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Fat Embolism in Non-Orthopedic Contexts: A Literature Review of Clinical Cases and
Pathophysiology

(Review Article)

(Abstract \

Fat embolism syndrome (FES) is traditionally associated with orthopedic trauma, particularly long bone fractures,
but its occurrence in non-orthopedic contexts, such as cosmetic procedures, acupuncture, and other minimally
invasive interventions, is emerging as a significant clinical concern.

This literature review explores the clinical cases, pathophysiology, and knowledge gaps related to fat embolism in
these non-orthopedic settings. The review, mostly includes the articles from the last 14 years.

The review synthesizes existing case reports, highlighting the mechanisms by which fat globules enter the
bloodstream, often through tissue disruption in fat-rich areas. While fat embolism is well-documented in
orthopedic trauma, the risk in non-traumatic contexts remains underrecognized, with diagnostic challenges and
limited understanding of the precise mechanisms involved. Procedures like liposuction, gluteal fat grafting, and
acupuncture have been implicated in fat embolism, often resulting in severe complications such as respiratory
distress and neurological impairment. Despite the rising frequency of these procedures, significant gaps remain in
understanding risk factors, improving diagnostic techniques, and optimizing treatment strategies.

This review underscores the need for increased awareness and further research to understand non-orthopedic fat
embolism better, refine diagnostic approaches, and develop preventive measures to reduce the risk of
complications in clinical practice.
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fractures. Fat droplets from the marrow are released into the bloodstream and
can travel to the lungs, brain, or other organs, causing embolism¥. While fat
embolism is well-documented in orthopedic trauma, particularly long bone
fractures?, its occurrence in non-orthopedic contexts represents an emerging
and under-recognized clinical challenge. Procedures such as cosmetic filler
injections, acupuncture, and other minimally invasive interventions in fat-rich
areas have introduced novel pathways for fat embolism to develop, often
without the traditional risk factors associated with trauma.

With the growing popularity of minimally invasive procedures, such as
cosmetic filler injections and liposuction, these interventions are increasingly
sought after for both aesthetic and therapeutic purposes. As a result, the risk
of fat embolism—occurring even in the absence of traditional trauma—has
garnered more attention in clinical practice. This emerging risk highlights the
urgent need for increased awareness and the development of tailored
preventive strategies in clinical settings outside the scope of orthopedic
trauma. By broadening the focus to include non-orthopedic contexts, this
review aims to bridge critical knowledge gaps, underscore the risks associated
with these procedures, and stimulate further research to guide safer clinical
practices in diverse medical fields.
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Definition of Fat Embolism

Fat embolism is the presence of fat globules in the
circulatory system, which may result in fat embolism
syndrome (FES) leading to systemic inflammatory
syndrome®*. Numerous clinical symptoms may
result from these fat globules obstructing smaller
blood vessels!®. While fat embolism is often seen
histologically in trauma cases, the majority of fat
embolism episodes remain subclinical, with only a
small percentage progressing to the more severe fat
embolism syndrome (FES). It is estimated that fat
embolism occurs in up to 90% of patients following
long bone fractures. Yet, only 1% to 2% develop
clinically significant FES, highlighting the rarity and
severity of the syndrome in those who experience
it®),

FES is a clinical condition caused by fat emboli lodging
in the microcirculation, leading to systemic
symptoms such as cutaneous manifestations,
neurological deficits, and pulmonary complications®.
It is most commonly associated with orthopedic
trauma, particularly long bone fractures!”). The
syndrome is characterized by a classic triad of
symptoms: petechial rash, neurological impairment,
and respiratory distress, although these may not
always appear together™,

There are two types of fat embolism: microscopic fat
embolism (MIFE) and macroscopically fat embolism
(MAFE). MIFE occurs when fat enters the
bloodstream at a microscopic level, resulting in FES,
whereas MAFE occurs when fat enters
macroscopically, causing direct blood vessel
occlusion®1Y,

Fat Embolism in Non-Orthopedic Contexts:

Historically, traumatic orthopedic occurrences have
been the trigger for the incidence of fat embolism?,
Numerous explanations have been identified in the
literature about the occurrence of fat embolism in
non-orthopedic trauma circumstances from 1927 and
even before®®. Conditions like diabetes or
cardiovascular-renal disease, substances such as
phosphorus, potassium chlorate, or carbon
monoxide, acute infections causing toxemia, burns,
sepsis, chronic alcoholism, pancreatitis, tuberculosis,
and cancer (carcinomatosis, sarcomatosis) can
predispose individuals to fat embolism™?.

For instance, in conditions like pancreatitis, the
release of free fatty acids and disruption of tissue
barriers may contribute to the formation of fat
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emboli. Similarly, in sepsis, microcirculatory
dysfunction and systemic inflammation increase the
risk of fat embolism, often in the presence of other
risk factors'®!¥. Since then, several cases of fat
embolism or fat embolism syndrome reported
following  non-orthopedic trauma. Table 1
summarizes the causes and proposed mechanisms of
fat embolism following conditions unrelated to bone
fractures.

The pathophysiology of fat embolism involves both
mechanical and biochemical mechanisms.
Mechanically, increased intramedullary pressure
following trauma can dislodge fat cells into venous
sinusoids, where they stimulate platelet adhesion
and fibrin generation, eventually obstructing
capillaries and triggering pulmonary complications
such as hemorrhage, edema, and alveolar collapse.
Fat cells may also reach the arterial circulation
through a patent foramen oval, leading to systemic
manifestations. Biochemically, tissue lipases break
down fat into free fatty acids (FFAs), which have toxic
and pro-inflammatory properties, inducing
pulmonary injury and contributing to acute
respiratory distress syndrome (ARDS)™*?.

Fat embolism following cosmetic procedures:

Fat embolism following cosmetic procedures is well
documented including liposuction with or without fat
grafting!®™>'”). Recently a systematic review of fat
embolism following fat grafting described cases
diagnosed with fat embolism following non-
orthopedic trauma since 1988 including 137
patients'®. Fat embolism following injection of
vitamin E, and fat embolism-like syndrome following
mineral oil injection also reported in the literature
(18,19)'

The procedures in all these cases include direct lipid
tissue manipulation (liposuction) or lipid substance
injections (fat injection). In recent years, cosmetic
procedures such as liposuction, gluteal fat grafting,
and soft tissue filler injections have seen a significant
rise in popularity, especially in aesthetic surgery. This
increased frequency of fat manipulation procedures
has corresponded with an uptick in reports of fat
embolism, especially in high-risk regions like the
gluteal area. The growing demand for cosmetic
enhancements underscores the need for greater
attention to the potential risks of fat embolism,
particularly in light of the increasing complexity of
these interventions.
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Table 1: Causes and proposed mechanisms of fat embolism following conditions unrelated to bone
fractures.

Cause

Proposed mechanism

Cosmetic procedures (e.g., liposuction, fat grafting)

Disruption of adipose tissue leads to the release of fat globules

into the venous/artery circulation.

Soft tissue filler injections/acupuncture

Rupture of fat cells or vascular obstruction by the needling
causes embolization.

Vitamin E/Mineral oil injections

Direct injection of lipid substances into vasculature results in
embolization and systemic complications.

- Donor-related fat embolism: Transfer from donor organs
(e.g., post-trauma).

Organ transplantation

- Corticosteroid-induced: Fat mobilization triggered by steroid

use.

- Donor hepatic steatosis: Fat release from donor liver during
transplantation.

Bone marrow biopsy

Disruption of bone marrow during biopsy releases fat globules

into the bloodstream.

Sickle Cell B-Thalassemia

Vaso-occlusive crises or bone marrow necrosis led to the
dislodgement of fat globules into systemic circulation.

Sepsis, burns, and pancreatitis

Systemic inflammatory response causes cytokine-mediated fat

mobilization and embolism.

Toxic substance exposure (e.g., phosphorus,
potassium chlorate, carbon monoxide)

Cellular injury disrupts adipose tissue, leading to fat globule
release and embolization.

Chronic conditions (e.g., diabetes, cancer,
tuberculosis)

Chronic inflammation and tissue damage promote fat
mobilization into the bloodstream.

Fat embolism following
surgical procedures

non-orthopedic

Fat embolism following organ transplantation
including lungs, kidney, liver, heart, and bone marrow
also reported®24. The underlying mechanism in
these cases including donor acquired fat embolism
(following orthopedic trauma), corticosteroid-
induced fat embolism, and donor hepatic steatosis!®*
24)

Donor-acquired fat embolism is particularly relevant
when the donor organ shows signs of hepatic
steatosis, a condition where fat accumulation in the
liver predisposes to embolic events during
transplantation. Additionally, corticosteroids used to
prevent organ rejection in transplant patients may
exacerbate the risk of fat embolism by promoting fat
mobilization, increasing lipid release into the
bloodstream, and impairing endothelial function,
thus facilitating the entry of fat globules into the
systemic circulation(?24),

Fat embolism following bone marrow biopsy of iliac
crest reported. FES was diagnosed as iatrogenic due
to bone marrow aspirate and biopsy, as symptoms
onset occurred soon after, and other diagnoses were
excluded®),

Fat embolism following hemoglobinopathy

Several cases of fat embolism syndrome in patients
with Sickle Cell B-Thalassemia reported in the
literature!®39,  Fat  embolism  syndrome in
hemoglobinopathies, particularly sickle cell disease,
arises from the mechanical stress of vaso-occlusive
crises. These crises lead to microvascular blockages,
causing ischemic damage to bone marrow and fat
tissue. During these events, fat globules are released
from the marrow and enter circulation, exacerbating
systemic embolism. The unique interplay of
hemolysis, ischemia, and bone marrow necrosis in
these patients increases their susceptibility to fat
embolism, especially when combined with other
predisposing factors like infections or trauma®®?.

Fat Embolism Following Needling Without Fat
Injection

Fat embolism following needling procedures without
fat injection, though rare, has been associated with
severe outcomes, including respiratory failure and
death®33) These cases often involve interventions in
fat-rich areas such as the gluteal region or lower back,
where tissue disruption can release fat globules into
the circulation. Compared to fat embolism in other
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non-orthopedic contexts, such as cosmetic
procedures, the lack of direct fat transfer complicates
diagnosis and management. Case reports suggest
that, despite being less frequent, fat embolism
following needling may present with acute
respiratory distress and neurological impairment,
requiring urgent intervention and highlighting the
need for further investigation into preventive
measures.

Clinical Implications and Future Directions

The rising awareness of fat embolism in non-
orthopedic settings underscores the importance of
early recognition and preventive strategies in clinical
practice. Future research should focus on elucidating
the precise mechanisms of fat embolism in non-
traumatic scenarios, refining diagnostic approaches,
and developing guidelines for minimizing risk in high-
risk procedures. Investigating the role of tissue
trauma, needle size, and patient-specific factors in
the development of fat embolism is crucial.
Additionally, further studies should explore the use of
imaging techniques in early detection and better
define the role of medical interventions in improving
outcomes for affected patients.

Knowledge Gaps in Fat Embolism in Non-
Orthopedic Contexts

Despite the increasing recognition of fat embolism in
non-orthopedic  settings, several significant
knowledge gaps remain that hinder effective
prevention, diagnosis, and management. One of the
primary challenges is the lack of comprehensive data
on the exact mechanisms by which fat embolism
develops in these non-traumatic contexts. While the
pathophysiology of fat embolism in orthopedic
trauma is well understood, the specific factors that
trigger fat globules to enter the bloodstream during
procedures like acupuncture, cosmetic filler
injections, and needling without fat injection are less
clear. These procedures, often occurring in fat-rich
and highly vascularized areas, may contribute to fat
embolism through mechanisms that are not yet fully
defined.

Furthermore, there is limited research on the
incidence and prevalence of fat embolism in non-
orthopedic contexts. Most studies focus on individual
case reports or small cohorts, making it difficult to
generalize findings or establish clear clinical
guidelines. Larger, multi-center studies are needed to
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better understand the true extent of fat embolism in
these settings and to identify risk factors that
predispose patients to developing the condition. Key
variables such as patient comorbidities, procedural
techniques (e.g., needle size, injection depth), and
anatomical regions involved remain underexplored in
relation to fat embolism risk.

Another critical knowledge gap is the diagnostic
challenges associated with fat embolism in non-
orthopedic settings. While imaging techniques and
clinical criteria are well-established for trauma-
induced fat embolism, their utility in cases arising
from non-traumatic procedures is not well
documented. There is a need for more research on
early diagnostic markers or imaging methods that can
detect fat embolism in its subclinical or early stages,
particularly in cases that do not present with the
classic triad of symptoms (petechial rash,
neurological impairment, and respiratory distress).
Additionally, there is a dearth of evidence regarding
the optimal treatment strategies for fat embolism in
non-orthopedic contexts. While supportive care,
including respiratory support and mechanical
ventilation, remains the cornerstone of treatment,
the effectiveness of various interventions, such as
corticosteroids or anticoagulation therapy, remains
uncertain in these specific cases. Further clinical trials
are required to evaluate the safety and efficacy of
different treatment approaches, as well as to explore
the potential role of preventive measures for high-
risk procedures.

Finally, the long-term outcomes of patients who
experience fat embolism following non-orthopedic
procedures remain poorly understood. While short-
term survival rates are often reported, there is a lack
of comprehensive data on long-term complications
such as chronic pulmonary or neurological deficits.
Understanding the long-term impact of fat embolism
in these patients is crucial for informing follow-up
care and improving patient outcomes.

Conclusion

Fat embolism, traditionally associated with
orthopedic trauma, is increasingly recognized in non-
orthopedic contexts such as cosmetic procedures,
acupuncture, and other minimally invasive
interventions. While the mechanisms of fat embolism
in these scenarios are not fully understood, the
potential for fat globules to enter the bloodstream
through tissue disruption in fat-rich areas has gained
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clinical attention. Despite the rising number of case
reports, significant knowledge gaps persist regarding
the exact pathophysiology, risk factors, diagnostic
methods, and optimal treatment strategies for fat
embolism in non-orthopedic settings. The increasing
prevalence of procedures that manipulate fat
tissue—coupled with the lack of standardized
guidelines—highlights the urgent need for further
research to elucidate the mechanisms of fat
embolism, identify at-risk populations, and develop
effective preventive measures. Future studies should
focus on improving early detection, refining
diagnostic techniques, and establishing clinical
protocols to ensure safer practices across diverse
medical fields.
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