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General IntroductIon

INTRODUCTION
Soft-tissue fillers, or ‘fillers’, are substances injected at varying depths within the 
skin and subcutaneous tissues to fill imperfections such as wrinkles, creases and 
concave scars, as well as to improve the volume and shape of the treated area. In 
the past decades the popularity of soft-tissue augmentation for aesthetic purposes 
has increased exponentially.1 In 2012, a total of $11 billion was spent on cosmetic 
procedures in the USA only. A substantial part, 44.4%, of these cosmetic procedures 
consisted of treatment with injectables (Botulinum toxin type A and different types of 
soft-tissue fillers). From 1997 to 2012, the number of non-surgical cosmetic procedures, 
such as soft-tissue augmentation, has increased by 461%.1 When compared to the 80% 
increase in surgical cosmetic procedures (e.g. breast augmentation and liposuction) 
over the same time period, it is clear that instant, minimally invasive methods of facial 
rejuvenation appear to be favored over surgical interventions. This considerable 
increase in the use of soft-tissue fillers has been accompanied by the development of 
a large array of filler materials for the medical practitioner to choose from.2-4 However, 
there is a lack of reliable data on the long-term safety of such newly introduced fillers 
and several fillers agents have caused unexpected and unpleasant manifestations of 
side effects after injection.5-11 

FILLER CHARACTERISTICS 
There is no universally accepted classification system for injectable soft-tissue fillers. 
However, they can be classified according to different characteristics, such as the type of 
material, method of action, and biodegradability. For example, the type of material used 
for soft-tissue augmentation can be either autologous (e.g. lipofilling, as an autograft), 
from animal origin (e.g. bovine collagen, a xenograft) or synthetic. Method of action can 
be depicted as solely volume substitution, biostimulatory (i.e. stimulation of collagen 
formation with secondary gain of volume) or both.9,12 The level of biodegradability can be 
translated to the longevity of the filler deposits after injection, varying from ‘short-acting’ 
fillers (degraded within 6 months) to medium-acting or ‘semi-permanent’ (6 months to 
approximately 3 years), and non-biodegradable, ‘permanent’ agents.7,13 

Several authors have attempted to define the properties of the perfect filler 
material.9,14-16 According to them the ideal soft-tissue filler should be easy to manufacture, 
store, and administer. The material should be able to pass through a small-gauge 
needle and yield reproducible, natural appearing and long-lasting results. In addition, 
it should be inexpensive, non-toxic, non-allergenic, non-carcinogenic, non-teratogenic, 
and free of transmissible disease vectors. Postoperative morbidity, such as swelling, 
redness and bruising should be negligible. Finally, the use of these fillers should not 
lead to any complications, such as formation of nodules, migration of filler particles from 
the injection site, low-grade inflammation, and abscess formation.14,15 Unfortunately, an 
injectable filling agent with these properties has not been developed so far and the 
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1
use of current available filler materials comes with adverse events.9,10,14 The incidence 
of such complications is difficult to establish.

TREATMENT INDICATIONS 
Indications for treatment with soft-tissue fillers are mainly aesthetic, to compensate 
for facial aging. Volume restoration for this indication is typically performed at the 
glabellar lines, nasojugal fold, nasolabial folds, perioral lines and lips, and chin.17-25 
Other cosmetic reasons for soft-tissue augmentation, not related to aging, also exist. 
Some filler substances are used for breast augmentation or as an alternative for surgical 
rhinoplasty in the correction of contour deficiencies of the nose.26,27

Therapeutic indications for injections with soft-tissue fillers are diverse. The 
main non-cosmetic reason for filler treatment is facial lipoatrophy (FLA), caused by 
combination antiretroviral therapy (CART) in patients with human immunodeficiency 
virus (HIV) infection.28-31 CART-induced FLA is characterized by depressions and wasting 
of the cheeks, nasolabial folds and temporal area, resulting in stigmatizing features and 
a significantly negative psychological impact.32,33 Another indication is the correction 
of depressed or atrophic scars secondary to surgery or inflammatory skin diseases 
(e.g. acne vulgaris).34 In general, cases of congenital or acquired (facial) asymmetries 
or contour deficiencies that can benefit from volume restoration are potentially good 
indications for treatment with fillers.35-38 Glottic insufficiency can also be treated with 
injectable filling substances.39, 40

HISTORICAL PERSPECTIVE 
The idea of soft-tissue augmentation is relatively old. Soft-tissue augmentation was 
first described in 1893, when Neuber reported on adipose autografts transplanted 
for reconstruction of a facial soft-tissue defect.41 Shortly thereafter, in 1899, Gersuny 
corrected the absence of a testicle in a patient who was castrated for advanced 
tuberculosis by injecting vaseline into the scrotum.42,43 Due to the immediate and 
persistent success of the intervention, Gersuny was encouraged to use this filling 
material for the treatment of other defects, such as depressed scars, saddle nose 
deformities, hernias, and varicosis. In the same period of time Eckstein introduced 
the use of paraffin as filling material for similar indications.44 Due to its higher melting 
temperature, between 45ºC and 65ºC, paraffin was less likely to deform after injection 
compared to vaseline. In spite of the first publications on complications after injections 
with paraffin (and vaseline) in 1908 and 1911, treatment with these products remained 
popular in Europe and the United States until the 1920s and was continued in Latin 
America and Asia up to the 1960s.42,45-47 Also, despite these first alarming observations, 
treatment indications were extended to facial rejuvenation, breast augmentation, and 
penile girth augmentation. Complications following such procedures, like paraffinomas, 
are still seen presently.48-51 
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General IntroductIon

Liquid silicone is also known as one of the earlier permanent filler materials. Silicones 
are synthetic compounds consisting of long polymers of dimethylsiloxanes. The length 
of the polymers can vary and determines the viscosity, measured in centistokes (cS).52-54 
Silicone was first isolated in 1824. After development of the first polydimethylsiloxanes by 
chemists of Corning Glass Works in the 1930s, it gained interest as industrial lubricant in 
1939.52 The use of liquid silicone as soft-tissue filler probably started during World War II 
when it was being injected into Japanese prostitutes who demanded a more ‘Western’ 
appearance.52 Its use quickly spread to Germany, Switzerland and the United States, 
where physicians and other practitioners began injecting silicone oil for soft-tissue 
augmentation.52-55 At that time the injected silicone oil was manufactured for industrial 
use, being relatively unpurified and non-sterile. In addition, ‘scarring agents’ like olive 
oil were often mixed with the liquid silicone prior to injection in order to prevent or 
minimize migration of the deposits, causing significant inflammatory reactions.56,57 The 
frequent report of complications following injections with liquid silicone resulted in 
regulation by the American Food and Drug Administration (FDA) in 1964.52-54 The FDA 
designated the contemporary used, relatively purified but non-sterile 350-cS silicone oil 
(named DC 360 Medical Fluid) as a “new drug”, subject to administrative control. Due 
to continuous concerns about its use, the FDA banned silicone for cosmetic procedures 
in 1991.58 However, the use of liquid injectable silicone (LIS) regained interest after the 
introduction of highly purified, medical grade 1000-cS LIS, approved in 1997 by the 
FDA for use as retinal tamponade to treat retinal detachment. It has since then been 
used ‘off-label’ for soft-tissue augmentation.52-55,59-63 Once injected this product is very 
difficult to remove and a long list of complications caused by LIS exists. 

Non-permanent, absorbable fillers originated in the 1970s when a clinically useful 
collagen implant material was developed at Stanford University.64 Injectable bovine 
collagen for soft-tissue augmentation was brought on the market as Zyderm® I Collagen 
Implant (McGahn Medical, Fremont, CA, USA) and received FDA approval in 1981. Since 
then various injectable collagen products were developed, and collagen remained the 
golden standard of fillers until the end of the 20th century.55 However, complaints on 
the lack of persistence of the injected collagen, the inability to substantially improve 
facial volume and the requirement for skin testing prior to injection to detect possible 
allergies kept the search for a superior injectable filling material alive.62

Hyaluronic acid (HA) is a mammalian polysaccharide and a natural component of 
the skin. The potential of HA as injectable filler was first reported in the 1980s.62,65 
By then it was already used for ophthalmologic and orthopedic purposes. HA had 
advantages over the existing collagen fillers due to its longer persistence following 
injection and because skin testing was not necessary. The FDA approval of Restylane® 
(Medicis, Scottsdale, AZ, USA) in 2003 led to a new era of soft-tissue fillers in which 
HA-based filling materials became the leading filler-products.3,62 Other biodegradable 
fillers, based on poly-L-lactic acid, calcium hydroxylapatite and polycaprolactone, were 
presented in the past 15 years but they have not matched the success of HA (Table 1).66-70 
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Nowadays ‘modified’ (i.e. cross-linked or high-density) HA is still the most frequent used 
filler material, with more than 1.4 million procedures in 2012 in the USA alone.1

In the wake of the newly developed collagen- and HA-based fillers, the search for a 
prolonged filling effect led to the development of new, permanent filling agents. Two 
types of permanent fillers were produced (Table 1):

•	 Fillers with a biodegradable basis or carrier (e.g. collagen or HA), to which solid, 
non-degradable particles were added. Examples are polymethylmethacrylate 
microspheres (PMMA) and hydroxyethylmethacrylate/ethylmethacrylate (HEMA/
EMA).71,72 

•	 Fillers composed of a homogenous polymer, often suspended in water. Examples 
are the non-degradable acrylic gels consisting of polyacrylamide (PAAG) and 
polyalkylimide (PAIG).73-76 

PMMA is a polymer of methylmethacrylate. It has been on the European market 
since 1996 under the brand name Artecoll™ (Suneva Medical Inc., San Diego, CA, USA) 
and ample experience has been gained with this filler agent.77-79 In the USA, a new 
PMMA-containing filler product (ArteFill®, Suneva Medical Inc., San Diego, CA, USA) 
has been released on the market recently and demonstrates improved biocompatibility 
as a result of more uniform PMMA-microsphere size and shape.71,80 Histological studies 
with Artecoll™ have shown that host foreign-body responses could be attributed to 
PMMA impurities and PMMA particles smaller than 20 µm, which can be phagocytosed 
by macrophages.11,71 In Artefill®, the contribution of PMMA microparticles smaller than 
20 microns has been reduced to less than 1% of the microspheres. The inability of 
macrophages to phagocytose the larger microspheres in the new PMMA formula 
appears to translate into less adverse events after placement.81-83

HEMA/EMA was brought on the market as Dermalive® (Dermatech, Paris, France) in 
1998.72 It is a biphasic hydrogel composed of methacrylate particles (40%) suspended 
in HA (60%), used as carrier. The HA is degraded within approximately 3 months and 
replaced by newly formed collagen. The methacrylate microspheres, however, persist 
for many years and are considered non-degradable. HEMA/EMA particles are solid, 
polygonal fragments with a smooth surface, sized between 45 and 65 μm.84,85 The 
methacrylate elements in HEMA/EMA have already been used extensively and good 
results have been obtained with human implants for other indications (e.g. intraocular 
lenses, dressings).72,86 Dermadeep® (Dermatech, Paris, France) is an analogous filling 
agent consisting of HEMA/EMA microspheres and HA. However, it contains larger 
particles (80-110 μm), accounting for 60% of the implant volume.72 Dermalive® was 
banned in the US in 2003, and production of both fillers was ceased in 2007 after the 
manufacturer lost his license for this medical product in France.

PAAG was introduced as an alternative substance for soft-tissue augmentation 
approximately 30 years ago. It had been used for many years in Russia and China 
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for body contouring (e.g. breast augmentation) before it attained CE certification as 
Aquamid® (Contura International, Soeborg, Denmark) in 2001.87 This version of PAAG 
consists of 2.5% acrylamide polymer and 97.5% water. Acrylamide is a known toxin. 
The toxic dose of acrylamide is approximately 14 µg/day, whereas the concentration 
of PAAG monomers in an Aquamid® syringe is 2 µg/mL and therefore not considered 
a contra-indication for the use of this PAAG filler.74 PAAG is still available as permanent 
soft-tissue filler in Europe. However, its use is now forbidden in Russia and Bulgaria.16,88

PAIG (Bio-Alcamid®, Polymekon Research S.r.l., Brindisi, Italy) is composed of 
4% polyalkylimide and 96% water.75,89 PAIG was introduced as a biocompatible 
endoprosthesis. Like PAAG, PAIG attained CE certification in 2001. Pacini et al.89 were 
the first to report about their results with PAIG as soft-tissue filler in reconstructive and 
cosmetic surgery. The authors treated 2000 patients with PAIG in a multicenter trial, 
in which several hospitals and universities in Italy and abroad participated. According 
to their findings PAIG is completely biocompatible, non-toxic, non-allergenic, easily 
injectable and quickly removable, with long-term safety and efficiency. They reported 
no migration, granulation, allergic responses or any other kind of intolerance.89 Only 
three cases of infection related directly to the implanted material were described. In 
spite of these promising results, several articles have been published in the past years, 
demonstrating the potentially damaging effect of complications after injection with 
PAIG.7,76,90-93 The manufacturer allegedly ceased production of Bio-Alcamid® in 2012.

AIMS AND OUTLINE OF THIS THESIS
Although some aspects of non-permanent, biodegradable soft-tissue fillers will be 
discussed in this thesis, it focuses mainly on complications after injections with permanent 
fillers. The studies presented in this thesis discuss the different permanent fillers that 
were commercially available in the Netherlands during the time period 2000-2010 
(Table 1): PMMA (Artecoll™, ArteFill®), PAAG (Aquamid®), PAIG (Bio-Alcamid®), HEMA/
EMA (DermaLive®), and LIS. Due to their non-biodegradable nature, we expect that 
these soft-tissue fillers will continue to cause late-onset complications today and in 
years to come.

The principal aim of this thesis is to objectify and evaluate factors influencing the 
onset and type of adverse events in patients injected with permanent fillers and to 
propose a diagnostic and therapeutic strategy for such complications. 

Chapter 2 reviews current treatment options for CART-induced FLA. A significant 
number of the patients consulting our outpatient clinic with complications after 
permanent fillers consisted of HIV-infected individuals.

In chapter 3 a prospectively attained series of 85 patients with delayed-onset 
complications after facial injection with permanent fillers underwent clinical work-up 
and treatment of their complication(s). This chapter describes the different types of 
delayed-onset complications and evaluates potential triggering mechanisms. 
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In Chapter 4 complications following injections with permanent filling agents in 

penis and/or scrotum are discussed, based on a case series of 6 patients.
In Chapter 5 we analyze the value of magnetic resonance imaging (MRI) as 

a diagnostic tool in the assessment of delayed-onset complications after facial 
injections with permanent fillers in a cohort of 32 patients, based on 107 site-specific 
clinicoradiologic evaluations. The potential role of MRI in decision-making with regard 
tot the management of complications caused by permanent fillers is also evaluated. 

Plasmacytoid dendritic cells (pDCs) are the main source of the type I interferon 
α (IFN-α) in man and there is accumulating evidence that pDCs are involved in many 
inflammatory skin disorders and contribute to the local inflammatory response. Also, 
systemic IFN-α therapy can cause late-onset sarcoidal granulomatous foreign-body 
reactions (GFBRs) in patients previously injected with permanent fillers. In Chapter 6 
we examine skin biopsies from 19 patients with GFBRs to different permanent fillers 
for the presence of pDCs by immunohistochemical analysis.

In Chapter 7 we analyze the association between the effects of semi-permanent 
filler treatment, evaluated by MRI, and changes in quality of life (QoL) in a prospective 
case series of 82 HIV-positive patients suffering from CART-induced FLA.
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ABSTRACT
Combination antiretroviral therapy (CART) reduces the morbidity and mortality in HIV-
infected patients. However, facial lipoatrophy (FLA) is one of the well-known side effects 
of this treatment and subsequently imposes major problems for HIV-infected patients. 
In the last decade, ample experience has been obtained with both local therapeutic 
options as well as possible systemic treatment options. Soft-tissue fillers are a relatively 
simple and efficient treatment option for FLA. Especially the biodegradable semi-
permanent fillers combine a good effect with durability and an acceptable safety profile. 
The best way to prevent or restrict the development of FLA remains the exclusion of 
thymidine analogue nucleoside reverse-transcriptase inhibitors from the CART schedule. 
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INTRODUCTION
There are many forms of lipodystrophy, ranging from generalized or localized to 
congenital or acquired.1,2 The current most common type is acquired lipodystrophy 
due to the use of combination antiretroviral therapy (CART) in patients infected with 
HIV. CART reduces the morbidity and mortality of HIV-positive patients. Since the 
introduction of these drugs in 1996, the quality of life (QoL) of those infected with HIV 
has improved substantially.3 The therapy is, however, not always straightforward and 
compliance is of major importance in preventing resistance.

The medication schedules are constructed from a base drug/drugs and a 
supplementary drug.4 The base generally consists of two nucleoside reverse-transcriptase 
inhibitors (NRTIs), to which traditionally a non-nucleoside reverse-transcriptase inhibitor 
(NNRTI) or a protease inhibitor (PI) has been added. CART usually consists of at least 
three active antiretroviral drugs. Side effects induced by CART treatment range from 
gastrointestinal complaints, anaemia, peripheral neuropathy to lipodystrophy.3 HIV 
lipodystrophy syndrome (HIV-LS) is a term used to designate the CART-induced 
complex of peripheral lipoatrophy, central lipohypertrophy, hyperlipidaemia, insulin 
resistance, and hyperglycaemia.5,6 Lipoatrophy is the loss of subcutaneous fatty tissue, 
through which morphological abnormalities, such as pits and recesses, arise. Especially 
facial lipoatrophy (FLA), commonly referred to as “facial wasting”, is known to create 
significant distress in patients.7 The pathogenesis of CART-induced HIV-LS is believed 
to be multifactorial, originating partly from HIV clinical stage and CD4+ lymphocyte 
cell count, race (white ethnicity), gender and age at start of CART.8,9 However, the main 
cause of this syndrome is the exposure to thymidine analogue NRTIs.

The early-generation NRTIs, especially thymidine NRTIs (tNRTIs; like stavudine in 
particular, and to a lesser extent zidovudine) and the older PIs have been strongly 
associated with the development of HIV-LS and FLA in HIV-infected patients 
(Table 1).6,10,11 Other studies have demonstrated that the use of PIs in combination with 
NRTIs accelerates the process of fat loss.6,12 Although the exact mechanism by which 
HIV-LS and FLA are generated has not yet been elucidated, it has been shown that 
tNRTIs cause mitochondrial toxicity, in part by inhibiting the mtDNA polymerase γ.13 
This inhibition results in impaired fatty acid oxidation and intracellular accumulation of 
triglycerides and lactate, which can also enter the systemic circulation.8 PIs inhibit the 
maturation of sterol regulatory element-binding proteins, which affect intracellular fatty 
acid, glucose metabolism, and adipocyte differentiation.14 PIs are also known to cause 
downregulation of peroxisome proliferator-activated receptor γ (PPARγ), necessary for 
adipocyte differentiation and fatty acid metabolism.15 Whereas the tNRTIs are believed 
to be mainly responsible for peripheral lipoatrophy, PIs are more prone to induce 
central fat hypertrophy and metabolic complications.9 With the new generation of 
antiretroviral drugs, these side effects occur much less.6,8,16 Interestingly, the HIV viral 
protein R accessory protein also inhibits PPARγ.8 This (partly) explains why CART-naive 
HIV-infected patients may also exhibit signs of HIV-LS and FLA.8,9
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Table 1. drugs used in CART medication schedules. 

Type Generic name Brand name Producer hIv-LS
(-,+/-,+)

NRTI

Abacavir Ziagen ViiV Healthcare, Brendford, UK -

Didanosine Videx Bristol-Myers Squibb, New York, NY, USA +/-

Emtricitabine Emtriva Gilead Sciences, Foster City, CA, USA -

Lamivudine Epivir ViiV Healthcare, Brentford, UK -

Stavudine Zerit Bristol-Myers Squibb, New York, NY, USA +

Tenofovir Viread Gilead Sciences, Foster City, CA, USA -

Zidovudine Retrovir ViiV Healthcare, Brentford, UK +

NNRTI

Efivarenz Stocrin MSD, Brentford, UK +/-

Etravirine Intelence Janssen, Tilburg, Netherlands -

Nevirapine Viramune Boehringer-Ingelheid, Ingelheim am Rhein, Germany -

Rilpivirine Edurant Janssen, Tilburg, Netherlands -

PI

Atazanavir Reyataz Bristol-Myers Squibb, New York, NY, USA -

Darunavir Prezista Tibotec Pharmaceuticals -

Fosamprenavir Telzir ViiV Healthcare, Brentford, UK +/-

Indinavir Crixivan MSD, Brentford, UK +/-

Lopinavir Kaletra Abbott, Abbott Park, IL USA +/-

Nelfinavir Viracept Roche, Basel, Switzerland +/-

Ritonavir Norvir Abbott, Abbott Park, IL USA +/-

Saquinavir Invirase Roche, Basel, Switzerland +/-

Tipranavir Aptivus Boehringer-Ingelheid, Ingelheim am Rhein, Germany -

The association between the use of a specific antiretroviral drug and the development of HIV lipodystrophy 
syndrome (HIV-LS) is expressed as strong (+), possible (+ / -) and absent (-).
Abbreviations: CART, combination antiretroviral therapy; NTRI, nucleoside reverse-transcriptase inhibitor; NNRTI, 
non-nucleoside reverse-transcriptase inhibitor; PI, protease inhibitor.

Also, children and adolescents with perinatally acquired HIV infection have been 
shown to develop abnormal fat distribution when being treated with CART.17,18 In a 
cohort of 426 HIV-infected children Alam et al.18 showed that 57% developed HIV-LS, 
of which 42% with body fat abnormalities. Their study shows that these abnormalities 
occur with the same complex range of phenotypes as seen in adults. Even the 
associated risk factors are similar to those in adults, with CART (especially stavudine) 
as the main driving force behind HIV-LS and FLA. 

Grading of lipoatrophy
James et al.19 were the first to create a grading scheme that expresses the severity 
of FLA in HIV-infected patients (Figure 1). Grade 1 corresponds to mild and localized 
FLA, in which appearance creates the impression of being virtually normal. Grade 2 is 
characterized by deeper cheek atrophy, with facial muscles just beginning to become 
visible. In grade 3, the effects of lipoatrophy are more easily recognized on the face. 
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Here, the atrophic part is even deeper and wider and the muscles have become clearly 
visible. For patients with grade 4, the atrophy covers an even greater area and extends 
to the orbital region, resulting in a typical bony, emaciated appearance. Since the facial 
skin lies directly on the muscles, the lines of the muscles can be clearly seen. 

THERAPY
There are several reasons to consider treatment of FLA:

•	 Patients are often troubled by the physical changes in their appearance. FLA can 
have a significant negative influence on the self-image and self-esteem of patients.7 

•	 Due to the morphological abnormalities in the face and its stigmatising effect, a 
proportion of patients worry that their HIV status has now become visible to the 
outside world.7,20

•	 Lipoatrophy, or the fear of developing it can severely prejudice the compliance of 
patients or cause them to resist starting CART.7,21 

The fat changes (i.e. peripheral lipoatrophy and central lipohypertrophy) in HIV-LS 
have a profoundly negative social and psychological impact on HIV-infected individuals.7 
Patients feel disfigured, stigmatized and isolated; resulting in low self-esteem, poor 
body image and depression. It has been shown that adherence to CART schedule is 
poorer in such patients.21,22 Treatment of FLA has been shown to be able to improve 
body image perception. 23-25

In recent years, various treatment methods have been proposed to reduce the 
facial abnormalities and restore the original contours of the face. Attempts have been 
made to punctuate CART in a structured manner or to interchange various antiretroviral 
components within the CART schedule.6,26,27 A pharmacological approach has also been 
investigated through the administration of glitazones or the use of a growth hormone-
releasing hormone (GHRH), both with uncertain outcomes on FLA.28-30 At present, local 
invasive treatments seem most promising,31-34 though no definitive remedial treatment 
exists for lipoatrophy. 

Systemic treatment options
As previously mentioned, several epidemiological studies and clinical trials have 
demonstrated that use of tNRTIs (particularly stavudine, and to a lesser extent 
zidovudine) are strongly associated with the development of FLA.6,10 Complementary to 
this, other studies have shown that use of PIs in combination with NRTIs can accelerate 
the process of fat loss.6 Exchanging these drugs for other NNRTIs unfortunately 
does not lead to significant improvements or a convincing increase in the thickness 
of subcutaneous adipose tissue.35,36 The process of fat loss will be halted, but not 
reversed. By changing a tNRTI for another NRTI (abacavir or tenofovir) some increase 
in subcutaneous fat can be achieved, but the effect remains minimal.9,16 
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Leptin. Several studies have shown that lipodystrophy syndromes are characterized 
by a relative deficiency of the adipose-secreted hormone leptin.37,38 This has also been 
demonstrated for CART-induced lipoatrophy, as leptin concentrations in HIV-positive 
patients with lipoatrophy are lower than in HIV-positive patients without lipoatrophy.38,39 
Numerous trials have shown that treatment with leptin in patient with lipodystrophy 
substantially improved metabolic outcomes, such as glycemic variables, liver enzymes, 
and triglycerides.37,40 In a pilot crossover study, Lee et al.41 investigated the use of 
recombinant methionyl leptin supplements in seven HIV-positive patients with CART-
induced leptin deficiency and lipoatrophy. The results after two months showed a 
marked improvement in insulin resistance and HDL concentrations, as well as a decrease 
in truncal fat mass. However, an increase in peripheral (facial) fat mass was not observed. 
Future studies, in patients with more severe metabolic and physical abnormalities, may 
eventually show a beneficial role of leptin supplementation on peripheral fat mass 
(i.e. facial fat loss).42 

Uridine, a pyrimidine nucleoside, has proven to be able to protect adipocytes 
against the negative effect of thymidine analogues in an in vitro model.43 This molecule 
supposedly reverses the toxic effect of NTRIs on mitochondria. Several studies showed 
analogous in vivo effects of uridine supplementation for the treatment of CART-associated 
lipoatrophy, which resulted in a significant increase in subcutaneous fat tissue.44,45 In a large 
randomized multicenter trial McComsey et al.44 treated 165 HIV-positive patients suffering 
from lipoatrophy with uridine (or a placebo). They found a modest transient improvement 
in limb fat after 24 weeks. In another smaller study with 20 patients, treatment with uridine 
resulted in a significant increase in total limb fat (p < .001) after 3 months, in which the 
proportion of limb fat to total body fat increased from 18% to 25% (p < .05).45 

Thiazolidinediones are insulin-sensitizing agents. They are used in the treatment 
of type 2 diabetes mellitus. Treatment with thiazolidinediones in congenital forms of 
lipodystrophy (not associated with HIV) was shown to reduce hemoglobin A1c levels 
(p < .001), fasting triglyceride levels (p = .019), and free fatty acid levels (p = .035).46 
Magnetic resonance imaging showed an increase in subcutaneous adipose tissue but not 
in visceral fat. Tungsiripat et al.47 demonstrated that rosiglitazone significantly improves 
peripheral lipoatrophy in individuals treated with tNRTI-sparing regimens. At 48 weeks, 
limb fat increased significantly (p = .02) more in the rosiglitazone than in the placebo group. 
In their opinion glitazones could be a promising addition for accelerating fat recovery 
in individuals who switched to tNRTI-sparing regimens and remain with considerable 
lipoatrophy.47 It has been postulated that in patients taking tNTRI regimens, treatment 
with thiazolidinediones will not lead to improvement of lipoatrophy since tNTRI-associated 
mitochondrial toxicity and subsequent lower adipose tissue expression of PPARγ are 
detrimental for the effect of thiazolidinediones, being PPARγ agonists.15 However, a meta-
analysis of six placebo-controlled trials of thiazolidinedione treatment for CART-induced 
lipoatrophy showed that their effectiveness did not vary according to whether or not the 
patients were receiving tNRTIs.28 This paper, in which the combined dataset of 427 patients 
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were studied, also showed that pioglitazone therapy was more effective than placebo to 
increase limb fat mass (p ≤ .1), whereas rosiglitazones were not (p = .48). 

GHRH has also been studied in the treatment of CART-induced lipodystrophy.29,30,48-50 
A recent review on tesamorelin, a synthetic analogue of human GHRH and so far the 
only treatment indicated for reduction of excess abdominal fat in patients with HIV-LS, 
suggested that it may be useful for reducing visceral adipose tissue (VAT).30 This 
effect on VAT was confirmed in a systematic review of placebo-controlled trials of 
GHRH treatments for HIV-LS, which showed that growth hormone axis treatments are 
effective in reducing VAT and increasing lean body mass.29 However, in both articles 
the effects on FLA were not described, as applies to other published papers.49,50 

Local treatment by means of fillers
There are two main indications for using filler materials in the face: for elective or 
cosmetic reasons, and for the treatment of CART-induced FLA.51 Based on their active 
period, these injectable fillers are classified into three groups (Table 2):52 

•	 Short-acting, absorbable fillers. These are broken down by the body and only have an 
effect for a few months. Examples are hyaluronic acid (HA, non cross-linked) and collagen. 

Grade	   Descrip,on	  

I	   Mild	  and	  localized	  facial	  
lipoatrophy.	  

II	   Deeper	  and	  longer	  atrophy,	  with	  
the	  facial	  muscles	  beginning	  to	  
show	  through.	  	  

III	   Atrophic	  area	  is	  even	  deeper	  and	  
wider,	  with	  the	  muscles	  clearly	  
showing	  through.	  

IV	   Lipoatrophy	  covers	  a	  wide	  area,	  
extending	  up	  toward	  the	  eye	  
sockets,	  and	  the	  facial	  skin	  lies	  
directly	  on	  the	  muscles.	  

Figure 1. Grading scale of facial lipoatrophy according to James et al.19
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•	 Semi-permanent or medium-acting fillers. These can also be broken down but have 
a longer effect, generally ranging from six months to three years. Examples are 
poly-L-lactic acid (PLLA, Sculptra®, Valeant® Aesthetics, Laval, Quebec, Canada) 
and calcium hydroxylapatite (CaHA, Radiesse™, Merz pharmaceuticals, Frankfurt 
am Main, Germany).

•	 Permanent or long-acting fillers. These are undegradable or contain permanent 
components that remain present in the injected area indefinitely. Examples are liquid 
injectable silicone (LIS, e.g. Silskin®, RJ Development Corp., Peabody, MA, USA) and 
polymethylmethacrylate (PMMA, e.g. Artecoll™ and Artefill®, Suneva Medical Inc., 
San Diego, CA, USA). 

HA is a short-acting filler. It is obtained by bacterial fermentation, thus avoiding 
potential antigenic contamination and hypersensitivity reactions to animal-derived 
alternatives.53 Complications or allergic reactions are exceedingly rare.54 HA is gradually 
broken down by the body. To maintain a good and stable result, injections should 
be repeated every 4-6 months. Due to the required high frequency of injections and 
the cost of this filler, classic HA fillers are not the ideal treatment option for FLA in 
patients infected with HIV. However, in 2004 a large particle HA gel was introduced, 
consisting of highly cross-linked, high-density HA.55,56 This gel was intended to be 
injected in larger amounts and into deeper skin layers, as well as being long-lasting 
(12-24 months). Several studies showed that this cross-linked version of HA (high-
density HA, or HDHA) is more suitable for treatment of FLA.55-58 Bechara et al.56 treated 
21 male patients suffering from FLA with HDHA in a prospective pilot study. One year 
after augmentation, improvement was still present in 20 patients and associated with 
significantly increased QoL (p < .05). Adverse events were mild and temporary. In a 
study by Pignatti et al.58, 54 patients were treated with HDHA. Soft-tissue thickness of 
the cheek increased significantly from 9.45 to 13.12 mm (p < .0001). Based on the Global 
Aesthetic Improvement Scale, 87.5% of the patients were judged as ‘much improved’ 
or ‘improved’, and 93.6% of patients were (very) satisfied. Complications were limited 
to mild redness and swelling in the early postoperative period. Palpable cutaneous 
induration or nodules are relatively frequent complications, but in most cases easily 
treated by injections with hyaluronidase.55 

PLLA is a semi-permanent filler. It has been approved for large volume corrections 
in 2004. Several studies since then have shown that PLLA is a safe and well-tolerated 
filler for treatment of HIV-associated FLA.59-66 PLLA is a biocompatible, biodegradable, 
synthetic polymer.64 The agent should be injected at the dermal-subcutaneous 
junction or supraperiostally. Biodegradation of PLLA occurs naturally by hydrolysis 
of ester bonds to form lactic acid.67 Complete degradation is achieved approximately 
10-12 months after injection.68 The compound induces the formation of endogenous 
collagen by fibroblasts and thereby generates additional volume.69 This seems to 
compensate for the subcutaneous fat loss. A treatment generally consists of several 
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(3-6) injection sessions with intervals of at least four weeks. In one of the first large 
studies on PLLA treatment of FLA, Valentin et al.70 evaluated PLLA injections in 
50 patients by clinical examination, facial ultrasonography and photography until week 
96. They observed an increase in cutaneous thickness, which remained significant until 
week 96 (p < .001). Several studies have shown similar results.59,64,71,72 Long-term effects 
have also been investigated. In a single-centre study with 30 patients randomized to 
immediate or delayed PLLA treatment, improvement of Visual Analogue Scale scores 
for facial appearance were sustained until 18 months in both groups (p < .05 and 
p < .001).73 Another study with 65 patients showed that treatment with PLLA resulted in 
significant improvement in FLA-score lasting up to three years with additional treatment 
sessions.61 A recently published study by Bassichis et al.72 with 290 treated subjects 
demonstrated that PLLA is a safe and effective long-term treatment for FLA. Mean 
improvement in James’ FLA grading scale was 1.4 (p < .001) and 89.4% of the patients 
and 95.5% of physicians rated treatment satisfaction as very good or excellent. A study 
on retreatment with PLLA after an initial 12-month follow-up demonstrated that the 
time to first required retreatment varied from 21.4 months in patients with grade 1 
FLA to 13.0 months in the grade 4 FLA group.63 Milder FLA on initial presentation 
required fewer treatments and resulted in more sustained correction. A recent study 
described the use of PLLA in combination with natural glycolic acid.66 The authors 

Table 2. Injectable filler materials described in this article and complications reported in the 
literature. 

Filler type Term of effect Transient injection-site 
reactions

described complications

Cross-linked (or high-
density) hyaluronic acid

12-24 months Redness, swelling, 
ecchymosis and pain

Induration and nodules

Poly-L-lactic acid 18-36 months Redness, swelling, 
ecchymosis, 
haematomas and pain

Nodules, inflammation and 
subcutaneous swelling

Calcium hydroxylapatite 12-18 months Redness, swelling, 
ecchymosis and pain

Noninflammatory nodules and delayed 
granulomatous reactions

Polyacrylamide 2.5% gel Permanent Redness, swelling, 
haematomas, pain and 
pruritus

Induration and nodules, infection, 
delayed granulomatous reactions and 
migration

Polyalkylimide 4% gel Permanent Redness, swelling, 
ecchymosis and pain

Induration, infection/inflammation, 
abscesses, delayed granulomatous 
reactions and migration

Polymethylmethacrylate 
20% + bovine collagen

Permanent Redness and swelling Hypersensitivity reactions, nodules, 
persistent redness, hypertrophic scarring 
and delayed granulomatous reactions

Polymethylsiloxane (LIS) Permanent Redness, swelling and 
pain

Induration and nodules, migration, 
inflammation, hyperpigmentation, 
delayed granulomatous reactions and 
ulceration

Abbreviation: LIS, liquid injectable silicone.
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speculated that both materials would act in concert to stimulate collagen production 
and hydrate the outer layers of the skin. They treated 30  patients with FLA with a 
2-year follow-up. The dermal skin thickness increase ranged from 0.22 to 0.37 cm. No 
serious adverse events were reported, patient satisfaction was high and in some cases 
the effect lasted up to two years.66 Complications after treatment with PLLA might 
include local redness and/or oedema, haematomas that typically disappear within a 
few days, or nodules and granulomas that can be somewhat more persistent.72,74-76 
In the VEGA study,70 adverse events such as injection site tenderness, bleeding and 
indurations occurred in less than 5% of patients. In another study, 13% of patients 
developed papules or nodules at the injection site.76 In the study by Bassichis et 
al.72, treatment-emergent adverse events were also recorded. Adverse events were 
classified as potentially related to the study product (18.3%) or the injection procedure 
(24.5%). Bruising, papules and nodules were most prevalent. It has been suggested 
that increasing reconstitution volume for PLLA, as well as increased hydration time 
combined with larger intervals between treatments, may lead to a lower incidence 
of nodule formation.65 The general perspective remains that adverse events of PLLA 
treatment are mild and tolerable for most patients.59,64,71 Recent studies have shown 
that the use of PLLA for age-related wrinkles and contour deficiencies also gives 
satisfying results, lasting up to 25 months.77 

CaHA is a semi-permanent filler consisting of a synthetic form of a natural substance 
found in bones and teeth.78 It can been used for treatment of vocal cord insufficiency, 
dental defects, or as filler for soft-tissue augmentation. As filler it consists of 30% 
CaHA microspheres and 70% sodium carboxymethylcellulose gel.79 It has an active 
period of 12-18 months.78 The microspheres are radio-opaque, which could be a 
contra-indication for the use of this filler. However, a study performed by Carruthers 
et al.79 showed no apparent interference with radiographic procedures (i.e. x-ray and 
computed tomography) after injections with CaHA. Once injected, the microspheres 
act as a platform for newly synthesized collagen, and as a result the surrounding gel 
is slowly replaced by autologous connective tissue.79 CaHA must be injected into the 
subcutaneous fat layer. Literature on the use of this filling agent in the face reveals 
good, long-term, outcomes.78,79,81-84 In a prospective open-label trial, 100 patients 
suffering from FLA were treated with CaHA, with ‘touch-up’ injections at 1, 6 and 18 
months.78 All patients showed improvement (Global Aesthetic Improvement Scale) 
at every time point through the first 12 months of follow-up. At 18 months 91% still 
showed an improved facial appearance. In another prospective study with 30 patients 
the average cheek thickness was significantly increased (p < .001) at all measured 
time points (3, 6 and 12 months).81 In a large population of 1000 patients treated with 
CaHA for various facial aesthetic applications, the treatment effect persisted for at 
least one year in 80% of the patients and 88% of the patients were satisfied with the 
results.85 In that study nodule formation was observed in 1.7% of cases, mostly when lip-
augmentation was performed. Transient adverse events such as ecchymosis, oedema, 
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erythema, pain and pruritus have been reported in varying degrees.78,79,81,82 Nodule 
and granuloma formation have been described, though not often and associated with 
inadequate technique.83 Patient satisfaction is considered to be high and ranging from 
87%-89%.85-87

Polyacrylamide gel (PAAG) was introduced as permanent filling agent for soft-
tissue augmentation approximately 18 year ago and obtained CE certification as 
Aquamid® (Contura International, Soeborg, Denmark) in 2001.88 It consists of 2.5% 
polyacrylamide gel and 97.5% water.88 PAAG was designed as a permanent implant, 
such as a breast prosthesis. As a consequence, injection of the agent must take place 
under strict sterile conditions. The agent should be injected into the subcutaneous fat 
layer or at the supraperiostal level.89 PAAG is indicated for augmentation of congenital 
and acquired soft-tissue defects and deformities, breast and penile augmentation, 
post-traumatic (facial) reconstruction, treatment of female stress urinary incontinence, 
facial and maxillofacial contouring, and lip augmentation.89,90 Several studies have 
been performed to evaluate PAAG treatment in CART-induced FLA.25,91-94 Mansor et 
al.91 treated 40 patients suffering from FLA with PAAG in 3-6 sessions with 14-day 
intervals. Follow-up was performed until two years post-treatment. Results were 
measured by the observed FLA-grade reduction (0 = no FLA, 1 = mild, 2 = moderate, 
3 = severe). In 11 patients a 1-grade reduction was achieved, in 20 cases a 2-grade 
reduction and in 3 cases a 3-grade reduction. No complications were recorded. In 
another study 32 individuals with FLA were treated with PAAG with an 18-month 
follow-up.92 Full restoration was achieved in 2.3 sessions and besides non-visible 
nodules in 13 cases no complications were recorded. Negredo et al.93 treated 145 
patients with PAAG to correct CART-related FLA. After a 4-year follow-up period 
non-visible nodules and indurations were present in 19.3% and 6.2% of patients, 
respectively. Overall patient satisfaction was 88.9%. Similar results were obtained in a 
recent 5-year follow-up study with PAAG.25 The most widely described complications 
are infection, granuloma formation, and migration of filler material from the injected 
site.88,95,96 Migration and infection were not reported during the follow-up periods 
of FLA treatments.96 These results stand in contrast to reported complications after 
aesthetic use of PAAG.95-100

Polyalkylimide gel (PAIG, Bio-alcamid®, Polymekon Research S.r.l., Brindisi, Italy) 
is a non-resorbable polymer derived from acrylic acid. It contains 96% water and 
4% alkylimide-amide groups and was brought on the market as a biocompatible 
endoprosthesis.101 PAIG should be injected subdermally. After injection, the body 
supposedly forms a thin capsule around the injected material making migration 
impossible. In addition, the material could easily and completely be removed at all 
times through an 18-gauge needle.102 Indications for treatment with PAIG are congenital 
and acquired skin malformations/depressions, scar corrections, filling of pectus 
excavatum and FLA. Multiple studies have investigated the use of this agent as a 
soft-tissue filling material, with varying results.23,103-106 Ramon et al.103 reported on the 
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treatment with PAIG of CART-induced FLA in 13 HIV-patients. Their follow-up period 
ranged from 12 to 24 months and no substantial complications were observed. In a 
study by our group, 17 patients with FLA were treated with PAIG in a single session.23 
A mean volume of 14 mL was injected. Complications occurred in four patients, of 
which three needed no intervention. This study demonstrated a significant reduction 
of FLA-severity at week 48, correlated with a significant improvement of QoL. Another 
study reports the 4-year follow-up for a cohort of 31 individuals injected with PAIG.104 
Complications, FLA severity scores and QoL were documented. No significant changes 
in FLA severity, QoL, depression and anxiety scores were observed. Complications that 
occurred were nodules (25%), infections (15.6%), possible (low-grade) infections (9.4%) 
and haemorrhaging (3%). When taking into consideration PAIG-treatments for aesthetic 
reasons, more publications are available on complications with this filling agent. Schelke 
et al.105 treated 3196 patients with PAIG. They reported 154 complications (complication 
rate of 4.8%). The most frequent complication was inflammation, but granulomas and 
migration were also commonly seen. Several smaller studies have reported appalling 
complications after injection with PAIG.107-112 The severity and frequency of these 
complications could serve as a contraindication for this particular substance in the 
treatment of CART-induced FLA. 

Recently, studies describing the use of PMMA for treatment of CART-induced 
FLA have been published.113,114 It is a biphasic filling agent consisting of 20% PMMA 
microspheres suspended in a 3.5% bovine collagen solution.115 In Europe PMMA has 
been on the market since 1994 as Artecoll™ and much experience has been gained 
using it.115-117 PMMA has a certain allergic potential because it is suspended in bovine 
collagen. Bovine collagen induces allergic reactions in about 3% of the general 
population.118 However, allergic reactions to PMMA injectables are estimated at 0.1-
0.2%.119 Nevertheless, skin tests for hypersensitivity reactions to bovine collagen is 
obligatory before using PMMA. This soft-tissue filler must be injected in the reticular 
dermis or dermal-subcutaneous junction. After 1-3 months 80% of the bovine collagen 
carrier is degraded and replaced with autologous newly formed collagen.115 Orsi et al.114 
treated 49 patients suffering from CART-induced FLA with PMMA. The total number of 
injections ranged from one to five times. After 12 months 85.7% of the patients were 
satisfied with the results. Another study describes FLA-treatment of 40 patients.113 Six 
months post-treatment a significantly improved QoL was observed with no reports 
of complications. When used for aesthetic reasons the total rate of complications is 
estimated at 3%.120,121 The incidence of PMMA induced foreign-body granulomas is 
estimated around 0.02-0.1%.122-123 Estimates of other complications are not available or 
have not been published. Compared to the other described fillers in this paper, limited 
literature is currently available on FLA treatment with PMMA.

LIS, or polydimethylsiloxane, is a colorless, ordorless, non-volatile oil with a 
molecular structure consisting of repeating dimethylsiloxane units. Its viscosity is 
expressed in CentiStokes (cS), with 1-cS silicone oil having the same viscosity as 
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water.124 The use of LIS as a soft-tissue filler has a long history, and numerous cases, 
describing complications resulting from its use have been published.125-127 In the 
past decades both the quality of LIS and the injection techniques have evolved 
substantially. Today a high quality medical grade LIS (e.g. Silskin, RJ Development 
Corp., Peabody, MA, USA) exists, which is approved for ophthalmologic use. The use 
of silicone oil as a soft-tissue filler is ‘off-label’ and has been regarded as controversial 
for some time.126-127 Despite strict adherence to the available guidelines,128,129 the 
risk of complications such as granuloma formation and migration, remains present. 
However, its use for medical indications such as CART-induced FLA might still be 
justified.34,130,131 Jones et al.131 evaluated the safety and effectiveness of highly purified 
1000-cS silicone oil injected by microdroplet serial puncture technique for the 
treatment of HIV-associated FLA. They achieved complete correction in all 77 patients 
without any adverse events. However, no long-term follow-up was performed in this 
study. A larger study (135 patients) by the same author with a long-term follow-up of 
5-10 years revealed that the incidence of serious adverse events after FLA treatment 
with highly purified LIS is less than 1% and that these complications are treatable.132 
Physicians with substantial experience remain convinced that complications can 
be prevented.34,133

Lipofilling. As mentioned before, CART-induced lipodystrophy is characterised by 
peripheral lipoatrophy and central lipohypertrophy.5,6 As the central lipohypertrophic 
fatty tissue is typically characterized by extreme fibrosis, in the past it was presumed 
too difficult to find a feasible donor site for lipofilling.134 However, recent studies have 
shown success with lipofilling for facial wasting.135,136 In a clinical prospective study 23 
HIV-infected patients suffering from FLA were treated either with lipofilling (14 patients) 
or with PAAG (9 patients).135 Fat was harvested from lipohypertrophied areas such as 
the lower abdomen, mammary region and buffalo hump. No major complications were 
recorded. Lipofilling resulted in a better aesthetic outcome than PAAG in injections, 
especially by the ability to inject the autologous fat deeper than the synthetic filler.135 
Another study by Uzzan et al.136 showed similar results. In this study 37 patients were 
treated with lipofilling with a mean of 8 mL fat per side (cheeks). At one year of follow-up 
63% of the patients were satisfied with the treatment. The authors advise to use 
synthetic fillers only in cases where lipofilling is not possible, which in their experience 
was exceptional.136 

Surgical treatment options
Talmor et al.137 reported on three cases of CART-induced FLA that were surgically 
treated by inserting Binder Sub-Malar-II-silicone implants. Depending on the 
extent of the lipoatrophy, one or two prostheses per side (cheeks) were implanted. 
In two cases, additional collagen injections were administered to ameliorate the 
results. No complications were observed and patients were satisfied with the final 
aesthetic outcome. 
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DISCUSSION
Systemic treatment options of CART-induced lipoatrophy have yet to be investigated 
more thoroughly. Some systemic therapies seem promising and have resulted in limb 
fat increase in clinical trials.28,42,44,45,47 However, to our knowledge no studies showing 
restoration of wasted facial subcutaneous adipose tissue after systemic therapies 
have been published. This could be explained by the fact that FLA has been shown 
to be less reversible than fat atrophy of the extremities.138 Furthermore, research has 
shown that introduction of new generation antiretroviral agents has not been able to 
reverse facial wasting that has already occurred.6,9,16,35,36 Therefore, avoiding tNRTIs, 
stavudine and zidovudine in particular, appears to remain the sole preventive approach 
in combatting FLA .6,9,10,12

In recent years, much experience has been gained in local treatment options 
by using injectable filler materials, varying from short-acting to permanent types. 
Permanent soft-tissue fillers can be very cost-effective and the theoretical permanent 
effect appears patient friendly. However, the term ‘permanent’ does not refer to the 
permanent result but to the permanent presence of the filling agent with the ensuing 
permanent risk of complications. FLA, just as the normal aging of the face, should be 
considered a dynamic and progressive process. Therefore, treatment with permanent 
fillers will, in time, still require maintenance by touch-up injections. In addition, due 
to the permanent nature of these filling agents, the risk of complications merits 
consideration. For instance, PAIG can lead to unpleasant complications when used 
for the treatment of CART-induced FLA, such as migration, (low-grade) infections 
and abscess formation.107-112 On the other hand, compared to other permanent fillers 
such as PAAG and LIS, PAIG is somewhat easier to remove.95,101,108,125 PAAG induces 
fibrosis, which makes removal very challenging.95 Although PMMA has a certain allergic 
potential, the incidence of allergic reactions is estimated at merely 0.1-02%.119 The main 
complications observed after PMMA injections are foreign-body granulomas with an 
estimated incidence around 0.02-0.1%.122,123 The risk of complications with this agent 
appears relatively low when compared to the other permanent fillers. LIS is injected 
in small quantities, and injections must be repeated regularly (every 4-6 months). In 
addition, fibrosis may be significant and LIS is extremely hard to remove.125,126 

Treatment with semi-permanent fillers such as PLLA, CaHA and HDHA currently 
generates the most promising outcomes.55-59,64,71,78,85 PLLA and CaHA stimulate 
autologous collagen synthesis.69,79 Long-term results are encouraging, with few 
complications.61,63,73,85 Recently, lipofilling has also shown promising results, and appears 
to deserve a place among the semi-permanent fillers as first-line invasive treatment for 
FLA.135,136 Although surgical implantation of silicone prostheses may provide a visibly 
good result, the face contours will not feel natural on palpation. Furthermore, the 
requirement of additional injections with filling agents close to the surgical implants 
can be unpleasant for patients and increases the risk of prosthesis infection.137
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CONCLUSION 
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ABSTRACT
Objective
To evaluate factors influencing the onset and type of adverse events in patients injected 
with permanent fillers in the face, and proposal of a therapeutic strategy for these 
complications.

Methods
A prospectively attained series of 85 patients with delayed-onset complications after 
facial injection with permanent fillers underwent clinical follow-up and treatment of the 
complication(s).

Results
Lag times until onset and type of delayed-onset complication varied according to filler 
material. In 28% (n = 24) of the cases, patients reported the onset of complications after 
dental procedures, additional injections with fillers, or other invasive treatments in the 
facial area. Forty-eight (56%) patients underwent invasive treatment. Abscess formation 
was significantly more frequent in patients with human immunodeficiency virus infection 
and facial lipoatrophy (p = .001). 

Conclusion
The intrinsic characteristics of the injected filler and the immune status of the patient 
play important roles in the diversity of time of onset and type of delayed-onset adverse 
events observed. It seems that invasive facial or oral procedures in the vicinity of filler 
deposits can provoke such complications. We propose a strategy for treating these 
complications and advise great caution when using permanent filling agents.

50
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DELAYED-ONSET COMPLICATIONS OF PERMANENT FILLERS

INTRODUCTION
In the past decade, permanent fillers have slowly gained a controversial reputation with 
regard to their safety.1-3 Although soft-tissue fillers are generally regarded as having 
an impressive safety profile,4-6 numerous studies have been published describing the 
potential adverse events after injection of permanent filler materials.1,6-29 

As originally proposed by Sclafani et al.29, we categorized adverse events into one 
of three types; the immediate-type (within 24 hours after injection of the filler), early-
onset type (within 2 weeks) and delayed-type (starting after 2 weeks) complications. In 
this article we describe 85 patients with delayed-onset complications after injections 
with permanent filling materials. The majority of this cohort developed adverse events 
after injections with permanent fillers for aesthetic reasons, although a substantial 
number had been treated for combination antiretroviral therapy (CART)-induced facial 
lipoatrophy (FLA). Table 1 depicts the currently available permanent soft-tissue fillers 
and their potential complications as described in the literature.

Table 1. Currently available permanent fillers and their complications as reported in the 
literature.

Filler type Brand name delayed-onset complications Complication 
rate

Polymethylmethacrylate 
20% + bovine collagen

Artecoll™ and ArteFill®, Suneva 
Medical Inc., San Diego, CA, 
USA

Persistent redness, 
teleangiectasia, hypertroffic 
scarring, nodules and delayed 
granulomatous reactions

3%

Hydroxyethylmethacrylate/ 
ethylmethacrylate

DermaLive®, Dermatech, Paris, 
France

Indurations and nodules, 
discolorations and delayed 
granulomatous reactions

0.12-25%

Polyacrylamide 2.5% gel Aquamid®, Contura 
International, Soeborg, Denmark

Induration and nodules, 
infection, delayed 
granulomatous reactions and 
migration

6-21%

Polyalkylimide 4% gel Bio-Alcamid®, Polymekon 
Research S.r.l., Brindisi, Italy

Induration, infection and 
inflammation, abscesses, 
delayed granulomatous 
reactions and migration

3.3-4.8%

Polymethylsiloxane (LIS) Silikon™ 1000, Alcon 
Pharmaceuticals, Fort Worth, 
TX, USA
Adatosil™ 5000, Bausch & Lomb 
Surgical, San Dimas, CA, USA

Induration and nodules, 
migration, inflammation, 
hyperpigmentation, delayed 
granulomatous reactions, 
cellulitis, scarring and ulceration

0.02-6%

ArteFill® is the only product that the American Food and Drug Administration (FDA) has approved as soft-tissue 
filler (since 2006, for the nasolabial folds). Preliminary results indicate that the risk for complications after injection 
with ArteFill® appears to be lower than for Artecoll™.65 
The FDA has approved Silikon™ and Adatosil™ for vitreoretinal surgery, but they are used off-label for soft-tissue 
augmentation.
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PATIENTS AND METHODS
Patient data
We performed a prospective case series study. From 2005 to 2011, 85 patients 
(40 males, 45 females), with complications starting 2 weeks or more after injection 
of permanent filling agents were included. All patients were seen in our outpatient 
clinic. Some patients had been injected with more than one type of filler, in which case 
all injected fillers were listed. Five patients with CART-induced FLA had undergone 
research-related soft-tissue augmentation with polyalkylimide gel (PAIG, Bio-Alcamid®, 
Polymekon Research S.r.l., Brindisi, Italy) in our outpatient clinic in 2005.30 All of the 
other patients had been treated with permanent filling agents elsewhere. Complications 
were categorized as noninflammatory nodules, low-grade inflammation (LGI), abscess 
formation and migration:

•	 Noninflammatory nodules were defined as firm swellings or indurations lacking clinical 
features of inflammation such as erythema, oedema, heat, tenderness, or pain. 

•	 LGI was defined as redness, swelling, tenderness or pain at the site of injection, with 
a clinical presentation that intrinsically varies in severity. Nodules or indurations with 
evidence of inflammation were categorized as low-grade inflammation. 

•	 Abscesses were defined as fluctuating swellings with redness and/or tenderness or 
pain in proximity of the injection site. 

•	 Migration was reported when filler material had moved from the site of injection. 

Age, sex, type of injected soft-tissue filler(s), treatment indication, injection site(s), 
time to the onset of complications, type of complication(s), and complication-provoking 
or triggering factors were documented. Treatment of the complication was performed 
upon request by the patient. In case of recurrent or persistent LGI or abscess formation 
at or nearby a filler deposit, surgical treatment (excision of filler material and incision 
and drainage of the abscess, respectively) was performed, and bacterial cultures 
were obtained. 

Statistical analysis
Data analysis was performed using SPSS 20.0 for Windows (SPSS, Inc., Chicago, IL, USA). 
The incidence of certain complications and treatment strategies in patients infected 
with the human immunodeficiency virus (HIV) with CART-induced FLA were compared 
with those of patients without HIV using the nonparametric Mann-Whitney U test for 
independent samples. A two-tailed p < .05 was chosen to represent statistical significance.

RESULTS
Of the 85 patients (mean age, 54; range, 27-79) enrolled in this study, 66 (78%) had 
delayed-onset complications after injections with PAIG. Other permanent filling 
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agents used were hydroxyethylmethacrylate and ethylmethacrylate (HEMA/EMA, 
i.e. DermaLive®, Dermatech, Paris, France) (n = 8, 9%), polymethylmethacrylate (PMMA, 
i.e. Artecoll™, Suneva Medical Inc., San Diego, CA, USA) (n = 7, 8%), polyacrylamide 
gel (PAAG, i.e. Aquamid®, Contura International, Soeborg, Denmark) (n = 6, 7%) and 
liquid injectable silicone (LIS, brand and/or manufacturer unknown) (n = 4, 5%). Some 
patients (n = 5) were injected with more than one permanent filler in the same area. The 
majority of the 85 patients underwent soft-tissue augmentation for facial rejuvenation 
(n = 51, 60%), whereas 40% (n = 34) had HIV and had been treated for CART-induced 
FLA. The injection sites encountered were the glabellar area (n = 2), marionette lines (n = 
3), forehead (n = 5), chin (n = 5), temporal region (n = 8), tear troughs (n = 9), perioral 
area and lips (n = 11), nasolabial folds (n = 19), and cheeks (n = 58). A number of patients 
had received injections at more than one site. Time until onset of complications varied 
from 1 month to 10 years (mean, 38 months). The mean onset time according to type 
of filler was 10 months for PAAG (n = 5), 38 months for PAIG (n = 64) and for LIS (n = 3), 
40 months for HEMA/EMA (n = 8), and 57 months for PMMA (n = 6). Onset times could 
not be determined in four cases. 

The most common complications in our patients were LGI (n = 34, 40%) and migration 
(n = 34, 40%), followed by noninflammatory nodules (n = 33, 39%; Figures 1 and 2). In 
25 patients (29%), we observed abscess formation at the site of the filler depositions 
(Figure 3). Abscesses were observed only in patients who had been injected with 
PAIG (25 of 66, 38%), whereas the other types of complications were not restricted to 
a certain type of filler (Table 2). Some patients presented with more than one type of 
complication. Migration was predominantly seen in LIS (50%), PAIG (45%), and PMMA 
(43%). Nodules were mostly observed in HEMA/EMA (88%), PAAG (67%), and PAIG 
(30%). LGI was mainly seen in PMMA (57%), LIS (50%) and PAIG (38%). 

Figure 1. Type of delayed-onset complications in 85 patients.
Most of the 85 patients presented to our outpatient clinic with low-grade inflammation and migration (both 
n = 34, 40%). Clinically noninflammatory granulomas occurred in 33 patients (39%), whereas abscesses were 
seen in 25 patients (29%). Some patients presented with more than one type of complication.
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Figure 2. Nodule on the upper lip.
A 42-year-old female after injection of hydroxyethylmethacrylate/ethylmethacrylate (HEMA/EMA) in the lips 
for aesthetic reasons. After 10 months a clinically noninflammatory nodule appeared (A and B). This was 
treated with excision by direct surgical approach. (C) Histological appearance of “broken glass” particles 
corresponding to the HEMA/EMA filler material, surrounded by an inflammatory response of mainly histiocytes.

Figure 3. Abscess of the left cheek. 
A 55-year-old male with a fluctuating swelling of the left cheek. This complication occurred 18 months after 
injections of polyalkylimide gel for treatment of facial lipoatrophy, without an apparent provoking event. 
Bacterial cultures were positive for Staphylococcus aureus and Streptococcus sanguinis. Treatment was 
performed by incision and drainage under antibiotic therapy (see Figure 4).

A

B

C

A B

The majority of the complications appeared to occur spontaneously (n = 61, 72%), 
although 11 patients (13%) experienced the onset of complications after a visit to a 
dentist or oral hygienist. In 10 patients (12%), additional filler injections in the same 
area preceded the inflammatory response. In other cases, complications arose after 
blepharoplasty (n = 2) and tattooing of the eyebrows (n = 1).
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Of the 85 patients seen in our outpatient clinic, five chose to be treated elsewhere; 
48 of the 80 remaining patients (60%) required invasive treatment and underwent either 
intralesional corticosteroid injections (n = 3) with 40 mg/mL triamcinolonacetonide, 
evacuation of the filling material with an 18-gauge needle (n = 8, including 3 patients 
with abscesses), excision of the filling material (n = 17), or incision and drainage of an 
abscess (n = 20; Figure 4). Two patients with abscesses were amongst those treated 
elsewhere. Fifteen patients needed repetitive surgery in the same area because of 
recurrent or persisting complications, mostly because of abscess formation in the PAIG 
group (n = 10). The use of intralesional corticosteroid injections was restricted to the 
treatment of noninflammatory nodules, because it was not suspected that pathogenic 
microorganisms caused these lesions. Of the patients receiving surgical treatment 
(evacuation with 18-gauge needle, excision of filler material, incision and drainage 
of an abscess), 69% (31 of 45) had a LGI or an abscess. Twenty-four bacterial cultures 

Table 2. Incidence of different complications per filler material in our patients. 

Filler type Noninflammatory nodule
N (%)

Low-grade inflammation Abscess Migration

PAIG 20 (30) 25 (38) 25 (38) 30 (45)

PAAG 4 (67) 2 (33) 0 (0) 1 (17)

PMMA 2 (29) 4 (57) 0 (0) 3 (43)

hEMA/EMA 7 (88) 2 (25) 0 (0) 1 (13)

LIS 0 (0) 3 (75) 0 (0) 2 (50)

Abbreviations: HEMA/EMA, hydroxyethylmethacrylate/ethylmethacrylate; LIS, liquid injectable silicone; PAAG, 
polyacrylamide hydrogel; PAIG, polyalkylimide hydrogel; PMMA, polymethylmethacrylate microspheres;

Figure 4. Incision and drainage of an abscess. 
Incision and drainage of an abscess of the left cheek in the patient described under Figure 3. A drain was left 
during wound closure (C). The patient received concurrent antibiotic treatment.

A B C
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were performed in this subgroup; cultures were sterile in 42% (n = 10). Seven of the 
18 cultured abscesses did not show bacterial growth. Positive cultures identified 
Staphylococcus aureus (n = 13) as the predominant pathogen, followed by Enterobacter 
aerogenes (n = 2), Streptococcus sanguinis (n = 1), Pseudomonas aeruginosa (n = 1), 
Escherichia coli (n = 1), and Streptococcus agalactiae (n = 1). 

Next, we studied differences in complications and treatment results between HIV-
positive patients with CART-induced FLA and HIV-negative patients treated with fillers 
for aesthetic reasons. Although only 40% (n = 34) of our patients were HIV-positive, 
they were over-represented in the subgroups with abscess formation (17 of 25, 68%, 
p = .001), in patients requiring surgical treatment (23 of 45, 51%, p = .027), and in 
patients who needed repetitive surgery (10 of 15, 67%, p = .021; Figure 5). As noted 
previously, PAIG was the only filler associated with abscess formation. When comparing 
the incidence of abscesses in the 66 patients treated with PAIG, this complication 
still occurred more frequently in the HIV-infected subgroup (17 of 34 versus 8 of 32, 
p = .038). 

DISCUSSION
The use of permanent fillers for soft-tissue augmentation has been shown to be 
associated with adverse events, including delayed-onset complications such as 
described in our study. 1,6-29 It has been more than a decade since Lemperle et al.31 
stated that a foreign-body immune-mediated reaction might occur with all implants. 
Since then, several studies have hypothesized that minor trauma or low-grade infections 
may trigger a delayed pathologic immune reaction.32,33 This could explain the varying 
times of onset observed in our study. Granulomatous reactions to LIS have been shown 
to occur years to decades after injection.22-26 A significant variation in onset time has 

Figure 5. higher incidence of inflammatory complications in human immunodeficiency virus 
(hIv)-positive patients.
Although the HIV-positive subgroup constituted only 40% (n = 34) of our patient population, HIV-positive 
patients were significantly over-represented in the subgroups with abscess formation (17 of 25, 68%) and in 
patients requiring surgery (23 of 45, 51%) or repetitive surgery (10 of 15, 67%). 
Abbreviation: LGI, low-grade inflammation.
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also been shown for complications with other types of fillers (Table 1).4,10,12-14,17-19,21,28 
An explanation for the observed variation in onset times between the different fillers 
remains to be elucidated. Different structural properties of the injectable fillers, such 
as chemical composition, electrical charge, surface irregularities, and particle size; the 
presence of contaminants; and implantation site may influence the onset and extent 
of complications.34,35 The possible role of ‘external’ triggering factors will be discussed 
later on in this section.

In this study the observed complications could be categorized into noninflammatory 
nodules, LGI, abscesses, and migration. Nodules can have different origins. They can 
be caused by incorrect positioning of filler material, muscle induced displacement, 
capsular contraction or result from a granulomatous reaction to the filler deposit.28,35 
After injection, all filler materials induce some form of inflammatory reaction and 
fibrous capsule formation.35,36 Excessive capsule formation and capsular contraction 
are believed to be a rather patient-dependent entity instead of a filler-specific side 
effect.17 The trigger leading to the generation of foreign-body granulomas is still a 
matter of debate. Some authors postulate that all granulomatous reactions to fillers 
are in fact delayed-type hypersensitivity reactions.14 Others believe that low-grade 
infections cause all delayed-onset complications, including foreign-body granulomas, 
and the intrinsic characteristics of the injected filler material mainly determine the type 
of complication that arises.1,37-38 Low-grade infections are defined as contaminated 
filler deposits in which bacteria have organized into a biofilm, having low bacterial 
activity, little host response and high antibiotic resistance.38,39 ‘Activated’ biofilms are 
thought to result in complications presenting as late-onset deeply erythematous and 
painful nodules.4,39 We preferred the term ‘low-grade inflammation’ (LGI) for such 
complications, because in most cases cultures were not taken, and infection was not 
proven. A continuous foreign-body reaction could also generate such inflammatory 
symptoms.35,38 Filler abscesses are almost exclusively found in the non-absorbable 
hydrogel polymers, namely PAIG.17,18,28,38 The biocompatible nature of these filler 
materials is thought to make them suitable for bacterial contamination and infection, 
with potential secondary abscess formation.38 Some authors, however, prefer to 
speak of pseudo-abscesses since bacterial cultures are often negative.19 In these 
cases, an immune-mediated hypersensitivity reaction is suggested as a possible 
provoking factor.19,40 Migration is thought to result from muscle- or gravity-induced 
displacement of the filler material.41 A deficient or absent fibrous capsule facilitates 
displacement of filler material, by micromigration within the directly surrounding tissue 
or by remote macromigration.35,39,42 PAAG, PAIG, and LIS are specifically known for 
inducing little inflammatory reaction and thin fibrous capsules, which explains their 
migratory potential.35,43 

In our study, the risk of specific complications appeared to depend on the type of 
filler used. Noninflammatory nodules were observed mainly in patients injected with 
HEMA/EMA and PAAG, whereas LGI was mostly seen with PMMA and LIS. Migration 
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was mostly observed in LIS and PAIG, whereas formation of abscesses occurred only 
after injection with PAIG. These results are in agreement with the literature, with 
nodules and granulomas being the most frequent reported delayed-type complication 
in HEMA/EMA, PMMA, PAAG, and LIS.8-12,14,16,25-28 As stated earlier, PAIG and LIS are 
known for their tendency to migrate from the injection site.20-23 Low-grade inflammatory 
reactions are the most frequent complication of PAIG, but they are also seen with LIS 
and PMMA.10,20,21,43 Several studies have shown that PAIG is the principal filler material 
associated with abscess formation.17-21,28 Our results confirm the risk of abscess formation 
in patients injected with PAIG, including the particular risk of this complication occurring 
in HIV-positive patients with FLA. In addition, 87% of the recorded complications were 
associated with filler materials that the American Food and Drug Administration had 
not approved (HEMA/EMA, PAAG, PAIG). 

Although no particular events or other factors provoking delayed-onset of 
complications could be defined in the majority of our patients, 24 (28%) had undergone 
a facial or oral invasive procedure before occurrence of the complication. Events 
preceding complications included dental treatment, blepharoplasty, and additional 
filler ‘touch-ups’. The exact mechanisms responsible for provoking complications 
after invasive procedures in the vicinity of filler deposits is unknown, but it seems 
likely that bacterial contamination of the filler material plays a role. Several authors 
have suggested that delayed-onset complications could have occurred in response to 
earlier infections (e.g. bronchitis, sinusitis), (facial) injuries, or invasive treatments in the 
vicinity of the filler deposits, thus adhering to the biofilm theory.1,4,5,17 The role of biofilm 
formation in (permanent) soft-tissue fillers has been described previously.1,37-39,44-48 
Biofilms are defined as a structured community of micro-organisms encapsulated within 
a self-developed matrix and irreversibly attached to a living or inert surface. Biofilms 
are known to cause an impaired exposure to the immune system of the host and 
allow for up to 1000 times greater resistance to antibiotics.46 Once a biofilm has been 
established, it is said to be impossible to eradicate completely. Analogous to other 
prosthesis and implants, soft-tissue fillers (especially the long-lasting and permanent 
fillers) also have the potential for biofilm formation.1,37 The role of bacterial contamination 
of filler deposits and biofilm formation gained even more interest after Bjarnsholt et 
al.37 demonstrated that bacteria could be detected in biopsies from culture-negative 
nodules using a combination of Gram-stain and fluorescence in situ hybridization. 
Staphylococcus aureus, as well as other bacterial species found in our cultures such 
as Streptococcus sanguinis, Pseudomonas aeruginosa and Escherichia coli, have been 
identified within biofilms.44,47 Bacteria present in biofilms may persist in a dormant state 
for a long time.44-47 It has been suggested that they emerge from their biofilm following 
activation by an external triggering factor such as a trauma or manipulation and cause 
low-grade infections, resulting in granulomas and abscesses.44-47 Some studies show 
that invasive introduction of bacteria isn’t necessary to cause contamination of deeper 
tissues.1,49,50 They suggest that commensal bacteria present in hair follicles, sebaceous 
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glands, sweat glands, lacrimal glands, or lactiferous glands can penetrate deeper, 
underlying tissues. Biofilms pose a problem in the treatment of delayed-onset adverse 
events. They can be difficult to establish and are resistant to antibiotic treatment. 
Steroid treatment has also been shown to promote the development of a bacterial 
biofilm community within PAAG if not treated simultaneously with antibiotics directed 
specifically against the biofilm bacteria.37 Therefore, supporters of the biofilm theory 
advise restraint in treatment of filler complications with corticosteroids or non-
steroidal anti-inflammatory drugs and advocate for the use of real-time polymerase 
chain reaction as part of the standard laboratory examination when the presence of a 
biofilm is suspected.37,44,45 Not all authors are convinced of the supposedly major role 
of biofilms in filler-related adverse events. Some are of the opinion that detection of 
a few bacteria on histologic slides is insufficient proof for the role of biofilms in filler 
complications. They suggest that the only way to prove this role is to demonstrate 
a biofilm with hundreds of bacteria in the wall of a sterile abscess.48 Although anti-
inflammatory treatments have been found to aggravate delayed-onset complications,51 
nodules and granulomas resolving after intralesional corticosteroid injection are a well-
known phenomenon and are not likely to contain a well-established biofilm.29 Other 
authors believe that the primary causative factor for late-onset granulomatous reactions 
are a delayed-type of hypersensitivity reaction,14 but filler deposits contaminated with 
bacteria have been shown to illicit an enlarged foreign-body response mimicking a 
type IV allergic reaction, clinically and histologically.1,38 More research on this matter is 
needed. From our point of view, delayed-onset of nodules, (low-grade) inflammations, 
and abscesses after dental procedures or other invasive treatments in the facial area 
(in the vicinity of the filler deposits) can be explained in six ways: 

•	 The invasive procedure activates the locoregional (innate) immune system, which 
also targets the sterile filler deposit.32,33,44

•	 After an invasive procedure, unknown triggering mechanisms activate pre-existing 
dormant bacteria in filler biofilms. 

•	 An invasive procedure near the site of the filler deposit causes an infection that 
spreads to the previously sterile deposit. 

•	 An invasive procedure at the site of the filler deposit (e.g. additional injections of 
soft-tissue fillers) causes contamination of the filler material by direct inoculation.

•	 By mere coincidence. The complication is not related to the invasive procedure 
and possibly caused by:
 - Commensal bacteria present in hair follicles, sebaceous glands, sweat glands, 

or lacrimal glands that have penetrated underlying tissues, thus contaminating 
the filler deposit.1,49,50

 - Analogous to late-onset infections in prosthetic joints, bacterial contamination 
is developed haematogenously in the setting of an infection at another, distant 
site.52,53 
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The possibility of bacterial contamination of a filler deposit during an invasive 
treatment poses a problem for the use of permanent fillers. Both aging and CART-
induced FLA are dynamic, on-going processes that always will need touch-ups. 
Additional injections at the site or in the direct vicinity of an existing permanent filler 
deposit will always involve the risk of infection. 

Of the 85 patients with delayed-type complications, 34 (40%) were HIV-positive patients 
who had been treated with permanent fillers for CART-induced FLA. In these patients the 
incidence of abscesses was significantly higher, and surgical intervention was required 
more often than in HIV-negative patients. Ocampo-Candiani et al.54 suggested that in HIV-
positive patients, the altered cellular immune response may result in a different reaction 
to permanent filler-implants. Our findings support the view that the risk of infection is 
higher in HIV-positive patients.54,55 Future research should be directed towards elucidating 
the underlying immunological mechanisms responsible for the diversity in delayed-onset 
complications after injection with permanent soft-tissue fillers.

Strategy and treatment options
Forty-eight of our patients required invasive treatment (48 of 85, 56%). From our 
experience with facial complications after injection of PAIG and other permanent filling 
agents, we propose the treatment strategy outlined in Figure 6. Although the different 
permanent fillers are associated with different types of adverse events, we feel that 
most complications can be treated using this algorithm. The main exception is patients 
injected with LIS in a microdroplet fashion. Microdroplet injection of highly purified 
1000-centistoke silicone oil has been shown, for example, to be a safe and effective 
treatment option for HIV-association FLA.56 However, when complications do occur, 
excision can be challenging or unfeasible. 

In cases of clinically noninflammatory nodules, our preferred approach is 
conservative. If the nodules or indurations are clearly visible and influencing the patients’ 
quality of life, or if a patient specifically requests treatment, we start with intralesional 
corticosteroid injections. Excision of nodules by direct approach is performed in patients 
with insufficient response to intralesional corticosteroids. When clinical features of 
inflammation (erythema, oedema, heat, tenderness, or pain) are present and infection 
cannot be excluded, oral antibiotics are our treatment of choice. In such cases, we prefer 
tetracyclines, such as doxycycline or minocycline, at dosages of 100 to 200 mg per day, 
because of their dual action as antibacterial and anti-inflammatory drug. Therefore, 
tetracyclines may also be effective in cases of ‘sterile’ LGIs with negative bacterial 
cultures. In case of recurrent or persistent inflammation, we consider excision of the 
filler deposit by direct approach as the only remaining option when possible. In case of 
an abscess, we perform incision and drainage, culture the content of the abscess, and 
start with oral flucloxacillin 500 mg three to four times daily, as Staphylococcus aureus 
is the predominant pathogen found in our patients. Based on the results of bacterial 
cultures, however, we may change to another antibiotic regimen later on. Finally, in 
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Firm swelling or induration 
without signs of 
inflammation:  

Noninflammatory nodules 

Migration of filler material 
from the injection site: 

Migration  

Filler-related complication 

No inflammation Inflammation 

Redness, swelling and/or 
tenderness or pain at the site 

of injection : 
Low-grade inflammation 

Redness, swelling 
tenderness and pain with 

fluctuation: 
Abscess 

Antibiotic treatment** Incision and drainage by 
direct approach*** 

Intralesional corticosteroid 
injection 

Do nothing, ‘wait-and-see’ 

Excision of the material by 
direct approach 

1st choice 

Excision of the material by 
direct approach 2nd choice 

Excision of the material by 
direct approach 

3rd choice 

* 

Do nothing, ‘wait-and-see’ 

Figure 6. Flow-chart for treatment of facial delayed-onset complications based on the 
experiences of the authors.
Since the introduction of the micro-droplet technique liquid injectable silicone is seldom injected as deposits. 
As a consequence, excision can be unfeasible, and other treatment modalities must be solicited, such as oral 
treatment with corticosteroids (when no inflammation is present), (immunomodulatory) antibiotics, or both. 
* Other treatment modalities such as topical imiquimod 5%, intralesional 5-fluorouracil injections, allopurinol 
and carbon dioxide fractional laser have also been described in the literature.
** In our experience, tetracyclines, such as doxycycline or minocycline, in high dosages give best results.
*** In case of an abscess, we culture its content and start with oral flucloxacillin 500mg 3 to 4 times daily.

patients with filler material that has migrated from the original injection site, intralesional 
corticosteroid injections, antibiotic treatment and anti-inflammatory therapies are 
useless, and excision creates scars. We consider surgical excision only when migrated 
filler deposits are clearly visible or troublesome for the patient. 

Other treatment modalities for nodules and granulomatous complications 
have been described in the literature, such as topical imiquimod 5%, intralesional 
5-fluorouracil injections, allopurinol, and carbon dioxide fractional laser.57-64 However, 
these publications mostly consist of case reports and small cohorts, and the authors 
do not have sufficient experience with these described modalities.

CONCLUSION
Delayed-onset complications after injections with permanent fillers in the face show 
an impressive diversity in time of onset and type of adverse event. The intrinsic 
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characteristics of the injected filler may play a role in determining this observed variety. 
It seems that invasive facial or oral procedures in the vicinity of filler deposits can 
provoke such complications, but the exact underlying mechanisms remain unknown. In 
HIV-positive patients, delayed-onset complications have a poorer course and outcome 
than in HIV-negative individuals. From our experience with complications after injections 
with permanent soft-tissue fillers, we propose the treatment strategy as described in 
our Discussion (Figure 6). 

Finally, we support the view of Duffy that the best way to minimize complications as 
a result of permanent filing materials is to avoid using them.6 We advise great caution 
when using permanent filling agents. 
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Corrigendum
In retrospect, we misdescribed the definition of immediate-type complications adopted 
from the classification by Sclafani et al.29 in our study; immediate-type complications 
are defined by Sclafani (and thus by us) as occurring within 48 hours after injection of 
filler. This error does not alter the results and conclusions of our study, since we only 
report on delayed-onset complications (occurring >2 weeks after injection of the filler).
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ABSTRACT
Background
Today, injectable soft-tissue fillers are used as a mean to achieve penile girth 
augmentation. In this study we describe six patients with complications after injections 
with non-degradable, permanent fillers in the male genitalia.

Methods
Six patients with complications after injections with permanent fillers in the male genitalia 
underwent clinical follow-up and treatment of the complication(s). We investigated which 
medical practices in The Netherlands and in the Flemish region of Belgium offer penile 
girth enlargement and whether permanent fillers are used for this purpose. Also, we 
performed a literature search on the safety of the reported permanent fillers used for 
penile augmentation. 

Results
Complications varied from low-grade infections and persistent skin defects to soft-tissue 
swellings. Multiple surgical procedures were necessary to treat the complications and 
the results were cosmetically disappointing. Penile girth augmentation with permanent 
fillers is still offered in certain Dutch private practices. Several studies have reported 
severe long-term complications after the use of permanent fillers (namely liquid 
injectable silicone) in the male genitalia.

Conclusion
Although penile girth enhancement with permanent fillers can give excellent short-term 
results, the risk of late-onset complications should not be ignored. We advise against 
any use of permanent fillers for augmentation of male genitalia.
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INTRODUCTION
For as long as people can remember, the size of the penis and the scrotum has been a 
source of worry to men. Through the ages and across cultures, all kinds of means have 
been used to increase the length and girth of this symbol of fertility, masculinity, and 
power.1,2 This tendency is currently still visible whenever, soon after each introduction 
of a new injectable filler material for the improvement of contour defects or wrinkles, 
such a ‘filler’ is also being injected under the skin of the genitals to increase girth.3-5

Based on their active duration, these injectable filling agents are classified into 
three groups:4

•	 Absorbable or short-acting fillers that are broken down by the body and have an 
effect for a few months at most, such as collagen and hyaluronic acid.

•	 Semi-permanent or medium-acting fillers that can also be broken down but continue 
to have an effect from six months to one year, such as cross-linked hya luronic acid 
and 8% polyvinyl alcohol.

•	 Permanent or long-term fillers that are not broken down by the body or that contain 
components that remain in the injected area, such as liquid silicone oil (LIS) and 
polyalkylimide 4% gel (PAIG, Bio-Alcamid®, Polymekon Research S.r.l., Brindisi, Italy). 
Chronic cellulitis or infections, granuloma formation or excessive capsule formation, 
and migration of the injected material may occur after injection with such fillers.

Over the last 2.5 years, we have seen 6 patients with complications after injections 
with permanent filling substances in the penis or scrotum (Table 1). To illustrate the 
extent and complexity of these complications, we describe the case histories of three 
of our patients in this article.

Table 1. Overview of our six patients. 

Patient Injected material Medical practitioner Location Time until symptoms Complaints

A Bio-Alcamid® Plastic Surgeon
(Belgium)

Penis 2 weeks Recurring infections, 
skin defects, fever

B Aquamid® Plastic Surgeon
(The Netherlands)

Penis 3 months Recurring infections, 
skin defects

C LIS Unknown
(Unknown)

Scrotum Unknown Painful swelling, fever

d LIS Plastic Surgeon
(Germany)

Scrotum 3 weeks Painful swelling

E LIS Unknown
(Turkey)

Penis and 
scrotum

Unknown Painful swelling 

F LIS
(suspected)

Urologist
(United States)

Penis 2 years Skin defects after 
vigorous intercourse

Abbreviation: LIS, liquid injectable silicone.
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Figure 1. 
Presentation (A), magnetic resonance imaging (B and C) and pathohistologic image of excised material (D, 
haematoxylin-eosin staining, magnification 100x) of patient A, who presented 2 months after injection of 
polyalkylimide 4% gel in the penile shaft. The arrows point to the injected substance.

Patient A, a 38-year-old man, presented 2 months after injection with PAIG with 
a 6-week-old skin defect on the penile shaft (Figure 1A). The wound had arisen after 
a local infection, and the injected material had been partially discharged. Magnetic 
resonance imaging (MRI) revealed residual deposits of the foreign-body (Figures 1B,C). 
The patient was treated a number of times with a broad-spectrum antibiotic at our 
outpatient clinic, after which the skin defect temporarily healed. Skin cultures showed 
commensal flora. Because of the recurring infection, 8 months after injection, a 
debridement was performed in which a gentamicin-containing pellet (Garacol, EUSA 
Pharma, Oxford, UK) was implanted. After the removal of this implant three weeks later, 
the wound healed well. Pathohistologic examination of the excision material revealed 
an erosive infection with a granulomatous component and rejection of the injected 
material (Figure 1D).

A B

C

d
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Patient B, a 54-year-old man, was seen 1 year after injections of polyacrylamide 
2.5% gel (PAAG, Aquamid®, Contura International, Soeborg, Denmark) under the 
skin of the penile shaft. Some months after these injections, the patient experienced 
wounds and wound granulations. The doctor who had injected the material had, in 
a surgical manner, “removed hard spots” a number of times. The patient presented 
to us with a wound at the level of the edge of the preputium, a 6-week-old infection, 
and a number of subcutaneous scar adhesions around the penile shaft. Skin cultures 
showed commensal flora. There was erectile dysfunction as a result of pain due to these 
adhesions. In addition to repeated antibiotic therapy, our treatment consisted of a 
number of surgical procedures. Because the patient initially objected to a more radical 
procedure, it was attempted at first only to close the deep wound in the preputium 
by means of a circumcision. However, after this first procedure, further infections and 
fistulas occurred and the whole penile shaft was denuded and covered with a partial-
thickness skin transplant (Figures 2A,B). Pathohistologic examination of the excision 
material revealed an erosive infection with granulomatous component and a rejection 
to the injected material (Figure 2C). Part of the skin transplant did not grow in as a result 
of the residual foreign-body reaction, and the patient underwent a new skin transplant. 
A number of transposition flaps were performed to improve skin contractures. After a 
treatment for longer than a year, the patient still has scarring of the corpus cavernosum 
that causes contracture and skewing of the penis during erection. 

Figure 2. 
Postoperative outcome directly (A) and 1 week (B) after 
replacing the entire skin of the penile shaft with a partial-
thickness skin graft. Pathohistologic image of excised 
material (C, haematoxylin-eosin staining, magnification 
50x) of patient B. The arrow indicates the injected material.

A C

B
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Figure 3. 
Preoperative presentation (A) of patient C, with painful swelling and oedema of the scrotum after injection 
of an unknown amount of silicone oil. Postoperative image after 5 months (B). Magnetic resonance imaging 
(MRI) of the scrotum (C and D), the white silicone deposits are clearly visible. The arrows point to the injected 
substance. Pathohistologic image of excised material (D, haematoxylin-eosin staining, 200x magnification), 
the arrow points to the injected substance. 

A

C d

B

E
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Patient C, a 43-year-old man, had been referred to the urologist for a 2-month-
long, moderately painful, major and progressive swelling of the left scrotum and penis, 
and persistent fever (38.5°C). There were no complaints of micturition or sexually 
transmitted disease. The left testicle was not palpable because of oedema (Figure 3A). 
Additional ultrasound and radiological examination did not provide a decisive answer, 
but MRI and computed tomography showed two spherical structures caudal of the 
left testicle that may have been the result of infection (Figures 3C,D). Urine sediment 
and tumour markers in the blood were normal. Epididymitis was initially suspected, 
but a course of antibiotics did not lead to any clinical change. At the request of the 
patient, an exploratory surgical procedure was performed on the scrotum, during which 
450 g of scrotal tissue with an obdurate tumour of approximately 15 cm was removed. 
Pathohistologic examination of the material revealed reactive tissue associated with 
deposits of silicone (Figure 3E). The patient had up to that time concealed the injection 
of this silicone and even after this refused to provide information about it. During a 
second surgical procedure, a further 185 g of scrotal tissue were removed. Although 
there was good healing of the wound without complications after the two procedures, 
during his last outpatient examination 1 year after the first procedure, the patient stated 
that he was not satisfied with the result (Figure 3B). 

DISCUSSION
The use of foreign material fillers in the male genitalia has a long history. The first report 
of this in modern medical literature was in 1899, when the Viennese surgeon Robert 
Gersuny reported how he corrected the loss of both testicles due to a castration of 
tuberculous epididymitis by injections of petroleum jelly into the scrotum.6 Since then, 
a diversity of injectable fillers has been introduced to the market,4,7 particularly after the 
recognition of silicone oil as a physiologically inert substance in 1948.8 In this article, 
we restrict ourselves to discussion of the consequences of injection with permanent 
fillers. In the Netherlands, such fillers are generally introduced to the market only with 
a CE quality mark as an endoprosthesis (Table 2). There is often, therefore, marginal 
animal experimentation data and clinical data available on the safety of these products 
in the short term.9 Adequate data on the safety in the longer term are not available 
for all fillers either. In addition, most fillers were introduced so recently that it is not 
possible to make any predictions as to the results, complications, and side effects for 
the long term.4

data available from the literature
For the three patients described above, PAIG, PAAG and LIS were injected. The other 
three patients all presented themselves with complications from injections with LIS. 
Given the nature of these types of treatments, it was not always possible to retrieve all 
of the required information, such as injected volumes and the injection technique used. 
The fact that the majority of our patients received their treatment abroad added to this 
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problem. In only one case the patient was aware of the amount of LIS injected into the 
scrotum (patient D). Because these treatments were mainly performed outside regular 
hospitals, the incidence figures, and the corresponding complication percentages for 
them, cannot be determined. 

A simple search of the literature with the aid of PubMed found no studies on the use 
of PAIG or PAAG as injectable fillers for the penis, although a description was found 
of the case history of a 34-year-old patient who had aesthetically and functionally 
debilitating scarring from complications after injections with 5% polyacrylamide 
(Formacryl®, Bioform Russia, Moscow, Russia) in the penile shaft.5 In addition, we found 
14 articles on the use of LIS as a permanent filling agent for the penis. Only Yacobi et al.10 
reported not having seen any severe complications from injections of LIS for penile girth 
enlargement in a series of 324 patients with an average follow-up period of 20 months 
(range, 1-36 months), although they emphasized the importance of the ‘microdroplet 
technique’ of injection instead of injecting greater volumes such as with our patients. 
All other articles indicated that the use of LIS might lead to many complications that 
may in particular also occur after the customary follow-up period.3,11,12 The first articles 
on such complications appeared as early as 1973,3 and it may therefore be expected 
that these complications are commonly known within the medical profession. 

Guidelines
With a view to the ignorance of the effects of most permanent fillers in the longer term, 
and knowledge of the complications from injections with LIS, the Swiss and the Dutch 
associations of plastic surgeons have taken the standpoint that the use of permanent 
fillers for aesthetic purposes is not without danger and is therefore not desirable.13,14 
The Dutch association for Plastic and Reconstructive Surgery advises restraint in the 
use of fillers and that the use of these for specific aesthetic or reconstructive indications 
is responsible only under strict conditions. They consider that such conditions should 
be even stricter in case of the use of semi-permanent or permanent fillers for purely 

Table 2. Overview of the permanent, injectable fillers in the Netherlands with the year of 
introduction. 

Generic name Brand name Producer Introduction

polydimethylsiloxane (LIS) Silikon™ 1000 Alcon Pharmaceuticals, Fort Worth, TX, 
USA

1997

polymethylmethacrylate collagen in 
bovine collagen

Artecoll™ Suneva Medical Inc., San Diego, CA, USA 1991

Hydroxyethylmethacrylate/ 
ethylmethacrylate in hyaluronic acid

Dermalive® Dermatech, Paris, France 1997

Polyacrylamide 2.5% gel Aquamid® Contura International, Soeborg, Denmark 2001

Polyalkylimide 4% gel Bio-Alcamid® Polymekon Research S.r.l., Brindisi, Italy 2001

Abbreviation: LIS, liquid injectable silicone.
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aesthetic indications.14 Despite this position, it is apparent from our case histories that 
permanent fillers are also used in Dutch practice for aesthetic purposes in genitalia. 
From additional research, it is apparent that penile girth enlargement procedures are 
being offered at three of the 45 Dutch and Flemish websites of aesthetic private clinics 
and independent treatment centres that we investigated.15 All three cases concerned 
Dutch clinics.16-18 On one of these websites, the procedure and the filler material used 
were not further described, and on the other two websites the clinics concerned stated 
that PAAG was used to perform penile girth enlargement. 

CONCLUSIONS
Although penile girth enlargement with permanent fillers might be able to yield good 
results in the short term, the possible severe complications in the longer term, such 
as migration, granulomatous reactions and infection, cannot be ignored. The fillers 
referred to above and other permanent fillers are also used elsewhere in the body 
for both cosmetic purposes as well as for medical indications (e.g. facial lipoatrophy 
based on combination antiretroviral therapy, or atrophic facial deformities as a result 
of Romberg’s disease),4,7,19,20 and unfortunately with the same type of complications.21-24

Injections of permanent fillers in the penis introduce additional risks that are 
inherent to the anatomy of the penis. The skin of the penis is thin, and subcutaneous fat 
is lacking, so the injected material has little protection. In addition, the penis has a great 
deal of mobility between the skin layer and the underlying corpora, so that the penis 
can vary in size. Sexual intercourse causes many small traumas at the location of the 
deformed filler deposits, so the risk of infection is high.5 In one case, the complications 
resulted from vigorous sexual intercourse, after which skin defects formed (patient F). 
In all other cases, the complications resulted in painful and problematic sexual activity. 
Our experience is that, in the event of complications after the injection of permanent 
fillers in the male genitalia, excision of the tissue involved is the only solution. In some 
cases, the skin and a large part of the Buck’s fascia of the whole penis must be replaced 
using a skin transplant. One of our patients (patient D) sought treatment elsewhere 
after we did not deem possible the skin-saving treatment he demanded for painful 
granulomas and oedema after injection of 200 mL of LIS into the scrotum. In the 
other cases, multiple surgical procedures were required to treat the complications. 
The results of these procedures were still cosmetically disappointing. In conclusion, 
the morbidity of complications resulting from injections with permanent fillers into the 
penile shaft or the scrotum is of sufficient importance that we advise against their use 
in this anatomic region for aesthetic purposes.
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ABSTRACT
Background
Soft-tissue fillers have become more prevalent for facial augmentation in the last 2 
decades, even though complications of permanent fillers can be challenging to treat. 
An investigative imaging tool could aid in assessing the nature and extent of these 
complications when clinical findings are ambiguous.

Objectives
The authors analyzed the value of magnetic resonance imaging (MRI) in the assessment 
of delayed-onset complications after injection of patients with permanent fillers.

Methods
Thirty-two patients with complications related to facial fillers were evaluated in this 
prospective cohort study. Their medical history was documented, and MRI was 
conducted before treatment of the complications. Radiologists were informed of the 
injection sites but were blinded to the results of other clinical evaluations. Levels of 
agreement between clinical and radiologic findings were calculated with the Jaccard 
similarity coefficient.

Results
A total of 107 site-specific clinicoradiologic evaluations were analyzed. The level 
of agreement was assessed as strong for deposits without complications and 
noninflammatory nodules (combined 85%), moderate for abscesses (60%), fair for 
low-grade inflammations (32%), and slight for migrations (9%). Results from the MRI 
examinations aided in subsequent treatment decisions in 11% of cases.

Conclusions
Study results show that MRI may be useful for diagnosing complications associated 
with fillers that have migratory potential, for depiction of the extent of deposits before 
treatment, and for follow-up of low-grade inflammation and abscesses after surgery.
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INTRODUCTION
During the last 15 years, the injection of permanent synthetic filling agents for soft-
tissue augmentation has become more common.1-3 When these agents first arrived on 
the market, they were touted for their biocompatibility and easy removal.4-6 In addition, 
they were presumed to elicit mild reactions in the surrounding tissue, causing capsule 
formation and thereby preventing migration of the filler.4-8 More recently, however, a 
growing body of literature has described complications after injection of permanent 
filling materials.9-27 Non-absorbable hydrogel polymers, such as polyalkylimide 4% 
gel (PAIG) and polyacrylamide 2.5% gel (PAAG), are often implicated and have 
been associated with adverse events, such as indurations, nodules, infections and 
inflammations, abscesses, and delayed granulomas.16-22 The biocompatible nature 
of non-absorbable hydrogel polymers is thought to predispose them to bacterial 
contamination, biofilm formation, and infections with potential secondary abscess 
formation.28,29 In addition, these hydrogels are specifically known for inducing limited 
inflammatory reaction and thin fibrous capsules after injection, thus exhibiting a certain 
migratory potential.29 

Although the mainstay for diagnosing filler-related complications should be a 
careful patient history and clinical examination, determining the nature and extent of 
some complications can be difficult in clinical practice. In such cases, an investigative 
imaging tool to facilitate assessment of filler-related complications would be beneficial. 
Injected filler materials have been examined by techniques such as ultrasonography, 
magnetic resonance imaging (MRI), and computed tomography.30-38 However, reports 
on MRI for analyses of filler-related complications are scarce and are limited to small 
studies and case reports.30-32 The aim of this study was to examine the value of MRI 
in a large cohort of patients with delayed-onset complications following injection of 
permanent fillers. In addition, we sought to define the types of complications for which 
MRI may be indicated.

METHODS 
Patients and clinical data
From 2005 to 2011, 85 patients were referred to our outpatient clinic in the Department 
of Plastic and Reconstructive Surgery at Onze Lieve Vrouwe Gasthuis in Amsterdam, 
the Netherlands, for delayed-onset (≥2 weeks) complications after facial soft-tissue 
augmentation with permanent injectable fillers.26 These patients had received their 
injections electively or, in the cases of human immunodeficiency virus infections, as 
treatment for combination antiretroviral therapy-induced facial lipoatrophy. From this 
cohort, eligible patients (>18 years of age with any type of delayed-onset complication 
from injection of permanent filler into the face) were prospectively enrolled in this study. 
Exclusion criteria were pregnancy or intent for pregnancy, any inflammatory condition 
of the face, or any contraindication for MRI (e.g. claustrophobia). In addition, older MRI 
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scans not available digitally (n = 16) were excluded to prevent any confounding factors. 
Thirty-two patients who underwent MRI before treatment of their filler-associated 
complications could be enrolled. All study patients provided verbal consent for MRI 
scans and treatments. The study was conducted in accordance with guidelines of the 
Declaration of Helsinki.

Documented data included age, sex, treatment indication, type of permanent filler, 
sites of injection, time to onset of complication, and type of complication. Physical 
assessments were performed by residents as well as an experienced plastic surgeon 
(R.B.K.). The complications were categorized clinically as noninflammatory nodules, 
low-grade inflammations (LGIs), abscess formations, and migrations on the basis of 
the following definitions:19,39 

•	 Noninflammatory nodule: A firm swelling or induration lacking clinical features of 
inflammation, such as erythema, oedema, heat, and tenderness or pain. 

•	 LGI: Redness, swelling, and/or tenderness or pain at the site of injection, with a 
clinical presentation that varied intrinsically in severity. Nodules or indurations with 
evidence of inflammation were categorized as LGIs. 

•	 Abscess: Defined as fluctuating swelling with redness and/or tenderness or pain 
around the injection site. 

•	 Migration: Movement of the filler from the injection site, as confirmed by palpation.

Magnetic resonance imaging 
MRI was performed with a 1.0- or 1.5-T unit (both from Intera 1.5T, Philips Medical 
Systems, Best, the Netherlands). The scan protocol for all patients comprised axial 
and sagittal T1-weighted fast spin-echo images; axial and sagittal T2-weighted fast 
spin-echo images with fat-selective presaturation (T2 SPIR); and delayed contrast-
enhanced axial and sagittal T1-weighted fast spin-echo images with fat saturation (T1 
SPIR) after intravenous administration of gadolinium. T2-weighted images were used 
to demonstrate the location of the filler material. Both before and after gadolinium 
administration, T1-weighted images were used to visualize possible abscesses or 
phlegmonous inflammation. 

All images were read in consensus by 2 radiologists (C.J.T.N. and H.J.W.), 
with 2 and 18 years of experience (respectively), and results were recorded on a 
paper scoring form. Nine possible injection sites were studied: forehead, glabella, 
temporal region, tear troughs, cheeks/zygomatic arch, nasolabial area, perioral 
region, marionette lines, and chin. Radiologists were informed of the initial injection 
sites to allow assessment of filler migration, but they were blinded to all other 
clinical examination results. 

When fillers had been injected into more than one site, locations were evaluated 
separately. Filler deposits were visible as hyperintense collections on T2-weighted 
magnetic resonance images. The collections were subdivided into single deposits 
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and clusters consisting of multiple smaller nodules. In accordance with the clinical 
assessment, the following definitions were used in the MRI analyses.

•	 Deposit without inflammation: An area of high signal intensity with a single focus or 
multinodular pattern on T2-weighted images, with or without little rim enhancement 
and without perifocal soft-tissue reaction on T1-weighted images. 

•	 Deposit with inflammation: A site with high signal intensity on T2-weighted images, 
with little rim enhancement and perifocal reaction, presenting as high signal 
intensity on T2-weighted images of adjacent soft tissues and/or enhancement of 
the surrounding tissue. 

•	 Abscess formation: A fluid collection with high signal intensity on T2-weighted 
images with evident rim enhancement and with enhancement of the surrounding 
tissues on T2-weighted images after gadolinium. 

•	 Migration: When a clear discrepancy existed between the injection site reported 
by the patient and the localization of filler deposits at MRI, as well as asymmetric 
distribution of deposits.

Clinicoradiologic agreements
Clinical examination findings were compared with MRI results to determine the level of 
agreement. Because both noninflammatory nodules and deposits without complications 
are visible on MRI as deposits without inflammation (i.e. noninflammatory nodules can 
be identified only by physical examination), these clinically assessed findings were 
combined for comparison with radiologically assessed deposits without inflammation. 
LGIs were defined as deposits with inflammation identified by MRI. Abscesses and 
migrations assessed clinically were compared with their MRI counterparts. The level 
of agreement between clinical examination and MRI results was calculated with the 
Jaccard similarity coefficient, J(A,B)=[A∩B]/[AUB], which measures similarity between 
sample sets and is defined as the size of the intersection of the sample sets divided 
by the size of their union. The measurements were categorized as slight agreement 
(0%-20%), fair agreement (21%-40%), moderate agreement (41%-60%), substantial 
agreement (61%-80%), and strong agreement (81%-100%).

Therapeutic approach
After providing informed consent, all patients underwent treatment of their complications 
according to our previously proposed strategy.39 In cases of noninflammatory nodules, 
our preferred approach was expectative. Intralesional corticosteroid injections or 
excision by direct approach was performed as necessary. When inflammatory features 
(i.e. erythema, oedema, heat, tenderness, or pain) were present and infection could 
not be ruled out, oral antibiotics were administered. All abscesses or recurrent LGIs 
were treated surgically. If necessary, the treatment plan was adjusted on the basis of 
MRI results.
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RESULTS
Patients and clinical data
The ages of our cohort (16 men, 16 women) ranged from 25 to 76 years (mean, 
55.4 years). Indications for treatment, types of permanent filler, and sites of injection 
are depicted in Table 1. The time between filler injections and onset of complications 
varied from 6 to 120 months (mean, 47.5 months). Patients typically presented with 
unilateral complications associated with 1 or 2 filler deposits. Other filler deposits 
in the face were assessed simultaneously. Among the 32 patients, 82 filler deposits 
were identified clinically (Table 1 and Figure 1). Owing to recurrent complications, 
6 patients were examined more than once. Consequently, a total of 102 filler deposits 
were assessed clinically. The evaluations of 13 deposits were excluded from the study 
because of technically inferior MRI results (e.g. artefacts due to dental implants), 
leaving 89 clinical deposit assessments. MRI detected 14 deposits unidentified during 
clinical examination, leading to 18 deposit assessments retrospectively defined 
and evaluated clinically. Therefore, 107 clinically assessed deposits were ultimately 
included (Figure 1). 

Based on clinical criteria, 28 (26%) of the 107 deposits assessed were noninflammatory 
nodules; 14 (13%) were LGIs; 14 (13%) were abscesses; and 5 (5%) were migrations 
(Table 2 and Figure 2). Clinically, migration was always associated with a concurrent 
noninflammatory nodule. No complications were reported for 51 (48%) of the 107 
deposits assessed.

Table 1. Treatment indications, injectable fillers, and injection sites in the study group. 

Characteristic: type n

Treatment indication  
(n = 32 patients)

Aesthetic (anti-aging) 18

CART-induced FLA 14

Fillers used 
(n = 32 patients*)

Polyalkylimide 4% gel 30

Polyacrylamide 2.5% gel 2

Polymethylmethacrylate 2

Injection sites
(n = 82 deposits)

Cheeks 46

Nasolabial folds 22

Tear troughs 6

Temporal region 4

Perioral lines 2

Marionette lines 2

* Two patients had been injected with two different types of fillers. 
Abbreviations: CART, combination antiretroviral therapy; FLA, facial lipoatrophy.
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Magnetic resonance imaging 
The initial 32 MRI investigations revealed 96 different injection sites and filler deposits 
(Figure 1). As mentioned previously, 14 of the 96 deposits were not recognized clinically. 
After the additional MRI examinations were factored in for patients with recurrent 
complications and the inferior MRI results were excluded, 107 filler deposits remained 
for assessment. 

MRI findings revealed that 73% (78 of 107) of assessed sites were deposits without 
inflammation; 10% (11 of 107) were deposits with inflammation; 17% (18 of 107) were 
abscesses; and 28% (30 of 107) were migrations (Table 2 and Figure 3). Migration was 
always observed with a deposit without inflammation, a deposit with inflammation, or 
an abscess. When features of inflammation and abscess formation were encountered 
in single deposit or in deposit clusters, the site was deemed an abscess.

32 patients with complications after injection with permanent fillers in the face  

Clinically: 82 filler 
depots found 

Clinically: 102 filler 
depots assessments  

On MRI: 120 filler 
depots assessments 

13 depot assessments excluded 

On MRI: 96 filler 
depots found 

of which 12 depots assessed ≥2 times because 

of recurrent complications, for which physical 

examination needed to be repeated  

of which 18 depots assessed ≥2 times 

because of recurrent complications, for which 

MRI was repeated 

On MRI: in total 107 filler 
depots assessments 

Clinically: 89 filler 
depots assessments 

Clinically: in total 107 filler 
depots assessments 

18 retrospectively defined depot  

assessments without adverse events  

107 site-specific clinicoradiological evaluations 

Figure 1. Flowchart of filler deposit assessment at clinical examination and magnetic resonance 
imaging.
Artefacts (n = 6), poor quality of the magnetic resonance images (MRI; n = 4), and absence of detectable 
deposits (n = 3) resulted in exclusion of 13 clinical and radiolologic assessments. The MRIs revealed 14 filler 
deposits (and 18 deposit assessments) that had not been identified clinically. Because these deposits were not 
identified by physical inspection and palpation, they were retrospectively considered to be deposits without 
complications. According to this approach, 107 site-specific clinicoradiologic evaluations were generated.
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Clinicoradiologic agreements 
As shown in Figure 1, a total of 107 site-specific clinicoradiologic evaluations were 
performed. With respect to localization of the filler deposits, strong agreement 
was observed between clinical and MRI assessments in 83% (89 of 107 deposits). 
For observed complications, the overall clinicoradiologic agreement was considered 
substantial (70 of 107 deposits, 65%). The level of agreement by complication is 
depicted in Figure 4.

Noninflammatory nodules and deposits without complications at clinical examination 
vs deposits without inflammation at MRI. In 5 of 51 clinically assessed deposits without 
complications, MRI revealed deposits with inflammation (4 of 5) or an abscess (1 of 5). 
The noninflammatory nodules at clinical examination corresponded to deposits without 
inflammation at MRI in all cases. In 4 cases, deposits without inflammation at MRI did 
not confirm clinically suspected LGIs (3 of 4) or abscesses (1 of 4).

Table 2. Clinical and radiologic assessments of complications. 

Clinical diagnosis 107 deposit assessement Radiological diagnosis

Clinical findings Findings on MRI

Deposit without complications 51 NA NA

Noninflammatory nodule 28 NA NA

NA NA 78 Deposit without inflammation

Low-grade inflammation 14 11 Deposit with inflammation

Abscess 14 18 Abscess

Migration 5 30 Migration

Abbreviations: MRI, magnetic resonance imaging; NA, not applicable.

Figure 2. Image of a clinically identified abscess caused by injection of a permanent soft-tissue filler. 
(A, B) This 53-yearold man experienced a fluctuating swelling of the left cheek 60 months after injections of 
polyalkylimide gel for treatment of facial lipoatrophy. No provoking event was identified. The mark on the 
center of the cheek is the point of maximal intensity; the mark at the lower jaw is the lowest palpable point. 
These marks were made during preoperative screening to outline the extent of the abscess, and the images 
were obtained at this time. Incision and drainage were performed subsequently, while the patient was on 
antibiotic therapy.

A B
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Figure 3. Migration, inflammation, and abscess from injection of soft-tissue filler material 
identified at magnetic resonance imaging. 
T1-weighted images were obtained with fat saturation before (A, D, G) and after (B, E, H) administration 
of gadolinium. (C, F, I) T2-weighted images were obtained with fat saturation via spectral presaturation 
with an inversion recovery pulse. (A, B, C) This 49-year-old man received an injection of polyalkylimide 4% 
gel (PAIG) and had no signs of inflammation or migration at clinical examination. However, on this axial 
T2-weighted image, symmetric distribution of the hyperintense collections (i.e. of filler material) is visible, 
with migration toward the deeper buccal regions (C, arrows). (D, E, F) This 65-year-old man had received 
an injection of PAIG and later experienced persistent erythema of the cheeks after a visit to the dentist. 
Axial T1-weighted images before (D) and after (E) administration of gadolinium show a deposit with signs 
of inflammation in the left cheek. The contrast-enhanced image (E) shows a small hypointense collection 
with subtle rim enhancement (circled area). Little enhancement of the surrounding tissue is visible. (G, H, 
I) This 53-yearold man had a fluctuating erythematous swelling of the right cheek at clinical examination. 
Axial images show an enlarged hypointense collection on the T1-weighted image (G) and a hyperintense 
collection on the T2-weighted image (I, circled area). The evident rim enhancement on the contrast-
enhanced T1-weighted image, plus enhancement of the surrounding tissue, is suggestive of an abscess.

A B C

d E F
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Figure 4. Clinicoradiologic agreement between assessments of filler-related complications in 
the study. 
Similar to deposits without complications, noninflammatory nodules are visualized by magnetic resonance 
imaging as deposits without inflammation. Therefore, deposits without complications and noninflammatory 
nodules identified during clinical examinations were combined for correlation with radiologic deposits 
without inflammation. Low-grade inflammations were defined at magnetic resonance imaging as deposits 
with inflammation.

LGIs at clinical examination vs deposits with inflammation at MRI. Although 14 LGIs 
were reported clinically, only 6 of these deposits (43%) showed signs of inflammation 
via MRI. Yet, of 11 deposits with inflammation revealed by MRI, 5 (45%) had not been 
recognized as such clinically. 

Abscesses at clinical examination vs abscesses at MRI. Of 14 clinically assessed 
abscesses, 12 (86%) were confirmed by MRI. The 2 remaining deposits identified as 
abscesses during clinical examination were not recognized as such by MRI. Of the 18 
abscesses reported from MRI, 16 (89%) were confirmed by the presence of pus during 
surgical incision (n = 14), needle aspiration (n = 1), or spontaneous drainage (n = 1). 
The other 2 patients with abscesses at MRI were lost to follow-up. Clinical examination 
failed to reveal 33% (6 of 18) of the abscesses visualized during MRI. 

Migrations at clinical examination vs migrations at MRI. Of 5 clinically assessed 
migrations, 3 (60%) were confirmed by MRI. An additional 27 migrations that had not 
been recognized clinically were identified by MRI. Of the 30 migrations visualized 
during MRI, 19 (63%) were accompanied by a deposit with inflammation (n = 6) or an 
abscess (n = 13).

Therapeutic consequences
Of all 107 cases studied, clinicoradiologic correlation was absent in 37 (35%). In 27 (73%) 
of the 37 cases, migrations were found by MRI but missed clinically. In 7 (26%) of the 
27 clinically missed migrations, the migrations coincided with other wrongly diagnosed 
or clinically missed complications. The absence of clinicoradiologic correlation for the 
other 20 (74%) clinically missed migrations did not influence our therapeutic approach. 
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In 4 of the 37 cases identified during clinical examination as deposits without signs of 
complications (11%), MRI revealed inflammation, and antibiotic treatment was initiated. 
In 6 of 37 cases in which abscesses were found at MRI but missed clinically (Figure 5), 
treatment strategy was adjusted, and surgery was performed when possible. In 2 
(5%) of the 37 cases, deposits were suggestive of abscesses at clinical examination; 
however, MRI revealed 1 deposit without inflammation and 1 deposit with inflammation. 
Consequently, surgical procedures were averted. In addition, 3 (8%) of the 37 deposits 
suggestive of an LGI at clinical examination were depicted by MRI as deposits without 
inflammation. However, in these cases, antibiotic treatment was continued based on 
the clinical findings.

Figure 5. discrepancy between findings of low-grade inflammation at clinical examination and 
abscess at magnetic resonance imaging. 
(A, B) This 54-year-old man presented at our outpatient clinic with swelling and tenderness of the right 
cheek 4 years after receiving injections of polyalkylimide 4% gel. A solid induration was palpable on the 
right cheek, with some redness and tenderness, but no fluctuation. (C) An axial T1-weighted magnetic 
resonance image shows the deposits as hypointense collections. (D) After administration of contrast material, 
rim enhancement was observed in the right-sided collection along with enhancement of the surrounding 
tissue, indicating an abscess. On the left side, subtle rim enhancement was found with no reaction in the 
surrounding tissue. (E) An axial T2-weighted magnetic resonance image shows the asymmetric aspect and 
distribution of the hyperintense deposits as a single area on the left side and a more nodular aspect on the 
right side. On the right side, the high signal intensity around the deposit (circled area) indicates edema. 
Subsequently, this patient underwent surgery, during which the abscess was confirmed by the presence 
of a purulent discharge.

A B
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DISCUSSION 
We evaluated MRI as an investigative tool to aid the management of delayed-onset 
complications in patients who underwent injection of permanent fillers. In our cohort of 
32 patients, a total of 44 MRI examinations were performed, and 107 facial filler deposits 
were assessed both clinically and radiologically.

Clinicoradiologic agreements
Although the radiologists were not blinded to the filler injection sites, 14 of the 107 
sites evaluated (13%) were new deposits that had not been identified during clinical 
examination. This finding corresponds with our experience that patient history or 
recollection of injected filler materials is sometimes incomplete. Nonetheless, overall 
localizations of filler deposits showed strong clinicoradiologic agreement (83%), 
indicating that an adequate patient history and clinical examination are useful for 
detecting most filler deposits. 

However, this study also demonstrates that filler-related complications can be 
missed clinically. In addition, the tendency for misdiagnosis appears to vary according 
to the type of adverse event. The level of agreement was strong (85%) between the 
radiologic diagnosis of deposits without inflammation and the clinical diagnosis of 
noninflammatory nodules and deposits without complications. However, some sites 
identified as noninflammatory nodules at clinical examination were revealed as 
abscesses and LGIs by MRI. 

Consistent with the literature, all abscesses observed in this study occurred after 
injection with PAIG.19-22,40 Overall, a substantial clinicoradiologic agreement was seen 
for abscesses (60%), implying that MRI does not have major value in this diagnosis. This 
finding corresponds with the fact that abscesses large enough to induce fluctuation 
can be diagnosed clinically, whereas smaller abscesses may be overlooked clinically 
but depicted with an investigative imaging tool (e.g. as shown by the 6 clinically missed 
abscesses we found by MRI). 

For migrations and LGIs, the levels of clinicoradiologic agreement were slight and fair 
(9% and 32%), respectively, implying a possible role for an investigative imaging tool. Five 
deposits that showed inflammation by MRI were not recognized as LGIs during clinical 
examination. This finding is particularly relevant in cases when anti-inflammatory treatment 
is being considered and could aggravate an infectious complication. Filler migration was 
observed in 28% (30 of 107) of deposit evaluations at MRI. This finding concurs with 
the literature, which indicates that non-absorbable hydrogel polymers such as PAIG and 
PAAG induce limited inflammatory reactions and thin fibrous capsules, thus facilitating 
migration.29 Polymethylmethacrylate (PMMA) is not associated with migration.10,12 Of the 
4 PMMA deposits evaluated, 2 (in a single patient) showed signs of migration. However, 
this patient had been injected with both PMMA and PAIG at these sites. 

Because filler migration by itself does not require treatment or surgery, we were 
not able to physically confirm a lack of false-positive results. However, our definition of 

90



5

MRI EVALUATION OF FACIAL PERMANENT FILLER COMPLICATIONS

migration was maintained throughout the MRI assessments. On T2 SPIR images, filler 
deposits show an area of high signal intensity and well-circumscribed borders, with 
the surrounding dark saturated fat.32 Therefore, even small nodules can be detected 
easily, supporting the accuracy of migratory pocket identifications. 

Our results show a substantial clinicoradiologic agreement of 65% (70 of 107 
deposits) for all reported complications. This finding is an argument against the routine 
use of an investigative imaging tool. However, when agreement was analyzed by type of 
complication, we found that filler migrations in particular can be difficult to determine 
clinically (clinicoradiologic agreement of 9%). In addition, migration was frequent in 
deposits with concurrent inflammation (5 of 11 deposits at MRI, 45%) or abscess (9 of 
18 deposits at MRI, 50%). These outcomes imply that an investigative imaging tool 
such as MRI could be helpful in detecting occult migrations in patients who present 
with complications after injection with particular permanent fillers. 

Treatment strategy was altered on the basis of MRI findings when an abscess or LGI 
was wrongly diagnosed or missed clinically (12 of 107 deposits, 11%). If we consider 
only the subgroups with a clinically assessed LGI (n = 14) or abscess (n = 14), treatment 
strategy was modified according to MRI results in 25% of cases (7 of 28). In addition, our 
results demonstrated a trivial clinicoradiologic agreement for migrations and showed 
that this complication often occurs with inflammations and abscesses. Surgical removal 
of additional migrated filler pockets found during MRI could also be considered a 
modification of treatment. 

Our results indicate that MRI may aid in therapeutic decision-making for selected 
patients with complications of permanent fillers. However, the mainstay of diagnosis always 
should be a thorough patient history and clinical examination. Performing tests that are 
not indicated can lead to type I (false-positive) or type II (false-negative) errors. Therefore, 
we advise against the routine use of MRI to diagnose complications of permanent fillers.

Literature review
To our knowledge, few publications have addressed the use of imaging tools to investigate 
delayed-onset complications after injections with permanent fillers. Van Rozelaar et al.33 
utilized MRI to quantify treatment effects from facial injections with calcium hydroxylapatite 
and poly-L-lactic acid. Carruthers et al.34 studied calcium hydroxylapatite with computed 
tomography because of the material’s radiopaque properties on conventional radiographic 
imaging. However, the authors of these studies did not examine the characteristics of 
complications attributable to those fillers via MRI or computed tomography. Moreover, 
the described fillers were biodegradable, unlike the agents in our study. 

A limited number of articles exist on the visualization of filler deposits by 
ultrasonography.35-38 Schelke et al.35 utilized this modality to describe the properties 
of several semi-permanent and permanent fillers. PAIG deposits had an anechoic 
to hypoechoic aspect, with distinct echogenic walls observed on scans. Both liquid 
injectable silicone and PMMA were shown to induce fibrosis, with typical shadowing 
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noted via ultrasonography.35 In another study, PMMA deposits appeared as bright 
hyperechoic dots, whereas liquid injectable silicone (hyperechoic but less bright foci) 
was mostly associated with sound scattering.36 Grippaudo and Mattei37 demonstrated 
that in patients injected with PAIG who had no symptoms or signs of complication, 
ultrasonography revealed inflammatory patterns and foreign-body reactions. Because 
it is much less expensive than MRI, ultrasonography may be a preferable investigative 
tool in this setting. However, its reliability in detecting migrated filler deposits was 
not mentioned in those articles.35-38 Nonetheless, ultrasonography appears useful for 
identifying injected soft-tissue fillers and certain associated complications. 

Compared with ultrasonography, MRI has a higher level of reproducibility; it 
provides a complete view of the complex facial/cranial anatomy. MRI is not investigator 
dependent or time bound, allowing the medical practitioner treating the filler-related 
complications to personally check the images (e.g. in preparation for surgery). In 
addition, MRI appears particularly suitable for visualizing migrated filler deposits.41

MRI: limitations and possible indications
In light of our results, we have outlined the types of complications for which MRI may be 
useful and could be indicated (Figure 6). Although our study revealed limited utility of 
MRI to identify complications related to permanent fillers, this modality may be helpful 
in cases where the clinical diagnosis is unclear or for selected complications related to 
permanent fillers with migratory potential (e.g. non-absorbable hydrogel polymers such 

Delayed-onset complications after injection with permanent fillers in the face  

Particulate fillers with low 
migration tendency (i.e. PMMA) 

Fillers with a migratory potential  
(i.e. the hydrogels PAIG and PAAG) 

Recurrent LGI and/or primary 
abscess 

Recurrent LGI and/or abscess after 
surgical treatment 

Low to moderate 
indication for MRI 

Moderate to substantial 
indication for MRI 

No indication for MRI 

Figure 6. Flowchart showing the utility of magnetic resonance imaging as an investigative tool in 
the assessment of facial complications related to permanent fillers, based on our study results. 
Of the complications investigated, the lowest clinicoradiologic agreement was observed for migrations (9%). 
Migration was common in deposits with concurrent inflammation (5 of 11 deposits at magnetic resonance 
imaging, 45%) or abscess (9 of 18 deposits at magnetic resonance imaging, 50%). These results suggest that 
magnetic resonance imaging may be helpful when surgery is indicated (e.g. in patients with an abscess or 
recurrent low-grade inflammation) and when migration is anticipated (e.g. in recipients of non-absorbable 
hydrogel polymers, such as polyalkylimide gel and polyacrylamide gel). In such cases, magnetic resonance 
imaging might aid in determining the (preoperative) extent and anatomic outline of the complication and prevent 
migratory pockets from being left behind during surgery, thus averting recurrent inflammatory complications.
Abbreviations: LGI, low-grade inflammation; MRI, magnetic resonance imaging; PAAG, polyacrylamide gel; 
PAIG, polyalkylimide gel; PMMA, polymethylmethacrylate. 
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as PAIG and PAAG). Compared with other imaging techniques, MRI appears superior in 

depicting migrated filler deposits. Therefore, we suggest a low to moderate indication 

for MRI when surgery is indicated (i.e. abscesses or recurrent LGIs) and when migration is 

suspected (Figure 6). In these cases, preoperative MRI might help determine the extent 

and anatomic outline of the complication, as well as depict filler migrations that might 

otherwise be missed and possibly lead to recurrent complications. For recurrent LGIs or 

abscesses after surgical treatment, we suggest a moderate to substantial indication for 

MRI. Permanent fillers composed of solid particles (e.g. PMMA) have a reduced tendency 

to migrate.10,12,15,29,39 Subsequently, investigative imaging tools are not as valuable for 

complications resulting from this type of product.

Limitations of this study
Because this was a prospective cohort study, randomization was not implemented. In 

addition, blinding of investigators and patients to diagnostic processes or treatment 

was not possible, which may have introduced some confounding effects. To allow 

assessment of filler migrations, radiologists were advised of the initial injection sites, 

although they were blinded to all other results of the clinical examinations. Finally, 

although our sample size was substantial, studies of larger patient populations are 

warranted to investigate this topic more extensively. Despite these limitations, our 

study design reflects actual clinical practice, and the findings represent practical and 

valuable information that may improve patient care.

CONCLUSION
Our findings demonstrate that certain filler-related complications can be missed 

clinically and that the tendency for misdiagnosis appears to depend on the type of 

adverse event. A meticulous patient history and clinical examination are mainstays for 

the accurate diagnosis of these complications. However, an investigative imaging tool 

may be useful in the management of selected complications of permanent fillers. In 

particular, MRI may aid in therapeutic decision-making for patients with inflammatory 

complications from permanent fillers with a migratory potential. When surgical 

treatment is considered, preoperative MRI can depict the extent and anatomic outline 

of the complication. We do not, however, consider MRI mandatory or even useful for all 

cases of filler-related complications, and we advise against its routine use in this setting.
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ABSTRACT
Background
Soft-tissue augmentation with permanent fillers can lead to severe granulomatous 
foreign-body reactions (GFBRs), but the immune pathomechanism of this complication 
is still unknown. We performed conventional histologic examination and immunostaining 
for plasmacytoid dendritic cells (pDCs) in skin sections from patients with GFBRs to 
4 permanent filler agents, which have been widely used in recent decades. 

Methods
Twenty-one skin biopsies were studied from 19 patients with GFBRs to polyalkylimide 
4% gel (PAIG, n = 10), polyacrylamide 2.5% gel (PAAG, n = 2), hydroxyethylmethacrylate/
ethylmethacrylate in hyaluronic acid (HEMA/EMA, n = 4), or liquid injectable silicone (LIS, 
n = 5). GFBRs were analysed in hematoxylin-eosin stained sections and pDCs detected 
using CD123 antibodies. Anti-CD11c immunostaining was performed for comparison. 

Results
Grading of the inflammatory infiltrates observed histologically did not correlate with 
clinical features of inflammation. Immunostaining for CD123 did not detect pDCs in 8 of 
10 PAIG-, 1 of 2 PAAG- and the 5 LIS biopsies. In contrast, all 4 HEMA/EMA biopsies 
contained collections of pDCs in lymphocytic infiltrates close to filler particles and 
adjacent sarcoidal granulomas. 

Conclusion
Our data suggest that pDCs contribute to the sarcoidal granulomas associated with 
injected HEMA/EMA. Recruited pDCs may exert their pro-inflammatory effects by 
release of interferon-α at the site of these filler deposits.

98



6

Granulomatous foreiGn-body reactions to permanent fillers

INTRODUCTION
Soft-tissue fillers, or ‘fillers’, are substances injected at varying depths within the skin 
and subcutaneous tissues to fill imperfections such as wrinkles, creases and concave 
scars, as well as to improve the volume and shape of the treated area. In the past 
decades the popularity of soft-tissue augmentation for aesthetic purposes has 
increased exponentially.1 This considerable increase in the use of soft-tissue fillers 
has been accompanied by the development of a large array of filler materials for the 
medical practitioner to choose from.2-4 However, there is a lack of reliable data on 
the long-term safety of such newly introduced fillers and several fillers agents have 
caused unexpected and unpleasant manifestations of side effects after injection.5-11 
Long-term safety issues are especially important for the so-called ‘permanent’ (i.e. non-
biodegradable) fillers. 

Injections of filling agents for soft-tissue augmentation, especially permanent 
fillers, may result in late-onset complications, including granulomatous foreign-body 
reactions (GFBRs) at the site of injection.7,10-15 Non-biodegradable fillers that can cause 
this adverse effect include hydrogels containing polyalkylimide or polyacrylamide, 
silicones (polydimethylsiloxane) and fillers with a biodegradable basis or -carrier 
(e.g. collagen or hyaluronic acid), to which solid, non-degradable particles have been 
added, such as methacrylates. Clinically, GFBRs are often characterized by skin-
colored lumps and bumps lacking visible features of inflammation. Histologically, 
GFBRs can be classified according to a severity grading system ranging from grade I, 
a slight reaction with few inflammatory cells composed predominantly of histiocytes, 
lymphocytes and plasma cells, to grade IV, a pronounced GFBR with multiple 
granulomas containing multinucleated giant cells (MNGCs) and encapsulating the 
implants.11,16 Liquid injectable silicone (LIS) causes a distinct type of granuloma, named 
‘cystic and macrophagic granuloma’ (CMG) and characterized by empty extracellular 
microcysts (silicone is lost in processing, dissolved by xylene), surrounded by a 
mainly mononuclear infiltrate of vacuolated macrophages.17 Another classification 
distinguishes cystic granulomas, caused by biological gels such as collagens and 
hyaluronic acid, oedematous granulomas due to silicones and polyacrylamides, and 
sclerosing granulomas, caused by methacrylates and calcium hydroxylapatite.10 The 
histological features of adverse reactions to soft-tissue fillers, including GFBRs, have 
been reviewed by several authors.10-12,17-24 The immune pathomechanism of GFBRs 
to soft-tissue fillers is unclear and immunohistochemical studies are limited to the 
demonstration of CD68+ macrophages and CD4+ and CD8+ lymphocytes in the 
inflammatory infiltrates.25-28 

To our knowledge, no studies have been published on the presence of plasmacytoid 
dendritic cells (pDCs) in GFBRs to soft-tissue fillers, although these cells are involved 
in many other inflammatory skin disorders.29-35 Since pDCs are the main source of 
type I interferon α (IFN-α) in man and systemic IFN-α therapy can cause late-onset 
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sarcoidal GFBRs in patients with permanent soft-tissue fillers,36-38 we hypothesized 

that IFN-α producing pDCs are present in ‘spontaneous’ GFBRs to permanent filler 

agents. To detect pDCs we stained skin biopsies from 19 patients with GFBRs to 

different permanent fillers with monoclonal antibodies to CD123 (interleukin-3 

receptor α-chain). For comparison, serial sections were immunostained for CD11c 

(integrin αX chain of complement receptor 4), which is expressed by myeloid dendritic 

cells (mDCs), dermal (monocyte-derived) histiocytes/macrophages and macrophages 

fused into MNGCs.39-41

MATERIALS AND METHODS
Patients
Twenty-one excisional skin biopsy specimens were obtained from 19 patients referred 

to our outpatient clinic for delayed-onset (≥2 weeks) complications after soft-tissue 

augmentation with permanent injectable fillers. Patients I-IV had been injected with 

polyalkylimide 4% gel (PAIG, Bio-Alcamid®, Polymekon Research S.r.l., Brindisi Italy) in 

our own clinic, as treatment for facial lipoatrophy (FLA), caused by combination anti-

retroviral therapy (CART) for human immunodeficiency virus (HIV) infection. The other 

15 patients were HIV negative and had received injections for aesthetic reasons with 

PAIG, polyacrylamide 2.5% gel (PAAG, Aquamid®, Contura International, Soeborg, 

Denmark), hydroxyethylmethacrylate/ethylmethacrylate in hyaluronic acid (HEMA/

EMA, Dermalive®, Dermatech, Paris, France) or LIS. Of these 15 patients, only patient 

X had received filler injections (with PAIG) at our department, the others were injected 

elsewhere, mainly in cosmetic clinics. From patients XV and XVII 2 biopsy specimens 

were included in this study, either obtained from different body sites or at least 1 year 

apart, separated by a complication-free period. Gender, age, type of filler, treatment 

indication, site(s) of excisional biopsies and clinical aspects of complication(s) are listed 

in Table 1.

histological and immunohistochemical analysis
Biopsy specimens were routinely fixed in 4% buffered formaldehyde, pH 7.5 and 

subsequently embedded in paraffin. From each specimen 3 μm-thick sections 

were cut for hematoxylin and eosin (H&E) staining. Serial sections were obtained 

for immunohistochemical (IHC) staining, either with mouse monoclonal anti-

CD123 (BR4MS, Novocastra Laboratories Inc., Newcastle upon Tyne, UK) or with 

rabbit monoclonal anti-CD11c (EP1347Y, Abcam.com, Cambridge, UK). Sections 

were deparaffinized with xylene, hydrated through grades of ethanol, endogenous 

peroxidase was blocked with 0,3% H2O2/methanol and followed by antigen retrieval 

with 10 mM Tris 0,1mM EDTA pH9 in a microwave for 10 minutes at 100°C. Antibodies 

were diluted 1:100 in Normal Antibody Diluent, incubated for 1 hour at room 

temperature and detected either by Power Vision PlusTM (Immunologic, Duiven, the 
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Netherlands) for CD123, or by Envision anti-Mouse/Rabbit HRPTM (Dako, Glostrup, 
Denmark) for CD11c. Sections incubated with phosphate-buffered saline were used 
as negative control. After visualization using Liquid DAB+ (Dako, Glostrup, Denmark) 
as chromogen, slides were rinsed in water, briefly counterstained with Mayer’s 
hematoxylin, dehydraded with grades of ethanol, cleared with xylene and mounted 
with Tissue Tek® coverslipping film (Sakura Finetek Europe B.V., Alphen aan den Rijn, 
the Netherlands). 

To determine the specificity of our IHC procedure, sections of normal human tonsils 
were immunostained under identical conditions as skin biopsies. In tonsillar tissue, 
CD11c staining demonstrated cells with marked dendritic phenotype identified as 
mDCs, scattered throughout follicular- and T cell areas. CD123 staining of serial sections 
identified clusters of cells with typical morphology and staining pattern of pDCs, limited 
to T cell areas in the proximity of high endothelial venules. This corresponded fully 
with observations by others and confirmed the specificity of our IHC stains at the 
chosen conditions.42, 43

histological and immunohistochemical scoring
The presence in H&E stained sections of inflammatory cells, that is lymphocytes, 
histiocytes, MNGCs, polymorphonuclear neutrophils (PMNs) and plasma cells was 
evaluated semiquantitatively using a five-point scale: - = absent, + = sporadic cells, 
++ = scattered cells, +++ = collections of cells, ++++ = large aggregates of cells. 
Granulomas were subtyped according to their morphological features as palisading 
foreign-body granulomas that surrounded large filler deposits, as sarcoidal granulomas 
(SCG) that often enclosed small filler particles, or as cystic macrophagic granulomas 
(CMG), typically observed in LIS specimens. Other types of granulomas (i.e. tuberculoid, 
necrobiotic or suppurative) were not found in any of the biopsy specimens studied. 
The extent of dermal fibrosis was graded using a four-point scale: - = none, + = mild, 
++ = moderate, +++ = marked fibrosis. 

In sections stained with antibodies to CD123 we were able to assess the number 
of pDCs by scanning at low magnification for cells with typical pDC morphology and 
CD123 staining pattern, selecting the dominant cluster and counting CD123+ cells 
in a single microscopic field at x200 magnification. Grading of CD123+ pDCs was as 
follows: - = no or sporadic pDCs, + = less than 20 pDCs per field, ++ = 20-40 pDCs 
per field, +++ = more than 40 pDCs per field. Counting CD11c+ cells was not possible, 
due to the intense and diffuse staining of histiocytes and MNGCs present in GFBRs in 
most specimens. The grading system used for CD11c immunostains was: - = no CD11c+ 
cells, + = isolated positive cells, ++ = small collections of positive cells, +++ = larger 
collections of positive cells, ++++ = diffuse aggregates of intensively stained cells. 
H&E- and immunostained slides were reviewed by author R.H. Blinding to the type 
of filler present in biopsy specimens was not possible, due to the typical and easily 
recognizable microscopic features of the different filler agents.

102



6

Granulomatous foreiGn-body reactions to permanent fillers

RESULTS
hematoxylin-eosin staining
In H&E stained sections deposits of PAIG were identified as mainly amorphous basophilic 
material with retraction spaces, secondary to fixation, at the transition of filler material 
and surrounding histiocytes and MNGCs (Figure 1A). In several specimens MNGCs 
(both foreign-body and Langhans type) and histiocytes formed palisading walls around 
larger deposits of PAIG, that in some cases stained eosinophilic rather than basophilic, 
with a grainy or fibrous appearance (upper left corner in Figure 1B). All PAIG specimens 
contained filler deposits that were traversed by histiocytes, MNGCS and lymphocytes 
on a background of thin fibrous strands (Figure 1C). Sporadic PMNs were observed in 
specimen 2 (diagnosed clinically as an abscess) and 6 (clinically an inflammation with 
skin defect), restricted to small foci of necrosis and small numbers of plasma cells were 
seen in 6 of 10 PAIG specimens (Table 1). Most PAIG specimens showed moderate to 
marked fibrosis. Biopsy specimens from HIV-positive patients (specimens 1-4) did not 
show distinctive characteristics compared to the other PAIG cases.

In the 2 patients who had received PAAG injections, microscopic features of 
filler deposits were indistinguishable from PAIG, demonstrating amorphous, mainly 
basophilic material with retraction spaces (Figure 1D). GFBRs to PAAG were also very 
similar to PAIG, demonstrating palisading MNGCs and histiocytes and marked fibrosis. 
Collections of plasma cells were observed in both PAAG biopsy specimens, close 
to the granulomas. Histiocytes and MNGCs invaded PAAG deposits similar to PAIG 
specimens.

HEMA/EMA particles were identified as irregular and sharp-edged, translucent and 
non-birefringent structures, with the appearance of broken glass gravel (Figure 1E). 
In all HEMA/EMA biopsy specimens the inflammatory infiltrates were dominated by 
epithelioid histiocytes and MNGCs (some containing asteroid bodies), which formed 
SCGs enclosing HEMA/EMA particles. Small to moderate numbers of lymphocytes 
and sporadic PMNs and plasma cells were present in biopsies 14, 15 and 16 (Table 1). 
Granulomas in the deeper dermal layer were embedded in a dense fibrotic stroma. 

Biopsies from patients injected with LIS showed empty, round to oval vacuoles and 
cystic spaces of different sizes, resulting in a “swiss cheese” pattern (Figure 1F). These 
cystic spaces were bordered by macrophages with vacuolated “foamy” cytoplasm, 
particularly noted in the vicinity of blood capillaries and intermingled with sporadic 
lymphocytes. Few foreign-body-type MNGCs were observed in specimens 18 and 19 
only, obtained from a single patient (patient XVII). None of the LIS biopsies contained 
PMNs or plasma cells, although they were taken from skin lesions diagnosed clinically 
as inflammatory. Fibrosis in LIS specimens was either mild or absent (Table 1).

Immunohistochemical staining 
Immunostaining for pDCs with antibodies to CD123 failed to detect pDCs in 8 of 10 
PAIG specimens, in 1 of 2 PAAG specimens and in all 5 LIS specimens (Table 1). Small 
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Figure 1. histologic features of filler granulomas. 
(A) Polyalkylimide gel (PAIG) specimen 6: amorphous basophilic deposits surrounded by foreign-body-type 
multi-nucleated giant cells (MNGCs), histiocytes, and smaller numbers of lymphocytes and plasma cells. (B) PAIG 
specimen 8: grainy eosinophilic deposit bordered by palisading foreign-body-type and Langhans-type MNGCs. 

A
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Granulomatous foreiGn-body reactions to permanent fillers

Figure 1. (Continued) 
(C) PAIG specimen 1: deposit traversed by MNGCs, histiocytes, lymphocytes, and thin fibrous strands. (D) 
Polyacrylamide gel specimen 12: small basophilic deposits with sarcoidal-type granulomatous (SCG) reaction, 
marked fibrosis, and lymphocytic infiltrate nearby. 
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Figure 1. (Continued) 
(E) Hydroxyethylmethacrylate/ethylmethacrylate specimen 16: irregular broken glass–like particles surrounded 
by SCGs, some giant cells revealing asteroid bodies. (F) LIS specimen 20: liquid injectable silicone deposits 
were lost in processing, leaving cystic spaces and vacuolated mononuclear macrophages resulting in “swiss 
cheese” pattern (H&E, A-F original magnification x100).
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Granulomatous foreiGn-body reactions to permanent fillers

collections of CD123+ cells (<20 per microscopic view) compatible with pDCs were 
observed in PAIG specimens 2 and 6 and PAAG specimen 11 only (Figure 2A,C). The 
pDCs in these biopsies displayed slight dendritic features and were situated close to 
filler particles and adjacent MNGCs, but did not invade filler deposits. Larger collections 
of pDCs were not encountered in PAIG or PAAG specimens. In contrast, CD123 staining 
of the 4 HEMA/EMA specimens identified loose aggregates of pDCs consisting of ≥20 
pDCs per microscopic field (Table 1). Collections of pDCs were found in mononuclear, 
mainly lymphocytic infiltrates in the vicinity of SCGs (Figure 2E), but pDCs also 
accumulated close to filler particles and adjacent MNGCs (Figure 3). 

Immunostaining for CD11c showed high membrane expression by the large 
aggregates of histiocytes and MNGCs that formed palisading or sarcoidal GFBRs to 
PAIG, PAAG and HEMA/EMA (Table 1 and Figures 2B,D,F). This impeded identification 
of mDCs, although some CD11c+ cells with dendritic morphology were recognized in 
lymphocytic infiltrates, mainly in HEMA/EMA specimens (Figure 2F). Histiocytes and 
MNGCs that were seen traversing PAIG and PAAG deposits also expressed CD11c, 
but lacked dendritic features. In LIS specimens, the vacuolated macrophages showed 
strong membrane staining for CD11c (Figure 2H), as did the sporadic MNGCs present. 

DISCUSSION
The histologic features observed in H&E stained sections are in agreement with 
reports by others on GFBRs to the filler agents that were used in our patients.10-13,17-24 
Interestingly, we noticed variation in the intensity and degree of basophilic- or 
eosinophilic staining of filler deposits in biopsies from different patients with a history 
of injections with PAIG or PAAG. According to studies by others, deposits of PAIG and 
PAAG have an amorphous basophilic appearance in H&E stained sections.10,12,13,19,20-22 
Since 5 of our PAIG-injected patients and both PAAG-injected patients received 
their filler injections elsewhere, other fillers than told by their practitioner may 
have been used for some patients, or even a mixture of filler agents. The PAIG 
and PAAG deposits that we studied were surrounded by palisading foreign-body 
granulomas and some deposits were invaded by macrophages and MNGCs.21 
Studies in animals have shown that macrophages, giant cells and fibroblasts invading 
PAAG are replaced by a network of fibrous tissue, resulting in integration of filler 
material within the host tissue.44,45 We observed this phenomenon in PAAG and PAIG 
biopsies and this may have contributed to the rather eosinophilic, grainy and fibrous 
appearance of some deposits. The marked sarcoidal GFBRs to deposits of HEMA/
EMA were also in accordance with previous reports.10,12,17-24,46-54 Patients injected with 
LIS demonstrated the typical CMG-type reaction and swiss cheese pattern at low 
magnification.17 The fact that giant cells were virtually absent suggests that high 
medical grade LIS was used in our patients; non-medical grade, contaminated silicone 
oil causes more severe GFBRs with MNGCs and a mixed inflammatory infiltrate.17,18 
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Figure 2. Cd123 and Cd11c immunostaining.
A and B: Polyalkylimide gel (PAIG) specimen 2. (A) Slightly dendritic CD123+ pDCs, close to PAIG remnants 
and multi-nucleated giant cells (MNGCs). (B) CD11c+ macrophages and MNGCs bordering PAIG deposits. 

A
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Figure 2. (Continued)
C and D: Polyacrylamide gel (PAAG) specimen 11. (C) CD123+ pDCs, close to PAAG particles. Endothelial 
cells stain moderately. (D) CD11c+ MNGCs and macrophages enclose a PAAG deposit. 
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Figure 2. (Continued)
E and F: Hydroxyethylmethacrylate/ethylmethacrylate (HEMA/EMA) specimen 14. (E) CD123+ pDCs form 
aggregates of >40 cells per microscopic field in the vicinity of HEMA/EMA particles. (F) CD11c+ MNGCs 
enclose HEMA/EMA particles, some CD11c+ cells with dendritic morphology are present in the lymphocytic 
infiltrate. 
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Figure 2. (Continued)
G and H: Liquid injectable silicone specimen 21. (G) CD123 immunostaining highlights endothelial cells, but 
vacuolated macrophages are negative and CD123+ pDCs are absent. (H) Vacuolated macrophages show strong 
CD11c staining [(A, B, E, F) original magnification x200; (C, D, G, H) original magnification x400].
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Figure 3. Cd123 immunostaining of hEMA/EMA specimen 15. 
CD123+ pDCs accumulate close to filler particles (*) and adjacent multi-nucleated giant cells (original 
magnification x400).
Abbreviation: HEMA/EMA, hydroxyethylmethacrylate/ethylmethacrylate.

Histological grading of inflammatory infiltrates did not correlate with clinical features 
of inflammation in our study population; clinically noninflammatory nodules often 
showed considerable mixed inflammatory infiltrates histologically, whereas several 
lesions diagnosed clinically as inflammations revealed mild infiltrates, for instance 
in LIS-injected patients. Erythema, heat, swelling and tenderness may be due to 
other factors than the mere presence of immunocompetent cells, such as levels of 
cytokines and chemokines released at the site of the GFBR. Also, the presence of 
low-grade infection may influence clinical symptoms. It has been suggested that 
bacteria growing in biofilms on the surface of injected filler deposits contribute to 
local inflammation.55,56 In our opinion, the role of biofilms in GFBRs to different (non-) 
biodegradable fillers is still unclear. 

Immunostaining for CD11c (the αX chain component of integrin αXβ2, complement 
receptor 4) demonstrated high membrane expression by virtually all histiocytes/
macrophages and MNGCs in the GFBRs to the fillers studied, with the diffuse staining 
precluding reliable demonstration of mDCs. This was to be expected, since CD11c 
is expressed on mDCs as well as on dermal macrophages and macrophages fused 
into foreign-body giant cells.39-41 The fact that we failed to detect pDCs by CD123 
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immunostaining in 8 of 10 PAIG biopsies, 1 of 2 PAAG biopsies and all five LIS biopsies 
suggests to us that pDCs may not be involved in GFBRs to these particular fillers. 
However, recruitment of pDCs to these filler granulomas and their contribution to the 
inflammatory response may be a temporary event and depend on their interaction with 
other immune cells, such as T lymphocytes. We noticed that the two PAIG biopsies and 
single PAAG biopsy in which we could identify small numbers of pDCs (<20 per field) 
all contained collections of lymphocytes (Table 1). In other inflammatory skin diseases 
pDCs are also usually detected in the context of lymphocytic infiltrates.29-35 

In contrast with PAIG, PAAG and LIS biopsies, we detected collections of pDCS in all 
4 HEMA/EMA specimens, in both lymphocytic infiltrates in the vicinity of SCGs as well 
as close to HEMA/EMA particles and adjacent MNGCs. If pDCs are attracted to filler 
deposits containing methacrylates, such as HEMA/EMA or polymethylmethacrylate 
(PMMA, e.g. Artecoll™ and Artefill®, Suneva Medical Inc., San Diego, CA, USA), or if 
they are recruited secondarily in the course of sarcoidal GFBRs to these filler agents, 
they may amplify the local immune response by releasing IFN-α at the site of the 
injected fillers. 

A possible role for IFN-α in promoting sarcoidal GFBRs to permanent fillers is 
supported by observations in patients with chronic hepatitis C infection, undergoing 
IFN-α therapy.36-38 Peginterferon α-2A treatment triggered a SCG reaction in a 
woman 10 years after facial injections with a PMMA-based filler.36 Other patients have 
been reported, with or without systemic sarcoidosis, developing sarcoidal GFBRs to 
permanent fillers after IFN-α therapy.37,38 In these cases, subcutaneously administered 
IFN-α apparently exerted its pro-inflammatory actions “from a distance” at the sites 
of the filler deposits. In man, pDCs are the main source of the type I interferons 
(IFN-α/β) and have been shown to accumulate in a variety of inflammatory skin 
disorders, including lupus erythematosus, psoriasis, lichen planus, dermatomyositis, 
Jessner’s lymphocytic infiltrate and morphea.29-35 Besides their antiviral effects, pDCs 
are potent antigen-presenting cells and able to interact with T- and B cells, mDCs and 
endothelial cells, interfere with immunological tolerance and promote autoimmune 
responses and other pathogenic inflammatory reactions.57 The precise role of IFN-α 
in the immune-promoting effects of pDCs is still unclear, but IFN-α has recently been 
shown to deactivate the suppressive function of human regulatory T cells, which may 
aggravate T cell-mediated immune responses.58

To our knowledge, this is the first study on pDCs in GFBRs to fillers used for soft-
tissue augmentation, but we must acknowledge some limitations of our work. The 
number of patients we were able to include is relatively small and, as mentioned before, 
the majority had received filler injections elsewhere. In those cases we often had to rely 
on the patient’s statement regarding the type of filler used. Also, we could include only 
4 patients injected with HEMA/EMA and no patients treated with fillers containing other 
methacrylates, such as PMMA. While the production of HEMA/EMA-based fillers was 
discontinued in 2007, fillers containing PMMA microspheres added to bovine collagen 
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(i.e. Artecoll™ and Artefill®) or carboxymethylcellulose (Metacrill®, Nutricel, Rio de 
Janeiro, Brazil) are still available. In contrast with the irregular, rugged surface and 
varying size of HEMA/EMA particles, currently used PMMA microspheres are slightly 
smaller, uniformly sized (30-50 μm), have a round and smooth surface and lack particles 
smaller than 20 μm, which are subject to phagocytosis and have been associated 
with severe granuloma formation.10 Still, delayed GFBRs to fillers containing PMMA 
microspheres do occur.59 We are therefore planning to study biopsies from patients 
with GFBRs to PMMA based fillers for the presence of pDCs and locally released IFN-α 
in relation to particle size. We also plan to expand our research on GFBRs to other 
permanent fillers on the market today. Because permanent fillers can cause GFBRs 
several years after injection, we expect more patients to present with this complication 
in the coming years.
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ABSTRACT
Background
Injectable fillers such as poly-L-lactic acid (PLLA) and calcium hydroxylapatite (CaHA) 
have shown promising results in the treatment of combination antiretroviral therapy 
(CART)-induced facial lipoatrophy (FLA). However, the effects of these substances on 
magnetic resonance imaging (MRI) have not yet been described.

Objective
The authors analyze the association between the effects of treatment with semi-
permanent fillers on MRI and changes in quality of life (QoL).

Methods
Eighty-two human immunodeficiency virus (HIV)-positive patients with CART-induced 
FLA (grades 2-4) were enrolled in this prospective study. A mean volume of 58.2 mL 
(range, 12-105 mL) of PLLA (n = 41 patients) and 9.1 mL (range, 3-23 mL) of CaHA 
(n = 41) was injected in multiple sessions. The MRI examinations were performed prior 
to treatment and again 12 months after. The self-reported severity of FLA as well as QoL 
was measured using questionnaires based on Short Form 36, Medical Outcomes Study 
HIV Health Survey, and Center for Epidemiologic Studies Depression Scale formats.

Results
Significant increases in total subcutaneous thickness (TST) of the injected regions could 
be identified on MRI in nearly all patients 1 year post-treatment. Patients reported 
that mental health and social and role functioning improved; depressive symptoms 
decreased after treatment. In addition, the increase in TST was positively associated 
with improvement of QoL.

Conclusions
This study confirms that treatment with both PLLA and CaHA not only increases TST, 
but also is associated with improved QoL for HIV-infected patients. Furthermore, our 
study also demonstrates that MRI can show filler-induced neocollagenesis and quantify 
FLA treatment effects.
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INTRODUCTION
Facial lipoatrophy (FLA) is a stigmatizing aspect of human immunodeficiency virus 
(HIV)-associated lipodystrophy. Because facial features are normally interpreted as 
an indication of health and cannot be hidden by clothes, FLA is for the majority of 
patients a visual reminder of their HIV-positive status. Mounting evidence indicates 
that FLA is associated with quality of life (QoL) impairment, due to its detrimental 
effects on self-esteem.1,2 FLA is undoubtedly driven by combination antiretroviral 
therapy (CART).3-5 Evidence indicates that the use of new nonthymidine nucleoside 
reverse transcriptase inhibitors prevents FLA.6 However, HIV-associated lipodystrophy 
(particularly FLA) has been shown to be irreversible.7 Data on the effects of systemic 
therapy such as pioglitazone, uridine, and pravastatin have been either inconclusive 
or unconfirmed.8-10 Surgical treatment in the form of injectable soft-tissue fillers thus 
appears to be the simplest way to correct FLA-affected faces. The effects of both 
biodegradable and permanent fillers on QoL in HIV-related FLA have been well 
documented, and numerous studies have shown that facial filling effectively improves 
QoL and lowers depression rates.11-13 

The biodegradable fillers used in this study, poly-L-lactic acid (PLLA, Sculptra®, 
Valeant® Aesthetics (Laval, Quebec, Canada) and calcium hydroxylapatite (CaHA, 
Radiesse®, Merz pharmaceuticals, Frankfurt am Main, Germany), both consist of 
particles that slowly degrade while evoking a foreign-body reaction. This stimulates 
connective and fat tissue to produce collagen, eventually leading to a long-lasting 
filling effect.14,15 Despite many studies documenting the use of semi-permanent fillers 
to correct FLA in HIV-positive patients, soft-tissue expansion and collagen formation 
have never been studied using magnetic resonance imaging (MRI).16 

In this prospective study, we explored the effects on magnetic resonance images 
of PLLA and CaHA injection in HIV-associated FLA patients to determine whether the 
claimed improvement in QoL actually correlated to tissue expansion, as quantified by 
MRI measurement.

METHODS
Study population
Enrolled in the study were 82 HIV-positive patients being treated for FLA from May 2009 to 
September 2010 at the outpatient clinic of the Department of Plastic and Reconstructive 
Surgery at the Onze Lieve Vrouwe Gasthuis, Amsterdam, the Netherlands. Eligible 
patients were 18 years or older and with FLA grades 2 to 4 according to the grading 
scale by James et al.17,18 Exclusion criteria included earlier use of facial fillers, pregnancy 
or intent for pregnancy, the presence of an inflammatory condition of the face, and the 
use of non-steroidal anti-inflammatory agents within 7 days before injection. Written 
informed consent was obtained from all patients.
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Treatments
Eligible patients were treated with PLLA or CaHA. A single, specialized physician author 
(L.v.R.) experienced in the use of semi-permanent fillers performed all injections. 

Each vial of PLLA was reconstituted at least 7 days prior to injection with 5 mL 
of sterile H2O and 2 mL of lidocaine 1%. Injection was performed subcutaneously 
or supraperiostally at 1 or more facial sites in a fan-like manner using a 26-gauge, 
1-inch needle (Figure 1). Post-treatment, the sites were gently massaged for optimal 
distribution of the injected material. 

Prefilled syringes of CaHA were combined immediately pretreatment with 0.5 mL 
of lidocaine 2% thoroughly mixed. Injections were performed in a similar fashion to 
the PLLA injections, with a 27-gauge, 1.75-inch needle. 

Treatment with PLLA and CaHA was repeated as necessary every 1 to 2 months 
during the first 6 months (Figure 2). For patients requiring many treatments, follow-up 
visits occurred approximately every month during the treatment period. Patients with 
grade 2 FLA were not treated temporally.

Assessment of outcome
At the baseline (t = 0) visit, patients were evaluated by clinical examination, standardized 
facial photography, MRI examination, and QoL and depression questionnaires (Figure 2). 
Clinical examination was performed at every follow-up visit, at 4, 8, 16, 24, 32, 40, 48, 
and 54 weeks. Complaints, complications, and the effect of injections were evaluated. 
Patients were asked to fill out questionnaires at baseline, 6 months, and 1 year. Facial 
photography and MRI examination were repeated at 1 year (t = 12 months). 

Magnetic resonance imaging 
Regional total subcutaneous thickness (TST) was quantified by MRI (1.0 T or 1.5 T 
magnetic resonance unit, Philips Healthcare, Best, the Netherlands) and expressed 
in millimeters. Using T1-weighted sequences, axial, sagittal, and coronal series (3-mm 
slice thickness) were obtained from the superior border of the temporal region to the 
submandibular region. TST was measured with participants in the supine position, and 
different anatomical sites were based on bone landmarks. Anatomical sites considered 
in this analysis were the buccal and temporal regions. Results were averaged between 
assessments of the right and left sides of the face, and mean values were used for further 
analysis. The increase in TST of the different sites was adjusted for the change in TST at 
the level of the mandibular head. A treatment responder was defined as a patient with 
an increase in TST of more than 1.5 mm. Measurement was performed by a radiologist 
(D.A.D.) blinded to the treatment and severity of FLA. Furthermore, MRI examinations 
were assessed for collagen formation, increase in adipose tissue, formation of nodules 
or granulomas, and signs of inflammation.

122



7
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Figure 1. Injection techniques
(A) For pronounced nasolabial folds, calcium hydroxylapatite (CaHA) or poly-L-lactic acid (PLLA) was 
injected in a retrograde fashion using the subdermal linear threading technique. (B) Depression of the 
cheeks was treated with injections in a fanning pattern; the crosshatching technique can also be used at 
this site. (C) Atrophy of the fossa temporalis was treated with vertical supraperiosteal deposit injections 
of CaHA or PLLA.

A

B

C
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quality of life
QoL was assessed using a self-report questionnaire with proven reliability and validity. 
Because we anticipated FLA would predominantly affect the patients’ psychological 
functioning and their ability to participate in social and occupational activities, 
the questionnaire included the social functioning, role functioning-physical, role 
functioning-emotional, and mental health dimensions of the Short Form 36 (SF-36)-item 
health survey.19 The questionnaire also included the social functioning and the role-
functioning dimensions of the Medical Outcomes Study HIV Health Survey (MOSHIV).20 
Each dimension of the SF-36 and the MOS-HIV was scored from 0 to 100, with higher 
scores indicating better QoL. Possible feelings of depression were measured using the 
20-item Center for Epidemiological Studies Depression Scale (CES-D).21 CES-D scores 
may range from 0 to 60, with higher scores indicating more severe depression. Scores 
higher than 16 indicate depressive symptoms. 

At 6 months and again at 1 year of treatment, QoL measurements were repeated. 
Patients also were asked to rate the severity of their current FLA on a 6-point scale, 
ranging from absent to very severe; the extent to which their FLA had disappeared on 

Inclusion in PLLA group  
(grade III-IV FLA) 

Inclusion in CaHA group  
(grade II-IV FLA) 

Photographs, MRI and QoL questionnaire at t = 0 

First treatment at t = 0 

Clinical examination and treatment during follow-up every 1-2 months 

1.3-15.6 mL (mean, 12.9) PLLA 
per treatment session 

depending on FLA severity 

0.8-15.0 mL (mean, 3.3) CaHA  
per treatment session 

depending on FLA severity 

Photographs and QoL questionnaire at t = 6 months 

Photographs, MRI and QoL questionnaire at t = 12 months 

Figure 2. Flowchart of treatment protocol.
Patients injected with poly-L-lactic acid (PLLA) received an average of 5 treatment sessions (range, 2-7 
sessions). Patients receiving calcium hydroxylapatite (CaHA) were treated an average of 3 times (range, 2-6 
sessions). The injected volume and the number of sessions needed depended on patient characteristics and 
facial lipoatrophy (FLA) severity. 
Abbreviations: MRI, magnetic resonance imaging; QoL, quality of life.
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a 5-point scale, ranging from not at all to completely; and to rate their satisfaction with 
the injection results on a 5-point scale ranging from very dissatisfied to very satisfied. 
Patients were also asked if they considered additional treatment of their FLA necessary 
(yes/no).

Statistical analysis
Data analysis was conducted using SPSS version 16 for Windows (SPSS, Inc., an IBM 
Company, Chicago, Illinois). We used repeated measurement linear mixed models to 
investigate both changes over time and differences between PLLA and CaHA in role 
functioning-physical (SF-36), social functioning (SF-36), mental health (SF-36), role 
functioning-emotional (SF-36), depressive symptoms (CES-D), role functioning (MOS-
HIV), social functioning (MOS-HIV), the extent to which FLA had disappeared, self-rated 
severity of FLA, and patient satisfaction with treatment results. We used generalized 
estimating equations to investigate changes over time and differences between PLLA 
and CaHA in the percentage of patients who had stopped CART and the percentage 
who were receiving sickness benefits because of FLA. 

We used Wilcoxon tests for paired samples to compare TST before and after 
treatment as measured on MRI. The correlation between QoL and the extent to which 
lipoatrophy had disappeared after 1 year was assessed using Spearman correlation 
coefficients. P values <.05 were considered significant.

RESULTS
Participants
Between May 2009 and September 2010, 82 HIV-positive patients, 5 (6.1%) women and 
77 (93.9%) men, were enrolled and included in the analysis. The population age varied 
from 31 to 72 years (mean, 51.3 years). No patients were lost to follow-up. PLLA was the 
chosen treatment in 41 patients; an equal number of patients were treated with CaHA. 
Baseline characteristics of the 2 treatment groups are presented in Table 1. Both treatment 
modalities were comparable with regard to average age, body mass index (BMI), and 
smoking habits. Duration of HIV positivity and average viral load also were similar in 
both groups. Patients treated with PLLA, however, were more severely affected by FLA 
compared with CaHA-treated patients. Within the PLLA-treated group, 7 patients (17.1%) 
were grade 4 on the scale by James et al.17, whereas 1 patient (2.4%) from the CaHA 
group had the highest level of FLA. Furthermore, 2 PLLA patients (4.9%) were scored as 
a grade 2, while 11 patients (26.8%) in the CaHA group were classified as grade 2.

Treatments and complications
Patients in the PLLA group received on average 5 treatments, ranging from 2 to 7 
sessions per patient. Patients treated with CaHA received an average of 3 treatments 
(range, 2-6; Table 2). As expected, the total volume (mL) of injected material was 
significantly higher in patients from the PLLA group (mean [SD], 58.2 [2.7] mL) compared 
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with CaHA-treated patients (mean [SD], 9.1 [0.6] mL) (p < .001). Similarly, the injected 
volume per session was higher in PLLA-treated patients compared with CaHA-treated 
patients. (Average injected volume per session is further specified in Table 2.) Injections 
in the temporal region were less abundant in CaHA-treated patients compared with 
PLLA-treated patients. 

The overall complication rate was 14.6% (n = 6) in PLLA-treated patients and 
19.5% (n = 8) in CaHA-treated patients. In 2 PLLA patients and 3 CaHA patients, 
haematomas occurred, of which none needed further treatment. Nodule formation 
occurred in 3 patients from the PLLA group and in 3 CaHA patients. Three patients 
(all injected with CaHA) requested nodule excision for aesthetic reasons. Signs of 
inflammation were observed in 3 patients: 1 PLLA patient and 2 CaHA patients. Since 
clinical infections were suspected, all 3 patients were treated with oral antibiotics, after 
which the inflammation subsided. The observed complications did not appear to be 
tied to the administered volume. In the CaHA group, the mean volume administered 
in patients with complications was 8.44 mL (range, 3.0-12.0 mL), compared with an 
overall mean of 9.1 mL. In the PLLA cohort, the mean volume administered in patients 
with complications was 55.75 mL (range, 45.0-68.0 mL), compared with a mean of 58.2 
for the total PLLA group. 

Table 1. Baseline Characteristics. 

PLLA
n = 41

CahA
n = 41

P value†‡

Sex, No. (%)
Male
Female

38 (92.7%)
3 (7.3%)

39 (95.1%)
2 (4.9%)

p = 1.0

Age, mean (range), y 51.3 (31-72) 51.2 (31-69) p = 0.95

BMI, mean (SEM) 19.8 (0.4) 20.8 (0.4) p = 0.09

Tobacco use, No. (%)
Yes
No

19 (46.3%)
22 (53.7%)

14 (34.1%)
27 (65.9%)

p = 0.37

Duration of HIV infection 
mean (range), y

10.6 (5-21) 11.1 (5-20) p = 0.56

Viral Load, mean (SEM) 2881 (577) 2443 (522) p = 0.57

Grade, No. (%)
II
III
IV

2 (4.9%)
32 (78.0%)
7 (17.1%)

11 (26.8%)
29 (70.7%)
1 (2.4%)

p = 0.004

† For continuous variables, P values were derived from Student’s t test for comparing mean values between 
groups. For categorical variables, P values were derived from Fisher’s Exact test, except for the P value regarding 
grading which was derived from chi-square test for independence. ‡ Bold type indicates statistical significance.
Abbreviations: BMI, body mass index; CaHA, calcium-hydroxylapatite; HIV, human Immunodeficiency virus; No., 
number; PLLA, poly-L-lactic acid; SEM, standard error of the mean; y, year. 
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Magnetic resonance imaging 
Of the 82 patients included in this study, 33 patients refused to undergo MRI examination 
or did not attend the MRI investigation at 1 year follow-up. The MRI examinations at 
baseline and after 1 year were available for the remaining 49 participants, of whom 26 
were treated with PLLA and 23 with CaHA (Table 3). Of these, 11 (47.8%) CaHA patients 
were treated solely in the buccal region, while 6 (23.1%) patients in the PLLA group 
were injected in the buccal region only. No significant change in TST was observed at 
the level of the mandibular head for both cohorts. Injection of PLLA and CaHA both 
resulted in significantly increased TST buccally and temporally (Table 3). Temporal TST 
increase was more pronounced in PLLA patients compared with CaHA-treated patients. 
Both groups exhibited similar increases in buccal TST. Collagen formation was defined 
as well-demarcated, pleomorphic, hypointense subcutaneous tissue and was seen in 
almost all patients (96.2% of PLLA patients and 82.6% of CaHA patients; Figures 3-6). 
Adipose tissue also increased significantly in both groups (73.1% of PLLA and 65.2% 
of CaHA). The MRI examinations revealed only 1 nodule in a PLLA patient. 

Table 2. Treatment and Complications.

PLLA
n = 41

CahA
n = 41

P value†‡

Number of treatments,
median (range) 5 (2-7) 3 (2-6) p < 0.001

Total of injected volume, 
mean (SEM), mL 58.2 (2.7) 9.1 (0.6) p < 0.001

Injected facial areas, No. (%)
Merely buccally
Buccal and temporal 

9 (22.0%)
32 (78.0%)

25 (61.0%)
16 (39.0%)

p < 0.001

Injected volume per session,
mean (SEM), mL

Session 1
Session 2
Session 3
Session 4
Session 5
Session 6
Session 7

13.5 (0.3)
13.3 (0.4)
13.0 (0.5)
13.0 (0.5)
11.4 (0.9)
9.5 (1.4)
7.7 (1.6)

4.6 (0.4)
2.5 (0.2)
2.9 (0.2)
2.0 (0.3)
1.5 (0.0)
3.0 (0.0)
-

p < 0.001

Complications, No. (%)
Haematoma
Nodule
Inflammation
Uncomplicated

2 (4.9%)
3 (7.3%)
1 (2.4%)
37 (90.2%)

3 (7.3%)
3 (7.3%)
2 (4.9%)
35 (85.4%)

p = 0.90

† For continuous variables, P values were derived from Mann-Whitney-U testing. For categorical variables, 
P values were derived from Fisher’s Exact test, except for the P value regarding complications which was derived 
from chi-square test for independence. ‡ Bold type indicates statistical significance. 
Abbreviations: CaHA, calcium-hydroxylapatite; No., number; PLLA, poly-L-lactic acid; SEM, standard error of the 
mean.
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Table 3. MRI Findings.

PLLA
n = 26

CahA
n = 23

P value†‡

Injected facial areas, No. (%)
Merely buccally
Buccal and temporal 

6 (23.1%)
20 (76.9%)

11 (47.8%)
12 (52.2%)

p = 0.08

Total subcutaneous thickness,
At baseline, mean (SEM), mm

Buccal
Temporal

9.3 (0.6)
4.5 (0.6)a

9.3 (0.6)
4.7 (0.5)b

p = 0.96
p = 0.81

Total subcutaneous thickness,
After 1 year, mean (SEM), mm

Buccal
Temporal

12.8 (0.5)
6.7 (0.7)a

12.5 (0.6)
5.6 (0.5)b

p = 0.69
p = 0.26

Total subcutaneous thickness, 
Difference, mean (SEM), mm

Buccal
Temporal

3.6 (0.3)
2.2 (0.4)a

3.1 (0.4)
0.9 (0.4)b

p = 0.46
p = 0.03

Collagen formation, No. (%)
Yes
No

25 (96.2%)
1 (3.8%)

19 (82.6%)
4 (17.4%)

p = 0.17

Adipose tissue increase, No. (%)
Yes
No

19 (73.1%)
7 (26.9%)

15 (65.2%)
8 (34.8%)

p = 0.76

Nodule formation, No. (%)
Yes
No

1 (3.8%)
25 (96.2%)

0 (0.0%)
23 (100.0%)

p = 1.0

Inflammation, No. (%)
Yes
No

0 (0.0%)
26 (100.0%)

1 (4.3%)
22 (95.7%)

p = 0.47

Overall responds, No. (%)
Responder
Non responder

24 (92.3%)
2 (7.7%)

19 (82.6%)
4 (17.4%)

p = 0.40

Temporal responds, No. (%)
Responder
Non responder

14 (70.0%)a

6 (30.0%)a
4 (33.3%)b

8 (66.7%)b
p = 0.06

† For continuous variables, P values were derived from Student’s t-test for comparing means. For categorical 
variables, P values were derived from Fisher’s Exact test, ‡ Bold type indicates statistical significance. a n = 20 b 
n = 12
Abbreviations: CaHA, calcium-hydroxylapatite; MRI, magnetic resonance imaging; No., number; PLLA, poly-L-
lactic acid; SEM, standard error of the mean.

In both PLLA and CaHA groups, there were patients in whom the TST increase 
was so minimal (i.e. <1.5 mm) that they were classified as non-responders to the 
treatment (Table 4). Interestingly, there was an apparent difference between response 
rates in buccal and temporal regions. In both PLLA- and CaHA-treated patients, the 
number of non-responders was higher when only the temporal injections are taken into 
consideration (Table 3). In addition, non-responders had a significantly higher viral load 
(p = .002) and lower BMI (only significant for patients from the CaHA group, p = .002; 
Figure 7), and all were smokers (p = .003).
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Table 4. Characteristics Non-Responders

Responders
n = 43

Non-Responders
n = 6

P value†‡

Sex, No. (%)
Male
Female

41 (95.3%)
2 (4.7%)

5 (83.3%)
1 (16.7%)

p = 0.33

Age, mean (range), y 51.7 (31-72) 52.5 (47-63) p = 0.89

BMI, mean (SEM) 20.51 (0.4) 17.2 (0.5) p = 0.002

Tobacco use, No. (%)
Yes
No

15 (34.9%)
28 (65.1%)

6 (100.0%)
0 (0.0%)

p = 0.003

Duration of HIV infection 
mean (range), y

10.4 (5-20) 12.3 (5-20) p = 0.32

Viral Load, mean (SEM) 2,624 (648) 10,124 (2296) p = 0.002

Grade, No. (%)
II
III
IV

5 (11.6%)
35 (81.4%)
3 (7.0%)

2 (33.3%)
4 (66.7%)
0 (0.0%)

 
 
p = 0.32

† For continuous variables, P values were derived from Student’s t test for comparing mean values between 
groups. For categorical variables, P values were derived from Fisher’s Exact test, except for the P value regarding 
grading which was derived from chi-square test for independence. ‡ Bold type indicates statistical significance.
Abbreviations: BMI, body mass index; HIV, human Immunodeficiency virus; No., number; SEM, standard error of 
the mean; y, year. 

quality of life
From the start of treatment, QoL improved significantly on all subscales, including role 
functioning-physical and role functioning-emotional (SF-36, MOS-HIV), social functioning 
(SF-36, MOS-HIV), and mental health (SF-36); depressive symptoms (CES-D) decreased 
significantly (Table 5). Moreover, self-rated severity of current FLA and the percentage 
of patients receiving sickness benefits because of FLA decreased significantly over time. 
The extent to which FLA disappeared since the start of treatment, according to patients, 
improved significantly over time. Patients treated with CaHA had more favorable scores 
than patients treated with PLLA regarding self-rated severity of FLA, the extent to which 
FLA disappeared since the start of treatment, satisfaction with treatment results, and 
role functioning (physical and emotional).

DISCUSSION
The CaHA and PLLA patient cohorts were comparable with regard to average age, BMI, 
and smoking habits. The duration of HIV positivity and average viral load was also similar 
in both groups. Patients treated with PLLA, however, were more severely affected by 
FLA compared with CaHA-treated patients. This is due to the inclusion criteria indirectly 
imposed by the Dutch government and health insurance companies, which state that 
only grade 3 and 4 FLA are covered for treatment with PLLA. 

129



7

A B

C d

Figure 3. Patient injected with PLLA.
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E F

Figure 3. Patient injected with PLLA. (Continued)
(A, C, E) This 54-year-old man presented with grade 4 facial lipoatrophy. Note his deep cheek depressions with the 
zygomaticus major and the masseter muscle showing through. Depressions are seen above and below the zygomatic 
arch. (B, D, F) Twelve months after treatment, which was mainly focused on volumizing the cheek with injections in the 
fanning pattern. Post-treatment, the patient’s facial features exhibit less depression and the musculature is not visible.

Treatment modalities were similar to existing studies on FLA treatment with PLLA 
and CaHA.12,15,22,23 As expected, the total volume of injected material was significantly 
higher in patients in the PLLA group compared with CaHA-treated patients (p < .001). 
This is a logical consequence given that before injection, PLLA is diluted in H2O, whereas 
CaHA is not. In addition, because the CaHA group consisted of grades 2 to 4 FLA and 
the PLLA group included only grades 3 to 4 FLA, on average more intensive treatment 
was necessary in the latter to obtain satisfying results. The discrepancy in FLA severity 
between the groups also explains the lower injection rate in the temporal region in CaHA-
treated patients, as no patients with grade 2 FLA were injected in the temporal region. 

The complication rate in the CaHA group (19.5%) was slightly higher than in the 
PLLA group (14.6%), mostly consisting of (temporary) nodule formation in both groups 
(Table 2). These incidences match comparable studies in which patients were treated 
with the same filler agents.12,15,22,23 The somewhat higher complication incidence in the 
CaHA group may be due to the fact that this filler is not diluted in H2O before injection. 
As a consequence, larger volumes remain in situ.23 
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Figure 4. MR imaging before and after treatment with PLLA.
(A, C, E) The pre-treatment magnetic resonance images of the patient shown in Figure 3 show a bilateral 
reduced amount of fat at the buccal and temporal level. (B, D, F) After treatment with poly-L-lactic acid, the 
well-demarcated, pleomorphic, hypointense material in the subcutaneous level indicates increased collagen 
formation; therefore, tissue volume has increased.
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Figure 5. Patient injected with CahA.
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Figure 5. Patient injected with CahA.  (Continued)
(A, C, E) This 55-year-old man presented with grade 4 facial lipoatrophy (FLA). Note that his buccal and 
temporal depressions are highly pronounced, with visible facial musculature. In some places, the facial 
skin overlies the muscles directly. (B, D, F) Twelve months after calcium hydroxylapatite treatment to the 
temporal depressions with the vertical supraperiosteal deposit technique. The bilateral depression beneath 
the zygomatic bone and the cheeks was treated with injections in a fanning pattern. Post-treatment, the 
patient’s FLA has clearly improved and his facial musculature is less visible.

E F

A substantial number of the study subjects did not undergo follow-up MRI (33 of 
82, 40%). Thirteen patients refused imaging at baseline and 1 year for several reasons 
(e.g. claustrophobia). The other 20 patients underwent the first imaging at baseline 
but not the second imaging at 1 year. No obvious reasons were found to explain this 
loss in follow-up. We conclude that compliance can be low once the treatment effect 
has been obtained. Also, to prevent possible bias in our cohort composition as a result 
of an imposed burdensome investigation, this study was designed to have voluntary 
participation of patients, even if MRI was refused. At 1 year, there were no statistically 
significant differences between patients who did and did not undergo MRI in self-rated 
FLA severity, the self-rated extent to which their FLA disappeared, satisfaction with 
the injection results, the percentage of patients who considered additional treatment 
of FLA necessary, and QoL. 
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Figure 6. MR imaging before and after treatment with CahA.
(A, C, E) The pre-treatment magnetic resonance images of the patient in Figure 5 show a bilateral reduced 
amount of fat at the buccal level. (B, D, F) After treatment with calcium hydroxylapatite, tissue volume has 
clearly increased, with a well-demarcated, pleomorphic, hypointense material in the subcutaneous level 
defined as collagen formation (indicated by red arrows).
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C d
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Table 5. quality of life. (Continued) 

PLLA
n = 41

CahA
n = 40

P value†‡

Expectations regarding disappearance of FLA at 
baseline (1 = completely, 5 = not at all), mean 
(SEM)

2.0 (0.9) 2.0 (0.9) p† = 0.81

Self rated severity of current FLA (1 = very 
severe, 6 = no FLA), mean (SEM)
  start of treatment
  6 months
  1 year

1.7 (0.1)
3.1 (0.1)
4.3 (0.1)

2.0 (0.1)
3.5 (0.1)
4.6 (0.1)

Between group difference:
p = 0.005
Change over time:
p = 0.001

Extent to which FLA has disappeared since start 
of treatment (1 = completely, 5 = not at all), 
mean (SEM)
  6 months
  1 year

2.9 (0.1)
2.5 (0.1)

2.4 (0.1)
2.0 (0.1)

Between group difference:
p < 0.001
Change over time:
p = 0.001

Satisfaction with treatment result (1 = very 
satisfied, 5 = very dissatisfied), mean (SEM)
  6 months
  1 year

2.2 (0.1)
2.2 (0.1)

1.9 (0.1)
1.8 (0.1)

Between group difference:
p = 0.002
Change over time:
p = 0.42

Role Functioning- Physical (SF-36), mean (SEM) 
  Baseline 
  6 months
  1 year

40.1 (5.2)
58.1 (5.2)
73.7 (5.3)

50.8 (5.2)
68.9 (5.3)
84.5 (5.3)

Between group difference:
p = 0.041
Change over time:
p < 0.001

Social Functioning (SF-36), mean (SEM)
  Baseline 
  6 months
  1 year

58.8 (3.1)
73.1 (3.1)
82.6 (3.2)

63.7 (3.1)
78.0 (3.1)
87.5 (3.2)

Between group difference:
p = 0.118
Change over time:
p < 0.001

Mental Health (SF-36), mean (SEM)
  Baseline 
  6 months
  1 year

54.7 (2.6)
70.2 (2.6)
75.9 (2.7)

58.4 (2.6)
73.8 (2.7)
79.5 (2.7)

Between group difference:
p = 0.174
Change over time:
p < 0.001

Role Functioning Emotional (SF-36), mean (SEM)
  Baseline 
  6 months
  1 year

40.6 (4.9)
69.8 (4.9)
76.4 (5.1)

53.3 (4.9)
82.5 (5.1)
89.1 (5.1)

Between group difference:
p = 0.021
Change over time:
p < 0.001

Depressive symptoms (CES-D), mean (SEM)
  Baseline 
  6 months
  1 year

18.6 (1.4)
14.2 (1.4)
10.9 (1.6)

17.1 (1.4)
12.8 (1.4)
9.5 (1.4)

Between group difference:
p = 0.342
Change over time:
p < 0.001

Role functioning (MOS HIV), mean (SEM)
  Baseline 
  6 months
  1 year

24.3 (5.6)
59.9 (5.6)
67.5 (5.9)

33.9 (5.6)
69.5 (5.6)
77.1 (5.8)

Between group difference:
p = 0.091
Change over time:
p < 0.001

Social functioning (MOS HIV), mean (SEM)
  Baseline 
  6 months
  1 year

47.2 (3.9)
66.5 (3.9)
80.0 (4.0)

53.7 (3.9)
72.9 (3.9)
86.5 (4.0)

Between group difference:
p = 0.101
Change over time:
p < 0.001

Stopped CART therapy in the past because of 
FLA, No. (%) 16 (39.0%) 17 (42.5%) ‡p = 0.82

Currently stopped with CART therapy because 
of FLA, No. (%)
  Baseline 
  6 months
  1 year

14 (34.1%)
0 (0.0%)
0 (0.0%)

12 (30.0%)
0 (0.0%)
0 (0.0%)
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Injection of PLLA and CaHA resulted in significant TST increases in both buccal 
and temporal regions. Collagen formation was defined on MRI as well-demarcated, 
somewhat cloudy and pleomorphic, hypointense subcutaneous tissue. Similar results of 
increased TST were obtained in ultrasound studies.22,24,25 Temporal TST increases were 
more pronounced in PLLA patients compared with patients from the CaHA group. This 
is partly due to the lower injection rate in the temporal region in CaHA-treated patients. 

In both PLLA and CaHA groups, there were patients in whom the TST increase was 
so minimal that they could be classified as non-responders. This cohort was too small 
and the study design not appropriate to attribute any conclusions to these data. In 
our opinion, it would be interesting to further investigate this aspect in another study. 

This study validates previous publications showing that HIV patients with FLA 
benefit greatly from treatment with facial fillers.11,13,16,18 Similar studies performed 
with PLLA and CaHA verify this.12,15,22,23 In this trial, QoL improved significantly on all 
subscales from the start of treatment. Depressive symptoms and self-rated severity of 
current FLA decreased significantly over time. Patients treated with CaHA had more 
favorable scores than patients treated with PLLA (i.e. regarding self-rated severity of 
FLA). This might be due to the instant result obtained with CaHA compared with the 
delayed effect of PLLA. 

To our knowledge, this is the first study using MRI as a measurement tool in evaluating 
the effect of treatment with (semi-permanent) filling agents. In current scientific 
literature, we found only 1 study describing the signal characteristics of CaHA on MRI.26 
However, a small number of studies using ultrasound and computed tomography (CT) 
in the assessment of facial treatment with PLLA and CaHA were found.22-25,27 Carruthers 
et al.27 describe a study in which 58 patients were treated with CaHA, in which they 
concluded that CaHA did not interfere in normal diagnostic analysis. Assessment of 

Table 5. quality of life. (Continued) 

PLLA
n = 41

CahA
n = 40

P value†‡

Changed CART therapy in the past because of 
FLA, No. (%) 22 (53.7%) 22 (55.0%) ‡p = 1.00

Received sickness benefit in the past because of 
FLA, No. (%) 17 (41.5%) 13 (32.5%) ‡p = 0.49

Currently receiving sickness benefit because of 
FLA, No. (%)
  Baseline 
  6 months
  1 year

14 (34.1%)
1 (2.4%)
3 (8.3%)

14 (35.0%)
5 (13.2%)
0 (0.0%)

Between group difference:
p = 0.746
Change over time:
p < 0.001

Would still wish further treatment after 1 year, 
No. (%)

13 (40.6%) 18 (48.6%) ‡p = 0.63

Abbreviations: CaHA, calciumhydroxylapatite; CART, combination antiretroviral therapy; FLA, facial lipoatrophy; 
No., number; PLLA, poly-L-lactic acid; SEM, standard error of the mean; HIV, human Immunodeficiency virus; 
SEM, standard error of the mean; † Student t test; ‡ Chi-square test.
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the radiographic appearance produced by CaHA was performed using x-ray and CT 
imaging. The x-ray evaluation showed inconsistencies in CaHA visualization, while CT 
scans produced more reliable images. Using a small cohort of 5 patients, a more 
recent study showed CaHA was hyperattenuating on CT and of intermediate signal 
intensity on both T1- and T2-weighted MRI sequences.26 Feeney et al.26 concluded 
that awareness of CaHA on imaging studies might prevent confusion with tumors 
(i.e. decrease false-positive results). 

Figure 7. Non-responders.
(A, B) In patients treated with poly-L-lactic acid (PLLA) and calcium hydroxylapatite (CaHA), the non-responders 
had a significantly higher viral load (p = .002). (C, D) In addition, non-responding patients from the CaHA group 
also had a significantly lower body mass index (BMI) (p = .002) compared with patients who responded well 
to the treatment. For the patients treated with PLLA, this trend did not reach significance (D). 
Abbreviation: TST, total subcutaneous thickness.
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MRI is an expensive diagnostic and evaluation tool. Although investigators might 
favor less expensive imaging methods, some PLLA and CaHA effects (i.e. collagen 
formation) are not visible on x-ray and CT. Ultrasound analysis remains a good 
option. However, MRI is superior to ultrasound in that it is capable of defining and 
visualizing newly formed collagen after treatment with either filler. Furthermore, MRI 
is not investigator dependent and has a higher level of reproducibility in comparison 
to ultrasound.

Limitations
No randomization was implemented during the design of this trial. As our study was 
a prospective cohort study, it was not possible to blind either the investigators (other 
than the radiologist) or patients to treatment. Although substantial, sample size was 
also limited in our study. Another issue is that in this study, patients treated with PLLA 
were more severely affected by FLA compared with the CaHA cohort. This may have 
introduced some degree of confounding in the observed QoL. Patients treated with 
CaHA had more favorable scores than patients treated with PLLA, possibly the result 
of a less severe starting point with this patient group. However, it could be argued that 
the more severely affected PLLA patients would have more favorable scores because of 
the greater effect obtained from the treatments. Last, a substantial part of the patients 
had no follow-up MRI, which may have resulted in possible confounding. Still, this did 
not lead to statistically significant differences in treatment satisfaction between patients 
who did and did not participate with imaging. Despite the above-described limitations, 
we believe our study design reflects actual clinical practice.

CONCLUSIONS
Our study results show that treatment of FLA with PLLA and CaHA injections increases 
TST in both buccal and temporal regions. More important, for both filler agents, this 
increase is associated with QoL improvement in all subscales after start of treatment. 
CaHA obtained superior scores in this aspect, possibly the result of CaHA’s instant effect. 
We also showed that MRI is able to quantify the effects of treatment with both fillers.
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General Discussion

INTRODUCTION
In the past decade it has become clear that instant, minimally invasive methods of 
facial rejuvenation are favored over surgical interventions.1 From 1997 to 2012, the 
number of non-surgical cosmetic procedures, such as soft-tissue augmentation, has 
increased by 461%. Indications for treatment with soft-tissue fillers are mainly aesthetic, 
in order to counteract facial aging. Although therapeutic indications for injections with 
soft-tissue fillers are diverse, the main non-cosmetic reason for filler treatment is facial 
lipoatrophy (FLA) as an adverse reaction to combination antiretroviral therapy (CART) 
in patients with human immunodeficiency virus (HIV) infection. The American Food 
and Drug Administration (FDA) approval in 1981 of injectable bovine collagen for soft-
tissue augmentation was followed by the development of many new filler biomaterials, 
including non-biodegradable or ‘permanent’ fillers.2 This exponential growth of the 
filler-market was paralleled by an increased incidence of adverse events.3-7

In our studies we classified adverse events into three types (Table 1): the immediate-
type (occurring within 48 hours after injection of the filler), early-onset type (up to 
2 weeks) and delayed-type complications (starting after 2 weeks).8 Immediate-type 
and early-onset type complications are usually not filler-specific and tend to be more 
related to injection technique and filler placement. Compared to biodegradable filler 
agents, permanent fillers have been associated with an increased risk of delayed-
onset granulomatous inflammatory reactions.9-11 This is of course partly due to the 
persistent presence of the filling agent at the site of injection, enabling complications 
to occur even after many years. Other factors may also play a role, but have yet to be 
elucidated. This thesis elaborates on both intrinsic and extrinsic factors influencing the 
onset and type of these adverse events in patients injected with non-biodegradable 
fillers, as well as on possible diagnostic tools and treatment options for the different 
types of complications.

ETIOLOgY OF DELAYED ONSET COMPLICATIONS 
The exact etiology of delayed-onset complications caused by permanent fillers is still 
poorly understood. Several authors have suggested that delayed-onset complications 
can occur in response to previous infections, (facial) injuries, vaccinations or invasive 
treatments, such as dental surgery, in the vicinity of the filler deposits.12-20 In our cohort 
of 85 patients with delayed-onset complications after facial injection with permanent 
fillers (Chapter 3), 28% (n = 24) reported the onset of complications following dental 
procedures, additional injections with fillers or other invasive treatments in the facial 
area.12 The actual percentage may be higher due to incomplete patient histories or 
poor patient recall.13 In our opinion, dentists and dental surgeons should ask their 
patients routinely whether they had filler injections in the past, before performing 
dental procedures.
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Etiology of delayed-onset complications of permanent fillers

•	 Extrinsic	factors	such	as	trauma,	infection	and	vaccination	are	capable	of	triggering	delayed-

onset complications by mechanisms yet unknown. Intrinsically, such late-onset complications 

may be mediated by granulomatous foreign-body reactions, microbial contamination (in 

biofilms or otherwise) of filler material, type IV hypersensitivity reactions, or adjuvant-based 

immune reactions.

•	 In	our	opinion,	dentists	and	dental	surgeons	should	ask	their	patients	routinely	whether	they	

had filler injections in the past, before performing dental procedures.

•	 Filler	materials	possibly	act	as	adjuvants,	stimulating	innate,	adaptive	and	regulatory	immune	

responses. For some types of fillers this effect may involve the recruitment and activation of 

plasmacytoid dendritic cells.

Tools in diagnostics of complications of permanent fillers

•	 	Diagnostic	imaging	tools	like	MRI	and	ultrasound	may	be	useful	in	the	management	of	delayed-

onset complications after injection with permanent fillers.

•	 MRI	can	be	helpful	in	determining	the	extensiveness	and	anatomical	outline	of	the	complication	

as well as in visualizing migrations of filler material.

•	 Histological	analysis	remains	the	golden	standard	to	identify	the	nature	of	the	soft-tissue	filler	

present in skin biopsies; however, histological grading of filler-related inflammatory infiltrates 

does not correlate with clinical features of inflammation.

Treatment of complications of permanent fillers

•	 Treatment	 options	 should	 be	 based	 on	 filler-specific	 characteristics,	 type	 of	 associated	

complications and (immuno-) histological features.

•	 In	a	substantial	percentage	of	cases	a	conservative	approach	will	not	suffice	and	surgical	

treatment will be necessary. Nonetheless, surgery remains the treatment option of last resort.

Conclusions and future perspectives

•	 Treatment	of	CART-induced	FLA	with	biodegradable	fillers	such	as	PLLA,	CaHA	and	hyaluronic	

acid currently yields the most promising results.

•	 We	advise	antibiotic	prophylactic	treatment	and	sterile	conditions	for	patients	undergoing	any	

invasive procedure in the vicinity of permanent filler deposits.

•	 With	the	biodegradable	fillers	currently	on	the	market,	and	considering	that	 injection	with	

non-biodegradabale fillers will still require periodic ‘touch-ups’, the use of permanent fillers 

should be limited to strict indications.

•	 Dynamic	areas	like	the	periorbital	and	perioral	regions,	the	genitalia,	as	well	as	injections	of	

large volumes (i.e. ‘body contouring’) are a contraindication for the use of permanent fillers.

•	 There	 is	room	for	 improvement	 in	optimizing	filler	characteristics,	 injection	technique	and	

preparation, as well as patient selection.

•	 Future	research	on	host	factors,	which	determine	the	individual	local	(immune)	response	to	soft-

tissue fillers, may lead to the development of (genetic) screening methods to detect patients 

at risk of complications following permanent or non-permanent filler implantation.

Box 1. Main conclusions of this thesis. 

Abbreviations: CaHA, calcium hydroxylapatite; CART, combination antiretroviral therapy; FLA, facial lipoatrophy; 
MRI, magnetic resonance imaging; PLLA, poly-L-lactic acid.
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The role of extrinsic activating factors is further discussed in Chapter 4, in which six 
patients are described, who were referred to our outpatient clinic with complications of 
penis and/or scrotum enlargement after injections with permanent soft-tissue fillers.21 
Injections of permanent fillers into the penis introduce additional risks that are inherent 
to the anatomy of the penis. Due to the presence of loose connective tissue (areolar 
tissue) between the superficial- and deep fascia, the penis has a great deal of mobility 
between the skin layer and the underlying corpora, enabling the penis to vary in 
size. In addition, the skin of the penis is very thin and subcutaneous fat is lacking, so 
that the injected material enjoys little protection. As sexual intercourse may cause 
repetitive small traumas at the sites of deformed filler deposits, the risk of infection is 
increased.22 Similarly, the periorbital and perioral regions are considered dynamic areas 
with increased risk of adverse events.13,23

Thus, extrinsic factors such as (micro-) trauma, infections and drugs or vaccinations 
seem to be capable of activating certain mechanisms leading to delayed-onset 
complications such as (low-grade) inflammatory nodules and abscess formation 
(Figure 1). Although the exact underlying mechanisms responsible for eliciting such 
complications remain unknown, filler characteristics and host immune status both 
appear to play a role.9,12,14,23-25 For instance, in our cohort of 85 patients with delayed-type 

Table 1. Overview of different types of complications.8,11 

Immediate-type
(< 48 hours)

Early-onset type
(> 48 hours, < 2 weeks)

delayed-type complications
(> 2 weeks)

Technical flaws:
 - Lumps
 - Asymmetries
 - Contour irregularities

Injection site reactions:
 - Erythema
 - Oedema
 - Bruising
 - Itching
 - Tenderness/pain

Type I hypersensitivity reactions:
 - Erythema
 - Itching
 - Oedema/Angioedema

Vascular occlusion:
 - Tissue necrosis
 - Blindness

Infections:
 - Erythema
 - Oedema
 - Pain
 - Inflammatory nodules
 - Abscess

Type IV hypersensitivity reactions:
 - Erythema
 - Oedema
 - Pain
 - Inflammatory nodules
 - Ulceration

Skin discolorations:
 - Tyndall-effect
 - Hyperpigmentation
 - Erythema

Infections (Biofilms):
 - Erythema
 - Oedema
 - Pain
 - Inflammatory nodules
 - Ulceration

Type IV hypersensitivity reactions:
 - Erythema
 - Oedema
 - Pain
 - Inflammatory nodules
 - Ulceration

Foreign-body reactions:
 - Noninflammatory nodules
 - Erythema
 - Oedema
 - Pain
 - Inflammatory nodules
 - Ulceration

(Pseudo) Abscess:
 - Fluctuating inflammatory swelling, 

can be infectious or sterile
Migration (dislocation):

 - Noninflammatory nodules
Skin discolorations:

 - Hyperpigmentation
 - Erythema/Teleangiectasia

147



8

complications (Chapter 3), 34 (40%) were HIV-positive patients treated with permanent 
fillers for CART-induced FLA.12 In this subgroup the incidence of abscesses was 
significantly higher (p = 0.001) than in HIV negative patients. This finding is supported 
by Ocampo-Candiani et al.26, who suggested that the altered cellular immune response 
in HIV-positive patients may result in a different reaction to permanent filler-implants. 
Recently, Alijotas-Reig postulated that pathological reactions to filler-implants may be 
due to a common genetic background in affected patients.14

The different structural properties of soft-tissue fillers, such as chemical composition, 
electrical charge, surface irregularities or particle size, and the presence of contaminants 
are of known influence on host immune responses (Figure 1).24,25 For example, particles 
larger 20 μm are not phagocytosed,27,28 positively charged particles attract and/or 
activate macrophages,29 irregularly shaped particles elicit a longer-lasting inflammatory 
reaction, and smooth surfaces induce formation of a thicker fibrous capsule around 
the material.25,28,30,31 Hydrophilic polymer gels constantly exchange water with the 
surrounding host tissue.18 They are highly biocompatible and easily penetrable by 

Figure 1. Extrinsic and intrinsic factors in the development of delayed-onset complications of 
(permanent) fillers.
Delayed-onset complications of injected soft-tissue fillers are usually considered to be a result of foreign-body 
reactions, microbial contamination (in biofilms or otherwise) of filler material, type IV hypersensitivity reactions, 
or adjuvant-based filler reactions. Although the underlying pathomechanisms are largely unresolved, they are 
probably influenced by host specific factors, such as immune status and genetic background, as well as by 
characteristics of the filler material itself.
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nutrients and waste products,32 making them a suitable matrix for bacterial growth. 
These different filler properties and host tissue interactions translate to filler-specific 
histological observations. We performed a histological and immunohistochemical study 
on excisional biopsy specimens from patients with late-onset complications to different 
permanent fillers (Chapter 6). Histological features of the filler deposits encountered 
in the biopsies and of the host immune response to polyalkylimide hydrogel (PAIG), 
polyacrylamide hydrogel (PAAG), hydroxyethylmethacrylate/ethylmethacrylate in 
hyaluronic acid (HEMA/EMA) and liquid injectable silicone (LIS) were consistent with 
observations by other authors.33-37 Both hydrogel polymers (PAIG and PAAG) showed 
similar reaction patterns, consisting of varying numbers of epithelioid histiocytes, 
foreign-body type multinucleated giant cells (MNGCs) and lymphocytes surrounding 
amorphous material, resulting in palisading granulomas. Furthermore, both in PAIG and 
PAAG deposits the phenomenon of ‘infiltrating/traversing macrophages’ was observed, 
as described by Christensen and Lemperle in animal studies.27,38,39 In contrast, HEMA/
EMA particles elicited marked sarcoid-like granulomas that surrounded individual filler 
particles. LIS specimens showed the typical ‘swiss cheese’ appearance of interstitial 
vacuoles and cystic spaces of different sizes as remnants of dissolved silicone droplets, 
surrounded by an infiltrate consisting of vacuolated macrophages and only few (or 
no) MNGCs. Distinct filler characteristics are thus paralleled by different histological 
reaction patterns, probably caused by differences in the local immune response.

The delayed-onset complications of injected soft-tissue fillers, as reported in the 
literature, are usually considered to result from foreign-body reactions, microbial 
contamination (in biofilms or otherwise) of filler material, type IV hypersensitivity 
reactions, or adjuvant-based filler reactions (Figure 1).14,18,24,33,36,37,39-57 Interestingly, all 
four etiological factors are believed to be capable of inducing granulomatous immune 
reactions.9,23,50,53 All filler agents used for soft-tissue augmentation are thought to elicit 
some degree of granulomatous inflammatory reaction following injection.24,58 To a certain 
point this is considered to be part of a normal physiological response.11,24 Granulomatous 
foreign-body reactions (GFBRs) can be classified according to a severity grading system 
and/or into different clinicohistological phenotypes. Duranti proposed a 4-point grading 
system for the severity of GFBRs.59 Lemperle and Lombardi proposed a classification 
of GFBRs into different clinical and/or histological subtypes.24,36 A genuine GFBR is 
predominantly composed of histiocytes/ macrophages and MNGCs encapsulating filler 
particles.24,59 The exact pathophysiology of filler-induced GFBRs, or ‘filler granulomas’, 
has yet to be elucidated. Current insights have shown that particles larger than 5 μm 
require the presence of aggregated macrophages, or MNGCs, to be phagocytosed.27,28,60 
Particles larger than 15 to 20 μm are generally not subject to ingestion by macrophages 
by true phagocytosis, but may be enclosed by MNGCs. Failure of effective phagocytosis 
leads to granuloma formation, consisting of macrophages and MNGCs, as well as a 
contiguous infiltrate of lymphocytes secreting pro-inflammatory cytokines (i.e. tumor 
necrosis factor α (TNF-α), interferon γ (IFN-γ) and interleukin (IL-) 12).9
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The relation of delayed-onset complications with previous infections turns possible 
bacterial contamination of filler material into a relevant subject.12,19,42,50,53 The role of 
‘biofilm’ formation in (permanent) soft-tissue fillers has been described in several 
publications.18,39-43,45-47,50,51,53,61 Biofilms are defined as aggregates of microorganisms, 
frequently embedded within a self-produced matrix of ‘extracellular polymeric substance’, 
that adhere to each other and/or to a living or inert surface.(62) Analogous to other 
prostheses and implants, soft-tissue fillers (especially long-lasting and permanent fillers) 
also have the potential for biofilm formation.18,51,53 It has been suggested that bacteria 
can emerge from their biofilm following activation by an external triggering factor such 
as a trauma or manipulation and cause low-grade infections, resulting in complications 
with different possible clinical presentations.43,45-47 In addition, anti-inflammatory 
treatments have been reported to aggravate delayed-onset complications.63 In 
Chapter 3 we defined 5 possible mechanisms involving bacterial contamination or 
biofilm activation as pathological substrate for delayed-onset filler complications.12 
Some authors recommend the introduction of fluorescent in situ hybridization into 
clinical practice when facing a possible biofilm-related complication.42 Nonetheless, 
the role of biofilms remains controversial.50,61,64 Nodules and granulomas resolving after 
intralesional corticosteroid injections are a well-known phenomenon, which is difficult to 
explain when bacterial biofilms are considered as the cause of these complications.8,65 
In one of our studies (Chapter 3) bacterial cultures were sterile in 42% of cases with 
inflammatory complications and more than one-third of cultured abscesses failed to 
show bacterial growth.12 Therefore, we suggested that the inflammatory reaction in 
these patients resulted from local activation of the (innate) immune system following 
the invasive procedure, also targeting the sterile filler deposits.15,20,46

Some authors have postulated that all granulomatous reactions to fillers are in fact 
type IV (delayed-type) hypersensitivity reactions.50 However, it must be noted that a 
true type IV hypersensitivity reaction is a systemic immune response that should affect 
all injected sites at the same time.42,66 In addition, to our knowledge non-autologous 
(bovine) collagen and hyaluronic acid are the only two main filler constituents reported 
to be capable of eliciting type IV hypersensitivity reactions, substantiated by positive 
skin-testing.67-70 Bovine collagen is a carrier for PMMA fillers, whereas hyaluronic acid 
serves as basis for HEMA/EMA particles. Therefore, T cell-mediated delayed-type 
hypersensitivity reactions to these constituents could play a role in delayed-onset 
GFBRs to these two methacrylate-based fillers. We did not find any data in the literature 
supporting delayed-type hypersensitivity as an etiological factor in complications, 
which may occur after injections of the other permanent fillers studied in this thesis, 
that is PAIG, PAAG and LIS.

Alijotas-Reig recently postulated that fillers may act as adjuvants, rather than 
as antigens.14 Adjuvants are defined as substances that may stimulate immune 
responses without having specific antigenic properties themselves.(71) Both the innate 
and adaptive immune system are influenced by the effects of adjuvants. Adjuvants 
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enhance innate immune responses by mimicking evolutionary conserved molecules 
capable of binding Toll-like receptors (TLRs), resulting in the release of T helper cell 1 
(Th1) inflammatory cytokines.71 They also increase the activity of dendritic cells (DCs), 
lymphocytes and tissue macrophages. The immune-enhancing effects of adjuvants 
are supposedly mediated by five different activities, as depicted in Table 2.71,72 Certain 
triggers such as infection, trauma and vaccination may induce adjuvant activity 
or act as adjuvants themselves.14,71-74 In addition, sequential exposure to different 
adjuvant stimuli is believed to increase the risk of abnormal immune responses.14,74 
Several studies on animals and humans have demonstrated that adjuvants are able to 
induce autoimmunity and autoimmune diseases.71 Recently, the name ‘autoimmune/
inflammatory syndrome induced by adjuvants’, in short ASIA or Schoenfeld’s syndrome, 
was introduced to describe the spectrum of immune-mediated systemic diseases that 
may be triggered by previous exposure to an adjuvant stimulus (Table 3).75,76 Several 
studies have demonstrated similar systemic inflammatory responses after the use of 
soft-tissue fillers.9,14,23,49,50,54,55,73 Yet unknown factors, related to the specific adjuvant(s) 
involved and to the extent in which innate, adaptive and regulatory immune responses 
are activated, are believed to determine whether an autoimmune response remains 
limited or will evolve into full-blown systemic disease.9,14,23 Genetic predisposition 
for the development of ASIA is also suspected.9,14,74 Known adjuvants that may cause 
ASIA are silicone, aluminium salts, pristane and infectious components.71,73,76 In 
addition, hyaluronic acid compounds and acrylamides have also been identified as 
adjuvants.9,14,23,55,63,77,78

Adjuvants are believed to mimic evolutionary conserved molecules, mainly 
activating TLRs 1, 4, 5, 7 and 9.79-81 In Chapter 6 we investigated the role of pDCs 
in filler-induced GFBRs. In man, pDCs are the main source of the type I interferons 
(IFN-α/β) and have been shown to accumulate in a variety of inflammatory skin 
disorders, including lupus erythematosus, psoriasis, lichen planus, dermatomyositis, 

Table 2. Adjuvant immunological effect exerted by different modes of action.71

No. Mode of action Immunological effect

1 Translocation of antigens to the lymph nodes 
where they can be recognized by T-cells

Enhancing T-cell activity, increased clearance of 
pathogen throughout the organism

2 Protection of antigens, which grants the antigen a 
prolonged delivery and exposure.

Upregulating the production of B- and T-cells 
needed for enhanced immunological memory as 
part of the adaptive immune response.

3 Increasing the capacity to cause local reactions at 
the injection site.

Greater release of danger signals by chemokine 
releasing cells such as T-cells and mast cells.

4 Inducing the release of inflammatory cytokines. Recruitment of B- and T-cells at sites of infection 
and increased transcriptional events leading to a 
net increase of immune cells as a whole.

5 Interacting with pattern recognition receptors, 
specifically toll-like receptors, on accessory cells.

Increase of the innate immune response to antigen.
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Jessner’s lymphocytic infiltrate and morphea.82-88 Besides their antiviral effects, pDCs 
are potent antigen-presenting cells and able to interact with T- and B cells, mDCs and 
endothelial cells, interfere with immunological tolerance and promote autoimmune 
responses and other pathogenic inflammatory reactions.89 IFN-α therapy, used in 
patients with chronic hepatitis C or certain leukemias, is a well-known risk factor for 
the development of IFN-induced sarcoidosis, as well as other autoimmune diseases.90,91 
IFN-α therapy has been shown to provoke sarcoidal GFBRs in patients previously 
injected with permanent fillers.92,93 It has been postulated that IFN-α produced by 
pDCs can enhance antigen presentation to Th1 cells by inducing the expression of 
major histocompatibility complex class II and co-stimulatory molecules on blood 
monocytes.90 IFN-α also promotes granuloma formation by directly stimulating 
IFN-γ and IL-2 production by Th1 cells and has recently been shown to deactivate 
the suppressive function of human regulatory T cells, possibly aggravating T cell-
mediated immune responses.90,91,94 TNF-α is believed to induce locally sustained 
IFN-α production by pDCs and this effect was used to explain the onset of silicone 
granulomas many years after facial implantation.95

Our results suggest (Chapter 6) that pDCs do not to play a major role in GFBRs 
to the permanent fillers PAIG, PAAG and LIS, but may be involved in sarcoidal GFBRs 
to HEMA/EMA. Although more research is needed on this subject, we hypothesize 
that adjuvants present in the latter type of permanent filler may have primed pDCs 
by adjuvant-mediated activation of TLR 7 and/or 9, thereby contributing to the 
severe sarcoidal GFBRs, which we observed histologically. If activation of pDCs by 
filler material itself or by added carriers, followed by local release of IFN-α, is an 
important triggering event in immune-mediated adverse reactions to injected fillers, 

Table 3. Criteria for the diagnosis of ‘autoimmune/inflammatory syndrome induced by 
adjuvants’ (ASIA) as suggested by Shoenfeld et al.71 

Major criteria:
•	 Exposure to an external stimulus (infection, vaccine, silicone, adjuvant) prior to clinical manifestation of 

symptoms
•	 The appearance of ‘typical’ clinical manifestations: 

 - Myalgia, Myositis or muscle weakness
 - Arthralgia and/or arthritis
 - Chronic fatigue, unrefreshing sleep or sleep disturbances
 - Neurological manifestations
 - Cognitive impairment, memory loss
 - Pyrexia, dry mouth

•	 Removal of an inciting agent induces improvement
•	 Typical biopsy of involved organs

Minor criteria:
•	 The appearance of autoantibodies or antibodies directed at the suspected adjuvant
•	 Other clinical manifestations (i.e. irritable bowel syndrome)
•	 Specific HLA haplotypes (i.e. HLA DRB1, HLA DBQ1)
•	 Evolvement of an auto-immune disease (i.e. MS, SSc)

Abbreviations: HLA, human leukocyte antigen; MS, multiple sclerosis; SSc, systemic sclerosis. 
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development of new filler agents will have to include in-vitro and animal testing for 

potential recruitment and activation of pDCs. Also, it will be interesting to study the 

possible role of pDCs in the uncommon adverse reactions that occur to biodegradable 

(temporary) fillers, as these agents have largely replaced the use of permanent fillers 

in recent years.

DIAgNOSTIC TOOLS IN PERMANENT FILLER 
COMPLICATIONS
While the mainstay of diagnosing filler-related complications remains a thorough history 

and physical examination, we have experienced that it can be difficult to determine 

the nature and extent of certain complications in clinical practice. In diagnosing and 

managing filler-related complications, experience has increased in interpreting results 

of radiological imaging (such as ultrasound, magnetic resonance imaging (MRI) and 

computed tomography (CT)) and histological examination.24,27,33-37,96-107

Based on our results (Chapter 5) we believe that investigative imaging tools such as 

MRI and ultrasound may be useful in the management of delayed-onset complications 

after injection with permanent fillers.107 In addition, since the use of soft-tissue fillers 

has increased exponentially in the past decade, it is important for aesthetic medical 

practitioners as well as radiologists to become familiar with the imaging appearances 

of the various filler materials and their complications.1,98 From our point of view, imaging 

tools may be indicated for three reasons (Figure 2): 

•	 Identification of the filler material.

•	 Identification of the type of complication.

•	 Preoperative screening in order to find occult migratory pockets.

Patients are often unaware which type of filler has been injected and are sometimes 

even unable to recall the specific injection sites.13 In our cohort of 32 patients who 

underwent 44 MRI examinations, we detected 14 filler deposits (14 of 107, 13%) 

that were not mentioned by the patients prior to MRI examination (Chapter 5).107 By 

assessing MRI results, we were unable to differentiate between the different types of 

fillers used; in part because PAIG and PAAG are chemically very similar agents,25 but 

primarily due to the fact that few patients in our cohort had been injected with fillers 

other than PAIG (n = 2 for PAAG and n = 2 for PMMA). The features of LIS, PMMA and 

PAAG/PAIG on MRI (and CT) have been described before.19,98,99 A few studies have 

been published on the use of ultrasound for the visualization of filler deposits.100,101,103,104 

Schelke described the ultrasound properties of several semi-permanent and permanent 

fillers.104 PAIG deposits had an anechoic to hypoechoic aspect with distinct echogenic 

walls. LIS and PMMA both induced fibrosis with subsequent typical shadowing on 

ultrasound.104 PMMA deposits were visualized as hyperechoic bright dots, whereas 
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LIS (also hyperechoic but less bright) was mostly associated with sound scattering.100 

Thus, although both MRI (or CT) and ultrasound can be used to identify dermal filler 
deposits, ultrasound is preferable on account of its lower costs and more patient-
friendly/accessible nature.

We (Chapter 5), and others have outlined the MRI features of different types 
of filler-related complications.98,99,107 In our cohort of 32 patients, we found a 
strong clinicoradiologic correlation for filler deposits without complications and 
noninflammatory nodules (combined 85%), a moderate correlation between clinical and 
radiological findings for abscesses (60%), a modest level of agreement for low-grade 
inflammations (32%) and a weak correlation for migrations (9%).107 The relatively low 
level of agreement for migration and LGI suggests that imaging procedures may be 
useful tools to diagnose these complications in support of clinical examination, which 
is supported by the results of Grippaudo et al.101 They demonstrated that ultrasound 
investigation was capable of detecting inflammatory patterns and foreign-body 
reactions in PAIG-injected patients without clinical signs of complications. Again, 
ultrasound is the preferred imaging procedure for this indication on account of low 
costs and accessibility. 

Another relevant outcome of our study was the observation that migration occurred 
frequently in deposits with concurrent inflammation (5 of 11, 45%) or abscess formation 
(9 of 18, 50%).107 This suggests that an investigative imaging tool like MRI may be helpful 
in detecting occult migrations in patients who present these complications after injection 

Figure 2. Algorithm for the use of imaging tools.
If infection is suspected, cultures should be performed whenever possible. However, most cases of local 
infection at sites of injected soft-tissue fillers are not characterized by skin defects, ulceration or purulent 
discharge.
Abbreviations: LGI, low-grade inflammation; MRI, magnetic resonance imaging.
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of permanent fillers with a known migratory potential. Examples of permanent fillers 
that are prone to migrate from the injection site are the non-biodegradable hydrogel 
polymers PAIG and PAAG. They are known to induce little inflammatory reaction and 
thin fibrous capsules, thus facilitating migration.25 Compared to ultrasound, MRI is an 
imaging technique with a higher level of reproducibility, creating a total view of the 
complex facial/cranial anatomy. It is less investigator-dependent and not time-bound, 
allowing the medical practitioner who will perform the treatment of the filler-related 
complications to review the magnetic resonance images himself (e.g. in preparation for 
surgery). Therefore, compared to ultrasound, MRI seems to be the superior imaging 
procedure to visualize migrated filler deposits. Next to determining the extent and 
anatomical outlines of filler-related complications, preoperative MRI enables the 
detection of migrated filler that would otherwise be missed during surgery and could 
lead to recurrent complications. Other authors share our view on the potential role for 
MRI in the detection of filler migrations.99,108,109

Recently, Grippaudo et al.110 published an interesting study on radiolabelled white 
blood cell (WBC) scintigraphy in the work-up of filler complications. Previous studies 
by others had already shown radiolabeled WBC scintigraphy to be a useful tool in the 
detection of focal infections.111-113 Compared to MRI and ultrasound, radiolabelled WBC 
scintigraphy was found to be the most accurate method for diagnosing infections of 
filler deposits in patients with delayed-onset complications (sensitivity 90%, specificity 
100%, and accuracy 93.3%). Shortcomings of this imaging tool are the cumbersome 
procedure and high costs.114 In addition, further research in a larger cohort of patients 
is needed to substantiate these results and to determine the usefulness of radiolabelled 
WBC scintigraphy in complex cases where infection is suspected but cannot be 
demonstrated by routine work-up.

Histological analysis can be considered the golden standard for the identification 
of injected filler material.33 None of the previously discussed imaging tools are 
capable of determining filler-specific morphological features as clearly as histological 
examination. These characteristics have been described in several publications.33-37 
However, to obtain histological specimens an invasive procedure (i.e. incisional 
biopsy from a filler deposit) is required and for permanent fillers this poses the risk of 
causing new complications if not yet present. Therefore, strict sterile conditions are 
necessary and prophylactic antibiotics should be considered for such procedures. 
In Chapter 6 we describe the histological features of PAAG, PAIG, HEMA/EMA and 
LIS in skin biopsies. Based on structural features and staining with hematoxylin-eosin 
(H&E) we were unable to differentiate between PAAG and PAIG, which is probably 
due to their chemical and structural similarity.25 Requena reported some differences 
between PAAG and PAIG deposits in H&E-stained sections.33 PAAG was defined as 
basophilic amorphous material with a multivacuolated appearance, whereas in PAIG 
this multivacuolated phenotype was absent. We observed optically empty spaces in 
PAAG as well as PAIG, especially at the transition of filler deposits and surrounding 
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granulomas and suggestive of retraction-artefacts, secondary to fixation during 
processing of the biopsies.

The results of our immunohistochemical analysis of CD123+ pDCs in GFBRs to 
different permanent fillers suggest that pDCs do not play a major role in granulomatous 
reactions to PAIG, PAAG and LIS, but may be involved in GFBRs to HEMA/EMA 
(Chapter  6). It is possible that pDCs are attracted directly towards filler deposits 
containing methacrylates, such as HEMA/EMA or polymethylmethacrylate (PMMA), 
but their recruitment may also occur secondarily in the course of the development of 
sarcoidal GFBRs to these particulate filler agents. The marked sarcoidal features of GFBRs 
to HEMA/EMA may be caused or amplified by IFN-α, secreted by pDCs accumulating 
close to filler deposits.90-92,95,115 Future studies that include the detection of locally 
secreted cytokines by immunohistochemistry or by in situ hybridization are needed 
to elucidate the immune pathomechanism of inflammatory responses to different filler 
agents, including the severe granulomatous reactions provoked by certain permanent 
fillers. When analyzing skin biopsies from 19 patients with complications caused by 
permanent fillers we noticed that histological grading of inflammatory infiltrates did 
not correlate with clinical features of inflammation: clinically noninflammatory nodules 
often showed considerable mixed inflammatory infiltrates histologically, whereas several 
lesions diagnosed clinically as inflammations contained only mild infiltrates (i.e. in LIS-
injected patients). It appears that it is the type of injected filler, which largely determines 
the nature of the local immune response, and that this response does not necessarily 
match clinical manifestations or symptoms in affected patients.

TREATMENT OF PERMANENT FILLER COMPLICATIONS
In Chapter 3 we propose a treatment strategy for delayed-onset complications caused 
by facial permanent fillers (Figure 3).12 Treatment options can be further specified based 
on filler characteristics, type of associated complications and (immune-) histological 
features. Both PAAG and PAIG are highly biocompatible hydrophilic polymers and easily 
penetrable by nutrients and waste products.18,25,32 However, these characteristics also 
make PAAG and PAIG quite suitable for bacterial growth. Culture proven infections 
are relatively common complications after injections with these fillers.12,19,33,41,53 As 
a consequence, when clinical features of inflammation (erythema, oedema, heat, 
tenderness or pain) are present and infection cannot be ruled out, conservative 
treatment with oral antibiotics should be the first choice. Because of their dual action as 
both an antibacterial and anti-inflammatory drug we favor the use of tetracyclines, such 
as doxycycline or minocycline, at dosages of 100-200 mg daily. Due to their immune-
modulating, anti-inflammatory effect, tetracyclines may also be effective in cases of 
‘sterile’ low-grade inflammations with negative bacterial cultures. If regarded necessary, 
non-steroidal anti-inflammatory drugs (NSAIDs) or oral corticosteroids can be added. 
However, in a substantial percentage of cases this conservative approach fails and 
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surgical treatment is required.12,19,33,116 Recently, Ono et al.116 published a comprehensive 
article on (surgical) treatment of PAAG complications, which is also applicable to 
complications caused by PAIG.

The methacrylate-based permanent fillers HEMA/EMA and PMMA are particularly 
recognized for their ability to induce histologically genuine sarcoidal GFBRs.24,33 
Therefore, a treatment approach of nodules and granulomas analogous to that of 
cutaneous sarcoidosis seems logical. Intralesional corticosteroid injections and systemic 
treatment with corticosteroids, anti-malarials and allopurinol have been described in 
the literature, often with success.33,65,117 Methotrexate and tetracyclines, as used for 
cutaneous sarcoidosis, may also be effective.118-120 Other treatment options described 
for nodules or granulomas caused by HEMA/EMA and PMMA are intralesional 
5-fluorouracil injections and intralesional corticosteroids combined with intense pulsed 
light.65,121,122 Some authors argue against intralesional corticosteroid injections, since the 
achieved local immunosuppression inhibits the inflammatory reaction only temporarily 

Figure 3. Flow-chart for treatment of facial delayed-onset complications based on the 
experiences of the authors.
Since the introduction of the micro-droplet technique liquid injectable silicone is seldom injected as deposits. 
As a consequence, excision can be unfeasible, and other treatment modalities must be solicited, such as oral 
treatment with corticosteroids (when no inflammation is present), (immunomodulatory) antibiotics, or both. 
* Other treatment modalities such as topical imiquimod 5%, intralesional 5-fluorouracil injections, allopurinol 
and carbon dioxide fractional laser have also been described in the literature.
** In our experience, tetracyclines, such as doxycycline or minocycline, in high dosages give best results.
*** In case of an abscess, we culture its content and start with oral flucloxacillin 500mg 3 to 4 times daily.
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and because of the secondary harmful effects triggered by the injected corticosteroids 

(i.e. greater hardening of the granulomatous tissue and atrophic changes).123 According 

to Lemperle, dexamethasone is able to interfere drastically with both the synthesis 

and the degradation of type I and III collagen, and he therefore emphasizes that 

triamcinolone, betamethasone or methylprednisone should be used for intralesional 

injections.65 In cases where nodules or granulomas are refractory to conservative 

treatment, the only remaining options are a “wait-and-see policy” (if acceptable for 

the patient) or surgical intervention. 

The inflammatory and migratory plaques that can occur after injections of LIS are 

among the most challenging complications of permanent fillers. This is especially 

problematic when large volumes have been injected, which is often the case in male-

to-female transsexuals.124 Micro-droplet injection of highly purified 1000-centistoke 

silicone oil has been shown, for example, to be a safe and effective treatment option for 

CART-induced FLA.125 Even so, LIS is notorious for its ability to migrate long distances 

along natural tissue planes.57,124,126-130 When this complication occurs, surgical excision 

is generally unfeasible. Removal of LIS by liposuction has been tried.124,130 Some 

authors have experienced that this approach tends to remove healthy tissue rather 

than the injected silicone material.124 In contrast, Salgado et al.130 describe positive 

results after liposuction followed by immediate intramuscular fat transfer for buttock 

augmentation in eight patients with a follow-up of 1 year. Nonetheless, treatment of 

LIS-related complications mostly relies on a conservative approach.124-129 Successful 

treatment with intralesional corticosteroids and systemic NSAIDs, tetracyclines 

(i.e. minocycline and doxycycline) and corticosteroids has often been reported.65,124-

129,131,132 Others have reported success after topical imiquimod 5% or laser therapy,133,134 

systemic administration of tacrolimus or etanercept.135-137 Azathioprine may also be 

effective in reducing the inflammatory response to (migrated) LIS plaques and nodules 

(unpublished data).

CONCLUSIONS AND FUTURE PERSPECTIVES 
With the exponential growth of people seeking minimally invasive methods of facial 

rejuvenation,1 it should be clear to cosmetic medical practitioners, dermatologists 

and plastic surgeons that permanent fillers must be handled with care. The use of 

permanent soft-tissue fillers can be very cost-effective and the hypothetical permanent 

effect appears patient friendly. However, the term “permanent” does not refer to the 

permanent result but to the permanent presence of the filling agent at the site of 

injection. Compared to biodegradable soft-tissue fillers the use of permanent fillers 

entails an increased risk of complications, which is - at least in part - inherent to their non-

biodegradable nature.9-11 In addition, areas that have been augmented by permanent 

fillers are still subject to the normal aging process. Therefore, body sites treated with 

permanent fillers will, in time, still require maintenance by ‘touch-up’ injections. Such 
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touch-ups and other invasive procedures in the vicinity of previously treated areas always 
involve the risk of bacterial contamination of a filler deposit.12,40 Therefore, we advise 
prophylactic antibiotic treatment and sterile conditions (whenever possible) for patients 
undergoing invasive procedures in the vicinity of permanent filler deposits. 

In our opinion, the currently available biodegradable fillers offer a better balance 
between durability and safety profile than the permanent fillers (Chapter 2).138 Based 
on our literature review, we conclude that treatment of CART-induced FLA with 
biodegradable fillers such as poly-L-lactic acid (PLLA), calcium hydroxylapatite (CaHA), 
and ‘modified’ (i.e. cross-linked or high-density) hyaluronic acid provides the most 
promising results today.138 With these biodegradable fillers on the market, and taking 
into consideration that injection with non-biodegradable fillers not only entails a higher 
risk of complications but also requires periodic touch-up injections, we believe that the 
use of permanent fillers should be limited to strict indications.

Although numerous reports are available on complications occurring after penile 
girth enhancement,21,22,139-142 this particular treatment indication still challenges certain 
medical practitioners to investigate new (permanent) filler materials.143,144 Yang et al.143 
evaluated the tolerability and efficacy of a newly developed mixture of cross-linked 
dextran and polymethylmethacrylate (Lipen-10) for penile girth enhancement in twenty 
adult males. After a follow-up of 6 months without any serious adverse events they 
postulate that Lipen-10 may be a new effective method for penile enhancement. In our 
opinion, permanent soft-tissue fillers should not be used in dynamic areas (i.e. body 
sites that are subject to repetitive movement) such as the periorbital and perioral 
regions, or the genitalia.21,36,44,48,52,56,126,139-142 Furthermore, we consider the injection of 
large volumes (i.e. body contouring) to be an absolute contraindication for the use of 
permanent soft-tissue fillers.124,127,129,130

Nonetheless, biodegradable fillers are also not free from complications and the 
development of newer and safer soft-tissue fillers must continue.3-11,25,45,145 There is still 
room for improvement in terms of filler-specific characteristics, injection technique and 
preparation, and patient selection. For example, histological studies with Artecoll™ 
(Suneva Medical Inc., San Diego, CA, USA) have shown that host foreign-body responses 
could be attributed to PMMA impurities and to PMMA particles smaller than 20 µm, 
which can be phagocytosed by macrophages.146,147 In Artefill® (Suneva Medical Inc., San 
Diego, CA, USA), PMMA microparticles smaller than 20 µm in size have been reduced 
to less than 1% of the microspheres. This translates into less immune-mediated adverse 
events after injection.148,149 Another interesting development was the introduction of 
semi-permanent ‘biostimulatory’ fillers, like PLLA and CaHA.150,151 The effect of these 
fillers is based on neocollagenesis as filling effect, rather than the volumizing effect of 
the filler itself. A new filler material has been released on the European market recently, 
based on polycaprolactone (PCL, Ellansé™, AQTIS Medical, Utrecht, Netherlands).152,153 
A great deal of experience has been obtained with the use of this fully biodegradable 
polyester in sutures, wound dressing and controlled drug delivery.152 The longevity 
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of the volumizing effect of PCL is ‘tunable’ by manufacturing products with different 
polymer chain lengths, the shorter chains being degraded faster than the longer chains. 
The resulting clinical effect varies from 1 to 4 years.152,153

Other developments should include the enhancement of soft-tissue biocompatibility 
by additives, such as enzymes against biofilm formation already used for contact 
lenses.45 Other preventive measures, including surface impregnation with silver and 
antibiotic coating of bioimplants may also decrease the risk of infection,45,154 but their 
applicability for soft-tissue fillers remains to be established. Nonetheless, with the 
progresses of the past two decades in mind, Glogau’s statement that “it is possible that 
we shall see fillers moving beyond the traditional concept of inert medical devices into 
the realm of true biologics, materials that will improve the texture, elasticity, radiance, 
and possibly color, of the skin itself” seems conceivable.145

Another important aim is the ongoing improvement of injection technique and 
preparation. Not long ago rejuvenation of the aging face was mainly approached in 
a 2-dimensional fashion, by treating wrinkles and lines, using a retrograde injection 
technique. Nowadays, aging of the face is considered as a 3-dimensional process and 
volume restoration as an important element in procedures aimed at facial rejuvenation.155 
The introduction of the so-called vertical (supraperiostal) deposit technique for volume 
restoration has reduced the number of injections required to obtain an adequate volumizing 
effect, thereby also decreasing the risk of complications.145,156,157 In addition, numerous 
articles stressing the importance of proper preparation and sterile injection conditions 
have increased awareness on this subject.3-5,11,19,66 Strict aseptic conditions are even more 
important for additional injections, or when other invasive procedures are considered in 
the vicinity of existing permanent fillers deposits,12,19,53 substantiating a role for prophylactic 
antibiotic treatment.40,45 The question remains if such a vigilant approach should also be 
applied to temporary biodegradable fillers. Caution is certainly required when semi-
permanent filler agents are used, such as PCL, which may remain in situ for up to 4 years.152 

Recently the important subject of ‘patient selection’ prior to soft-tissue augmentation 
has been coined.9,23,95,135 Individuals predisposed to develop hypertrophic scars or keloids, 
or suffering from autoimmune diseases, supposedly have a higher risk of developing 
nodules after filler injections.13,158,159 Alijotas-Reig suggested a relationship between 
particular human leukocyte antigen class I and class II haplotypes and susceptibility to 
inflammatory, immune-mediated and late-onset adverse reactions to different fillers.135 
The newly recognized ASIA syndrome has been linked to ‘siliconosis’, i.e. the spectrum 
of illness that has been associated with silicone implants, as well as to constituents of 
other injectable fillers.9,14,23,71,75,76 Also, the evidence for a relation between sarcoidosis 
and silicone implantation has become stronger in the past decade.95,160-162 Thus, 
genetic susceptibility appears to be a risk factor in the development of (late-onset) 
granulomatous complications to injected fillers. Further research may ultimately lead 
to (genetic) screening methods indicating which individuals are at risk of developing 
complications following implantation of permanent or non-permanent fillers.95
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SUMMARY OF CHAPTERS
Treatment with injectable soft-tissue fillers, or ‘fillers’, has become an increasingly 
popular, minimally invasive alternative for facial rejuvenation and correction of certain 
medically indicated conditions. Such treatments require no anaesthesia or extensive 
preparation and are relatively easily performed in little time. In addition, they have 
an overall substantially low complication rate. However, the use of permanent fillers 
comes with higher complication rates and the term ‘permanent’ does not refer to the 
permanent result but to the permanent presence of the filling agent with the ensuing 
permanent risk of complications. Treatment of permanent filler complications are often 
burdensome for the patient and challenging for the treating physician due to the lasting 
character of the filler material and the difficulty to completely extract it.

The aim of the studies described in this thesis was to investigate and analyse 
permanent filler-associated complications. Doing so, we focused in particular on both 
intrinsic and extrinsic factors influencing the onset and type of these adverse events, 
as well as on possible diagnostic tools and treatment options for the different types of 
complications we have observed. 

In Chapter 1 a general introduction is given on injectable soft-tissue fillers. Filler 
characteristics and treatment indications are discussed, as well as the historical 
background of filler materials.

Chapter 2 reviews the current treatment options for combination antiretroviral 
therapy (CART) induced facial lipoatrophy (FLA) in HIV-infected patients. FLA is the 
most common medical indication for treatment with soft-tissue fillers. CART reduces the 
morbidity and mortality in HIV-positive patients. One of the well-known side effects of 
this treatment is HIV-lipodystrophy syndrome (HIV-LS) and especially concurrent FLA. 
The early-generation nucleoside reverse-transcriptase inhibitors (NRTIs), thymidine 
NRTIs (tNRTIs) in particular, and the older protease inhibitors (PIs) have been strongly 
associated with the development of HIV-LS and FLA in HIV-infected patients. The 
atrophical facial changes in HIV-LS have a profoundly negative social and psychological 
impact on HIV-infected individuals: patients feel disfigured, stigmatized and isolated. 
In the last decade, many studies on the possible systemic treatment options for HIV-LS 
and local therapeutic options for FLA have been performed. Results suggest that 
systemic treatment with leptin, uridine, thiazolidinediones and growth hormone-
releasing hormone may have a positive effect on both the metabolic abnormalities 
as well as the ‘central’ lipohypertophy, characteristic features of HIV-LS. However, 
to our knowledge no studies showing restoration of wasted facial subcutaneous 
adipose tissue after systemic therapies have been published. At present, local invasive 
treatments such as injections with soft-tissue fillers seem most promising. Soft-tissue 
fillers are a relatively simple and efficient treatment option for FLA. Especially, the 
biodegradable semi-permanent fillers combine a good effect with durability and an 
acceptable safety profile. Lipofilling, using autologous adipose tissue, has recently also 
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shown promising results. The best way to prevent or restrict the development of FLA 
remains the exclusion of tNRTIs from the CART schedule.

Chapters 3 to 6 focus on different aspects of permanent filler-related delayed-onset 
complications. From 2005 to 2011 a total of 85 patients were referred to our outpatient 
clinic with delayed-onset complications, starting 2 weeks after injections of permanent 
filling agents in the face. In Chapter 3 we evaluate the factors influencing the onset 
and type of these adverse events. The used fillers in our cohort (40 males, 45 females; 
mean age 54, range 27-79) were polyalkylimide gel (PAIG), hydroxyethylmethacrylate/
ethylmethacrylate (HEMA/EMA), polymethylmethacrylate (PMMA) polyacrylamide 
hydrogel (PAAG) and liquid injectable silicone (LIS). The majority of the 85 patients 
underwent soft-tissue augmentation for facial rejuvenation (n = 51, 60%), whereas 40% 
(n = 34) were HIV-positive patients treated for CART-induced FLA. The complications 
observed in this study could be categorized into noninflammatory nodules, low-grade 
inflammations, abscesses, and migrations of filler deposits. Filler-abscesses occurred 
only after injection with PAIG and were significantly more frequent in HIV-positive 
patients (p = .001). Lag times until onset and type of delayed-onset complication 
varied per filler material. Thus, the intrinsic characteristics of the injected filler and 
the immune status of the patient appear to be important factors in time of onset and 
type of delayed-onset complication observed. In addition, 24 of the 85 patients (28%) 
had undergone a facial or oral (dentist of dental hygienist) invasive procedure before 
the occurrence of a complication. The exact mechanisms responsible for provoking 
complications after invasive procedures in the vicinity of existing filler deposit remains 
to be elucidated. The possibility of a secondary bacterial contamination of a filler 
deposit during such an invasive treatment poses a problem for the use of permanent 
fillers. Aging and CART-induced FLA are dynamic, on-going processes that will need 
‘touch ups’. Additional injections at the site or in the direct vicinity of an existing 
permanent filler deposit will always involve the risk of infection. In this chapter we 
propose a treatment strategy for delayed-onset facial complications after permanent 
filler injections based on our clinical experience. 

Filler-related complications also occur on other sites of the human body. Numerous 
studies have described complications after injections of permanent fillers in the 
breasts or buttocks. In Chapter 4 we describe six patients referred to our outpatient 
clinic with complications of penis and/or scrotum enlargement after injections with 
permanent soft-tissue fillers. The injections were performed in Dutch, Belgian, Turkish 
and American private clinics. The encountered permanent fillers were LIS, PAIG and 
PAAG. The observed complications varied from swelling and nodules, to low-grade 
infections and persisting skin defects. In five patients surgical treatment was mandatory. 
Three patients required repetitive surgery. The results of these procedures were all 
cosmetically disappointing. In a review of the literature no publications on penile 
girth augmentation with PAIG or PAAG were found. The majority of the 14 papers we 
found on the use of LIS for penile girth augmentation state that its use may lead to 
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serious complications. Remarkably, we learned that, at the time of submission of this 
manuscript, several private clinics in the Netherlands and in Belgium were still using 
PAAG as permanent filler for penile girth enhancement. 

While the mainstay of diagnosis of filler-related complications should always be a 
careful history and clinical examination, we have experienced that it can be difficult to 
determine the nature and extent of certain complications in clinical practice. In such 
cases an investigative imaging tool to aid in the assessment of filler-related complications 
could be helpful. Previous studies have reported on various imaging techniques that 
have been used for analysis of injected filler material, such as ultrasound, magnetic 
resonance imaging (MRI) and computed tomography scan. In Chapter 5 we analyze the 
value of MRI in a cohort of 32 patients (16 male, 16 female; mean age 55, range 25-76 
years) with delayed-onset complications after facial injections with permanent fillers 
(PAIG n = 30, PAAG n = 2, HEMA/EMA n = 2). In total 107 site-specific evaluations of the 
correlation between clinical and radiological findings were performed. With regard to 
the localization of the filler deposits, a strong agreement of 83% was observed between 
clinical assessments and MRI (89 of 107). For the observed complications the overall 
clinicoradiologic agreement was assessed as substantial (70 of 107, 65%). In particular 
migration of filler material appeared to be difficult to determine clinically, compared to 
detection of filler migrations with MRI (clinicoradiologic agreement of 9%). In addition, 
we observed that migration is frequent in deposits with concurrent inflammation 
(5 of 11, 45%) or abscess (9 of 18, 50%). In the subgroups with a clinically assessed LGI 
(n = 14) or abscess (n = 14) treatment strategy was modified according to MRI results 
in 25% of cases (7 of 28). Our results suggest that MRI may be a useful pre-treatment 
diagnostic tool and aid in therapeutic decision-making for patients with inflammatory 
complications from permanent fillers that possess a certain ‘migratory potential’ 
(i.e. non-absorbable hydrogel polymers like PAIG and PAAG). In addition, possible 
indications for the use of MRI in the management of permanent filler complications 
are defined in this article.

Granulomatous foreign-body reactions (GFBRs) are often implicated as type of filler-
complication. This kind of reaction can only be established by histologic examination. 
Clinically however, they usually have the appearance of lumps and bumps lacking 
features of inflammation (rubor, calor, dolor). The exact pathogenesis of filler-induced 
GFBRs, or ‘filler granulomas’, has yet to be elucidated. Several authors have compared 
filler granulomas to the ‘naked’ granulomas seen in sarcoidosis. Since plasmacytoid 
dendritic cells (pDCs) are the main source of type I interferon α (IFN-α) in man and 
systemic IFN-α therapy can cause late-onset sarcoidal GFBRs in patients injected 
with permanent fillers, we hypothesized that IFN-α producing pDCs are present in 
‘spontaneous’ GFBRs to permanent filler agents. In Chapter 6 we investigate this 
hypothetical role of pDCs. To detect pDCs we stained skin biopsies from 19 patients 
with late-onset GFBRs to PAIG, PAAG, HEMA/EMA or LIS with monoclonal antibodies 
to CD123 (interleukin-3 receptor α-chain), which is strongly expressed on pDCs. 
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Immunostaining with anti-CD11c, positive on myeloid DCs (mDCs) and histiocytes, 
was performed for comparison. The histologic features of the filler deposits and 
the observed GFBRs were in agreement with previous reports, but grading of the 
inflammatory infiltrates observed histologically did not correlate with clinical features 
of inflammation. Immunostaining for CD123 did not detect pDCs in 8 of 10 PAIG-, 
1 of 2 PAAG- and the 5 LIS biopsies. In contrast, all 4 HEMA/EMA biopsies contained 
collections of pDCs in lymphocytic infiltrates close to filler particles and adjacent 
sarcoidal granulomas. All histiocytes and giant cells present in GFBRs to the different 
fillers showed high expression of CD11c, impeding recognition of CD11c+ mDCs. Our 
data suggest that pDCs are not important in GFBRs to the permanent soft-tissue fillers 
PAIG, PAAG and LIS, but may contribute to the severe sarcoidal granulomas associated 
with injected HEMA/EMA. Recruited pDCs may exert their pro-inflammatory effects 
by release of IFN-α at the site of these filler deposits.

In Chapter 7 we revert to the subgroup of HIV-positive patients suffering from FLA. 
Numerous studies have shown that FLA treatment with facial injections of soft-tissue 
fillers effectively improves quality of life (QoL) and lowers depression rates. Due to 
the higher complication rates associated with permanent fillers, treatment with semi-
permanent fillers such as poly-L-lactid acid (PLLA), calcium hydroxylapatite (CaHA) and 
‘modified’ (i.e. cross-linked or high-density) hyaluronic acid (HA) currently generates 
the most promising outcomes. PLLA and CaHA differ in respect to HA in the sense that 
they have a biostimulatory effect and induce the production of neocollagen. In this 
prospective study we enrolled 82 HIV-positive patients suffering from FLA (77 male, 
5 female; mean age 51, range 31-72 years) for treatment with PLLA or CaHA in order to 
analyze the association between the measured treatment effects on MRI and changes in 
QoL. Significant increases in total subcutaneous thickness (TST) of the injected regions 
could be identified on MRI in nearly all patients at one year post-treatment. This increase 
in thickness was formed by well-demarcated, pleomorphic, hypointense subcutaneous 
tissue, which we designated as neocollagen. Mental health and social functioning 
improved and depressive symptoms decreased after treatment. Improvement of QoL 
seems to be positively associated with the filler-induced increase in TST. Furthermore, 
this study also shows that MRI can quantify FLA treatment effects of PLLA and CaHA.

In Chapter 8 the main findings of this thesis are discussed and related to future 
perspectives on the diagnosis and treatment of permanent filler complications. In 
addition, the anticipated developments in the world of soft-tissue fillers in general 
are reviewed. 
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SAMENVATTINg VAN DE HOOFDSTUkkEN
Behandeling met injecteerbare weke-delen vullers, kortweg ‘fillers’ genoemd, is in 
de afgelopen decennia een populair en minimaal-invasief alternatief geworden voor 
gezichtsverjonging en andere doeleinden, waaronder ook medische indicaties. Bij 
behandelingen met fillers is geen anesthesie of uitgebreide voorbereiding nodig en 
injecties met fillers zijn relatief simpel en snel uitvoerbaar. Bovendien is het risico op 
complicaties over het algemeen gering. Het gebruik van zgn. ‘permanente’ (d.w.z. 
niet biologisch-afbreekbare) fillers leidt echter vaker tot complicaties dan bij ‘semi-
permanente’ en ‘tijdelijke’ fillers en het predicaat ‘permanent’ verwijst dan ook niet 
zozeer naar het blijvend resultaat als wel naar de persisterende aanwezigheid van de 
filler depots op de injectieplaats met een daaruit voortvloeiend blijvend risico op 
complicaties. De behandeling van complicaties van permanente fillers is in de praktijk 
vaak moeizaam en teleurstellend: het lukt zelden om het geïnjecteerde materiaal volledig 
te verwijderen, waarna de klachten kunnen persisteren of recidiveren. Complicaties van 
permanente fillers vormen daarom voor patiënten een aanzienlijke belasting en voor 
behandelaars een grote uitdaging.

Het doel van de studies beschreven in dit proefschrift was om de complicaties die 
optreden na injecties met permanente fillers nader te onderzoeken en te analyseren. 
We hebben ons daarbij zowel gericht op de intrinsieke- als extrinsieke factoren die het 
ontstaan en de aard van deze complicaties beïnvloeden. Ook hebben we ons verdiept 
in de mogelijke diagnostische onderzoeksmethoden en de opties voor behandeling 
van de verschillende typen complicaties die door ons werden waargenomen. 

hoofdstuk 1 is een algemene introductie over injecteerbare weke-delen fillers. De 
filler-specifieke eigenschappen en de indicaties voor behandeling met fillers worden 
in dit hoofdstuk besproken. Tevens wordt de achtergrond van het gebruik van weke-
delen fillers in een historisch perspectief geplaatst.

hoofdstuk 2 is een review over de huidig beschikbare methoden voor behandeling 
van faciale lipoatrofie (FLA), veroorzaakt door ‘combinatie antiretrovirale therapie’ 
(CART) bij HIV-geïnfecteerde individuen. Deze bijwerking van CART vormt de 
voornaamste medische indicatie voor behandeling met fillers in het aangezicht. CART 
verlaagt de mortaliteit en morbiditeit van HIV-geïnfecteerden. Eén van de bijwerkingen 
van deze therapie is het optreden van het HIV-geassocieerd lipodystrofie syndroom 
(HIV-LS) en in het bijzonder FLA als onderdeel hiervan. Vooral de eerste-generatie 
nucleoside reverse-transcriptase remmers (NRTIs), in het bijzonder de thymidine 
NTRIs (tNTRIs) en de oudere protease remmers (PIs) zijn hiervoor verantwoordelijk. 
De atrofische veranderingen in het gelaat bij HIV-LS hebben een sterk negatieve 
sociale en psychologische impact op HIV-geïnfecteerde patiënten: zij voelen zich 
verminkt, gestigmatiseerd en geïsoleerd. De afgelopen jaren is veel onderzoek gedaan 
naar mogelijke systemische behandeling van HIV-LS en mogelijkheden voor lokale 
behandeling van FLA. Er zijn aanwijzingen dat systemische behandeling met leptine, 
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uridine, thiazolidinedionen en groeihormoon releasing hormone (GHRH) een gunstig 
effect heeft op zowel de metabole afwijkingen als de ‘centrale’ lipohypertrofie bij 
HIV-LS. Er zijn ons echter geen studies bekend die aantonen dat in het kader van 
HIV-LS verloren gegaan subcutaan vetweefsel van het gelaat onder invloed van deze 
systemische therapieën herstelt. De lokale behandelmogelijkheden voor FLA bestaan 
vooral uit injecteerbare fillers. Gezien het hogere risicoprofiel van permanente fillers en 
de betere resultaten met semi-permanente fillers lijkt vooral voor de laatste categorie 
een rol weggelegd bij de behandeling van FLA. Ook ‘lipofilling’, gebruikmakend van 
lichaamseigen vet, lijkt veelbelovend. De beste manier om FLA te voorkomen of te 
beperken blijft echter het weren van NRTIs uit het CART-schema bij de behandeling 
van HIV infectie.

Hoofdstuk 3 tot 6 behandelen verschillende aspecten van late, d.w.z. vertraagd-
optredende complicaties, die geassocieerd zijn met permanente fillers. Van 2005 
tot 2011 werden in totaal 85 patiënten naar onze polikliniek verwezen vanwege 
complicaties, die 2 weken of later na injectie met permanente fillers in het gelaat 
begonnen. In hoofdstuk 3 evalueren we de factoren die het ontstaan en de aard van 
deze bijwerkingen beïnvloeden. De gebruikte fillers in onze cohort (40 mannen, 45 
vrouwen; gemiddelde leeftijd 54 jaar, range 27-79 jaar) waren polyalkylimide gel (PAIG), 
hydroxyethylmethacrylaat/ethylmethacrylaat (HEMA/EMA) polymethylmethacrylaat 
(PMMA), polyacrylamide hydrogel (PAAG) en vloeibare injecteerbare siliconen (LIS). 
De meerderheid van de 85 patiënten onderging weke-delen augmentatie voor 
gezichtsverjonging (n = 51, 60%), terwijl 40% (n = 34) bestond uit HIV-positieve 
individuen, behandeld voor CART-geïnduceerde FLA. De waargenomen complicaties 
werden ingedeeld in niet-inflammatoire nodi/noduli, laaggradige ontstekingsreacties, 
abcessen en migraties van filler depots. Filler-abcessen traden alleen op bij patiënten 
geïnjecteerd met PAIG en werden significant vaker gezien bij HIV-positieve patiënten 
(p = .001). Het moment van ontstaan van complicaties gerekend vanaf de toediening van 
de injecties en het type complicatie varieerde per filler materiaal. Zowel de intrinsieke 
eigenschappen van de geïnjecteerde filler als de immuun-status van de patiënt 
blijken dus belangrijk voor het moment van optreden en het type late complicatie. 
Daarnaast hadden 24 van de 85 patiënten (28%) voorafgaand aan hun complicatie 
een invasieve behandeling ondergaan in het aangezicht of in de mond (bij tandarts 
of mondhygiënist). Het exacte onderliggende mechanisme verantwoordelijk voor het 
ontstaan van complicaties na invasieve procedures in de buurt van bestaande filler 
depots is onbekend. Secundaire bacteriële contaminatie van een nabijgelegen filler 
depot tijdens dergelijke invasieve procedures zou een mogelijke verklaring kunnen 
zijn. Zowel natuurlijke veroudering als CART-geïnduceerde FLA zijn dynamische en 
continue processen, waardoor op termijn altijd aanvullende volume-corrigerende filler 
injecties (“touch-ups”) nodig blijven. Dergelijke periodieke, aanvullende injecties in 
gebieden met bestaande filler depots houden altijd een risico in op infectie. Op grond 
van onze ervaringen doen wij in dit hoofdstuk een voorstel voor de behandelstrategie 
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bij vertraagd-optredende complicaties na injecties met permanente fillers in het 
aangezicht.

Filler-gerelateerde complicaties kunnen ook elders op het lichaam optreden en in 
talrijke studies worden complicaties beschreven na injecties met permanente fillers 
in de borsten of billen. In hoofdstuk 4 beschrijven we zes patiënten, die naar onze 
polikliniek waren verwezen vanwege complicaties na injecties met permanente fillers 
in penis en/of scrotum. De injecties vonden plaats in Nederlandse, Belgische, Duitse, 
Turkse en Amerikaanse privéklinieken en de gebruikte fillers waren LIS, PAIG en PAAG. 
De complicaties varieerden van weke-delen zwelling en nodi/noduli tot laaggradige 
infecties en persisterende huiddefecten. Bij vijf van de zes patiënten was chirurgisch 
ingrijpen noodzakelijk en bij drie patiënten waren meerdere operatieve ingrepen nodig. 
Het cosmetisch resultaat van deze ingrepen was in alle gevallen teleurstellend. In 
een literatuurreview werden door ons geen publicaties gevonden over augmentatie 
van de penis met PAIG of PAAG. De meeste van de door ons gevonden 14 artikelen 
over het gebruik van LIS voor deze indicatie geven aan dat injectie van de penis met 
LIS tot ernstige complicaties kan leiden. Het is opmerkelijk dat, volgens informatie 
die ons bereikte ten tijde van het indienen van dit manuscript, PAAG nog steeds in 
meerdere privéklinieken in Nederland en België werd gebruikt als permanente filler 
voor penisvergroting.

Hoewel een adequate anamnese en zorgvuldig lichamelijk onderzoek de basis 
vormen voor de diagnostiek van complicaties door fillers, is onze ervaring dat het 
vaststellen van aard en omvang van deze complicaties in een poliklinische setting 
moeilijk kan zijn. In dergelijke gevallen zou aanvullend beeldvormend onderzoek 
behulpzaam kunnen zijn. Het gebruik van beeldvormende technieken voor de analyse 
van geïnjecteerd filler materiaal, zoals echografisch onderzoek, magnetic resonance 
imaging (MRI) en computer tomografie, is in eerdere studies door anderen beschreven. 
In hoofdstuk 5 analyseren we de (toegevoegde) waarde van MRI in een cohort van 32 
patiënten (16 mannen, 16 vrouwen; gemiddelde leeftijd 55 jaar, range 25-76 jaar) met 
vertraagd-optredende complicaties na injecties met permanente fillers in het gelaat 
(PAIG n = 30, PAAG n = 2, HEMA/EMA n = 2). In totaal werden 107 locatie-specifieke 
evaluaties verricht naar de correlatie tussen de klinische- en radiologische bevindingen. 
Ten aanzien van de lokalisatie van de filler depots werd een sterke correlatie (89 van 107 
evaluaties, 83%) gevonden tussen de klinische beoordeling bij lichamelijk onderzoek 
en de bevindingen bij MRI. De algehele clinico-radiologische correlatie bleek voor 
de waargenomen complicaties aanzienlijk (70 van 107, 65%). Vooral migratie van filler 
materiaal vanuit de injectieplaats bleek klinisch moeilijk vast te stellen, in vergelijking 
met detectie van migraties door middel van MRI (clinico-radiologische correlatie 9%). 
Tevens zagen wij dat migratie veelvuldig voorkwam bij depots met gelijktijdig aanwezige 
inflammatie (5 van 11, 45%) of abcesvorming (9 van 18, 50%). In de subgroepen met 
klinisch vastgestelde laaggradige inflammatie (n = 14) of abcesvorming (n = 14) werd de 
behandelstrategie in 25% van de gevallen aangepast naar aanleiding van de resultaten 
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van het MRI-onderzoek. Onze resultaten suggereren dat MRI behulpzaam kan zijn bij 
de diagnostiek en therapeutische besluitvorming voor patiënten met inflammatoire 
complicaties van permanente fillers met neiging tot migratie (bijvoorbeeld PAIG en 
PAAG). Tevens worden in dit artikel de mogelijke indicaties voor het gebruik van MRI 
bij de aanpak van complicaties van permanente fillers gedefinieerd.

Granulomateuze vreemd-lichaam reacties (granulomatous foreign-body reactions, 
GFBRs) worden vaak aangewezen als verantwoordelijk voor ernstige complicaties na 
behandeling met fillers. Dit type immunologische reactie kan alleen histologisch met 
zekerheid vastgesteld worden. Klinisch wordt meestal het beeld gezien van zwellingen 
of bulten, zonder de overige klassieke tekenen van ontsteking (rubor, calor, dolor). De 
exacte pathogenese van door fillers geïnduceerde GFBRs, of ‘filler granulomen’, is nog 
niet opgehelderd. Verschillende auteurs hebben filler granulomen vergeleken met de 
‘naakte’ granulomen die men histologisch ziet bij sarcoïdose. Aangezien systemische 
therapie met interferon-α (IFN-α) bij patiënten, die in het verleden met permanente 
fillers zijn behandeld, forse ‘sarcoïdale’ (op sarcoïdose lijkende) GFBRs kan veroorzaken 
en omdat plasmacytoïde dendritische cellen (pDCs) bij de mens de belangrijkste bron 
zijn van dit type I interferon α (IFN-α), was onze hypothese dat IFN-α producerende 
pDCs betrokken zijn bij het ontstaan van filler granulomen. In hoofdstuk 6 onderzoeken 
we deze hypothetische rol van pDCs. Om pDCs te detecteren hebben we huidbiopten 
van 19 patiënten met laat optredende GFBRs op de permanente fillers PAIG, PAAG, 
HEMA/EMA of LIS immunohistochemisch gekleurd met monoklonale antilichamen 
tegen CD123 (interleukin-3 receptor α-keten), dat sterk tot expressie komt op pDCs. 
Ter vergelijking werden immunokleuringen uitgevoerd met anti-CD11c, positief op 
myeloïde DCs (mDCs) en histiocyten/macrofagen. De histologische kenmerken van 
de filler depots zelf en de aanwezige GFBRs kwamen overeen met beschrijvingen 
in eerdere publicaties, maar de hoeveelheid aanwezig inflammatoir infiltraat in de 
onderzochte biopten bleek niet te correleren met de klinisch waargenomen tekenen 
van inflammatie. Immunokleuring met CD123 liet geen noemenswaardige aantallen 
pDCs zien in 8 van 10 PAIG-, 1 van 2 PAAG- en de 5 LIS biopten. In contrast hiermee 
werden in alle 4 HEMA/EMA biopten clusters pDCs aangetroffen, in de lymfocytaire 
infiltraten rond filler partikels en grenzend aan sarcoïdale granulomen. Alle histiocyten 
en meerkernige reuscellen in GFBRs rond de verschillende fillers toonden sterke 
expressie van CD11c, waardoor identificatie van CD11c positieve mDCs niet mogelijk 
was. Onze resultaten suggereren dat pDCs geen belangrijke rol spelen in GFBRs op 
de permanente fillers PAIG, PAAG en LIS, maar mogelijk een bijdrage leveren aan de 
sarcoïdale filler granulomen die kunnen ontstaan in reactie op HEMA/EMA. Misschien 
oefenen vanuit de bloedbaan aangetrokken pDCs hun pro-inflammatoire effecten uit 
door afgifte van IFN-α ter plaatse van deze filler partikels.

In hoofdstuk 7 keren we terug naar de subgroep van HIV-geïnfecteerde patiënten 
die gebukt gaan onder FLA, ontstaan als bijwerking van CART. Vele studies hebben al 
aangetoond dat behandeling van FLA met fillers de kwaliteit van leven (KvL) verbetert 
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en depressieve gevoelens vermindert. Vanwege het hoger risico op complicaties bij 
gebruik van permanente fillers verdienen de semi-permanente fillers polymelkzuur 
(PLLA) en calciumhydroxylapatiet (CaHA) en de tijdelijke filler hyaluronzuur (HA) op 
dit moment de voorkeur. PLLA en CaHA verschillen ten opzichte van HA vanwege hun 
‘bio-stimulatoir’ effect: ze stimuleren de productie van neocollageen door fibroblasten 
in de omliggende dermis. In deze prospectieve studie includeerden wij 82 HIV-
geïnfecteerde patiënten met FLA (77 mannen, 5 vrouwen; gemiddelde leeftijd 51 jaar, 
range 31-72 jaar) voor behandeling met PLLA of CaHA, waarna we analyseerden in 
hoeverre het volume-vergrotend effect van beide fillers op basis van MRI overeenkwam 
met veranderingen in KvL. Bij vrijwel alle patiënten werd een jaar na behandeling een 
significante toename geconstateerd in de totale subcutane dikte (total subcutaneous 
thickness, TST) van de geïnjecteerde gebieden. Deze volumetoename berustte op goed 
afgrensbaar, pleomorf, hypo-intens subcutaan weefsel, door ons geduid als passend 
bij neocollageen. Na de filler behandelingen verbeterden de geestelijke gezondheid 
en het sociaal functioneren van de patiënten en namen depressieve symptomen af. 
Concluderend lijkt de KvL bij de onderzochte patiënten positief geassocieerd met de 
toegenomen TST dankzij de fillerbehandelingen. Bovendien laat deze studie zien dat 
het mogelijk is om de behandeleffecten van PLLA en CaHA bij patiënten met FLA door 
MRI te kwantificeren.

In hoofdstuk 8 worden de belangrijkste bevindingen van dit proefschrift besproken 
en gerelateerd aan vooruitzichten voor de toekomst ten aanzien van de diagnose en 
behandeling van complicaties van permanente fillers. Daarnaast worden verwachte 
nieuwe ontwikkelingen in de ‘wereld der weke-delen fillers’ besproken.
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LIST OF ABBREVIATIONS
ASIA autoimmune/inflammatory syndrome induced by adjuvants
BMI body mass index
CaHA calcium hydroxylapatite
CART combination antiretroviral therapy
CMG cystic and macrophagic granuloma
cS centiStokes
CT computed tomography
DC dendritic cell
FDA food and drug administration
FLA facial lipoatrophy
GH growth hormone
GFBR granulomatous foreign-body reaction
GHRH growth hormone-releasing hormone
H&E hematoxylin-eosin
HA hyaluronic acid
HDHA high-density hyaluronic acid
HDL high-density lipoprotein
HEMA/EMA hydroxyethylmethacrylate/ethylmethacrylate
HIV human immunodeficiency virus
HIV-LS HIV-associated lipodystrophy syndrome
HLA human leukocyte antigen
IFN interferon
IHC immunohistochemistry
IL interleukin
KvL kwaliteit van leven
LGI low-grade inflammation
LIS liquid injectable silicone
mDC myeloid dendritic cell
MNGC multi-nucleated giant cells
MRI magnetic resonance imaging
MS multiple sclerosis
NA not applicable
NNRTI non-nucleoside reverse-transcriptase inhibitors
NTRI nucleoside reverse-transcriptase inhibitors
PAAG polyacrylamide gel
PAIG polyalkylimide gel
PCL polycaprolactone
pDC plasmacytoid dendritic cell
PFBG palisading foreign-body granuloma
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PI protease inhibitor
PLLA poly-L-lactic acid
PMMA polymethylmethacylate
PMN polymorphonuclear leukocytes
PPARγ peroxisome proliferator-activated receptor gamma
PVP polyvinylpyrrolidone
QoL quality of life
SEM standard error of the mean
SCG sarcoid(al) granuloma
SSc systemic sclerosis
TLR toll-like receptors
TNF tumor necrosis factor
TST total subcutaneous thickness
VAT visceral adipose tissue
WBC white blood cell
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DANkwOORD
Eindelijk is het zover. Het proefschrift gaat naar de drukker. Een definitief moment. Een 
mooi moment. Een moment waar ik lang naartoe gewerkt heb. Maar nu het eenmaal 
zover is zou willen ik dat ik nog iets meer tijd had. Er lijkt immers altijd wel een “i” over 
om een puntje op te zetten. Alleen laat de tijd zich niet sturen, hetgeen (indirect) ook 
een belangrijk thema binnen dit onderzoek is.

Deze dissertatie is mede tot stand is gekomen dankzij de bijdrage van belangrijke 
en bijzondere mensen om mij heen. Ik wil iedereen bedanken die mij gedurende dit 
traject heeft geholpen, vanaf de zijlijn gesteund of geadviseerd heeft. 

Om te beginnen de belangrijkste van allen, mijn echtgenote, lieve Meïrah. 
Mijn promotieonderzoek is nu echt af. Zonder jouw liefde, steun en toewijding 

had ik dit punt niet kunnen bereiken. Ik hoop nog lang van elkaar en onze prachtige 
kinderen te mogen genieten.

Prof. dr. R. Hoekzema, mijn promotor. 
Beste prof, uw rol in de totstandkoming van dit proefschrift is essentieel geweest. 

Met uw scherp analytisch vermogen, kritische blik en perfectionisme heeft u dit 
proefschrift naar een hoger niveau getild (less is more!). Ondanks uw drukke agenda 
kon u altijd tijd voor me vinden. Ik heb veel van u geleerd op zowel wetenschappelijk als 
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