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Abstract

We present the case of a 29 year-old primigravid obese female with a complex medical history, who underwent caesarean
section at 35 weeks gestation due to preeclampsia. She has a past medical history of bilateral foot surgery, and bilateral hip
pinning for chronic hip pain in 2012. Postoperatively, approximately six hours after surgery, she was in respiratory distress
and 47 hours later she was found dead. At autopsy, a diagnosis of pulmonary fat embolism was made. Pulmonary
histopathological examination revealed findings similar to an animal model of fat embolism.
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1 Introduction

In humans, fat embolism (FE) secondary to long bone fractures, liposuction, surgical procedures on the vertebral column,
or to other traumas may lead to either a negligible lung injury or, much less frequently, to a clinically serious acute
respiratory distress syndrome (ARDS) [,

In an early phase, some patients may experience acute respiratory insufficiency, petechial hemorrhages and mental
disturbances; however, unless death occurs as consequence of fat embolism syndrome (FES) and ARDS, little or no
clinical evidence of emboli persists. There is no information about the histopathological damage to the lungs of patients
who suffered from FES, after the initial event, but recently it was reported in follow-up studies on the 2 and 5 year clinical
outcome of patients with ARDS, FES included, that none of them returned to the normally expected predicted level of
their physical respiratory function * ®. Similarly, there is a dearth of histopathological studies in experimental animals
undergoing fat embolism. Most FE models have been limited to short term studies (hours, or a few days) and used “fat”
such as fatty acid or corn oil not comparable to the fat of the bone marrow 1. The only long term study using the most
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prominent fat of the bone marrow, the neutral fat triolein, was performed in dogs, by giving a 30 minute injection and it did
not show any pulmonary fat accumulation seven days post the injection with a normal histological appearance of the organ
within four weeks . Such a rapid clearance and resolution could be the consequence of the prolonged time of the injection
widely different from what happens following acute trauma.

In our recent study using i.v. injections of triolein in the rat caudal vein, we found that the pulmonary response to the FE
induced by the triolein included not only a severe, acute, pulmonary vasoconstriction and consequent dilatation of the right
heart ventricle, but also the occurrence of a rapid development of a lung fibrosis both in the small caliber artery wall and
adventitia and in the pulmonary septa. This was associated with an increased presence of neutrophils, macrophages,
plasma cells, mast cells and fibroblasts, the latter cells prominently expressing smooth muscle actin 1 (SMA 1) ©1.

Trichrome stains showed diffuse fibrosis %, Preliminary data from additional studies indicate that, after a period of
recovery from this pulmonary damage (within 11 days), the chronic inflammatory and vascular process persists up to 6-10
weeks M with fat droplets still present at the time. The Process is aggravated severely by a “second hit” done by
i.p. injection of lipopolysaccharide (LPS) which per se only caused modest inflammatory lung damage ™ 3. The
histopathological pulmonary damage of this experimental FES shows striking similarities with the changes observed at the
autopsy examination in the lungs of our case report.

2 Case presentation

Patient is a 29-yr-old overweight primigravida who was admitted to the hospital at 36-week gestation for management of
preeclampsia. She had a complicated medical history including spina bifida, status post correction of a myelomeningocele,
complicated by neurogenic bowel and urinary bladder and chronic kidney disease. She had multiple surgical procedures
including spinal, hip and foot surgeries two years prior to this admission. She received Albuterol for her asthma and home
oxygen for obstructive sleep apnea. Pulmonary function tests performed four months prior demonstrated reduced FEV1
and FVC with normal FEV1/FVC ratio.

Physical examination revealed a 29-yr-old Caucasian female. Her vital signs were the following: temperature 97.1, blood
pressure 154/101 mmHg, pulse 124 beats per minute, and respiration 18 beats per minute. Her weight was 169 pounds
(76.8 kg) and her height was 61 inches (134 cm). Her lungs were clear to auscultation bilaterally and her heart rate was
normal. No murmurs found. Her abdomen was soft without tenderness.

During her hospital stay, due to worsening severe preeclampsia, she underwent primary classical cesarean section under
general anesthesia, at 38-week gestation after failed labor induction. A vertical midline skin incision was made just above
and around the umbilicus to the right and down the mid portion of the lower abdomen to approximately 4 cm below the
umbilicus. The abdominal fat was manipulated and the incision was taken down through the subcutaneous adipose tissue.
Fetus was delivered. There was some postpartum hemorrhage but the rest of the procedure and delivery of the baby were
uneventful. After surgery, the patient was transferred to the intensive care unit due to acute respiratory failure that
improved on second post-operative day and was successfully extubated. On third post-operative day at approximately 53
hours following surgery, she was found to be in asystole. Resuscitation efforts were unsuccessful.

2.1 Autopsy report

An autopsy was performed to ascertain the cause of death. Sections of bilateral lungs showed evidence of acute pulmonary
edema and multiple foreign body granulomas. Some of the blood vessels exhibited optical clearing of the lumens
suggestive of fat emboli.

On histopathological examination, small caliber arteries and arterioles had increased media thickness with reduced lumen
patency, and diffuse pneumonia with neutrophils, macrophages, lymphocytes and plasma cells present in the adventitia of
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vessels, the septa and the alveolar lumen. Bronchial inflammation was alternated with areas of de-epithelization (see
Figure 1a). Oil Red O stain demonstrated numerous conspicuously scattered fat droplets in alveolar spaces and distal,
smaller blood vessels in different areas of the lung (see Figure 1b). Immunohistochemical stain for pancytokeratin and
special stain for mucin were performed on lung sections and were negative for fetal squamous or mucinous debris.
Trichrome stain showed early interstitial fibrosis and thickening of the adventitia of the small and medium caliber
pulmonary arteries and arterioles, in both the peribronchial musculature and the lobular septae (see Figure 1c). Smooth
muscle actin (SMA) also showed increased staining in the media of medium sized blood Vessels (see Figure 1d). Neither
upper body rash nor fat globules in bone marrow were noted. Based on these findings, the immediate cause of death was
determined to be pulmonary fat embolism. Fat emboli are known to be present 24-72 hours after the initial insult with the
peak incidence at 48 hours ™ 2. The origin of the fat emboli in this case was thought to be most likely related to mechanical
abdominal adipose tissue disruption. Amniotic fluid embolism was excluded based on pulmonary histopathology and
clinical timeline.
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Figure 1. Lung of the patient. (a) H&E staining shows small caliber arteries and arterioles with increased media thickness
and reduction of lumen, inflammatory cells are present in the alveoli and the septal wall with areas of de-epithelization
(x400); (b) Oil Red O stain shows numerous conspicuously scattered fat droplets in alveolar spaces of the lung (x400);
(c) Trichrome stain shows interstitial fibrosis and thickening of the adventitia of the arteries walls (x400); (d) Smooth
muscle actin (SMA) shows increased staining in the media of medium caliber blood vessels (x400).
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2.2 Description of parallel histopathological findings in the rat model

(rats tested with triolein)

As we reported in our article for Journal of Orthopedic Research ! we used 44 Sprague-Dawley rats (280 g — 300 g)
supplied by Harlan Laboratories, Indianapolis, IN. The University of Kansas animal care Committee approved the
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protocol. A dose of 0.2 ml of pure glyceryl trioleate, (Sigma-Aldrich Corp, St. Louis, MO) was injected in the caudal vein
of 31 unanaesthetized rats while 13 controls received in same vein 0.2 ml of saline. The dose was selected from results in
previous experiments. Food and water were given adlibitum and rats weight and behavior checked periodically. A few
triolein injected animals died within 8 hours at different interval times before the planned euthanasia. The surviving rats
were sacrificed by i.p. injections of Beuthanasia (Shering-Plough Animal Health Corp, Union, NJ) at 24 h (n = 6 triolein,
5 control), 48 h (n = 5 triolein, 4 control), 96 h (n = 5 triolein), and 11 days (n = 5 triolein, 4 controls). Body weight was
taken before sacrifice.

After sacrifice lungs were weighed, placed with exception of a lobe in 10% buffererd formalin and after fixation paraffin
embedded for histological studies. The portion of the lungs not fixed was frozen and Red Oil O stained. The formalin
fixed portion of the organs were stained for H&E, Masson Trichrome (for collagen) and alpha-smooth actin (SMA) (for
fibrosis).

On histopathology examination, lungs showed severe vaso-constriction and thickening of the media of the same vessels
and with decreased lumen patency, diffuse presence of neutrophils, macrophages, plasma cells and occasional mast cells,
with peak of damage severity at 48-hours (see Figure 2a). Oil Red O stain showed fat droplets were evident in the lumen of
small caliber arteries and arterioles in the lungs of rats sacrificed at the all interval times but with a peak at 48 hours (see
Figure 2b). Trichrome and SMA stains showed, (see Figure 2c and 2d) fibrosis in the same vessels and in the septa (for
Trichrome and SMA stain sections of rat lungs were also taken at 48 hours).

lumen patency, and inflammatory cells are present (x400); (b) Oil Red O staining shows fat droplets in the alveolar spaces
and in the small caliber vessels (x400); (c) Trichrome stain shows fibrosis in the vessels and in the septa (x100); (d) SMA
stain also shows fibrosis in the same vessels (x400).
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When the rats were allowed to survive up to 11 days, they clinically recovered with only modest pulmonary inflammation
persisting and right ventricle dilatation returning within normal range. However a slow but progressive inflammatory
process mostly affecting the small caliber pulmonary arteries and the septa was evident at three and six weeks despite a
weight gain and behavior similar to that of the controls ™!, Fat droplets persisted in their lungs. When a “second hit” by
LPS i.p. administration was given to the triolein treated rats, pulmonary vaso-constriction and inflammation returned to be
very severe, similar, in their morphology to that observed in the acute period (48-96) hours post triolein ™. Fat droplets
were still present in the lungs .

3 Discussion

Although the first case of FES was described in a patient with a fractured femur as early as 1873, the criteria for the
syndrome’s clinical definition were proposed by Gurd and Wilson only in 1974 ™. Most of the attention was given, at
that time, to the fractures of the long bones ™!, and only more recently FES cases were also described as one of the
consequences of a variety of other surgical procedures such as percutaneous vertebroplasty, liposuction, or different
surgical interventions in obese patients ¢,

Hypoxemia and tachycardia are observed in about 90% of the cases, reflecting an obstruction of the pulmonary
circulation ™; In a sheep model of vertebroplasty where cement was injected in the animal’s spine, fat emboli were
histologically demonstrated in the lungs of the treated animals " *!. In humans, the release of the fat particles triggers a
localized pulmonary inflammatory reaction clinically identifiable with acute respiratory distress syndrome (ARDS) 1,
The same histopathological pulmonary damage is what we observed in our rat model, thus underlining the significant
similarities to the conditions observed in humans . The emboli observed in the lumen of small caliber pulmonary
arteries and later on in the organ structure, especially in the subpleural spaces, are likely to generate a release of
angiotensin 2 from various components of the organ such as the endothelial cells, the macrophages, mast cells and
fibroblasts, and in our fat embolism model, we were able to prevent pulmonary vasoconstriction and the dilatation of the
right ventricle of the heart both by administration of the angiotensin 1 converting enzyme inhibitor, captopril or the
angiotensin 2 type-1 receptor blocker, losartan when the drugs were given one hour after the triolein injection ?%. More
recently, we also observed in the same rodent model a diffuse presence of macrophages positively stained for renin, thus
adding more evidence of the role played by RAS in the pathogenesis of the condition . The case of FES following
percutaneous vertebroplasty reported by Ahmadzai and his collaborators had a previous history of systemic lupus
erythematosus and vasculitis 1%, Diabetes, renal damage in addition to severe obesity and pre-eclampsia were present
in our patient. These clinical conditions, the vasculopathy in particular, may be a predisposing factor in the FES
pathogenesis.

Other predisposing factors could be the extensive surgical procedures the patient underwent in 2012, on the spine and the
long bones. If some damage were done to the lungs during those procedures which was not observed or reported, the
condition may resemble what we observed in our “second hit” experiment where LPS was given six weeks after triolein
treatment Y. The administration of angiotensin receptor blocker, losartan administration protected the rats from the
pulmonary damage, especially the vasculitis and the fibrosis in this chronic model . All these experimental observations
underline the multiplicity and complexity of the factors involved in the pathogenesis of FES and the requirement of
accurate clinical evaluations of the patients before any surgical procedure potentially leading to FES. It also underlines the
necessity of a long term follow up of the patients post operatively.
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