ABSTRACT

Delayed-onset nodules (DONs) represent a
poorly understood and generally neglected
group of complications. It is not a diagnosis. The
underlying pathologies and their incidences are
largely unknown due to the lack of specificity

in clinical signs and the challenges in accessing
diagnostic tests, cost implications, or reluctance
from patients to undergo them. A lack of
presumptive clinical diagnosis, coupled with
management ranging from "scatter-gun"
polypharmacy to clinical inertia, is believed to
result in chronicity and increased morbidity. This
paper provides guidance on the identification
and understanding of the underlying pathologies
and encourages the increased utilization of a
medical model of care. The more routine adoption
of histopathology, inflammatory markers,

and ultrasound will permit a more targeted
management and a greater understanding of the
incidences and evolution of the pathologies.
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Temporary soft-tissue fillers continue
to grow in popularity and acceptance,
but as their usage increases, so does the
occurrence of complications. The occurrence
of acute complications has received a great
deal of attention and study, resulting in an
improved understanding and management
of them. Unfortunately, the progress in our
understanding of delayed complications has
not kept apace. The lack of readily identifiable
diagnosis has frequently been met with either a
"scatter-gun" polypharmacy or clinician inertia.

The term delayed-onset nodules (DONs) is a
descriptive term rather than a diagnosis. It is
used to describe nodules or areas of induration
which typically occur at least two weeks
after filler treatment. We believe that there
is no practical merit in separating nodules
into "delayed" and "late," as this variably
used distinction only leads to confusion. The
prevalence of DONs is largely unknown, but
has been reported to be as high as 0.8 percent
in one series." Potential underlying diagnoses
include product redistribution, delayed
hypersensitivity reaction, biofilm, granuloma,
and systemic manifestations. The variable
presentation, potential overlap, or coexistence
of numerous underlying pathologies makes for
a clinical challenge which has no easy solution.
The potential resulting chronicity has been
shown to impact quality of life (QoL), often
more so than psoriasis and atopic dermatitis.?

This guideline will review the causes, risk
factors, diagnostic challenges, and management
of DONs. The limited acceptance, validation,
and access to further investigations will be
considered along with their potential inclusion
into the optimized management of our patients.

We aim to assist clinicians who wish to have
a better understanding of the topic and offer
them an initial management strategy. We also
seek to assist and empower clinicians who
are keen to collaborate at the highest level to
ultimately improve their overall understanding
of underlying pathologies, their incidences, and
their clinical outcomes.

NORMAL TISSUE RESPONSE TO FILLER

Fillers are usually injected subdermally.
As with most foreign materials, this evokes a
variable inflammatory response, termed the
"foreign body reaction." This cellular response
ultimately leads to beneficial neocollagenesis.

Giant cells, or frustrated macrophages,
develop when the injected material particles are
too large to be phagocytosed by macrophages.
These giant cells, and the associated fibroblast
activity, have typically disappeared by six
months.**

Ultimately, the removal of filler is via a
combination of phagocytosis and enzymatic
breakdown.
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FIGURE 1. Potential pathologies responsible for a delayed-onset nodule and their presentation

with respect to inflammation

POTENTIAL PATHOLOGIES
RESPONSIBLE FOR A DON

Previous guidelines have focused on
the distinction between inflammatory
and noninflammatory nodules and areas
of induration. This is overly simplistic and
inaccurate, because it fails to allow for
the fact that biofilm is, at least initially, a
noninflammatory pathology. Figure 1 depicts
the potential pathologies and their presentation
with respect to inflammation.

Redistributed filler. In the first few weeks
following filler implantation, nodules can
develop as a result of clumping or redistribution.
This can be linked to the specific rheological
properties of a given filler preparation, the
technique (e.g., inappropriate product, volume
or depth) or the facial movements that follow
(e.g., mechanical clumping). These nodules will
typically be singular or small in number, and not
associated with any inflammation.

Delayed Hypersensitivity Reactions
(DHR). The exact mechanism underlying
delayed hypersensitivity to HA is unknown.
However, it is thought to be a Type 4 delayed
hypersensitivity reaction, which is T-cell
mediated, and can progress to a specific
granulomatous reaction.*

HA is normally derived from bacterial
sources and can be contaminated with bacterial
endotoxin, stimulating the immunogenic
reaction.® The product range Restylane®
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(Galderma Laboratories LP; Fort Worth, Texas)
was previously associated with a high incidence
of inflammatory reactions.” Following changes
to the raw materials and the manufacturing
process, the protein load was reduced six-fold
and the incidence of inflammatory reactions fell
from 0.15 percent to 0.06 percent.”

Reactions typically develop after 24 to
72 hours, but can arise weeks later and can
potentially last for months.? As such, this
pathological process might be considered as a
DON or an acute complication, depending on the
timeline. Typically, these lesions are described
as "angry red bumps" and usually occur in
all areas treated with the offending filler,”®""
Small seasonal variation to the presentation
of this reaction have been reported, and there
is speculation that this might be linked to the
incidence of viral infections and the winter
vaccination schedule.™ Currently there is
significant interest in COVID-19 vaccines acting
as a potential trigger. It should be stressed
that these reactions are nonresponsive to
antihistamines.’

Biofilm. A biofilm is a cluster of bacterial
cells which is associated with an implant and
protected by bacteria-derived extracellular
polymeric secretions (EPS)." This "slime layer"
renders the biofilm more tolerant of most
antimicrobials and host defences compared
to planktonic or free-floating bacterial cells.
Biofilms are capable of density-dependent,
cell-to-cell communication, known as quorum

sensing (QS). Enabling controlled gene-
expression, bacteria can coordinate their
behavior and virulence, including antibiotic
tolerance."

When an HA filler implant is present, the
number of organisms required to cause clinical
infection is drastically reduced from 100,000
to 100 per gram of tissue. Infection can follow
direct injection of skin flora into the material,
or bacteria may be seeded through contiguous
direct extension or hematological spread.”
Transient bacteremia, coupled with skin’s
physiological immune fluctuations, is believed
to impact the likelihood of infection.’ Once the
implant is infected, it is impossible to sterilize
it or uninfect it in any way.® Studies suggest
that the only way to eradicate a biofilm is to
treat with antibiotics at the time of infection.”
Without a great deal of further information,
including the incidence of filler-related
biofilm, it remains inappropriate to prescribe
prophylactic antibiotics.

Infective nodules are more likely to be
localized, are unlikely to be symmetrical, and
are more likely to be indolent in the periorbital
region.”" Initial implant infection can occur
within hours of injection, but there is usually
no inflammatory response at this stage. The
development of an inflammatory response
might occur after an interval of weeks or
months, possibly due to an inciting event, such
as a further injection. When biofilm-associated
bacteria do arise from their sessile state, they
can manifest clinically as acute infection,
abscess, granulomatous inflammation, or
mimic a Type 4 allergic reaction clinically and
microscopically (Figure 2).

It remains uncertain whether HA filler can
sustain bacterial growth, but we recommend
consideration of atypical infection as the
cause of any new lesion presenting two weeks
after filler injection.*”? The judicious use
of antibiotics, in concert with a longitudinal
diagnostic process, will help avoid delayed or
maltreatment of non-infectious, inflammatory,
locally-destructive lesions.

Granuloma. The failure of effective
phagocytosis leads to a foreign body
granuloma, a foreign body surrounded by
epithelioid macrophages, and giant cells of
different types. A surrounding infiltrate of T
lymphocytes secretes cytokines responsible for
ongoing macrophage activation. Macrophages
orchestrate the recruitment and activation of



fibroblasts, while the excessive and prolonged
macrophage response ultimately affects
destructive fibrosis.*

While a delayed (Type IV) hypersensitivity
reaction can lead to granuloma, the majority of
granulomas are believed to be of non-allergic
origin. This explains why most patients with
a history of granuloma can receive further
treatment without recurrence.* Only patients
who have had a delayed hypersensitivity-
associated granuloma will have a recurrence or
positive intradermal skin test.”

HA filler-related granulomas tend to be
cysticand have an incidence estimated to be
0.02 to 0.4 percent.® This systemic response
typically presents many months after treatment
and affects multiple, if not all, implantation
sites.?2 Developing slowly or rapidly, there
are often periods of eruption and regression.
The soft, non-confined nodules have varying
degrees of inflammation and can have purplish
pigmentation due to congested dermal
capillaries.

Some authors call every solitary nodule a
granuloma, but the unequivocal diagnosis of
foreign body granuloma is based on histologic
evidence.” As patients are often reluctant to
permit tissue sampling, it is suggested that the
term "non-infectious late-onset inflammatory
nodule," or suspected granuloma, be used in the
absence of histology."

Risk factors for granuloma formation include
acute and chronic infections, trauma, and
medications. The primary biocompatibility of
the filler, the volume injected, or the presence
of an early strong foreign body reaction
do not represent risk factors. However, the
superficial placement of HA, particularly in the
dermis, does have an associated risk increase.
Even without treatment, most HA-related
granulomas resolve within a year.’

Autoimmune Syndrome Induced
by Adjuvants (ASIA)—Systemic
manifestations. ASIA is a syndrome
which encompasses a number of related,
immune-mediated diseases found in
susceptible individuals.* Exposure to an
adjuvant, including dermal fillers, results in
immune hyperstimulation, the production
of autoantibodies, and the development of
autoimmune diseases, including sarcoidosis.?

RISK FACTORS FOR DONS
Product. Hyaluronic acid is a complex

FIGURE 2. Biofilm presentation

polysaccharide and a key component of normal,
healthy skin. Due to its hygroscopic property, it
captures large amounts of water, affording the
skin its youthful fullness. Low molecular weight
(LMW) HA fragments are generated de novo
during inflammation. These fragments alert the
immune system to significant tissue damage
and induce pro-inflammatory, phenotypic
changes in macrophages.>%

Fillers utilizing LMW-HA might be associated
with a higher incidence of DONs, with rates as
high as 1to 4.25 percent being reported.?2®
The normal enzymatic breakdown of HA filler
may release LMW fragments which trigger
an immune response. As noted previously,
the presence of bacterial endotoxin from the
raw material is at least partly responsible for
triggering the immune response.>?

Material surface chemistry of a given filler
affects the response by the innate immune
system, while the macrophage line retains
memory of prior exposure.* Hydrophilic
materials like HA have a lower rate of
cell adherence, but those that do adhere
have a much higher activation level with
commensurate production of cytokines.

Hydrophilic materials are less readily
phagocytosed, with cross-linking and higher
concentration making them more resistant.
While this resistance is associated with greater
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longevity, it also brings an increased granuloma
risk.*

Individual particle size is critical, with those
larger than five microns generally requiring
macrophage aggregation (foreign body giant
cells) to enable phagocytosis. Particles larger
than 15 to 20 microns are encapsulated by
fibrous tissue and escape phagocytosis.””

Products and their specific rheological
properties must be considered in terms of
suitable delivery and placement. Superficially
placed, high G-prime (G') products are more
likely to be palpable or visible, while products
with low cohesivity are more prone to
redistribution.® The use of excessive volumes is
likely to increase the risk of nodule formation
and will certainly increase the risk of product
redistribution. The combination or long-term
mixing of products does not appear to increase
the risk of adverse reactions (AR). When they do
occur, however, they tend to be more severe.®

Technique. “The aesthetic benefit the patient
achieves with temporary fillers is 90 percent
technique and 10 percent substance.”**

The choice between a blunt cannula and a
needle is usually based on clinician preference.
(annula use might be associated with less
product redistribution.> However, techniques
that excessively dissect the subepidermal plane
are associated with an increased risk of local




TABLE 1. Clinical assessment considerations

HISTORY Medication history

complications

TIMING

EXAMINATION

FURTHER TESTS TO
CONSIDER

(SEE DIAGNOSTIC TESTS
SECTION)

HFUS: High-frequency ultrasound scan

adverse events.”” Smaller needles reduce tissue
damage and leave smaller conduits in the skin,
lowering the risk of infection.®

Appropriate injection depth is dependent
on the rheology of a given filler material. The
dermis is the level associated with the greatest
sensitivity and tendency to immunologic
reactions.’

Extra care should be taken when injecting
into the site of previous implants, particularly
those utilizing permanent fillers.? This
"stacking" risks potential contamination of the
previous filler site and is associated with an
increased inflammatory reaction rate.”

We recommend the avoidance of
transmucosal injections due to the common
presence of organisms such as Streptococcus
anginosus, which has a strong association with
abscess formation.*

Skin preparation. Skin cleansing has
the aim of decreasing the bacterial counts
of resident flora. It is not possible to sterilize
because approximately 20 percent of skin
bacteria are located in deep layers or in other
structures where antiseptics cannot penetrate.”
To date, there have been no data with specific,
universal guidelines on the appropriate method
of preparing the skin.

The following compounds might be
considered as agents for skin disinfecting:

«  Isopropyl alcohol (IPA) is inexpensive

and fast-acting, but might cause
irritation, has no enduring antimicrobial

JCAD

Biopsy for histopathology

Medical history including allergy history

Surgical and dental history, including implants

History of cosmetic injectables including timeline, products used and any history of

Current issue including its evolution and associated symptoms
Delayed hypersensitivity tends to present after days to weeks
Granulomas tend to present after many months

Biofilms can present at any stage, and tend to be single / asymmetric
Confirm presence, location and description of lesions including colour
Palpate to determine heat, fluctuance, induration or cystic nature
Check for regional lymphadenopathy

Blood tests for inflammatory markers

HFUS—filler identification and initial assessment of nodule®**

activity, and is flammable.

«  Povidone-iodine (PI) is fast-acting but
neutralized by blood and sputum.

« (Chlorhexidine has a highly effective
and sustained antimicrobial effect, but
carries the potential risks of ocular and
ototoxicity.*

« Hypochlorous acid (HOCI) is naturally
produced during neutrophil activation
in the inflammatory phase of wound
healing. Non-irritating and non-
cytotoxic, it demonstrates high efficacy
against a range of bacterial pathogens
including those identified in biofilms.*
In-vitro direct comparison with [PA,

PI, and chlorhexidine found HOCl to
be at least equally efficacious against
common skin microorganisms.*

Timing (intercurrent illness). There might
be a small seasonal variation in the incidence of
nodules, most likely due to the higher incidence
of viral infection that can trigger an immune
reaction.” While this is unlikely to affect the
delivery of care, treatments should not be carried
out in the patients presenting with intercurrent
iliness or local skin inflammation. It is important
for non-dental clinicians to be mindful of
periodontal disease, which presents an
additional risk for development of a DON.* Itis
generally recommended that dental treatment,
including cleaning or drilling, is followed by an
interval of at least four weeks before injecting

dermal fillers. After filler implantation, dental
treatment should be delayed by 3 to 4 weeks, if
possible.’

Delayed inflammatory reactions might be
triggered by vaccinations, including influenza
and shingles.”*’ Recent interest has been
peaked due to a possible association with the
(OVID-19 vaccination program. Itis believed
that there are elevated angiotensin converting
enzyme 2 (ACE2) in filler implant sites, assisting
in the maintenance of homeostasis. ACE2
is known to be targeted and blocked by the
(OVID-19 spike protein with a resulting net pro-
inflammatory effect.

Early experience with COVID-19 infection and
vaccination has prompted consideration of a
delay between filler injection and vaccination.
There is currently no evidence base for this, but it
would seem reasonable to prescribe an interval
of two weeks between a vaccination and a filler
treatment. It is hoped that our understanding
of this situation will evolve quickly, but it is
important to be judicious in the utilization of
novel agents in this area, particularly that of
ACE- inhibitors.*

Patient history. A history of confirmed
hypersensitivity to an HA filler is likely to be
associated with a significant, and probably
more severe, recurrence following repeat
exposure to the same product. Presence of
autoimmune disease, and even a genetic
predisposition, is associated with an
increased risk of an immunogenic reaction.*
The use of immunotherapy medications is
likely to be associated with an increased
risk of inflammatory reactions, while any
immunosuppressant medication increases the
risk of infection, including biofilm.*5°-3

DIAGNOSIS: THE CLINICAL HISTORY,
ASSESSMENT, AND DIFFERENTIAL
DIAGNOSIS

Clinical assessment. When a patient
presents with a DON-type reaction, it is
important to perform a comprehensive history
and assessment to establish, where possible, the
likely etiology. Table 1 outlines the approach to a
clinical assessment.

The four classic signs, heat, pain, erythema,
and growth, should be considered in establishing
the degree of inflammation. Mild inflammation
presents one or two of the signs, while major
inflammation features three or all of these
signs. It is important to stress that these positive



FIGURE 3. Management steps for delayed-onset nodules

findings are not highly specific and the presence
of major inflammation does not confirm the
diagnosis of granuloma, hypersensitivity, or
infection.™

MANAGEMENT OF DONS

DONS can be difficult to diagnose, treat,
and manage. Itis important to consider the
treatment plan carefully and avoid unnecessary
polypharmacy. We recommend the steps
outlined in Figure 3 before starting any
treatment.

While itis challenging to establish a working
diagnosis without the use of ultrasound and/
or histopathology of the area, Table 2 provides
guidance based on the clinical presentations
of the four main types of DONS etiology. This is
extremely important, as it will help to assist in
developing the treatment plan.

Excision. It would be foolhardy to consider
that all chronic HA-related complications can be
simply dissolved using hyaluronidase.* Excision
is more likely to be required in the event that
a permanent filler has been used, including
stacking with a temporary filler.% Excision
remains the last resort for recalcitrant nodules,
typically leaving scars unless accessible via a
mucosal surface.

Patient counselling. The management
of DONs can be protracted and might involve
several treatments. It is important to counsel
the patient and consider the wider implications
of different treatment modalities, including the
following:

« The path to recovery might be simple or
complex.

- Additional investigations or treatments
might be required.

«  Complications following use of HA filler
are usually relatively straightforward to
resolve.

«  Steroid administration, in the
presence of a biofilm, might affect the
development of severe panniculitis.®

« Consider wider implications of oral
steroids in each individual, considering
comorbidities and COVID-19 risk.

Other available treatment options. Upon
review of the literature, there are many other
medications that have been used in conjunction
with the main treatment modalities to treat
DONs. These medicines are associated with low
grades of evidence base supporting their use.
Table 3 lists these medications, rationale for use,
their evidence base, and limitations.
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ROLE OF DIAGNOSTICTESTS
We strongly advocate early consideration
of investigations, including checking of
inflammatory markers and scanning with high-
frequency ultrasound scan (HFUS) in order to:
« Have a more targeted treatment strategy
«  Estimate the underlying prevalence of
different pathologies
«  Better understand the value of simple
tests

The merits of blood sampling. Simple
blood testing can assist in the diagnostic
process. There is merit in checking inflammatory
markers, which can help exclude infection.
Following treatment of infection with antibiotics
and hyaluronidase, an elevated erythrocyte
sedimentation rate (ESR) normalizes and the
inflammatory signs settle. Patients with a Type
[Vimmunological reaction have a normal ESR.”

Elevated lactate dehydrogenase (LDH) levels
may indicate lymphocyte and/or macrophage
activation. High angiotensin converting enzyme
(ACE) levels may be secondary to macrophagic
and granulomatous immune response, in
the same way as with other granulomatous
immune-mediated disease like sarcoidosis or
sarcoidosis-related disorders.®




TABLE 2. Recommended treatment steps and considerations for delayed-onset nodules

A. NON-INFLAMMATORY LESION(S)
Redistributed filler or Biofilm
STEP 1.
Consider drainage or aspiration
STEP 2.
Hyaluronidase is a helpful adjunct and treatment should be to clinical resolution (may require high dose / repeated treatment)
Additional considerations:
« Inresistant cases, we recommend a review of the history and diagnosis
« There should be a low threshold for HFUS and discussion/collaboration with CMAC

B. SINGLE / MULTIPLE INFLAMMATORY LESIONS (PATHOLOGY UNCLEAR)

Biofilm, Abscess, Acute infection, Delayed hypersensitivity reaction, Granuloma or Mixed Pathology
STEP 1.
If fluctuant, must be drained (possibly repeatedly), with swab sent for extended culture*7*18356-5
STEP 2.
In the presence of moderate to severe inflammation, we strongly recommend consideration of punch biopsy for histopathology and extended culture (this is more likely to yield a true
positive culture if done prior to prescribing antibiotics)
STEP 3.
Broad spectrum antibiotics should be prescribed before commencing other treatments
Choices include:
« stLine
Oral clarithromycin 500mg twice daily for 14 days
Oral doxycycline 100mg twice daily for 14 days
+ 2ndLine
Oral ciprofloxacin 750mg twice daily for 14 days
Macrolides have improved accumulation in subcutaneous fat and may block quorum sensing, while azithromycin and clarithromycin specifically possess polymodal
immunomodulatory activity'®”’
STEP 4.
Hyaluronidase may be administered to remove the HA, whether inflammation has settled or not®
Additional considerations:
- (Continuing antibiotic treatment duration should be adapted depending on the clinical picture and its evolution?¢0¢'€2
« (MAC expects to discuss individual complex cases to establish the best use of anything beyond two weeks of antibiotics
«Presence of resistant lesions should prompt discussion/collaboration with a view to treatment with intralesional steroid or investigation, including HFUS
« Intralesional laser might offer clinical improvement in resistant cases

STEP 1.
Biopsy for histopathology and extended culture should be considered to establish a firm diagnosis or diagnoses
STEP 2.
Inflammation should be first treated with antibiotics as above
STEP 3.
Subsequent HA removal with hyaluronidase will usually resolve the granuloma(s)—this may necessitate repeated treatments
STEP 4.
Intralesional fluorinated corticosteroid may be used when the lesions are resistant to repeated hyaluronidase (may need to be repeated at four-week intervals). Steroid should be
injected strictly intralesional to minimize the risk of skin atrophy*
Additional considerations:
- Widespread inflammatory granuloma might be best treated using minocycline®®

STEP 1.
In these cases there may be an obvious immune trigger, causing a reaction in all-filler areas or one filler type. Consider checking inflammatory markers, including ESR and CRP pre-
treatment where there is diagnostic uncertainty.
STEP 2.
*Oral steroids (10-day taper) — 60mg / 50mg /40mg / 30mg / 20mg / 10mg / 10mg / 5mg / 5mg / 5mg
Additional considerations:
« Where there is recurrence, review the diagnosis and consider treating as in B (Single / Multiple Inflammatory Lesions [Pathology Unclear])
Note: *Additional consideration should be given to the prescription of oral steroids during a global pandemic
CRP: C-reactive protein; ESR: Erythrocyte sedimentation rate; HFUS: High-frequency ultrasound scan
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TABLE 3. Prescription medicines with limited efficacy and evidence-base

TREATMENT

LIMITATIONS

- Cutaneous sarcoidosis

« Granulomas related to implant
fillers, usually at a high dose
450-600 mg/d*’

Allopurinol

« Type 1 hypersensitivity reactions

Antihistamine o
- Urticaria

+ Recalcitrant granulomas

Sriltaionad] - Steroid sparing

Hydroxychloroquine « Granuloma

Imiquimod - Cutaneous granulomas*

Isotretinoin « Recalcitrant granulomas
. « (orticosteroid resistant

Tacrolimus / .

. . granuloma

Pimecrolimus

«Hypersensitivity nodules™

Note: n=number of subjects; significant different if p<0.05

INDICATION RATIONALE EVIDENCE BASE

Act as free radical scavengers. Free radicals
are supposed to play an important role
in the pathogenesis of granulomatous
diseases

« Antihistamines may exert anti-
inflammatory and immunoregulatory
actions

- Some rationale for use but scientific
evidence is lacking*

« Aninhibitor of DNA and RNA synthesis
«Mechanism in treatment of granulomas
may relate to antimicrobial and anti-

inflammatory properties

) o : recommendation
« Believed to inhibit structural formation )
of biofilms by interacting with regulatory
genes vital to biofilm configuration™
. Antl—lnﬂammatoryand|mmunoregulat0ry . (ohort(butpaﬂ:tof . Ophthalmicmonitoring
properties poly-therapy)
A - (asereportrelatingto - Many side-effects
« Immune cell activation i ; .
silicone granuloma « Noevidence of efficacy in HA

+ Anti-inflammatory and immunoregulatory
properties

- Downregulates overproduction of
proinflammatory cytokines*

«Inhibits T-cell signal transduction and IL-2
production*

- (asereports

«None (consensus
recommendation)

- None (consensus

- (ase reports®

- None (consensus
recommendation)

- May cause granulomas
« No evidence of efficacy in HA

- lack of effect

- Concerns about safe use and disposal

+ No evidence of efficacy in HA

« Limited by topical application

The role for tissue sampling. It can be
argued that the role of histologic assessment
in DONSs is crucial.” Some authors suggest that
the relevant filler must be identified before any
intervention is considered.” Unfortunately, the
majority of patients refuse tissue sampling,
rendering the pathway to a solution more
arduous.

Sampling typically involves taking a swab
or a biopsy. However, a swab can only collect
bacteria found on the surface and not those
embedded in the wound bed. A biofilm sample
typically requires treatment with ultrasound
(i.e., sonication) to release bacteria, while the
use of antibiotics prior to tissue sampling might
render bacteria unculturable. Standard culture is
considered inadequate when suspecting biofilm
due to the potential for atypical organisms,
including mycobacteria.®®

To avoid false negative findings, peptide
nucleic acid (PNA) fluorescence in-situ
hybridization (FISH) might be considered. This
analysis provided the first direct visualizations of
bacteria and their locations within tissues after

TABLE 4. Specialized investigations for complex or refractory cases

INVESTIGATION BENEFITS

- Provides anatomical reference

- |dentification of calcifications

- Definitive filler identification

to a fingerprint”

« (onsidered by some the best diagnostic tool, -
especially after IV contrast media® .

« Most accurate in diagnosing infection®

« Absorption spectrum of a filler is comparable -

LIMITATIONS/ DISADVANTAGES

Cost

Limited benefit in product

identification’

« (Cost

- Radiation

« Non-specific findings

- False positive diagnosis of
malignancy’®

Invasive

filler injections. Polymerase chain reaction (PCR)
is also routinely used when bacteria are slow-
growing or difficult to culture.”>”* However, PCR
does not discriminate between living and dead
cells.™

Histologic evaluation can inform the type of
filler material used and prove the association
between a particular filler agent and the skin
reaction.” It may also offer key information
where multiple diagnoses, like DTH, infection, or
foreign body granuloma coexist.”'
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OTHER INVESTIGATIONS AND THEIR
MERITS

Ultrasonography represents a non-invasive
modality capable of reliable detection and
identification of most common types of
cosmetic fillers.”*”>7¢ It can be useful where
histopathological assessment fails to elicit
specific findings.”

Specialized investigations (complex,
unresponsive situations only). Table 4




CONSENSUS

details other more specialized investigations
that might be used in refractory and complex
situations, listing benefits and limitations.

CONCLUSION

Little consideration has been given to
the impact of long-term complications on
quality of life (QoL). Thankfully, the majority
of complications will be a cosmetic nuisance,
particularly where only HA filler was used.

Diiker et al’ used the already validated and
accepted, Dermatology Life Quality Index (DLQI)
to measure the impact of delayed adverse filler
reactions on QoL. Including a wide range of
fillers, the impact on QoL caused by adverse
filler reactions was high even compared to
chronic inflammatory diseases, such as psoriasis
and atopic dermatitis. As clinicians, we are
charged with marshalling our patients through
difficult times. This requires the recognition
and support for those most challenged by
their complication. We must also keep our
eye on the evolution of our practice, including
determination of the nature and prevalence
of the underlying pathologies. This mandates
the need for greater use of a medical model
and associated greater use of investigations.
If we fail to utilize more testing and invasive
techniques, DONs will continue to be the poor
relative in comparison with acute complications.
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