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Safety is of critical importance in aesthetic treatments. There are
currently two distinct varieties of poly-lactic acid (PLA)-based
fillers available on the market: poly-L-lactic acid (PLLA) and
poly-D,L-lactic acid (PDLLA). Both materials have been widely
utilized in the field of aesthetic dermatology, primarily due to
their capacity to induce a sub-clinical inflammatory tissue re-
sponse that causes an increase in the content of type I collagen
at the injection site.

PDLLA has demonstrated a favorable safety profile [1]. However,
although side effects are typically mild and transient, there are
rare reports of more significant issues, such as nodules or gran-
ulomas. Unlike hyaluronic acid nodules, which can be readily
dissolved with hyaluronidase injections that result in filler deg-
radation, PDLLA nodules do not respond to straightforward
enzymatic treatment, requiring a more intensive approach.
Moreover, the biostimulatory nature of PDLLA (which promotes
collagen production) may result in a more prolonged tissue re-
sponse, potentially complicating the resolution of nodules and
making it necessary to extend the treatment period. This can be
achallenging scenario from a clinical perspective. Consequently,
the formulation of a structured treatment-focused guideline can
assist dermatologists in optimizing treatment protocols for each
individual case by following a series of diagnostic steps that ul-
timately lead to the formulation of corresponding therapeutic
recommendations. Figure 1 illustrates a step-by-step guide for
diagnosis and treatment, developed by integrating the authors’
extensive clinical experience with a comprehensive review of
the medical literature to create an evidence-based, yet practical
framework for managing these cases.

It is important to note that other pathologies that manifest as
free, hardened nodules in the skin or subcutaneous tissue (such
as cutaneous calcinosis, small epidermoid cysts, nodular basal
cell carcinomas, or pseudolymphomas) may present in a similar
manner to PDLLA nodules, thus underscoring the necessity for
an initial differential diagnosis [2]. The multiplicity of potential
etiologies highlights the importance of a comprehensive history,
clinical examination, and diagnostic imaging for the appropri-
ate management of these cases. Imaging is of significant value,
particularly ultrasound (US), due to its superior accessibility
and ability to characterize fillers and complications, while other
techniques, such as magnetic resonance imaging (MRI) or com-
puted tomography (CT), can provide valuable information in
scenarios where sonographic findings are inconclusive or fur-
ther anatomical detail is required [3]. In rare cases where history
and imaging still render an inconclusive diagnosis, histopatho-
logical evaluation may be necessary.

As part of the consent process, patients must be informed about
the potential risks and the importance of promptly notifying the
clinician in the event of any changes in their symptoms. This is
particularly critical for newer or experimental treatments, where
uncertainties must be clearly communicated, and shared decision-
making emphasized. Ethical considerations also include ensuring
that interventions are evidence-based whenever possible and that
documentation—such as photographic records and imaging find-
ings—is maintained to support transparency and patient safety.

Filler-associated nodules have a variety of etiologies, each
presenting distinctive inflammatory signs, timelines, and
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FIGURE1 | Flowchart illustrating a stepwise approach to managing poly-D,L-lactic acid (PDLLA) nodules, using questions and answers to nav-

igate clinical decisions, with arrows guiding progression through clearly defined pathways. The authors note that some treatments in this approach

rely on limited data and/or require further risk validation.

diagnostic implications. Non-inflammatory nodules result
from localized accumulation or maldistribution of the product
due to inadequate injection technique, inaccurate placement,
or migration-related factors such as muscle dynamics, grav-
itational pull, or post-procedural massage [2, 4]. In contrast,
inflammatory nodules (such as granulomas or abscesses due
to infections) exhibit pronounced “phlogistic signs” including
warmth, redness, tenderness, and swelling [5, 6]. In the latter
case, the time of onset of symptoms can serve as a valuable
indicator for diagnosis, subsequently influencing the course
of treatment.

Early-onset mild “phlogistic signs” like warmth, pain, and edema
are common adverse effects following the injection of filler and
often resolve within a few days. However, the persistence of these
signs or symptoms, especially if they worsen over time, may in-
dicate an infectious process. Infectious nodules frequently man-
ifest within days to a few weeks following injection as tender,
erythematous swellings. In some cases, these may progress into
subcutaneous abscesses requiring drainage. Smaller abscesses
can be more accurately diagnosed and drained with the help of
high-frequency ultrasound [7]. Antibiotic treatment should be
initiated, ideally following the collection of material for a bac-
terial culture, especially in moderate to severe cases [8]. If no

improvement is observed within 72h, escalating the antibiotic
should be considered.

Delayed hypersensitivity reactions to fillers are typically de-
scribed as “angry red bumps,” [9] and usually appear 3 months
to several years post-injection. It is hypothesized that this is a
T-cell mediated hypersensitivity type IV late onset reaction that
can progress to a specific granulomatous reaction [10]. These
lesions typically occur in all areas treated with the offending
filler. Treatment usually involves fluorinated corticosteroids
(oral or intralesional) and broad-spectrum antibiotics (espe-
cially if biofilm-forming bacteria are suspected) in recalcitrant
cases [6, 10-12]. Once again, high-frequency ultrasound may
prove advantageous in guiding the precise injection of the treat-
ment [13].

Granulomatous nodules usually appear between six and
24months post-injection [6]. These nodules are typically firm
and non-fluctuant, gradually enlarging over time, and gener-
ally respond well to intralesional corticosteroid therapy [5].
Histopathological evaluation is required to confirm etiology and
differentiate between infectious and granulomatous late onset
reactions, as each type necessitates a distinct therapeutic ap-
proach based on its underlying pathology [4, 6].
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For non-inflammatory nodules, the timing of symptoms re-
mains relevant for causal diagnosis, though it has a considerably
diminished impact on treatment direction. These often present
as small, firm nodules resulting from localized accumulation
or maldistribution of the product due to inadequate injection
technique, inaccurate placement, or migration-related factors
such as muscle dynamics, gravitational pull, or post-procedural
massage [2, 4, 5] within several months after injection, due to
collagen formation. While firm and defined, these nodules lack
overt inflammatory signs and respond poorly to corticosteroids.

The authors propose vigorous massage as a non-invasive and
often efficacious initial approach. Mechanical or pharmaco-
chemical disruption of collagen stimulator nodules may also be
considered. This can be carried out by performing a mechani-
cal subcision with a needle while injecting sterile water, saline
solution, 5-fluorouracil, collagenase, hyaluronidase, and a range
of other substances [14]. The use of ultrasound guidance may
prove beneficial in ensuring the accuracy and precision of the
approach [15]. However, based on the authors’ experience, this
approach is not particularly effective and can lead to additional
setbacks. In cases where the nodule persists, surgical excision
may be required [2, 4, 5].

It has recently been proposed that energy-based devices may
offer a potential mechanism for resolving PDLLA-induced nod-
ules. This proposal takes advantage of the lower glass transition
temperature (at which the material assumes a soft and flexible,
malleable state) of this material in comparison to other collagen
stimulators. One case report [16] demonstrated that the appli-
cation of a mono-polar radio frequency directly to the nodules
resulted in complete resolution within 24 h. This mechanism re-
lies on heating PDLLA to temperatures between 38°C and 39°C,
combined with manual manipulation, such as massage, to facil-
itate non-invasive reshaping of the nodule. Although promising,
it is important to note that this approach is based on limited data
and still requires further validation, as well as an assessment of
potential risks.

An additional consideration in the management of patients
with adverse outcomes is the choice between interventional and
conservative approaches. There can be a temptation to respond
immediately when an adverse reaction occurs. However, the fi-
nancial, emotional, and physical toll of overtreatment is signifi-
cant. It is essential to carefully evaluate whether intervention is
truly necessary for minor issues, especially those with minimal
aesthetic impact. Avoiding unnecessary screening, diagnostics,
or non-beneficial procedures (especially surgical ones) not only
reduces costs and patient burden but also helps prevent the risk
of obfuscating, prolonging, or even exacerbating the original
complaint. These situations provide the opportunity for shared
decision-making, allowing physicians and patients to discuss
tailored benefits and risks to ensure that the patient's choices
align with their values [17].

In conclusion, while PDLLA-based fillers are highly effective
in promoting collagen stimulation, the potential for complica-
tions such as nodule formation underscores the importance of
precise diagnosis and individualized management strategies.
Differentiating between inflammatory and non-inflammatory
nodules (as well as other potential etiologies) requires a thorough

clinical evaluation complemented by imaging techniques when
appropriate. Although long-term studies are limited, anecdotal
evidence and the authors’ experience suggest that recurrence is
more likely when the inflammatory response is not adequately
controlled. While treatment options for PDLLA nodules are well
documented, their long-term outcomes and recurrence rates re-
main unclear.

The multitude of mechanisms and available treatment options
can complicate clinical decision-making, highlighting the
need for a structured, problem-based approach. The proposed
diagnostic and therapeutic flow chart provides clinicians with
a guided framework to navigate these complexities, ensuring
that management decisions are both systematic and tailored to
the patient's specific presentation. Further research, including
multicenter studies and clinical trials, is essential to standard-
ize management strategies and validate this guideline, ensuring
safe and optimal outcomes for patients.
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