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INTRODUCTION
Aesthetic treatments with soft-tissue fillers remain one 

of the most requested cosmetic procedures.1 Expanding 
indications combined with tailored treatments offers indi-
viduals a minimally invasive and more affordable means 
of enhancing their appearance compared with surgical 
techniques. This has led to rising demand worldwide, 
despite the COVID-19 pandemic.1 When injected by well-
trained, experienced, knowledgeable practitioners, filler 
treatment is regarded as a safe procedure, but complica-
tions still occur. With more people undergoing treatment, 
statistically we can expect that more adverse events will be 
reported.

Nodule development is one such event and can occur 
after injection with all filler types. Nodules are com-
monly categorized as inflammatory or noninflammatory. 
Noninflammatory nodules are typically seen immedi-
ately or shortly after implantation and are usually tech-
nique-related, secondary to improper volumes and/or 
placement of the filler. Inflammatory nodules can occur 
anywhere from days to years after filler placement and 
vary according to their etiology. The focus of this article 
will be on delayed-onset inflammatory reactions and nod-
ules as a result of reactions to hyaluronic acid (HA) fillers.

ETIOLOGY OF DELAYED-ONSET 
INFLAMMATORY NODULES

There are three schools of thought related to the eti-
ology of nodular inflammatory reactions in the medical 
literature: foreign-body reactions; immune-mediated, 
delayed reactions (delayed hypersensitivity); and infec-
tious processes (or immune processes initiated only with 
the presence of bacterial contamination).2 Regardless of 
etiology, when biopsies of inflammatory nodules have been 
performed, histologic examination invariably confirms a 
diagnosis of a foreign-body granulomatous response.

Two broad forms of well-defined granuloma exist, 
defined by their etiology: foreign-body giant cell granulo-
mas without an adaptive immune response, and immune 
granulomas.

Foreign-body Granulomatous Delayed Nodules
All injected fillers are foreign to the immune system, 

and inflammation around an implant particle is a nor-
mal host reaction, which eventually leads to resorption in 
the case of biodegradable fillers.3 The host response can 
range from limited macrophage infiltration to a foreign-
body granulomatous reaction with fibrosis.2 The body’s 
response also varies by the composition of the filler. 
Calcium hydroxylapatite generates more of a macrophage 
response, while HA generates more of a lymphocytic infil-
trate. The intensity of the reaction will depend on how 
immunologically inert the injected material is.4 This is 
determined by numerous factors, including the composi-
tion and quantity of the material involved, the shape and 
size of the injected particles, and its biodegradability, and 
in the case of HA fillers, the concentration, the degree of 
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cross-linking, and the proprietary HA structure and cross-
linking technique.4

Foreign-body granuloma is an inflammatory response 
to exogenous material that has a low potential for degra-
dation by macrophages.5 It can occur after a latent period, 
which can be several months to years after injection, and 
any material expressed is generally culture negative. They 
present clinically as red, indurated papules, plaques, or 
nodules. Additional clinical findings may include ulcer-
ation and erythema.6

The development of foreign-body granulomas is 
thought to be under the control of both the humoral 
and cell-mediated immune system pathways and most 
likely represents a type IV hypersensitivity reaction to a 
foreign antigen (that antigen may be from bacteria that 
have contaminated the filler).7 The purpose of a foreign-
body granulomatous reaction is to encapsulate and isolate 
the foreign material that cannot immediately be removed 
by enzymatic breakdown or phagocytosis. It is defined by 
the presence of mononuclear leukocytes, specifically his-
tiocytes (macrophages), which respond to various chemi-
cal mediators of cell injury. When observed under light 
microscopy, the activated histiocytes appear as epithelioid 
cells with round to oval nuclei, often with irregular con-
tours and abundant granular eosinophilic cytoplasm with 
indistinct cell borders.8 They may also coalesce to form 
multinucleated giant cells. A true granulomatous reaction 
can only be confirmed histologically. Phagocytized mate-
rial may remain sequestered in the macrophage. Activated 
macrophages attract fibroblasts and signal them to pro-
duce collagen. Erythematous nodules that persist for 
months and which become firmer over time due to fibro-
sis likely are foreign-body granulomas (Fig. 1).

IMMUNE-MEDIATED DELAYED NODULES
Delayed inflammatory nodules typically present at 

weeks to over a year after injection (most frequent at 
around 4 months). They are firm to hard, with or with-
out surrounding edema and/or induration and erythema. 
The nodules may be solitary or multiple and are located 
at the sites of HA filler injection. Alternatively, they may 
be solitary at the time of initial injection and then migrate 
to other sites of injection. The author has also observed 
another nodule emerging, as one resolves. The nodules 
are generally not painful and may or may not be visible. 
They are most frequent with dermal/subdermal injec-
tions, followed by those in subcutaneous fat, and then 

preperiosteal injections. Lips are also a frequent location 
for delayed-onset nodule formation (Fig. 2).

The etiology of delayed nodules is still debated, but is 
likely multifactorial.9 It is the author’s opinion that these 
reactions are an interaction between the physiochemical 
characteristics of the filler at that point in its degrada-
tion, the patient’s immune characteristics at the time of 
the reaction, and a degree of bacterial contamination that 
occurred at the time of injection.

In its native form, HA is not immunostimulatory 
because it is found in the extracellular matrix of human 
and animal dermis and has no species specificity.10 As a 
result, immune responses to HA fillers were initially 
thought to be caused by impurities such as DNA fragments, 
endotoxins, and proteins. Before 1999, the reported rate 
of delayed inflammatory reactions to HA fillers was 0.7%.11 
Following manufacturing improvements to increase the 
purity of the HA products, the rate subsequently began to 
decline to a level of around 0.2%. Although the antigenic-
ity of the filler still plays a role, recent research suggests 
that other factors may also be involved.

Each vendor has proprietary techniques used in the 
manufacturing of their fillers.12 These cause differences in 
the degree and pattern of cross-linking, particle size, and 
chain lengths, and thus the blend of high molecular weight 
HA (HMW-HA) and low molecular weight HA (LMW-HA) 
that comprise their products. These characteristics are 
responsible for the fillers’ rheological characteristics, 
hydrophilicity, and resistance to enzymatic degradation, 
and resultant duration of clinical effect. For example, 
Vycross technology produces a hybrid complex compris-
ing a high proportion (approximately 90%) of short-chain 

Takeaways
Question: How do late-onset adverse inflammatory reac-
tions to hyaluronic acid filler injections arise? What is 
their clinical presentation? How can they be managed?

Findings: Immune-triggering events, bacterial contami-
nation, and the physiochemical structure of the filler 
at various stages of degradation may individually or in 
combination cause a delayed inflammatory response or 
delayed-onset nodules.

Meaning: The treatment algorithm presented has been 
developed with years of experience, and it has proven reli-
able for the successful resolution of delayed-onset inflam-
matory reactions.

Fig. 1. examples of inflammatory nodules, post filler. all are confirmed as foreign-body granulomas, on biopsy (a-C).
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LMW-HA (according to Allergan, chain lengths are not 
shorter than 500 kDa) cross linked with a low proportion 
(approximately 10%) of long-chain HMW-HA (>1 MDa).13 
HA products manufactured with this technology, such as 
Juvederm Voluma XC 20 mg/mL (VYC-20), Juvederm 
Vollure XC 17.5 mg/mL (VYC-17.5), and Juvederm 
Volbella XC 15 mg/mL (VYC-15), have varying properties 
depending on the HA concentration and ratio of long- 
and short-HA chains.13 Although no safety concerns were 
raised in the initial 6-month trials with these products, a 
number of retrospective chart reviews have subsequently 
documented reports of delayed-onset nodules with rates 
ranging from 0.5%14 to 0.98%, which is higher than that 
seen with other HA fillers.15

Native HA has numerous biological and physiological 
functions.16,17 Its abundance and high turnover—nearly 
one-third is removed and replaced each day18—suggest 
a highly regulated molecule with functional importance. 
Endogenous HA is degraded by a family of hyaluronidase 
enzymes to progressively smaller fragments, with the differ-
ent-sized HA molecules having varied biological effects.16,19 
It has been shown that intact HMW-HA tends to exert anti-
inflammatory effects, whereas mid-sized and small frag-
ments have pro-inflammatory effects, depending on which 
cell-surface receptor they bind to.20,21 Smaller HA molecules 
(usually with an average molecular weight ranging from 
5 to 20 kDa) are often promoters of early inflammatory 
responses,22 which activate signaling cascades to prompt 

cell migration and proliferation toward repair.23 In vitro 
studies suggest that this may also depend on the existing 
inflammatory state, with LMW-HA not directly provoking 
macrophage-mediated inflammatory reactions when the 
inflammatory state is extremely low (eg, in the presence of 
very low endotoxin levels).24,25 The LMW HA found in the 
fillers sold in the US market today are greater than 500 kDa 
and likely do not produce an inflammatory response, but 
these fragments change in size upon degradation. In addi-
tion, the presence of even small degrees of bacterial con-
tamination can increase the inflammatory potential of the 
injected filler. This effect, alone or in combination with an 
immune-triggering event, may produce an inflammatory 
response. Examples of late-onset nodules after injection of 
various HA products are shown in Figure 3.

Potential triggers for the onset of delayed inflamma-
tory nodules include local trauma, infections, dental 
cleanings, and vaccine administration.26 The latter has 
been at the forefront of attention recently because of 
reports of delayed inflammatory reactions to HA dermal 
fillers following exposure to COVID-19 or following vac-
cination against the virus.27–29 Similar reactions have been 
reported after flu-like illness or gastrointestinal upset.30,31 
It is the author’s opinion that these responses are not a 
result of bacterial seeding, but rather due to heightening 
of the immune status of the individual.

INFECTIOUS PROCESSES
In some cases, the development of chronic nodules 

and granulomatous inflammation after filler injections 
can be attributed to bacterial, fungal, polymicrobial, or 
viral infection. In vitro assays have shown that filler mate-
rials, including HA, can support the growth of bacterial 
biofilms.32 Biofilms occur when injected filler material 
becomes contaminated with bacteria.33 This generally 
takes place at the time of initial filler injection. It can also 
occur by reactivating a previously quiescent biofilm that 
formed after a previous filler treatment or after a bacte-
remia (following dental cleaning, upper respiratory infec-
tion, urinary tract infection, and so on), but this is less 
likely.

Biofilms consist of densely packed communities of bac-
teria that adhere to a living structure or an inert surface. 
They surround themselves with secreted polymers and, 
consequently, are very difficult to treat. Once mature, a 

Fig. 2. late-onset lip nodules 4 months after Volbella injection.

Fig. 3. examples of late-onset hyaluronic acid nodules. a, 4 months after injection of Restylane, Refyne, 
and Defyne. B, 4 months after Voluma injection. Both of these reactions had initial induration and 
edema and responded to the protocol presented.
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biofilm gives rise to a low-grade chronic infection that is 
resistant to antibiotics and difficult to culture.34 When acti-
vated, for example by trauma from a subsequent dermal 
filler procedure, the biofilm can cause a local infection, a 
systemic infection, or a granulomatous or inflammatory 
response. Distinguishing inflammation due to a bacterial 
biofilm from a low-grade hypersensitivity reaction is diffi-
cult. If an erythematous and/or indurated area appears at 
any time after treatment, regardless of duration, a biofilm 
should be suspected.34 Persistent inflammatory conditions 
not showing improvement with other therapy and inflam-
matory nodules that recur after resolution may also indi-
cate a biofilm.

It is the author’s opinion that many filler adverse 
events, including nodules and persistent, fluctuating 
edema and erythema, are, at least in part, caused by bac-
terial contamination. This bacterial contamination does 
not have to be sufficient to cause frank infection or the 
formation of a biofilm but can be sufficient to cause the 
patient’s immune system to recognize and react to the 
injected filler.35 Immune-triggering events (as described 
above), bacterial contamination, and the physiochemical 
structure of the filler at that point in its degradation—
individually or in combination—cause a delayed inflam-
matory response or delayed-onset nodules.

AUTHOR’S TREATMENT ALGORITHM
The author has had the privilege of working as a con-

sultant for many years for Galderma, Allergan, Merz, and 
Revance, assisting in the management of adverse events, 
including delayed-onset inflammatory reactions and nod-
ules. This algorithm was developed over time, based on 
clinical efficacy and a literature review.

It can be difficult to distinguish between inflammatory 
nodules that result from infectious processes versus those 
that are immune-mediated as in both cases, and aspira-
tions taken from the lesions are usually culture negative.

The following steps should be performed sequentially.

 1. If there is warmth, tenderness, erythema, induration, 
or edema, an infective etiology should be suspected. 
First-line treatment is with a broad-spectrum oral anti-
biotic, such as ciprofloxacin, clarithromycin, or doxy-
cycline. If a significant response to antibiotics is seen, 
this indicates an infective process, and treatment 
should be continued for 2 weeks after all signs and 
symptoms have resolved. More frequently, a minimal 
effect is seen (antibiotics can exert an anti-inflamma-
tory effect).

 2. If generalized edema or induration is present, the 
patient should be started with oral steroids, unless 
an infection is suspected. In the latter case, steroids 
should only be administered after the antibiotics 
have been initiated. The author uses a tapering 7-day 
course of prednisone (60, 40, 40, 20, 20, 10, and 5 mg). 
The above treatment allows the individual nodules to 
become delineated for subsequent intralesional treat-
ment. Also, in “hot” cases where nodules are increas-
ing in size or number, or when they wax and wane, 
oral steroids seem to be the most effective therapy. In 

some cases, the patients flare when the 7-day course 
is completed and, here, a longer course of steroids 
may be necessary. When multiple courses of steroids 
are necessary, the author has had good results with 
the use of 0.6-mg oral colchicine every 12 hours. This 
can be reduced to 0.6 mg daily after swelling resolves. 
Maintain the daily colchicine dose for a week after the 
patient is asymptomatic.

 3. Concurrently, hyaluronidase should be injected to 
remove the HA filler because this is what initiated 
the process. It is recommended that this be per-
formed early into the areas of edema or nodularity. 
This frequently requires multiple injections of hyal-
uronidase, repeated every 1 to 2 days until no further 
improvement is noted.36 It must be remembered that 
hyaluronidase is an enzyme and it must be in direct 
physical contact with its substrate to work; so after 
injection, massage should be performed. As the exact 
location of the HA cannot be determined, hyaluroni-
dase should be liberally used. Hyaluronidase is a safe 
product and should not be diluted before injection. 
It will not cause any loss of native HA because this is 
quickly replaced by the body.

 4. If any discrete nodules persist, they should be treated 
with intralesional corticosteroid injection (triamcino-
lone 10 mg/mL). Efforts should be made to keep the 
injected steroid within the nodule to avoid atrophy of 
the surrounding skin and soft tissue that may persist 
long after the nodule has resolved. Intralesional ste-
roid injection can be performed at 2-week intervals.

 5. Long-standing or fibrotic lesions resistant to steroid 
alone should be treated with a combination of tri-
amcinolone 10 mg/mL and 5 fluorouracil (5-FU) 
50 mg/mL with lidocaine 2%. 5-FU, a pyrimidine 
analog, acts to decrease fibroblasts’ collagen produc-
tion, reducing the fibrosis through its antimetabolite 
function. It also has direct antibacterial and anti-
inflammatory effects. The combination also reduces 
the amount of steroid injected and thereby, the risk of 
steroid-related adverse events such as tissue atrophy 
and telangiectasia.37 Clindamycin can also be added 
to the mix if there is a strong suspicion of a biofilm. 
Injections should be performed at 2-week intervals. 
Once the practitioner feels that an adequate quantity 
of triamcinolone has been successfully delivered into 
the nodule (initially nodules are firm, making intral-
esional injection difficult), the triamcinolone should 
be discontinued, and subsequent injections should 
contain 5-FU and lidocaine alone. The author uses a 
mixture of 0.4 cm3 of 10-mg/mL triamcinolone and 
0.4 cm3 of 50-mg/mL 5-FU with 0.2 cm3 of 2% lido-
caine in a 1-cm3 syringe with a 30-G needle.

 6. Small nodules that are asymptomatic and nonvisible 
do not have to be treated because they seem to resolve 
over time.

High-frequency ultrasound has been used to evalu-
ate the nature of these responses and to more accurately 
deliver intralesional therapy. The author is now using 
this technology in his practice and anticipates that it will 
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provide further insights because with this technique one 
could visualize the filler location, the characteristics of the 
response, and the real-time response to therapy.

Figure 4 shows an example of a delayed-onset nodule 
and its resolution after treatment.

DISCUSSION
Delayed-onset inflammatory reactions are rare events 

occurring with an incidence of less than 1%. However, as 
the popularity and acceptance of soft-tissue fillers contin-
ues to grow, so too will the occurrence of adverse events. 
Although delayed-onset reactions may not be the most 
feared complication of treatment, they nevertheless can 
be disfiguring and, until their resolution, can significantly 
affect patients’ quality of life.38

HA fillers have traditionally been regarded as immu-
nologically inert because of their presence in all living 
organisms and lack of tissue specificity. However, the 
degree of cross-linking technology used by manufactur-
ers to improve longevity and modify properties of the 
individual HA fillers varies considerably. The extent to 
which the HA molecule can be modified before it is no 
longer recognized as native HA is not known, but it is 
conceivable that significant alteration could increase the 
risk of an inflammatory reaction. Inherent qualities of 
the filler or its degradation products may be proinflam-
matory. The author has seen cases in which two fillers 
were injected in the same patient, by the same injector, 
at the same session, and only one of the fillers produced 
an inflammatory response. In other cases, the patient 
has received the particular filler in the past without 
adverse response. The immune status and immune-trig-
gering events seem to be etiologic in some cases, though 
none can be discerned in others. The role of bacterial 
contamination can never be ignored. Biopsy speci-
mens can only rarely be obtained and examined and, 
as a result, much of our understanding of these events 
remains based on clinical presentation and response to 
treatment. Recently published recommendations for the 
management of delayed-onset nodules39 reflect those 
published by the author some years ago, which continue 
to be relevant.6

The treatment algorithm presented here has been suc-
cessfully used by the author and practitioners with whom 
he has consulted for many years. Patients should be seen 
frequently and should be emotionally supported by the 
injector until resolution has occurred. Although multiple 
treatment sessions are frequently required, all cases that 
the author has been involved with have eventually been 
resolved.

David K. Funt, MD, FACS
19 Irving Place

Woodmere, NY 11598
E-mail: dkfuntmd@gmail.com

PATIENT CONSENT 
The patient provided written consent for the use of her image.
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