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INTRODUCTION

Fat embolism syndrome is uncommon after liposuction, al-
though it is a well-known complication of long bone fractures, 

cardiopulmonary resuscitation, and lipid infusion for parenteral 
feeding [1]. Since the introduction of lipoplasty in the mid-
l970s [2], liposuction has become one of the most popular cos-
metic surgical procedures because of an increased interest in 
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body shape [3]. Therefore, the incidence of fat embolism syn-
drome after liposuction has increased.

The severity of fat embolism syndrome varies widely, from 
mild respiratory distress in the subclinical state to profound re-
fractory hypoxemia leading to coma and death [4]. The 3 main 
symptoms of fat embolism syndrome—acute respiratory dis-
tress, neurologic dysfunction, and dermatological lesions—ap-
pear 12–72 hours after the precipitating event. However, since 
one or more of these findings may be absent, it is difficult to 
make a clinical diagnosis after a surgical procedure such as lipo-
suction.

During liposuction, fat tissue in the subcutaneous layer is in-
jured and destroyed by a suction cannula and negative pressure. 
Most of the destroyed tissue fragments are removed, but some 
of them drain into the systemic circulation through the trauma-
tized vessels [5]. Fat particles that enter the venous circulation 
via ruptured vessels can become emboli in major organs such as 
the lung, brain, kidney, and skin. These emboli interfere with 
the bloodstream, eventually obstructing blood flow and gas ex-
change in the lung [6]. Additionally, bioactive toxic substances, 
such as free fatty acid chylomicrons originating from the de-
stroyed adipocytes [7,8] and hormones released after trauma, 
enhance inflammation and cell destruction in fat embolism syn-
drome [9].

The clinical pattern of fat embolism syndrome is usually non-
specific. Accordingly, the incidence of fat embolism syndrome 
after liposuction may be underestimated [10]. Even though 
most cases of fat embolism syndrome are subclinical or have 
minor symptoms initially, surgeons must keep in mind that they 
may progress to fulminating fat embolism syndrome, which can 
be fatal. Inappropriate procedures that result in massive tissue 
destruction (especially in cases of large-volume liposuction) and 
overlooked minor fat embolism syndrome in patients with un-
derlying chronic disease can lead to fulminating fat embolism 
syndrome, which results in a critical situation within 2–3 days of 
liposuction [11]. Therefore, this study was designed to elucidate 
the serial changes in the amount of fat emboli in the blood and 
histological findings of the lung and brain during the first 48 
hours after liposuction. 

METHODS

Clinical subjects
Sprague-Dawley rats were used as an animal model with similar 
physiology to human beings. This study was performed using 
18 rats aged 12 weeks weighing 500–628 g (average, 562 g). Fif-
teen rats were used as the study group, and 3 rats were used as 
the control group (Table 1). Blood, lung, and brain tissue speci-

mens were obtained without liposuction in the control group. 
Each of the 3 study groups consisted of 5 rats that underwent li-
posuction. In group 1, blood, lung, and brain tissue specimens 
were obtained 1 hour after liposuction, while in groups 2 and 3, 
the specimens were obtained 24 hours and 48 hours after lipo-
suction, respectively. The experimental protocol, including the 
use of animals in the study, was approved by the Institutional 
Animal Care and Use Committee, Dong-A University, Korea 
(DIACUC-Approval-16-21).

Procedure
Liposuction was performed using the syringe method as in clin-
ical settings [5]. Experiments were carried out under general 
anesthesia. After inductive inhalation anesthesia using ether, 
maintenance was achieved by intraperitoneal injections of ket-
amine Hydrogen chloride (HCl, 40 mg/kg). 

The procedure was conducted using medical-grade stainless 
steel liposuction cannulas in 2 sizes. The cannula had an inner 
diameter of 2 or 3 mm and a length of 20 cm with a rounded 
bullet tip, smooth surface, and 3 openings on the side through 
which the aspirated fat drained into the syringe.

Instead of a suction aspirator, a 10-mL syringe connected to 
the cannula was used. The connection between the syringe and 
cannula was designed to be tight enough for air not to leak, 
while still enabling it to be easily plugged and unplugged. Dur-
ing the procedure, the suction pressure was kept at about −50 
kPa by pulling the piston 3 mL backward with 3 mL of air in the 
syringe. As the suction aspirate flowed into the syringe, the neg-
ative pressure of the syringe decreased. To maintain the −50 kPa 
pressure consistently, the piston was pulled backward manually, 
keeping pace with the volume of aspirate within the syringe. 

After anesthesia, each rat was placed on the operating table in 
supine position in a manner similar to that used in clinical prac-
tice, and the abdomen and flank areas were shaved. 

As a tumescent solution, 50–60 mL of normal saline (approxi-
mately 10% of the animal’s weight) was injected into the fat de-
posits in the flank and abdomen areas of the rat. Liposuction 
was started approximately 30 minutes after injection of the tu-
mescent solution. During liposuction, minimal incision and dis-
section were performed on both sides of the groin to facilitate 

Group (n=18) Range (g) Mean±SD (g)

Control (n=3) 530 to 580 560±21.60
1 hr (n=5) 530 to 601 557±25.53
24 hr (n=5) 500 to 628 587±43.26
48 hr (n=5) 485 to 582 541±36.83

SD, standard deviation.

Table 1. Weight distribution of the studied rats
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fat aspiration in the subcutaneous layer and to avoid trauma to 
the surrounding tissues. Liposuction was then performed in the 
usual clinical manner described above for 30 minutes on each 
side, for a total of 1 hour.

During the procedure, care was taken to keep the cannula 
within the subcutaneous fat deposit layer to prevent injury to 
the surrounding tissues, including the muscle. To accomplish 
this, the cannula was positioned just beneath the skin layer. The 
aspirate collected in the syringe was then transferred into 50-mL 
Falcon tubes after the procedure.

Collection and examination
Blood samples were collected from both study and control ani-
mals in the same way. Namely, 2 mL of blood was collected 
from all animals after liposuction, just before sacrifice. Cardiac 
puncture was performed, and blood was drained through a 
catheter inserted into the left side of the heart and then held on 
ice until staining with Oil-Red O to identify the fat molecules. 
The blood samples were transferred into appropriately labeled 
Falcon tubes, and then 0.2 mL of Oil-Red O was added to each 
sample using a pipette. The contents of each tube were then 
mixed together using a whirl mixer for 5 minutes, and samples 
were placed on a miniorbital shaker (at a speed of 75 rpm) for 
15 minutes. Finally, the samples were centrifuged for 17 minutes 
at −4°C and 5,000 rpm. The supernatant was then collected us-
ing a Liquipette (Elkay, Basingstoke Hampshire, United King-
dom) and placed on a hemocytometer slide (Neubauer cham-
ber, Celeromics, Grenoble, France). These slides were then ex-
amined under a light microscope for the presence of stained fat 
particles to confirm systemic fat mobilization following liposuc-
tion. The fat particles were counted manually and photo-
graphed.

Histological specimens were obtained simultaneously from 
the lungs and brains of the rats. Half of each organ was frozen at 
−20°C in a cryotome for identification of the fat particles by Su-
dan Black-B staining. Sudan Black-B is the most sensitive and 
versatile lysochrome (fat-soluble) dye used to stain lipids; with 
this dye, fat appears blue-black [12,13]. The other half of the or-
gans was kept in 10% neutral phosphate-buffered formalin until 
hematoxylin and eosin staining for the histological examination.

The stained organs were wax-impregnated and sectioned us-
ing a cryotome, and sections were then examined under the mi-
croscope for the presence of lipid deposits as evidence of fat em-
bolism after liposuction.

Statistical analysis
Experimental values are presented as the mean ± standard devia-
tion. Statistical significance was determined by the Kruskal-

Wallis test using SPSS ver. 18 (SPSS Inc., Chicago, IL, USA). P-
values < 0.05 were considered statistically significant, according 
to the Fisher least significant difference analysis.

RESULTS

Aspirated material 
The suction aspirate primarily consisted of fat tissue, blood, se-
rous fluid, and the injected tumescent solution, and its amount 
ranged from 7.5 to 12.5 mL (average, 10.2 mL) in the 1-hour 
group, from 10.0 to 17.5 mL (average, 14.3 mL) in the 24-hour 
group, and from 9.0 to 11.0 mL (average, 10.0 mL) in the 48-
hour group.

The amount of aspirated fat tissue ranged from 3.5 to 5.0 mL 
(average, 4.2 mL) in the 1-hour group, from 4.0 to 8.0 mL (aver-
age, 5.5 mL) in the 24-hour group, and from 5.0  to 5.5 mL (av-
erage, 5.1 mL) in the 48-hour group (Table 2). Although the 
proportion of fat tissue within the suction aspirate was different 
among the 3 study groups, this difference was not statistically 
significant (P > 0.05).

Examination of blood samples
The amount of fat particles detected in blood was calculated. 
Nothing of significance was seen in the blood samples of the 
control group, but many Oil-red O stained fat particles of vari-
ous sizes and morphological features were observed in all the 
rats in the 3 study groups. Typical specimen slides are shown in 
Fig. 1.

Table 3 shows the distribution of the number of fat particles 
over time after liposuction. In the 1-hour samples, the number 
of particles ranged from 14,300/dL to 51,700/dL (25,960 ±  
14,636/dL), while in the 24-hour samples, the number ranged 
from 96,800/dL to 134,200/dL (111,100 ± 13,015/dL), and in 
the 48-hour samples from 7,700/dL to 34,100/dL (21,780 ±  
9,971/dL). In the control group, nothing of significance was 
seen in any of the blood samples.

The number of fat particles in the control and 3 study groups, 

Group (n=18)
Suction aspirate (mL) Fat tissue (mL)

Range Mean±SD Range Mean±SD

Control (n=3) 0 0   0 0
1 hr (n=5)   7.5 to 12.5 10.2±0.57   3.5 to 5.0 4.2±0.51
24 hr (n=5) 10.0 to 17.5 14.3±1.44   4.0 to 8.0 5.5±1.38
48 hr (n=5)   9.0 to 11.5 10.0±0.25   5.0 to 5.5 5.1±0.20

P>0.05.
SD, standard deviation.

Table 2. Amount of suction aspirate and fat tissue within 
the aspirate
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and the intergroup differences among the 3 study groups, were 
compared in SPSS. The difference between the study groups as a 
whole and the control group was statistically significant (P <  
0.001). The intergroup differences between the study groups 
were also statistically significant (between 1 hour and 24 hours, 
P < 0.05; between 24 hours and 48 hours, P < 0.05) (Fig. 2).

Histological examinations
Lung and brain tissues obtained from the control and study 
groups were evaluated. The tissue specimens were categorized 
depending on the presence of intravascular and extravascular fat 
drops and the degree of inflammation, and then the results were 
statistically analyzed.

Lung specimens
Lipid deposits were observed in the lungs of the animals in all 3 
study groups, but not in the control group (Fig. 3). In general, 
both intravascular and extravascular fat deposits were identified 
in all 15 rats in the 3 study groups. More spillage of fat particles 

Fig. 1. Oil-Red O–stained fat particles in the blood 

Nothing of significance was seen in the control group (A), but many fat particles were seen in all study groups (B–D). The highest fat particle 
count was seen in the 24-hour group (C). (A) Control group. (B) 1 hour. (C) 24 hours. (D) 48 hours. (A–D) ×200.

A

C

B

D

Study 
group 
(n=15)

Range (/dL) Mean±standard 
deviation (/dL)

Group Control Group Control

1 hr (n=5) 14,300 to 51,700 0   25,960±14,636 0
24 hr (n=5)   96,800 to 134,200 0 111,100±13,015 0
48 hr (n=5)   7,700 to 34,100 0 21,780±9,971 0

P<0.001.

Table 3. Fat particle counts in the blood samples in the 3 
study groups

Fig. 2. Mean fat particle counts

Statistically significant differences were found between the 1-hour 
and 24-hour groups and between the 24-hour and 48-hour groups 
(P<0.05).
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into the extravascular space was observed over time (Table 4). 
The difference between the study and control animals was sig-
nificant (P < 0.001).

Inflammation was evaluated according to the degree of hemor-
rhagic congestion, consolidation, and inflammatory cell infiltra-
tion. All 15 specimens in the 3 study groups showed pathologic 
inflammation (Fig. 4). Specifically, at 1 hour after liposuction, 
mild to moderate congestion and consolidation appeared. Over 
time, inflammation was aggravated, and the 48-hour specimens 
showed the most severe inflammatory findings of massive cell in-
filtration, hemorrhage, and shrinkage of the lung alveoli (Table 5).

Brain specimens
There was no evidence of lipid deposits in the brains of any of 
the control group animals (Fig. 5A). In 13 of the 15 studied rats, 
no fat particles were observed upon histological examinations 
(Table 6). Only a few suspicious, very small fat particles were 
seen in 2 animals in the 24-hour group (Fig. 5B).

DISCUSSION

Liposuction is a surgical procedure to remove the excess fat tis-
sue from overweight individuals that is popular in many coun-
tries and usually has few side effects. The postoperative compli-

Group (n=18)
Intravascular/Extravascular (no. of slides)

Negative Mild Moderate Severe

Control (n=3) 3/3 0/0 0/0 0/0
1 hr (n=5) 0/0 5/5 0/0 0/0
24 hr (n=5) 0/0 1/2 2/3 2/0
48 hr (n=5) 0/0 0/0 5/0 0/5

P<0.001.

Table 4. Distribution and numbers of fat particles in the 
lung specimens

Group (n=18)
Congestion/Consolidation/Bronchial 

inflammation (no. of slides)

Negative Mild Moderate Severe

Control (n=3) 3/3/3 0/0/0 0/0/0 0/0/0
1 hr (n=5) 0/0/0 2/2/3 3/3/2 0/0/0
24 hr (n=5) 0/0/0 0/2/0 4/3/5 1/0/0
48 hr (n=5) 0/0/0 0/2/0 0/3/0 5/0/5

P<0.05.

Table 5. Degree of inflammation in the lung specimens

Fig. 3. Sudan Black-B–stained fat particles in the lung 

No fat particles were seen in the control group (A), but intravascular and extravascular fat particles were seen in all study groups (B–D), with the 
largest amount in the 24-hour group (C). (A) Control group. (B) 1 hour. (C) 24 hours. (D) 48 hours.

A

C

B

D600 μm 600 μm

600 μm 600 μm
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cation rate of liposuction has been reported to be 5%–10%, but 
most complications were minor, such as pain, edema, hemato-
ma, mild dyspnea, and headache [1]. The primary self-limiting 
complication of liposuction is fat embolism syndrome. Al-
though the incidence of fat embolism syndrome after liposuc-
tion is very low, it can be fatal. 

Fat embolism syndrome was first described by Gurd [14] in 

Fig. 4. Hematoxylin and eosin–stained lung specimens

Nothing of significance was seen in the control group (A), but many inflammatory findings such as inflammatory cell infiltration, consolidation, 
and hemorrhagic congestion were noted in the study groups (B–D). Black arrows indicate inflammatory cells, hemorrhagic congestion, and con-
solidation. (A) Control group. (B) 1 hour. (C) 24 hours. (D) 48 hours.

A

C

B

D600 μm 600 μm

600 μm 600 μm

Fig. 5. Sudan Black-B–stained brain specimen

(A) Nothing of significance was seen in the control group. (B) A few tiny, suspicious deposits (potential fat emboli) can be seen in brain samples 
from the 24-hour study group. 

A B60 μm 60 μm

Group Lipid deposits

Control Not seen
1 hr Not seen
24 hr Suspicious deposits in 2 rats
48 hr Not seen

Table 6. Histologic results of the brain specimens
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1970. The 3 classic symptoms of fat embolism syndrome—re-
spiratory distress, cerebral dysfunction, and petechial rash—
usually appear within 24–72 hours after liposuction in 85% of 
the affected patients [15], with a symptom-free interval of 12–
30 hours after injury [16]. Major fat embolism syndrome has 
been suggested to cause clinical symptoms such as tachycardia, 
tachypnea, fever, and hypoxemia. Arterial blood gas analysis, as 
well as blood, urine, and sputum testing, could be helpful for the 
diagnosis of fat embolism syndrome. Chest radiography, non-
contrast computed tomography (CT) scans, high-resolution 
CT, ventilation-perfusion imaging, and magnetic resonance im-
aging can also be used to diagnose this condition. In chest X-
rays, signs of generalized pulmonary interstitial and alveolar 
opacification appeared within the first 3 days after liposuction in 
affected patients [1]. 

Fat embolism syndrome has 2 pathophysiological processes. 
First, the fat particles produced by the destruction of adipocytes 
during cannula movement in the subcutaneous layer enter the 
surrounding ruptured venules. These fat particles become em-
boli in the bloodstream and are transported to the pulmonary 
vascular beds [15]. Fat emboli ranging in size from 10 µm to 40 
µm in diameter have been found to block pulmonary blood ves-
sels, leading to increased pulmonary arterial pressure and hy-
poxia [3,4]. This increased pressure could push the fat emboli 
into the general systemic circulation, resulting in major organ 
embolism [17]. Second, free fatty acids, such as chylomicrons, 
are generated from the broken particles of fat globules, and then 
act as toxins toward pneumocytes and the capillary endotheli-
um [5,6]. 

Fulminant fat embolism syndrome is a severe manifestation of 
acute cardiovascular pulmonary obstruction caused by the sud-
den intravascular release of a large amount of fat emboli. Severe 
pulmonary hypertension, right heart failure, shock, and even 
death often occur within the first 48 hours of injury in affected 
individuals [18].

In summary, fat embolism syndrome is believed to be caused 
by vascular obstructions arising from emboli and the toxic ef-
fects of bioactive substances such as free fatty acids. The pres-
ence of fat particles in the systemic circulation and fat embolism 
in major organs after liposuction have been previously postulat-
ed [7,8,12,14]. Unfortunately, changes over time in the quantity 
of circulating fat particles and the histology of major organs after 
liposuction have yet to be investigated. 

In this study, a suction system was used with a rat model to ex-
plore these questions. Although the amount of aspirated fat in 
the 3 study groups differed, the differences were not statistically 
significant (P > 0.05). There were no problems associated with 
the examination and analysis of blood samples or the histopath-

ological analysis of the lungs and brain. 
El-Ali and Gourlay [19] reported 38,427 and 89,254 fat parti-

cles per deciliter in blood samples obtained 30 minutes and 60 
minutes after liposuction, respectively. In our results, fat parti-
cles were consistently present throughout the experimental pe-
riod, with quantities of 25,960/dL, 111,100/dL, and 21,780/
dL in blood samples obtained 1 hour, 24 hours, and 48 hours 
after liposuction, respectively. The difference in the number of 
fat particles between the 3 groups and the control samples was 
statistically significant (P < 0.001). In addition, statistically sig-
nificant differences were found between the samples from the 
1-hour group and the 24-hour group (P < 0.05), and between 
the samples from the 24-hour group and the 48-hour group 
(P < 0.05).

In this study, the levels of fat particles in the 24-hour group 
were nearly 4 times higher than those of the 1-hour or 48-hour 
groups. These findings demonstrate that fat mobilization during 
first 24 hours after liposuction was a cumulative process, and 
that large amounts of fat particles might remain within and 
around the operative field for 24 hours after liposuction. During 
the first 24 hours, these hidden fat particles continuously en-
tered the ruptured vessel. Fat mobilization decreased after 24 
hours, which is why the fat cell counts in the 24-hour group 
were much higher than those of the 48-hour group. 

The risk of fat mobilization and fat embolism were highest 
around 24 hours after liposuction. Therefore, the first symp-
toms of fat embolism syndrome usually appeared at this time. 

The histological examinations showed no abnormalities in the 
control group. The fat particles released after liposuction trav-
eled first to the heart and then to the lungs, which were the first 
organ to entrap the fat particles. Indeed, Sudan black staining re-
vealed fat particles in the lungs of all 15 rats in the 3 study groups 
in both the intravascular and extravascular spaces, but not in the 
control group. It was found that macrophages contained fat par-
ticles. In the 1-hour group, few fat particles were seen in the in-
travascular or extravascular spaces. Over time, fat particles 
spilled out into the extravascular interstitial space, lung paren-
chymal tissue, and bronchioles.  As a result, more extravascular 
spillage was noted in the 24- and 48-hour groups (Table 4). 

In other studies of liposuction using a porcine lung model, 
patchy petechial hemorrhages were observed on the pleural sur-
face, as well as marked hemorrhagic congestion and evidence of 
pulmonary edema [13]. In this study, indicators of inflamma-
tion such as edema, hemorrhagic congestion, consolidation 
with shrinkage of alveoli, and inflammatory cell infiltration 
causing pulmonary edema were found. The inflammatory find-
ings of each group were categorized according to severity (Table 
5). Minimal to moderate inflammation was seen in the early pe-
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riod after liposuction, but marked cell infiltration and hemor-
rhagic congestion were seen over time. These findings under-
score the implications of the fat particle counts in blood sam-
ples, in that they indicate that fat embolism syndrome appeared 
around 24 hours after liposuction and peaked at about 48 hours 
after liposuction. However, further studies are needed to better 
understand the systemic mobilization of fat particles and organ 
embolism after liposuction. El-Ali and Gourlay [19] reported 
that fat particles were found in the lungs of 100% of experimen-
tal animals, and in the brains of 10%. It is possible that the lungs 
filtered fat particles from the circulatory system, resulting in 
fewer emboli in other organs.

In exceptional cases, tiny deposits might escape the lung filter 
and end up in the brain or other organs. In this study, suspected 
fat particles were found in 2 brain specimens from the 24-hour 
group, but because they were so small, they could not be con-
firmed as fat particles (Table 6). The control group had normal 
histological features without fat particles in the brain specimens. 

This study characterized the presence of fat emboli in the 
blood and lungs, and demonstrated inflammatory findings in 
the lungs after liposuction. In other words, there is always a risk 
of fat mobilization into the lungs and brain via the systemic cir-
culation, resulting in major organ fat embolism during the early 
and late postoperative period.

As discussed above, the clinical picture of fat embolism syn-
drome ranges from mild subclinical hypoxia to severe respirato-
ry distress, and even coma and death. It is important to select 
patients and liposuction techniques with the goal of preventing 
fat embolism syndrome. Closer observation and careful evalua-
tion of the early symptoms after operation are useful for making 
an early diagnosis. If fat embolism syndrome is suspected, ap-
propriate aggressive therapy should be conducted to reduce 
morbidity and to prevent progression to fulminating fatal fat 
embolism syndrome.

This study was a first step toward elucidation of the post-lipo-
suction time corresponding to systemic fat mobilization and 
major organ embolism. However, this study has the limitation 
that actual clinical conditions were not reproduced completely 
in this study, in that the ordinary tumescent solution (made up 
of lidocaine and epinephrine with or without Bivon) that is used 
in actual clinical practice was not employed. Thus, additional 
experiments under actual clinical conditions need to be con-
ducted to obtain more meaningful results in follow-up research. 
In addition, further large-scale studies with subdivided study 
groups are needed to obtain a better understanding of fulminat-
ing fatal fat embolism syndrome following liposuction.
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