Schelke LW, Cassuto D, Velthuis P, Wortsman X. Nomenclature proposal for the sonographic
description and reporting of soft tissue fillers. ) Cosmet Dermatol. 2020 Feb;19(2):282-288.
doi: 10.1111/jocd.13127. Epub 2019 Aug 28. Review.

Schelke LW, Velthuis P, Kadouch J, Swift A. Early ultrasound for diagnosis and treatment of
vascular adverse events with hyaluronic acid filler. } Am Acad Dermatol. 2019 Jul 17. pii:
S0190-9622(19)32392-8. doi: 10.1016/j.jaad.2019.07.032.

Schelke L, Decates T, Hu C, Velthuis P. [An out-patient clinic for filler complications].Ned
Tijdschr Geneeskd. 2019 Jan 3;163. pii: D3074. Dutch.

Schelke LW, Decates TS, Velthuis PJ. Ultrasound to improve the safety of hyaluronic acid filler
treatments. J Cosmet Dermatol. 2018 Dec;17(6):1019-1024. doi: 10.1111/jocd.12726. Epub
2018 Aug 6.

Schelke LW, Decates TS, van der Lugt CIM, Pelzer L, de Mey G, Velthuis PJ. Intralesional Laser
Treatment for Dermal Filler Complications. Plast Reconstr Surg. 2018 Jun;141(6):1361-1369.
doi: 10.1097/PRS.0000000000004428.

Schelke LW, Velthuis PJ, van Dijk MR. Polyalkylimide: A Nonstable Filler Over Time. Dermatol
Surg. 2018 Apr;44(4):563-567. doi: 10.1097/DSS.0000000000001388.

119



Appendices

12. Schelke LW, Fick M, van Rijn LJ, Decates T, Velthuis PJ, Niessen F. [Unilateral blindness
following a non-surgical rhinoplasty with filler]. Ned Tijdschr Geneeskd. 2017;161:D1246.
Dutch.

120



Curriculum Vitae

Curriculum Vitae

Leonie Schelke is a Dutch certified cosmetic physician. She has a private practice in Amsterdam for more
than 20 years. Since 2010 she and her colleagues a policlinic for filler complications at the Department
of Dermatology, Erasmus Medical Center, Rotterdam, the Netherlands. Furthermore, she is a teacher in
the Dutch certified educational program for cosmetic medicine and a trainer at Cutaneous, an
organization offering ultrasound courses in cosmetic medicine and dermatology.

121



