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Abstract
Background: In the clinic, death from nontraumatic pulmonary fat embolism associated with minor soft tissue contusion, surgery, cancer
chemotherapy, hematologic disorders and so on has been reported. Patients often present with atypical manifestations and rapid deterioration,
making diagnosis and treatment di�cult. However, there are no reported cases of death from pulmonary fat embolism after acupuncture
therapy. This case aims to emphasize that awareness of nontraumatic pulmonary fat embolism as a complication of acupuncture therapy
needs to be improved. In addition, it suggests that in such cases, autopsy should be used to identify the source of fat emboli.

Case presentation: The patient, a 72-year-old woman, experienced symptoms of dizziness and fatigue after silver-needle acupuncture therapy.
She experienced a signi�cant drop in blood pressure and died 2 hours later despite treatment and resuscitation. A systematic autopsy and
histopathology examination (H&E and Sudan  staining) were performed. More than 30 pinholes were observed on the surface of the lower
back. Focal hemorrhages were seen surrounding the pinholes in the subcutaneous fatty tissue. Microscopically, numerous fat emboli were
observed in the interstitial pulmonary artery and a large number of alveolar wall capillaries, in addition to the vessels of the heart, liver, spleen
and thyroid gland. The lungs showed congestion and edema. However, the cause of death was identi�ed as pulmonary fat embolism.

Conclusion: This article suggests that high vigilance for risk factors and the complication of pulmonary fat embolism following silver-needle
acupuncture therapy should be exercised. In postmortem examinations, examining the peripheral arterial system and the venous system
draining from noninjured sites for the formation of fat emboli is helpful to differentiate posttraumatic and nontraumatic pulmonary fat
embolism.

Background
Fat embolism is the partial, subtotal, or total blockage of vessels in multiple organs, such as the lungs and brain, due to the presence of lipid
droplets[1]. It is most frequently observed following severe trauma, particularly long bone fractures and contusions in soft tissue rich in
adipose tissue. Nontraumatic pulmonary fat embolism associated with minor soft tissue contusion[2, 3], surgery, cancer chemotherapy,
hematologic disorders and so on has also been reported[4–18]. Intrinsic or extrinsic stimuli evokes a biological response, known as stress[19];
stress can be induced by trauma, blood loss, hypoxia, pain, heat and cold, fear, infection, surgery, and anesthesia. It should be noted that
pulmonary fat embolism caused by stress is sometimes associated with mild tissue damage, but some stress-related factors, such as strong
external stimuli and mental stimulation, are essential. Additionally, subclinical conditions, such as obesity, multiple organ adipose hyperplasia
and other conditions, may be risk factors for nontraumatic fat embolism[3].

PubMed was searched with different combinations of the following keywords: “fat embolism”, “nontraumatic”, “death”, “autopsy”, and “case
report”. Table 1 lists 18 case reports[3–18] (including this case report) of nontraumatic fat embolism caused by stress, summarized by year,
PMID, author age, sex, underlying disease, stress factors, early clinical manifestations, diagnosis tool, affected organs and deterioration. None
of these cases had severe fatty tissue damage or long bone fractures, and those with surgical trauma had only minor adipose tissue damage.
This article reports a case of fat embolism after acupuncture therapy that resulted in death, which has not been reported previously.
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Table 1
Nontraumatic Fat Embolism Case Review

Year PMID Author Age
(y)

Sex Underlying
diseases

Stress factor Early clinical
manifestations

Diagnosis
tool

Organs
with fat
emboli

- - Xu LY, et al. 72 M Obesity; multiorgan
adipose tissue
hyperplasia

Acupuncture
therapy

Dizziness and
fatigue

Autopsy Lung,
liver,
heart,
spleen,
thyroid
gland

2018 32379096 Meng YL,
et al.

88 F Hypertension;
hyperlipidemia

Hit by a car No obvious
abnormalities

Autopsy Lung,
brain,
kidneys,
liver, and
pancreas

2017 28667706 Sakashita
M, et al.

81 M Hepatocellular
carcinoma;
alcoholic liver
cirrhosis; previous
transcatheter
arterial
chemoembolization
treatment

Unclear No obvious
abnormalities

Autopsy Lung
and
kidneys

2016 27772594 Scarpino,
et al.

64 F Empyema Video-assisted
thoracic surgery

No obvious
abnormalities

BCT and
MRI

Brain

2016 27296331 May J, et
al.

57 F Sickle-b + 
thalassemia, bone
marrow necrosis

Unclear Unclear CT and
MRI

Brain

2016 26704422 Mendoza-
Morales
RC, et al.

24 F Unknown Repetitive gluteal
injections of
vitamin E (for
cosmetic
enhancement)

Nausea,
vomiting and
neurological
de�cit

Autopsy Lung
and
kidney

2016 26701328 Kammeyer
R, et al.

54 M Hemoglobin SC
disease

Unclear Weakness,
shortness of
breath and
lower back
pain

MRI Brain

2015 26413358 Graff DM,
et al.

18 F Hemoglobin SC
disease; bone
marrow necrosis

Elective
erythrocytapheresis
and severe pain

Severe pelvic
pain and
bilateral leg
pain

Autopsy Lung
and
brain

2015 26252271 Celik SU,
wt al.

33 F Renal
angiomyolipoma

Unclear Shortness of
breath, chest
pain and
tachypnea

CT Lung

2015 26199788 Schrufer-
Poland T,
et al.

29 F Arnold-Chiari
malformation,
hydrocephalus,
spina bi�da with
tethered cord
syndrome,
neurogenic bladder

Cesarean delivery No obvious
abnormalities

Autopsy Lung

2015 25583740 Alobeidi F,
et al.

8 F Sick cell disease;
bone marrow
necrosis

Unclear Fever and back
pain

MRI Brain

2009 19457788 Sandstorm,
et al.

31 M Renal
angiomyolipoma

Unclear Heart
palpitations,
tachycardia
and chest pain

MRI Lung

None of these cases had severe fatty tissue damage or long bone fractures, and those with surgical trauma had only minor adipose tissue
damage. The patient presented atypical clinical manifestations and had no obvious abnormalities in the early stage. BCT: Brain computed
tomography; MRI: Magnetic resonance imaging; CT: Computed tomography; SC: Sickle cell.
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Year PMID Author Age
(y)

Sex Underlying
diseases

Stress factor Early clinical
manifestations

Diagnosis
tool

Organs
with fat
emboli

2005 16225231 Karayel, et
al.

28 F Unknown Vaginal delivery Loss of
conciousness
and respiratory
distress

Autopsy Lung

1999 9988613 Bilgrami S,
et al.

54 M Diffuse large-cell
lymphoma

Unclear Diffuse
skeletal pain

Autopsy Lung,
kidney,
brain
and
skeletal
muscles

1999 9988613 Bilgrami S,
et al.

59 F Diffuse large-cell
lymphoma

Unclear Diffuse
skeletal pain

Autopsy Lung,
kidney,
and
brain

1996 8870880 Schulz F, et
al.

46 M Acute hepatic
necrosis caused by
fulminant viral
hepatitis

Suspected
mushroom
poisoning

Shock
symptoms

Autopsy Lung,
kidney,
heart,
and
brain

1996 8870880 Schulz F, et
al.

63 F Acute hepatic
necrosis with
steatosis

unclear unclear Autopsy Lung,
kidney,
heart,
brain,
and
thyroid
gland

1995 7748367 Horton, et
al.

14 F Sickle cell anemia
and nephrotic
syndrome

Unclear Bone pain,
pulmonary
edema,
seizures,
coma, and
bilateral
�accid
paralysis

MRI Lung
and
brain

1986 3767133 Rosen JM,
et al.

40 M Diffuse mixed
cellularity
lymphoma

Unclear Hypoxemia Biopsy
and
autopsy

Lung

None of these cases had severe fatty tissue damage or long bone fractures, and those with surgical trauma had only minor adipose tissue
damage. The patient presented atypical clinical manifestations and had no obvious abnormalities in the early stage. BCT: Brain computed
tomography; MRI: Magnetic resonance imaging; CT: Computed tomography; SC: Sickle cell.

Case Presentation

Medical history
The patient, a 72-year-old woman, received silver-needle acupuncture therapy lasting for 2 hours for back pain. The silver needles used for
acupuncture were 1.1 mm in diameter. Immediately after the therapy session, the patient showed symptoms of dizziness and fatigue. The
symptoms gradually worsened, and she developed an altered mental status, a pale complexion, and pale lips. The physical examination
showed the following: T: 36.8℃, R: 20 t/min, P: 124 t/min, and BP: 159/131 mmHg. The bilateral pupils were equal in size and round, and she
had light re�ex sensitivity, clear respiratory sounds in both lungs and a regular heart rhythm. Her lower back region was swollen, and multiple
pinholes oozing blood were observed. The preliminary diagnosis was heart disease and heart failure. Then, 1.5 hours later, the patient’s blood
pressure dropped to 53/35 mmHg, and she died 2 hours later after treatment and resuscitation. The cause of death was heart disease, heart
failure, and respiratory arrest. She had a history of hypertension for more than 20 years; however, any additional medical history was unknown.

Autopsy And Histopathology Findings
An autopsy was performed the next day. The corpse was 168 cm long, and the patient was obese (Fig. 1A). The abdominal wall was 5 cm
thick, with fatty hyperplasia of the omentum and mesentery (Fig. 1B). Systematic congestion was observed. The heart weighed 545 g, with
epicardial subepicardial adipose tissue hyperplasia (Fig. 1C) and right ventricular wall adipose tissue in�ltration. The right atrium and ventricle
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were over�lled. There were more than 30 pinholes in the lower back, focal hemorrhages in the subcutaneous fatty tissue surrounding the
pinholes and massive hemorrhage in the deep musculature (Fig. 1D-F). No spinal cord injury was found on autopsy. The anterior descending
wall of the left coronary artery was notably thickened, with atherosclerotic plaque formation. Level II luminal stenosis was observed, and the
lumen was unobstructed. There were no abnormalities in the left circum�ex branch of coronary artery or the right coronary artery. Both lungs
weighed 1055 g, with substantial congestion and edema. Microscopically, the arterial and interstitial capillaries of the alveolar walls in both
lungs near the hilus pulmonis and the marginal tissue were embolized, with smooth-margin vacuoles of varying sizes (Fig. 2A, 2B) that were
positive by Sudan  staining (Fig. 2C, 2D). The fat emboli were visible in all parts of both lungs under 10 × magni�cation, with antler-like
con�gurations. Furthermore, similar vacuoles were also observed in the interstitial vessels of the liver, heart, spleen and thyroid (Fig. 3). No
other fatal diseases were found, except for diffuse hepatocellular fatty degeneration.

Discussion
Cause of death and mechanism of pulmonary fat embolism

It was clear that the patient died from pulmonary fat embolism according to the diagnostic criteria of pulmonary fat embolism, with samples
evaluated at 100 × magni�cation[1]. There were fat emboli with antler-like con�gurations that were clearly visible and abundant in all regions of
the lungs. There was no sample without fat emboli, indicating degree  embolism (massive fat embolism)[1]. The author believes that the
speci�c cause and mechanism of fat embolism warrant attention in this patient. There were more than 30 pinholes in her lower back, and we
calculated that the silver needle used for acupuncture was 1.1 mm in diameter; thus, the total area of damaged fat tissue was approximately
0.2851 cm2. However, fat components in some blood vessels of various organs besides the lungs, such as the liver, heart, spleen and thyroid
gland, indicated that there was a substantial amount of circulating fat. Hence, it is believed that the cause of death in this case was severe
nontraumatic pulmonary fat embolism, which was made on the basis of the pathology �ndings, including obesity, multiorgan adipose tissue
hyperplasia and stress triggered by silver-needle acupuncture. The mechanism of nontraumatic pulmonary fat embolism is a neuroendocrine
effect that leads to an increase in catecholamine secretion, which releases a large amount of peripheral fat into the blood, resulting in an
unstable lipid emulsi�cation state, chylomicron agglutination and �nally blockage of the interstitial vessels in the lungs[20–22].

Prevention of pulmonary fat embolism as a complication

The adipose tissue damage caused by silver-needle acupuncture was not a risk factor for pulmonary fat embolism. In practice, acupuncture is
part of the healing system of traditional Chinese medicine (TCM) and is widely used in many countries throughout the world for pain relief in
the neck, shoulders and lower back[23, 24]. Silver-needle acupuncture, as a kind of complementary and alternative medicine (CAM), is a unique
branch of acupuncture[25, 26] and has not previously been associated with pulmonary fat embolism. In the clinic, death from fat embolism is
not uncommon, as it is a complication of minor trauma, surgery, or other treatments, and thus should be given adequate attention. However, in
the event of pulmonary fat embolism, patients present with atypical manifestations (Table 1), making diagnosis and treatment di�cult. For
example, in this case, the patient developed dizziness immediately after silver-needle acupuncture treatment and heart failure 2 hours later,
without a series of manifestations associated with pulmonary fat embolism, such as dyspnea, chest pain and hemoptysis. It should be noted
that the patient had signs of respiratory insu�ciency, cerebral dysfunction, and skin ecchymosis[20, 21, 27]. Evidently, ageing, obesity,
underlying diseases, mental status and irritation due to treatment protocols may be risk factors for stress-induced pulmonary fat embolism, so
the choice of treatment must be in strict accordance with the indications and contraindications, and the patient should be closely observed for
any related clinical manifestations to reduce the occurrence of complications and adverse events[23]. This case suggests that when the
patient's condition suddenly deteriorates or respiratory insu�ciency develops after physiotherapy to relieve pain, such as acupuncture, the
possibility of pulmonary fat embolism should be considered, and a prompt diagnosis and treatment should be provided.

Differential diagnosis of fat embolism source

This was a very interesting case of pulmonary fat embolism that was suspected to be due to stress. In fatal posttraumatic pulmonary fat
embolism caused by subcutaneous soft tissue contusion, there are no uniform criteria regarding the area of the damage or the extent of the
injury.

Moreover, in fatal pulmonary fat embolism cases, the soft tissue contusion area generally affects 30–35% of the body surface[27, 28]. Some
studies have also shown that fat compression in different body regions can range from 20 cm2 to 21–70 cm2[2]. In this case, based on the
isolated puncture injuries on the skin, the nature of the adipose tissue injury was wounds formed by needle pricks and peripheral bleeding due
to ruptured vessels and blood in�ltration, not soft tissue contusions. In addition, the degree (about 0.2851 cm2 by 30 pinholes) of adipose
tissue damage in this case was very low and far from the degree of adipose tissue damage noted in previous reports.

Those performing postmortem autopsy and histopathology examinations of patients who died of suspected of pulmonary fat embolism
should take into account whether there was a history of trauma, and the degree of adipose tissue damage should be assessed. Signi�cantly
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minor adipose tissue injury in the presence of trauma is an indication of death from nontraumatic pulmonary fat embolism. Examinations of
sites for fat emboli should include each major organ[3] as well as the peripheral arterial system and the venous system draining from
noninjured sites to identify the possible source of the fat embolus. It has been reported that biochemical testing of the deceased's cardiac
blood should be performed, with attention to abnormal changes in VLDL, cholesterol, TG, FFA, and CRP[3]. Lipid analysis of fat emboli, if
necessary, may also be performed, which may suggest a possible mechanism of pulmonary fat embolism formation[4]. Moreover, attention
should be paid to individual factors and subclinical conditions, such as obesity, multiple organ adipose hyperplasia and other condition, that
may be risk factors for nontraumatic fat embolism[3].

There are some limitations in this report, including the availability of clinical examination results for the patient before and after silver-needle
acupuncture; this prevented us from knowing the full extent of the patient’s underlying diseases and collecting fresh tissue from additional
organs for Sudan III staining. We report a case of nontraumatic pulmonary fat embolism resulting in death following acupuncture, which has
not been reported previously. Despite this case, acupuncture therapy is not considered to be a dangerous; however, the major risk factors for
nontraumatic pulmonary fat embolism need to be emphasized in relation to similar treatments.

Conclusions
The patient developed dizziness immediately after treatment with silver-needle acupuncture and died 2 hours later, without a series of
manifestations indicative of pulmonary fat embolism. In the early stage of nontraumatic pulmonary fat embolism, clinical symptoms were
atypical, and deterioration was rapid. Consequently, it is suggested that when a patient's condition suddenly deteriorates or respiratory
insu�ciency develops after physiotherapy, the possibility of pulmonary fat embolism should be considered, and a differential diagnosis should
be provided.

In the presence of risk factors, such as obesity and multiorgan adipose tissue hyperplasia, stress caused by silver-needle acupuncture can lead
to fatal pulmonary fat embolism.

In forensic pathology practice, it is essential to identify the fat emboli source by autopsy and histology examination when the case involves fat
embolism.

Abbreviations
H&E
Hematoxylin and eosin
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Traditional Chinese medicine
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Complementary and alternative medicine
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TG
Triglyceride
FFA
Free fatty acid
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Figure 1

Gross examination and autopsy showing obesity and pinholes on the lower back. (A, B and C) The body of the deceased indicated central
obesity and hyperplasia of adipose tissue in the abdominal wall, peritoneum and omentum majus. The epicardium also contained abundant
fatty tissue. (D) There were more than 30 dot-shaped pinholes on the surface of the lower back, with slightly more on the right side than on the
left side. (E) Focal hemorrhage around each pinhole were observed in the subcutaneous fat layer. (F) Some of the pinholes corresponded to
severe hemorrhages in deep muscle tissue.

Figure 2

H&E staining and Sudan III staining of lung tissue. (A and B) H&E staining showed diffuse alveolar edema. There were numerous rounded
vacuoles in the interstitial blood vessels with brown �oc-like substances distributed on the edges or inside the vacuoles (larger diameter
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vessels →; smaller diameter vessels ) (A H&E, ×5; B H&E ×10). (C and D) Sudan III staining revealing numerous vacuoles of alveolar wall
vessels. Severe pulmonary fat embolism was identi�ed (C Sudan III ×5; D Sudan III ×10).

Figure 3

H&E staining showed fat emboli in tissues of various organs, in the arterial system, and in the venous system draining from noninjured sites.
The rounded vacuoles indicated by the arrows had a brownish �occulent or granular distribution of a substance that was considered fat
emboli. (A) Hepatic tissue: hepatic lobular structures were recognizable, with diffuse fatty degeneration of hepatocytes around the central vein
( ); the fat emboli described above in the portal vein in the portal area (→) (H&E ×10). (B) Myocardial tissue: the same brown-edged fat emboli
in the interstitial myocardial vessels (→) (H&E ×20). (C) Splenic tissue: the same brown-edged fatty vacuoles in the splenic artery (→) (H&E
×20). (D) Thyroid gland: the same brown-edged fatty vacuoles in the interstitial tissue of the thyroid gland and in the interstitial arteries and
veins of the surrounding soft tissues (→) (H&E ×20).


