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ABSTRACT

Facial filler injections have become increasingly popular for aesthetic
enhancement, yet they are associated with a spectrum of adverse events
ranging from mild to severe. This systematic review and meta-analysis aimed
to evaluate the incidence, type, and risk factors of complications following facial
filler procedures. A comprehensive search of PubMed, Embase, and Cochrane
Library databases was conducted up to 2024, including studies reporting
adverse outcomes in patients receiving injectable fillers. Data were extracted
on patient demographics, filler type, injection sites, and reported
complications, which were subsequently pooled for meta-analysis. Among the
included studies, the overall incidence of adverse events was estimated at 8.3%
(95% CI: 6.1-10.9%), with mild reactions such as swelling, erythema, and
bruising representing the majority. Moderate complications included nodule
formation and infection, whereas rare but severe events such as vascular
occlusion and vision loss were reported in 0.05% of cases. Hyaluronic acid-
based fillers were most frequently implicated, although permanent fillers
demonstrated a higher risk of prolonged or severe outcomes. Meta-regression
identified practitioner experience and injection technique as significant
predictors of complication rates. The findings underscore the importance of
pre-procedural patient assessment, meticulous injection techniques, and
awareness of anatomical risk zones. Early recognition and prompt
management of adverse events are critical to prevent permanent sequelae. This
review highlights the need for standardized reporting of filler-related
complications to facilitate evidence-based practice and improve patient safety.
Future research should focus on long-term safety profiles, comparative studies
of different filler types, and the development of guidelines for prevention and
management of rare but serious events. Overall, while facial fillers are generally
safe, clinicians must remain vigilant to minimize risks and ensure optimal
outcomes.
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Introduction
Facial aesthetic procedures have undergone

societal emphasis on youthful appearance but also
advancements in filler materials and injection

significant evolution over the past few decades, with
non-surgical interventions increasingly preferred
due to their minimally invasive nature, reduced
recovery time, and immediate cosmetic effects.
Among these procedures, injectable facial fillers
have emerged as one of the most popular techniques
for addressing signs of aging, volume loss, and facial
contour irregularities. The global demand for facial
fillers has steadily increased, reflecting not only the
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techniques that promise enhanced efficacy and
safety. Despite their widespread adoption, facial
fillers are not devoid of risks. Adverse events
associated with filler injections range from transient,
minor reactions such as erythema and edema to rare
but potentially severe complications including
vascular occlusion, tissue necrosis, and vision loss.
These complications can have profound functional,
aesthetic, and  psychological  consequences,
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highlighting the critical need for a thorough
understanding of their incidence, etiology, and
management strategies.

Facial fillers encompass a diverse group of
injectable substances, including hyaluronic acid,
calcium hydroxyapatite, Poly-L-lactic  acid,
polymethylmethacrylate, and autologous fat. Each
material  possesses  distinct  physicochemical
properties, longevity, and risk profiles, which
influence both their aesthetic outcomes and potential
for adverse reactions. Hyaluronic acid fillers, in
particular, are favored due to their biocompatibility,
reversibility, and relatively favorable safety profile.
Nonetheless, reports of complications have
underscored that even these widely used agents
carry inherent risks. The type, depth, and technique
of injection, as well as patient-specific anatomical
variations, comorbidities, and previous cosmetic
procedures, are critical determinants of complication
rates. Moreover, the growing number of
practitioners performing filler injections, including
those with variable levels of training and experience,
may contribute to inconsistent safety outcomes
across clinical settings.

Previous literature has predominantly focused on
single-center case reports or small cohort studies,
limiting the generalizability of findings regarding
the true incidence and spectrum of filler-related
complications. Existing reviews suggest that minor
adverse events such as bruising, swelling, and pain
are relatively common and self-limiting, whereas
moderate to severe complications are infrequent but
clinically significant. Vascular compromise, for
example, is a rare event but can result in catastrophic
outcomes if not promptly recognized and managed.
Similarly, inadvertent injection into periorbital
vessels can lead to retinal artery occlusion and
irreversible vision loss, emphasizing the importance
of anatomical knowledge and procedural vigilance.
Infections, granulomatous reactions, and delayed
hypersensitivity responses have also been
documented, often associated with specific filler
types or injection techniques. Despite these insights,
there remains a paucity of comprehensive,
systematically synthesized data that quantifies risk
across various filler types, injection sites, and patient
populations.

The need for rigorous evidence synthesis is further
underscored by the evolving landscape of cosmetic
practice. The increasing popularity of do-it-yourself
procedures and minimally regulated clinical
environments has raised public health concerns
regarding the frequency and severity of filler-related
adverse events.  Additionally, technological
innovations, such as cannula-based injections, micro
cannula techniques, and combination therapies with
neuromodulators or energy-based devices, have
introduced new variables affecting safety profiles.
Systematic reviews and meta-analyses can provide
critical insight by aggregating data from multiple
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studies, identifying predictors of adverse outcomes,
and highlighting gaps in reporting standards. Such
analyses are invaluable for informing clinical
guidelines, practitioner training programs, and
patient counseling, thereby enhancing overall
procedural safety.

The psychological and social dimensions of filler
complications must also be considered. Adverse
events can have profound effects on patient
satisfaction, self-esteem, and quality of life,
especially when outcomes are aesthetically or
functionally detrimental. This underscores the dual
importance of both preventive measures and
effective management strategies. While minor
reactions often resolve spontaneously, severe
complications necessitate prompt recognition,
intervention, and in some cases, referral to
specialized care. Current clinical guidelines
emphasize pre-procedural assessment, including
medical history, anatomical mapping, and patient
education, as well as adherence to sterile techniques
and proper injection methodology. However,
variability in guideline adherence and practitioner
expertise continues to influence complication rates.
In this context, the present systematic review and
meta-analysis aim to comprehensively evaluate
adverse events associated with facial filler
injections, synthesizing data on incidence, severity,
and risk factors. By providing an evidence-based
assessment, this study seeks to inform clinical
practice, enhance patient safety, and guide future
research priorities. Specifically, this review will
address the following objectives: (1) quantify the
overall incidence of adverse events related to facial
fillers, (2) categorize complications according to
severity and type, (3) identify patient, product, and
procedural factors associated with increased risk,
and (4) highlight gaps in current reporting and
research methodologies. Ultimately, a thorough
understanding of these factors is essential not only
for optimizing aesthetic outcomes but also for
minimizing the physical, psychological, and social
consequences of filler-related complications.

In conclusion, while facial filler injections represent
a cornerstone of modern non-surgical facial
rejuvenation, their increasing utilization underscores
the necessity of vigilance regarding associated
adverse events. By systematically aggregating and
analyzing existing evidence, this study endeavors to
provide a nuanced understanding of both common
and rare complications, thereby equipping
practitioners with the knowledge required to ensure
safe, effective, and patient-centered aesthetic care.
The findings will contribute to evidence-based
decision-making, promote standardized reporting of
filler-related complications, and ultimately enhance
the safety and satisfaction of patients undergoing
facial filler procedures.



Literature Review / Background (Approx. 1500
words)

Introduction:

Facial fillers have become integral to contemporary
aesthetic medicine, offering minimally invasive
solutions for facial rejuvenation, contour
enhancement, and correction of age-related volume
loss. Despite their popularity, the safety profile of
these interventions remains a critical area of
investigation, given the spectrum of complications
reported in clinical practice. Adverse events can
range from minor, self-limiting reactions such as
erythema and edema to severe, potentially
irreversible outcomes including tissue necrosis and
visual impairment. Analyzing previous research on
these complications is essential for understanding
their incidence, identifying risk factors, and
informing best practices for safe administration.
This literature review synthesizes findings from
prior studies, highlighting trends in adverse events,
factors influencing their occurrence, and gaps in the
current body of knowledge.

Early Reports and Case Studies: Initial studies on
facial filler complications primarily consisted of
case reports and small case series, providing
descriptive insights into adverse events without
quantifying their prevalence. For instance, De
Lorenzi (2013) reported early cases of vascular
compromise following hyaluronic acid injections,
emphasizing the role of inadvertent arterial injection
and anatomical variability. Similarly, a series by
Signorini et al. (2016) described granulomatous
reactions and delayed hypersensitivity responses in
patients receiving both permanent and temporary
fillers. These foundational studies established that
while minor adverse events were common, rare
severe outcomes could lead to functional and
aesthetic morbidity, underscoring the need for
vigilance during procedures. However, limitations
in sample size and heterogeneity in reporting
standards restricted the generalizability of these
findings.

Observational Cohort Studies: Subsequent
observational studies expanded understanding by
examining larger cohorts and identifying patterns in
complication rates. Philipp-Dormston et al. (2018)
conducted a multicenter study including over 2,000
patients receiving hyaluronic acid fillers, reporting
an overall adverse event rate of approximately 7.6%.
Most reactions were mild, such as transient swelling
or ecchymosis, but serious events, including
vascular occlusion, occurred in less than 0.1% of
cases. Similarly, Beer et al. (2017) analyzed
outcomes in patients treated with calcium
hydroxylapatite, documenting delayed nodule
formation in 1.2% of participants. These studies
highlighted the influence of product type, injection
technique, and anatomical site on complication
rates, demonstrating that procedural factors could
mitigate or exacerbate risk.
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Comparative Studies of Filler Types: A growing
body of research has focused on comparing safety
profiles of different filler materials. Hyaluronic acid
(HA) remains the most widely studied, given its
reversibility through hyaluronidase administration
and relative biocompatibility. Research by Jones et
al. (2019) found that HA fillers were associated with
lower rates of severe adverse events compared to
permanent fillers such as polymethylmethacrylate
(PMMA) and Poly-L-lactic acid (PLLA). PMMA,
while offering long-lasting results, was more
frequently linked to granulomatous reactions and
foreign body responses. PLLA injections, although
generally safe, demonstrated delayed nodule
formation in some cases, particularly when post-
injection massage and hydration were insufficient.
These comparative analyses underscore the
importance of selecting filler type based on both
aesthetic goals and patient safety considerations.
Risk Factors for Adverse Events: Several studies
have explored patient-related and procedure-related
risk factors contributing to adverse events. Kim et al.
(2020) identified age, history of prior facial
procedures, and pre-existing vascular or
dermatologic conditions as significant patient-
related predictors of complications. Procedural
factors, including injection depth, volume, rate of
administration, and choice of cannula versus needle,
have also been implicated. For example, using blunt
cannulas was associated with a lower risk of
vascular compromise, particularly in high-risk areas
such as the glabella and nasolabial folds. Practitioner
experience and training emerged as critical
determinants, with higher complication rates
reported among less experienced injectors (Sclafani
& Fagien,2015).

Severe and Rare Complications: While the
majority of adverse events are mild and self-
limiting, rare but severe complications have
received considerable attention due to their
potentially devastating consequences. Vascular
occlusion, leading to tissue necrosis or blindness,
has been reported across multiple studies, often
linked to glabellar, nasal, or periorbital injections.
Kim et al. (2019) systematically reviewed ocular
complications, finding that vision loss occurred in
less than 0.05% of filler procedures but could be
permanent if not promptly managed. Infections,
though infrequent, have been documented with both
temporary and permanent fillers, frequently arising
from breaches in aseptic technique or contamination
of the filler material. Granulomatous reactions,
chronic inflammation, and delayed hypersensitivity
remain concerns, particularly with permanent fillers,
highlighting the need for long-term surveillance in
patients receiving such materials.

Systematic Reviews and Meta-analyses: Recent
systematic reviews and meta-analyses have sought
to synthesize data across multiple studies to provide
more robust estimates of complication incidence.



For example, Sclafani & Fagien (2021) conducted a
meta-analysis encompassing over 15,000 filler
injections, reporting an overall adverse event rate of
8.3%, with mild reactions representing 90% of
complications. Severe events such as vascular
occlusion and vision impairment were exceedingly
rare but clinically significant. These reviews
emphasize the heterogeneity in study designs,
reporting standards, and outcome definitions, which
complicates ~ comparisons  across  studies.
Nevertheless, meta-analytic approaches have
elucidated critical trends, such as the protective role
of experienced injectors, anatomical knowledge, and
careful selection of filler type and injection
technique.

Emerging Trends and Technological Advances:
Emerging studies have explored innovations aimed
at enhancing safety and efficacy. The use of micro
cannulas, ultrasonography-guided injections, and
combination therapies with botulinum toxins or
energy-based devices has shown promise in
reducing complication rates. Li et al. (2022) reported
that  ultrasonography-guided HA injections
significantly decreased incidences of vascular
compromise in high-risk anatomical zones.
Similarly, procedural refinements, such as slow
injection rates, minimal volume per site, and post-
injection monitoring, have been recommended to
prevent both common and rare complications. These
technological advances represent a critical step
toward evidence-based optimization of filler safety,
yet long-term outcomes and standardized protocols
remain under investigation.

Gaps in the Literature: Despite the growing body
of research, several gaps persist. First, there is a lack
of standardized reporting for filler-related adverse
events, leading to inconsistencies in incidence
estimates and difficulty in comparing studies.
Second, long-term safety data, particularly for
permanent fillers, remain limited. Third, most
studies have focused on single filler types or specific
anatomical regions, providing an incomplete picture
of overall risk profiles. Finally, research on patient-
centered outcomes, including psychological impact
and satisfaction following complications, is
relatively scarce. Addressing these gaps is essential
for  developing  comprehensive  guidelines,
improving patient counseling, and reducing the
incidence of severe adverse events.

Conclusion: The literature indicates that facial
fillers are generally safe when administered by
trained professionals using appropriate techniques,
yet complications ranging from mild transient
reactions to rare severe events remain a significant
concern. Early case reports laid the foundation for
understanding these risks, while observational
studies, comparative analyses, and systematic
reviews have expanded knowledge regarding
incidence, risk factors, and preventive strategies.
Emerging technologies and procedural refinements
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offer  opportunities to  further  minimize
complications, but standardized reporting, long-
term follow-up, and patient-centered research are
necessary to optimize safety. This review
underscores the importance of integrating evidence-
based practices, anatomical expertise, and rigorous
training in the administration of facial fillers,
providing a critical foundation for the current
systematic review and meta-analysis of adverse
events in this rapidly evolving field.

Methodology

Study Design: This study was conducted as a
systematic review and meta-analysis to evaluate the
incidence, types, and risk factors associated with
adverse events following facial filler injections. The
methodology adhered to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines to ensure methodological
rigor, transparency, and reproducibility. Both
qualitative and quantitative syntheses were
performed to comprehensively assess available
evidence, allowing for pooled estimates of
complication rates and identification of key
predictive factors.

Data Sources and Search Strategy: A
comprehensive literature search was conducted in
multiple electronic databases, including PubMed,
Embase, Scopus, and the Cochrane Library,
covering publications up to December 2024. Search
terms combined Medical Subject Headings (MeSH)
and free-text keywords related to facial fillers and
adverse events, such as “facial filler,” “dermal
filler,” “adverse events,” “complications,” “vascular
occlusion,” “infection,” and “nodule formation.”
Boolean operators (“AND,” “OR”) were used to
optimize search sensitivity. Reference lists of
retrieved articles were also manually screened to
identify additional relevant studies.

Inclusion and Exclusion Criteria: Studies were
included if they met the following criteria:

v' Original research articles reporting adverse
events following facial filler injections.

v Studies involving human participants of
any age or gender.

v' Observational studies (cohort, case-
control, cross-sectional), clinical trials, and
case series with more than 10 participants.

v Articles published in English.

Exclusion criteria included:

v Animal or in vitro studies.

v Studies focusing solely on aesthetic
outcomes without reporting complications.

v Reviews, editorials, letters, and conference
abstracts lacking primary data.

v" Duplicate publications or overlapping
patient cohorts.

Data Extraction: Two independent reviewers
extracted data using a standardized data extraction
form. Discrepancies were resolved through
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discussion or consultation with a third reviewer.
Extracted data included:
v/ Study characteristics (authors, year,
country, study design, sample size)
v/ Patient demographics (age, gender,
comorbidities)
v Filler type and injection site
v Practitioner experience
v" Reported adverse events (type, severity,
timing)
v Follow-up duration
Adverse events were categorized as mild (e.g.,
bruising, swelling, erythema), moderate (e.g.,
nodule formation, infection), or severe (e.g.,
vascular  occlusion, tissue necrosis, vision
impairment) based on clinical significance and
required interventions.
Quality Assessment: The methodological quality of
included studies was evaluated using the Newcastle-
Ottawa Scale (NOS) for observational studies.
Criteria assessed included selection of study
population, comparability of cohorts, and
ascertainment of outcomes. Studies scoring 7-9
points were considered high quality, 4-6 points as
moderate quality, and below 4 points as low quality.
Risk of bias was independently assessed by two
reviewers.
Statistical Analysis: Meta-analysis was performed
using a random-effects model to account for
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heterogeneity across studies. The pooled incidence
of overall and specific adverse events was calculated
with 95% confidence intervals (Cl). Heterogeneity
was assessed using the 12 statistic, with values of
25%, 50%, and 75% representing low, moderate,
and high heterogeneity, respectively. Subgroup
analyses were conducted based on filler type,
injection site, and study region to explore sources of
heterogeneity. Meta-regression was performed to
examine potential predictors of adverse events,
including patient age, gender, filler type, injection
technique, and practitioner experience. Publication
bias was assessed using funnel plots and Egger’s
test. Statistical analyses were conducted using R
software (version 4.3.2) with the “meta” and
“metafor” packages.

Ethical Considerations: As this study was based on
previously published literature, no primary patient
data were collected, and ethical approval was not
required. All included studies were assessed for
adherence to ethical standards, including informed
consent and institutional review board approval.
Data Synthesis: Quantitative data were pooled to
provide summary estimates of adverse event rates,
while qualitative synthesis highlighted trends, rare
complications, and risk factors not amenable to
meta-analysis. Results were presented in tabular and
graphical formats, including forest plots, to facilitate
clear interpretation of findings.

Methodology

Systematic Review and Meta-Analysis of Adverse Events with Facial Fillers
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Records Identified ’ searching (PubMed, Embase, B
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Figure 1. The model of article
Table 1 provides a comprehensive overview of the
demographic profile of patients undergoing facial

Findings
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filler injections across the studies included in this
systematic review and meta-analysis. Understanding
the patient population is essential, as demographic
factors such as age, gender, and previous cosmetic
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procedures can influence both the incidence and
type of adverse events associated with filler
treatments.

Table 1. Demographic Characteristics of Patients Receiving Facial Filler Injections

Characteristic

Gender
- Female

- Male

Age Group (years)

- 18-29
-30-39

- 40-49

- 50-59

- 60+

Previous Cosmetic Procedures
- Yes
- No

The data indicate a significant predominance of
female patients, accounting for 75% of the total
cohort. This gender distribution aligns with global
trends in cosmetic dermatology and aesthetic
medicine, where women constitute the majority of
individuals seeking non-surgical facial
enhancements. This disparity can be attributed to
societal norms emphasizing youthful appearance
and aesthetic refinement among women, coupled
with targeted marketing strategies by aesthetic
clinics that historically cater to female clientele. The
lower proportion of male patients, representing 25%,
suggests that while interest in aesthetic procedures
among men is increasing, it remains substantially
less than that of female patients. This gender
imbalance has implications for practitioner training,
as anatomical and tissue differences between sexes
may influence injection technique and risk of
complications. For example, male patients often
have denser facial musculature and thicker dermis,
potentially affecting filler diffusion and the risk of
nodular formations or vascular compromise.

Age distribution reveals that the majority of patients
are in the 30-49-year age range, comprising 70% of
the sample. Specifically, 38% of patients fall within
the 30-39-year bracket, while 32% are aged 40-49
years. This trend reflects the primary demographic
seeking preventive and corrective aesthetic
interventions, focusing on mid-face volume
restoration, wrinkle correction, and overall facial
rejuvenation. Patients in the younger cohort (18-29
years) represent 14% of the population, likely
seeking fillers for minor contour enhancements or
prophylactic treatments. Conversely, patients aged
50 years and above constitute only 16% of the
sample, with 12% in the 50-59-year range and 4%
aged 60 or older. This reduced representation may
reflect both physiological factors, such as decreased
tissue  elasticity, and  psychological  or
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Number of Patients

Percentage (%) ‘

n=2,500
1,875 75
625 25
350 14
950 38
800 32
300 12
100 4
1,200 48
1,300 52

socioeconomic factors, including the perceived
value and acceptance of cosmetic procedures among
older adults. Another critical variable presented is
the history of prior cosmetic procedures.
Approximately 48% of patients had undergone
previous treatments, including botulinum toxin
injections, laser therapies, or earlier filler sessions.
The presence of prior interventions is a significant
factor in evaluating adverse events because it may
alter tissue architecture, vascular patterns, and skin
integrity, potentially increasing the risk of
complications such as nodules, delayed
inflammatory reactions, or uneven filler distribution.
Conversely, 52% of patients were treatment-naive,
highlighting a substantial proportion of first-time
users who may be more vulnerable to complications
due to unfamiliarity with procedural risks and
potentially lower practitioner-patient
communication regarding expectations and post-
procedure care.

Overall, Table 1 underscores several key insights for
interpreting adverse event data in subsequent
analyses. First, the predominance of female patients
and the concentration of cases within the 30-49-year
age range suggest that findings may be most
applicable to this demographic, and caution should
be exercised when generalizing results to older
adults or male patients. Second, the nearly equal
split between patients with and without prior
cosmetic procedures emphasizes the need to stratify
adverse event rates according to previous
interventions, as tissue history can significantly
affect both minor and severe complications. Finally,
these demographic patterns provide context for
evaluating procedural techniques, filler selection,
and practitioner experience, as optimal strategies
may differ based on patient characteristics.
Understanding patient demographics also aids in the
development of targeted preventive strategies. For



example, practitioners may need to adjust injection
depth, filler type, or volume in younger patients
seeking subtle enhancement versus older patients
requiring more substantial volume restoration.
Additionally, knowledge of prior cosmetic
interventions can guide pre-procedural planning,
including mapping areas of prior filler placement,
assessing scar tissue, and tailoring injection
approaches to minimize overlapping treatment sites.
In conclusion, Table 1 establishes a foundational
understanding of the patient population undergoing

J. Adv. Med. Pharm. Biomed. Res.; (2026), Volume 2, Issue 2, 114-133

facial filler injections. The demographic profile
highlights trends in gender, age distribution, and
previous procedural history, all of which are critical
factors influencing the risk, type, and management
of adverse events. This comprehensive demographic
insight sets the stage for subsequent tables and
analyses,  which  will  examine  specific
complications, their severity, and correlations with
both patient characteristics and procedural variables.

Table 2. Incidence of Mild Adverse Events Following Facial Filler Injections

Swelling / Edema
Erythema (Redness)
Bruising / Ecchymosis
Pain / Tenderness
Pruritus (Itching)
Temporary Asymmetry
Minor Bleeding

Table 2 presents a detailed overview of mild adverse
events observed in patients undergoing facial filler
injections, representing the most frequently reported
category of complications across the included
studies. Mild adverse events, while generally self-
limiting and transient, are clinically significant as
they can impact patient satisfaction, post-procedure
comfort, and perception of treatment safety. The
data indicate that swelling or edema is the most
commonly observed mild adverse event, affecting
25% of the patient population. This prevalence
aligns with prior literature, which identifies tissue
response to mechanical trauma, injection volume,
and filler hydrophilicity as major contributing
factors. Swelling typically manifests immediately
post-procedure or within 24 hours and resolves
within several days without intervention. However,
prolonged or asymmetric swelling can occasionally
necessitate clinical assessment to rule out deeper
complications, such as vascular compromise or
inflammatory nodules.

Erythema, or localized redness at the injection site,
is the second most frequent mild adverse event,
occurring in 20% of patients. Erythema often
reflects the local inflammatory response to filler
material, mechanical disruption of capillaries, or
mild irritation from needle penetration. It is
generally transient and resolves within hours to a
few days. Notably, persistent erythema beyond 72
hours may warrant further evaluation, particularly in
patients with sensitive skin or a history of rosacea or
inflammatory dermatoses. Bruising, reported in 18%
of patients, is another common event linked to
vascular trauma during needle or cannula insertion.
The incidence of ecchymosis is influenced by
patient factors such as skin thickness, vascular
fragility, anticoagulant use, and procedural
technique, including the choice of needle gauge,
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625 25
500 20
450 18
400 16
175 7
150 6
100 4

injection depth, and pressure applied during filler
administration.  Bruising, while minor, can
negatively affect patient perception and delay social
or professional engagements, highlighting the
importance of pre-procedural counseling.

Pain and tenderness, observed in 16% of cases,
represent a multifactorial phenomenon. Pain
intensity is influenced by the injection site, volume,
rate of administration, and individual pain threshold.
Areas such as the lips and nasolabial folds are
particularly sensitive due to higher innervation and
mobility. Local anesthetics, topical cooling, or
distraction techniques are commonly employed to
mitigate discomfort. Although typically self-
limiting, persistent pain may indicate early
inflammatory responses or minor hematoma
formation, necessitating monitoring. Pruritus (7%)
and temporary asymmetry (6%) were less frequent
but notable. Itching may result from mild allergic
reactions or local irritation, whereas temporary
asymmetry arises from uneven filler distribution or
post-injection edema, which generally resolves with
time or gentle massage.

Minor bleeding, recorded in 4% of patients, is a rare
but expected consequence of capillary disruption
during injection. While usually self-limiting,
bleeding can exacerbate bruising and prolong
recovery. The data collectively emphasize the
importance of proper injection technique, including
awareness of facial vascular anatomy, gentle tissue
handling, and appropriate needle selection, to
minimize these common mild complications.
Importantly, these mild adverse events, although
non-threatening, play a critical role in patient
satisfaction. Numerous studies, including Philipp-
Dormston et al. (2018) and Jones et al. (2019), have
reported that patient counseling regarding the
expected incidence, duration, and management of



minor reactions significantly enhances satisfaction
and reduces anxiety associated with post-procedural
symptoms.

Analysis of these findings also reveals trends based
on injection site and filler type. Swelling and
erythema were more commonly reported in areas
with thin dermis or high mobility, such as periorbital
regions and lips, while bruising was most frequent
in areas with dense vascular networks, including the
glabella and nasolabial folds. Hyaluronic acid fillers,
due to their hydrophilic properties, were more likely
to produce transient edema compared to calcium
hydroxyapatite or PLLA, which have higher
viscosity and slower diffusion. Practitioner
experience played a significant role in the incidence
of mild adverse events; less experienced injectors
had higher rates of swelling, bruising, and
asymmetry, highlighting the importance of skill
acquisition and adherence to evidence-based
injection protocols.

Another key aspect is temporal progression. Most
mild adverse events appeared immediately or within
24-48  hours’  post-injection and  resolved
spontaneously within 3-7 days. The transient nature
of these events underscores the effectiveness of
conservative ~ management, including  cold
compresses, gentle massage, and observation.
Rarely, mild reactions persisted beyond one week,
warranting additional interventions such as
antihistamines or hyaluronidase in cases of
pronounced swelling or asymmetry.
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From a broader perspective, understanding mild
adverse events is essential for designing preventive
strategies. For instance, adjusting injection depth
and rate, employing cannula techniques in sensitive
areas, and pre-procedural patient assessment for
bleeding tendencies can substantially reduce
complication rates. Moreover, patient education
plays a pivotal role; clear communication regarding
the expected duration, appearance, and management
of mild adverse events can significantly improve
adherence to post-procedural care and overall
satisfaction.

In conclusion, Table 2 highlights that mild adverse
events are common but manageable outcomes of
facial filler injections. Swelling, erythema, and
bruising are the predominant reactions, influenced
by anatomical site, filler type, and injection
technique. Pain, pruritus, temporary asymmetry, and
minor bleeding are less frequent but clinically
relevant. The analysis emphasizes the importance of
practitioner expertise, patient counseling, and
evidence-based techniques to minimize these events
and optimize patient experience. Understanding
these mild complications provides a foundation for
evaluating moderate and severe adverse events in
subsequent  tables and  for  developing
comprehensive risk mitigation strategies in aesthetic
practice.

Table 3. Incidence of Moderate Adverse Events Following Facial Filler Injections

Nodule Formation
Infection (Localized)
Persistent Redness (>7 days)
Mild Granulomatous Reaction
Delayed Swelling (>1 week)
Mild Hypersensitivity

Table 3 provides a detailed overview of moderate
adverse events (AEs) observed following facial filler
injections. These events, although less frequent than
mild complications, are clinically significant
because they may require intervention and can
impact both aesthetic outcomes and patient
satisfaction.  Understanding  their  incidence,
contributing factors, and management strategies is
crucial for evidence-based clinical practice.

Nodule Formation: Nodules were the most
frequently reported moderate AE, occurring in 6%
of patients. These localized, palpable or visible
lumps can result from various mechanisms,
including  superficial  placement of filler,
overcorrection, post-injection trauma, or delayed
inflammatory responses. The type of filler is a key
determinant; hyaluronic acid (HA) fillers generally
produce reversible nodules that respond well to
hyaluronidase, whereas permanent fillers such as
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75 3
60 2.4
40 1.6
50 2
25 1

polymethylmethacrylate (PMMA) and Poly-L-lactic
acid (PLLA) may result in persistent, difficult-to-
manage nodules. Anatomical site also matters:
nodules are more prevalent in areas with thin soft
tissue coverage, such as the lips and tear trough, due
to limited tissue support and increased visibility.
Clinicians often address nodules with massage,
hyaluronidase injection (for HA fillers),
corticosteroid injection, or, in severe cases, surgical
excision.

Infection (Localized): Localized infections were
observed in 3% of patients. Infections can occur due
to contamination of filler material, improper aseptic
technique, or bacterial translocation from the skin
during injection. Most infections are bacterial,
commonly caused by Staphylococcus aureus or
Streptococcus species, presenting as erythema,
tenderness, and mild swelling. Early recognition is
critical, as delayed management can lead to abscess



formation, scarring, or systemic spread. Standard
management includes prompt antibiotic therapy,
drainage if abscessed, and in some cases removal of
filler material. Infection risk is higher in patients
with compromised immunity, prior cosmetic
procedures, or poor skin hygiene.

Persistent Redness (>7 days): Persistent erythema
beyond seven days was noted in 2.4% of patients.
This can reflect ongoing inflammatory responses to
the filler or minor infection. While transient redness
is common and self-limiting, prolonged erythema
may suggest hypersensitivity reactions, low-grade
infection, or wvascular compromise. Early
differentiation of the underlying cause is essential to
prevent progression to more severe outcomes.
Interventions may include topical corticosteroids,
antihistamines, or, in select cases, filler dissolution.
Mild Granulomatous Reactions: Mild
granulomatous reactions were reported in 1.6% of
patients.  Granulomas represent a chronic
inflammatory response to foreign material, often
associated with non-biodegradable or permanent
fillers. Clinically, they appear as firm nodules that
may be tender or erythematous. Biopsy is rarely
needed but may be performed in persistent cases to
differentiate  from infection or malignancy.
Management typically involves intraregional
corticosteroids, systemic anti-inflammatory therapy,
or surgical excision in refractory cases. These
reactions highlight the need for careful filler
selection and patient counseling, particularly
regarding permanent or semi-permanent products.
Delayed Swelling (>1 week): Delayed swelling
occurred in 2% of patients and can be caused by
delayed inflammatory responses, immune reactions,
or mechanical trauma during injection. It often
manifests as localized edema days after the
procedure, sometimes accompanied by tenderness.
Hyaluronic acid fillers are less likely to induce
prolonged swelling, whereas more viscous or
permanent fillers may lead to delayed edema.
Conservative management includes observation,
cold compresses, anti-inflammatory medication, or,
for HA fillers, hyaluronidase administration.

Mild Hypersensitivity: Mild hypersensitivity
reactions were observed in 1% of patients. These
immune-mediated reactions present as redness, mild
pruritus, or localized swelling shortly after filler
injection. They are typically self-limiting, but
persistent or recurrent hypersensitivity may require
antihistamines ~ or  corticosteroids.  Notably,
hypersensitivity is more frequently associated with
permanent fillers, highlighting the importance of
patch testing or prior exposure assessment in at-risk
patients.

Factors Influencing Moderate Adverse Events:
The incidence of moderate adverse events is
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influenced by multiple factors. Patient-related
factors include age, skin type, previous cosmetic
procedures, and immune status. Older patients may
have thinner dermis and less tissue support,
increasing the risk of nodules and prolonged edema.
History of prior filler or cosmetic procedures can
create tissue irregularities that predispose to
inflammatory or infectious reactions.
Procedure-related factors are equally important.
Injection technique, including depth, rate, and
volume per site, strongly influences the risk of
nodules and granulomas. For example, superficial
placement in the lip or tear trough can increase
nodule formation, while rapid high-volume injection
may exacerbate edema. The practitioner’s
experience is a key determinant; studies consistently
demonstrate lower complication rates among
experienced injectors due to enhanced anatomical
knowledge and refined technique.

Filler type is another critical determinant.
Biodegradable fillers such as hyaluronic acid
generally produce reversible and manageable
moderate AES, whereas permanent or semi-
permanent fillers carry a higher risk of persistent
nodules, granulomas, and hypersensitivity. Product
properties such as particle size, viscosity, and cross-
linking also affect inflammatory responses and
swelling.

Clinical  Implications and Management:
Moderate adverse events, though less frequent than
mild complications, have substantial implications
for patient satisfaction and treatment outcomes.
Early recognition, accurate diagnosis, and prompt
management are essential. Clinicians should educate
patients on the signs of nodules, infection, or
delayed swelling and establish clear protocols for
intervention.  Preventive  strategies  include
adherence to aseptic technique, appropriate filler
selection based on anatomical site, gradual
incremental  injection, and  post-procedural
monitoring.

Table 3 highlights that moderate adverse events
affect a minority of patients but require careful
clinical attention. Nodule formation, localized
infections, persistent redness, granulomatous
reactions,  delayed  swelling, and  mild
hypersensitivity represent the main categories.
Incidence is influenced by patient demographics,
filler type, injection technique, and practitioner
experience. Understanding these moderate adverse
events is crucial for optimizing safety, improving
patient outcomes, and informing clinical guidelines
for facial filler administration. These insights also
provide a foundation for analyzing severe adverse
events in subsequent tables.
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Table 4. Incidence of Severe Adverse Events Following Facial Filler Injections

Vascular Occlusion / Ischemia
Tissue Necrosis
Retinal Artery Occlusion / Vision Loss
Severe Infection / Abscess
Permanent Granulomatous Reaction

Table 4 presents the incidence of severe adverse
events (SAEs) following facial filler injections.
Although these events are rare, their clinical
significance is profound due to the potential for
permanent functional or aesthetic morbidity. Severe
adverse events require immediate recognition and
intervention to prevent irreversible outcomes and to
ensure patient safety. The data demonstrate that the
incidence of SAEs is below 1% for all reported
complications, reinforcing the general safety of filler
procedures  when  performed by trained
professionals. Nonetheless, the severity of
outcomes, particularly vascular compromise and
vision loss, necessitates meticulous technique and
preventive strategies.

Vascular Occlusion / Ischemia: Vascular
occlusion is the most frequent severe adverse event,
affecting 0.48% of patients. This complication
occurs when filler material inadvertently enters an
artery, leading to obstruction of blood flow and
ischemia of the surrounding tissues. The glabella,
nasolabial folds, and nasal dorsum are high-risk
zones due to dense vascular networks and limited
collateral circulation. Clinical signs include
immediate blanching, severe pain, and delayed
discoloration. Prompt recognition is critical, as
delayed intervention can result in tissue necrosis.
Management strategies involve immediate cessation
of injection, application of warm compresses,
massage to disperse the filler, administration of
hyaluronidase (for hyaluronic acid fillers), and, in
some cases, vasodilator medications or hyperbaric
oxygen therapy. Literature suggests that practitioner
experience, knowledge of vascular anatomy, and
careful injection technique significantly reduce the
risk of vascular occlusion.

Tissue Necrosis: Tissue necrosis, reported in 0.32%
of patients, is usually secondary to vascular
compromise but may also result from severe
infection or overly superficial filler placement
leading to skin ischemia. Necrosis manifests as skin
discoloration, ulceration, and eventual tissue loss if
not promptly addressed. Risk factors include high
injection pressure, large-volume bolus injections,
and use of non-reversible fillers in high-risk
anatomical areas. Management may involve wound
care, topical or systemic antibiotics, debridement,
and, in some cases, reconstructive procedures. The
psychological impact of necrosis is substantial, as it
may lead to permanent facial scarring, underscoring
the importance of preventive strategies and patient
counseling.
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8 0.32
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Retinal Artery Occlusion / Vision Loss: Perhaps
the most catastrophic adverse event is retinal artery
occlusion, occurring in 0.2% of patients in this
cohort. This occurs when filler material travels
retrograde through facial arteries into the ophthalmic
artery, causing sudden visual loss. Patients typically
report acute visual changes, pain, or diplopia
immediately after injection. Immediate
ophthalmologic  consultation is  mandatory.
Interventions include ocular massage, intraocular
pressure-lowering agents, and in some cases
hyperbaric oxygen therapy. Although rare, retinal
artery occlusion can result in permanent vision loss,
emphasizing the need for thorough anatomical
knowledge, cautious injection technique in high-risk
zones, and pre-procedural patient education
regarding potential risks.

Severe Infection / Abscess Formation: Severe
infections were noted in 0.4% of patients. Unlike
mild infections, these involve deeper tissue
involvement and may present with abscesses,
systemic symptoms, or cellulitis. Risk factors
include contamination of filler material, breaches in
aseptic technique, immunocompromised status, and
prior cosmetic procedures. Management typically
involves systemic antibiotics, surgical drainage, and,
when necessary, removal of filler material.
Prevention relies on strict aseptic technique, proper
patient screening, and post-procedural monitoring.
Permanent Granulomatous Reactions: Permanent
granulomatous reactions occurred in 0.24% of
patients and are most commonly associated with
non-biodegradable fillers. These reactions manifest
as firm, persistent nodules or plaques that may be
tender or inflamed. Unlike mild granulomas, these
are resistant to conservative management and may
necessitate intraregional corticosteroids, systemic
immunomodulatory therapy, or surgical excision.
Risk is elevated in patients with prior filler exposure,
hypersensitivity, or injection of permanent filler in
high-risk anatomical areas.

Factors Influencing Severe Adverse Events:
Analysis of these severe complications highlights
multiple influencing factors. Patient-specific
variables include anatomical variations, prior
procedures, comorbidities (e.g., vascular disease or
clotting disorders), and immune status. Procedural
factors, such as injection depth, filler type, volume,
and rate, are critical determinants of SAE risk. For
instance, high-viscosity fillers in high-pressure
bolus injections increase the likelihood of vascular
compromise. Practitioner expertise is paramount;



numerous studies indicate that SAEs are
significantly less frequent among experienced
injectors with advanced anatomical knowledge and
adherence to safety protocols.

Preventive Strategies and Clinical Implications:
The rarity of severe adverse events should not
diminish their clinical importance. Prevention is
essential and involves detailed anatomical mapping,
careful selection of filler type and volume, slow and
controlled injection techniques, and the use of
cannulas in high-risk areas. Pre-procedural patient
counseling is equally critical, ensuring informed
consent regarding the potential for serious but rare
complications. Early detection protocols and
availability of emergency interventions, including
hyaluronidase and ophthalmologic consultation, are
recommended in clinical settings performing facial

J. Adv. Med. Pharm. Biomed. Res.; (2026), Volume 2, Issue 2, 114-133

filler injections. Table 4 demonstrates that severe
adverse events following facial filler injections are
uncommon but carry high clinical significance due
to potential permanent functional or aesthetic
damage. Vascular occlusion, tissue necrosis, retinal
artery occlusion, severe infections, and permanent
granulomatous reactions constitute the main
categories of SAEs. Incidence is influenced by
anatomical, patient-specific, and procedural factors,
as well as practitioner experience. Comprehensive
understanding, meticulous technique, preventive
strategies, and rapid intervention are essential to
minimize the occurrence and impact of these events.
This table underscores the importance of balancing
the aesthetic benefits of facial fillers with the need
for rigorous safety protocols.

Table 5. Adverse Events According to Filler Type

Hyaluronic Acid (HA) 1,500
Calcium Hydroxyapatite (CaHA) 500
Poly-L-lactic Acid (PLLA) 300
Polymethylmethacrylate (PMMA) 200

Table 5 presents a comparative analysis of adverse
events (AEs) according to the type of filler used in
facial aesthetic procedures. Understanding the
relationship between filler type and complication
profile is essential for evidence-based clinical
decision-making, as material properties,
biodegradability, viscosity, and tissue integration
significantly influence both the frequency and
severity of complications.

Hyaluronic Acid (HA): Hyaluronic acid fillers
accounted for the largest patient cohort (1,500
patients, 60% of the total sample) and demonstrated
the highest incidence of mild adverse events (28%).
This higher rate of mild complications is largely
attributable to the hydrophilic nature of HA, which
can induce transient edema and erythema. Notably,
moderate and severe events in the HA group were
relatively low, at 5% and 0.3% respectively,
reflecting the reversible and biocompatible nature of
HA fillers. The availability of hyaluronidase to
dissolve HA in cases of overcorrection, nodules, or
vascular compromise adds an additional layer of
safety, contributing to the low rates of severe
adverse events. HA fillers are often preferred in
areas requiring precision and reversibility, such as
the lips and tear troughs, where rapid correction of
mild complications is critical.

Calcium Hydroxyapatite (CaHA): CaHA fillers,
used in 500 patients, showed a slightly lower
incidence of mild adverse events (22%) but a
moderate AE rate of 6% and severe AE rate of 0.4%.
CaHA is more viscous and less hydrophilic than HA,
which contributes to reduced edema and erythema
but increases the likelihood of nodules or delayed
swelling if improperly injected. The moderate AE
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22 6 0.4
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rate primarily reflects nodule formation and delayed
inflammatory reactions, particularly in areas with
thin soft tissue coverage. Severe events, although
rare, are mostly associated with vascular
compromise in high-risk areas or technique-related
injection errors. Clinical experience suggests that
proper dilution, incremental injection, and careful
post-injection massage can minimize moderate
complications with CaHA fillers.

Poly-L-lactic Acid (PLLA): PLLA fillers, applied
to 300 patients, demonstrated moderate AE rates of
7% and severe AE rates of 0.5%, slightly higher than
both HA and CaHA. PLLA is a bio stimulatory filler
that induces collagen production over several weeks,
leading to gradual volumization. However, its
mechanism of action predisposes patients to delayed
nodules and inflammatory responses, particularly
when multiple vials are injected at a single session
or post-injection massage is inadequate. Mild
adverse events were the least frequent in PLLA
(20%), reflecting the slower onset of tissue
reactions. Clinical protocols emphasize gradual
treatment, proper injection depth, and extended
follow-up to monitor for delayed nodules or
granulomatous reactions.

Polymethylmethacrylate (PMMA): PMMA, a
permanent filler, was used in 200 patients and
exhibited the highest proportion of moderate and
severe adverse events, 8% and 0.6% respectively,
while mild AEs were the lowest (15%). PMMA
microspheres are non-biodegradable and integrate
permanently into tissue, which accounts for their
higher risk of persistent nodules, granulomatous
reactions, and complications requiring surgical
intervention. Mild reactions are less common



because PMMA does not cause significant short-
term tissue edema, but its long-term inflammatory
potential contributes to increased moderate and
severe AE rates. The permanent nature of PMMA
underscores the critical importance of proper patient
selection, precise injection technique, and extensive
pre-procedural counseling regarding the irreversible
nature of complications.

Comparative Insights: The data highlight a clear
correlation between filler material properties and the
profile of adverse events. Biodegradable fillers such
as HA and CaHA are generally associated with
higher rates of mild, self-limiting reactions but lower
rates of moderate and severe complications. Bio
stimulatory fillers like PLLA demonstrate delayed
moderate complications due to collagen induction,
whereas permanent fillers like PMMA have lower
mild AE incidence but carry the highest risk for
moderate and severe, long-lasting adverse events.
These trends align with previous systematic reviews
and observational studies, confirming that filler
selection should balance aesthetic goals, anatomical
considerations, and safety profile.

Influence of Injection Technique and Anatomical
Site: Injection technique and anatomical site interact
with filler type to modulate adverse event risk. For
example, HA fillers in periorbital areas may produce
transient swelling and bruising, while PMMA in the
nasolabial folds carries a higher risk of persistent
nodules. Cannula versus needle technique, injection
depth, and incremental volume administration are all
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critical procedural factors affecting AE rates. Proper
training and adherence to evidence-based protocols
are particularly essential for PLLA and PMMA to
minimize delayed inflammatory reactions and
permanent complications.

Clinical  Implications:  Understanding  the
differential AE profiles according to filler type is
vital for clinical practice. HA is preferred when
reversibility and safety are priorities, CaHA is
effective for volumization with moderate risk,
PLLA requires careful technique and long-term
monitoring, and PMMA should be reserved for
carefully selected patients with clear understanding
of potential permanent complications. Pre-
procedural counseling should include discussion of
material-specific  risks to manage patient
expectations and optimize outcomes. Table 5
illustrates that filler type significantly influences the
incidence and severity of adverse events.
Biodegradable fillers (HA and CaHA) are associated
with higher mild AE rates but low severe AE rates,
while permanent fillers (PMMA) show lower mild
but higher moderate and severe complications. Bio
stimulatory fillers (PLLA) present unique delayed
risks requiring long-term monitoring. These
findings  underscore  the  importance  of
individualized filler selection, meticulous injection
technique, and comprehensive patient counseling to
optimize both aesthetic outcomes and safety in facial
filler procedures.

Table 6. Adverse Events According to Injection Site

Lips 400
Nasolabial Folds 600
Tear Trough / Periorbital 300
Cheeks / Midface 700
Glabella / Forehead 300
Jawline / Chin 200

Table 6 provides an overview of adverse events
(AEs) stratified by anatomical injection site,
offering critical insight into the relationship between
facial region, complication incidence, and severity.
Anatomical considerations including vascular
density, tissue thickness, mobility, and proximity to
critical structures strongly influence the risk and
type of adverse events. Understanding these site-
specific risk patterns is essential for procedural
planning, patient counseling, and optimizing safety
during facial filler injections.

Lips: The lips exhibited the highest incidence of
mild (35%) and moderate (8%) adverse events
among all injection sites. Mild AEs typically
included transient swelling, erythema, bruising, and
tenderness, which are exacerbated by the high
vascularity and thin dermal layer of the lips.
Moderate AEs such as nodule formation or delayed
edema were more common in this area due to
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repetitive movement and the challenges of uniform
filler distribution. Severe AEs, although rare at
0.5%, may include vascular compromise leading to
localized ischemia. Practitioners mitigate risk in lip
injections by employing slow, small-volume
injections, careful anatomical mapping, and, in some
cases, the use of cannulas instead of needles to
reduce vessel penetration.

Nasolabial ~ Folds: The nasolabial  folds
demonstrated a mild AE rate of 25%, moderate AE
rate of 6%, and severe AE rate of 0.4%. The folds
are moderately vascularized and contain variable
tissue thickness, making them prone to bruising and
swelling but less susceptible to severe complications
compared to the lips or tear trough. Nodules and
persistent redness were the most frequent moderate
AEs. The fold’s proximity to the facial artery
underscores the need for careful injection technique
to avoid intravascular filler deposition.



Tear Trough / Periorbital Area: Tear trough and
periorbital injections presented mild AEs in 30% of
patients, moderate AEs in 7%, and severe AEs in
0.6%, reflecting the anatomical complexity and
higher risk associated with this delicate region. Mild
reactions such as edema and bruising are common
due to thin skin and minimal subcutaneous fat.
Moderate AEs include persistent swelling and
nodule formation, whereas severe AEs though rare
can involve vascular compromise or retrograde filler
embolism leading to vision loss. Injection in this
area requires specialized techniques, including slow
micro bolus injections, careful depth control, and
knowledge of orbital vasculature, to reduce risk.
Cheeks / Midface: Cheeks and midface areas
demonstrated a lower incidence of mild (20%) and
moderate (5%) adverse events, with severe events at
0.3%. These areas benefit from thicker soft tissue
and ample subcutaneous support, which reduces the
likelihood of bruising and nodule formation. Mild
AEs typically involve transient edema and
tenderness. Moderate AEs may include delayed
swelling or small nodules, particularly when high
volumes are injected. The relatively lower risk
profile makes the midface a favorable area for
volumization procedures.

Glabella / Forehead: The glabella and forehead,
despite lower mild AE rates (22%), exhibited
moderate AE rates of 6% and severe AE rates of
0.5%, reflecting the increased risk associated with
highly vascularized regions and proximity to critical
arteries such as the supratrochlear and supraorbital
arteries. Severe complications, including vascular
occlusion, are more likely in this region due to
limited collateral circulation and higher injection
pressures. Moderate AEs, such as nodules and
persistent erythema, are influenced by dense tissue
and repeated facial expression. Cannula technigues,
slow incremental injections, and awareness of
vascular anatomy are essential preventive measures.
Jawline / Chin: The jawline and chin had the lowest
overall AE incidence, with 18% mild, 4% moderate,
and 0.2% severe events. These regions have thicker
dermis, abundant soft tissue, and relatively fewer
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high-risk vascular structures, which reduces the
likelihood of both minor and severe complications.
Mild AEs typically include transient edema and
minor bruising, while moderate events such as
nodules are less frequent due to robust tissue
support. Severe events, such as ischemia, are rare
but possible if large boluses are injected directly into
a vessel.

Site-Specific Risk Factors: The analysis
demonstrates that thin-skinned and highly vascular
areas (lips, tear troughs, glabella) are more
susceptible to both mild and severe AEs, whereas
thicker, well-vascularized regions (cheeks, jawline)
show lower complication rates. Injection technique,
volume, and filler type interact with anatomical
characteristics to modulate risk. For instance,
hyaluronic acid is commonly preferred in high-risk
regions due to reversibility with hyaluronidase.
Practitioner  experience remains a critical
determinant, as knowledge of facial vascular
anatomy, depth control, and incremental injection
strategy significantly reduce AE incidence.

Clinical Implications: Understanding site-specific
complication patterns is vital for patient counseling
and procedural planning. Patients should be
informed about expected mild reactions, potential
moderate complications, and rare but severe risks
depending on the injection site. Preventive strategies
include selecting appropriate filler type, using
cannulas in high-risk zones, avoiding high-pressure
bolus injections, and implementing post-procedural
monitoring. Special attention is warranted for
periorbital, lip, and glabellar injections due to their
higher risk profile. Table 6 highlights the profound
influence of injection site on both the frequency and
severity of adverse events. High-risk areas—such as
lips, tear troughs, and glabella—require advanced
technique, careful filler selection, and rigorous
monitoring, whereas midface and jawline injections
are generally safer. These insights provide critical
guidance for clinicians in optimizing patient safety,
tailoring injection strategies to anatomical risk, and
enhancing overall procedural outcomes.

Table 7. Adverse Events According to Practitioner Experience

Practitioner Experience Total Patients
Level
Expert (>5 years) 1,200
Intermediate (2—5 years) 900
Novice (<2 years) 400

Table 7 provides a detailed evaluation of how
practitioner experience influences the incidence and
severity of adverse events (AEs) following facial
filler injections. Practitioner expertise is a well-
recognized determinant of both procedural success
and patient safety. The data demonstrate a clear
inverse relationship between experience level and
complication rates: as practitioner experience
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20 4 0.2
28 6 0.4
35 8 0.6

increases, the incidence of mild, moderate, and
severe adverse events decreases. This trend
underscores the critical role of training, anatomical
knowledge, injection technique, and clinical
judgment in minimizing the risk of complications.

Expert Practitioners (>5 years of experience):
Among patients treated by expert injectors, mild
adverse events occurred in 20% of cases, moderate



events in 4%, and severe events in 0.2%. These
relatively low rates reflect the impact of advanced
skill, refined technique, and comprehensive
anatomical understanding. Experts are adept at
selecting the appropriate filler type, injection
volume, and depth for each anatomical region,
which minimizes tissue trauma, vascular injury, and
uneven filler placement. In high-risk areas such as
the lips, tear trough, or glabella, experienced
practitioners employ preventive strategies such as
slow incremental injections, cannula use, and careful
mapping of wvascular structures. Furthermore,
experts are more capable of identifying early signs
of complications, allowing for rapid intervention
and reduction of moderate or severe outcomes.
Intermediate  Practitioners (2-5 years of
experience): Intermediate practitioners exhibited
higher rates of mild AEs (28%), moderate AEs (6%),
and severe AEs (0.4%) compared to experts. This
group has accumulated basic procedural proficiency
but may lack the nuanced understanding of
anatomical variability or the experiential knowledge
to anticipate subtle risk factors. Mild adverse events
such as transient swelling, erythema, and bruising
are more frequent due to less precise injection depth,
higher pressure, or faster injection rates. Moderate
events, including nodules, delayed swelling, and
minor infections, may result from slightly uneven
filler distribution or incomplete recognition of tissue
planes. Although severe events remain rare, they are
more likely than in expert hands due to occasional
inadvertent intravascular injection or delayed
recognition of vascular compromise. This data
reinforces the need for structured supervision and
mentorship programs for intermediate injectors to
bridge the gap between basic proficiency and expert-
level safety.

Novice Practitioners (<2 years of experience):
Novice injectors demonstrated the highest rates of
complications, with mild AEs at 35%, moderate AEs
at 8%, and severe AEs at 0.6%. These rates highlight
the steep learning curve associated with facial filler
procedures. Novice practitioners often have limited
exposure to high-risk anatomical zones, less refined
tactile feedback, and less familiarity with subtle
tissue responses. Consequently, minor reactions
such as edema, bruising, and erythema are more
frequent, reflecting increased tissue trauma or
imprecise injection  technique. Moderate
complications, including nodules, delayed swelling,
and localized infections, occur more frequently due
to uneven filler placement, inadequate post-injection
massage, or insufficient recognition of early adverse
signs. Severe events, although still rare, are
disproportionately higher in this group due to
increased risk of intravascular injection, inadequate
emergency preparedness, or delayed recognition of
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ischemic events. These findings emphasize the
critical importance of formal training, supervised
practice, and continuous education for novice
injectors to mitigate risks and improve procedural
outcomes.

Mechanisms Underlying Experience-Related
Differences: Several factors explain the observed
differences in complication rates across experience
levels. Experienced practitioners possess a thorough
understanding of facial anatomy, including the
location of major arteries, veins, and lymphatics.
They can adapt injection depth and technique to
individual anatomical variations, reducing trauma
and vascular compromise. Moreover, they have
refined skills in handling different filler viscosities
and particle sizes, minimizing the risk of nodules or
granulomatous  reactions. In  contrast, less
experienced injectors may rely on standard protocols
without adapting to individual patient anatomy,
increasing the likelihood of complications.
Additionally,  experience influences patient
assessment, including identification of risk factors
such as  previous cosmetic  procedures,
coagulopathies, or skin conditions. Expert
practitioners are more likely to implement
preventive measures, provide thorough patient
counseling, and maintain meticulous post-
procedural monitoring, all of which contribute to
lower AE rates.

Clinical Implications: The data in Table 7 have
important implications for patient safety, training
programs, and clinical practice standards. Firstly,
they reinforce that patients receiving injections from
less experienced practitioners should be carefully
selected and possibly limited to low-risk areas.
Secondly, structured mentorship and supervised
practice are essential for novice and intermediate
injectors to develop the skills necessary for safe
practice. Thirdly, ongoing continuing medical
education, simulation training, and anatomical
workshops can enhance safety outcomes even for
intermediate and early-career practitioners. Table 7
demonstrates a clear correlation  between
practitioner experience and adverse event incidence
following facial filler injections. Expert injectors
achieve the lowest rates of mild, moderate, and
severe AEs due to advanced anatomical knowledge,
refined injection technique, and superior risk
management. Intermediate and novice practitioners
experience progressively higher complication rates,
emphasizing the need for structured training,
supervision, and continuous skill development.
These findings underscore the critical role of
experience in optimizing both patient safety and
procedural outcomes, guiding training protocols,
credentialing, and clinical best practices in aesthetic
medicine.

Table 8. Sensitivity Analysis and Meta-Regression of Adverse Events

Predictor Variable 3
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Coefficient  Standard Error p-

value Interpretation



Age (per year increase) 0.015
Female Gender (vs Male) 0.012
Previous Cosmetic
Procedures (Yes) Ces
Filler Type (per category,
HA ref) 0.030
Injection Site (ngh—rlsk Vs 0.035
Low-risk)
Practitioner Experience (<2 0.040
yIs vs >5 yrs)
Volume per Injection (per
0.1 mL) 0.010

Table 8 presents the results of a comprehensive
meta-regression and sensitivity analysis evaluating
factors associated with adverse events (AES)
following facial filler injections. This advanced
analytical approach integrates data from multiple
studies to identify predictors of complications and
quantify their relative contribution, providing an
overarching perspective on risk determinants.

Age as a Predictor: The meta-regression indicates
that age is a statistically significant predictor of AE
risk (p=0.015, p=0.003), suggesting that older
patients have a slightly higher likelihood of
experiencing complications. Physiologically, aging
skin exhibits decreased elasticity, thinner dermal
layers, and reduced vascular resilience, increasing
susceptibility to bruising, edema, and nodule
formation. Additionally, older patients are more
likely to have undergone previous cosmetic
procedures or have comorbidities, further elevating
risk. Although the absolute effect per year is small,
cumulative risk becomes clinically relevant in
patients over 50 years, highlighting the importance
of careful technique, conservative volume, and
slower injection rates in this population.

Gender Influence: Female gender was associated
with a slightly higher AE risk (B=0.012, p=0.045)
compared to males. This finding aligns with
epidemiological data showing higher numbers of
females seeking aesthetic procedures. While gender
itself is not a biological risk factor, differences in
skin thickness, vascularity, and soft tissue
composition, combined with treatment patterns
favoring certain high-risk anatomical zones in
women (e.g., lips, tear trough), may contribute to
increased incidence. Clinicians should recognize
that gender-specific anatomical characteristics may
subtly affect complication profiles.

Impact of Previous Cosmetic Procedures: Prior
cosmetic interventions emerged as a significant
predictor of adverse events ($=0.025, p=0.002).
Repeated filler injections, botulinum toxin
treatments, or laser resurfacing can alter tissue
architecture, create scar tissue, or modify vascular
patterns, all of which increase susceptibility to
nodules, delayed swelling, or infection. This
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underscores the importance of detailed patient
history, mapping prior filler placement, and
adopting conservative strategies in patients with
prior procedures.

Filler Type: Filler type is a strong determinant of
AE risk (=0.030, p=0.001), with non-HA fillers
(CaHA, PLLA, PMMA) associated with higher
complication rates relative to HA. This aligns with
previous tables showing higher moderate and severe
adverse events with bio stimulatory or permanent
fillers. Biodegradable HA fillers are safer due to
reversibility ~with hyaluronidase and lower
inflammatory potential, whereas PMMA and PLLA
carry increased risk of nodules, granulomas, and
long-term complications. Clinicians must tailor filler
selection based on anatomical site, patient goals, and
risk tolerance.

Injection Site Risk: Injection into high-risk areas
(lips, glabella, tear trough) significantly increased
AE incidence (B=0.035, p=0.002). Anatomical
complexity, vascular density, and thin dermis make
these zones more prone to bruising, edema, nodules,
and rare severe events like vascular occlusion. Low-
risk regions such as midface and jawline have lower
complication rates. This predictor highlights the
critical importance of anatomical knowledge, site-
specific technique, and appropriate filler choice.
Practitioner Experience: Practitioner experience
demonstrated a strong inverse relationship with AE
risk (B=0.040, p=0.004), consistent with prior
analyses. Novice injectors (<2 years) have the
highest rates of mild, moderate, and severe AEs due
to limited technical proficiency and incomplete
anatomical understanding. Experienced injectors
(>5 years) mitigate these risks through refined
technique, knowledge of facial vasculature, and
prompt management of early complications. This
finding reinforces the need for supervised training
and structured mentorship programs for emerging
injectors.

Injection Volume: Higher filler volumes per
injection were associated with increased AE
probability ($=0.010, p=0.015). Overcorrection or
high-volume bolus injections elevate tissue tension,
disrupt local vasculature, and can lead to edema,



nodules, or ischemic events. Incremental injections
with careful monitoring of tissue response are
therefore recommended, particularly in high-risk
anatomical zones or with viscous fillers.

Sensitivity Analysis: Sensitivity analysis confirmed
the robustness of these findings. Sequential
exclusion of individual studies did not significantly
alter coefficient estimates or significance levels,
indicating that results are stable across study
populations, filler types, and procedural settings.
Funnel plot assessment suggested minimal
publication bias, reinforcing the reliability of the
meta-analytic conclusions.

Clinical Implications: This analysis provides a
comprehensive framework for risk stratification.
Patients at higher risk older age, female gender, prior
cosmetic procedures, treatment with non-HA fillers,
high-risk injection sites, and less experienced
injectors should receive tailored strategies including
conservative volume, slow incremental injections,
cannula use in high-risk zones, and enhanced
monitoring.  Pre-procedural  counseling  and
informed consent should emphasize individual risk
factors, anticipated mild and moderate reactions, and
rare but severe complications. Table 8 demonstrates
that adverse events following facial filler injections
are multifactorial. Age, gender, prior procedures,
filler type, injection site, practitioner experience,
and injection volume independently influence AE
incidence. Meta-regression and sensitivity analysis
provide quantifiable measures of risk, guiding
clinicians in  procedural planning, patient
counseling, and individualized risk mitigation.
These insights integrate the findings from the
previous seven tables into a comprehensive
predictive model, forming an evidence-based
foundation for optimizing safety and outcomes in
aesthetic facial procedures.

Discussion

This systematic review and meta-analysis provides a
comprehensive evaluation of adverse events (AES)
associated with facial filler injections, integrating
patient demographics, procedural variables, and
outcomes across multiple studies. The eight tables
presented offer detailed insights into the incidence,
severity, and predictors of AEs, enabling a nuanced
understanding of risk factors and safety
considerations.

Patient Demographics and Risk Profiles (Table
1): The majority of patients were female (75%),
predominantly aged 30-49 years, which aligns with
global patterns in cosmetic medicine where women
represent the main population seeking aesthetic
interventions (Klein et al.,2020; Philipp-Dormston
et al.,2018). Nearly half of patients had previous
cosmetic procedures, highlighting cumulative tissue
changes as a potential risk factor for complications.
Older age and history of prior procedures were
confirmed as significant predictors of increased AE
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incidence in our meta-regression (Table 8),
corroborating findings from Jones et al. (2019) that
repeated interventions elevate risk of nodules and
delayed swelling.

Mild Adverse Events (Table 2): Mild AEs such as
swelling, erythema, and bruising were the most
frequent, occurring in up to 35% of cases in high-
risk anatomical zones. These findings are consistent
with earlier studies reporting mild post-procedural
reactions in 20-40% of patients (Liew et al.,2017;
Sundaram et al.,2014). Swelling and bruising were
notably more common in areas with thin skin, such
as lips and periorbital regions, confirming the role of
anatomical vulnerability in minor complications.
These events, while self-limiting, impact patient
satisfaction and highlight the importance of pre-
procedural counseling.

Moderate Adverse Events (Table 3): Moderate
AEs, including nodules, localized infections, and
delayed swelling, affected 1.6-6% of patients. Our
incidence rates are comparable to prior systematic
reviews reporting moderate complications in 2-7%
of facial filler treatments (De Boulle &
Heydenrych,2015). The data suggest that filler type,
injection technique, and prior cosmetic interventions
influence moderate AE occurrence. Non-HA fillers
(PLLA, CaHA, PMMA) were associated with higher
rates, aligning with previous reports indicating
increased inflammatory reactions and granuloma
formation with bio stimulatory or permanent
materials (Funt & Pavicic,2013).

Severe Adverse Events (Table 4): Severe AEs
were rare (<1%) but clinically significant, including
vascular occlusion, tissue necrosis, retinal artery
occlusion, and severe infections. These findings
mirror prior evidence documenting vascular
compromise as the most serious risk of facial filler
injections, particularly in glabellar, nasolabial, and
periorbital regions (Hester et al.,2018; Beleznay et
al.,2015). Prompt recognition and management are
critical, and the low incidence reinforces the overall
safety of filler procedures in trained hands.
Influence of Filler Type (Table 5): The analysis
confirms that HA fillers are associated with higher
mild but lower moderate and severe AE rates, while
permanent fillers (PMMA) carry the highest risk of
persistent complications. This pattern aligns with
prior reviews emphasizing the reversibility and
safety of HA compared to bio stimulatory or
permanent fillers (Sundaram & Fagien,2018). PLLA
showed delayed moderate reactions, consistent with
its collagen-stimulating mechanism.

Injection Site-Specific Complications (Table 6):
High-risk anatomical areas lips, tear trough, and
glabella exhibited higher AE incidence. These
results confirm findings from prior studies
demonstrating the relationship between vascular
density, thin dermis, and AE risk (Bae et al.,2019).
Conversely, midface and jawline injections had
lower complication rates, highlighting the role of



tissue thickness and vascular anatomy in procedural
safety.

Practitioner Experience (Table 7): Our analysis
demonstrates that experience inversely correlates
with AE incidence. Novice practitioners had higher
mild, moderate, and severe complication rates,
emphasizing the importance of supervised training,
anatomical  education, and gradual  skill
development. This finding is consistent with prior
observational studies indicating lower AE rates
among expert injectors (Kim et al.,2016).
Meta-Regression and Sensitivity Analysis (Table
8): Advanced analysis confirmed age, female
gender, prior procedures, filler type, injection site,
practitioner experience, and injection volume as
independent predictors of AE risk. Sensitivity
analysis validated the robustness of these
associations across studies, supporting prior
research emphasizing multifactorial determinants of
filler safety (Cohen et al.,2015; Philipp-Dormston et
al.,2018). The findings underscore the need for
individualized risk assessment, careful procedural
planning, and evidence-based preventive strategies.
Integration  and Clinical Implications:
Collectively, the eight tables highlight a
multifactorial risk profile for facial filler
complications. Mild reactions are common but
manageable; moderate events require targeted
interventions; severe complications, while rare,
necessitate advanced preparedness. Patient factors
(age, sex, prior procedures), procedural factors
(filler type, injection site, volume), and practitioner
factors (experience) interact to influence outcomes.
Clinicians should incorporate these insights into pre-
procedural planning, informed consent, and post-
procedural monitoring. Tailored strategies such as
selecting appropriate filler types, using cannulas in
high-risk zones, and gradual incremental injections
can optimize both safety and aesthetic outcomes.
Comparison with Prior Literature: Our findings
are largely consistent with existing literature,
reinforcing the general safety of facial filler
procedures when performed by trained practitioners,
while providing a more quantitative synthesis of risk
factors through meta-regression. Notably, the study
confirms previously reported site-specific and filler-
specific risks, while quantifying the incremental
effect of practitioner experience and patient
characteristics. The comprehensive analytical
approach also highlights interactions between
multiple predictors, offering a more integrative
understanding of complication patterns than prior
single-study analyses.

Limitations: Despite robust synthesis, the review is
subject to limitations. Variability in study design,
reporting standards, and follow-up duration may
influence AE rates. Heterogeneity in filler products,
injection techniques, and patient populations
introduces potential confounding. Nevertheless,
sensitivity analysis and meta-regression mitigated
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some of these limitations, enhancing the reliability
of conclusions. The discussion of all eight tables
illustrates that facial filler injections are generally
safe, with most adverse events being mild and self-
limiting. Moderate and severe events are influenced
by a combination of patient, procedural, and
practitioner factors. Comparative analysis with prior
studies confirms consistency of these findings while
providing novel quantitative insights into predictors
of complications. Clinicians can leverage this
evidence to optimize patient selection, injection
strategy, and post-procedural care, thereby
improving safety and outcomes in aesthetic practice.

Conclusion

This systematic review and meta-analysis provides a
comprehensive evaluation of adverse events
associated with facial filler injections, integrating
data from 2,500 patients across multiple studies. The
findings demonstrate that facial filler procedures are
generally safe, with the majority of adverse events
being mild, transient, and self-limiting, such as
swelling, erythema, and bruising. Moderate
complications, including nodules, delayed swelling,
and localized infections, occur less frequently but
require clinical attention. Severe adverse events,
such as vascular occlusion, tissue necrosis, retinal
artery occlusion, and permanent granulomatous
reactions, are rare (<1%) but can result in lasting
functional or aesthetic consequences.

The analysis highlights several key factors
influencing  adverse  event risk.  Patient
characteristics including age, female gender, and
prior cosmetic procedures are associated with higher
complication rates. Procedural factors, such as filler
type, injection site, and volume per injection,
significantly affect both the frequency and severity
of adverse events. Hyaluronic acid fillers were
shown to have the safest profile, while bio
stimulatory and permanent fillers (PLLA, PMMA)
carry higher risk of moderate and severe
complications.  High-risk anatomical regions,
particularly lips, tear troughs, and glabella, exhibit
increased susceptibility due to vascular density and
tissue thinness. Practitioner experience emerged as a
critical  determinant, with novice injectors
demonstrating higher rates of mild, moderate, and
severe complications compared to experts.
Meta-regression and sensitivity analyses confirmed
the robustness of these findings, providing
quantitative measures of risk and reinforcing the
multifactorial nature of adverse events. The results
underscore the importance of individualized patient
assessment,  evidence-based  filler  selection,
meticulous injection technique, and thorough
practitioner training. Pre-procedural counseling,
preventive strategies in high-risk zones, and prompt
management of complications are essential to
optimize safety and outcomes.



In conclusion, facial filler injections remain a widely
utilized and generally safe modality for facial
rejuvenation and aesthetic enhancement. A thorough
understanding of patient- and procedure-related risk
factors, combined with skilled technique and
adherence to best practices, can minimize
complications and ensure high levels of patient
satisfaction. This study provides an evidence-based
framework for clinicians to guide safe and effective
facial filler procedures while highlighting areas for
further research, including long-term outcomes and
comparative safety across different filler materials
and injection strategies.
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