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SPECIAL TOPICHIE
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Ute Zimmermann, M.D.
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San Diego and Los Angeles, Calif.;

Paris, France; and Frankfurt am Main

and Regensburg, Germany

Summary Genuine granuloma formation following implantation of injectable
dermal fillers is a rare complication, with incidences ranging from one in 100
patients (1 percent) to one in 5000 (0.02 percent). Foreign body granulomas
occur several months to years after injection at all implantation sites at the same
time. Without treatment, they may grow to the size of beans, remain virtually
unchanged for some years, and then resolve spontaneously. Three clinical and
histologic types of foreign body granulomas can be distinguished:

1. Cystic granulomas (synonyms: inflammatory, palisading, collagenolytic):
these are caused mainly by injected biological gels such as collagens and
hyaluronic acids. Their clinical signs are fluctuation (sterile abscess), extreme
redness, and induration. Cystic granulomas are small and superficial, occur
within the first year, and disappear spontaneously within another year. They
are surrounded by a significant number of giant cells.

2. Edematous granulomas (synonym: lipogranuloma): these are caused by ar-
tificial fluids such as silicone and polyacrylamides. They appear suddenly
years after injection with extensive swelling and are surrounded and infil-
trated by mononuclear and inflammatory cells.

3. Sclerosing granulomas (synonyms: sarcoidal and xanthelasmic): these are
caused by particulate injectables composed of polymethylmethacrylate, poly-
lactic acid, hydroxyethylmethacrylate, calcium-hydroxylapatite, or dextran
microspheres. Sclerosing granulomas occur generally 6 months to 3 years
after implantation and are visible, often bluish confined nodules. Histolog-
ically, the implant is infiltrated by many macrophages and giant cells, fibro-
blasts, and collagen fibers but few inflammatory cells.

Permanent implants are not characterized by a higher rate of foreign body
granuloma per se than temporary implants; however, their clinical appearance

is more pronounced and their persistence longer if not treated adequately.  (Plast.
Reconstr. Surg. 123: 1, 2009.)
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in the treatment of wrinkles, the immense

variety of new products, and the introduc-
tion of new names without proper disclosure of
their chemical contents make any overview
difficult.! The general lack of reliable scientific
description and trustworthy clinical data and pub-
lications—positive or negative—meet a general
lack of scientific interest and criticism on the part
of the injecting physician. The sudden occurrence
of a complication then leads to astonishment, neg-

The increasing use of dermal filler substances
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ligence, blame directed at the product, and often
wrongful treatment of these troublesome compli-
cations.

The injectable dermal filler market has been
undergoing a dynamic growth since the public
became aware of nonsurgical approaches leading
to wrinkle-free skin. Resorbable and nonresorb-
able materials have been made injectable and are
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introduced beneath wrinkles and in skin depres-
sions. In general, all injectable substances exerting
a positive effect may be expected to also cause
negative side effects. All current dermal fillers are
associated with adverse effects.*” Biological sub-
stances such as collagen or hyaluronic acids may
cause lumps, allergies, long-lasting redness, sterile
abscesses, and eventually early foreign body gran-
ulomas. Longer lasting artificial substances, such
as many polymers used in medicine, may cause
lumps, persistent redness, and late foreign body
granulomas.

The incidence of foreign body granulomas ap-
pears to vary according to the chemical nature of
the injectable, its surface structure and properties,
its content of impurities, but not its primary bio-
compatibility or the volume injected. A strong his-
tologic foreign body reaction within the first
months following injection is not an indicator for
an increased possibility of late foreign body gran-
ulomas. The trigger for the sudden occurrence of
a granuloma has not been uncovered. Anecdotal
reports suggest severe systemic bacterial and viral
infections in the months before the onset of a
granuloma. Only proper education of physicians
and patients will draw a realistic picture of this new
field of injectables, presently filled with enthusiasm,
negligence, warnings, hypotheses, widespread hap-
piness, but also some disasters.

The following calculations and opinions are
based on the joint experience of the authors with
various injectable filler substances and their com-
plications and a thorough review of the existing
literature. The problem of statistics is obvious: late
adverse events after filler injections do not have to
be reported to the manufacturer or to the health
authorities in most countries. This accounts for
the low rate of foreign body granulomas claimed
by manufacturers. Until official statistics are avail-
able, one has to rely on those of single physicians.
To obtain reliable numbers, calculations in the
statistical tables were limited to reports on case
numbers above 500. Why can these injectable der-
mal fillers all cause late and sudden foreign body
reactions in very rare patients after months and
years of inconspicuous integration in the skin?

DESCRIPTION OF A FOREIGN
BODY GRANULOMA

The word granuloma is a compound of the
Latin granulum (little grain) and the Greek onkoma
(tumor or nodule). In histopathology, it describes
a granulomatous tissue reaction to bacteria (e.g.,
tuberculosis, leprosy, and dental granuloma),
fungi (Actinomyces), eggs of dermal parasites, un-
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known stimuli (e.g., lymphogranulomatosis, ery-
thema nodosum, granuloma annulare, granulo-
matous lymphoma, pyogenic, and eosinophilic
granuloma), or foreign bodies (e.g., spines or
stings, sutures, fat necrosis, surgical powder, tat-
toos, and injectable filler substances). It is the
body’s attempt to get rid of the intruded material.
Histologically, granulomas consist of an inflam-
matory infiltrate composed of histiocytes and ep-
ithelioid cells. They differ mainly by the propor-
tion and arrangement of lymphocytes, plasma
cells, neutrophils, eosinophils, and multinucle-
ated giant cells, and the amount of polymorphous
exudates and sometimes the presence of necrosis.

CLINICAL APPEARANCE OF FOREIGN
BODY GRANULOMAS

Irrespective of its histologic picture, a true for-
eign body granuloma is and remains a clinical
diagnosis. It can develop slowly or rapidly in cer-
tain patients after the injection of any dermal filler
such as collagen, hyaluronic acid, silicone, poly-
acrylamides, and particulate polymers. It occurs
significantly less often after implantation of mi-
crospheres with smooth surfaces (Artecoll, New-
Fill/Sculptra) than after implantation of particles
with irregular or edged surfaces (Bioplastique,
Dermalive). Its appearance is less dramatic after
resorbable implants (e.g., collagen, hyaluronic
acid) (Fig. 1) than after long-lasting fluidal im-
plants (e.g., polyacrylamide gel, silicone fluid).

The time between injection and the first ap-
pearance of a foreign body granuloma is usually 6
to 24 months; however, sudden occurrence of for-
eign body granuloma has been described up to 10
years after implantation.*® Some granulomas de-
veloped only after a second or third implantation
and some developed even years after the material
had long been absorbed.® After an uneventful and
satisfying period of many months or years, one of
the implanted areas suddenly increases in size and
ends up as a painless, plump but rather soft, non-
confined nodule. Clinically, such granulomas may
be accompanied by an uncomfortable tension and
persistent or transitory edema, erythema, or pur-
plish pigmentation. They may show periods of
“flare-ups” and temporary regressions. Soon, all
other implantation sites develop a similar growth.
This is the major differentiation from a nodule of
a normal implant (Table 1).

True foreign body granulomas increase in size
over a certain time. Congested dermal capillaries
widen and give the lump a bluish appearance. If
not treated intralesionally with corticosteroids,
they may increase to the size of a pea or bean,
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Fig.1. (Left)Implantation of afiller (here Restylane) thatis too superficial (intradermal) may cause
along-lasting ridge or nodule. (Right) Cystic orinflammatory granulomas in both nasolabial folds
appeared 3 months after injection (Restylane). The upper cyst had drained spontaneously.

Table 1. Difference between Granuloma and Implant Nodules

Nodules

Granulomas
Appearance Suddenly, 6-24 mo after injection
Location At all injected sites at the same time
Size Growing to the size of a bean, with
skin discoloration, edema
Borders Grow fingerlike into surrounding
tissue
Persistence If untreated, they disappear after
1-5 yr
Histology Foreign body granuloma; particles or
microspheres are scattered
Treatment React well to intralesional or
systemic corticosteroids
Cause Still unknown

1-2 mo after injection, after swelling vanishes

Single nodules, close to facial muscles,
particularly in the lips

Remain the same size of a lentil or a pea

Well confined by fibrous capsule
Until absorption (or permanent)

Foreign body reaction; particles or microspheres
form aggregates

Little effect of corticosteroids; must wait for
absorption or excision

Technical error

remain unchanged in their clinical appearance,
and resolve spontaneously after some years.” Be-
cause the reasons for the development of a gran-
uloma in an individual patient are not yet known,
prediction of patients at risk or preselection of
patients is not yet possible.

Foreign body granulomas occur rarely but at
a rate ranging from one in 100 to one in 5000
patients (1.0 to 0.02 percent) after injection, ac-
cording to surface structure and chemistry of var-
ious dermal filler substances such as collagen,®
hyaluronic acid,*® Artecoll,’® New-Fill,!! fluid
silicone,*® polyacrylamides,'*!* and Dermalive'*
(Table 2).101115-28 Tn general, foreign body gran-
ulomas are of nonallergenic origin: we have tested
two former granuloma patients, years after suc-

cessful injections, with the same material and they
did not form granulomas at the test sites. There-
fore, a typical foreign body granuloma (Fig. 1,
right) is not a late allergic granulomatous reaction
of type IV.* The unequivocal diagnosis of foreign
body granuloma is based on histologic evidence
but mainly on clinical appearance.”

DIFFERENTIATION OF NODULES
FROM GRANULOMAS

All injectables bear the danger of being over-
injected, remodeled, or dislocated when depos-
ited into or close to a facial muscle. Similar to a
mussel forming a pearl, constant muscle move-
ment in a patient may form a nodule or “grain”
from an incorrectly deposited strand. This may be

3
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Table 2. Rates of Foreign Body Granulomas Associated with Various Dermal Fillers in Cohorts of 450 or More

Patients
Calculated FBG Rate
FBG/No.
Product References Data Collection of Patients Individual (%) Overall (%)
Collagen gel Cooperman et al.' 1975-1984 15+ in 5109 0.3 ~0.34
Charriere et al.'® 1986-1988 8t in 656 1.2
Castrow and Krull'’ 1981-1982 21* in ~7000 0.3
Hanke!®* 1981-1989 ?t in ~470,000 0.04 ~0.04
Hyaluronic acid gel Lowe et al.!¥ 1996-2000 3t in 709 0.4 ~0.4
André?® 1997-2001 18+ in 4320 0.4
Friedman et al.?!* 1999 Some in ~144,000 0.07 ~0.04
Friedman et al.2!* 2000 Rare in ~262,000 0.02
PMMA microspheres  Lemperle et al.! 1989-1993 15 in 587 2.5 ~1.51
(Arteplast)
Gauthier (Arteplast) 1993-1994 9 in ~1000 0.9
Gauthier (Artecoll) 1995-1999 3 in ~2000 0.15
Lemperle (Artecoll) 1994-1998 7 in ~3500 0.24 ~0.16
Dansereauf 1998-2005 2 in ~2000 0.10
Canderm Canada*] 1998-2005 14 in ~50,000 0.03 ~0.02
Hafod China* 2002-2005 2 in ~30,000 0.01
TRM Korea*} 1996-2005 9 in ~60,000 0.01
Calcium-apatite Jansen and Graivier?? 2002-2004 >1 in 609 0.16
microspheres
BioForm Medical*} 2002-2005 >3 in ~35,000 ~0.001
PLA microspheres Gauthier (3-ml dilution) 1999-2002 15 in ~1500 1.0 ~1.0
Gauthier (5-ml dilution) 2002-2005 2 in ~1500 0.13 ~0.25
Bauer® 2000-2004 5 in 722 0.7
Vleggaar?* 2000-2003 3 in 2131 0.14
Aventis Germany*{ 1999-2004 ? in ~150,000 0.2 ~0.2
pHEMA particles DeGoursac] 1998-2000 17 in >800 2.1 ~1.25
Bergeret-Galley et al.!! 1998-2000 9 in 455 2.0
Harrerf 1998-2004 10 in 1630 0.6
Dermatech France*} 1998-2005 ? in ~170,000 0.225 ~0.22
Silicone oil Greenberg® 1980-1990 1in ~1000 0.10 ~0.12
Orentreich? Since 1985 1 in ~5000 0.02
Fulton?’ 2002-2005 5 in 608 0.82
Jones et al.?® 2003-2005 1 in 500 0.20

FBG, foreign body granuloma; PMMA, polymethylmethacrylate; PLA, poly-l-lactic acid; pHEMA, poly-hydroxyethyl-methacrylate.
*Numbers of the manufacturers based on units of product sold (averaging 2 cc per patient).

fBased on our interpretation of granulomas used in this presentation, we classified “sterile abscess” and “chronic inflammation” as granulomas
if they occur at least 2 months after injection at all sites at approximately the same time.

{Personal communications with physicians and manufacturers in 2005.

especially obvious in the corners of the mouth and
in the soft tissues of the lips (Fig. 1, right, and Fig.
2, above), where the microdroplet technique may
eventually circumvent this.*® The formation of
these nodules must be blamed on inadequate im-
plantation technique and must not be confused
with genuine foreign body granulomas. Nodules
occur rather often while a given physician is learn-
ing to inject by means of a new technique or with
a new implant. This highlights the importance of
thorough training for all injection techniques.
Nodules are isolated single lumps in the im-
planted area that do not grow, and their fibrous
capsule confines them well from the surrounding
tissue. Often, they are white and harder than a
genuine granuloma (Fig. 2, below) because they
contain fewer cellular elements and are palpable
or visually evident a few weeks after injection (Ta-

ble 1). Intralesional corticosteroid injections are
rather difficult because of the hardness of the
nodules and are often ineffective because of little
cellular reaction. In the lips, they are best excised
from the inside.**

The histology of implant nodules reveals the
appearance of a dense foreign material, macro-
phages, and giant cells, a normal, deliberate for-
eign body “reaction” similar to that described as
foreign body granulomas.?**? Giant cells per se are
not the typical sign of granulomas but of foreign
material too large to be engulfed by macrophages,
which fuse into giant cells to be more powerful
(Fig. 3). Eppley et al.* called giant cells therefore
“frustrated macrophages.” Unfortunately, the
pathologic misdiagnosis of an intended normal
foreign body reaction adds to the confusion
of clinicians.

F3
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Fig. 2. (Above) Nodules in the lips from compressed Radiesse
strands do not react to steroid injections but can be excised.
(Below) Sclerosing granulomas of the entire upper lip (Dermalive)
react preferably to intralesional steroid injections.

The article by Hubmer et al.** contains a good
example of a simple nodule and not a granuloma
as stated in the text. They describe a single nodule
in the lips occurring after the insertion of poly-
tetrafluoroethylene threads, one of them cau-
sing constant irritation. Histologic examination
showed an envelope of scattered giant cells, fibro-
blasts, and dense collagen bands, a normal foreign
body reaction as described for polytetrafluoroeth-
ylene threads.?” Rudolph et al.* also show an im-
age of a normal foreign body reaction to Artecoll
but describe it as a granuloma.

Another common misdiagnosis occurs when a
dermal filler containing microspheres has been
implanted too superficially into the dermis (in-
stead of at the dermal-subdermal junction). In
some cases, a hyperreaction of the skin may take
place 2 or 3 months after implantation that clin-
ically and histologically resembles a hypertrophic
scar or a keloid, with the typical coloring of the

skin. The predominant components present in
such cases are fibroblasts and broad collagen
strands that are pushing the particles to clusters,
not macrophages and giant cells as in foreign body
granuloma. These “hypertrophic scars” react well
to intralesional corticosteroid injections.™

HISTOLOGY OF NORMAL IMPLANT
MATERIAL

Because foreign body granulomas caused by
dermal fillers have not been introduced yet in
modern textbooks of pathology and are rarely
mentioned in the pathology literature,? most his-
topathologists will diagnose a normal and delib-
erate foreign body reaction to particulate material
as a foreign body granuloma.?*%7 The confusion
stems from the fact that particulate materials are
implanted intentionally to stimulate a foreign
body reaction (i.e., the ingrowth of cells and the
encapsulation of each particle or microsphere
with fibrous tissue, thus ensuring a softer and
more pliable implant).

All injected substances cause an initial influx
of mononuclear cells. In the case of fillers con-
taining particles, macrophages are initially at-
tached to the particles or microspheres, convert-
ing occasionally into giant cells (five to 10 giant
cells in a field at 100X magnification is normal).
If these particles are not constantly irritating, most
giant cells have disappeared by 6 months, and the
histologic picture will remain stable, as the micro-
spheres are permanent.*

In other resorbable implants such as Sculptra,
Dermalive, or Radiesse, the hyaluronic acid or
methylcellulose carrier dissipates soon after injec-
tion and leaves the particles or microspheres
packed with little space for tissue ingrowth.® The
resorbable particles or microspheres are broken
down enzymatically and are subsequently phago-
cytized by macrophages and giant cells within 6 to
12 months after injection.?

HISTOLOGIC DIAGNOSIS OF TRUE
FOREIGN BODY GRANULOMAS
Three different clinical and histologic types of
foreign body granulomas may occur. Of course,
there is a continuum between the three types, and
certain granulomas sometimes are a blend of two

types.

Cystic Granuloma

Cystic granulomas (synonyms: inflammatory,
collagenolytic, necrobiotic, palisading) can de-
velop superficially after intradermal collagen and

5
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Fig.3. (Left)Palisadinggiantcellsareatypical sign cysticgranulomas (Restylane) (hematoxylin and eosin; original
magnification, X40). (Right) Fluid fillers (Bio-Alcamid) can also cause sclerosing granulomas with strong fibrosis
(hematoxylin and eosin; original magnification, X 100). (Courtesy Dr. J. J. Hage.)

hyaluronic acid injection and may last for 2 to 12
months if not treated (Fig. 1, right, Fig. 4, above,
and Fig. 5). Inflammation, swelling, and pain are
the predominant clinical signs (Fig. 4). Although
implantation of bovine collagen is considered to
be one of the least toxic and least irritating bio-
materials known, its late complications have been
described as “palisaded foreign body granuloma”®
surrounded by a zone of neutrophils, lymphoid cells,
macrophages, and a significant number of giant cells
(Fig. 3), which are uncharacteristic of a bacterial
abscess.* “Necrobiotic granuloma” has also been
used to describe the collagen implant, with collagen
floating in a sea of neutrophils.*=** Some believe
that this form of granuloma is a manifestation of
cell-mediated delayed hypersensitivity reaction® and
that these patients may have elevated collagen anti-
body titers* and a positive reaction at a second test
site.”>* In our own experience, none of the patients
with cystic foreign body granuloma showed positive
skin tests against collagen or hyaluronic acid at the
time of onset. Bacterial cultures were uniformly
negative. !4

A cystic granuloma is a serious and disturbing
adverse event characterized by a slowly developing
induration and erythema. In contrast to sclerosing
granulomas, fluctuation may be present at all in-
jected sites approximately 1 to 3 months after in-
jection (Fig. 5). The term “sterile abscess”'8374 is
not fully correct because induration and redness
will persist for many months, even after puncture
and extrusion of all contents, and residues of col-

6

Fig. 4. (Above) Cystic (inflammatory) granuloma (Aquamid) de-
veloping 7 months after injection. (Below) Three days later, stab
incisions revealed sterile pus on both sides.
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Fig. 5. (Above) Cystic granulomas (collagen) developed 4
months after injection of crow’s feet on both sides. (Below)
Sclerosing granuloma (Artecoll) developed 4 to 5 months after
injection.

lagen or hyaluronic acid are lying within the cen-
ter of a palisaded granuloma, lined with many
giant cells (Fig. 3). The induration usually resolves
spontaneously in less than 1 year.?*%39% In con-
trast, granuloma-producing agents must persist
within cells for a long time. Macrophages are as-
sumed to be “memory cells” even if they move away
once degradation is complete.*®

Edematous Granuloma

Edematous granuloma of “Swiss cheese
pattern,” lipogranuloma,® or “honeycomb” ap-
pearance may develop suddenly many years after
subdermal silicone fluid or acrylamide gel injec-
tions. If it occurs in the glabella or cheek, the
eyelids are swollen over a period of months (Fig.
6) and the original implant is felt more often as a

R T
Fig. 6. (Above) Edematous granulomas (Interfall) at all injected
sites approximately 9 months after injection. Resolution oc-
curred not by puncture and suction but under local and systemic
triamcinolone. (Below) Edematous granuloma (Dermalive) at all
injected sites of the face 3 months after eruption.

soft rather than a hard tumor. Erythema of the
implanted area is often present. Histologically,
this type of foreign body granuloma represents an
infiltration of the surrounding tissue, mainly by
lymphocytes and macrophages but seldom by gi-
ant cells. The resultant swelling (Fig. 7, above)
appears to facilitate the migration of inflammatory
cells from the capillaries to the implant, which for
one or another reason suddenly causes a hyper-
sensitivity reaction after many years.” Local injec-
tions into the inflammatory “capsule” sometimes
combined with systemic corticosteroids are the
therapy of choice.

Sclerosing Granuloma

Sclerosing granuloma (synonyms: sarcoidal,
xanthelasmized) may occur after subdermal im-
plantation of all types of particulate material (e.g.,
Artecoll, New-Fill/Sculptra, Dermalive, Radiesse,

7
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Fig.7. (Above) Edematous granuloma (Interfall). (Below) Scleros-
ing granuloma occurring 3 years after injection of silicone into
the vermilion. Intralesional prednisolone and systemic pred-
nisone solved the problem within 4 months.

Matridex). “Sarcoid-like” granulomas®*"*® (an
outdated misnomer that threatens clinicians and
patients) have also been related to a number of
systemic diseases and/or proteins and chemical
elements.* They can occur 6 to 24 months after
injection and will remain for several years if left
untreated. Clinically, the sclerosing foreign body
granuloma is slowly developing with a mild in-
flammation (Figs. 2, 5, and 7, below). Over a few
weeks, all implanted areas will appear visible, swol-
len, and rather hard and often bluish (Fig. 8).
The histologic signs of a genuine foreign body
granuloma, however, are the widely separated
spaces between the individual particles or micro-
spheres, ranging from two to five times the diam-
eter of a particle up to 100 um (Fig. 9). The
increasing number of invading macrophages and
fibroblasts and the production of fibers cause a

8
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Fig. 8. (Above) Sclerosing granuloma (New-Fill) in both nasola-
bial folds. (Below) Sclerosing granuloma (Dermalive) with its typ-
ical bluish discoloration.

wide separation of the particles or microspheres.
This fact is important for the differential diagnosis
of an implant nodule (Fig. 10), aside from the
much higher number of giant cells in granulomas.
Normal macrophages cannot phagocytize the
larger particles or microspheres and fuse in the
attempt to ingest the same particle.* Interestingly,
the turnover rate of macrophages is striking: their
half-life is only a few hours, whereas the half-life of
a giant cell is approximately 7 days.* The granu-
loma infiltrates the surrounding tissue with fin-
gerlike projections. There is no fibrous capsule
surrounding the infiltrating granuloma and there-

F10
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Fig. 9. (Above) Particulate fillers (Artecoll) can cause sclerosing
granulomas. The spheres are pushed apart by the invading gran-
ulation tissue (hematoxylin and eosin; original magnification,
X 100). (Below) The number of (dark) giant cells is significantly
increased in sclerosing granulomas (Dermalive) (hematoxylin
and eosin; original magnification, X 100).

fore no physical barrier between it and normal
dermal elements. This single histologic feature is
the best means for obtaining the correct diagnosis
of a developing nodule or a true foreign body
granuloma in the face. The identification of the
type of injected filler® may be further supported
by polarized light, which helps to differentiate
birefringent (New-Fill) and nonbirefringent ma-
terials (e.g., collagen, hyaluronic acid, silicone,
Artecoll, and Dermalive).

GRANULOMAS AFTER DIFFERENT
FILLER SUBSTANCES

This section reviews the literature on granu-
lomas secondary to various fillers. Although esti-
mates of granuloma rates are presented in this
section and in Tables 2 and 3, it is difficult to
obtain reliable data for several reasons: (1) the
number of patients treated was often only an es-

Fig. 10. (Above) Sclerosing granulomas (Sculptra) in both lower
lids 5months afterinjection. (Below) Typical implant nodules (Re-
stylane) after subdermal instead of correct epiperiosteal injec-
tion in shadowed eyelids.

timate by the manufacturer based on the units of
product sold; alternatively, the number of patients
was sometimes based on a clinician’s recollection
of patients treated; (2) physicians are not required
to report late adverse events to manufacturers or
health authorities in most countries; and (3) the
descriptions of adverse events in the literature are
often anecdotal and incomplete. Therefore, the
estimates given in Tables 2 and 3 are open to
interpretation, and we invite commentary on
these important data. For the purposes of this
article, granulomas are defined as chronic inflam-
matory responses that appear at all injected sites
at the earliest at 2 months and last for at least 2
months.

Silicone Fluid

Dow Corning introduced medical grade sili-
cone oil (polydimethylsiloxane), also called liquid
injectable silicone with a viscosity of 350 ¢S (100 cS

9
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Table 3. Persistence of Implants from Literature, Estimated Numbers of Treated Patients from Manufacturers,
and Granuloma Rates from Table 2*

Granuloma Rates

Product Persistence  Patients Markets Authors Manufacturers
Collagen 6 mo >5 million United States, 1982 ~1:300
(Zyderm, Zyplast) WW, 1983 ~1:2500
Hyaluronic acid 6 mo >3 million Europe, 1998 ~1:250
(Restylane, Hylaform) WW, 2001 ~1:2500
United States, 2004
PLA microspheres >12 mo >250,000  Europe, 1999 ~1:400 (in 5 ml suspension)
(Sculptra/New-Fill) United States, 2004 ~1:500
Ca-Ha microspheres >12 mo >150,000 United States, 2002 ~1:600
(Radiance/Radiesse) Europe, 2004 Very few
pHEMA particles >12 mo >200,000  Europe, 1998 ~1:100
(Dermalive) Canada, 2003 ~1:500
PMMA microspheres Permanent >400,000  Europe, 1994 ~1:650
(Artecoll) WW, 1998 ~1:5000
United States, 2006
Silicone gel (3.5 cS) Permanent >400,000  United States, 1953 ~1:1000
Banned, 1992 ~1:1000
Polyacrylamide gel Permanent >200,000  Russia, 1983 No data
(Aquamid, Bio-Alcamid) China, 1998 ~1:5000

Europe, 2002

WW, worldwide; PLA, poly-l-lactic acid; Ca-Ha, calcium hydroxylapatite; pHEMA, poly-hydroxyethyl-methacrylate; PMMA, polymethylmethac-

rylate.
*All numbers are open to discussion and debate.

is the viscosity of water), in the late 1950s for
soft-tissue augmentation.>*#251:52 It was approved
by the U.S. Food and Drug Administration in 1964
but was banned in the United States and some
other countries in 1967. The currently marketed
silicone gels Silikon 1000 (Alcon Labs, Fort Worth,
Texas) and Silskin (Richard-James, Inc., Peabody,
Mass.) have a viscosity of 1000 ¢S and have to be
judged differently. However, these viscous silicone
gels still contain a certain amount of low molec-
ular polymers to keep them pliable. Adatosil 5000
(Bausch & Lomb, Rochester, N.Y.) and Silikon
1000 have U.S. Food and Drug Administration
approval for intraocular injections for the reat-
tachment of the retina, but are not approved by
the U.S. Food and Drug Administration for cos-
metic purposes. However, the U.S. Food and Drug
Administration’s Modernization Act of 1997 al-
lows the off-label use of approved materials for
other indications such as the treatment of human
immunodeficiency virus—associated lipodystrophy,'®
wrinkles, and lip augmentation.” Liquid injectable
silicone appears to be safe when applied in small
quantities using the microdroplet technique.
Public pressure for longer lasting fillers and
the introduction of the microdroplet technique
have led to a revival of silicone gels and their
off-label use in cosmetic surgery in the United
States.>*%15% Jones et al.?® have reported that their
patients have not yet experienced foreign body
granulomas after using the serial puncture tech-
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nique to administer liquid injectable silicone. In
Europe, the wide use of liquid injectable silicone
in small quantities for lip augmentation seems to
have yielded the lowest rate of foreign body gran-
ulomas in the lip compared with other permanent
fillers.

Histologically, silicone fluid stimulates only a
very-thin-walled fibrous capsule so that dislocation
by gravity along fascia and muscle planes can oc-
cur in patients with loose connective tissue® (“mi-
gration” is a misnomer because nonliving silicone
droplets cannot migrate). Late sclerotic reactions
(Fig. 7, below, and Fig. 11, left) can develop around
free silicone oil,* as they are well known after
“bleeding” from earlier breast implants. A silicone
foreign body granuloma shows the typical vacuo-
lated spaces measuring 1 to 30 wm in diameter,
surrounded by numerous histiocytes (macro-
phages), lymphocytes, plasma cells, some eosino-
phils, and scattered giant cells.”® Macrophages and
giant cells contained multiple cytoplasmic vacu-
oles with Swiss cheese pattern.

In 10 volunteers who were injected with 350 ¢S
silicone,* lymphocytic infiltration with character-
istic delayed hypersensitivity was observed. Immu-
nohistologically, small local deposits of immuno-
globulin G and immunoglobulin A were observed
around the walls of small vessels. In later biopsy
specimens, the inflammation had progressed to a
fibroblastic reaction. In addition, the implanta-
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Fig. 11. (Left) Fluid implants (silicone 350) can cause sclerosing granulomas as well. The droplets are slowly phagocytized
(hematoxylin and eosin; original magnification, X40). (Right) Sclerosing granulomas after fluid filler (Aquamid) can appear like
those after particulate fillers (hematoxylin and eosin; original magnification, X 100).

tion of large doses appeared to provoke giant cell
granuloma.*

The amount of early literature on complica-
tions after liquid injectable silicone injections is
quite remarkable.’=% Clinically, the edematous
granulomas appeared suddenly, like an allergic
reaction, with redness and extreme swelling and
multiple areas of firm, fixed, but rather soft nod-

r12.40:5 ules (Fig. 12). No pain was involved, but subman-

dibular adenopathy was often disturbing and pal-
pable. However, what was more impressive was the
rather late onset of foreign body granuloma at 10

to 15 years after injection.>%%%%! Therefore, the
U.S. Food and Drug Administration limited liquid
injectable silicone use in 1965 to a certain number
of patients of selected investigators.”*” The out-
come of this clinical trial on patients with hemi-
facial atrophy, however, was disappointing. A re-
port of Dow Corning to the U.S. Food and Drug
Administration in 1990 stated two foreign body
granulomas in 128 patients.’? The clinical use of
silicone fluids continued in Latin America, Eu-
rope, and Asia®%! with some serious late
reactions.?25-59 Sjlicone foreign body granu-

7

Fig. 12. (Left) Massive fibrosis is a typical sign of sclerosing granulomas (New-Fill) (Masson trichrome; original
magnification, X 100). (Right) A microsphere (New-Fill) in the process of absorption is surrounded by giant cells
and lymphocytes (hematoxylin and eosin; original magnification, X200).
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loma developed even at the entry points after acu-
puncture with siliconized needles.®

For a long time, the early, rather high rates of
foreign body granuloma after silicone fluid injec-
tions were blamed on non-medical-grade
silicones?*®! and adulterants (the Japanese for-
mula) intended to keep the silicone from migrat-
ing by stimulating the formation of a fibrous
capsule.” However, even medical-grade fluid sili-
cone applied in small droplets caused foreign
body granulomas.®*%

Bovine Collagen (Zyderm and Zyplast)

Bovine collagen in Zyderm and its cross-linked
form Zyplast (Allergan-Inamed Aesthetics, Santa
Barbara, Calif.) were introduced in 1981 and
1983, respectively. Both have maintained their
safety standards and are still considered the stan-
dard of injectable dermal fillers.'® Collagen is one
of the least toxic and least irritating biomaterials
known. Histologically, nonliving bovine collagen
differs from native collagen by staining paler and
being less fibrillar and by its nonbirefringence
under polarized light. After bovine collagen in-
jection, there is a mild perivascular lymphohistio-
cytic infiltrate, which appears as early as 7 days and
gradually resolves by 3 months.?® There is little
evidence of active cellular degradation or foreign
body reaction to bovine collagen but, at the same
time, it is not colonized by active fibroblasts. Even
if bovine or human collagen implants are the least
toxic and least irritating injectable biomaterials
known,” erythematous dermal nodules can de-
velop at the implantation sites.!>1064% They often
convert into localized tissue necrosis (Figs. 1, be-
low, and 5, above) and occur in approximately one
in 1000 patients.* In a report on more than 5000
patients receiving injectable collagen, 67 (1.3 per-
cent) developed adverse reactions.'” Of these, 15
were clear late foreign body granulomas (0.3 per-
cent), which resolved under steroid therapy within
1 year. In contrast, a questionnaire sent to 36
physicians using Resoplast, the denatured bovine
collagen used in Artecoll, revealed only one ques-
tionable allergic reaction among 1280 patients
(Rofil 1997, data on file). In another clinical trial
of bovine Atelocollagen (Koken Ltd., Tokyo, Ja-
pan), eight of 656 (1.2 percent) patients reacted
with an “abscess” of long persistence.'® The same
reaction of an indurated papule containing mac-
rophages and giant cells has been described after
the injection of human collagen (Dermalogen).®
In this case, it disappeared after 2 months, and a
second test injection showed no positive reaction.

12
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One patient experienced polyarthralgia over the
entire period of the bovine collagen effect® and
another patient developed a histologically similar
granuloma annulare at the site of the collagen test
injection.®

Hyaluronic Acid (Restylane)

The human body contains only approximately
15 g of hyaluronic acid, which is found mainly in
the connective tissue and whose primary function
is to bind water. The half-life of an injected mol-
ecule is only 1 to 2 days. Therefore, manufacturers
have cross-linked molecules to achieve up to 3 to
6 months’ duration with injectable hyaluronic
acid. Restylane (Q-Med, Uppsala, Sweden; and
Medicis, Scottsdale, Ariz.) was introduced in 1997
and has become the number one filler worldwide.
There is no statistical proof thatitlasts longer than
the collagen products. It is absorbed by mecha-
nisms similar to those of collagen, mainly by hy-
drolytic enzymes, some macrophages, and scat-
tered giant cells.*® Early reported complications
such as longer lasting erythema and induration
have been blamed on fermentation residues from
Streptococcus equi.>**2! Similar products of bacterial
origin are Captique (Allergan-Inamed Aesthetics,
Santa Barbara, Calif.) and Juvederm (Allergan-
Inamed) in the United States, now Surgiderm in
France (Corneal Laboratories, Pringy, France).

Late complications of cross-linked hyaluronic
acids appear to be similar to those reported for
collagen. A number of publications between 2000
and 2006%1966-7 describe more than 60 anecdotal
late adverse events such as localized granuloma-
tous inflammations (Fig. 1, right). André® re-
ported a granuloma rate of one in 240 patients
(0.4 percent), but Bergeret-Galley® refers to a rate
of 12 foreign body granulomas in 10,000 patients
(0.1 percent) before further cleaning of Restylane
during manufacturing was implemented in 2000,
and four cases in 10,000 patients (0.04 percent)
since 2000. Friedman et al.*» mention “rare” re-
ports of localized granulomatous reactions and
acneiform and cystic lesions in an early review of
406,000 patients treated with Restylane worldwide.
The number of patients was the same as the num-
ber of syringes sold. This shows the difficulty of
calculating any relation between granulomas and
injected patients. Lowe et al." found three late
reactions (0.4 percent) among 709 of their own
patients. A less realistic number is provided by a
single author,”” who saw 10 Restylane patients
among 500 developing late granulomas (2 per-
cent) and a 0.4 percent incidence of early inflam-
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matory reactions. Late foreign body granulomas
after hyaluronic acid developed 2 to 11 months
after injection and lasted 2 to 10 months without
treatment.?”

Histologically, hyaluronic acid foreign body
granulomas consist of a palisaded granulomatous
tissue with macrophages and giant cells (Fig. 3),%
often encapsulating the injected hyaluronic acid
like a sterile abscess or a cystic granuloma, which
prevents hyaluronic acid from absorption.
Whether these are delayed hypersensitivity reac-
tions or a special type of foreign body granuloma
has yet to be determined. In some cases,'*%""! his-
tologic examination showed predominantly lym-
phocytic and plasma cell infiltrates with scattered
giant cells. An impressive histologic photograph is
shown by Fernandez-Acenero et al.”!

Hyaluronic acids (Hylan G-F 20, Synvisc; Gen-
zyme Corp., Cambridge, Mass.) are also injected
into osteoarthritic knee joints. Several cases of
granulomatous inflammation with palisading
granulomas and prominent histiocytic and giant
cell cuffing required synovectomy.”

Polymethylmethacrylate Microspheres
(Arteplast/Artecoll)

Artecoll (Rofil Medical B.V., Breda, The Neth-
erlands) was a 20% suspension of microspheres of
polymethylmethacrylate in bovine collagen. Two
similar successor products are Artesense (Euro-
pean Medical Contract Manufacturer, B.V., Ni-
jmegen, The Netherlands) and BeautySpheres
(Rofil Medical). Polymethylmethacrylate powder
has been used as bone cement for over 50 years in
millions of patients. The microspheres are round,
30 to 42 pm in diameter, and have a smooth sur-
face. The collagen isreplaced first by a granulation
tissue and then later by a fibrous tissue. The mi-
crospheres act as a stimulus for constant tissue
regeneration so that, ultimately, the Artecoll im-
plant consists of 80 percent of the patient’s own
connective tissue.'

Artecoll’s predecessor, Arteplast (Artepha-
rma, Frankfurt, Germany), contained a high num-
ber of small particles (<20 wm) that became ad-
herent to the microspheres by static electricity
during dry sieving. This was the cause for the high
(2.5 percent) rate, until 1994, of foreign body
granulomas.”~” When the dry sieving process was
changed to wet sieving in 1994, the number of
nanoparticles in Artecoll was reduced drastically
and the rate of granulomas dropped below 0.2
percent between 1995 and 2002.' In January of
2003, the U.S. Food and Drug Administration be-

gan requiring even stricter controls on the purity
of the microspheres for U.S. clinical testing. One
of the byproducts of these stricter controls is
ArteFill, a third-generation polymethylmethacry-
late-based filler that has substantial improve-
ments, including microspheres that have en-
hanced uniformity and consistency, compared
with the second-generation polymethylmethacry-
late product Artecoll.

True sclerosing foreign body granulomas after
Artecoll implantation (Figs. 5, below, and 13, above)
have been reported since 19947103650.77-83 gp(,
from all the cases reported to the manufacturers
worldwide, the occurrence is estimated at 0.02
percent (Tables 2 and 3). Rofil calculated that
400,000 patients had received Artecoll so far.
Since 1994, the developer of Artecoll (G.L.) has
collected a total of 52 foreign body granulomas
from Rofil’s files, the literature, and his worldwide
contacts, including seven among his calculated
3500 patients. Recently, Alcalay et al.,* Kim etal.,?!
and Carruthers and Carruthers® described gran-
uloma formation in glabellar, nasolabial, and hor-
izontal neck folds, which finally resolved after
Kenalog (Bristol-Myers Squibb, New York, N.Y.)
injections or even spontaneously. In one patient,*
alongstanding lesion after a pencil poke of graph-
ite in the forehead became inflamed at the same
time as the onset of granuloma.

Clinically, the foreign body granuloma de-
velop many months or years after implantation. In
a matter of weeks and at approximately the same
time, all injected areas show a mild inflammation.
Nodules become visible, rather hard, and often
bluish, with congested dermal capillaries on their
surface.

The pathologists Requena et al.’® and Lom-
bardi et al.” gave a detailed description of Artecoll
foreign body granulomas. Histologic examination
reveals round, empty vacuoles (after dissolution of
the polymethylmethacrylate in alcohol) widely
separated from one another, spanning two to
three times the diameter of a microsphere, instead
of the usual 0.5- to 1-fold distance (Fig. 9, above).
The tissue between the vacuoles consists of many
multinucleated giant cells and macrophages at-
tached to the vacuoles, with many fibroblasts and
collagen fibers. Occasionally, lymphocytic infil-
trates and epithelioid cells are seen.

Polylactic Acid Microspheres
(New-Fill/Sculptra)

Sculptra (formerly New-Fill) is a 3% suspen-
sion of microspheres of 40 to 63 wm in diameter,
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Fig. 13. Hypothesis ofa possible mechanism of late granuloma formation. The chem-
ical structure of the filler substance is stored in the macrophages, which transfer their
memory to the next generations. Sudden local or systemic bacterial or viral infections
can stimulate this memory and prompt a new attack.

composed of 150 mg crystalline poly-L-lactic acid,
and suspended in methylcellulose (Aventis/Der-
mik, Berwyn, Pa.). It was introduced to the Euro-
pean market in 1999 with recommendations to
dilute the lyophylisate in 3 ml of water for injection
and to implant it intradermally and subdermally.
By 2002, intradermal implantations were aban-
doned and the dilution was raised to a minimum
of 5 ml, resulting in a lower rate of granulomas.
Sculptra was introduced to the U.S. market in
2004.

In surgery, aliphatic polyesters have been used
safely and widely in absorbable suture materials
[Vicryl (Ethicon, Inc., Somerville, N.J.) and Dexon
(Tyco International, Inc., Princeton, N.J.)], which
are absorbed within 3 to 6 months by hydrolytic
enzymes and a few macrophages, lymphocytes, and
scattered giant cells.”* Larger quantities of crystal-
line poly-L-actic acid suspension injected into
cheeks and temples of human immunodeficiency
virus—positive individuals with facial lipodystrophy
may last for up to 2 years.*> A relatively high num-
ber of these patients (10 to 44 percent) developed
many palpable but nondisturbing nodules of 3 to 5
mm in size in their cheeks after months, which lasted
over the entire observation period of 96 weeks.

It might well be that suspending the micro-
spheres in 5 ml and using the microdroplet tech-
nique prevents this common nodule formation,
which may be attributable to clumping of the
beads right after injection and late tissue in-
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growth. Poly-I-lactic acid is dissolved partly by hy-
drolysis and partly by phagocytosis. The lactate
enters the Krebs cycle and is metabolized to car-
bon dioxide and water. Injected poly-L-lactic acid
microspheres cause a typical foreign body reaction
(Fig. 12, right), which is the true histologic basis of
the filling effect and not fibrosis as reported®-#:
the moment the last poly-L-lactic acid bead is ab-
sorbed, the induced fibrosis recedes as well.*® Poly-
L-lactic acid has an excellent biocompatibility
profile, but the occurrence of foreign body gran-
uloma to poly-L-lactic acid suture materials, usu-
ally in form of extrusions, is well known to sur-
geons. In orthopedic surgery, poly-L-lactic acid in
absorbable plates and screws may produce delayed
hypersensitivity reactions, resulting in the devel-
opment of foreign body granuloma.

Similarly, anecdotal cases of foreign body
granuloma after New-Fill injections have been
reported.>"28187-% These develop within 6 to 24
months after implantation (Fig. 8, above) and gen-
erally respond to high doses of intralesional tri-
amcinolone. If left untreated, they remain for 2 to
5years. The occurrence and description of foreign
body granuloma varies from one author to
another,?+7287% and an estimated rate of 0.25 per-
cent appears to reflect the reality (Table 2). The
rate is expected to further diminish because the
dilution of the beads has been raised to 5 ml. In
general, poly-L-lactic acid nodules are rather
small, with compressed microspheres, and there-
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fore do notreactwell to steroid injections. In other
cases with extreme granulation tissue (Fig. 12) and
as shown in Figure 1 of the article of Wolfram et
al.,”” steroids will reduce the granulomas signifi-
cantly. Histologically, one finds numerous trans-
lucent particles of irregular shape and size, which
can no longer be called microspheres (Fig. 12).
Some of these are very small and spiky because of
hydrolysis of the surface. The particles are bire-
fringent in polarized light and are surrounded by
macrophages and mild lymphocytic infiltrates.
Some giant cells contain asteroid bodies.”

Poly-Hydroxyethyl-Methacrylate Particles
(Dermalive)

Dermalive (Dermatech S.A., Paris, France) isa
40% suspension of resorbable poly-hydroxyethyl-
methacrylate fragments (10 to 60 wm) in cross-
linked hyaluronic acid of bacteriologic origin.'*
Dermalive was a byproduct of the manufacture of
intraocular lenses sorted out from those used for
refractory purposes and was introduced in the
European market in 1998. Because of a rather
high incidence of foreign body granulomas, it is
now used mainly in the form of DermaDeep, with
hydroxyethyl-methacrylate fragments 80 to 110
um in size, used for deep dermal and epiperiosteal
implantation. Inside the implant, the poly-hy-
droxyethyl-methacrylate particles are packed
closely,* probably because of diminished viscosity
of the carrier medium hyaluronic acid. This car-
rier dissipates from the particles just after implan-
tation of Dermalive and is found in separate lakes
outside of the clusters of particles.*

The great advantage of collagen as a suspen-
sion medium for filler substances is its high vis-
cosity, which still keeps the particles or micro-
spheres apart weeks after implantation.*® Because
little host tissue formation is stimulated, more Der-
malive has to be injected compared with other
fillers. In contrast, poly-hydroxyethyl-methacrylate
has a free hydroxyl group, which should stimulate
macrophage activity. Endogenous esterases in se-
rum and liver break down poly-hydroxyethyl-
methacrylate. Interestingly, the amount of tissue
reaction is not an indication of the rate of gran-
uloma formation. Dermalive causes the least for-
eign body reaction after injection, but reports in-
dicate thatit causes the highest rate of late foreign
body granulomas (Figs. 2, 6, and 8, below) in Eu-
rope (Tables 2 and 3). The 0.1 percent incidence
(1.2 in 1000 patients) of side effects'! reflects the
claims of the manufacturer. Foreign body granu-
lomas can occur 4 months to 3 years after Der-
malive injections”**97-12 and probably later.

The histologic characteristics of Dermalive ap-
pear promising within the first few months be-
cause the hydrophilic polygonal, translucent, non-
birefringent particles swell and round up.*® Tissue
ingrowth is absolutely normal and resembles the
picture of an ideal biocompatible substance. The
carrier hyaluronic acid separates from the parti-
cles within the first days after injection and is
found in lakes nearby. If granuloma formation
occurs, lymphocytic infiltrates increase and the
fibrillar network thickens (Fig. 9, below). Giant
cells appear suddenly, some of them containing
asteroid bodies, and form islands in a more patchy
distribution.” Some patients react with discolor-
ation and telangiectasia (Fig. 8, below); others, with
edematous sclerosis in the surrounding dermis

(Fig. 6, below).

Calcium-Hydroxylapatite Microspheres
(Radiance/Radiesse)

Microspheres of this well-known constituent of
bone and teeth suspended in methylcellulose had
been developed for the treatment of urinary
incontinence®” and received U.S. Food and Drug
Administration approval for injection into a par-
alyzed vocal cord, as a tissue marker, and as onlay
grafts in oral surgery. Since October of 2001, Ra-
diance FN (now Radiesse), a suspension of round,
smooth, 25- to 45-um calcium-hydroxylapatite mi-
crospheres suspended in methylcellulose, has
been used off-label in the United States for wrinkle
treatment and lip augmentation. It received U.S.
Food and Drug Administration approval for hu-
man immunodeficiency virus—associated lipodys-
trophy and nasolabial folds in 2006.

Although Radiesse is well tolerated beneath
wrinkles, it should not be recommended for lip
augmentation. The concomitant movement of the
orbicularis muscle in patients during chewing
compresses every injected strand to a lump (Fig. 2,
above). A relatively high incidence of nodule
formation'”1% has led to caution in its use in lip
augmentation; however, true granuloma forma-
tion in the above sense has been reported only
twice to the main clinical investigator (M. H.
Graivier) in approximately 35,000 patients treated
between 2002 and 2004 in the United States. Two
male patients with acne received Radiesse in many
depressed scars in both cheeks and developed for-
eign body granulomas mainly in three areas of
3 X 2 X 0.5 cm, dimensions that were far beyond
those of the injected sites. Low doses of steroids up
to 15 mg caused only shortlived improvement,
and as a result, the largest inflamed area was ex-
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cised. This may be attributable to its extreme bio-
compatibility [e.g., a scarce cellular reaction and
few macrophages but no giant cells (“osteoclasts”)
that Radiesse stimulates®®] and to the dissolution
of the calcium microspheres through predomi-
nantly enzymatic activity.

The only study on long-term effects and ad-
verse events of 609 patients after Radiesse
treatment'”’ revealed 42 of 338 subjects (12.4 per-
cent) with lip nodules. However, histologic exam-
ination of one excised nodule (their Fig. 5) clearly
shows a foreign body granuloma—and not
“densely packed” microspheres as histologic ex-
amination of a normal Radiesse specimen does.*®
On normal histologic examination, the calcium
hydroxylapatite microspheres do not “provide a
scaffold for tissue infiltration consistent with the
form of the surrounding tissue.” Because of little
tissue ingrowth and absence of granulation
tissue,”® triamcinolone injections into Radiesse
nodules will be ineffective and should be avoided.
In some patients, however, Radiesse microspheres
may induce a type of foreign body reaction, which of
course will react to intralesional corticosteroids.'™

Polyacrylamide Gels (Aquamid and
Bio-Alcamid)

Polyacrylamides are used as flocculents in in-
dustrial water clarification, such as dextran beads,
and in protein electrophoresis. Aquamid is a clear,
2.5%, crosslinked gel of polyacrylamide (polym-
ethylmethacrylate) (Contura International S.A.,
Copenhagen, Denmark). Itis approved in Europe
but notin the United States. The manufacturer of
a similar product, Bio-Alcamid (Polymekon, Mi-
lan, Italy), reveals its chemical formula as
polyalkylimide.'” The basic component of Bio-
Alcamid is probably the Russian polyacrylamide
but crosslinked with imide-amide and an additional
alkylene group (U.S. patent 20,040,209,997). It is
approved in Europe, Israel, and Mexico. The U.S.
Environmental Protection Agency classified the
monomer acrylamide as a medium-hazard probable
human carcinogen!’” because its oral application
caused stomach tumors in animals. However, orally
consumed monomers of acrylamide have no nega-
tive effect in humans.'"®

The use of polyacrylamide as an injectable
filler material was initiated in 1983 and applied
clinically in Russia in 1990 as Formacryl'*"® (In-
terfall Ltd., Kiev, Ukraine, now relocated to Bul-
garia) and in China as Interfall or “Amazing Gel”
(FuHua Aesthetics Ltd., Shenzhen, China) in
thousands of patients. Since Interfall’s European
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patent expired, at least five European companies
are marketing polyacrylamides as dermal filler
substances: Formacryl, Interfall, Argiform (con-
tains antibacterial silver ions), Outline (absorb-
able), Aquamid, Evolution (contains nonresorbable
microspheres in fast absorbing polyacrylamide,*
and Bio-Alcamid. They differ in molecular weight,
crosslinking, and viscosity.

In Russia and China, Formacryl and Interfall
have been injected in large quantities for breast,
buttock, and calf augmentation, and in facial lip-
odystrophy and congenital malformations.'” Re-
sults of large volumes are durable in the majority
of patients. It reportedly has a half-life in the hu-
man body of more than 20 years. This may be true
for large quantities; however, the injection of 0.1
cc of Aquamid was absorbed in human skin within
9 months.*

Its clinical and histologic behavior is very sim-
ilar to that of silicone fluid. In patients with very
loose connective tissue, larger quantities can “mi-
grate” or, more accurately, dislocate from the face
to the neck, from the breast to the groin, and from
the buttock to the hollow of the knee.'® In an early
stage after implantation, it can be withdrawn
through a 14-gauge needle if overcorrection or
dislocation should occur. The reason for its ease
in dislocation is its good biocompatibility, which
does not stimulate much capsule formation and
even less cellular ingrowth.!” It would be the ideal
filler (like silicone fluid) if it were not followed by
a rather high rate of late complications.

Polyacrylamide foreign body granuloma are in
general of the inflammatory or edematous type
(Figs. 6 and 7, above). They begin often with a
granulomatous stage containing basophilic mono-
nuclear cells and giant cells (Figs. 3 and 11, right).
This stage of delicate capsule formation is fol-
lowed by a seromatous stage, with fluid accumu-
lation within the capsule and consequent pressure,
pain, and surrounding edema.''’ Perivascular and
focal aggregates of lymphoid cells form an anti-in-
flammatory wall around the endoprotheses. To-
gether with macrophages that have phagocytosed
polymethylmethacrylate, these walls can lead to ster-
ile abscess, necrosis, and perforation." Stab inci-
sions led generally to fistula formation (Fig. 4). The
presence of bacteria in the biofilm surrounding
polyacrylamide!'! has been suggested as a cause of
foreign body granuloma, but proof of this is still
insufficient. Why should a wall of macrophages suc-
cumb to bacterial infection?

It is estimated that approximately 30,000 pa-
tients in Kiev'!'’ received polyacrylamide injec-
tions. There have been approximately 20 articles in
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the Russian, Chinese, and Polish literatures'®-112

published in the past 4 years with figures and de-
scriptions of dislocated, perforated, and hardened
endoprostheses, which are difficult to remove. The
Russian authors describe severe side effects after
polyacrylamide injections,'”"? of which three-
fourths of the reported complications were palpable
indurations, probably all foreign body granulomas.
Other complications reported were enlarged and
palpable lymph nodes in 12 percent, migration of
gel in 3 percent, and edema in 2 percent.'”® The
onset of 10 infections and eight granulomas after
polyalkylimide (Bio-Alcamid) injections ranged
from 1 month to 3 years.'*

The Chinese articles mention an overall com-
plication rate of 1.4 to 18.2 percent,''> 17 among
which palpable indurations and aseptic inflamma-
tions are the most frequent. The total incidence of
complications was 12 percent among 800 patients
treated in Foshan, China.''"® Among another 42
patients with complications in Wuhan were 24
with indurations and 10 with aseptic inflamma-
tion, though all were eventually resolved.''® In our
own experience with Aquamid (M.W.) in 35 pa-
tients, one developed a foreign body granuloma
after 5 months. The first two patients with foreign
body granulomas after Aquamid injections in the
United States have been described recently.!'® Ap-
parently, polyacrylamides have recently been
banned as injectables in Russia and Bulgaria,'®
and China is considering a similar step.'!?

Dextran Microspheres (Reviderm Intra and
Matridex)

Another synthetic substance, used as a urinary
bulking agent against incontinence, is also a der-
mal filler and composed of dextran microspheres
suspended in hyaluronic acid as Reviderm Intra
(Rofil Medical) and Matridex (Biopolymer GmbH,
Montabaur, Germany). The latter is in clinical trials
in the United States (AART, Inc., Reno, Nev.). Both
stimulate heavy granulation tissue®™ but have been
on the market for too shorta time to provide an idea
of late complications. A dextran granuloma has
been described causing urinary obstruction.'®

POSSIBLE CAUSES OF
GRANULOMA FORMATION

The volume of injected dermal fillers>* has
been considered as one cause of foreign body
granuloma formation, even though a macrophage
10 to 20 wm in diameter cannotrecognize whether
the foreign material it is supposed to phagocytize
is 2 mm or 2 cm in diameter. Repeated injections

using the microdroplet technique produce a
much larger surface area than single injections of
1 ml of gel or fluid; thus, this technique would
theoretically stimulate many more macrophages.
Also, there is no proof today that the additional
injection of a different filler into the same location
will trigger or activate a foreign body granuloma
of the prior one.

The impurities within a filler substance® have
been blamed as a reason for later granuloma for-
mation. In the case of Arteplast/Artecoll /ArteFill,
the significant decrease of granulomas correlated
well with the drastic decrease in the number of
small particles (<20 um) in each product.” Ob-
viously, phagocytosis and therefore the immuno-
logic memory of macrophages are stimulated far
more efficiently by many small particles than by a
few large ones (Fig. 13).

Concerning possible impurities implicated in
injectable fluids such as silicone and polyacryl-
amide, the use of the term “medical grade” does
not mean fewer impurities. In reality, a medical-
grade product has the same composition as the
industrial-grade version but has been subjected to
more biological testing (e.g., toxicity, pyrogenic-
ity, histology) and has been submitted in a master
file to the U.S. Food and Drug Administration.'?!

Interestingly, the extent of early foreign body
reaction does not relate at all to later formation of
foreign body granulomas, as seen in the cases of
Dermalive, silicone, and acrylamides, which show
the same lack of cellular ingrowth as Radiesse®
during the first months after injection. In contrast,
the irregularity of the particle surface does appear
to be a cause for increased granuloma formation:
the best examples are the polytetrafluoroethylene
flakes, the Bioplastique “dermal diamonds,” and
the Dermalive particles with pointed edges and
corners (Fig. 9, below).

The only events that have been determined so
far to cause foreign body granulomas are severe
systemic infections.!*26:57122123 Patients with per-
manent injectables should be warned and antibi-
otic intake at the onset of a severe infection should
be recommended for the next 10 years after
implantation.

One of us (N.G.-H.) saw foreign body granu-
lomas on Artecoll implantation occur 1 month
after an episode of severe bronchitis, another after
surgery for sinusitis, and 2 after acute abdominal
infections. In one case, the foreign body granu-
loma developed 2 years after Artecoll injection
and 3 months after the diagnosis of an autoim-
mune thyroiditis. Another patient with hyper-
thyreosis diagnosed 2 years after Artecoll injec-

17
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tions also developed foreign body granuloma,
which disappeared with thyreostatic treatment.'#*
One patient injected with liquid injectable sili-
cone for lip augmentation developed a silicone
foreign body granuloma 6 years after the proce-
dure and 8 months after the onset of a systemic
sarcoidosis. After New-Fill implantation, one pa-
tient developed a granuloma right after the dis-
covery of an advanced breast cancer (N.G.-H.),
another one at the onset of a vocal cord tumor,
and one at the onset of hormone replacement
therapy. Christensen et al.'?> described a patient
who had a face lift 2 months before onset of a
foreign body granuloma. One of us (G.L.) saw a
woman who developed temporary redness and
swelling of all Artecoll implantation sites each
time she took pyritinol (Encephabol; Merck &
Co., Whitehouse Station, N.J.).

Bergeret-Galley et al.'* report that the 12 per-
cent of their patients who developed foreign body
granulomas did so during or after infections
(bronchitis, pharyngitis, sinusitis) or severe psy-
chological shock. Bigata et al.* described a patient
who developed a granulomatous lip 8 months af-
ter silicone injections and 1 week after a flu-like
syndrome. A case of pleurisy as the cause of gran-
ulomas with scleromyxedema of the skin after hy-
aluronic acid injection has also been described.!
Another patient developed severe flu with pyelone-
phritis and subsequent inflammatory redness at all
injected sites. She refused antibiotics and steroids
because she was lactating. However, the redness and
infiltration in her face subsided when she subse-
quently took antibiotics and steroid injections.

Fischer et al.'"?® described a patient with hep-
atitis G who was treated with interferon (pegin-
terferon alfa-2a) and antiviral riboflavin. Ten
weeks after she began therapy, she developed fa-
cial edema and a cystic granuloma in areas that
were injected with Arteplast/Artecoll 10 years be-
fore. From this one case, the authors conclude
that immunostimulatory medications can lead to
an exacerbation of low-grade inflammation and
granuloma formation of permanent fillers. As a
counterpoint to their conclusion, it should be
noted that Sculptra is used extensively on human
immunodeficiency virus—positive patients who are
under some type of immunostimulants.

Obviously, granuloma formation is a single event
triggered by an infectious, traumatic, or pharmaco-
logic stimulus (Table 4) .2,10,11,17,19,25,26,57,71,118,122,125—128 Ifit
is treated early and with sufficient high doses of corti-
costeroids, it does not recur.
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Table 4. Anecdotal Cases Pointing to Possible
Causes of Granulomas*

Causes of Granuloma References
Systemic infections 10, 17, 57, 122, 125
Acute sinusitis 11, 122
Pharyngitis 11
Otitis media 122
Dental abscess 122
Bronchitis 11, N.G.-H.
Pneumonia M.W.
Pleurisy 19
Enteritis N.G.-H
Flu-like syndrome 2
Cystic acne 25
Furuncle 118
Vaccination G.L.
Multiple injections 127
Severe flu M.W.
Hyperthyreosis 26, M.W.
Colitis ulcerosa 125
Morbus Crohn 125
Pemphigus 125
Sarcoidosis N.G-H
Breast cancer N.G.-H
Psychological shock 11
Encephabol G.L.
Facial trauma G.L.
Face-lift operation 125
Autoimmune thyrosis N.G.-H
Herpes labialis 71
Interferon 126
Pregnancy 128

*Reported possible correlations to infections or trauma that oc-
curred 3 to 6 months before the clinical onset of foreign body
granuloma.

CONCLUSIONS

The pathogenesis of foreign body granulomas
is still not known. The injection of large volumes
as a causative reason has been discussed”*® but is
still lacking statistical proof. The same is true for
the microdroplet technique, which may theoreti-
cally prevent lumping and hardening but not for-
eign body granulomas. Chemical and particulate
impurities have been blamed convincingly'®->%
because the foreign body granuloma rate of al-
most all filler substances has decreased as product
improvements have been developed over the
years.!-00

Dormant allergens with low immunogenicity
are able to produce a clinical response during the
boost in the immune system that occurs with in-
fections and with highly active antiretroviral ther-
apy (immune reconstitution syndrome). The
memory of macrophages and the mechanism of a
later trigger such as infection or drugs could ex-
plain the unpredictability of foreign body granu-
loma (Fig. 13), even many years after the absorp-
tion of the implant.® Macrophages are known to be
memory cells even if they move away once degra-
dation is complete.*® In contrast, the lack of later
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proof of antibodies, eosinophilic cells, and posi-
tive skin tests does not exclude the possibility that
the trigger of certain foreign body granulomas
may be a late (type IV) cellular allergic reaction.

Longer and wider use of an injectable pro-
duces more patient exposures and the potential
for a higher number of reported side effects. A
recent collection of 1200 foreign body granulomas
in Brazil'® revealed 106 from Metacrill and other
polymethylmethacrylate products, 158 from col-
lagen injections, 171 from hyaluronic acids, 50
from Interfall, 452 from Dermalive, and 263 from
other injectables. Calculated estimates of the rate
of foreign body granulomas vary between one in
100 and one in 25,000 patients, depending on the
credibility of the reported adverse events of the
injectables used (Table 3).

On both sides of the debate surrounding ab-
sorbable versus nonabsorbable fillers, the medical
community has adherents of almost religious-like
fervor. Unfortunately, the effect of autologous fat
injections' still lacks even one report with statis-
tical data. One fact, however, is undisputable: the
deeper the implants are injected, the less the
possibility of foreign body granuloma formation
(see Bioplastique/Macroplastique or Dermalive/
DermaDeep). The dermis by far is the organ most
sensitive and prone to immunologic reactions.
Therefore, subdermal injections into the dermal-
subdermal junction will cause fewer foreign body
granulomas than intradermal injections.

All filler materials have side effects that can be
diminished but not eliminated. We as physicians
should be aware of the rate of adverse events of
each injectable filler substance and should not rely
on the claims of the manufacturers, but eventually
on the reports of an independent central registry
of dermal fillers that is still to be established. Bet-
ter knowledge of the basics and honesty in report-
ing will bring improvement and safety and effec-
tive treatment of side effects into this expanding
field.

Gotifried Lemperle, M.D., Ph.D.
302 Prospect Street

La Jolla, Calif. 92037
glemperle@aol.com
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