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CASE REPORT
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Abstract 

Background Fat embolism syndrome (FES) is a rare syndrome that typically occurs 12–72 h after long bone or pelvic 
fractures with a classic triad of respiratory distress, neurologic changes, and petechial rash. Although Gurd’s criteria 
for FES include anuria or oliguria, the mechanism of acute kidney injury (AKI) remain unknown. Here, we present 
a case of FES complicated by AKI that required blood purification.

Case presentation A 79-year-old woman was admitted to our hospital because of a right humerus and pelvic frac-
ture caused by a traffic accident. On the second day of hospitalization, she developed impaired consciousness, res-
piratory failure, and disseminated intravascular coagulation (DIC). Chest radiography revealed bilateral diffuse alveolar 
infiltration. Brain magnetic resonance imaging revealed diffuse high signal intensity on diffusion-weighted imaging 
and diffuse low signal intensity on susceptibility-weighted imaging in the cerebral and cerebellar regions. The diag-
nosis of FES was confirmed and the patient was treated with methylprednisolone (40 mg/day) and ulinastatin. On 
the third day of hospitalization, she was admitted to our department because of AKI with oliguria. Although echocar-
diography showed an elevated right ventricular artery systolic pressure suggestive of pulmonary hypertension (PH), 
pulmonary congestion was initially considered on chest imaging, and hemodialysis and rapid ultrafiltration were 
initiated. However, she developed hypovolemic shock and treatment was switched to continuous hemodiafiltration 
and slow ultrafiltration. Thereafter, her consciousness, hypoxemia, DIC and PH completely improved. She was weaned 
from blood purification therapy on the 29th day of hospitalization. She had hemolytic anemia that might have been 
caused by thrombotic microangiopathy (TMA), but it resolved without plasmapheresis. On the 51st day of hospitaliza-
tion, the patient was transferred to another hospital for rehabilitation.

Conclusions FES can be complicated by AKI. In this case, DIC, which was difficult to differentiate from TMA, and/
or renal congestion were considered to be a cause of AKI. Chest radiographs of FES may be indistinguishable 
from pulmonary congestion. In our case, chest radiography showed bilateral diffuse alveolar infiltrates which 
was not indicative of pulmonary congestion but pulmonary involvement of FES. FES is associated with PH, which 
may lead to right heart failure. Therefore, the patient could have developed hypovolemic shock due to hemodialysis 
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Background
Fat embolism syndrome (FES) is a rare syndrome that 
typically occurs 24–72  h after long bone or pelvic frac-
tures. The classic triad of symptoms of FES includes res-
piratory distress, neurologic changes, and petechial rash 
[1]. Although there is a lack of standardization of diag-
nostic criteria, Gurd and Wilson’s [2] and Schonfeld’s cri-
teria [3] are useful.

Treatment is primarily supportive care, with the goals 
of maintaining oxygenation and ventilation, supporting 
hemodynamics, and resuscitating with fluids and blood 
products. In most cases, the symptoms are transient and 
fully reversible, often within a few days, although they 
may persist beyond one week when FES is severe [4]. The 
mortality rate is 5–15% [5, 6].

Although Gurd’s criteria for FES include anuria or olig-
uria, the incidence and mechanism of acute kidney injury 
(AKI) remain unknown, and there are few reports of FES 
complicated by AKI. Herein, we present a case of FES 
complicated by AKI that required blood purification and 
review related articles.

Case presentation
A 79-year-old woman was admitted to our hospital fol-
lowing a traffic accident. She had a history of hyperten-
sion and dyslipidemia and had undergone cardiac bypass 
surgery seven years earlier. The patient was treated with 
aspirin 100  mg/day, esomeprazole magnesium 20  mg/
day, ezetimibe 10 mg/day, carvedilol 5 mg/day, furosem-
ide 20  mg/day, and amlodipine besilate 5  mg/day. The 
baseline creatinine was 0.81  mg/dL, body temperature 
was 36.4℃, blood pressure was 118/65 mmHg, heart rate 
was 118 beats per minute, respiratory rate was 18 breaths 
per minute,  SpO2 was 96% (room air), and consciousness 
was clear. Quick SOFA score was 0 points on admis-
sion. Radiographic images confirmed a right humerus 
and pelvic fracture. On the second day of hospitaliza-
tion, she developed impaired consciousness and respira-
tory failure. Chest radiography revealed bilateral diffuse 
alveolar infiltrates which were absent on the first day of 
hospitalization (Fig. 1). Brain magnetic resonance imag-
ing revealed diffuse high signal intensity on diffusion-
weighted imaging (Fig. 2) and diffuse low signal intensity 
on susceptibility-weighted imaging in the cerebral and 

cerebellar regions (Fig.  3). FES was diagnosed accord-
ing to Gurd and Wilson and Schonfeld’s criteria. Intra-
venous methylprednisolone (40 mg/day) and ulinastatin 
(300,000 units/day) were administered. Despite the 
administration of 3 L of fluid over the first 2 days of hos-
pitalization, oliguria continued. On the third day of hos-
pitalization, the patient was admitted to our department 

and rapid ultrafiltration. Clinicians should pay attention to the hemodynamics when blood purification for FES 
is performed.

Keywords Fat embolism syndrome, Acute kidney injury, Hemodialysis, Continuous hemodiafiltration, Continuous 
renal replacement therapy, Pulmonary hypertension, Right heart failure, Susceptibility-weighted imaging, Steroid, 
Methylprednisolone, Hemolytic anemia, Thrombotic microangiopathy, Disseminated intravascular coagulation, 
Hemolytic uremic syndrome

Fig. 1 Chest radiograph. A: At admission. B: On the second day 
of hospitalization. There were bilateral diffuse alveolar infiltrations
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because of AKI with oliguria. Her body temperature was 
36.6  °C, blood pressure was 113/60  mmHg, and heart 
rate was 86 beats per minute. The Glasgow Coma Scale 
score was 13/15(E3V4M6). Pulse oximetry showed 95% 
oxygen saturation when five liter per minutes oxygen was 
administered with mask. On physical examination, she 
had anemia in the eyelid conjunctiva and bilateral lower 
extremity edema. The auscultation of the lungs revealed 
no rales or murmurs, and no hemorrhagic spots were 
observed. She had cognitive dysfunction but no other 
neurological abnormalities, such as hemiplegia were 
evident. She did not have any symptoms of collagen dis-
ease, such as joint inflammation or skin rash. Laboratory 
tests showed a marked increase in D-dimer and a rapid 
decrease in platelets, together with leukocytosis, anemia, 

and elevation of liver enzymes and LDH (Table 1). Along 
with a clear cause of DIC, she was diagnosed with dis-
seminated intravascular coagulation (DIC) according 
to the DIC diagnostic criteria of Japanese Ministry of 
Health, Labor and Welfare (scoring 7 points), and the 
International Society on Thrombosis and Haemostasis 
(scoring 5 points). However, she also had worsening ane-
mia and a marked increase in LDH levels, and no hap-
toglobin was detected, raising suspicion of TMA. Blood 
sampling on the 5th day of hospitalization showed a 
PLASMIC score of 4 points, suggesting no decrease in 
ADAMTS-13 [7]. No enteritis symptoms were observed, 
so Shiga toxin-producing Escherichia coli associated 
hemolytic uremic syndrome (STEC-HUS) was ruled out. 
Neither collagen diseases, infections, malignant tumors, 
nor other causes were found, and secondary TMA was 
also ruled out. However, C3 was mildly decreased to 
69 mg/dL in the blood test on the 6th day of hospitaliza-
tion, and it was difficult to rule out atypical HUS (aHUS). 
On the 9th day of hospitalization, a small amount of 
fragmented red blood cells (2.4%) was observed, and the 
level of ADAMTS-13 activity was maintained at 62%, 
ruling out TTP. On the 12th day of hospitalization, the 
urine test showed 2 + proteinuria and 3 + hematuria, 
but the urine sediment had only 1–4 RBCs/HPF. This 
indicated hemoglobinuria rather than hematuria. Addi-
tionally, we did not find any fat droplets in the urine. 
Considering all these results, it was thought that she 
had a TMA condition comparable to aHUS. Electro-
cardiogram findings were normal. Chest radiography 
demonstrated bilateral diffuse alveolar infiltrates. Con-
trast-enhanced computed tomography (CT) revealed 
bilateral gravity-dependent distribution and ground-
glass opacities (Fig. 4). There were no findings of pulmo-
nary artery emboli or hydronephrosis, and the kidney 
size was normal. Based on chest imaging findings, pul-
monary edema was considered, and hemodialysis (HD) 
and ultrafiltration were initiated at a fluid removal rate of 
900 mL (22.5 mL/kg) per hour. However, she developed 
hypovolemic shock after 40 min, and the treatment was 
switched to continuous hemodiafiltration (CHDF) and 
ultrafiltration at a fluid removal rate of 100 mL per hour. 
Echocardiography revealed that the right ventricle com-
pressed the left ventricle, and the tricuspid valve systolic 
pressure gradient was elevated at 44.5 mmHg. Through 
supportive therapy with oxygenation, fluids, and blood 
products, the patient’s consciousness and hypoxemia 
completely improved. Thereafter, the renal function was 
restored and DIC was resolved. The PH disappeared on 
the 16th day of hospitalization. She was weaned from 
blood purification therapy on the 29th day of hospitali-
zation and transferred to another hospital for rehabilita-
tion on the 51st day of hospitalization (Fig. 5).

Fig. 2 Magnetic resonance imaging of the brain. Diffuse high signal 
intensity on diffusion-weighted imaging in the cerebral regions

Fig. 3 Magnetic resonance imaging of the brain. Diffuse low signal 
intensity on susceptibility-weighted imaging in the cerebral regions
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Discussion and conclusions
We described a case of FES complicated by AKI requir-
ing blood purification. Although Gurd’s criteria include 
anuria or oliguria, the incidence and mechanism of AKI 
secondary to FES remain unknown. In a single-case 
meta-analysis, renal dysfunction was reported in 1.5% 
(2/139) of patients [8]. Autopsy results indicative of fat 
emboli in the kidneys have been reported [9–12]; how-
ever, the association between renal fat embolism and 
renal failure was not been proven [9, 13].

Bone marrow fat possess prothrombotic features, and 
in circulation, it is quickly covered with platelets and 
fibrin and initiates the coagulation cascade, leading to 
thrombocytopenia and DIC [1, 13]. Some reports sug-
gested that fat embolism may precipitate DIC and cause 
AKI [12]. Therefore, in our case, DIC due to FES might be 
considered as the cause of AKI. On the other hand, in this 

Table 1 Laboratory data

Post-traumatic time 3 h 19 h 43 h Normal range

Blood count

WBC (/μL) 10,200 16,900 17,000 3300–8800

Hb (g/dL) 8.6 12.6 9.4 13.5–17.0

Plt (× 104/μL) 20.1 4.5 2.6 13.0–35.0

Coagulation

PT-INR 1.08 1.17 1.08

aPTT (seconds) 29 32 30.1 23–40

Fibrinogen (mg/dL) 169 258 240 200–400

D dimer (μg/mL) 305 150 27  < 1.0

Serum chemistry

BUN (mg/dL) 20 37 70 8–22

Cr (mg/dL) 1.25 2.63 4.99 0.60–1.00

Na (mEq/L) 144 141 141 135–149

K (mEq/L) 4.1 5.3 5.2 3.5–4.9

AST (U/L) 28 56 77 13–33

ALT (U/L) 22 29 44 8–42

LDH (U/L) 484 1251 2340* 119–229

CK(U/L) 196 463 708 41–153

CRP (mg/dL) 0.05 9.59 11.9 0.0–0.3

*100 h after trauma

Others

Haptoglobin (mg/dL)  < 10 (5 days after trauma)

TAT (ng/mL) 8 (9 days after trauma  < 4.0

PIC (μg/mL) 3 (9 days after trauma)  < 0.8

Schistocyte (%) 2.4 (9 days after trauma)  < 1.0

Coombs test negative (5 days after trauma)

Fig. 4 Computed tomography. Bilateral gravity-dependent 
distribution, and ground-glass opacities
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case, hemolytic anemia was prominent, and TMA was 
considered as a differential diagnosis of thrombocyto-
penia and organ damage. There were no gastrointestinal 
symptoms suggestive of STEC-HUS, and TTP was nega-
tive based on ADAMTS13 activity and anti-ADAMTS13 
antibody levels. We excluded other causes of secondary 
TMA, but we could not rule out aHUS with certainty. 
Based on the clinical course, we thought that she did 
not have aHUS with complement-related gene muta-
tions, because her hemolytic anemia and renal impair-
ment resolved without plasma exchange or complement 
inhibitor treatment as her FES improved. One way to dis-
tinguish DIC from TMA is that DIC usually has a signifi-
cant rise in fibrin related markers (FRMs; such as soluble 
fibrin monomers, fibrinogen, fibrin degradation prod-
ucts [FDPs], D dimers, etc.) [14]. DIC patients often have 
schistocytes, but usually at a low percentage, within or 
near the normal range (< 0.5%). Measuring schistocytes is 
not a key test for the initial diagnosis of DIC, but it might 
be clinically useful to indicate a coexisting or underlying 

TMA if ≥ 1%. [15]. As our case had both DIC and TMA 
features, it is often difficult to differentiate DIC and TMA 
based on biomarkers alone. Actually, many TMA patients 
are diagnosed with DIC, and 15% of DIC patients are 
also diagnosed with TMA [14]. It is suggested that this 
difference of clinical findings between DIC and TMA is 
due to the fact that TMA causes thrombotic occlusion 
in the arterial side of the capillaries, while DIC causes it 
in the venous side [14], so lipid droplets caused by FES 
may induce thrombosis in both the arterial and venous 
sides of the capillaries, resulting in DIC with features of 
TMA, which may be a major factor leading to AKI. Actu-
ally, several reports have described cases of FES mimick-
ing TMA in patients with hemoglobinopathies [16, 17]. 
Another report describes hemolytic anemia and throm-
bocytopenia in FES caused by a fracture [18].

In this case, hemodynamic changes might be an addi-
tional cause of AKI, along with DIC. The patient pre-
sented with tachycardia and possible pre-renal AKI at 
admission. However, without a urine test, we could not 

Fig. 5 Clinical course. mPSL methylprednisolone, CHDF continuous hemodiafiltration, HD hemodialysis, RBC red cell concentrate, PC platelet 
concentrate, Cr creatinine, Gb hemoglobin, Plt platelet, UO urinary output
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confirm this diagnosis. Her blood pressure was stable, 
which excluded acute tubular necrosis from low blood 
flow. Regarding the hemodynamic changes, another 
cause of AKI might be renal congestion due to pulmo-
nary fat embolism. Dadfarmay et al. [19] reported a case 
of AKI with renal congestion due to acute PH triggered 
by pulmonary embolism. In this case, AKI improved fol-
lowing initiation of ultrafiltration. Similarly, in our case, 
PH due to pulmonary fat embolism might have led to 
renal congestion and improve following ultrafiltration.

To explore the link between AKI and renal conges-
tion in FES, we reviewed the literature on FES cases with 
AKI that needed renal replacement therapy. We searched 
medical databases, such as PubMed and Google Scholar, 
and only found three previous case reports (Table  2) 
[20–22]. Jemima et al. reported a case of renal transplant 
recipient who developed AKI with oliguria after surgi-
cal stabilization of the acetabulum and replacement of 
the proximal femur. In this report, a large fat embolus 
in the inferior vena cava (IVC) and left iliac veins below 
the level of the IVC filter impaired the renal perfusion, 
which could cause renal congestion. The patient was 
managed with CHDF and systemic anticoagulation. The 
urine output started to increase, and CHDF was discon-
tinued 3  days later. In other two reports, AKI occurred 
after FES due to fracture of long bone [21, 22]. Although 
the cause of AKI was not described, one of them compli-
cated PH, which might lead to AKI [21]. Cleveland et al. 
[22] reported the successful use of peritoneal dialysis 
(PD) for a patient with AKI with anuria due to FES after 
a fracture of the right femur. As urinary output increased, 
PD was discontinued 9 days later. In all cases, the patient 
eventually had recovered renal function. Similar to these 
reports, our patient recovered from AKI and blood puri-
fication therapy was discontinued. Therefore, AKI requir-
ing renal replacement therapy due to FES can improve 
after the acute phase as well as respiratory distress and 
neurological changes.

Our patient was initially suspected of having pul-
monary congestion, and hemodialysis and rapid 

ultrafiltration were initiated accordingly. Thereafter, 
she developed hypovolemic shock. Chest radiography 
in severe FES shows diffuse bilateral patchy infiltrates 
[23] and may be indistinguishable from that in pulmo-
nary congestion [24]. Echocardiographic confirmation 
of PH may be important in differentiating between 
RHF due to pulmonary involvement in FES and pul-
monary congestion (left heart failure). The mechanism 
of PH is thought to be directly due to rapid occlusion 
of the pulmonary artery by the fat emboli themselves 
and indirectly due to reactive vasoconstriction caused 
by hypoxia [25]. Management of RHF in the setting of 
FES remains a challenge; Either increase of contrac-
tility through preload optimization and inotropes, or 
decrease of afterload is important [24]. When blood 
purification therapy for FES is performed, clinicians 
should differentiate between pulmonary involve-
ment and pulmonary congestion due to fat embolism 
and determine dialysis conditions with attention to 
hemodynamics.

This case and literature review had some limitations. 
First, we did not perform a renal biopsy, which would 
have clarified the pathophysiology. This was because 
the patient needed bed rest after pelvic fracture and 
was taking aspirin for angina pectoris. Second, we did 
not evaluate renal congestion adequately. We inferred 
renal congestion from pulmonary hypertension, but we 
should have used clinical methods to detect it. Recently, 
ultrasound using intrarenal venous flow (IRVF) [26] or 
VeXUS (venous excess ultrasound) grading system [27] 
has been reported to be effective for evaluating renal 
congestion.

In conclusions, FES can be complicated by AKI requir-
ing blood purification. DIC which was difficult to differ-
entiate from TMA and/or renal congestion due to RHF 
caused by FES might be the cause of AKI. AKI due to FES 
can improve after the acute phase, as well as respiratory 
distress and neurological changes. Clinicians should pay 
attention to the hemodynamics during blood purification 
for patients with AKI due to FES.

Table 2 Review of the literature on fat embolism syndrome requiring renal replacement therapy

Case 4 is our case.

F female, M male, DIC disseminated intravascular coagulation, NA not available, PH pulmonary hypertension, IVC inferior vena cava, CHDF continuous 
hemodiafiltration, PD peritoneal dialysis, HD hemodialysis

Case Age Gender DIC PH Possibility of 
renal congestion

RRT From initiation to 
discontinue (days)

Follow up time 
(months)

Outcome Refs

1 68 F NA NA  + CHDF 3 12 Improved [20]

3 21 M NA  +  + CHDF 5 2 Improved [21]

3 50 M NA NA NA PD 9 2 Improved [22]

4 79 F  +  +  + CHDF and HD 27 2 Improved
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