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Fat embolism syndrome: a review in cosmetic surgery
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The growing popularity of cosmetic procedures such as liposuction and fat grafting has been accompanied by a rise in associated
side effects. Among these, fat embolism syndrome stands out as a potential complication that sometimes has critical consequences.
It is important to recognize that fat embolism affects organs through distinct mechanisms from those involved with other types of em-
bolisms. Early diagnosis is crucial. Unfortunately, no effective treatments have been established for this condition. Therefore, starting
with a more detailed categorization of diagnoses, developing new treatment methods for each subtype is essential.

Keywords: Embolism; Fat; Hemorrhage; Ischemia

Introduction

The first reported case of death due to fat embolism syn-
drome (FES) was documented by Zenker in 1862 [1]. Mod-
ern liposuction was first developed in the early 1980s [2],
and subsequently, in 1983, Hunter et al. [3] reported on
“Pulmonary complications following abdominal lipecto-
my,” which is considered the earliest report of FES associ-
ated with cosmetic surgery. Since then, numerous cases of
FES related to cosmetic procedures have been documented,
suggesting a significant correlation between the increasing
prevalence of cosmetic surgeries and the incidence of FES.
FES is a potential complication that can arise from pro-
cedures such as liposuction, fat grafting, or even fractures,

and in some cases, it can be life-threatening.

In adults, the diameter of adipocytes typically ranges
from 20 to 200 pm, while the diameter of fat particles ob-
tained through standard aspiration cannulas can exceed 1
mm. High-pressure injection, large-volume fat grafting, and
liposuction present significant risks for developing FES [4].

In this article, we aim to provide a comprehensive over-
view of FES, with a focused review on the three most repre-
sentative and critical forms of this condition.

Mechanism

Fat, the causative agent of FES can be classified into two
types within the human body. One type is the mobile fat
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present in the bloodstream, and the other is the fat stored
outside the blood vessels. Mobile fat exists in the form of
chylomicrons bound to apolipoproteins. Stored fat accu-
mulates as triglycerides (TG) within adipocytes. TG can be
hydrolyzed into free fatty acids (FFAs) by lipase, and these
FFAs can bind to albumin and be transported through the
bloodstream to other tissues [5].

FFAs are considered toxic substances. They bind with cal-
cium ions in the blood, disrupting the junctions between
endothelial cells. This results in damage to the endothelial
surface of capillaries, increasing vascular permeability and
leading to hemorrhage and edema [6].

The progression from asymptomatic fat embolism to se-
vere FES can be explained by two mechanisms. One is the
mechanical obstruction theory, which posits that when ad-
ipose tissue is damaged, peripheral vessels are mechanical-
ly obstructed by fat emboli, leading to ischemia and severe
dysfunction of distal organs [7]. This condition is known
as fulminant acute FES. Rapidly progressing clinical symp-
toms require a significant amount of fat emboli (Fig. 1).

However, FES resulting from mechanical obstruction is
rare. The other theory is the chemical theory, which sug-
gests that FFAs damage organs and cause subacute FES [6].

Subacute FES is the most common clinical type and typi-
cally occurs 12 to 48 hours post-injury (Fig. 2).

Peltier [8] was the first to explain these two theories
through animal experiments. He discovered that when
chemically pure triolein, a type of TG, was injected into the
veins of rabbits, the LD50 (lethal dose for 50%) was relative-
ly high at 900 mg/kg. Through gross and microscopic ex-
amination, he observed right ventricular hypertrophy and
ischemic changes in the lungs, providing evidence for the
mechanical obstruction theory. Additionally, he injected
three types of FFAs (oleic acid, linoleic acid, and linolenic
acid), finding LD50 values of 250 mg/kg, 225 mg/kg, and
200 mg/kg, respectively. These are relatively low doses. Au-
topsy results showed no right ventricular hypertrophy, but
there was diffuse hemorrhage in the lungs, suggesting the
biochemical toxicity of FFAs. These findings laid the foun-
dation for our understanding of the pathogenesis of FES.

In FES, the fat emboli entering the circulatory system are
primarily in the form of adipocytes and/or liquid fat in the
form of TG from destroyed adipocytes. Therefore, the two
main theories of FES (mechanical obstruction and bio-
chemical mechanisms) are likely interconnected and do
not operate independently [9]. That is, if the amount of fat

Fig. 1. The lung of a rabbit with experimentally induced fulmi-
nant-acute fat embolism syndrome, showing variable-sized small
and large fat globules in the vessels of inter-alveolar septa with
no remarkable change of the alveolar septa (Sudan Black B stain,
%100).
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Fig. 2. The lung of a rabbit with experimentally induced subacute
fat embolism syndrome, showing many variable-sized black fat
globules in the lung and some vascular spaces with diffuse hem-
orrhage in intra-alveolar spaces (Sudan Black B stain, x100).
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entering the bloodstream is insufficient to cause fulminant
FES, the TG fat emboli are hydrolyzed into FFAs. This con-
version leads to a transition from mechanical obstruction
to a biochemical phase, resulting in subacute FES [9-11].

There is a common misconception that FES only occurs
due to the liquid component of fat. However, research in-
dicates that not only liquid fat, but also fat cells can act as
embolic material [12]. Fat cells can cause occlusion on their
own, and they can also trigger inflammatory responses
that promote thrombus formation, leading to mechanical
occlusion [13,14]. Additionally, based on the results of the
rabbit experiment with a 700 mg/kg intravenous injection
of triolein, liquid TG can also act as emboli, initially pre-
senting macroscopic pathological symptoms like occlusion
and immediate organ ischemia, and over time, microscopic
pathological changes resulting from chemical reactions
lead to bleeding and typical symptoms of FES [9].

Unlike other embolisms, a significant characteristic of
FES is the transition from ischemic symptoms to hemor-
rhagic symptoms as time progresses [9-11]. The precise
mechanism by which FES induces bleeding remains un-
clear. One theory suggests that the lipoprotein lipase acts
on intravascular fat, generating FFAs that induce chemok-
ine-derived cell infiltration, thereby damaging cell-capillary
walls [15]. Another theory posits a response of the lung to
release lipase. This enzyme hydrolyzes fat particles, re-
leasing FFAs and glycerol into the circulation, significantly
increasing capillary permeability. This can disrupt cellular
structure and lead to edema and bleeding [16,17].

One mechanism underlying iatrogenic FES that we wish
to elucidate in this article is the injection of fat into the
bloodstream. Therefore, the quantity and pressure of injec-
tion are crucial. The volume required to generate this reflux
does not need to be high. Injecting 3 mL of saline solution
containing isotopes rapidly into the radial artery was suffi-
cient to be detected at the carotid-subclavian junction [17].
Khan et al. [18] demonstrated that even injecting less than
0.1 mL of saline solution into the supratrochlear artery of
the forehead was sufficient to reach bifurcation at the orbit-
al apex. Moreover, with sufficient pressure to overcome the
blood pressure of punctured small arteries, retrograde flow
can be generated, potentially affecting other distal organs
[19].

Understanding these basic mechanisms is crucial for
identifying specific complications associated with FES.

Among them, the most severe and clinically significant
manifestations are pulmonary fat embolism (PFE), cerebral
fat embolism (CFE), and vision loss due to fat embolism. If
these conditions are not promptly recognized and treated,
they can be life-threatening or lead to serious sequelae.

1. Pulmonary fat embolism

PFE stands as one of the most severe complications associ-
ated with liposuction and fat grafting. During surgery, dam-
age to adipose tissue and perforation of small blood vessels
can lead to the formation of fat particles. These particles
enter the venous system, causing pulmonary injury [20].
Upon manifestation of symptoms such as altered mental
status, neurological deficits, or skin rash, suspicion of PFE
should be promptly raised and confirmed through diagnos-
tic testing.

2. Cerebral fat embolism

The incidence of CFE has significantly increased since
2010, with the majority of cases occurring in young women
of East Asian descent [21]. This trend may be attributed to
the preference for facial contouring procedures in this re-
gion. One possible mechanism of CFE involves inadvertent
puncture of small facial veins or arteries during facial fat
grafting procedures, causing fat particles to reflux under
excessive pressure into larger vessels in the vicinity, even-
tually flowing downstream to more distant vasculature [22].
When considering venous entry, one might wonder CFE
occurs. Without a patent foramen ovale, emboli usually
get trapped in the lungs, causing PFE, and it is hard to see
how they could reach the brain. However, small flexible fat
globules can pass through the lung capillaries, so CFE can
happen even without a patent foramen ovale [23]. When fat
emboli enter the cerebral circulation via the venous system,
neurological deficits may manifest late, and signs of PFE
such as dyspnea and tachycardia may be present. When
fat embolism occurs via arterial routes, fat particles can
inadvertently enter superficial arteries such as the angular
artery, facial artery, or superficial temporal artery, eventu-
ally reaching the cerebral circulation due to hemodynamics
[24]. Even small amounts of fat are sufficient to induce re-
flux. The smallest reported amount of fat causing cerebral
embolism is 0.5 mL [25].

www.kosinmedj.org

171



Kosin Medical Journal 2024;39(3):169-178

3. Fat embolism-induced blindness

Similarly, inadvertent injection of fat into arteries during
facial fat grafting procedures can lead to fat embolism trav-
eling through the bloodstream, resulting in ophthalmic
artery and central retinal artery occlusion. In such cases, all
patients have experienced sudden blindness [26]. Compli-
cations related to fat injection in areas such as the forehead,
temples, and glabella are more frequent [27]. Considering
the vascular anatomical structure of these areas, injected
fat can retrogradely reach ophthalmic artery through the
internal carotid artery, or it can access the ophthalmic ar-
tery through angiosomes directly connected to the distal
branches of the external carotid artery [16].

Diagnosis

FES is primarily a diagnosis of exclusion. Various criteria
aiding diagnosis have been proposed by Gurd and Wilson
[28], Schonfeld [29], and Lindeque [30] (Table 1). According
to Gurd and Wilson's diagnostic criteria, the presence of
at least two major signs or one major sign along with four
minor signs is required for a diagnosis of FES. Using Schon-
feld's criteria, a score of 5 or more is sufficient for diagno-
sis, while Lindeque's criteria allow for a diagnosis if even
one criterion is met. However, from a broader perspective,
respiratory dysfunction, neurological symptoms, and pete-
chial rash are the primary indicators of FES. Petechial rash
typically appears within 3 days of symptom onset and is
considered the only pathognomonic feature of FES. Nev-
ertheless, the absence of petechial rash should not exclude
the diagnosis of FES.

1. Pulmonary fat embolism

The symptoms of PFE are similar to many surgery-related
complications such as adult respiratory distress syndrome
(ARDS), pulmonary edema, aspiration pneumonia, drug
allergy, transfusion-related acute lung injury, and other
type of pulmonary embolisms. It is challenging to immedi-
ately distinguish PFE from these complications [31]. Typical
symptoms of PFE include dyspnea, hypotension, tachycar-
dia, hypoxemia, and altered mental status. Among patients,
23% initially presented with cardiac arrest. The range of
symptom onset was from 0 to 13 days post-surgery, with
the majority (69%) experiencing symptoms within 24 hours
postoperatively. Laboratory tests showed a decrease in
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the PaO,/FiO, ratio (Pa0,/FiO, <200) in all patients. Ad-
ditionally, leukocytosis, anemia, thrombocytopenia, and
elevated D-dimer levels were commonly observed [32]. The
most effective strategy for rapid and accurate diagnosis is a
spiral chest computed tomography (CT) scan, which typi-
cally shows diffuse mixed ground-glass and consolidation
opacities in both lungs. Bronchoalveolar lavage fluid often
contains bloody secretions, and microscopic examination
typically reveals lipid-laden macrophages [33]. Pulmonary
angiography may demonstrate multiple irregular defects in
the peripheral pulmonary artery system, indicating micro-
embolism [34-36]. Most reported plain chest X-ray (CXR)
findings indicated bilateral lung opacities similar to those
seen in pulmonary edema or ARDS. However, 14.3% of re-
ported CXR findings were negative [29]. During the acute
phase, echocardiography showed abnormalities such as
global hypokinesis, right ventricular dilation, and signs of

Table 1. Various diagnostic criteria of fat embolism syndrome

Criteria Clinical sign
Gurd and Wilson”
Major Respiratory distress
Cerebral symptoms
Petechial rash
Minor Tachycardia
Fever
Jaundice

Renal changes
Retinal changes
Hemoglobin drop
Thrombocytopenia
ESR elevation
Fat macroglobulinemia
Schonfeld (score>5) Petechial rash (5 points)
Chest X-ray change (4 points)
Hypoxemia (3 points)
Fever (1 point)
Tachycardia (1 point)
Tachypnea (1 point)
Confusion (1 point)
Lindeque (1 or more) Partial pressure of oxygen <8 kPa
Partial pressure of carbon dioxide >7.3 kPa
Respiratory rate >35/min

Increased work of breathing: dyspnea, ac-
cessory muscle use, tachycardia, anxiety

ESR, erythrocyte sedimentation rate.
IGurd and Wilson (2 major/1 major and 4 minor).
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pulmonary hypertension in 64% of cases [37,38].

2. Cerebral fat embolism

The most common symptoms of CFE are altered conscious-
ness, hemiplegia, aphasia, and vision loss. Distinguishing
fat embolism from other types of cerebral infarction on
non-contrast CT is challenging. Multiple small, non-conflu-
ent hyperintense lesions in the periventricular, subcortical,
and deep white matter regions, known as the “starfield pat-
tern,” are diagnostic features of CFE on T2-weighted mag-
netic resource imaging (MRI) images [39,40]. The severity of
CFE is graded by an MRI-based system proposed by Taka-
hashi et al. (Table 2) [41]. Additionally, diffusion-weighted
imaging (DWI) is one of the useful tools for identifying
infarction which displays sporadic hyperintense lesions,
resembling “a starry sky.” However, Lee et al. [42] consid-
ered magnetic resonance spectroscopy more useful than
DWI for identifying fat emboli. It is notable that, although
the primary concern is embolism, there are also numerous
reports of associated hemorrhage [10,43], which is thought
to be clinically manifested through biochemical mecha-
nisms induced by FFAs [9]. Microhemorrhages in the “nut
kernel pattern” on susceptibility-weighted imaging or T2*
MR, along with the starfield pattern and corpus callosum
diffusion restriction on DWI, appear to be the most critical
imaging markers of CFE and can assist in differential diag-
nosis in clinically ambiguous cases [10].

3. Fat embolism-induced blindness

All patients experienced sudden blindness, ophthalmo-
plegia, and reduced or absent direct pupillary light reflex
during the procedure. Occasionally, eye pain, ptosis, and
strabismus were also observed. Some patients developed
skin necrosis at the injection site, and imaging revealed
cerebral microinfarctions. After conservative treatment

Table 2. Takahashi grading of cerebral fat embolism

Grade MRI findings
0 No abnormality
1 Severe small spotty high-intensity lesion seen in the deep white

matter or deep brain structures

2 Either many small spotty high-intensity lesions or macular lesion
that represent confluent spotty lesions in the deep white mat-
ter or deep brain structures

3 Large macular high-intensity lesions in the deep white matter

MRI, magnetic resource imaging.

and intra-arterial thrombolysis, visual symptoms improved
with notable improvement in ptosis and ocular motility. A
minority of patients experienced an improvement in vision,
and significantly decreased the extent of skin necrosis [26].

Treatment and outcome

All patients require conservative treatment based on their
symptoms. This includes oxygen therapy, monitoring of
vital signs, intravenous fluid therapy, glucocorticoid pulse
anti-inflammatory treatment, reduction of intracranial or
intraocular pressure, vasodilators to improve circulation,
nutritional and neuroprotective therapy. If infection is
evident, anti- inflammatory and antibiotic treatments are
necessary. While hyaluronidase is known to be effective for
vascular embolism caused by hyaluronic acid injections,
there is no evidence to support its efficacy in treating FES
[44]. Patients with skin necrosis should undergo debride-
ment of the affected area and treatment with tissue growth
factors. For patients with cerebral infarction, free radical
scavengers may be administered to protect brain cells [26].
Administration of albumin appears to be beneficial, likely
due to its ability to bind FFAs [45,46].

1. Pulmonary fat embolism

Primary treatment for patients with PFE includes supple-
mental oxygen, ventilatory support, and supportive therapy
with vasodilators. Antibiotics are used to prevent or treat
wound infections and pneumonia [32]. Severe PFE patients
have survived after receiving extracorporeal membrane
oxygenation (ECMO) [47]. ECMO is associated with better
prognosis in PFE [48,49]. Acute cardiopulmonary decom-
pensation in FES is a critical condition requiring aggressive
life support measures, including ECMO. The indication
for ECMO should be understood as acute cardiopulmo-
nary collapse due to massive non-thrombotic pulmonary
embolism, which is not adequately managed by general
resuscitative measures alone. ECMO is typically considered
in situations where conventional therapies fail and there is
severe compromise of cardiac or respiratory function, gen-
erally at a mortality risk of over 50%, and is used almost uni-
versally at a mortality risk of 80% [48]. In extreme PFE cases,
patients may undergo intravenous streptokinase infusion,
pulmonary artery catheter embolectomy, or lobectomy [34].
For immobilized patients, thromboembolism prophylaxis
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should be initiated [50]. Among reported severe PFE cases,
76% required mechanical ventilation, 38% experienced car-
diac arrest, and 34% resulted in death. Early symptom onset
correlated with a more severe clinical course [32].

2. Cerebral fat embolism

Treatment options for CFE resulting from large vessel oc-
clusion are limited and often ineffective. Early reperfusion
is critical. Typically, intra-arterial mechanical thrombecto-
my or thrombolysis is preferred, while intravenous throm-
bolysis is less effective [24]. However, in cases of complete
occlusion where mechanical removal is unsuccessful,
urokinase is not recommended due to the risk of induc-
ing secondary intracerebral hemorrhage. Studies on CFE
caused by fat injection have shown that intravenous throm-
bolysis is not only ineffective for non-thrombotic embolism
but can also exacerbate the patient's condition by causing
drug-induced intracerebral hemorrhage [26]. Timely recog-
nition and intervention are crucial for successful outcomes.
Zhou and Cai [51] demonstrated significant neurological
improvement in a group treated with stent placement and
mechanical fat aspiration. Despite attempts to use steroids
to suppress the inflammatory cascade, the results were
unsatisfactory. Symptomatic treatment, including intracra-
nial pressure reduction, anti-infective therapy, nutritional
support, and neuroprotection is essential. Despite these
interventions, the prognosis remains poor [24]. The mortal-
ity rate was 20.6%. Early symptom onset confirmed by MRI
and higher severity on the Takahashi grading scale were
better predictors of mortality, whereas age was not [52].

3. Fat embolism-induced blindness

Irreversible damage to retinal neurons caused by ischemia
occurs within 90 minutes to 4 hours [53]. Most studies have
shown that faster treatment leads to better visual improve-
ment [54]. Selective angiography is necessary to confirm
embolism in the retinal artery and its branches. Upon con-
firmation of the embolism, mechanical recanalization of the
occluded vessel using a micro-guidewire and the admin-
istration of papaverine and urokinase into the ophthalmic
artery shown good results [26]. Notably, when the catheter
guided by the wire enters very small vessels such as the
ophthalmic artery, it may cause arterial dissection or other
injuries. Therefore, forced thrombectomy is not recom-
mended [26]. While symptoms such as ptosis, ischemia of
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the skin and soft tissues, and strabismus improved follow-
ing treatment, visual improvement was rare and often in-
complete [55]. For optimal outcomes, treatment for retinal
ischemia should be initiated within 90 minutes to 4 hours of
symptom onset. Early intervention increases the likelihood
of visual improvement. In cases of partial vascular occlu-
sion, timely restoration of blood flow is crucial. Reperfusion
therapy administered within approximately 6 hours of me-
chanical recanalization can also enhance visual outcomes.
The severity of the patient's vascular occlusion may have a
more significant impact on long-term visual outcomes [54].
Particularly, patients receiving only conservative treatment
tend to experience irreversible vision loss [27].

To date, the treatment methods for FES, along with the as-
sociated outcomes and prognosis, remain severe, highlight-
ing the importance of early intervention and prevention.

Prevention

The high mortality rate and the lack of effective treatments
for fat embolism emphasize the necessity for preventions.
To minimize the occurrence of life-threatening compli-
cations associated with liposuction and fat grafting, the
following actions are recommended. Patients should be
informed that vision loss, respiratory dysfunction, and
neurological impairment can occur within the first 4 days
post-procedure, and immediate medical support is crucial.
Therefore, patients should not be left alone on the first day
after the procedure [16]. Surgeries should adhere strictly
to standardized protocols, with careful monitoring of the
patient's vital signs and neurological symptoms. Local an-
esthesia is preferred over general or intravenous anesthesia
when possible. Physicians must have a thorough under-
standing of facial vascular anatomy to avoid inadvertent
intravascular fat injection. Injection sites must be selected
with meticulous care. Although grafted fat tissue tends to
survive better in highly vascular areas, this increases the
risk of vascular injury [24]. Ultrasound-guided injections
or the use of epinephrine before surgery can reduce vas-
cular damage [16]. Kadouch et al. [56] demonstrated the
enhanced safety of temporal fat grafting using duplex-ul-
trasound guidance. For gluteal augmentation, fat tissue
should be placed in the subcutaneous space above the
deep muscle plane and gluteal fascia plane using ultra-
sound guidance [47,57,58]. Some authors suggest that using
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blunt-tipped, large-diameter cannulas instead of needles
may be preferable to avoid puncturing small branch ves-
sels [22,59,60]. Fat particles should be injected slowly at
low pressure while retracting the syringe [18,61]. Applying
digital pressure proximal to the vessel during injections in
high-risk areas can prevent the retrograde flow of fat into
the bloodstream [62]. Injecting smaller volumes than those
required to reach the ophthalmic artery or ICA can reduce
complications [18]. For safety, a 1 mL multi-channel syringe
can be utilized, and injections should be administered very
slowly, especially in high-risk areas, with the syringe with-
drawn at low pressure [15,63]. Currently, no medications
have been proven to prevent the occurrence of fat embo-
lism or alleviate its symptoms.

Issues

Treatment failure in fat embolism can stem from three
main reasons. Firstly, there is confusion due to the gener-
alized diagnosis of FES without further differentiation. Fat
embolism resulting from fractures is sometimes referred
to as bone marrow embolism. This implies the presence of
various embolic materials, including not only liquid fat but
also fat cells, hematopoietic cells, and others [64]. Unlike air
embolism or thrombotic or septic embolism [65,66], which
occur due to a single substance or mechanism, fat embo-
lism involves diverse embolic materials and mechanisms.
In other words, the embolic material in fat embolism can
be either fat cells themselves or in the form of liquid fat,
and the mechanisms of occurrence can involve mechanical
occlusion or chemical action. These distinctions need to be
accurately identified to enable proper comparison of diag-
nosis, treatment, and outcomes, etc. and to facilitate the de-
velopment of new treatments. Secondly, there are inherent
limitations of thrombectomy materials [24]. Currently avail-
able stents are primarily designed with open or coil like
closed-loop structures, which can effectively capture solid
thrombi but are less efficient in capturing liquid emboli.
Thirdly, very small, disseminated fat emboli can induce mi-
crocirculatory disturbances, reducing the potential benefits
of embolectomy. Additionally, while hyaluronic acid fillers
contain hyaluronidase as a solvent, there is no solvent in
fat cells or liquid fat. Moreover, TG naturally break down to
form FFAs, which can lead to secondary vascular damage
and bleeding [9].

Conclusions

Effective treatment for FES demands clear differentia-
tion between liquid fat and fat cell emboli. Liquid fat FES
requires chemical treatments, with drugs like albumin
targeting FFAs showing promise. Thrombolytics, such as
urokinase, should be used cautiously, as they can exacer-
bate bleeding in non-thrombotic cases. Fat cell-related FES
needs physical removal and often coexists with liquid fat
emboli. Developing advanced devices for safely extracting
emboli from delicate vessels, like the central retinal and
ophthalmic arteries, is essential.
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