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Experimentally induced fat embolism syndrome: shift 
from obstruction to toxic effects

INTRODUCTION
Liposuction, which is widely performed in the field of plastic sur-
gery, was recently identified as a necessary process for the harvest-
ing of adipose-derived stem cells [1]. In liposuction, fat tissue is 
crushed and removed using physical force. An inevitable conse-
quence of liposuction is damage to the small vessels, through which 

shredded pieces of fat (fat emboli) can then flow; this phenomenon 
is known as fat embolism. If a pathologic state results, it is called fat 
embolism syndrome (FES) [2]. In FES, fat emboli are not fat tissue 
fragments or fat cells; rather, they are lipid drops floating in the cir-
culation [3].
 FES was first reported by Zenker [4] in 1862. Both fulminant-
acute and sub-acute FES, which are caused by an abnormal influx 
of fat into the blood vessels, are associated with characteristic clini-
cal symptoms, including petechiae, confusion, and acute respirato-
ry failure. FES can have fatal complications. Fortunately, most in-
stances of fat embolism are subclinical [5].
 Fat, the causative agent of FES, can be divided into two types: 
transported fat, which is present in the blood; and stored fat, which 
is located outside the blood vessels. Transported fat is in the form 
of chylomicrons bound to apolipoprotein, whereas stored fat accu-
mulates within adipocytes as triglycerides (TGs). TGs can be hy-
drolyzed to free fatty acids (FFAs) by lipase, and FFAs bound to al-
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Background Two hypothetical mechanisms have been proposed for fat embolism syn-
drome: mechanical obstruction and biochemical reactions. However, it has not been 
proven whether these mechanisms are correlated. This study aimed to demonstrate 
the relationship between these two hypothetical mechanisms by observing biochemi-
cal and histological changes in animals.
Methods After a preliminary study, 700 mg/kg of triolein was injected via the ear vein 
into 25 rabbits and hemodynamic changes in triglycerides, lipases, free fatty acids, and 
albumin over time were observed. Necropsies were immediately conducted on all ex-
perimental animals, and the lungs were examined histologically.
Results Eight rabbits died within 1 hour after the injection due to mechanical obstruc-
tion. Six rabbits died 7–60 hours after the injection due to diffuse hemorrhage of the 
lung induced by the toxic biochemical reactions of free fatty acids. Histological exami-
nations of the lungs of the surviving rabbits showed petechiae on the surfaces and evi-
dence of recovery from hemorrhage. Blood levels of free fatty acids increased immedi-
ately after the injection of triolein.
Conclusions This study revealed that fat emboli primarily injure the lung via mechanical 
obstruction. The fat is hydrolyzed into fatty acids and causes secondary damage via 
biochemical reactions. The present study sheds light on the pathophysiology of fat em-
bolism syndrome, with possible implications for its management and prevention.
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bumin are then moved to other tissues through the blood vessels. 
 FFAs, a toxic substance, bind calcium ions in the blood and breaks 
the junctions between endothelial cells. This disrupts the endothe-
lial cell layer surface of capillaries and increases vascular permea-
bility, resulting in hemorrhage and edema [5]. FFAs can attach to 
neutrophils, which play a significant role in inflammation and in-
crease the expression of CD11b/CD18 β2 integrins on neutrophils. 
Neutrophils produce proteases that digest alveolar endothelial cells 
[6].
 FES progresses rapidly, but few studies have examined its pre-
diction, management, or prophylaxis [7]. Therefore, it is important 
to improve our understanding of its pathophysiology.
 The progression of subclinical fat embolism to significant FES 
can be explained by two hypothetical mechanisms. The first theo-
retical mechanism is mechanical obstruction, in which peripheral 
vessels are mechanically obstructed by fat emboli when adipose 
tissue is damaged and the end organs subsequently develop isch-
emia and severe dysfunction, called fulminant-acute FES [8]. A 
significant quantity of fat emboli is needed to cause clinical symp-
toms, which progress very quickly. However, cases of FES caused 
by mechanical obstruction are very rare. The other proposed mech-
anism is the biochemical theory, according to which FFAs destroy 
organs through chemical interactions and cause sub-acute FES [9]. 
The more frequent type, sub-acute FES, usually occurs in 12–48 
hours after an injury. Peltier [10] first described these two theories 
in animal experiments by injecting TGs and FFAs. However, no 
studies to date have examined the interaction between these two 
causative agents of FES. 
 In FES, fat emboli that enter the venous circulation are TGs (stored 
fat), not FFAs. Therefore, the two main theories of the etiology of 
FES, mechanical obstruction and biochemical mechanisms, are 
likely related and do not act independently. In other words, if the 
amount of fat entering the bloodstream is insufficient to induce 
fulminant-acute FES, the remaining fat will be hydrolyzed to FFAs. 
This results in a shift from mechanical obstruction to the biochem-
ical phase, which leads to sub-acute FES. However, there is no evi-
dence that fat emboli that cause mechanical obstruction are hydro-
lyzed to FFAs and cause FES through the toxic biochemical action 
of FFAs. 
 The present study was designed to test the hypothesis that fat 
emboli that mechanically obstruct alveolar capillaries are hydro-
lyzed to FFAs, causing sub-acute FES. To induce fat embolism, tri-
olein, a representative stored fat, was injected to the veins of rabbits. 
The linear formula of triolein is (C17H33COOCH2)2CHOCOC17H33; 
its chemical formula is C57H104O6, its molecular weight is 885.45 g/
mol, and its density is 0.913 mg/mL. We measured changes in the 
concentration of some blood lipids shortly after the triolein injec-
tion. In necropsies, we examined the lung tissues histologically to 
investigate the relationship between changes in blood FFA levels 
and the development and progression of FES. 

METHODS

Preliminary study
In a preliminary study, we used eight rabbits to determine the le-
thal dose of triolein. Doses of 200, 300, 400, 500, 600, 700, 800, or 
900 mg/kg of triolein were injected into the ear vein of each rabbit 
via a syringe pump (TE-311; Terumo Co., Tokyo, Japan) at 300 
mL/hr. The rabbits into which triolein doses of 200, 300, 400, 500, 
600, or 700 mg/kg were injected survived, while those into which 
triolein doses of 800 or 900 mg/kg were injected died within 1 hour. 
Accordingly, 700 mg/kg of triolein was chosen as the injection dose 
to avoid the development of fulminant-acute FES.

Experimental animals
Thirty-three New Zealand white rabbits (healthy 9-week-old males; 
mean weight, 2 kg; range, 1.9–2.1 kg; Samtako Co., Osan, Korea) 
were used in the present and preliminary studies. We used triolein 
(triolein, non-emulsion type; Kanto Chemical Co. Inc., Tokyo, Ja-
pan), a representative form of stored fat, to induce fat embolism. 
Based on the preliminary study, 700 mg/kg of triolein was the in-
jection dose used in all rabbits to avoid the development of fulmi-
nant-acute FES. The experimental and animal care procedures were 
approved by the Institutional Animal Care and Use Committee of 
Good Moonhwa Hospital (No. 2013-02) and followed the princi-
ples of scientific research ethics.

Biochemical testing
Triolein (700 mg/kg; 1.53 mL) was injected into 25 rabbits through 
an ear vein by a syringe pump (TE-311, Terumo Co.) at 300 mL/hr. 
Blood samples were collected before the injection and at 3, 12, 24, 
48, and 72 hours after the injection. We also measured the concen-
trations of blood lipids, such as TGs, FFAs, and lipase, as well as al-
bumin. To minimize changes in blood levels induced by feeding, 
the rabbits were fasted for at least 8 hours prior to the blood sam-
pling.

Histological examinations
Necropsies were performed immediately after death or the end of 
the experiment. After gross examination of the internal organs, 
particularly the lungs and heart, both lungs were removed for 
microscopic examinations. One side of each lung was fixed in 
10% formalin and embedded in paraffin. Conventional hematox-
ylin and eosin (H&E) staining was performed. The other side of 
each lung was quick-frozen and sectioned to determine the pres-
ence and distribution of fat by Sudan Black B staining. The sec-
tions were observed under a microscope from the hilar portion 
of the lung, including the terminal regions of the alveoli and cap-
illaries.
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RESULTS
Among the 25 rabbits included in the study, eight died within 1 
hour after the injection, while another six died 7–60 hours after the 
injection. The other 11 survived to the end of the experiment.

Rabbits that died immediately after the triolein injection
Each of the eight rabbits that died within 1 hour of the injection 
showed an enlarged right ventricle as well as pale and ischemic 
lungs (Fig. 1). The lung tissue stained with H&E and Sudan Black 
B was examined under a microscope. There was no evidence of 
vessel wall destruction or hemorrhage. The large vessels were filled 

with large fat globules (Fig. 2). Sudan Black B staining showed black 
fat globules within the large vessels and some of the interalveolar 
vessels (Fig. 3).

Rabbits that died 7–60 hours after the triolein injection
One rabbit each died at 7, 10, 16, 17, 27, and 60 hours after the in-
jection. Each showed slowly progressing dyspnea and unconscious-
ness starting 6 hours after the injection. The necropsy findings 
showed diffuse hemorrhaging in the lungs (Fig. 4). Cardiac hyper-

Fig. 1. Autopsy after the triolein injection. (A) Open right side of the 
chest of a rabbit that died immediately after the injection of triolein, 
showing an enlarged right heart and no hemorrhage. (B) The lung 
removed from a rabbit that died immediately after the injection of tri-
olein is pale due to ischemic changes caused by the fat embolism.

A B

Fig. 2. Histopathologic findings. (A) Transverse section of the lung from the hilum to the periphery (H&E, ×1). (B) High-power view of panel A. 
The black square shows aggregated large fat vacuoles packed in a thick-walled large arterial wall (black arrow), whereas no remarkable change 
is visible in the lung parenchyma except for capillary congestion of the interalveolar septa (H&E, ×100).

A B4 mm
200 μm

Fig. 3. A black large fat vacuole (short black arrow) and numerous 
small fat globules (long black arrow) are visible in the vessels of the 
lung, but not in the bronchial wall in the center (white arrow) (Sudan 
Black B stain, ×100).
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Fig. 4. Visible diffuse hemorrhage in a lung removed from the rabbit 
that died 10 hours after the injection of triolein.

Fig. 5. Histopathologic findings. (A) Transverse section from the hilum to the periphery. The square shows large clear spaces of fat vacuoles 
mixed with blood within a medium-sized artery (H&E, ×40). (B) Many variable-sized clear spaces of fat vacuoles mixed with blood within a me-
dium-sized artery (black arrow), diffuse hemorrhaging and edematous fluid in the alveoli (white long arrows), and numerous small clear spac-
es of fat vacuoles within the alveoli and alveolar capillaries (white short arrow) (H&E, ×100).

A B

trophy was not observed. Hemorrhagic fluid was found in the pleu-
ral cavity. Microscopic examination of the lung showed diffuse 
hemorrhage, extravasated red blood cells, and edematous fluid in 
the alveoli. Many clear spaces of variable size appearing to be fat 
vacuoles mixed with blood were present in the medium-sized ves-
sels. Numerous small, clear spaces of fat vacuoles were visible in 
the alveoli and alveolar capillaries (Fig. 5). Fat staining showed fat 

Fig. 6. Diffusely scattered, variably sized black fat globules visible in 
vessels and bronchial spaces of the lung (Sudan Black B stain, ×100).
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Table 1. Changes in triglyceride, lipase, free fatty acid, and albumin levels in the 11 rabbits that survived fat embolism

No. Item Pre-injection 3 Hours 12 Hours 24 Hours 48 Hours 72 Hours

  1 TG (mg/dL) 112.7 73.1 219.7 189.1 138.2 118.2

Lipase (U/L) 144.5 130.5 148.7 155.8 286.7 295.8

FFA (μEq/L) 1,226 1,680 3,094 956 688 729

Alb (g/dL) 3.6 3.5 3.4 3.2 3.2 3.3

  2 TG (mg/dL) 51.8 52.4 74.6 206.6 467.5 444.8

Lipase (U/L) 103.0 98.4 144.1 129.5 146.7 137.4

FFA (μEq/L) 1,550 1,436 734 755 1,178 957

Alb (g/dL) 3.4 3.4 3.4 3.2 3.4 3.3

  3 TG (mg/dL) 53.1 46.6 40.9 214.3 207.6 409.9

Lipase (U/L) 139.3 128.9 147.2 166.6 173.5 234.5

FFA (μEq/L) 888 931 602 633 737 1,350

Alb (g/dL) 3.4 3.1 3.1 3.0 3.2 3.2

  4 TG (mg/dL) 139.3 105.7 132.8 210.6 284.4 335.7

Lipase (U/L) 246.9 166.3 160.7 151.7 174.7 225.5

FFA (μEq/L) 687 1,220 1,498 1,333 1,456 1,506

Alb (g/dL) 3.5 3.4 3.3 3.2 3.2 3.2

  5 TG (mg/dL) 276.9 197.9 123.1 252.5 188.0 137.7

Lipase (U/L) 187.0 162.2 158.3 167.6 216.4 229.8

FFA (μEq/L) 676 598 621 358 651 661

Alb (g/dL) 3.7 3.6 3.3 3.3 3.4 3.3

  6 TG (mg/dL) 103.4 10.08 95.1 333.6 432.8 452.0

Lipase (U/L) 133.4 129.1 95.4 136.3 197.8 244.6

FFA (μEq/L) 634 513 1,684 772 699 791

Alb (g/dL) 3.6 3.5 3.8 3.2 3.2 3.3

  7 TG (mg/dL) 197.1 115.6 91.4 364.8 489.6 307.2

Lipase (U/L) 165.7 161.3 141.8 189.2 258.8 317.1

FFA (μEq/L) 754 723 762 976 503 484

Alb (g/dL) 3.7 3.6 3.3 3.4 3.5 3.4

  8 TG (mg/dL) 59.2 97.0 85.5 171.1 92.2 98.7

Lipase (U/L) 109.3 107.0 113.0 87.4 85.3 123.6

FFA (μEq/L) 459 868 635 921 366 386

Alb (g/dL) 3.4 3.5 3.4 3.2 3.4 3.6

  9 TG (mg/dL) 120.9 116.9 87.0 310.0 123.7 76.6

Lipase (U/L) 154.4 119.5 114.2 164.0 301.3 445.7

FFA (μEq/L) 692 754 558 754 135 184

Alb (g/dL) 3.6 3.5 3.4 3.0 3.0 3.4

10 TG (mg/dL) 39.9 31.8 36.8 79.4 103.2 111.9

Lipase (U/L) 124.5 137.3 122.6 152.7 182.7 177.3

FFA (μEq/L) 500 653 638 393 696 408

Alb (g/dL) 3.5 3.5 3.3 3.2 3.2 3.2

11 TG (mg/dL) 80.8 106.5 106.8 161.5 195.3 106.1

Lipase (U/L) 129.8 117.2 92.6 100.2 118.1 101.5

FFA (μEq/L) 200 352 666 392 251 245

Alb (g/dL) 3.4 3.1 3.1 2.9 3.2 3.3

Average  
(% change)

TG (mg/dL) 112.3 95.6 (–14.9) 99.4 (–11.4) 226.7 (+101.9) 247.5 (+120.4) 236.3 (+110.4)

Lipase (U/L) 148.9 132.5 (–11.0) 130.8 (–12.2) 145.5 (–2.5) 194.7 (+30.8) 230.3 (+54.6)

FFA (μEq/L) 751.5 884.4 (+17.7) 1,044.7 (+39.0) 749.4 (–0.3) 669.1 (–11.0) 700.1 (–6.8)

FFA/Alb (μEq/g) 2,132 2,581 (+210) 3,087 (+448) 2,360 (+107) 2,045 (–41) 2,135 (+1) 

TG, triglyceride; FFA, free fatty acid; Alb, albumin.
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Fig. 7. Change in mean TG, lipase, FFA, and FFA/Alb levels in the 11 surviving rabbits (using the mean pre-injection measurement as the base-
line, increases and decreases are indicated as percentages). TG, triglyceride; FFA, free fatty acid; Alb, albumin.
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Fig. 8. Examination of the lung removed from a rabbit that survived 
for 72 hours after the injection of triolein, showing multifocal red-
dish-brown petechiae throughout.

globules diffusely scattered throughout the lung (Fig. 6). Biochemi-
cal tests showed that the FFA levels of these rabbits were markedly 
higher than those of the surviving rabbits (Table 1).

Rabbits that survived until the end of the experiment
Eleven of the 25 rabbits survived to the end of the experiment. The 
blood concentrations of TGs, FFAs, lipase, and albumin were mea-
sured over time. There were some differences among individual 
subjects in the changes of these four parameters. However, as the 
mean FFA level began to increase 3 hours after the injection, the 
mean TG and lipase levels slightly decreased. After 12 hours, the 
FFA level rapidly decreased, and the TG level began to increase 
markedly. The lipase level increased by 24 hours after the injection, 
while the TG level remained high until the end of the experiment. 
After 48 hours, the FFA level increased slightly and returned to the 
pre-injection level. To detect pure FFA, which is not bound to al-
bumin, the FFA/albumin level was also measured. The changes of 
FFA/albumin did not differ from those of FFAs (Fig. 7). Tachypnea 
was observed in each surviving rabbit, but tended to resolve over 
time. Focal hemorrhagic areas and petechiae were observed in the 
lungs (Fig. 8). The lungs showed mixed areas of multifocal hemor-
rhaging, petechiae, and normal lung tissue on the cut surface (Fig. 
9A). The H&E and Sudan Black B stains showed blood vessel de-
struction and hemorrhagic areas admixed with normal lung tissue. 
In the hemorrhagic areas, many alveolar macrophages were seen 
phagocytosing red blood cells and filling the alveoli. Some large, 
clear spaces of fat vacuoles remained in the alveoli (Fig. 9B). Fat 
staining showed black fat globules of variable sizes scattered multi-

focally in the lung (Fig. 9C).

DISCUSSION
Fat embolism is defined as the mechanical obstruction of blood 
vessels, especially the capillaries, due to the presence of small circu-
lating fat droplets of 7–14 µm in diameter [3,11].
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 FES involves the functional deficit of one or more organs due to 
damage by fat emboli [3]. Because fat emboli initiate and expand 
throughout the venous circulation, the lungs are primarily involved. 
However, any body organ or tissue can be affected when fat emboli 
pass through the pulmonary capillaries or the atrial septum [12]. 
These findings have been described in some autopsy reports and 
animal studies in which fat emboli were found in the kidneys and 
brains after severe injury [13,14].
 FES usually results from high-energy trauma in association with 
a long-bone or hip fracture [15]. The incidence of FES is high in 
orthopedic trauma patients, but it can occur in cases of septicemia, 
sickle cell anemia, pancreatitis, diabetes mellitus, fatty liver, long-
term steroid use, and extensive burns [3,16,17]. FES also occurs 
frequently after cosmetic procedures such as liposuction and fat 
injection [11,18-22]. The fat emboli caused by fractures are derived 
from the bone marrow fat, while those caused by liposuction are 
subcutaneous fat in origin; however, both sources contain the same 
kind of stored fat. 
 The mechanism of FES is very complex, and two current hy-
potheses exist. The first is the mechanical obstruction theory pro-
posed by Gauss [8] in 1924. In this theory, symptoms appear due 
to mechanical obstruction of the pulmonary capillaries by fat em-
boli. In such cases, if the fat emboli obstruct more than 80% of the 
pulmonary capillaries, pulmonary arterial pressure increases and 
falls, causing acute right ventricular failure, which rapidly leads to 
death [7,12,23]. The second is the biochemical theory introduced 
by Lehman and Moore [9] in 1927. According to this theory, FFAs, 
which are toxic, bind with calcium ions in the blood and disrupt 
the junctions between endothelial cells, disrupting the endothelial 
cell layer of capillaries, increasing vascular permeability, and result-
ing in diffuse hemorrhaging and edema [3]. In addition, neutro-

phils play a significant role in the cell damage that occurs during 
inflammation [5,6]. The toxic action of FFAs seriously damages the 
alveoli and capillaries, resulting in hemorrhage.
 We propose that these two hypotheses may not be independent. 
If the amount of fat emboli is insufficient to initiate mechanical 
FES, the pathologic reaction changes from a mechanical obstruc-
tion to a biochemical process. However, no study to date has exam-
ined the relationship between these two reactions during the devel-
opment of FES. In the present study, we experimentally induced 
FES by injecting triolein (700 mg/kg) into 25 rabbits and observed 
the disease progression. Eight animals died immediately after the 
injection, while another six developed dyspnea and confusion and 
died 7–60 hours after the injection. The other 11 recovered from 
tachypnea and survived to the end of the experiment.
 The rabbits that died immediately after the injection had pale 
lungs and right ventricular hypertrophy. Histological examinations 
revealed large fat vacuoles within large pulmonary vessels, but nor-
mal lung parenchyma. These findings suggest mechanical obstruc-
tion of the large pulmonary artery by the injected triolein. Further, 
blockage of the blood flow through the lung caused right-side heart 
failure and sudden death [10]. These findings suggest that the rab-
bits died of fulminant-acute FES due to the triolein injection.
 The rabbits that died 7–60 hours after the injection of triolein 
showed diffuse hemorrhage and edematous fluid in the alveoli and 
hemorrhagic exudate in the pleural cavity, similar to the typical find-
ings of FFA-induced FES [10]. 
 The rabbits that survived until the end of the experiment recov-
ered from tachypnea. Histological examination of the lungs showed 
mixed features of normal lung tissue and hemorrhagic lesions. Many 
macrophages were visible under the microscope as phagocytosing 
red blood cells and absorbing extravasated blood filling the alveoli. 

Fig. 9. Histopathologic findings. (A) The lung contains mixed areas of normal tissue and hemorrhagic lesions (black circle) (H&E, ×1). (B) The 
lung removed from a rabbit that survived 72 hours after injection of triolein contains many macrophages phagocytizing red blood cells (black 
arrow) and some clear spaces of fat vacuoles in the alveoli (white arrow) (H&E, ×200). (C) Diffusely scattered black fat globules of various sizes 
are visible in the vessels (black arrow) of the lung, whereas some portions of the bronchial wall contain fat globules (white long arrow) and oth-
ers do not (white short arrow) (Sudan black B stain, ×100).

A B C
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These findings suggest that these rabbits were recovering from lung 
hemorrhage, rather than from obstruction.
 The result of blood tests over time in the surviving rabbits showed 
that the FFA and FFA/albumin levels increased by up to 40%, where-
as TG and lipase levels slightly decreased below the initial level dur-
ing the first 12 hours. This suggests that the fat emboli were hydro-
lyzed to FFA more rapidly than expected. After 12 hours, the FFA 
and FFA/albumin levels rapidly decreased, whereas the TG level 
began to increase markedly. After 48 hours, the reduced FFA and 
FFA/albumin levels began to increase slightly and returned to the 
pre-injection level (Fig. 7). 
 Altogether, eight of 25 rabbits died immediately of mechanical 
obstruction; six died of FES by toxic effects due to markedly in-
creased FFA levels induced by the injected triolein; and 11 recov-
ered from FES associated with a decreased FFA level, which increased 
up to 40% in the early phase of the experiment. These clinical, his-
tological, and biochemical results are consistent with the hypothe-
sis of this study that fat emboli, which mechanically obstruct the 
alveolar capillaries, are hydrolyzed to FFAs, the toxic effects of which 
cause sub-acute FES.
 These results align well with the clinical course of FES. The rab-
bits that died within 1 hour functioned as models of quickly pro-
gressing fulminant-acute FES. The rabbits that died 7–60 hours af-
ter the injection were models of sub-acute FES, which usually oc-
curs 12–48 hours after injury in the clinical setting. We stopped 
this study at 72 hours because the incidence of FES after this time 
period is very rare and none of the surviving rabbits had clinical 
symptoms.
 In the hydrolysis process, alveolar cells can produce lipase, which 
is believed to hydrolyze fat emboli to FFAs if the lung alveolar cap-
illaries are obstructed [3,23]. Thus, the initial decrease in lipase lev-
els that occurred for up to 24 hours was probably due to a consump-
tion-related decrease in existing lipase in the bloodstream during 
hydrolysis of the injected triolein. A possible explanation for the 
increasing lipase levels after 24 hours may be that lipase was pro-
duced by the lung and released into the bloodstream by reperfu-
sion.
 Another point to note in the present study is that the FFA con-
centrations in the rabbits that died at 7–60 hours after injection 
showed rapid and tremendous increases. This finding suggests that 
the onset of sub-acute FES was determined by how many of the fat 
emboli were transformed to FFAs and how rapidly this transfor-
mation took place.
 In the present study, the increase in FFA by hydrolysis of fat em-
boli was among the important causes of tissue damage in FES. Fur-
ther studies are needed to identify ways of reducing the blood FFA 
levels, tissue damage, and mortality rate.
 In conclusion, the two hypotheses of FES, mechanical obstruc-
tion and biochemical processes, can be generally accepted. The 
present study is the first to describe these two hypotheses as being 

interrelated, rather than independent. Fat emboli initially act as 
mechanical obstructors, but are gradually hydrolyzed to form toxic 
FFAs, inducing sub-acute FES.
 The present study revealed the pathophysiology of FES in more 
detail. These results are expected to help predict the occurrence of 
FES and aid in the development of more effective treatments for it.
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